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ABSTRACT

This work involved chemical investigation of the ethyl acetate extracts
from the culture broth and the mycelia of seven marine-derived fungi: Aspergillus sp.
PSU-F154, Curvilaria sp. PSU-F22, Fusarium sp. PSU-F14, Nigrospora sp. PSU-F5
and PSU-F18 and Penicillium sp. PSU-F40 and PSU-F44, Each extract was purified
by chromatographic techniques. The structures of the isolated compounds were
determined by analysis of spectroscopic data, especially 1D and 2D NMR spectroscopic
data, This investigation resulted in the isolation of 75 compounds including 29 new
compounds as follows. In addition, compound K47 obtained from Fusarium sp.
PSU-F14 was isolated as a monoacetate derivative.

- Four new (K5-K8) and nine known (K1-K4 and K9-K13)
metabolites from the broth extract of Nigrospora sp. PSU-F5.

- Four new (K15-K18) and five known (K14 and KI19-K22)
compounds from the broth extract of Nigrospora sp. PSU-F18.

- Two new (K23 and K24) and three known (K25-K27) metabolites
from the broth extract of Penicillium sp. PSU-F44.

- Nine new (K28-K36) and three known (K37-39) compounds from
the broth extract of Penicillium sp. PSU-F40, and two known metabolites (K40 and
K41) from the mycelial extract.

- One new (K42) and seven known (K43-K45 and K47-K50)
compounds from the broth extract of Fusarium sp. PSU-F14 together with two known
metabolites (K46 and K51) from the mycelial extract.
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- Two new (K53 and K54) and five known (K56-K60) compounds
from the broth extract of Curvularia sp. PSU-F22, and one new (K52) and one known

(K55) metabolites from the mycelial extract.
- Five new (K61-X65) and nine known (K67-K75) compounds from

the broth extract of Aspergillus sp. PSU-F154 together with one new compound
(K66) from the mycelial extract.
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THE RELEVANCE OF THE RESEARCH WORK TO THAILAND

Drug-resistant bacteria and fungi have caused many diseases in the
present. Consequently, an intensive search for more effective antibacterial, antifungal
and other bioactive compounds is needed. The culture broth and mycelia extracts of
the marine-derived fungi: Aspergillus sp. PSU-F154, Curvularia sp. PSU-F22,
Fusarium sp. PSU-F14, Nigrospora sp. PSU-FS and PSU-F18 and Penicillium sp.
PSU-F40 and PSU-F44, displayed interesting antibacterial (against Staphylococcus
aureus and methicilline-resistant S. awreus), antifungal (against Microsporum
gypseum) and antioxidant activities, Therefore, it was of interest in searching for new
and known metabolites from these extracts. Seventy five compounds including twenty
nine new ones have been isolated and identified. Their biological activities are being

evaluated.
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PART 1

METABOLITES FROM THE MARINE-DERIVED FUNGUS
NIGROSPORA SP. PSU-F5




CHAPTER 1.1

INTRODUCTION

1.1.1 Introduction

The genus Nigrospora is a rich source of biologically active secondary
metabolites. Some of them showed interesting biological activities (Table 1).
Metabolites isolated from the genus Nigrospora reported since the year 2009 are
summarized in the Table 1 based on SciFinder Scholar Database. The marine-derived
fungus Nigrospora sp. PSU-F5 was isolated from the sea fan Annella sp., collected
near the Similan Islands, Phangnga Province, Thailand, in the year 2005. This fungus
was deposited as PSU-F5 at the Department of Microbiology, Faculty of Science,
Prince of Songkla University. The ethyl acetate extract from the culture broth of this
fungus exhibited interesting antibacterial activities against Staphylococcus aureus

ATCC 25923 (SA) and a clinical isolate of methicillin-resistant S. aureus (MRSA)
with the MIC values of 64 and 128 pg/mL, respectively.

Table 1 Compounds isolated from the Nigrospora genus

Scientific name Compound Activity Reference

Nigrospora sp. YB-141 | Solanapyrone N, 1 Antifungal | Wu, et al., 2009

Solanapyrone O, 2
Solanapyrone C, 3
Nigrosporalactone, 4

Phomalactone, §




Structures of compounds isolated from the Nigrospora genus

1: R, = CO,CHs, Ry =NH, : Solanapyrone N 2: Solanapyrone O
3: R; = CHO, Ry = NHCH,CH,OH : Solanapyrone C

OH

H HyC 0.0
H3C%0 3 \/}a/\j
HO” 7
4: Nigrosporalactone 5: Phomalactone
1.1.2 The objectives

1. To isolate the secondary metabolites from the marine-derived fungus

Nigrospora sp. PSU-F5.
2. To elucidate the structure of the isolated metabolites.




CHAPTER 1.2

EXPERIMENTAL

1.2.1 Instruments and chemicals

Melting points were determined on an electrothermal melting point
apparatus (Electrothermal 9100) and reported without correction. Infrared spectra (IR)
were obtianed on a FTS165 FT-IR spectrometer or a Perkin Elmer Spectrum GX FT-
IR system and recorded on wavenumber (cm™). 'H and 13C-Nuclear magnetic
resonaice spectra (lH and *C NMR) were recorded on a FTNMR, Bruker Avance
300 MHz or 500 MHz spectrometers using tetramethylsilane (TMS) as an internal
standard. Spectra were recorded as chemical shift parameter (d) value in ppm down
field from TMS (& 0.00). Ultraviolet spectra (UV) were measured with an UV-160A
SHIMADSU spectrophotometer. Principle bands (Ama) were recorded as wavelengths
(nm) and log £ in MeOH solution. Optical rotations were measured in methanol
solution or chloroform solution with sodium D line (590 nm) on a.n_AUTOPOLR® 1
automatic polarimeter. Solvents for extraction and chromatography were distilled at
their boiling point ranges prior to use except for ethyl acetate which was an analytical
grade reagent. Thin-layer chromatography (TLC) and precoated TLC plate were
performed on silica gel 60 GF,s4 (Merck). Column chromatography was performed on
silica gel (Merck) type 100 (70-230 mesh ASTM), Sephadex LH-20 or reverse phase

C g silica gel.

1.2.2 Fermentation and extraction

The flask culture (15 L) of the fungus PSU-FS was filtered to separate
into filtrate and wet mycelia. The filtrate was divided into 30 portions. Each portion
was extracted twice with an equal amount of EtOAc (2 x 300 mL). The organic layer
was drigd over anhydrous Na;SO4 and evaporated in vacuo to obtain a dark brown gum

4




(800 mg). The mycelial cakes were extracted with MeOH (500 mL). The aqueous
MeOH layer was concentrated under reduced pressure. To the extract was added H,O
(50 mL), and the mixture was washed with hexane (500 mL) and extracted twice with
an equal amount of EtOAc (2 x 300 mL). The combined EtOAc extracts were dried
over.anhydrous Na»SO4 and then evaporated to dryness under reduced pressure to
obtain a brown gum (102 mg). The extracts from the culture filtrate and mycelia were

separately subjected to chromatographic fractionation.

1.2.3 Purification of the broth extract

The crude EtOAc extract was separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford seven fractions as shown in Table 2.

Table 2 Fractions obtained from the crude EtOAc extract by column chromatography

over Sephadex LH-20
Fraction Weight {(mg) Physical appearance
5A 7.1 Brown solid
5B 53.8 Brown solid
5C 307.0 Brown gum
5D 2293 Brown gum
SE 181.3 Brown gum
S5F 9.5 Brown gum
5G 2.4 Brown solid

Fraction SA displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Fraction 5B showed two UV-active spots on normal phase TLC using 5% methanol

in dichloromethane as a mobile phase with the Ry values of 0.07 and 0.24. It was




purified by column chromatography over silica gel. Elution was performed initially
with 3% methanol in dichloromethane followed by increasing the polarity with
methanol and finally with pure methanol. Fractions with similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford nine

subfractions as shown in Table 3.

Table 3 Subfractions obtained from fraction 5B by column chromatography over

silica gel
Subfraction Elution Weight (mg) Physical appearance
5BI 3% MeOH/CH,Cl, 4.4 Green gum
5B2 5% MeOH/CH,Cl, 4.8 Green gum
5B3 5% MeOH/CH,Cl, 4.5 White solid
5B4 7% MeOH/CH,Cl, 5.1 White solid
5B5 10% MeOH/CH,Cl, 57 Yellow solid
5B6 20% MeOH/CH,Cl, 2.5 Yellow solid
587 20% MeOH/CH,Cl, 6.7 Brown solid
5B8 20-50% MeOH/CH,Cl, 158 - Brown solid
5B9 70% MeOH/CH,Cl,- 10.0 Brown solid
100% MeOH

Subfraction 5B1 displayed a long tail on normal phase TLC under UV-§ using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 5B2 showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.23, 0.30,
0.35 and 0.46. Its 'H NMR spectrum displayed signals in the high field region. Thus,

it was not purified.

Subfraction 5B3 showed five UV-active spots, on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the R values of 0.12, 0.14,




0.21, 0.23 and 0.33. Its 'H NMR spectrum contained signals in the high field region.

Thus, it was not purified.

Subfraction 5B4 showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.24, 0.29

and 0.33. Because of low quantity, it was not further purified.

Subfraction 5B5 showed four UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.10, 0.19,

0.20 and 0.26. Because of low quantity, it was not further purified.

Subfraction 5B6 showed one UV-active spot on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the R¢ value of 0.28 and the
other spot with the R¢ value of 0.28 as a red spot after dipping in anisaldehyde reagent
and subsequently heating the TLC plate. Attempted purification using various mobile

phase systems was not successful. Thus, it was not further investigated.

Subfraction 5B7 showed three UV-active spots on reverse phase TLC using
50% methano! in water as a mobile phase with the R¢values of 0,14, 0.21 and 0.70. Its
'H NMR spectrum displayed broad signals. Thus, it was not further purified.

Subfraction 5B8 showed four UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢ values of 0.17, 0.18, 0.21 and
0.30. Its 'H NMR spectrum showed broad signals. Thus, it was not further purified.

Subfraction 5B9 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ryvalues of 0.13 and 0.18. Its 'H

NMR spectrum displayed broad signals, Thus, it was not further purified.

Fraction SC showed three UV-active spots on normal phase TLC using 5% methanol
in dichloromethane as a mobile phase with the Ry values of 0.19, 0.31 and 0.79. It was

further separated by column chromatography over silica gel. Elution was performed




initially with 5% methanol in dichloromethane followed by increasing the polarity
with methanol and finally with pure methanol. Fractions with similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford eight

subfractions as shown in Table 4.

Table 4 Subfractions obtained from fraction 5C by column chromatography over

silica gel
Subfraction | Elution | Weight (mg) | Physical appearance
5C1 5% MeOH/CH,Cl, 15.6 Colorless gum
5C2 5% MeOH/CH,Cl, 253 Yellow gum
5C3 5% MecOH/CH,Cl, 25.4 Colorless gum
5C4 5% MeOH/CH,Cl, 15.4 Yellow gum
5C5 5% MeOH/CHCl, 17.1 Yellow gum
5C6 7-10% MeOH/CH,Cl, 71.3 Yellow gum
5C7 20-50% MeOH/CH,Cl, 48.0 Yellow gum
5C8 50% MeOH/CH,Cls- 70.0 Brown solid
100% MeOH

Subfraction 5C1 showed three UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.19, 0.38 and 0.50. It
was then purified by precoated TLC with 80% dichloromethane in petroleum ether as

a mobile phase (6 runs) to afford two bands.

Bandl (K9) was a colorless solid (2.5 mg). Its chromatogram showed
~one UV-active spot on normal phase TLC using 80% dichloromethane in petroleum

ether as a mobile phase with the Ryvalue of 0.44,

Melting point (°C) 104.3-104.6
UV Apax(nin)(MeOH)(log g) 230 (3.93), 309 (3.91)
FTIR(neat): yom™) 1708 (C=0 stretching)

'H NMR(CDCl)(8,m)(300 MHz):  6.62 (4q, /= 6.9, 1.2 Hz, 1H), 5.83 (d,J = 2.1




B¢ NMR(CDCL)(8,pm)(75 MHz):

DEPT135: CH;
CHs;

Hz, 1H), 538 (d, J = 2.1 Iz, 1H), 3.74 (s,
3H), 1.78 (s, 3H), 1.77 (d, J= 6.9 Hz, 3H)
17149, 164.32, 161.33, 130.20, 126.67,
97.18, 88.02, 55.84, 14.19, 12.01

130.20, 97.18, 88.02

55.84, 14.19, 12.01

Band 2 (K8) was a colorless solid (2.0 mg). Its chromatogram showed

one UV-active spot on normal phase TLC using 80% dichloromethane in petroleum

ether as a mobile with the Ry value of 0.35.

213

Melting point (°C)

UV Anax(nm)(MeOH)(loge)
FTIR(neat): em™)

"H NMR(CDCL)(8,pm)(500 Miz):

BC NMR(CDCl3)(Spm)(125 MHz):
DEPT135: CH;

CHs;
EIMS m/z (% relative intensity):

-110 (¢ 0.01, Acetone)

196.6-196.8

206 (3.44),273 (3.64)

3365 (O-H stretching), 1697 (C=0 stretching)
595 (d, J=2.5 Hz, 1H), 5.36 (d, /= 2.5 Hz,
1H), 3.73 (s, 3H), 3.04 (¢, J = 5.0 Hz, 1H),
1.32 (d, /=5.0 Hz, 3H)

170.40, 164.55, 163.05, 96.45, 87.37, 60.74,
55.00, 12.94

96.45, 87.37

55.00, 12.94

170 (97), 149 (100), 125 (95), 83 (50), 71 (77)

Subfraction 5C2 displayed a long tail under UV-S on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 5C3 showed four UV-active spots on normal phase TLC using
7% methanol in dichloromethane as a mobile with the Ry values of 0.24, 0.39, 0.64

and 0.79. It was then purified by precoated TLC with 20% ethyl acetate in petroleum

ether as a mobile phase (6 runs) to afford three bands.
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Band 1 was a white solid (2.0 mg). Its chromatogram showed one UV-

active spot on normal phase TLC using 20% ethyl acetate in petroleum ether as a

mobile phase with the Ry value of 0.63. Its 'H NMR spectrum indicated the presence

of many compounds. Thus, it was not further investigated.

Band 2 (K3) was a colorless gum (4.0 mg). Its chromatogram showed

one UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum ether

as a mobile phase with the R¢ value of 0.33.

]
UV Ana(nm)(MeOH)(loge)
FTIR(neat): yem™)

*H NMR(CDCl3+CD30D)(Sppm)
(300 MIz):

3¢ NMR(CDCl+CD3;OD)(&pm)
(75 MHz):

DEPT135: CH;
CHZ;

CH;;

+341 (¢ 0.20, MeOH)

287 (4.39)

3556 (O-H stretching),
(C=0 stretching)

7.67 (d, J=15.9 Hz, 1H), 5.94 (brs, 1H), 5.93
(dd, J = 159, 93 Hz, 1H), 5.72 (brs, 1H),
2,73 (d,J=9.3 Hz, 1H), 2.40 (d, /= 16.8 Hz,
1H), 2.16 (d, J = 16.8 Hz, 1H), 2.01 (d, J =

1704 and 1697

1.2 Hz, 3H), 1.92 (d, /= 1.2 Hz, 3H), 1.06 (s, ~

3H), 0.98 (s, 3H)
199.65, 168.00, 162.00, 150.31, 133.92,
131.44, 125.82, 117.68, 56.37, 47.48, 36.50,
27.85,27.25, 23.55, 21.08

133.92, 131.44, 125.82, 117.68, 56.37

47.48

27.85,27.25, 23.55, 21.08

Band 3 (K10) was a colorless solid (3.5 mg). Its chromatogram

showed one UV-active spot on normal phase TLC using 20% ethyl acetate in

petrolenm ether as a mobile phase with Ry value of 0.10.




Melting point (°C)
UV Ama(nm)(MeOH)(log &)
FTIR(neat):u(cm™)

'H NMR (acetone-dg)(Sppm)(S00 MHz):

13C NMR (acetone-ds)(Gpm)(125 MHz):

DEPT 135: CH;
CHa;
CH3;

11

146.5-146.7
282 (3.83), 312 (3.25)

3385 (O-H stretching), 1690 (C=0
stretching)

6.58 (tq, J= 5.5, 1.0 Hz, 1H), 6.10 (4,
J =21 Hz, 1H), 551 (d, J = 2.1 Hz,
1H), 4.35 (¢, J=5.5Hz, 2H), 4.06 (1, J
=55 Hz, 1H), 3.89 (s, 3H), 1.89 (¢. J
= 1.0 Hz, 3H)

171.15, 162.30, 160.40, 134.57, 126.01,
97.84, 88.13, 58.65, 55.78, 11.62
134.57,97.84, 88.13

58.65

55.78,11.62

Subfraction 5C4 showed four UV-active spots on reverse phase TLC using

30% methanol in water as a mobile phase with the Ry values of 0.13, 0.25, 0.31 and

0.43. Further purification by column chromatography over Sephadex LH-20 was

performed with 100% methanol. Fractions with similar chromatogram were combined

and evaporated to dryness under reduced pressure to afford five subfractions as shown

in Table 5.

Table 5 Subfractions obtained from subfraction 5C4 by column chromatography

over Sephadex LH-20
Subfraction Weight (mg) Physical appearance
5C41 1.3 Brown gum
5C42 0.8 Brown gum
5C43 3.1 Brown gum
5C44 7.8 Brown gum
5C45 2.5 Brown gum
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Subfraction 5C41 displayed a long tail under UV-S on normal phase TLC using

39 methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 5C42 displayed unseparated spots under UV-S on normal phase TLC
using 3% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 5C43 showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.27, 0.40
and 0.50. It was then purified by precoated TLC with 30% acetone in petroleum ether

as a mobile phase (3 runs) to afford two bands.

Band 1 was a white solid (0.6 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 30% acetone in petroleum ether as a mobile
phase with the R value of 0.30. Its 'H NMR spectrum indicated the presence of many

compounds. Because of the minute quantity, it was not further investigated.

Band 2 (K2) was a colorless gum (1.5 mg). Its chromatogram showed
one UV-active spot on normal phase TLC using 30% acetone in petroleum ether as a

mobile phase with the Ry value of 0.20.

[] +275 (¢ 0.20, MeOH)
UV Aax(nm)(MeOH)(log &) 280 (3.84)
FTIR(neat):v(cm™) 3345 (O-H stretching), 1703 and 1694

(C=0 stretching)

'H NMR(CD3;0D)(S,pm)(300 MHz):  7.70 (d, J = 16.2 Hz, 1H), 6.24 (d, J = 16.2
Hz, 1H), 5.93 (¢, J= 1.2 Hz, 1H), 5.75 (brs,
1H), 2.54 (d, J=17.1 Hz, 1H), 2.18 (4, /=
17.1 Hz, 1H), 2.03 (d, J= 1.2 Hz, 3H), 1.93
(d, J = 1.2 Hz, 3H), 1.06 (s, 3H), 1.03 (s,
3H)
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130 NMR(CD:;0D)(8pm)(75 MHz): 19973, 168.13, 165.21, 149.42, 13641,
128.06, 126.17, 118.39, 79.23, 49.25, 41.45,

23.25,22.15,19.82, 18.22

DEPT 135: CH; 136.41, 128.06, 126.17, 118.39
CHy; 49.25
CHs; 23.25,21.15,19.82, 18.22

Subfraction 5C44 showed two UV-active spots on normal phase TLC using
394 methanol in dichloromethane as a mobile phase with the Ry values of 0.27 and

0.37. Its "H NMR spectrum indicated that the major compound was K2. Therefore, it

was not purified.

Subfraction 5C45 showed four UV-active spots on normal phase TLC using
30% acetone in petroleum ether as a mobile phase with the Ry values of 0.26, 0.33,
0.39 and 0.56. Its '"H NMR spectrum indicated that the major compound was K2.

Therefore, it was not purified.

Subfraction 5C5 showed three UV-active spots on reverse phase TLC using
30% methanol in water as a mobile phase with the R¢ values of 0.25, 0.45 and 0.63. Its
'H NMR spectrum indicated that the major compound was K2. Therefore, it was not

purified.

Subfraction 5C6 showed four UV-active spots on reverse phase TLC using
30% methanol in water as a mobile phase with the R¢ values of 0.15, 0.45, 0.60 and
0.70. It was then separated by column chromatography over reverse phase silica gel.
Elution was performéd initially with 30% methanol in water followed by increasing
amount of methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford eigth subfractions as shown in Table 6.
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Table 6 Subfractions obtained from subfraction 5C6 by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) Physical appearance
5C61 30% MeOH/H,0O 9.5 Yellow solid
5C62 50% MeOH/H,0 5.8 White solid
5C63 60% MeOH/H,0 7.4 Yellow solid
5C64 70% MeOH/H,0O 14.2 Yellow solid
.5C65 80% McOH/H,0 6.7 Yellow solid
5C66 90% MeOH/H,0 6.2 Yellow solid
5C67 100% MeOH 4.0 Yellow solid
5C68 100% MeOH 21.1 Yellow solid

Subfraction 5C61 showed two UV-active spots on normal phase TLC using

4% methanol in dichloromethane as a mobile phase with the Ry values of 0.43 and

0.52. Tt was then purified by precoated TLC with 50% ethyl acetate in petroleum ether

as a mobile phase (10 runs) to afford five bands.

Band 1 (K1) was a colorless gum (1.5 mg). Its chromatogram showed

one UV-active spot on normal phase TLC using 80% ethyl acetate in petroleum ether

as a mobile with the Revalue of 0.63.

K

UV Apax(nm)(MeOH)(log &)
FTIR (neat):u(em™)

'H NMR (acetone-ds)(Spm)(300 MHz):

3¢ NMR(acetone-de)(Spm)(75 MHz):

+110 (¢ 0.92, BtOH)

279 (3.99), 328 (3.56)
3363 (O-H stretching), 1690 (C=0

stretching)

6.72 (brs, 1H), 4.98 (brs, 1H), 4.66 (d, J
=4.5 Hz, 1H), 4.27 (d, J= 15.6 Hz, 1H),
4.16 (d, J = 15.6 Hz, 1H), 3.78 (¢, J =

3.3 Hz, 1H), 3.41 (d, J=3.3 Hz, 1H)

193.51, 138.53, 136.24, 62.42, 58.16,

57.96, 53.24
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DEPT 135: CH; 138.53, 62.42, 57.96, 53.24
CHy; 58.16

Band 2 was a white solid (3.2 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 80% ethyl acetate in petroleum ether as a
mobile with the R¢ value of 0.49. Its 'H NMR spectrum indicated the presence of

many compounds. Because of the minute quantity, it was not further investigated.

Band 3 was a white solid (0.3 mg). Its chromatogram showed one pale
UV-active spot on normal phase TLC using 100% ethyl acetate as a mobile phase
with the Ry value of 0.50. Because the 'H NMR spectrum indicated the absence of
olefinic and aromatic protons, it was not further investigated. .

Band 4 was a white solid (0.6 mg). Its chromatogram showed one pale
UV-active spot on normal phase TLC using 100% ethyl acetate as a mobile phase
with the R¢ value of 0.47. Because the 'H NMR spectrum indicated the absence of

olefinic and aromatic protons, it was not further investigated.

Band 5 was a white solid (1.0 mg). Its chromatograni showed one pale
UV-active spot on normal phase TLC using 100% ethyl acetate as a mobile phase
with the Ry value of 0.10. Because the 'H NMR spectrum indicated the absence of

olefinic and aromatic protons, it was not further investigated.

Subfraction 5C62 showed three major UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R¢ values of 0.04, 0.18
and 0.36. It was then separated by precoated TLC with 50% ethyl acetate in petroleum

ether as a mobile phase (13 runs) to afford three bands.

Band 1 (K4) was a colorless solid (0.8 mg). Its chromatogram showed
one UV-active spot on normal phase TLC using 80% ethyl acetate in petroleum ether

as a mobile phase with the Revalue of 0.44.
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[a] » -162 (c 0.01, acetone)

Melting point (°C) - 192.8-193.7

UV Anax(nm)(MeOH)(log ) 282 (4.43)

FTIR(neat):v(cm™) 3566 (O-H stretching), 1703 and 1697

(C=0 stretching), 1651 (C=C stretching)

IH NMR (acetone-ds)(S,pm)(500 MHz):  8.04 (4, J = 16.0 Hz, 1H), 6.44 (d, J =
16.0 Hz, 1H), 5.78 (s, 1H), 3.85 (dd, J =
8.5, 3.5 Hz, 1H), 3.76 (d, J = 8.5 Hz,
1H), 2.80 (d, J = 17.0 Hz, 1H), 2.79 (dd,
J=17.0,3.5 Hz, 1H), 2.23 (dd, J=17.0,
1.0 Hz, 1H), 2.17 (dd, J = 17.0, 1.0 Hz,
1H), 2.12 (s, 3H), 1.10 (s, 3H), 0.94 (s,
3H)

13C NMR(acetone-de)(Spm)(125 MHz):  208.22, 166,47, 150.10, 137.27, 127.35,
117.24, 84.14, 81.32, 76.18, 50.91,
50.38, 46.29, 21.08, 20.43, 17.44

DEPT 135: CH; 137.27, 127.35, 117.24
CHy; 76.18, 50.91, 50.38
CHs; 21.08,20.43, 17.44

Band 2 was a white solid (1.2 mg). Its chromatogram showed one pale
UV-active spot on normal phase TLC using 80% ethyl acetate in petroleum ether as a
mobile phase with the Revalue of 0.33. The 'H NMR spectrum indicated the absence

of olefinic and aromatic protons. Therefore, it was not further investigated.

Band 3 was a white solid (2.1 mg). Its chromatogram showed one pale
UV-active spot on normal phase TLC using 80% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.12. Because the 'H NMR spectrum indicated the

absence of olefinic and aromatic protons, it was not further investigated.
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Subfraction 5C63 showed three UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.05, 0.21
and 0.30. It was then separated by precoated TLC with 50% ethy! acetate in petroleum

ether as a mobile phase (13 runs) to afford four bands,

Band 1 was a coloriess gum (1.9 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 50% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.23. Its 'H NMR spectrum indicated that the major

compound was K2. Therefore, it was not investigated.

Band 2 was a white solid (2.0 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 50% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.19. Its 'H NMR spectrum indicated that the major

compound was K4. Therefore, it was not investigated.

Band 3 (K5) was a colorless solid (1.1 mg). Its chromatogram showed
one UV-active spot on normal phase TLC using 100% ethyl acetate as a mobile phase

with the Re value of 0.31.

[] 2 +10 (¢ 0.06, EtOH)
Melting point (°C) 173.6-173.8

UV Amax(nm)(MeOH)(log £) 281 (3.41)

FTIR(neat):v(cm™) 3442 (O-H stretching), 1716 and 1685

(C=0 stretching)

'H NMR (acetone-de)(Spm)(500 MHz):  7.78 (d, /= 16.0 Hz, 1H), 6.94 (d, J'= 2.0
Hz, 1H), 6.43 (d, J = 16.0 Hz, 1H), 5.84
(s, 1H), 5.83 (¢, J = 1.0 Hz, 1H), 5.32 (d,
J=11.5 Hz, 1H), 5.06 (d, J= 4.5 Hz, 1H),
4,96 (d, J=4.5 Hz, 1H), 4.56 (s, 1H), 4.54
(m, 1H), 4,21 (m, 2H), 3.90 (ddd, J=11.5,
8.0, 4.5 Hz, 1H), 2.57 (¢, J=17.0 Hz, 1H),
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2.16 (¢, J = 17.0 Hz, 1H), 2.10 (d, J = 1.0
Hz, 3H), 1.91 (d, J = 1.0 Hz, 3H), 1.08 (s,
3H), 1.05 (s, 3H)
130 NMR (acetone-de)(Gpm)(125 MHz): 196,74, 192.22, 164.53, 162.34, 150.91,
145.58, 138.10, 137.24, 127.87, 126.52,
117.24, 79.28, 77.08, 76.09, 71.61, 58.02,
4946, 41.39, 23.80, 22.66, 20.38, 18.37

DEPT 135: CH; 14558, 138.10, 127.87, 12652, 117.24,
77.08, 76.09, 71.61
CHa; 58.02, 49.46
CHs; 23.80, 22.66, 20.38, 18.37
. EIMS m/z (% relative intensity): 420 (1), 256 (17), 149 (62), 111 (40), 83

(69), 71 (100)

Band 4 was a white solid (1.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 100% ethyl acetate as a mobile with the
R; value of 0.20. Its '"H NMR spectrum indicated the presence of many compounds.

Because of the minute quantity, it was not further investigated.

Subfraction 5C64 showed two UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry vatues of 0.21 and
0.33. Tts "H NMR spectrum indicated that the major compound was K2. Therefore, it

was not purified.

Subfraction 5C65 showed two UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Rr values of 0.16 and
0.26. Tts '"H NMR spectrum displayed éignals in the high field region. Thus, it was not
further investigated.

Subfraction 5C66 (K7) was a colorless solid (6.2 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 4% methanol in dichloromethane as a
mobile with the R¢ value of 0.18. '




o] %

Melting point (°C)

UV Anax(nm)(MeOH)(log &)
FTIR(neat):U(cm'l)

'H NMR(acetone-ds)(Spm)(500 MHz):

13¢C NMR(acetone-ds)(Spm)(125 MHz):

DEPT 135: CH;

CI;
CHs;
EIMS m/z (% relative intensity):
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+39 (¢ 0.31, EtOH)

366.2-366.7
282 (2.89)

3370 (O-H stretching), 1749, 1734 and
1698 (C=0 stretching)

7.25 (m, SH), 6.93 (s, 1H), 5.25 (d, J =
11.1 Hz, 1H), 4.56 (d, J = 8.4 Hz, 1H),
426 (d, J = 13.6 Hz, 1H), 4.15 (d, J =
13.6 Hz, 1H), 3.87 (dd, J=11.1, 8.4 Hz,
1H), 3.62 (dd, J = 6.9, 6.0 Hz, 1H), 3.60
(s, 3H), 3.33 (dd, J = 9.0, 5.4 Hz, 1H),
2.93 (m, 2H), 1.88 (m, 110), 1.59 (ddd, J
= 13.5, 8.1, 5.4 Hz, 1H), 1.45 (ddd, J =
13.5, 9.0, 6.0 Hz, 1H), 0.87 (d, J = 6.6
Hz, 3H), 0.81 (4, J= 6.6 Hz, 3H)
191.73, 174.35, 173.73, 145.71, 138.10,
138.07, 129.52, 127.97, 126.20, 77.59,
75.92, 71.39, 61.32, 58.62, 57.93, 51.04,
43.01, 39.25, 24.25, 22,50, 21.38

145.71, 129.52, 127.97, 126.20, 77.59,
75.92, 71.39, 61.32, 58.62, 24.25
57.93,43.01, 39.25

51.04,22.50,21.38

450 (11), 390 (26), 358 (100), 248 (67),
156 (42)

Subfraction 5C67 showed one UV-active spot on normal phase TLC using

4% methanol in dichloromethane as a mobile phase with the Ryvalue of 0.15. Its 'H

NMR spectrum showed signals in the high field region. Thus, it was not further

investigated.
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Subfraction 5C68 displayed a long tail under UV-S on normal phase TLC using
4% methanol in dichloromethane as a mobile phase. Because its 'H NMR spectrum

showed broad signals, it was not further purified.

Subfraction 5C7 showed four UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.23, 0.28,
0.51 and 0.57. It was further separated by column chromatography over Sephadex
LH-20. Elution was performed with 100% methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 7.

Table 7 Subfractions obtained from subfraction 5C7 by column chromatography
over Sephadex LH-20

Subfraction Weight (ing) Physical appearance
5C71 1.7 Yellow solid
5C72 12.3 Yellow solid
5C73 4.1 Yellow solid
5C74 23.2 Yellow solid

Subfraction 5C71 displayed a long tail under UV-S on normal phase TLC using

6% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 5C72 showed three UV-active spots on normal phase TLC using
6% methanol in dichloromethane as a mobile phase with the Ry values of 0.01, 0.28
and 0.35. Because its 'H NMR spectrum showed broad signals, it was not further
purified.

Subfraction 5C73 showed two UV-active spots on normal phase TLC using
6% methanol in dichloromethane as a mobile phase with the Ry values of 0.07 and
0.26. Its "H NMR spectrum displayed broad signals. Thus, it was not further purified.
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Subfraction 5C74 showed seven UV-active spots on normal phase TLC using
6% methanol in dichloromethane as a mobile phase with the Ry values of 0.01, 0.23,
0.28, 0.33, 0.38, 0.44 and 0.49. Its 'H NMR spectrum showed broad signals.
Therefore, it was not further purified.

Subfraction 5C8 displayed a long tail under UV-S on normal phase TLC using
7% methanol in dichloromethane as a mobile phase. This subfraction was dissolved in
a mixture of acetic anhydride (3 mL) and pyridine (1 mL). The reaction mixture was
stirred at room temperature overnight, The reaction mixture was poured into water
and then extracted with ethyl acetate (3 x 15 mL). The combined ethyl acetate
extracts were successively washed with 10% aqueous HCI (2 % 20 mL), 10% aqueous
NaHCO; (3 x 20 mL) and water (3 x 20 mL), and then dried over anhydrous NapSO0s.
After removal of ethyl acctate solvent, the acetate derivative was obtained as a dark
brown gum (45 mg). It was further separated by column chromatography over silica
gel. Elution was performed initially with 1% methanol in dichloromethane followed
by increasing the polarity with methanol and finally with pure methanol, Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford five subfractions as shown in Table 8.

Table 8 Subfractions obtained from subfraction 5C8 by column chromatography

over silica gel
Subfraction Elution Weight (ing) | Physical appearance
5C81 1% MeOH/CH,Cl, 5.1 Yeltow gum
5C82 3% MeOH/CH,Cl, 10.3 Yellow gum
5C83 5% MeOH/CH,Cl, 43 Yellow gum
5C84 5% MeOH/CH,Cl, 4.5 Yellow gum
5C85 10% MeOH/CH,Cl,- 18.9 Yellow gum
100% MeOH
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Subfraction 5C81 showed two UV-active spots on normal phase TLC using
50% dichloromethane in petroleum ether as a mobile phase with the Revalues of 0.10

and 0.21. Because of low quantity, it was not further purified.

Subfraction 5C82 showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R values of 0.35, 0.49,
0.63 and 0.74. It was further separated by column chromatography over Sephadex
LH-20. Elution was performed with 100% methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 9,

Table 9 Subfractions obtained from subfraction 5C82 by column chromatography

over Sephadex LH-20
Subfraction Weight (mg) Physical appearance
5C821 0.5 White solid
5C822 6.4 Yellow solid
5C823 , 3.6 White solid
5C824 1.4 ' Yellow solid

Subfraction 5C821 displayed a long tail under UV-S on normal phase TLC using

1% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 5C822 showed one UV-active spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ value of 0.35. Because

its "H NMR spectrum displayed broad signals, it was not further purified.

Subfraction 5C823 showed five UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.04, 0.16,
0.39, 0.69 and 0.74. Its '"H NMR spectrum showed broad signals, Therefore, it was
not further purified.
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Subfraction 5C824 showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.21, 0.30,
0.34 and 0.60. Its "H NMR spectrum displayed broad signals. Thus, it was not further
purified.

Subfraction 5C83 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.26, 0.28

and 0.37. Because its 'H NMR spectrum indicated that broad signals, it was not

further purified.

Subfraction 5C84 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.21, 0.23
and 0.28. Its 'H NMR spectrum showed broad signals. Therefore, it was not further
purified.

Subfraction 5C85 displayed a long tail under UV-S on normal phase TLC using

1% methanol in dichloromethane as a mobile phase. ‘Thus, it was not investigated.

Fraction 5D showed five UV-active spots on normal phase TLC using 5% methanol
in dichloromethane as a mobile phase with the R values of 0.12, 0.24, 0.29, 0.36 and
0.79. It was further separated by column chromatography over silica gel. Elution was
performed initially with 5% methanol in dichloromethane followed by increasing the
polarity with methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford six subfractions as shown in Table 10.

Table 10 Subfractions obtained from fraction 5D by column chromatography over

silica gel

Subfraction Elution Weight (mg) | Physical appearance
5D1 5% MecOH/CH,Cl, 5.8 Yellow gum
5D2 5% MeOH/CH,Cl, 7.7 Yellow gum
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Table 10 Continued
Subfraction Elution Weight (mg) | Physical appearance
5D3 7% MeOH/CH:Cl, 11.7 Yellow gum
5D4 7-10% MeOH/CH,Cl, 123.5 Yellow gum
5D5 10-20% MeOH/CH,Cl, 10.9 Yellow gum
5D6 20% MeOH/CH,Cls- 67.0 Yellow gum
100% MeOH

Subfraction 5D1 showed two UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.23 and 0.54. It was
then separated by precoated TLC with 30% dichloromethane in petroleum ether
(5 runs) and 50% dichloromethane in petroleum ether as mobile phases (6 runs),

respectively, to afford two bands.

Band 1 was a colorless solid (1.7 mg). Its chromatogram showed one
pale UV-active spot on normal phase TLC using 50% dichloromethane in petroleum
ether as a mobile phase with the R¢ value of 0.69. Because the 'H NMR spectrum

indicated the absence of olefinic and aromatic protons, it was not further investigated.

Band 2 was a colorless solid (2.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 50% ethyl acetate in petroleum ether as a
mobile phase with the R¢ value of 0.15. Its 'H NMR spectrum indicated that the major

compound was K9. Therefore, it was not investigated.

Subfraction 5D2 showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.12, 0.28, 0.52 and
0.56. It was then separated by precoated TLC with 100% dichloromethane as a mobile
phase (10 runs) to afford three bands.

Band 1 was a yellow solid (0.7 mg). Its chromatogram showed one

UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
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mobile phase with the R¢ value of 0.46. Its 'H NMR spectrum indicated the presence

of many compounds. Because of the minute quantity, it was not further investigated.

Band 2 was a yellow solid (0.9 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the R¢ value of 0.44. Its 'H NMR spectrum indicated the presence

of many compounds. Because of the minute quantity, it was not further investigated.

Band 3 was a white solid (1.5 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the Ry value of 0.12. Its 'H NMR spectrum indicated that the major

compound was K10. Therefore, it was not investigated.

Subfraction 5D3 showed one UV-active spot on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the R¢ value of 0.57, Its '"H
NMR. spectrum indicated the presence of many compounds. Thus, It was then
separated by precoated TLC with 3% methanol in dichloromethane (9 runs) to afford
three bands.

Band 1 was a yellow solid (1.3 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the R¢ value of 0.41. Its 'H NMR spectrum indicated the presence

of many compounds. Because of the minute quantity, it was not further investigated.

Band 2 was a yellow solid (1.3 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the R¢ value of 0.28. Its 'H NMR spectrum indicated the presence

of many compounds. Because of the minute quantity, it was not further investigated.

Band 3 was a brown solid (5.8 mg). Its chromatogram showed one

pale UV-active spot on normal phase TLC using 3% methanol in dichloromethane as
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a mobile phase with the R value of 0.35. Because the '"H NMR spectrum indicated the

absence of olefinic and aromatic protons, it was not further investigated.

Subfraction 5D4 showed two UV-active spots on normal phase TLC wusing
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.13 and
0.24. Tts "H NMR spectrum indicated that the major compound was K1. Therefore, it

was not investigated.

Subfraction 5D5 showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.04, 0.13
and 0.19. It was then separated by precoated TLC with 3% methanol in

dichloromethane as a mobile phase (13 runs) to afford three bands.

Band 1 was a white solid (1.2 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 5% methanol in dichloromethane as a
mobile phase with the R¢ value of 0.34, Its 'H NMR spectrum indicated the presence

of many compounds. Because of the minute quantity, it was not further investigated.

Band 2 was a white solid (3.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 5% methanol in dichloromethane as a
mobile phase with the Ry value of 0.24. Its 'H NMR spectrum indicated the presence

of many compounds. Because of the minute quantity, it was not further investigated.

Band 3 was a white solid (2.4 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 5% methanol in dichloromethane as a
mobile phase with the Re value of 0.12, Its 'H NMR spectrum indicated the presence

of many compounds. Because of the minute quantity, it was not further investigated.

Subfraction 5D6 showed four UV-active spots on reverse phase TLC using
80% methanol in water as a mobile phase with the Ry values of 0.22, 0.56, 0.85 and
0.88. It was then separated by column chromatography over reverse phase silica gel,

Elution was performed fnitially with 80% methanol in water followed by increasing




27

amount of methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 11.

Table 11 Subfiactions obtained from subfraction 5D6 by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) Physical appearance
5D61 80% MeOH/H0 10.5 Brown solid
5D62 80% MeOH/H,0 6.0 Brown solid
5D63 90% MeOH/H0 38.7 Brown solid
5D64 100% MeOH 6.0 White solid

Subfraction 5D61 showed five UV-active spots on normal phase TLC using
7% methanol in dichloromethane as a mobile phase with the Ry values of 0.16, 0.27,
0.38, 0.43 and 0.51. Its 'H NMR spectrum indicated the presence of many

compounds, Thus, it was not further investigated.

Subfraction 5D62 showed two UV-active spots on normal phase TLC using
7% methano! in dichloromethane as a mobile phase with the R¢ values of 0.14 and
0.27. Its "H NMR spectrum displayed signals in the high field region. Thus, it was not
purified.

Subfraction 5D63 showed two UV-active spots on normal phase TLC using
7% methanol in dichloromethane as a mobile phase with the Ry values of 0.21 and

0.30. Its "H NMR spectrum displayed broad signals. Thus, it was not further purified.

Subfraction 5D64 displayed a long tail on normal phase TLC under UV-S using

7% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Fraction SE showed four UV-active spots on normal phase TLC using 5% methanol

in dichloromethane as a mobile phase with the R¢ values of 0.12, 0.29, 0.33 and 0.79.
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It was further separated by column chromatography over silica gel. Elution was
performed initially with 5% methanol in dichloromethane followed by increasing the
polarity with methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford eight subfractions as shown in Table 12,

Table 12 Subfractions obtained from fraction 5E by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
SE1 5% MeOH/CH,Cl, 6.3 Brown solid
SE2 7% MeOH/CH,Cl» 3.9 Brown solid
5E3 7% MeOH/CH,Cl, 8.7 Yellow solid
5E4 10% MeOH/CH;Cl, 86.0 Yellow gum
5ES 20% MeOH/CH,Cl 8.7 Yellow solid
5E6 20-30% MeOH/CH,Cl, 18.3 Colorless gum
SE7 50-70% MeOH/CH,Cl, 12.6 Yellow solid
5E8 70% MeOH/CH,Cl,- 3.5 Brown solid
100% MeOH

Subfraction 5E1 showed four UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.26, 0.64,
0.71 and 0.88. It was then separated by precoated TLC with 100% dichloromethane
(9 runs) and 2% methanol in dichloromethane as a mobile phase (5 runs),

respectively, to afford three bands.

Band 1 (K12) was a colorless solid (2.8 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 2% methanol in

dichloromethane as a mobile phase with the R¢ value of 0.64.

Melting point (°C) 179.1-180.2
UV Ama(nm)(MeOH)(log &) 216 (3.64), 280 (3.72), 329 (3.10),
FT IR(neat):o(cm") 3430 (O-H stretching), 1680 (C=0 stretching)
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'H NMR(CDCl)(6,pm)(300 MHz): 12,38 (s, 1H), 731 (s, 1H), 2.56 (5, 3H), 2.21
(s, 31D), 2.14 (s, 3H)

130 NMR(CDCl)(8,pm)(75 MHz):  202.66, 161.32, 158.71, 120.81, 11443,
113.47, 110.23, 26.29, 15.46, 7.37

DEPT 135: CH; 129.81
CHs; 26.29, 15.46, 7.37

Band 2 was a white solid (1.7 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 2% methanol in dichloromethane as a
mobile phase with the R¢ value of 0.29. Its 'H NMR spectrum indicated the presence

of many compounds. Because of the minute quantity, it was not further investigated.

Band 3 was a white solid (1.8 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 2% methano! in dichloromethane as a
mobile phase with the Ry value of 0.10. Its 'H NMR spectrum indicated the presence

of many compounds. Because of the minute quantity, it was not further investigated.

Subfraction SE2 showed four UV-active spots on normal phase TILC using
3% methanol in dichloromethane as a mobile phase with the Rt values of 0.17, 0.24,
0.28 and 0.33. It was then separated by precoated TLC with 3% methanol in
dichloromethane as a mobile phase (9 runs) fo afford a white solid (2.6 mg). Its
chromatogram showed one UV-active spot on normal phase TLC using 2% methanol
in dichloromethane as a mobile phase with the Ry value of 0.28. Its 'H NMR spectrum
indicated the presence of many compounds. Because of the minute quantity, it was

not further investigated.

Subfraction S3E3 showed four UV-active spots on normal phase - TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.09, 0.17,
0.26 and 0.36. It was then separated by precoated TLC with 3% methanol in

dichloromethane as a mobile phase (9 runs) to afford four bands.
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Band 1 (K13) was a colorless solid (2.4 mg). Its chromatogram

showed one UV-active spot on normal phase TLC using 3% methanol in

dichloromethane as a mobile phase with the R¢ value of 0.31.

Melting point (°C)
UV Anax(nm)(MeOH)(log &)
FTIR(neat):u(cm™)

'H NMR (acetone-ds)( Spm)(300 MHz):

13C NMR (acetone-ds)(Spm)(75 MHz):

DEPT 135: CH;
CHa;

72.1-73.0

202 (3.66), 214 (3.56), 272 (3.60)
3435 (O-H stretching), 1654 (C=C
stretching)

8.55 (brs, 1H), 7.12 (t, J= 8.0 Hz, 1H),
6.86 (s, 1H), 6.79 (brd, J= 8.0 Hz, 1H),
6.69 (dd, J = 8.0, 2.0 Hz, 1H), 4.55 (s,
2H)

157.49, 144.10, 129.02, 117.35, 113.63,
113.38, 63.66

129.02, 117.35, 113.63, 113.38

63.66

Band 2 (K11) was a colorless gum (1.9 mg). Its chromatogram

showed one UV-active spot on normal phase TLC using 2% methanol in

dichloromethane as a mobile phase with the Ry value of 0,24,

2]

Melting point (°C)

UV Apax(nm)(MeOH)(log &)
FTIR(neat):v(cm™)

'H NMR(CDCl3+CD30D)(pm)(500 MHz):

-34 (¢ 0.019, MeOH)

191.1-192.0
214 (3.45), 263 (3.65), 328 (2.73)

3439 (O-H stretching), 1696 (C=0
stretching)

12.26 (s, 1H), 7.54 (r, J = 8.0 Hz,
1H), 7.27 (dd, J = 7.5, 0.5 Hz, 1H),
6.91 (d, J=8.5 Hz, 1H), 4.64 (d, J =
8.0 Hz, 1H), 4.00 (m, 1H), 3.10 (dd,
J=17.0, 45 Hz, 1H), 2.73 (dd, J =
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17.0, 11.0 Hz, 1H)

30 NMR(CDClLi+CD30D)(§pm)(125 MHz):  202.0,  162.00, 143.00, 137.20,
117.03, 116.93, 11530, 73.38,

71.00, 44.43
DEPT 135: CH; 137.20, 117.03, 116.93, 73.38, 71.00
CHa; 44.43

Band 3 was a white solid (1.7 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 3% methanol in dichloromethane as a mobile
phase with the Re value of 0.17. Its 'H NMR spectrum indicated the presence of many

compounds. Because of the minute quantity, it was not further investigated.

Band 4 was a white solid (2.1 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 3% methanol in dichloromethane as a mobile
phase with the Ry value of 0.10. Its 'H NMR spectrum indicated the presence of many

compounds. Because of the minute quantity, it was not further investigated.

Subfraction 5E4 showed one UV-active spot on normal phase TLC using 5%
methanol in dichloromethane as a mobile phase with the Ry value of 0.39. Its 'H NMR
spectrum indicated that the major compound was Ki. Therefore, it was not

investigated.

Subfraction SE5 showed five UV-active spots on normal phase TLC using
59 methanol in dichloromethane as a mobile phase with the R¢ values of 0.12, 0.14,
0.21, 0.26 and 0.39. It was then separated by precoated TLC with 5% methanol in

dichloromethane as a mobile phase (9 runs) to afford three bands.

Band 1 was a white solid (2.4 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 5% methanol in dichloromethane as a
mobile phase with the R¢ value of 0.39. Its 'H NMR spectrum indicated that the major

compound was K1. Therefore, it was not investigated.
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Band 2 was a white solid (1.6 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 5% methanol in dichloromethane as a mobile
phase with the R value of 0.17. Its 'H NMR spectrum indicated the presence of many

- compounds. Because of the minute quantity, it was not further investigated.

Band 3 was a white solid (0.9 mg). Its chromatogram showed one pale
UV-active spot on normal phase TLC using 5% methanol in dichloromethane as a
mobile phase with the Ryvalue of 0.14. Because the ‘1 NMR spectrum indicated the

absence of olefinic and aromatic protons, it was not further investigated.

Subfraction SE6 (K6) showed one UV-active spot on normal phase TLC using

10% methanol in dichloromethane as a mobile phase with the R value of 0.12.

] -2 (¢ 0,35, EtOH)
UV Anax(nm)(MeOH)(log £) 210 (4.55), 232 (4.34), 270 (4.06)
FTIR(neat):v(cm™) 3360 (O-H stretching), 1717 and 1696

(C=0 stretching)

'"H NMR (acetone-ds)( Sppm)(300 MHz): 7.56 (dt, J= 8.1, 1.5 Hz, 1H), 7.55 (dd,
J=27,15Hz, 1H), 7.35 (t, /= 8.1 Hz,
1H), 7.12 (ddd, J = 8.1, 2.7, 1.5 Hz,
1H), 6.99 (g, J= 1.8 Hz, 1H), 5.50 (4, J
= 11.1 Hz, 1H), 4.64 (brd, J = 8.1 Hz,
1H), 4.28 (d, J=15.3 Hz, H), 4.23 (4, J
= 15.3 Hz, 1H), 4.08 (dd, J = 11.1, 8.1
Hz, 1H) '

3¢ NMR (acetone-ds)(Sppm)(75 MiHz): 191.94, 165.30, 157.50, 145.72, 137.23,
131.41, 129.50, 120.19, 120.08, 116.30,
78.19, 76.11, 71.49, 58.00

DEPT 135: CH; 145.72, 129.50, 120.19, 120.08, 116.30,
78.19, 76.11, 71.49

ClHy; 58.00
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EIMS m/z (% relative intensity): 294 (30), 279 (40), 256 (60), 210 (90),
196 (100)

Subfraction 5E7 showed two UV-active spots on normal phase TLC using
10% methanol in dichloromethane as a mobile phase with the Re values of 0.09 and
0.19. 1t was then separated by precoated TLC with 8% methanol in dichloromethane

as a mobile phase (7 runs) to afford two bands.

Band 1 was a white solid (2.4 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 10% methanol in dichloromethane as a mobile
phase with the Ry value of 0.15. Its "H NMR spectrum displayed signals in the high

field region. Thus, it was not purified.

Band 2 was a white solid (1.6 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 10% methanol in dichloromethane as a mobile
phase with the Re value of 0.10, Its "H NMR spectrum indicated the presence of many

compounds. Because of the minute quantity, it was not further investigated.

Subfraction SE8 displayed a long tail under UV-S 611 normal phase TLC using

10% methanol in dichloromethane as a mobile phase. Thus, it was not investigated,

Fraction SF showed four UV-active spots on normal phase TLC using 5% methanol

‘in dichloromethane as a mobile phase with the R¢ values of 0.07, 0.12, 0.20 and 0;29.
It was then separated by precoated TLC with 3% methanol in dichloromethane
(9 runs) and 5% methanol in dichloromethane as mobile phases (5 runs), respectively,
to afford two bands.

Band 1 was a white solid (1.8 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 3% methanol in dichloromethane as a mobile
phase with the Ry value of 0.64. Because its 'H NMR spectrum showed signals in the
high field region, it was not purified.
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Band 2 was a white solid (2.8 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 5% methanol in dichloromethane as a mobile
phase with the Ry value of 0.52. Its "H NMR spectrum indicated the presence of many

compounds. Because of the minute quantity, it was not further investigated.

Fraction_5G displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.
1.2.4 Purification of the EtOAc extract from mycelia

The crude EtOAc extract was separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford four fractions as shown in Table 13.

Table 13 Fractions obtained from the crude EtOAc extract by column
chromatography over Sephadex LH-20

Praction Weight (mg) Physical appearance
5CE1 19.1 Brown gum
5CE2 55.9 Brown gum
5CE3 17.1 Brown gum
5CE4 7.3 Brown gum

Fraction SCE1 displayed a long tail under UV-S on normal phase TLC using

100% dichloromethane as a mobile phase. Its 'H NMR spectrum displayed signals in
the high field region. Thus, it was not purified.

Fraction SCE2 showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Re values of 0.52, 0.72 0.87 and

0.95. Its " NMR spectrum displayed broad signals, Thus, it was not further purified.
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Fraction SCE3 showed four UV-active spots on normal phase TLC using

100% dichloromethane as a mobile phase with the Ry values of 0.28, 0.41, 0.49 and

0.79. It was then separated by precoated TLC with 100% dichloromethane&as mobile
phase (5 runs} to afford three bands

Band 1 was a brown gum (5.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 100% dichloromethane as a mobile phase
with the Ry value of 0.75. Because the 'H NMR spectrum indicated the absence of

olefinic and aromatic protons, it was not further investigated.

Band 2 was a brown gum (1.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 100% dichloromethane as a mobile phase
with the R¢ value of 0.49. Its 'TH NMR spectrum indicated the absence of olefinic and

aromatic protons. Thus, it was not further investigated.

Band 3 was a brown gum (2.4 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 100% dichloromethane as a mobile phase
with the Ry value of 0.28. Its "H NMR spectrum displayed broad signals, Thus, it was
not further purified. | '

Fraction SCE4 displayed a long tail under UV-S on normal phase TLC using

100% dichloromethane as a mobile phase. Its "H NMR spectrum displayed signals in
the high field region. Thus, it was not purified.




CHAPTER 1.3

RESULTS AND DISCUSSION

Four new compounds (K5-K8) were isolated from the broth extract
together with nine known ones (K1-K4 and K9-K13). The structures were identified

by spectroscopic methods.
1.3.1 Compound K1

Compound K1 was obtained as a colorless gum. The UV spectrum
exhibited absorption bands at 279 and 328 nm. The IR spectrum showed absorption
bands at 3363 cm™ and 1690 cm™ for hydroxyl and carbonyl groups, respectively.
The 'H NMR spectrum (Figure 1) (Table 14) displayed signals for one olefinic
proton (4 6.72, brs, 1H), three oxymethine protons {§4.66 (d, J= 4.5 Hz, 1H), 3.78 (4,
J=3.3 Hz, 1H) and 3.41 (d, J = 3.3 Hz, 1H)], one hydroxymethyl group [§4.27 (d, J
= 15.6 Hz, 1H) and 4.16 (d, J = 15.6 Hz, 1H)}| and one hydroxy proton (&4.98, brs,
1H). The 3¢ NMR (Figure 2) (Table 14) and DEPT 135 spectra (Table 14)
displayed seven carbon resonances for two quaternary (& 193.51 and 136.24), four
methine (5 138.53, 62.42, 57.96 and 53.,24) and one oxymethylene (& 58.16) carbons.
In the 'H-"H COSY spectrum (Table 15), the oxymeyhtine proton, -4 (5 4.66), was
coupled with the olefinic proton, H-3 (& 6.72), and the oxymethine proton, H-5
(& 3.78), which was further coupled with the remaining oxymethine proton, H-6
(5 3.41). In the HMBC spectrum (Table 15), H-3 gave cross peaks with C-1
(6 193.51) and C-7 (5 58.16) while H-6 showed a cross peak with C-1. These results
indicated that K1 had a cyclohexenone ring with a C2-C3 double bond and the
hydroxymethyl group at C-2 (§ 136.24). The location of the hydroxymethyl group
was confirmed by HMBC correlations of Hap,=7 (84,27 and 4,16) with C-1, C-2 and

C-3 (5138.53) and enhancement of Ha,-7 signals upon irradiation of H-3, The chemical
36
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shift values of C-5 (6 57.96) and C-6 (& 53.24) established an epoxide functionality at
these carbons. Irradiation of H-5 in the NOEDIFF experiment (Table 15) enhanced
signal intensity of H-4 and H-6, indicating their cis-relationship. The observed optical
rotation of K1, [(1]12)9 +110 (¢ 0.92, EtOH), was similar to that of (4R,5R,6R)-(+)-
epoxydon, [0]2 +98.0 (c 1.00, EtOH) (Mehta and Islam, 2004), indicating that all
chiral carbons of Kl possessed the same absolute configuration as those of
(4R,5R,6R)-(+)-epoxydon which was previously isolated from the endophytic fungus
Opiiiosphaerella herpotricha (Venkatasubbaiah, ef al., 1994). |

0O

OH

4R
OH

Table 14 The 'H and '*C NMR data of compound K1 and (4R,5R,6R)-(+)-Epoxydon

in acetone-ds

(4R,5R,6R)-(+)Epoxydon

Position .
On (mult, Juz) | dc (C-Type) Ou (mult, J uz) dc (C-Type)

e 19351 (C) |- 194.50 (C)
2 - 13624 (C) |- 135.20 (C)
3 | 672 @ms) 138.53 (CH) | 6.50 (d, 1.8) 141,40 (CH)
4 | 4.66(d, 4.5) 62.42 (CH) | 4.91(d,7.5) 65.50 (CH)

4-OH | 4.98 (brs) . 4.77-4.80 (m) ;
5 |3.78(,3.3) 57.96 (CH) | 3.80 (d,3.0) 55.00 (CH)
6 |3.41(d,3.3) 5324 (CH) | 3.34(d,4.2) 54.00 (CH)
7 |a:427(d,15.6) |58.16(CHy) | 4.06-4.24 (m) 59,10 (CHy)

b: 4.16 (d, 15.6)
7.0H |- - 4.06-424 (my |-




Table 15 The HMBC, COSY and NOEDIFF data of compound K1 in acetone-dg
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Proton HMBC COSY NOEDIFE

H-3 C-1,C-2,C-4, C-5,C-7 H-4, Hay-7 H-4, Hap-7

H-4 C-2,C3,C-5,C-6 H-3, H-5 H-3, H-5

H-5 C-3,C-4,C-6 H-4, H-6 H-4, H-6

H-6 C-1,C-2,C-5 H-4, H-5 H-5

Ha-7 C-1,C-2,C-3 H-3 1 H-3

Hyp-7 C-1,C-2,C-3 H-3 H-3

1.3.2 Compound K2

Compound K2 was obtained as a colorless gum. The UV spectrum
showed an absorption band at 280 nm. The IR spectrum exhibited absorption bands at
3345, 1730 and 1694 cm™ for hydroxyl, conjugated carboxylic carbonyl and
conjugated ketone carbonyl groups, respectively, The 'H NMR spectrum (Figure 3)
(Table 16) consisted of signals for frans-olefinic protons [67.70 (4, J = 16.2 Hz, 1H)
and 6.24 (d, J = 16.2 Hz, 1H)], two olefinic protons of two trisubstituted double bonds
[65.93 (g, J= 1.2 Hz, 1H) and 5.75 (brs, 1H)], two nonequivalent methylene protons
[62.54 (d, J = 17.1 Hz, 1H) and 2.18 (d, J = 17.1 Hz, 1H)] and four methyl groups
[62.03 (d, J = 1.2 Hz, 3H), 1.93 (d, J= 1.2 Hz, 3H), 1.06 (s, 3H) and 1.03 (s, 3I)].
The *C NMR (Figure 4) (Table 16) and DEPT 135 spectra (Table 16) displayed
fifteen carbon resonances for six quaternary (6 199.73, 165.21, 168.13, 149.42, 79.23
and 41.45), four methine (§ 136.41, 126.17, 128.06 and 118.39), one methylene
(5 49.25) and four methyl (&23.25, 22.15, 19.82 and 18.22) carbons. In the HMBC
spectrum (Table 17), the olefinic proton, H-2 (& 5.93), showed cross peaks with C-4
(8 79.23), C-6 (5 49.25) and C-13 (& 18.22) while the methylene protons, Hap-6
(8 2.54 and 2.18), were correlated with C-1 (& 199.73), C-4, C-5 (6 41.45), C-14
(6 22.15) and C-15 (& 23.25). In addition, the methyl protons, H3-14 (& 1.06) and
Hi-15 (5 1.03), gave HMBC cross peaks with C-4, C-5 and C-6, thus indicating the
attachment of both methyl groups at C-5. The presence of the methyl group at C-3
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(5 165.21) was supported by HMBC correlations of Hz-13 with C-2 (§126.17), C-3
and C-4. These results together with the chemical shift of C-4 established substructure 1.

Q
r": HO.
W L 1P=0
3 CH3 ——
H,C '
3ug & B HyC
substructure 1 substructure 2

One of the trans-olefinic protons, H-8 (5 7.70), showed HMBC cross
peaks with C-7 (5 136.41), C-9 (6 149.42), C-10 (6118.39) and C-12 (5 19.82) while
the other frans-olefinic proton, H-7 (5 6.24), was correlated with C-8 (5 128.06), C-9,
C-10 and C-12. The attachment of the methyl group at C-9 was confirmed by HMBC
correlations of Hi-12 (& 2.03) with C-8, C-9 and C-10. These data together with
HMBC correlations of the remaining olefinic proton, H-10 (& 5.75), with C-9, C-11
(6 168.13) and C-12 constructed a 3-methyl-2,4-pentadienoyl unit (substructure 2).
Substructures 1 and 2 were joined together by forming a bond between C-4 of
substructure 1 with C-7 of substructure 2 on the basis of HMBC correlations of H-7 of
substructure 2 with C-3, C-4 and C-5 of substructure 1. Signal enhancement of H3-12
after irradiation of the H-10 in the NOEDIFF experiment (Table 17), established Z
configuration for a C9-C10 double bond. The observed optical rotation of K2, (o]
+275 (¢ 0.20, McOH), was almost identical to that of (45)-(+)-abscisic acid, [a)?
+278.3 (c 0.21, MeOH) (Kikuzaki, et al., 2004), indicating that they had the same
absolute configuration at C-4. Therefore, K2 was (4S)-(+)-abscisic acid which was

previously isolated from Prunus domestica L. (Ferreres, et al., 1996).
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Table 16 The 'H and 2C NMR data of compound K2 and (45)-(+)-Abscisic acid in

CD;0D
K2 (45)-(+)-Abscisic acid
Position
Su (mult, J u;) dc (C-Type) on (mult, J uz) dc (C-Type)

1 - 199.73 (C) - 198.16 (C)
2 593 (g, 1.2) 126.17 (CH) | 5.98 (s) 127.19 (CH)
3 - 165.21 (C) . 151.51 (C)
4 |- 79.23 (C) ; 79.97 (C)
5 - 41.45 (C) - 41.74 (C)
6 a:2.54(d, 17.1) |4925(CH,) |a:2.50(d,17.1) | 49.82 (CHy)

b: 2.18 (d, 17.1) b:2.30 (d, 17.1)
7 6.24 (d, 16.2) 136.41 (CH). |6.18 (d, 15.9) 136.97 (CH)

7.70 (d, 16.2) 128.06 (CH) |7.82(d,15.9) 128.49 (CH)
9 - 149.42 (C) - 162.80 (C)
10 | 5.75 (brs) 11839 (CH) |5.78 (s) 118.39 (CH)
1t |- 168.13 (C) - 170.58 (C)
12 1203, 12) 19.82 (CHs) [ 2.05(s) 19.10 (CHs)
13 |1.93(d,1.2) 18.22 (CH;) | 1.93 (s) 19.10 (CH3)
14 | 1.06(s) 22.15(CHy) | 112 (s) 21.44 (CH3)
15 1.03 (5) 23.25(CH;) | 1.04(s) 23.20 (CHs)

Table 17 The HMBC, COSY and NOEDIFF data of compound K2 in CD;0D

Proton HMBC COSY NOEDIFF
H2 |C4,C-6, C13 H;-13 H-13

He6 |C-1,C-4,C-5,C-14,C-15 Hy-6 Hy-6, Hy-14, Hs-15
Hy-6 | C-1,C-4,C-5,C-14,C-15 H-6 H,-6, Hy-14, Hs-15
H7 |C-3,C-4,C-5,C-8,C-9,C-10,C-11 | H-8 H;-12
H-8 | C-4,C-7,C-9, C-10, C-12 H-7 H-13

H-10 | C-8,C9,C-11,C-12 H;-12 H;-12

Hi;-12 | C-8,C9,C-10 H-10 H-7, H-10
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Table 17 Continued
Proton HMBC COSY NOEDIFF
Hi;-13 | C-2,C-3,C4 H-2 H-2, H-8
H;-14 | C-4,C-5,C-6, C-15 - H-6, H-7
H;-15 jC-4,C-5,C-6,C-14 - H-6, H-8

1.3.3 Compound K3

Compound K3 was obtained as a colorless gum. Its UV and IR data
were similar to those of K2. The 'H NMR spectrum (Figure 5) (Table 18) was
similar to that of K2 except for an additional signal of a methine proton (62.73, d,J=
9.3 Hz, 1H) in K3. Comparison of their °C NMR (Figure 6) (Table 18) and DEPT
135 spectra (Table 18) indicated that the oxyquaternary carbon in K2 was replaced by
a methine carbon. HMBC correlations (Table 19) of the olefinic proton, H-7 (& 5.93,
dd, J=15.9 and 9.3 Hz, 1H), with C-3 (5 162.00), C-4 (J 56.37) and C-5 (& 36.50)
revealed that the 4-OH group in K2 was replaced by a hydrogen atom. The observed
optical rotation of K3, [a]% +341 (¢ 0.20, MeOH), was almost identical to that of
(45)-(+)-deoxyabscisic acid, [o]?2 +344 (c 0.20, MeOH), indicating that K3 was (45)-
(+)-deoxyabscisic acid, previously isolated from the endophytic fungus Botrytis
cinerea TB-3-H8 (Todoroki, ef al., 1995).
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Table 18 The 'H and *C NMR data of compound K3 in CDCl3+CD3;0D and (45)-
(+)- Deoxyabscisic acid in CDCl3

K3 (45)-(+)-Deoxyabscisic acid
Position
S (mult, J yz) dc (C-Type) Ay (mult, J uz)
! - 199.65 (C) -

2 5.94 (brs) 125.82 (CH) 5.95 ()
3 - 162.00 (C) -
4 2.73 (d,9.3) 56.37 (CH) 2,75 (d, 9.6)
5 - 36.50 (C) -
6 a: 2.40 (d, 16.8) 47.48 (CHy) a: 2,38 (4, 16.9)

b: 2,16 (d, 16.8) b: 2,16 (d, 16.9)
7 5.93 (dd, 15.9,9.3) 133.92 (CH) 5.98 (dd, 15.7, 9.6)

7.67 (d, 15.9) 131.44 (CH) 7.70 (d, 15.7)
9 - 150.31 (C) -
10 5.72 (brs) 117.68 (CH) 5.74 (s)
11 - 168.00 (C) -
12 2,01 ({d, 1.2) 21,08 (CH3) 2.04 (d, 0.7}
13 11.92(d, 1.2) 23.55 (CHs) 1.93 (4, 0.7) .
14 0.98 (5) 27.25 (CHj3) 0.99 (s)
15 1.06 (s) 27.85 (CH3) 1.07 ()

Table 19 The HMBC, COSY and NOEDIFF data of compound K3 in CDCL;+CD;0D

Proton HMBC COSY NOEDIFF
H-2 | C-4,C6, C13 Hs-13 I-12, H3-13
H-4 |C-2,C3,C5,C-7,C-8,C13 | H-7,1;-13 | H-8, Hy-13, Hy-14, Hs-15
H,-6 | C-1,C-4,C-5, C-14, C-15 Hy-6 Hi-14
Hy-6 |C-1,C-4,C-5, C-14, C-15 H,-6 Hi-14, Hs-15
H7 |C3,C-4,C9 H-4,H-8 | H,-12, H;-13
H-8 |C-4,C9,C-10, C-12 -7 -
H-10 | C-8,C-12 H-8, Hs-12 | Hs-12
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Table 19 Continued
Proton HMBC COSY NOEDIEF
Hs-12 | C-8, C-9, C-10 H-10 H-10
H;-13 {C-2,(C-3,C4 H-2, H-4 H-10
H3;-14 | C-4, C-5, C-6, C-15 - H-4,H-7
Hs;-15 | C-4, C-5,C-6,C-14 - H-4
1.3.4 Compound K4

Compound K4 was obtained as a colorless solid, melting at 192.8-
193.7 °C. The UV spectrum showed an absorption band at 282 nm. The IR spectrum
exhibited absorption bands at 3566, 1703 and 1697 cm™ for hydroxyl, carboxylic
carbonyl and ketone carbonyl groups, respectively. The 'H NMR spectrum (Figure 7)
(Table 20) showed characteristic signals for a 3-methyl-2,4-pentadienoyl moiety as
found in K2 [58.04 (d, J = 16.0 Hz, 1H), 6.44 (d, J= 16.0 Hz, 1H)], 5.78 (5, 1H) and
2.12 (s, 3H)], two nonequivalent oxymethylene protons [& 3.85 (dd, J = 8.5 and 3.5
Hz, 1H) and 3.76 (d, J= 8.5 Hz, 1H)], two methylene groups [62.79 (dd, /= 17.0 and
3.5 Hz, 1H)/2.17 (dd, J = 17.0 and 1.0 Hz, 1H) and 2.80 (d, J = 17.0 Hz, 1H)/2.23
(dd, J=17.0 and 1.0 Hz, 1H)] and two methyl groups [§ 1.10 (s, 3H) and 0.94 (s,
3H)]. The *C NMR (Figure 8) (Table 20) and DEPT 135 spectra (Table 20)
displayed fifteen carbon resonances; six quaternary, three methine, three methylene
and three methyl carbons. The carbonyl carbon resonances at & 208.22 and 166.74
supported the presence of the ketone and carboxylic functional groups in the IR
spectrum. In the HMBC spectrum (Table 21), the methylene proton.s, Ha-5' (5 2.79
and 2.17), showed cross peaks with C-1' (§ 81.32), C-4' (§208.22), C-6' (S 46.29),
C-8' (6 76.18) and C-9' (J 17.44). The methylene protons, Huy-3' (52.80 and 2,23),
correlated with C-1', C-2' (& 84.14) and C-4' and while the oxymethylene protons,
Hap-8' (6 3.85 and 3.76), correlated with C-1', C-2', C-5' (§ 50.38), C-6' and C-9'.
Furthermore, the methyl protons, H3-9' (& 0.94), gave HMBC cross peaks with C-1',
C-5', C-6' and C-8' whereas the methyl protons, H3-7' (& 1.10), showed the same cross
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peaks with C-1', C-2' and C-3' (4 50.91). These HMBC correlations together with the
chemical shifts of C-1, C-2' and C-8' established substructure I. The following
HMBC correlations confirmed the presence of the 3-methyl-2,4-pentadienoyl unit
(substructure 2): H-4 (58.04)/C-2 (5117.24), C-3 (6§ 150.10) and C-5 (6 137.27), H-2
(65.78)/C-1 (6 166.74) and H;3-6/C-3 (150.10).

CH;,
&
H;
g OH 5
@ \/\/:g
Y CH, CO,H
1
substructure 1 substructure 2

Bond formation between C-5 of substructure 2 with C-1' of
substructure 1 was established by HMBC correlations of both H-4 and H-5 of
substructure 2 with C-1' of substructure 1. Irradiation of H3-6 affected signal intensity
of H-2 and H-5, in the NOEDIFF experiment (Table 21). Thus, a C2-C3 double bond
had Z configuration. The signals of H3;-7" and H3-9' were enhanced when H-5 was
irradiated, indicating that the 3-methyl-2,4-pentadienoyl unit had cis relationship to
both Hy-7' and Hy-9'. The observed optical rotation of Kd, [o]? -162 (¢ 0.01,
acetone), was similar to that of (1'S,2'R,6'R)-(-)-phaseic acid, [a]® -176.0 (¢ 0.01,
acetone), indicating that all chiral carbons of K4 possessed the same absolute
configuration as those of (1'S,2'R,6'R)-(-)-phaseic acid. Therefore, K4 was identified
as (1'S,2'R,6'R)-(-)-phaseic acid which was previously isolated from the fungus
Folium Fici Microcarpae (Todoroki, et al., 2000).
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Table 20 The 'H and *C NMR data of compound K4 in acetone-ds and (1'S,2'R,6'R)-

(-)-Phaseic acid in CD;0D
K4 (1'S,2'R,6'R)-(-)-Phaseic acid
Posttion
ou (mult, J uz) dc (C-Type) Su (mult, J uz)
1 - 166.47 (C) -
2 5.78 (5) 117.24 (CH) | 5.79 (s)
3 - 150.10 (C) -
4 8.04 (d, 16.0) 127.35(CH) | 8.10(d, 16.0)
5 6.44 (d, 16.0) 137.27(CH) | 6.45(d, 16.0)
6 2.12 (s) 2043 (CH3) |1.94(s)
1’ - 81.32(C) -
2 - 84.14 (C) -
3 a:2.80 (d, 17.0) 50.91 (CH;) |a:2.80(d, 18.0)
b:2.23 (dd, 17.0, 1.0) b: 2.70 (dd, 18.0, 2.4)
4 - 208.22 (C) -
5 a: 2,79 (dd, 17.0,3.5) {50.38 (CH;) | a:2.47 (dd, 18.0,2.8)
b: 2.17 (dd, 17.0, 1.0) b: 2.39 (dd, 18.0, 2.4)
& |- 46.29 (C) - |
7 1.10 (s) 21.08 (CHa) 1.22 (s)
8 a: 3.85 (dd, 8.5,3.5) |76.18(CHy) |a:3.95(dd,7.7,2.8)
b:3.76 (d, 8.5) ‘ b: 3.67 (d, 7.7)
9 0.94 (s) 17.44 (CHz) 1.01 (5)

Table 21 The HMBC, COSY and NOEDIFF data of compound K4 in acetone-ds

Proton HMBC COSY NOEDIFF
H-2 |C-1,C-3,C4 H-6 H-6
H-4 |C-2,C-3,C-5,C-6,C-1 H-5 -
H-5 |C3,C4,C-1 H-4 H-6, H-7', H,-8', H3-9'
H-6 |C-2,C3,C4 - H-2, H-5
H-3 | C-1,C-2, C-4,C-T" Hy-3', Hp-5' § -
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Table 21 Continued

Proton HMBC COSY NOEDIFF
H,-3' | C-1, C-2, C-4, C-T Hg-3' -
H5 | C-1,C-4,C-6, C-8,CY Hy-5', Ha-8" | -
Hy-5' | C-1', C-4, C-6', C-8, C-9' He-5" -
H-77 | C-1,C-2, C-3' - -
H,-8 | C-1Y,C-2, C-5.,C-6, CY He-5', Hp-8' | -
H,-8' | C-1',C-2, C-5,C-6', C-9 H,-8' -
H;-9' | C-1,C-5, C-6', C-8 - H-5
1.3.5 Compound K5

Compound K5 with the molecular formula CiHagOs from EIMS
(m/z 420) (Figure 9) was obtained as a colorless solid, melting at 173.6-173.8 °C. The
UV spectrum showed an absorption band at 281 nm, The IR spectrum showed
absorption bands at 3442, 1716 and 1685 cm™ for hydroxyl, conjugated ester carbonyl
and conjugated ketone carbonyl groups, respectively. The 'H (Figure 10) (Table 22)
and ®C NMR spectra (Figure 11) (Table 22) consisted of signals for the (+)-
epoxydon unit [§ 6.94 (d, J = 2.0 Hz, 1H), 532 (d, J = 11.5 Hz, 1H), 4.54 (m, 1H),
421 (m, 2H) and 3.90 (ddd, J = 11.5, 8.0 and 4.5 Hz, 1H)]. The major differences
wete the downfield shifts of H-6 (65.32 in K5 and §3.41 in K1), C-5 (§76.09 in KS
and §57.96 in K1) and C-6 (577.08 in K5 and &53.24 in K1). The chemical shifis of
these carbon signals indicated the presence of two oxysubstituents at C-5 and C-6 in
K35, rather than an epoxide ring as found in K1. Irradiation of H-6 in the NOEDIFF
experiment (Table 23) enhanced only signal intensity of H-4 (& 4.54), indicating that
H-4 and H-6 were cis, but trans to H-5 (§3.90). Since H-5 was coupled with both H-4
and H-6 with large coupling constants of 8.0 and 11.5 Hz, respectively, all protons
were assigned to pseudoaxial position. In addition, the remaining 'H and *C NMR
data of K5 were almost identical to those of (45)-(+)-abscisic acid (K2). The presence
of such a unit was confirmed by the following HMBC correlations (Table 22): H-8
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(6 5.84)/C-7 (5 164.53), C-10 (5 127.87) and C-21 (& 20.38); H-10 (5 7.78)/C-8 (&
117.24), C-12 (579.28) and C-21; 12-OH (54.56)/C-12, C-13 (6 162.34) and C-17 (6
41.39); H-14 (& 5.83)/C-12, C-16 (& 49.46) and C-20 (5 18.37); Hap-16 (6 2.57 and
2.16)/C-12, C-14 (& 126.52), C-15 (5 196.74) and C-17; H;-18 (J 1.08) and H3-19
(6 1.05)/C-12, C-16 and C-17. The configuration of both C8-C9 and C13-C14 double
bonds was determined to be Z on the basis of the NOEDIFF enhancement of H3-21

(6 2.10) and H;3-20 (& 1.91) upon irradiation of H-8 (J 5.84) and H-14 (§ 5.83),
respectively, A HMBC correlation of H-6 of the hydroxyepoxydon unit with C-7 of

the abscisic acid moiety established an ester linkage between these units.

Consequently, compound K5 was identified as a new epoxydon derivative which

could be obtained by condensation of K2 with the hydroxyepoxydon moiety.

2
OH
o™

OH

Table 22 The 'H, *C NMR and HMBC data of compound K35 in acetone-ds

Position on (mult, J u;) dc (C-Type) HMBC

1 - 192.22 (C) -
2 - 137.24 (C) -
3 6.94 (d, 2.0) 14558 (CH)Y 1{C-1,C-2,C-5,C-22
4 4.54 (m) 71.61 (CH) -

4-OH |[4.96 (d, 4.5) - -
5 3.90 (ddd, 11.5, 8.0,4.5) | 76.09 (CH) -

5-OH | 5.06 (d,4.5) - -
6 532(d, 11.5) 77.08 (CH) C-1,C-4,C-5,C-7
7 - 164.53 (C) -
8 5.84 (5) 11724 (CH) | C-7,C-10,C-21
9 - 150.91 (C) -
10 7.78 (d, 16.0) 127.87 (CH) | C-8,C-12,C-21
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Table 22 Continued

Position On (mult, J uz) dc (C-Type) HMBC

11 6.43 (d, 16.0) 138.10 (CH) | C-9,C-10,C-12,C-13
12-0OH | 4.56 (s5) 79.28 (C) C-12, C-13, C-17
13 - 162.34 (C) - .
14 |5.83(g 1.0) 126.52 (CH) | C-12, C-16, C-20
15 - 196.74 (C) -
16 a: 2.57 (d, 17.0) 49.46 (CHy) C-12,C-14, C-15
b: 2.16 (d, 17.0)

17 - 41,39 (C) -
18 | 1.08(s) 22.66 (CH;) | C-12, C-16, C-17, C-19
19 | 1.05(s) 23.80 (CHs) | C-12, C-16, C-17, C-18
20 |1.91(d, 1.0) 18.37 (CHs) | C-13, C-14, C-15
21 2.10(d, 1.0) 2038 (CH;) | C-8,C-9,C-10
2 {421 0m) 58.02 (CHy) |C-2

Table 23 The COSY and NOEDIFF data of compound K5 in acetone-ds

Proton COSY NOEDIFF
H3 | 04, 0,22 H4
H-4 | H-3,4-OH, H-5 H-3, H-6
4-0H |H4 ]
H-5 | H-4,5-OH, H-6 ]
50H |H-5 -
H6 | H-5 H-4
H8 |- H;-21
H-10 | H-11 ;
CH-11 | H-10 .
H-14 | H;-20 H,-20
Hel6 | Hi16 .
Hy-16 | Ha-16 )
H;-20 H-14 H-14
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Table 23 Continued
Proton COSY NOEDIFF
H3-21 H-8 H-8
H,-22 -3 . H-3

1.3.6 Compound K6

Compound K6 with the molecular formula Cy4H140; from EIMS
(m/z 294) (Figure 12) was obtained as a colorless gum. The UV spectrum showed
absorption bands at 210, 232 and 270 nm, The IR spectrum exhibited absorption
bands at 3360 cm™! for a hydroxyl group, 1717 em”! for a conjugated ester carbonyl
group and 1696 cm’ for a conjugated ketone carbonyl group. The 'H NMR spectrum
(Figure 13) (Table 24) showed characteristic signals for four aromatic protons of a
1,3-disubstituted benzene [&7.56 (dt, J = 8.1 and 1.5 Hz, 1H), 7.55 (dd, J = 2.7 and
1.5 Hz, 1H), 7.35 (t, J= 8.1 Hz, 1H) and 7.12 (ddd, J = 8.1, 2.7 and 1.5 Hz, 1H)] and
a hydroxyepoxydon unit as found in K5 [§6.99 (g, /= 1.8 Hz, 1H), 5.50 (d,J=11.1
Hz, 1H), 4.64 (brd, J = 8.1 Hz, 1H), 428 (d, J = 15.3 Hz, 1H), 4.23 (4, J= 153 Hz,
1H) and 4.08 (dd, J = 11.1 and 8.1 Hz, 1H)]. The °C NMR spectrum (Figure 14)
(Table 24) showed one ketone carbonyl carbon (& 191.94), one ester carbonyl carbon
(6 165.30), three quaternary carbons (& 157.50, 137.23 and 131.41), eight methine
carbons (& 145.72, 129.50, 120.80, 120.19, 116.30, 78.19, 76.11 and 71.49) and one
methylene carbon (& 58.00). The substituent at C-10 of the 1,3-disubstituted benzene
was a hydroxyl group on the basis of the chemical shift of C-10 (5157.50). 3JHMBC
correlations of the aromatic protons, H-9 (§ 7.55) and H-13 (& 7.56), and the
oxymethine proton, H-6 (6 5.50), of the hydroxyepoxydon unit with the ester carbonyl
carbon, C-7 (& 165.30), constructed an ester linkage between C-8 of the
1,3-disubstituted benzene and C-6 of the hydroxyepoxydon unit, Therefore, K6 was
identified as a condensation product of the hydroxyepoxydon unit and

3-hydroxybenzoic acid.
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Table 24 The 'H, *C NMR and HMBC data of compound K6 in acetone-de
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Position Oy (mult, J uz) dc (C-Type) HMBC
T |- 191.94(C) |-
2 - 137.23(C) -
3 |6.99(q,1.8) 14572 (CH) | C-1, C-2,C-5,C-14
4 | 4.64(brd 8.0) 7149 (CH) | C-2,C-3,C-5
5 | 4.08(dd, 11.1,8.1) 76.11 (CH) | C-1,C-4,C-6
6 |550(d,11.1) 7819 (CH) | C-1,C-4, C-5, C-7
7 |- 16530 (C) |-
g |- 13141 (C) |-
0 | 7.55(dd, 2.7,1.5) 11630 (CH) | C-7, C-8, C-10, C-11, C-13
10 |- 157.50 (C) | -
11 |7.12(ddd, 8.1,2.7,1.5) |120.19(CH) |C-9,C-10,C-12, C-13
12 7.35 (¢, 8.1) 129.50 (CH) | C-7, C-8,C-10,C-11, C-13
13 | 7.56 (dt, 8.1, 1.5) 120.80 (CH) | C-7, C-8, C-9, C-11
14 a: 4.28 (d, 15.3) 58.00 (CH;) |-
b: 4.23 (d, 15.3)

Table 25 The COSY and NOEDIFF data of compound K6 in acetone-ds

Proton COSY NOEDIFF
H-3 | H-4, Hp-14 H-4, Hy,-14
H-4 | H-3,H-5 H-3, H-6
H-5 | H-4,H-6 -
H-6 |H-5 H-4
H-9 |H-11,H-13 H-5, H-6
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Table 25 Continued

Proton ' COSY NOEDIFE
H-11 | H-9, H-12, H-13 ;
H-12 | H-11,H-13 -

H-13 | H-9, H-11, H-12 H-5, H-6
He-14 | H-3 H-3
Hy-14 | H-3 H-3

1.3.7 Compound K7

Compound K7 with the molecular formula Cp3H3009 from EIMS
(m/z 450) (Figure 15) was obtained as a colorless solid, melting at 366.2-366.7 °C.
The UV spectrum showed an absorption band at 282 nm. The IR spectrum exhibited
absorption bands at 3370 em” for a hydroxyl group, 1749 and 1734 em™ for ester
carbonyl groups and 1698 em™ for a conjugated ketone carbonyl group. Three carbon
resonances at & 191.73, 174.35 and 173.73 suggested the presence of one ketone
carbonyl carbon and two ester carbonyl carbons, The 'H NMR spectrum (Figure 16)
(Table 26) showed characteristic signals of five aromatic protons of a
monosubstituted benzene (& 7.25, m, 5H), one 1-substituted-3-methylbutoxyl group
[63.33 (dd, J = 9.0 and 5.4 Hz, 1H), 1.88 (m, 1H), 1.59 (ddd, J = 13.5, 8.1 and 5.4
' Hz, 1H), 1.45 (ddd, J = 13.5, 9.0 and 6.0 Hz, 1H), 1.88 (m ,1H), 0.87 (4, J= 6.6 Hz,
3H) and 0.81 (d, J = 6.6 Hz, 3H)], one oxymethine proton (& 3.62, dd, J = 6.9 and 6.0
'Hz, 1H), one methoxyl group (& 3.60, s, 3H) and one methylene group (6 2.93, m,
2H). The 'H-'H COSY correlations (Table 27) were fully consistent with the
presence of the 1-substituted-3-methylbutoxyl unit. The methine proton, H-10
(61.88), was coupled with the methyl protons, Hz-11 (50.87) and H3-12 (6 0.81), and
methylene protons, Hep-9 (6 1.59 and 1.45), which gave cross peaks with the
oxymethine proton, H-8 (& 3.33). Furthermore, Hqp-9 and H-8 showed cross peaks in
the HMBC spectrum (Table 27) with the ester carbonyl carbon, C-7 (& 174.35), thus
jointing C-8 (& 58.62) of the 1-substituted-3-methylbutoxyl unit with C-7 to form a 2-
oxy-4-methylpentanoyl fragment. The oxymethine proton, H-13 (& 3.62), showed a
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cross peak in the 'H-'H COSY spectrum with Hp-16 (8 2.93). In addition, H-13
(53.62) showed HMBC cross peaks with C-8 of the pentanoyl unit, C-17 (§138.10)
of the monosubstituted benzene and the ester carbony! carbon, C-14 (& 173.73). This
carbonyl carbon further gave a HMBC correlation with the methoxy protons (63.60).
These data established a methyl 2-oxy-3-phenylpropanoate moiety of which C-13
(661.32) formed an ether linkage with C-8 of the pentanoyl moiety. Irradiation of H-8
enhanced signal intensity of H-13, thus indicating that they were located at the same
side of the molecule. The typical 'H resonances at §6.93 (s, 1H), 5.25 (4, /= 11.1 Hz,
1H), 4.56 (d, J = 8.4 Hz, 1H), 4.26 (d, J = 13.6 Hz, 1H), 4.15 (d, /= 13.6 Hz, 1H) and
3.87 (dd, J= 1.1.1 and 8.4 Hz, 1H) and the characteristic B¢ resonances at § 191.73,
145.71, 138.07, 77.59, 75.92, 71.39 and 57.93 together with J values indicated that
K7 had a hydroxyepoxydon moiety. The ester linkage between the pentanoyl and
hydroxyepoxydon fragments was established by a HMBC correlation of H-6 (& 5.25)
with C-7. However, the relative configuration at C-8 and C-13 could not be assigned
on the basis of NOEDIFF results due to a lack of correlations between protons of the
ester moiety and those of the hydroxyepoxydon fragment. Consequently, K7 was

identified as a new epoxydon derivative.

’

Table 26 The 'H, *C NMR and HMBC data of compound K7 in acetone-djs

Position S (mult, J pz) dc (C-Type) HMBC
1 - 191.73 (C) -
2 - 138.07 (C) -
3 6.93 (5) 145.71 (CH) |C-1,C-2,C-5,C-23
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Table 26 Continued
Position Su (mult, J 1) dc (C-Type) HMBC
4 |4.56(d,84) 7139(CH) |C-3
5 |3.87(dd, 11.1,8.4) 7592 (CH) | C-4,C-6
6 |525(d,11.1) 7759(CH) | C-1, C-4, C-5, C-7
7 |- 17435(C) |-
8 |3.33(dd,9.0,5.4) 58.62 (CH) |C-7,C-9,C-10, C-13
9 {a:1.59(ddd, 13.5,8.1,54) | 43.01 (CHy) | C-7,C-9, C-10, C-11,
b: 1.45 (ddd, 13.5, 9.0, 6.0) C-12
10 |1.88 (m) 2425 (CH) | C-11,C-12
11 |0.87(d, 6.6) 22.50 (CH:) | C-9, C-10, C-12
12 |0.81(d66) 2138 (CH;) | C-9, C-10, C-11
13 [3.62(dd, 6.9, 6.0) 61.32(CH) | C-8, C-14, C-16, C-17
14 |- 173.73(C) | -
15 {3.60(s) 51.04 (CH;) |C-14
16 |2.93 (m) 39.25(CHy) | C-13, C-14, C-17, C-18,
C-22
17 |- 138.10(C) | -
18,22 |7.25 (m) 129.52 (CH) | C-16,C-20
1921 |7.25 (m) 127.97 (CH) | C-17, C-18, C-20, C-22
20 | 7.25(m) 126.20 (CH) | C-18,C-19, C-21, C-22
23 |a:4.26(d, 13.6) 57.93 (CHy) |-

b: 4.15 (d, 13.6)

Table 27 The COSY and NOEDIFT data of compound K7 in acetone-d

Proton - COsY NOEDIFF
H-3 H-4, Hyp-23 H-4
H-4 H-3, H-5 H-3,H-6
H-5 H-4, H-6 -
H-6 H-5 H-4
H-8 Hap-9 Ha-9, H3-13
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Table 27 Continued

Proton COSY NOEDIFF
H,-9 H-8, Hy-9, H-10 -
Hyp-9 H-8, H,-9, H-10 -

H-10 Hap-9, Ha-11, H3-12 -

Hs-11 H-10 -

H;-12 H-10 -

H-13 H,-16 -

Hy-16 H-13 -

H-18, H-22 | H-19, H-20 -
H-19,H-21 | H-18, H-20 -
H-20 H-18, H-19 -
Hg-23 Hy-23 -
H,-23 H,-23 -

1.3.8 Compound K9

Compound K9 was obtained as a colorless solid, melting at 104.3-
104.6 °C. The UV spectrum showed absorption bands at 230 and 309 nm while a
carbonyl absorption band was found at 1708 cm™, in the IR spectrum. The 'H NMR
spectrum (Figure 21) (Table 28) consisted of signals for two olefinic protons of two
trisubstituted double bonds [65.83 (d, J = 2.1 Hz, 1H) and 5.38 {d, J = 2.1 Hz, 1H})],
one 1-methyl-1-propenyl unit [8 6.62 (gq, J = 6.9 and 1.2 Hz, 1H), 1.78 (s, 3H) and
1.77 (d, J = 6.9 Hz, 3H)] and one methoxyl group (3.74, s, 3H). The C NMR
(Figure 22) (Table 28) and DEPT 135 spectra (Table 28) showed ten carbon
resonances; one ester carbonyl carbon (& 164.32), three quaternary carbons (&171.49,
161.33, and 126.67), three methine carbons (& 130,20, 97.18 and 88.02), one methoxy
carbon (4 55.84) and two methyl carbons (& 14.19 and 12.01). The olefinic proton of
the trisubstituted double bond, H-2 (& 5.38), correlated with C-1 (J 164.32), C-3
(6 171.49) and C-4 (4 97.18) in the HMBC spectrum (Table 29). The remaining
olefinic proton of the other trisubstituted double bond, H-4 (& 5.83), showed cross
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peaks in the HMBC spectrum with C-2 (& 88.02), C-3 and C-5 (5 161.33). These

results together with a HMBC correlation of the methoxy protons, H3-10 (6 3.74), ‘
with C-3 indicated that K9 had a pyrone ring with the methoxyl group at C-3. The 1-
methyl-1-propenyl unit was linked at C-5 on the basis of a HMBC correlation of the
olefinic proton, H-7 (& 6.62), with C-5 of the pyrone ring. The configuration of the
double bond in the 1-methyl-1-propenyl unit was E on the basis of the NOEDIFF
enhancement (Table 29) of ;-9 (5 1.78) signal upon irradiation of H3-8 (& 1.77). '
Therefore, K9 was identified as pestalopyrone which was previously isolated from the

endophytic fungus Pestalotiopsis microspora (Lee, et al., 1995).

