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ABSTRACT

This work involved chemical investigation of the ethyl acetate extracts
from the culture broth and/or mycelia of five endophytic fungi, Phomopsis sp. PSU-
AS6, Xylaria sp. PSU-DI14 and PSU-D65S, Eutypella scoparia PSU-D44, and
Botryosphaeria mamane PSU-M76, together with two wood-decayed fungi: Lachnum
sp. BCC 2424 and Xylaria sp. BCC 9653. Each extract was subjected to various .
chromatographic techniques. Several types of compounds were isolated as follow.

e Four new (N2, N5, N6 and N7) and three known (N1, N3 and N4) compounds
were isolated from the broth extract of Eutypella scoparia PSU-D44,

¢ Five new compounds (N9-N13) were isolated along with one known compound
(N8) from the broth extract of Lachnum sp. BCC 2424, Compounds N9, N11 and
N13 were also obtained from the mycelial extract.

¢ One new compound (N19) was isolated together with six known compounds
(N14-N18 and N20) from the broth extract of Botryosphaeria mamane PSU-MT6,
One additional known compound (N17) was obtained from the mycelial extract.

¢ One new compound. (N26) was obtained along with seven known compounds
(N21-N25, N27 and N28) from the broth exiract of Xylaria sp. BCC 9653 while
four additional known compounds (N29-N32) were isolated from the mycelial
exiract.

o Two new (N34 and N35) and two known (N33 and N36) compounds were
isolated from the broth extract of Xylaria sp. PSU-D14.
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e Two known compounds (N37 and N38) were obtained from the broth extract of

Xylaria sp. PSU-D65.
e Five known compounds (N39-N43) were isolated from the broth extract of
Phomapsis sp. PSU-AS56.
" The structures were identified by analysis of spectroscopic data,
especially 1D and 2D NMR data, and comparison of the NMR data with those

reported in the literatures.
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THE RELEVANCE OF THE RESEARCH WORK TO THAILAND

Health problems caused by drug-resistant bacteria and fungi are
incr.easing.in rhény phrté o.f”thé .word i.m.:lﬁding. Thailand. An intensive search for
newer and more effective antimicrobial agents and other bioactive compounds is
needed. The culture extracts of the endophytic fungi: Phomopsis sp. PSU-AS6,
Xylaria sp. PSU-D14 and PSU-D6S, Eutypella scoparia PSU-D44 and Botryosphaeria
mamane PSU-M76 showed interesting biological activities while those of the wood-
decayed fungi: Lachnum sp. BCC 2424 and Xylaria sp. BCC 9653 displayed
interesting 'H NMR spectral data, We were interested in searching for bioactive
metabolites from these culture extracts with the hope that new compounds with
significant biological activities will be isolated. Forty three compounds including

thirteen new ones have been isolated from these fungi,
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PART 1

CHEMICAL CONSTITUENTS FROM THE ENDOPHY TIC FUNGUS
EUTYPELLA SCOPARIA PSU-D44




CHAPTER 1.1
INTRODUCTION

| 1...1.1 Intr(.).duct.i.on

In the course of our ongoing search for antimicrobial substances from
plants and endophytic fungi, the ethyl acetate extract from the culture broth of the
endophytic fungus Futypella scoparia PSU-D44 exhibited antibacterial and antifungal
activities against S. awreus ATCC 25923 and Microsporum gypseum SH-MU-4,
respectively, with an equal MIC value of 500 pg/ml,

The endophytic fungus E. scoparia PSU-D44 was isolated from the
leaves of Garcinia dulcis, collected in Songkhla Province, Thailand, in 2005. This
fungus was deposited as PSU-D44 at the Department of Microbiology, Faculty of
Science, Prince of Songkla University. Chemical investigation of the genus Eufypella

has never been reported according to information from SciFinder Scholar database.




CHAPTER 1.2
EXPERIMENTAL

" 1.2.1 Chemicals and instruments

Melting points were recorded in °C and were measured on an
electrothermal melting point apparatus (Electrothermal 9100). Infrared spectra (IR)
were determined as neat on a Perkin Elmer 783 FTS165 FT-IR spectrometer.
Ultraviolet (UV) absorption spectra were determined in methanol solution on a
SHIMADZU UV-160A spectrophotometer. 'H and *C NMR spectra were recorded
on 300 or 500 MHz Bruker FINMR Ultra Shield™ spectrometer in
deuterochloroform solution, unless otherwise stated, with tetramethylsilane (TMS) as
internal standard. Mass spectra were obtained on a MAT 95 XL mass spectrometer
(Thermofinnigan). Optical rotations were measured in methanol solution on a JASCO
P-1020 polarimeter. Solvents for extraction and chromatography were distilled at their
boiling point ranges prior to use except for light petroleum, chloroform, ethyl acetate
and ethanol which were analytical grade reagent, Thin-layer chromatography (TLC)
and precoated TLC were performed on silica gel 60 GFpsq (Merck). Column
chromatography (CC) was carried out on silica gel (Merck) type 100 (70-230 Mesh
ASTM), reverse phase silica gel C-18 or Sephadex LH20.