Table 28 The 'H and >C NMR data of compound K9 in CDCl; and Peétalopyrone in

CD;0D
Position K9 Pestalopyrone
Su (mult, Ju) | dc (C-Type) | Su(mult,Jw) | dc (C-Type)
|- 16432(C) |- 174.1(C)
2 |538(d,2.1) 88.02(CH) |6.12(d, 1.0) 98.8 (CH)
3 - 17149(C) |- 162.6 (C)
4 583,21 97.18 (CH) | 5.5 (d, 1.0) 88.5 (CH)
5 |- 16133(C) |- 166.9 (C)
6 |- 126.67(C) |- 128.3 (C)
7 1662(4q,69, 1.2) | 13020 (CH) | 6.63 (4q,7.2,1.2) | 131.0 (CH)
8 1.77 (d, 6.9) 14.19 (CH3) 1.85(d, 7.5) 12.0 (CH;)
9 178 12.01 (CH;) | 1.87 (d, 1.0) 14.3 (CH;)
10 3.74 (5) 55.84 (CH3) 3.70 () 56.9 (CH3)
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Table 29 The HMBC, COSY and NOEDIFF data of compound K9 in CDCl3

Proton HMBC COSY NOEDIFF
H-2 C-1,C-3,C4 H-4 H;-10
H-4 C-2,C-3,C-5,C-6 H-2 H-9
H-7 C-5, C-8,C-9 H;-8 H3-8
H;-8 | C-6,C-7 H-7 H-7, H3-9
H;-9 | C-5,C-6,C-7 - H-4, H3-8
Hs;-10 | C-3 - H-2
1.3.9 Compound K10

Compound K10 was obtained as a colorless solid, melting at 146.5-
146.7 °C. Its UV spectrum was similar to that of K9 while the IR spectrum showed an
additional absorption band of a hydroxyl group at 3385 cm™!, Its '"H NMR spectrum
(Figure 23) (Table 30) was similar to that of K9 except for the replacement of one of
the methyl signals in K9 with signals of a ﬁydroxymethyl group [64.53 (¢, /= 5.5 He,
2H) and 54.06 (¢, J = 5.5 Hz, 1H)]. The presence of one methyl carbon (§11.62) and
one oxymethylene carbon (& 58.65) in the BC NMR (Figure 24) (Table 30) and
DEPT 135 spectra (Table 30) supported above conclusion, HMBC correlations
of Hy-8 (& 4.35) with C-6 (5 126.10) and C-7 (5 134.57) together with signal
enhancement of both H-4 (§ 6.10) and H»-8 upon irradiation of H3-9 (5 1.89) in the
NOEDIFF experiment established the attachment of the hydroxymethyl group at C-7,
not at C-6. Consequently, K10 was assigned as hydroxypestalopyrone which was
previously isolated from the endophytic fungus Pestalotiopsis microspora (Lee, et al.,
1995).
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Table 30 The 'H and C NMR data of compound K10 in acetone-ds and
Hydroxypestalopyrone in CD;0D

K10 Hydroxypestalopyrone
Position
Ou (mult, J uz) dc (C-Type) oy (mult, Jyz)
1 - 162.30 (C) -
2 5.51(d, 2.1} 88.13 (CH) 6.21 (d, 2.0)
3 - 171.15(C) -
4 6.10 (d, 2.1) 97.84 (CH) 5.60 (d, 2.0)
5 - 160.40 (C) -
6 - 126.01 (C) -
7 6.58 (tg,5.5,1.0) | 134.57 (CH) | 6.58 (gq, 6.5, 1.5)
8 435(,5.5) 58.65(CHy) |4.30(d, 6.5)
8-OH |4.06(#,5.5) - -
9 1.89 (d, 1.0) 11.62 (CHs) 1.88 (d, 1.0)
10 3.89 (s) 55.78 (CHz) 3.86 (5)

Table 31 The HMBC, COSY and NOEDIFF data of compound K10 in acetone-ds

Proton HMBC COSY NOEDIFF
H-2 |C-1,C-3,C4 H-4 H;-10
H-4 | C-2,C-5C-6 H-2 H;-9
H-7 | C-5,C-8,C-9 Hy-8, H3-9 | Hy-8
Hy-8 | C-6,C-7 H-7, 8-OH | H-7, I15-9
8-OH |- H,-8 -
H;-9 | C-5,C-6,C-7 H-7 H-4, H3-8
Hs;-10 | C-3 - H-2
1.3.10 Compound K8

(m/z 170) (Figure 18) was obtained as a colorless solid, melting at 196.6-196.8 °C. Its

Compound K8 with the molecular formula CgHipO4 from EIMS
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UV spectrum was similar to that of compound K9 while the IR spectrum showed an
additional absorption band for a hydroxyl group at 3365 em™, Its '"H NMR spectrum
(Figure 19) (Table 32) was similar to that of compound K9 except for the
replacement of the 2-substituted-2-butenyl signals in K9 with signals for a
1-hydroxyethyl unit in K8. The attachment of this fragment at C-5 (& 164.55) was
confirmed by a HMBC correlation (Tabie 32) of the methine proton, H-6 (& 3.04),

with C-5. Consequently, compound K8 was identified as a new pyrone derivative.

OCH,
8

CH

7 3

Table 32 The NMR data of compound K8 in CDCl;

Position | 8y (mult, Juz) | dc (C-Type) HMBC COSY

1 - 163.05 (O) - -
2 5.95(d,2.5) |96.45(CH) C-1,C4,C-5 H-4
3 - 170.40 (C) - -
4 5.36(d,2.5) |87.37(CH) C-2,C-3,C-5 H-2
5 - 164.55 (C) - -
6 3.04 (¢, 5.0) |60.74 (CH) C-5,C-7 Hs-7
7 132(d,5.0) {1294(CHs) |C-6 H-6
8 3.73 (s) 55.00(CH;) |C-3

1.3.11 Compound K11

Compound K11 was obtained as a colorless solid, melting at 191.1-
192.0 °C. The UV spectrum displayed absorption bands at 214, 263 and 328 nm,
indicating the presence of an aromatic chromophore. The IR spectrum showed
absorption bands at 3439 em’! for a hydroxyl group and 1696 cm™ for a carbonyl
group. The 'H NMR spectrum (Figure 25) (Table 33) exhibited characteristic signals
for one chelated hydroxy proton (& 12.26, s, 1H), three aromatic protons of a 1,2,3-
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trisubstituted benzene [§ 7.54 (¢, J = 8.0 Hz, 1H), 7.27 (dd, J= 7.5 and 0.5 Hz, 1H)
and 6.91 (d, J= 8.5 Hz, 1H)], two oxymethine protons [§4.64 (d, J= 8.0 Hz, 1H) and
4.00 (m, 1H)] and two nonequivalent methylene protons [&3.10 (dd, J=17.0 and 4.5
Hz, 1H) and 2.73 (dd, J = 17.0 and 11.0 Hz, 1H}]. The chelated hydroxyl group was
placed at C-8 (8 162.00), an ortho position of a carbonyl group. The chelated hydroxy
proton showed a cross peak in the HMBC spectrum (Table 34) with C-7 (6 116.93)
which exhibited a HMQC cross peak (Table 33) with the aromatic proton, H-7
(6 6.91). Thus, the remaining aromatic protons resonating at & 7.54 and & 7.27 were
attributed to H-6 and H-5, respectively, In the 'H-"H COSY spectrum (Table 34), the
oxymethine proton, H-3 (& 4.00), was coupled with the oxymethine proton, H-4
(6 4.64), and the methylene protons, Hp,-2 (§ 3.10 and 2.73). HMBC cross peaks
between H-4 with C-5 (& 117.03) and C-4a (& 143.00) and those of Hgy-2 with C-1
(6 202.00) and C-8a (6 115.30) constructed a naphthalenone skeleton bearing three
hydroxyl groups at C-3, C-4 and C-8. Irradiation of H-3 in the NOEDIFF experiment
(Table 34), did not affect signal intensity of H-4 indicating their frans-relationship. In
addition, H-3 and H-4 were placed at pseudoaxial position as they were coupled with
a large coupling constant of 8.0 Hz. The observed optical rotation of K11, [cr.]?:,9 -34 (c
0.019, MeOH), was similar to that of (3R,4R)-3,4-dihydro-3,4,8-trihydroxy-1(2H)-
naphthalenone, [o]¥ -42 (¢ 0.02, MeOH), indicating that they possessed the same
absolute configuration at C-3 and C-4. Therefore, K11 was assigned as (3R,4R)-3,4-
dihydro-3,4,8-trihydroxy-1(2H)-naphthalenone which was previously isolated from
the endophytic fungus Hypoxylon mamatum (Borgschulte, ef al., 1991),
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Table 33 The 'H and ®C NMR data of compound K11 in CDCl3+CD;OD and

(3R,4R)-3,4-Dihydro-3,4,8-trihydroxy-1(2H)-naphthalenone in CD;0D

(3R,AR)-3,4-Dihydro-3,4,8-
Position K trihydroxy-1(2H)-naphthalenone
Su (mult, J uz) dc (C-Type) Sn (mult, J u;) dc (C-Type)
EE 202.00(C) |- 204.30 (C)
2 a: 3.10 (dd, 17.0, | 44.43 (CHy) a: 3.12 (dd, 17.2, }44.40 (CHy)
4.5) 4.0)
b: 2.73 (dd, 17.0, b:2.74 (dd, 17.2,
11.0) 8.1)
3 | 4.00 () 71.00 (CH) | 4.12 (ddd, 8.1, | 71.10 (CH)
6.8,4.0)
4 | 464(d, 8.0 7338 (CH) | 4.65(d, 6.8) 7330 (CH)
4 |- 143.00(C) |- 140.00 (C)
s |7.27(dd,7.5,0.5) | 117.03 (CH) |7.17(d,7.6) 120.00 (CH)
6 7.54 (¢, 8.0) 137.20 (CH) | 7.57 (dd, 8.4,7.6) | 137.90 (CH)
7 |6.91(d,85) 11693 (CH) |6.91 (d, 8.4) 117.70 (CH)
$-0H | 12.26 (s) 16200 (C) |- 16322 (C)
g8a |- 11530(C) |- 114.50 (C)

Table 34 The HMBC, COSY and NOEDIFF data of compound K11 in CDClz+CD;0D

Proton HMBC COSY NOEDIFF
Ha-2 C-1,C-3,C-4,C-8a Hy-2, H-3 Hyp-2
Hy-2 C-1,C-3,C-4,C-8a H.-2, H-3 Ha-2, H-3
H-3 C-4 Ha,-2, H-4 Hy-2
H-4 C-2,C-3,C-4a,C-5,C-8a | H-3 -
H-5 C-4, C-7,C-8a H-6, H-7 H-6
H-6 C-4a, C-8 H-5, H-7 H-5, H-7
H-7 C-5,C-8a H-5, H-6 H-6
8-OH |C-7,C-8,C-8a - -
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1.3.12 Compound K12

Compound K12 was obtained as a colorless solid, melting at 179.1-
180.2 °C. The UV spectrum showed absorption bands at 216, 280 and 329 nm,
indicating the presence of an aromatic chromophore. The IR spectrum exhibited
absorption bands for hydroxyl (3430 em™) and ketone carbonyl (1680 cm™) groups.
The '"H NMR spectrum (Figure 27) (Table 35) displayed signals for one chelated
hydroxy proton (& 12.83, s, 1H), one aromatic proton (§7.31, 5, 1H) and three methyl
groups [&2.56 (s, 3H), 2.21 (s, 3H) and 2.14 (s, 3H)]. The chelated hydroxyl group
was placed at C-2 (6 161.32), an ortho position of a ketone carbonyl group. The
chelated hydroxy proton gave HMBC correlations (Table 36) with C-1 (6 113.47),
C-2 and C-3 (6 110.23). The methyl group resonating at §2.14 (Hs-9) was attached at
C-3 on the basis of HMBC correlations with of H3-9 with C-2, C-3 and C-4 (6
158.71). 37 HMBC cross peaks of H3-10 (§ 2.21) with C-4 and C-6 (& 129.81)
revealed the location of this methyl group at C-5. The HMQC correlation (Table 35)
of C-6 with the aromatic proton (& 7.31) together with the chemical shift of C-4
established the attachment of the aromatic proton and a hydroxyl group at C-6 and C-
4, respectively, The remaining methyl group resonating at & 2.56 (H3-8) was linked
with a ketone carbonyl carbon, C-7 (& 202.66), due to a HMBC correlation of H3-8
with C-7. Signal enhancement of both H3-8 and Hj-10 upon irradiation of H-6
supported the assigned location. Therefore, K12 was clavatol which was previously
isolated from the lichen Trichoderma pseudokoﬁingii Rifai (Astudillo, et al., 2000).

OH O

HsC
7
9 0 CH;
8

HO
10
CHj




Table 35 The 'H and '>C NMR data of compound K12 and Clavatol in CDCl3
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K12 Clavatol
Position
Su (mult, J yz) dc (C-Type) du (mult, J wz) dc (C-Type)

1 - 11347 (C) - 110.12 (C)

2-0H {12.83(s) 161,32 (C) 12.86 (s) 158.22 (C)
3 |- 11023(C) |- 113.31 (C)
4 - 158.71 (C) - 161.22 (©)
5 - 114.43 (C) - 114.44 (C)
6 731 (s) 129.81 (CH) {7.35(s) 129.83 (CH)
7 - 202.66 (C) - 202,78 (C)
8 2.56 (5) 26.29 (CHz) | 2.54 (s) 26.31 (CHy)
9 2.14 (s) 7.37 (CHs) 2.11 (5) 7.43 (CHz)
10 2.21 (s) 15.46 (CHs) |2.19(d,0.8) 15.57 (CHz3)

Table 36 The HMBC and NOEDIFF data of compound K12 in CDCl3

Proton HMBC NOEDIFF
2-OH |C-1,C-2,C3 -
H-6 C-2,C-4,C-7,C-10 H-8, H3-10
H;-8 |[C-1,C-7 H-6
H;-9 |[C-2,C-3,C4 -
H;-10 | C-4,C-5,C-6 H-6
1.3.13 Compound K13

Compound K13 was obtained as a colorless solid, melting at 72.1-73.0

°C, The UV spectrum showed absorption bands at 202, 214 and 272 nm, indicating

the presence of an aromatic chromophore The IR spectrum displayed an absorption

band at 3455 cm™ for a hydroxyl group. The 'H NMR spectrum (Figure 29)

(Table 37) exhibited characteristic signals for four aromatic protons of a 1,3-

disubstituted benzene [§7.12 (¢, J= 8.0 Hz, 1H), 6.79 (brd, J = 8.0 Hz, 1H), 6.69 (d4,
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J = 8.0 and 2.0 Hz, 1H) and 6.86 (s, 1H)] and one hydroxylmethyl group (&5 4.55, s,
2H). These data together with the chemical shift of C-1 (& 157.49) established the
substituents of the 1,3-disubstituted benzene to be a hydroxyl group and the
hydroxylmethyl group. HMB( (Table 38) and NOEDIFF (Table 38) data supported
the assigned structure. Therefore, K13 was 3-(hydroxymethyl)phenol which was

previously isolated from the endophytic fungus Penicillium novae-zeelandiae (Alfaro,

et al., 2003).

Table 37 The 'H and >C NMR data of compound K13 and 3-(Hydroxymethyl)phenol

in acetone-ds
Ki3 3-(Hydroxymethyl)phenol
Position
oy (mult, J uz) dc (C-Type) ou (mult, J yz) dc (C-Type)
1-OH | 8.55 (brs) 157.49 (C) 8.30 (brs) 158.70 (O)
2 6.86 (s) 113.38 (CH) | 6.89 (s) 114.60 (CH)
3 - 144.10 (C) - 1 145.50 (C)
4 6.79 (brd,8.0) | 117.35(CH) |6.72(dd, 7.8,3.0) | 118.80 (CH)
5 7.12 (1, 8.0) 129.02 (CH) |7.15(,7.8) 130.40 (CH)
6 6.69 (dd, 8.0,2.0) | 113.63 (CH) | 6.82 (brd, 7.8) 114.90 (CH)
7 4.55 (s) 63.66 (CHy) | 4.58 (s} 65.10 (CHy)
7-OH | - - 4.20 (brs) -

Table 38 The HMBC and NOEDIFF data of compound K13 in acetone-ds

Proton HMBC NOEDIFF
H-2 C-1, C-4, C-6,C-7 Hy-7
H-4 c-2,C-5,C-7 Hy-7
H-5 C-1,C-3,C4,C-6 -
H6 |C-1,C2,C-4 i
H,-7 | C-2,C-3,C4 H-2, H-4
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METABOLITES FROM THE MARINE-DERIVED FUNGUS
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CHAPTER 2.1

INTRODUCTION

2.1.1 Introduction

The marine-derived fungus Nigrospora sp. PSU-F18 was isolated
together with Nigrospora sp. PSU-F5 in the year 2006. This fungus was deposited as
PSU-F18 at the Department of Microbiology, Faculty of Science, Prince of Songkla
University. The ethyl acetate extracts from the culture broth and mycelia of this
fungus showed antibacterial activity against SA and MRSA with the equal MIC
values of 128 yg/mlL.

2.1.2 The objectives
1. To isolate the secondary metabolites from the marine-derived fungus

Nigrospora sp. PSU-F18.
2. To elucidate the structure of the isolated metabolites.
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CHAPTER 2.2

EXPERIMENTAL

2.2.1 Fermentation and extréction

The fermentation and the extraction of the culture broth (15 L) and

mycelia were performed using the same procedure as those of Nigrospora sp. PSU-F5

to afford an orange gum (4.4 g) and a brown gum (720 mg) from the culture broth and

mycelia, respectively. Each extract was subjected to chromatographic separation.

2.2.2 Purification of the broth extract

The crude EtOAc extract was separated by column chromatography

over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with

similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford five fractions as shown in Table 39. .

Table 39 Fractions obtained from the crude EtOAc cxtract by column

chromatography over Sephadex LH-20

Fraction Weight (mg) Physical appearance
18A 442 Brown solid
18B 253.2 Yellow gum
1 SC 4,104 Orange gum
18D 31.9 Yellow gum
18E 7.3 Yellow gum
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Fraction 18A showed three UV-active spots on normal phase TLC using

3% methanol in dichloromethane as a mobile phase with the Ry values of 0.14, 0.45
and 0.55. Its "H NMR spectrum displayed signals in the high field region. Thus, it was

not purified.

Fraction 18B showed five UV-active spots on normal phase TLC using 3% methanol
in dichloromethane as a mobile phase with the Ry values of 0.09, 0.31, 0.46, 0.61 and
0.76. It was further separated by column chromatography over silica gel. Elution was
performed initially with 2% methanol in dichloromethane followed by increasing the
polarity with methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford seven subfractions as shown in Table 40.

Table 40 Subfractions obtained from fraction 18B by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
18B1 2% MeOH/CH,Cl, 15.0 Colorless gum
1882 2% MeOH/CH,Cl, 210 Yellow gum
18B3 2% MeOH/CH,Cl; 42.0 Yellow gum
18B4 2% MeOH/CH,Cl, 22,0 Yellow gum
18B5 4% MeOH/CH,Cl, 20.0 Yellow gum
18B6 4% MeOH/CH,Cl, 15.0 Yellow gum
18B7 7% MeOH/CH,Cl;- 89.0 Yellow gum
100% MeOH

Subfraction 18B1 showed two UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.24 aﬂd 0.31.Its 'H
NMR spectrum displayed signals in the high field region. Therefore, it was not
purified.
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Subfraction 18B2 showed five UV-active spots on normal bhase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.47, 0.52,
0.62, 0.71 and 0.83 and one gray spot with the R¢ value of 0.43 after dipping the TLC
plate in anisaldehyde reagent and subsequently heating the plate. Its 'H NMR

spectrum indicated that the major compound was K14. Therefore, it was not purified.

Subfraction 18B3 showed one UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry value of 0.35 and one
gray spot with the Ry value of 0.47 after dipping the TLC plate in anisaldehyde
. reagent and subsequently heating the plate. Its 'H NMR spectrum indicated that it

contained a mixture of K14 and K19, Further investigation was then not carried out.

Subfraction 18B4 showed one UV-active spot on normal phase TLC using
2% methano) in dichloromethane as a mobile phase with the R¢ value of 0.31 and one
gray spot with the Ry value of 0.47 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Its 'H NMR spectrum indicated that it

contained a mixture of K14 and K15. Further investigation was then not performed.

Subfraction 18B5 showed two pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.25 and
0.31. Because the "H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 18B6 showed four pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R values of 0.19, 0.26,
0.28 and 0.31. Because the '"H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 18B7 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.
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Fraction 18C showed four UV-active spots on normal phase TLC using 3% methanol
in dichloromethane as a mobile phase with the Revalues of 0.22, 0.31, 0.58 and 0.68.
It was further separated by column chromatography over silica gel. Elution was
performed initially with 100% dichloromethane followed by increasing the polarity
with methanol and finally with pure methanol. Fractions with similar éhromatogram
were combined and evaporated to dryness under reduced pressure to afford nine

subfractions as shown in Table 41.

Table 41 Subfractions obtained from fraction 18C by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
18C1 100% CH2Ch 53 Colorless gum
18C2 100% CH,Cly 7.1 Yellow gum
18C3 2% MeOH/CHyCl, 13.0 Yellow gum
18C4 2% MeOH/CH,Cl, 4.5 Yellow gum
18C5 4% MeOH/CH,Cl, 420.9 Yellow gum
18C6 7% MeOH/CH,Cl, 3,200 Yellow gum
18C7 7% MeOH/CH,Cl, 534 Brown gum
18C8 10-50% MeOH/CH,Cl» 43.0 Brown gum
18C9 50% MeOH/CH;Cly- 299.2 Brown gum
100% MeOH

Subfraction 18C1 showed two pale UV-active spots on normal phase TLC using
50% dichloromethane in petroleum ether as a mobile phase with the Revalues of 0.67
and 0.95. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 18C2 showed three pale UV-active spots on normal phase TLC using
50% dichloromethane in petroleum ether as a mobile phase with the Revalues of 0.37,
0.50 and 0.67. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.-
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Subfraction 18C3 showed five UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a moﬁile phase with the R values of 0.21,
0.37, 0.42, 0.50 and 0.76. It was further separated by column chromatography over
silica gel. Elution was performed with 20% ethyl acetate in petroleum ether. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford five subfractions as shown in Table 42.

Table 42 Subfractions obtained from subfraction 18C3 by column chromatography

over silica gel

Subfraction Weight (mg) Physical appearance
18C3A 5.7 Yellow gum
18C3B 0.9 Yellow gum
18C3C 0.7 Colorless gum
18C3D 2.5 Colorless gum
18C3E 13 Yellow solid

Subfraction 18C3A showed none of major spots under UV-S on normal phase TLC
using 20% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not

investigated.

Subfraciion 18C3B showed two UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Revalues of 0.19 and

0.51. Because of the minute quantity, it was not further investigated.

Subfraction 18C3C showed three UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.17,
0.18 and 0.51. Its "H NMR spectrum indicated that the major compound was K18.

Therefore, it was not purified.

Subfraction 18C3D (K18) showed one UV-active spot on normal phase TLC using

20% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.17.
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UV Amax(nm)(MeOH)(log &) 229 (3.19), 254 (2.32), 304 (2.63)

FTIR(neat):v(cm™) 1706 and 1698 (C=0 stretching),
1636 (C=C stretching)

' NMR(CDCL)(Gpm)(300 MHz):  6.67 (d, J=2.4 Hz, 1H), 5.72 (d, /= 2.4 Hz,
1H), 2.53 (5, 3H), 3.87 (5, 3H)

BC NMR(CDCls)(S,pm)(75 MHz): 192,00, 169.80, 161.50, 154.50, 103.90,
93.20, 56.00, 26.10

DEPT 135: CII; 103.90, 93.20
CHg; 56.00, 26.10
EIMS m/z (% relative intensity): 168 (77), 125 (100), 69 (90)

Subfraction 18C3E showed four UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.10,
0.86, 0.88 and 0.95. Its "H NMR spectrum displayed signals in the high field region.

Thus, it was not purified.

Subfraction 18C4 showed four UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.07,
0.20, 0.25 and 0.33. Its "H NMR spectrum indicated that the major compound was
K14. Therefore, it was not purified.

Subfraction 18C5 showed four UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.135,
0.20, 0.25 and 0.37. It was further separated by flash column chromatography over
silica gel. Elution was performed initially with 20% ethyl acetate in petroleum ether
and gradually enriched with ethyl acetate and then methanol until pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford seven subfractions as shown in Table 43.
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Table 43 Subfractions obtained from subfraction 18CS by flash column

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
18CSA 20% EtOAc/Petrol 9.0 Yellow gum
18C3B 30% EtOAc/Petrol 3.0 Yellow gum
18C5C 30% EtOAc/Petrol 3.1 Yellow gum
18C5D 50% EtOAc/Petrol 3.2 Yellow gum
18C5E 80% EtOAc/Petrol 22,0 Yellow gum
18C5F 100% EiOAc 3150 Yellow gum
18C5G 100% EtOAc-100% MeOH 49.7 Yellow solid

Subfraction 18C5A showed none of UV-active spots on normal phase TLC using
5% ethyl acetate in petroleum ether as a mobile phase but showed many spots after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Thus, it was not purified.

Subfraction 18C5B showed three UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phasé with the R¢values of 0.19,
0.30 and 0.35 and one purple spot with the Ry value of 0.05 after dipping the TLC
plate in anisaldehyde reagent and subsequently heating the plate. Because of the

minute quantity, it was not further investigated.

Subfraction 18C5C showed two UV-active spots on normal phase TLC using
20% cthyl acetate in petroleum ether as a mobile phase with the Revalues of 0.21 and
0.30 and one purple spot with the Ry value of 0.05 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Its 'H NMR spectrum
indicated that the major compound was K14, Further investigation was then not

performed.
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Subfraction 18C5D showed three UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the R¢values of 0.14,

0.16 and 0.19. Because of low quantity, it was not further investigated.

Subfraction 18CSE showed two UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Revalues of 0.36 and
0.39. Tt was further separated by flash column chromatography over silica gel. Elution
was performed initially with 30% ethyl acetate in petroleum ether and gradually
enriched with ethyl acetate and then methanol until pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford five subfractions as shown in Table 44.

Table 44 Subfractions obtained from subfraction 18CS5E by flash column

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
18C5E1 30% EtOAc/Petrol 3.7 Colorless gum
18C5E2 30% EtOAc/Petrol 0.8 Colorless gum
18C5SE3 40% EtOAc/Petrol 10.7- Colorless gum
18C5E4 50-80% EtOAc/Petrol 3.1 Yellow gum
18CSES 90% EtOAc/Petrol- 3.0 Yellow gum

100% McOH

Subfraction 18C5E1 showed two UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum cther as a mobile phase with the Revalues of 0.49 and
0.98 and one gray spot with the Ry value of 0.78 after dipping the TLC plate in.
anisaldehyde reagent and subsequently heating the plate. Because of low quantity, it

was not further investigated.

Subfraction 18C5E2 showed one UV-active spot on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Rrvalue of 0.46 and
one gray spot with the Ry value of 0.39 after dipping the TLC plate in anisaldehyde
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reagent and subsequently heating the plate. Because of the minute quantity, it was not

further investigated. -

Subfraction 18CSE3 (K14) showed one UV-active spot on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.31.

[2] 2. - 55 (¢ 0.22, CHCly)

UV Ana(nm)(MeOH)(log &) 207 (4.43), 227 (4.39), 319 (4.41)

FTIR(neat):v(cm™) 1728 and 1686 (C=0 stretching), 1640 (C=C
stretching)

'H NMR(CDCL)(&,m)(300 MHz):  10.15 (s, 1H), 6.17 (s, 1H), 5.68 (ddd, J =
9.9, 5.1, 2.7 Hz, 1H), 5.44 (dt, J=9.9, 1.8
Hz, 1H), 4.08 (s, 3H), 2.63 (m, 1H), 2.48
(dd, J = 114, 9.9 Hz, 1H), 2.32 (m, 1H),
2.16 (m, 1H), 1.75 (m, 1H), 1.71 (m, 1H),
1.46 (m, 1H), 1.42 (m, 2H), 1.22 (m, 1H),
1.20 (m, 1H), 1.13 (m, 1H), 0.95 (d, J = 6.9
Hz, 3H) |
C NMR(CDCL)(&m)(75 MHz):  186.70, 176.70, 173.61, 162,38, 131.55,
" 130.05, 101.84, 95.85, 57.72, 47.98, 36.79,
36.04, 35.18, 29.75, 28.39, 25.88, 21.04,

20.31
DEPT 135: CH; 131.55, 130.05, 95.85, 47.98, 36.79, 36.04,
35.18
CHa; 29.75,28.39,25.88, 21.04
CH3; 57.72,20.31

Subfraction 18CSE4 showed one UV-active spot on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the R¢value of 0.31 and
one gray spot with the Re value of 0.21 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Its '"H NMR spectrum indicated that the

major corpound was K14. Further investigation was then not carried out.
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Subfraction 18C5E5 displayed a long tail under UV-S on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.

Subfraction 18CSF showed one UV-active spot on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Revalue of 0.45 and
two spots with the Ry values of 0.12 (purple) and 0.33 (gray) after dipping the TLC
plate in anisaldehyde reagent and subsequently heating the plate. Further purification
by column chromatography over silica gel was performed. Elution was performed
with 20% acetone in petroleum ether. Fractions with similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford seven

subfractions as shown in Table 45.

Table 45 Subfractions obtained from subfraction 18CSF by column chromatography

over silica gel

Subfraction Weight (mg) Physical appearance
18C5F1 40 Yellow gum
18C5F2 11.7 _ Yellow gum
{8C5F3 7.6 Yellow gum
18C5F4 240.9 Yellow gum
18CSF5 4.9 Yellow gum
18C5F6 2.5 Yellow gum
18C5F7 20.6 Yellow gum

Subfraction 18C5F1 showed none of UV-active spots on normal phase TLC using
20% acetone in petroleum ether as a mobile phase but showed many spots after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Thus, it was not purified.

Subfraction 18C5F2 showed one UV-active spot on normal phase TLC using

20% acetone in petroleum ether as a mobile phase with the Revalue of 0.31, Its "
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NMR spectrum indicated the presence of K14. Further investigation was then not

carried out.

Subfraction 18C5F3 showed one UV-active spot on normal phase TLC using
20% acetone in petroleum ether as a mobile phase with the Ryvalue of 0.31 and two
purple spots with the R¢ values of 0.27 and 0.29 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Its 'H NMR spectrum
indicated that the major compound was K14. Further investigation was then not

carried out.

Subfraction 18C5F4 (K20) showed one gray spot on normal phase TLC using 20%
acetone in petroleum ether as a mobile phase with the Ry value of 0.16 after dipping

the TLC plate in anisaldehyde reagent and subsequently heating the plate.

[«]% + 49 (¢ 0.760, CHCly)
UV A (nm)(McOH)(log &) 205 (2.81)
- FTIR(neat):v(cm™) 3350 (O-H stretching), 1766 (C=0 stretching),

1634 (C=C stretching)

'n NMR(CDCL)(S,pm)(300 MHz):  5.64 (dg, J = 15.6, 6.6 Hz, 1H), 532 (dd,
J=15.6, 6.9 Hz, 1H), 4.28 (g, J = 6.9 Hz,
1H), 3.92 (¢, J= 6.3 Hz, 1H), 2.36 (m, 2H),
2.03 (m, 18), 1.91 (m, 1H), 1.54 (d, J = 6.6

Hz, 3H)
BCNMR(CDCL)(&pm)(75 MHz):  178.05, 129.66, 128.35, 83.08, 74.13, 28.39,
23.45,17.70
DEPT 135: CH; 129.66, 128.35, 83.08, 74.13
CHa; 28.39, 23.45
CHs; 17.70

Subfraction 18C5F5 showed two spots on normal phase TLC using 20% acetone in
petroleum ether as a mobile phase with the Revalues of 0.14 (yellow) and 0.16 (gray)
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after dipping the TLC plate in anisaldehyde reagent and subsequently heating the
plate. Its 'H NMR spectrum indicated that the major compound was K20. Further

investigation was then not carried out.

Subfraction 18C5F6 showed one UV-active spot on normal phase TLC using
20% acetone in petroleum ether as a mobile phase with the Rrvalue of 0.25 and two
spots with the Ry values of 0.14 (yellow) and 0.16 (gray) after dipping the TLC plate
in anisaldehyde reagent and subsequently heating the plate. Its 'H NMR spectrum
indicated that the major compound was K20. Further investigation was then not

carried out.

Subfraction 18C5F7 showed four UV-active spots on normal phase TLC using
20% acetone in petroleum ether as a mobile phase with the Ry values of 0.12, 0.26,
0.33 and 0.35 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Thus, it was not further investigated.

Subfraction 18C5G showed two UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Revalues of 0.12 and
0.14 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction 18C6 showed two UV-active spots on normal phase TLC using
20% ethyl acetate in dichloromethane as a mobile phase with the R¢ values 0.05 and
0.10. Further purification by column chromatography over Sephadex LH-20 was
performed with 100% methanol. Fractions with similar chromatogram were combined
and evaporated to dryness under reduced pressure to afford six subfractions as shown
in Table 46.
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Table 46 Subfractions obtained from subfraction 18C6 by column chromatography

over Sephadex LH-20
Subfraction Weight (mg) : Physical appearance

18C6A 2.9 Yellow gum
18C6B 8.0 Yellow gum
18C6C 34.8 Yellow gum
18C6D 3,074 Yellow gum
18C6E 29.0 Yellow gum
18C6F 2.2 Yellow gum

Subfraction 18C6A displayed a long tail under UV-S on normal phase TLC using
20% ethyl acetate in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 18C6B showed four UV-active spots on normal phase TLC using
20% ethyl acetate in dichloromethane as a mobile phase with the Ry values of 0.12,
0.16, 0.21 and 0.33. Because its TH NMR spectrum showed broad signals, it was not
further purified. | '

Subfraction 18C6C showed two UV-active spots on normal phase TLC using
20% ethy] acetate in dichloromethane as a mobile phase with the Rrvalues of 0.19 and
0.63 and two spots with the Ry values of 0.16 (purple) and 0.28 (gray) after dipping
the TLC plate in anisaldehyde reagent and subsequently heating the plate. It was
further separated by column chromatography over silica gel. Elution was performed
initially with 1% methanol in dichloromethane followed by increasing the polarity
with methanol and finally with pure methanol. Fractions with similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford six

subfractions as shown in Table 47.
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Table 47 Subfractions obtained from subfraction 18C6C by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
18C6C1 1% MeOH/CH,Cly 5.6 Yellow gum
18C6C2 1% MeOH/CH,Cl, 43 Yellow gum
18C6C3 3% MeOH/CH;Cl, 2.5 Yellow gum
18C6C4 3% MeOH/CH,Cl, 8.0 Yellow gum
18C6C5 5-50% MecOH/CH,Cl, 3.7 Yellow gum
18C6C6 70% MeOH/CH,Cl- 10.5 Yellow gum

100% MeOH

Subfraction 18C6Cl1 showed one pale UV-active spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ value of 0.60 and one
gray spot with the Re value of 0.35 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate, Because the 'H NMR spectrum indicated

the absence of olefinic and aromatic protons, it was not further investigated.

Subfraction 18C6C2 showed one gray spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry value of 0.35 after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate. Its
TH NMR spectrum indicated the presence of K20. Further investigation was then not

carried out.

Subfraction 18C6C3 showed one UV-active spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Re vatue of 0.24 and two
gray spots with the Ry values of 0.14 and 0.33 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate, Its 'H NMR spectrum
indicated that the major compound was K20. Further investigation was then not

performed.
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Subfraction 18C6C4 (K15) showed one UV-active spot on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the R¢ value of 0.17.

o]

UV Anu(nm)(MeOH)(log &)

FI“IR(neat):o(cm'l)

'H NMR(CDCl3)(8pm)(300 MHz):

B3¢ NMR(CDCL)(8pm)(75 MHz):

DEPT 135: CH;

CHz;
CH3;
EIMS m/z (% relative intensity):

- 254 (¢ 0.10, CHCI3)

207 (3.83), 228 (3.75), 273 (3.84), 320
(2.65)

3390 (O-H stretching), 1719 and 1698
(C=0 stretching)

10.15 (s, 1H), 6.14 (s, 1H), 6.06 (ddd, J =
9.9, 5.1, 2.4 Hz, 1H), 5.63 (d, J = 9.9 Hz,
1H), 4.08 (s, 3H), 3.50 (dt, J=10.2, 4.5 Hz,

C1H), 2.65 (m, 1H), 2.37 (m, 1H), 2.33

(m, 1H), 2.06 (m, 1H), 2.00 (m, 1H), 1.63
(m, 1H), 1.40 (m, 3H), 1.28 (m, 1H), 0.98
(d,J=17.2 Hz, 3H)

186.63, 17547, 173.49, 162.16, 132.07,
128.47, 101.95, 95.89, 73.63, 57.77, 48.99,
44,12, 36.82, 35.36, 35.12, 27,92, 20.24,
20.13 ' ‘

132.07, 128.47, 95.89, 73.63, 48.99, 44.12
36.82,35.12

35.36,27.92,20.13

57.77,20.24

318 (9), 290 (100), 153 (97), 71 (62)

Subfraction 18C6C5 showed three UV-active spots on normal phase TLC using

3% methanol in dichloromethane as a mobile phase with the R¢ values of 0.19, 0.31
and 0.41. Because the "H NMR spectrum indicated that it contained a mixture of K14

and K20, further purification was not performed.

Subfraction 18C6C6 displayed a long tail under UV-S on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.
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Subfraction 18C6D showed two UV-active spots on normal phase TLC using
20% cthyl acetate in dichloromethane as a mobile phase with the Ry values of 0.41
and 0.62. Because the 'H NMR spectrum indicated that it contained a mixture of K19

and K20, further investigation was then not carried out.

Subfraction 18C6E showed one UV-active spot on normal phase TLC using
20% ethyl acetate in dichloromethane as a mobile phase with the R¢value of 0.41 and
and many spots after dipping the TLC plate in anisaldehyde reagent and subsequently
heating the plate. It was further separated by column chromatography over silica gel.
Elution was performed with 15% ethyl acetate in dichloromethane. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford four subfractions as shown in Table 48,

‘Table 48 Subfractions obtained from subfraction 18C6E by column chromatography

over silica gel

Subfraction Weight (mg) Physical appearance
18C6E1 3.0 Colorless gum
18C6E2 1.5 : Colorless gum
18C6E3 4.9 Colorless gum
18C6E4 8.3 Yellow gum

Subfraction 18C6E1 showed none of UV-active spots on normal phase TLC using
15% ethyl acetate in dichloromethane as a mobile phase. Therefore, it was not further

investigated.

Subfraction 18C6E2 showed one UV-active spot on normal phase TLC using
20% acetone in dichloromethane as a mobile phase with the R¢ value of .36 and one
gray spot with the Ry value of 0.40 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. It was then separated by precoated TLC

with 20% acetone in dichloromethane as a mobile phase (6 runs) to afford two bands.
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Band 1 was a colorless gum (2.5 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% acetone in dichloromethane as a
mobile phase with the R value of 0.36. Its '"H NMR spectrum indicated that it was

K20. Further investigation was then not performed.

Band 2 (K19) was a colorless gum (8.3 mg). Its chromatogram
showed one gray spot on normal phase TLC using 20% acetone in dichloromethane as
a mobile phase with the Ry value of 0.36 after dipping the TLC plate in anisaldehyde

reagent and subsequently heating the plate,

[a] 5 +163 (¢ 0.60, EtOH)

UV Anax(nm)(MeOH)(log &) 206 (3.57)

FTIR(neat):u(cm™) 3400 (O-H stretching), 1723 (C=0 stretching)
1629 (C=C stretching)

'H NMR(CDCIl3+CD30D)(&pm) 6.99 (dd, J = 9.6, 5.4 Hz, 1H), 6.09 (d, J =

(300 MHz): 9.6 Hz, 1H), 5.97 (dqd, J = 15.3, 6.6, 0.9

Hz, 1H), 5.77 (ddg, J = 15.3, 7.5, 1.5 Hz,
1H), 4.97 (dd, J = 1.5, 3.3, 1H), 4.14 (dd, J
= 5.4, 3.3 Hz, 1H), 1.80 (ddd, J = 6.6, 1.5,

_ 0.9 Hz, 3H)
B3¢ NMR(CDCI3+E:1330D)(5ppm) 164.10, 145,34, 132.59, 124.22, 122.13,
(75 MHz): 81.69, 62.83, 17.86
DEPT 135: CH; 145.34, 132.59, 124.22, 122.13, 81.69,
62.83
CH; 17.83

Subfraction 18C6E3 showed one UV-active spot on normal phase TLC using
20% acetone in dichloromethane as a mobile phase with the R¢ value of 0.36 and one
gray spot with the Ry value of 0.40 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Because the 'H NMR spectrum indicated
that it consisted of a mixture of K19 and K20, further investigation was not carried

out.
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Subfraction 18C6E4 showed five UV-active spots on normal phase TLC using
20% acetone in dichloromethane as a mobile phase with the Rrvalues of 0.18, 0.25,

0.40, 0.50 and 0.51. Because of low quantity, it was not further investigated.

Subfraction 18C6F displayed a long tail under UV-S on normal phase TLC using
20% ethyl acetate in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 18C7 showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.12, 0.25,
0.35 and 0.55. It was then separated by column chromatography over reverse phase
silica gel. Elution was performed initially with 50% methanol in water followed by
increasing amount of methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 49,

Table 49 Subfractions obtained from subfraction 18C7 by column chromatography

over reverse phase silica gel

Subfraction - Elution Weight (mg) | Physical appearance

18C7A 50% MecOH/H,O 0.8 Yellow gum

18C7B 50% MeOH/H,0 352 Yellow gum

18C7C 60-70% MeOH/H,0O 7.0 Yellow gum

18C7D 80% MeOH/H,0- 6.2 Yellow gum
100% MeOH

Subfraction 18C7A showed two purple spots on normal phase TLC using
2% methanol in dichioromethane as a mobile phase with the Ry values of 0.07 and
0.12 after dipping the TLC plate in anisaldehyde reagent and subsequently heating the

plate. Because of the minute quantity, it was not further purified.

Subfraction 18C7B showed six UV-active spots on normal phase TLC using

3% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.10,
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0.12, 0.17, 0.20 and 0.27 and many spots after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. It was then separated by column
chromatography over silica gel. Elution was performed initially with 3% methanol in
dichloromethane followed by increasing the polarity with methanol and finally with
pure methanol. Fractions with similar chromatogram were combined and evaporated

to dryness under reduced pressure to afford four subfractions as shown in Table 50,

Table 50 Subfractions obtained from subfraction 18C7B by column chromatography

over silica gel
Subfraction Elution Weight {(mg) Physical appearance
18C7B1 3% MeOH/CH,Cl, 4.8 Yellow gum
18C7B2 3% MeOH/CH,Cl; 34 Yellow gum
18C7B3 3% MeOH/CH,Cl, 10.3 Yellow gum
18C7B4 5% MeOH/CH,Cl;- 14.3 Yellow gum
100% MeOH

Subfraction 18C7B1 showed three UV-active spots on normal phase TLC using
60% ethyl acefate in petroleum ether as a mobile phase with the Ry values of 0.21,
0.79 and 0.88. Because the "l NMR spectrum indicated the presence of a mixture of
K19 and K20, further purification was not performed.

Subfraction 18C7B2 showed two UV-active spots on normal phase TLC using
60% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.24 and
0.33 and two gray spots with the Ry values of 0.79 and 0.86 after dipping the TLC
plate in anisaldehyde reagent and subsequently heating the plate. Thus, it was not

further investigated.

Subfraction 18C7B3 showed three UV-active spots on normal phase TLC using
60% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.30,
0.51 and 0.65 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. It was then purified by precoated TLC with

60% ethyl acetate in petroleum ether as a mobile phase (8 runs) to afford three bands.
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Band 1 (K16) was a colorless gum (1.8 mg). Its chromatogram

showed one UV-active spot on normal phase TLC using 60% ethyl acetate in

petroleum ether as a mobile phase with the Revalue of 0.30.

2]

UV Amax(nm)(MeOH)(log &)

FTIR(neat):v(cm™)

'H NMR(CDCl3)(S,pm)(300 MHz):

BC NMR(CDCL)(Spm)(75 MHz):

DEPT 135: CH;

CHa;
CHs;
EIMS m/z (% relative intensity):

-232 (¢ 0.10, CHCl3)

208 (4.15), 237 (4.43), 280 (4.10), 316
(4.02),

3390 (O-H stretching), 1719 and 1692
(C=0 stretching), 1652 (C=C stretching)
10.85 (brs, 1H), 9.98 (s, 1H), 6.04 (ddd, J =
10.2, 4.8, 2.4 Hz, 1H), 5.97 (s, 1H), 5.62 (d,
J=10.2 Hz, 1H), 3.89 (¢, /= 5.4 Hz, 2H),
3.54 (g, J = 5.4 Hz, 2H), 3.46 (m, 1H), 2.63
(m, 1H), 2.41 (m, 1H), 2.24 (dd, J = 12.0,
9.9 Hz, 1H), 2.02 (m, 1H), 1.96 (m, 1H),
1.46 (m, 3H), 1.32 (m, 1H), 1.30 (m, 1H),
0.98 (d, /= 6.9 Hz, 3H)

191.32, 175.00, 171.50, 160.50, 132.47,
128.25, 96.06, 94.87, 73.79, 61.06, 48.48,
4491, 44.16, 36.28, 35.40, 34.58, 27.87,
20.21, 20.14

132,47, 128.25, 96.06, 73.79, 48.48, 44.16,
36.28, 34.58

61.06, 44.91, 35.40, 27.87, 20.14

20.21

347 (59), 257 (37), 110 (100), 105 (11)

Band 2 (K22) was a colorless gum (1.3 mg). ks chromatogram

showed one UV-active spot on normal phase TLC using 60% ethyl acetate in

petroleum ether as a mobile phase with the Revalue of 0.53.




UV Anax(nm)(MeOH)(log &)
FTIR(neat):v{cm™)
'H NMR(CDCl3)(&pm)(300 MHz):

B¢ NMR(CDCL)(S5pm)(75 MHzZ):

DEPT 135: CH;
CH;;

204 (3.26), 222 (3.34), 278 (2.78)

3391 (O-H stretching), 1655 (C=C stretching)
7.11 (d, J=9.0 Hz, 2H), 6.79 (d, J= 9.0 Hz,
2H), 3.83 (t, J= 6.0 Hz, 2H), 2.81 (t, J= 6.0
Hz, 2H)

154.22, 130.55, 130.15, 115.45, 63.80,
38.27

130.15, 115.45

63.80, 38.27
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Band 3 (K21) was a colorless gum (2.8 mg). Its chromatogram

showed one UV-active spot on normal phase TLC using 60% ethyl acetate in

petroleum ether as a mobile phase with the Ryvalue of 0.58.

o] 5
UV Ana(nm)(MeOH)(log &)
FTIR(neat):o(cm'l)

'H NMR(CDCl3)(8,pm)(300 MHz):

BC NMR(CDCls)(8pm)(75 MHz):

DEPT 135: CH;
CHy;
CH;;

+ 8 (c 0.32, CHCLy)

203 (3.14), 219 (3.09)
3440 (O-H stretching), 1750 (C=0 stretching),
1630 (C=C stretching) |

5.91 (dqd, J = 15.3, 6.3, 0.6 Hz, 1H), 5.68
(ddg, J=15.3, 7.2, 1.5 Hz, 1H), 4.67 (ddd,
J=6.6, 5.1, 3.0 Hz, 1H), 4.58 (dd, J= 7.2,
4.2 Hz, 1H), 4.37 (dd, J = 5.1, 4.2 Hz, 1H),
2.82 (dd, J = 17.7, 6.6 Hz, 1H), 2.63 (dd, J
=177, 3.0 Hz, 1H), 1.76 (ddd, J = 6.3, 1.5,
0.6 Hz, 3H)

175.02, 131.10, 128.16, 84.51, 71.70, 69.18,
39.16, 17.84

131.10, 128.16, 84.51, 71.70, 69.18

39.16

17.84
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Subfraction 18C7B4 showed one UV-active spot on normal phase TLC using
60% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.30 and
many spots after dipping the TLC plate in anisaldehyde reagent and subsequently
heating the plate. Therefore, it was not further purified.

Subfraction 18C8 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.07, 0.15
and 0.53 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate, It was further separated by column chromatography
over silica gel. Elution was performed initially with 50% ethyl acetate in
dichloromethane and gradually enriched with ethyl acetate and then methanol until
pure methanol. Fractions with similar chromatogram were combined and evaporated

to dryness under reduced pressure to afford ten subfractions as shown in Table 51.

Table 51 Subfractions obtained from subfraction 18C8 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
18C8A 50% EtOAc/CH,Cl, 2.0 Colorless gum
18C8B 50% EtOAc/CH,ClL, 3.6 Yellow gum
18C8C 50% EtOAc/CH,Cl, 2.0 Yellow gum
18C8D 60% EtOAc/CH,Clh 1.7 Yellow gum
18C8E 70% EtOAc/CH,Cl, 1.7 Yellow gum
18C8F 70% EtOAc/CH,Cly 51 Yellow gum
18C8G 80% EtOAc/CH,Cl,- 4.1 Yellow gum

100% EtOAc
18C8H 100% EtOAc- 4.1 Yellow gum
2% MeOH/EtOAc
18C8I 5-50% MeOH/EtOAc 8.1 Yellow gum
18C8J 50% MeOH/EtOAc- 10.0 Yellow gum
100% MeOH
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Subfraction 18C8A showed four UV-active spots on normal phase TLC using
20% ethyl acetate in dichloromethane as a mobile phase with the Ry values of 0.08,

0.35, 0.55 and 0,95, Because of the minute quantity, it was not further purified.

Subfraction 18C8B showed one gray spot on normal phase TLC using
20% ethyl acetate in dichloromethane as a mobile phase with the Ry value of 0.43
after dipping the TLC plate in anisaldehyde reagent and subsequently heating the
plate. Because the '"H NMR spectrum indicated that it contained a mixture of K19 and

K20, further investigation was not performed.

Subfraction 18C8C displayed a long tail under UV-S on normal phase TLC using
20% ethyl acetate in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 18C8D showed three UV-active spots on normal phase TLC using
50% ethyl acetate in dichloromethane as 'a mobile phase with the Ry values of 0.51,

0.52 and 0.65. Because of the minute quantity, it was not further purified.

Subfraction 18C8E showed two UV-active spots on normal phase TLC using
50% ethyl acetate in dichloromethane as a mobile phase with the Ryvalues of 0.41 and
0.51 and one gray spot with the Re value of 0.37 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Because of the minute

quantity, it was not further investigated.

Subfraction 18C8F showed two UV-active spots on normal phase TLC using
50% ethyl acetate in dichloromethane as a mobile phase with the Ryvalues of 0.36 and
0.41 and two gray spots with the R¢ values of 0.24 and 0.29 after dipping the TLC
plate in anisaldehyde reagent and subsequently heating the plate. Its 'H NMR’
spectrum indicated that it consisted of a mixture of K14 and K20. Further

investigation was then not performed.
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Subfraction 18C8G showed two UV-active spots on normal phase TLC using

50% ethyl acetate in dichloromethane as a mobile phase with the R values of 0.56

and 0.68. It was then purified by precoated TLC with 2% methanol in

dichloromethane as a mobile phase (9 runs) to afford two bands.

Band 1 (K17) was a yellow gum (1.0 mg). Its chromatogram showed

one UV-active spot on normal phase TLC using 2% methanol in dichloromethane as a

mobile phase with the Ryvalue of 0.36.

o]

UV Ama(nm)(MeOH)(log &)
FTIR(neat):v(em™)

'H NMR(CDCla)(8ppm)(300 MHz):

BC NMR(CDClL)(Spm)(75 MHZ):

DEPT 135: CH;

CHy;
CHs;
EIMS m/z (% relative intensity):

- 202 (¢ 0.10, CHCl3)

205 (3.69), 235 (3.85), 281 (3.41) 314
(3.42),

3395 (O-H stretching), 1706 and 1689
(C=0 stretching)

10.87 (brt, J = 1.5 Hz, 1H), 10.00 (s, 1H),
5.98 (s, 1H), 5.64 (m, 1H), 549 (dt, J =
10.0, 1.5 Hz, 1H), 4.10 (m, 1H), 3.90 (1, J =
5.5 Hz, 2H), 3.52 (g, J = 5.5 Hz, 2H), 2.59
(m, 2H), 2.29 (m, 2H), 1.93 (tm, J = 13.0
Hz, 1H), 1.81 (dm, J = 14.0 Hz, 1H), 1.55
(m, 210), 1.36 (td, J = 14.0, 2.5 Hz, 1H),
1.28 (m, 1H), 0.97 (d, J= 7.0 Hz, 3H)
191.36, 175.00, 172.50, 160.61, 131.15,
130.95, 95.57, 94.90, 65.64, 61.18, 46.84,
44.83, 36.12, 35.25, 34.70, 30.37, 27.72,
21.50,20.27

131.15, 130.95, 95.57, 94.90, 65.64, 46.84,
35.25, 34.70, 30.37

61.18, 44.83, 36.12, 27.72, 21.50

2027

347 (24), 257 (35), 110 (100), 105 (31)
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Band 2 was a yellow gum (0.5 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 2% methanol in dichloromethane as a
mobile phase with the R¢value of 0.14. Its 'H NMR spectrum indicated the presence

of many compounds. Thus, it was not further investigated.

Subfraction 18C8H showed three UV-active spots on normal phase TLC using
50% ethyl acetate in dichloromethane as a mobile phase with the Ry values of 0.43,
0.56 and 0.72. It was then purified by precoated TLC with 80% ethyl acetate in

petroleum ether as a mobile phase (9 runs) to afford two bands.

Band 1 was a yellow gum (1.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 50% ethyl acetate in dichloromethane as
a mobile phase with the Revalue of 0.36. Its "H NMR spectrum indicated the presence

of many compounds. Thus, it was not further investigated.

Band 2 was a yellow gum (1.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 50% ethyl acetate in dichloromethane as
a mobile phase with the Revalue of 0.34. Its 'H NMR spectrum indicated the presence

of many compounds. Thus, it was not further investigated.

Subfraction 18C8I showed five UV-active spots on normal phase TLC using
50% ethyl acetate in dichloromethane as a mobile phase with the R values of 0.04,
0.17, 0.29, 0.34 and 0.51 and many spots after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction 18C8J displayed a long tail under UV-S on normal phase TLC using

50% ethyl acetate in dichloromethane as a mobile phase. Thus, it was not purified.

Subfraction 18C9 showed one UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ value of 0.33 and

many spots after dipping the TLC plate in anisaldehyde reagent and subsequently
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heating the plate. Further purification by column chromatography over Sephadex LH-
20 was performed with 100% methanol. Fractions with similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford six subfractions

as shown in Table 52,

Table 52 Subfractions obtained from subfraction 18C9 by column chromatography

over Sephadex LH-20
Subfraction Weight (mg) Physical appearance

18C9A 20.1 Yellow gum
18C9B 18.5 Yellow gum
18C9C 54.7 Yellow gum
18C9D 144.4 | Yellow gum
18CI9E 31.3 Yellow gum
18C9F 13.1 Yellow gum

Subfraction 18C9A displayed a long tail under UV-S on normal phase TLC using
5% methanol in dichloromethane as a mobile phase. Its '"H NMR spectrum displayed
signals in the high field region. Thus, it was not purified

Subfraction 18C9B displayed a long tail under UV-S on normal phase TLC using
5% methanol in dichloromethane as a mobile phase. Because its '"H NMR spectrum

showed broad signals, it was not further purified.

Subfraction 18C9C showed two UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.31 and
0.40. This subfraction was subjected to acetylation reaction, Afier work up, the
reaction mixture was obtained'a dark brown gum (30.0 mg). It was further separateci
by column chromatography over silica gel. Elution was performed initially with 100%
dichloromethane followed by increasing the polarity with methanol and finally with
pure methanol. Fractions with similar chromatogram were combined and evaporated

to dryness under reduced pressure to afford five subfractions as shown in Table 53.
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Table 53 Subfractions obtained from subfraction 18C9C by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
18CSC1 100% CH,Cl, 2.1 Brown gum
18C9C2 1% MeOH/CH,Cl, 0.8 Brown gum
18C9C3 3% MeOH/CH,Cl; 5.7 Brown gum
18C9C4 5-50% MeOH/CH,Cl, 7.5 Brown gum
18C9C5 70% MeOH/CH,Cl,- 9.6 Brown gum

100% MeOH

Subfraction 18C9C1 showed three pale UV-active spots on normal phase TLC using
80% dichloromethane in petroleum ether as a mobile phase with the Ry values of 0.40,
0.52 and 0.62. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 18C9C2 showed five UV-active spots on normal phase TLC using
80% dichloromethane in petroleum ether as a mobile phase with the Ryvalues of 0.19,
0.33, 0.40, 0.52 and 0.62. Because of the minute quantily, it was not further

investigated.

Subfraction 18C9C3 showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.43, 0.50, 0.63 and
0.73. |t was then purified by precoated TLC with 80% dichloromethane in petroleum

ether as a mobile phase (5 runs) to afford three bands.

_ Band 1 was a brown gum (1.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 80% dichloromethane in petroleum ether

as a mobile phase with the Ry value of 0.63. Its '"H NMR spectrum indicated the

presence of many compounds. Thus, it was not further investigated,
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Band 2 was a brown solid (1.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 80% dichloromethane in petroleum ether
as a mobile phase with the Ry value of 0.45, Its 'H NMR spectrum indicated the

presence of many compounds. Thus, it was not further investigated.

Band 3 was a brown solid (1.5 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 80% dichloromethane in petroleum ether
as a mobile phase with the Ry value of 0.10. Its 'H NMR spectrum indicated the

presence of many compounds. Thus, it was not further investigated.

Subfraction 18C9C4 showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.14, 0.33,
0.38 and 0.43. Therefore, it was not further investigated.

Subfraction 18CICS displayed a long tail under UV-S on notmal phase TLC using

1% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 18C9D showed six UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase witﬁ the Ry values of 0.31, 0.40,
0.42, 0.74, 0.81 and 0.93. It was further separated by column chromatography over
silica gel. Elution was performed initially with 5% methanol in dichloromethane
followed by increasing the polarity with methanol and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford six subfractions as shown in Table 54,

Table 54 Subfractions obtained from subfraction 18C9D by column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance
18C9D1 5% MeOH/CH,Cl, 5.0 Brown gum
18C9D2 5% MeOH/CH,Cl, 9.1 Brown gum
18C9D3 5% MeOH/CH,Cl, 3.0 - Brown gum
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Table 54 Continued
Subfraction Elution Weight (mg) | Physical appearance
18CoD4 7% MeOH/CH,Cl, 9.0 Brown gum
18C9Ds5 10-20% MeOH/CH,Cl, 8.2 Brown gum
18C9D6 40% MeOH/CH,Cl;- 99.0 Brown gum
100% MeOH

Subfraction 18C9D1 showed two pale UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R values of 0.46 and
0.67. Because the ' NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated,

Subfraction 18C9D2 showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢values of 0.60, 0.57,
0.80 and 0.83 and one gray spot with the Revalue of 0.70 after dipping the TLC plate
in anisaldehyde reagent and subsequently heating the plate. Its 'H NMR spectrum
indicated that the major compound was K20, Further investigation was then not

performed.

Subfraction 18C9D3 showed four UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Revalues of 0.32, 0.38,
0.47 and 0.62. Because of the minute quantity, it was not further investigated.

Subfraction 18C9D4 showed six UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.20, 0.25,
0.33, 0.48, 0.50 and 0.58. Thus, it was not further purified.

Subfraction 18C9D5 showed six UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the R¢ values of 0.10, 0.13,
0.15, 0.25, 0.35 and 0.38. Thus, it was not further purified.
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Subfraction 18C9D6 displayed a long tail under UV-S on normal phase TLC using
3% methanol in dichloromethane as a mobile phase. This subfraction (50.0 mg) was
subjected to acetylation reaction. After work up, the acetate derivative was obtained
as a brown gum (30.0 mg). It was further separated by column chromatography over
silica gel. Elution was performed initially with 100% dichloromethane followed by
increasing the polarity with methanol and finally with pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford four subfractions as shown in Table 55.

Table 55 Subfractions obtained from subfraction 18C9D6 by column

chromatography over silica gel

Subfraction Elution Weight (ng) | Physical appearance
18COD6A 100% CIL,Cl- 1 Yellow gum
2% MeOH/CH,Cl
18COD6B | 4-10% McOR/CILCl 22 Yeliow gum
18COD6C | 20-50% MeOR/CHLCL 6.9 Yellow gum
18COD6D | 70% McOR/CH,Cly- 146 Brown solid
100% McOH

Subfraction 18CID6A showed many UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase. Therefore, it was not further

purified.

Subfraction 18C9D6B showed one gray spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ value of 0.17 after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate. Its
'H NMR spectrum indicated the presence of an acetate derivative of K14, Further

investigation was then not carried out.

Subfraction 18C9D6C showed four pale UV-active spots on normal phase TLC

using 2% methanol in dichloromethane as a mobile phase with the R¢ values of 0,12,
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0.19, 0.29 and 0.41. Because the 'H NMR spectrum indicated the absence of olefinic

and aromatic protons, it was not further investigated.

Subfraction 18CID6D displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investi gated.

Subfraction 18CIE showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢ values of 0.30,0.41 and 0.88. It
was then separated by column chromatography over reverse phase silica gel. Elution
was performed initially with 50% methanol in water followed by increasing amount
of methanol and finally with pure methanol. Fractions with similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 56.

Table 56 Subfiactions obtained from subfraction 18C9E by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) | Physical appearance
18C9E1 50% MeOH/H,0 15.8 - Yellow gum
18COE2 50% MeOH/H,0 5.0 Yellow gum
18C9E3 60% MeOH/H,0- 9.6 Brown solid

100% MeOH

Subfraction 18CIE1 showed three UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a moBile phase with the Ry values of 0.19, 0.25
and 0.35. It was then separated by column chromatography over reverse phase silica
gel. Elution was performed initially with 20% methanol in water followed by
increasing amount of methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 57.
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Table 57 Subfractions obtained from subfraction 18CI9E1 by column

chromatography over reverse phase silica gel

Subfraction Elution Weight (mg) Physical appearance
18C9E1A 20% MeOH/H,0 11.4 Yellow gum
18C9EIB 20% MeOH/H,0 1.2 Yellow gum
18CI9E1IC 40-60% MeOH/H,0 2,0 Yellow gum
18COE1D 70% MeOH/H,0- 1.0 Yellow gum

100% MeOH

Subfraction 18CIELA showed three pale UV-active spots on normal phase TLC
using 5% methanol in dichloromethane as a mobile phase with the Ry values of 0.12,
0.15 and 0.19. Because the '"H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated,

Subfraction 18C9EIB showed two UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.09 and

0.16. Because of the minute quantity, it was not further purified.

Subfraction 18CIE1C showed five UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.02, 0.07,

0.12, 0.16 and 0.21. Because of the minute quantity, it was not further purified.

Subfraction 18C9E1D displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 18C9E2 showed one UV-active spot on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry value of 0.42.

Because its 'H NMR spectrum showed broad signals, it was not further purified.

Subfraction 18C9E3 displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.
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Subfraction 18CIYF displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Fraction 18D showed two UV-active spots on normal phase TLC using 3% methanol
in dichloromethane as a mobile phase with the R¢ values of 0.22 and 0.37. It was
further separated by column chromatography over silica gel. Elution was performed
initially with 2% methanol in dichloromethane followed by increasing the polarity
with methanol and finally with pure methanol. Fractions with similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 58.

Table 58 Subfractions obtained from fraction 18D by column chromatography over

silica gel
Subfraction Elution Weight (ng) | Physical appearance
18D1 2% MeOH/CH,Cl, 5.5 Yellow gum
18D2 4-6% MeOH/CH,CI, 6.3 Yellow gum
18D3 10% MeOH/CH,Cl,- 17.6 Brown gum
100% MeOH | |

Subfraction 18D1 showed five UV-active spots on normal phase TLC using
50% dichloromethane in petroleum ether as a mobile phase with the R¢ values of 0.02,
0.07, 0.17, 0.51 and 0.95. It was then purified by precoated TLC with 50%
dichloromethane in petroleum ether (3 runs) and 100% dichloromethane as mobile

phases (5 runs), respectively, to afford four bands.

Band 1 was a yellow gum (1.1 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 50% dichloromethane in petroleum ether
as a mobile phase with the Ryvalue of 0.44. Its "H NMR spectrum displayed signals in
the high field region. Thus, it was not purified.
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Band 2 was a yellow gum (0.8 mg). Its chromatogram showed one
pale UV-active spot on normal phase TLC using 100% dichloromethane as a mobile
phase with the R value of 0.82. Because the "H NMR spectrum indicated the absence

of olefinic and aromatic protons, it was not further investigated.

Band 3 was a yellow gum (0.7 mg). Its chromatogram showed one
pale UV-active spot on normal phase TLC using 100% dichloromethane as a mobile
phase with the R¢value of 0,58. Because the '"H NMR spectrum indicated the absence

of olefinic and aromatic protons, it was not further investigated.

Band 4 was a yellow gum (1.1 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 100% dichloromethane as a mobile phase
with the Re value of 0.39. Its '"H NMR spectrum indicated that it contained a mixture

of K19 and K20. Further investigation was then not carried out.

Subfraction 18D2 showed four pale UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.06,
0.12, 0.23 and 0.28. Its 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 18D3 showed three UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.23,
0.25 and 0.37. Because its 'H NMR spectrum showed broad signals, it was not
further purified.

2.2.3 Purification of the EtOAc extract from mycelia

The crude EtOAc extract was separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and cvaporated to dryness under reduced

pressure to afford four fractions as shown in Table59,
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Table 59 Fractions obtained from the crude EtOAc extract by column
chromatography over Sephadex LH-20

Fraction Weight (mg) Physical appearance
18CEl ‘ 230.8 Brown gum
18CE2 3133 Brown gum
18CE3 1346 Brown gum
18CE4 40.5 Brown gum

Fraction 18CE1 displayed a long tail under UV-S on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. Its "H NMR spectrum displayed

signals of long chain hydrocarbons. Thus, it was not purified.

Fraction 18CE2 showed four UV-active spots on normal phase TLC using

3% methanol in dichloromethane as a mobile phase with the Ry values of 0.05, 0.23,
0.36 and 0.57. Its 'H NMR spectrum displayed signals of long chain hydrocarbons.

Thus, it was not purified.

Fraction 18CE3 showed many UV-active spots on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. Its "H NMR spectrum indicated
that it contained a mixture of K19 and K20, Further investigation was then not carried

ouf.

Fraction 18CE4 displayed a long tail under UV-S on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. Its '"H NMR spectrum displayed

signals of long chain hydrocarbons. Thus, it was not purified.




CHAPTER 2.3

RESULTS AND DISCUSSION

Three new solanapyrones (K15-K17) and one pyrone derivative (K18)
were isolated from the broth extract together with five known ones (K14 and K19-

K22). The structures were identified by spectroscopic methods.

2.3.1 Compound K14

Compound K14 was obtained as a colorless gum. The UV spectrum
showed absorption bands at 207, 227 and 319 nm. The IR spectrum exhibited
absorption bands at 1728 cm™ and 1686 cm™ for ester and aldehyde carbonyl groups,
respectively. The '"H NMR spectrum (Figure 31) (Table 60) consisted of signals for
one aldehyde proton (& 10.15, s, 1H), three olefinic protons [§6.17 (s, 1H), 5.68 (ddd,
J =199, 5.1 and 2.7 Hz, 1H) and 5.44 (df, J = 9.9 and 1.8 Hz, 1H)], four methine
protons [62.63 (m, 1H), 2.48 (dd, J=11.4 and 9.9 Hz, 1H), 2.32 (m, 1H) and 2.16 (m,
1H)], four methylene groups [1.75 (m, 1H)/1.13 (m, 1H), 1.71 (m, 1H)/1.20 (m, 1H),
1.46 (m, 1H)/1.22 (m, 1H) and 1.42 (m, 2H)], one methoxyl group (54.08, s, 3H) and
one methyl group (§0.95, d, J = 6.9 Hz, 3H). The aldehyde carbon at §186.70 (C-17)
in the *C NMR spectrum (Figure 32) (Table 60) supported the presenée of aldehyde
functional group. In the "H-"H COSY spectrum (Table 61), the methine proton, H-2
(62.63), was coupled with the methine proton, H-1 (& 2.43), the olefinic proton, H-3
(65.44) and the methyl protons, H3-16 (&50.95). Furthermore, the olefinic proton, H-4
(6 5.68), was coupled with H-3 and the methine proton, H-5 (§ 2.16), which was
coupled with the methylene protons, Hey-6 (5 1.75 and 1.13), and the methine proton,
H-10 (62.32). The méthylene protons, Hay-7 (61.71 and 1.20), showed cross peaks in
the 'H-"H COSY spectrum with Hgp-6 and the methylene protons, H,-8 (6 1.42) which

wete further coupled with the remaining methylene protons, Hyp-9 (5 1.46 and 1.22).
101
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The methine proton, H-10 (& 2.32), was coupled with H-1 and H-5. These data
together with the HMBC correlations (Table 61) indicated that K14 had a decalin
skeleton with a C3 (5 130.05)-C4 (5 131.55) double bond and a methyl group attached
at C-2 (8 35.18) (substructure 1). The location of the methyl group was confirmed by
HMBC correlations of H3-16 (60.95) with C-1 (§47.98), C-2 and C-3. The remaining
olefinic proton, H-12 (& 6.17), showed cross peaks in HMBC spectrum with C-11
(6 176.70), C-13 (& 173.61), C-14 (5 101,84} and C-17. The aldehyde proton, H-17
(6 10.15), was correlated with C-12 (5 95.85), C-13, C-14 and C-15 (5 162.38) while
the methoxy protons, H3-18 (5 4.08), showed a HMBC cross peak with C-13. These
results together with the chemical shifts of these carbons revealed the presence of a
pyrone ring with the methoxyl and the formyl groups at C-13 and C-14, respectively
(substructure 2). The assigned location of these substituents was confirmed by signal
enhancement of both H-12 and H-17 upon irradiation of Hs-18, in the NOEDIFF
experiment (Table 61).

[‘ \I;[ﬁ//\((()
17 .

OCH; H
H, s o

16

Subst_mcture 1 Substructure 2

The linkage between C-1 of the decaline unit and C-11 of the pyrone
ring was established according to the HMBC correlations of H-1 of the decalin unit
with the C-11 and C-12 of the pyrone ring. The relative stereochemistry of K14 was
established by the NOEDIFF results. Irradiation of H-2 (§ 2.63) affected signal
intensity of H-10 (§2.32) and H-12 (4 6.17), indicating their location at the same side
of the molecule and pseudoaxial orientations for H-2 and H-10. When H-5 (5 2.16)
was irradiated, the signal intensity of H-10 was enhanced, thus suggesting a cis ring
fusion of the decalin moiety. The observed optical rotation of K14, [oc]ZD3 -55 (¢ 0.22,
CHCl;), was similar to that of (1R,25,5R,10R)-solanapyrone A, [oc]? -58 (¢ 0.22,
CHCI3). These data revealed that they had identical absolute configuration. Thus, K14
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was assigned as (1R,25,5R,10R)-solanapyrone A which was previously isolated from

the fungus Ascochyta rabiei (Alam, ef al., 1989),

Table 60 The 'H and “C NMR data of compound K14 and (1R,2S5,5R,10R)-

Solanapyrone A in CDCl3
Position K14 (1R,28,5R,10R)-Solanapyrone A
ou (mult, J uz) dc (C-Type) Su (mult, J yz) dc (C-Type)

1 2.48 (dd, 11.4, 4798 (CH) |2.48(dd, 11.6, 48.0 (CH)
9.9) 10.0)

2 2.63 (m) 35.18 (CHl) |2.63 (m) 35.2(CH)
5.44 (dt, 9.9, 1.8) | 130.05 (CH) | 5.44 (ddd, 10.0, 2.0, | 130.0 (CH)

1.8)

4 5.68 (ddd, 9.9, 131.55 (CH) | 5.67 (ddd, 10.0, 5.0, |{ 131.5 (CH)
5.1,2.7 2.5)
2,16 (m) 36,79 (CH) |2.15(m) 36.8 (CH)

6 a: 1.75 (m) 29.75 (CHy) {a:l.74 (m) 29.7 (CHa)
b: 1.13 () b: 1.11 (m)

7 a: .71 (m) 25.88 (CHy) |a: 1.71 (m) 25.9 (CHy)
b: 1.20 (m) b: 1.25 (m)

8 1.42 (m) 28.39(CHy) |a:1.18(m) 21.0 (CHy)

b: 1.47 (m)

9 a: 1.46 (m) 21.04 (CHy) | a: 1.48 (m) 28.4 (CHL,) .
b: 1.22 (m) b: 1.41 (m)

10 2.32 (m) 36.04 (CH) |2.32(m) 36.0 (CH)

11 - 176.70(C) |- 173.6 (C)
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Table 60 Continued
K14 (1R,28,5R,10R)-Solanapyrone A
Position
oy (mult, J 1) dc (C-Type) S (mudt, J uz) dc (C-Type)
12 6.17 (s) 95.85 (CH) 6.15 () 95.8 (CH)
13 - 173.61 (C) - 176.4 (C)
14 - 101.84 (C) - 101.8 (C)
15 - 162,38 (C) - 162.4 (C)
16 0.95 (d, 6.9) 20.31 (CH3) 0.95 (d, 6.8) 20.3 (CHz3)
17 10.15 (s) 186.70 (CH) 10.15 (s) 186.4 (C)
18 4.08 (s) 57.72 (CH3) 4.10 (s) 57.7 (CH3)

Table 61 The HMBC, COSY and NOEDIFF data of compound K14 in CDClI;

Proton HMBC COSY "NOEDIFF
H-1 | C2,C-5, C-10, C-11, | H-2, H-10 H-12, H-16
C-12, C-16
H-2 |C-1,C-3,C-4,C-16 |H-1,H-3,H-4,H3-16 | H-3, H-10, H-12, H-16
H-3 | C-1,C-2,C4,C-5, |H-2,1-4,11-5 H-2, H-4, H-16
C-16
H-4 |C-2,C3,C5,C-10 | H-2, H-3, H-5 H-3, H-5, H,-6
H-5 |C-1,C-3,C4,C-6, |H-3,H-4, Hy-6, H-4, Hy-6, H-10
C-10 H-10
He6 | C-5,C-7,C-8,C-10 | H-5, Hy-6, Hp-7 -
Hy-6 | C-5,C-7,C-8,C-10 | H-5, Hy-6, Hp-7 -
H,-7 {C-5,C-8,C-9 H-6, Hy-7, H-8 -
Hy-7 | C-5,C-8,C-9 Hap-6, Hy-7, H-8 -
H,-8 | C-5,C-7,C9 H.b-7, Hp-9 -
Hy9 |C-1,C-5,C-7,C8 | HS .
Hy-9 |C-1,C-5,C7,C-8 | H-8 -
H-10 | C-1,C-5,C-8,C-9 | H-1, H-5, Hp-9 H-2, H-5, H-12
H-12 | CLCILCIB,GI4CIT |- H-1, H-2, H-10, H3-18
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Table 61 Continued

Proton HMBC COSY NOEDIFF
Hs-16 } C-1,C-2,C-3 H-2 H-1,H-2
H-17 | C-12,C-13,C-14,C-15 | - H;-18
H;-18 | C-13 _ - H-9, H-12, H-17
2,3.2 Compound K15

Compound K15 with the molecular formula CigH2,05 from EIMS
(/7 318) (Figure 33) was obtained as a colorless gum. Its UV spectrum was similar
to that of K14 while the IR spectrum showed an additional absorption band of a
hydroxyl group at 3390 em™, Its 'H NMR spectrum (Figure 34) (Table 62) was
similar to that of K14 except for the replacement of signals for nonequivalent
methylene protons in K14 with signal of a hydroxymethine proton (8 3.50, td, J =
10.2 and 4.5 Hz, 1H). The presence of one oxymethine carbon (& 73.63) and three
methylene carbons (520,13, 27.92 and 35.36) in the >C NMR (Figure 35) (Table 62)
and DEPT 135 spectra (Table 62) supported above conclusion. This oxymethine
proton showed cross peaks with the methine proton, H-5 (& 2.06), and the methylene
protons, Hap-7 (62.00 and 1.28), in the 'H-"H COSY spectrum (Table 63). These data
together with the >/ HMBC correlations of this proton with C-4 (5 128.47) and C-8
(6 27.92) supported the location of a hydroxyl group at C-6 (& 73.63). Irradiation of
H-6 (& 3.50) in the NOEDIFF spectrum (Table 63) did not affect signal intensity of
H-5, indicating their frams-relationship. In addition, H-5 and H-6 were placed at
pseudoaxial and axial positions, respectively, as théy were coupled with a large
coupling constant of 10.2 Hz. Therefore, K15 was determined as a 6-hydroxy

derivative of K14, a new solanapyrone derivative.




Table 62 The 'H, *C NMR and HMBC data of compound K15 in CDCl,
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Position O (mult, J uz) &c (C-type) HMBC
1 2.33 (m) 48,99 (CH) C-5,C-11,C-12,C-16
2 2.65 (m) 35.12 (CH) C-3,C-16
3 5.63 (d,9.9) 132,07 (CH) | C-1,C-2,C-5,C-16
4 6.06 (ddd, 9.9,5.1,2.4) |128.47(CH) |C-2,C-5,C-10
5 2.06 (m) 44.12 (CH) C-1,C-3,C-4,C-6,C-10
6 3.50 (td, 10.2, 4.5) 73.63 (CH) C-4,C-8
7 a; 2.00 (m) 3536 (CH;) | C-5,C-6,C-8,C-9
b: 1.28 (m)
1.40 (m) 27.92 (CHy) | C-6,C-10
9 a: 1.63 (m) 20.13 (CHy) | C-5,C-8,C-10
b: 1.40 (m) ‘
10 2.37 (m) 36.82 (CH) C-2,C-5,C-8
11 - 175.47 (C) -
12 6.14 (s) 95.89 (CH) C-1,C-11,C-13, C-14,C-17
13 - 173.49 (C) -
14 - 101.95 (C) -
15 - 162,16 (C) -
16 0.98 (d,7.2) 20.24 (CH;) |C-1,C-2,C-3
17 10.15 (s) 186.63 (CH) | C-13,C-14,C-15
18 4,08 (s5) 5777 (CHs) | C-13

Table 63 The COSY and NOEDIFF data of compound K15 in CDCl3

Proton COSY NOEDIFF
H-1 H-2, H-10 H-12, Hs;-16
H-2 | H-1,H-3, H-4, Hs-16 H-3, H-10, H-12, H;-16
H-3 | H-2,H-4,H-5 H-2, H-4, Hs-16
H-4 H-2, H-3, H-5 H-3, H-S
H-5 H-3, H-4, H-6, H-10 H-4,H-10
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Table 63 Continued
Proton COSY NOEDIEF
H-6 H-5, Hap-7 Hep-7
H,-7 | H-6, Hy-8 H-6
Hy-7 | H-6, H,-8 H-6
Hy-8 | Hap-7, Hap-9 -
H-9 | Hy-8, H-10 -
Hy-9 | Hy-8,H-10 -
H-10 | H-1, H-5, Ha-9 H-5
H-12 |- H-1,H3-18
Hs;-16 | H-2 H-1, H-2, H-3
H-17 |- H3-18
H;-18 |- H-12, H-17
2.3.3 Compound K16

Consequently, K16 was identified as an aminoalcohol derivative of K15.

Compound K16 with the molecular formula CiollzsNOs from EIMS
(m/z 347) (Figure 36) was obtained as a colorless gum, The UV and IR spectra were
almost identical to those of K15. Its 'H NMR spectrum (Figure 37) (Table 64) was
similar to that of K15 except for the replacement of the methoxyl signal in K15 with
signals for an aminohydroxyethyl moiety [ 10.85 (brs, 18-NH), 3.89 (r, /= 5.4 Hz,
2H) and 3.54 (q, J = 5.4 Hz, 2H)]. The attachment of this unit at C-13 (§171.50) was
confirmed by a HMBC correlation of Hy-18 (§ 3.54) with C-13 (Table 65).




Table 64 The 'H, *C NMR and HMBC data of compound K16 in CDCls
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Su (mudt., Ji;)

Position & (C-type) HMBC
| 2.24 (dd, 12.0, 9.9) 48.48 (CH) | C-2,C-5,C-10,C-11,C-12,C-16
2 |2.630m) 34.58 (CH)
3 5.62 (d, 10.2) 132.47 (CH) | C-1, C-2, C-5, C-16
4 | 6.04 (ddd 102,4.8,2.4) | 128.25 (CH) | C-2, C-5, C-10
5 |2.02m) 44.16 (CH) | C-1, C-3, C-4, C-6, C-10
6 |3.46(m) 73.79 (CH) |-
7 a: 1.96 (m) 35.40 (CHy) { C-6,C-8, C-9
b: 1.30 ()
8 1.46 (m) 27.87 (CH,) | C-7,C-9
9 a: 1.46 (m) 20.14 (CHy) | C-7,C-8
b: 1.32 (m)

10 {241 (m) 36.28 (CH) | C-1,C-5
11 - 175.00(C) |-
12 |597(s 96.06 (CH) |C-1,C-11,C-13, C-14, C-17
13 - 171.50 (C) |-
14 |- 04.87(C) |-
15 - 160,50 (C) |-
16 |0.98(d,6.9) 2021 (CH;) | C-1,C-2, C-3
17 9.98 (5) 191.32 (CH) | C-12, C-14, C-15
18 |3.54(q,5.4) 44.91 (CHy) | C-13,C-19

18-NH | 10.85 (brs) - -
19 3.89(¢,5.4) 61.09 (CH,) | C-18

Table 65 The COSY and NOEDIFF data of compound K16 in CDCl;

Proton COSY NOEDIFF
H-1 H-2, H-10 H-12, H3-16
H-2 H-1, H-3, H3-16 H-3, H-10, H-12
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Table 65 Continued
Proton COSY NOEDIFF
H-3 H-2, H-4, H-5 H-2, H-4, H;-16
B-5 H-3, H-4, H-6, H-10 H-4, H-10
H-6 H-5, Hap-7 -
He-7 | H-6, Hy-7, H2-8 -
Hp-7 | H-6, H,-7, H-8 -
Hz-8 | H-7, Hyp-9 -
H-9 | Hy-8 H-10 -
Hy-9 | Hz-8,H-10 -
H-10 }{ H-1, H-5, Hy-9 H-5, H-12
H-12 |- H-1, H»-18
H;-16 | H-2 H-1, H-2, H-3
H,-18 | H,-19 H,-19
Hz-19 | H-18 Hy-18
2.3.4 Compound K17

Compound K17 was obtained as a colorless gum with the molecular
formula identical to that of K16, Its UV, IR and 'H NMR spectra (Figure 40) (Table
66) were almost identical to those of K16. Furthermore, compounds K16 and K17
consisted of the same number and types of carbons (Figure 41) (Table 66). The
differences were found in the "H-'H COSY spectrum (Table 67). A hydroxymethine
proton (64.10, m, H-7) was correlated with Hy-6 [51.81 (dm, J = 14.0 Hz, H,-6) and
1.36 (td, J = 14.0 and 2.5 Hz, Hy-6)] and H,-8 (6 1.55, m), but not with H-5 as found
in K16. These data established the attachment of the hydroxymethine proton at C-7
(665.64), not at C-6. Irradiation of H-5 (& 2.59, m) affected signal intensity of H-10
(62.29, m), but not H-7, in the NOEDIFF experiment (Table 67), established a cis
ring fusion of the decalin skeleton and the presence of 7-OH at axial position. The
appearance of H-5 at much lower field and that of C-5 at much higher field than those

observed in compounds K15 and K16 due to Van der Waals repulsion (a 1,3-diaxial
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interaction) supported the assigned location of 7-OH. Thus, K17 differed from K16 in

the location of the hydroxyl group in the decalin skeleton. Consequently, K17 was

identified as a new solanapyrone derivative.

Table 66 The 'H, >C NMR and HMBC data of compound K17 in CDCl;

Position Su (mudt., Ji;) & (C-type) HMBC
1 2.29 (m) 46.84 (CH) | C-10,C-11, C-16
2 2.59 (m) 34.70 (CH) | C-1
3 5.49 (dt, 10.0, 1.5) 130.95 (CH) | C-1, C-2, C-5, C-16
4 5.64 (m) 131.15 (CH) | C-3
5 2.59 (m) 30.37 (CH) | C-1
6 a: 1.81 (dm, 14.0) 36.12 (CHy) | C-5

b: 1.36 (td, 14.0, 2.5)
7 4.10 (m) 65.64 (CH) |-
1.55 (m) 27.72 (CHy) | -
9 a: 1.93 (im, 13.0) 21.50 (CH,) | C-1
b: 1.28 (m)
10 |2.290m) 3525 (CH) |C-1
1 |- 175.00(C) |-
12 |5.98() 95.57 (CH) |C-1,C-13,C-14
13 |- 172.50 (C) |-
14 |- 94.90 (C) |-
15 |- 160.61 (C) |-
16 {0.97(d,7.0) 2027 (Cls) | C-1,C-2, C-3
17 ]10.00 (s) 191.36 (CH) | C-13, C-14, C-15
18 |3.52(g,5.5) 44.83 (CHy) | C-19
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Position Sy (mult., Jyz)

& (C-type) HMBC

18-NH | 10.87 (br1, 1.5)
19 {3.90( 5.5)

61.18 (CIL,) | C-18

Table 67 The COSY and NOEDIFF data of compound K17 in CDCl;

Proton COSY

NOEDIFF

-1 |12, .10
H2 |H-1,H-3, Hy-16
H3 | H-2, -4

H4 | H3,HS5

H-5 | H-4, Hy-6, H-10
He6 | Hy-6, H-7

Hy-6 | H-5, Ha6

H-7 | He6, Hy-8

Hy8 |H-7, HaO

HyeO | Hp-8, Hy9, H-10
Hy9 | Hp-8, H,9, H-10
H-10 | H1, H-5, Hyp-9
H12 |-

H-12, Hs-16

H-5, H-12
H-1,H-10, H>-18

Hs;-16 | H-2 -
Hz-18 | Hp-19 H-12, H5-19
Hy-19 | H»-18 Hy-18

2.3.5 Compound K18

Compound K18 with the molecular formula CgHgO4 from EIMS

(m/z 168) (Figure 42) was obtained as a colorless gum. Its UV spectrum was similar

to that of K9 while the IR spectrum showed an additional absorption band of a
conjugated ketone carbonyl at 1698 cm™. Its 'H NMR spectrum (Figure 43) (Table
68) was similar to that of K9 except that signals for the 1-methyl-1-propenyl unit in
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K9 were replaced with a methyl signal of an acetyl group (6 2.53, s, 3H). The
presence of the acetyl substituent was supported by signals of ketone carbony! and
methyl carbons at §192.00 and 26.10, respectively, in the 3C NMR spectrum (Figure
44) (Table 68). The attachment of this unit at C-6 (5 154.50) was confirmed by a
HMRBC correlation of H3-8 (§2.53) with C-6. Consequently, K18 was assigned as a

new pyrone derivative.

01 31
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Table 68 The NMR data of compound K18 in CDCl3

Position S (mult., Jyz) &c (C-type) HMBC NOEDIFF

2 - 161.50 (C) - -

3 572 (d, 2.4) 93.20 (CH) C-2,C-4,C-5 H;-9

4 - 169.80 (C) - -

5 6.67 (d,2.4) 103.90 (CH) C-3,C4,C-6,C7 |-

6 - 154.50 (C) - -

7 - 192.00 (C) - -

8 2,53 (s) 26.10 (CH3) C-6,C-7 -

9 3.87 () 56.00 (CHz) C-4 H-3

2.3.6 Compound K19

Compound K19 was obtained as a colorless gum. The UV spectrum
showed an absorption band at 206 nm while hydroxyl and carbonyl absorption bands
were observed at 3400 and 1723 ecm™, respectively, in the IR spectrum, The 'H NMR
spectrum (Figure 45) (Table 69) consisted of signals for a frans-1-propenyl unit [&
5.97 (dgd, J=15.3, 6.6 and 0.9 Hz, 1H), 5.77 (ddq, J = 15.3, 7.5 and 1.5 Hz, 1H) and
1.80 (ddd, J = 6.6, 1.5 and 0.9 Hz, 3H)), cis-olefinic protons {J 6.99 (dd, J = 9.6 and
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5.4 Hz, 1H) and 6.09 (d, J = 9.6 Hz, 1H)] and two oxymethine protons [& 4.97 (dd,
J =75 and 3.3 Hz, 1H) and 4.14 (dd, J = 5.4 and 3.3 Hz ,1H)]. The °C NMR
(Figure 46) (Table 69) and DEPT 135 spectra (Table 69) displayed eight carbon
resonances for one ester carbonyl (& 164.10), six methine (& 145.34, 132.59, 124.22,
122.13, 81.69 and 62.83) and one methyl (5 17.86) carbons. In the 'H-'H COSY
spectrum (Table 70), the oxymethine proton, H-5 (J 4.14), was coupled with the
oxymethine proton, H-6 (& 4.97), and the olefinic proton, H-4 (4 6.99), which gave
cross peak with the cis-olefinic proton, H-3 (& 6.09). H-3 and H-6 showed a HMBC
cross peak with the ester carbonyl carbon, C-2 (6 164.10). These results indicated that
K19 had a 5,6-dihydropyrone ring. The frans-1-propenyl unit was linked at C-6
(5 81.69) of the dihydropyrone ring on the basis of a HMBC correlation of the frans-
olefinic proton, H-7 (& 5.77), with C-6, Irradiation of H-5 in the NOEDIFF spectrum
(Table 70), affected signal intensity of H-6, indicating their cis-relationship. The
observed optical rotation of K19, [a]zl; +163 (¢ 0.60, EtOH), was similar to that of
(5R,6R)-(+)-phomalactone, [a]} +172 (¢ 0.60, EtOH), indicating that they had the
same absolute configuration. Therefore, K19 was determined as (5R,6R)-(+)-
phomalactone which was previously isolated from the fungus Nigrospora sacchari
(Yang, et al., 1997). '

Table 69 The 'H and *C NMR data of compound K19 in CDCL+CD;0D and
(S5R,6R)-(+)-Phomalactone in CDCl;

Position K19 (5R,6R)-(+)-Phomalactone
S (muldt., Ju) d (C-type) | S (mult, Jy,)
2 - 164.10 (C) -
3 6.09 (d, 9.6) 122.13 (CH) | 6.13(d,9.7)
4 6.99 (dd, 9.6, 5.4) 14534 (CH) | 6.99(dd, 9.7,5.3)
5 4.14(dd, 5.4, 3.3) 62.83 (CH) 4.20 (dd, 5.3, 3.1)
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Table 69 Continued
Position K19 (5R,6R)-(+)-Phomalactone
o (mult., Jg;) &c (C-type) Su (mult., Ju;)
6 497 (dd, 1.5, 3.3) 81.69 (CH) {4.83(dd,7.0,3.1)
7 5.77 (ddq, 15.3,7.5, 1.5) | 124.22 (CH) | 5.76 (m)
8 5.97 (dqd, 15.3, 6.6, 0.9) | 132.59 (CH) | 6.01 (m)
9 1.80 (ddd, 6.6, 1.5,0.9) | 17.86 (CH3) | 1.81 (dd, 6.5, 1.2)

Table 70 The HMBC, COSY and NOEDIFF of compound K19 in CDCl;+CD;0D

Proton HMBC COSY NOEDIFF
H-3 C-2,C4,C-5 H-4 H-4
H-4 Cc-2,C-3,C-5,C-6,C-7 |H-3,H-5 H-3, H-5
H-5 C-3,C-4,C-6 H-4, H-6 H-4, H-6
H-6 C-2,C-4,C-5,C-7,C-8 | H-5,H-7, Hs-9 H-5, H-7, H-8
H-7 C-6,C-8, C-9 H-6, H-8, H3-9 H-6, H3-9
H-8 C-6,C-7,C-9 H-6, H-7, H3-9 H-6, H3-9
H;-9 | C-5,C-6,C-7,C-8 H-6,H-7,H-8 | H-7,H-8
2.3.7 Compound K20

Compound K20 was obtained as a colorless gum. It exhibited an UV

~ absorption band at 205 nm. The IR spectrum showed absorption bands at 3350 cm’?

and 1766 cm™ for hydroxyl and ester carbonyl groups, respectively. The 'H NMR

spectrum (Figure 47) (Table 71) consisted of signals for a trans-1-hydroxy-2-butenyl
unit [55.64 (dg, J = 15.6 and 6.6 Hz, 1H), 5.32 (dd, /= 15.6 and 6.9 Hz, 1H), 3.92 {},
J=6.9Hz, 1H) and 1.54 (d, J = 6.6 Hz, 3H)], one oxymethine proton (54.28, ¢, J =
6.9 Hz, 1H) and two sets of methylene protons [§2.36 (m, 2H) and 2.03 (m, 1H)/1.91
(m, 1H)]. In the 'H-'H cosy spectrum (Table 72), the niethylene protons, Hp-4
(82.03 and 1.91), showed cross peaks with the methylene protons, Hy-3 (&2.36), and
the oxymethine proton, H-5 (& 4.28). Hy-3 and H-5 were corrélated with the same
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ester carbonyl carbon, C-2 (& 178.05), in the HMBC spectrum (Table 72), thus
constructing a y-lactone ring. The frans-1-hydroxy-2-butenyl unit was located at C-5
(6 83.08) on the basis of a HMBC correlation of the oxymethine proton, H-6 (5 3.92),
of the hydroxybutenyl unit with C-5 of the lactone ring. The observed optical rotation
of K20, [oc]és +49 (¢ 0.760, CHCl;), was almost identical to that of 5-(S)-[1-(1(S)-
hydroxybut-2-enyl)]dihydrofuran-2-one, [a.]3 +51.2 (¢ 0.760, CHCly), indicating that
they had the same absolute configuration at C-5 and C-6. Therefore, K20 was
identified as 5-(S)-[1-(1(S)-hydroxybut-2-enyl)]dihydrofuran-2-one which was
previously isolated from the fungus Nigrospora sacchari (Fukushima, ef al., 1998).

Table 71 The 'H and C NMR data of compound K20 and 5-(S)-[1-(1(S)-
Hydroxybut-2-enyl)]dihydrofuran-2-ene in CDCl;

20 5-(S)-[1-(1(S)Hydroxybut-2- |
Position enyl)jdihydrofuran-2-one
S (mult., Juz) & (C-type) S (mmult., Jur) & (C-type)
2 |- 178.05(C) |- 177.1(C)
2.36 (m) 28.39 (CHy) | a: 2.61 (ddd, 17.9, |28.6 (CHy)
9.9, 6.0) "
| b:2.52 (ddd, 17.9,
9.4, 8.4)
4 |a:2.03 (m) 23.45 (CHy) | a: 2.23 (dddd, 13.1, | 23.9 (CH)
b: 1.91 (m) 9.4,7.2, 6.0)
b: 2.08 (dddd, 13.1,
9.9,8.4,7.2)
4.28 (g, 6.9) 83.08 (CH) |4.44(1d,7.2,5.5) |82.8(CH)
6 |3.92¢,6.9) 74.13 (CH) | 4.09 (br, 6.0) 75.1 (CH)




Table 71 Continued
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5-(S)-[1-(1(S)-Hydroxybut-2-

K20
Position enyl)]dihydrofuran-2-one
S (mmudt., Jy;) & (C-type) Sq (mult., Jy;) & (C-type)
7 5.32(dd, 15.6,6.9) |128.35(CH) | 5.52 (ddg, 15.4,7.2, | 128.0 (CH)
1.7)
8 5.64 (dq, 15.6, 6.6) | 129.66 (CH) | 5.86 (dqd, 15.4, 6.5, | 131.1 (CH)
0.9)
9 1.54 (d, 6.6} 17.70 (CHjy) { 1.74 (dd, 6.5, 1.7) 18.0 (CH3)

Table 72 The HMBC, COSY and NOEDIFF data of compound K20 in CDCl;

Proton HMBC COSY NOEDIFF
Hy3 | C-2,C-4,C-5 Hap-4 -
Hed | C2,C-3,C-5,C6 | Hy3,B-5 H-5, H-6
Hy4 |C-2,C3,C5,C-6 | Hp3,H-5 H-5, H-6
H-5 |C-2,C3,C4,C7 |Hapd, H6 Han-4, H-6
H-6 |C-4,C-5,C-7,C-8 |H-5 H-7 Hap-4, H-5, H-8
H-7 |[C-5,C-6,C-8,C-9 |H-6,1-8 ‘H-5, H3-9
H-8 |C-5,C6,C7,C9 |H-7,H3-9 Hap-4, H-5, H-6, H3-9
H;9 |C-5,C-6,C-7,C-8 |H-8 H-7, H-8

2.3.8 Compound K21

Compound K21 was obtained as a colorless gum. Its UV and IR data
were almost identical to those of K20. The 'H NMR spectrum (Figure 49) (Table 73)
was similar to that of K20 except for the replacement of signals for methylene protons
in K20 with signal of a hydroxymethine proton (6 4.67, ddd, J= 6.6, 5.1 and 3.0 Hz,

1H). The presence of one methylene carbon (& 39.16) and one oxymethine carbon

(669.18) of the y-lactone unit in the °C NMR (Figure 50) (Table 73) and DEPT 135




117

spectra (Table 73) supported above conclusion. This methine proton was attributed to
H-4 according to its 'H-"H COSY correlation with Hap-3 (& 2.82 and 2.63) and H-5
(6 4.37). Irradiation of H-4 (54.67) in the NOEDIFF spectrum (Table 74) did affect
signal intensity of H-5, indicating their cis-relationship. The observed optical rotation
of K21, [Ot]f)5 +8, ¢ 0.32, CHCl3), was similar to that of (4R,55,65)-musacin F,
[a]zt‘)] +10.28, ¢ 032, CHCly), suggesting that they had the same absolute
configuration, Therefore, K21 was identified as (4R,58,65)-musacin F which was
previously isolated from the fungus Strepfomyces griseoviridis DSM 7429 (Grabley,
et al.,, 1994).