1.2.2 Fermentation and extraction

The culture of the fungus Eutypella scoparia PSU-D44 (5 L) was
filtered to separate into the filtrate and wet mycelia, The filtrate was extracted three
times with an equal volume of EtOAc (300 ml). The EtOAc layer was dried over
anhydrous Na»SO4 and evaporated to dryness under reduced pressure to afford a
brown gum (212.1 mg). Because of low quantity of wet mycelia, it was not further

investigated.




1.2.3 Purification of the broth extract

The ethyl acetate extract of the culture filtrate showed many UV-active
spots on normal phase TLC with 30% ethyl acetate in light petroleum as a mobile
| ph.ase' 2 rﬁns). Furﬂier Sépdraﬁbn waé per”forn.led b.y col.u.nm.chroma.togr.aphy. oifér
silica gel using a gradient system of ethyl acetate-light petroleum followed by a
gradient system of methanol-ethyl acetate. All fractions were examined by TLC,
combined on the basis of their chromatogram characteristics and then evaporated to

dryness under reduced pressure to afford eight fractions, as shown in Table 1.

Table 1 Fractions obtained from the broth extract by column chromatography over

silica gel
[Fraction Eluent Weight (mg) | Physical appearance
100% Light petroleum - ) )
) Orange gum mixed with
A 30% EtOAc/Light 14,3 )
orange solid
petroleum
40% EtOAc/Light . .
B 20.5 White solid
petroleum
40% EtOAc/Light .
C 11.2 Yellow solid
petroleum
50% EtOAc/Light
D 5.5 Yellow gum
petroleum -
B 50-70% EtOAc/Light 385 Brown-orange gum
petroleum ' mixed with orange solid
70% EtOAc/Light .
F 3.0 Orange solid
petroleum - 100% EtOAc
G 100% EtOAc - 53.3 Brown-orange gum
5% MeOH/EtOAc ' mixed with orange solid
10% MeOH/EtOAc - '
H 22.7 Dark-brown gum
100% MeOH




Fraction A demonstrated two UV-active spots on normal phase TLC with the Ry

values of 0.20 and 0.33 using 100% dichloromethane as a mobile phase. It was

separated by precoated TLC using 100% dichloromethane as a mobiie phase (2 runs)

to give two bands.

Band 1 (N1) was obtained as a colorless gum (3.7 mg). Its

chromatogram displayed one major UV-active spot on normal phase TLC with the R

value of 0.30 using 100% dichloromethane as a mobile phase.

[ 05]1)29

UV(MeOH) Anax hm (log &)

FT-IR (neat) vem.1

'"HNMR (CDCly) (6 ppm)
(300 MHz)

13C NMR (CDCls) (8 ppm)
(125 MHz)

DEPT (135°) (CDCly) CH :
CHz .
CH;:

EIMS m/z (% relative intensity):

+91.82 (c = 0.048, EtOH)

217 (3.55), 269 (3.24), 317 (3.04)

3431 (O-H stretching), 1683 (C=0 stretching)
11.30 (s, 1H), 6.44 (s, 1H), 5.09 (dd, J = 2.1,
0.6 Hz, 1H), 4.96 (dd, J=2.1, 0.6 Hz, 1H), 3.87
(s, 3H), 2.39 (s, 3H), 1.75 (s, 3H)

166.41, 165.76, 163.17, 160.58, 142,33, 116,40,
98.52, 98.16, 95.45, 72.07, 55.96, 28.98, 11.95
98.52

95.45

55.96,28.98, 11.95

1250 (18), 232 (5), 207 (100), 193 (14), 69 (13)

Band 2 (N2) was obtained as a white solid (4.4 mg), melting at 215.2-

216.0 °C. Its chromatogram showed one UV-active spot on normal phase TLC with

the R¢ value of 0,13 using 100% dichloromethane as a mobile phase.

[an?

UV(McOH) Anex nit (log &)

FT-IR (neat) vy

'"H NMR (CDCl3) (8 ppm)
(300 MHz)

+57.42 (¢ = 1.00, MeOH)

207 (3.17), 231 (3.31)

3394 (O-H stretching), 1701 (C=0 stretching)
6.79 (d, J= 1.5 Hz, 1H), 5.87 (dd, J=17.4,10.5
Hz, 1H), 5.12 (d, /= 17.4 Hz, 1H), 5.07 (d, J =
10.5 Hz, 1H), 5.06 (brs, 1H), 4.04 (d, J = 9.9




CNMR (CDCl3) (6 ppm)
(75 MHz)
DEPT (135°) (CDCl3) CH :
CH2 '
CH3 :

EIMS m/z (% relative intensity):

Hz, 1H), 3.73 (d, J = 9.9 Hz, 1H), 2.20 (@, J =
13.5, 4.8 Hz, 1H), 2.08 (m, 2H), 1.71 (m, 2H),
1.60 (m, 1H), 1.55 (m, 1H), 1.48 (m, 1H), 1.43

(s, 3H), 1.24 (m, 1H), 1.19 (s, 3H), 1.16 (s, 3H)

196.00, 150.53, 144.90, 134.96, 112.88, 104.31,
81.67, 74.62, 68.50, 49.31, 39.28, 37.38, 37.05,
29.47,27.16, 26.97, 24.73, 23.52, 22.09, 17.46
150.53, 144.90

112.88, 68.50, 37.38, 29.47, 27.16, 22.09, 17.46
26.97, 24.73,23.52

330 (43), 257 (36), 228 (30), 215 (61), 187 (41),
167 (100), 149 (32), 121 (30), 91 (31), 69 (31)

Fraction B (N3) meclted at 218.5-219.1 °C. Its chromatogram on normal phase TLC

displayed one UV-active spot with the Ry value of 0.70 using 20% cthyl acetate in

light petroleum as a mobile phase (2 runs),

[ 05]1)29

UV(MeOH) Apax tm (log &)
FT-IR (neat) i
HNMR (CDCly) (6 ppm)
(300 MHz)

13C NMR (CDCls) (6 ppm)
(75 MHz)

+131.13 (¢ = 0.101, CHCl)
231 (3.76)

3394 (O-H stretching), 1703 (C=0 stretching)
6.80 (d, J= 1.8 Hz, 1H), 5.82 (dd, /=174, 10.5
Hz, 1H), 5.66 (brs, 1H), 5.09 (dd, J =174, 0.6
Hz, 1H), 5.07 (dd, J = 10.5, 0.6 Hz, 1H), 4.99
(brs, 1H), 4.13 (d, J=10.2 Hz, 1H), 4.01 (dd, J =
11.7, 4.2 Hz, 1H), 3.70 (d, /= 10.2 Hz, 1H), 2.05
(m, 1H), 2.03 (m, 1H), 1.94 (m, 1H), 1.72 (m,
IH), 1.57 (m, 1H), 1.56 (m, 2H), 1.43 (s, 3H),
1.20 (s, 3H), 1.21 (m, 1H), 1.18 (s, 3H)

196.70, 150.22, 144,04, 134.78, 113.05, 104.37,
81.57, 76.33, 68.62, 67.48, 51,12, 39,92, 39.80,
37.45,37.29,27.21, 25.87, 25.21, 23.66, 17.68




DEPT (135°) (CDCl3) CH : 150.22, 144.04, 67.48
CH,: 113.05, 68.62,39.92, 37.45,25.21, 17.68
CH;: 27.21,25.87,23.66

- Fraction C showed one major spot under UV-S on normal phase TLC using 20%
ethyl acetate in light petroleum as a mobile phase (2 runs) with the same Ry value
as N3, The 'H NMR data indicated the presence of N3 as a major component.

Thus, no attempted investigation was performed.

Fraction D showed many inseparable UV-active spots on normal phase TLC using
20% ethyl acetate in light petroleum as a mobile phase (2 runs). Its 'H NMR spectrum
displayed none of major components, Therefore, no attempted investigation was

performed.

Fraction E contained three UV-active spots on normal phase TLC with the R
values of 0.25, 0.38 and 0.70 using 30% acetone in light petroleum as a mobile
phase (3 runs). Further separation was performed by column chromatography over
silica gel using a gradient system of acetone-light petroleum followed by a
gradient system of methanol-acetone. All subfractions were examined by TLC,
combined on the basis of their chromatogram characteristics and then evaporated

to dryness under reduced pressure to afford six subfractions, as shown in Table 2.

Table 2 Subfractions obtained from fraction. E by column chromatography over

silica gel
[Fraction Eluent Weight (mg) | Physical appearance
10-50% Acetone/Light
E-1 3.1 Yellow gum
petroleum
50% Acetone/Light _
E-2 4.2 Yellow solid
petrolenm
50% Acetone/Light
E-3 7.1 ‘White solid
petroleum




Table 2 Continued
IFraction Eluent Weight (mg) | Physical appearance
50% Acetone/Light
- E4 - R 6.3 - Yellow gum
petroleum
50% Acetone/Light
E-5 5.1 Yellow gum
petroleum
70% Acetone/Light
E-6 3.3 Yellow gum
petroleum - 100% MeOH

Subfraction E-1 showed no definite spots under UV-S on normal

phase TLC using

20% acetone in light petroleum as a mobile phase (5 runs). Its 'H

NMR spectrum displayed proton signals at high field region. Thus, it was not further

investigated.