OH
0.0
A
“OH
Table 73 The 'H and >C NMR data of compound K21 and (4R,55,65)-Musacin F in CDCl3
K21 (4R,55,65)-Musacin F
Position
Su (mult., Jpz) & (C-type) Sn (mult., Ju:) & (C-type)
2 - 175.02(C) |- 179.1 (C)
a:2.63 (dd, 17.7, | 39.16 (CHy) | a: 2.30 (dd, 18.0, | 39.5 (CH)
3.0) 15)
b: 2.82 (dd, 17.7, b: 2.89 (dd, 18.0,
6.6) 7.2)
4 4.67 (ddd, 6.6,5.1, | 69.18 (CH) |4.45 (ddd,7.0,1.5, |68.0(CH)
3.0) 1.5)
437(dd,5.1,42) |84.51(CH) |4.29(dd,3.0,1.5) |92.4(CH)
458 (dd,72,42) | 71.70 (CH) |4.24 (m) 72,7 (CH)
7 5.68 128.16 (CH) | 5.53 130.0 (CH)
(ddg, 15.3, 7.2, 1.5) (ddg, 15.5, 6.0, 1.5)
8 5.91 (dgd, 15.3,6.3, | 131.10 (CH) | 5.86 (dqd, 15.5, 6.5, | 130.0 (CH)
0.6) 1.5)
9 1.76 (ddd, 6.3, 1.5, | 17.84 (CHy) | 1.74 (ddd, 6.5, 1.5, | 18.1 (CHz)
0.6) 1.5)




Table 74 The HMBC, COSY and NOEDIFF data of compound K21 in CDCl;
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HMBC

Proton COSY NOE

Hs-3 | C-2,C-4,C-5 Hy-3, H-4 H-4

Hy-3 | C-2,C-4,C-5 Hs-3,H4 H-4

H-4 C-5 Hap-3, H-5 Hap-3, H-5
H-5 C-2,C4,C-7 H-4, H-6 H-4, B-6
H-6 C-7,C-8 H-5, H-7 H-4

H-7 C-8,C-9 H-6, H-8, H3-9 H-6, H3-9
H-8 C-6,C-7,C-9 H-6, H-7, H3-9 H-6, H3-9
H3-9 |C-7,C-8 H-6, H-7, H-8 H-7, H-8

2.3.9 Compound K22

Compound K22 was obtained as a colorless gum. The UV spectrum

showed absorption bands at 204, 222 and 278 nm, indicating the presence of an

aromatic chromophore. The IR spectrum displayed an absorption band at 3391 cm™
for a hydroxyl group. The 'H NMR spectrum (Figure 51) (Table 75) exhibited
characteristic signals of four aromatic protons of a 1,4-disubstituted benzene [§ 7.11
(d, J=9.0 Hz, 2H) and 6.79 (d, J= 9.0 Hz, 2H)] and a hydroxyethyl group [53.83 (¢,
J= 6.0 Hz, 2H) and 2.81 (d, J = 6.0 Hz, 2H)]. These data together with the chemical
shift of C-1 (& 154.22) established the other substituent of the 1,4-disubstituted
benzene to be a hydroxyl group. HMBC data (Table 75) supported the assigned

structure. Therefore, K22 was identified as tyrosol which was previously isolated

from the fungus Gloeophyllun: sp. (Rasser, et al., 2000).

" OH




Table 75 The NMR data of compound K22 in CDCl3 and Tyresol in CD;0D
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K22 Tyrosol
Position
S (mult, Juz) | & (C-type) HMBC COSY | ‘& (mnult., Ju;)
1 - 15422(C) |- - -
2 6.79 (d, 9.0) 115.45(CH) | C-1,C-3 H-3 6.70 (d, 8.4)
3 7.11 (4, 9.0) 130.15(CH) | C-1,C-2,C-5 | H-2 6.99 (d, 8.4)
4 - 130.55(Cy |- - -
5 2.81 (¢, 6.0) 38.27 (CHy) | C-3,C-6 H-6 2,79 (1,6.8)
6 3.83 (1, 6.0) 63.80 (CHp) | C-4,C-5 H-5 3.70 (¢, 6.8)




PART III

METABOLITES FROM THE MARINE-DERIVED FUNGUS
PENICILLIUM SP. PSU-F44
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CHAPTER 3.1

INTRODUCTION

3.1.1 Introduction

The fungi in the genus Penicillium have produced a variety of
compounds, for example, polyketide-terpenoid (Stierle, et al., 2008), alkaloid,
(Ge, ef al., 2008), lactone (Li, et al., 2007) and quinone derivatives (Li, et al., 2006).
Some of these exhibit a wide range of biological and pharmacological activities, e.g.,
cytotoxic penicidones (Ge, ef al., 2008), antifungal botryodiplodin (Cabedo, ef al.,
2007), antibacterial rugulotrosins (Stewart, ef al., 2004) and antioxidant pennicitrinones
(Lu, er al., 2008). Metabolites isolated from the genus Pericillium reported since the
year 2009 are summarized in TFable 76 based on SciFinder Scholar Database.
Investigation of bioactive compounds from these fungi is therefore of interest. The
EtOAc extract from the culture broth of Penicillium sp. PSU-F44 isolated from a sea
fan Annella sp., exhibited interesting antibacterial activity against SA, MRSA and a
clinical isolate of Microsporum gypseum (MG) SH-MU-4 with MIC values of 64,
320, and 160 ug/mL, respectively.

Table 76 Compounds isolated from the Penicillium genus

Scientific name Compound Activity Reference
P. cecidicola FKI-3765-1 | Pentacecilide A, 6 | Inhibitor of lipid | Yamazaki,
Pentacecilide B, 7 | droplet formation in | ef af., 2009

Pentacecilide C, 8 | mouse macrophages

P. daleae K M. Zalessky | Penicilliol A, 9 Inhibitor of eukaryotic | Kimura, ef af,,
' Penicilliol B, 10 Y-family DNA 2009
polymerases
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‘Table 76 Continued
Scientific name Compound Activity | Reference
Peniciilium sp. NBRC { JBIR-12, 11 Antioxidant Izumikawa, et
103941 al., 2009
Penicillium sp. strain | Brefeldin A formylate, 12 | Cytotoxic Zhang, et al.,
HLKG-44 Brefeldin A, 13 2009
Ergosterol, 14

Structures of compounds isolated from the Penicillium genus

6:Ri=Ry=H : Pentacecilide A 9: Ry + Ry = double bond : Penicilliol A
7:Ry=0Ac,R;=H :Pentacecilide B 10: R; =H, R, = 0H : Penicilliol B
8: Ry =0Ac, Ry = OH : Pentacecilide C

11: JBIR-12 12: R = CHO :Brefeldin A formylate  14: Exgosterol
13:R=H :Brefeldin A

3.1.2 The objectives

1. To isolate the secondary metabolites from the marine-derived fungus
Penicillium sp. PSU-F44.

2. To elucidate the structure of the isolated metabolites,




CHAPTER 3.2

EXPERIMENTAL

3.2.1 Fermentation and extraction

The fermentation and the extraction of the culture broth (15 L) and
mycelia were performed using the same procedure as those of Nigrospora sp. PSU-F5
to afford a brown gum (1.80 g) and a dark brown gum (320 mg) from the culture
broth and mycelia, respectively. Each extract was subjected to chromatographic

separation.
3.2.2 Purification of the broth extract

The crude EtOAc extract was separated by column chromatography
over Sephadex LH-20, Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six fractions as shown in Table 77.

Table 77 Fractions obtained from the crude EtOAc extract by column
chromatography over Sephadex LH-20

Fraction Weight (mg) Physical appearance
44A 24.7 Brown gum
44B 150.8 . Brown gum
44C 700.0 Brown gum
44D 501.2 Brown gum
44E 111.7 Brown gum
44F 286.2 Colorless gum
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Fraction d44A displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Fraction 44B showed six UV-active spots on normal phase TLC using 2% methanol
in dichloromethane as a mobile phase with the R¢values of 0.24, 0.46, 0,72, 0.80, 0.86
and 0.94. It was then separated by column chromatography over reverse phase silica
gel. Elution was performed initially with 50% methanol in water | followed by
increasing amount of methanol and finally with pure methanol, Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford six subfractions as shown in Table 78.

Table 78 Subfractions obtained from fraction 44B by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) | Physical appearance
44B1 50% MeOH/H,0 16.7 Brown gum
44B2 50% MeOH/H,0 19.5 Brown gum
44B3 50% MeOH/H,0 13.6 Brown gum
44B4 50% MeOH/H,0 18.5 Brown gum
44B5 70% MeOH/H,0 13.6 Brown gum
44B6 70% MeOH/H,0- 61.9 Brown gum

100% MeOH

Subfraction 44B1 displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 44B2 showed three pale UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.02, 0.07
and 0.16. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.
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Subfraction 44B3 showed three pale UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the R¢ values of 0.03, (.06
and 0.08. Because the '"H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 44B4 showed three pale UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.14
and 0.25. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated,

Subfraction 44B5 showed none of UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase but showed many spots after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Thus, it was not purified.

Subfraction 44B6 displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Eraction 44C showed ten UV-active spots on normal ﬁhase TLC uéing 2% methanol
in dichloromethane as a mobile phase with the Ry values of 0.11, 0.21, 0.28, 0.32,
0.37, 0.48, 0.56, 0.67, 0.81 and 0.96. It was further separated by column
chromatography over silica gel. Elution was performed initially with 2% methanol in
dichloromethane followed by increasing the polarity with methanol and finally with
pure methanol. Fractions with similar chromatogram were combined and evaporated

to dryness under reduced pressure to afford eight subfractions as shown in Table 79.

Table 79 Subfractions obtained from fraction 44C by column chromatography over

silica gel

Subfraction Elution Weight (mg) | Physical appearance
44C1 2% MeOH/CH,Cl, 16.7 Brown gum
44C2 2% MeOH/CH,Cl, 53.9 Brown gum
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Table 79 Continued
Subfraction Elution Weight {mg) i Physical appearance
44C3 4% MeOH/CH,Cl, 47.9 Brown gum
44C4 4-10% MeOH/CH,Cl, 23.4 Brown gum
44C5 10-20% MeOH/CH,Cl, 18.5 Brown gum
44C6 30-50% MeOH/CH,Cl, 54.5 Brown gum
44C7 70-100% MeOH 126.1 Brown gum
44C8 100% MeOH 157.2 Yellow solid

Subfraction 44C1 showed five UV-active spots on normal phase TLC using
70% dichloromethane in petroleum ether as a mobile phase with the Ryvalues of (.24,
0.48, 0.55, 0.62 and 0.83, It was further separated by column chromatography over
silica gel. Elution was performed initially with 70% dichloromethane in petroleum
ether and gradually enriched with dichloromethane and then methanol until pure
methanol. Fractions with similar chromatogram were combined and evaporated to

dryness under reduced pressure to afford four subfractions as shown in Table 80.

Table 80 Subfractions obtained from subfraction 44C1 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
44C1A 70% CH,CL/Petrol 5.0 Yellow gum
44C1B 70-80% CH,Cly/Petrol 4.0 Yellow gum
44CI1C 80% CH,yCly/Petrol 3.2 Yellow gum
44C1D 80% CH,ClLy/Petrol- 4.0 Yellow gum

100% MeOH

Subfraction 44C1A showed three pale UV-active spots on normal phase TLC using
30% dichloromethane in petroleum ether as a mobile phase with the R¢ values of 0.30,
0.40 and 0.50. Because the "H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.
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Subfraction 44C1B showed four pale UV-active spots on normal phase TLC using

30% dichloromethane in petroleum ether as a mobile phase with the Ry values of 0.31,

0.48, 0.51 and 0.53. Because the 'H NMR spectrum indicated the absence of olefinic

and aromatic protons, it was not further investigated

Subfraction 44C1C showed two UV-active spots on normal phase TLC using
50% dichloromethane in petroleum ether as a mobile phase with the R values of 0.18

and 0.39. It was then purified by precoated TLC with 50% dichloromethane in

petroleum ether as a mobile phase (7 runs) to afford two bands.

Band 1 (K23) was a colorless gum (2.6 mg). Its chromatogram

showed one UV-active spot on normal phase TLC using 50% dichloromethane in

petroleum ether as a mobile phase with the Revalue of 0.18.

2] 5
UV Anax(nm)(MeOH)(log &)
FTIR(neat):v(cm™)

'H NMR(CDCl3+CD30D)(&pm)
(300 MHz):

B NMR(CDCl3+CD30D)(Spm)
(75 MHz):

DEPT 135: CH;
CHy;
CHs;
EIMS m/z (% relative intensity):

+51 (¢ 0.065, MeOH)
244 (3.51), 269 (3.50)

3423 (O-H stretching), 1713 (C=0 stretching),
1653 (C=C stretching)

5.75 (s, LH), 5.52 (dg, J= 15.0, 6.5 Hz, 1H),
5.22 (ddg, J = 15.0, 9.0, 1.5 Hz, 1H), 4.16
(t,J=9.0 Hz, 1H), 3.17 (¢, J = 9.0 Hz, 11I),
2.61 (d, J = 18.0 Hz, 1H), 2.55 (m, 1H),
2.47 (dd, J=18.0, 6.5 Hz, 111), 2.21 (s, 3H),
2.18 (m, 1H), 1.67 (dd, J = 6.5, 1.5 Hz, 3H),
1.52 (s, 3H)

163.09, 160.55, 129.76, 128.54, 109.22,
100.48, 94.10, 72.50, 45.93, 44.65, 22.34,
19.63, 17.84, 17.79

129.76, 128.54, 100.48, 44.65, 45.93

72.50, 17.84

22.34,19.63, 17.79

262 (4), 223 (15), 139 (100), 115 (34)
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Band 2 was a colorless gum (0.6 mg). Its chromatogram showed one
pale UV-active spot on normal phase TLC using 50% dichloromethane in petroleum
ether as a mobile phase with the R value of 0.38. Because the 'H NMR spectrum

indicated the absence of olefinic and aromatic protons, it was not further investigated,

Subfraction 44C1D showed three UV-active spots on normal phase TLC using
50% dichloromethane in petrolenm ether as a mobile phase with the R¢ values of 0.18,
0.30 and 0.49. Its 'H NMR spectrum indicated that the major compound was K23.

Further investigation was then not performed.

Subfraction 44C2 showed five UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.13,
0.26, 0.39, 0.45 and 0.53. It was further separated by column chromatography over
silica gel. Elution was performed initially with 20% ethyl acetate in petroleum ether
and gradually enriched with ethyl acetate and then methanol until pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford five subfractions as shown in 'Table 81.

Table 81 Subfractions obtained from subfraction 44C2 by column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance
44C2A 20% EtOAc/Petrol 11.0 Yellow gum
44C2B 20-40% EtOAc/Petrol 13.5 Yellow gum
44C2C 40-60% EtOAc/Petrol 14.9 Yellow gum
44C2D 80% EtOAc/Petrol- 12.2 Yellow gum
100% EtOAc
44C2E 100% EtOAc-100% MeOH 4.0 Yellow gum

Subfraction 44C2A showed three UV-active spots on normal phase TLC using

10% acetone in petroleum ether as a mobile phase with the Ry values of 0.23, 0.33 and
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0.57. It was then purified by precoated TLC with 10% acetone in petroleum ether as a

mobile phase (2 runs) to afford four bands.

Band 1 was a colorless gum (2.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 10% acetone in petroleum ether as a
mobile phase with the R value of 0.49. Its "H NMR spectrum indicated the presence

of many compounds. Thus, it was not further investigated.

Band 2 was a colorless gum (1.4 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 10% acetone in petroleum ether as a
mobile phase with the Ry value of 0.36. Its '"H NMR spectrum indicated the presence

of many compounds. Thus, it was not further investigated.

Band 3 was a colorless gum (2.1 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 10% acetone in petroleum ether as a
mobile phase with the R¢ value of 0.29. Its "H NMR spectrum indicated the presence

of many compounds. Thus, it was not further investigated.

Band 4 (K25) was a colorless gum (2.6 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 10% acetone in petroleum

cther as a mobile phase with the Revalue of 0.22,

[«] 5 +28 (¢ 0.09, CHCls)
UV Amax(nm)(MeOH)(log &) 205 (3.75)
FTIR(neat):u(cm™) 3389 (O-H stretching), 1705 (C=0 stretching),

1641 (C=C stretching)

'H NMR(CDCl3)(&pm)(300 MHz):  7.33 (dd, J = 15.5, 3.0 Hz, 1H), 5.90 (dd, J
= 155, 2.0 Hz, 1H), 5.73 (ddd, J = 15.0,
10.0, 4.5 Hz, 1H), 5.19 (dd, J = 15.0, 9.5
Hz, 1H), 4.91 (m, 1H), 4.08 (brd, J = 9.5
Hz, 1H), 2.25 (gn, J= 9.0 Hz, 1H), 2.01 (m,
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2H), 1.85 (m, 3H), 1.74 (m, 1H), 1.62 (m,
3H), 1.58 (m, 1H), 1.53 (m, 1H), 1.39 (m,
1H), 1.26 (d, J = 6.0 Hz, 3H), 0.94 (m, 1H)

B¢ NMR(CDCL)Y(S,pm)(75 MHz): 16627, 151.86, 13632, 130.33, 117.38,
76.06, 71.65, 54.06, 46.93, 35.15, 34.12,
31.92, 31.85, 26.78, 25.24, 20.86

DEPT 135: CH; 151.86, 136.32, 130.33, 117.38, 76.06,
71.65, 54.06, 46.93
CHy; 35.15, 34.12, 31.92, 31.85, 26.78, 25.24
CHs; 20.86

Subfraction 44C2B showed four UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the R¢ values of 0.05,
0.14, 0.21 and 0.26 and many ﬁpots after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction 44C2C showed six UV-active spots on normal phase TLC using
40% cthyl acetate in petroleum ether as a mobile phase with the Ry values of 0.31,
0.38, 0.40, 0.47, 0.52 and 0.60 and many spots after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Because of low guantity, it

was not further investigated.

Subfraction 44C2D showed six UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the R values of 0.13,
0.21, 0.23, 0.25, 0.40 and 0.47 and many spots after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Because of low quantity, it

was not further investigated.

Subfraction 44C2E displayed a long tail under UV-S on normal phase TLC using

40% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.
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Subfraction 44C3 showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.27, 0.32,
0.37 and 0.60. It was further separated by column chromatography over silica gel.
Elution was performed initially with 1% methanol in dichloromethane followed by
increasing the polarity with methanol and finally with pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford five subfractions as shown in Table 82.

Table 82 Subfractions obtained from subfraction 44C3 by column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance
44C3A 1% MeOH/CH,Cl, 3.7 Yellow gum
44C3B 2-4% MeOH/CH,Cl, 5.0 Yellow gum
44C3C 4% MeOH/CH,Cl, 7.3 Yellow gum
44C3D 4-10% MeOH/CH,Cl, 17.4 Yellow gum
44C3E 10% MeOH/CH,Cl,- 13.5 Yellow gum
100% MeOH

Subfraction 44C3A showed none of UV-active spots under UV-S on normal phase
TLC using 40% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not

investigated.

Subfraction 44C3B showed four UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Re values of 0.15,
0.30, 0.36 and 0.45. Because of low quantity, it was not further investigated.

Subfraction 44C3C showed two UV-active spots on normal phase TLC using
40% cthyl acetate in petroleum ether as a mobile phase with the Ry values of 0.05 and
0.53. It was then purified by precoated TL.C with 20% acetone in petroleum ether as a
mobile phase (4 runs) to afford two bands.
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Band 1 (K27) was a colorless gum (3.0 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 20% acetone in petroleum

ether as a mobile phase with the Ryvalue of 0.20.

] B +80 (¢ 0.26, MeOH)
UV Anax(nm)(MeOH)(log &) 208 (4.36)
FTIR(neat):v(cm™) 3424 (O-H stretching), 1710 and 1698

(C=0 stretching), 1649 (C=C stretching)
'H NMR(CDCl3+CD;0D)(S5pm) 739 (dd, J = 15.6, 3.6 Hz, 1H), 5.96 (dd, J
(300 MHz): = 15,6, 1.8 Hz, 1H), 5.81 (ddd, J = 15.0,
9.6, 5.4 Hz, 1H), 5.21 (dd, J = 15.0, 9.0 Hz,
1H), 4.91 (m, 1H), 421 (brd, J = 8.1 Hz,
IH), 2.83 (dd, J = 15.6, 7.8 Hz, 1H), 2.69
(m, 1H), 2.53 (dd, J = 18.6, 8.4 Hz, 1H),
2.22 (dd, J = 15.6, 9.0 Hz, 1H), 2.10 (m,
3H), 1.89 (m, 1H), 1.75 (m, 2H), 1.55 (m,
1H), 1.28 (d, J = 6.3 Hz, 3H), 1.06 (m, 1H)
BC NMR(CDCL#+CDsOD)(S,pm) ~ 215.90, 166.08, 150.55, 135.16, 132.28,

(75 MHz): 118.35, 76.55, 71.72, 49.88, 46,56, 44.87,
42.48, 34,31, 31.57, 26.40, 20.66
DEPT 135: CH; 150.55, 135.16, 13228, 118.35, 76.55,
71.72,49.88,42.4
CHy; 46.56, 44.87, 34.31, 31,57, 26.40,
CHj; 20.66

Band 2 was a colotless gum (0.9 mg). Its chromatogram showed one
pale UV-active spot on normal phase TLC using 20% acetone in petroleum ether as a
mobile phase with the Revalue of 0.13. Because the 'H NMR spectrum indicated the

absence of olefinic and aromatic protons, it was not further investigated.

Subfraction 44C3D showed four UV-active spots on normal phase TLC using

40% ethyl acetate in petroleum ether as a mobile phase with the R values of 0.02,
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0.15, 0.50 and 0.53. Its 'H NMR spectrum indicated that the major compound was

K27. Further investigation was then not performed.

Subfraction 44C3E showed three UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.06,
0.16 and 0.47. Its 'H NMR spectrum indicated that the major compound was K27,

Further investigation was then not performed.

Subfraction 44C4 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.15, 0.29
and 0.37. It was then separated by column chromatography over reverse phase silica
gel. Elution was performed initially with 50% methanol in water followed by
increasing amount of methanol and finally with pure methanol. Fractions with similar
chfomatogram were combined and evaporated to dryness under reduced pressure to

afford six subfractions as shown in Table 83.

Table 83 Subfractions obtained from subfraction 44C4 by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) | Physical appearance
44C4A 50% MeOH/H,0 4.0 Colorless gum
44C4B 50% MeOH/H,0 52 Colorless gum
44C4C 50% MeOH/H,0 3.7 Colorless gum
44C4D 70% MeOH/H,0 3.0 Colorless gum
44CAE 70% MeOL/ILO 21 Colotless gum

" 44CAF 70% MeOH/H,0- 49 Colorless gum
100% MeOH

Subfraction 44C4A showed five UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ values of 0.11, 0.16,

0.23, 0.29 and 0.34. Because of low quantity, it was not further investigated.
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Subfraction 44C4B showed six UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Revalues of 0.09, 0.11,

0.23, 0.29, 0.31 and 0.34. Because of low quantity, it was not further investigated.

Subfraction 44C4C showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Rrvalues of 0.23, 0.29,

0.32 and 0.34. Because of low quantity, it was not further investigated.

Subfraction 44C4D showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.09, 0.13,

0.33 and 0.34. Because of the minute quantity, it was not further investigated.

Subfraction 44C4E showed one UV-active spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry value of 0.23. Its 'H
NMR spectrum indicated the presence of K27. Further investigation was then not

carried out.

Subfraction 44C4F displayed a long tail under UV-S on normal phase TLC using

1% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 44C5 showed three UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R¢ values of 0.10, 0.27
and 0.39. Its "H NMR spectrum indicated that the major compound was K26, Further

investigation was then not performed.

Subfraction 44C6 showed three UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R¢ values of 0.09, 0.20
and 0.30. It was further separated by flash column chromatography over silica gel.
Elution was performed initially with 1% methanol in dichloromethane followed by
increasing the polarity with methanol and finally with pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six subfractions as shown in Table 84.
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Table 84 Subfractions obtained from subfraction 44C6 by flash column

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
44C6A 4% MeOH/CH,Cl, 52 Yellow gum
44C6B 4% MeOH/CH,Cl, 4.4 Yellow gum
44C6C 4-10% MeOH/CH,Cl, 4.1 Yellow gum
44C6D 10-20% MeOH/CH,Cl, 9.5 Yellow gum
44CG6E 20-40% MeOH/CH,Cl, 16.7 Yellow gum
44C6F 40% MeOH/CH,Cl,- 12.1 Yellow gum

100% MeOH

Subfraction 44C6A showed none of UV-active spots under UV-S on normal phase
TLC using 4% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 44C6B showed three UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R values of 0.39, 0.48

and 0.50. Because of low quantity, it was not further investigated.

Subfraction 44C6C showed four UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.09, 0.14,

0.19 and 0.26. Because of low quantity, it was not further investigated.

Subfraction 44C6D showed three UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of (.02, 0.09
and 0.19 and many spbts after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Thus, it was not purified.

Subfraction 44C6E showed five UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R¢ values of 0.02, 0.09,

0.19, 037 and 0.38. It was further separated by column chromatography over
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Sephadex LH-20, Elution was performed with 100% methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure fo

afford four fractions as shown in Table 85.

‘Table 85 Subfractions obtained from subfraction 44C6E by column chromatography
over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
44C6E1 3.1 Yellow gum
44C6E2 7.5 | Yellow gum
44C6E3 4.4 Yellow gum
44C6E4 1.5 Yelow gum

Subfraction 44C6E1 showed three pale UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.50, 0.59
and 0.85. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 44C6E2 showed three UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.16
and 0.33. It was then purified by precoated TLC with 4% methanol in

dichloromethane as a mobile phase (4 runs) to afford two bands.

Band 1 was a yellow gum (3.1 mg). Iis chromatogram showed one
UV-active spot on normal phase TLC using 4% methanol in dichloromethane as a
mobile phase with the Ryvalue of 0.33. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 2 was a yellow gum (3.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 4% methanol in dichloromethane as a
mobile phase with the R¢value of 0.16. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.
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Subfraction 44C6E3 showed three pale UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.19, 0.33
and 0.39. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 44C6E4 displayed a long tail under UV-S on normal phase TLC using

4% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 44C6F showed none of UV-active spots under UV-S on normal phase
TLC using 4% methanol in dichloromethane as a mobile phase, Thus, it was not

investigated.

Subfraction 44C7 showed four UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.16, 0.29,
0.34 and 0.54. It was further separated by column chromatography over Sephadex
LH-20. Elution was performed with 100% methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four fractions as shown in Table 86.

Table 86 Subfractions obtained from subfraction 44C7 by column chromatography

over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
44CT7A 20.1 Brown gurﬁ
44C7B 42.1 Brown gum
44C7C 47.4 Brown gum
44C7D 23.1 Brown gum

Subfraction 44C7A displayed a long tail under UV-S on normal phase TLC using

10% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.
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Subfraction 44C7B showed three UV-active spots on normal phase TLC using
10% methanol in dichloromethane as a mobile phase with the Ry values of 0.12, 0.13
and 0.23 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Its "H NMR spectrum indicated the presence of sugar

as a major compound. Thus, it was not further investigated.

Subfraction 44C7C showed six UV-active spots on normal phase TLC using
10% methanol in dichloromethane as a mobile phase with the Ry values of 0.21, 0.29,
0.32, 0.41, 0.53 and 0.59. Its "H NMR spectrum indicated the presence of sugar as a

major compound. Thus, it was not further investigated.

Subfraction 44C7D showed none of UV-active spots under UV-S on normal phase
TLC using 10% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 44C8 showed two UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the R values of 0.18 and
0.22. Its '"H NMR spectrum indicated that the major compound was K26. Further

investigation was then not performed.

Fraction 44D showed five UV-active spofs on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the R¢values of 0.11, 0.21,
0.27, 0.35 and 0.46. It was further separated by column chromatography over silica
gel. Elution was performed initially with 2% methanol in dichloromethane followed
by increasing the polarity with methanol and finally with pure methanol. Fractio-ns
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six subfractions as shown in Table 87,
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Table 87 Subfractions obtained from fraction 44D by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
44D1 2% MeOH/CH,Cl, 9.2 Yellow gum
44D2 2% MeOH/CH,Cl, 5.7 Yellow gum
44D3 2-4% MeOH/CH,Cl, 141.2 Brown gum
44D4 4-10% MeOH/CHCl, 35.5 Brown gum
44D5 10-20% MeOH/CH,Cl, 144 Brown gum
44D6 20% MeOH/CH,Cl,- 152.6 Brown gum
100% MeOH

Subfraction 44D1 showed five UV-active spots on normal phase TLC using
50% dichloromethane in petroleum ether as a mobile phase with the Revalues of 0.08,
0.20, 0.30, 0.50 and 0.70 and many spots after dipping the TLC plate in anisaldehyde

reagent and subsequently heating the plate. Thus, it was not purified.

Subfraction 44D2 showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.19, 0.25, 0.34 and
0.47. It was then purified by precoated TLC with 100% dichloromethane as a mobile
phase (6 runs) to afford three bands,

Band 1 was a colorless gum (1.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 100% dichloromethane as a mobile phase
with the Ry value of 0.48. Because the 'H NMR spectrum indicated the presence of

many compounds, it was not further investigated.

Band 2 was a colorless gum (1.5 mg). Its chromatogram showed one
UV-active spot on normal phase TL.C using 100% dichloromethane as a mobile phase
with the Ry value of 0.34. Because the 'H NMR spectrum indicated the presence of

many compounds, it was not further investigated.
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Band 3 was a colorless gum (0.5 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 100% dichloromethane as a mobile phase
with the Ry value of 0.19. Because the 'H NMR spectrum indicated the presence of

many compounds, it was not further investigated.

Subfraction 44D3 showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Re values of 0.25, 0.33,
0.50 and 0.55. It was further separated by column chromatography over silica gel.
Elution was performed initially with 1% methanol in dichloromethane followed by
increasing the polarity with methanol and finally with pure methanol, Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford four subfractions as shown in Table 88.

Table 88 Subfractions obtained from subfraction 44D3 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
44D3A 1% MeOH/CH,Cl, 9.7 Brown gum
44D3B - 1% MeOH/CH,Cl, 68.7 Brown gum
44D3C 3-5% MeOH/CH,Cl, 28.1 Brown gum
44D3D 5% MeOH/CH,Cl- 30.0 Brown gum

100% MeOH

Subfraction 44D3A showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.34, 0.41, 0.53 and
0.61 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Thus, it was not purified.

Subfraction 44D3B showed two UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.30 and 0.32. Its 'H
NMR spectrum indicated the presence of sugar as a major compound. Thus, it was not

- further investigated.
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Subfraction 44D3C showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.17, 0.32
and 0.48. It was further separated by column chromatography over silica gel. Elution
was performed initially with 40% ethyl acetate in petroleum ether and gradually
enriched with ethyl acetate and then methanol until pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford seven subfractions as shown in Table 89,

Table 89 Subfractions obtained from subfraction 44D3C by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
44D3C1 40% EtOAc/Petrol 53 Brown gum
44D3C2 40-60% EtOAc/Petrol 6.6 Brown gum
44D3C3 60% EtOAc/Petrol 4.5 Brown gum
44D3C4 80% EtOAc/Petrol 1.3 Brown gum
44D3C5 80% EtOAc/Petrol 5.0 Yellow gum
44D3C6 100% EtOAc 1.6 Yellow gum
44D3C7 | 100% EtOAc-100% MeOH 23 Colorless gum

Subfraction 44D3C1 showed four UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the R¢ values of 0.48,
0.58, 0.73 and 0.87. Because of low quantity, it was not further investigated.

Subfraction 44D3C2 showed two UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.33 and
0.40. It was then purified by precoated TLC with 20% ethyl acetate in petroleum ether

as a mobile phase (10 runs) fo afford two bands.

Band 1 was a yellow gum (2.9 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum ether as a
mobile phase with the Revalue of 0.15. Because the '"H NMR spectrum indicated the

presence of many compounds, it was not further investigated,
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Band_2 was a colorless gum (1.6 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.25. Because the "H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 44D3C3 showed two UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.28 and
0.31. It was then purified by precoated TLC with 20% ethyl acetate in petroleum ether
as a mobile phase (10 runs) to afford two bands.

Band 1 was a yellow gum (1.8 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum cther as a
mobile phase with the Ry value of 0.28. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 2 was a yellow gum (1.4 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum ether as a
mobile phase with the Revalue of 0.32. Because the IH_ NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 44D3C4 showed three UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Re values of 0.23,

0.30 and 0.50. Because of the minute quantity, it was not further investigated.

Subfraction 44D3C5 showed five UV-active spots on normal phase TLC using
40% ethyl acetate in pefroleum ether as a mobile phase with the Ry values of 0.24,
0.28, 0.37, 0.42 and 0.51. Because of the minute quantity, it was not further

investigated.

Subfraction 44D3C6 showed three UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.03,

0.08 and 0.15. Because of the minute quantity, it was not further investigated.
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Subfraction 44D3C7 (K24) showed one spot on normal phase TLC using 40% ethyl

acetate in petroleum ether as a mobile phase with the Revalue of 0.15 after dipping the

TLC plate in anisaldehyde reagent and subsequently heating the plate.

o] 7
UV Amadnm)(MeOH)(log &)
FTIR(neat):u(cm™)

"H NMR(CDCl3)(8,m)(500 MHz):

13C NMR(CDCl3)(8pm}(125 MHz):

DEPT 135: CH;
CHg;
EIMS m/z (% relative intensity):

+23 (¢ 0.12, MeOH)

211 (2.23)

3414 (O-H stretching), 1769 and 1715
(C=0 stretching)

4.50 (¢, J = 9.0 Hz, 1H), 4.44 (1, J= 9.0 Hz,
1H), 3.93 (1, J = 5.5 Hz, 2H), 3.63 (gn, J =
8.0 Hz, 1H), 2.84 (dd, J=17.5, 7.5 Hz, 1H),
2.75 (1, J = 5.5 Hz, 2H), 2.71 (dd, J = 17.5,
9.5 Hz, 1H)

206.91, 174,76, 67.97, 57.51, 46.92, 43.95,
30.00

46.92

67.97, 57.51, 43.95, 30.00

140 (4), 11348), 86 (78), 73 (100)

Subfraction 44D3D showed four pale UV-active spots on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.12,
0.17 and 0.41. Because the '"H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction. 44D4 showed seven UV-active spots on normal phase TLC using

4% methanol in dichloromethane as a mobile phase with the Ry values of 0.13, 0.23,
0.33, 0.35, 0.38, 0.55 and 0.70. It was further separated by column chromatography

over silica gel. Elution was performed initially with 4% methano! in dichloromethane

followed by increasing the polarity with methanol and finally with pure methanol.

Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford six subfractions as shown in Table 90.
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Table 90 Subfractions obtained from subfraction 44D4 by column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance
44D4A 4% MeOH/CH,Cly 2.0 Brown gum
44D4B 4% MeOH/CH,Cl, 0.9 Brown gum
44D4C 4% MeOH/CH,Cl, 7.0 Brown gum
44D4D 4-7% MeOIl/CH,Cl, 6.6 Brown gum
44D4E 7% MeOH/CH,Cl, 1.4 Brown gum
44D4F 7% MeOH/CH,Cl»- 15.3 Brown gum
| 100% MeOH

Subfraction 44D4A showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.66, 0.76

and 0.88. Because of the minute quantity, it was not further investigated.

Subfraction 44D4B showed none of UV-active spots under UV-S on normal phase
TLC using 2% methanol in dichloromethane as a mobile phase, Thus, it was not

investigated.

Subfraction 44D4C showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.16 and
0.45 and one orange spot with the Ry value of 0.15 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plafe. It was then purified by
precoated TLC with 40% ethyl acetate in petroleum ether as a mobile phase (7 runs)
to afford two bands.

Band 1 was a yellow gum (3.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 40% ethyl acetate in petroleum ether as a
mobile phase with the Revalue of 0.16. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.
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Band 2 was a yellow gum (3.0 mg). Its chromatogram showed one
orange spot on normal phase TLC using 40% ethyl acetate in petroleum ether as a
mobile phase with the R¢value of 0.15 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Its 'H NMR spectrum indicated the

presence of K24, Further investigation was then not carried out.

Subfraction 44D4D showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.21, 0.31
and 0.36 and two purple spots with the Ry values of 0.45 and 0.57 after dipping the
TLC plate in anisaldehyde reagent and subsequently heating the plate. Because of the

minute quantity, it was not further investigated.

Subfraction 44D4E showed three UV-active spots on normal phase TLC using
4% methano! in dichloromethane as a mobile phase with the Ry values of 0.08, 0.27

and 0.36. Because of the minute quantity, it was not further investigated.

Subfraction 44D4F displayed a long tail under UV-S on normal phase TLC using

4% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 44D5 showed four UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phasé with the R¢values of 0.18, 0.30,
0.55 and 0.70. It was further separated by column chromatography over silica gel.
Elution was performed initially with 4% methanol in dichloromethane followed by
increasing the polarity with methanol and finally with pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford four subfractions as shown in Table 91.

Table 91 Subfractions obtained from subfraction 44DS by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
44D5A 4% MeOH/CH,Cl, 4.5 Brown gum
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Table 91 Continued

Subfraction Elution Weight (mg) | Physical appearance
44D5B 4% MeOH/CH,Cl, 18.5 Brown gum
44D5C 4-10% MeOH/CH,Cl, 37.1 Brown gum
44DSD 10% MeOH/CH,Cl,- 77.0 Brown gum

100% MeOH

Subfraction 44D5A showed one pale UV-active spot on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the R¢value of 0.18. Because
the "H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction 44DSB showed five UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of (.05, 0.19,
0.31, 0.33 and 0.71. Its "H NMR spectrum indicated that the major compound was
K26. Further investigation was then not performed.

Subfraction 44DSC showed six UV-active spots oh normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with thé Ry values of 0.07,
0.19, 0.3.1, 0.33, 0.64 and 0.76. It was further separated by column chromatography
over silica gel. Elution was performed initially with 50% ethyl acetate in petroleum
ether and gradually enriched with ethyl acetate and then methanol until pure
methanol. Fractions with similar chromatogram were combined and evaporated to

dryness under reduced pressure to afford six subfractions as shown in Table 92.

Table 92 Subfractions obtained from subfraction 44D5C by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
44D5C1 50% EtOAc/Petrol 3.9 Colorless gum
44D5C2 50-70% EtOAc/Petrol 2.1 White solid
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Table 92 Continued
Subfraction ~ Elution Weight (mg) Physical appearance

44D5C3 70% EtOAc/Petrol- 7.9 White solid
100% EtOAc

44D5C4 100% EtOAc- 6.1 Brown gum

5% MeOH/EtOAc

44D5C5 5-20% MeOH/EtOAc 9.3 Brown gum

44D5C6 30% MeOH/EtOAc- 6.7 Brown gum
100% MeOH

Subfraction 44D5C1 displayed a long tail under UV-S on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.

Subfraction 44D5C2 showed one UV-active spot on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.33 and
many spots after dipping the TLC plate in anisaldehyde reagent and subsequently
heating the plate. Thus, it was not purified.

Subfraction 44D5C3 showed three UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.02,
0.10 and 0.32. Its '"H NMR spectrum indicated that the major compound was K26.

Further investigation was then not performed.

Subfraction 44D5C4 showed two UV-active spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the R¢values of 0.02 and
0.32. Because its 'H NMR spectrum showed broad signals, it was not further purified.

Subfraction 44D5CS showed two UV-active spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Revalues of 0.05 and
0.58. Because its "H NMR spectrum showed broad signals, it was not further purified.
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Subfraction 44D5C6 showed two UV-active spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.05 and
0.25. Its 'H NMR spectrum indicated that the major compound was K26. Further

investigation was then not performed.

Subfraction 44D5D showed two UV-active spots on normal phase TLC using
70% ethyl acetate in petroleum ether as a mobile phase with the R¢values of 0.07 and
0.76. It was further separated by column chromatography over silica gel. Elution was
performed initially with 70% ethyl acetate in petroleum ether and gradually enriched
with ethyl acetate and then methanol until pure methanol, Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford five subfractions as shown in Table 93.

Table 93 Subfractions obtained from subfraction 44D5D by column chromatography

over silica gel

Subfraction Elution Weight (mg) { Physical appearance
44D5D1 70% EtOAc/Petrol 4.0 Brown gum
44D5D2 70% EtOAc/Petrol 54 - Brown gum
44D5D3 100% EtOAc 7.6 Brown gum
44D5D4 100% EtOAc- 50.0 Brown gum

7% MeOH/EtOAc
44D5D5 7% MeOH/EtOAc- 32 Brown gum
100% MeOH

Subfraction 44D5D1 showed none of UV-active spots under UV-S on normal phase
TLC using 70% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not

investigated.

Subfraction 44D5D2 showed one UV-active spot on normal phase TLC using

70% ethyl acetate in petroleum ether as a mobile phase with the R¢value of 0.32 and
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many spots after dipping the TLC plate in anisaldehyde reagent and subsequently
heating the plate. Thus, it was not purified.

Subfraction 44D5D3 showed three UV-active spots on normal phase TLC using
70% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.03,
0.05 and 0.09. Its 'H NMR spectrum indicated that the major compound was K26.

Further investigation was then not performed.

Subfraction 44DSD4 showed four UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Rs values of 0.19, 0.28,
0.86 and 0.88. It was further separated by column chromatography over Sephadex
IH-20. Elution was performed with 100% methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford‘_three fractions as shown in Table 94,

Table 94 Subfractions obtained from subfraction 44D5D4 by column chromatography

over Sephadex LH-20

Fraction Weight (mg) Physical appearance
44D5D41 309 Yellow gum
44D5D42 9.1 Yellow gum
44D5D43 9.8 Brown gum

Subfraction 44D5D41 showed three UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.09, 0.19
and 0.27. Its 'H NMR spectrum indicated that the major compound was K24. Further

investigation was then not performed.

Subfraction 44D5D42 showed five UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.19, 0.22,
0.31, 0.45 and 0.57. Its '"H NMR spectrum indicated that the major compound was

K24. Further investigation was then not performed.
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Subfraction 44D5D43 showed none of UV-active spots under UV-S on normal phase
TLC using 5% methanol in dichioromethane as a mobile phase. Because the '"H NMR
spectrum indicated the absence of olefinic and aromatic protons, it was not further

investigated,

Subfraction 44D5DS displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 44D6 showed two UV-active spots on normal phase TLC using
6% inethanol in dichloromethane as a mobile phase with the R¢ values of 0.03 and
0.18. It was further separated by column chromatography over silica gel. Elution was
‘performed initially with 6% methanol in dichloromethane followed by increasing the
polarity with methanol and finally with pure methanol. Fractions with similar .
chromatogram were combined and evaporated to dryness under reduced pressure to

afford five subfractions as shown in Table 95.

Table 95 Subfractions obtained from subfraction 44D6 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
44D6A 6-10% MeOH/CH,Cl, 10.3 Yellow gum
44D6B 10% MeOH/CH,Cl; 6.2 Yellow gum
44D6C 20-40% MeOH/CH,Cl, 353 Yellow gum
44D6D 40% MeOH/CH,Cl,- 30.5 Yellow gum

100% MeOH
44D6E 100% MeOH 30.1 Yellow gum

Subfraction 44D6A showed two pale UV-active spots on normal phase TLC using
6% methanol in dichloromethane as a mobile phase with the Re values of 0.13 and
0.15. Because the '"H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.
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Subfraction 44C6B showed three UV-active spots on normal phase TLC using
10% acetone in dichloromethane as a mobile phase with the Ry values of 0.07, 0.13
and 0.23. It was then purified by precoated TLC with 10% acetone in

dichloromethane as a mobile phase (8 runs) to afford two bands.

Band 1 was a colorless solid (1.3 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 10% acetone in dichloromethane as a
mobile phase with the Ry value of 0.19, Its 'TH NMR spectrum indicated the presence

of many compounds. Thus, it was not further investigated.

Band 2 was a colorless solid (1.8 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 10% acetone in dichloromethane as a
mobile phase with the Ry value of 0.10. Its 'H NMR spectrum indicated the presence

of many compounds. Thus, it was not further investigated.

Subfraction 44D6C showed five UV-active spots on normal phase TLC using
10% acetone in dichloromethane as a mobile phase with the Ry values of 0.07, 0.23,
0.30, 0.35 and 0.50. It was then separated by column chromatography over reverse
phase silica gel. Elution was performed initially with Sb% methanol in water followed
by increasing amount of methanol and finally with pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford three subfractions as shown in Table 96.

Table 96 Subfractions obtained from subfraction 44D6C by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (ing) Physical appearance
44D6C1 50% MeOH/H,0 10.0 Yellow gum
44D6C2 50-70% MeOH/H,0 . 64 Yellow gum
44D6C3 70% MeOH/H,0- 15.6 Yellow gum

100% MeOH
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Subfraction 44D6C1 displayed a long tail under UV-S on normal phase TLC using
5% methanol in dichloromethane as a mobile phase. Its '"H NMR spectrum displayed

high field signals. Thus, it was not purified.

Subfraction 44D6C2 showed four UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.12, 0.19,

0.26 and 0.39. Because of low quantity, it was not further investigated.

Subfraction 44D6C3 showed five pale UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the R¢ values of 0.05, 0.09,
0.12, 0.19 and 0,23, Because the 'H NMR spectrum indicated the absence of olefinic

and aromatic protons, it was not further investigated.

Subfraction 44D6D showed two UV-active spots on normal phase TLC using
10% acetone in dichloromethane as a mobile phase with the Ry values of 0.12 and
0.24. Its "H NMR spectrum indicated that the major compound was K24. Further

investigation was then not performed.
Subfraction 44DOE displayed a long tail under UV-Sron normal phase TLC using
5% methanol in dichloromethane as a mobile phase. Because the '"H NMR spectrum

indicated the absence of olefinic and aromatic protons, it was not further investigated,

Fraction 44E showed three UV-active spots on normal phase TLC using

4% methanol in dichloromethane as a mobile phase with the Ry values of 0.39, 0.41
and 0.42, It was further separated by column chromatography over silica gel. Elution
was performed initially with 4% methanol in dichloromethane followed by increasing
the polarity with methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 97,
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Table 97 Subfractions obtained from fraction 44E by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
44E1 4% MeOH/CH,Cl, 3.7 Brown gum
44E2 4% MeOIl/CH,Cl; 9.2 Brown gum
44E3 6-10% MeOH/CH,Cl, 74.1 Brown solid
44E4 10% MeOH/CH,Cl,- 12.3 Brown gum
100% MeCH

Subfraction 44E1 displayed a long tail under UV-S on normal phase TLC using

4% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 44E2 showed three pale UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.23, 0.36
and 0.53. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 44E3 showed one UV-active spot on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R value of 0.16. Its 'H
NMR spectrum indicated the presence of K26. Further investigation was then not

carried out.

Subfraction 44E4 displayed a long tail under UV-S on normal phase TLC using

4% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Fraction 44F (K26) showed one UV-active spot on normal phase TLC using

4% methanol in dichloromethane as a mobile phase with the Ry value of 0.16.

[a] # +89 (¢ 0.20, MeOH)

UV Aqa(nm)(MeOH)(log &) 204 (3.87)
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FTIR(neat):v(cm™) 3392 (O-H stretching), 1698 (C=0 stretching),
1647 (C=C stretching)

'H NMR(DMSO-ds}(Spm)(300 MHz):  7.34 (dd, J = 15.3, 2.7 Hz, 1H), 5.70 (dd, J
= 15.3, 1.8 Hz, 1H), 5.66 (ddd, J = 15.3,
10.2, 4.5 Hz, 1H), 5.19 (dd, J = 153, 9.6
Hz, 1H), 5.16 (d, J = 5.7 Hz, 1H), 4.70
(sextet, J= 6.3 Hz, 1H), 4.55 (d, J= 3.6 Hz,
1H), 4.03 (1, 1H), 3.92 (m, 1H), 2.31 (gn, J
= 8.4 Hz, 1H), 1.97 (m, 1H), 1.92 (m, 1H),
1.84 (m, 1H), 1.78 (m, 1H), 1.76 (m, 1H),
1.70 (m, 2H), 1.65 (m, 1H), 1.45 (m, 1H),
1.30 (m, 1H), 1.18 (d, J = 6.3 Hz, 3H), 0.74
{(m, 1H)

B3C NMROMSO-ds)(Spm)(75 MHZ) :  166.19, 154.87, 137.58, 129.71, 116.71,
74.80, 71.39, 71.01, 52.17, 43.78, 43.49,
41.35, 33.85, 31.92, 26.94, 21.17

DEPT 135: CH; 15487, 137.58, 12071, 11671, 74.80,
7139, 7101, 52,17, 43.78
CH; 43.49, 4135, 33.85, 31.92, 26.94
CH; 21,17

3.2.3 Purification of the EtOAc extract from mycelia

, The crude EtOAc extract was separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford seven fractions as shown in Table98.




Table 98 Fractions obtained from the crude

chromatography over Sephadex LH-20
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EtOAc extract by column

Fraction Weight (mg) Physical appearance
44CE1 52.6 Brown gum
44CE2 32.0 Brown gum
44CE3 75.7 Brown gum
44CE4 112.3 Brown gum
44CES 20.6 Brown gum
44CE6 12.8 Brown gum
44CE7 8.6 Brown gum

Fraction 44CE1 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Its "H NMR spectrum displayed

signals of long chain hydrocarbons. Thus, it was not purified.

Fraction 44CE2 showed two UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the R values of 0.65 and
0.85. Its '"H NMR spectrum displayed signals of long' chain hydrocarbons. Thus, it

was not purified.

Fraction 44CE3 showed seven UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.13, 0.28,
0.33, 0.35, 0.50, 0.58 and 0,65, It was further separated by column chromatography
over silica gel. Elution was performed initially with 2% methanol in dichloromethane
followed by increasing the polarity with methanol and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford five subfractions as shown in Table 99.
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Table 99 Subfractions obtained from fraction 44CE3 by column chromatography

over silica gel

Subfraction Elution Weight (ing) | Physical appearance
44CE3A 2% MeOH/CH,Cl, 18.3 Brown gum
44CE3B 2% MeOH/CH,Cl; 152 Brown gum
44CE3C 2-4% MeOH/CH,Cl, 5.5 "~ Brown gum
44CE3D 4-10% MeOH/CH,Cl, 14.9 Brown gum
44CE3E 10% MeQH/CH;Cl,- 120 Brown gum

100% MeOH

Subfraction 44CE3A showed five UV-active spots on normal phase TLC using
" 1% methanol in dichloromethane as a mobile phase with the Rrvalues of 0.15, 0.24,
0.40, 0.71 and 0.80. Its 'H NMR spectrum displayed signals of long chain

hydrocarbons. Thus, it was not purified.

Subfraction 44CE3B showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.04, 0.22,
0.40 and 0.53. Its 'H NMR spectrum displayed signals of long chain hydrocarbons.

Thus, it was not purified.

Subfraction 44CE3C showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.11, 0.22
and 0.44, Its "H NMR spectrum displayed signals of long chain hydrocarbons. Thus, it

was not purified.

Subfraction 44CE3D showed two UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.04 and
0.22. Its 'TH NMR spectrum indicated that the major compound was K26. Further

investigation was then not performed.
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Subfraction 44CE3E displayed a long tail under UV-S on normal phase TLC using
2% methanol in dichloromethane as a mobile phase. Because its 'H NMR spectrum

showed broad signals, it was not further purified.

Fraction 44CE4 showed five UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.12, 0.28,

0.33, 0.45 and 0.68. It was further separated by column chromatography over silica
gel. Elution was performed initially with 2% methanol in dichloromethane followed
by increasing the polarity with methanol and finally with pure methanol. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford seven subfractions as shown in Table 100.

Table 100 Subfractions obtained from fraction 44CE4 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
44CFAA 2% MeOH/CH,Cl, 4.3 Yellow gum
44CE4B 2% MeOH/CH;Cl, 14.8 Yellow gum
44CE4C . 2% MeOH/CH,Cl, 12.3 Yellow gum
44CE4D 2% MeOH/CH,Cl, 4.6 Yellow gum
44CE4E 2% MeOH/CH,Cl, 2.3 Yellow gum
44CE4F 4-16% MeOH/CH,Cl, 34.0 White solid
44CE4G 10% MeOH/CH,Cl;- 3.0 Brown solid

100% MeOH

Subfraction 44CE4A showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.50 and
0.67 and many spots after dipping the TLC plate in anisaldehyde reagent and

subsequently heating the plate. Therefore, it was not further investigated.

Subfraction 44CE4B showed two UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.35 and
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0.48. It was then purified by precoated TLC with 1% methanol in dichloromethane as

a mobile phase (5 runs) to afford two bands.

Band 1 was a yellow gum (3.7 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the Re value of 0.48. Its 'H NMR spectrum displayed signals of

long chain hydrocarbons. Thus, it was not purified.

Band 2 was a colorless gum (7.3 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the Revalue of 0.35 and many spots after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Because of low quantity, it

was not further investigated.

Subfraction 44CE4C showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R values of 0.19, 0.28
and 0.42. Because the 'H NMR spectrum indicated the presence of K26 as a major

component, further purification was not performed.

Subfraction 44CE4D showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.17 and
0.19 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction 44CE4E showed none of UV-active spots under UV-S on normal phase
TLC using 2% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 44CE4F showed one UV-active spot on normal phase TLC using
6% methanol in dichloromethane as a mobile phase with the Ry value of 0.23. Its 'H
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NMR spectrum indicated that the major compound was K26. Further investigation

was then not performed,

Subfraction 44CE4G displayed a long tail under UV-S on normal phase TLC using
6% methanol in dichloromethane as a mobile phase. Because its '"H NMR spectrum

showed broad signals, it was not further purified.

Fraction 44CES showed six UV-active spots on normal phase TLC using 4%

methanol in dichloromethane as a mobile phase with the Ryvalues of 0.08, 0.15, 0.18,
0.35, 0.45 and 0.75. It was further separated by column chromatography over silica
gel. Elution was performed initially with 4% methanol in dichloromethane followed
by increasing the polarity with methanol and finally with pure methanol, Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford four subfractions as shown in Table 101.

Table 101 Subfractions obtained from fraction 44CES by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance

44CESA 4% MeOH/CH,Cl, 2.3 Yellow gum

44CESB 4% MeOH/CH,Cl, 14 Yellow gum

44CESC 4-8% MeOH/CH,Cl, 5.2 Yellow gum

44CESD 10% MeOH/CH,Cl,- 10.2 Yellow gum
100% McOH

Subfraction 44CESA showed four pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Re values of 0.29, 0.38,
0.59 and 0.63. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated,

Subfraction 44CESB showed one pale UV-active spot on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the R¢ value of 0.18. Because
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the '"H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction 44CESC showed three pale UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.18, 0.23
and 0.36. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 44CESD displayed a long tail under UV-S on normal phase TLC using

6% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Fraction 44CE6 showed three pale UV-active spots on normal phase TLC using

4% methanol in dichloromethane as a mobile phase with the R¢ values of 0.08, 0.18
and 0.30. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protoné, it was not further investigated.

Fraction 44CE7 displayed a long tail under UV-S on normal phase TLC using

4% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.




CHAPTER 3.3

RESULTS AND DISCUSSION

One new pyrone (K23) and one new lactone (IK(24) were isolated from
the broth extract together with three known ones (K25-K27). The structures were
identified by spectroscopic methods.

3.3.1 Compound K23

Compound K23 with the molecular formula C;sH;s04 from EIMS
(m/z 262) (Figure 53), was obtained as a colorless gum. The IR spectrum displayed
absorption bands at 1713 and 1653 em™ for ester carbonyl and double bond functional
groups, respectively. The UV spectrum exhibited maximum absorption bands at 244
and 269 nm, indicating that K23 had a conjugated chromophore. The 'H NMR
spectrum (Figure 54) (Table 102) consisfed of signals for a frams-propenyl unit
[65.52 (dg, J = 15.0 and 6.5 Hz, 1H), 5.22 (ddq, J = 15.0, 9.0 and 1.5 Hz, 1H) and
1.67 (dd, J = 6.5 and 1.5 Hz, 3H)}], one oiefinic proton‘ of a trisubstituted double bond
(65.75, s, 1H), two nonequivalent oxymethylene protons [54.16 (f, J= 9.0 Hz, 1H)
and 3.71 (+, J = 9.0 Hz, 1H)], two nonequivalent methylene protons [ 2.61 (d, J =
18.0 Hz, 1H) and 2.47 (dd, J= 18.0 and 6.5 Hz, 1H)], two methine protons [§2.55 (m,
1H) and 2.18 (m, 1H)] and two methyl groups [§2.21 (s, 3H) and 1.52 (s, 3H)]. In the
'H-"H COSY spectrum (Table 103), the oxymethylene protons, Hyp-6 (5 4.16 and
3.71), showed cross peaks with the methine proton, H-7 (§2.55), which was coupled
with the other methine proton, H-7a (§2.18). Furthermore, H-7a was coupled with the
nonequivélent methylene protons, Hy-8 (8§ 2.61 and 2.47). A tetrahydrofuran unit
having a methylene group attached at C-7a was established on the basis of the >/
HMBC correlations (Table 102) of Hu,-6 with C-4a (6 109.22). The methyl protons,
Hs-11 (& 1.52), showed HMBC cross peaks with C-4a and C-7a (& 45.93), thus

connecting the methyl group at C-4a. The frans-propenyl unit was attached at C-7
161
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(6 44.65) of the tetrahydrofuran ring according to the 'H-'H COSY correlation
between H-12 (5 5.22) and H-7 as well as a >J HMBC correlation of H-13 with C-7.
Moreover, the 'H and '>C NMR spectra of K23 revealed the presence of a pyrone ring
with the methyl and the oxysubstituent groups at C-2 (& 160.55) and C-3a (5 160.55),
respectively. This conclusion was confirmed by following HMBC correlations:
H-3 (6 5.75)/C-2 (5 160.55), C-3a (5 160.55), C-8a (5 94.10) and C-10 (5 19.63) and
H3-10 (6 2.21)/C-2, C-3 (5 100.48), as well as the chemical shift of C-3a. The bond
connection between the methylene carbon, C-8 (& 17.84), with C-8a of the pyrone
ring was established according to the HMBC correlations of Hyy-8 with C-8a and C-9
(6163.09). The chemical shift of C-4a and the molecular formula constructed an ether
linkage between C-3a and C-4a to form a hydropyran unit. The spatial arrangement of
H-7a, H3-11 and the propenyl moiety is all cis on the basis of the NOEDIFF
enhancement (Table 103) of H;-11 and H-12 upon irradiation of H-7. Consequently,

K23 was identified as a new tricyclic pyrone derivative.

Table 102 The 'H, *C NMR and HMBC data of compound K23 in CDCl,+CD;0D

Position ou (mult, J ) oc (C-type) HMBC
2 - 160.55 (C) -
3 5.75 (s) 100.48 (CH) | C-2,C-3a,C-8a, C-10
3a - 160.55 (C) -
4a - 109.22 (C) -
6 a: 4.16 (¢, 9.0) 72.50 (CH;) | C-4a, C-7,C-7a, C-12
b: 3.71 (4, 9.0)
7 2,55 (m) 44.65 (CH) -
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Table 102 Continued
Position On (nult, J uz) & (C-type) HMBC
Ta 218 (m) 45.93 (CH) 1C-7,C-8,C-8a, C-12
8 a:2.61 (d, 18.0) 17.84 (CHy) | C-4a, C-7, C-7a, C-8a, C-9
b: 2.47 (dd, 18.0, 6.5)
8a - 94.10 (C) -
9 - 163.09(C) |-
10 2,21 (s) 19.63 (CH3) | C-2,C-3
i1 1.52 (5) 22.34 (CHj3) | C-4a, C-7a
12 5.22 (ddg, 15.0,9.0, 1.5) | 128,54 (CH) | C-14
13 5.52 (dyg, 15.0, 6.5) 129.76 (CH) | C-7, C-14
14 1.67 (dd, 6.5, 1.5) 17.79 (CHs) | C-12,C-13

Table 103 The COSY and NOEDIFF data of compound K23 in CDCl3+CD;0D

Proton COSY NOEDIFF
H-3 - H;-10
Ha-6 | Hp-6, H-7 Hy-6, H-7
Hy-6 | Ha-6, H-7 H,-6, H-12
H-7 Hap-6, H-7a, H-12 -
H-7a | H-7, Hp-8 H,-8, H3-11, H-12
Hs-8 | H-7a, Hp-8 -
Hp-8 | H-7a, Hp-8 -
Hs-10 | - H-3
H;-11 |- -
H-12 | H-7,H-13, Hz-14 -
H-13 | H-15, H;-14 H-7, H;-14
Hs;-14 | H-12,H-13 -
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3.3.2 Compound K24

Compound K24 was obtained as a colorless gum whose molecular
formula was assigned as C7H)9O4 by EIMS (m/z 158) (Figure 56). The IR spectrum
showed absorption bands for a hydroxyl (3414 cm™), a slactone carbonyl (1769 cm™)
and a ketone carbonyl (1715 em™). The "H NMR spectrum (Figure 57) (Table 104) .
consisted of signals for a 1-oxo-3-hydroxypropyl unit [§3.93 (¢, J= 5.5 Hz, 2H) and
2.75 (t, J = 5.5 Hz, 2H)], one methine proton (§ 3.63, ¢gn, J = 8.0 Hz, 1H), two
nonequivalent oxymethylene protons [§4.50 (¢, /= 9.0 Hz, 1H)and 4.44 (¢, J=9.0
Hz, 1H)] and two nonequivalent methylene protons [§2.84 (dd, J = 17.5 and 7.5 Hz,
1H) and 2.71 (dd, J = 17.5 and 9.5 Hz, 1H)]. The methine proton, H-4 (& 3.63),
showed '"H-'"H COSY cross peaks (Table 104) with the methylene protons, Hgy-3
(62.84 and 2.71), and the oxymethylene protons, Hg,-5 (6 4.50 and 4.44), Both Hyp-3
and Hgy,-5 were correlated with the same lactone carbonyl carbon, C-2 (& 174.8), in
the HMBC spectrum (Table 104), thus constrﬁcting a y-lactone unif, The 1-oxo-3-
hydroxypropyl unit was located at C-4 (& 46.9) of the lactone ring on the basis of a
HMBC correlation between Ha-7 (62.75) of the 1-0x0-3-hydroxypropyl unit and C-4.

Therefore, K24 was identified as a new j-lactone derivative.

Table 104 The NMR data of compound K24 in CDCl;

Position On (mult, J uz) oc (C-type) HMBC COSY
2 - 17476 (C) |- -
3 a:2.84 (dd, 17.5,7.5) | 30.00 (CHy) | C-2,C-4,C-5, | Hy-3,H-4
b:2.71 (dd, 17.5, 9.5) C-6 Hy-3, H-4
4 3.63 (gn, 8.0) 46.92 (CH) |- Hap-3, Hap-5
5 a: 4.50 (¢, 9.0) 67.97 (CHy) | C-2,C-3,C-4, | Hy-5, H-4
b: 4.44 (¢, 9.0) C-6 H.-5, H-4
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Table 104 Continued
Position On (mult, J uz) &c (C-type) HMBC COSY
6 - 20691 (C) |- -
7 2.75(,5.5) 43.95 (CHy) | C-8 H,-8
8 3.93(t,5.5) 57.51 (CHy) | C-6 H,-7
3.3.3 Compound K25

Compound K25 was obtained as a colorless gum. The UV spectrum
showed an absorption band at 205 nm. The IR spectrum displayed absorption bands
at 3389, 1705 and 1641 for hydroxyl, ester carbonyl and double bond functional
groups, respectively. The "H NMR spectrum (Figure 59) (Table 105) consisted of
signals for two sets of frans-olefinic protons [6 7.33 (dd, J = 15.5 and 3.0 Hz, 1H)/
5.90 (dd, J=15.5 and 2.0 Hz, 1H) and 5.73 (ddd, J= 15.0, 10.0 and 4.5 Hz, 1H)/5.19
(dd, J = 15.0 and 9.5 Hz, 1H)], two oxymethine protons [& 4.91 (m, 1H) and 4.08
(brd, J = 9.5 Hz, 1H)], two methine protons {§ 2.25 (¢n, J = 9.0 Hz, 1H) and 1.58
‘(m, IH)], six sets of methylene protons [§ 2.01 (m, 2H), 1.62 (m, 2H), 1.85 (m
,H)/1.62 (m, 1H), 1.85 (m, 1H)/1.38 (m, 1H), 1.85 (m, 1H)/0.94 (m, 1H) and 1.74 (m,
1H)/1.53 (m, 1H)] and one methy! group (&5 1.26, d, J = 6.0 Hz, 3H). The *C NMR
(Figure 60) (Table 105) and DEPT 135 spectra (Table 105) showed sixteen
resonances for one quaternary (& 166.27), eight methine (& 151.86, 136.32, 130.33,
117.38, 76.06, 71.65, 54.06 and 46.93), six methylene (5 35.15, 34.12, 31,92, 31.85,
26.78 and 25.24) and one methyl (& 20.86) carbons. In the 'H-'H COSY spectrum
(Table 1006), the methylene protons, Hy-7 (& 1.62), were coupled with two sets of the
methylene protons, Hy-6 (52.01) and Hyp-8 (51.85 and 1.38). Hy-6 and H,,-8 showed
cross peaks with the methine protons, H-5 (& 1.58) and H-9 (5 2.25), respectively.
Furthermore, H-5 showed a cross peak with 11-9, to form a cyclopentane ring. One of
the #rans-olefinic protons, H-3 (67.33), was coupled with the hydroxymethine proton,
H-4 (6 4.08), which was further coupled with H-5. In addition, H-3 showed a
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3J HMBC correlation (Table 103) with the ester carbonyl carbon, C-1 (5 166.27).

These results constructed substructure 1.

OH
0
% = | 0 ‘711_, U 13 s
9
J,s o CHs
16
substructure 1 substructure 2

The trans-olefinic proton, H-11 (& 5.73), showed a cross peak in the
'H-'H COSY spectrum with the methylene protons, Hap-12 (& 1.85 and 1.62), which
were coupled with the methylene protons, Hu-13 (& 1.85 and 0.94). Furthermore, the
remaining methylene protons, Hap-14 (6 1.74 and 1.53), were coupled with Hyp-13 and
the oxymethine proton, H-15 (& 4.91), which was further coupled with the methyl
protons, H3-16 (61.26). Thus, substructure 2 was established. In the HMBC spectrum,
H-10 and H-15 of substructure 2 showed a cross peak with C-9 (5 46.93) and C-1 of
substructure 1, respectively. These data constructed a bicyclic lactone. The relative
configuration of K25 was established by the NOEDIFF experiment (Table 106).
Irradiation of H-5, did not affect signal intensity of both H-4 and H-9, indicating their
trans-relationship. The observed optical rotation of K25, [a]} +28 (c 0.08, CHCl3),
was almost identical to that of (4R,5R,95,155)-(+)-brefeldin C, [o]f +30 (¢ 0.08,
CHClI;), indicating that they had the same absolute configuration at all chiral carbons.
Therefore, K25 was assigned as (4R,5R,9S,155)-(+)-brefeldin C which was previously
isolated from‘the fungus Eupenicillium brefeldianum (Archambaud, ef al., 2005).
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Position oy (mult, J uz) & (C-type) HMBC
1 - 16627 (C) |-
2 5.90 (dd, 15.5,2.0) 117.38 (CH) | C-1,C-4
3 7.33 (dd, 15.5, 3.0) 151.86 (CH) | C-1,C-2,C-4
4 4,08 (brd, 9.5) 76.06 (CII) | C-5
5 1.58 (m) 54,06 (CH) | C-4,C-7,C-8,C-9, C-10
6 2.01 (m) 31.92 (CH,) | C-4,C-5,C-7,C-8,C-9
7 1.62 (m) 25.24 (CHp) |-
8 a: 1.85 (m) 35.15(CHy) | C-6,C-7,C-9,C-10
b: 1.38 (m)
9 2.25 (gn, 9.0) 46.93 (CH) | C-4,C-5,C-8,C-10,C-11
10 5.19 (dd, 15.0, 9.5) 136.32 (CH) | C-5, C-9, C-8, C-12
11 5.73 (ddd, 15.0,10.0,4.5) | 130.33 (CH) { C-9, C-12, C-13
12 a: 1.85 (m) 31.85 (CHy) | C-10,C-11, C-13,C-14
b: 1.62 (m)
13 a: 1.85 (m) 26.78 (CHy) | C-14,C-15
b: 0.94 (m) '
14 a: 1.74 (m) 34.12 (CHy) | C-12,C-13,C-15
b: 1.53 ()
15 491 (m) 71.65(CH) | C-1,C-13
16 1.26 (d, 6.0) 20.86 (CH;) | C-14, C-15

Table 106 The COSY and NOEDIFF data of compound K25 in CDCl;

Proton COSY NOEDIFF
H-2 | H-3,H-4 -
H-3 |H-2,H-4 H-4, H-9, H-11
H-4 | H-2,H-3,H-5 H-3, H-9
H-5 | H-4, Hy-6, H-9 -
Hy-6 | H-5, Hy-7 -
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Table 106 Continued

Proton ' COSY NOEDIFF
H>-7 | Ha-6, Hyp-8 -
H.-8 | H»-7,H-9 .
Hy-8 | Hp-7,H-9 -

H-9 H-5, Hay-8, H-10 H-3, H-4, H-11,
H-10 | H-9, H-11 -
H-11 | H-10, Hap-12 H-3, H-9

Ha-12 | H-11, Hy-12, Hap-13 -
Hy-12 | H-11, Ha-12, Hgp-13 -
Ha-13 | Hap-12, Hyp-14 -
Hp-13 | Hap-12, Hap-14 -
Hq-14 | Hep-13, Hp-14, H-15 -
Hp-14 | Hap-13, Ha-14, H-15 -

H-15 | Hp-14, H3-16 Hs-16
H;-16 | H-15 H-15
3.3.4 Compound K26

Compound K26 was obtained as a colorless gum. Its UV and IR
spectra were almost identical to those of K25. Their 'H NMR spectra (Figure 61)
(Table 107) were similar to those of K25 except for the replacement of signal for one
methylene group in K235 with signal of a hydroxymethine proton (&4.03, m, 1H). The
'H-"H COSY correlations (Table 108) of this hydroxymethine proton, H-7 (& 4.03),
with Hy-6, (6 1.84 and 1.65), and Hgp-8, (1,97 and 1.30), established the attachment
of a hydroxyl group at C-7 (& 71.01). Irradiation of H-7 in the NOEDIFF spectrum
(Table 108) affected signal intensity of H-9, indicating their cis-relationship. The
observed optical rotation of K26, [05]2; +89.7 (¢ 0.2, MeOH), was almost identical to
that of (4R,5R,78,98,158)-(+)-brefeldin A, [oz]”b9 +89 (¢ 0.2, MeOH), indicating that

they had the same absolute configurations at all chiral carbons. Consequently, K26
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was assigned as (4R,5R,75,98,158)-(+)-brefeldin A which was previously isolated
from the fungus Eupenicillium brefeldianum (Shibazaki, ef al., 2003).

OH

4.R3/1 ')

os M 95 (_jﬁ.{3
H 13

Table 107 The 'H and *C NMR data of compound K26 and (4R,5R,75,95,155)-(+)-

Brefeldin A in DMSO-ds

positi K26 (4R,5R,7S,95,158)-(+)-Brefeldin A
osttion Su (mudt., Jus) & (C-type) Su (mult., Ji) & (C-type)
e 166.19 (C) | - 165.6 (C)
2 |5.70(dd, 15.3,1.8) | 116.71 (CH) | 5.71 116.2 (CH)
3 |7.34(dd, 15.3,2.7) | 154.87 (CH) | 7.34 1543 (CH)
4 |3.92(m) 74.80 (CH) |3.93 74.3 (CH)
4-0H |5.16(d,5.7) ; 5.08 -
5 | 1.70 om) 52.17 (CH) | 1.71 1 51.7 (CH)
6 |a:1.84(m) 4135 (CHy) | a: 1.83 40.9 (CHy)
b: 1.65 (m) b: 1.64
7 14.03(m) 71.01 (CH) | 4.04 70.5 (CH)
7-OH | 4.55(d, 3.6) . - .
8 |a:1.97(m) 43.49 (CHy) | a: 1.97 43.1 (CHy)
b: 1.30 (m) b: 1.30
9 [2.31(gn, 8.4) 4378 (CH) |2.31 43.3 (CH)
10 |5.19(dd, 15.3,9.6) | 137.58 (CH) | 5.19 137.1 (CH)
11 |5.66(ddd, 153, |129.71(CH) | 5.66 126.2 (CH)
10.2, 4.5)
12 |a:1.92 (m) 31.92 (CH,) | a: 1.92 31.4 (CHy)
b: 1.76 (1) b: 1.77
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Table 107 Continued
K26 (4R,5R,78,95,155)-(+)-Brefeldin A
Position
S (mult., Ju) & (C-type) Sy (mult., Ju;) d&c (C-type)
13 a: 1.78 (m) 26.94 (CH,) | a: 1.77 26.4 (CHy)
b: 0.74 (m) b: 0.75
14 a: 1.70 (m) 33.85(CHy) ja:1.72 33.4 (CHy)
b: 1.45 (m) b: 1.48
15 4.70 (sexter, 6.3) | 71.39(CH) {4.70 70.8 (CH)
16 1.18 (d, 6.3) 21.17 (CH3) | 1.18 20.7 (CH3)

Table 108 The HMBC, COSY and NOEDIFF data of compound K26 in DMSO-d;

Proton HMBC COSY NOEDIFF
H-2 |C-1,C-3,C-4,C-5,C-15 |H-3,H4 H-4, 4-OH, H-9
H-3 |C-1,C-2,C4,C-5 H-2, H-4 H-4, H-9, H-11
H-4 |[C-2,C3,C5,C6 H-2, H-3,4-OH, H-5 | H-3,4-OH, H-9

4-0H |- H-4 -

H-5 |C-4,C-6,C-9,C-10 H-4, Hyp-6, H-9 -

Hs6 |C-4,C-5,C-7,C-8,C-9 [H-5, Hy-6, H-7 -

Hy-6 | C-4,C-5, C-7,C-8,C-9 |H-5 H,6, H-7 -

H-7 |C-5,C9 Ha-6, 7-OH, Hyp-8 | 7-OH, H-9
7.0H |- H-7 i
He8 | C-5,C-6,C-7,C9,C-10 | H-7, Hy-8, H-9 -

Hy-8 | C-5, C-6, C-7,C-9,C-10 | H-7, H,-8, H-9 -

H9 | C-4,C-5, C-8,C-10,C-11 | H-5, Hy-8, H-10 H-3, H-4, H-7, H-11
H-10 | C-9,C-11,C-12,C-13 H-9, H-11 H-3, H-4, H-9
H-11 |C-9,C-12,C-13 H-10, Hp12 4-0OH, H-9
He12 | C-11, C-13, C-15 H-11, Hy-12, Hpp-13 | -

Hy-12 | C-11, C-13, C-15 H-11, Hp-12, Hap-13 | -

H,-13 | C-11,C-12,C-14,C-15 | Hp-12, Hy-13, Hp-14 | -

Hy-13 | C-11,C-12,C-14, C-15 | Hyp-12, He-13, Hyp-14 | -
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Table 108 Continued
Proton HMBC COSYy . NOEDIFF
H-14 | C-12, C-13, C-15 Hap-13, Hy-14, H-15 | -
Hy-14 | C-12, C-13, C-15 Hap-13, Hp-14, H-15 | -
H-15 1 C-1,C-13,C-14,C-15 Hap-14, H3-16 Hs-16
H-16 | C-14, C-15 H-15 H-15
3.3.5 Compound K27

Compound K27 was obtained as a colorless gum. Its UV spectrum was
similar to that of K25 while the IR spectrum showed an additional absorption band of
a ketone carbonyl group at 1698 em™. Its 'H NMR (Figure 63) (Table 109) and
BC NMR (Figure 64) (Table 109) spectra were similar to those of K25 except for the
replacement of signal for one methylene carbon in K25 with signal of a ketone
carbonyl carbon at & 215.90. In the HMBC spectrum (Table 110), the methylene
protons, Hap-6 (5 2.83 and 2.22), and Hgp-8 (& 2.53 and 2.10), were correlated with
this carbonyl carbon. These established the location of the ketone group at C-7.
Consequently, K27 was assigned as (4R,5R,95,158)-7-oxobrefeldin A (Hutchinson, ef
al., 1981).

Table 109 The 'H and *C NMR data of compound K27 in CDCl3+CD;0D and
(4R,SR,95,155)-7-Oxobrefeldin A in CD;0D

K27 (4R5R,9S,158)-7-Oxobrefeldin A
&'l (mult-: JHZ) &: (C'tY.pe) &{ (mulfu JHZ)
- 166.08 (C) |-
2 |5.96(dd, 15.6,1.8) | 118.35 (CH) | 6.56 (dd, 15.5, 2.0)
7.39 (dd, 15.6, 3.6) 150.55 (CH) | 7.71 (dd, 15.5, 3.3)

Position
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Table 109 Continued
K27 (4R,5R,9S5,155)-7-Oxobrefeldin A
Position
S (muldt., Jy) & (C-type) & (mult., Jyz)
4 421 (brd, 8.1) 76.55 (CH) | 4.48 (ddd, 9.4,3.3,2.0)
2.10 (m) 49.88 (CH) |2.33 (dddd, 10.4,9.7,9.4,7.9)
6 a:2.83 (dd, 15.6,7.8) |44.87 (CH,) | a: 3.31 (ddd, 18.1,7.9, 1.4)
b: 2.22 (dd, 15.6, 9.0) b: 2.52 (ddd, 18.1, 10.4, 1.4)
7 - 21590 (C) |-
a:2.53 (dd, 18.6,8.4) |46.56 (CHy) | a:2.62 (ddd, 18.1, 8.1, 1.4)
b: 2.10 (m) b: 2.25(ddd, 18.1,11.1, 1.4)
9 1269 @m) 42.48 (CH) |2.81(dddd, 11.1,9.7,9.1,8.1)
10 5.21 (dd, 15.0, 9.0) 135.16 (CH) | 5.25 (dd, 15.3,9.1) ‘
11 |5.81(ddd, 15.0,9.6, |132.28 (CH) | 5.84 (ddd, 15.3, 10.1, 5.1)
5.4) ‘
12 a: 2.10 (m) 31.57 (CHy) | a: 1.98 (dddd, 12.5. 10.1, 5.1, 2.6)
b: 1.89 (m) b: 1.81 (dddd, 12.5,12.2,10.1,2.6)
13 a: 1.75 (m) 26.40 (CHy) | a: 1.70 (dddd, 14.3, 6.1, 2.6, 0.1)
b: 1.06 (m) b: 1.06 (ddddd, 14.3, 12.2, 7.3,
2.6, 1.3)
14 a: 1.75 (m) 3431 (CHy) | a: 1.61 (ddd, 14.2,7.3,0.1)
b: 1.55 (m) b: 1.50 (dddd, 14.2, 8.3, 6.1, 1.3)
15 |4.91 (m) 71.72 (CH) | 4.98 (m)
16 1.28 (d, 6.3) 20.66 (CH;) | 1.24 (d, 6.3)

Table 110 The HMBC, COSY and NOEDIFF data of compound K27 in

CDCI3+CD3;0OD
Proton HMBC COSY NOEDIFF
H-2 |[C-1,C-3,CH4 H-3, H-4
H-3 |[C-1,C-2,C4,C-5 H-2,H-4 H-4, H-9, H-11
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Table 110 Continued

Proton HIMBC COSY NOEDIFF
H4 | C3,C5,C9 H-2, 03, 11-5 H3, H-5, H9
H5 | C-6,C9 H-4, Ha-6, H-9 ;
Hy6 | C-4,C-7,C-9 H-5, Hy-6 -

Hy-6 | C-4, C-7,C-9 H-5, Hy-6 .
H,8 | C-4,C-5,C-6,C-7,C-9 Hb-8, H-9 -

Hy-8 | C-4, C-5,C-6, C-7,C-9 H,-8, H-9 -
HY |C-5,C-8, C-10, C-11 H-5, Hy-8, H-10 H-3, H-4, H-11
H-10 | C-5,C-8,C-9, C-12 H-9, H-11 -

H-11 | C9,C-12 | H-10, Hap-12 -

H,-12 | C-10,C-11, C-13, C-14 H-11, Hp-12, Hep-13 | -

Hy-12 | C-10, C-11, C-13, C-14 H-11, By 12, Hop 13 | -

He13 | C-15 Ha-12, Hy-13, Hpp14 | -

Hy-13 | C-15 Hyp-12, Hy-13, Hyo 14 | -

He14 | C-12, C-13, C-15 Ha-13, Hy-14, H-15 | -

By-14 | C-12, C-13, C-15 Hy-13, Hp-14, H-15 |-

H-15 | C-1 Hy-14, Hi-16 H;-16

H;-16 | C-14, C-15 H-15 H-15




PART IV

METABOLITES FROM THE MARINE-DERIVED FUNGUS
PENICILLIUM SP. PSU-F40
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CHAPTER 4.1

INTRODUCTION

4.1.1 Introduction

The marine-derived fungus Penicillium sp. PSU-F40 was isolated from
the sea fan Annella sp. This fungus was deposited as PSU-F40 at the Department of

Microbiology, Faculty of Science, Prince of Songkla University.

4.1.2 The objectives
1. To isolate the secondary metabolites from the marine-derived fungus

Penicillium sp. PSU-F40.,
2. To elucidate the structure of the isolated metabolites.
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CHAPTER 4.2

EXPERIMENTAL

4.2.1 Fermentation and extraction

The fermentation and the extraction of the culture broth (15 L) and
mycelia were performed using the same procedure as those of Nigrospora sp. PSU-F5
to afford a dark brown gum (1.28 g) and a brown gum (543 mg) from the culture
broth and mycelia, respectively. Each extract was subjected to chromatographic

separation.
4,22 Purification of the broth extract

The crude EtOAc exiract was separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six fractions as shown in Table 111.

Table 111 Fractions obtained from the crude EtOAc extract by column chromatography
over Sephadex LH-20 '

Fraction Weight (mg) Physical appearance
40A 161.7 Brown gum
40B 325.0 Brown gum
40C 395.5 Brown gum
40D 314.0 Brown gum
40E 43.5 Brown gum
40F 27.6 : Brown gum
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Fraction 40A displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase and its '"H NMR spectrum

displayed signals in the high field region. Thus, it was not investigated.

Fraction 40B showed nine UV-active spots on normal phase TLC using 2% methanol
in dichloromethane as a mobile phase with the Ry values of 0.02, 0.07, 0.15, 0.22,
0.27, 0.34, 0.46, 0.56 and 0.68. It was further separated by column chromatography
over silica gel. Elution was performed initially with 2% methanol in dichloromethane
followed by increasing the polarity with methano! and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford eight subfractions as shown in Table 112,

Table 112 Subfractions obtained from fraction 40B by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
40B1 2% MeOH/CH,Cl, 12.8 Yellow gum
40B2 2% MeOH/CH,Cl, 19.0 Yellow gum
40B3 2% MeOH/CH,Cl, 170 Yellow gum
4084 2-4% McOH/CILCT, 286 Yellow gum
40BS5 4-6% MeOH/CH,Cl, 59.2 Brown gum
40B6 6-10% MeOH/CH,Cl, 56.4 Brown gum
40B7 10-30% MeOH/CH,Cl, 74.0 Brown gum
40B8 30% MeOH/CH,Cl,- 40.1 Brown gum
100% MeOH

Subfraction 40B1 showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.62, 0.71, 0.79 and
0.83. Its '"H NMR spectrum displayed signals in the high field region. Thus, it was not

investigated,
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Subfraction 40B2 showed five UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the R¢values of 0.19, 0.26, 0.31, 0.38
and 0.40. Tts 'H NMR spectrum displayed signals in the high field region. Thus, it was

not purified.

Subfraction 40B3 showed six pale UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Revalues of 0.19, 0.3 1, 0.40, 0.55,
0.61 and 0.63. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 40B4 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢values of 0.14, 0,23
and 0.31. It was further separated by column chromatography over silica gel. Elution
was performed initially with 40% ethyl acetate in petroleum ether and gradually
enriched with ethyl acetate and then methanol until pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford five subfractions as shown in Fable 113,

Table 113 Subfractions obtained from subfraction 40B4 by column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance
40B4A 40% EtOAc/Petrol 6.7 Coloriess gum
40B4B 40% EtOAc/Petrol 3.7 Colorless gum
40B4C 40% EtOAc/Petrol 2.2 Colorless gum
40B4D 60% EtOAc/Petrol 3.5 Yellow gum
40B4E 60% EtOAc/Petrol- 10.0 Yellow gum
100% MeOH

Subfraction 40B4A displayed a long tail under UV-S on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.
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Subfraction 40B4B showed three UV-active spots on normal phase TLC using
30% cthyl acetate in petroleum ether as a mobile phase with the Ry values of 0.38,

0.41 and 0.57. Because of low quantity, it was not further investigated.

Subfraction 40B4C showed two UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Revalues of 0.24 and

0.36. Because of the minute quantity, it was not further investigated.

Subfraction 40B4D showed three UV-active spots on normal phase TLC using
40% cthyl acetate in petroleum ether as a mobile phase with the R¢ values of 0.32,

0.34 and 0.36. Because of the minute quantity, it was not further investigated.

Subfraction 40B4E displayed a long tail under UV-S on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase. Because 'H NMR spectrum

showed broad signals, it was not further purified.

Subfraction 40B5 showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.14, 0.32,
0.38 and 0.55. It was then separated by column chrofnatography over reverse phase
silica gel. Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford six subfractions as shown in Table 114,

Table 114 Subfractions obtained from subfraction 40BS by column chromatography

over reverse phase silica gel

Subfraction Weight (ing) Physical appearance
40B5A 3.7 Yellow gum
40B5B 7.4 Yellow gum
40B5C 8.8 Yellow gum
40B5D 7.9 Yellow gum
40B5E 8.3 - Yellow gum
40BSF 21.7 Brown gum
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Subfraction 40BSA showed one pale UV-active spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ value of 0.15. Because
the '"H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction 40BSB showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.09,
0.14 and 0.36. It was further separated by column chromatography over Sephadex
LH-20. Elution was performed with 100% methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford two subfractions as shown in Table 115.

Table 115 Subfractions obtained from subfraction 40B5B by column
chromatography over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
40B5B1 1.6 Yellow gum
40B5B2 5.8 Yellow gum

Subfraction 40B5B1 showed one UV-active spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Rs value of 0.09. Because
the 'H NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction 40B5B2 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.14 -
and 0.26. It was then purified by precoated TLC with 1% methanol in

dichloromethane as a mobile phase (4 runs) to afford two bands.
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Band 1 (K34) was a colorless gum (3.1 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 1% methanol in

dichloromethane as a mobile phase with the Ryvalue of 0.36.

[]® -135 (¢ 0.16, CHCl3)

UV Amax(nm)(MeOI)(log &) 203 (3.32), 269 (3.67)

FTIR(neat):v(cm™) 3409 (O-H stretching), 1687 (C=0 stretching),
1640 (C=C stretching)

'H NMR(CDCLY(S,pm)(300 MHz):  4.52 (¢, J = 6.6 Hz, 1H), 438 (d, J = 12.6
Hz, 1H), 432 (d, J = 12.6 Hz, 1II), 2.45
(dg, J = 15.3, 7.5 Hz, 1H), 2.40 (dg, J =
15.3, 7.5 Hz, 1H), 1.40 (s, 3ID), 1.31 (d, J =
6.6 Hz, 3H), 1.18 (t, J= 7.5 Hz, 3H)

PC NMR(CDCL)Y(&pm)(75 MHz): 19620, 175.58, 110.07, 81.96, 71.33, 56.32,
25.59, 24.11, 12.30, 11.44

DEPT 135: CH; 81.96
CHy; 56.32, 25.59
CHj; 24:11, 12.30, 11.44 |

EIMS m/z (% relative intensity): 200 (11), 167 (6), 129 (76), 111 (100), 72 (62)

Band 2 was a yellow gum (2.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the Ry value of 0.14. Because the '"H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 40B5C showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ values of 0.07, 0.13
and 0.25. It was further separatedlby column chromatography over Sephadex LH-20.

Elution was performed with 100% methanol. Fractions with similar chromatogram
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were combined and evaporated to dryness under reduced pressure to afford two

subfractions as shown in Table 116.

Table 116 Subfractions obtained from subfraction 40B5C by column
chromatography over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
40B5C1 3.6 Yellow gum
40B5C2 5.2 Yellow gum

Subfraction 40B5C1 showed two pale UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.11 and
0.34. Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 40B5C2 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.20, 0.29
and 0.34. It was then purified by precoated TLC with 1% methanol in

dichloromethane as a mobile phase (5 runs) to afford two bands.

Band 1 was a yellow gum (1.5 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the Ry value of 0.33. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated,

Band 2 was a yellow gum (3.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the Ryvalue of 0.19. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.
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Subfraction 40BSD showed five UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.06, 0.15,
0.22, 0.26 and 0.36. It was further separated by column chromatography over
Sephadex LH-20. Elution was performed with 100% methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford two subfractions as shown in Table 117.

Table 117 Subfractions obtained from subfraction 40B5D by column
chromatography over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
40B5D1 1.3 Yellow gum
40BSD2 5.8 Yellow gum

Subfraction 40B5D1 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢values of 0.07, 0.17

and 0.27. Because of the minute quantity, it was not further investigated.

Subfraction 40B5D2 showed two UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.07 and
0.17. It was then purified by precoated TLC with 1% methano! in dichloromethane as

a mobile phase (6 runs) to afford two bands.

Band 1 (K39) was a colorless gum (2.0 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 1% methanol in

dichloromethane as a mobile phase with the Revalue of 0.17.

UV Apax(nm)(MeOH)(log £) 205 (3.85), 212 (3.82), 302 (3.41)
FTIR(neat):v(cm™) 3398 (O-H stretching), 1675 (C=0 stretching),
1620 (C=C stretching)
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'H NMR(CDCl3)(&pm)(300 MHz):  6.08 (s, 1H), 6.00 (s, 1H), 2.58 (4, J = 7.0
Hz, 2H), 2.37 (s, 3H), 2.23 (m, 1H), 0.96
(d,J = 6.5 Hz, 3H), 0.94 (d, J = 7.0 Hz, 3H)
BCNMR(CDCL)(&pm)(75 MHZ): 20076, 155,19, 15435, 143.00, 130.34,
107.73, 93.41, 45.48, 23.66, 22,51, 22.48,

19.33
DEPT 135: CH; 107.73, 93.41, 23,66
' CHy; 45.48
CHs; 22.51,22.48,19.33

Band 2 was a yellow gum (3.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the R¢value of 0.07. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 40BSE showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ values of 0.09, 0.13
and 0.21., Its 'H NMR spectrum displayed signals in the high field region. Thus, it was

not purified.

Subfraction 40BSF displayed a long tail under UV-S on normal phase TLC using
1% methanol in dichloromethane as a mobile phase. Because its 'H NMR spectrum

showed broad signals, it was not further purified.

Subfraction 40B6 showed three UV-active spots on reverse phase TLC using
60% methanol in water as a mobile phase with the Ryvalues of 0.39, 0.53 and 0.65. It
was then separated by column chromatography over reverse phase silica gel. Elution
was performed with 60% methanol in water. Fractions with similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford six

subfractions as shown in Table 118.
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Table 118 Subfractions obtained from subfraction 40B6 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
40B6A 6.6 Yellow gum
40B6B 3.7 Yellow gum
40B6C 8.1 Yellow gum
40B6D 20.1 Yellow gum
40B6E 7.1 Yellow gum
40B6F 10.0 Yellow gum

Subfraction 40B6A displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not further purified,

Subfraction 40B6B showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R values of 0.14, 0.50

and 0.66. Because of low quantity, it was not further investigated.

Subfraction 40B6C showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.05, 0.09
and 0.14. It was further separated by column chromatography over Sephadex LH-20.
Elution was performed with 50% methanol in dichloromethane. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford three subfractions as shown in Table 119,

Table 119 Subfractions obtained from subfraction 40B6C by column
' chromatography over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
40B6C1 1.3 Yellow gum
40B6C2 5.1 Yellow gum
40B6C3 24 Yellow gum
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Subfraction 40B6C1 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not further purified.

Subfraction 40B6C2 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.12
and 0.14. Because the 'H NMR spectrum indicated the presence of many compounds,

it was not further investigated.

Subfraction 40B6C3 showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.05 and
0.14. Because the 'H NMR spectrum indicated the presence of many compounds, it

was not further investigated.

- Subfraction 40B6D showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.03, 0.09,
0.13 and 0.28. It was further separated by column chromatography over Sephadex
LH-20. Elution was performed with 100% methanol, Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford three subfiactions as shown in Table 120.

Table 120 Subfractions obtained from subfraction 40B6D by column
chromatography over Sephadex LH-20

Subfraction Weight (mg) Physical appearance

40B6D1 3.2 Yellow gum
40B6D2 14.2 Yellow gum
40B6D3 3.6 Yellow gum

Subfraction 40B6D1 showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Re values of 0.05, 0.12,

0.16 and 0.18. Because of the minute quantity, it was not further investigated.
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Subfraction 40B6D2 showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0,20 and
0.27. It was further separated by column chromatography over Sephadex LH-20.
Elution was performed with 50% methanol in dichloromethane, Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford three subfractions as shown in Table 121.

Table 121 Subfractions obtained from subfraction 40B6D2 by column
chromatography over Sephadex LH-20 A

Subfraction Weight (mg) Physical appearance
40B6D2A 3.6 Yellow gum
40B6D2B 8.4 Yellow gum
40B6D2C 2.1 Yellow gum

Subfraction 40B6D2A showed one UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ value of 0.10 and
many spots after dipping the TLC plate in anisaldehyde reagent and subsequently

heating the plate. Because of low quantity, it was not further investigated.

Subfraction 40B6D2B showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.10 and
0.20, and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction 40B6D2C showed none of major spots under UV-S on normal phase
TLC using 2% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.
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Subfraction 40B6E showed three pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.02, 0.09
and 0.28. Because the "H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 40B6F showed two pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.06 and
0.08. Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 40B7 showed five UV-active spots on reverse phase TLC using
60% methanol in water as a mobile phase with the Ry values of 0.13, 0.22, 0.31, 0.32
and 0.34. It was then separated by column chromatography over reverse phase silica
gel. Elution was performed initially with 50% methanol in water followed by
increasing amount of methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford five subfractions as shown in Table 122.