Subfraction E-2 displayed two UV-active spots on normal phase TLC

with the Ry values of 0.13 and 0.45 using 20% acetone in light petroleum as a mobile

phase (5 runs). The polar spot was identified as N4 by comparison of TLC

chromatogram. Thus, it was not further separated.

Subfraction E-3 (N4) melted at 215.5-216.8 °C. Its chromatogram

showed only one

UV-active spot on normal phase TLC with the Ry value of 0.13

using 20% acetone in light petroleum as a mobile phase (5 runs).

[a]n?

+25.74 (¢ = 0.122, CHCl3)

UV(MeOH) Apax nm (log &) 206 (3.46)

FT-IR (neat) vem.1
'H NMR (CDCl3)
(300 MHz)

3328 (O-H stretching)

(6 ppm) 5.98 (t, /=15 Hz, 1H), 5.82 (dd, J= 17.4, 10.5
Hz, 1H), 5.03 (d, /= 17.4 Hz, 1H), 4.98 (brd, J=
10.5 Hz, 1H), 4.59 (d,/=2.1 Hz, 1H),3.93 (d, J
= 9.6 Hz, 1H), 3.83 (dd, J = 11.7, 4.8 Hz, 1H),




3.30 (d, J = 9.3 Hz, 111), 1.88 (m, 1H), 1.83 (m,
1H), 1.70 (m, 2H), 1.66 (m, 1H), 1.63 (m, 1H),
1.56 (m, 1H), 1.38 (s, 31D), 1.20 (s, 31I), 1.14 (s,
3H), 1.13 (m, 1H)
BONMR (CDCLy) (Sppm)  146.61, 136.01, 132.68, 111.17, 106.26, 80.87,
(75 MHz) 77.24, 72.40, 68.04, 66.77, 49.95, 40.06, 38.18,
38.00, 37.72, 27.84, 24.89, 24.64, 24.19, 18.06
DEPT (135°) (CDCls) CH : 146.61, 132.68, 72.40, 66.77
CH,: 111.17, 68.04, 40.06, 37.72, 24.64, 18.06
CH;: 27.84,24.89,24.19

Subfraction E-4 showed one major spot under UV-S on normal phase
TLC with the R value of 0.13 using 20% acetone in light petroleum as a mobile phase
(5 runs). When using 2% methanol in dichloromethane as a mobile phase (2 runs}, the
chromatogram showed three UV-active spots on normal phase TLC with the Re values
of 0.08, 0.20 and 0.33. Further purification by precoated TLC using 1% methanol in

dichloromethane as a mobile phase (5 runs) afforded three bands.

Band 1 was obtained as a brown gum (0.8 mg). Its chromatogram
showed one major spot under UV-S on normal phase TLC with the Ry value of 0.34
using 1% methanol in dichioromethane as a mobile phase (5 runs). Because of low

quantity, it was not further purified.

Band 2 was obtained as a yellow gum (1.5 mg). Its chromatogram
displayed one major spot under UV-S on normal phase TLC with the R¢ value of 0.19
using 1% methanol in dichloromethane as a mobile phase (5 runs). The '"H NMR data
suggested that it was a mixture. Because of minute quantity, no attempted

investigation was performed.

Band 3 (N5) was obtained as a yellow gum (1.3 mg), which displayed
one spot under UV-S on normal phase TLC with the R¢ value of 0.08 using 1%

methanol in dichloromethane as a mobile phase (5 runs),




[eln”
UV(MeOH) Ao nm (log &)
FT-IR (neat) vy,
- 'HNMR (CDCly) (§ppm)
(300 MHz)

3¢ NMR (CDCL3) (8 ppm)
(125 MHz)

DEPT (135°) (CDCl5) CH :
CHz .
CH3 .

EIMS m/z (% relative intensity):

10

+232.50 (¢ = 0.04, MeOH)
207 (3.99), 246 (3.91)
3414 (O-H stretching), 1684 (C=0 stretching)

613 (dd, J = 17.7, 102 He, 1), 5.34 (dd, J =

10.2, 0.9 Hz, 1H), 5.27 (dd, J=17.7, 0.9 Hz, 1H),
5.06 (brs, 111), 4.45 (d, J = 9.3 Hz, 1H), 4.43 (m,
1H), 4.42 (dd, J = 6.3, 4.8 Hz, 1H), 3.29 (d J =
9.3 Hz, 1H), 2.65 (m, 2H), 2.24 (dd, J = 14.4, 4.8
Hz, 1H), 2.01 (dd, J = 14.4, 6.3 Hz, 1H), 1.74 (m,
21D, 1.60 (m, 1H), 1.56 (s, 3H), 1.32 (m, 1H), 1.27
(s, 3H), 1.03 (s, 3H)

194,60, 164.63, 143.75, 132,29, 115.12, 104.93,
81.11, 70.40, 70.02, 64.53, 54.18, 40.07, 39.82,
37.59, 36.83, 27.95, 24.31,24.13, 23.77, 17.78
143.75, 70,02, 64.53

115.12, 70.40, 39.82, 37.59, 23.77

27.95, 24.31, 24.13

346 (6), 328 (56), 255 (46), 213 (49), 187 (70)
145 (46), 91 (60), 69 (100)

Subfraction ES displayed three UV-active spots on normal phase TLC

with the R values of 0,08, 0.20 and 0.33 using 2% methanol in dichloromethane as a

mobile phase (2 runs). Further purification by precoated TLC using 1% methanol in

dichloromethane as a mobile phase (5 runs) afforded three bands.