Table 122 Subfractions obtained from subfraction 40B7 by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) Physical appearance
40B7A 50% MeOH/H,0 233 Yellow gum_
40B7B 50% MeOH/H,0 15.7 Yellow gum
40B7C 50-60% MeOH/H;0 25 Yellow gum
40B7D 60-80% MeOH/H,0O 15.6 Yellow gum
40B7E 80% MeOH/H,0- 12,7 Yellow gum

100% MeOH

Subfraction 40B7A showed four UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢ values of 0.57, 0.58, 0.71 and
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0.77. Its '"H NMR spectrum displayed signals in the high field region. Thus, it was not
purified.

Subfraction 40B7B showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Revalues of 0.37, 0.46 and 0.53. It
was then separated by column chromatography over reverse phase silica gel. Elution
was performed with 50% methanol in water. Fractions with similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 123.

Table 123 Subfractions obtained from subfraction 40B7B by column chromatograph

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
40B7B1 2.0 Yellow gum
40B7B2 10.5 Yellow gum
40B7B3 2.0 Yellow gum

Subfraction 40B7B1 showed two UV-active spots on reverse phase TLC using
55% methanol in water as a mobile phase with the Ryvalues of 0.37 and 0.44. Because

of the minute quantity, it was not further investigated.

Subfraction 40B7B2 displayed a long tail under UV-S on reverse phase TLC using
55% methanol in water as a mobile phase. This subfiaction was subjected to
acetylation reaction, After work up, the reaction mixture was obtained as a yellow
gum (6.0 mg) and showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Re values of 0.07 and
0.14. It was then putified by precoated TLC with 2% methanol in dichloromethane as
a mobile phase (8 runs) to afford two bands.

Band 1 was a yellow gum (2.2 mg). Its chromatogram showed one

UV-active spot on normal phase TLC using 2% methanol in dichloromethane as a
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mobile phase with the R value of 0,15, Because the 'H NMR spectrum indicated the

absence of olefinic and aromatic protons, it was not further investigated.

Band 2 was a yellow gum (1.4 mg). Its chromatogram showed two
UV-active spots on normal phase TLC using 2% methanol in dichloromethane as a
mobile phase with the Rrvalues of 0.08 and 0.12. Because of the minute quantity, it

was not further investigated.

Subfraction 40B7B3 showed two pale UV-active spots on reverse phase TLC using
55% methanol in water as a mobile phase with the Revalues of 0.53 and 0.55. Because
the 'H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction 40B7C showed one pale UV-active spot on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry value of 0.23. Because the 'H
NMR spectrum indicated the absence of olefinic and aromatic protons, it was not

further investigated.

Subfraction 40B7D showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Revalues of 0.22 and 0.30. Its 'H
NMR spectrum displayed signals in the high field region. Thus, it was not purified.

Subfraction 40B7E showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Revalues of 0.10 and 0.40. Because

its "H NMR spectrum showed broad signals, it was not further purified.

Subfraction 40B8 displayed a long tail under UV-S on reverse phase TLC using
50% methanol in water as a mobile phasé and its "H NMR spectrum showed broad

signals. Thus, it was not further purified.

Fraction 40C showed seven UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.17, 0.29,
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0.66, 0.68, 0.78, 0.85 and 0.88. It was further separated by column chromatography
over silica gel. Elution was performed initially with 100% dichloromethane followed
by increasing the polarity with methan61 and finally with pure methanol. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford ten subfractions as shown in Table 124,

Table 124 Subfractions obtained from fraction 40C by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
40C1 100% CH,Cl, 30.5 Yellow gum
40C2 100% CH,Cl, 82 Yellow gum
40C3 2% MeOH/CH,Cly 15.0 Yellow gum
40C4 2% MeOH/CH,Cl, 10.0 Yellow gum
40CS 2% MeOH/CH,Cl, 101.9 Yellow gum
40C6 4% MeOH/CH,Cl; 54.9 Yellow gum
40C7 | 7% McOH/CH,Cl 215 Yellow gum
40C8 7% MeOH/CH,CI, 22,7 Yellow gum
40C9 7-10% MeOB/CH,Cl 80 | Yellow gum
40C10 10% MeOH/CH,Cl,- - 83.2 brown gum
100% MeOH

Subfraction 40C1 showed four pale UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.05, 0.07, 0.12 and
0.16. Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 40C2 showed two UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.63 and 0.69. It was
then purified by precoated TLC with 70% dichloromethane in petroleum ether as a
mobile phase (4 runs) to afford three bands.
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Band 1 (K29) was a colorless gum (1.6 mg). Its chromatogram

showed one UV-active spot on normal phase TLC 'using 70% dichloromethane in

petroleum ether as a mobile phase with the Revalue of 0.70.

le]

UV Anax(nm)(MeOH)(log £)
FTIR(neat):u(em™)

"H NMR(CDCl3)(8,pm)(500 MHz):

13C NMR(CDCl)(&pm)(125 MHz):

DEPT 135: CH;
CHy;
CH3;
EIMS m/z (% relative intensity):

-57 (¢ 0.08, CHCl3)
207 (3.60), 240 (3.01), 256 (2.97), 307 (2.70)

1700 (C=0 stretching), 1650 (C=C stretching)
7.43 (d, J=8.0 Hz, 1H), 6.72 (d, J = 8.0 Hz,
1H), 5.61 (s, 1H), 4.35 (d, J = 4.0 Hz, 1H),
425 (m, 1H), 3.45 (s, 3H), 2.68 (dd, J =
17.0 and 3.5 Hz, 1H), 2.62 (dd, J = 17.0,
11.0 Hz, 1H), 2.28 (m, 1H), 1.32 (d, J = 6.5
Hz, 3H), 1.11 (d, J = 7.0 Hz, 3H), 0.80 (d,
J = 7.0 Hz, 3H)

202.00, 171.01, 145.39, 123.37, 121.97,
120.14, 119.96, 94.71, 90.23, 62.61, 55.78,
35.87,31.14, 21.12, 18.99, 15.78

12337, 121.97, 94.71, 90,23, 62.61, 31.14
35.87

55.78,21.12, 18.99, 15.78

276 (13), 245 (100), 189 (98), 161 (11), 115 (8)

Band 2 was a colorless gum (2.0 mg). Its chromatogram showed one

UV-active spot on normal phase TLC using 70% dichloromethane in petroleum ether

as a mobile phase with the Revalue of 0.58. Because the "H NMR spectrum indicated

the presence of many compounds, it was not further investigated.

Band 3 (K30) was a colorless gum (0.9 mg). Its chromatogram

showed one UV-active spot on normal phase TLC using 70% dichloromethane in

petroleum ether as a mobile phase with the Revalue of 0.16.
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[2] 2 -55 (¢ 0.08, CHCl)

UV Ana(nm)(MeOH)(log &) 207 (3.63), 241 (3.04), 256 (2.99), 307 (2.73)

FTIR(neat):v(cm™) 3409 (O-H stretching), 1683 (C=0 stretching),
1647 (C=C stretching)

"H NMR(CDCL)(&pm)(500 MHz):  7.46 (d, J = 8.5 Hz, 1H), 6.76 (d, J = 8.5 Hz,
1H), 6.18 (s, 1H), 4.46 (d, J = 3.5 Hz, 1H),
4.40 (m, 1H), 2.72 (dd, J = 16.5, 2.5 Hz,
1H), 2.62 (dd, J = 16.5, 10.0 Hz, 1H), 2.29
(m, 1H), 1.33 (d, J = 6.0 Hz, 3H), 1.08 (d, J
=6.5 Hz, 3H), 0.81 (d, J = 6.5 Hz, 3H)

BC NMR(CDCLY(&pm)(125 MHz):  201.95, 172.48, 146.01, 124.53, 122.49,
121.46, 121.01, 91.04, 88.83, 63.58, 36.94,
32.00, 21.93, 19.53, 16.70

DEPT 135: CH; | 124.53,122.49, 91.04, 88.83, 63.58, 32.00
CHy; 36.94
CHj; 21.93, 19.53, 16.70

EIMS m/z (% relative intensity): 262 (9), 205 (29), 189 (100), 162 (25), 115 (10)

Subfraction 40C3 showed none of major spots under UV-S on normal phase TLC

using 100% dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 40C4 showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.02, 0.07, 0.37 and
0.76 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction 40CS5 showed five UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R values of 0.09, 0.19,
0.26, 0.35 and 0.37. It was further separated by column chromatography over silica

gel. Elution was performed initially with 1% methanol in dichloromethane followed
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by increasing the polarity with methanol and finally with pure methanol. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford nine subfractions as shown in Table 125.

Table 125 Subfractions obtained from subfraction 40C5 by column chromatography

over silica gel

Subfraction Elution Weight (mg) { Physical appearance
40C5A 1% MeOH/CH,Cl, 4.9 Yellow gum
40C5B 1% MeOH/CH,Cl, 0.3 Yellow gum
40C5C 1% MeOH/CHCl; 4.0 Yellow gum
40C5D 1% MeOH/CH,Cl; 18.7 Yellow gum
40C5E 2% MeOH/CH,Cl, 5.7 Yellow gum
40CS5F 2% MeOH/CH,Cl, 32.3 Yellow gum
40C5G 2% MeOH/CH,Cl, 7.6 Yellow gum
40C5H 4% MeOH/CH,Cl, 6.6 Yelow gum
40CSI 4% MeOH/CH,Cl,- 13.4 Yellow gum

100% MecOH

Subfraction 40C5A showed four UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.74,

0.81, 0.86 and 0.88. Because of low quantity, it was not further investigated.

Subfraction 40C5B showed three UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.33,

0.40 and 0.52. Because of the minute quantity, it was not further investigated.

Subfraction 40C5C showed five UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.09,

0.14, 0.36, 0.50 and 0.55. Because of low quantity, it was not further investigated.
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Subfraction 40CSD showed five UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.21,
0.36, 0.43, 0.48 and 0.60. It was further separated by column chromatography over
silica gel. Elution was performed initially with 20% ethy! acetate in petroleum ether
and gradually enriched with ethyl acetate and then methanol until pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford six subfractions as shown in Table 126.

Table 126 Subfractions obtained from subfraction 40C5D by column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance
40C5D1 20% EtOAc/Petrol 3.2 Yellow gum
40C5D2 20% EtOAc/Petrol 2.9 Yellow gum
40C5D3 20% EtOAc/Petrol 3.3 Yellow gum
40C5D4 20% EtOAc/Petrol 1.5 Yellow gum
40C5DS5 30% EtOAc/Petrol 3.1 Yellow gum
40C5D6 40% EtOAc/Petrol- 4.2 Yellow gum
100% MeOH

Subfraction 40C5D1 showed five UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.27,
0.37, 0.46, 0.51 and 0.70. Because of the minute quantity, it was not further

“investigated,

Subfraction 40CSD2 showed two UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.72 and
0.76. Its "H NMR spectrum indicated that the major compound was K38. Further

investigation was then not performed.

Subfraction 40C5D3 showed two UV-active spots on normal phase TLC using

20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.58 and
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0.76. Tts 'H NMR spectrum indicated that the major compound was K36. Further

investigation was then not performed.

Subfraction 40C5D4 showed two UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Revalues of 0,58 and

0.60. Because of the minute quantity, it was not further investigated.

Subfraction 40CSDS showed four UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.37,
0.46, 0.53 and 0.56. Because of the minute quantity, it was not further investigated.

Subfraction 40C5D6 displayed a long tail under UV-S on normal phase TLC using

20% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated,

Subfraction 40CSE showed none of major spots under UV-S on normal phase TLC
using 40% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not

investigated.

Subfraction 40CSF showed four UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the R¢ values of 0.14,
0.19, 0.37 and 0.40. It was further separated by column chromatography over silica
gel. Elution was performed initially with 40% ethyl acetate in petroleum ether and
gradually enriched with ethyl acetate and then methanol until pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford six subfractions as shown in Table 127.

Table 127 Subfractions obtained from subfraction 40CSF by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
40C5F1 40% EtOAc/Petrol 8.1 Yellow gum
40C5F2 40% EtOAc/Petrol 5.8 Yellow gum
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Table 127 Continued
Subfraction Elution Weight (mg) | Physical appearance
40CSF3 40% EtOAc/Petrol 2.9 Yellow gum
40C5F4 40% EtOAc/Petrol 3.2 Yellow gum
40C5F5 60% EtOAc/Petrol 4.6 Yellow gum
40C5F6 | 100% EtOAc-100% MeOH 5.6 Yellow gum

Subfraction 40C5F1 showed four pale UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.23,
0.34, 0,35 and 0.39. Because the 1 NMR spectrum indicated the absence of olefinic

and aromatic protons, it was not further investigated.

Subfraction 40C5F2 showed two UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.58 and
0.60. Its 'H NMR spectrum indicated that the major compound was K37. Further

investi gétion was then not performed.

Subfraction 40CSF3 showed three pale UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the R¢ values of 0.37,
0.41 and 0.58. Because the "H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 40C5F4 showed three UV-active spots on normal phase TLC using
30% ethyl acetate in petrolecum ether as a mobile phase with the R values of 0.25,

0.34 and 0.51. Because of the minute quantity, it was not further investigated.

Subfraction 40CSF5 showed three UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the R¢ values of 0.14,

0.18 and 0.53. Because of low quantity, it was not further investigated.
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Subfraction 40C5F6 displayed a long tail under UV-S on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.

Subfraction 40C5G showed four UV-active spots on normal phase TLC using
40% ethy! acetate in petroleum ether as a mobile phase with the Ry values of 0.07,

0.12, 0.19 and 0.32. Because of low quantity, it was not further investigated.

Subfraction 40CSH showed two UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values 0.02 and
0.32. Its '"H NMR spectrum indicated that the major compound was K37. Further

investigation was then not performed.

Subfraction 40C5I displayed a long tail under UV-S on normal phase TLC using

40% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.

Subfraction 40C6 showed six UV-active spots on normal phase TLC using
2% methano! in dichloromethane as a mobile phase with the Ry values of 0.16, 0.18,
0.19, 0.34, 0.35 and 0.42, It was further separated by column chromatography over
silica gel, Elution was performed initially with 2% methanol in‘dichlororﬁethane
followed by increasing the polarity with methanol and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford six subfractions as shown in Table 128.

Table 128 Subfractions obtained from subfraction 40C6 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
40CO0A 2% MeOH/CH,Cl, 7.1 Yellow gum
40C6B 2% MeOH/CH Cl, 5.4 Yellow gum
40C6C 2% MeOH/CH)Cl, 26.0 Yellow gum
40C6D 2-4% MeOH/CH,Cl, 5.7 Yellow gum
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Table 128 Continued
Subfraction Elution Weight (mg) | Physical appearance
40C6E 4-7% MeOH/CH,Cl, 2.8 Yellow gum
40C6F 10% MeOH/CH,Cl,- 7.3 Brown gum
100% MeOH

Subfraction 40C6A showed five UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢values of 0.19, 0.23,

0.42, 0.46 and 0.63. Because of low quantity, it was not further investigated.

Subfraction 406C6B showed four pale UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values 0.21, 0.30, 0.37
and 0.39. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated,

Subfraction 40C6C showed six UV-active spots on normal phase TLC using
1% methano! in dichloromethane as a mobile phase with the Ry values of 0.16, 0.21,
0.33, 0.39, 0.51 and 0.81. It was further separated by column chromatography over
silica gel. Elution was performed initially with 2% methanol in dichloromethane
followed by increasing the polarity with methanol and finally with pure methanol,
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford five subfractions as shown in Table 129,

Table 129 Subfractions obtained from subfraction 40C6C by column

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
40C6C1 2% MeOH/CH,Cl, 1.7 Yellow gum
40C6C2 2% MeOH/CH,Cl, 2.5 Yellow gum
40C6C3 2% MeOH/CH,Cl, 32 Yellow gum
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Table 129 Continued

Subfraction Elution Weight (mg) | Physical appearance
40C6C4 2-4% MeOH/CH,Cl, 8.2 ‘ Yellow gum
40C6C5 4% MeOH/CH,Cl,- 76 Brown gum

100% MeOH

Subfraction 40C6C1 showed none of major spots under UV-S on normal phase TLC
using 1% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 40C6C2 showed one UV-active spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢value of 0.70. Because
the 'H NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction 40C6C3 showed five UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.16, 0.23,

0.33, 0.39 and 0.51. Because of the minute quantity, it was not further investigated.

Subfraction 40C6C4 showed two UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.16 and
0.33. It was then purified by precoated TLC with 1% methanol in dichloromethane as
a mobile phase (7 runs) to afford two bands.

Band 1 was a colorless gum (5.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the Revalue of 0.40. Its "H NMR spectrum displayed signals in the
high field region, it was not purified.
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Band 2 was a colorless gum (3.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the Revalue of 0.36. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 40C6C5 displayed a long tail under UV-S on normal phase TLC using

40% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.

Subfraction 40C7 showed five UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.12, 0.16,
0.23, 0.30 and 0.42. It was further separated by column chromatography over silica
gel. Elution was performed initially with 40% ethyl acetate in petroleum ether and
gradually enriched with ethyl acetate and then methanol until pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford five subfractions as shown in Table 130.

Table 130 Subftactions obtained from subfraction 40C7 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance

40C7A 40% EtOAc/Petrol 3.5 Yellow gum

40C7B 40% EtOAc/Petrol 2.0 Yellow gum

40C7C 40-60% EtOAc/Petrol 5.1 Yellow gum

40C7D 60-80% EtOAc/Petrol 5.6 Yellow gum

40C7E 80% EtOAc/Petrol- 5.0 Yellow gum
100% MeOH

Subfraction 40C7A showed none of major spots under UV-S on normal phase TLC
using 30% ethyl acetate in petroleum cther as a mobile phase. Thus, it was not

investigated.
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Subfraction 40C7B showed three UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the R¢ values of 0.15,
0.27 and 0.48. Its "H NMR spectrum indicated that the major compound was K29.

Further investigation was then not performed.

Subfraction 40C7C showed five UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.15,
0.27, 0.36, 0.41 and 0.48. Its 'H NMR spectrum displayed signals in the high field

region, Thus, it was not purified.

Subfraction 40C7D showed four UV-active spots on normal phase TLC using
40% ethyl acetate in pefroleum ether as a mobile phase with the Ry values of 0.13,
0.19, 0.23 and 0.45, Because of low quantity, it was not further investigated.

Subfraction 40C7E displayed a long tail under UV-S on normal phase TLC using

40% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.

Subfraction 40C8 showed four UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.43, 0.50, 0.60 and
0.70. It was then separated by column chromatography over reverse phase silica gel.
Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford three subfractions as shown in Table 131.

Table 131 Subfractions obtained from subfraction 40C8 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
40C8A 8.1 Yellow gum
40C8B 72 Yellow gum
40C8C 7.3 Yellow gum
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Subfraction 40C8A showed two UV-active -spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Rr values of 0.15 and
0.27. It was further separated by column chromatography over Sephadex LH-20.
Elution was performed with 100% methanol. Fractions with similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 132.

Table 132 Subfractions obtained from subfraction 40C8A by column
chromatography over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
40C8A1 2.6 Yellow gum
40C8A2 0.5 Yellow gum
40C8A3 4.1 Colorless gum

Subfraction 40C8A1 showed none of major spots under UV-S on normal phase TLC
using 2% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated,

Subfraction 40C8A2 showed one pale UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phasc with the Ry value of 0.14. Because
the 'H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated

Subfraction 40C8A3 (K31) showed one UV-active spot on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry value of 0.29.

o] % -26 (¢ 0.21, CHCl3)
UV Ama(nm)(MeOH)(log &) 251 (3.04), 277 (3.01), 284 (2.97)

FTIR(neat):u(cm™) 3351 (O-H stretching), 1657 (C=C stretching)
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'H NMR(CDCL)Y(&pm}(300 MHZ):  7.11 (1, J=7.8 Hz, 1H), 6.74 (d, J= 7.8 Hz,
1H), 6.71 (d, J = 7.8 Hz, 1H), 4.85 (d, J =
13.2 Hz, 1H), 4.79 (d, J = 13.2 Hz, 1H),
3.92 (dg, J = 10.0, 6.0 Hz, tH), 2.75 (dd, J
=12.5, 2.4 Hz, 1H), 2.74 (dd, J=12.5, 10.0
Hz, 1H), 1.24 (d, J= 6.0 Hz, 3H)

13C NMR(CDCl3)(&pm)(75 MHz): 15623, 137.72, 129.02, 124.91, 122.49,
114.96, 69.10, 58.49, 41.81, 23.43

DEPT 135: CH; ©129.02, 122,49, 114.96, 69.10
CHy; 58.49, 41.81
CHj; 23.43
EIMS m/z (% relative intensity): 164 (14), 120 (100), 91 (78), 77 (17), 65 (14)

Subfraction 40C8B showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R values of 0.20 and
0.27. Its '"H NMR spectrum indicated that the major compound was K30. Further

investigation was then not performed.

Subfraction 40C8C showed four pale UV-active spots on normal phase TL.C using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.02, 0.13,
0.17 and 0.24. Because the "H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 40C9 showed six UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ryvalues of 0.13, 0.28, 0.30, 0.47,
0.72 and 0.84. Because of low quantity, it was not further investigated.

Subfraction 40C10 showed six UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Revalues of 0.09, 0.16, 0.21, 0.30,
0.40 and 0.46. Because its 'H NMR spectrum showed broad signals, it was not further
purified. '
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Fraction 40D showed nine UV-active spots on normal phase TLC using 2% methanol
in dichloromethane as a mobile phase with the Ry values of 0.07, 0.17, 0.27, 0.54,
0.59, 0.63, 0.73, 0.78 and 0.85, It was further separated by column chromatography
over silica gel. Elution was performed initially with 100% dichloromethane followed
by increasing the polarity with methanol and finally with pure methanol. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford nine subfractions as shown in Table 133.

Table 133 Subfractions obtained from fraction 40D by column chromatography over

silica gel
Subfraction Elution Weight (mg) { Physical appearance
40D1 100% CH,Cl, 4.9 Brown gum
40D2 100% CH,Cl, 9.6 Brown gum
40D3 100% CH,Cl, 4.0 Brown gum
40D4 2% MeOH/CH,Cl, 39.5 Yellow gum
40D5 2% MeOH/CH,Cl 15.2 Brown gum
40D6 4% MeOH/CH,CI, 106.5 Brown gum
40D7 4-7% MeOB/CH,Cl 337 Brown gum
40D8 7-10% MeOH/CH,Cl; 40.5 Brown gum
40D9 10% MeOH/CH,Cl;- 58.4 Brown solid
100% MeOH

Subfraction 40D1 displayed a long tail under UV-S on normal phase TLC using
70% dichloromethane in petroleum ether as a mobile phase. Thus, it was not

investigated.

Subfraction 40D2 showed three UV-active spots on normal phase TLC using
70% dichloromethane in petroleum ether as a mobile phase with the Revalues of 0.09,
0.73 and 0.76. Tts "H NMR spectrum displayed signals of long chain hydrocarbons.

Thus, it was not purified
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Subfraction 40D3 showed four UV-active spots on normal phase TLC using
70% dichloromethane. in petroleum ether as a mobile phase with the Revalues of 0.51,

0.53, 0.65 and 0.74. Because of low quantity, it was not further investigated.

Subfraction 40D4 showed five UV-active spots on normal phase TLC using
70% dichloromethane in petroleum ether as a mobile phase with the Revalues of 0.07,
0.19, 0.23, 0.49 and 0.74. It was further separated by column chromatography over
silica gel. Elution was performed initially with 70% dichloromethane in petroleum
ether and gradually enriched with dichloromethane and then methanol until pure
methanol. Fractions with similar chromatogram were combined and evaporated to

dryness under reduced pressure to afford five subfractions as shown in Table 134.

Table 134 Subfractions obtained from subfraction 40D4 by column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance

40D4A 70% CH,Cly/Petrol 2.9 Colorless gum

40D4B 70-80% CH,Cl,/Petrol 7.6 Colorless gum

40D4C 80% CH,Cl,/Petrol- 5.1 - Colorless gum
100% CH,Cl,

40D4D 2-5% MeOH/CH,Cl, 2.1 ’ Yellow gum

40D4E 7% MeOH/CH,Cl,- 18.1 Yellow gum
100% MeOH

Subfraction 40D4A showed one pale UV-active spot on normal phase TLC using
70% dichloromethane in petroleum ether as a mobile phase with the Ry value of 0.44.
Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 40D4B showed six UV-active spots on normal phase TLC using

70% dichloromethane in petroleum ether as a mobile phase with the Revalues of 0.05,
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0.15, 0.19, 0.24, 0.52 and 0.66. Because of low quantity, it was not further

investigated.

Subfraction 40D4C showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the R¢ values of 0.14, 0.21, 0.26 and
0.57. Its '"H NMR spectrum indicated that the major compound was K28. Further

investigation was then not performed.

Subfraction 40D4D showed two UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Revalues of 0.16 and 0.23. Because

of the minute quantity, it was not further investigated.

Subfraction 40D4E showed three pale UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the R¢ values of 0.04, 0.07 and 0.12.
Because the '"H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 40D5 showed two UV-active spots on normal phase TLC using
70% dichloromethane in petroleum ether as a mobile phase with the Ry values of 0.28
and 0.39. Its '"H NMR spectrum indicated that the major compound was K28. Further

investigation was then not performed.

Subfraction 4006 showed seven UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the R¢values of 0.08,
0.13, 0.21, 0.29, 0.40, 0.67 and 0.73. It was further separated by column
chromatography over silica gel. Elution was performed initially with 100%
dichloromethane followed by increasing the polarity with methanol and finally with
pure methanol. Fractions with similar chromatogram were combined and evaporated

to dryness under reduced pressure to afford six subfractions as shown in Table 135.
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Table 135 Subfractions obtained from subfraction 40D6 by column chromatography

over silica gel

Subfraction Elution Weight (mg) { Physical appearance
40D6A 100% CH,Cl, 7.0 Yellow gum
40D6B 1% MeOH/CH,Cl, 8.0 Yellow gum
40D6C 2% MeOH/CH,CI, 46.2 Yellow gum
40D6D 2-5% MeOH/CH,Cl, 23.3 Yellow gum
40D6E 10-60% MeOH/CH,Cl, 5.2 Yellow gum
40D6F 60% MeOH/CH,Cl;- 143 Brown gum

100% MeOH

Subfraction 40D6A showed three pale UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.62, 0.79 and 0.83.

Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 40D6B showed three UV-active spots on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the R¢ values of 0.26, 0.31

and 0.83. It was then purified by precoated TLC with 10% ethyl acetate in petroleum

ether as a mobile phase (4 runs) to afford two bands.

Band 1 (K28) was a colorless gum (3.1 mg). Its chromatogram showed one

UV-active spot on normal phase TLC using 10% ethyl acetate in petroleum ether as a

mobile phase with the Ryvalue of 0.50.

[] 2 +12 (¢ 0.16, CHCly)

UV Amax(nm)(MeOH)log &)

213 (3.68), 253 (3.28), 269 (3.15), 324 (2.92)

FTIR(neat):v(cm™) 1695 (C=0 stretching), 1647 (C=C stretching)
"H NMR(CDCL)(&pm)(300 MHz):  7.46 (d, J=7.8 Hz, 1H), 6.77 (d,J = 7.8 Hz,
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1H), 4.86 (d, J = 162 Hz, 1H), 4.66 (4,
J =162 Hz, 1H), 3.27 (s, 3H), 2.94 (d, J =
16.2 Hz, 1H), 2.85 (d, J = 162 Hz, 1H),
2.29 (s, 3H), 2.02 (s, 3H), 1.46 (s, 3H)

3¢ NMR(CDCl)(&m)(75 MHz): 18343, 16037, 14528, 140.72, 131.54,
123.03, 121.91, 121.19, 118.25, 97.43,
57.75, 49.00, 39.30, 22.99, 20,15, 17.40

DEPT 135: CH; 123.03, 121.91
CHy; 57.75, 39.30
CHs; 49,00, 22.99, 20.15, 17.40

EIMS m/z (% relative intensity): 274 (13), 242 (36), 200 (100), 149 (13), 115 (7)

Band 2 was a yellow gum (2.1 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 10% ethyl acetate in petroleum ether as a
mobile phase with the Revalue of 0.21. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 40D6C showed six UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Revalues of 0.30, 0.46,
0.53, 0.58, 0.63 and 0.72. It was further separated by column chromatography over
silica gel. Elution was performed initially with 1% methanol in dichloromethane
followed by increasing the polarity with methanol and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford six subfractions as shown in Table 136.

Table 136 Subfractions obtained from subfraction 40D6C by cquﬂm

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
40D6Cl1 1% MeOH/CH,Cl, 2.9 Yellow gum
40D6C2 1% MeOH/CH,Cl, 7.3 Yellow gum
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Table 136 Continued
Subfraction | Elution Weight (mg) { Physical appearance
40D6C3 1% MeOH/CH,Cl, 16.1 Yellow gum
40D6C4 1% MeOH/CH,Cl, 3.6 Yellow gum
40D6C5 1% MeOH/CH,Cl, 4.5 Yellow gum
40D6C6 2% MeOQH/CH,Cly- 10.9 Brown gum
100% MeOH

Subfraction 40D6C1 showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.46, 0.53, 0.67 and

0.76. Because of the minute quantity, it was not further investigated.

Subfraction 40D6C2 showed three UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.28, 0.31 and 0.42. It
was then purified by precoated TLC with 100% dichloromethane as a mobile phase
(§ runs) to afford two bands.

Band 1 (K37) was a colorless gum (3.4 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 100% dichloromethane as a

mobile phase with the Revalue of 0.42,

UV Apax(nm)(MeOH)(log &) 210 (2.86), 240 (2,48), 253 (2.51), 270
' (2.63), 293 (2.55), 352 (2.56)
FTIR(neat):L (cm-l) 1695 (C=0 stretching), 1644 (C=C stretching)

'H NMR(CDCL)(S,pm)(300 MHz):  9.56 (s, 1H), 7.83 (d, J = 8.7 Hz, 1H), 7.38
@, J = 8.7 Hz, 1H), 7.56 (s, 1H), 2.76
(s, 3H), 2.45 (s, 3H), 2.26 (s, 3H)

BC NMR(CDCls)(Gpm)(75 MHz):  182.21, 164.04, 156,68, 146.21, 145.60,
14136, 133.75, 12423, 120.55, 119.55,
119.36, 114.62, 24.65, 20.40, 17.50
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DEPT 135: CH; 146.21, 124.23, 120.55, 119.55
CHs; 24.65,20.40, 17.50

Band 2 was a colorless gum (2.2 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 100% dichloromethane as a mobile phase
with the Ry value of 0.31. Because the 'H NMR spectrum indicated the presence of

many compounds, it was not further investigated.

Subfraction 40D6C3 showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.16, 0.35, 042 and
0.51. It was further separated by column chromatography over silica gel. Elution was
performed with 100% dichloromethane. Fractions with similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford four

subfractions as shown in Table 137,

Table 137 Subfractions obtained from subfraction 40D6C3 by column

chromatography over silica gel

Subfraction ‘Weight (mg) Physical appearance

40D6C3A 1.9 Yellow gum
40D6C3B 2.1 Yellow gum
40D6C3C 1.8 Yellow gum
40D6C3D 8.6 Yellow gum

Subfraction 40D6C3A showed five pale UV-active spots on normal phase TLC
using 70% dichloromethane in petroleum cther as a mobile phase with the Ry values
of 0.35, 0.39, 0.46, 0.65 and 0.72. Because the 'H NMR spectrum indicated the

absence of olefinic and aromatic protons, it was not further investigated.

Subfraction 40D6C3B showed one UV-active spot on normal phase TLC using

100% dichloromethane as a mobile phase with the Ry value of 0.31. Because the
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'H NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction 40D6C3C showed two UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Revalues of 0.28 and 0.51. Because

of the minute quantity, it was not further investigated.

Subfraction 40D6C3D showed two UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.57 and
0.69. It was then purified by precoated TLC with 40% ethyl acetate in petroleum ether

as a mobile phase (3 runs) to afford two bands.

Band 1 was a yellow gum (1.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 40% ethyl acetate in petroleum ether as a
mobile phase with the R¢value of 0.69. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 2 was a yellow gum (5.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 40% ethyl acetate in pe&oleum ether as a
mobile phase with the R¢value of 0.57. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 40D6C4 showed six UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.19,
0.28, 0.37, 0.51, 0.56 and 0.81. Because of low quantity, it was not further

investigated.

Subfraction 40D6CS5 showed four UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the R¢ values of 0.19,

0.30, 0.42 and 0.51. Because of low quantity, it was not further investigated.
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Subfraction 40D6C6 showed four pale UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.12,
0.16, 0.35 and 0.39. Because the 'H NMR spectrum indicated the absence of olefinic

and aromatic protons, it was not further investigated.

Subfraction 40D6D showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Rr values of 0,26, 0.31
and 0.83. It was further separated by column chromatography over silica gel. Elution
was performed with 40% ethyl acetate in petroleum ether. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 138.

Table 138 Subfractions obtained from subfraction 40D6D by column

chromatography over silica gel

Subfraction Weight (mg) Physical appearance
40D6D1 3.9 Colorless gum
40D6D2 9.7 Colorless gum
40D6D3 43 | Yellow gum

40D6D4 4.0 Yellow gum

Subfraction 40D6D1 showed three UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the R¢ values of 0.34,

0.72 and 0.86. Because of low quantity, it was not further investigated.

Subfraction 40D6D2 (K38) showed one UV-active spot on normal phase TLC using

20% cthyl acetate in petroleum ether as a mobile phase with the Ryvalue of 0.39.

[] 2 -10 (¢ 0.50, MeOH)
UV Amamx(nm)(MeOH)(log &) 210 (3.69), 253 (3.67), 352 (3.16)
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FTIR(neat):u(cm™) 3368 (O-I stretching), 1697 (C=0 stretching),
1644 (C=C stretching)

'"H NMR(CDCL)(8,m)(300 MHz):  9.48 (s, 1H), 7.53 (d, J = 8.7 Hz, 1H), 7.13
(s, 1H), 6.98 (d, J = 8.7 Hz, 1H), 2.50
(s, 3H), 2.43 (m, 1H), 1.24 (d, J = 7.0 Hz,
3H), 0.99 (d, J = 7.0 Hz, 3H)

13C NMR(CDCLs)(&pm)(75 MHz):  198.48, 171.50, 156.71, 146.50, 141.97,
124.27, 119.38, 115.64, 114.61, 110.03,
33.93, 23.70, 15.94, 15.67

DEPT 135: CH; 146.50, 124.27, 119.38, 33.93

CHj; 23.70, 15.94, 15.67

Subfraction 40D6D3 showed five UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.16,
0.18, 0.20, 0.22 and 0.32, Because of low quantity, it was not further investigated.

Subfraction 40D6D4 showed five UV-active spots on normal phase TLC using
30% ethyl acetate in petroleun ether as a mobile phase with the Ry values of 0.11,
0.18, 0.24, 0.28 and 0.33. Because of low quantity, it was not further investigated.

Subfraction 40D6E showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ values of 0.12, 0.19,

0.23 and 0.30. Because of low quantity, it was not further investigated.

Subfraction 40D6F displayed a long tail under UV-S on normal phase TLC using

1% methanol in dichloromethane as a mobile phase. Thus, it was not investigate.

Subfraction 40D7 showed four UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.14,
0.21, 0.55 and 0.51. It was further separated by column chromatography over silica

gel. Elution was performed initially with 30% ethy! acetate in petroleum ether and
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gradually enriched with ethyl acetate and then methanol until pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford six subfractions as shown in Table 139.

Table 139 Subfractions obtained from subfraction 40D7 by column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance
40D7A 30% EtOAc/Petrol 6.0 Yellow gum
40D7B 30% EtOAc/Petrol 3.1 Yellow gum
40D7C 30% EtOAc/Petrol 5.4 Yellow gum
40D7D 30% EtOAc/Petrol 5.0 Yellow gum
40D7E 50% EtOAc/Petrol 8.9 Yellow gum
40D7F 70% EtOAc/Petrol- 5.1 Yellow gum
100% MeCH

Subfraction 40D7A showed two UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ryvalues of 0.08 and
0.80 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction 40D7B showed two UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Revalues of 0.65 and
0.70 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of the minute quantity, it was not further

investigated.

Subfraction 40D7C showed two UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ryvalues of 0.20 and

0.24 and many spots after dipping the TLC plate in anisaldehyde reagent and
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subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction 40D7D showed two UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.15 and
0.24. It was then purified by precoated TLC with 20% ethyl acetate in petroleum ether

as a mobile phase (5 runs) to afford two bands.

Band 1 (K32) was a colorless gum (2.0 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 20% ethyl acetate in

petroleum ether as a mobile phase with the Ryvalue of 0.18.

o] 2 -12 (¢ 0.13, CHCl3)
UV Apa(nm)(MeOH)(log &) 205 (3.56), 215 (3.35), 268 (2.63), 275 (2.61)
FTIR(neat):u(cm™) 3402 (O-H stretching), 1653 (C=C stretching)

'H NMR(CDCL3)(Gpm)(300 MHz):  7.07 (1, J = 8.0 Hz, 111), 6.73 (d, J = 8.0 Hz,
1H), 6.60 (d, J = 8.0 Hz, 1H), 5.06 (d, J =
12.0 Hz, 1H), 5.01 (d, J = 12.0 Hz, 1H),
4.95 (d, J = 2.0 Hz, 1H), 3.85 (¢d, J = 6.5,
2.0 Hz, 1H), 1.26 (d, J= 6.5 Hz, 3H)

BC NMR(CDCL)Y(&pm)(75 MHz):  150.36, 140.68, 129.25, 126.12, 114.55,
113.99, 88.52, 71.07, 69.96, 18.58

DEPT 135: CH; 129.25, 114.55, 113.99, 88.52, 69.96
CHy; 71.07
CHj; _ 18.58
EIMS m/z (% relative intensity): 180 (2), 136 (23), 135 (100), 107 (23), 77 (20)

Band 2 was a colorless gum (2.2 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum ether as a
mobile phase with the Revalue of 0,15, Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.
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Subfraction 40D7E showed five UV-active spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.10,
0.15, 0.20, 0.28 and 0.32 and many spots after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Because of low quantify, it was not further

investigated.

Subfraction 40D7F displayed a long tail under UV-S on normal phase TLC using

50% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.

Subfraction 40D8 showed seven UV-active spots on normal phase TLC using
294 methano! in dichloromethane as a mobile phase with the R values of 0.21, 0.29,
0.32, 0.42, 0.50, 0.67 and 0.78. It was further separated by column chromatography
over silica gel. Elution was performed initially with 2% methanol in dichloromethane
followed by increasing the polarity with methanol and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford four subfractions as shown in Table 140.

Table 140 Subfractions obtained from subfraction 40D8 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
40D8A 2% MeOH/CH)Cl, 2.1 Yellow gum
40D8B 2% MeOH/CH,Cl, 3.0 Yellow gum
40D8C 2% MeOH/CH,Cl, 22 Yellow gum
40D8D 4% MeOH/CH,Clp- 30.0 Yellow gum

100% MeOH

Subfraction 40D8A showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢values of 0.09, 0.21,

0.23 and 0.58. Because of the minute quantity, it was not further investigated.
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Subfraction 40D8B showed three UV-active spots on normal phase TLC using
204 methanol in dichloromethane as a mobile phase with the Revalues of 0.19, 0.26

and 0.36. Because of the minute quantity, it was not further investigated.

Subfraction 40D8C showed three UV-active spots on normal phase TLC using
9% methanol in dichloromethane as a mobile phase with the Re values of 0.16, 0.23

and 0.31. Because of the minute quantity, it was not further investigated.

Subfraction 40D8D showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.21 and 0.52. It was
then separated by column chromatography over reverse phase silica gel. Elution was
performed initially with 50% methanol in water followed by increasing amount of
methanol and finally with pure methanol. Fractions with similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford four

subfractions as shown in Table 141.

Table 141 Subfractions obtained from subfraction 40DS8D by column

chromatography over reverse phase silica gel

Subfraction Elution Weight (mg) Physical appearance
40D8D1 50% MeOH/H,0O 14.3 Yellow gum
40D8D?2 50% MeOH/H,O 2.9 Yellow gum
40D8D3 50% MeOH/H,0 2.8 Yellow gum
40D8D4 70% MeOH/H,0- 93 Yellow gum

100% MeOH

Subfraction 40D8D1 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.14, 0.17
and 0.21. It was further separated by column chromatography over Sephadex LH-20.

Elution was performed with 100% methanol. Fractions with similar chromatogram
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were combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 142,

Table 142 Subfractions obtained from subfraction 40D8D1 by column chromatography

over Sephadex LH-20
Subfraction Weight (mg) Physical appearance
40D8D1A 3.7 Yellow gum
40D8D1B 7.2 Colorless gum
40D8D1C 33 Yellow gum

Subfraction 40D8D1A showed one UV-active spot on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry value of 0.14. Because

the 'H NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction 40D8D1B (K35) showed one UV-active spot on normal phase TLC

using 2% methanol in dichloromethane as a mobile phase with the R¢ value of 0.17.

UV Anax(hm)(MeOH)(log &)
FTIR(neat):v(cm™)

'H NMR(CDCls+CD30D)(S3pm)(300 MHZ):

BCNMR(CDCl3+CD30D)(8pm)(75 MHa2):

206 (3.10), 250 (2.49), 289 (2.19)

3328 (O-H stretching), 1638 (C=C
stretching)

7.14 (t, J= 7.8 Hz, 1H), 6.81 (d,
J=178Hz, 1H), 6.64 (d, J= 114
Hz, 1H), 6.59 (d, /= 7.8 Hz, 1H),
597 (dt, J = 114, 6.9 Hz, 1H),
4.78 (s, 2H), 4.07 (dd, J = 6.9, 0.6
Hz, 2H)

156.26, 136.29, 131.88, 129.95,
128.45, 123.58, 120.92, 115.30,
59.10, 58.58
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DEPT 135: CH; 131.88, 129.95, 128.45, 120.92,
115.30
CHy; 59.10, 58.58
EIMS m/z (% relative intensity): 180 (12), 162 (78), 133 (100), 105
(40), 77 (36)

Subfraction 40D8D1C showed one UV-active spot on normal phase TLC using
204 methano! in dichloromethane as a mobile phase with the Re value of 0.21, Because

the 'H NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction 40D8D2 showed two UV-active spots on normal phase TLC using
7% methanol in dichloromethane as a mobile phase with the Ry values of 0.12 and

0.17. Its '"H NMR spectrum indicated that the major compound was K38, Further

investigation was then not performed.

Subfraction 40D8D3 showed two UV-active spots on normal phase TLC using
9% methanol in dichloromethane as a mobile phase with the Rt values of 0.21 and
0.29. Because the 'H NMR spectrum indicated the presence of many compounds, it

was not further investigated.

Subfraction 40D8D4 showed three UV-active spots on normal phase TLC using
204 methanol in dichloromethane as a mobile phase with the Ry values of 0.17, 0.61
and 0.65. It was further separated by column chromatography over Sephadex LH-20.
Elution was performed with 100% methanol. Fractions with similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 143,
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Table 143 Subfractions obtained from subfraction 40D8D4 by column

chromatography over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
40D8D4A 2.2 Yellow gum
40D8D4B 4.4 Colorless gum
40D8D4C 2.5 Yellow gum

Subfraction 40D8D4A showed two UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.17 and

0.56. Because the '"H NMR spectrum indicated the presence of many compounds, it

was not further investigated.

Subfraction 40D8D4B (K36) showed one UV-active spot on normal phase TLC

using 2% methanol in dichloromethane as a mobile phase with the Ry value of 0.17.

o]
UV Agax(nm)(MeOH)(log £)
FTIR(neat):v(ecm™)

"H NMR(CDCl3+CD30D)(8,,m)(300 MIIz):

*C NMR(CDCls+CD30D)(8m)(75 MHz):

-21 (c 0.50, McOH)

210 (3.72), 252 (3.69), 353 (3.19)
3245 (O-H stretching), 1692 (C=0
stretching), 1641 (C=C stretching)
9.48 (5, 1H), 7.79 (s, 1H), 7.72 (d,
J = 8.4 Hz, 1H), 7.36 (d, J = 8.4
Hz, 1H), 4.89 (s, 2H), 2.36 (m,
1H), 1.19 (brs, 3H), 0.97 (brs, 38)
198.97, 171.93, 159.25, 146.61,
14270, 124.53, 12034, 117.36,
115.88, 110.13, 64.54,
15.96, 15.45

34.17,
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DEPT 135: CH; 146.61, 124.53, 120.34, 117.36,
34.17
CHa; 64.54
CH3; 15.96, 15.45
EIMS n/z (% relative intensity): 273 (9), 202 (100), 145 (29), 117
‘ (13), 89 (7)

Subfraction 40D8D4C showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.17 and
0.60. Because the 'H NMR spectrum indicated the presence of many compounds, it

was not further investigated.

Subfraction 40D9 showed seven UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Rrvalues of 0.08, 0.15,
0.18, 0.25, 0.33, 0.45 and 0.65. It was further separated by flash column
chromatography over silica gel. Elution was performed initially with 2% methanol in
dichloromethane followed by increasing the polarity with methanol and finally with
pure methanol. Fractions with similar chromatogram were combined and evaporated

to dryness under reduced pressure to afford six subfractions as shown in Table 144.

Table 144 Subfractions obtained from subfraction 40D9 by flash column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance
40D9A 2% MeOH/CH,Cl, 4.4 Yellow gum
40D9B 2-4% MeOH/CH,Cl, 1.3 Yellow gum
40D9C 4% MeOH/CH,Cl, 4.7 Yellow gum
40D9D 4-7% MeOH/CHCl, 6.3 Brown gum
40D9E 7% MeOH/CH,Cl, 14.1 Brown gum
40D9F 7% MeOH/CH,Cl»- 21.1 Bfown solid
100% MeOH
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Subfraction 40D9A showed four pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.48, 0.54,
0.91 and 0.98. Because the '"H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 40D9B showed one UV-active spot on normal phase TLC using
294 methanol in dichloromethane as a mobile phase with the Ry value of 0.21. Because

the 'H NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction 40D9C showed five pale UV-active spots on normal phase TLC using
294 methanol in dichloromethane as a mobile phase with the Ry values of 0.05, 0.09,
0.14, 0.18 and 0.20, Because the 'H NMR spectrum indicated the absence of olefinic

and aromatic protons, it was not further investigated.

Subfraction 40D9D showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Re values of 0.27, 0.36

and 0.95. Because of low quantity, it was not further investigated.

Subfraction 40D9E showed one pale UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R value of 0.06. Because
the 'H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction 40D9F displayed a long tail under UV-S on normal phase TLC using
2% methanol in dichloromethane as a mobile phase. Because its 'H NMR spectrum

showed broad signals, it was not further purified.

Fraction 40F, showed six UV-active spots on normal phase TLC using 2% methanol
in dichloromethane as a mobile phase with the Rfvalﬁes of 0.07, 0.12, 0.22, 0.44, 0.49
* and 0.85. It was further separated by column chromatography over silica gel. Elution

was performed initially with 2% methanol in dichloromethane followed i)y increasing
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the polarity with methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford eight subfractions as shown in Table 145.

Table 145 Subfractions obtained from fraction 40E by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
40E1 2% MeOH/CH,Cl, 3.9 Yellow solid
40E2 - 2% MeOH/CH;Cl;y 1.0 Yellow solid
40E3 2% MeOH/CH,Cl, 4.5 Yellow solid
40E4 2% MeOH/CH,Cl, 2.6 Colorless gum
40E5 2% MeOH/CH,Cl, 2.5 Brown solid
40E6 4% MeOH/CH,Cl, 5.9 Brown solid
40E7 8% MeOH/CH,Cl, 2.1 Brown solid
40E8 10% MeOH/CH,Cl,- 4.4 Brown solid
100% MeOH

Subfraction 40E1 showed seven UV-active spots on normal pﬁase TLC using
100% dichloromethane as a mobile phase with the Ryvalues of 0.09, 0.21, 0.36, 0.40,
0.62, 0.69 and 0.83. Because of low quantity, it was not further investigated.

Subfraction 40E2 showed two UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Revalues of 0.36 and 0.43. Because

of the minute quantity, it was not further investigated.

Subfraction 40E3 showed two UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.50 and 0.66.
Because the 'H NMR spectrum indicated the presence of many compounds, it was not

further investigated.
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Subfraction 40E4 (K33) showed one UV-active spot on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the Revalue of 0.25.

UV Ama(nm)(MeOH)(log &) 209 (3.84), 224 (3.64), 247 (3.43), 36l
(3.31)
FTIR(neat):v(em™) 3399 (O-H stretching), 1683 (C=0 stretching)

'H NMR(CDCL)(8,pn)(300 MHz):  6.02 (s, 1H), 5.94 (s, 1H), 3.64 (d, J = 9.6
Hz, 1H), 3.54 (d, J = 9.6 Hz, 1H), 2.30 (s,
3H), 2.22 (s, 3H)

13C NMR(CDCls)(&pm)(75 MHz): 16985, 169.07, 166.94, 166.45, 160.72,
143.11, 108.18, 103.11, 102.76, 102.40,
19.69, 18.99, 18.25

DEPT 135; CH; 103.11, 102.76
CHy; 18.25
CHs; 19.69, 18.99
EIMS m/z (% relative intensity): 263 (70), 220 (19), 178 (45), 150 (100), 125 (18)

Subfraction 40ES showed two UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R values of 0,16 and

0.21. Because of the minute quantity, it was not further investigated.

Subfraction 40E6 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase -with the Ry values of 0.05, 0.14

and 0.23. Because of low quantity, it was not further investigated.

Subfraction 40E7 showed one pale UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ value of 0.18, Because
the '"H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction 40E8 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase, Thus, it was not investigated.
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Fraction 40F showed six UV-active spots on normal phase TLC using 2% methanol
in dichloromethane as a mobile phase with the Revalues 0of 0.12, 0.19, 0.32, 0.46, 0.58
and 0.66. It was further separated by flash column chromatography over silica gel.
Elution was performed initially with 2% methanol in dichloromethane followed by
increasing the polarity with methanol and finally with pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduéed

pressure to afford six subfractions as shown in Table 146.

Table 146 Subfractions obtained from fraction 40F by flash column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance
40F1 2% MeOH/CH;Cl, 1.8 Yellow gum
40F2 4% MeOH/CH,Cl, 1.9 Yellow gum
40F3 4-8% MeOH/CH,Cl, 39 Yellow gum
40F4 10% MeOH/CH,Cl, 4.2 Yellow gum
40F5 10% MeOH/CH2Cl, 1.3 Yellow gum
40F6 20% McOH/CH,Cl,. 13.8 Brown gum
100% MeOH | |

Subfraction 40F1 showed five pale UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.14, 0.19, 0.36, 0.43
and 0.72. Because the "H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 40F2 showed four UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.14, 0.19, 0.35 and

0.43. Because of the minute quantity, it was not further investigated.,
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Subfraction 40F3 showed five UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ values of 0.09, 0.14,

0.19, 0.24 and 0.33. Because of low quantity, it was not further investigated.

Subfraction 40F4 showed two UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.07 and

0.21. Because of low quantity, it was not further investigated.

Subfraction 40F5 showed three pale UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.16, 0.17
and 0.18. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 40F6 showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.46, 0.59 and 0.93.
Because the '"H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

4.2.3 Purification of the EtOAc extract from mycelia

The crude EtOAc extract was separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six fractions as shown in Table147.-

Table 147 Fractions obtained from the crude EtOAc extract by column chromatography

over Sephadex LH-20
Fraction Weight (ing) Physical appearance
40CEl 181.7 Brown gum

40CE2 181.0 * Brown gum
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Table 147 Continued
Fraction Weight (mg) Physical appearance
40CE3 92.6 Brown gum
40CE4 19.5 Brown gum
40CES5 24.8 Brown gum
40CE6 40.7 Brown gum

Fraction 40CEL displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Its 'H NMR spectrum displayed

signals of long chain hydrocarbons. Thus, it was not purified.

Fraction 40CE2 showed five UV-active spots on normal phase TLC using

994 methanol in dichloromethane as a mobile phase with the Revalues of 0.05, 0.09,
0.19, 0.23 and 0.30. Its 'H NMR spectrum displayed signals of long chain

hydrocarbons. Thus, it was not purified.

Fraction 40CE3 showed six UV-active spots on normal phase TLC using

29 methanol in dichloromethane as a mobile phase with the Ry values of 0.05, 0.15,
0.22, 0.35, 0.60 and 0.86. It was then separated by column chromatography over
reverse phase silica gel. Elution was performed initially with 50% methanol in water
followed by increasing amount of methanol and finally with pure methanol. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford seven subfractions as shown in Table 148.

Table 148 Subfractions obtained from fraction 40CE3 by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) | Physical appearance
40CE3A 50% MeOH/H,O 34.7 Yellow gum
40CE3B 50% MeOH/H,0 5.9 Yellow gum
40CE3C 50% MeOH/H,0 8.7 Yellow gum
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Table 148 Continued
Subfraction Elution Weight (mg) | Physical appearance
40CE3D 60% MeOH/H,0 6.8 Yellow gum
40CE3E 60% MeQH/H,0O 8.2 Yellow gum
40CE3F 80% MeOH/H,0 5.1 Yellow gum
40CE3G 80% MeOH/H,0 - 20.3 Yellow gum
100% MeOH

Subfraction 40CE3A showed six UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Revalues of 0.05, 0.15, 0.22, 0.35,
0.60 and 0.86. It was then separated by column chromatography over reverse phase
silica gel. Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford three subfractions as shown in Table 149.

Table 149 Subfractions obtained from subfraction 40CE3A by column

chromatography over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
40CE3Al 24.1 Yellow gum
40CE3A2 8.3 Yellow gum
40CE3A3 1.5 Yellow gum

Subfraction 40CE3A1 showed five UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the R¢values of 0.12, 0.21,
0.29, 0.36 and 0.93. It was further separated by flash column chromatography over
silica gel. Elution was performed initially with 2% methanol in dichloromethane
followed by increasing the polarity with methanol and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

“reduced pressure to afford six subfractions as shown in Table 150.
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Table 150 Subfractions obtained from subfraction 40CE3AL by flash column

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
40CE3A1A 2% MeOH/CH,Cl; 3.8 Yellow gum
40CE3A1B 5% McOI/CH,Cl, 3.0 Yellow gum
40CE3AIC 5% MeOH/CH,Cl, 12 Yellow gum
40CE3AID | 5-7% MeOH/CH,Cl, 1.1 Yellow gum
40CE3AIE | - 7-15% McOH/CH,Cl, 3.9 Yellow gum
40CE3AIF 30% MeOH/CH;Cl,. 10.0 Yellow gum
100% McOH

Subfraction 40CE3A1A showed one UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry value of 0.35 and
many spots after dipping the TLC plate in anisaldehyde reagent and subsequently

heating the plate. Because of low quantity, it was not further investigated.

Subfraction 40CE3A1B showed two UV-active spots. on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.09 and
0.19 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of the minute quantity, it was not further

investigated.

Subfraction 40CE3A1C showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Re values of 0.20 and
0.25 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of the minute quantity, it was not further

investigated.

Subfraction 40CE3A1D showed three UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.20, 0.39
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and 0.45 and many spots after dipping the TLC plate in anisaldehyde reagent and

subsequently heating the plate. Because of the minute quantity, it was not further

investigated.

Subfraction 40CE3A1E showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.13,
0.23 and 0.27 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction 40CE3A1F displayed a long tail under UV-S on normal phase TLC
using 2% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 40CE3A2 showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Rr values of 0.05 and
0.78 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction 40CE3A3 showed none of major spots under UV-S on normal phase
TLC using 2% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 40CE3B showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.17, 0.26
and 0.37. It was then purified by precoated TLC with 3% methanol in

dichloromethane as a mobile phase (7 runs) to afford three bands.

Band 1 (K41) was a colorless gum (2.0 mg), Its chromatogram
showed one UV-active spot on normal phase TLC using 3% methanol in

dichloromethane as a mobile phase with the Revalue of 0.37.
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UV Amax(nm)(MeOH)(log &) 206 (3.63), 262 (3.12), 328 (2.51)
FTIR(neat):v(cm’™) 3370 (O-H stretching), 1716 (C=0 stretching),
1674 (C=C stretching)

'H NMR(CDCL)(Gpm)(300 MHz): ~ 9.01 (brs, 1H), 8.20 (dt, J = 8.0, 2.0 IIz,
1H), 7.44 (dd, J = 8.0, 5.0 Hz, 1II), 8.75

(brs, 1H)

BC NMR(CDCL)(8pm)(75 MHz):  167.00, 152.64, 148.18, 135.66, 129.15,
123.68

DEPT 135: CH; 152.64, 148.18, 135.66, 123.68

Band 2 was a colorless gum (1.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the R¢value of 0.28. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 3 was a colorless gum (1.3 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the Revalue of 0.17. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 40CE3C showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.26, 0.37
and 041. It was then purified by precoated TLC with 3% methanol in-

dichloromethane as a mobile phase (7 runs) to afford two bands,

Band 1 (K40) was a colorless gum (1.3 mg). Iis chromatogram
showed one UV-active spot on normal phase TLC using 3% methanol in

dichloromethane as a mobile phase with the R¢vatue of 0.31.

UV Apa(nm)(MeOH)(log &) 207 (3.39), 238 (3.13), 284 (3.15),
327 (3.16)
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FTIR(neat):v(cm™) 1695 (C=O stretching), 1647 (C=C
stretching)

'H NMR(CDCl3+CD30D)(&m)(300MHz):  10.25 (brs, 1H), 8.25 (dd, J = 8.1,
1.2 Hz, 1H), 7.59 (td, J = 8.1, 1.2
Hz, 1H), 7.48 (4, J = 8.1 Hz, 1H),
732 (td, J = 8.1, 1.2 Hz, 1H), 7.01
(dd, J=2.7, 1.2 Hz, 1H), 6.76 (dd, J
=3.6, 1.2 Hz, 1H), 6.33 (dd, J = 3.6,
2.7 Hz, 1H), 3.88 (s, 3H)

3¢ NMR(CDCls+CD3;0D)(S,pm}(75 MHz):  176.00, 169.50, 139.30, 132.70,
125.98, 12430, 122.80, 122.76,
117.70,112.31, 110.42, 52.91

DEPT 135: CH; 132.70, 125.98, 124.30, 122.76,
117.70, 112,31, 110.42
CHj; 52.91

Band 2 was a colorless gum (3.1 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 3% methanol in dichloromethane as a
mobile phase with the Revalue of 0.28. Because the "H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 40CE3D showed five UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the R¢values of 0.17, 0.28,
0.55, 0.60 and 0.66 and many spots after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate, Because of low quantity, it was not further

investigated.

Subfraction 40CE3E showed two UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.21 and
0.55. It was then purified by precoated TLC with 20% ethyl acetate in petroleum ether

as a mobile phase (5 runs) to afford three bands.
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Band 1 was a colorless gum (1.5 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum ether as a
mobile phase with the Revalue of 0.52. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 2 was a colorless gum (1.8 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% ethy! acetate in petroleum ether as a
mobile phase with the R¢value of 0.33. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 3 was a colorless gum (3.1 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 3% methanol in dichloromethane as a
mobile phase with the Ry value of 0.28. Its 'H NMR spectrum indicated the presence

of K38. Further investigation was then not carried out.

Subfraction 40CE3F showed two UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.62 and
0.80 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of low qﬁantity, it was not further

investigated.

Subfraction 40CE3G showed none of major spots under UV-S on normal phase TLC
using 3% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Fraction 40CE4 showed five UV-active spots on normal phase TLC using

3% methanol in dichloromethane as a mobile phase with the Re values of 0.08, 0.16,
0.26, 0.33 and 0.51. It was further separated by flash column chromatography over
silica gel. Elution was performed initially with 2% methanol in dichloromethane
followed by increasing the polarity with methanol and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford four subfractions as shown in Table 151.
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Table 151 Subfractions obtained from fraction 40CE4 by flash column

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
40CE4A 2% MeOH/CH,Cl, 4.4 Yellow gum
40CE4B 2% MeOH/CH,Cl, 3.0 Yellow gum
40CE4C 4% MeOH/CH,CI, 3.5 Yellow gum
40CE4D 7% MeOH/CH,Cl;- 7.8 Yellow gum

100% MeOH

Subfraction 40CE4A showed five UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R values of 0.31, 0.36,

045, 0.93 and 0.95. Because of low quantity, it was not further investigated.

Subfraction 40CE4B showed one UV-active spot on normal phase TLC using 2%
methanol in dichloromethane as a mobile phase with the Revalue of 0.21. Its "H NMR
spectrum indicated the presence of K40, Further investigation was then not carried

ouf.

Subfraction 40CE4C showed six UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Revalues of 0.08, 0.09,
0.14, 0.21, 0.24 and 0.62. Because of low quantity, it was not further investigated.

Subfraction 40CE4D showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.05, 0.19

and 0,26, Because of low quantity, it was not further investigated.

Fraction 40CES showed three UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.07, 0.13
and 0.19. It was further separated by column chromatography over Sephadex LH-20.

Elution was performed with 100% methanol. Fractions with similar chromatogram
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were combined and evaporated to dryness under reduced pressure to afford four

subfractions as shown.in Table 152.

Table 152 Subfractions obtained from fraction 40CES by column chromatography over

Sephadex LH-20

Subfraction Weight (mg) Physical appearance
40CES 1.5 Brown gum
40CES5 8.8 Brown gum
40CES5 124 Brown gum
40CES5 1.3 Brown gum

Subfraction 40CE5A displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 40CESB showed four pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.06, 0.13,
0.20 and 0.28. Because the '"H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 40CE5C showed six UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.06, 0.11,
0.17, 0.24, 0.28 and 0.35. It was further separated by flash column chromatography
over silica gel. Elution was performed initially with 2% methanol in dichloromethane
followed by increasing the polarity with methanol and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford three subfractions as shown in Table 153.
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Table 153 Subfractions obtained from subfraction 40CE5C by flash column

chromatography over silica gel

Subfraction Elution Weight (mg) Physical appearance
40CE5C1 2% MeOH/CH,Cl, 2.3 Yellow gum
40CESC2 | 2-7% MeOH/CH,Cl, 3.9 Yellow gum

- 40CES5C3 10% MeOH/CH,Cl,- 5.4 Yellow gum
100% MeOH

Subfraction 40CESC1 showed three pale UV-active spots on noimal phase TLC
using 2% methanol in dichloromethane as a mobile phase with the Ry values of 0.48,
0.63 and 0.75. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated,

Subfraction 40CESC2 showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.18 and
0.32. Its ' NMR spectrum indicated that the major compound was K40. Further

investigation was then not performed.

Subfraction 40CESC3 showed four pale UV-active spots on normal phase TLC
using 2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.03,
0.10, 0.30 and 0.62. Because the '"H NMR spectrum indicated the absence of olefinic

and aromatic protons, it was not further investigated.

Subfraction 40CE5D displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Fraction 40CE6 showed three UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.07, 0.18
and 0.39. It was then separated by column chromatography over reverse phase silica

gel. Elution was performed initially with 50% methanol in water followed by
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increasing amount of methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 154.

Table 154 Subfractions obtained from fraction 40CE6 by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) Physical appearance
40CE6A 50% MeOH/H,O 10.3 Yellow gum
40CE6B 50% MeOH/H,0 3.7 Yellow gum
40CE6C 50-60% MeOH/H,O 7.5 Yellow gum
4Q0CEG6D 70% MeOH/H,0- 16.2 Yellow gum

100% MeOH

Subfraction 40CE6A showed none of major spots under UV-S on normal phase TLC
using 3% methanol in dichloromethane as a mobile phase and many spots after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Thus, it was not further investigated.

Subfraction 40CE6B showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.20, 0.26

and 0.87. Because of low quantity, it was not further investigatéd.

Subfraction 40CE6C showed two UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.22 and
0.31. Its '"H NMR spectrum indicated that the major compound was K40, Further

investigation was then not performed.

Subfraction 40CE6D showed five pale UV-active spots on normal phase TLC using

3% methanol in dichloromethane as a mobile phase with the Ry values of 0,08, 0.15,
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0.24, 0.33 and 0.51. Because the '"H NMR spectrum indicated the absence of olefinic

and aromatic protons, it was not further investigated.




CHAPTER 4.3

RESULTS AND DISCUSSION

Five new isochromans (K28-K32), one new pyrone (K33), one new
pyranone (K34), one new phenol (K35) and one new isoquinoline (K36) together
with three known compounds (K37-K39) were isolated from the broth extract.
Furthermore, two known metabolites (K40-K41) were obtained from the mycelial

extract, The structures were identified by spectroscopic methods,

4.3.1 Compound K28

Compound K28 was obtained as a colorless gum. The molecular
formula C1¢H1504 was assigned by EIMS of M"-CH;0H (Figure 65) and the presence
of 16 carbon resonances for 16 carbons in the >C NMR spectrum (Figure 67).
The UV spectrum displayed absorption bands for an aromatic chromophore at 213,
253, 269, and 324 nm. The IR spectrum showed absorption bands for conjugated
ketone carbonyl and double bond functional groups at 1695 and 1647 cm’,
respectively. The "H NMR spectrum (Figure 66) (Table 155) consisted of signals
for two ortho-coupled aromatic protons [87.46 (d, J= 7.8 Hz, 1H) and 6,77 (d, J =
7.8 Hz, 1H)], two sets of nonequivalent methylene protons [§ 4.86 (d, J = 16.2 Hz,
1H)/4.66 (d, J = 16.2 Hz, 1H) and 2.94 (d, J = 162 Hz, 1H)/2.85 (d, J = 16.2 Hz,
1H)], one methoxyl group (& 3.27, s, 3H) aﬁd three methyl groups [&2.29 (s, 3H),
2.02 (s, 3H) and 1.46 (s, 3H)]. The °C NMR and DEPT 135 spectra (Table 155)
showed one conjugated ketone carbonyl (& 183.43), six aromatic quaternary
(6 160.37, 145.28, 140.72, 131.54, 121.91 and 118.25), two aromatic methine
(6 123.03 and 121.91), one dioxygenated quaternary (& 97.43), two methylene
(6 57.75 and 39.30), one methoxy (& 49.00) and three methyl (& 22.99, 20.15 and
17.40) carbons. The HMBC correlations (Table 155) of the methyl protons, Hz-13 (62.29)

240
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and H3-14 (5 2.02) with C-2 (& 145.28), C-3 (5 183.43) and C-12 (5 131.54) as well
as the chemical shifts of these carbons established a 2-oxy-3-methyl-2-butenoyl
moiety. One of the ortho-coupled aromatic protons resonating at & 7.46 was assigned
as H-4 on the basis of its >J HMBC correlation with C-3 of the butenoyl unit. This
conclusion was supported by its downfield appearance due to an anisotropic effect of
the adjacent ketone carbonyl group. The other ortho-coupled proton (& 6.77) was then
attributed to H-5. The nonequivalent methylene protons, Ha-6 (6 2.94 and 2.85), gave
HMBC cross peaks with C-5 (6 123.03), C-5a (& 140.72), C-7 (6 97.43) and C-9a
(8 118.25) while the methoxy (&3.27) and the methyl (& 1.46) protons showed cross
peaks with the dioxygenated carbon, C-7. These results attached a 2-methoxy-2-
oxypropyl unit at C-5a of the aromatic ring. In addition, the oxymethylene protons,
Hap-9 (5 4.86 and 4.66), displayed the same correlations with C-5a, C-9a and C-9b
(8 160.37), thus linking the oxymethylene unit at C-9a. An isochroman unit having
the methoxyl and methyl groups at C-7 was established on the basis of the 3JHMBC
correlations of Hay-9 with C-7. An ether linkage between C-2 and C-9b was formed to
construct a 3-oxobenzofuran unit according to the chemical shifts of C-2 and C-%b as

well as the mass data. Therefore, K28 was assigned as a new isochroman derivative.

Table 155 The 'H, *C NMR and HMBC data.of compound K28 in CDClI;

Position on (mult, J y) &c (C-type) HMBC
2 - 145.28 (C) -
3 - 183.43 (C) -
3a - 121.19 (©) -
4 7.46 (d, 7.8) 121.91 (CH) | C-3, C-5a, C-9b
6.77 (d, 1.8) 123,03 (CH) | C-3a, C-4, C-5a, C-6, C-9a
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Position on (mult, J yiz) &c (C-type) HMBC

5a |- 140.72 (C) -

6 a:2.94 (d, 16.2) 39.30 (CH;) | C-5, C-5a, C-7,C-9a
b: 2.85 (d, 16.2) C-5, C-5a, C-7, C-9a
- 97.43 (C) -

9 a: 4.86 (d, 16.2) 57.75 (CH,) | C-5a, C-7, C-9a, C-9b
b: 4.66 (d, 16.2) C-5a, C-7, C-9a, C-9b

%9 |- 118.25 (C) -

9b 160.37 (C) -

10 {1.46(s) 22.99 (CHs) | C-6,C-7

11 |327() 49.00 (CHs) | C-7

12 |- 131.54 (C) -

13 |2.29(s) 17.40 (CH3) | C-2, C-3, C-12, C-14

14 [2.02(s) 20.15 (CHy) | C-2,C-3,C-12,C-13

Table 156 The COSY and NOEDIFF data of compound K28 in CDC_I;;

Proton COSY NOEDIFF

H-4 } H-S H-5

H-5 H-4 H-4

Hs-6 | Hp-6 Hy-6

Hy-6 | Ho-6 H,-6, H3-10

Hy9 | Hp9 Hp-9

Hy-9 | Hp-9 Hz-9, H3-11
H3-10 | - Hy-0, Ha-11
Hs-11 |- Hy-9, Hs-10
Hy-13 |- Hj-14
Hs;-14 |- H3-13
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4,3.2 Compound K29

Compound K29 was obtained as a colorless gum. The molecular
formula CisHy0O4 from EIMS (m/z 276) (Figure 68) suggested that K29 was a
dihydro analogue of K28. This conclusion was supported by the replacement of
signals for two olefinic carbons, C-2 (& 145.28) and C-12 (& 131.54), in K28, with
those for two methine carbons (§90.23 and 31.14) in K29 (Table 157). The presence
of the saturated ketone carbonyl functionality was further confirmed by the
appearance of the ketone carbonyl carbon in K29 at & 202.00 which resonated at
much lower field than that observed in K28. Furthermore, the dioxyquaternary
carbon, C-7, and the oxymethylene carbon, C-9, in K28 were replaced by one
oxymethine carbon (& 62.61) and one dioxymethine carbon (& 94.71) in K29. These
data were in agreement with the 'H NMR data (Figure 69) (Table 157) of which
signals for the nonequivalent oxymethylene protons (Hab-9) in K28 were replaced by
those for one dioxymethine proton, H-9 (& 5.61, s) and one oxymethine proton, H-7
(54.25, m). In the 'H-'"H COSY spectrum (Table 158), H-7 showed cross peaks with
Hap-6 (S 2.68 and 2.62) and the methyl protons, H3-10 (§ 1.32, d, J = 6.5 Hz),
indicating the presence of a [-CH,CH(O-)CH;] unit.- The methoxy protons, Hs-11
(83.45), gave a *J HMBC cross peak with C-9 (&94.71) while H-9 (55.61) displayed
the same correlation with C-7 (& 62.61). Consequently, an isochroman moiety having
the methyl and the methoxy! groups at C-7 and C-9, respectively, was established. As
Hy-6 was coupled with H-7 with a large coupling constant of 11,0 Hz, both of them
were located at pseudoaxial position. Irradiation of Hs-11 (9-OCHz) in the NOEDIFF
experiment (Table 158) enhanced signal intensity of H-7, indicating trans
relationship between pseudoequatorial H3-10 (7-CHs) and pseudoaxial 9-OCHa.
However, the NOEDIFF data were inadequate to identify the relative configuration at

C-2. Therefore, K29 was identified as a new chroman derivative.




Table 157 The 'H, >C NMR and HMBC data of compound K29 in CDCl,
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Position oy (mult, J yz) & (C-type) HMBC

2 4.35 (d, 4.0) 90.23 (CI) C-3, C-9b, C-12, C-13, C-14

3 - 202.00 (C) -

3a - 120.14 (C) -

4 7.43 (d, 8.0) 123.37(CH) | C-3, C-3a, C-5a, C-9b
6.72 (d, 8.0) 121.97 (CH) | C-3a, C-5a, C-6, C-9a

Sa - 145.39 (C) -

6 a:2.68 (dd, 17.0,3.5) | 35.87(CHy) | C-5,C-5a, C-7, C-9a, C-10
b: 2.62 (dd, 17.0, 11.0) C-5, C-5a, C-7, C-9a, C-10

7 4.25 (m) 62.61 (CH) -

9 5.61 () 94.71 (CH) C-5a, C-7, C-9a, C-9b, C-11

9a - 119.96 (C) -

9 - 171.01 (C) |-

10 1.32 (d, 6.5) 21.12(CH3) | C-6,C-7

11 3.45 (s) 5578 (CH;) |C-9

12 2.28 (m) 31.14 (CH) C-2,C-13,C-14

13 0.80 (d 7.0) 1578 (CH3) | C-2,C-12, C-14

14 LI11{d 7.0) 1899 (CHy) |C-2,C-12,C-13

Table 158 The COSY and NOEDIFF data of compound K29 in CDCl3

Proton COSY " NOEDIFF
H2 |H-12 H-12, H5-13, H3-14
H-4 | H-5 H-5
H-S |H4 -4, Hy-6
He6 | Hy6, H-7 H-5, -7, H3-10
Hy6 | Hy6, H-7 H-7, Hz-10
H7 | Hy6, H-10 Hyp-6, Ha-10
HO |- Hs-11

H;-10 | H-7 Hoy-6, H-7
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Table 158 Continued
Proton ~ COSY NOEDIFF
Holl |- H-9
H-12 | H-2, Hy-13, Hs-14 H-2, Hs-13, Hs-14
Ha-13 | Is-12 H-12, Hy-14
Hy-14 | [-12 H-12, Hs-13
4.3.3 Compound K30

Compound K30 with the molecular formula CisH;304 from EIMS
(m/z 262) (Figure 71) was obtained as a colorless gum. Its UV spectrum was similar
to that of K29 while the IR spectrum displayed an additional absorption band for a
hydroxyl group at 3409 em™, The 'H NMR spectrum of K30 (Figure 72) (Table 159)
was similar to that of K29 except for the absence of the methoxyl signal. These data
together with mass information revealed the replacement of the methoxyl group in
K29 with a hydroxyl group in K30. The DEPT 135 spectrum (Table 159) showed one
dioxygenated carbon (& 88.83) and three methyl carbons (§21.93, 19.53 and 16.70),
supporting the above conclusion. The location of 7-CH3 was at- pseudoequatorial,
identical to that in K29, on the basis of a large coupling constant of 10.0 Hz between
Hy-6 and H-7. Furthermore, compounds K29 and K30 gave almost identical optical
rotation, indicating that they would have the same absolute configuration. These data
revealed that 9-OCH; in K29 was replaced by a hydroxyl group in K30. Therefore,
K30 was assigned as a 9-hydroxy derivative of K29,




Table 159 The 'H, 1*C NMR and HMBC data of compound K30 in CDCl;
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Position Oy (mult, J 1) éc (C-type) HMBC
2 4.46 (d, 3.5) 91.04 (CH) C-3, C-9b, C-11, C-12, C-13
3 - 201.95 (C) -
3a - 121.46 (C) -
4 7.46 (d, 8.5) 124.53 (CH) | C-3,C-5a, C-9b
6.76 (d, 8.5) 122.49 (CH) | C-3a, C-6,C-9a
5a - 146.01 (C) -
6 a:2.72 (dd, 16.5,2.5) [ 36.94 (CHp) |[C-5,C-5a, C-7,C-9a, C-10
b: 2.62 (dd, 16.5, 10.0) C-5, C-5a, C-7, C-9a, C-10
7 4,40 (m) 63.58 (CH) -
6.18 (5) 88.83 (CH) C-5a, C-7
9a - 121.01 (C) -
9b - 172.48 (C) -
10 1.33 (d, 6.0) 21.93 (CH;) | C-6,C-7
11 2.29 (m) 32.00 (CH) C-2,C-12,C-13
12 1.08 (d, 6.5) 19.53 (CH;) |C-2,C-11,C-13
13 0.81 (d, 6.5) 16.70 (CH;) | C-2,C-11,C-12

Table 160 The COSY and NOEDIFF data of compound K30 in CDCl;

'Proton COSY NOEDIFF
H2 | B :
He4 | H-S H-5
H-5 | He4 H-4
He6 | Hy6, H-7 ;
Hy6 | Ha6, H-7 -
H7 | Hyp-6, Hy-10 .
310 | H-7 )
H-11 | H-2, Hy-12, Hy-13 Hy-12, Hy-13
Hy-12 | H-11 H-11
Hy13 | H-11 H-11
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4.3.4 Compound K31

Compound K31, a colorless gum, has the molecular formula C;H;20;
established by EIMS (mn/z 164) (Figure 74). The UV spectrum exhibited absorption
bands at 251, 277 and 284 nm for a benzene chromophore. The IR spectrum showed
an absorption band at 3351 em™ for a hydroxyl group. The 'H NMR (Figure 75)
(Table 161) and 'H-'H COSY spectra (Table 162) displayed signals for three
aromatic protons of a 1,2,3-trisubstitued benzene [67.11 (¢, /= 7.8 Hz, 1H), 6.74 (d, J
= 7.8 Hz, 1H) and 6.71 (d, J = 7.8 Hz, 1H)], the 1-substituted 2-oxypropyl unit [J
3.92 (dq, J = 10.0 and 6.0 Hz, 1H), 2.75 (dd, J=12.5 and 2.4 Hz, 1H), 2.74 (dd, J =
12.5 and 10.0 Hz, 1H) and 1.24 (d, J = 6.0 Hz, 3H)] and one set of nonequivalent
oxymethylene protons [§ 4.85 (d, J = 13.2 Hz, 1H) and 4.79 (4, J = 13.2 Hz, 1H)].
The aromatic protons resonating at §6.74, 7.11 and 6.71 were attributed to H-2, H-3
and H-4, respectively, based on HMBC correlations. The nonequivalent methylene
protons, Hup-5 (6 2.75 and 2.74), of the oxypropyl unit showed the HMBC
correlations (Table 161) with C-4 (& 122.49), C-4a (6 137.72) and C-8a (5 124.91),
linking above unit at C-4a of the aromatic ring, Irradiation of Ha-5 enhanced signal
intensity of H-4 (& 6.71), supporting the assignment. The remaining oxymethylene
group was attached at C-8a as Hgy-8 (5 4.85 and 4.79) were correlated with C-1
(8 156,23), C-4a and C-8a in the HMBC spectrum. These results together with the
HMBC correlations of Hy-8 with C-6 (8 69.10) established an isochroman skeleton.
The substituent at C-1 was a hydroxyl group due to the chemical shift of C-1.
‘Therefore, K31 was determined as a new isochroman derivative. It is worth to note
that the oxymethine proton, H-6 (5 3.92, dg, J = 10.0 and 6.0 Hz), was located at
psuedoaxial position due to a coupling constant of 10.0 Hz between Hy-5 and H-6.

9

CH,
4a 5
8a 70

OH




Table 161 The 'H, 13C NMR and HMBC data of compound K31 in CDCl;
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Position On (mult, J 117) &c (C-type) HMBC

1 - 156.23 (C) -

2 6.74 (d, 7.8) 11496 (CH) |C-1,C-4,C-8a

3 7.11 (4, 7.8) 129.02(CH) |C-1,C-4a

4 6.71 (d, 7.8) 122,49 (CH) |C-2,C-5,(C-8a

4a - 137.72 (C) -

5 a:2.75(dd, 12.5,2.4) |[41.81(CH;) | C-4,C-4a, C-6,C-8a,C-9
b: 2.74 (dd, 12.5, 10.0) C-4, C-4a, C-6, C-8a, C-9

6 3.92 (dq, 10.0, 6.0) 69.10 (CH) C-4a
a: 4.85 (d, 13.2) 58.49 (CHy) |C-1,C-4a,C-8a
b: 4.79 (d, 13.2) C-1,C-4a,C-8a

8a - 124,91 (C) -

9 1.24 (d, 6.0) 2343 (CH3;) (C-5,C-6

. Table 162 The COSY and NOEDIFF data of compound K31 in CDCl;

Proton COSY NOEDIFF
HZ2 |H3 H3
H3 | H-2, He4 H-2, H-4
Hd4 | H3 H-3, Hy-5
Hes | H-6 H-4, H-6, H3-9
Hy-5 |H-6 H-4, H-6, Hy-9
H-6 | Hu-5, H3-9 Has-S, a8, Ha-9
He8 | Hy8 H-6
Hy-8 | H,8 Ho6
Hy9 | H-6 Hy-5, H-6




4.3.5 Compound K32
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Compound K32 was isolated as a colorless gum whose molecular
formula was determined by EIMS as CygH,0; (m/z 180) (F igure 77), with 16 mass
unit higher than K31. Its UV and IR spectra were almost identical to those of K31, Its
'H NMR spectrum (Figure 78) (Table 163) was similar to that of K31 except for the

replacement of signals for Hy,-5 in K31 with signal of a hydroxymethine proton
(64.95, d, J= 2.0 Hz, 1H) in K32. This was consistent with the molecular formula
and the presence of two oxymethine carbons (&5 88.52 and 69.96) in the *C NMR
(Figure 79) (Table 163) and DEPT 135 (Table 163) spectra. These data implied that
K32 was a 5-hydroxy derivative of K31. A small coupling constant between H-5 and
H-6 in K32 indicated the replacement of Hy-5 in K31 with a hydroxyl group in K32.

Therefore, K32 was determined as'a 5-hydroxy derivative of K31.

A CH;
@ & 10

Table 163 The 'H, *C NMR and HMBC data of compound K32 in CDCl,

Position ou (mult, J ) &c (C-type) HMBC

1 - 150.36 (C) -

2 6.60 (d, 8.0) 114.55 (CH) | C-1,C-4,C-8,C-8a
3 7.07 (¢, 8.0) 12925 (CH) | C-1,C-4a

4 6.73 (d, 8.0) 113.99(CH) |C-2,C-5,C-8a
4a - 140.86 (C) -

5 4.95 (d, 2.0) 88.52 (CH) -

6 3.85 (¢d, 6.5, 2.0) 69.96 (CH) -

8 a: 5.06 (d, 12.0) 71.07 (CHy) | C-4a,C-6,C-8a

b: 5.01 (d, 12.0) C-4a, C-6, C-8a

8a - 126.12 (C) -

9 1.26 (d, 6.5) 18.58 (CH;) | C-5,C-6
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Table 164 The COSY and NOEDIFF data of compound K32 in CDCl,

Proton ~ COSY ~ NOEDIFF

02 | H3 H3

H-3 |H-2,H-4 H-2, H-4

H-4 | H-3 H-3

-5 |H-6 H-6

H-6 | H-5,H3-9 H-5, H3-9

H-9 |H-6 H-6

4.3.6 Compound K33

Compound K33 was isolated as a colorless gum. The molecular
formula was established by analysis of its EIMS as Cy3H;3NOs (/2 263) (Figure 80).
The UV spectrum displayed characteristic absorption bands for a pyrone chromophore
at 224, 247 and 361 nm (Trisuwan, ef al., 2009). The IR spectrum showed absorption
bands at 3399 and 1683 cm™ for hydroxyl and conjugated carbonyl groups,
respectively, The '"H NMR spectrum (Figure 81) (Table 165) showed two olefinic
protons of trisubstituted double bonds [§ 6.02 (s, IH).and 5.94 (s,' 1H)], one set of
nonequivalent methylene protons [§3.64 (d, J =96 Hz, 1H) and 3.54 (d, J= 9.6 Hz,
IH)] and two methyl groups [& 2.30 (s, 3H) and 2.22 (s, 3H)). The *C NMR
(Figure 82) (Table 165) and DEPT 135 (Table 165) spectra exhibited one pyridinone
carbonyl (& 169.85) (Yang and Pan, 2007), one pyrone carbonyl (& 166.45)
(Trisuwan, et al., 2009), six quaternary (5 169.07, 166.94, 160.72, 143.11, 108.18 ahd
102.40), two methine (& 103.11 and 102.76), one methylene (5 18.25) and two methyl
(619.69 and 18.99) carbons. The olefinic proton at §5.94 was attributed to H-5 of the
pyrone moiety on the basis of its chemical shift as well as its HMBC cross peaks with
C-3 (6102.40), C-4 (6169.07) and C-6 (8 160.72). The methyl protons, Hs-7 (52.22),
gave the same correlations with C-5 (& 102.76) and C-6. In addition, the methylene
protons, Hep-8 (53.64 and 3.54), gave the HMBC cross peaks with C-2 (5 166.45) and
C-3. These results together with the chemical shift of C-4 indicated the attachment of
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the methylene group, a hydroxyl group and the methyl group at C-3, C-4 and C-6 of
the pyrone ring, respectively, The chemical shifts of the remaining carbons indicated
the presence of a pyridinone unit (Yang and Pan., 2007). The olefinic proton at §6.02
was assigned as H-5 due to its HMBC correlations with C-3" (5 108.18), C-4
(8 166.94) and C-6' (5 143.11). The methyl protons, Hs-7' (5 2.30), gave the HMBC
correlations with C-5' (8 103.11) and C-6'. These data revealed that the pyridinone
unit carried hydroxyl and methyl groups at C-4' and C-6', respectively. The HMBC
correlations from Ha-8 of the pyrone moiety to C-2' (5 169.85) and C-3' of the
pyridinone established the methylene linkage between C-3 of the pyrone and C-3' of
the pyridinone. Consequently, K33 was assigned as a new pyrone derivative. The
appearance of the methylene protons (Hp-8) as nonequivalent protons in the '"H NMR
spectrum might be due to the formation of H-bond between either the amino nitrogen
or carbonyl oxygen of the pyridinone moiety and the hydroxy hydrogen of the pyrone

unit which would prevent bond rotation.

Table 165 The 'H, >C NMR and HMBC data of compound K33 in CDCl;

Position Ou (mult, J u;) & (C-type) HMBC
2 - 166.45 (C) -
3 . 102.40 (C) -
4 - 169.07 (C) -
5 5.94 (s) 102.76 (CH) C-3,C-4, C-6,C-7
6 - 160.72 (C) -
7 222 (s) 19.69 (CH3) C-5,C-6
8 a: 3.64 (d, 9.6) 18.25 (CHy) C-2,C-3, C2', C-3

b: 3.54 (d, 9.6) C-2,C-3,C-2,C-3

2! - 169.85 (C) -
3 - 108.18 (C) -
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Table 165 Continued

Position Ou (mult, J yz) & (C-type) HMBC
|- 166.94 (C) ;
5 16.02() 103.11 (CH) C-3, C-4', C-6, C-7'
6' - 143.11 (C) -
7 1230 18.99 (CHa) C-5', C-6'

Table 166 The COSY and NOEDIFF data of compound K33 in CDCl;

Proton COSsY NOEDIFF
H-5 - H;-7
H3-7 |- : H-5
Hy8 | Hy-8 -
Hy-8 | He-8 -
H-5" |- H3-7'
Hs-7" |- H-5
4.3,7 Compound K34

Compound K34 with the molecular formula CioH;¢04 from EIMS
(m/z 200) (Figure 83) was obtained as a colorless gum. The UV spectrum showed an
absorption band at 269 nm. The IR spectrum displayed absorption bands at 3409 and
1687 cm™ for hydroxyl and conjugated carbonyl functional groups, respectively, The
'H NMR (Figure 84) (Table 167) and 'H-'II COSY (Table 168) spectra revealed the
presence of signals for one ethyl group [&2.45 (dg, J = 15.3 and 7.5 Hz, 1H), 2.40
(dg, J =153 and 7.5 Hz, 1H) and 1.18 (t, J = 7.5 Hz, 3H)], one 1-oxyethyl group
[64.52 (g, J= 6.6 Hz, 1H) and 1.31 (d, J= 6.6 Hz, 3H)], one hydroxymethyl group [&
438 (d, J = 12.6 Hz, 1H) and 432 (d, J = 12.6 Hz, 1H)] and one methyl group
(6 1.40, 5, 3H). The *C NMR (Figure 85) (Table 167) and DEPT 135 (Table 167)

specira displayed ten carbon resonances for one ketone carbonyl (& 196.20), three
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quaternary (5 175.58, 110.07 and 71.33), one methine (5 81.96), two methylene
(6 56.32 and 25.59) and three methyl (& 24.11, 12.30 and 11.44) carbons. The
oxymethine proton of the 1-oxyethyl unit, H-5 (6 4.52), gave the HMBC correlations
(Table 167) with C-1 (5 196.20), C-3 (& 175.58) and C-6 (6 71.33) while H3-7
(6 1.40) gave the same correlations with C-1, C-5 (6 81.96) and C-6. In addition, the
hydroxymethyl protons, Hap-9 (5 4.38 and 4.32), gave the HMBC cross peaks with
C-1, C-2 (8 110.07) and C-3. These results together with the chemical shifts of C-3,
C-5 and C-6 established a dihydropyran-4-one unit with two methyl groups at C-5 and
C-6, a hydroxyl group at C-6 and the hydroxymethyl substituent at C-2.
Consequently, the remaining ethyl group was located at C-3. The HMBC correlations
of the methylene protons, Hap-10 (82.45 and 2.40), of the ethyl group with C-2 and
C-3 confirmed this assignment. The relétive configuration between H-5 and Hi-7 was
not assigned as either cis or frans relationship gave signal enhancement of H-5 upon
irradiation of Hs-7. Therefore, K34 was determined as a new dihydropyran-4-one

derivative.

Table 167 The 'H, *C NMR and HMBC data of compound K34 in CDCl3

Position Su (mult, J uz) & (C-type) HMBC
1 - 19620 (©) |-
2 - 110.07 (C) -
3 . 175.58 (C) -
5 4.52 (g, 6.6) 81.96 (CH) C-1,C-3,C-6,C-7,C-8
6 |- 71.33 (C) -
7 1.40 (s) 24.11 (CH3) | C-1,C-5,C-6
8 1.31 (4, 6.6) 12.30 (CHs) C-5,C-6
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Table 167 Continued
Position on (mult, J uz) & (C-type) HMBC
9 |a:4.38(d, 12.6) 5632 (CH;) | C-1,C2,C-3
b:4.32 (d, 12.6) C-1,C-2,C-3
10 |a:245(dg,153,75) [2559(CHy) |cC2,C3,C-11
b: 2.40 (dg, 15.3,7.5) C-2,C3,C-11
11 1.18 (¢, 7.5) 11.44 (CHs) C-3, C-10

Table 168 The COSY and NOEDIFF data of compound K34 in CDCl;

Proton COSY NOEDIFF
H-5 H;-8 H3-7, H3-8
H3-7 |- H-§
H;-8 | H-5 H-5
Ha-9 |- H,,-10

Hb-9 |- Hap-10

He-10 | Hp-10, H5-11 H-9, H3-11

Hy-10 | H,-10, Hs-11 Hap-9, H3-11

Hs-11 | Hg-10 Hy-10

4.3.8 Compound K35

Compound K35 with the molecular formula CioH;20; from EIMS
(m/z 180) (Figure 86) was obtained as a colorless gum. The UV spectrum displayed

absorption bands at 250 and 289 nm for a benzene chromophore. The IR spectrum

showed absorption bands at 3328 and 1638 cm™ for hydroxyl and double bond
functional groups, respectively. The 'H NMR (Figure 87) (Table 169) and 'H-'H
COSY spectra (Table 170) showed characteristic signals for three aromatic protons of
a 1,2,3-trisubstituted benzene [5§7.14 (¢, J= 7.8 Hz, 1H), 6.81 (d, J= 7.8 Hz, 1H) and
6.59 (d, J = 7.8 Hz, 1H)], a (£)-3-hydroxyl-1-propenyl unit [§ 6.64 (d, J = 11.4 Hz,
1H), 5.97 (dt, J = 11.4 and 6.9 Hz, 1H) and 4.07 (dd, J = 6.9 and 0.6 Hz, 2H)] and one
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hydroxymethyl group (& 4.78, s, 2H). The aromatic protons resonating at § 6.59, 7.14
and 6.81 were assigned as H-4, H-5 and H-6, respectively. The (Z)-3-hydroxyl-1-
propenyl unit was located at C-3 (& 136.29) based on the HMBC correlations
(Table 169) of the olefinic proton, H-8 (& 6.64), with C-3 and C-4 (5 120.92). The
hydroxymethyl protons, Ha-7 (& 4.78), showed HMBC cross peaks with C-1

(6 156.26), C-2 (5 123.58) and C-3, thus connecting the hydroxymethyl group at C-2.
The substituent at C-1 of the benzene ring was a hydroxyl group on the basis of its
chemical shift. Signal enhancement of Hj-7 and H-4 (5 6.59) upon irradiation of H-8
in the NOEDIFF experiment (Table 170) supported the assigned location of these

substituents. Therefore, K35 was characterized as a new phenol derivative,

Table 169 The "H, *C NMR and HMBC data of compound K35 in CDCl3+CD3;0D

HG

OH

10

OH

Position on (mult, J 1) &c (C-type) HMBC
1 ; 15626 (C) |-
2 |- 123.58 (C) -
3 - 13629(C) |-
4 6.59 (d, 7.8) 120.92 (CH) | C-3,C-6,C-8
5 7.14 (1, 7.8) 12845 (CH) | C-1,C-2,C-3,C-6
6 6.81 (d, 7.8) 11530 (CH) | C-1,C-4
7 4.78 (s) 59.10(CHy) | C-1,C-2,C-3
8 6.64 (d, 11.4) 129.95 (CH) | C-3,C-4
9 5.97 (dt, 11.4, 6.9) 131.88 (CH) | C-3,C-10
10 | 4.07(dd, 6.9, 0.6) 58.58 (CH;) | C-8,C-9
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Table 170 The COSY and NOEDIFF data of compound K35 in CDCl3+CD30D

Proton ~ COSY NOEDIFF
H4 |HS5 -5
H-5 |H-4,H6 H-4, H-6
H-6 |H-5 ' H-5
Hy7 |- | H-8
H-8 |H9 H,-7, H9
H-9 |H-8, H,-10 H-8, H,-10
Hy-10 | H-9 H-4, H-9

4.3.9 Compound K37

Compound K37 was obtained as a colorless gum, The UV spectrum
exhibited absorption bands at Ay 210, 240, 253, 270, 293 and 352 nm, while the IR
spectrum showed absorption bands at 1695 and 1644 cm™ for conjugated ketone
carbonyl and double bond functional groups, respectively. The '"H NMR spectrum
(Figure 92) (Table 171) consisted of signals for four aromatic protons [ 9.56
(s, 1H), 7.83 (d, J= 7.8 Hz, 1H), 7.56 (s, 1H) and 7.38.(d, J=8.7Hz, 1H)] and three
methyl groups [§ 2.76 (s, 3H), 2.45 (s, 3H) and 2.26 (s, 3H)]. The *C NMR
(Figure 93) (Table 171) and DEPT 135 (Table 171) spectra displayed fifteen carbon
resonances for eight quaternary (& 182.21, 164.04, 156.68, 141.36, 145.60, 133.75,
119.39 and 114.62), four methine (& 146.21, 124,23, 120.55 and 119.55) and three
methyl (5 24.65, 20.40 and 17.50) carbons. One of ortho-coupled aromatic protons,
H-4 (5 7.83), showed HMBC correlations (Table 172) with C-3a (6 119.36), C-5a
(6 141.36) and C-9b (& 164.04), while the other one, H-5 (57.38), was correlated with
C-3a, C-5a, C-6 (& 119.55) and C-9a (J 114.62). The singlet aromatic proton, H-6
(67.56), showed HMBC cross peaks with C-5 (& 120.55), C-7 (6 156.68), C-9a and
C-10 (6 24.65). In addition, the remaining singlet aromatic proton, H-9 (5 9.56), was
correlated with C-5a, C-7 and C-9b. These data together with HMBC correlations and
. the chemical shifts of C-7 and C-9 (& 146.21) indicated that K37 had an isoquinoline




257

skeleton with a methyl group at C-7 and other substituents at C-3a and C-9b. The

location of H3-10 was confirmed by its HMBC correlations with C-6 and C-7 of the
isoquinoline skeleton. HMBC cross peaks of Hz-12 (6 2.45) and H3-13 (5 2.26) with
C-2 (5 145.60) and C-11 (5133,75) and the chemical shift of the carbonyl carbon, C-3

(8 182.21), established the presence of 2-oxy-3-methyl-2-butenoyl moiety, as found in

K28. This unit was fused with the isoquinoline fragment to form a 2-

methylethylidene-furoisoquinoline-3-one on the basis of the chemical shift C-9b and a

HMBC correlation of H-4/C-3. Consequently, K37 was identified as TMC-120B

which was previously isolated from the fungus Aspergillus ustus TC 1118 (Kohno, et

al., 1999).

Table 171 The 'H and *C NMR data of compound K37 and TMC-120B in CDCl;

position K37 TMC-120B
Su (mult., Jy.) & (C-type) S (muldt., Jy;) & (C-type)

2 |- 14560 (C) |- 1456 ()

- 182.21 (C) |- 182.1 (C)
3a - 119.36 (C) |- 119.3 (C)
4 7.83(d,8.7) 124,23 (CH) | 7.80 (d, 8.5) 124.1 (CH)

7.38 (d, 8.7) 120.55 (CH) | 7.35 (d, 8.5) 120.5 (CH)
5a - 141,36 (C) |- 141.3 (C)
6 |7.56(s) 119.55 (CH) | 7.52 () 119.5 (CH)
7 |- 156.68(C) |- 156.7 (C)
9 19.56(s) 146.21 (CH) | 9.52 () 146.2 (CH)
9a |- 114.62(C) |- 114.6 (C)
9b - 164.04(Cy |- 164.0 (C)




Table 171 Continued
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B K37 TMC-120B
Bositton it T | & (Cype) | onCmid, ) | G (C-type)
10 |2.76(s) 24.65 (CHs) | 2.74 (5) 24.7 (CHj)
1 - 133.75(C) |- 133.7 (C)
12 | 2.45(s) 17.50 (CHa) | 2.43 (4, 0.7) 17.5 (CHs)
13 |2.26() 20.40 (CHs) |2.25(d, 0.7) 20.4 (CHj)

Table 172 The HMBC, COSY and NOEDIFF data of compound K37 in CDCl;

Proton HMBC COSY NOEDIFF
H-4 [ C-3,C-3a, C-5a, C-9b H-5 H-5
H-5 | C-3a,C-4,C-5a,C-6,C-9a | H-4 H-4, H-6
H-6 |C-5,C-7,C-%, C-10 - H-5, H3-10
H-9 | C-5a,C-7,C-%b - H;-10, H3-13
Hs;-10 { C-6,C-7 - H-6, H-9
H;-12 | C-2,C-11,C-13 - H;-13
Hs;-13 | C-2,C-11,C-12 - H-9, H;-12
4.3.10 Compound K38

Compound K38 was obtained as a colorless gum. Its UV spectrum

was similar to that of K37 while the IR spectrum showed an additional absorption
band of a hydroxyl group at 3368 em?, Its 'H NMR spectrum (Figure 94)
(Table 173) was similar to that of K37 except for the replacement of two methyl
singlets in K37 with two methyl doublets [ 1.24 (d, /= 7.0 Hz, 3H) and 0.99 (d, J =
7.0 Hz, 3H)]. In addition, the '"H NMR spectrum displayed an additional signal of a
methine proton (82.43, m). In the "H-"H COSY spectrum (Table 174), this additional
methine proton was coupled with CH3-12 (6 0.99) and CH3-13 (& 1.24), CH;-12 and
CH;-13 showed HMBC correlations (Table 174) with C-2 (6 110.03) and C-11
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(633.93). A HMQC correlation of this methine proton with C-11 indicated that it was
H-11. The chemical shift of C-2 suggested the presence of a hydroxyl substituent at
this carbon. The carbonyl carbon, C-3 (& 198.48), in K38 was shifted to lower field
when compared with that (& 182.21) in K37, thus supporting the assigned structure.
Therefore, K38 was determined as TMC-120C which was previously isolated from

the fungus Aspergillus ustus TC 1118 (Kohno, ef al., 1999).

CH;
10

Table 173 The 'H and '*C NMR data of compound K38 and TMC-120C in CDCl,

Position K38 TMC-120C
ou (mudt., Jus) & (C-type) S (mult., Jp) & (C-type)
2 |- 110.03 (C) |- 110.3 (C)
- 198.48 (C) |- 198.5 (C)
3a |- 115.64 (C) |- 115.6 (C)
4 1753 8.7) 124.27 (CH) | 7.53 (d, 8.3) 124.3 (CH)
6.98 (d, 8.7) 119.38 (CH) | 6.99 (d, 8.3) 119.4 (CH)
5 |- 14197 (C) |- 142.0 (C)
7.13 (5) 119.38 (CH) | 7.14 (s) 119.4 (CH)
- 156,71 (C) |- 156.8 (C)
9.48 (5) 146.50 (CH) | 9.49 (s) 146.5 (CH)
9a |- 114.61(C) |- 114.6 (C)
9% |- 171.50 (C) |- 171.5 (C)
10 250 23.70 (CHa) | 2.51 (s) 23.8 (CHz)
11 | 2.43 (m) 33.93 (CH) | 2.42 (m) 33.9 (CH)
12 099 7.0) 15.94 (CH3) | 0.99 (d, 6.3) 16.0 (CHs)
13 |1.24(d 7.0) 15.67 (CHs) | 1.24 (d, 6.6) 15.6 (CHa)




Table 174 The HMBC, COSY and NOEDIFF data of compound K38 in CDCl;
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Proton HMBC COSY NOEDIFF
H-4 | C-3,C-3a, C-5a, C-9b H-5 H-5
H-5 {C-3a,C-4,C-5a,C-6,C9a | H4 H-4,H-6
H-6 |[C-5,C-7,C-9a, C-10 H;3-10 H-5, H3-10
H-9 | C-5a, C-7, C-9a, C-9 - Hj-10, H3-12, H3-13
Hs-10 | C-6,C-7 - H-6, H-9
H-11 | C-2,C-3 Hs-12, H3-13 H;-12, H3-13
H;-12 | C-2,C-11, C-13 H-11 H-9, H-11, H3-13
Hs;-13 | C-2,C-11,C-12 H-11 H-9, H-11, H3-12

4.3.11 Compound K36

Compound K36 with the molecular formula CysH;sNO4 from EIMS
(m/z 273) (Figure 89) was obtained as a colorless gum. Its UV and IR spectra were
almost identical to those of K38. The 'H NMR spectrum (Figure 90) (Table 172) was
similar to that of K38 except for the replacement of the downfield methyl signal in

K38 with the signal of a hydroxymethyl group (& 4.89, s, 2H). The presence of two
methyl (6 15.96 and 15.45) and one oxymethylene (&5 64.54) carbons in the 3¢ NMR
(Figure 91) (Table 175) and DEPT 135 (Table 175) spectra supported the 'H NMR
data. The HMBC correlations (Table 175) of the hydroxymethyl protons, Hp-10
(64.89), with C-6 (5 117.36) and C-7 (5 159.25) together with signal enhancement of
H,-10 upon irradiation of H-6 (J 7.79) established the linkage of the hydroxymethyl

group at C-7. Consequently, K36 was identified as a 10-hydroxy derivative of K38.




Table 175 The 'H, *C NMR and HMBC data of compound K36 in CDCl;+CD3;0D
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Position oy (mult, J uz) éc (C-type) HMBC
2 - 110.13 (C) -
3 - 198.97 (C) -
3a - 115.88 (C) -
4 7.72 (d, 8.4) 124.53 (CH) | C-3, C-3a, C-5a, C-9b
7.36 (d, 8.4) 120.34 (CH) | C-3a, C-4, C-5a, C-6, C-9a
5a - 142.70 (C) -
6 7.79 (s) 117.36 (CH) | C-7,C-9a, C-10
7 - 159.25 (C) -
9 9.48 (s) 146.61 (CH) | C-5a, C-7,C-%a
9a - 115.88 (C) -
9% - 171.93 (C) -
10 4,89 (s) 64.54 (CHy) | C-6,C-7
1 2.36 (m) 34.17 (CH) C-2
12 0.97 (brs) 15.96 (CHy) | C-2,C-11,C-13
13 1.19 (brs) 15.45(CH;) | C-2,C-11,C-12

Table 176 The COSY and NOEDIFF data of compound K36 in CDCl;+CD3;0D

Proton COSY NOEDIFF
H4 |HS H-5
H-5 |H-4 H-4
H-6 |Hp-10 H-5, H,-10

H-10 |H-6 ;

H-11 | H3-12, Hs-13 H3-12, H;-13

H-12 |H-11 H-11

H-13 |H-11 H-11
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4.3.12 Compound K39

Compound K39 was obtained as a colorless gum. The UV spectrum
displayed an aromatic chromophore at 212 and 302 nm. The IR spectrum exhibited
absorption bands at 3398, 1675 and 1620 em’! for hydroxyl, conjugated ketone
carbonyl and double bond functional groups, respectively. The 'H NMR spectrum
(Figure 96) (Table 177) showed characteristic signals for two aromatic protons
[56.08 (s, 1H) and 6.00 (s, 1H)], a 1-oxo-3-methylbutyl unit [§2.58 (d, J = 7.0 Hz,
2H), 2.23 (m, 1H), 0.96 (d, J = 6.5 Hz, 3H) and 0.90 (d, J = 7.0 Hz, 3H)] and one
methyl group (& 2.37, s, 3H). The aromatic proton at & 6.00 was assigned as H-3
which gave the HMBC correlations (Table 177) with C-1 (5 130.34), C-2 (6 143.00)
and C-4 (6155.19). H3-12 (52.37) showed the HMBC correlations with C-1, C-2 and
C-3 (693.41) while the 1-o0x0-3-methylbutyl moiety displayed a 3JHMBC cross peak
of the methylene protons, Hy-8 (& 2.58), with C-1. These data indicated the
attachment of the methyl and 1-ox0-3-methylbutyl units at C-2 and C-1, respectively.
In addition, the other aromatic proton (& 6.08) was attributed to H-5 on the basis of its
HMBC correlations with C-1, C-6 (6 154.35) and C-7 (6200.76). The chemical shifis
of C-4 and C-6 indicated the presence of hydroxyl groups at these carbons.
Consequently, K39 was identified as 1-(2,4-dihydroxy-6-methylphenyl)-3-methyl-1-
butanone (Sakai, ef al., 1998).

12
H 0 CH,

HiC 9 7
H
HO OH

Table 177 The 'H, *C NMR and HMBC data of compound K39 in CDCl;

Position Oy (mult, J uz) & (C-type) HMBC
1 - 130.34 (C) -
2 - 143.00 (C) -
3 6.00 (s) 93.41 (CH) C-1,C-2,C4,C-12
4 - 155.19 () -
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Table 177 Continued

Position On (mult, J w) & (C-type) HMBC
5 1608 () 107.73 (CH) C-1, C-4, C-6, C7
6 |- 154.35 (C) .
7 |- 200.76 (C) ;
8 |2.58(d,7.0) 45.48 (CH,) C-1, C-7,C-10, C-11
9 2.23 (m) 23.66 (CH) C-8, C-10, C-11
10 | 0.94 (d, 7.0) 22.51 (CH3) C-8,C-9, C-11
11 |096(d,6.5) 22.48 (CH;) C-8, C-9, C-12
12 |237(@) 19.33 (CH3) C-1,C-2,C-3

Table 178 The COSY and NOEDIFF data of compound K39 in CDCl;3

Proton COSY NOEDIFF
H-3 - Hs-12
HS5 |- -

H;-8 |H-9 H-9, H3-10, H3-11
H-9 | H2-8, H3-10, Hj-11 H,-8

H3-10 | H-9 Hp-8

H;-11 | H-9 H,-8

H3-12 |- H-3

4.3.13 Compound K40

Compound K40 was obtained as a colorless gum. The UV spectrum

showed absorption bands at 238, 284 and 327 nm. The IR spectrum displayed

absorption bands at 1695 and 1647 cm™ for conjugated ketone carbonyl and double
bond functional groups, respectively. The 'H NMR spectrum (Figure 98) (Table 179)
showed characteristic signals for four aromatic protons of a 1,2-disubstituted benzene
[68.25 (dd, J= 8.1 and 1.2 Hz, 1H), 7.59 (td, J=8.1 and 1.2 Hz, 1H), 7.48 (4, /= 8.1
Hz, 1H) and 7.32 (t4, /= 8.1 and 1.2 Hz, 1H)], a 2-substituted pyrrole [67.01 {dd, J=
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2.7 and 1.2 Hz, 1H), 6.76 (dd, J = 3.6 and 1.2 Hz, 1H) and 6.33 (dd, J = 3.6 and 2.7
Hz, 1H)] and one methoxyl group (& 3.88, s, 3H). The °C NMR (Figure 99)
(Table 179) and DEPT 135 (Table 179) spectra showed four quaternary (& 176.00,
169.50, 139.30 and 122.80), seven methine (& 132.70, 125.98, 124.30, 122.76, 117.70,
112.31 and 110.42) and one methoxy (& 52.91) carbdns. The aromatic proton
resonating at the lowest field (§ 8.25) was attached at C-6, ortho to the ketone
carbonyl group. This was confirmed by a HMBC cross peak between H-6 and the
carbonyl carbon (C-7, 8 176.00). The remaining aromatic protons at & 7.48, 7.59 and
7.32 were then assigned as H-3, H-4 and H-5 according to multiplicity and coupling
constants. The methoxy group at & 3.88 was linked at C-2 (& 169.50) due to its
HMBC cross peak with C-2. Consequently, the 2-substituted pyrrole ring was
connected with the carbonyl carbon to form a ketone functionality. This was
supported by a HMBC cross peak between H-9 (5 6.33) and C-7. Therefore, K40 was
identified as 2-(2-methoxybenzoylpyrrole (Ghigo, ef al., 2005).

Table 179 The NMR data of compound K40 in CDCl3+CD3;0OD

Position Su (mult, J ) & (C-type) HMBC COSY
1 - 139.30(C) |- -
2 - 169.50 (C) |- -
3 |7.48(d, 8.1) 117.70 (CH) | C-5 H-4
4  17.59(td,8.1,12) |132.70 (CH) | C-5, C-6 H-3, H-5, H-6
5 |732(d, 8.1,1.2) |124.30 (CH) | C-3, C-4 H-3, H-4, H-6
6 |8.25(dd,8.1,12) | 12598 (CH) | C-1,C-4,C-5,C-7 |H-4,H-5
7 - 176.00 (C) | - -
8 |- 122.80 (C) |- -
9 -|6.33(dd,3.6,2.7) | 110.42 (CH) | C-7, C-10, C-11 H-10, H-11
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Table 179 Continued
Position |  Jdn (mult, Juz) & (C-type) HMBC COSY
10 6.76 (dd, 3.6,1.2) | 112.31 (CH) | C-9, C-11 H-9, H-11
11 7.01 (dd, 2.7,1.2) | 122.76 (CH) | C-8, C-9, C-10 H-9, H-10
12-NH | 10.25 (brs) - - -
13 |3.88(s) 152,91 (CILy) | C-2 -
4.3.14 Compound K41

Compound K41 was obtained as a colorless gum. It exhibited UV
absorption bands at 262 and 328 nm. The IR spectrum displayed absorption bands at
3370, 1716 and 1674 cm™ for hydroxyl, carboxylic carbonyl and double bond
functional groups, respectively. The 'H NMR spectrum (Figure 100) (Table 180)
showed characteristic signals for a 2-substituted pyridine [§9.01 (brs, 1H), 8.75 (brs,
1H), 8.20 (dt, J = 8.0 and 2.0 Hz, 1H) and 7.44 (dd, J = 8.0 and 5.0 Hz, 1H)]. The °C
NMR (Figure 101) (Table 180) and DEPT 135 (Table 180) spectra showed one
carbonyl carbon of a carboxylic acid (J 167.00), one quaternary (5 129.15) and four
methine (5 152.64, 148.18, 135.66 and 123.68) carbons. These data supported the
presence of the 2-substituted pyridine and carboxylic functional groups in the IR
spectrum. The carboxyl group was located at C-3 (& 129.15) on the basis of the
multiplicity and coupling constants in the 'H NMR spectrum as well as a HMBC
correlation (Table 180) of H-4 (5 8.20) with C-7 (& 167.00). Consequently, K41 was

nicotinic acid (Soman, ef al., 1999).

0

Table 180 The NMR data of compound K41 in CDCI3+CD;0D

Position Oy (mult, J y;) dc (C-type) HMBC COSY
2 9.01 (brs) 148.18 (CH) | C-3, C-4, C-6 -
3 - ‘ 120.15(C) |- -
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Table 180 Continued
Position Oy (muilt, J 1) & (C-type) HMBC COSY
4 8.20 (dr, 8.0, 2.0) | 135.66 (CH) | C-2, C-6,C-7 H-2, H-5, H-6
5 7.44 (dd, 8.0, 5.0) | 123.68 (CH) | C-3,C-6 H-4, H-6
6 8.75 (brs) 152.64 (CH) | C-4 H-4, H-5
7 - 167.00(C) |- -




CHAPTER 5.1

INTRODUCTION

5.1.1 Introduction

Various types of compounds were isolated from the genus Fusarium.

* Some of them showed interesting biological activities, e.g., antimicrobial (Tsuchinari,
et al., 2007), antibacterial (Ivanova, ef al., 2002) and pytotoxic (Tanaka, ef al., 1996)

activities. Chemical constituents isolated from the genus Fusarium reported since the

year 2009 are summarized in Table 181 according to SciFinder Scholar Database.
The EtOAc extract from the culture broth of Fusarium sp. PSU-F14 isolated from a
sea fan Annella sp., exhibited interesting antibacterial activity against SA and MRSA
with the equal MIC values of 160 yg/mL.

Table 181 Compounds isolated from the Fusarium genus

Scientific name

Compound

Activity

Reference

F. oxysporum

Styrene, 16

7-Methyl-1,3,5-cyclooctatriene, 15

Beck, et dal.,
2009

Structures of compounds isolated from the Fusarium genus

15; 7-Methyl-1,3,5-cyclooctatriene

OCH3

16: Styrene
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5.1.2 The objectives

1. To isolate the secondary metabolites from the marine-derived fungus
Fusarium sp. PSU-F14.

2. To elucidate the structure of the isolated metabolites.




CHAPTER 5.2

EXPERIMENTAL

5.2.1 Fermentation and extraction

The fermentation and the extraction of the culture broth (15 L) and

mycelia were performed using the same procedure as those of Nigrospora sp. PSU-F5
to afford a dark red solid (3.7 g) and a brown solid (560 mg) from the culture broth

and mycelia, respectively. Each extract was subjected to chromatographic separation.

5.2.2 Purification of the broth extract

The crude EtOAc extract was separated by column chromatography

over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with

similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford seven fractions as shown in Table 182,

Table 182 Fractions obtained from the crude EtOAc extract by column chromatography
over Sephadex LH-20

Fraction Weight (mg) Physical appearance
14A 758 Red solid
14B 258.2 Red solid
14C 286.2 Red solid
14D 702.5 Red solid
14E 367.3 Red solid
14F 46.0 Red solid
14G 2,000 Red solid

270
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Fraction 14A displayed a long tail under UV-S on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. Thus, it was not investigated,

Fraction 14B showed five UV-active spots on normal phase TLC using 3% methanol
in dichloromethane as a mobile phase with the Ryvalues of 0.09, 0.14, 0.19, 0.24 and
0.33, It was further separated by column chromatography over silica gel. Elution was
performed initially with 1% methanol in dichloromethane followed by increasing the
polarity with methanol and finally with pure methanol, Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford eleven subfractions as shown in Table 183.

Table 183 Subfractions obtained from fraction 14B by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
B1 1% MeOH/CH,Cl, 17.6 Red solid
B2 1% MeOH/CH,Cl, 3.7 Red solid
B3 1% MeOH/CH,Cl, 5.8 Red solid
B4 1% MeOH/CH,Cl, 54 Red solid
B5 3% MeOH/CH,Cl; 1.9 Red solid
B6 3% MeOH/CH,Cl, 224 Red solid
B7 5% MeOH/CHCl, 20.3 Red solid
B8 5% MeQH/CH,Cl, 14.3 Red solid
BY 7% MeOH/CH,Cl, 32 Red solid
B10 7-20% MeOH/CH,Cl, 84.7 Red solid
B11 30% MeOH/CH,Cl,- 63.0 Red solid
100% MeOH

Subfraction B1 showed five pale UV-active spots on normal phase TLC using
50% dichloromethane in petroleum ether as a mobile phase with the Revalues of 0.08,
0.18, 0.40, 0.53 and 0.93. Its "H NMR spectrum displayed signals in the high field

region. Thus, it was not investigated.
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Subfraction B2 showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.65, 0.70,

0.79 and 0.93. Because of low quantity, it was not further investigated.

Subfraction B3 showed two UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.39 and
0.63. It was then purified by precoated TLC with 20% ethyl acetate in petroleum ether

as a mobile phase (4 runs) to afford two bands.

Band 1 (K50) was a colorless gum (1.4 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 20% ethyl acetate in

petroleum ether as a mobile phase with the Rrvalue of 0.29.

[] 2 +133 (c 0.42, MeOH)
UV Amax(nm)(MeOH)(log &) 203 (3.18), 229 (3.05)
FTIR(neat):v(cm™) 3319 (O-H stretching), 1706 and 1692

(C=0 stretching)

'H NMR(CDCl)(&pm)(300 MHz): 676 (d, J = 15.5 Hz, 1H), 6.40 (d, J = 15.5
Hz, 1H), 5.89 (¢, J = 1.5 Hz, 1H), 2.44
(d, J=17.0 Hz, 1H), 2.37 (d, J = 17.0 Hz,
1H), 2.24 (s, 3H), 1.82 (d, J = 1.5 Hz, 3H),
1.04 (s, 3H), 0.96 (s, 3H)

3¢ NMR(CDCl)(§pm)(75 MHz):  197.19, 19677, 160.09, 144.87, 130.37,
127.85, 79.32, 49.58, 41.41, 28.42, 24.34,

22.93, 18.64
DEPT 135: CH; 144.87, 130.37, 127.85
CHz; 49.58

CHj; 28.42,24.34,22.93, 18.64
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Band 2 was a yellow gum (3.0 mg). Its chromatogtam showed one
pale UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum ether
as a mobile phase with the Rrvalue of 0.50. Because the 'H NMR spectrum indicated

the absence of olefinic and aromatic protons, it was not further investigated.

Subfraction B4 showed three pale UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Re values of 0.30, 0.33
and 0.37. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction B5 displayed a long tail under UV-S on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction B6 showed three pale UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the R values of 0.14, 0.19
and 0.26. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction B7 showed three UV-active spots oﬁ reverse pﬁase TLC wusing
50% methanol in water as a mobile phase with the Revalues of 0.33, 0.47 and 0.54.
It was then separated by column chromatography over reverse phase silica gel.
Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford five subfractions as shown in Table 184.

Table 184 Subfractions obtained from subfraction B7 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
B71 4.5 White solid
B72 1.7 Yellow gum
B73 : 3.3 Yellow gum
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‘Table 184 Continued
Subfraction Weight (mg) Physical appearance
B74 5.0 Colorless gum
B75 5.1 Purple solid

Subfraction B71 showed none of major spots under UV-S on reverse phase TLC

using 50% methanol in water as a mobile phase. Thus, it was not investigated.

Subfraction B72 showed one UV-active spot on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry value of 0.44. Its '"H NMR
spectrum indicated the presence of K43. Further investigation was then not carried

out,

Subfraction B73 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Rp values of 0.35 and 0.44.
Its '"H NMR spectrum indicated the presence of a mixture of K43 and K49. Further

investigation was then not carried out.

Subfraction B74 (K49) showed one UV-active spot on reverse phase TLC using

50% methanol in water as a mobile phase with the Revalue of 0.35.

] B +37 (¢ 0.89, MeOH)

UV Amax(nm)(MeOH)(log &) 211 (3.32), 221 (3.31), 240 (3.22), 247 (3.23),
290 (3.07) '

FTIR(neat):u(cm™) 3310 (O-H stretching), 1686 (C=0 stretching)

'H NMR(CDCl3+CD;0D)(8pm)  6.60 (brs, 1H), 6.57 (brs, 1H), 6.04 (s, 1H),

(300 MHz): 4.23 (m, 1H), 2.70 (s, 3H), 2.65 (d, J= 5.7 Hz,

2H), 1.31 (d, J= 6.3 Hz, 3H)
BC NMR(CDCl+CD;0D)(S,pm)  180.34, 164.60, 160.81, 159.81, 142.64, 116.89,
(75 MHz): 115.07, 111.80, 100.77, 65.39, 43.31, 23.12,
22.79
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DEPT 135: CH; 116.89, 111.80, 100,77, 65.39
CHy; 43.31
CHj3; ’ 23.12,22.79

Subfraction B75 displayed a long tail under UV-S on reverse phase TLC using

50% methanol in water as a mobile phase. Thus, it was not investigated.

Subfraction B8 showed four UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢ values of 0.31, 0.44, 0.53 and
0.61. It was then separated by column chromatography over reverse phase silica gel.
Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 185.

Table 185 Subfractions obtained from subfraction B8 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
B8l 5.0 ~ White solid
B82 1.5 Yellow gum
BS3 3.5 Yellow gum
B84 4.0 Red solid

Subfraction B81 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Revalues of 0.57 and 0.65. Because
the '"H NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction B82 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Revalues of 0.33 and 0.61. Because

of the minute quantity, it was not further investigated.
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Subfraction B83 showed one UV-active spot on reverse phase TLC wusing
50% methanol in water as a mobile phase with the Ry value of 0.44. Its 'H NMR

spectrum indicated the presence of K43. Further investigation was then not carried

out.

Subfraction B84 displayed a long tail under UV-S on reverse phase TLC using

50% methanol in water as a mobile phase. Thus, it was not investigated,

Subfraction B9 showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.26, 0.51 and 0.70.
Its '"H NMR spectrum displayed signals in the high field region. Thus, it was not

investigated.

Subfraction B10 showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.14, 0.35 and 0.61.
It was then separated by column chromatography over reverse phase silica gel.
Elution was performed initially with 40% methanol in water followed by increasing
amount of methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to
afford three subfractions as shown in Table 186.

Table 186 Subfractions obtained from subfraction B10 by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) | Physical appearance
B10A 40% MeOH/H,0 22.3 Yellow gum
B10B 50-60% MeOH/H,O -+ 336 Purple gum
BI0C 80% MeOH/H,0- 28.1 Brown gum

100% MeOH

Subfraction B10A showed one UV-active spot on normal phase TLC using

3% methanol in dichloromethane as a mobile phase with the Ry value of 0.20. Its 'H
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NMR spectrum indicated the presence of many compounds. It was then separated by
column chromatography over reverse phase silica gel. Elution was performed with
30% methanol in water. Fractions with similar chromatogram were combined and
evaporated to dryness under reduced pressure to afford three subfractions as shown in

Table 187.

Table 187 Subfractions obtained from subfraction B10A by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
B10Al 8.0 White solid
B10A2 7.7 Yellow gum
B10A3 4.3 Red solid

Subfraction B10A1 displayed a long tail under UV-S on reverse phase TLC using

30% methé_nol in water as a mobile phase. Thus, it was not investigated.

Subfraction B10A2 showed one UV-active spot on reverse phase TLC using
30% methanol in water as a mobile phase with the Ry value of 0.24. Because the 'H
NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction B10A3 showed two UV-active spots on reverse phase TLC using
30% methanol in water as a mobile phase with the Ry values of 0.24 and 0.30.
Because the '"H NMR spectrum indicated the presence of many compounds, it was not

further investigated.

Subfraction B10B showed two UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.05 and

0.20. Because its "H NMR spectrum showed broad signals, it was not further purified.
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Subfraction B10C displayed a long tail under UV-S on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction B11 showed five UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ryvalues of 0.14, 0.25, 0.51, 0.69

and 0.81. Because its 'H NMR spectrum showed broad signals, it was not further

purified.

Fraction 14C showed six UV-active spots on normal phase TLC using 3% methanol
in dichloromethane as a mobile phase with the Rgvalues 0f 0.09, 0.19, 0.22, 0.33, 0.35
;md 0.47. It was further separated by -column chromatography over silica gel. Elution
was performed initially with 2% methanol in dichloromethane followed by increasing
the polarity with methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford seven subfractions as shown in Table 188.

Table 188 Subfractions obtained from fraction 14C by column chromatography over

silica gel
Subfraction Elution . Weight (mg) | Physical appearance
C1 2% MeOH/CH,Cl, 9.6 Red solid
C2 2-3% MeOH/CH,Cl, 16.2 " Red solid
C3 3% MeOH/CH,Cl, 16.1 Red solid
C4 5% MeOH/CH,Cl; 99.9 Red solid
Cs 5% MeOH/CH,Cl, 30.9 Red solid
Co6 7-10% MeOH/CH,Cl, 50.0 Red solid
C7 10% MeOH/CH,Cl,- 46.2 Red solid
100% MeOH

Subfraction C1 showed six UV-active spots on normal phase TLC using
_ 2% methanol in dichloromethane as a mobile phase with the R¢values of 0.39, 0.51,
0.58, 0.67, 0.72 and 0.77. Because of low quantity, it was not further investigated.
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Subfraction C2 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.24, 0.29
and 0.34. It was then separated by column chromatography over reverse phase silica
gel. Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford five subfractions as shown in Table 189.

Table 189 Subfractions obtained from subfraction C2 by column chromatogtaphy

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
C21 3.2 Red gum
Cc22 3.0 Yellow solid
C23 3.1 Red solid
C24 1.7 Purple solid
C25 4.1 Red gum

Subfraction C21 showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.42, 0.47 and 0.52.

Because of low quantity, it was not further investigated.

Subfraction C22 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Rrvalues of 0.33 and 0.42, It was
then purified by precoated TLC with 50% ethyl acetate in petroleum ether as a mobile
phase (10 runs) to afford two bands.

Band 1 was a yellow gum (1.5 mg). Its chromatogram showed one
pale UV-active spot on normal phase TLC using 50% ethy! acetate in petroleum ether
as a mobile phase with the Ryvalue of 0.58. Because the 'H NMR spectrum indicated

the absence of olefinic and aromatic protons, it was not further investigated.




280

Band 2 (K45) was a yellow gum (1.4 mg). Its chromatogram showed
one UV-active spot on normal phase TLC using 50% ethyl acetate in petroleum ether

as a mobile phase with the R¢value of 0.50.

[} -10 (¢ 0.01, CHCL3)
UV Anex(nm)MeOH)(log &) 217 (2.74), 249 (2.23), 290 (1.90)
FTIR(neat):v(cm™) 3329 (O-H stretching), 1692 and 1681

(C=0 stretching)

‘H NMR(CDCl3)(Spm)(300 MHz): 12,19 (s, 1H), 7.40 (s, 1H), 6.10 (s, 1H),
3.90 (s, 3H), 3.90 (d, /= 1.8 Hz, 1H), 3.10
(m, 2H), 3.03 (d, J = 18.5 Hz, 1H), 2.87
(d,J=18.5 Hz, 1H), 1.36 (s, 3H)

Bc NMR(CDCL)(8,pm)(75 MHz): 184.65, 184.08, 160.43, 160.25, 143.62,
129,99, 129.50, 119.59, 112.00, 110.34,
71.95, 70.71, 56.56, 35.83, 34.34, 25.51

DEPT 135: CH; 119.59, 110.34, 71.95
CHay; 35.83,34.34
CHs3; 56.56,25.51

Subfraction C23 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.26 and 0.33. Its 'H
NMR spectrum indicated that the major compound was K45, Further investigation

was then not performed.

Subfraction C24 showed one UV-active spot on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢ value of 0.26. Because the 'H
NMR spectrum indicated the presence of many compounds, it was not further

investigated,

Subfraction C25 displayed a long tail under UV-S on reverse phase TLC using

50% methanol in water as a mobile phase. Thus, it was not investigated. _
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Subfraction C3 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.17, 0.19
and 0.25. Because its 'H NMR spectrum showed broad signals, it was not further
purified.

Subfraction C4 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.13
and 0.19. It was then separated by column chromatography over reverse phase silica
gel. Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to. dryness under reduced pressure to

afford five subfractions as shown in Table 190. -

Table 190 Subfractions obtained from subfraction C4 by column chromatography

over reverse phase silica gel

Subfraction ' Weight (mg) Physical appearance
C41 3.8 Yellow gum
C42 16.0 ' Yellow gum
c43 57.1 ' Red gum
C44 11.9 Red gum
C4s 7.8 Red solid

Subfraction C41 showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.12, 0.17 and 0.24.

Because of low quantity, it was not further investigated.

Subfraction C42 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.56 and 0.65. It was
then separated by column chromatography over reverse phase silica gel. Elution was
performed with 40% methanol in water. Fractions with similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 191,
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Table 191 Subfractions obtained from subfraction C42 by column chromatography

over sreverse phase silica gel

Subfraction Weight (mg) Physical appearance
C421 3.0 Yellow gum
C422 24 Yellow gum
C423 10.3 Yellow gum

Subfraction C421 showed one UV-active spot on reverse phase TLC using
40% methano! in water as a mobile phase with the Ry value of 0.45. Its 'H NMR

spectrum indicated the presence of K44. Further investigation was then not carried

out,

Subfraction C422 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢ values of 0.34 and 0.45. Its 'H
NMR spectrum indicated that the major compound was Kd44. Further investigation

was then not performed.

Subfraction C423 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.32 and 0.48. It was
then separated by column chromatography over reverse phase silica gel. Elution was
performed with 40% methanol in water. Fractions with similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 192,

Table 192 Subfractions obtained from subfraction C423 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
C423A 3.1 Colorless gum
C423B 4.0 Colorless gum .
C423C 3.0 7 Yellow gum
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Subfraction C423A (K42) showed one UV-active spot on reverse phase TLC using

40% methanol in water as a mobile phase with the Rrvalue of 0.435.

] -18 (¢ 0.92, acetone)

UV Amax(nm)(MeOH)(log &) 209 (4.17), 242 (3.91), 280 (3.61), 353
(3.42)

FTIR(neat):v(cm™) 3417 (O-H stretching), 1687 (C=0
stretching)

"H NMR(acetone-ds)(Spm)(300 MHz):  12.76 (s, 1H), 6.44 (s, 1H), 5.00 (1, / =
3.5 Hz ,1H), 4.15 (d, J = 3.5 Hz, 1H),

3.93 (s, 3H), 3.81 (d, J = 6.5 Hz, 1H),
347 (ddd, J = 11.0, 6.5, 4.5 Hz, 1H),
321 (s, 1H), 2.82 (td, J = 12,0, 3.5 Hz,
1H), 2.38 (dr, J = 12.5, 4.0 Hz, 1H),
216 (11, J=11.5, 3.5 Hz, 1H), 1.87 (, J
= 135 Hz, 1H), 1.76 (dd, J = 13.5, 3.5
Hz, 1H), 1.56 (¢, J = 12.5 Hz, 1H), 1.29
538

13C NMR (acetone-de)(Gum)(75 MHz):  203.00, 158,72, 155.00, 136.00, 129.00,
107.80, 98.77, 74.08, 7048, 62.42,
55.65, 41.45, 40.23, 38.45, 29.61, 26.66

DEPT 135: CH; 98.77, 74.08, 62.42, 4145, 38.45
CHy 40.23,29.61
CHs; 55,65, 26.66
EIMS nvz (% relative intensity): 324 (14), 304 (27), 288 (100), 218 (43),
175 (18)

Subfraction C423B (K44) showed one UV-active spot on reverse phase TLC using

40% methanol in water as a mobile phase with the Revalue of 0.38.

o] 2 -93 (¢ 0.15, MeOH)

D




UV Ame(nm)(MeOH)(log &)

FTIR(neat):v{em™)

'H NMR (acetone-dg)( Spm}(300 MHz):

B¢ NMR (acetone-dg)(&pm)(75 MHZ):

DEPT 135: CH;
CHy;

CH3;

208 (3.03), 243 (2.90), 283 (2.82), 357
(2.65)

3379 (O-H stretching),
stretching)

12.25 (s, 1H), 6.47 (s, 1H), 490 (d, J =
9.0 Hz, 1H), 441 (d, J = 3.0 Hz, 1H),
4.06 (1d, J = 9.0, 3.0 Hz, 1H), 3.92 (s,
3H),3.33(d,/=9.0Hz, 1H), 245 (+, J
= 9.0 Hz, 1H), 2.37 (brd, J = 12,0 Hz,
3H), 1.45 (brd, J = 12.0 Hz, 1H), 1.29
(s, 3H)

204.65, 158.91, 156.51, 137.92, 127.51,
108.08, 99.08, 78.04, 72.16, 71.34,
70.25, 55.65, 51.63, 39.47, 39.41, 26.67
99.08, 72.16, 71.34, 78.04, 51.63, 39.41
3947

55.65, 26.67

1689 (C=0
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Subfraction C423C showed one UV-active spot on reverse phase TLC using
40% methanol in water as a mobile phase with the Ry value of 0.38. Its 'H NMR

spectrum indicated that the major compound was K44. Further investigation was then

not performed.

Subfraction C43 showed three UV-active spots on reverse phase TLC using

50% methanol in water as a mobile phase with the Revalues of 0.30, 0.43 and 0.56. It

‘was then separated by column chromatography over reverse phase silica gel. Elution

was performed with 50% methanol in water. Fractions with similar chromatogram

were combined and evaporated to dryness under reduced pressure to afford four

subfractions as shown in Table 193,
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Table 193 Subfractions obtained from subfraction C43 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
C431 3.1 Yellow gum
C432 6.2 Red gum
C433 | 354 Colorless gum
C434 3.0 Colorless gum

Subfraction C431 displayed a long tail under UV-S on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction C432 showed two UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.46 and
0.59. It was then purified by precoated TLC with 3% methanol in dichloromethane as
a mobile phase (7 runs) to afford three bands.

Band 1 was a yellow gum (1.5 mg). Its chromatogram showed one
pale UV-active spot on normal phase TLC using 3% methanol in dichloromethane as
a mobile phase with the Revalue of 0.59. Because the "H NMR spectrum indicated the

absence of olefinic and aromatic protons, it was not further investigated.

Band 2 was a yellow gum (2.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 3% methanol in dichloromethane as a
mobile phase with the Ry value of 0,46, Its 'H NMR spectrum indicated the presence

of K43. Further investigation was then not carried out.

Band 3 was a yellow gum (1.5 mg). Its chromatogram showed one
pale UV-active spot on normal phase TLC using 3% methanol in dichloromethane as
a mobile phase with the Ryvalue of 0.07. Because the '"H NMR spectrum indicated the

absence of olefinic and aromatic protons, it was not further investigated,
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Subfraction C433 (K43) showed one UV-active spot on normal phase TLC using

3% methanol in dichloromethane as a mobile phase with the Revalue of 0.38.

e} 5

UV Amax(nm)(McOH)(log &)

FTIR(neat):v(cm™)

'H NMR(acetone-ds)(&pm)(300 MHz):

BC NMR (acetone-dg)(Sppm)(75 MHz):

DEPT 135: CH;
CHa;
CHs;

-8 (¢ 0.16, MeOH)

207 (3.13), 245 (2.93), 287 (2.82), 359
(2.65)

3351 (O-H stretching), 1685 (C=0
stretching)

12.72 (s, 1H), 6.44 (s, 1H), 4.83 (d, J =
10.2 Hz, 1H), 3.90 (s, 3H), 3.49 (brd,
J=12.3 Hz, 1H), 2.47 (dd, J=12.3, 3.9
Iz, 1H), 2.43 (dd, J = 12.6, 5.1 Hz, 1H),
2.32 (m, 1H), 2.25 (dm, J = 12.9 Hz,
1H), 1.64 (g, J= 12.3 Hz, 1H), 1.34 (dd,
J=12.6,11.7 Hz, 1H), 1.28 (s, 3H)
202.51, 158.62, 155.75, 137.78, 127.41,
107.94, 98.99, 73.73, 72.47, 69.85,
55.51,46.07, 40.92, 40.75, 29.41, 26.49
98.99, 73.73, 72.47, 46.07, 40.92

40.75, 29.41

55.51,26.49

Subfraction C434 displayed a long tail under UV-S on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction C44 showed two UV-active spots on reverse phase TLC using

50% methanol in water as a mobile phase with the Re values of 0.33 and 0.42. It was

then separated by column chromatography over reverse phase silica gel. Elution was

performed with 45% methanol in water. Fractions with similar chromatogram were

combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 194.
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Table 194 Subfiactions obtained from subfraction C44 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
C441 2.1 , Yellow gum
C442 6.5 Red gum
C443 1.9 Red solid

Subfraction C441 showed one UV-active spot on reverse phase TLC using
45% methanol in water as a mobile phase with the R¢ value of 0.37. Its 'H NMR

spectrum displayed signals in the high field region. Thus, it was not investigated,

Subfraction C442 showed one UV-active spot on reverse phase TLC using
45% methanol in water as a mobile phase with the Ry value of 0.34. Its 'H NMR

spectrum indicated that the major compound was K49, Further investigation was then

not performed.

Subfraction C443 displayed a long tail under UV-S on reverse phase TLC using

45% methanol in water as a mobile phase. Thus, it was not investigated.

Subfraction C45 displayed a long tail under UV-S on reverse phase TLC using

50% methanol in water as a mobile phase. Thus, it was not investigated.

Subfraction C5 showed five UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.08, 0.18, 0.38, 0.50
and 0.58. It was then separated by column chromatography over reverse phase silica
gel. Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 195,




288

Table 195 Subfractions obtained from subfraction C5 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
Cs1 1.3 Yellow gum
C52 19.0 Red gum
C53 2.4 Red solid
C54 6.3 Red solid

Subfraction C51 displayed a long tail under UV-S on reverse phase TLC using

50% methanol in water as a mobile phase. Thus, it was not investigated.

Subfraction C52 showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.22, 0.38 and 0.50.
lts '"H NMR spectrum indicated that the major compound was K43. Further

investigation was then not performed.

Subfraction C53 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.38 and 0.40. Its 'H
NMR spectrum indicated that the major compound was K43. Further investigation

was then not performed.

Subfraction C54 showed one pale UV-active spot on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢value of 0.38. Because the 'H
NMR spectrum indicated the absence of olefinic and aromatic protons, it was not

further investigated.

Subfraction C6 displayed a long tail under UV-S on reverse phase TLC using

50% methanol in water as a mobile phase. Thus, it was not investigated.

Subfraction C7 showed five pale UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Revalues of 0.20, 0.28, 0.35, 0.72
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and 0.83. Because the '"H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Fraction 14D showed three UV-active spots on normal phase TLC using

3% methanol in dichloromethane as a mobile phase with the Ry values of 0.14, 0.33
and 0.43. It was further separated by column chromatography over silica gel. Elution
was performed initially with 2% methanol in dichloromethane followed by increasing
the polarity with methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford seven subfractions as shown in Table 196,

Table 196 Subfractions obtained from fraction 14D by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
D1 2% MeOH/CIH,Cl, 4.2 Yellow solid
D2 2% MeOH/CH,Cl, 8.3 Red gum
D3 2% MeOH/CH,Cl, 6.8 Red gum
D4 2% MeOH/CH,Cl, 20° ‘Red gum
DS 4% MeOH/CH,Cl; 65.3 Red solid
D6 7-10% MeOH/CH;Cl, 271.3 Red solid
D7 20% MeOH/CH,Cl,- 285.5 Red solid
100% MeOH

Subfraction D1 showed two pale UV-active spots on normal phase TLC using
70% dichloromethane in petroleum ether as a mobile phase with the Ry values of 0.85
and 0.90. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction D2 (K48) showed one UV-active spot on normal phase TLC using

70% dichloromethane in petroleum ether as a mobile phase with the R¢value of 0.85.
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UV Anax(nm)(MeOH)(log &) 209 (2.75), 218 (2.72), 253 (2.43), 281
(2.12)
FTIR(neat):v(cm™) 3338 (O-H stretching), 1686 and 1681

{C=0 stretching)

'H NMR(CDCl3)(&pm)(300 MHz):  13.70 (s, 1H), 13.40 (s, 1H), 8.71 (4, J=7.8
Hz, 1H), 8.08 (s, 1H), 7.56 (d, J = 7.8 Hz,
1H), 6.64 (s, 1H), 3.90 (s, 3H), 2.48 (s, 3H)

BC NMR(CDCL)Y(SpmX(75 MHz): 188.00, 184.67, 160.65, 157.50, 150.00,
145.50, 135.53, 133.50, 131.50, 127.31.
127.06, 111.27, 106.09, 56.65, 21.94

DEPT 135: CH; 135.53, 127.31, 127.06, 106.09

CHs; 56.65,21.94

Subfraction D3 showed three pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.50, 0.63
and 0.78. Because the 'H NMR spectrum indicated the presence of many compounds,

it was not further investigated.

Subfraction D4 showed one UV-active spot on “normal phase TLC using
2% methano! in dichloromethane as a mobile phase with the Revalue of 0.40. Because

of low quantity, it was not further investigated.

Subfraction D5 showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Re values of 0.13, 0.18 and 0.26.
It was then separated by column chromatography over reverse phase silica gel.
Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford five subfiractions as shown in Table 197.
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Table 197 Subfractions obtained from subfraction D5 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
D51 9.4 Redgum
D52 5.0 Red gum
D53 14.7 Red gum
D54 13.5 Red gum
D55 9.7  Redgum

Subfraction D51 showed five UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢values of 0.26, 0.33, 0.41, 0.55
and 0.69. Its 'H NMR spectrum indicated that the major compound was K44, Further

investigation was then not performed.

Subfraction D52 showed one UV-active spot on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry value of 0.26. Because the 'H
NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction D53 showed three pale UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.21, 0.26 and 0.29.
Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction D54 showed five pale UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Revalues of 0.21, 0.28, 0.31, 0.42
and 0.45. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction D55 showed one UV-active spot on reverse phase TLC using

50% methanol in water as a mobile phase with the Ry value of 0.21. Because the
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'H NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction D6 showed four UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢ values of 0.33, 0.38, 0.52 and
0.60. It was then separated by column chromatography over reverse phase silica gel.
Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford five subfractions as shown in Table 198.

Table 198 Subfractions obtained from subfraction D6 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
D61 3.6 Yellow gum
D62 25.6 Yellow gum
D63 23.8 Yellow gum
D64 180.4 Red gum
D65 35.0 : Red solid

Subfraction D61 showed none of major spots under UV-S on reverse phase TLC

using 50% methanol in water as a mobile phase. Thus, it was nof investigated.

Subfraction D62 showed two UV-active spots on reverse phase TLC using
50% metl_lanol in water as a mobile phase with the R¢values of 0.53 and 0.60. It was
then separated by column chromatography over reverse phase silica gel, Elution was
performed with 30% methanol in water. Fractions with similar chromatogram were
combined and evaporated to dryness under reduced rpressure to afford three

subfractions as shown in Table 199,
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Table 199 Subfractions obtained from subfraction D62 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
D621 13.2 Yellow gum
D622 8.6 Yellow gum
D623 3.8 Yellow gum

Subfraction D621 showed one UV-active spot on reverse phase TLC using
30% methanol in water as a mobile phase with the Ry value of 0.47. Its 'H NMR
spectrum indicated the presence of K44, Further investigation was then not carried

out.

Subfraction D622 showed two UV-active spots on reverse phase TLC using
30% methanol in water as a mobile phase with the Re values of 0.45 and 0.47. Its 'H
NMR spectrum indicated the presence of K44. Further investigation was then not

carried out,

Subfraction D623 displayed a long tail under UV-S on reverse phase TLC using

30% methanol in water as a mobile phase. Thus, it was not investigated.

Subfraction D63 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R values of 0.55 and 0.62. It was
then separated by column chromatography over reverse phase silica gel. Elution was
performed with 30% methanol in water. Fractions with similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 200.
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Table 200 Subfractions obtained from subfraction D63 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
D631 3.1 Yellow gum
D632 15.3 Yellow gum
D633 5.0 Yellow gum

Subfraction D631 showed one UV-active spot on reverse phase TLC using
30% methanol in water as a mobile phase with the Ry value of 0.29, Its 'H NMR

spectrum indicated the presence of K42, Further investigation was then not carried

out.

Subfraction D632 showed one UV-active spot on reverse phase TLC using
30% methanol in water as a mobile phase with the Ry value of 0.22. Its 'H NMR
spectrum indicated that the major compound was K44. Further investigation was then

not performed.

Subfraction D633 showed three UV-active spots on reverse phase TLC using
30% methanol in water as a mobile phase with the Revalues of 0.03, 0.13 and 0.22. Its
'H NMR spectrum indicated that the major compound was K44, Further investigation

was then not performed.

Subfraction D64 showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ryvalues of 0.28, 0.42 and 0.53. Its
'H NMR spectrum indicated that the major compounds was K44, Further

investigation was then not performed.

Subfraction D65 showed five UV-active spots on reverse phase TLC using
50% methano! in water as a mobile phase with the Revalues of 0.05, 0.08, 0.18, 0.22
and 0,28. Its "H NMR spectrum displayed signals of long chain hydrocarbons. Thus, it

was not-purified.
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Subfraction D7 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Rrvalues of 0.03 and 0.34, It was
then separated by column chromatography over reverse phase silica gel. Elution was
performed with 50% methanol in water. Fractions with similar chromatogram were
| combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 201.

Table 201 Subfractions obtained from subfraction D7 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
D71 49.0 Red solid
D72 57.7 Red solid
D73 88.4 Red solid

Subfraction D71 showed six UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Revalues of 0.49, 0.57, 0.66, 0.69,
0.81 and 0.86. Its '"H NMR spectrum displayed signals of long chain hydrocarbons.

Thus, it was not purified.

Subfraction D72 showed four pale UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢ values of 0.47, 0.49, 0.56 and
0.69. Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction D73 showed three pale UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R values of 0.09, 0.18 and 0.33,
Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Fraction 14E showed five UV-active spots on normal phase TLC using 3% methanol
in dichloromethane as a mobile phase with the Revalues of 0.16, 0.31, 0.41, 0.57 and
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0.81. It was further separated by column chromatography over silica gel. Elution was
performed initially with 2% methanol in dichloromethane followed by increasing the
polarity with methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford nine subfractions as shown in Table 202.

Table 202 Subfractions obtained from fraction 14E by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
El 2% MeOH/CH,Cl, 6.7 Red solid
E2 2% MeOH/CH,Cl, 2.6 Red solid
E3 2% MeOH/CH,Cl, 6.3 Red solid
E4 2% MeOH/CH,Cl, 5.7 Red solid
ES 3% MeOH/CH,Cl, 13.2 Red solid
E6 3% MeOH/CH,CL, 26.7 Red solid
E7 5% MeOH/CH,Cl, 32.5 Red gum
E8 7-20% MeOH/CH,Cl; 344 Red gum
E9 40% MeOH/CH,Cl,- 127.3 Red gum
100% MeOH

Subfraction E1 showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.65 and
0.75. Its '"H NMR spectrum indicated that the major compound was K48. Further

investigation was then not performed.

Subfraction E2 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction E3 showed two pale UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.47 and
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0.74. Because the "H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction E4 showed two pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.35 and
0.45. Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction ES5 showed three UV-active spots on normal phase TLC using
2% methanol in dichioromethane as a mobile phase with the R values of 0.23, 0.29
and 0.35. It was then separated by column chromatography over reverse phase silica
gel. Elution was performed with 70% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 203.

Table 203 Subfractions obtained from subfraction E5 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) | Physical appearance
ESl 7.6 Red gum
E52 1.0 Red gum
E53 1.7 Red gum
E54 3.1 Red solid

Subfraction E51 showed one pale UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ryvalue of 0.45. Because
the '"H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction E52 showed one UV-active spot on normal phase TLC using

2% methanol in dichloromethane as a mobile _phase' with the R¢ value of 0.25. Its 'H
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NMR spectrum indicated that the major compound was K48. Further investigation

was then not performed.

Subfraction E53 showed one UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Revalue of 0.25, The 'H
NMR spectrum indicated the presence of many compounds. Further investigation was

then not performed.

Subfraction E54 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.27, 0.32,

and 0.33. Because of the minute quantity, it was not further investigated.

Subfraction E6 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.17, 0.24
and 0.29. The 'H NMR spectrum indicated the presence of many compounds. Further

investigation was then not performed.

Subfraction E7 showed three pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Revalues of 0.07, 0.12
and 0.16. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction E8 showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.23, 0.29 and 0.35.
" It was then separated by column chromatography over reverse phase silica gel.
Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 204.
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Table 204 Subfractions obtained from subfraction E8 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
E81 7.6 Red gum
E82 1.0 Red gum
E83 1.7 Red gum
E84 3.1 Red solid

Subfraction E81 showed one UV-active spot on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry value of 0.73. Its '"H NMR

spectrum indicated that the major compound was K44. Further investigation was then

not performed.

Subfraction E82 showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R values of 0.40 and 0.58. It was
then separated by column chromatography over reverse phase silica gel. Elution was
performed with 40% methanol in water. Fractions with similar chromatogram were
combined and evaporated to dryness under reducéd pressure ‘to afford three

subfractions as shown in Table 205.

Table 205 Subfractions obtained from subfraction E82 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
E821 2.6 Red gum
E822 4.9 Red gum
E823 6.3 | Red gum

Subfraction E821 showed one UV-active spot on reverse phase TLC using

40% methanol in water as a mobile phase with the R¢ value of 0.39. Its 'H NMR
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spectrum indicated that the major compound was K44, Further investigation was then

not performed.

Subfraction E822 showed one UV-active spot on reverse phase TLC using
40% methanol in water as a mobile phase with the Ry value of 0.27. Its 'H NMR

spectrum indicated that the major compound was K43. Further investigation was then

not performed.

Subfraction E823 showed two UV-active spots on reverse phase TLC using
40% methanol in water as a mobile phase with the Revalues of 0.23 and 0.27. Its H
NMR spectrum indicated that the major compound was K43. Further investigation

was then not performed.

Subfraction E83 showed one UV-active spot on reverse phase TLC using
40% methanol in water as a mobile phase with the Ry value of 0.42. The 'H NMR
spectrum indicated the presence of many compounds. Further investigation was then

not performed.

Subfraction E84 displayed a long tail under UV-S bn reverse phase TLC using

40% methanol in water as a mobile phase. Thus, it was not investigated.

Subfraction E9 showed three pale UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.30, 0.33 and 0.40.
Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Fraction 14F displayed a long tfail under UV-S on normal phase TLC using
3% methanol in dichloromethane as a mobile phase. Its 'H NMR spectrum displayed

high field signals. Thus, it was not investigated.

Fraction 14G displayed a long tail under UV-S on normal phase TLC using

3% methanol in dichloromethane as a mobile phase. This subfraction (200 mg) was
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subjected to acetylation reaction. After work up, the reaction mixture was obtained as
a red gum (196.3 mg) and showed five UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.26, 0.41,
0.62, 0.71 and 0.78. It was further separated by column chromatography over silica
gel. Elution was performed initially with 2% methanol in dichloromethane followed
by increasing the polarity with methanol and finally with pure methanol. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six subfractions as shown in Table 206.

Table 206 Subfractions obtained from fraction 14G by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
14ACI 2% McOH/CILCL 5.0 Red gum
14AC2 2% MeOH/CH,Cl, 140.3 Red gum
14AC3 2% MeOH/CH,Cl, 133 Red gum
14AC4 2% MeOH/CH,Cl, 14.2 Red gum
14AC5 "4-8% MeOR/CH,Cl, 95 Red gum
14AC6 20% MeOH/CH,Cly- 10.7 Brown solid
100% MeOH

Subfraction 14AC1 showed one UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry value of (.57 and
many spots after dipping the TLC plate in anisaldehyde reagent and subsequently

heating the plate. Because of low quantity, it was not further investigated.

Subfraction 14AC2 showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Re values of 0.31, 0.43,
0.64 and 0.76. It was further separated by column chromatography over silica gel.
Elution was performed initially with 1% methanol in dichloromethane followed by

increasing the polarity with methanol and finally with pure methanol. Fractions with
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similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford five subfractions as shown in Table 207.

Table 207 Subfractions obtained from

chromatography over silica gel

subfraction 14AC2 by column

Subfraction Elution Weight (mg) | Physical appearance
14AC21 2% MeOH/CH,Cl, 118.1 Red gum
14AC22 2% MeOH/CH,Cl; 5.7 Red gum
14AC23 2% MeOH/CH,Cl; 10.0 Red gum
14AC24 4-10% MeOH/CH,Cl, 7.6 Red gum
14AC25 20% MeOH/CH,Cl,- 4.4 Red gum

100% MeOH

Subfraction 14AC21 showed three UV-active spots on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the Ry values of 0.37, 0.52

and 0.59. It was further separated by column chromatography over silica gel. Elution

was performed with 1% methanol in dichloromethane. Fractions with similar

chromatogram were combined and evaporated to dryness under reduced pressure to

afford five subfractions as shown in Table 208.

Table 208 Subfractions

chromatography over silica gel

obtained from subfraction 14AC21 by column

Subfraction Weight (mg) Physical appearance
14AC211 2.4 Red gum
14AC212 63.4 Red gum
14AC213 34.8 Red gum
14AC214 9.8 Red gum
14AC215 2.4 Red gum
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Subfraction 14AC211 showed none of major spots under UV-S on normal phase
TLC using 1% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 14AC212 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ values of 0.50, 0.59
and 0.74. It was further separated by column chromatography over silica gel. Elution
was performed with 0.5% methanol in dichloromethane. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 209.

Table 209 Subfractions obtained from subfraction 14AC212 by column

chromatography over silica gel

Subfraction Weight (mg) Physical appearance
14AC212A 6.6 Red gum
14AC212B 353 Red gum

- 14AC212C 144 Red gum
14AC212D 3.5 ' Red gum

Subfraction 14AC212A displayed a long tail under UV-S on normal phase TLC
using 0.5% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 14AC212B showed three UV-active spots on normal phase TLC using
0.5% methanol in dichloromethane as a mobile phase with the R¢values of 0.29, 0.34
and 0.36. Its "H NMR spectrum indicated that the major compound was K43. Further

investigation was then not performed.

Subfraction 14AC212C showed two UV-active spots on normal phase TLC using

0.5% methanol in dichloromethane as a mobile phase with the Ry values of 0.29 and
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0.36. Its 'H NMR spectrum indicated that the major compound was K43. Further

investigation was then not performed.

Subfraction 14AC212D displayed a long tail under UV-S on normal phase TLC
using 0.5% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated,

Subfraction 14AC213 showed five UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢values of 0.36, 0.43,
0.50, (.59 and 0.74. It was further separated by column chromatography over silica
gel. Elution was performed with 0.5% methanol in dichloromethane. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford four subfractions as shown in Table 210.

Table 210 Subfractions obtained from subfraction 14AC213 by column

chromatography over silica gel

Subfraction Weight (mg) Physical appearance
14AC213A 1.6 ‘ Red gum
14AC213B 22.6 Red gum
14AC213C 3.6 Red gum
14AC213D 7.7 Red gum

Subfraction 14AC213A showed one pale UV-active spot on normal phase TL.C
using 0.5% methanol in dichloromethane as a mobile phase with the R¢value of 0.85,
Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 14AC213B showed three UV-active spots on normal phase TLC using
0.5% methanol in dichloromethane as a mobile phase with the Revalues of 0.53, 0.66
and 0.76. It was further scparated by column chromatography over silica gel. Elution .

was performed with 2% acetone in dichloromethane. Fractions with similar
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chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 211.

Table 211 Subfractions obtained from subfraction 14AC213B by column

chromatography over silica gel

Subfraction Weight (mg) Physical appearance
14ACA 3.1 Red gum
14ACB 7.3 Red gum
14ACC 47 Red gum
14ACD 5.6 Red gum

Subfraction 14ACA showed four UV-active spots on normal phase TLC using

2% acetone in dichloromethane as a mobile phase with the Ry values of 0.35, 0.40,

0.45 and 0.59. Because of the minute quantity, it was not further investigated.

Subfraction 14ACB showed one UV-active spot on normal phase TLC using 2%

acetone in dichloromethane as a mobile phase with the Ry value of 0.33. Its 'H NMR

spectrum indicated it was an acetate derivative of K43.

o} 5

UV Amax(nm)(MeOH)(log €)

FTIR(neat):v(cm™)
*H NMR(CDCl3)(&pm)(300

-19 (¢ 0.15, MeOH)

208 (2.75), 216 (2.73), 242 (2.53), 280
(2.34), 353 (2.11)
3310 (O-H stretching), 1670 (C=0 stretching)
MHz):  12.63 (s, 1H), 6.49 (s, 1H), 6.02 (d, J= 9.3
Hz, 1H), 4.78 (dd, J = 12.9, 6.4 Hz, 1H),
3.85 (s, 3H), 2.48 (m, 1H), 2.43 (m, 1H),
2.37 (m, 1H), 2.22 (s, 3H), 2.18 (s, 3H),
2.13 (s, 3H), 2.01 (dd, J=13.8, 3.0 Hz, 1H),
1.85 (brd, J= 12,9 Hz, 1H), 1.42 (dm, J =

13.8 Hz, 1H), 1.26 (s, 3H)
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30 NMR(CDCL)(Gpm)(75 MEz): 20027, 170.80, 169.94, 168.59, 162.65,
158.35, 130.60, 130.00, 109.31, 100.48,

76.18, 69.82, 69.73, 56.37, 44.91, 38.29,
40.40, 26.91, 25.50, 21.02, 20.93, 20.51

DEPT 135: CH; 100.48, 76.18, 69.73, 44,91, 38.29
CHaz; 40.40, 25.50
CHa; 56.37,26.91, 21.02, 20.93, 20.51

Subfraction 14ACC showed one UV-active spot on normal phase TLC using
2% acetone in dichloromethane as a mobile phase with the Re value of 0.33. Its 'H
NMR spectrum indicated that the major compound was an acetate derivative of K43,

Further investigation was then not performed.

Subfraction 14ACD showed two UV-active spots on normal phase TLC using
2% acetone in dichloromethane as a mobile phase with the Revalues of 0.35 and 0.53.
Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 14AC213C showed two UV-active spots‘ on normal phase TLC using
0.5% methanol in dichloromethane as a mobile phase with the Rr values of 0.53 and

0.59. Because of low quantity, it was not further investigated.

Subfraction 14AC213D showed two UV-active spots on normal phase TLC using
0.5% methanol in dichloromethane as a mobile phase with the Ry values of 0.32 and
0.44. Tts '"H NMR spectrum indicated that the major compound was K47. Further

investigation was then not performed.

Subfraction 14AC214 showed two UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.30 and
0.42. Its "H NMR spectrum indicated that the major compound was K47. Further

investigation was then not performed.
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Subfraction 14AC215 showed thrce pale UV-active spots on normal phase TLC
using 1% methanol in dichloromethane as a mobile phase with the Ryvalues of 0.12,
0.23 and 0.33. Because the '"H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 14AC22 showed one UV-active spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ryvalue of 0.37. The 'H
NMR spectrum indicated the presence of many compounds. It was then purified by
precoated TLC with 1% methanol in dichloromethane as a mobile phase (5 runs) to
afford one band. It was a red gum (2.7 mg). Its chromatogram showed one UV-active
spot on normal phase TLC using 1% methanol in dichloromethane as a mobile phase
with the Ry value of 0.26. Its 'H NMR spectrum indicated the presence of K47.

Further investigation was then not carried out.

Subfraction 14AC23 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ values of 0.20, 0.31
and 0.37. Its 'H NMR spectrum indicated the presence of K47. Further investigation

was then not carried out,

Subfraction 14AC24 showed two UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.19 and
0.31. Its 'H NMR spectrum indicated that the major compound was K47. Further

investigation was then not performed.

Subfraction 14AC25 displayed a long tail under UV-S on normal phase TLC using

1% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 14AC3 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢values of 0.31, 0.43
and 0.50. It was then purified by precoated TLC with 1% methanol in

-dichloromethane as a mobile phase (7 runs) to afford three bands.
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Band 1 was a red gum (3.6 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 1% methanol in dichloromethane as a mobile
phase with the Revalue of 0.42. Because the 'H NMR spectrum indicated the absence

of olefinic and aromatic protons, it was not further investigated.

Band 2 was a red ghm (3.6 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 1% methanol in dichloromethane as a mobile
phase with the Revalue of 0.37. Because the 'H NMR spectrum indicated the presence

of many compounds, it was not further investigated.

Band 3 was a red gum (4.6 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 1% methanol in dichloromethane as a mobile
phase with the Revalue of 0.29, Its "H NMR spectrum indicated the presence of K47.

Further investigation was then not carried out.

Subfraction 14AC4 showed two UV-active spots on normal phase TLC using
2% methano! in dichloromethane as a mobile phase with the Ry values of 0.23 and
0.43. Its '"H NMR spectrum indicated that the major compound was K47. Further

investigation was then not performed.

Subfraction 14ACS5 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.14, 0.23
and 043. It was then purified by precoated TLC with 1% methanol in

dichloromethane as a mobile phase (6 runs) to afford two bands.

Band 1 was a red gum (2.6 mg). Its chromatogram showed one pale
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a
mobile phase with the R¢value of 0.42. Because the 'H NMR spectrum indicated the

absence of olefinic and aromatic protons, it was not further investigated.
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Band 2 (K47) was a red gum (4.7 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 1% methanol in dichloromethane as a

mobile phase with the Revalue of 0.26.

[a] 2 -39 (c 0.80, acetone)
UV Apax(nm)(MeOH)(log &) 204 (3.41), 226 (3.50), 301 (2.80)
FTIR(neat):o(cm") 3415 (O-H stretching), 1680 (C=0 stretching)

'H NMR(CDCls)(épm)(300 MHz): ~ 13.51 (s, 1H), 12,63 (s, 1H), 6.22 (s, 1H),
5.25(d,J=7.2 Hz, 1H), 5.18 (d,J= 7.2 Hz,
1H), 3.96 (s, 3H), 3.17 (d, J = 18.6 Hz, 1H),
2.83 (d, J = 18.6 Hz, 1H), 2.23 (s, 3H), 1.40
(s, 3H)

130 NMR(CDCL)(&pm)(75 MHz): 18477, 178.16, 170.47, 160.96, 160.80,
159.55, 138.43, 13522, 11036, 109.67,
108.61, 78.06, 70.76, 68.68, 56.88, 36.00,

2599, 20.99
DEPT 135: CIi; 109.67, 78.06, 68.68
CHy; 36.00
CHs; 56.88,25.99, 20.99

Subfraction 14AC6 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

5.2.3 Purification of the EtOAc extract from mycelia

The crude EtOAc extract was separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six fractions as shown in Table212.
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Table 212 Fractions obtained from the crude EtOAc extract by column chromatography
over Sephadex LH-20

Fraction Weight (mg) Physical appearance
14CE1 70.3 Brown solid
14CE2 80.1 Brown solid
14CE3 232.3 Brown solid
14CE4 76.8 Brown solid
14CES 63.1 Brown solid
14CE6 344 Brown solid

Fraction 14CE1 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Fraction 14CE2 showed three UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.21, 0.34
and 0.43. Its "H NMR spectrum displayed signals of long chain hydrocarbons, Thus, it

was not purified.

Fraction 14CE3 showed four UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.12,
0.16 and 0.28. 1t was further separated by column chromatography over silica gel.
Elution was performed initially with 2% methanol in dichloromethane, followed by
increasing the polarity with methanol and finally with pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure fo afford seven subfractions as shown in Table 213.




311

Table 213 Subfractions obtained from fraction 14CE3 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
V1 2% MeOQH/CH,Cl, 7.5 Yellow gum
V2 2% MeOH/CH,Cly 17.0 Orange gum
V3 4% MeOH/CIi;Cl, 10.5 Red gum
V4 4% MeOH/CH,Cl, 12.6 Red gum
V5 6-8% MeOH/CH,Cl, 44.2 Red gum
V6 10-20% MeOH/CH,Cl; 89.9 Red solid
V7 30% MeOH/CH,Cl,- 11.7 Red solid
100% MeOH

Subfraction V1 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.38, 0.41
and 0.50 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of low quantity, it- was not further

investigated.

Subfraction V2 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Re values of 0.04, 0.19
and 0.26. It was then separated by column chromatography over reverse phase silica
gel. Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 214.

Table 214 Subfractions obtained from subfraction V2 by column chromatography

over reverse phase silica gel

Subfraction Weight (ing) Physical appearance
V21 3.1 Yellow gum
V22 3.9 Yellow gum
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Table 214 Continued
Subfraction Weight (mg) Physical appearance
V23 53 Red gum
V24 3.5 Red gum

Subfraction V21 showed one UV-active spot on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry value of 0.28, Its 'H NMR
spectrum indicated the presence of K46. Further investigation was then not carried

out,

Subfraction V22 showed one pale UV-active spot on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry value of 0.23. Because the 'H
NMR spectrum indicated the absence of olefinic and aromatic protons, it was not

further investigated.

Subfraction V23 showed one pale UV-active spot on reverse phase TLC using
50% methano! in water as a mobile phase with the Ry value of 0.21. Because the 'n
NMR spectrum indicated the absence of olefinic and aromatic protons, it was not

further investigated.

Subfraction V24 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction V3 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.04, 0.14
and 0.19. It was then purified by precoated TLC with 1% methanol in

dichloromethane as a mobile phase (6 runs) to afford three bands.

Band 1 (K46) was an orange gum (4.3 mg). Its chromatogram showed
one UV-active spot on normal phase TLC using 2% methanol in dichloromethane as a

mobile phase with the Ryvalue of 0.34.
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UV Anax(nm)(MeOH)(log &)

FTIR(neat):v(cm™)

'H NMR(CDCE)(8,pm)(300 MHz):

13C NMR(CDCls)(8pm)(75 MHz):

DEPT 135: CH;
CHy;
CHjy;

-15 (¢ 0.02, CHCl;)

207 (3.11), 216 (3.13), 249 (2.72), 292
@2.51)

3310 (O-H stretching), 1681 (C=0 stretching)
12.65 (s, 1H), 7.43 (s, 1H), 6.06 (s, 1H),
3.95 (1, J = 3.9 Hz, 1H), 3.91 (s, 30), 3.15
(d, J=17.4 Hz, 1H), 3.04 (d, J = 3.9 Iz,
2H), 2.84 (d, J= 17.4 Hz, 1H), 1.31 (s, 31)

190.59, 179.50, 161.11, 159.61, 142.79,
130.55, 120.24, 112.00, 109.42, 71.79,
70.93, 56.60, 40.44, 29.78, 24.73

120.24, 109.42, 71.79

40.44,29.78

56.60, 24.73
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Band 2 was a red gum (2.1 mg). Its chromatogram showed one

UV-active spot on normal phase TLC using 2% methanol in dichloromethane as a

mobile phase with the Ryvalue of 0.24. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 3 was a red gum (2.0 mg). Its chromatogram showed one pale

UV-active spot on normal phase TLC using 2% methanol in dichloromethane as a

mobile phase with the Revalue of 0.22. Because the 'H NMR spectrum indicated the

absence of olefinic and aromatic protons, it was not further investigated.

Subfraction V4 showed two UV-active spots on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the Ry values of 0.07 and

0.16. Its "H NMR spectrum indicated that the major compound was K49. Further

investigation was then not carried out,
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Subfraction V5 showed three UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.26, 0.33 and 0.47.
It was then separated by column chromatography over reverse phase silica gel.
Elution was performed with 45% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford five subfractions as shown in Table 215,

Table 215 Subfractions obtained from subfraction V5 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
V51 1.7 Red gum
V52 8.3 Red gum
V53 4.2 Red gum
V54 15.5 Red gum
V55 12.3 Red gum

Subfraction V51 displayed a long tail under UV-S on reverse phase TLC using

45% methanol in water as a mobile phase. Thus, it was not investigated.

Subfraction V52 showed one UV-active spot on reverse phase TLC using
45% methanol in water as a mobile phase with the R¢ value of 0.47. Its 'H NMR
spectrum indicated the presence of Kd44. Further investigation was then not

performed.

Subfraction V53 showed one UV-active spot on reverse phase TLC using
45% methanol in water as a mobile phase with the Ry value of 0.33. Its 'H NMR
spectrum indicated the presence of Kd43. Further investigation was then not

perforn:ied.

Subfraction V54 showed two UV-active spots on reverse phase TLC using

45% methanol in water as a mobile phase with the Ry values of 0.24 and 0.33. It was
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further separated by column chromatography over Sephadex LI-20. Elution was
performed with 50% methanol in dichloromethane. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford three fractions as shown in Table 216.

Table 216 Subfractions obtained from subfraction V54 by column chromatography

over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
V541 4.3 Red gum
V542 8.8 Colorless gum
V543 4.3 Colorless gum

Subfraction V541 showed one pale UV-active spot on normai phase TLC using
7% methanol in dichloromethane as a mobile phase with the Ryvalue of 0.10. Because
the 'H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction V542 (K51) showed one UV-active spot‘ on normal phase TL.C using

2% methanol in dichloromethane as a mobile phase with the Ryvalue of 0.15.

UV Anax(nm)(MeOH)(log ) 203 (3.56), 260 (3.21)

FTIR(neat):u(cm™) 3349 (O-H stretching), 1686 (C=0 stretching)

'H NMR(CD30D)(&,pm)(300 MHz):  8.01 (d, J= 8.1 Hz, 1H), 5.90 (d, /= 4.5 Hz,
1H), 5.70 (d, J = 8.1 Hz, 1H), 4.18 (£, J =
5.1 Hz, 1H), 4.14 (t, J = 5.1 Hz, 1H), 4.00
(m, 1H), 3.84 (dd, J = 12.3, 2.7 Hz, 1H),

_ 3.73 (dd, J= 12.3, 2.7 Hz, 111)
3¢ NMR(CD;OD)(8,pm)(75 MHZ):  164.77, 151.00, 14132, 101.25, 89.31,
' 84.96, 74,31, 69.90, 60.87
DEPT 135: CH; : 141.32, 101.25, 89.31, 84.96, 74.31, 69.90
CHa; 60.87




316

Subfraction V543 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction V55 showed two UV-active spois on reverse phase TLC using
45% methanol in water as a mobile phase with the Ry values of 0.13 and 0.20. Its 'H
NMR. spectrum displayed signals of long chain hydrocarbons. Thus, it was not

purified.

Subfraction V6 showed four UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the R¢values of 0.31, 0.52, 0.47 and
0.64. 1t was then separated by column chromatography over reverse phase silica gel.
Elution was performed initially with 50% methanol in water followed by increasing
amount of methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford seven subfractions as shown in Table 217,

Table 217 Subfractions obtained from subfraction V6 by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) Physical appearance
V61 50% MeOH/H,0 40.1 “Brown gum
V62 50% MeOH/H,O 8.5 Yellow gum
V63 50% MeOH/H,0O 3.6 Yellow gum
N 50% MeOH/H,0 6.4 Brown gum
Vé6s 50% MeOH/H,0 2.8 Brown gum
V66 50% MeOH/H,0 3.0 Brown gum
V67 80% MeOH/H,0- Red solid

100% MeOH 203

Subfraction V61 showed three UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0,05, 0.07

and 0.22. It was further separated by column chrématography over Sephadex LH-20,
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Elution was performed with 100% methanol. Fractions with similar chromatogram

were combined and -evaporated to dryness under reduced pressure to afford three

fractions as shown in Table 218,

Table 218 Subfractions obtained from subfraction V61 by column chromatography
over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
Vell 3.4 Brown gum
Vo612 31.0 Brown gum
Vol3 5.0 Yellow gum

Subfraction V611 showed one pale UV-active spot on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Rrvalue of 0.39. Because
the 'H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction V612 showed three UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Revalues of 0.07, 0.15
and 0.17. Its "H NMR spectrum indicated the presence of sugar as a major compound.

Thus, it was not further investigated.

Subfraction V613 displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction V62 showed four UV-active spots on normal phase TLC using
5% methano! in dichloromethane as a mobile phase with the Ry values of 0.07, 0.22,

0.32 and 0.35. Because of low quantity, it was not further investigated.

Subfraction V63 showed three UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ryvalues of 0.20, 0.28

and 0.32. Because of low quantity, it was not further investigated.
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Subfraction V64 showed three UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.24, 0.31
and 0.44. Its 'H NMR spectrum indicated that the major compound was K46. Further

investigation was then not performed.

Subfraction V65 showed four UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.22, 0.34,

0.42 and 0.45. Because of the minute quantity, it was not further investigated.

Subfraction V66 showed four UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.26, 0.34, ’

0.47 and 0.49. Because of the minute quantity, it was not further investigated.

Subfraction V67 displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.
Subfraction V7 displayed a long tail under UV-S on normal phase TLC using
5% methanol in dichloromethane as a mobile phase. Because the '"H NMR spectrum

indicated the absence of olefinic and aromatic protons, it was not further investigated.

Fraction 14CE4 showed five UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the R¢values of 0.04, 0.22,
0.31, 0.47 and 0.95. It was further separated by column chromatography over silica
gel. Elution was performed initially with 2% methanol in dichloromethane foliowed
by increasing the polarity with methanol and finally with pure methanol. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford seven subfractions as shown in Table 219,
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'Table 219 Subfractions obtained from fraction 14CE4 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
W1 2% MeOH/CH,Cl, 7.7 Yellow gum
W2 5% MeOH/CH,Cl, 19.4 Orange gum
W3 5% MeOH/CH,Cl, 3.0 Red gum
W4 5-10% MeOH/CH,Cl, 3.7 Red gum
W5 10% MeOH/CH,Cl, 3.6 Red gum
W6 10-20% MeOH/CH,Cl, 19.7 Red solid
W7 30% MeOH/CH,Cl;- 144 Red solid

100% MeOH

Subfraction W1 showed one UV-active spot on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry value of 0.23. Ifs 'H NMR
spectrum indicated the presence of Kd48. Further investigation was then not

performed.

Subfraction W2 showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢values of 0.24, 0.31,
0.44 and 0.79. Its 'H NMR spectrum indicated that the major compound was K48,

Further investigation was then not performed,

Subfraction W3 showed five UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.12, 0.19,

(.24, 0.31 and 0.44. Because of the minute quantity, it was not further investigated.

Subfraction W4 showed five UV-active spots on normal phase TLC using
5% methanol in dichloromethan_é:é:sf'a‘mobile phase with the Ry values of 0,21, 0.31,

0.41, 0.45 and 0.50. Because of low quantity, it was not further investigated.
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Subfraction W5 showed three UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Rr values of 0.55, 0.31

and 0.45. Because of low quantity, it was not further investigated.

Subfraction W6 showed three UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.31, 0.45
and 0.55. It was further separated by column chromatography over Sephadex LH-20.
Etution was performed with 100% methanol. Fractions with the similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford three

fractions as shown in Table 220.

Table 220 Subfractions obtained from subfraction W6 by column chromatography

over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
Wol 5.6 Brown solid
w62 104 Red solid
W63 3.6 _ Red gum

Subfraction W61 showed four pale UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.19,
0.23 and 0.40. Because the '"H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction W62 showed three pale UV-active spots on normal phase TLC using
5% methanol in dichloromethane as a mobile phase with the R¢values of 0.19, 0.29
and 0.44, Its "H NMR spectrum indicated the presence of sugar as a major compound.

Thus, it was not further investigated.

Subfraction W63 displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.
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Subfraction W7 displayed a long tail under UV-S on normal phase TLC using

5% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Fraction 14CES showed five pale UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.03, 0.14,
0.36, 0.45 and 0.71. Because the 'H NMR spectrum indicated the absence of olefinic

and aromatic protons, it was not further investigated.

Fraction 14CE6 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.




CHAPTER 5.3

RESULTS AND DISCUSSION

One new hydroxynaphthalenone (K42) and seven known compounds
(K43-K45 and K47-50) were isolated from the broth extract while two known ones
(K46 and K51) were obtained from the mycelial extract. The structures were

identified by spectroscopic methods.

5.3.1 Compound K43

Compound K43 was obtained as a coloriess gum. The UV spectrum
displayed absorption bands at 245, 287 and 359 nm while the IR spectrum showed
absorption bands for hydroxyl and conjugated ketone carbonyl groups at 3351 and
1685 cm™, respectively. The 'H NMR spectrum (Figure 105) (Table 221) showed
signals for one chelated hydroxy proton (612.72, s, 1H), one aromatic proton (J 6.44,
s, 1H), four methine protons [§4.83 (d, J=10.2 Hz, 1H), 3.49 (brd, J=12.3 Hz, 1H),
2.47 (td, J = 12.3 and 3.9 Hz, 1H) and 2.25 (dm, J = 12.9 Hz, 1H)], two sets of
nonequivalent methylene protons [§2.43 (dd, J = 12.6 and 5.1 Hz, 1H)/1.34 (dd, J =
12.6 and 11.7 Hz, 1H) and 2.32 (m, 1H)/1.64 (¢, J = 12.3 Hz, 1H)], one methoxyl
group (& 3.90, 5, 3H) and one methyl group (& 1.28, s, 3H). The *C NMR (Figure
106) (Table 221) and DEPT 135 (Table 221) spectra displayed seven quaternary
(6202.51, 158.62, 155.57, 137.78, 127.41, 107.94 and 69.85), five methine (5 98.99,
73.73, 7247, 46.07 and 40.92), two methylene (5 40.75 and 29.41) and two methyl
(6 55.51 and 26.49) carbons. The chelated hydroxy proton, 5-OH (& 12.72), showed
HMBC correlations (Table 222) with C-5 (§ 158.62), C-6 (5 98.99) and C-10a
(6 107.94). The aromatic proton, H-6 (& 6.44), was cormrelated with C-5, C-7
(6155.75) and C-10a while the methoxy protons, H3-11 (§3.90), gave a HMBC cross -
peak with C-7. Thus, the aromatic proton and the methoxyl group were attached at C-6
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and C-7, respectively. This assignment was supported by NOEDIFF experiment
(Table 222). Irradiation of H-6 affected signal intensity of Hs-11. The substituent at
C-8 (8 137.78) of the benzene ring was a hydroxyl group according to its carbon
chemical shift. The oxymethine proton, H-9 (& 4.83), showed a 'H-'H COSY cross
peak (Table 222) with the methine proton, H-9a (& 2.25), which was further coupled
with the methylene protons, Ha-1 (5 2.43 and 1.34), and the methine proton, H-4a
(6 2.47). In addition, the remaining methylene protons, Hay-4 (6 2.32 and 1.64), gave
"H-'"H COSY cross peaks with the oxymethine proton, H-3 (& 3.49), and H-4a. The
HMBC correlations of H3-12 (& 1.28) with C-1 (& 40.75), C-2 (§ 69.85) and C-3
(&8 73.73) established the location of Hs-12 at C-2. The substituents at C-2 and C-3
were hydroxyl groups on the basis of the chemical shifts of C-2 and C-3. These results
constructed a cyclohexane having two hydroxyl groups at C-2 and C-3, the methyl
group at C-2 and the oxymethine unit at C-9a (540.92). Bond formation between C9
(672.47)-C8a (5127.41) and C4a (5 46.07)-C10 (6202.51) was established based on
the HMBC correlations of H-9/C-8a and C-10a and Hg,-4/C-10, reépectively, to form
a hydroanthraquinone derivative. Irradiation of H-9 in the NOEDIFF experiment
(Table 222), affected signal intensity of H-4a, but not H-9a, indicating trars ting
fusion and cis-relationship between H-4a and H-9. Both H-4a and H-9 were located at
axial position on the basis of the large coupling constants of 12.3 (Jian9a) and 10.2
(Juomoa) Hz. Signal enhancement of H-4a and Hs-12, upon irradiation of H-3,
indicating that FI-3 and H3-12 were located at axial and equatorial position,
respectively. The observed optical rotation of K43, {a]” -8 (¢ 0.16, MeOH), was
almost identical to that of (25,3R,4aS,9R,9aS)-hydroxydihydrodesoxybostrycin,
[a]ff -5.6 (¢ 0.16, MeOH), indicating that they had the same absolute configuration.
Therefore, K43 was identified as (2S,3R,4aS,9R,9aS)-hydroxydihydrodesoxybostrycin
which was previously isolated from the endophytic fungus PSU-N24 (Sommart, et al.,
2008).




Table 221 The ‘H and 'C NMR data of compound K43 and (25,3R,4aS5,9R,9a5)-

Hydroxydihydrodesoxybostrycin in acetone-ds
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K43 (25,3R 4a8,9R 9aS)-
Position Hydroxydihydrodesoxybostrycin
Su (mult., Juz) | & (C-type) &n (mult., Juz) &c (C-type)
1 a:2.43 (dd, 40.75 (CHy) | a: 2.43 (m) 40.8 (CH2)
12.6, 5.1)
b: 1.34 (dd, b:1.38 (dd, 13.2, 11.7)
12.6, 11.7)
2 - 69.85 (C) - 69.8 (C)
3.49 (brd, 12.3) | 73.73 (CH) | 3.50 (ddd, 11.4,6.3,4.8) [ 73.7 (CH)
4 a: 2.32 (m) 29.41 (Cilp) ja: 2.33 (m) 29.3 (CI)
b: 1.64 (g, 12.3) b: 1.64 (¢, 11.4)
da 2.47 (1d, 12.3, | 46.07 (CH) [2.48(td, 11.4,3.9) 46.1 (CH)
3.9)
5-OH [ 12.72 (s) 158.62(C) | 12.72(s) 158.7 (C)
6 6.44 (s) 98.99 (CH) | 6.44(s) 99.0 (CH)
7 - 155.75(C) |- 155.8 (CH)
8 - 13778 (C) |- 137.8 (C)
8a - 12741 (C) |- 127.5(C)
9 4.83 (4, 10.2) | 72.47(CH) |4.84(dd,9.9,5.4) 72.5 (CH)
9-OH |- - 5.54 (d, 5.4) -
9a 2.25 (dm, 12.9) | 40.92 (CH) | 2.25 (m) 40.9 (CH)
10 - 20251 (C) |- 202.5 (C)
10a |- 107.94(C) |- 108.0 (C)
11 3.90 (s) 55.51 (CH3) | 3.90 (s) 55.5 (CH3)
12 1.28 (5) 26.49 (CH3) | 1.28 (5) 26.5 (CH3)




Table 222 The HMBC, COSY and NOEDIFF data of compound K43 in acetone-ds
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Proton HMBC COSY NOEDIFF
Hi-1 C-3, C-4a, C-9,C-9a, C-12 Hp-1, H-9a H-3, H-9
Hyp-1 C-3, C-4a, C-9, C-9a, C-12 H,-1, H-9a H-3, H-4a, H-9
H-3 - Hy-4 Hy-1, H-4a,
H;-12
Hqs-4 | C-1,C-2,C-3,C-4a,C-9a, C-10 { H-3,Hy4,H-4a |-
Hy-4 | C-1, C-2, C-3, C-4a, C-9a, C-10 H—3, Hg-4,H-4a |-
H-4a | C-1,C-%a Hap-4, H-9a Hy-1, H-3, H-9
5-OH | C-5,C-6,C-10a - -
H-6 C-5,C-7,C-10a - H;-11
H-9 C-1, C-4a, C-8, C-8a, C-10a H-9%a Hy-1, H-4a
H-9a |C-1,C-2,C-4a Hgp-1, H-4a, H-9 | Hy-4
Hs-11 | C-7 - H-6
Hz-12 | C-1,C-2,C-3 - H-3, H-4a
5.3.2 Compound K42

Compound K42 with the molecular formula CigHy07 from EIMS
(miz 324) (Figure 102) was obtained as a colotless gum. The UV and IR spectra were
almost identical to those of K43. Their 'H NMR (Figure 103) (Table 223) and *C
NMR (Figure 104) (Table 223) spectra were also similar with the difference in the
coupling constant between of H-9 (§5.00, ¢, J = 3.5 Hz) and H-9a (62.16, ¢, J=11.5
and 3.5 Hz). A small coupling constant of 3.5 Hz indicated the location of H-9 at

equatorial position. This assignment was supported by NOEDIFF results (Table 224)

since irradiation of H-4a (§2.82) did not affect signal intensity of H-9, Thus, K42 was
identified as a 98 epimer of K43. The absolute configuration at C-2, C-3, C-4a and

C-9a in K42 was proposed to be S, R, S and S, respectively, identical to those of K43.

Thus, C-9 has S configuration.




Table 223 The '11, *C NMR and HMBC data of compound K42 in acetone-ds
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Position & (mudt., Jgz) & (C-type) HMBC
1 a: 1.87 (¢, 13.5) 40.23 (CHy) | C-4a, C-9, C-9a
b: 1.76 (dd, 13.5, 3.5) C-2,C-3,C4a
2-OH |3.21(s) 70.48 (C) C-1,C-2,C-3
3 3.47 (ddd, 11.0, 6.5,4.5) | 74.08 (CH) | C-4
3-OH |3.81(d,6.5) - C-2,C-3,C4
4 a: 2.38 (d1, 12.5, 4.0) 29.61 (CHy) | C-2,C-3,C-4a, C-9a
b: 1.56 (¢,12.5)
4a | 2.82(1d, 12.0,3.5) 41.45(CH) |C-1,C-3,C4,C-9,C-9a
5-OH | 12.76 (5) 158.72(C) | C-5,C-6,C-10a
6 6.44 (s) 98.77 (CH) | C-5,C-7,C-8,C-10a
7 - 155.00(C) |-
8 - 136.00(C) |-
8a - 129.00(C) |-
9 5.00 (1, 3.5) 62.42 (CH) | C-4a, C-8,C-8a,C-10a
9-OH |4.15(d,3.5) - C-8a, C-9, C-9a
9a 2.16 (#,11.5, 3.5) 3845(CH) |C4
10 - 203.00(C) |-
10a |- 107.80(C) |-
11 3.93 (5) 55.65 (CHs) | C-7
12 1.29 (s) 26.66 (CHz) | C-1,C-2,C-3




Table 224 The COSY and NOEDIFF data of compound K42 in acetone-dg

327

Proton COSY NOEDIFF
Hy-1 | Hp-1,H-9a H;-12
Hp-1 | Ha-1, H-9a H;-12
H-3 | 3-OH, H;4 H-4a, H3-12
3-OH | H-3 -
H.-4 | H-3, Hy-4, H-4a Hp-4
Hy-4 | H-3, Hy-4, H-4a Ha-4
H-4a | Hap-4, H-9a H-3
H-6 |- H;-11, 5-OH
H-9 | 9-OH, H-9a Hy-1, 9-OH, H-%9a
9-OH | H-9 H-9
H-9a | Ha-1, H-4a, H-9 -
H;-11 | - H-6
H3-12 | - H-3
5.3.3 Compound K44

Compound K44 was obtained as a colorless gum with [a] 5 -93 (¢ 0.15,

MeOH). The UV and IR spectra were almost identical to those of K43. Their 'H

NMR spectra were also similar except for the replacement of signals for methylene

protons in K43 with an oxymethine proton (J 4.06, df, J = 9.0 and 3.0 Hz)
(Figure 107) (Table 225). The 'H-'"H COSY cross peaks (Table 226) of this
oxymethine proton with H-3 (8 3.33, d, /= 9.0 Hz, 1H), 4-OH (64.41, d, J= 3.0 Hz,
1H) and H-4a (6 2.45, ¢, J = 9.0 Hz, 1H) indicated the location of this proton at C-4
(6 71.34). A large coupling constant of 9.0 Hz between H-4 with H-3 and H-4a

established the orientation of H-4 at axial position. Thus, K44 was assigned as
(25,3R,45,4aR 9R,9a8)-hydroxyhalorosellinia A, [a]§-95.8 (¢ 0.15, MeOH), which
was previously isolated from the endophytic fungus PSU-N24 (Sommart, et al.,

2008).
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Table 225 The 'H and ?C NMR data of compound K44 and (28,3R4S,4aR,9R,9a5)-

Hydroxyhalorosellinia A in acetone-d

K4 (2S,3R,45,4aR IR, 928)-
Position Hydroxyhalorosellinia A
Sa (mult., Jyz) &c (C-type) S (mmudt., Jyz) & (C-type)
1 a: 2.37 (brd, 12.0) | 39.47 (CIy) | a: 2.38 (dm, 12.0) 39.5 (CHy)
b: 1.45 (brd, 12.0) b: 1.45 (1, 12.0)
2 - 70.25 (C) - 703 (C)
3 3.33 (4, 9.0) 78.04 (CH) | 3.31(dd, 9.0, 5.0) 78.1 (CH)
3-OH |- - 3.27 (d, 5.0) .
4 4,06 (1d,9.0,3.0) | 71.34(CH) | 4.06(1d, 9.0, 3.0) 71.4 (CH)
4-OH |[4.41(, 3.0 - 4.41 (d, 3.0) -
4a 2.45 (1,9.0) 51.63 (CH) |2.44(t,9.0) 51.6 (CH)
5-0H | 12.25(s) 158.91 (C) | 12.28 (s} 158.9(C)
6 6.47 (5) 99.08 (CH) | 6.48 (s) 99.1 (CH)
7 - 156.51(Cy |- 156.5 (C)
8 - 137.92(C) |- 137.9 (C)
8a - _ 12751 (C) |- 127.5(C)
9 4.90 (d, 9.0} 72,16 (CH) | 4.91 (dd, 9.0, 6.0) 72.2 (CH)
9-OH |- 5.61 (d, 6.0)
9a 237 (d, 12.0) 39.41(CH) |2.38(m) 39.5 (CH)
10 - 204.65(C) |- 205.1 (C)
10a |- o 108.08 (C) |- 108.1(C)
11 3.92(s) 55.65 (CH3) | 3.92 (s) 55.7(CH3)
12 1.29 (s) 26.67 (CH3) | 1.29 (s) 26.7 (CHs)
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Table 226 The HMBC, COSY and NOE data of compound K44 in acetone-ds

Proton HMBC COSY NOEDIFF
Hy-1 | C-3, C-4a, C-9a, C-10, C-12 | Hy-1,H-9a Hy-1, H-4a, H3-12
Hp-1 | C-3, C-4a, C-9a, C-10,C-12 | Hy-1, H-9a Hp-1, H-9, H3-12
H-3 | C-4 H-4 Hy-4, H3-12
H-4 ]C-3 H-3, H-4a 4-OH

4-OH |- H-4 H-4
H-4a | C-3,C-4,C-9a H-4, H-%a H-3
5-OH | C-5, C-6,C-10a - -

H-6 | C-5,C-7,C-8,C-10a - Hs-11
H-9 |C-8,C-8a H-9a -
H-%a |- Hp-1, H-4a, H-9 | -
Hi-11 | C-7 - H-6
H3-12 | C-1,C-2,C-3 - H-3
5.3.4 Compound K45

Compound K45 was obtained as a yellow gum. ’fhe UV spectrum
displayed maximum absorption bands at 217, 249 and 290 nm. The IR spectrum
exhibited absorption bands at 3329 cm”! for a hydroxyl group and 1692 and 1681 cm’
for conjugated ketone carbonyl groups. The 'H NMR spectrum (Figure 109)
(Table 227) consisted of signals for one chelated hydroxy proton (§12.19, s, 1H), one
aromatic proton (& 7.40, s, 1H), one olefinic proton (6 6.10, s, 1H), two sets of
methylene protons [53.10 (m, 2H) and 3.03 (d, J= 18.5 Hz, 1H)/2.87 (d, /= 18.5 Hz,
1H)], one methoxyl group (& 3.90, s, 3H) and one methyl group (6 1.36, 5, 3H). The
13C NMR (Figure 110) (Table 227) and DEPT 135 (Table 227) spectra showed nine
quaternary (& 184.65, 184.08, 160.43, 160.25, 143.62, 129.99, 129.50, 112.00 and
70.71), three methine (§ 119.59, 110.34 and 71.95), two methylene (5 35.83 and
34,34) and two methyl (& 56.56 and 25.51) carbons. The olefinic proton, H-6 (§6.10),
showed HMBC cross peaks (Table 228) with C-5 (& 184.08), C-7 (J 160.25), C-8
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(5 184.65) and C-10a (& 129.50) while the methoxy protons, Hz-12 (6 3.90), were
correlated with C-7. The location of the methoxyl group at C-7 was supported by
signal enhancement of H3-12 upon irradiation of H-6 in the NOEDIFF experiment
(Table 228). These results constructed a p-quinone moiety with the methoxyl group at
C-7. The chelated hydroxy proton, 9-OH (& 12.19), showed HMBC cross peaks with
C-8a (& 112.00), C-9 (5 160.43) and C-9a (5 129.99). The aromatic proton, H-10
(8 7.40), gave HMBC cross peaks with C-4a (5 143.62), C-5, C-8, C-8a and C-%a.
Consequently, substructure 1 was established. The methyl protons, Hs-11 (& 1.36),
showed HMBC correlations with C-1 (& 34.34), C-2 (6 70.71) and C-3 (& 71.95)
while the methine proton, H-3 (8 3.90), showed a 'H-'HH COSY (Table 228) cross
peak with Hy-4 (53.10). These data constructed substructure 2.