Band 1 was a yellow gum (0.2 mg) which showed one UV-active spot

on normal phase TLC with the Ry value of 0.28 using [% methanol in

dichloromethane as a mobile phase (5 runs). The 'H NMR data suggested that it was a

mixture, Because of low quantity, it was not further purified.

Band 2 was a yellow gum (0.9 mg) which showed one UV-active spot

on normal phase TLC with the Re value of 0.17 using 1% methanol in
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dichloromethane as a mobile phase (5 runs). The '"H NMR data suggested that it was a

mixture. Because of low quantity, it was not further separated.

| . Band 3 was obtained as a yellow gum (0.2 mg). Its chromatogram
showed one major spot under UV-S on normal phase TLC with the Ry value of 0,05
using 1% methanol in dichloromethane as a mobile phase (5 runs). Its '"H NMR
spectrum displayed none of major components, Therefore, no attempted investigation

was catried out.

Subfraction E6 showed no spots under UV-S on normal phase TLC
using 20% acetone in light petroleum as a mobile phase (5 runs). Its 'H NMR
spectrum displayed none of major components. Therefore, further purification was not

conducted.,

Fraction F demonstrated a long tail under UV-S on normal phase TLC using 20%
ethyl acetate in light petroleum as a mobile phase (2 runs). According to its 'H NMR

spectral data, this fraction was a mixture. Therefore, it was not further separated.

Fraction G contained three major UV-active spots on normal phase TLC with the Ry
values of 0.15, 0.23 and 0.30 using 4% methanol in dichloromethane as a mobile
phase. It was further separated by column chromatography over silica gel. Elution was
conducted initially with pure dichloromethane, gradually enriched with methanol until
pure methanol. Fractions, which contained similar components, were combined and
evaporated to dryness under reduced pressure to give five subfractions, as shown in

Table 3.
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Table3 Subfractions obtained from fraction G by column chromatography over

silica gel
Fraction Eluent Weight (mg) | Physical appearance
100% CH)Cl, -
G-1 1.3 Yellow gum
4% MeOH/CH,Cl,
G-2 4% MeOH/CH,Cl, 39.0 Yellow solid
G-3 4-6% MeOH/CH,Cl, 32 White solid
G-4 10-30% MeOH/CH,Cl, 7.4 Yellow gum
50% MeOH/CH,Cl, -
G-5 1.8 Yellow gum
100% MeOH

Subfraction G-1 showed no definite spots under UV-S on normal
phase TLC using 1% methanol in dichloromethane as a mobile phase (6 runs). Thus,

it was not further investigated.

Subfraction G-2 displayed three major brown spots under UV-S on
normal phase TLC with the Ry values of 0.25, 0.33 and 0.48 using 1% methanol in
dichloromethane as a mobile phase (6 runs). Further chromatographic separation was
performed by column chromatography over silica gel with pure dichloromethane,
gradually enriched with methanol and finally with pure methanol. All subfractions
were examined by TLC, combined on the basis of their chromatogram characteristics
and then evaporated to dryness under reduced pressure to give six subfractions, as

shown in Table 4.

Table4 Subfractions obtained from subfraction G-2 by column chromatography

over silica gel

Subfraction Eluent Weight (mg) | Physical appearancé
100% CHyCl; -
G-2-1 ‘ 0.7 Yellow gum
5% MeOH/CH,Cl,




Table 4 Continued

i3

Subfraction Eluent Weight (mg) | Physical appearance
Yellow solid mixed
G222 | 5% MeOH/CH,Cl, | 63 IR L
with white solid
G-2-3 5-10% MeOH/CH,Cl, 10.9 White solid
White solid mixed
G-2-4 10% MeOH/CH,CI; 5.3
with white solid
G-2-5 10-30% MeOH/CH,Cl, 9.9 Yellow gum
50% MeOH/CH,Cl, - '
G-2-6 2.0 Yellow gum
100% MeOH

Subfraction G-2-1 showed no spots under UV-S on normal phase

TLC wusing 100% dichloromethane (2 runs) followed by 2% methanol in

dichloromethane as mobile phases (3 runs), Its 'H NMR spectrum displayed none of

major components. Thus, it was not further investigated.

Subfraction G-2-2 showed one major spot under UV-S on normal

phase TLC with the Ry value of 0.43 using 100% dichloromethane (2 runs) followed

by 2% methanol in dichloromethane (3 runs) as mobile phases. Its '"H NMR speciral

- data and chromatogram on normal phase TLC indicated that it was N6.