11
HQ CH,

e S

OH

substructure 1 substructure 2

Bond formation between C1-C9a and C4-C4a was established based
on HMBC correlations of Hz-1/C-9 and C-9a and H,-4/C-4a and C-10 (5 119.59),
respectively. Irradiation of H3-11 in the NOEDIFF experiment, affected signal

intensity of H-3, indicating their cis-relationship. The observed optical rotation of
K45, [a] ¥ -10 (¢ 0.01, CHCI3), was almost identical to that of (25,3 K)-nigrosporin A,
[0]% -10.8 (c 0.01, CHCls), indicating that they had the same configuration at C-2

and C-3, Consequently, K45 was assigned as (25,3R)-nigrosporin A which was
previously isolated from Nigrospora oryzae (Tanaka, et al., 1997).




Table 227 The 'H and ®C NMR data of compound K45 in CDCl; and (28,3R)-

Nigrosporin A in DMSO-dg

K45 (28,3R)-Nigrosporin A
Position
Sy (mudt., Juz) &c (C-type) Su (mudt., Jy) & (C-type)
1 a: 3.03 (d, 18.5) | 34.34 (CHy) a:2.84 (d, 18.0) 35.5(CHy)
b: 2.87 (d, 18.5) b: 2.60 (d, 18.0)
2 - 70.71 (C) - 69.2 (C)
3.90 (d, 1.8) 71.95 (CH) 3.63 (m) 70.7 (CH)
4 3.10 (m) 35.83 (CHy) 3.97 (m) 36.0 (CHy)
4a - 143.62 (C) - 145.5 (C)
5 - 184.08 (C) - 183.8 (C)
6 6.10 (s) 110.34 (CH) 6.30 (5} 110.4 (CH)
7 - 160.25 (C) - 160.2 (C)
8 - 184.65 (C) - 184.3 (C)
8a - 112.00 (C) - 111.3(C)
9-0H {12.19(s) 160.43 (C) 12,10 (s) 159.2 (C)
Oa - 129.99 (C) - 130.6 (C)
10 7.40 (s) 119.59 (CH) 7.27 (5) 118.7 (CH)
10a - 129.50 (C) - 128.8 (C)
11 1.36 (s) 25.51 (CHz3) 1.21 (s) 25.5 (CHs)
12 3.90 () 56,56 (CHas) 3.90 (s) 56.7 (CHz)

"Table 228 The HMBC, COSY and NOEDIFF data of compound K45 in CDCl;

Proton HMBC COSY NOEDIFF
H.,-1 | C-2, C-3, C-4a, C-9, C-9a, C-11 Hy-1 -
Hy-1 | C-2, C-4a, C-9, C-9a, C-11 Ha-1 -
H-3 - Hy-4 H;-11
H,-4 | C-2, C-3, C-4a, C-9a, C-10 H-3 -
H-6 C-5,C-7,C-8,C-10a - H;-12
9-0H | C-8a,C-9, C-9a . A
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Table 228 Continued
Proton HMBC COSY NOEDIFF
H-10 | C-4, C-4a, C-5, C-8, C-8a, C-9a - -
Hs-11 | C-1,C-2,C-3 - H-3
H3-12 | C-7 - H-6
5.3.5 Compound K46

Compound K46 was obtained as an orange gum. The UV and IR

spectra were almost identical to those of K45. Their 'H NMR (Figure 111)
(Table 229), '*C NMR (Figure 112) (Table 229) and DEPT 135 (Table 229) spectra

were similar except for the chemical shift of a chelated hydroxy proton. The chelated
hydroxy proton, 10-OH (& 12.65), showed HMBC cross peaks (Table 230) with C-4a
(8 130.55), C-10 (5 159.61) and C-10a (& 112.00). These established the attachment

of the hydroxyl group at C-10 (5 159.61), not C-9 as found in K45. In addition,

HMBC cross peaks between the aromatic proton, H-9 (& 7.43), and C-1 (6 40.44),
C-4a, C-8 (5 179.50) and C-10a and those of H-6 (& 6.06) with C-5 (6 190.59), C-8
and C-10a supported above assignment. Therefore, K46 was identified as (2S5,3R)-

nigrosporin B which was previously isolated from Nigrospora oryzae (Tanaka, et al.,

1997).

Table 229 The 'H and “C NMR data of compound K46 in CDCl; and (2S3R)-

b: 2.84 (d, 17.4)

Nigrosporin B in DMSO-d;
K46 (28,3R)-Nigrosporin B
Position
Sy (muit., Juz) | & (C-type) Su (mudt., Jy) & (C-type)
1 a:3.15(d, 17.4) | 40.44 (CHy) | a:2.95 (d, 17.6) 41.2 (CHp)

b: 2.77 (d, 17.6)
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Fable 229 Continued
K46 (25,3R)-Nigrosporin B
Position
S (mult., Ju) | & (C-type) Sn (mult., Jy) & (C-type)
2 - 70.93 (C) - 69.1 (C)
3.95(,3.9) 71.79 (CH) | 3.64 (m) 70.1 (CH)
4 3.04 (4, 3.9) 29.78 (CH,) | a: 2.87 (dd, 18.0, 5.5) | 29.3 (CHy)
| b: 2.73 (dd, 18.0,7.2)
4a - 130.55(C) |- 131.3 (C)
5 - 190.59(C) |- 190.4 (C)
6 6.06 (5) 109.42 (CH) | 6.29 (s) 108.9 (CH)
- 16111 (C) |- 160.9 (C)
- 179.50 (C) |- 178.5 (C)
8a - 130.55(C) |- 127.6 (C)
9 7.43 (5) 120.24 (CH) | 7.26 (s) 119.0 (CH)
9a - 142.79(C) |- 143.6 (C)
10-OH | 12.65 (s) 159.61 (C) | 12.68 (s) 158.0 (C)
10a - ) 112.00(C) |- 110.2(C)
11 1.31 (s) 24.7'3 (CH3) | 1.15(s) 24.7‘ (CHg)
12 3.91 (s) 56.60 (CHs) 13.87 (s) 56.4 (CHa)

Table 230 The HMBC, COSY and NOEDIFF data of compound K46 in CDCl,

Proton HMBC ~COSY NOEDIFF
H,-1 | C-2, C-4a, C9a, C-11 Hy-1 :
Hy-1 | C-2, C-4a, C-9a, C-11 H,-1 .
H-3 |C-1,C-4a -4 I-11
Hy4 | C-2,C-4a,C9a H-3 -
H-6 |C-5,C-7,C-8,C-10a - Hj-12
H-9 |C-1,C-4a,C-8,C-8a,C-10a |- -
10-OH | C-4a, C-10, C-10a - .
Hy-11 | C-1,C2,C-3 - H-3
Hy-12 | C-7 - -6
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5.3.6 Compound K47

Compound K47 was obtained as a red gum. The UV and IR spectra
were almost identical to those of K45. The 'H NMR spectral data (Figure 113)
(Table 231) were similar to those of K45 except for an additional signal of the methyl
protons (& 2.23, s, 3H) of an acetoxyl group. In addition, signals for one aromatic
proton and two methylene protons were replaced by those of a chelated hydroxy
proton (& 13.51, s, 1H) and one oxymethine proton (J§ 5.18, 4, J = 7.2 Hz, 1H),
respectively, HMBC correlatiohs (Table 231) of the chelated hydroxy proton, 10-OH
(& 13.51), with C-4a (5 138.43), C-5 (& 184.77), C-10 (5 159.55) and C-10a
(6 108.61) indicated the location of the chelated hydroxyl group at C-10. The
oxymethine proton (& 5.18) was assigned as H-4 based on a 'H-"H COSY correlation
(Table 232) of H-4 with the oxymethine proton, H-3 (§5.25, d, J= 7.2 Hz, 1H). In
addition, H-3 gave a HMBC cross peak with C-13 (& 170.47) of the acetoxyl group,
revealing the attachment of the acetoxyl group at C-3. Irradiation of H-4 did not
enhance signal intensity of H-3, indicating their trans-relationship. The observed
optical rotation of K47, [a]3 -39 (¢ 0.80, acctone), was almost identical to that of
(25,3R,45)-bostrycin, [e]5 -30 (¢ 0.80, acetone), indicating that they had the same
absolute configuration at all chiral centers. Therefdre, K47 was identified as a
monoacetate  derivative of (285,3R,45)-bostrycin, previously isolated from

Bostrychonema alpestre (Noda, et al., 1968).

Table 231 The 'H, *C NMR and HMBC data of compound K47 in CDCl3

Position | O (mult, Ji) | & (C-type) HMBC
1 a:3.17 (d, 18.6) | 36.00 (CHy) | C-2, C-3, C-4a, C-9, C-9a, C-10, C-11

b: 2.83 (d, 18.6) |

2 - 17076 (C) | -




Table 231 Continued
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Position | & (mult, Ju;) | & (C-type) HMBC
3 5.25(d, 7.2) 78.06 (CH) | C-1,C-4,C-4a,C-13
4 5.18 (d,7.2) 68.68 (CH) | C-3, C-4a, C-9a, C-10
da |- 138.43(C) |-
. 184.77(C) |-
6 |622() 109.67 (CH) | C-5, C-7, C-8, C-10a
7 - 160.96 (C) |-
g |- 178.16 (C) | -
8a |- 11036 (C) |-
9-0H |12.63 (s) 160.80 (C) | C-8, C-8a,C-9, C-9a
9% |- 13522(C) |-
10-0H | 13.51 (s) 159.55(C) | C-4a, C-5, C-10, C-10a
10a |- 108.61 (C) |-
11 1.40 (s) 25.99 (CH3) | C-1,C-2,C-3
12 3.96 (s) 56.88 (CHj) { C-6, C-7
13 |- 17047 (C) |-
14 2.23 (s) 20.99 (CHz) | C-13

Table 232 The COSY and NOEDIFF data of compound K47 in CDCl;

Proton COSY NOEDIFF
Hg-1 | Hp-l H,-1, Hs-11
Hp-1 | Ha-1 Hp-1, H-3, H3-11
H-3 H-4 Hp-1, H3-11
H-4 | H-3 10-OH
H-6 - Hs-12
H;-11 |- Ha-1, H-3
H3-12 |- H-6
Hs-14 |- H-3
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5.3.7 Compound K48

Compound K48 was obtained as a red gum. It exhibited UV absorption
bands at 218, 253 and 281 nm, revealing the presence of an anthraquinone
chromophore (Cai., et al., 2004). Hydroxyl (3338 em’') and conjugated ketone
carbonyl (1686 and 1681 cm‘]) functional groupé were found in the IR spectrum. The
'H NMR spectrum (Figure 115) (Table 233) displayed signals for two chelated
hydroxy protons [& 13.70 (s, 1H) and 13.40 (s, 1H)], two ortho-coupled aromatic
protons [58.17 (d, /= 7.8 Hz, 1H) and 7.56 (d, J = 7.8 Hz, 1H)], two singlet aromatic
protons {5 8.08 (s, 1H) and 6.64 (s, 1H)], one methoxyl group (63.90, s, 3H) and one
methyl group (62.48, s, 3H). The BC NMR (Figure 116) (Table 233) and DEPT 135
(Table 233) spectra showed fifteen carbon resonances for two anthraquinone carbonyl
(5 188.00 and 184.67), seven quaternary (& 160.65, 157.50, 150.00, 145.50, 133.50,
131.50 and 111.27), four methine (& 135.53, 127.31, 127.06 and 106.09) and two
methyl (& 56.65 and 21.94) carbons. One of the chelated hydroxy protons at 6 13.70
was placed at C-8 (8 160.65) and gave IIBMC correlations (Table 234) with C-7
(8106.09) and C-8 and C-8a (J 145.50). The methine carbon, C-7, exhibited a HMQC
cross peak (Table 233) with the singlet aromatic proton at & 6.64. Therefore, this
aromatic proton was attributed to H-7. Irradiation of H-7 in the NOEDIFF experiment
(Table 234) enhanced signal intensity of the methoxy protons, H3-11 (& 3.90),
indicating the location of the methoxyl group at C-6 (5 157.50). A HMBC correlation
of H;-11 with C-6 supported this assignment. The other chelated hydroxy proton (&
13.40) displayed HMBC cross peaks with C-5 (6 150.00), C-6 and C-10a (5 111.27),
thus connecting the hydroxyl group at C-5. One of the ortho-coupled aromatic protons
(5 8.17) was correlated in the HMBC spectrum with C-8a, C-9 (& 184.67) and C-9a (&
133.50) and the other one (& 7.56) gave the same cross peaks with C-1 (§127.06), C-3
(6131.50), C-4 (6127.31) and C-12 (521.94). Thus, the aromatic protons resonating
at § 8.17 and 7.56 were assigned as H-1 and H-2, respectively. The remaining
aromatic proton and the methyl group were then located at C-4 and C-3, respectively.
. The location of H3-12 (& 2.48) was confirmed by its >/ HMBC cross peaks with C-2
(6 135.53) and C-4, Moreover, this assignment was supported by signal enhancement
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of H-2 and H-4 (5 8.08) upon irradiation of Ha-12 in the NOEDIFF experiment.
Therefore, K48 was identified as austrocortirubin which was previously isolated from
the mangrove-derived endophytic fungus Halorosellinia sp. (No. 1403) (Xia, et al.,
2007).

OH O
9
8a 94
11 O O 42 O 12
H,CO CH,

OH O

Table 233 The 'H and *C NMR data of compound K48 and Austrocertirubin in CDCl;

K48 Austrocortirubin
Position ™0 utt., T & (C-type) & (mult,, J) | & (C-type)
1 [8.17(d,78) 127.06 (CLD) 823(d.73) | 127.1(CH)
2 756, 7.8) 135.53 (CH) 7.60(d,7.3) | 139.5 (CH)
3 |- 131.50 (C) . 145.1 (C)
4 |8.08( 127.31 (CH) 8.15 () 127.3 (CH)
4 |- 131.50 (C) - 131.8 (C)
5-0H | 13.40 (5) 150.00 (C) 1347()  |1502(C)
6 |- 157.50 (C) . 157.5 (C)
7 | 664 106.09 (CH) 6.71 () 106.9 (CH)
8-OH | 13.70 (s) 160.65 (C) 13.59 (5) 160.6 (C)
8a |- 145.50 (C) . 1062 (C)
9 |- 184.67 (C) i 184.7 (C)
9a |- 133.50 (C) . 133.2(C)
0 |- 188.00 (C) i 187.6 (C)
10a |- 111.27 (C) i 112.7(C)
11 13.90¢) 56.65 (CH) 3.92 (s) 56.6 (CH)
12 |248(s) 21.94 (CH) 2.20 (s) 21.9 (CHy)
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Table 234 The HMBC, COSY and NOEDIFF data of compound K48 in CDCl;

Proton HMBC COSY NOEDIFF
H-1 C-9, C-9a H-2 H-2
H-2 C-1,C-3,C4,C-12 H-1 H-1, H;-12
H-4 C-2, C-4a, C-10, C-12 - H;-12
5-OH | C-5, C-6, C-10a - -
H-7 C-5,C-6,C-8 - H-8, H3-11
8-OH | C-7,C-8,C-8a - -
Hs-11 jC-6 - H-7
Hs;-12 | C-2,C-4 ' - H-2, H-4
5.3.8 Compound K49

Compound K49 was obtained as a colorless gum. The UV spectrum
showed characteristic absorption bands of a conjugated chromophore at 211, 221,
24(), 247 and 290 nm (Kashiwada, ef al., 1984). Its IR spectrum displayed absorption
bands at 3310 and 1686 cm™ for hydroxyl and conjugated ketone carbonyl functional
groups, respectively. The 'H NMR spectrum (Figure 117) (Table 235) consisted of
signals for a 2-hydroxypropyl unit [§4.23 (m, 1H), 2.65 (d, J = 5.7 Hz, 2H) and 1.31
(d, J = 6.3 Hz, 3H), two meta-coupled aromatic protons [& 6.60 (brs, 1H) and 6.57
(brs, 1H)], one olefinic proton (& 6.04, s, 1H) and one methyl group (5 2.70, s, 3H).
The *C NMR (Figure 118) (Table 235) and DEPT 135 (Table 235) spectra showed
one ketone carbonyl (& 180.34), five quaternary (& 164.60, 160.81, 159.81, 142.64
and 115.07), four methine (& 116.89, 111.80, 100.77 and 65.39), one methylene
(8 43.31) and two methyl (J 23.12 and 22.79) carbons. The methyl protons, H3-9
(8 2.70), showed HMBC cross peaks (Table 236) with C-4a (6 115.07), C-5
(6 142.64) and C-6 (& 116.89). One of the mera-coupled aromatic protons, H-6
(86.57), was correlated with C-6 in the HMQC spectrum (Table 235). In addition, the
other meta-coupled aromatic proton exhibited HMBC cross peaks with C-4a, C-6, C-7
(6 159.81) and C-8a (& 160.81). The aromatic protons af J 6.60 and 6.57 were then
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assigned as H-8 and H-6, respectively. The chemical shift of C-7 established the
substituent to be a hydroxyl group. The olefinic proton, H-3 (4 6.04), showed HMBC
cross peaks with C-2 (5 164.60), C-4 (6 180.43) and C-4a. An ether linkage between
C-2 (5 164.60) and C-8a was formed on the basis of the chemical shifts of C-2 and
C-8a and the UV data. In addition, the methylene protons, H,-10 (& 2.65), of the
2-hydroxypropyl unit gave HMBC correlations with C-2 and C-3 (§ 111.80), thus

connecting this unit at C-2. The observed optical rotation of K49, [a]Z +37 (c 0.89,

MeOH), almost identical to that of 2-(2'S-hydroxypropyl)-5-methyl-7-

hydroxychromone, [a] Y +38.4 (¢ 0.89, MeOH), suggesting that C-11 in K49 also had

was

s-configuration. Therefore, K49 was identified as 2-(2'S-hydroxypropyl)-5-methyl-7-
hydroxychromone which was previously isolated from rhubarb (Rhei rhizoma)

(Kashiwada, et al., 1984).

82
HO 07

Table 235 The 'H and C NMR data of compound K49 in CDCl3+CD;0ODand 2-(2'S
Hydroxypropyl)-5-methyl-7-hydroxychromone in DMSO-dj

K49 2-(2'S-Hydroxypropyl)-S-methle-
Position hydroxychromone
oy (muddt., Ju,) & (C-type) Oy (mult., Juz) & (C-type)
2 - 164.60 (C) |- 164.9 (C)
6.04 (s) 111.80 (CH) | 5.97 (s) 116.4 (CH)
4 - 180.34 (C) | - 178.9 (C)
4a - 115.07(C) |- 114.4 (C)
5 - 142.64 (C) |- 141.5 (C)
6 6.57 (brs) 116.89 (CH) | 6.61 (s) ) 111.4 (CH)
7 |- 159.81(C)y |- T 160.6 (C)
6.60 (brs) 100.77 (CH) | 6.61 (s) 100.4 (CH)
8a - 16081 (C) |- 159.1 (C)
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Table 235 Continued
2-(2’S-Hydroxypropyl)-S-methyl-7-
K49 ¢ Y
Position hydroxychromone
&y (mult., Ju) & (C-type) S (mult., Jyz) d&c (C-type)
9 2.70 (s) 22,79 (CH3) | 2.66 (s) 22.3 (CHj)
10 2.65(d, 5.7) 43.31 (CHy) | 2.58(d, 7.0) 42.7 (CHy)
11 4.23 (m) 65.39 (CH) |4.02(m) 64.0 (CH)
12 1.31(d, 6.3) 23.12 (CH;) | 1.15(d, 7.0) 23.2 (CHs)

Table 236 The HMBC, COSY, and NOEDIFF data of compound K49 in CDCl3+CD;0D

Proton HMBC COSY NOEDIFF
H-3 | C-2,C-4,C-4a,C-10 - H,-10
H-6 |C-4a H-8 H;-9
H-8 [ C-4a, C-6,C-7,C-8a H-6 -

H3-9 | C-4a,C-5,C-6 - H-6

H,-10 | C-2, C-3, C-11 H-11 ‘H-3

H-11 |- H,-10, H3-12 -

H;-12 | C-10, C-11 H-11 -

5.3.9 Compound K50

Compound K50 was obtained as a colorless gum. Its UV and IR data

were similar to those of K2. Their "H NMR spectra were also similar except for the

replacement of the (1Z,3E)-1-carboxyl-2-methyl-1,3-butadienyl signals in K2 with
signals of a E-2-oxobutenyl unit {5 6.76 (d, J = 15.5 Hz, 1H), 6.40 (d, J= 15.5 Hz,
1H) and 2.24 (s, 3H)] (Figure 119) (Table 237). The presence of one ketone carbonyl
carbon (& 196.77) and two methine carbons (& 144.87 and 130.37) in the °C NMR
(Figure 120) (Table 237) and DEPT 135 (Table 237) spectra supported above
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conclusion. HMBC correlations of H-7 (8 6.76) with C-5.(5160.09) and C-6 (679.32)
established the linkage of the oxobutenyl unit at C-6 of the cyclohexenone ring.
Irradiation of H-7 of the butenyl unit in the NOEDIFF experiment (Table 238)

affected signal intensity of H3-12 (50.96), indicating cis-relationship of H3-12 and the
butenyl unit. The observed rotation of K50, [a],+133 (¢ 0.42, MeOH), was similar to
that of (6S)-(+)-dehydrovomifoliol, [a]s +139 (¢ 0.42, MeOH), indicating that they
had the same configuration. Therefore, K50 was (65)-(+)-dehydrovomifoliol which

was previously isolated from the leaves of Cucumis sativus (Kai, et al., 2007).

Table 237

The 'H and *C NMR data of compound K50 in CDCl; and (65)-(+)-
Dehydrovomifoliol in CD;0D
K50 (685)-(+)-Dehydrovomifoliol
Position -

S (mult., Juz) & (C-type) O (mult, i) &c (C-type)
| - 41.41 (C) - 42.6 (C)
2 a:2.44(d, 17.0) | 49.58 (CHy) a:2.59(d, 18.3) {50.4 (CHy)

b: 2.37 (d, 17.0) b:2.28 (d, 18.3)

3 - 197.19 (C) - 199.9 (C)
4 5.89 (q, 1.5) 127.85 (CH) 5.93 (s) 127.7 (CH)
5 - 160.09 (C) - 164.2 (C)
6 - 79.32 (C) - 79.8 (C)
7 6.76 (d, 15.5) 144.87 (CH) 6.99 (d, 15.7) 148.0 (CH)
8 6.40 (d, 15.5) 130.37 (CH) 6.43 (d, 15.7) 131.4 (CH)
9 - 196.77 (C) - 200.1 (C)
10 2.24 (s) 28.42 (CHj) 2,30 (s) 27.6 (CH3)
11 1.04 (s) 22.93 (CH;) 1.06 (s) 23.5 (CH3)
12 0.96 (s) 24.34 (CHs) 1.01 () 24.7 (CHs)
13 1.82 (d, 1.5) 18.64 (CH3) 1.89 (d, 1.5) 19.1 (CHz3)
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Table 238 The HMBC, COSY and NOEDIFF data of compound K50 in CDCl3

Proton HMBC COSY NOEDIFF
Hs-2 | C-1,C-3, C-6,C-11,C-12 Hp-2 -

Hpy-2 | C-3,C-4, C-6,C-11,C-12 H,-2 -
H-4 | C-2,C-6,C-13 Hs-13 H3-13
H-7 | C-5,C-6,C-8,C-9 H-8 Hs-10, H3-12
H-8 | C-6,C-7,C-9,C-10 H-7 Hs-10
H;-10 | C-8,C-9 - -

Hs-11 | C-1,C-2,C-6,C-12 - -

H;-12 | C-1, C-2,C-3,C-6, C-11 - H-7

H3-13 | C-4,C-5,C-6 H-4 H-4

5.3.10 Compound K51

Compound K51 was obtained as a colorless gum. It exhibited UV
spectrum absorption bands at 203 and 260 nm while hydroxyl and carbonyl
absorption bands at 3349 and 1686 cm™, respectively, were observed in the IR
spectrum. The 'H NMR spectrum (Figure 121) (Tabfe 239) showed characteristic
signals for a cytosine moiety {5 8.01 (d, /= 8.1 Hz, 1H) and 5.70 (4, /= 8.1 Hz, 1H)]
and a ribose unit [§5.90 (d, J= 5.1 Hz, 1H), 4.18 (r, J=5.1 Hz, 1H), 4.14 (1, J= 5.1
Hz, 1H), 4.00 (m, 1H), 3.84 (dd, J=12.3 and 2.7 Hz, 1H) and 3.73 (dd, J=12.3 and
2.7 Hz, 1H)]. The *C NMR (Figure 122) (Table 239) and DEPT 135 (Table 239)
spectra showed nine carbon resonances for two quaternary (& 164.77 and 151.00), six
methine (& 141.32, 101.25, 89.31, 84.96, 74.31 and 69.90) and one methylene
(& 60.87) carbons. The HMBC correlations (Table 239) from H-7 (& 5.90) of the
ribose unit with C-3 (§ 151.00) and C-5 (& 141.32) of the cytosine moiety formed a
bond between C-7 of the ribose unit with N-4 of the cytosine unit. Therefore, K51

was identified as uridine (Rukachaisirikul, ef al., 2008).
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Table 239 The NMR data of compound K51 in CD;0D
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2.7)

Position | S (mult, Ju;) | & (C-type) HMBC COSY NOEDIFF
|- 16477 (C) |-
3 |- 151.00 (C) |-
5 {801 (d,8.1) 14132 (CH) | C-1,C-3, |H-6 H-6
C-6,C-7
6 |570(d8.1) 10125 (CH) | C-1,C-5 | H-5 H-5
7 1590(d,5.0) 8931 (CH) |C-3,C-5, |H-8
C-8, C-9
8 |4.18¢5.1) 7431 (CH) | C-10 H-7,H-9  |H9
9 |414¢,50 69.90 (CH) |C-7,C-11 |H-8,H-10 |H-8
10 |4.00 (m) 84.96 (CH) | C-9 | H-9, Hap-11
11 |a:3.84(dd, 12.3, | 60.87 (CHy) | C-9,C-10 | H-10, Hy-11
2.7)
b: 3.73 (dd, 12.3, H-10, He11




PART VI

METABOLITES FROM THE MARINE-DERIVED FUNGUS
CURVULARIA SP. PSU-F22
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6.1.1 Introduction

CHAPTER 6.1

INTRODUCTION

The genus Curvularia is a rich source of biologically active secondary

metabolites. Fungal metabolites isolated from the genus Curvudaria are summarized

in Table 240 based on SciFinder Scholar Database. The marine-derived fungus

Curvularia sp. PSU-F22 was isolated from the sea fan Annella sp., collected in

Phangnga Province, Thailand. This fungus was deposited as PSU-F22 at the

Department of Microbiology, Faculty of Science, Prince of Songkla University.

Table 240 Compounds isolated from the Curvularia genus

Curvulinic acid, 24

Methyl 2-acetyl-5-hydroxy-
3-methoxyphenylacetate, 25
Curvulin, 26
4-Epiradicinol, 27

Scientific name Compound Activity Reference

C. andropogonis | 1-0-f-D-(14-hydroxy-4,12- | Phytotoxic Alam, et dl,
eicosadienoyl)glucoside, 17 1997 '

C. inaequalis Pyrenocine A, 18 Phytotoxic Kim, et dl,
Pyrenocine B, 19 2000

C. lunata Lunatin, 20 Antibacterial | Jadulco, et al.,
Cytoskyrin A, 21 2002
(+)-Abscisic acid, 22
Methyl 2-acetyl-3,5- Antibacterial | Varma, ef al.,
dihydroxyphenylacetate, 23 2006
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Table 240 Continued
Scientific name Compound Activity Reference
Curvularia sp. 2-Methyl-5- Antifungal | Teles, ef al., 2005

methoxybenzopyran-4-one, 28
2-(Propan-2'-ol)-5-hydroxy-
benzopyran-4-one, 29
(2R)-2,3-Dihydro-2-methyl-
5-methoxybenzopyran-4-one,
30

(2R, 4R)-2,3-Dihydro-2-
methylbenzopyran-4,5-diol, 31

Structures of compounds isolated from the Curvularia genus

Hﬂo&/e

OH

OH
O

OH
|
\”/(CHZ)Z‘CH=CH—(CH2)6'CH=CH—CH—(CHz)s-CH3

17: 1-0-$-D-(14-hydroxy-4,12-cicosadienoyl)glucoside

0

18: R = “‘:L)l\/\cm : Pyrenocine A
o OH

19:R = EM\C& : Pyrenocine B

20: Lunatin
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21: Cytoskyrin A 22: (+)-Abscisic acid
COR;
0
H,C
R,0 OR,

23:R;=CHj3, Ry =R3=H : Methyl 2-acetyl-3,5-dihydroxyphenylacetate
24:R;=Ry=R3=H : Curvulinic acid
25:R;=Ry;=CH3s=R3=H : Methyl 2-acetyl-5-hydroxy-3-methoxyphenylacetate

26: Ry =CH;CH;, R, =R3=H : Curvulin

OR, R, &y

CH O
HO

B o CH,

27: 4-Epiracidinol  28: R; = CHs, Ry;+R3 = O, R4+Rs = double bond, R¢ = CH;
: 2-Methyl-5-methoxybenzopyran-4-one
29: R, = H, Ry+R3 = O, Ry+R5 = double bond,
Rg = (2R)-2-hydroxypropyl
: 2-(Propan-2'-ol)-5-hydroxybenzopyran-4-one
30: Ry =Rs=CH;, RytR3=0,R4=Rs=H
: (2R)-2,3-Dihydro-2-methyl-5-methoxybenzopyran-4-one
31:R; =Ry =Rs=Rs=H, Ry =0H, R¢ = CHj
: (2R, 4R)-2,3-Dihydro-2-methylbenzopyran-4,5-diol

6.1.2 The objectives
1. To isolate the secondary metabolites from the marine-derived fungus

Curvularia sp. PSU-F22.

2. To elucidate the structure of the isolated metabolites.




CHAPTER 6.2

EXPERIMENTAL

6.2.1 Fermentation and extraction

The fermentation and the extraction of the culture broth (15 L) and
mycelia were performed using the same procedure as those of Nigrospora sp. PSU-F5
to afford both crude extracts as a brown gum in 1.30 g and 380 mg from the culture
broth and mycelia, respectively. Each extract was subjected to chromatographic

separation.
6.2.2 Purification of the broth extract

The crude EtOAc extract was separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six fractions as shown in Table 241.

Table 241 Fractions obtained from the crude EtOAc extract by column chromatography

over Sephadex LH-20
Fraction Weight (mg) Physical appearance

22BA 35.5 Brown gum
22BB 144.8 Brown gum
22BC 1,065 Brown gum
22BD 60.1 Brown gum
22BE 16.6 Brown gum
22BF 24 _ Brown gum
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Fraction 22BA displayed a long tail under UV-S on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase. Its 'H NMR spectrum

displayed signals in the high field region. Thus, it was not investigated.

Fraction 22BB showed seven UV-active spots on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.12,
0.21, 0.30, 0.37, 047, 0.65 and 0.81. It was further separated by column
chromatography over silica gel. Elution was performed initially with 20% ethyl
acetate in petroleum ether and gradually enriched with ethyl acetate and then
methanol until pure methanol. Fractions with similar chromatogram were combined
and evaporated to dryness under reduced pressure to afford eight subfractions as

shown in Table 242.

Table 242 Subfiactions obtained from fraction 22BB by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
BB1 20% EtOAc/Petrol 6.3 Yellow gum
BB2 30% EtOAc/Petrol 4.0 - Yellow gum
BB3 30% EtOAc/Petrol 15.8 Yellow gum
BB4 | 50-70% EtOAc/Petrol 31.6 Yellow gum
BB5 100% EtOAc 30.1 Yellow gum
BB6 100% EtOAc- 11.3 Yellow gum
2% MeOH/EtOAc
BB7 2-10% MeOH/EtOAc 9.3 Yellow gum
BBS 20% MeOH/FtOAc- 50.2 Yellow gum
100% MeOH

Subfraction BB1 displayed a long tail under UV-S on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase. Its.'"H NMR spectrum

displayed signals in the high ficld region. Thus, it was not investigated.
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Subfraction BB2 showed one pale UV-active spot on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the R value of 0.74.
Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction BB3 showed three UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.40,
0.51 and 0.74. It was then separated by column chromatoglfaphy over reverse phase
silica gel. Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to.

afford four subfractions as shown in Table 243.

Table 243 Subfractions obtained from subfraction BB3 by column chromatography

over reverse phase silica gel

Subfraction Weight (ing) Physical appearance
BB31 4.0 Colorless gum
BB32 42 Colorless gum
BB33 2.2 ' Colorless gum
BB34 4.1 Yellow gum

Subfraction BB31 showed none of UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase but showed three gray spots
with the Ry values of 0.13, 0.23 and 0.40 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction BB32 (K56} showed one gray spot on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ryvalue of 0.38 after

dipping the TLC plate in anisaldchyde reagent and subsequently heating the plate.
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[«] % +40 (¢ 0.25, MeOH)
UV Anax(nm)(MeOH)(log &) 207 (3.22)
FTIR(neat):o(cm'l) 3416 (O-H stretching), 1698 (C=0 stretching)

'H NMR(CDCL)(6,pn)(300 MHz): 5.8 (dd, J = 12.6, 2.4 Hz, 1H), 5.87 (dd, J
= 12,6, 1.2 Hz, 1H), 5.69 (ddd, J = 15.6,
11.1, 3.6 Hz, 1H), 5.54 (ddd, J = 15.6, 7.8,
1.5 Hz, 1H), 5.32 (m, 1H), 4.75 (brd, J= 6.9
Hz, 1H), 2.39 (dm, J = 13.5 Hz, 1H), 2.20
(m, 1H), 1.68 (m, 2H), 1.22 (d, J= 6.6 Hz, 3H)

13C NMR(CDCL)(8pm)(75 MHz): 16886, 136.47, 13543, 12909, 122.58,
72.43,71.79, 33.88, 30.96, 21.49

DEPT 135: CH; 136.47, 135.43, 129.09, 122.58, 7243,
71.79
CHa; 33.88, 30.96
CHjs; 21.49

Subfraction BB33 showed two spots on normal phase TLC using 30% ethyl acetate
in petroleum ether as a mobile phase with the Revalues of 0.38 (gray) and 0.45 (pink)
after dipping the TLC plate in anisaldehyde reagent and subsequently heating the
plate. Its "H NMR spectrum indicated that the major compound was K56. Further

investigation was then not performed.

Subfraction BB34 displayed a long tail under UV-S on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase. Its '"H NMR spectrum

displayed signals in the high field region. Thus, it was not investigated.

Subfraction BB4 showed four UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.23,
041, 0.46 and 0.53. It was further separated by column chromatography over silica
gel. Elution was performed initially with 30% ethyl acetate in petroleum ether and

gradually enriched with ethyl acetate and then methanol until pure methanol.




352

Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford four subfractions as shown in Table 244.

Table 244 Subfractions obtained from subfraction BB4 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
BB41 30% EtOAc/Petrol 34 Colorless gum
BB42 50% EtOAc/Petrol 2.4 Colorless gum
BB43 70% EtOAc/Petrol- 176 Colorless gum

100% EtOAc
BB44 5% MeOH/EtOAc- 13 Colorless gum
100% MeOH

Subfraction BB41 displayed a long tail under UV-S on normal phase TLC wusing
30% ethyl acetate in petroleum ether as a mobile phasc. Its 'H NMR spectrum
displayed signals in the high field region. Thus, it was not investigated.

Subfraction BB42 showed three UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.30,

0.40 and 0.47. Because of the minute quantity, it was not further investigated.

Subfraction BB43 showed three UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Re values of 0.16,
021 and 0.37. It was further separated by column chromatography over silica gel.
Elution was performed initially with 20% acetone in petroleum ether and gradually
enriched with acetone and then methanol until pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 245.
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Table 245 Subfractions obtained from subfraction BB43 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
BB43A 20% Acetone/Petrol 1.2 Colorless gum
BB43B 30% Acetone/Petrol 3.8 Colorless gum
BB43C 70% Acetone/Petrol- 9.5 Colorless gum

3% MeOH/Acetone
BB43D 5% MeQH/Acetone- 4.0 Colorless gum
100% MeOH

Subfraction BB43A (K58) showed one UV-active spot on normal phase TLC using

30% acetone in petroleum ether as a mobile phase with the Ry value of 0.42.

[] %2 -257 (¢ 0.67, CHCL3)
UV Anax(nm)(MeOH)(log &) 204 (2.86), 221 (2.41), 262 (2.06)
FTIR(neat):v(cm™) 1700 and 1686 (C=0 stretching), 1619

(C=C stretching)

H NMR(CDCL)(Gpm)(300 MHz): 675 (dd, J=17.0, 6.5 Hz, 1H), 6.63 (d,J =
12.5 Hz, 1H), 6.20 (dd, J = 17.0, 1.0 Hz,
1H), 6.14 (d, J = 12.5 Hz, 1H), 5.58 (¢d, J =
7.0, 2.0 Hz, 1H), 3.82 (ddd, J= 6.5, 4.5, 1.5
Hz, 1H), 3.25 (dd, J = 4.5, 2.0 Hz, 1H), 1.52
(d,J=17.0 Hz, 3H)

B0 NMR(CDCLY&pm)(75 MHz):  192.90, 166.63, 145.70, 134.58, 133.52,
128.71, 66.19, 60.88, 54.76, 16.79

DEPT 135: CH; 145.70, 134.58, 133.52, 128.71, 66.19,
60.88, 54.76

CH;; 16.79
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Subfraction BB43B showed three UV-active spots on normal phase TLC using
30% acetone in petroleum ether as a mobile phase with the R¢values of 0.28, 0.37 and

0.40. Because of low quantity, it was not further investigated.

Subfraction BB43C showed one UV-active spot on normal phase TLC using
30% acetone in petroleum ether as a mobile phase with the Ry value of 0.37 and one
gray spot with the Re value of 0.19 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Its 'H NMR spectrum displayed signals of

long chain hydrocarbons. Further investigation was then not performed,

Subfraction BB43D showed one pale UV-active spot on normal phase TLC using
30% acetone in petroleum ether as a mobile phase with the Re value of 0.22, Because
the "H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction BB44 showed three pale UV-active spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.27,
0.36 and 0.41. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction BB5 showed five UV-active spotsr on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.23,
0.37, 0.55, 0.62 and 0.67. It was further separated by column chromatography over
silica gel. Elution was performed initially with 2% methanol in dichloromethane
followed by increasing the polarity with methanol and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford six subfractions as shown in Table 246,
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Table 246 Subfractions obtained from subfraction BB5 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
BB51 2% MeOH/CH,Cly 4.5 Colorless gum
BB52 2% MeOH/CH,Cl; 3.0 Colorless gum
BB53 4% MeOH/CH;Cl, 37 Colorless gum
BB54 4-8% MeOH/CH;Cl, 5.0 Colorless gum
BB55 10% MeOH/CH,Cl, 6.7 Colorless gum
BB56 20% MeOH/CH,Cly- 53 Yellow gum

100% MeOH

Subfraction BB51 showed none of UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase but showed many spots after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Because of the minute guantity, it was not further investigated.

Subfraction BB52 showed one UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry value of 0.33 and one
pink spot with the Ry value of 0.13 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Its 'H NMR spectrum indicated that the

major compound was K52, Further investigation was then not performed.

Subfraction BB33 showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.31 and
0.33 and one pink spot with the Ry value of 0.38 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Its 'H NMR spectrum
indicated that the major compound was K52. Further investigation was then not

performed.

Subfraction BB54 showed none of UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase but showed many spots after
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dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Because of low quantity, it was not further investigated.

Subfraction BB55 showed three UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R¢ values of 0.07, 0.17
and 0.24 and one yellow spot with the R¢ value of 0.12 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Because of low quantity, it

was not further investigated.

Subfraction BB56 displayed a long tail under UV-S on normal phase TLC using

4% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction BB6 showed three gray spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.11,
0.18 and 0.30 after dipping the TLC plate in anisaldehyde reagent and subsequently
heating the plate. Its '"H NMR spectrum indicated that the major compound was K355,

Further investigation was then not performed.

Subfraction BB7 showed none of UV-active spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase but showed many spots after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Because of low quantity, it was not further investigated.

Subfraction BB8 displayed a long tail under UV-S on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase. Because the 'H NMR
spectrum indicated the absence of olefinic and aromatic protons, it was not further

investigated.

Fraction 22BC showed five UV-active spots on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.12,
0.21, 0.30, 0.37 and 0.81. It was further separated by column chromatography over
Sephadex LH-20. Elution was performed with 100% methanol. Fractions with similar
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chromatogram were combined and evaporated to dryness under reduced pressure to

afford seven subfractions as shown in Table 247.

Table 247 Subfractions obtained from fraction 22BC by column chromatography over

Sephadex LH-20
Subfraction Weight (mg) Physical appearance

BCl 15.5 Yellow gum
BC2 23.3 Yellow gum
BC3 164.6 Yellow gum
BC4 423.8 Yellow gum
BCS 361.2 Yellow gum
BC6 66.4 Yellow gum
BC7 3.6 Yellow gum

Subfraction BC1 showed none of major spots under UV-S on normal phase TLC
using 30% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not

investigated.

Subfraction BC2 showed three UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.15,
0.21 and 0.39. It was further separated by column chromatography over silica gel.
Elution was performed initially with 4% methanol in dichloromethane followed by
increasing the polarity with methanol and finally with pure methanol, Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six subfractions as shown in Table 248.

Table 248 Subfractions obtained from subfraction BC2 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
BC21 4% MeOH/CH,Cl, 5.5 Colorless gum
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Table 248 Continued
Subfraction - Elution Weight (mg) | Physical appearance
BC22 4% MeOH/CH;Cly 3.0 Colorless gum
BC23 4% MeOH/CH,Cl, 3.1 Colorless gum
BC24 7-15% MeQH/CIH,Cl; 4.0 Colorless gum
BC25 15% MeOQH/CH,Cl, 19 Colorless gum
BC26 20% MeOQH/CH,Cl,- 4.8 Yellow gum
100% MeOH

Subfraction BC21 showed none of UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase but showed many spots after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Because of low quantity, it was not further investigated.

Subfraction BC22 showed two UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.27 and
0.34 and one purple spot with the Ry value of 0.19 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Because of the minute

quantity, it was not further investigated.

Subfraction BC23 showed one purple spot on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry value of 0.10 after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate. Its
'H NMR spectrum indicated the presence of K55. Further investigation was then not

performed.

Subfraction BC24 displayed a long tail under UV-S on normal phase TLC using

4% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction BC25 showed one UV-active spot on normal phase TLC using

4% methanol in dichloromethane as a mobile phase with the Ry value of 0.22. Its 'H
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NMR spectrum indicated the presence of K53. Further investigation was then not

performed.

Subfraction BC26 displayed a long tail under UV-S on normal phase TLC using

4% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction BC3 showed four UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.08,
0.13, 0.22 and 0.39 and two yellow spots with the Ry values of 0.36 and 0.56 after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate. It
was further separated by column chromatography over silica gel. Elution was
performed initially with 30% ethyl acetate in petroleum ether and gradually enriched
with ethyl acetate and then methanol until pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford twelve subfractions as shown in Table 249.

Table 249 Subfiactions obtained from subfraction BC3 by column chromatography

over silica gel
Subfraction Elution Weight (ﬁlg)_ Physical appearance
BC31 30% EtOAc/Petrol 10.5 Colorless gum
BC32 30% EtOAc/Petrol 8.4 Colorless gum
BC33 30% EtOAc/Petrol 35 Colorless gum
BC34 30% EtOAc/Petrol 6.1 Colorless gum
BC35 40% EtOAc/Petrol 20.0 Colotless gum
BC36 40% EtOAc/Petrol 12.5 Colorless gum
BC37 50-70% EtOAc/Petrol 9.0 Colorless gum
BC38 70% EtOAc/Petrol 63 - Colorless gum
BC39 100% EtOAc 16.3 Colorless gum
BC310 5% MeOH/EtOAc 18.0 Colorless gum
BC311 5-20% MeOH/EtOAc 35.7 Colotless gum
BC312 40% MeOH/EtOAc- 2.8 Yellow gum
100% MeOH
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Subfraction BC31 showed none of UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase but showed many spots after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Because of low quantity, it was not further investigated.

Subfraction BC32 showed one purple spot on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ryvalue of 0.33 after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate. Its
'H NMR spectrum indicated the presence of K56. Further investigation was then not

carried out.

Subfraction BC33 showed one UV-active spot on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the R value of 0.25 and
one purple spot with the Ry value of 0.30 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Because of the minute quantity, it was not

further investigated.

Subfraction BC34 showed one UV-active spot on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase.with the Ry value of 0.25 and
two purple spots with the Rt values of 0.18 and 0.33 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. It was then purified by
precoated TLC with 30% cthyl acetate in petroleum ether as a mobile phase (3 runs)

to afford two bands.

Band 1 was a colorless gum (2.0 mg). Its chromatogram showed one
purple spot on normal phase TLC using 30% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.51 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Because the 'H NMR spectrum indicated

the presence of many compounds, it was not further investigated.
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Band 2 (K57) was a colorless gum (4.3 mg). Its chromatogram

showed one UV-active spot on normal phase TLC using 30% ethyl acetate in

petroleum ether as a mobile phase with the Ryvalue of 0.43.

el 3

UV Amax(nm)(MeOH)(log &)
FTIR(ncat):u(cm™)

"H NMR(CDCls)(Spm)(300 MHz):

13C NMR(CDCl3)(8,pm)(75 MHz):
DEPT 135: CH;

CHy;
CH;;;

-180 (¢ 0.20, CHCL;)

207 (3.37), 253 (2.89)

3422 (O-H stretching), 1700 (C=0 stretching)
6.62 (ddd, J = 12.0, 3.0, 1.0 Hz, IH), 6.12
(dd, J = 15.0, 1.0 Hz, 1H), 5.85 (dd, J =
12.0, 3.0 Hz, 1H), 5.74 (ddd, J = 15.0, 9.0,
3.0 Hz, 1H), 4.98 (gnd, J= 6.0, 3.0 Hz, 1H),
4.24 (td, J= 9.0, 3.0 Hz, 1H), 2.09 (ddd, J =
15.0, 9.0, 6.0 Hz, 1H), 1.84 (ddd, J = 15.0,
9.0, 3.0 Hz, 1H), 1.75 (m, 1H), 1.62 (m,
1H), 1.12 (d, J= 6.0 Hz, 31)

168.27, 140.17, 139.61, 126.64, 125.62,
73.67,73.27,37.37, 30.38, 21.36

140.17, 139.61, 126.64, 125.62, 73.67,
73.27

37.37,30.38

21.36

Subfraction BC35 showed one UV-active spot on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.43 and

two yellow spots with the Ry values of 0.20 and 0.30 after dipping the TLC plate in

anisaldehyde reagent and subsequently heating the plate. Because its 'H NMR

spectrum showed broad signals, it was not further purified,

Subfraction BC36 showed one UV-active spot on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.20 and .

two yellow spots with the Ry values of 0.30 and 0.35 after dipping the TLC plate in
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anisaldehyde reagent and subsequently heating the plate. Its 'H NMR spectrum

indicated that the major compound was K52. Further investigation was then not

performed.

Subfraction BC37 showed one UV-active spot on normal phase TLC hsing
30% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.20 and
many spots after dipping the TLC plate in anisaldehyde reagent and subsequently
heating the plate. Its 'H NMR spectrum indicated that the major compound was K52.

Further investigation was then not further performed.

Subfraction BC38 displayed a long tail under UV-S on normal phase TLC using

40% ecthyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.

Subfraction BC39 showed two UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.08 and
0.10. Its '"H NMR spectrum indicated that the major compound was K35, Further

investigation was then not performed.

Subfraction BC310 showed two UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ryvalues of 0.09 and
0.11. It was further separated by column chromatography over silica gel. Elution was
performed with 4% methanol in dichloromethane. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford three subfracticns as shown in Table 250.

Table 250 Subfractions obtained from subfraction BC310 by column chromatograph

over silica gel

Subfraction Weight (mg) Physical appearance
BC310A 4.1 Colorless gum
BC310B 4.6 Colorless gum
BC310C 5.6 Colorless gum
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Subfraction BC310A showed one UV-active spot on normal phase TLC using
394 methanol in dichloromethane as a mobile phase with the R value of 0.34 and
many spots after dipping the TLC plate in anisaldehyde reagent and subsequently

heating the plate. Further investigation was then not performed.

Subfraction BC310B showed two purple spots on normal phase TLC using
394 methanol in dichloromethane as a mobile phase with the Ry values of 0.19 and
0.21 after dipping the TLC plate in anisaldehyde reagent and subsequently heating the
plate. Its "H NMR spectrum indicated that the major compound was K55, Further

investigation was then not performed.

Subfraction BC310C showed one UV-active spot on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry value of 0.15 and one
purple spot with the Ry value of 0.17 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. It was then purified by precoated TLC
with 4% methanol in dichloromethane as a mobile phase (7 runs) to afford a colorless
gum (2.0 mg). Its chromatogram showed one purple spot on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R¢ value of 0.17 after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.
Because the 'H NMR spectrum indicated the presence of many compounds, it was not

further investigated.

Subfraction BC311 showed two UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Revalues of 0.25 and
0.40. It was further separated by column chromatography over silica gel. Elution was
performed with 3% methanol in dichloromethane. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford three subfractions as shown in Table 251.
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Table 251 Subfractions obtained from subfraction BC311 by column

chromatography over silica gel

Subfraction _ Weight (mg) Physical appearance
BC311A 4.2 Colorless gum
BC311B 44 Colorless gum
BC311C 25.7 Yellow gum

Subfraction BC311A showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.40, 0.63
and 0.83 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Because of low quantity, it was not further

investigated,

Subfraction BC311B showed three spots on normal phase TLC wusing
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.08
(vellow), 0.13 (purple) and 0.20 (yellow) after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Because of low quantity, it was not further

investigated.

Subfraction BC311C showed two UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the R values of 0.23 and
0.40. It was further separated by column chromatography over Sephadex LH-20.
Elution was performed with 100% methanol. Fractions with similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford three

subftactions as shown in Table 252,

Table 252 Subfractions obtained from subfraction BC311C by column
chromatography over Sephadex LH-20

Subfraction Elution Weight (mg)
BC311CI1 7.8 Yellow gum
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Table 252 Continued
Subfraction Weight (mg) Physical appearance
BC311C2 11.4 Yellow gum
BC311C3 6.3 Yellow gum

Subfraction BC311C1 showed one pale UV-active spot on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Rr value of 0.14. Because
the '"H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction BC311C2 showed two UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.17 and
0.23. It was then purified by precoated TLC with 2% methanol in dichloromethane as
a mobile phase (8 runs) to afford two bands.

Band 1 was a colorless gum (2.4 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 2% methanol in dichloromethane as a
mobile phase with the R¢ value of 0.11. Because the '"H NMR specfrum indicated the

presence of many compounds, it was not further investigated.

Band 2 (KS33) was a colorless gum (5.5 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 2% methanol in

dichloromethane as a mobile phase with the Ryvalue of 0.18.

[x] 2 +112 (¢ 0.30, MeOH)
UV Ama(nm)(MeOH)(log &) 207 (2.90), 257 (2.27)
FTIR(neat):u(cm™) 3422 (O-H stretching), 1703 (C=0 stretching)

H NMR(CD3;0D}8,pm)(300 MHz):  7.28 (dd, /= 15.3, 11.4 Hz, 1H), 6.36 (t, /=
11.4 Hz, 1H), 5.94.(dt, J = 15.3, 6.9 Hz,
1H), 5.62 (d, J = 11.4 Hz, 1H), 3.75 (sextet,
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J=6.3 Hz, 1H), 2.18 (brd, J= 6.9 Hz, 2H),
1.51 (m, 2H), 1.48 (m, 2H), 1.16 (4, J= 6.3
Hz, 3H)

B30 NMR(CD30D)(Spm)(75 MHz):  173.00, 140.41, 13933, 127.78, 121.74,
66.98, 38.30, 32.44, 24.94, 22.05

DEPT 135: CH; 140.41, 139.33, 127.78, 121.74, 66.98
Cl; 38.30, 32.44, 24.94
CHj; 22.05

EIMS m/z (% relative intensity): 184 (2), 151 (8); 124 (28), 79 (100), 67 (19)

Subfraction BC311C3 displayed a long tail under UV-S on normal phase TLC using

3% methano! in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction BC312 displayed a long tail under UV-S on normal phase TLC using

40% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not investigated.

Subfraction BC4 showed three UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.08,
0.15 and 0.32 and three yellow spots with the Ry values of 0.22, 0.36 and 0.56 after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate. It
was further separated by column chromatography over silica gel. Elution was
performed initially with 30% ethyl acetate in petroleum ether and gradually enriched
with ethyl acetate and then methano! until pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford twelve subfractions as shown in Table 253.

Table 253 Subfractions obtained from subfraction BC4 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
BC41 30% EtOAc/Petrol 4.1 Yellow gum
BC42 30% EtOAc/Petrol 17.8 Yellow gum -
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Table 253 Continued

Subfraction Elution Weight (mg) | Physical appearanca
BC43 30% EtOAc/Petrol 10.6 Yellow gum
BC44 30% EtOAc/Petrol 196.7 Yellow gum
BC45 30% EtOAc/Petrol 41.1 Yellow gum
BC46 50% EtQOAc/Petrol 20.1 Yellow gum
BC47 50% EtOAc/Petrol 16.2 Yellow gum
BC438 70% EtOAc/Petrol 7.0 Yellow gum
BC49 70% EtOAc/Petrol 36.7 Yellow gum

BC410 70% EtOAc/Petrol- 12.5 Yellow gum
100% EtOAc '

BC411 2-10% MeOH/EtOAc 58 Yellow gum

BC412 20% MeOH/EtOAc - 44.5 Yellow gum
100% MeOH

Subfraction BC41 showed none of UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase but showed many spots after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Because of low quantity, it was not further investigated.

Subfraction BC42 showed one gray spot on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Rrvalue of 0.53 after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate. Its
'H NMR spectrum indicated the presence of X56. Further investigation was then not

carried out.

Subfraction BC43 showed two UV-active spot on normal phase TLC using
40% ethy! acetate in petroleum ether as a mobile phase with the Revalues of 0.46 and
0.55. Its 'H NMR spectrum indicated that the major compound was KS37. Further

investigation was then not catried out.
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Subfraction BC44 showed one UV-active spot on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.46 and
two yellow spots with the Ry values of 0.37 and 0.44 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Its 'H NMR spectrum

displayed signals of long chain hydrocarbons. Thus, it was not purified.

Subfraction BC45 showed one UV-active spot on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the R value of 0.23 and
three spots with the Ry values of 0.30 (pink), 0.37 (yellow) and 0.44 (yellow) after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.
Because the 'H NMR spectrum indicated the presence of a mixture of K52 and K56,

it was not investigated.

Subfraction BC46 showed one UV-active spot on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.30 and
two yellow spots with the Re values of 0.47 and 0.53 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Its 'H NMR spectrum
indicated that the major compound was K52. Further investigation was then not

performed.

Subfraction BC47 showed two UV-active spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry values 0of 0.23 and
0.30 and one yellow spot with the Ry value of 0.23 after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Its 'H NMR spectrum
indicated that the major compound was K52. Further investigation was then not

performed.

Subfraction BC48 showed one UV-active spot on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.37 and
many spots after dipping the TLC plate in anisaldehyde reagent and subsequently

heating the plate. Thus, it was not investigated.
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Subfraction BC49 showed two gray spots on normal phase TLC using
70% ethyl acetate in petroleum cther as a mobile phase with the Ry values of 0.12 and
0.14 after dipping the TLC plate in anisaldehyde reagent and subsequently heating the
plate. Its "H NMR spectrum indicated that the major compound was K55. Further

investigation was then not performed.

Subfraction BC410 showed one UV-active spot on normal phase TLC using
70% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.14 and
one gray spot with the Ry value of 0.07 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. It was further separated by column
chromatography over silica gel. Elution was performed initially with 70% ethyl
acetate in petroleum ether and gradually enriched with ethyl acetate until pure ethyl
acetate. Fractions with similar chromatogram were combined and evaporated to

dryness under reduced pressure to afford four subfractions as shown in Table 254.

Table 254 Subfractions obtained from subfraction BC410 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
BC410A 70% EtOAc/Petrol 3.5 Colorless gum
BC410B 70% EtOAc/Petrol 2.7 Colorless gum
BC410C 70% EtOAc/Petrol 2.9 Colorless gum
BC410D 80% EtOAc/Petrol- 57 Colorless gum

100% EtOAc

Subfraction BC410A showed none of UV-active spots on normal phase TLC using
70% ethyl acetate in petroleum ether as a mobile phase but showed many spots after
dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate.

Because of low quantity, it was not further investigated.

Subfraction BC410B showed one purple spot on normal phase TLC using

70% ethyl acetate in petroleum ether as a mobile phase with the Ryvalue of 0.40 after
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dipping the TLC plate in anisaldehyde reagent and subsequently heating the plate. Its

IH NMR spectrum indicated the presence of KS5. Further investigation was then not

carried out.

Subfraction BC410C showed one UV-active spot on normal phase TLC using
70% ethyl acetate in petroleum ether as a mobile phase with the Revalue of 0.36 and
one gray spot with the Ry value of 0.19 after dipping the TLC plate in anisaldehyde
reagent and subsequently heating the plate. Because the 'H NMR spectrum indicated

the absence of olefinic and aromatic protons, it was not further investigated.

Subfraction BC411 displayed a long tail under UV-S on normal phase TLC using
70% ethyl acetate in petroleum ether as a mobile phase. Because the 'H NMR
spectrum indicated the absence of olefinic and aromatic protons, it was not further

investigated.

Subfraction BC412 displayed a long tail under UV-S on normal phase TLC using
70% ethyl acetate in petroleum ether as a mobile phase. Because its '"H NMR

spectrum showed broad signals, it was not further purified.

Subfraction BC5 showed two UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ryvalues of 0.17 and
0.19 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. Its 'H NMR spectrum displayed signals of long chain

hydrocarbons. Thus, it was not purified.

Subfraction BC6 showed one UV-active spot on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Revalue of 0.35 and
two yellow spots with the Ry values of 0.34 and 0.4] after dipping the TLC plate in
anisaldehyde reagent and subsequently heating the plate. Because its 'H NMR

spectrum showed broad signals, it was not further purified.
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Subfraction BC7 showed one pale UV-active spot on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the R value of 0.17
Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Fraction 22BD showed three UV-active spots on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase with the Re values of 0.14,
0.37 and 0.74 and many spots after dipping the TLC plate in anisaldehyde reagent and
subsequently heating the plate. It was further separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford five subfractions as shown in Table 25S.

Table 255 Subfractions obtained from fraction 22BD by column chromatography over

Sephadex LH-20

Subfraction Weight (mg) Physical appearance
BDI 6.4 ‘ Yellow gum
BD2 285 Yellow gam
BD3 8.1 Yellow gum
BD4 8.0 Yellow gum
BD5 7.5 Yellow gum

Subfraction BD1 showed none of major spots under UV-S on normal phase TLC
using 30% ethyl acetate in petroleum ether as a mobile phase. Thus, it was not

investigated.

Subfraction BD2 showed two pale UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ryvalues of 0.20 and

0.25 and many spots after dipping the TLC plate in anisaldehyde reagent and
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subsequently heating the plate. Because the 'H NMR spectrum indicated the absence

of olefinic and aromatic protons, it was not further investigated.

Subfraction BD3 showed one pale UV-active spot on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry value of 0.13.
Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction BD4 showed two UV-active spots on normal phase TLC using
30% cthyl acetate in petroleum ether as a mobile phase with the Revalues of 0.18 and
0.45. It was then purified by precoated TLC with 30% ethyl acetate in peiroleum ether

as a mobile phase (3 runs) to afford two bands.

Band 1 (K59) was a colorless gum (4.2 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 30% ethyl acetate in

petroleum ether as a mobile phase with the Revalue of 0.45.

[a] % +215 (¢ 0.11, MeOH)
UV Auax(nm)(MeOH)(log &) 208 (3.78), 257 (3.50), 273 (3.27)
FTIR(neat):u(cm™) 1739 and 1720 (C=0O stretching), 1655

(C=C stretching)

'H NMR(CDClL)Y(pm)(300 MHz):  7.03 (dd, J = 9.9, 6.0 Hz, 1H), 6.23 (4, J =
9.9 Hz, 1H), 6.10 (ddd, J = 10.5, 6.6, 4.5
Hz, 1H), 6.05 (m, 111), 5.93 (m, 1H), 5.90
(m, 1H), 5.08 (dd, J= 6.0, 2.4 Hz, 1H), 4.49
(dd, J=11.1, 2.4 Hz, 11), 432 (d, J= 4.5
Hz, 1H), 4.28 (¢, J = 6.0 Hz, 11I), 3.06 (m,
iH), 3.02 (m, 1H), 2.03 (s, 3H) 1.14 (d, J =
6.9 Hz, 3H)

Be NMR(CDCLY Spm)(75 MHz): 170.00, 162.12, 140.19, 137.50, 136.94,
126.30, 125.07, 124.44, 86.43, 77.65, 75.93,




DEPT 135: CH;

CHs;

63.16, 52.62, 50.08, 20.68, 14.25

140.19, 137.50, 136.94, 126.30, 125.07,
124.44, 86.43,77.65, 75.93, 63.16, 52.62, 50.08
20.68, 14.25
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Band 2 (K60) was a colorless gum (2.4 mg). Its chromatogram

showed one UV-active spot on normal phase TLC using 30% ethyl acetate in

petroleurn ether as a mobile phase with the Ryvalue of 0.18.

e 3
UV Apax(nm)(MeOH)(log &)
FTIR(neat):u(cm™)

'H NMR(CDCl3)(85pm)(300 MHz):

BC NMR(CDCL)(Spm)(75 MHz):

DEPT 135: CH;

CHs;

+83 (¢ 0.59, MeOH)

206 (3.08), 256 (2.56), 265 (2.46)

3418 (O-H stretching), 1721 (C=0
stretching), 1655 (C=C stretching)

6.97 (dd, J= 9.6, 6.3 Hz, 1H), 6.19 (m, 1H),
6.05 (d, J = 6.9 Hz, 1H), 6.02 (m, 1H), 5.89
(m, 1H), 5.85 (m, 1H), 436 (1, J = 5.4 Hz,
1H), 428 (dd, J = 10.5, 2.4 Hz, 1H), 4.25
(d, J = 4.5 Hz, 1H), 4.00 (brt, J = 5.4 Hz,
1H), 2.95 (m, 1H), 2.91 (g, J = 6.9 Hz, 1H),
1.06 (d, J= 6.9 Hz, 3H)

16327, 14434, 13739, 137.19, 126.09,
124.79, 122.90, 86.14, 79.49, 76.89, 62.08,
51.73, 14.32

14434, 137.39, 137.19, 12609, 124.79,
122.90, 86.14, 79.49, 76.89, 62.08, 51.73
1432

Subfraction BD5 showed three gray spots on normal phase TLC using

30% cthyl acetate in petroleum ether as a mobile phase with the Ry values of 0.23,

0.39 and 0.48 after dipping the TLC plate in anisaldehyde reagent and subsequently
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heating the plate. It was then purified by precoated TLC with 30% ethyl acetate in

petroleum ether as a mobile phase (8 runs) to afford two bands.

Band 1 was a colorless gum (3.3 mg). Its chromatogram showed two

gray spots on normal phase TLC using 30% ethyl acetate in petroleum ether as a

mobile phase with the R¢ values of 0.49 and 0.58 after dipping the TLC plate in

anisaldehyde reagent and subsequently heating the plate. Because of the minute

quantity, it was not further investigated.

Band 2 (K54) was a colorless gum (5.5 mg). Its chromatogram

showed one yellow spot on normal phase TLC using 30% ethyl acetate in petroleum

ether as a mobile phase with the Ry value of 0.24 after dipping the TLC plate in

anisaldehyde reagent and subsequently heating the plate

le] 3
UV Anax(nm)(MeOH)(log &)
FTIR(neat):u{cm™)

 TH NMR(CDCla}(&pm)(500 MHz) :

BC NMR(CDCls)(&pm)(125 Miz) :

DEPT 135: CH;

CH::,;
EIMS m/z (% relative intensity):

-48 (¢ 0.10, CHCly)

208 (3.48)

3385 (O-H stretching), 1715 (C=0 stretching)
6.12 (dd, J= 16.0, 7.5 Hz, 111), 6.05 (ddd, J
= 16.0, 7.5, 1.5 Hz, 1H), 5.97 (dd, J = 12.5,
3.5 Hz, 1H), 5.90 (dd, /= 12.5, 2.0 Hz, 1H),
5.66 (m, 1H), 4.90 (brs, 1H), 4.71 (m, 1H),
3.83 (m, 1H), 1.34 (d, J= 6.5 Hz, 3H)
167,77, 136.78, 131.50, 128.02, 122.43,
75.96,71.24, 68.10, 58.84, 17.21

136.78, 131.50, 128.02, 122.34, 75.96,
71.24, 68.10, 58.84

17.21

214 (1), 197 (1), 141 (100), 123 (73), 95 (80)




375

Fraction 22BE showed one UV-active spot on normal phase TLC using 30% ethyl

acetate in petroleum ether as a mobile phase with the Revalue of 0.74, Because its 'H

NMR spectrum showed broad signals, it was not further purified.

Fraction 22BF showed many spots on normal phase TLC using 30% ethyl acetate in

petroleum ether as a mobile phase after dipping the TLC plate in anisaldehyde reagent

and subsequently heating the plate. Because of the minute quantity, it was not further

investigated.

6.2.3 Purification of the EtOAc¢ extract from mycelia

The crude EtOAc extract was separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford four fractions as shown in Table 256,

Table 256 Fractions obtained from the crude EtOAc extract by column chromatography

over Sephadex LH-20

Fraction Weight (mg) Physical appearance
22CA 10L.9 Brown gum
22CB 203.6 Brown gum
22CC 64.8 Brown gum
22CD 6.4 Brown gum

Iraction 22CA displayed a long tail under UV-S on normal phase TLC using

50% ethyl acetate in petroleum ether as a mobile phase. Its 'H NMR spectrum

displayed signals of long chain hydrocarbons. Thus, it was not purified.

Traction 22CB showed three UV-active spots on normal phase TLC using

50% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.28,
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0.63 and 0.91. It was further separated by column chromatography over silica gel.
Elution was performed initially with 50% ethyl acetate in pefroleum ether and
gradually enriched with ethyl acetate and then methanol until pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford eight subfractions as shown in Table 257.

Table 257 Subfractions obtained from fraction 22CB by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance

CBI 50% EtOAc/Petrol 10.0 Yellow gum

CB2 50% EtOAc/Petrol 6.5 Yellow gum

CB3 50% EtOAc/Petrol 14.8 Yellow gum

CB4 70% EtOAc/Petrol 12.7 Colorless gum

CB5 70% EtOAc/Petrol 15.8 Colorless gum

CBo 70% EtOAc/Petrol- 118 Yellow gum
100% EtOAc

CB7 2-20% MeOH/EtOAc 31.9 Yellow gum

CB8 30% MeOH/EtOAc- | 92.9 Yéllow gum
100% MeOH

Subfraction CB1 displayed a long tail under UV-S on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase. Its 'H NMR spectrum

displayed signals of long chain hydrocarbons. Thus, it was not purified.

Subfraction CB2 showed three UV-active spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.13,
0.21 and 0.45, It was then purified by precoated TLC with 40% ethyl acetate in

petroleum ether as a mobile phase (6 runs) to afford three bands.
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Band 1 was a colorless gum (2.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 50% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.44. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 2 was a colorless gum (1.0 mg). Its chromatogram showed one
pale UV-active spot on normal phase TLC using 50% ethyl acetate in petroleum ether
as a mobile phase with the Ry value of 0.23. Because the 'H NMR spectrum indicated

the absence of olefinic and aromatic protons, it was not further investigated.

Band 3 (K52) was a colorless gum (3.5 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 50% ethyl acetate in

petroleum ether as a mobile phase with the Ryvalue of 0.16.

2] 3 -147 (¢ 0.38, MeOH)

UV Amax(nm)(MeOH)(log &) 213 (3.62), 226 (3.65), 251 (3.70), 320
(3.81)

FTIR(neat):u(cm'l) 3394 (O-H stretching), 1683 ( C=0 stretching)

'"H NMR (acetone-dg)(&pm}(300 MHz):  6.61 (dg, J = 15.6, 6.9 Hz, 1H), 6.16 (dq,
J=15.6, 1.5 Hz, 1H), 5.98 (s, 1H), 4.49 (d,
J =54 Hz, 1H), 4.29 (gn, J = 6.6 Hz, 1H),
3.70 (dd, J = 6.6, 5.4 Hz, 1H), 1.89 (dd, J =
6.9, 1.5 Hz, 3H), 1.46 (d, J= 6.6 Hz, 3H)

3¢ NMR (acetone-de)(Spm)(75 MHz):  164.00, 163.10, 158.24, 133.86, 123.07,
100.85, 98.98, 76.97, 71.87, 66.40, 17.42,

16.40
DEPT 135: CH; 133.86, 123.07, 98.98, 76.97, 72.87, 66.40
CHs; 17.42, 16.40

EIMS m/z (% relative intensity): 238 (11), 181 (100), 152 (8), 111 (50), 69 (56)
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Subfraction CB3 showed threc UV-active spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.12,
0.21 and 0.35 and two gray spots with the Ry values of 0.45 and 0.52 after dipping the
TLC plate in anisaldehyde reagent and subsequently heating the plate. Its 'H NMR

spectrum indicated that the major compound was K52. Further investigation was then

not performed.

Subfraction CB4 showed four UV-active spots on normal phase TLC using
50% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.26,
0.43, 0.50 and 0.61. Its 'H NMR spectrum indicated that the major compound was

KS55. Further investigation was then not performed,

Subfraction CBS (K55) showed one UV-active spot on normal phase TLC using

50% ethyl acetate in petroleum ether as a mobile phase with the Ryvalue of 0.33.

] 2 +40 (¢ 0.25, MeOH)
UV Amax(m)(MeOH)(log £) 208 (3.48)
FTIR(neat):v(cm™) 3224 (O-H stretching), 1714 (C=O stretching),

1638 (C=C stretching)

'F1 NMR (acetone-ds)(Gpm)(300 MHz):  5.87 (d, J = 11.7 Hz, 2H), 5.60 (dd, J =
15.3, 6.9 Hz, 1H), 5.58 (dd, J = 15.3, 6.9
Hz, 1H), 5.26 (dgd, J = 10.5, 6.3, 1.8 Hz,
1H), 4.73 (brs, 1H), 4.49 (brs, 1H), 4.13 (m,
1H), 1.94 (ddd, J = 14.0, 3.0, 1.8 Hz, 1H),
1.73 (dt, J = 14.0, 10.5 Hz, 1H), 1.24 (d, J =
6.3 Hz, 3H)

13C NMR(acetone-de)(Gpm)(75 m): 167.93, 137.81, 137.26, 129.68, 121.33,
71.55,71.01, 68.27, 43.16, 20.78

DEPT 135: CH; 137.81, 13726, 129.68, 121.33, 71.55,
71.01, 68.27
CHy; 43.16

CH;3; 20.78
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Subfraction CB6 showed four UV-active spots on normal phase TLC using
60% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.05,
0.12, 0.33 and 0.45. Its '"H NMR spectrum indicated that the major compound was

K55. Further investigation was then not performed.

Subfraction CB7 showed three UV-active spots on normal phase TLC using
70% cthyl acetate in petroleum ether as a mobile phase with the Re values of 0.33,
0.52 and 0.64. Because its 'H NMR spectrum showed broad signals, it was not further

purified.

Subfraction CB8 displayed a long tail under UV-S on normal phase TLC using
70% ethyl acetate in petroleum ether as a mobile phase and its 'H NMR spectrum

showed broad signals. Thus, it was not further purified.

Fraction 22CC showed four UV-active spots on normal phase TLC using

50% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.21,
030, 0.43 and 0.91. Its 'H NMR spectrum displayed signals of long chain
hydrocarbons. Thus, it was not further purified.

Fraction 22CD displayed a long tail under UV-S on normal phase TLC using

50% ethyl acetate in petroleum ether as a mobile phase. Its 'H NMR spectrum

displayed signals of long chain hydrocarbons. Thus, it was not purified.




CHAPTER 6.3

RESULTS AND DISCUSSION

One new carboxylic acid (K53) and one new macrolide (KK54) together
with five known ones (K56-K60) were isolated from the broth extract. In addition,
one new pyrone (K52) and one known macrolide (KS5S5) were obtained from the

mycelial extract. The structures were identified by spectroscopic methods.

6.3.1 Compound K52

Compound K52 with the molecular formula CiHj6Og from EIMS
(m/z 256) (Figure 123) was obtained as a colorless gum. The UV spectrum with
maximum absorption bands at 213, 226, 251 and 320 nm indicated that X52 had a N
conjugated pyrone chromophore, The IR spectrum showed absorption bands at 3394
and 1683 cm™ for hydroxyl and conjugated carbony! groups, respectively. The 'H
NMR spectrum (Figure 124).(Tahle 258) displayed characteristic signals for a frans-
propenyl unit [86.61 (dg, J = 15.6 and 6.9 Hz, 1H), 6.16 (dg, J = 15.6 and 1.5 Hz,
1H) and 1.89 (dd, J = 6.9 and 1.5 Hz, 3H)], a 1,2,3-trihydroxybutyl unit [§4.49 (d, J
= 5.4 Hz, 1H), 4.29 (gn, J = 6.6 Hz, 1H), 3.70 (dd, J = 6.6 and 5.4 Hz, 1H) and 1.46
d, J = 6.6 Hz, 3H)] and one olefinic proton (& 5.98, s, 1H). The °C NMR
(Figure 125) (Table 258) and DEPT 135 (Table 258) specira showed four
quaternary, six methine and two methyl carbons. The olefinic proton (& 5.98) was
attributed to II-5 on the basis of its HMBC correlations with C-3 (5 100.85), C-4 (&
164.00) and C-6 (5 158.24). These results together with the chemical shift of C-4
established a hydroxyl group at C-4 of the pyrone unit. The frans-propenyl fragment
was attached at C-6 of the pyrone ring based on HMBC correlations of both H-7 (&
6.16) and H-8 (5 6.61) of the trans-propenyl unit with C-6, Thus, the remaining unit,
the 1,2,3-trihydroxybutyl group, was located at C-3. This assignment was confirmed
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by HMBC cross peaks of the hydroxymethine proton, H-10 (& 4.49), with C-2
(6163.10), C-3 and C-4. Therefore, K52 was identified as a new a-pyrone derivative.
Because of minute amount, no attempts were made to assign the absolute

configuration.

Table 258 The 'H, *C NMR and HMBC data of compound K52 in acetone-ds

Position S (mult., Jy;) dc (C-type) HMBC
2 - 163.10(C) |-
3 - 100.85(C) |-
4 - 164.00 (C) |-
5 5.98 (s) 98.98 (CH) |C-3,C-4,C-6,C-7,C-10
6 - 158.24 (C) |-
7 6.16 (dg, 15.6, 1.5) 123.07 (CH) | C-6, C-9
8 6.61 (dg, 15.6, 6.9) 133.86 (CH) | C-6, C-9
9 1.89 (dd, 6.9, 1.5) 17.42(CH3) | C-7,C-8
10 4.49 (d, 5.4) 66.40 (CH) | C-2,C-3,C4,C-11,C-12
11 3.70 (dd, 6.6, 5.4) 71.87 (CH) | C-3, C-10, C-12,C-13
12 4.29 (gn, 6.6) 76.97 (CH) | C-10, C-11,C-13
13 1.46 (d, 6.6) 16.40 (CH3) | C-11, C-12

Table 259 The COSY and NOEDIFF data of compound K52 in acetone-dy

Proton COSY NOEDIFF
H-5 - H-7
H-7 H-8, H3-9 H-5, H;3-9
H-8 H-7, H3-9 H;-9
H3-9 | H-7, H-8 H-7, H-8
H-10 H-11 H-11, B-12
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Table 259 Continued
Proton COSY NOEDIFF
H-11 H-10, H-12 H-10, H-12, H;-13
H-12 H-11, H3-13 H-10, H-11, H3~13
H;-13 H-12 H-11, H-12
6.3.2 Compound K353

Compound K53 with the molecular formula CyoHO3 from EIMS
(m/z 184) (Figure 126) was obtained as a colorless gum. The UV spectrum displayed
absorption bands at 207 and 257 nm while hydroxyl (3422 em™) and conjugated
carboxylic carbonyl (1704 em™') absorption bands were found in the IR spectram. The
IH NMR spectrum (Figure 127) (Table 260) displayed characteristic signals for
trans-olefinic protons [&7.28 (dd, J=15.3 and 11.4 Hz, 1H) and 5.94 (df, J = 15.3
and 6.9 Hz, 1H)], cis-olefinic protons [& 6.36 (f, J = 11.4 Hz, 1H) and 5.62 d,J=
11.4 Hz, 1H)] and a 2-hydroxypentyl unit [§3.75 (sextet, J= 6.3 Hz, 1H), 2.18 (brd,
J= 6.9 Hz, 2H), 1.51 (m, 2H), 1.48 (m, 2H) and 1.16 (d, J= 6.3 Hz, 3H)]. The 'H-'H
COSY correlations (Table 261) supported the preéence of the 2-hydroxypentyl
moiety. One of the frans-olefinic protons, H-4 (& 7.28), showed a 'H-"H COSY cross
peak with the cis-olefinic proton, H-3 (& 6.36), while the other frans-olefinic proton,
H-5 (8 5.94) was correlated with H-6 (52.18) of the hydroxypentyl unit. In addition,
the cis-olefinic proton, H-3, showed a HMBC correlation with a carboxylic carbonyl
carbon, C-1 (& 173.00). Irradiation of H-3 in the NOEDIFF experiment (Table 261)
affected signal intensity of H-2 (& 5.62) and H-5, indicating s-trans configuration for
C3-C4 single bond. Thus, K53 was identified as a new uncyclized metabolite of
modiolide macrolides. Hence, the absolute configuration at C-9 was proposed to be &,
identical to those of K55 and K56.
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Table 260 The 'H, *C NMR and HMBC data of compound K53 in CD;0D
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Position S (nult., Juz) & (C-type) HMBC
1 - 173.00 (C) -
2 5.62(d, 11.4) 121,74 (CH) |CH4
3 6.36(,11.4) 139.33 (CH) | C-1,C-4,C-5
4 7.28 (dd, 15.3,11.4) 127.78 (CH) |C-2,(C-3,C-6
5 5.94 (dr, 15.3, 6.9} 140.41 (CH) | C-3,C-6,C-7
6 2.18 (brd, 6.9) 3244 (CHy) |[C-4,C-5,C-7,C-8
7 1.51 (m) 2494 (CHy) |C-8
8 1.48 (m) 38.30(CHy;) | C-6,C-7,C-9, C-10
9 3.75 (sextet, 6.3) 66.98 (CH) C-7,C-8
10 1.16 (d, 6.3} 22.05(CH3) | C-8,C-9

Table 261 The COSY and NOEDIFF data of compound K53 in CD;0D

Proton COSY NOEDIFF
H-2 H-3 H-3
H-3 H-2, H-4 H-2, H5
H-4 H-3,H-5 H,-6
H-5 H-4, Hy-6 H-3, Hy-6
Hj-6 H-5, Hy-7 H-4, H-5
Hy-7 H,-6, I5-8 -
H,-8 Hy-7, H-9 -
-9 H,-8, H3-10 H;-10
H;-10 H-9 H-9
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6.3.3 Compound K55

Compound K55 was obtained as a colorless gum. The UV spectrum
displayed an absorption band at 208 nm, while hydroxyl and carbony! absorption
bands at 3224 and 1714 cm™, respectively, were found in the IR spectrum. The 'H
NMR spectrum (Figure 132) (Table 262) consisted of signals for cis-olefinic protons
(55.87, d, J=11.7 Hz, 2H), trans-olefinic protons {5 5.60 (dd, J=15.3 and 6.9 Hz,
1H) and 5.58 (dd, J = 15.3 and 6.9 Hz, 1H)], one hydroxy proton (J 4.49, brs, 1H),
three oxymethine protons {6 5.26 (dgd, J = 10.5, 6.3 and 1.8 Hz, 1H), 4.73 (brs, 1H)
and 4.13 (m, 1H)], two nonequivalent methylene protons [§ 1.94 (ddd, J = 14.0, 3.0
and 1.8 Hz, 1H) and 1.73 (dt, J = 14.0 and 10.5 Hz, 1H)] and one methyl group
(61.24, d, J = 6.3 Hz, 3H). The ’C NMR (Figure 133) (Table 262) and DEPT 135
(Table 262) spectra displayed one quaternary (5 167.93), seven methine (& 137.81,
137.26, 129.68, 121.33, 71.55, 71.01 and 68.27), one methylene (& 43.16) and one
methyl (520.78) carbons. The oxymethine proton, H-4 (54.73), showed 'H-'H COSY
correations (Table 263) with one of the cis-olefinic protons, H-3 (& 5.87), the
hydroxy proton, 4-OH (& 4.49), and one of the frans-olefinic protons, H-5 (& 5.60).
The other trans-olefinic proton, H-6 (5 5.58), was coupled with the oxymethine
proton, H-7 (& 4.13). Furthermore, the methylene protons, Huyy-8 (8 1.94 and 1.73),
showed "H-"H COSY cross peaks with H-7 and the oxymethine proton, H-9 (5 5.26),
which was further coupled with the methyl protons, H3-10 (5 1.24). The remaining
cis-olefinic proton, II-2 (& 5.87), and the oxymethine proton, H-9, showed HMBC
correlations (Table 263) with the same ester carbonyl carbon, C-1 (& 167.93),
constructing a 10-membered lactone ring. Signal enhancement of H-5 and H-9 upon
irradiation of H-7 indicated that they were located at the same side of the molecule,
- Irradiation of H-5 did not affect signal intensity of H-4, suggesting that H-4 was on
the opposite side to H-7 and H-9. The observed optical rotation of K55, [oc]lg +40 (¢
0.25, MeOH), was almost identical to that of (4R,75,95)-modiolide A, [o]b +42 (¢
0.25, MeOH). These results indicated that they had the same absolute configuration.
Consequently, K55 was identified as (4R,7S,95)-modiolide A which was previously
isolated from Paraphaeosphaeria sp. (N 119) (Tsuda, et al., 2003).
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Table 262 The 'H and C NMR data of compound K55 in acetone-ds and
(4R,78,95)-Modiolide A in CD;0D

K55 (4R,7S5,98)-Modiolide A
Position
: &y (muit., Jy;) & (C-type) o (mult., Juz) oc (C-type}
1 - 167.93(C) |- 170.9 (C)
2 5.87(d, 11.7) 121.33 (CH) | 5.85(dd, 12.3, 1.5) 123.7 (CH)
3 5.87(d, 11.7) 137.26 (CH) | 5.83 (dd, 12.3, 3.5) 138.7 (CH)
4 4,73 (brs) 71.01 (CH) | 4.68 (brdd, 7.3,3.5) | 73.0 (CH)
4-OH | 4.49 (brs) - - -
5 5.60 (dd, 15.3,6.9) | 129.68 (CH) | 5.61 (dd, 15.8,7.5) 131.8 (CH)
6 5.58 (dd, 15.3,6.9) | 137.81 (CH) | 5.56 (dd, 15.8, 7.5) 139.4 (CH)
7 413 (m) 71.55 (CH) | 4.12(ddd, 114,7.5,2.5) | 73.6 (CH)
8 a: 1.94 (ddd, 14.0, | 43.16 (CH,) | a: 1.87 (a1, 14.0,2.5) | 44.7 (CHy)
3.0, 1.8)
b: 1.73 (dr, 14.0, b: 1.71 (dt, 14.0,
10.5) 11.4)
9 5.26 (dqd, 10.5, 68.27 (CH) | 5.25(dqd, 11.4,6.7, 70.9 (CH)
6.3, 1.8) 2.5)
10 1.24 (d, 6.3) 20.78 (CH,) | 1.22 (d, 6.7) 22.4 (CH3)

Table 263 The HMBC, COSY and NOEDIFF data of compound K55 in acetone-dj

Position HMBC COSY NOEDIFF
H2 |C-1,C3,C4 3 - -
H3 | C-1,C2,C4,C5 H-2 -
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Table 263 Continued
Position HMBC COSY NOEDIFF
H-4 C-5,C-6 H-5, 4-OH H-3, H-6
H-5 C-2,C-4,C-6 H-4, H-6 H-7
H-6 C-4,C-5 H-5, H-7 H-4, H-7
H-7 - H-6, Hap-8 H-5, H-6, H-9
Hg-8 C-6, C-7,C-9, C-10 H-7, Hy-8, B-9 H-7, Hy-8, H-9
Hp-8 C-6,C-7,C-9,C-10 H-7, H,-8, H-9 H-7, H,-8, H-9
H-9 C-1, C-6, C-7, C-8, C-10 Hap-8, Hj-10 H-7, Hap-8
Hs-10 C-9,C-8 H-9 Hap-8, H-9
6.3.4 Compound K56

Compound K56 was obtained as a colorless gum with [} +40 (c

0.25, MeOH). Its UV and IR spectra were similar to those of KSS. Their 'H NMR

spectra (Figure 134) (Table 264) were also similar except for the replacement of

signal for one of the oxymethine protons in K55 with those of methyiene protons

[62.39 (dm, J = 13.5 Hz, 1H) and 2.20 (m, 1H)]. The "H-"H COSY cross peaks

(Table 265) of these methylene protons with one of the #rans-olefinic protons, H-6
(65.69, ddd, J=15.6, 11.1 and 3.6 Hz, 1H), and Hy-8, (o 1.68, m, 2H), established the
location of these methylene protons at C-7. Thus, K56 was assigned as (4R,9R)-

modiolide B, [a]} +45 (¢ 0.25, MeOH), which was previously isolated from
Paraphaeosphaeria sp. (N 119) (Tsuda, ef al., 2003).
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Table 264 The 'H and >C NMR data of compound K56 in CDCl3 and (4R,9R)-

Modiolide B in CD;0D
K56 (4R,9R)-Modiolide B
Position
on (mult., Ju) & (C-type) S (mult., Ju;) & (C-type)
1 - 168.86 (C) |- 170.8 (C}
2 5.87(dd, 12.6, 1.2) | 122.58 (CH) | 5.85 (dd, 12.3, 1.4) | 123.0 (CH)
3 5.88 (dd, 12.6,2.4) | 13647 (CH) | 5.83(dd, 12.3,2.9) | 138.0 (CII)
4 4.75 (brd, 6.9) 71.79 (CH) | 4.67 (brdd, 8.2,2.9) | 72.6 (CH)
5 5.54 (ddd, 15.6, 7.8, | 129.09 (CH) | 5.45 (ddd, 15.2, 8.2, | 130.2 (CH)
1.5) 1.5)
6 5.69 (ddd, 15.6, 135.43 (CH) | 5.69 (ddd, 15.2, 136.2 (CH)
11.1,3.6) 11.0, 3.5)
7 a: 2,39 (dm, 13.5) | 30.96 (CHy) | a: 2.37 (dddd, 13.5, | 32.0 (CHy)
5.3,3.5,2.4)
b: 2.20 (m) b:2.15 (dd, 13.5,
11.0,2.6)
8 1.68 (m) 33.88 (CHy) | a: 1.65 (did, 14.7, 34,9 (CHy)
11.0,2.4)
b: 1.71 (ddt, 14.7,
5.3,2.6)
9 5.32 (m) 72.43 (CH) |5.61 (dgd, 11.0,6.,7, | 73.7 (CH)
2.6)
10 1.22 (d, 6.6) 2149 (CHs) | 1.22(d, 6.7) 21.7 (CHz)

Table 265 The HMBC, COSY and NOEDIFF data of compound K56 in CDCl3

Proton HMBC COSY NOEDIFF
H-2 C-1,C-3,C4,C-5 H-3, 114 H-3
H-3 C-1,C-2,C4,C-5 H-2,H-4 H-4
H-4 C-5,C-6 H-2, H-3, H-5 H-3, H-5, H-6
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Table 265 Continued
Proton HMBC COSY NOEDIFF
H-5 C-4, C-6, C-7 H-4, H-6, H-7 H-4, Hpp-7
H-6 C-3,C-4,C-5,C-7,C-8 H-5, Hap-7 Hap-7, Hy-8, H-9
H,-7 | C-5, C-6,C-8,C-9 H-5, H-6, Hy-7, Hz-8 | -8
Hy-7 | C-5,C-6,C-8,C-9 H-6, Hy-7, Hz-8 H-5, H-6, H-9
H,-8 | C-6,C-7,C-9,C-10 Hgp-7, H-9 H,-7, H-9, H3-10
H-9 C-1,C-7,C-8,C-10 H,-8, H3-10 Hy-7, H3-10
Hs;-10 | C-8,C9 H-9 H,-8, H-9
6.3.5 Compound K54

Compound K54 with the molecular formula Ci6H40s from HREIMS
(miz 214) (Figure 129) was obtained as a colorless gum. The UV and IR spectra were
similar to those of K56. Its 'H NMR spectrum (Figure 130) (Table 266) was similar
to that of K56 except for the replacement of the resonances for two methylene protons
with signals of two hydroxymethine protons [§4.71 (m, 1H) and 3.83 (m, 1H)]. The
presence of four oxymethine carbons (& 75.96, 71.24, 68.10 and 58.84) in the DEPT
135 spectrum (Table 266) supported the 'H NMR data. In the 'H-"H COSY spectrum
(Table 267), the oxymethine proton resonating at & 4.71 was correlated with the
olefinic proton, H-6 (& 6.12), and the hydroxymethine proton at & 3.83 which was
further coupled with H-9 (& 5.66). Thus, the hydroxymethine protons at & 4.71 and
3.83 were identified as H-7 and H-8, respectively. Irradiation of H-8, in the NOEDIFF
experiment (Table 267), affected signal intensity of both H-7 and H3-10 (& 1.34),
indicating their cis-relationship. The absolute configurations of C-4 and C-9 in K54
were proposed to be both R on the basis of known absolute configurations of its
cometabolite K56. The remaining absolute configurations were then determined to be
7S and 8S. Consequently, K54 was identified as a new member of modiolide

macrolides.




Table 266 The 'H, PC NMR and HMBC data of compound K54 in CDCls
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Position Sy (mult., Juz) & (C-type) HMBC
| - 167.77 (C) -
2 5.90 (dd, 12.5, 2.0) 122.43 (CH) |C-1,C-3,C-4
3 5.97 (dd, 12.5, 3.5) 136,78 (CH) | C-1,C-2,C4,C-5,C-6
4 4.90 (brs) 71.24 (CH) -
5 6.05 (ddd, 16.0,7.5,1.5) |131.50 (CH) |C-2,C-4,C-6,C-7
6 6.12 (dd, 16.0, 7.5) 128.02 (CH) | C-3,C-4,C-5,C-7
7 4.71 (brs) 58.84 (CH) -
8 3.83 (brs) 75.96 (CH) -
9 5.66 (m) 68.10 (CH) -
10 1.34 (d, 6.5) 1721 (CH;) | C-8,C-9

Table 267 The COSY and NOEDIFF data of compound K54 in CDCl;

Proton COSY NOEDIFF
H2 | H-3,H-4 ;
H-3 | H-2, H4 -
H-4 | H-2,H-3, H-5 H-3, H-6
H-5 | H-4, H-6 ]
H-6 | H-5 H7 -
H-7 | H-6, H-8 H-8
H-8 | H-7,H-9 -7, Ha-10
H-9 | H-8, H;-10 1510
10 | H9 H-8, H-9
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6.3.6 Compound K57

Compound K57 was obtained as a colorless gum. The IR spectrum
displayed absorption bands at 3422 and 1700 em™ for hydroxyl and conjugated
carbonyl groups, respectively. Its 'H NMR spectrum (Figure 136) (Table 268) was
similar to that of K56. Furthermore, they consisted of the same number and types of
carbons. However, K57 exhibited an additional UV absorption band at longer
wavelength (Amax 253 nm), indicating that it possessed a 1onger conjugated
chromophore than K56. In addition, the difference were found in the 'H-'H COSY
spectrum (Table 269). The hydroxymethine proton, H-6 (5 4.24, td, J = 9.0 and 3.0
Hz), was correlated with the frans-olefinic proton, H-5 (8 5.74, ddd, J = 15.0, 9.0 and
3.0 Hz), and the methylene protons, Hay-7 [52.09 (ddd, J = 15.0, 9.0 and 6.0 Hz) and
1.75 (m)). Furthermore, the other frans-olefinic proton, H-4 (6 6.12, dd, J = 15.0 and
1.0 Hz), was coupled with one of the cis-olefinic protons, H-3 (& 6.62, ddd, J = 12.0,
3.0 and 1.0 Hz, 1H). These data established the location of the hydroxyl group at C-6
(6 73.76) and the frans-double bond at C4-CS5, not C-4 and C5-C6, respectively, as
found in KS6. The observed optical rotation of K57, [a]3; -180 (¢ 0.20, CHCl3), was
almost identical to that of (6&,9R)-stagonolide E, [05]2;) -186 (¢ 0.20, CHCL),
indicating that they had the same absolute configuration. Consequently, K57 was

identified as (6R,9R)-stagonolide E which was previously isolated from Stagonospora

cirsii (Evidente, et al., 2008). 10
0O CH,

Table 268 The "1 and ”C NMR data of compound K57 and (6R,9R)-Stagonolide E in
CDCls

K57 (6R,9R)-Stagonolide E

ou (mult., Jy) & (C-type) Gi(mudt, Ju) | & (C-type)
1 - 16827 (C) |- 168.2 (C)

Position
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Table 268 Continued
KS§7 (6R,9R)-Stagonolide E
Position
Sy (mudt., Jy) éc (C-type) Su(mult., Jy;) éc (C-type)
2 5.85 (dd, 12.0, 3.0) 125.62 (CH) | 5.84 (d, 11.6) 125.6 (CH)
3 6.62 (ddd, 12.0,3.0, | 139.61 (CH) | 6.60 (brd, 11.6) 139.6 (CH)
1.0)
4 6.12 (dd, 15.0, 1.0) 126.64 (CH) | 6.12 (brd, 15.4) 126.6 (CH)
5 5.74 (ddd, 15.0,9.0, | 140.17 (CH) | 5.73 (dd, 15.4, 1402 (CH)
3.0) 9.6)
6 4.24 (1d, 9.0, 3.0) 73.67 (CH) | 4.24 (ddd, 9.6, 73.7 (CH)
9.0, 3.8)
7 a: 2.09 (ddd, 15.0, 37.37 (CHy) | a:2.08 (ddd, 14.2, | 37.4 (CH>)
9.0, 6.0) 9.0, 3.8) '
b: 1.75 () b: 1.73 (ddd,
14.2,9.5,9.0)
8 a: 1.84 (ddd, 15.0, 30.38 (CHy) | a: 1.85(dd, 15.8, | 30.4 (CH>)
9.0,3.0) 9.0)
b: 1.62 (m) b: 1.60 (m)
9 4.98 (gnd, 6.0, 3.0) 73.27 (CH) |4.98(dg, 11.7, 73.2 (CH)
6.5)
10 1.12 (d, 6.0) 21.36 (CH3) | 1.21 (d, 6.5) 21.4 (CHy)

Table 269 The HMBC, COSY and NOEDIFF data of compound K57 in CDCl;

Proton HMBC COSY NOEDIFF
H-2 C-1,C-4,C-5 H-3,H-4 H-3
H-3 C-1,C-2,C-5 H-2, H-4, H-5 H-2, H-4
H-4 C-2,C-6 H-2, H-3,H-5 H-3, H-6
H-5 C-3 H-3, H-4, H-6 H-6
H-6 C-3,C-7,C-8 H-5, Hap-7 H-4, H-5, Hy-7 .
Ha-7 C-5, C-6, C-9 H-6, Hp-7, Hyp-8 H-6, Hy-8
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Table 269 Continued
Proton THMBC COSY NOEDIFF
Hy-7 C-5, C-6,C-9 H-6, Hqe-7, Hop-8 H-6
H,-8 C-6, C-9 Hap-7, Hy-8, H-9 H-9
Hp-8 C-6,C-9 Hay-7, Ha-8, H-9 -
H-9 1C-1,CT Hap-8, H3-10 Ha-8, H3-10
H;-10 C-8,C-9 H-9 H-9
6.3.7 Compound KS8

Compound K58 was obtained as a colorless gum. The UV spectrum
showed absorption bands at 221 and 262 nm, indicating that K58 had a conjugated
chromophore. The IR spectrum exhibited absorption bands at 1700 and 1619 em™ for
conjugated carbonyl and double bond functional groups, respectively. The 'H NMR
spectrum (Figure 138) (Table 270) consisted of signals for frans-olefinic protons [&
6.75 (dd, J=17.5 and 6.5 Hz, 1H) and 6.20 (dd, J = 17.0 and 1.0 Hz, 1H), ¢is-olefinic
protons [§6.63 (d, J = 12.5 Hz, 1H) and 6.14 (d, J = 12.5 Hz, 1H), three oxymethine
protons [§ 5.58 (qd, J = 7.0 and 2.0 Hz, 1H), 3.82 (ddd,. J=46.5, 4.5and 1.5 Hz, 1H)
and 3.25 (dd, J = 4.5 and 2.0 Hz, 1H)] and one methyl group (1.52, d, J= 7.0 Hz, 3H).
The *C NMR (Figure 139) (Table 270) and DEPT 135 (Table 270) spectra showed
ten carbon resonances for two quaternary (& 192.90 and 166.63), seven methine
(6145.70, 134,58, 133.52, 128.71, 66.19, 60.88 and 54.76) and one methyl (5 16.79)
carbons. In the 'H-'H COSY spectrum (Table 271), the trans-olefinic proton, H6
(6 6.75), was correlated with the oxymethine proton, H-7 (& 3.82), which was further
coupled with the oxymethine proton, H-8 (& 3.25). In addition, the oxymethine
proton, H-9 (& 5.58), was coupled with H-8 and the methyl protons, H3-10 (& 1.52).
The trans-olefinic proton, H-6, and the cis-olefinic proton, H-3 (§ 6.14), showed a
HMBC cross peak (Table 271) with the same ketone carbonyl carbon, C-4 (§192.90).
Furthermore, H-9 and the other cis-olefinic proton, H-2 (& 6.63), were correlated with

the same ester carbonyl carbon, C-1 (6 166.63), in the HMBC spectrum, constructing
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a 4-oxolactone ring. The chemical shifts of C-7 (J 54.76) and C-8 (& 60.88)
established an epoxide functionality on these carbons. H-7 and H-9 were enhanced
when H-8 was irradiated, in the NOEDIFF experiment (Table 271), indicating their
cis-relationship. The observed optical rotation of K58, [a]? -257.4 (¢ 0.67, CHCl),
was almost identical to that of (7R,85,9R)-pyrenolide A, [a]?,-262 (c 0.67, CHCLy),

indicating that all chiral carbons of K58 possessed the same absolute configuration as

those of (7R,85,9R)-pyrenolide A which was previously isolated from Pyrenophora
teres IFO 7508 (Nukina, et al., 1980).

Table 270 The 'H and ®C NMR data of compound K58 and (7R,85,9R)-Pyrenolide A

in CDCl;
KS8 (7R,85,9R)-Pyrenolide A
Position
S (muldt., Juy) oc (C-type) S (mudt., Jy;) & (C-type)

1 - 166.63(C) |- 166.5 (C)
2 6.63 (d, 12.5) 134.58 (CH) | 6.08 (d, 12.0) 134.5 (CH)
3 6.14 (d, 12.5) 133.52 (CH) ] 6.62 (d, 12.0) 128.6 (CH)
4 192.90 (C) 192.8 (C)
5 6.20 (dd, 17.0, 1.0) | 128.71 (CH) { 6.12 (dd, 17.0, 1.0) 133.4 (CH)
6 6.75 (dd, 17.0, 6.5) | 145.70 (CH) | 6.75 (dd, 11.0, 6.0) 145.7 (CH)
7 3.82 (ddd, 6.5, 54.76 (CH) | 3.78 (ddd, 6.0, 4.5, 54.7 (CH)

4.5,1.5) 1.0}

3.25(dd, 4.5,2.0) | 60.88 (CH) |3.20(dd, 4.5,2.0) 60.8 (CH)
9 5.58 (gd, 7.0,2.0) | 66.19 (CH) | 5.55 (gd, 7.0,2.0) 66.1 (CH)
10 1.52 (d,7.0) 16.79 (CH;3) | 1.50 (d, 7.0) 16.8 (CHj)
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Table 271 The HMBC, COSY and NOEDIFF data of compound K58 in CDCl;

Proton HMBC COSY NOEDIFF
H-2 C-1,C-3,CH4 H-3 H-3
H-3 C-1,C-4,C-5 1H-2 H-2
H-5 C-3, C-6, C-7 { H-6, H-7 -
H-6 C-4, C-5, C-7 H-5, H-7 _ -
H-7 C-5,C-6,C-8 H-5, H-6, H-8 H-8
H-8 C-7,C-9 _ H-7, H-9 H-7, H-9
H-% C-1, C-8,C-10 H-8, H;3-10 H-8, H3-10
Hs-10 | C-8,C-9 H-9 H-9
6.3.8 Compound K59

Compound K59 was obtained as a colorless gum. The UV spectrum
showed absorption bands at 208, 257 and 273 nm, indicating that K59 had a
conjugated chromophore. The IR spectrum displayed absorption bands at 1739 and
1720 ecm™ for conjugated carbonyl and 1655 cm’! for double bond functional groups.
The 'H NMR spectrum (Figure 140) (Table 272) consisted of signals for cis-olefinic
protons of an a,f-unsaturated carbonyl unit [67.03 (dd, J=9.9 and 6,0 Hz, 1H) and
6.23 (d, J = 9.9 Hz, 1H)], four olefinic protons [§6.10 (ddd, J=10.5, 6.6 and 4.5 Hz,
1H), 6.05 (m, 1H), 5.93 (m, 1H) and 5.90 (m, 1H)], six methine protons [5.08 (dd, J
= 6.0 and 2.4 Hz, 1H), 4.49 (dd, J = 11.1 and 2.4 Hz, 1H), 4.32 (d, J = 4.5 Hz, 1H),
4.28 (1, J = 6.0 Hz, 1H), 3.06 (i, 1H) and 3.02 (m, 1H)], one acetyl group (62.03, s,
3H) and one methyl group (5 1.14, d J = 6.9 Hz, 3H). The B3¢ NMR (Figure 141)
(Table 272) and DEPT 135 (Table 272) spectra showed two quaternary (& £70.00 and
162.12), twelve methine (& 140.19, 137.50, 136.94, 126.30, 125.07, 124.44, 86.43,
77.65, 75.93, 63.16, 52.62 and 50.08) and two methyl (& 20.68 and 14.25) carbons. -
The cis-olefinic proton, H-3 (& 7.03), of the g f-unsaturated carbonyl unit showed
H-"H COSY cross peaks (Table 273) with the other cis-olefinic proton, H-2 (§6.23),
and the oxymethine proton, H-4 (& 5.08), which was further coupled with the
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oxymethine proton, H-5 (& 4.49). In addition, the oxymethine proton, H-4, showed a
HMBC correlation (Table 273) with the carbonyl carbon, C-15 (5 170.00), of the
acetyl group. These results together the chemical shift of C-1 (6 162.12) and C-5
(6 77.65) revealed the presence of a 4,5-dihydropyrone ring having the acetoxyl group

at C-4 (substructure 1).
0

o 1
3 3l 14
%11 i CH;
t0
O Q 6
@=O s t‘:‘
H,;C
i6
Substructure 1 Substructure 2

In the 'H-'H COSY spectrum, the methine proton, H-6 (& 3.06), was
correlated with the oxymethine proton, H-7 (& 4.28), and the methine proton, H-13
(6 3.02), which was coupled with the oxymethine proton, H-12 (J 4.32), and the
methyl protons, H3-14 (& 1.14). H-12 was correlated with the olefinic proton, H-11
(8 6.10). The olefinic proton, H-10 (& 5.90), showed 'H-'"H COSY cross peaks with
H-9 (6 5.93) and H-11, Furthermore, the remaining olefinic proton, H-8 (& 6.05),
showed the same cross peaks with H-7 and H-9. These results established a
cyclooctadiene unit having double bonds at C8-C9 and C10-C11 as well as the methyl
group at C-13. The HMBC correlations of H3-14 with C-6 (& 50.08), C-12 and C-13
(6 52.62) confirmed the assigned location of this methyl group. In the HMBC
spectrum, the oxymethine proton, H-7, showed a cross peak with the C-12 (5 86.43),
thus forming an ether bridge between C-7 (§ 75.93) and C-12. These results
established substructure 2. The bond construction between C-5 (& 77.65) of the
dihydropyrone ring with C-6 of substructure 2 was established according to the 'H-"
COSY correlation of H-5 with H-6 as well as the HMBC cross peaks of H-5 with C-6
and C-13. The relative configuration of K59 was established by the NOEDIFF results.
Signals of H-4, H-7 and H3-14 were enhanced when H-5 was irradiated. Moreover,
irradiation of H3-14 enhanced the signal intensity of H-12. These results indicated that
H-4, H-5, H-7, H-12 and H3-14 were all cis, but frans to H-6. The observed optical
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rotation of K59, [ou]%9 +215 (¢ 0.11, MeOH), was almost identical to that of
mycoepoxydiene, [0,]%9+210 (c 0.106, MeOH), indicating that they had the same

absolute configuration. Therefore, K59 was identified as mycoepoxydiene which was

previously isolated from the endophytic fungus Phomosis sp. (Prachya, ef al., 2007).

Table 272 The 'H and *C NMR data of compound K59 and Mycoepoxydiene in CDCl

K59 Mycoepoxydiene
Position

Su (mult., Ju) & (C-type) S (mult., i) & (C-type)
1 - 162.12(C) |- 162.2 (C)
2 6.23 (d, 9.9) 125.07 (CH) | 6.23 (d, 10.0) 125.1 (CH)
3 7.03 (dd, 9.9, 6.0) | 140.19 (CH) | 7.02 (dd, 10.0, 6.0) 140.2 (CH)
4 5.08 (dd, 6.0,2.4) | 63.16 (CH) | 5.05 (dd, 6.0,2.4) 63.3 (CH)
5 449 (dd, 11.1,2.4) | 77.65 (CH) | 4.47 (dd, 10.0, 2.4) 77.8 (CH)
6 3.06 (m) 50.08 (CH) | 3.03 (m) 50.2 (CH)
7 4,28 (1, 6.0) 75.93 (CH) |4.27 (dd,6.0,5.6) 76.0 (CH)
8 6.05 (m) 136.94 (CB) | 6.02 (brdd, 11.0, 6.0) | 137.0 (CH)
9 5.93 (m) 126.30 (CH) | 5.88 (m) 126.3 (CH)
10 5.90 (m) 124.44 (CH) | 5.90 (m) 124.5 (CH)
11 6.10 (ddd, 10.5, 137.50 (CH) | 6.08 (brdd, 11.0, 6.0) | 137.8 (CH)

6.6, 4.5)

12 4,32 (d, 4.5) 86.43 (CH) |4.31(d,4.4) 86.6 (CH)
13 3.02 (m) 52.62 (CH) |3.01(m) 52.8 (CH)
14 1.14 (4, 6.9) 14.25 (CH3) | 1.12 (d, 7.0) 14.5 (CHa3)
15 - 170.00(C) |- 170.0 (C)
16 2.03 (5) 20.68 (CHs) {2.01 (s) 21.0 (CHs)
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Proton HMBC COSY NOEDIFF
H-2 C-1,C-4 H-3 H-3
H-3 C-1,C-2,C-4 H-2, H-4 H-2
H-4 |C-2,C-3,C-5,C-15 H-3, H-5 H-3, H-5, H-7
H-5 C-4,C-6,C-13 H-4, H-6 H-4, H-7, H3-14
H-6 | C-4,C-5,C-7,C-8,C-13,C-14 | H-5,H-7, H-13 H-7, H-13
H-7 c-5, C-6, C-9, C-10, C-12, C-13 { H-6, H-8 H-4, H-5, H-8
H-8 C-7,C-9,C-12 H-7, H-9 H-7
H-9 C-7,C-11 H-8, H-10 H-8, H-10
H-10 | C-8,C-12 H-9, H-11 H-9, H-11
H-11 {C-8,C-9,C-12 H-10, H-12 H-10, H-12
H-12 | C-6, C-?; C-11,C-13,C-14 H-11, H-13 H-11, Hs-14
H-13 | C-6,C-7,C-14 H-6,H-12,H;-14 | H-6, H3-14
Hs-14 | C-6,C-12,C-13 H-13 H-5, H-12, H-13
Hs-16 | C-15 - -
6.3.9 Compound K60

Compound K60 was obtained as a colorless gum with [a]:g +83.0

(¢ 0.59, MeOH). The UV and IR spectra were almost identical to those of K59. Their

I NMR data were also similar except for the absence of the acetyl signal in K60.
The >C NMR (Figure 143) (Table 274) and DEPT 135 (Table 274) spectra showed
only one ester carbonyl carbon (& 163.27) and one methyl carbon (4 14.32), supporting

above conclusion. Therefore, K60 was identified as deacetylmycoepoxydiene, []%? +83

(¢ 0.59, MeOH), which was previously isolated from the endophytic fungus Phomosis
sp. (Prachya, et al., 2007). ‘
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Table 274 The 'H and C NMR data of compound K60 and Deacetylmycoepoxydiene

in CDCls
K60 Deacetylmycoepoxydiene
Position

Sy (mudlt., Jy,) & (C-type) Su(nult., Jy,) & (C-type)
1 - 163.27(C) |- 163.1 (C)
2 6.05 (d, 6.9) 122.90 (CH) | 6.14(d, 9.7) 123.1 (CH)
3 6.97 (dd, 9.6, 6.3) | 144.34 (CH) | 7.05 (dd, 9.7, 6.0} 144.1 (CH)
4 4.00 (brt, 5.4) 62.08 (CH) |4.09(dd, 6.1,2.3) 62.0 (CH)
5 428 (dd, 10.5,2.4) | 79.49 (CH) | 4.35(dd, 10.6,2.2) 79.3 (CH)
6 2.95 (m) 5173 (CH) | 3.06(ddd, 10.6,7.0,5.6) | 51.7 (CH)
7 4.36 (1, 5.4) 76.89 (CH) |4.44 (1, 5.6) 76.8 (CH)
8 6.19 (m) 137.39 (CH) | 6.24-6.29 (m) 137.2 (CH)
9 5.89 (m) 126.09 (CH) | 5.95-5.99 () 126.3 (CH)
10 5.85(m) 124,79 (CH) | 5.90-5.96 (m) 124.8 (CH)
11 6.02 (m) 137.19(CH) | 6.10-6.15 (m) 137.3 (CH)
12 425 (d, 4.5) 86.14 (CH) {4.33 (brd, 2.5) 86.1 (CH)
13 2.91 (g, 6.9) 51.73 (CH) {298 (gnd, 7.1, 1.3) 51.6 (CH)
14 1.06 (d, 6.9) 1432 (CH3) | 1.14 (d, 6.9) 14.2 (CH3)

‘Fable 275 The HMBC, COSY and NOEDIFF data of compound K60 in CDCl3

Proton HMBC COSY NOEDIFF
H-2 C-4 H-3 H-3
H-3 C-2,C-4,C-5 H-2, H-4 H-2, H-4
H-4 C-2 H-3,H-5 H-3, H-5, H-7 |
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Table 275 Continued

Proton HMBC COSY NOEDIFF
H-5 C-4, C-6, C-7 H-4, H-6 H-4, H;-14
H-6 C-4, C-5,C-7,C-8 H-5, H-7, H-13 H-6
H-7 C-5, C-6, C-8, C-9, C-12 H-6, H-8 H-4, H-8
H-8 c-6, C-7,C-9, C-10,C-11 | H-7,H-9 H-7,H-9
H-9 C-7,C-11,C-12 H-§,H-10 H-8, H-10
H-10 C-7,C-8,C-12 H-9, H-11

H-11 C-8,C-9,C-10,C-12 H-9, H-10, H-12 H-10, H-12
H-12 Cc-6, C-9, C-10, C-11, C-14 | H-11 H-11, H;-14
H-13 C-6,C-7,C-11,C-14 H-6, H3-14 H-6

H;-14 B-13 H-5,H-12

C-12,C-13




PART VII

METABOLITES FROM THE MARINE-DERIVED FUNGUS
ASPERGILLUS SP. PSU-F154
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7.1.1 Introduction

CHAPTER 7.1

INTRODUCTION

Fungal metabolites of the genus Aspergillus reported since the year

2006 are summarized in Table 276. The marine-derived fungus Aspergillus sp.

PSU-F154 was isolated from the sea fan of the genus Annella, collected in Phangnga
Province, Thailand, in 2005. This fungus was deposited as PSU-F154 at the
Department of Microbiology, Faculty of Science, Prince of Songkla University, The

ethyl acetate extract from the culture broth of this marine-derived fungus exhibited
interesting antioxidation activity with the ICsq values of 0.05 (DPPH), 2.56 (OH') and
0.36 (Oy) mg/ml., antibacterial activity against SA, MRSA and antifungal activity
against Microsporum gypseum SH-MU-4 (MG) with the MIC values of 128, 128 and
200 pg/mL, respectively. Moreover, the mycelial extract displayed antioxidation
activity with the ICsq values of 0.13 (DPPH), 3.64 (OH).and 1.81 (Oy) mg/mL.

Table 276 Compounds isolated from the Aspergillus genus

10,10’-Bifonsecin B, 34
6'-O-Demethylnigerone, 35
Nigerone, 36

Scientific name Compound Activity Reference
A. carbonarius | 8’-O-Demethylnigerone, 32 Antimycobacterial | Zhang,
8'-O-Demethylisonigerone, 33 et al., 2008
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Table 276 Continued

Scientific name Compound Activity Reference

A. carbonarius | Isonigerone, 37 Antimycobacterial | Zhang,
Fonsecin, 38 ' et al., 2008
Rubrofusarin B, 39
TMC256A1, 40
Flavasperone, 41

A.candidus TF10 | Prenylterphenyllin, 42 Cytotoxic Wei, ef al.,
4"-Deoxyprenylterphenyllin, 43 2007
4"'-Deoxyisoterprenin, 44
4"-Deoxyterprenin, 45

A. fumigatus Fumiquinone A, 46 Nematicidal Hayashi,
Fumiquinone B, 47 etal., 2007
Spinulosin, 48
LL-S4908, 49
Pseurotin A, 50

A. niger Methyl (Z)-4-{[(Z)-1- Antioxidant Yuan,
(hydroxymethyl)-2-phenyl-1- | etal.,2006
ethenyl] amino}-4-oxo-2-
butenoate, 51
(Z)-5-Ethylidene-8-hydroxy- | Anti-inflammatory | Chang,
3,4,5,6,7,8-hexahydro-1H- etal., 2008
pyrano[3,4-c]pyridine-1-one,
52

A.ostianus Aspergillide A, 53 Cytotoxic Kito, et al.,
Aspergillide B, 54 2008
Aspergillide C, 55

A. versicolor Kipukasin A, 56 Antibacterial Jiao, et dal.,
Kipukasin B, §7 2007
Kipukasin C, 58
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Table 276 Continued

A. versicolor Kipukasin D, 59 Antibacterial Jiao, et dl.,
Kipukasin E, 60 2007
Kipukasin F, 61
Kipukasin G, 62
Decumbenone A, 63 | Cyfotoxic and antibacterial | Lee, ef al,,
Decumbenone B, 64 2007
Versiol, 65

Aspergillus sp. | Sch725681, 66 Antifungal Yang,

et al., 2006

Structures of compounds isolated from the Aspergillus genus

32: R; =H, Ry = CHj : 8’-0O-Demethylnigerone
35: Ry = CHj, Ry = H ; 6'-0O-Demethylnigerone
- 36: Ri=Ry=CHj; :Nigerone

33: R=H : 8-0-Demethylisonigerone
37: R = CHj : [sonigerone
CH,0 OH 0O

OO OH CHO OH ©
H;CO 0~ “CH, R,
H;CO 0. _.CH; R
OQ o R,0 0~ CH,
CH,O OH O 38:R;=Ry;=H,R;=0H - _ : Fonsecin

. . 39: R = CHj3, R+ R3 = double bond : Rubrofusarin B
: 10,10'-Bif;
34:10,10Bifonseein B 4. p, — g R, + Ry = double bond  : TMC256A1
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CH,

OCH; 07 %

H,CO

(L)
CH

41: Flavasperone

H;CO

FeSeSv

42: R; =R;3 = OH, R; = prenyl

OCH,

. Prenylterphenyllin

43: R, =H,Ry=prenyl,R3=0OH : 4"”-Deoxyprenylterphenyllin
44: R; =H, Ry = O-prenyl, R3 = OH : 4"-Deoxyisoterprenin
45: R; =H, Ry = OH, R3 = O-prenyl : 4”-Deoxyterprenin

0
H;CO. R,
HO Ry
Q
46: Ry = CH, Ry = o >N
47: R1 = OH, R2 = CH3 0
48: R1 = CH3, R2 =QH
QH
/ H
Et  OH | & 1
HC \ -
0 £ 0
HO OCH;

50: Pseurotin A

Q Ac
s B
N——7" N
H
=CH,
H3C CH;

: Fumiquinone A 49: LL-S490p
: Fumiquinone B :
: Spinulosin

OH

K
H;CO — 1;1]\
Ph

51: Methyl (Z)-4-{[(Z)-1-(hydroxymethyl)-2-phenyl-1-

ethenyl]amino}-4-oxo0-2-butenoate

0

OH

CH;

52: (Z)-5-Ethylidene-8-hydroxy=3,4,5,6,7,8-hexahydro-
1 H-pyrano[3,4-c]pyridine-1-one
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53:R;=CH3;, R, =R3=R4y=H : Aspergillide A
54: R;=R3=R4=H, Ry = CHj : Aspergillide B
55: R; = CHs, Ry = H, R3+ R4 = double bond : Aspergillide C

o)
Y oH Y
(8]
N. _Nu., ot O _uN. _NH
-~ O CH
Y P wo MY
0)

O

©Ry0 o' o Ccm,
R,0 OR, o
56: R) =Ry = CHs, R3 = Ac, Rs = H : Kipukasin A H;CO OCH;3
57: Ry =R4=H, Ry = CHs, R3 = Ac : Kipukasin B 60: Kivukasin B
58: Ry = CH;, R, =Rs =H, R3 = Ac : Kipukasin C + Mpukasin

59:R;=Ry;=CH;, R3=Rs4=H : Kipukasin D
61: Ry = H, Ry = R4 = CH3, R3 = Ac : Kipukasin F
62:R;=R3=H,R;=Ry=CHj : Kipukasin G

63: R, + R, = double bond ; Decumbenone A
064: Ry =Ry=H : Decumbenone B

n-Pr
HO —_

OH

65: Versiol 66: Sch725681
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7.1.2 The objectives

1. To isolate the secondary metabolites from the marine-derived fungus
Aspergillus sp. PSU-F154.

2. To elucidate the structure of the isolated metabolites.




EXPERIMENTAL

CHAPTER 7.2

7.2.1 Fermentation and extraction

The fermentation and the extraction of the culture broth (15 1) and

mycelia were performed using the same procedure as those of Nigrospora sp. PSU-

F18 to afford a brown gum (1.7 g) and a brown gum (900 mg) from the culture broth

and mycelia, respectively. Each extract was subjected to chromatographic separation.

7.2.2 Purification of the broth extract

The crude EtOAc extract was separated by column chromatography

over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with

similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six fractions as shown in Table 277.

Table 277 Fractions obtained from the crude EtOAc extract by column chromatography

over Sephadex LH-20
Fraction Weight (mg) Physical appearance

100-1 15.0 Brown gum
100-2 573.6 Brown gum
100-3 630.1 Brown gum
100-4 269.6 Brown gum
100-5 169.5 Brown gum
100-6 17.1 Brown gum

407
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Fraction 100-1 displayed a long tail under UV-S on normal phase TLC using

1% methanol in dichloromethane as a mobile phase. Its '"H NMR spectrum displayed

“signals in the high field region. Thus, it was not investigated.

Fraction 100-2 showed five UV-active spots on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the Re values of 0.19, 0.29,
0.39, 0.56 and 0.77. It was further separated by column chromatography over
Sephadex LH-20. Elution was performed with 100% methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 278.

Table 278 Subfractions obtained from fraction 100-2 by column chromatography over
Sephadex LH-20

Subfraction Weight (mg) Physical appearance
100-21 9.9 Yellow gum
100-22 501.3 Yellow gum
100-23 57.3 Yellow gum
100-24 5.1 : Yellow gum

Subfraction 100-21 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.12
and 0.47. Because its '"H NMR spectrum showed broad signals, it was not further
purified,

Subfraction 100-22 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R values of 0.14, 0.29
and 0.47. It was then separated by column chromatography over reverse phase silica
gel. Elution was performed initially with 70% methanol in water followed by
increasing amount of methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford nine subfractions as shown in Table 279,
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Table 279 Subfractions obtained from subfraction 100-22 by column chromatography

over reverse phase silica gel

Subfraction Elution Weight (mg) | Physical appearance
100-221 70% MeOH/H,O 83.5 Yellow gum
100-222 70% MeOH/H,0 23.5 Yellow gum
100-223 70% MeOH/H,0 452 Yellow gum
100-224 70% MeOH/H,0 190.3 Yellow gum
100-225 80% MeOH/MHLO 28.7 Yellow gum
100-226 80% MeOH/H;0O 61.1 Yellow gum
100-227 80% MeOH/H,0O 4.8 Yellow gum
100228 80% McOH/I0 264 YVellow gum
100-229 100% MeOH 304 . Yellow gum

Subfraction 100-221 showed threc UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.03, 0.08
and 0.33. Its "H NMR spectrum indicated the presence of sugar as a major compound.

Thus, it was not further investigated.

Subfraction 100-222 showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.13, 0.18,
0.33 and 0.38. It was further separated by flash column chromatography over silica
gel. Elution was performed initially with 4% methanol in dichloromethane followed
by increasing the polarity with methanol and finally with pure methanol. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford four subfractions as shown in Table 280.

Table 280 Subfractions obtained from subfraction 100-222 by flash column

chromatography over silica gel

Subfraction Elutioq Weight (mg) - | Physical appearance
222A 4% MeOH/CH,Cl, 2.6 Yellow gum
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Table 280 Continued
Subfraction - Elution Weight (mg) | Physical appearance
222B 4% MeOH/CH,Cl, 3.0 Yellow gum
222C 6% MeOH/CH,Cl, 4.6 Yellow gum
222D 10% MeOH/CH,Cl,- 11.8 Yellow gum
100% MeOH

Subfraction 222A showed four UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.36, 0.42,

0.50 and 0.84. Because of the minute quantity, it was not further investigated.

Subfraction 222B showed two UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Rr values of 0.34 and
0.39. It was then purified by precoated TLC with 40% ethyl acetate in petroleum ether

as a mobile phase (5 runs) to afford two bands.

Band 1 was a colorless gum (1.2 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 40% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.45. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 2 (K65) was a colorless gum (1.0 mg). Its chromatogtam
showed one UV-active spot on normal phase TLC using 40% ethyl acetate in

petroleum ether as a mobile phase with the Revalue of 0.25.

[a] Y + 170 (¢ 0.06, MeOH)

UV Apa{nm)(MeOH)(log &) 210 (3.89), 230 (3.71), 280 (3.30), 320
(3.10)

FTIR(neat):u(cm™) 3400 (O-H stretching), 1725 and 1697

(C=0 stretching), 164;9 (C=C stretching)
'H NMR(CDCLY(Spm)(500 MHz): 11,97 (s, 1H), 6.94 (s, 1H), 6.76 (s, 1H),
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4.76 (brs, 2H), 4.09 (dd, J = 10.5, 4.0 Hz,
1H), 3.85 (s, 3H), 2.96 (m, 1H), 2.87 (m,
1H), 2.31 (m, 1H), 2.21 (m, 1H)

B3¢ NMR(CDCL)(&pn)(125 MHz):  180.00, 172.00, 167.22, 160.70, 156.00,
151.00, 117.00, 116.80, 108.91, 104.33,
76.00, 72.69, 64.37, 53.31, 26.03, 24.21

DEPT 135: CH; 108.91, 104.33, 72.69
CHy; 64.37,26.03, 24.21
CHs; 5331

EIMS m/z (% relative intensity): 336 (9), 277 (100), 259 (70), 231 (45), 166 (7)

Subfraction 222C showed two pale UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.13 and
0.34. Because the '"H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 222D showed three UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.13, 0.28
and 0.39, Because its '"H NMR spectrum showed broad signals, ii was not further
purified.

Subfraction 100-223 showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R values of 0.08, 0.15,
0.33 and 0.77. It was further separated by flash column chromatography over silica
gel. Elution was performed initially with 2% methanol in dichloromethane followed
by increasing the polarity with methanol and finally with pure methanol. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford eight subfractions as shown in Table 281,
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Table 281 Subfractions obtained from subfraction 100-223 by flash column

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
223A 2% MeOH/CH,Cl; 4.2 Yellow gum
2238 2% MeOH/CH,Cl, 3.1 Yellow gum
223C 2% MeOH/CH,Cl, 4.7 Yellow gum
223D 2% MeOH/CH,Cl, 3.1 Yellow gum
223E 4% MeOH/CH,Cl, 4.9 Yellow gum
223F 4-6% MeOH/CH,Cl, 5.0 Yellow gum
223G 6-20% MeOH/CH,Cl, 3.3 Yellow gum
223H 20% MeOH/CH,Cl,- 12.1 Yellow gum

100% MeOH

Subfraction 223A showed one pale UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry value of 0.75. Because
the "H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction 223B showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.22 and
0.26. It was then purified by precoated TLC with 40% ethy! acetate in chloroform as a
mobile phase (4 runs) to afford two bands.

Band 1 was a colorless gum (1.4 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 40% ethyl acetate in chloroform as a
mobile phase with the Ry value of 0.75. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 2 was a colorless gum (1.0 mg). Its chromatogram showed one

UV-active spot on normal phase TLC using 40% ethyl acetate in chloroform as a




413

mobile phase with the Ry value of 0.25. Its 'H NMR spectrum indicated the presence

of K65. Furfher investigation was then not performed.

Subfraction 223C showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.59 and
0.71. Tt was then purified by precoated TLC with 1% methanol in dichloromethane as
a mobile phase (4 runs) to afford K69 in 2.1 mg as a colorless gum. Its chromatogram
showed one UV-active spot on normal phase TLC using 1% methanol in

dichloromethane as a mobile phase with the Ry value of 0.48.

[r] 2 + 160 (¢ 0.06, CHCl5)
UV Amax(nm)(MeOH)(log &) 207 (3.12), 227 (3.35), 282 (3.12)
FTIR(neat):v(cm™) 3391 (O-H stretching), 1732 and 1686

(C=0 stretching)

'H NMR(CDChL)(&pm)(500 MHz): 1190 (s, 1H), 6.73 (s, 1H), 6.63 (s, 1H),
4.11 (dd, J=10.0, 3.5 Hz, 1H), 3.87 (s, 3H),
2.93 (ddd, J = 19.0, 6.5, 4.5 Hz, 1H), 2.85
(ddd, J = 19.0, 9.0, 6.5 Hz, 1H), 2.42 (5, 3H),
2.33 (m, 1H), 2.21 (m, 1H)

BC NMR(CDCL)(8pm)(125 MHz):  182.10, 172.81, 166.81, 160.25, 156.15,
147.83, 116.65, 112.33, 108.10, 107.40,
76.72, 72.75, 53.37, 26.10, 24.23, 22.48

DEPT 135: CH; 112.33, 107.40, 72.75
CHy; | 26.10,24.23
CHs; 53.37,22.48

Subfraction 223D showed two pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.32 and
0.35. Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.
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Subfraction 223E showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.35, 0.40
and 0.45. Its 'H NMR spectrum displayed signals in the high field region. Thus, it was

not investigated.

Subfraction 223F showed four UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the R¢ values of 0.16, 0.20,

0.28 and 0.53. Because of low quantity, it was not further investigated.

Subfraction 223G showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of (.18, 0.24,

and 0.30. Because of the minute quantity, it was not further investigated,

Subfraction 223H showed two UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.10 and

0.28. Because its 'H NMR spectrum showed broad signals, it was not further purified.

Subfraction 100-224 displayed a long tail under UV-S on normal phase TLC using
2% methanol in dichloromethane as a mobile phase. Its 'H NMR sﬁectrum displayed

signals of long chain hydrocarbons. Thus, it was not purified.

Subfraction 100-225 showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.13, 0.21,
0.36 and 0.44. It was further separated by column chromatography over silica gel.
Elution was performed initially with 2% methanol in dichloromethane followed by
increasing the polarity with methanol and finally with pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six subfractions as shown in Table 282.
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Table 282 Subfractions obtained from subfraction 100-225 by column

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
225A 2% MeOH/CH,Cl, 3.8 Yellow gum
225B 2% MeOH/CH,Cl, 6.6 Yellow gum
225C 2% MeOH/CH,Cl, 2.2 Yellow gum
225D 4% MeOH/CH,Cl, 2.8 Yellow gum
225E 4-8% MeOH/CH,Cl, 5.3 Yellow gum
225F 10% MeOH/CH,Cl,- 5.4 Yellow gum

100% MeOH

Subfraction 225A showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢values of 0.56, 0.73,

0.78 and 0.93. Because of low quantity, it was not further investigated.

Subfraction 225B showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.43, 0.51
and 0.56. It was then purified by precoated TLC with 20% ethyl acetate in petroleum

ether as a mobile phase (3 runs) to afford three bands.

Band 1 was a colorless gum (1.7 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.73. Because the '"H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 2 was a colorless gum (3.5 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum ether as a
mobile phase with the R¢ value of 0.37. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.
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Band 3 was a colorless gum (2.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 20% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.25. Its TH NMR spectrum indicated the presence

of K61. Further investigation was then not performed.

Subfraction 225C showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Re values of 0.21, 0.46
and 0.53. Its "H NMR spectrum indicated that the major compound was K61, Further

investigation was then not performed.

Subfraction 225D showed one pale UV-active spot on normal phase TLC using
2% methano! in dichloromethane as a mobile phase with the Ry value of 0.26. Because
the 'H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction 225E showed four UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.21, 0.26,
031 and 0.39. Its '"H NMR spectrum indicated that the major compound was K67.

Further investigation was then not performed.

Subfraction 225F displayed a long tail under UV-S on normal phase TLC using
3% methanol in dichloromethane as a mobile phase. Its 'H NMR spectrum displayed

signals in the high field region. Thus, it was not investigated.

Subfraction 100-226 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Rrvalues of 0.13, 0.28
and 0.41. It was further separated by column chromatography over silica gel. Elution
was performed initially with 2% methanol in dichloromethane followed by increasing
the polarity with methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure.to

afford six subfractions as shown in Table 283.




417

Table 283 Subfractions obtained from subfraction 100-226 by column

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
226A 2% MeOH/CH,Cl, 4.5 Colorless gum
226B 2% MeOH/CH,Cl, 84 Colorless gum
226C 2% MeOH/CH,CI, 5.9 Colorless gum
226D 4% MeOH/CH,Cl, 5.9 Colorless gum
226E 4-8% MeOH/CH,Cl, 28.2 Yellow gum
226F 10% MeOH/CH,Cl,- 4.3 Yellow gum

100% MeOH

Subfraction 226A showed four UV-active spots on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the Ry values of 0.56, 0.73,

0.78 and 0.93. Because of low quantity, it was not further investigated.

Subfraction 226B (K61) showed one UV-active spot on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the Rs value of 0.29.

UV Ama(num)(MeOH)(log ¢)
FTIR(neat):u(cm'l)
'H NMR(CDCI3)(6pm)(300 MHz):

BC NMR(CDCl3)(Spm)(75 MHz):

DEPT 135: CH;
CHa;

207 (3.21), 228 (3.10), 270 (3.21)
3313 (O-H stretching), 1635 (C=C stretching)
7.07 (d,J="1.8 Hz, 1H), 6.92 (d, /= 1.5 Hz,

1H), 6.87 (dd, J = 7.8, 1.5 Hz, 1H), 5.69
(brs, 1H), 555 (tg, J = 7.2, 1.2 Hz, 1H),
4.62 (s, 2H), 2.32 (g, J = 7.2 Hz, 2H), 1.98
(d, J = 1.2 Hz, 3H), 1.60 (m, 1H), 1.34 (m,
2H), 0.93 (d, J = 6.6 Hz, 6H)

152.08, 141.05, 132.05, 131.57, 130.47,

128.48, 118.64, 113.78, 65.06, 38.60, 27.81,
26.37,22.51,17.87
132.05, 128.84, 118.64, 113.78, 27.81
65.06, 38.60, 26.37
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CHj; 22.51,17.87
EIMS m/z (% relative intensity): 234 (37), 175 (97), 147 (100), 133 (31), 91 (43)

Subfraction 226C showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.27, 0.31,
and 0.42. Its '"H NMR spectrum indicated that the major compound was K63. Further

investigation was then not performed.

Subfraction 226D showed four UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.10, 0.15,
0.35 and 0.38. Because its '"H NMR spectrum showed broad signals, it was not further
purified.

Subfraction 226E showed three UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R values of 0.15, 0.17
and 0.19. It was further separated by flash column chromatography over silica gel.
Elution was performed with 4% methanol in dichloromethane. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford three subfractions as shown in Table 284,

Table 284 Subfractions obtained from subfraction 226E by flash column chromatography

over silica gel

Subfraction Weight (mg) Physical appeararice
226E1 4.0 Colorless gum
226E2 9.7 Colorless gum
226E3 12,3 Colorless gum

Subfraction 226E1 (K62) showed one UV-active spot on normal phase TLC using

4% methanol in dichloromethane as a mobile phase with the R value of 0,75,
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UV Amax(nm)(MeOH)(log &) 219 (4.20), 250 (4.01), 266 (3.81), 295
(3.65), 303 (3.10)
FTIR(neat):o(cm™) 3312 (O-H stretching), 1721 (C=O stretching),

1623 (C=C stretching)

"H NMR(CDCL3)(&pm)(300 MHz):  8.04 (s, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.37
(d,J= 8.1 Hz, 1H), 2.67 (r, J=7.5 Hz, 2H),
2.10 (s, 3H), 1.55 (m, 2H), 1.49 (m, 1H),
0.86 (d, J= 6.0 Hz, 6H) ,

B NMR(CDCl3)(8pm)(75 MHz): 172.00, 158.84, 153.22, 135.64, 124.16,
118.22, 112.73, 109.96, 36.88, 27.67, 24.48,

22.34, 7.81
DEPT 135: CH; 124.16, 118.22, 112.73, 27.67
CHy; 36.88, 24.48
CH; 22.34, 7.81
EIMS m/z (% relative intensity): 246 (31), 189 (100), 175 (13), 115 (11)

Subfraction 226E2 showed three pale UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.15, 0.24
and 0.35. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 226E3 showed two UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R¢ values of 0.25 and

- 0.35. Because its 'H NMR spectrum showed broad signals, it was not further purified.

Subfraction 226F displayed a long tail under UV-S on normal phase TLC using
4% methanol in dichloromethane as a mobile phase. Its "H NMR spectrum displayed

signals in the high field region. Thus, it was not investigated.

Subfraction 100-227 showed three UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.08, 0.18
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and 0.33. Tt was then purified by precoated TLC with 40% ethyl acetate in petroleum

ether as a mobile phase (5 runs) to afford two bands.

Band_1 (K63) was a colorless gum (2.1 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 40% ethyl acetate in

petroleum ecther as a mobile phase with the R¢ value of 0.74.

[] % +2 (¢ 1.9, MeOH)
UV Amax(nm)(MeOH)(log £) 230 (3.73), 283 (3.15)
FTIR(neat):u(cm") 3400 (OH stretching), 1720 (C=0 stretching),

1659 (C=C stretching)

'Y NMR(CDCL)(Gpa)(500 MHz): ~ 8.96 (s, 1H), 7.49 (s, 1H), 7.49 (d, J = 8.5 Hz,
1H), 7.03 (d, J= 8.5 Hz, 1H), 3.16 (s, 3H), 1.77
(m, 1H), 1.75 (m, 1H), 1.55 (s, 3H), 1.42 (m,
1H), 1.27 (m, 1H), 1.05 (m, 3H), 0.75 (d, J= 6.5
Hz, 6H)

B3C NMR(CDClL)(Gpn)(125 MHZ):  169.38, 156.05, 133.78, 129.89, 127.46, 121.18,
118.61, 83.03, 50.57, 39.82, 39.04, 27.77,
22.54,22.45,22.18,21.55

DEPT 135: CH; 127.46, 121.18, 118.61, 27.77
CH,; 39,82, 39.04, 21.55
CH;; 50,57, 22.18, 22.54, 22.45

EIMS m/z (% relative intensity): 280 (3), 246 (30), 178 (100), 165 (38), 83 (20)

Band 2 (K67) was a colorless gum (1.4 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 40% ethyl acetate in

petroleum ether as a mobile phase with the Ry value of 0.45.

[a:] 2 +2 (¢ 2.0 MeOH)

UV Apax(nm)(MeOH)(log £) 232 (3.87),281 (3.13)
FTIR(neat):u(cm™) 3349 (O-H strefching), 1720 (C=0 stretching),
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1657 (C=C stretching)

'"H NMR(CDCL)(S5pn)(300 MIIz):  7.57 (brs, 1H), 7.55 (dd, J = 8.1, 1.2 Hz,
1H), 7.08 (d, J = 8.1 Hz, 1H), 1.94 (dt, J =
14.7, 8.1 Hz, 1H), 1.82 (d, J = 14.7, 8.1 Hz,
1H), 1.68 (s, 3H), 1.50 (m, 1H), 1.31 (m,
2H), 1.17 (m, 2H), 0.84 (d, J = 6.6 Hz, 3H),
0.82 (d, J = 6.6 Hz, 3H)

3¢ NMR(CDCl)(Gpm)(75 MHZ): 171,50, 156,71, 135.10, 129.72, 126.37,
121.10, 119.36, 79.17, 42.88, 38.96, 29.10,
27.76,22.52,22.49, 21.61,

DEPT 135: CH; 126.37, 121.10, 119.36, 27.76
CHy; 42.88, 38.96, 21,61
CHs; 22.52,22.49,29.10

Subfraction 100-228 showed six UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.08, 0.15,
0.24, 0.62, 0.61 and 0.88. Its '"H NMR spectrum displayed signals in the high field

region. Thus, it was not investigated.

Subfraction 100-229 displayed a long tail under UV-S on normal phase TLC using
2% methanol in dichloromethane as a mobile phase. Its 'H NMR spectrum displayed

signals in the high field region. Thus, it was not investigated.

Subfraction 100-23 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R values of 0.12, 0.17
and 0.46. It was further separated by flash column chromatography over silica gel.
Elution was performed initially with 2% methanol in dichloromethane followed by
increasing the polarity with methanol and finally with pure methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford nine subfraetions as shown in Table 285.
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Table 285 Subfractions obtained from subfraction 100-23 by flash column

chromatography over silica gel

Subfraction Elution Weight (mg) | Physical appearance
100-231 2% MeOH/CH,Cl, 3.0 Yellow gum
100-232 2% MeOH/CH,CI, 1.2 Yellow gum
100233 2% MeOH/CH,Cly 24 Yellow gum
100-234 3% MeOH/CILCl, 5.0 Yellow gum
100-235 3% MeOH/CH,Ch 2.3 Yellow gum
100-236 5% MeOH/CH,CL 0.9 Yellow gum
100-237 5% MeOH/CH,Cl, 18.5 Yellow gum
100-238 5-10% MeOH/CH,Cl, 4.8 Yellow gum
100-239 20% MeOH/CH,Cl;- 15.2 Yellow solid

100% MeOH

Subfraction 100-231 showed none of major spots under UV-S on normal phase TLC
using 2% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 100-232 showed one UV-active spot on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry value of 0.53. Its 'H
NMR spectrum indicated that the major compound was K71. Further investigation

was then not performed.

Subfraction 100-233 showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.43 and
0.53. It was then purified by precoated TLC with 10% ethyl acetate in

dichloromethane as a mobile phase (3 runs) to afford two bands.

Band_1 was a colorless gum (1.1 mg). Its chromatogram showed one

UV-active spot on normal phase TLC using 10% ethyl acetate in dichloromethane as
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a mobile phase with the Ry value of 0.50. Its 'H NMR spectrum indicated that the

major compound was K71. Further investigation was then not performed.

Band 2 (K64) was a colorless gum (1.3 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 10% ethyl acetate in

dichloromethane as a mobile phase with the Ry value of 0.40.

[] % -1.4 (¢ 0.4, McOH)
UV Anax(nm)(MeOH)(log &) 220 (4.13), 263 (3.81), 292 (3.79), 304
(3.15)

FTIR(neat):v(cm™) 3380 (O-H stretching), 1745 and 1681

{C=0 stretching), 1653 (C=C stretching)

'H NMR(CDCla)}(&pm)(500 MHz):  12.30 (s, 1H), 6.71 (brs, 1H), 6.63 (brs,
1H), 6.61 (dd, J = 10.0, 5.0 Hz, 1H), 6.45
(d, J=10.0 Hz, 1H), 4.87 (m, 1H), 4.29 (d,
J=3.5Hz, 1H), 3.73 (s, 3H), 2.41 (brs, 3H)

Be NMR(CDCL)(&pm)(125 MHz):  180.97, 170.86, 160.33, 15850, 155.61,
147.23, 137.83, 122.96, 112.38, 110.13,
108.85, 107.47, 65.21, 52.78, 44.87, 22.37

DEPT 135: CH; 137.83, 122.96, 112.38, 10747, 6521,
44.87
CH3; 52.78,22.37
EIMS m/z (% relative intensity): 284 (10), 252 (22), 242 (100), 197 (5)

Subfraction 100-234 showed six UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0,20, 0.23,
0.28, 0.33, 0.35 and 0.43. Because of low quantity, it was not further investigated.

Subfraction 100-235 showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Revalues 0.15 and 0.20.
Its "H NMR spectrum indicated that the major compound was K68, Further

investigation was then not performed.
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Subfraction 100-236 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Revalues of 0.13, 0.22

and 0.28. Because of the minute quantity, it was not further investigated.

Subfraction 100-237 showed four UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Rr values of 0.13, 0.19, 0.38 and
0.50. Tt was then separated by column chromatography over reverse phase silica gel.
Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford four subfractions as shown in Table 286,

Table 286 Subfractions obtained from subfraction 100-237 by column

chromatography over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
237A 4.7 Yellow gum
237B 3.9 Yellow gum
237C 4.5 Yellow gum
237D 53 - Yellow gum

Subfraction 237A showed four UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.24, 0.31, 0.34 and

0.46. Because the '"H NMR spectrum indicated the presence of many compounds, it

was not further investigated.

Subfraction 237B showed two UV-active spots on reverse phase TLC using
50% methanol in water as a mobile phase with the Ry values of 0.22 and 0.24. Its 'H
NMR spectrum indicated that the major compounds were K68 and K71. Further

investigation was then not performed.

Subfraction 237C showed one UV-active spot on reverse phase TLC using

50% methanol in water as a mobile phase with the R value of 0.24. Its 'H NMR




425

spectrum indicated that the major compound was K71. Further investigation was then

not performed.

Subfraction 237D displayed a long tail under UV-S on reverse phase TLC using
50% methanol in water as a mobile phase. Its '"H NMR spectrum displayed signals in

the high field region. Thus, it was not investigated.

Subfraction 100-238 showed five UV-active spots on normal phase TLC uvsing
2% methanol in dichloromethane as a mobile phase with the Revalues of 0.13, 0.24,

0.31, 0.41 and 0.48. Because of low quantity, it was not further investigated.

Subfraction 100-239 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 100-24 showed fwo UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0,17 and
0.40. It was then purified by precoated TLC with 5% ethyl acetate in petroleum ether
as a mobile phase (4 runs) to afford K71 in 2.1 mg as a colorless gum. Its
chromatogram showed one UV-active spot on normal phase TLC rusing 5% ethyl

acetate in petroleum ether as a mobile phase with the R¢ value of 0.65.

UV Apax(nm)(MeOH)(log &) 233 (3.26), 257 (3.11), 291 (2.89), 301 (2.54)

FTIR(neat):v(ecm™) 3400 (O-H stretching), 1736 and 1697
(C=0 stretching), 1651 (C=C' stretching)

"H NMR(CDCl)(&pm)(500 MHz):  12.21 (s, 1H), 7.76 (dd, J = 8.5, 7.0 Hz, 1H),
7.56 (dd, J = 8.5, 1.0 Hz, 1H), 7.33 (dd, J= 7.0,
1.0 Hz, 1H), 6.99 (s, 1H), 6.77 (s, 1H), 4.78 (s,
2H), 4.04 (5, 3H)

BCNMR(CDCl)(pm)(125 MHZ):  180.62, 169.00, 162.00, 156.50, 151.80, 135.00,
133.63, 122.67, 119.82, 115.25, 108.24, 108.21,
104.22, 64.44, 53.20 '
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DEPT 135: CH; 135.00, 122.67, 119.82, 108,21, 104.22
CHy; 64,44
CHs; 53.20

Fraction 100-3 showed four UV-active spots on normal phase TLC using

1% methano! in dichloromethane as a mobile phase with the Ry values of 0.07, 0.17,
0.29 and 0.44. It was then separated by column chromatography over reverse phase
silica gel. Elution was performed initially with 60% methanol in water followed by
increasing amount of methanol and finally with pure methanol. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford nine subfractions as shown in Table 287.

Table 287 Subfractions obtained from fraction 100-3 by column chromatography

over reverse phase silica gel

Subfraction . Elution Weight (mg) Physical appearance
100-31 60% MeOH/H,0O < 690 Yellow gum
100-32 60% MeOH/H,0 . 2603 Yellow gum
100-33 60% MeOH/H,O 154.1 | Yellow gum
100-34 60% MeOH/H,O 26.3 Yellow gum
100-35 60% MeOH/H,0 10.4 Yellow gum
100-36 70% MeOH/H,0 35.6 Yellow gum
100-37 70% MeOH/H,;O 14.6 Yellow gum
100-38 70-80% MeOH/H,0O 242 Yellow gum
100-39 100% MeOH 214 Yellow gum

Subfraction 100-31 showed five UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.05, 0.12,
0.17, 0.18 and 0.23. It was further separated by flash column chromatography over
silica gel. Elution was performed initially with 4‘3/;:nethanol in dichloromethane

followed by increasing the polarity with methano! and finally with pure methanol.
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Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford six subfractions as shown in Table 288.

‘Table 288 Subfractions obtained from subfraction 100-31 by flash column chromatography

over silica gel
Subfraction Elution Weight (mg) { Physical appearance
31A 4% MeOH/CH,Cl, 2.8 Colorless gumn
31B 4% MeOH/CH,Cl, 2.9 Colorless gum
31C 4-6% MeOH/CH,Cly 4.4 Colorless gum
31D 6% MeOH/CH,Cl, 54 Colorless gum
31E 10-20% MeOH/CH,Cl, 6.8 Colorless gum
31F 40% MeOH/CH,Cl,. 41.2 Colorless gum
100% MeOH

Subfraction 31A showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Rs values of 0.54, 0.57

and 0.63. Because of the minute quantity, it was not further investigated.

Subfraction 31B showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.50 and
0.61. It was then purified by precoated TLC with 1% methanol in dichloromethane as
a mobile phase (8 runs) to afford K75 in 2.0 mg as a colorless gum. Its chromatogram
showed one UV-active spot on normal phase TLC using 1% methanol in

dichloromethane as a mobile phase with the R¢ value of 0.76.

UV Anax(nm)(MeOH)(log &) 207 (3.15), 217 (3.07), 274 (2.89)

FTIR(neat):v(cm™) 3349 (O-H stretching), 1639 (C=C stretching)

'H NMR(CDCLY(8,pm)(500 MHz):  6.42 (d, J = 2.0 Hz, 1H), 6.40 (d, J=2.0 Hz,
1H), 6.30 (¢, J=2.0 Hz, 1H), 2.27 (s, 3H)

PC NMR(CDCl3)(Gpm)(125 MHz):  158.10, 156.46, 140.99, 112.23, 111.15,
103.47,21.47
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DEPT 135: CH; 112.23, 111.15, 103.47
CHj; 21.47

Subfraction 31C showed four UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R¢values of 0.44, 0.48,

0.53 and 0.63. Because of low quantity, it was not further investigated.

Subfraction 31D showed two UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.22 and
0.42. It was then purified by precoated TLC with 4% methanol in dichloromethane as
a mobile phase (5 runs) to afford a colorless gum in 3.5 mg, Its chromatogram showed
one UV-active spot on normal phase TLC using 4% methanol in dichloromethane as a
mobile phase with the R¢ value of 0.26. Because the TH NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 31E showed six UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the R¢values of 0.12, 0.19,

0.24, 0.29, 0.33 and 0.39. Because of low quantity, it was not further investigated.

Subfraction 31F displayed a long tail under UV-S on normal phase TLC using
4% methanol in dichloromethane as a mobile phase. Because the 'H NMR spectrum

indicated the absence of olefinic and aromatic protons, it was not further investigated.

Subfraction 100-32 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.24, 0.33
and 0.42. Its '"H NMR spectrum indicated that the major compound was XK68. Further

investigation was then not performed.

Subfraction 100-33 showed one UV-active spot on normal phase TLC using
2% methanol in dichlo;omethane as a mobile phase with the Ry value of 0.33, Its 'H

NMR spectrum displayed high field signals. Thus, it was not investigated.
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Subfraction 100-34 showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.12, 0.17,
0.21 and 0.26. It was further separated by flash column chromatography over silica
gel. Elution was performed initially with 2% methanol in dichloromethane followed
by increasing the polarity with methanol and finally with pure methanol. Fractions
with similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford six subfractions as shown in Table 289,

Table 289 Subfractions obtained from subfraction 100-34 by flash column

chromatography over silica gel

Subfraction Elution Weight (mg) { Physical appearance
34A 2% MeOH/CH,Cl, 1.9 Yellow gum
34B 2% MeOH/CH,Cl 1.2 Yellow gum
34C 4-6% MeOH/CH,Cl, 5.1 Yellow gum
34D 6% MeOH/CH,Cl, 6.2 Colorless gum
34E 10-20% MeOH/CH,Cl, 8.1 Yellow gum
34F 40% MeOH/CH,Cl;- 3.0 Yellow gum

100% MeOH

Subfraction 34A showed two UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.50 and
0.59. Its '"H NMR spectrum indicated that the major compound was K71. Further

investigation was then not performed.

Subfraction 34B displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.

Subfraction 34C showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.21 and
0.27. Its '"H NMR spectrum indicated that the major compound was K71. Further

investigation was then not performed.
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Subfraction 34D (K74) showed one UV-active spot on normal phase TLC using

4% methanol in dichloromethane as a mobile phase with the R¢ value of 0.27.

] 7

UV Amadnm)(MeOH)(log &)
FTIR(neat):v(cm™)

"H NMR(DMSO0-dg)(&5pm)
(300 MHz):

13C NMR(DMSO-ds)(Spm)
(75 MHz):

DEPT 135: CH;

CHQ_;

-206 (¢ 1.0, MeOH)

213 (3.51), 261 (3.43), 310 (2.83)

3321 (O-H stretching), 1690 (C=0 stretching)

10.90 (d, /= 1.5 Hz, 1H), 7.93 (d, J=2.1 Hz, 1H),
771 (d, J= 2.4 Hz, 1H), 7.49 (d, /= 7.8 Hz, 1H),
732 (d, J= 1.8 Hz, 1H), 7.16 (mm, 3H), 7.08 (¢, J =
7.8 Hz, 1H), 7.00 (¢, J= 7.8 Hz, 1H), 6.96 (d, J =
1.5 Hz, 1H), 6.69 (dd, J="1.5, 1.8 Hz, 2H), 3.98 (i,
1H), 3.85 (m, 1H), 2.81 (dd, J = 14.9, 4.5 Hz, 1H),
2.53 (dd, J = 14.9, 5.7 Hz, 1H), 2.45 (dd, J = 13.2,
4.8 Hz, 1H), 1.81 (dd, J=13.2, 7.2 Hz, 1H)

167.33, 166.70, 136.91, 136.48, 130.14, 127.96,
126.86, 126.81, 124.90, 121.39, 119,22, 118.92,
111.80, 109.20, 56.07, 55.71, 40.25, 30.13

130.14, 126.86, 126,81, 124.90, 121.39, 119.22,
118,92, 111.80, 56.07, 55.71

40.25, 30.13

Subfraction 34E showed three pale UV-active spots on normal phase TLC using

4% methanol in dichloromethane as a mobile phase with the Ry values of 0.23, 0.35
and 0.41. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 34F displayed a long tail under UV-S on normal phase TLC using

4% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.
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Subfraction 100-35 showed none of major spots under UV-S on normal phase TLC

using 2% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 100-36 showed six UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the R¢values of 0.07, 0.21,

0.31, 0.36, 0.47 and 0.54, It was further separated by column chromatography over

silica gel. Elution was performed initially with 2% methanol in dichloromethane

followed by increasing the polarity with methanol and finally with pure methanol.

Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford six subfractions as shown in Table 290.

Table 290 Subfractions obtained from subfraction 100-36 by column chromatography

over silica gel

Subfraction Elution Weight (mg) | Physical appearance
36A 2% MeOH/CH,Cl, 2.3 Yellow gum
36B 2% MeOH/CH,Cl, 1.2 Yellow gum
36C 2% MeOH/CILCl, 84 Yellow gum
36D 2-4% MeOH/CH,Cl, 6.3 Yellow gum
36E 4-6% MeOH/CH,Cl, 3.2 Yellow gum
36F 10% MeOH/CH,Cl,- 13.3 Yellow gum

100% MeOH

Subfraction 36A (K70) showed one UV-active spot on normal phase TLC using

100% dichloromethane as a mobile phase with the Ry value of 0.45,

UV Amax(nm)(MeOH)(log &)

FTIR (neat):u(cm™)

(2.65), 361 (2.45)
3351 (O-H stretching), 1731 and 1695 (C=0.-
stretching), 1657 (C=C stretching)

"H NMR(CDCL3)(8,,m)(300 MHz):

233 (3.22), 257 (3.10), 291 (2.84), 310

12.09 (s, 1H), 7.68 (dd, J=8.7, 7.5 Hz, 1H),




432

7.46 (dd, J = 8.7, 0.9 Hz, 1H), 7.24 (dd, J =
7.5, 0.9 Hz, 1H), 6.70 (brs, 1H), 6.58 (brs,
1H), 3.96 (s, 3H), 2.37 (s, 3H)

3C NMR(CDChL)(&,pm)(75 MHz):  180.00, 169.50, 162.00, 157.00, 156.00,
149.50, 134.74, 133.80, 122.51, 119.41,
117.00, 111.74, 107.38, 106.96, 53.09,

22.67
DEPT 135: CH; 134.74,122.51, 119.41, 111,74, 107.38
CH;; 53.09,22.67

Subfraction 36B showed one UV-active spot on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry value of 0.54. Its 'H
NMR spectrum indicated that the major compound was K71. Further investigation

was then not performed.

Subfraction 36C showed four UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.19, 0.34,
0.41 and 0.54. Its '"H NMR spectrum indicated that the major compound was K71.

Further investigation was then not performed.

Subfraction 36D showed four pale UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the R¢ values of 0.17, 0.37,
0.41 and 0.54. Because the "H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 36E showed six UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Rf values of 0.03, 0.11,

0.31, 0.33, 0.42 and 0.45. Because of low quantity, it was not further investigated.

Subfraction 36F displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Thus, it was not investigated.
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Subfraction 100-37 showed two UV-active spots on normal phase TLC using
9% methanol in dichloromethane as a mobile phase with the R¢ values of 0.17 and

0.71. Because its "H NMR spectrum showed broad signals, it was not further purified.

Subfraction 100-38 showed two pale UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.12 and
0.38. Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 100-39 showed none of major spots under UV-S on normal phase TLC
using 2% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Fraction 100-4 showed four UV-active spots on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the Ry values of 0.10, 0.17,
0.27 and 0.56. It was further separated by column chromatography over silica gel.
Elution was performed initially with 1% methanol in dichloromethane followed by
increasing the polarity with methanol and finally with pure methanol. Fractions with
similar chromatogram were combined and evaporated to drynéss under reduced

pressure to afford nine subfractions as shown in Table 291.

Table 291 Subfractions obtained from fraction 100-4 by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
100-41 1% MeOH/CH,Cl, 6.6 - Brown gum
100-42 2% MeOH/CH,CL, 8.2 Yellow gum
100-43 2% MeOR/CTLCl, 68 " Yellow gum
100-44 2-3% MeOH/CH,Cl, 7.3 Yellow gum
100-45 5-7% MeOH/CH,Cl, 130.1 Yellow gum
100-46 7-10% MeOH/CH,Cl, 10.3 Yellow gum
100-47 10% MeOH/CH,Cl, 19.7 Yellow gum
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Table 291 Continued

Subfraction Elution Weight (mg) | Physical appearance
100-48 20-40% MeOH/CH,Cl 313 Yellow gum
100-49 50% MeOH/CH;Cl,- 20.0 Yellow gum

100% MeOH

Subfraction 100-41 showed three pale UV-active spots on normal phase TLC using
100% dichloromethane as a mobile phase with the Ry values of 0.34, 0.61 and 0.85.
Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated. .

Subfraction 100-42 showed four UV-active spots on normal phase TLC using
1% methano! in dichloromethane as a mobile phase with the R¢ values of 0.36, 0.52,
0.59 and 0.67. It was then purified by precoated TLC with 30% ethyl acetate in

petroleum ether as a mobile phase (4 runs) to afford four bands,

Band 1 was a colorless gum (3.0 mg). Its chromatogram showed one
pale UV-active spot on normal phase TLC using 30% ethyl acetate in petroleum ether
as a mobile phase with the Ry value of 0.71. Because the 'H NMR spectrum indicated

the absence of olefinic and aromatic protons, it was not further investigated.

Band 2 was a yellow gum (2.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 30% ethyl acetate in petroleum ether as a
mobile phase with the Re value of 0.45. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 3 (K72) was a yellow gum (0.9 mg). Its chromatogram showed
one UV-active spot on normal phase TLC using 30% ethyl acetate in petroleum ether

as a mobile phase with the R¢ value of 0.33.
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UV Apax(nm)(MeOH)(log &) 231 (4.12), 255 (3.83), 289 (3.63), 330
(2.31)
FTIR(neat):v(cm™) 3351 (O-H stretching), 1739 and 1697 (C=0

_ stretching), 1640 (C=C stretching)

"H NMR(CDCl3)(8pm)(500 MHz): 1223 (s, 1H), 7.51 (d, /= 9.0 Hz, 1H), 7.40
d, J = 9.0 Hz, 1H), 6.77 (s, 1), 6.66 (s,
1H), 4.03 (s, 3H), 2.49 (s, 3H)

BC NMR(CDCLY(&pm)(125 MHz):  180.42, 169.10, 161.18, 155.65, 152.00,
150.50, 148.83, 125.41, 122.29, 118.04,
113.00, 111.41, 107.26, 53.07, 22.61

DEPT 135: CH; 125.41,122.29, 111.41, 107.26

CHj3; 53.07,22.61

Band 4 was a yellow gum (4.3 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 30% ethyl acetate in petroleum ether as a
mobile phase with the Revalue of 0.31. Its 'H NMR spectrum indicated the presence

of K73. Further investigation was then not performed.

Subfraction 100-43 showed none of major spots under UV-S on normal phase TLC
using 1% methanol in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 100-44 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.10, 0.11
and 0.19. It was then purified by precoated TLC with 40% ethyl acetate in petroleum

ether as a mobile phase (8 runs) to afford three bands.

Band 1 was a colorless gum (1.9 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 40% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.89. Because the '"H NMR spectrum indicated the

presence of many compounds, it was not further investigated.
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Band 2 was a colorless gum (2.2 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 40% ethyl acetate in petroleum ether as a

mobile phase with the Ry value of 0.42. Because the "H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 3 (K68) was a colorless gum (2.1 mg). Its chromatogram

showed one UV-active spot on normal phase TLC using 40% ethyl acetate in

petroleum ether as a mobile phase with the Ry value of 0.33.

e} 3
UV Anax(nm)(MeOH)(log &)
FTIR(neat):v(cm™)

"H NMR(CDCl3)(Spm) (300 MHz):

PC NMR(CDCls)(&pm)(125 MHz):

DEPT 135: CH;

CHy;
CHs;

-1 (¢ 0.4, MeOH)

213 (4.21), 261 (4.03), 330 (3.72)

3391 (O-H stretching), 1734 and 1698
(C=0 stretching), 1653 (C=C stretching)
12,24 (s, 1H), 6.80 (brs, 1H), 6.66 (brs,
1H), 6.56 (dd, J = 9.9, 5.1 Hz, 1H), 6.37 (d,
J=9.9Hz, 1H), 4.78 (m, 1H), 4.66 (s, 2H),
4.23 (d, J=3.6 Hz, 1H), 3.62 (s, 3H)
181.08, 170.79, 160.68, 158.76, 155.84,
149.76, 138.25, 122.83, 110.32, 109.80,
108.95, 104.49, 65.01, 64.40, 52.81, 44.76
138.25, 122,83, 108.95, 104.49, 65.01,
44,76

64.40

52.81

Subfraction 100-45 showed one UV-active spot on normal phase TLC using 2%

methanol in dichloromethane as a mobile phase with the R¢ value of 0.24. Because its

"H NMR spectrum showed broad signals, it was not further purified

Subfraction 100-46 showed three UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.41, 0.39
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and 0.46. Because the "H NMR spectrum indicated the presence of many compounds,

it was not further investigated.

Subfraction 100-47 showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.19 and
0.53. It was.then separated by column chromatography over reverse phase silica gel.
Elution was performed with 50% methanol in water. Fractions with similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford three subfractions as shown in Table 292,

Table 292 Subfractions obtained from subfraction 100-47 by column chromatography

over reverse phase silica gel

Subfraction Weight (mg) Physical appearance
100-471 8.3 Yellow gum
100-472 7.1 Yellow gum
100-473 4.1 Yellow gum

Subfraction 100-471 showed one pale UV-active spof on normal phase TLC using
6% methanol in dichloromethane as a mobile phase with the Ry value of 0.18. Because
the "H NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction 100-472 showed two UV-active spots on normal phase TLC using
6% methanol in dichloromethane as a mobile phase with the Ry values of 0.05 and
0.18. It was further separated by column chromatography over Sephadex LH-20.
Elution was performed with 100% methanol. Fractions with similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford three

subfractions as shown in Table 293,




Table 293 Subfractions obtained from subfraction 100-472 by column

chromatography over Sephadex LH-20

Subfraction Weight (mg) Physical appearance
100-472A 2.4 Yellow gum
100-472B 3.5 Yellow gum
100-472C 1.9 Yellow gum

Subfraction 100-472A showed two pale UV-active spots on normal phase TLC using
6% methanol in dichloromethane as a mobile phase with the Ry values of 0.12 and
0.15. Because the 'H NMR spectrum indicated the presence of many compounds, it

was not further investigated.

Subfraction 100-472B showed one UV-active spot on normal phase TLC using 6%
methanol in dichloromethane as a mobile phase with the Ry value of 0.35. Because the
'"H NMR spectrum indicated the presence of many compounds, it was not further

investigated.

Subfraction 100-472C showed none of major spots under UV-S on normal phase
TLC using 6% methanol in dichloromethane as a-mobile phase. Thus, it was not

investigated.

Subfraction 100-473 showed two pale UV-active spots on normal phase TLC using
6% methanol in dichloromethane as a mobile phase with the Ry value of 0.19 and
0.23. Because the 'H NMR spectrum indicated the presence of many compounds, it

was not further investigated.

Subfraction 100-48 displayed a long tail under UV-S on normal phase TLC using
2% methanol in dichloromethane as a mobile phase. Its 'H NMR spectrum displayed

signals in the high field region. Thus, it was not investigated.
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Subfraction 100-49 (K73) showed one UV-active spot on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the R¢ value of 0.34.

UV Ama(nm)(MeOH)(log 8)
FTIR(neat):u(cm™)

"H NMR{(DMSO-de} Sspm)
(300 MHz):

B3¢ NMR(DMSO-dg)(Sppm)
(75 MHz):

DEPT 135: CH;
CHoy;
CHs;

207 (3.21), 228 (4.31), 263 (3.71), 292 (3.15)
3321 (OH strétching), 1729 and 1683 (C=0 stretching)
12.19 (s, 1H), 10.50 (brs, 1H), 7.62 (d, J = 9.0 Hz,
1H), 7.47 (d, J= 9.0 Hz, 1H), 6.97 (s, 1H), 6.73 (s,
1H), 5.54 (brs, 1H), 4.58 (s, 2H), 3.85 (s ,3H)
180.78, 167.26, 160.91, 15597, 154.52, 151.51,
149.36, 125.79, 120.59, 117.66, 117.51, 107.60,
107.05, 104,39, 62.80, 52.71

125,79, 120.59, 107.60, 104.39

62.80

52.71

Fraction 100-5 showed five UV-active spots on normal phase TLC using

1% methanol in dichloromethane as a mobile phase with the Ry values of 0.05, 0.19,

0.24, 0.56 and 0.61, It was further separated by column chromatography over silica

gel. Elution was performed initially with 40% ethyl acetate in petroleum ether and

gradually enriched with ethyl acetate and then methanol until pure methanol.

Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford eight subfractions as shown in Table 294,

Table 294 Subfractions obtained from fraction 100-5 by column chromatography over

silica gel
Subfraction Elution Weight (mg) | Physical appearance
100-51 40% EtOAc/Petrol 4.3 - Yellow gum
100-52 40% EtOAc/Petrol 9.4 Yellow gum
100-53 40% EtOAc/Petrol 8.3 Yellow gum
100-54 40-70% EtOAc/Pétrol 14,2 Yellow gum
100-55 70% EtOAc/Petrol - 20.7 Yellow gum
100% EtOAc
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Table 294 Continued
Subfraction Elution Weight (mg) | Physical appearance
100-56 100% EtOAc - 11.0 Brown solid
2% MeOH/EtOAc
100-57 2-10% MeOH/EtOAc 18.2 Brown solid
100-58 20% MeOH/EtOAc - 53.1 Brown solid
100% MeOH

Subfraction 100-51 showed two pale UV-active spots on normal phase TLC using
20% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.33 and
0.89. Because the 'H NMR spectrum indicated the absence of olefinic and aromatic

protons, it was not further investigated.

Subfraction 100-52 showed three UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.26,
0.51 and 0.77. It was then purified by precoated TLC with 30% ethyl acetate in

petroleum ether as a mobile phase (3 runs) to afford two bands.

Band 1 was a colorless gum (3.0 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 30% ethyl acetate in petroleum ether as a
mobile phase with the Ry value of 0.77. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated,

Band 2 was a red gum (4.0 mg). Its chromatogram showed one UV-
active spot on normal phase TLC using 30% ethyl acetate in petroleum ether as a
mobile phase with the Rt value of 0,53, Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 100-53 showed three UV-active spots on normal phase TLC using

30% ethyl acetate in petroleum ether as a mobile phase with the R values of 0.28,
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0.51 and 0.65. It was then purified by precoated TLC with 10% ethyl acetate in

dichloromethane as a mobile phase (3 runs) to afford two bands.

Band 1 was a colorless gum (1.1 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 10% ethyl acetate in dichloromethane as
a mobile phase with the Ry value of 0.78. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 2 was a yellow gum (2.3 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 10% ethyl acetate in dichloromethane as
a mobile phase with the Ry value of 0.68. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Subfraction 100-54 showed two UV-active spots on normal phase TLC using
30% ethyl acetate in petroleum ether as a mobile phase with the Ryvalues of 0.28 and
0.41. It was further separated by column chromatography over silica gel. Elution was
performed initially with 10% ethyl acetate in dichloromethane and gradually enriched
with ethyl acetate and then methanol until pure methanol. Fractions with similar
chromatogram were combined and evaporated to drynéss under reduced pressure to

afford three subfractions as shown in Table 295.

Table 295 Subfractions obtained from subfraction 100-54 by column chromatography

over silica gel
Subfraction Elution Weight (mg) | Physical appearance
100-541 10-20% EtOAc/CH,Cl, 3.7 Yellow gum
100-542 20-40% EtOAc/CH,Cl, 5.0 Colorless gum
100-543 60% EtOAc/CHLCly- 43 Yellow solid
100% MeOH

Subfraction 100-541 showed two pale UV-active spots on normal phase TLC using

10% ethyl acetate in dichloromethane as a mobile phase with the Ry values of 0,76
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and 0.80. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 100-542 showed one UV-active spot on normal phase TLC using 10%
ethyl acetate in dichloromethane as a mobile phase with the Ry value of 0.22. Because
the "H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction 100-543 displayed a long tail under UV-S on normal phase TLC using
10% ethyl acetate in dichloromethane as a mobile phase. Thus, it was not

investigated,

Subfraction 100-55 showed three UV-actives spots on normal phase TLC using
40% cthyl acetate in petroleum ether as a mobile phase with the Ry values of 0.17,
0.33 and 0.35. It was further separated by flash column chromatography over
silica gel. Elution was performed with 10% ethyl acetate in dichloromethane.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford four subfractions as shown in Table 296,

Table 296 Subfractions obtained from subfraction 100-55 by flash column chromatography

over silica gel
Subfraction Weight (mg) Physical appearance
100-551 3.1 Yellow gum
100-552 6.9 Yellow gum
100-553 5.8 Yellow gum
100-554 3.0 Yellow gum

Subfraction 100-551 showed three UV-active spots on normal phase TLC using
10% ethyl acetate in dichloromethane as a mobile phase with the R values of 0.65,
0.78 and 0.97. Because of the minute quantity, it was not further investigated.
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Subfraction 100-552 showed two UV-active spots on normal phase TLC using
10% ethyl acetate in dichloromethane as a mobile phase with the Ry values of 0.19
and 0.34. Because the 'H NMR spectrum indicated the absence of olefinic and

aromatic protons, it was not further investigated.

Subfraction 100-553 showed one UV-active spot on normal phase TLC using 20%
ethyl acetate in dichloromethane as a mobile phase with the R¢ value of 0.34. Because
the '"H NMR spectrum indicated the absence of olefinic and aromatic protons, it was

not further investigated.

Subfraction 100-554 displayed a long tail under UV-S on normal phase TLC using
20% ethyl acetate in dichloromethane as a mobile phase. Thus, it was not

investigated.

Subfraction 100-56 showed four UV-active spots on normal phase TLC using
40% cthyl acetate in petroleum ether as a mobile phase with the R¢ values of 0.08,
0.16, 0.20 and 0.77. Because the '"H NMR spectrum indicated the presence of many

compounds, it was not further investigated.

Subfraction 100-57 showed three UV-active spots on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase with the Ry values of 0.08,
0.13 and 0.25. Because its 'H NMR spectrum showed broad signals, it was not further
purified.

Subfraction 100-58 displayed a long tail under UV-S on normal phase TLC using
40% ethyl acetate in petroleum ether as a mobile phase. Its 'H NMR spectrum

displayed signals in the high field region. Thus, it was not investigated.

Fraction 100-6 displayed a long tail under UV-S on normal phase TLC using

1% methanol in dichloromethane as a mobile phase. Its 'H NMR spectrum displayed

signals in the high field region, Thus, it was not investigated. -
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7.2.3 Purification of the EtOAc extract from mycelia

The crude EtOAc extract was separated by column chromatography
over Sephadex LH-20. Elution was performed with 100% methanol. Fractions with
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford five fractions as shown in Table297.

Table 297 Fractions obtained from the crude EtOAc extract by column chromatography
over Sephadex LH-20

Fraction Weight (mg) Physical appearance
100-CEl 360.4 Brown gum
100-CE2 179.4 Brown gum
100-CE3 186.2 Brown solid
100-CE4 . 1149 Brown solid
100-CES - 574 Brown solid

Fraction 100-CE1 displayed a long tail under UV-S on normal phase TLC using

2% methanol in dichloromethane as a mobile phase. Its '"H NMR spectrum displayed

signals of long chain hydrocarbons. Thus, it was not purified.

Fraction 100-CE2 showed six UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the R¢ values of 0.05, 0.14,
0.16, 0.29, 0.45 and 0.64. It was further separated by column chromatography over
silica gel. Elution was performed initially with 2% methanol in dichloromethanc
followed by increasing the polarity with methanol and finally with pure methanol.
Fractions with similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford eight subfractions as shown in Table 298.
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Table 298 Subfractions obtained from fraction 100-CE2 by column chromatography

over silica gel

Subfraction Elution Weight (ng) | Physical appearance
100-CE21 2% MeOH/CH,Cl, 4.2 Yellow gum
100-CE22 2% MeOH/CH,Cl, 11.2 Yellow gum
100-CE23 2% MeOH/CH,Cl, 9.1 Yellow gum
100-CE24 4% MeOH/CH,Cl, 11.8 Yellow gum
100-CE25 | 4-6% MeOH/CH,Cl, 7.9 Yellow gum
100-CE26 6-10% MeOH/CH,Cl, 48.6 Brown gum
100-CE27 10% MeOH/CH,Cl, 6.8 Brown solid
100-CE28 10% MeOH/CH,Cl,- 58.8 Brown solid

100% MeOH

Subfraction 100-CE21 showed three UV-active spots on normal phase TLC using
1% methanol in dichloromethane as a mobile phase with the Ry values of 0.44, 0.56
and 0.85. Its 'H NMR spectrum indicated that the major compound was K71. Further

investigation was then not performed.

Subfraction 100-CE22 showed four UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.32, 0.37,
0.61 and 0.71. Its 'H NMR spectrum indicated that the major compound was K70. |

Further investigation was then not performed.

Subfraction 100-CE23 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.37, 0.45
and 0.51. It was then purified by precoated TLC with 2% methanol in

dichloromethane as a mobile phase (3 runs) to afford two bands.

Band 1 was a colorless gum (3.2 mg). Its chrofﬁﬁfé}gram showed one

UV-active spot on normal phase TLC using 2% methanol in dichloromethane as a
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mobile phase with the Ry value of 0.53. Because the 'H NMR spectrum indicated the

presence of many compounds, it was not further investigated.

Band 2 (K66) was a colorless gum (2.3 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 2% methanol in

dichloromethane as a mobile phase with the Ry value of 0.36.

[o:] » - 186 (¢ 1.0 MeOH)

UV Apax(nm)(MeOH)(log &) 210 (3.11), 217 (3.82), 263 (3.51), 283
(3.01)

FTIR(neat):v(cm™) 3321 (O-H stretching), 1685 (C=0 stretching)

'"H NMR(CDCL)(&pm)(500 MHz): ~ 7.33 (dd, J = 7.5, 1.0 Hz, 2H), 7.28 (d, J =
7.5 Hz, 1H), 7.27 (d, J = 7.0 Hz, 1H), 7.17
(t,J=1.5 Hz, 2H), 7.16 (td, J= 1.0, 1.0 Hz,
1H), 6.82 (td, J = 7.0, 1.0 Hz, 1H), 6.67 (d,
J=17.0 Hz, 1I0), 5.49 (s, 1H), 5.19 (s, 1H),
4.17 (dm, J = 10.5 Hz, 1H), 3.88 (ddd, J =
11.0, 6.0, 1.0 Hz, 1H), 3.57 (dd, J = 14.5,
3.5 Hz, 1H), 2.73 (dd, ] = 14.5, 11.5 Hz,
1H), 2.69 (¢, J = 11.0 Hz, 1H), 2.58 (dd, J =
11.0, 6.0 Hz, 1H)

13C NMR(CDChL)(S,pm)(125 MHz):  168.43, 165.73, 150.01, 135.51, 130.05,

- 129.46, 128.97, 127.76, 126.45, 12545,

119.22, 110.34, 58.74, 56.19, 36.65, 35.33

DEPT 135: CH; 130,05, 129.46, 128.97, 127.76, 125.45,
119.22, 110.34, 58.74, 56.19

CHy; 36.65, 35.35
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Subfraction 100-CE24 showed two UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.26 and
0.33. Its '"H NMR spectrum indicated that the major compound was Ké8. Further

investigation was then not performed.

Subfraction 100-CE25 showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the Ry values of 0.26, 0.33
and 0.39. Its ' NMR spectrum indicated that the major compound was K68. Further

investigation was then not performed.

Subfraction 100-CE26 showed three UV-active spots on normal phase TLC using
3% methanol in dichloromethane as a mobile phase with the R¢ values of 0.07, 0.17
and 0.24. Its '"H NMR spectrum displayed signals of long chain hydrocarbons. Thus, it

was not purified.

Subfraction 100-CE27 showed two UV-active spots on normal phase TLC using
4% methanol in dichloromethane as a mobile phase with the Ry values of 0.11 and
0.14, It was then purified by precoated TLC with 4% methanol in dichloromethane as

a mobile phase (5 runs) to afford two bands.

Band 1 was a colorless gum (1.6 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 4% methanol in dichloromethane as a
mobile phase with the Ry value of 0.10. Its '"H NMR spectrum indicated the presence

of K41 (see chapter 4). Further investigation was then not performed.

Band 2 was a colorless gum (1.9 mg). Its chromatogram showed one
UV-active spot on normal phase TLC using 4% methanol in dichloromethane as a
mobile phase with the Ry value of 0.15. Because the "H NMR spectrum indicated the

presence of many compounds, it was not further investigated.
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Subfraction 100-CE28 displayed a long tail under UV-S on normal phase TLC using
2% methanol in dichloromethane as a mobile phase. Its "H NMR spectrum displayed

signals of long chain hydrocarbons, Thus, it was not purified.

Fraction 100-CE3 showed three UV-active spots on normal phase TLC using
2% methanol in dichloromethane as a mobile phase with the Ry values of 0.21, 0.42
and 0.64. Its "H NMR spectrum displayed signals of long chain hydrocarbons. Thus, it

was not purified,

Fraction 100-CE4 showed four UV-active spots on normal phase TLC using

2% methanol in dichloromethane as a mobile phase with the Ry values of 0.07, 0.19,
0.32 and 0.45. Because its 'H NMR spectrum showed broad signals, it was not further
purified.

Fraction 100-CES displayed a long tail under UV-S on normal phase TLC using
2% methanol in dichloromethane as a mobile phase. Because the 'H NMR spectrum

indicated the absence of olefinic and aromatic protons, it was not further investigated.




CHAPTER 7.3

RESULTS AND DISCUSSION

Five new metabolites (K61-K65) along with nine known compounds
(] 67-75) were isolated from the broth extract while one new metabolite (K66) was
isolated from the mycelial extract. The structures were identified by spectroscopic

methods.
7.3.1 Compound K61

Compound K61 was obtained as a colorless gum with the molecular
formula CysH»O5 from EIMS (m/z 234) (Figure 144). The UV spectrum displayed
absorption bands at Ama 207, 228 and 270 nm, indicating that K61 had an aromatic - - -
chrornophbre. The IR spectrum exhibited absorption bands at 3313 and 1635 cm” for
hydroxyl and double bond functional groups, respectively. The 'H NMR spec&um
(Figure 145) (Table 299) showed characteristic signals for three aromatic protons of
a 1,2,4-trisubstituted benzene [67.07 (d, J= 7.8 Hz, 1H), 6.92 (d, /= 1.5 Hz, 1H) and
6.87 (dd, J = 7.8 and 1.5 Hz, 1)}, an isopentyl moiety [52.32 (g, J = 7.2 Hz, 2H),
1.60 (m, 1H), 1.34 (m, 2H) and 0.93 (d, J = 6.6 Hz, 6H), one hydroxy proton (& 5.69,
brs, 1H), one olefinic proton of a trisubstitued double bond (55.55, tg, J=72and 1.2
Hz, 1H), one hydroxymethyl group (& 4.62, s, 2H) and one methyl group (5 1.98, 4,
J=1.2 Hz, 3H). The '*C NMR (Figure 146) (Table 299) and DEPT 135 (Table 299)
spectra showed fourteen carbon resonances for fifteen carbons: four quaternary
(6 152.08, 141,05, 131.57 and 130.47), five methine (& 132.05, 128.48, 118.64,
113.78 and 27.81), three methylene (& 65.06, 38.60 and 26.37) and two methyl (6
22.51 and 17.87) carbons. The substituent at C-1 of the 1,2,4-trisubstituted benzene
ring was identified as a hydroxyl group according to the chemical shift of

C-1 (8 152.08). Three aromatic protons resonating at §7.07, 6.92 and 6.87 were assigned
449
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as H-5, H-2 and H-4, respectively, on the basis of their coupling constants,
multiplicity and HMBC correlations. The hydroxymethylene protons, Ha-15 (5 4.62),
showed HMBC correlations (Table 299) with C-2 (& 113.78), C-3 (141.05) and C-4
(118.64), suggesting that the hydroxymethyl unit was located at C-3 of the benzene
ring, Signal enhancement of H-2 (& 6.92) and H-4 (& 6.87) after irradiation of Ha-15
in the NOEDIEF experiment (Table 300) supported the assigned location. In the
'H-'H COSY spectrum (Table 300), the methylene protons, Ha-9 (& 2.32), of the
isopentyl unit showed a cross peak with the olefinic proton, H-8 (J 5.55), which was
further coupled with the methyl protons, H3-14 (& 1.98), to form a 1,5-dimethyl-1-
hexenyl fragment. The attachment of the 1,5-dimethyl-1-hexenyl unit at C-6
(6 130.47) of the benzene ring was supported by HMBC correlations of H-8 and Hj-
14 with C-6. The configuration of the double bond in the 1,5-dimethyl-1-hexenyl unit
was assigned as E on the basis of signal enhancement of Hz-9 upon irradiation of
Hs-14 in the NOEDIFF experiment, Therefore, K61 was assigned as a new phenol

derivative.

Table 299 The 'H, *C NMR and HMBC data of compound K61 in CDCls

Position S (mult., Jiz) & (C-type) HMBC
1-OH | 5.69 (brs) 152.08 (C) C-1,C-2,C-6
2 6.92 (d, 1.5) 113,78 (CH) | C-1,C-4,C-6,C-15
3 - 141.05 (C) -
4 6.87 (dd, 7.8, 1.5) | 118.64 (CH) | C-2,C-6,C-15
5 7.07 (d, 7.8) 128.48 (CH) |C-1,C-3,C-7
6 - 130.47 (C) -
7 - 13157 (C) -
8 5.55(q,7.2,1.2) {132.05(CH) |[C-6,C-9,C-14
9 2.32(g,72) 26.37 (CHy) | C-7, C-10,C-11
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Table 299 Continued
Position | & (mult., Ju) | O (C-type) HMBC

10 1.34 (m) 38.60 (CH,) | C-8,C-9,C-11,C-12,C-13
11 1.60 (1) 27.81 (CH) C-9, C-12,C-13
12 0.93 (d, 6.6) 22.51 (CHy) | C-10, C-11,C-13
13 0.93 (d, 6.6) 22.51 (CH;) | C-10,C-11,C-12
14 1.98 (d, 1.2) 17.87(CH;) |C-6,C-7,C-8
15 4.62 (s) 65.06 (CHy) |C-2,C-3,C-4

Table 300 The COSY and NOEDIFF data of compound K61 in CDCls

H;-9 H-8, H>-10, H3-14

Proton COSY NOEDIFE
H-2 H-4 Hj-15
H-4 H-2,H-5 H-5, Hp-15
H-5 H-4 H-4, H3-14
H-8 H,-9, H;-14 H;3-9, Hy-10

H-8, H-11, H3-12, H3-14

I,-10 | Hp9, H-11 H-8, H;-12, Hj-13
H-11 | Hp10,Hs12,Hs-13 |-

Hy12 | H-11 H,-9, Hy-10, H-11
Hy-13 | H-11 H,-9, H>-10, H-11
Hy-14 | H-8,H9 H-5, Hy-9, Hy-10, H-11
Hyl5 |- H-2, H-4

7.3.2 Compound K62

Compound K62 was obtained as a colorless gum with the molecular
formula C;5H;303 on the basis of EIMS (m/z 246) (Figure 147). The UV spectrum
“with the maximum absorption bands at 219, 250, 266, 295 and 303 nm, suggested that

K62 had a benzofuran chromophore (Trofast, et al., 1978). The IR spectrum was
similar to that of K61, The 'H NMR spectrum (Figure 148) (Table 301) was almost
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identical to that of K61 except for the absence of the hydroxy, olefinic and
hydroxymethy! protons in K62. The major differences were the downfield shift of H-

4 (57.37), H-5 (67.07) and H-7 (5 8.04) in K62 when they were compared with H-5,
H-4 and H-2 in K61, respectively. These results together with *J HMBC correlations

(Table 301) of H-5 and H-7 with the same carboxylic carbonyl carbon, C-14

(6 172.00), indicated the replacement of the hydroxymethyl group in K61 with a

carboxyl group in K62, Furthermore, the methyl protons, H3-13 (52.10), gave HMBC
cross peaks with C-2 (& 158.84), C-3 (§ 109.96) and C-3a (& 135.64). The chemical
shifts of C-2 and C-7a (& 153.22) together with the molecular formula and the UV
data confirmed that K62 had the benzofuran skeleton. Consequently, K62 was

assigned as a new benzofuran derivative.