Subfraction G-2-3 (N6) melted at 188.6-189.2 °C, Its chromatogram
displayed one spot under UV-S on normal phase TL.C with the Ry value of 0.43 using

100% dichloromethane (2 runs) followed by 2% methanol in dichloromethane (3

runs) as mobile phases.

[elp”

UV(MeOH) Apax nm (log &)

FI"IR (neat) ch.]

-52.67 (¢ =0.17, MeOH)

205 (3.68), 224 (3.63), 276 (2.82), 283 (2.76)
3272 (O-H stretching), 1764 and 1716 (C=0
stretching)
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'"H NMR (CDCls) (6 ppm) 7.06 (d, J = 8.7 Hz, 2H), 6.87 (d, J = 8.7 Hz, 2H),
(300 MHz) 6.51 (d, J = 11.7 Hz, 1H), 6.11 (brs, 1H), 5.89
(ddm, J=15.0, 9.9 Hz, 1H), 5.61 (d, J=11.7 Hz,

1H), 5.23 (ddd, J = 15.0, 10.0, 3.6 Hz, 1H), 4.43

(brs, 111), 3.79 (s, 3H), 3.68 (m, 1H), 3.00 (dd,J

= 5.2, 2.7 Hz, 1H), 2.93 (ddd, J = 11.4, 6.9, 2.4
Hz, 1H), 2.85 (td, J = 13.5, 4.5 Hz, 1H), 2.67 (m,
1H), 2.65 (m, 1H), 2.64 (m, 1H), 2.62 (m, 1H),
2.29 (dd, J =72, 5.2 Hz, 1H), 2.15 (dm, J = 13.8
Hz, 1H), 1.50 (s, 3H), 1.25 (s, 3H), 1.16 (d, J =
6.6 Hz, 3H), 1.11 (d,J= 7.2 Hz, 3H)
3¢ NMR (CDCl3) (5 ppm) 211.71, 170,00, 158.90, 149.36, 142.15, 131.54,
(75 MHz) 130.54, 128.45, 127.93, 120.39, 114.34, 87.03,
77.00, 60.61, 57.26, 55.27, 53.75, 48.06, 45.89,
44.16, 40.80, 39.06, 35.83, 24.35, 20.07, 19.68,
13.21
DEPT (135°) (CDCl5) CH : 142.15, 131.54, 130.54, 128.45, 120.39, 114.34,
60.61, 53.75, 48.06, 45.89, 40.80, 35.83 |
CH,: 44.16,39.06
CHj: 55.27,24.35,20.07, 19.68, 13.21
EIMS miz (% relative intensity): 525 (12), 367 (86), 246 (100), 218 (24), 121(52)

Subfraction G-2-4 showed one UV-active spot on normal phase TLC
with the Ry value of 0.43 using 100% dichloromethane (2 runs) followed by 2%
methanol in dichloromethane (3 runs) as mobile phases. Its 'H NMR spectral data and

chromatogram on normal phase TLC indicated that it was N6.

Subfraction G-2-5 displayed two UV-active spots on normal phase
TLC with the Ry values of 0.33 and 0.43 using 100% dichloromethane (2 runs)
followed by 2% methanol in dichloromethane (3 runs) as mobile phases, Further
purification by precoated TLC using 2% methanol in dichloromethane as a mobile

phase (7 runs) afforded two bands.
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Band 1 was a white solid (0.5 mg) which showed one UV-active spot

on normal phase TLC with the Ry value of 0.50 using 2% methanol in

dichloromethane as a mobile phase. Its 'H NMR data indicated that it was N6.

Band 2 was a white solid (3.3 mg) which showed two UV-active $pots

on normal phase TLC with the R¢ values of 0.43 and 0.50 using 2% methanol in

dichloromethane as a mobile phase. Further purification by precoated TLC using 2%

methanol in dichloromethane as a mobile phase (3 runs) afforded a white solid (N7)

(1.6 mg), melting at 152.5-153.7 °C, Its chromatogram characteristic showed one UV-

active spot on normal phase TLC with the Ry value of 0.45 using 2% methanol in

dichloromethane (2 runs) as a mobile phase.

[op?
UV(MeOH) A0 nm (fog &)
FT-IR (neat) vem.

'H NMR (CDCls) (6 ppm)
(300 MHz)

BC NMR (CDCl3) (8 ppm)
(125 MHz)

DEPT (135°) (CDCl3) CH :

+114.79 (¢ = 0.53, MeOH)

206 (3.95), 224 (3.85), 275 (3.16), 284 (3.12)
3386 (O-H stretching), 1761 and 1716 (C=0
stretching)

7.00 (d, J = 8.7 Hz, 2H), 6.80 (d, /= 8.7 Hz, 2H),
6.60 (d, J = 11.7 Hz, 1H), 6.13 (brdd, J = 15.0,
10.5 Hz, 1H), 5.81 (brs, 1H), 5.59 (4, J = 11.7
Hz, 1H), 5.31 (ddd, J = 15.0, 11.1, 3.9 Hz, 1H),
4.42 (brs, 1H), 4.15 (dd, J = 5.7, 3.6 Hz, 1H),
3.81 (brs, 1H), 3.72 (s, 3H), 3.35 (1, J = 6.6 Hz,
1H), 2.87 (m, 1H), 2.81 (m, 1H), 2.78 (m, 2H),
2.73 (m, 1H), 2.70 (m, 1H), 1.61 (brs, 3H), 1.46
(brs, 3H), 1.44 (s, 3H), 1.11 (d, J= 6.6 Hz, 3H)
211.51, 169.92, 158.69, 148.99, 142.48, 133.57,
131.66, 130.32, 129.40, 128.57, 125.35, 120.48,
114.31, 86.20, 76.63, 70.03, 59.17, 55.27, 49.96,
48.23, 43.23, 40.91, 39.02, 24.64, 20.17, 17.70,
13.94

142,48, 133,57, 130.32, 129.40, 120.48, 114.31,
70.03, 59.17, 49.96, 48.23, 40.91
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CH;: 43.23,39.02
CHs: 55.27,24.64,20.17, 17.70, 13,94
EIMS m/z (% relative intensity): 525 (2), 367 (14), 350 (10), 246 (26), 228 (16),
121 (100), 81 (10), 69 (10)

Subfraction G-2-6 showed two spots under UV-S on normal phase
TLC with the Re values of 0.18 and 0.33 using 100% dichloromethane (2 runs)
followed by 2% methanol in dichloromethane as mobile phases (3 runs)., The 'H
NMR data indicated that it contained many compounds. Thus, it was not further

separated,

Subfraction G-3 showed no definite spots under UV-S on normal
phase TLC using 1% methanol in dichloromethane as a mobile phase (6 runs). Its 'H
NMR spectrum displayed none of major components. Therefore, further purification

was not conducted

Subfraction G-4 displayed two spots under UV-S on normal phase
TLC with the R¢ values of 0.08 and 0.20 using 1% methanol in dichloromethane as a
mobile phase (6 runs). It was further separated by column chromatography over
Sephadex LLH20. Elution was conducted with 50% methanol in dichloromethane. Ali
subfractions were examined by TLC, combined on the basis of their chromatogram
characteristics and then evaporated to dryness under reduced pressure to afford three

subfractions, as shown in Table 5.

Table S Subfractions obtained from subfraction G-4 by column chromatography

over Sephadex LH20
Subfraction Eluent Weight (mg) | Physical appearance
G-4-1 50% MeOH/CILCl, 0.2 Pale-Yellow gum
G-4-2 50% MeOH/CH,Cl, 6.2 Yellow gum
G-4-3 50% MeOH/CH,Cl, 0.8 White solid




17

Subfraction G-4-1 demonstrated no spots under UV-S on normal
phase TLC using 10% ethyl acetate in dichloromethane followed by 40% ethyl acetate
in dichloromethane (5 runs) as mobile phases. Its 'H NMR spectrum displayed none
of major components and none of aromatic proton signals. Thus, it was not further

investigated.

Subfraction G-4-2 displayed one UV-active spot on normal phase
TLC with the Ry value of 0.33 using 10% ethyl acetate in dichloromethane followed
by 40% ethyl acetate in dichloromethane (5 runs) as mobile phases. Its 'H NMR
spectrum indicated that it was a mixture. Therefore, no attempted separation was

carried out.

Subfraction G-4-3 contained inseparable UV-active spots on normal
phase TLC using 10% ethyl acetate in dichloromethane followed by 40% ethyl acetate
in dichloromethane (5 runs) as mobile phases. Its '"H NMR spectrum displayed none

of major components. Thus, no further purification was carried out,

Subfraction G-5 showed no spots under UV-S on normal phase TLC
using 1% methanol in dichloromethane as a mobile phase (6 runs). Its 'H NMR
spectrum displayed none of major components, Thus, further purification was not

performed.

Fraction H displayed a long tail under UV-S on normal phase TLC using 20% ethyl
acetate in light petroleum as a mobile phase (2 runs). Its "H NMR spectrum displayed

none of major components. Therefore, it was not further separated.




CHAPTER 1.3
RESULTS AND DISCUSSION

Four new compounds (N2, N5, N6 and N7) were isolated from the
broth extract together with three known compounds (N1, N3 and N4). The structures

were identified by spectroscopic methods.