11
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Table 301 The 'H, *C NMR and HMBC data of compound K62 in CDCl;

Position S (mult., Juz) & (C-type) HMBC
2 - 158.84 (C) -
3 - 109.96 (C) -
3a - 135.64 (C) -
4 7.37(d, 8.1) 11822 (CH) | C-3,C-3a,C-5,C-6,C-7a
7.89 (4, 8.1) 124.16 (CH) [ C-3a, C-6, C-7,C-14
- 135.64 (C) -
8.04 (s) 11273 (CH) [ C-3a, C-5, C-6, C-7a, C-14
7a - 153.22 (C) -
2,67 (+,7.5) 2448 (CHy) | C-2,C-3,C-9,C-10
9 1.55 (m) 36.88(CHy) | C-2,C-8,C-10,C-11,C-12
10 1.49 (m) 27.67 (CH) C-9,C-11,C-12
11 0.86 (d, 6.0} 22.34(CH;) | C-9,C-10,C-12
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Position S (mult., Juz) | & (C-type) HMBC
12 0.86 (d, 6.0) 22.34 (CHs) C-9, C-10, C-11
13 2.10 (s) 7.84 (CH3) C-2,C-3,C-3a
14 - 172,00 (C) -

Table 302 The COSY and NOEDIFF data of compound K62 in CDCl;

Proton COSY NOEDIFF
H-4 H-5 H-5, H3-13
H-5 H-4, H-7 H-4
H-7 H-5 -
H,-8 Hp-9 H»-9, Hs-11, H3-12, H3-13
H,-9 H»-8, H-10 H,-8, H3-11, H3-12

H-10 H,-9, Hs-11, H3-12 H»-8, Hs-11, H3-12

Hj-11 H-10 H;-9, H-10

H;-12 H-10 H,-9, H-10

Hj-13 - H-4, H,-8

7.3.3 Compound K67

Compound K67 was obtained as a colorless gum. The UV spectrum

showed absorption bands at 232 and 281 nm, indicating that K67 had a benzene

chromophore. Hydroxyl (3349 em™) and carbonyl (1720 cm™) groups were found in
the IR spectrum. The 'H NMR spectrum (Figure 161) (Table 303) exhibited
characteristic signals for three aromatic protons of a 1,2,4-trisubstituted benzene [&
7.57 (brs, 1H), 7.55 (dd, J = 8.1 and 1.2 Hz, 1H) and 7.08 (4, J = 8.1 Hz, 1H)], an
isohexyl unit {51.94 (dt, J= 14.7 and 8.1 Hz, 1H), 1.82 (df, J= 14.7 and 8.1 Hz, 1H),
1.50 (m, 2H), 1.31 (m, 111), 1.17 (m, 2H), 0.84 (d, J= 6.6 Hz, 3H) and 0.82 (d, /= 6.6
Hz, 3H)] and one singlet methyl protons (& 1.68, s, 3H). The °C NMR (Figure 162)
(Table 303) and DEPT 135 (Table 303) spectra displayed five quaternary (& 171.50,
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156.17, 135.10, 129.72 and 79.17), three methine (§126.37, 121.10 and 119.36), three
methylene (& 42.88, 38.96 and 21.61) and three methyl (& 29.10, 22,52 and 22.49)
carbons. The substituent at C-1 (§ 156.17) of the benzene ring was identified as a
hydroxyl group on the basis of its chemical shift. The aromatic protons at §7.57, 7.55
and 7.08 were assigned to be H-2, H-4 and H-5, respectively, according to their
coupling constants and multiplicity, H-4 (6 7.55) showed a HMBC correlation
(Table 304) with a carboxylic carbonyl carbon, C-14 (& 171.50), indicating that the
carboxyl group was located at C-3 (6 129.72). The methyl protons, Hj-15 (5 1.68),
were correlated with C-7 (& 79.17) and C-8 (& 42.88) of the isohexyl unit. These
results together with the chemical shift of C-7 constructed a 2-hydroxy-6-methyl-
heptyl fragment. The linkage between C-6 (& 135.10) of the benzene ring and C-7 of
the heptyl unit was established according to the HMBC cross peaks of Hy-8 (6'1.94
and 1.82) and H3-15 with C-6. The observed optical rotation of K67, [a]? +2 (¢ 2.0,
MeOH), was almost identical to that of (+)-(7S)-sydonic acid, [a]*® +2.73 (¢ 2.3,
MeOH), indicating that they had the same absolute configuration at C-7. Therefore,
K67 was determined as (+)-(75)-sydonic acid which was previously isolated from

Glonium sp. (Kudo, et al., 2009),

Table 303 The 'H and *C NMR data of compound K67 in CDCls and (+)-(7S)-Sydonic

acid in CD;0D
Position Ké7 (+)-(75)- Sydonic acid

S (mult., Juy) & (Ctype) | SGu(mult, J)* | & (C-type)®
1 - 156.17(C) |- 156.91 (C)
2 7.57 (brs) 11936 (CH) | 7.36 (d, 1.6) 118.60 (CH)
3 - 12972 (C) |- 131.58 (C)
4 7.55 (dd, 8.1, 1.2) 121.10 (CH) | 7.43 (dd, 7.9, 1.6) | 121.50 (CH)
5 7.08 (d, 8.1) 126,37 (CH) | 7.25 (d, 7.9) 127.77 (CH)
6 - 135.10(C) |- 138.00 (C)
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Table 303 Continued
K67 (+)-(78)- Sydonic acid
Position
S (mudlt., Juz) & (C-type) | Sa(mudt,, Jar)® | & (C-type)®
7 - 7917(C) |- 77.88 (C)
a: 1.94 (df, 14.7,8.1) | 42.88 (CHy) | a: 1.94 (ddd, 13.7, | 43.57 (CHp)
b: 1.82 (dr, 14.7, 8.1) 12.2,4.5)
b: 1.77 (ddd,
13.7,11.6,4.8)
9 1.31 (m) 21.61 (CHy) | a: 1.33 (m) 22.86 (CHy)
b: 1.18 ()
10 {117 (m) 38.96 (CHy) | 1.13 (m) 40.43 (CHy)
1t |1.50(m) 27.76 (CH) | 1.47 (m) 28.82 (CH)
12 0.84 (d, 6.6) 22.52 (CH3) { 0.81 (d, 6.5) 22.90 (CHs)
13 | 0.82(d, 6.6) 22.49 (CHs) | 0.81 (d, 6.5) 22.98 (CH3)
14 |- 171.50(C) |- 169.86 (C)
15 | 1.68(s) 29.10 (CHa) | 1.59 (s) 28.99 (CHs)

4T NMR in CD;0D (400 MHz), > “C NMR in CD;0D (125 MHz)

Table 304 The HMBC, COSY and NOEDIFF data of compound K67 in CDCl3

HMBC

Proton COSY NOEDIFF
02 |c4 H-4 -
H-4 | C-2,C-5,C-6,C-14 H-2, H-5 H-5
H-5 | C-1,C-3,C-14 -4 H-4, H3-15
H-8 | C-6,C-7,C9,C-10,C-15 | Hp-8, Hp-9 -

Hy-8 | C-6,C-7,C-9, C-10,C-15 | Hy-8, Hy-9 -

M9 | C-7,C-8,C-10,C-11 H,,-8, [3-10 -

H,-10 | C-8,C-11, C-12, C-13 L,-9, H-11 -

H-11 |C-9,C-10,C-12,C-13 H,-10, H3-12, H3-13 | -

" Hy-12 | C-10, C-11, C-13 H-11 -
Hy-13 | C-10, C-11, C-12 H-11 -
Hy-15 | C-6,C-7,C-8 - H-5
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7.3.4 Compound K63

Compound K63 was obtained as a colorless gum whose molecular
formula was assigned as CisH2404 by EIMS (m/z 280) (Figure 150). The UV and IR
spectra were almost identical to those of K67. Its 'H NMR spectrum (Figure 151)
(Table 305) was similar to that of K67 except for the presence of an additional signal
for a methoxyl group (& 3.16, s, 3H). The DEPT 135 spectrum (Table 305) showed
the presence of a methoxy carbon (& 50.57), supporting above conclusion. The
methoxy protons, Hj-16, showed a HMBC correlation (Table 305) with C-7
(8 83.03), indicating that the hydroxyl group in K67 was replaced with the methoxyl
group in K63. The observed optical rotation of K63, [a]” +2 (¢ 1.9, McOH), was
almost identical to that of (+)-(78)-sydonic acid, [a]* +2.73 (¢ 2.3, MeOH), indicating
that they had the same absolute configuration at C-7. Therefore, K63 was identified as
a new methyl ether of (+)-(75)-sydonic acid.

15 16

Table 305 The 'H, *C NMR and HMBC data of compound K63 in CDCl;

Position Sy (mult., Juz) & (C-type) HMBC
1-OH | 8.96 (s) 156.05 (C) -
2 7.49 (s) 118.61 (CH) |C-1,C-3
3 - 129.89 (C) -
4 1749(d, 8.5) 121.18 (CH) | C-6,C-7,C-14
5 7.03 (d, 8.5) 12746 (CH) |C-1,C-3,C-7,C-14
6 - 133.78 (C) -
7 - 83.03 (C) -
8 a: 1.77 (m) 39.82 (CHy) | C-7,C-9,C-10
b: 1.75 (m) C-7,C-9,C-10
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Table 305 Continued
Position S (matlt., Juz) & (C-type) HMBC
9 |a:1.27 (m) 21.55 (Cly) | C-10
b: 1.05 (m) C-10
10 |1.05(0m) 39.04 (Cl) | C-8, C-9, C-11
1 |1.420m) 27.77(CH) | C-10, C-12, C-13
12 075, 6.5) 22.54 (CHs) | C-10, C-11, C-13
13 |0.75(d, 6.5) 22.45(CHs) | C-10, C-11,C-12
14 |- 16938 (C) | -
15 |1.55() 22.18(CHs) | C-6,C-7,C-8
16 |3.16(s) 50.57 (CHz) | C-7

Table 306 The COSY and NOEDIFF data of compound K63 in CDCl;

Proton COSY NOEDIFF
H-4 H-5 H-5
H-5 H-4 H-4, H3-15
Hq-8 Hp-8, Hap-9 -
Hp-8 H,-8, Hay-9 -
Hg-9 Hg,-8, Hy-9 -
Hyp-9 Hap-8, Hy-9 -
Hy-10 Hap-9, H-11 -
H-11 H,-10, H3-12, H3-13 -
Hj3-12 H-11 -
Hj3-13 H-11 -
H;-15 - H-5, Hs-16
Hs-16 - H3-15
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7.3.5 Compound K68

Compound K68 was obtained as a colorless gum. The UV spectrum
displayed absorption bands at 213, 261 and 330 nm while absorption bands at 3391,
1734 and 1698 cm’! in the IR spectrum indicated the presence of hydroxyl, conjugated
ester carbonyl and conjugated ketone carbonyl groups, respectively. The 'H NMR
spectrum (Figure 163) (Table 307) consisted of signals for one chelated hydroxy
proton (& 12.24, s, 1H), two meta-coupled aromatic protons [56.80 (brs, 1H) and 6.66
(brs, 1H)], two cis-olefinic protons [§6.56 (dd, J=9.9 and 5.1 Hz, 1H) and 6.37 (d, J
= 9.9 Hz, 1H)], two methine protons [§4.78 (m, 1H) and 4.23 (d, J = 2.3 Hz, 1H)],
one hydroxymethyl group (6 4.66, s, 2H) and one methoxyl group (53.62, 5, 3H). The
BC NMR (Figure 164) (Table 307) and DEPT 135 (Table 307) spectra showed two
carbonyl (& 181.08 and 170.79), six quaternary (J 160.68, 158.76, 155.84, 149.76,
110.32 and 109.80), six methine (& 138.25, 122.83, 108.95, 104.49, 65.01 and 44.76),
‘one oxymethylene (4 64.40) and one methoxy (J 52.81) carbons. The chelated
hydroxy proton, 1-OH (¢ 12.14), was placed at C-1 (& 160.68), a peri-position of the
carbonyl group, and gave HMBC correlations (Table 308) with C-1, C-2 (6 108.95)
and C-9a (5 109.80). The meta-coupled aromatic proton resonating at 6.66 was
assigned as H-2 on the basis of its HMQC correlation with C-2 (Table 307). Thus, the
remaining mefa-coupled aromatic proton at & 6.80 was attributed to H-4. The
hydroxymethyl protons, Hj-11 (& 4.66), showed HMBC cross peaks with C-2, C-3
(6 149.76) and C-4 (&5 104.49), indicating the location of the hydroxymethyl group at
C-3. Irradiation of H-11 in the NOEDIFF experiment (Table 308) enhanced signal
intensity of H-2 and H-4, supporting the above conclusion. One of the cis-olefinic
protons, H-5 (& 6.37), showed HMBC cross peaks with C-6 (& 138.25), C-7 (5§ 65.01)
and C-8a (& 110.32). The other one, H-6 (5 6.56), gave a '"H-'H COSY cross peak
(Table 308) with the oxymethine proton, H-7 (& 4.78), which was further coupled
with the methine proton, H-8 (& 4.23). A dihydroxanthone skeleton was established
on the basis of a HMBC correlation of H-8 with C-8a as well as the chemical shift of
the ketone carbonyl carbon, C-9 (& 181.08). The methoxy protons, H3-13 (53.62), and

H-8§ showed a HMBC correlation with the same ester carbonyl carbon, C-12
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(6 170.79), revealing that the methoxycarbonyl group was connected to C-8.
Irradiation of H-7, did not affect signal intensity of H-8, suggesting that they were
trans-oriented. The observed optical rotation of K68, [a}® -1 (¢ 0.4, MeOI), was
almost identical to that of (7R,8R)-AGI-B4, [a]* -1.6 (¢ 0.4, MeOHR), indicating that

they had the same absolute configuration, Therefore, K68 was assigned as (7R, 8R)-

AGI-B4 which was previously isolated from Aspergillus sp. Y80118 (Kim, et al.,

2002).

Table 307 The 'H and *C NMR data of compound K68 in CDCl; and (7R,8R)-AGI- B4

in acetone-djs

» Ko68 (7R,8R)-AGI-B4
Position
& (mult., Juz) & (C-type) Oon (mult., Juz) & (C-type)
1-OH | 12.24 (s) 160.68 (C) |- ‘ 161.5 (C)
2 6.66 (brs) 108.95 (CH) | 6.78 (brs) 109.7 (CH)
- 149.76 (C) | - 152.5 (C)
4 6.80 (brs) 104.49 (CH) | 7.01 (brs) 105.7 (CH)
4a - 155.84(C) |- 157.1 (C)
6.37 (d, 9.9) 122.83 (CH) | 6.52 (4, 9.9) 123.2 (CH)
6.56 (dd, 9.9, 5.1) | 138.25 (CH) | 6.60 (dd, 9.9, 4.8) | 140.6 (CH)
4.78 (m) 65.01 (CH) | 4.71(dd, 4.8,3.6) | 65.8 (CH)
4.23 (d, 3.6) 44,76 (CH) |4.15(d, 3.6) 46.2 (CH)
8a - 11032(C) |- 111.6 (C)
9 - 181.08(C) |- 182.5 (C)
9a - 109.80 (C) |- 110.4 (C)
10a - 158.76 (C} | - 160.8 (C)
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Table 307 Continued
_ K68 (7R,8R)-AGI-B4
Position
Su(mult, Juz) | & (C-type) | Su(mult., Juz) ou (mult., Ju)
11 4,66 (s) 64.40 (CH,) | 4.67 (5) 64.3 (CHy)
12 - 170.79 (C) | - 172.8 (C)
13 3.62 (s) 52.81 (CHj) | 3.70 (5) 53.2 (CH3)

Table 308 The HMBC, COSY and NOEDIFF data of compound K68 in CDCl;

Proton HMBC COSY NOEDIFF
1-OH |{C-1,C-2,C-9a - -

H-2 C-1,C-4,C-11 H-4, H3-11 H,-11

H-4 C-2, C-4a, C-11 H-2, H;-11 H,-11

H-5 C-6,C-7,C-8a H-6 H-5

H-6 C-7,C-8,C-10a H-5, B-7 H-6

H-7 - H-6, H-8 -

H-8 C-6, C-7, C-8a, C-12 H-7 -
H,-11 C-2,C-3,C4 H-2, H-4 H-2, H-4
H3-13 C-12 - -

7.3.6 Compound K64

Compound K64 with the molecular formula C16H 404 from EIMS
(m/z 302) (Figure 153) was obtained as a colorless gum. The UV and IR spectra were
almost identical to those of K68. The 'H NMR (Figure 154) (Table 309) spectrum

was similar to that of K68 except for the presence of an aromatic methyl protons at

52.41 instead of the hydroxymethyl group in K68. The appearance of the aromatic

methyl group was supported by signal of a methyl carbon at §22.37 in the 3¢ NMR

spectrum (Table 309). The location of the methyl group, Hs-11 (& 2.41), was
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confirmed by the HMBC correlations (Table 309) of Hj-11 with C-2 (§112.38), C-3
(6 147.23) and C-4 (6 107.47) as well as signal enhancement of H-2 (& 6.63) and
H-4 (& 6.71) upon irradiation of H3-11 in the NOEDIFF experiment (Table 310).

Consequently, K64 was characterized as a new dihydroxanthone derivative.

i3
cho!}g/o o  oH
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Table 309 The 'H, *C NMR and HMBC data of compound K64 in CDCl;
Position S (mudt., Juz) &c (C-type) HMBC
1-0H [ 12.30(s) 160.33(C) [ C-1,C-2,C9a
2 6.63 (brs) 112.38 (CH) | C-1, C-4,C-9a, C-11
3 - 147.23(C) |-
4 6.71 (brs) 107.47 (CH) | C-2, C-4a, C-9, C-9a, C-11
4@ |- 155.61(C) |-
6.45 (d, 10.0) 122,96 (CH) | C-6, C-7,C-8a,C-9, C-10a
6.61 (dd, 10.0,5.0) |137.83 (CH) |C-5,C-7,C-8,C-10a
4.87 (m) 6521 (CH) |-
8 4.29 (d,3.5) 44.87 (CH) | C-6,C-7,C-8a, C-9, C-10a, C-12
8a |- 110.13(C)y |-
9 - 180.97(C) |-
9 |- 108.85(C) |-
10a |- 158.50(C) |-
11 | 2.41 (brs) 2237(CHs) | C-2,C-3,C4
12 |- 170.86 (C) |-
13 [3.73() 52.78 (CH;) | C-12
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Table 310 The COSY and NOEDIFF data of compound K64 in CDCl;

Proton COSY - NOEDIFF
H-2 H-4, H3-11 Hs-11
H-4 H-2, H3-11 H;-11
H-5 H-6 H-6
H-6 H-5, H-7 H-5
H-7 H-6, H-8 -
H-8 H-7 -
H;-11 H-2, H-4 -

7.3.7 Compound K70

Compound K70 was obtained as a yellow gum, The UV and IR data
revealed the presence of a xanthone skeleton. The 'H NMR spectrum (Figure 167)
(Table 311) was similar to that of K64 except for the replacement of signals for the
cis-olefinic, hydroxymethine and methine protons in ring A of K64 with signals of
three aromatic protons of a 1,2,3-trisubstituted benzene [5 7.68 (dd, J= 8.7 and 7.5
Hz, 1H), 7.46 (dd, J = 8.7 and 0.9 Hz, 1H) and 7.24 (dd, J= 1.5 and 0.9 Hz, 1H).
These protons were attributed to H-6, H-5 and H-7 on the basis of their coupling
constants, multiplicity and the following 3J HMBC correlations (Table 312); H-5
(8 7.46)/C-7 (8 122.51) and C-8a (& 117.00), H-6 (& 7.68)/C-8 (5 133.80) and C-10a
(5 156.00) and H-7 (& 7.24)/C-5 (& 119.41), C-8a and C-12 (&5 169.50). Thus, K70
was determined to be methyl 1-hydroxy-3-methyl-9-ox0-9H-xanthene-8-carboxylate
which was previously isolated from Penicillium sp. (ZZF 32#) (Shao, et al., 20@8).




463

Table 311 The 'H and '>C NMR data of compound K70 and Methyl 1-hydroxy-3-methyl-

9-ox0-9H-xanthene-8-carboxylate in CDCl

K70 Methyl 1-hydroxy-3-ntethyl-9-
Position oxo-9H-xanthene-8-carboxylate
Sy (mult., Juz) & (C-type) Su (mudt., Jiz) éc (C-type)
1-OH | 12.09 (s) 162.00 (C) 12.14 (s) 161.5 (C)
2 6.58 (brs) 111.74 (CH) |6.63(d, 1.2) 111.7 (CH)
- 149.50 (C) - 149.4 (C)
4 6.70 (brs) 107.38 (CH) |6.75(d, 1.2) 107.4 (CH)
4a - 157.00 (C) - 155.7 (C)
5 7.46 (dd, 8.7,0.9) | 119.41 (CH) |7.53 (dd, 8.4,1.2) | 119.4 (CH)
6 7.68 (dd, 8.7,7.5) | 13474 (CH) | 7.74 (dd, 8.4,7.2) | 134.3 (CH)
7 7.24 (dd, 7.5,0.9) | 122,51 (CH) [7.31(dd, 7.2,1.2) | 122.5 (CH)
- 133.80 (C) - 133.6 (C)
8a - 117.00 (C) - 117.6 (C}
9 - 180.00 (C) - 180.4 (C)
9a - 106.96 (C) - 107.0 (C)
10a 156.00 (C) - 156.0 (C)
11 2.37 (s) 22.67(CHy) |2.50(s) 22.6 (CHs)
12 - 169.50 (C) - 169.7 (C)
13 3.96 (s) 53.09 (CH;) |[4.01(s) 53.1 (CH3)
Table 312 The HMBC and COSY data of compound K70 in CDCl3
Proton HMBC COSY
1-OH | C-1,C-2,C9%a -
H-2 C-4,C-11 H-4, Hs-11
H-4 C-2, C-4a, C-9a, C-11 H-2, H3-11
H-5 C-7,C-8a H-6, H-7
H-6 C-8,C-10a H-5, H-7
H-7 C-5, C-8a, C-12 H-5, H-6
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Proton

HMBC

COSY

H3-11
H3-13

C-2,C-3,C4
C-12

H-2,H-4

7.3.8 Compound K71

Compound K71 was obtained as a yellow gum. The UV and IR data
were identical to those of K70. Its 'H NMR spectrum (Figure 169) (Table 313)

revealed the replacement of signal for the aromatic methyl protons in K70 with a

singlet resonance of hydroxymethylene protons (& 4.78, s, 2H) in K71 The
hydroxymethyl protons, Hp-11 (§4.78), showed HMBC correlations (Table 314) with
C-2 (5108.21), C-3 (5151.80) and C-4 (5 104.22). These results together with signal
enhancement of both H-2 (& 6.77) and H-4 (& 6.99) after irradiation of Hy-11 in the
NOEDIFF experiment (Table 314) confirmed the location of the hydroxymethyl

group at C-3, Therefore, K71 was assigned as sydowinin A which was previously

isolated from Aspergillus sydowi (Hamasaki, et al., 1975).

Table 313 The 'H and *C NMR data of compound K71 in CDCl; and Sydowinin A

in DMSO-dg
. K71 Sydowinin A
Position :
5H (muh' s JHZ) &: (C“type) &{ (muh s JHZ)
1-OH | 1221 (s) 162.00 (C) 11,92 (5)
2 6.77 (s) 108.21 (CH) 6.72 (d, 1.5)
3 - 151.80 (C) -
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Table 313 Continued
K71 Sydowinin A
Position
o (mudt., M) & (C-type) Su (mult., Juz)
4 6.99 (s) 104.22 (CH) 6.93 (d, 1.5)
4a - 156.50 (C) -
5 7.56 (dd, 8.5, 1.0) 119.82 (CH) 7.60 (dd, 9.0, 2.0}
6 7.76 (dd, 8.5, 7.0) 135.00 (CH) 7.85(dd, 9.0, 6.0)
7 7.33 (dd, 7.0, 1.0) 122.67 (CH) 7.46 (dd, 6.0, 2.0)
8 - 133.63 (C) -
8a - 115.25 (C) -
9 - 180.62 (C) -
9a - 108.24 (C) -
10a - 156.50 (C) -
11 4.78 (s) 64.44 (CHy) 4.56 (d, 6.0)
11-OH |- - ' 5.43 (1, 6.0)
12 - 169.00 (C) -
13 4.04 (s) 53.20 (CHay) 3.88 (s)

Table 314 The HMBC and COSY data of compound K71 in CDCl;

Proton HMBC COSY
1-OH C-1,C-2,C-3,C9a -
H-2 C-1, C-5,C-11 H-4, H,-11
H-4 C-2, C-4a, C-8a, C-11 H-2, Hy-11
H-5 C-7, C-8a, C-10a H-6, H-7
H-6 C-8, C-10a H-5, H-7
H-7 C-5, C-8a, C-12 H-6, H-8
Hy-11 C-2,C-3,C4 H-2,H-4
H;-13 C-12 -
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Compound K72 was obtained as a yellow gum. The UV and IR data
were similar to those of K70, The 'H NMR spectrum (Figure 171) (Table 315) was

also similar to that of K70 except for the fact that signals for aromatic protons in

ring A of K70 were replaced by signals of two ortho-coupled aromatic protons

[67.51 (d, J= 9.0 Hz, 1H) and 7.40 (d, J = 9.0 Hz, 1H)]. The aromatic protons a{

& 7.51 and 7.40 were assigned as H-5 and H-6, respectively, according to the
following HMBC correlations (Table 316): H-5/C-7 (6 152.00), C-8a (5 118.64) and
C-10a (6 150.50) and H-6/C-7, C-8 (6 113.00), C-10a and C-12 (§ 169.10). The
substituent at C-7 was identified to be a hydroxyl group on the basis of its chemical

shift (& 152.00). Consequently, K72 was characterized as pinselin which was

previously isolated from Talaromyces bacillosporus (Yamazaki, et al., 1980).

Table 315 The 'H and >C NMR data of compound K72 in CDCl; and Pinselin

Position K72 Pinselin
Sulmult., Ju) | & (C-type) | & (mult., Ji)* & (C-type)

1-OH | 12.23 () 161.18(C) [12.12(s) 161.7 (C)
2 6.66 (s) 111.41 (CH) | 6.52 (s) '111,2 (CH)
3 - 148.83 (C) |- 149.1 (C)
4 6.77 (s) 107.26 (CH) | 6.71 (s) 107.5 (CH)
4a |- 155.65(C) |- 156.1 (C)
5 7.51 (d, 9.0) 122.29 (CH) | 7.45 (d, 9.0) 120.1 (CH)
6 7.40 (d, 9.0) 125.41 (CH) | 7.45 (d, 9.0) 125.5 (CH)
7-OH | - 152.00(C) |9.07 (brs) 152.2(C)
8 - 113.08 (C) |- 119.1 (C)
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Table 315 Continued
K72 Pinselin
Position
Sulmult, Ju) | & (C-type) | Su(mudt., Juz)' & (C-type)®

8a |- 118.64 (C) |- 118.6 (C)
9 - 180.42(C) |- 181.2 (C)
9a |- 107.26 (C) | - 107.0 (C)
10a |- 150.50(C) |- 167.3 (C)
11 |249() 22.61 (CH3) | 2.38(s) 22.2 (CH3)
12 169.10 (C) 168.1 (C)
13 [4.03(5) 53.07 (CHs) | 3.90 (s) 52.5 (CHz)

in acetone-ds, °in pyridine-ds

Table 316 The HMBC, COSY and NOEDIFF data of compound K72 in CDCI;

Proton HMBC COSY NOEDIFF
1-OH C-1,C-2,C-9a - -
H-2 C-1,C4,C-11 H-4, H3-11 H;-11
H-4 C-2, C-4a, C-11 H-2, Hs-11. Hz-11
H-5 C-7,C-8a,C-10a H-6 H-6
H-6 C-7, C-8, C-10a, C-12 H-5 H-5
H;-11 C-2,C-3,C4 H-2,H-4 H-2, H-4
H;-13 C-12 - -

7.3.10 Compound K73

Compound K73 was obtained as a yellow gum. The UV and IR data
were similar to those of K72. Its '"H NMR spectrum (Figure 173) (Table 317)

revealed the replacement of signal for the aromatic methyl protons in K72 with a

‘singlet resonance of hydroxymethylene protons (5 4.58, s, 2H) in K73. The
hydroxymethyl group, Hy-11 (6 4.58), showed HMBC correlations (Table 318) with
C-2 (6107.60), C-3 (5154.52) and C-4 (5 104.39). These results together with signal
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enhancement of both H-2 (8 6.73) and H-4 (5 6.97) after irradiation of Hy-11 in the
NOEDIEFF experiment (Table 318) confirmed the location of the hydroxymethyl
group at C-3. Therefore, K73 was assigned as sydowinin B which was previously

isolated from Aspergillus sydowi (Hamasaki, et al., 1975).

Table 317 The 'H and '*C NMR data of compound K73 and Sydowinin B in DMSO-ds

Position K73 Sydowinin B
S (mult., Juz) & (C-type) S (mull., Juz)
[-0H |12.19(s) 160.91 (C) 12.20 (5)
2 |673() 107.60 (CH) 6.47 (d, 1.0)
- 154.52 (C) ;
4 |697() 104.39 (CH) 6.98 (d, 1.0)
4a |- 155.97 (C) -
5 | 7.62(d,9.0) 120.59 (CH) 7.62 (d, 8.0)
6 | 7.47(d,9.0) 125,79 (CH) 7.46 (d, 8.0)
7-OH | 10.50 (brs) 149.36 (C) 10.40 (brs)
g |- 117.66 (C) ;
8a |- 117.51 (C) -
9 |- 180.78 (C) -
9 |- 107.05 (C) )
10a |- 151.51 (C) .
11 | 4.58(s) 62.80 (CHy) 4.60 (brs)
11-OH | 5.54 (brs) - 5.50 (brd)
12 |- 167.26 (C) -
13 {3.85(s) 52,71 (CHz) 3.86 (s)
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Table 318 The HMBC, COSY and NOEDIFF data of compound K73 in DMSO-ds

Proton HMBC COSY NOEDIFF

1-OH | C-1,C-2,C-3,C-9,C-9a - -
H-2 C-1,C-4,C-9,C-9a, C-11 | H-4,H,-11 H,-11, 1-OH
H-4 C-2, C-4a, C-9, C-9a, C-11 | H-2, H,-11 Hp-11
H-5 C-6, C-8a, C-9, C-10a H-6 H-7
H-6 C-7, C-8, C-8a, C-12 H-5 H-5
H;-11 (C-2,C-3,C-4 H-2,H-4,11-OH | H-2, H-4
H3-13 | C-6,C-12 - -

7.3.11 Compound K69

Compound K69 was obtained as a colorless gum. The UV spectrum
displayed absorption bands at 207, 227 and 282 nm, indicating that K69 had a
benzene chromophore. The absorption bands at 3391 (hydroxyl), 1732 (ester
carbonyl) and 1686 {conjugated ketone carbonyl) cm” were observed in the IR
spectrum. The 'H NMR spectrum (Figure 165) (Table 319) was similar to that of
K64 except for the presence of two sets of nonequivalent methyleﬁe protons [§2.93
(ddd, J=19.0, 6.5 and 4.5 Hz, 1H)/2.85 (ddd, J=19.0, 9.0 and 6.5 Hz, 1H) and 2.33
(m, 1H)/2.21 (m, 11D)] instead of the cis-olefinic protons in K64. In the'H-"H COSY
spectrum (Table 320), the methylene protons resonating at & 2.33 and 2.21 were
correlated with the oxymethine proton, H-7 (§4.11), and the other methylene protons,
(62.93 and 2.85). The latter methylene protons were correlated with C-8a (6 116.65)
and C-10a (8 166.81) in the HMBC spectrum (Table 319). Thus, the methylene
protons at §2.93/2.85 and 2.33/2.21 were identified as Hap-5 and Hg,-6, respectively.
In addition, the methine proton at C-8 in K64 was replaced by a hydroxyl group in
K69 according to the chemical shift of C-8 (876.72). The observed optical rotation of
K69, [a]” + 160 (c 0.06, CHCl3), was similar to that of (7R,85)-8-diversonolic ester,
[a]? + 181.7 (¢ 0.06, CHCl3), indicating that they had the same absolute configuration
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at C-7 and C-8. Therefore, K69 was identified as (7R, 85S)-§-diversonolic ester which

was previously isolated from Penicillium diversum (Holker, ef al., 1983).

Table 319 The 'H, *C NMR and HMBC data of compound K69 in CDCl;

Position Sy (mult., Juz) & (C-type) HMBC
1-OH | 11.90 (s) 160.25(Cy | C-1,C-2,C-%a
2 6.63 (s) 112,33 (CH) | C-1, C-4, C-9a, C-11
3 - 147.83 (C) |-
4 6.73 (s) 107.40 (CH) | C-2, C-4a, C-9, C-9a, C-11
4a - 156.15(C) |-
5 a:2.93 (ddd, 19.0,6.5,4.5) |26.10 (CHz) | C-6,C-7,C-8a, C-10a
b: 2.85 (ddd, 19.0, 9.0, 6.5) C-6, C-7,C-8a, C-10a
6 a: 2.33 (m) 24.23 (CHy) { C-5,C-7,C-8,C-10a
b: 2.21 (m) C-5,C-7,C-8,C-10a
7 4,11 (dd, 10,0, 3.5) 72.75 (CH) | C-5,C-8,C-12
- 76.72 (C) -
8a - 116.65(C) |-
9 - 182.10(C) |-
9a - 108.18 (C)
10a - 166.81 (C) |-
11 2.42 (s) 22.48 (CH3) { C-2,C-3,C4
12 - 17281(C) |-
13 3.87 (s) 53.37 (CH;) | C-12
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Proton COSY NOEDIFF
H-2 H-4, Hs-11 Hj-11
H-4 | H-2,Hs-11 H;-11
Ha-5 | Hy-5, Hap6 -
Hp-5 | HeS, Hyp-6 -
Hy-6 | Hap-5, Hp-6, H-7 -
Hp-6 | Hap-5, Hy-6, H-7 -
H-7 | Ha-6 .

H;-11 | H-2,H-4 H-2,H-4

7.3.12 Compound K65

Compound K65 was obtained as a colorless gum whose molecular
formula Cy¢H 608 (m/z 336) was deduced by EIMS (Figure 156). The UV and IR
spectra were almost identical to those of K69, Its '"H NMR spectrum (Figure 157)
(Table 321) was similar to that of K69 except that the aromatic methyl signal in K69
was replaced by a hydroxymethyi signal (& 4.76, s, 2H). The >J HMBC correlations
(Table 321) of the hydroxymethyl protons, Hy-11 (8 4.76), with C-2 (6 108.91), C-3
(5151.00) and C-4 (& 104.33) as well as signal enhancement of both H-2 (§6.76) and
H-4 (5 6.94) upon irradiation of H-11 in the NOEDIFF experiment (Table 322),

supported the location of the hydroxymethyl group at C-3. Accordingly, Ké5

determined as a new tetrahydroxanthone derivative.




Table 321 The 'H, *C NMR and HMBC data of compound K65 in CDCls
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Position Sq (mult., Juz) & (C-type) HMBC
1-0H | 11.97 (5) 160.70 (C) | C-1, C-2, C9a
2 |6.76(s) 108.91 (CH) {C-1,C-4,C-11
3 - 151.00 (C) -
4 6.94 (s) 104,33 (CH) | C-2, C-4a, C-11
4a |- 156.00(C) |-
S5 a: 2.96 (m) 26.03 (CHp) | C-6,C-7,C-8a, C-10a
b: 2,87 (m) C-6, C-7, C-8a, C-10a
6 |a:231(m) 2421 (CHy) |C-5,C-8
b:2.21 (m) C-5, C-8
7 14.09(dd, 105,40) |72.69(CH) |C-8,C-12
- 76.00 (C) -
8a - 117.00 (C) -
9 |- 180.00 (C) |-
9 |- 116.80 (C) |-
10a |- 167.22(C) |-
11 4.76 (brs) 64.37 (CHy) | C-2,C-3,C4 -
2 |- 17200 (C) |-
13 |3.85() 5331 (CHy) | C-12

Table 322 The COSY and NOEDIFF data of compound K65 in CDCl;

Proton COSY NOEDIFF
H-2 Hy-11 H-2
H-4 H-11 H-4
He5 | Hy5, Hyy6 -
Hy-5 | HeS, Hepe6 -
He6 | HpeS, Hy6, H-7 -
Hy6 | Hap-5, He6, H-7 -
H-7 Hay-6 ]
Hp11 | H2,H-4 H-2, H-4
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7.3.13 Compound K74

Compound K74 was obtained as a colorless gum. The UV spectrum
displayed absorption bands at 213, 261 and 310 nm, indicating that K74 had an indole
chromophore (Carié, et al., 2004). The absorption bands at 3221 (amino), 1690
(amide carbonyl) and 1653 (double bond) cm™ were found in the IR spectrum. The 'H
NMR spectrum (Figure 175) (Table 323) displayed signals for three amino protons
[610.90 (d, J = 1.5 Hz, 1H), 7.93 (d, J = 2.1 Hz, 1H) and 7.71 (d, J/ = 2.4 Hz, 1H)],
five aromatic protons of a monosubstituted benzene [67.16 (m, 3H) and 6.69 (dd, J =
7.5 and 1.8 Hz, 2H)] and four aromatic protons of a 1,2-disubstituted benzene [§ 7.49
(d,J=1.8 Hz, 1H), 7.32 (4, J = 7.8 Hz, 1H), 7.08 (1, /= 7.8 Hz, 1H) and 7.00 (+, / =
7.8 Hz, 1H)], one olefinic proton (& 6.96, d, J = 1.5 Hz, 1H), two aminomethine
i)rotons [53.98 (m, 1H) and 3.85 (m, 1H)] and two sets of nonequivalent methylene
protons [82.81 (dd, J= 14.9 and 4.5 Hz, 1H)/2.53 (dd, J= 14.9 and 5.7 Hz, 1H) and
2.45 (dd, J= 13.2 and 4.8 Hz, 1H)/1.81 (dd, J = 13.2 and 7.2 Hz, 1H). The “C NMR
(Figilre 176) (Table 323) and DEPT 135 (Table 323) spectra showed eighteen
signals for twenty carbons, which are six quaternary (& 167.33, 166.70, 136.48,
136.91, 127.96 and 109.20), ten methine (5 130.14, 128.81, 126.86, 124.90, 121,39,
119.22, 118.92, 111.80, 56.07 and 55.71) and two methylene (5 40.25 and 30.13)
carbons. The aromatic protons resonating at 57.49, 7.32, 7.08 and 7.00 were assigned
to be H-5, H-8, H-7 and H-6, respectively, on the basis of the coupling constant and
multiplicity. The olefinic proton at § 6.96 was identified as H-2 according to its
coupling with 1-NH, HMBC correlations (Table 324) of both H-2 and H-5 with C-3
(5 109.20) and C-9 (5 136.48) established a 3-substituted indole moiety. The
aminomethine proton, H-11 (& 3.98), showed 'H-'H COSY correlations (Table 324)
with the amino proton, 12-NH (& 7.93), and the methylene protons, Hep-10 (§2.81 and
2.53) while the remaining aminomethine proton, H-14 (& 3.85), gave the same
correlations with the amino, 15-NH (6 7.71), and the methylene protons, Hgp-17
(62.45 and 1.81). In addition, the aminomethine protons, H-11 and H-14, showed a
HMBC correlation with C-13 (8 166.70) and C-16 (& 167.33), respectively. These

results constructed a 2,5-diketopiperazine having the methylene groups attached at
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C-11 (8 55.71) and C-14 (& 56.07). The 3-substituted indole unit and the
monosubstituted benzene ring were attached at C-10 (& 30.13) and C-17 (6 40.25),
respectively, according to the following HMBC correlations: Hy,-10/C-2 (5 124.90),
C-3 and C-4 (6 127.96) and Hga-17/C-18 (& 136.91), C-19 (5 130.14) and C-23
(6 130.14). The observed optical rotation of K74, [e]® -206 (¢ 1.0, MeOH), was
similar to that of (118,14S)-cyclo-(L-try-L-phe), [a]® -254.9 (¢ 1.0, McOH),
indicating that they had the same absolute configuration. Therefore, K74 was
assigned as (11S,148)-cyclo-(L-try-L-phe) which was previously isolated from
Penicillium sp. (Kimura, ef al., 1996).
0
10

7 3I - NH
Il~! HN.3
o 17

O

Table 323 The 'H and *C NMR data of compound K74 and (115,14S5)-Cyclo-(L~Trp-L-

Phe) in DMSO-dg

K74 (115,148)-Cyclo-(L-Trp-L-Phe)
Position
S (mudt., Juz) & (C-type) Su (mult., Juy) &c (C-type)
1.NH [ 10.90 (4, 1.5) ) 10.89 (s) :
2 16.96(d, 1.5 124.90 (CH) | 6.96 (d, 2.0) 120.89 (CH)
3 - 10920(C) |- 108.85 (C)
4 - 127.96 (C) |- 127.54 (C)
S 7.49 (d, 7.8) 119.22 (CH) | 7.48 (dd, 7.2, 1.0) 118.42 (CH)
6 {7.00(7.8) 118.92 (CH) | 6.98 (ddd, 7.5,7.2,1.5) | 118.76 (CH)
7 7.08 (¢, 7.8) 121.39 (CH) | 7.08 (ddd, 7.7,7.5,1.5) | 124,41 (CH)
8 |7.32(d,7.8) 111.80 (CH) | 7.32 (dd, 7.7, 7.5) 111.33 (CH)
9 - 13648 (C) |- 136.07 (C)
10 a:2.81(dd, 149,45) | 30.13 (CHy) | a: 2.81 (dd, 14.5,4.5) | 29.69 (CHy)
b:2.53 (dd, 14.9,5.7) b: 2.52 (dd, 14.5, 5.7)
11 ]3.98(m) 5571 (CH) | 3.98 (m) 55.29 (CH)
12.2NH | 7.93 (d, 2.1) A 7.91 (d, 2.0) ;
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K74 (115,148)-Cyclo-(L-Trp-L-Phe)
Position

o (mult., Juz) e (C-type) - Sy (mult., Ju) dc (C-type)

13 - 166.70 (C) |- 166.22 (C)

14 3.85 (m) 56.07 (CH) | 3.89 (m) 55.64 (CH)

1S-NH | 7.71(d, 2.4) - 7.71 (4, 2.0) -

16 - 16733 (C) |- 166.88 (C)

17 a:2.45(dd, 13.2,4.8) | 40.25 (CHy) | a: 2.45 (dd, 13.5,4.7) | 39.89 (CHy)
b:1.81(dd, 132,72) b: 1.85 (dd, 13.5, 7.0)

18 - 13691 (C) |- 136.56 (C)
19 6.69 (dd, 1.5, 1.8) | 130.14 (CH) | 7.16 (m) 128.03 (CH)
20 7.16 (m) 126.86 (CH) | 6.71 (1) 129.70 (CH)
21 7.16 (m) 128.81 (CH) | 7.17 (m) 126.36 (CH)
22 7.16 () 126.86 (CH) | 6.71 (m) 129.70 (CH)
23 6.69 (dd, 1.5, 1.8) | 130.14 (CH) | 7.16 (m) 128.03 (CH)

Table 324 The HMBC, COSY and NOEDIFF data of compound K74 in DMSO-d; -

Proton HMBC COSY NOEDIFF
I-NH - H-2 H-2, H-8
H-2 C-3,C-9 I-NH 1-NH, Ha-10, H-11
H-5 C-3,C-4,C-7,C-9 H-6 H-6, Hgp-10, 12-NH
H-6 C-7,C-8 H-5, B-7 H-5, H-7
H-7 C-5,C9 H-6, H-8 H-6, H-8
H-8 C-4,C-6 H-7 1-NH, H-7
H,-10 C-2,C-3,C-4, C-11, H-2, Hy-10, H-11 H-2, H-5, Hp-10,
C-16 H-11
Hy-10 C-2, C-3,C4, C-11, Hg-10, H-11 H-2, H-5, I,-10,
C-16 H-11, 12-NH
H-11 C-3,C-10,C-13,C-16 | Ha-10, 12-NH H-2, Hap-10, 12-NH
12-NH | C-14,C-16 H-11 ~ H-5, Hy-10, H-11
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Table 324 Continued
Proton HMBC COSY NOEDIFF
H-14 C-13, C-16, C-17, C-18 | 15-NH, Hy,~17 15-NH, Hap-17, H-19,
H-23
15-NH | C-11, C-13 H-14 H-14, Hpy-17, H-19,
H-23
H,-17 C-13, C-14, C-18, H-14, Hy-17, H-19 | H-14, Hy-17, H-19,
C-19,C-23 H-23
Hp-17 | C-13,C-14, C-18, H-14, H;-17, H-19 | H-14, H,-17, H-19,
C-19,C-23 H-23
H-19 C-17, C-20, C-21, C-23 | Hyp-17, H-20, H-21 | H-14, 15-NH, Ha,-17,
H-20
H-20 C-18, C-19, C-21, C-22 | H-19, H-21 H-19, H-21
H-21 C-19, C-20, C-22, C-23 | H-20, H-22 H-20, H-22
H-22 C-18, C-20, C-21, C-23 | H-21, H-23 H-21,H-23
H-23 C-17, C-19, C-21, C-22 | Hap-17, H-21, H-22 | H-14, 15-NH, Hps-17,
H-22
7.3.14 Compound K66

Compound K66 was obtained as a colorless gum. The UV and IR data
were almost identical to those of K74. The 'H NMR spectrum (Figure 159)
(Table 325) was similar to that of K74 except for the replacement of the 3-substituted
indole signals in K74 with signals of a 2-substituted phenol [§ 7.27 (d, J = 7.0 Hz,
1H), 7.16 (¢td, J= 7.0 and 1.0 Hz, 1H), 6.82 (td, J= 7.0 and 1.0 Hz, 1H) and 6.67 (d,
J = 7.0 Hz, 1H)] in K66. The protons resonating at § 7.27, 7.16, 6.82 and 6.67 were

assigned as H-5, H-3, H-4 and H-2, respectively, according to their coupling constants

and multiplicity. This unit was confirmed by the following *J HMBC correlations:
H-5 (6 7.27)/C-1 (8 150.01) and C-3 (& 130.05), H-4 (5 6.82)/C-2 (§110.34) and C-6
(6'126.45), H-3 (6 7.16)/C-1 and C-5 (5 125.45) and H-2 (§6.67)/C-4 (6 119.22) and
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C-6. The attachment of the 2-substituted phenol at C-7 (& 35.33) was confirmed by
the HMBC correlations of Hy-7 (8 2.69 and 2.58) with C-6 of the 2-substituted
phenol unit. The observed optical rotation of K66, [a]” -186 (¢ 1.0, MeOH), was
similar to that of K74, [¢]*° 206 (¢ 1.0, MeOH), indicating that they had the same
configuration at C-6 and C-11. Thus, K66 was identified as a new 2,5-

diketopiperazine.

OH O
7
13'NH glxl
4
O

Table 325 The NMR data of compound K66 in CDCl;

Position S (mult., Juz) & (C-type) HMBC COSY
- 15001 (C) |- ;
2 |667(d,7.0) 11034 (CH) | C-4,C-6 H-3
3 |7.16(d,7.0,1.0) |130.05(CH) |C-1,C5 H-2, H-4
4 |682(d,70,1.0) |11922(CH) |C-2,C-6 H-2, H-3, H-5
5 |727(4,7.0 12545 (CH) |C-1,C-3,C-8 | H-3,H-4
6 |- 12645(C) |- ]
7 . |a:269(11.0) |3533(CHs) |C-6,C-8,C-13 | Hy7, H-8
b:2.58 (dd, 11.0, C-6, C-8 Ha-7, H-8
6.0)
8 |3.88(ddd, 110, |5874(CH) |C-7,C-13 Ho-7
6.0, 1.0)
O-NH |5.19(s) i -8 i
10 |- 16573 (C) |- .
11 |4.17(dm, 10.5) |56.19(CH) |C-10,C-15 Hyp-14
12-NH | 5.49 (5) i C-8,C-10,C-11, |-
C-13
13 |- 16843 (C) |- .
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Table 325 Continued
Position Su (mult., Juz) & (C-type) HMBC COSY
14 a: 3.57 (dd, 14.5, {36.65(CHy) | C-10,C-11, C-15, H-11, Hp-14
3.5) C-16
b: 2.73 (dd, 14.5, C-10, C-11, C-15, | H-11, H,-14
11.5) C-16
15 - 135.51 (C) - -
16 7.33(dd, 7.5, 1.0) {12946 (CH) | C-15 H-17, H-18
17 7.17 (¢, 7.5) 128,97 (CH) |C-14,C-18 H-16,H-18
18 7.28 (d,7.5) 127.76 (CH) | C-17,C-19 H-17, H-19
19 7.17 (1, 7.5) 128.97 (CH) | C-14,C-18 H-18, H-20
20 7.33 (dd, 7.5,1.0) {12946 (CH) |C-I5 H-18, H-19

7.3.15 Compound K75

Compound K75 was obtained as a colorless gum. The UV spectrum
displayed an aromatic chromophore at 207, 217 and 274 nm, while hydroxyl (3349
cm’’) and double bond (1639 cm’") functional groups were found in the IR spectrum.
The "H NMR spectrum (Figure 177) (Table 326) showed characteristic signals for
three aromatic protons of a 1,3,5-trisubstituted benzene [66.42 (d, J= 2.0 Hz, 1H),
6.40 (d, J = 2.0 Hz, 1H) and 6.30 (+, /= 2.0 Hz, 1H)] and an aromatic methyl group
(82.27, 5, 3H). The '>C NMR (Figure 178) (Table 326) and DEPT 135 (Table 326)
spectra exhibited three quaternary (& 158.10, 156.46 and 140.99), three aromatic
methiﬂe (5112.23, 111.15 and 103.47) and one methyl (521.47) carbons. The methyl
protons, H3-7 (§2.27), showed HMBC correlations (Table 327) with C-1 (& 140.99),
C-2 (8 111.15) and C-6 (& 112.23), indicating that the methyl group was attached at
C-1. The substituents at C-3 (& 156.46) and C-5 (& 158.10) were assigned as hydroxyl

groups according to the chemical shifts of these carbons. Therefore, K75 was
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identified as orcinal which was previously isolated from Lilium maximowiczii

(Monde, et al., 1998).

7
CH;

Table 326 The 'H and *C NMR data of compound K75 and Oreinol in CDCls

K75 Orcinol
Position — .
S (mudt., Juz) & (C-type) Su (mult., Juz) & (C-type)
1 140.99 (C) - 141.0 (C)
2 6.40 (d, 2.0) 111.15 (CH) 6.24 (d, 2.0) 108.7 (CH)
3 - 156.46 (C) - 156.6 (C)
4 |630(,2.0) 103.47 (CH) 6.17 (¢, 2.0) 99.9 (CH)
5 - 158.10 (C) . 156.6 (C)
6 6.42 (d, 2.0) 112.23 (CH) 6.24 (d, 2.0) 108.7 (CH)
7 |227¢) 21.47 (CH3) 2.23 (s) 21.4 (CHa)

T NMR 90 MHz, * °C NMR 22.5 MHz

Table 327 The HMBC and COSY data of compound K75 in CDCl3

Proton HMBC COSY
H-2 |C-1,C-3,C-4,C-6,C-7 H-4, H-6, H3-7
H-4 |C-2,C-3,C-5,C-6 H-2, H-6
H-6 C-2,C-4,C-5 H-2, H-4, H;-7
Hs-7 | C-1,C-2,C-6 H-2, H-6




480

REFERENCES

Alam, M., Sattar, A,, Chhaudhuri, P.K., Janardhanan, K.K. and Husain, A. 1997.
Isolation, purification and characterization of a phytotoxin produced by

Curvularia andropogonis. Plant Science 123(1,2), 47-55.

Alam, S.S., Bilton, J.N., Slawin, A.M.Z., Williams, D.J., Sheppard, R.N. and Strange,
R.N. 1989. Chickpea blight: production of the phytotoxins solanapyrones A
and C by Ascochyta rabiei. Phytochemistry 28(10), 2627-2630.

Alfaro, C., Urios, A., Gonzales, M.C., Moya, P. and Blanco, M. 2003. Screening for
metabolites from Penicillium novae-zeelandiae displaying radical-scavenging
activity and oxidative mutagenicity: isolation of gentisyl alcohol, Mutat. Res.

539(1-2), 187-194.

Archambaud, S., Aphecetche-Julienne, K. and Guingant, A. 2005. A new total
synthesis of (+)-brefeldin C. Synlett. 1, 139-143.

Astudillo, L., Schemda-Hirschmann, G., Soto, R., Sandoval, C., Afonso, C.,
Gonzales, M.J. and Kijjoa, A, 2000. Acetophenone derivatives from Chilean
isolate of Trichoderma pseudokoningii Rifai, World J. Microbiol. Biotechnol.
16(6), 585-587.

Beck, J.J.,, Merrill, G.B., Palumbo, J.D. and O'Keeffe, T.L. 2009. Styrene and 7-
methyl-1,3,5-cyclooctatriene, the principal volatile components from a strain
of Fusarium oxysporum isolated from almond hulls. Abstracts of Papers 237th
ACS National Meeting Salt Lake City, UT, United States, March 22-26, 2009.

Borgschulte, K., Rebuffat, S., Trowitzsch-Kienast, W., Schomburg, D., Pinon, J. and
Bodo, B. 1991. Isolation and structure elucidation of hymatoxins B-E and

other phytotoxins from Hypoxylon mammatum fungal pathogen of




481

leuce poplars. Tetrahedron 47(39), 8351-8360.

Cabedo, N., Lopez-Gresa, M.P., Primo, J., Ciavatta, M.L. and Gonzalez-Mas, M,C.
2007, Isolation and structural elucidation of eight new related analogues of the
mycotoxin (-)-botryodiplodin from Penicillium coalescens. J. Agric. Food.

Chem. 55(17), 6977-6983,

Cai, Y., Sun, M., Xing, J. and Corke H. 2004. Antioxidant phenolic constituents in
roots of Rheum officinale and Rubia cordifolia: structure-radical scavenging

activity relationships. J. Agric. Food. Chem. 52(26), 7884-7890.

Cari¢, D., Tomisié, V., Kveder, M., Gali¢, N., Pifat, G., Magnus, V. and Sozkié, M.
2004. Absorption and fluorescence spectra of ring-substituted indole-3-acetic
acids. Biophys. Chem, 111, 247-257.

Chang, J., Zhao, X-M., Liu, C-X. and Zhang, T-J. 2008. Structure elucidation of
metabolites of swertiamarin produced by Aspergillus niger. J. Mol. Struct.
878(1-3), 22-25. '

Evidente, A., Cimmino, A., Berestetskiy, A., Mitina, G., Andolfi, A. and Motta,
Andrea. 2008. Stagonolides B-F, nonenolides produced by Stagonospora
cirsii, a potential mycoherbicide of Cirsium arvense. 1, Nat. Prod. 71(1), 31-
34.

Ferreres, F., Andrade, P. and Tomas-Barberan, F.A. 1996, Natural occurrence of
abscisic acid in heather honey and floral nectar. J. Agric. Food. Chem. 44(8),
2053-2056.

Fukushima, T., Tanaka, M., Gohbara, M. and Fujimori, T. 1998. Phytotoxicity of
three lactones from Nigrospora sacchari. Phytochemistry 48(4), 625-630.




482

Ge, H.M., Shen, Y., Zhu, C.H., Tan, S.H,, Ding, H., Song, Y.C. and Tan, R.X. 2008.
Penicidones A-C, three cytotoxic alkaloidal metabolites of an endophytic

Penicillium sp. Phytochemistsry 69 (2), 571-576.

Ghigo, G., Ciofalo, M., Gagliardi, L., La Manna, G. and Cramer, C.J. 2005. The
electronic  spectra  of  2-(2-hydroxybenzoyl)pyrmole  and  2-(2-
methoxybenzoyl)pyrrole: A theoretical study. J. Phys. Org. Chem. 13(11),
1099-1106.

Grabley, S., Thiericke, R., Wink, J., Helsberg, M., Schmidt, K., Burkhardt, K., Zeeck,
A., Schneider, A. and Fiedler, H-P., 1994. DE Patent 43 03 684 Al.

Hamasaki, T., Sato, Y. and Hatsuda, Y. 1975. Structure of sydowinin A, sydowinin B,
and sydowinol, metabolites from Aspergillus sydowi. Agric. Biol. Chem.
39(12), 2341-2345.

Hayashi, A., Fujioka, S., Nukina, M., Kawano, T., Shimada, A. and Kimura, Y. 2007.
Fumiquinones A and B, nematicidal quinones produced by Aspergillus
fumigatus. Biosci. Biotechnol. Biochem. 71(7), 1697-1702.

Holker, J.S., O’Brien, E. and Simpson, T.J. 1983. The structures of some metabolites
of Penicillium diversum: a- and pB-diversonolic esters. J. Chem. Soc., Perkin

Trans. 1.7, 1365-1368.

Hutchinson, C.R., Kurobane, I., Cane, D.E., Hasler, H. and Mclnnes, A.G. 1981.
Biosynthesis of macrolide antibiotics. 4. Stereochemistry of hydrogen labeling
of brefeldin A by [2-2H3]acetate. J. Am. Chem. Soc. 103(9), 2477-24380.

Ivanova, V.B., Hoshino, Y., Yazawa, K., Ando, A., Mikami, Y., Zaki, S.M. and
Grafe, U. 2002. Isolation and stiucture elucidation of two new antibacterial
compounds produced by Chrysosporium queenslandicum. J. Antibiot. 55(10),
914-918.




483

Izumikawa, M., Nagai, A., Doi, T., Takagi, M. and Shin-ya, K, 2009. JBIR-12, a
novel antioxidative agent from Penicillium sp. NBRC 103941. J. Antibiot.
62(4), 177-180.

Jadulco, R., Brauers, G., Edrada, R.A., Ebel, R., Wray, V., Sudarsono and Proksch, P.
2002. New metabolites from sponge-derived fungi Curvularia lunata and

Cladosporium herbarum. J, Nat. Prod. 65(5), 730-733.

Jao, P., Mudur, S.V., Gloer, J.B, and Wicklow, D.T. 2007. Kipukasins, nucleoside
derivatives from Aspergillus versicolor. J. Nat. Prod. 70(8), 1308-1311.

Kai, H., Baba, M. and Okuyama, T. 2007. Two new megastigmanes from the leaves

of Cucumis sativus. Chem. Pharm, Bull. 55(1), 133-136.

Kashiwada, Y., Nonaka, G. and Nishioka, 1. 1984. Studies on thubarb (rhei rhizoma).
V. Isolation and characterization of chromone and chromanone derivatives.

Chem. Pharm. Bull, 32(9), 3493-3500.

Kikuzaki, H., Kayano, S., Fukutsuka, N., Aoki, A,, Kasamatsu, K., Yamasaki, Y.,
Mitani, T. and Nakatani, N. 2004, Abscisic acid-related compounds and
lignans in prunes (Prunus domestica L.) and their oxygen radical absorbance

capacity (ORAC). J. Agric. Food. Chem. 52(2), 344-349.

Kim, H.S., Park, 1.Y., Park, Y.J., Lee, J.H., Hong, Y.S. and Lee, J.J. 2002. A novel
dihydroxanthenone, AGI-B4 with inhibition of VEGF-induced endotheliai cell
growth. J. Antibiot. 55(7), 669-672.

Kim, J-C., Choi, G.J., Kim, H.T., Kim, H-J. and Cho, K.Y. 2000. Pathogenicity and
pyrenocine production of Curvularia inaequalis isolated from zoysia grass.
Plant Disease 84(6), 684-688.




484

Kimura, T., Takeuchi, T., Kumamoto-Yonezawa, Y., Ohashi, E., Chmori, H.,
Masutani, C., Hanaoka, F., Sugawara, F., Yoshida, H. and Mizushina, Y.
2009. Penicilliols A and B, novel inhibitors specific to mammalian Y-family

DNA polymerases. Bioorg. Med. Chem. 17(5), 1811-1816.

Kimura, Y., Tani, K., Kojima, A., Sotoma, G., Okada, K. and Shimada, A. 1996.
Cyclo-(L-tryptophyl-L-phenylalanyl), a plant growth regulator produced by
the fungus Penicillium. Phytochemistry 41(3), 665-669.

Kito, K., Ookura, R., Yoshida, S., Namikoshi, M., Ooi, T. and Kusumi, T. 2008. New
cytotoxic 14-membered macrolides from marine-derived fungus Aspergillus

ostianus, Org. Lett. 10(2), 225-228,

Kohno, J., Hiramatsu, H., Nishio, M., Sakurai, M., Okuda, T. and Komatsubara, S.
1999, Structures of TMC-120A, B and C, novel isoquinoline alkaloids from
Aspergillus ustus TC 1118. Tetrahedron 55(37), 11247-11252.

Kudo, S., Murakami, T., Miyanishi, J., Tanaka, K., Takada, N. and Hashimoto, M.
2009. Isolation and absolute stereochemistry of optically active sydonic acid
from Glonium sp. (Hysteriales, Ascomycota). Biosci. Biotechnol. Biochem.
73(1), 203-204.

Lee, J.C., Yang, X., Schwartz, M., Strobel, G. and Clardy, J. 1995. The relationship
between an endangered North American tree and an endophytic fungus. Chem.
Biol. 2(11), 721-727.

Lee, Y.M., Mansoor, T.A., Hong, J., Lee, C-O.,, Bae, K.8. and Jung, J.H. 2007.
Polyketides from a sponge-derived fungus, Aspergillus versicolor. Nat. Prod.
Res. 13(1), 90-96.




485

Li, X., Yao, Y., Zheng, Y., Satiler, L. and Lin, W, 2007. Cephalosporolides H and I,
two novel lactones from a marine-derived fungus, Penicillium sp. Arch.

Pharm. Res. 30(7), 812-815.

Li, X., Zheng, Y., Sattler, I. and Lin, W. 2006. Griseusin C, a novel quinone
derivative from a marine-derived fungus Penicillium sp. Arch. Pharm, Res.

29(11), 942-945.

Lu, Z-Y., Lin, Z-J., Wang, W-L., Du, L., Zhu, T-J., Fang, Y-C., Gu, Q-Q. and Zhu,
W-M., 2008. Citrinin dimers from the halotolerant fungus Penicillium citrinum

B-57. J. Nat. Prod. 71(4), 543-546.

Mehta, G. and Islam, K. 2004. Enantioselective total synthesis of epoxyquinone
natural products (-)-phyllostine, (+)-epoxydon, (+)-epiepoxydon and (-)-
panepophenanthrin: access to versatile chiral building blocks through
enzymatic kinetic resolution. Tetrehedron Lett. 45(41), 7683-7687.

Monde, K., Satoh, H., Nakamura, M., Tamura, M. and Takasugi, M. 1998.
Organochlorine compounds from a terrestrial higher plant: Structures and
origin of chlorinated orcinol derivatives from diseaesd bulbs of Lilium

maximowiczii. J. Nat. Prod. 61(7), 913-921.

Noda, T., Take, T., Otani, M., Miyauchi, K., Watanabe, T. and Abe, J. 1968. Structure
of bostrycin. Tetrahedron Lett, 58, 6087-6090.

Nukina, M., Sassa, T. and Ikeda, M. 1980. A new fungal morphogenic substance,
pyrenolide A from Pyrenophore teres. Tetrahedron Lett. 21(3), 301-302.

Prachya, S., Wiyakrutta, S., Sriubolmas, N., Ngamrojanavanich, N., Mahidol, C., |
Ruchirawat, S. and Kittakoop, P. 2007. Cytotoxic mycoepoxydiene derivatives
from an endophytic fungus Phomopsis sp. isolated from Hydnocarpus
anthelminthicus. Planta Medica 73(13), 1418-1420. _




486

Rasser, F., Anke, T. and Sterner, O. 2000. Secondary metabolites from a
Gloeophyllum species. Phytochemistry 54(5), 511-516.

Rukachaisirikul, V., Sommart, U., Phongpaichit, S., Sakayaroj, J. and Kirtikara, K.
2008. Metabolites from the endophytic fungus Phomopsis sp. PSU-D13.
Phytochemistry 69(3), 783-787.

Sakai, K., Satoh, Y., Doi, K. and Kitamura, K. 1998. WO Patent 9852899,

Shao, C., Wang, C., Wei, M., Gu, Y., Xia, X., She, Z. and Lin, Y. 2008. Structure
elucidation of two new xanthone derivatives from the marine fungus
Penicillium sp. (ZZF 32#) from the South China Sea. Magn. Reson. Chem.
46(11), 1066-1069.

Shibazaki, M., Yamaguchi, H., Sugawara, T., Suzuki, K. and Yamamoto, T. 2003.
Microbial glycosylation and acetylation of brefeldin A. J. Biosci. Bioeng.
96(4), 344-348.

Soman, A.G., Gloer, J.B. and Wicklow, D.T. 1999. Antifungal and antibacterial
metabolites from a sclerotium-colonizing isolate of Mortierella vinacea. J.
Nat. Prod. 62(2), 386-388.

Sommart, U., Rukachaisirikul, V., Sukpondma, Y., Phongpaichit, S., Sakayaroj, J. and
Kirtikara, K. 2008. Hydronaphthalenones and a dihydroramulosin from the
endophytic fungus PSU-N24, Chem. Pharm. Bull. 56(12), 1687-1690.

Stewart, M., Capon, R.J., White,‘ JM., Lacey, E., Tennant, S., Gill, J.H. and
Shaddock, M.P. 2004, Rugulotrosins A and B: Two new antibacterial

metabolites from an australian isolate of a Penicillium sp. J. Nat. Prod. 67(4),
728-730.




487

Stierle, A.A., Stierle, D.B. and Patacini, B. 2008. The berkeleyamides, amides from
the acid lake fungus Penicillium rubrum. J. Nat, Prod. 71(5), 856-860.

Tanaka, M., Fukushima, T., Tsujino, Y. and Fujimori, T. 1997. Nigrosporins A and B,
new phytotoxic and antibacterial metabolites produced by a fungus

Nigrospora oryzae. Biosci. Biotechnol. Biochem. 61 (11), 1848-1852.

Tanaka, T., Hatano, K., Watanabe, M. and Abbas, H.K. 1996. Isolation, purification
and identification of 2,5-anhydro-D-glucitol as a phytotoxin from Fusarium

solani. J. Nat. Toxins. 5(3), 317-329.

Teles, H.L., Silva, G.H, Castro-Gamboa, I., Bolzani, V.S., Pereira, 1.0, Costa-Neto,
C.M., Haddad, R., Eberlin, M.N., Young, M.CM. and Araujo, AR. 2005.
Benzopyrans from Curvularia sp., an endophytic furigus associated with

Ocotea corymbosa (Lauraceae). Phytochemistry 66(19), 2363-2367.

1
Todoroki, Y., Hirai, N. and Koshimizu, K. 1995. Synthesis and biological activity of
1'-deoxy-1"-fluoro-and 8'-fluoroabscisic acids. Phytochemistry 40(3), 633-641.

Todoroki, Y., Hirai, N. and Ohigashi, H. 2000. Analysis of isomerization process
of 8-hydroxyabscisic acid and its 3'-fluorinated analog in aqueous solutions.

Tetrahedron 56(12), 1649-1653.

Trisuwan, K., Rukachaisirikul, V., Sukpondma, Y., Preedanon, S., Phongpaichit, S.
and Sakayaroj, J. 2009. Pyrone derivatives from the marine-derived fungus
Nigrospora sp. PSU-F18. Phytochemisiry 70, 554-557.

Trofast, J. 1978, Chloromycorrhizinol A, a furochroman from an isolate of the roots
of Monotropa hypopitys. Phytochemistry 17(8), 1359-1361,




488

Tsuchinari, M., Shimanuki, K., Hiramatsu, F., Muratama, T., Koseki, T. and Shiono,
Y. 2007. Fusapyridons A and B, novel pyridone alkaloids from an endophytic
fungus, Fusarium sp. YG-45. Chem. Sci. 62(9), 1203-1207,

Tsuda, M., Mugishima, T., Komatsu, K., Sone, T., Tanaka, M., Mikami, Y. and
Kobayashi, J. 2003. Modiolides A and B two new 10-membered macrolides
from a marine-derived fungus. J. Nat. Prod. 66(3), 412-415.

Varma, G.B., Fatope, M.O., Marwah, R.G.,, Deadman, M.E. and Al-Rawahi, F.K.
2006. Production of phenylacetic acid derivatives and 4-epiradicinol in culture

by Curvularia lunata. Phytochemistry 67(17), 1925-1930,

Venkatasubbaiah, P., Tisserat, N.A. and Chilton, W.S. 1994, Metabolites of
Ophiosphaerella herpotricha, a cause of spring dead spot of bermudagrass.
Mycopathologia 128, 155-159.

Wei, H., Inada, H., Hayashi, A., Higashimoto, K., Pruksakorn, P., Kamada, S., Arai,
M., Ishida, S. and Kobayashi, M. 2007. Prenylterphenyllin and its dehydroxyl
analogs, new cytotoxic substances from a marine-derived fuﬁgus Aspergillus
candidus TF10. J. Antibiot. 60(9), 586-590.

Wu, S-H., Chen, Y-W., Shao, S-C., Wang, L-D., Yu, Y., Li, Z-Y., Yang, L-Y., Li,
S-L. and Huang, R. 2009. Two new solanapyrone analogs from the endophytic
fungus Nigrospora sp. YB-141 of Azadirachta indica. Chem, Biodivers, 6(1),
79-85.

Xia, X.-K., Huang, H.-R., She, Z.-G., Shao, C.-L., Liu, F., Cai, X.-L., Vrijmoed,
L.L.P. and Lin, Y.-C. 2007. Spectral assignments and reference data 'H and
3¢ NMR assignments for five anthraquinones from the mangrove endophytic
fungus Halorosellinia sp. (No. 1403). Magn. Reson. Chem. 45(11), 1006-
10009.




489

Yamazaki, H., Kobayashi, K., Matsuda, D., Nonaka, K., Masuma, R., Omura, S. and
Tomoda, H. 2009. Pentacecilides, new inhibitors of lipid droplet formation in
mouse macrophages, produced by Penicillium cecidicola FKI-3765-1: L
Taxonomy, fermentation, isolation and biological properties. J. Antibiot,

62(4), 195-200.

Yamazaki, M. and Okuyama, E. 1980. Isolation and structures of oxaphenalenone
dimmers from Talaromyces bacillosporus. Chem. Pharm. Bull. 28(12), 3649-
3655

Yang, J-G. and Pan, F-Y. 2007. New 3-[(4-Hydroxy-6-methyl-2(J H)-pyridinones)-3-
yl]-4-substitued-(1H)-1,2,4-triazole-5-thiones:  Efficient ~synthesis, X-ray
crystallographic analysis, and antitumor activity. Lett. Org. Chem. 4, 137-141.

Yang, S-W., Chan, T-M., Terracciano, J., Loebenberg, D., Patel, M., Gullo, V. and
Chu, M. 2006. A new 5-alkenylresorcinol Sch 725681 from Aspergillus sp. J.
Antibiot. 59(3), 190-192,

Yang, Z-C., Jiang, X-B., Wang, Z-M. and Zhou, W-S. 1997. Total syntheses of (+)-
asperlin, (+)-acetylphomalactone and (5S,65,7R,85)-asperlin based on the
kinetic resolution of 2-furylmethanols. J. Chem. Soc., Perkin Trans. 1. 3, 317-
321.

Yuan, W., Zhu, H., Cheng, K., Huang, Z., Qin, Y., Yang, J. and Zhu, P. 2006. A
novel butenoate derivative from Aspergillus niger. Nat. Prod. Res. 20(6), 573~
577.

Zhang, H-W., Cheng, H-M., Fang, H., Zhao, Y-F. and Fang, M-J. 2009. A new
compound, brefeldin A formylate, from Penicillium sp. strain HLKG-44. J.
Asian Nat, Prod. Res. 11(1), 54-57.




490

Zhang, Y., Ling, S., Fang, Y., Zhu, T., Gu, Q. and Zhu, W-M. 2008. Isolation,
structure elucidation, and antimycobacterial properties of dimeric naphtho-y-
pyrones from the marine-derived fungus Aspergillus carbonarius, Chem.

Biodivers. 5(1), 93-100.




APPENDIX

491




492

9p-suoyaoe ur T3 punodwod Jo umnoads YN O g ZHN SLSUL T AInsiy

L P 5 Pl 1 il

waacicl (=3 o o o oy L= 1] L oo [=1-1 L=l=1 5 -5 5 e o [+ o Ox - ORE | Co. [=.= ] (o[- 1 oo QLI oI
f A P i 1 L. 1 N X 1 1 1 M

f N f A 1!

. . . " " " PRSP F— o PP

e S S _ ‘

Sp-auojeve Wl Ty punoduwiod Jo umnoads YIAN H, ZHIW 00¢ YL T 2mSiy

wadd (o 8 E= ol B oz o= o°T b o'r o°r o s |79 QD E= e ] L=
1 L I 1 1 s 1 t

I L 1




493

QOO ur 7 punodwos 3o wmnuoads YAN D, ZHW S 9YL b 203y

uached L4 3 o L2 > ot o5 oD OL o oo Ok Ok L o.m [ 3 om [ 3 o.-.u- = QM = ﬂ-ﬂ— = oL O L L1414 (=12 oL QR
f Py " 3. 1 N X 1 n

il A 5. » 1 N 1 M N

QOED Ut 731 Prmodos Jo wmnoads YN H, ZH 00€ oYL € 2.m31q

sl OO E e L=l = e ot k=t [« +3 - ot e oS - o = L= L O
P L L n i L A I . . L I " N » L A i

jj ey "




494

dOED+I0aD W €31 punodos jo wnnoeds YN O, ZEIAl SZ YL 9 dmSry

_.
!
|
AOSAD+IOAD W €3] punodmoo Jo wmnosds YINN H, ZHIN 00€ 2L § a1y

- (=0 5 - e o b o S ST (=% =y O Ear oD =D oL =L (o §
i 1 L L L 1 . L A . . 1 " 1 ‘ .

T T [ B




495

9p-ou03e0e Ul H3 Punodwod Jo wnnseds YAIN O ZHIN ST1 oY § 24n31y

LEEL= - ] ox o o oo oo L, oo E=1-3 L=0=3 [=27% [~ 9 DTL Ootrl L= L= -3 [= %% O Ok L
! ’ 1 i M n L N X i n N A i L a 2

P N o . e e -

™ T~ T T

9p-3U01e0E Ul 3] punodwod Jo wmnosds WIAN H, ZHIN 00 JYL £ 2An3tg

it =m0 L= 0 =k o= E—ar 4 0.-.-" n.-.n 0”‘. u....-\ Qﬂu L= % N [ <] =0
M L i M 1 i 1, A

L T

AT AR




496

8.0 2020 4200
400

850

3510
aso

3230

284.C

2789
| | 285.0

a

ko)

2

qt g)

o /% |%®
%8 |8
N=h 18

R TE|B
§—3 |§
N o . - [-}]
o & 5
& E
B

=

1489

129.0

111.0

o

97.0

e
A$|

710

élliiéll-'lé'iflé‘l’l]él|['éi|||é‘|||l§iil'é]iilél[rlélllféiffléllli&lliiéill|§TT"‘lé”l|é‘|l|é|'l‘|'}’]!'|lé
B S . eouppunqy oerey




497

9p-au0laoe UuI &) vadomﬁmo Jo wmnoads YN O, ZHN $Z1 YL 1T 2amS1g

5 " » Iy 1 i

o o0 (=~ 23 ok O [+ 4 & On.‘—. o o5 - QL) Ok Lre-2 2 [+le -3
5 i N i 2 X 1 A 1
" Y
ﬂ.. y "

) e Al b " . y " ’

9p-au0)ade Ul ¢y punodurod 3o umioads WAN H; ZHI 00S 941, 0T 2an31q

WA oo L+ ol B} L= 1l 2 ot k=~ ar OHH ﬂ”.ﬂ o u”.‘ O~ ul_u =, L=« § b= o'
i M 1 A A A, A M A 1 1 A 1

PR T




498

93] punodwod jo wmnoads ssewr sy [ 7] 2ansiy

ZAda, ; - _
erﬂr . .8N . O@N O.VN ON.N_ ) OQP O@r ortL ozL 001 o8
I -, - MDA § -- M . -. :—— ——_—- ——- —m.- _._“q_ ! | | _:ﬂ. Jere .H ) I S tr -1 .-- 0
gcez 68T o wmw S o €L2 geoz _ i ___ I __ﬁ___ﬁ__ UL u_ (8 _____ ____h._ Ii ﬁ__
8 r : ) : s
&'erl a
w N-P mi v ) mla F
6421 .
eIz oo 608
&'95T -
[ SR 60LE -
- 3=-1% >
6Z6
S
6'CLL 09
9
L
7]
6°2€1L
6021
6

856

QOUBPUNAY BATEIRY




499

Fp-ou03098 UL 93 pumoduwioo Jo umnoads YN O, ZHN S 941 $1 sImS1y

l.whﬂ&ﬂu ﬂv. - o.ﬂ A.U.ﬂu o..!. Av.a_ nv.n o_h HV—A“ o.n OA.V = L =] “l - °ﬂ - o.ﬂ - 04 [ om [ j = OQ.ﬂ - odf 01.-. OA.V“
7
9p-suciooe ut 93 punodwos Jo wmnoads YN H, ZHIW 00€ YL €1 2aad1g




500

L3 punoduros yo umnoads ssew sy, T oamSLy

zZpu

oK

oSy oor .-
n.._.‘m..n.f- 1 1 i ! -
TLerr LEEP L gLie
L
. pole 51>

868¢C

m.mww.

oESE

L€

3—“ 1 2 .. L 1 .
Toses Tobie
" esze

g_w_w_ oy

0sT o0z - ost -
. G.NG_N. 8201
. : 1 et
1 eeez )
&'9Fe .
&'10z &opL
oerl
6'SSL

822

| ozt |

o'tz
oSG 016

0°69

SUBPUIY dAReii




501

9p-su01ae ul LY punodwos Jo umnoads AN D¢y ZHN STT YL LY a3y

wackcl o
x X

o o O oSy Qo nv-Ln. o o L=_=] N Ok oT . [~ =4 N orL O‘M [ oORL o.m!r. oﬂnv_- ﬂv.ﬂ LB VO [=2 -4 [~ L3
s i f i 1 2 n 2 s r 1 L M M . Y

-;.ﬂ.?w l_q:sr, s r-iéiil

9p-au03eoe Ul L3 punoduiod Jo wnxnoads YN H; ZHN 005 SUL, 9T dIn3Ly

wecid o
L

5T oE STE
2 2

o9 =49 oL STL
1 1 ]

S S ARG

(2 E-ala ) Lo 2 B ="k otz
L} 1 ) 3 1




502

§3 punodwos Jo umnoads ssewr Sy | gy 91nS1y

oy aum_ BRI SR I I LI T R I
ik w .u-. : ..‘_.q.m:.-....—u i

ey, ESTEIT TTt 4 arTasta] *
Chce st} - Ehw givgsyirbeTsgss « 3. b
TEHHEN B Pt 4
HHIHH -nwum r__m ]
I 1§ IRt ¥ :
: m i il i HE
. um : ;
m { . )

L. | oo

L=~

. oS Esura cOL

.

_ TR .mﬁm“w.p | i H
i1 § R URE P

P et ity ey

-3ig ] (Vi ;
, | =-nd 4ﬂtﬂh\ . ﬁn

) Aamw...ﬁ.m-.r.

1 . . E- T

aE S .4

meg

T

ilmrl?lé|ziw:. §

n'né

T

mwmé

0

m

|

g il IHLI

tHil

i HHL
é o o é NN

|
0
0
F

T I
b0 ﬁ-
-mwm.é‘vrv-i%ww

L

_'.eouepunqva}\na;eg |




503

0aD w 83 punodwoo yo umnoads YN I, ZHIN ST1 SYL 07 24814

aasclch oL
¢ s

Av.ﬂw o_o f=1=1 3 L-2 8 oz oT L
n N 2 i

o oL
éé1 et _1_.;

oz L+ = ob O
5 A i
an

L3 o
1

wxschcl

1000 w 83 punoduwos jo wmnoads YNN H, ZHA 00 YL 61 2-mS1y

=70 oL = oz 2=
L 5 i ! 2

L= 4
N .

" I

T

T T 7




504

f[OQD U 631 punodwos 10 umnoads YAN O, ZHI SL UL 72 9anSiy

uadial O o= o ke d oS oD QL o o% oOL Ok K he -~} Ok ok
i i 3

) 1 3. 1 3. L 2 Il 1 I 1 I

o= Do oL L
1

1000 W 63 punodwoo jo wmnoads YN H, ZHIN 00€ 29U 17 2anSiy

ot = o b=l L=t ko~ o e = [k n”.nv o =0 oL =
A 1 X 1 " . 1 2 . X L L 1 -

ﬂ ﬁ — éwu J%one =




505

Sp-auoyeoe U O3] punodwod Jo wnnoads YN O ¢1 ZHIAL ST1 Y1 $7 21031

E.n_nn Qf QN Oﬂ Q.V. oah Oﬂ oL oB o0& Q0L Ok Lk oz
] A L 3 1 4 1, 1L 1 1 i 1 1

OmuF oL O%} QDL oL
1 1

1

- q JJ% o I LT — T T

?P-3u01e0e Ul 3 pumodwoo yo wnnoeds YAN H, ZHIN 00S UL £7 2anS1g

wactad f= v} [-L8 N E=hl N ot o o..n u...n b”‘ ﬂ-”.n._ = o0 oo
L 1 % L N % \

) ~ r . r ¥




506

QO AD+1DaD Ut T3 punoduroo yo wmnoads AN I, ZHIN 71 941 97 2amsty

el oL oxr o o on o oL, AV_AN O OO - Ou.. - orl L=2 =% % L= g4 LT b [=3-J 3 p=r-4 O
2. . A i il L i 1 f i L Y 5 L X A 1

A ot gy

oo o»....vﬁ L=J m.“ ooE
N A

QO*@O+10aD W 13 punoduos yo umpoads WAN H, ZHIN 00 SY1, SZ 2ImS1y

ket o0 L=2 5} = o o= (=2 1 = e = L=da 4 = o= = oD
L i 3 1 L )\ " 3 i 1 4 1 A

SO - — ~ o




507

D U 1Y punodwos 3o wnnoads AN O, ZHN SL 941 8T Sty

wacid o= o L= 4 oo oD oudL o (o) - o0 Ol OZ L. oM otk o= L L=~ 3 oL L oL L= -4 3 OO [+ B3
N 5 N 1 a L L X X 3. A 5 x A L n Y i X 2 L

I

€000 Ut I punodmod Jo umnoads YN H; ZHIN 00€ YL LT 3In3Ly

widd kL = £ L ) 2 £ = (-2 (=1 8 L 4 ek
L ! 2 . 2 . 2

N
L




508

%p-auogede Ut €3 punodwos yo wngseds YN O, ZEIAl SL 941 0 2mS1y

wasclat Ok o os ot oD oD L oo o Oﬁ.v L oL o oRs O o= - oo .
. 1 N L f x "

1 L I X A 1 i , ., 1
forl Lk Fi o ket " e 2 ola e aaanas s ud Jaad "y et At i Lot 2 Lo dn oo At A APy Jron (oo "
%j ﬁ e b sl x> " Wiy Ganen T y iy ST — SV v ‘._q -

Pp-sujave Ut €13 punodwos jo umnoads YNN H, ZHIN 00€ 9YL 67 danS1g

waciad =0 [0l B E—adl ot k- o' a5 oD k=] oL L o s =
A x " 5 " 1, a A 1 " L .

TS e




509

f0a0 ut pT3] punodwos Jo wmnoads YAIN D, ZHI SZ SU, 7€ Sty

wackch (-1 ox oT op o.ﬁ o.o Av.‘h Av_n om AU&F °-.1.-_. (=45 o.n.N- °1F [ 2-1 % Lec-2 L= >4 1 O Oy
b i 1 i 1 A A I Fl L 2 1.

DD W $T3 punoduwroo yo umnoads YAN H, ZHN 00€ SY1 1€ 2an31g

Ll T ] - [ = LA =4 -
" 3, i A n 2

F3 = <
L N H

i
-

MRS N ST




510

ST punoduros Jo winnoads ssew 2], £¢ Sy

. =00
oos oSz . 00z oS L 0oL
1 1 .
T i _Es___w_w___hz__* TR | “ | T __“_
! . . 3 it
g 8L : .
esosz ||’ J
8 6 90 .
] &'zpz Gé'sol
& 08E : | 9Pz :
8 LLE 6 LLZ
s oL L
& ESL L@ i 5=
T OSOL
&g
oLt
Lo 2l M )
L
&6 Zst

- 67'6eg

o N N -

EPAGY SAErRY

2|

@0 0 0o MNOO WY

Q
)
P




511

TOAD U1 ST punodwos Jo wmnoads WNN D, ZHIN SZ 941 ¢ 24081

raschcl oL oz ocT oy oo oD oL o% oe (=13 3 QL 0OZL otk
1 1 2 L r L 1 X N A X A 1 2

orL . owr oL oL oL oG
I 1 2 1 I

100D ut ST punodwioo yo wnnoads AN H, ZHIN 00€ SUL p€ oSy

naaaiol [N = = > = k- 5 = L3 oL
. X i 2 1 N h L A

,._ -




512

9T punodmios Jo wmnoeds Ssew o4 | 9¢ 2AnS1y

Zran

osSe (s 1o ;O oSz o0

i .A._.. __ 0 ™ .ﬁ_ . _ ! m_.. 3 o PR

dage g gt el

Ol

St
a Ltz 8961 S'E51
8GLE : oz

2oz . <

o

89S
O

800t
S

0SS

2'ILe o6

SO

0L
2'Let . SL

082

DS

&'60L 001

BUBPUNGY SATEIY




513

00 ut 913 punodwoo yo wrnnoads WAIN O, ZHI $L YL 8¢ dIn3ry

wacicl [-1% oz o T ow ow oD oL o oo [-1-3 9 oL oZrL ot orL oD oDr oL OB oaL
1 ' L i 1 L A ue 'l L A K 'S 1 i 4 L A, A, A L

SO0 ur 913 punodwoo o umnoads YN H, ZHIA 00€ SYL L€ 2an31y

saachcd =
) i

- £ - - oK (5 3
P X X M L N

i =7 Y =




514

LT punodwos o umnoads ssewt 8] ¢ 2anS1g

ose oog

1 1 L

A B | Lt H —h_ ; _ f _:_ _ _
6882 _
6'GreE

6408 gprz
eLFE | g'ozc
88le
g'are

O.WN

A ﬁ:__ L

67962

Znu

8'5ee

&' Lre

o0z

&6'961

6 cHL

6°L8

g'col

001
T
e
|
| _
o‘tet | .
guLeL
629
66ct 0oL 046
6 LY

6601

0z

Ot

gouepuRQY eAjeRY




515

§0QD W LI punodwoo 30 wnnoads YWAN O, ZHN L 94L T 2mB1y

oT

oy o O.W oL og o6 [e1e] 0 OLL oz (o] 4 orL
) 1 L ] 1 L 1 ] 1 1
A, YR

e i

-+
4
E
——

wacid oL or
1

e j_ =_

<~|_‘ it 1.._..1.—,‘.. ._:14 i %éé

S0 w LYY punoduros jo wnnosds YN H, ZHI 00€ 941 0F 21m31y

ol

T j 2 v




516

8T punodwos Jo umnoads ssew o4, 7 2I031y

=z

OO

ST LD L

F .

=y — g

HUERAY oM




517

0D W 8131 punodwo o umnoads YAN O, ZHIA SL YL tb omSig

LTTL- L= (=1 oz oo o ow o OL hv_‘ o OA.v i oL L or oEk ol OSL oD L
N n L i N i N A N 1 1 i i .. L

QLL

f0ad u 813 punodwos yo waxnads YN H, ZHIW 00€ UL £F dmB1y

wicdd o 0 = 0 - k-t N ot T o' n“.ﬂ O~ ot o ”ﬂu o.;e eue oL L
1 1 1 z I L 2 1 A

e T T T




518

JOaD+420D ut ¢T3 punodwod Jo wmnoads YAN O, ZHI SL SUL 9¥ danSty

wurclcl oL oz o o o oD oL o oG QoL ok oz Lt ~1 3 orL o9k Lo -1 0 oLl
3 1 H Il 1 1 L L

r i f ' 1 f f : f L

dOaD+I0QD W 6T punodwod yo umnoads YJAN H; ZHI 00€ SYL S o431y

wiscicr oo o o o
\ ; .

ot E a3 ore o (=2 -t oD 2 oD E - oL,
1 " " 5 . " i iy z 1 x 3
M . \\I\% Y g ﬁlill
~
4




519

100D w1 0731 punodurod yo umnoads YN O, ZHW SL UL 8 oInS1y

wsciel Oor o ot or o9 o9 oL os L+ L3 OO0k oLk oxe OoTk oty ok ODL OLE Ok
1 X T 1 I 2

\ N 1 4 X n 1 A 1 | L 1 X

T , 7

f[00 w ¢T3 punodwod Jo umnosds YN H, ZHIA 00€ 941 Ly 21081y

[YIl-1.] oo - L nﬂ-‘ QT ‘.l" °”n u”n OM‘ ‘”'. L -0 -4 L - - [0 -
L L 2 a Pl A




520

100D W 123 punodmos jo mnnoads YN D¢, ZEIA SL SYL 0§ 2nS1y

wacicl o oz oT or os o oL o.ﬂ nu_ﬂ ook OoLE —U‘.NF 0__0—. Av*.-., U%F Auw'_—. oL oL
N i n x 1 h 1 1 1 x X H

€[00 U 173 punoduos Jo wmnosds YIAN H, ZHIA 00€ 941 6% Sy

wrdtd oo o oL - e i o's e o |- o it oD - oL =L
P 'y " . . L s L L f L

H \ Yy




521

S0 Wt T3 punodwod o wmnoads WAIN D¢, ZHIN SL UL 7§ 231y

waclct oL ox oT o o9 oD oL on o8 Ol Okk [-F4 5 oTi orL oL oL
1 k] 'l 1 . 1 ). 1 1 1 I L 3 I i ') L

T T I , | ﬁ —

0D W 77y punodwod yo wmnoads YWAN H, ZHIA 00€ YL LS 24031

uadd oo -0 [ g 4 =04 1 oz - a4 o k-t~ o'y m-“Q oS - - oS o oL L
1 z 1 1 1 L 1 i i 1 1 . 1 1 1 i L

I e T




522

€731 punodwos jo wmgosds ssew 9y ¢ omJry

Z/t . .
ose 0oe _ ., osz _ ooz ostL ool
1 L P FURWE BT FTTTE T FUEWE FNEEN FUR S SRS JUUTS P PPN ) PP e 1. s NN BT §
o~ A = o ol "} L o v Laty LU i " R ML b
LZPE L'OEE ZBig G — P __ Ji m___ :___ _=
m.NuL g'ove 581 ’
0's6 o°#9
6'gc1L
oOvyZi
67192

ozt

09

QL

BOUBPUNGY DAY




523

QOAD+EIDAD Ul €731 punodmod o wmnosds JYAN g, ZHA SL SYL §S 2In31g

wacick o s} ot o9 oD ouxL o 0.0 L 3 ;
N ™ —an s b,

Vb a e sk 1 'l L . DIy

oo oLL [=F~3 5 o%k Ls o 4 oo Ol oL
1 . ’ i
as

1
Aieruds -

= m——. I e B e T e

AOtAD+EDAD Ut £ punodwod yo umnoads YN H, ZHIA 00€ SYL S 21m31g

wanadad o o [ - =] O =i
1 L 1 '

|




524

$Z31 punoduaos yo wmaoads ssew sy [, 95 sangy

-

- — %

=S R ——a R Ty 2

-
——

= n

Lo daul = ==

EFEEEF S 28:

AT T =T




525

0D U1 23] punodiod Jo wmnoads YAIN D, ZHIN §TT SYL 86 danSty

ucld Ok oz O o o oD QL on on [+1+1 5 Okl [e>-4 5 oTk otrL (=2~ ] 8 oDt .Un_n. | [=1-2 N Oﬂ 1 0@" =] J‘ﬁ oZx
X N L 2 L Tsra

ry X

ey ad b PR PP REPIIYRTPUN ST Y " ety Sk ovy }

.. . . " A et bt
PR b gl ey AN ﬁ— b iy :.:.i..li: ..jr{.‘i krigfof s ey i L " %‘J}.;.}li

0a0 ul $Z31 punodwoo Jo wnnoads WAN H, ZHIN 00§ YL LS 9anS1g

wscicl o O B0 L= =T otz o= nv“n u“ﬂ oﬂ'. .”n_ o uno ' OTﬁ =L
x X i A i




526

0D w §7 punodwod o wnnoads JAN O, ZHW §Z UL 09 2mS1g

wadd oL oz o ot os o9 oL o os OoL oL L oz o%L oL OSk Rel-18 oL
N N L It :

I L Il i 1 1 M X

B S —" _ LjJ_ :

:4_ 4._4.1 > ..}_ hap - nlf’lﬂ.&l\iJ_ .... " ,_3,4 ey

0D W ST punoduwros 3o wnuosds WAN H, ZHIN 00€ UL 6§ 2InSL]

ascicd oo o0 nv..cn. nl_ [ = b -4 ﬁun“ OL-..H E= A -4 o k=i oﬂnn = oD =" oL L
L " " 2 M

n n 1 L A L

AT e




527

SP-OSING W 97 punoduod o wnnoads WIAN O, ZHIAL SL SYL 79 2InSty

[TT2-1-% o.-. [ - o..-.rl o-'. o.ﬂ o.a ﬂ'..h o-n n.a o.o-_.. o mt [ 3 o.“ | 9 Q.n 1 3 owr j [ 33 o.u.VIl o*,f
*P-OSINA Ut 9731 pumodmos jo wmoads AN H, ZHIN 00€ 24 19 2anSig

i




528

AOAD+DAD vt LT punodwos yo wmnnoads YINN O¢; ZHIN SL 4L #9 2an31g

Eﬁnn ON Aun O‘ s ou o.h 0“ o@ °°F OW.-.. OH-: Oﬂ- oo.vn. U.W-.. cn.v-. OLE ozl °4uv 00X oLz
1 J, I3 1 A L ' L L. A X A 1 A L ]

T T T

QOAD+IDAD wt LTH punoditos yo umnoads WAN H, ZHIN 00€ 941, £9 2an31y

waalal  gor g - ad : otE -r OHH ‘nﬂ
A Py L i

AR




529

873 punodwod jo umxoads ssew S, §9 2andig

oyt o
.. 08T - 00z o5t oot
N _ s n i

asl b
.__ i __ i _
902 . 6981 6021 mh.v-.v 048
6102 'epeL o6zt oes

B'ELZ @ _ . &gl o'cL

6'00E

at
sl

FOore

ST

6°661

oL
11
0z

oSG
DO

0L

=12
06
56
001

BUBPUNTY BAREIOY




530

000 ut 8731 punoduros Jo wnroeds YAIN O, ZHIN S 9UL L9 2mSig

aancich ok oz o or oD nv»e oL u.‘ Av.' °-.U- oL O -Uﬁ.uun oW Lt g °-°- oL ok
1 1 1 x L N A 'Y X X 2 n P

f000 w873 punodwod yo wnnoads YAN H, ZHIN 00§ 91 99 2m3Ly

aacicl - L2 B E- g 0 oz .‘”“ ot L = L 4 .‘H.‘ o= _‘M‘ ﬂ-.i‘ o= O L, 2L o's
M 2 ) i 1 I . A A 2 L 3 3.

Yy oy T r




531

174
L8y SESY &

ooy

Fr SEZP Ly PPEE

6731 pumodwros Jo wmnoads sseur oy 1, §9 2anS1y

Za
0oe

868 |
99z

05¢
BI0E 6LvE 206C

:3:7kA

052

8092

g'sFe

0oL

00z 08
DL LA 4 _
. g20z fll 5L | gap, 68 608 geg 032
BT ggrz 81T 6PLL
o808t
8'6aT
8881l

evre

01

n

SOUBPINQY eARBiRY

0L

0B

0oL !




532

1000 U 673 punoduwos 30 wmnoads YN g, ZHIN ST1 941 0L 2anS1g

wached oL oz O.ﬂ O“‘ - O_“ O.nv 0_.P O.ﬂ O.Aw °n... | 5 nvm. [ 3 Omhn. Q% | B O.W‘-.. O;ﬂl 13 O_.u L Ok.. [
v L .:_.l.._ nﬁ s rl.# _.._..r. _nhq........ﬁ et e _.s a.r._. Pelrsmrtbidinh vt :...:_.... ».—p..vri.:...... .:.1.urrw;..r-F._.,—.L.ﬂ_ Roarihitprbandving J_‘w S ot nit
00D W 6731 punodwos yo wmnosds YN H, ZHW 00S UL 69 21031
wascicl oD =" 0“ = nu... = OHnu aw”“ OHﬂ nt.ﬂ ﬁv”e. nu.__.-\ ouau n”n 0”0 uuue ou.h_ n”\l ,
T

(A

|




B

L

'260.8
o

25
1

244.8
X .:. 1.l||' fed
240

234.8
l‘lh'l

25

219.8

l:d\l sl
LI
220

.

Lisyndull
I
200

B | 217.8

204.8
lj,QQ

1898

188.8

175.8

161.8

,.._,,u{ bl .,L

133.9
9

1

T AL

114.9

MLhMNMmMm

I\
B8O

76.9
I t[hl

T1.0

Tllllll

é!mélmé””fl.?lmgmé!m,"imIélméml}l;”Hém%n“é”“g}m
i SEPUNGY dMBiRY

lél H Iél.l !‘Iél il lé[ th [éll 1 [J’I [TFO

533

Figure 71 The mass spectrum of compound K30
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Figure 77 The mass spectrum of compound K32
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Figure 89 The mass spectrum of compound K36
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Figure 126 The mass spectrum of compound K53
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Figure 153 The mass spectrum of compound K64
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