1.3.1 Compound N1

N1 was obtained as a colorless gum. The UV maximum absorption
bands at A 217, 269 and 371 nm indicated the presence of an isocoumarin
chromophore. The IR spectrum showed absorption bands at 3431 and 1683 cm™ for
hydroxyl and carbonyl groups, respectively. The 'H NMR spectrum (Figure 1)
(Table 6) revealed the presence of proton signals for one chelated hydroxy proton (én
11.30, s, 1H), one aromatic proton (& 6.44, s, 1H), two geminal olefinic protons (Jy
5.09, dd, J= 2.1 and 0.6 Hz, 1H and 4,96, dd, J= 2.1 and 0.6 Hz, 1H), one methoxyl
group (& 3.87, s, 3H), one aromatic methyl group (&4 2.39, s, 3H) and one
oxyquaternary methyl group (& 1.75, 5, 3H). The 3¢ NMR spectrum (Figure 2)
(Table 6) contained 13 carbon signals of eight quaternary (& 166.41, 165.76, 163.17,
160,58, 142.33, 116.40, 98.16 and 72.07), one methine (& 98.52), one methylene (&c
95.45), one methoxyl (& 55.96) and two methyl (& 28.98 and 11.95) carbons. The
chelated hydroxy! group which was placed at C-8 (& 163.17), ortho to the carbonyl
group, gave HMBC cross peaks (Table 7) with C-7 (& 98.52) and C-8. The aromatic
proton was then attributed to H-7, due to its correlation with C-7 in the HMQC
spectrum. This was confirmed by its HMBC correlations with C-5 (& 116.40), C-6
(& 166.41), C-8 and C-8a (& 98.16). Irradiation of H-7, in the NOEDIFF
experiment, enhanced the signal of the methoxyl group at &y 3.87 (Table 7),
indicating the attachment of the methoxyl group at C-6. A HMBC correlation between
the methoxy protons and C-6 supported this assignment. The aromatic methyl group

(Me-11), resonating at & 2.39, was linked to C-5 on the basis of the HMBC cross
18
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peaks between Me-11 with C-4a (& 142.33), C-5 and C-6. The HMBC correlations of
the oxyquaternary methyl protons (&4 1.75, Me-10) with C-3 (& 160.58), C-4 (&
72.07) and C-4a established the attachment of Me-10 at C-4 which was confirmed by

signal enhancement of Me-11 upon irradiation of Me-10. The gem-disubstituted
| a.lke.ne.mo.iety was connected to C.-3., due to the HMBC correlations of the gém.inal.
olefinic protons (& 5.09 and 4.96, Hu,-9) with C-3 and C-4. The chemical shift value
of C-3, indicating that this carbon was an oxycarbon. Ring closure between the
oxygen atom at C-3 and the carbonyl group to form a lactone ring was established
according to the appearance of the carbonyl carbon at much higher field (& 165.76).
The observed optical rotation of N1 ([a]p® +91.82, ¢ = 0.048, EtOH) was almost
identical to that of 4,8-dihydroxy-6-methoxy-4,5-dimethyl-3-methyleneisochroman-1-
one ([a]p® +92.63, ¢ = 0.048, EtOH). Therefore, N1 was identified as 4,8-dihydroxy-
which  was

6-methoxy-4,5-dimethyl-3-methyleneisochroman-1-one previously

isolated from marine fungus Halorosellinia oceanica. (Chinworrungsee ef al, 2002).

Table6 The NMR data of NI in CDCl; and 4,8-dihydroxy-6-methoxy-4,5-
dimethyl-3-methyleneisochroman-1-one in acetone-ds
4,8-Dihydroxy-6-methoxy-4,5-
N1 dimethyl-3-methyleneisochroman-
a
Position 1-one
S & & &
(mult., Ju) (C-Type) (mult., Ji.) (C-Type)
1 - 165.76 (C=0) - 161.0 (C=0)
3 - 160.58 (C) - 162.1 (C)
4 - 72.07 (C) - 72.0 (C)
4a - 142.33 (C) - 144.0 (C)




Table 6 Continued
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4,8-Dihydroxy-6-methoxy-4,5-
N1 dimethyl-3-methylencisochroman-
APosition 1 o e 1 1-one® .
et & o3 éc
(mult., Juz) (C-Type) (mult., Jizz) (C-Type)
5 - 116.40 (C) - 117.0 (C)
6 - 166.41 (C) - 166.0 (C)
6-OCHj 3.87 (s) 55.96 (CHj) 3.94 (s) 56.6 (CHs)
7 6.44 (s5) 98.52 (CH) 6.53 (s) 98.7 (CH)
8-OH 11.30 (s) 163.17 (C) - 164.0 (C)
8a - 98.16 (C) - 100.3 (©)
9 a: 5.09 (dd 2.1,0.6) | 95.45 (CHy) a: 5.12 (brs) 95.1 (CHy)
b: 4.96 (dd, 2.1, 0.6) - b: 4.88 (brs) -
10 1.75 (s) 28.98 (CHs) 1.67 (5) 20.1 (CHs)
11 2.39 (s5) 11.95 (CHj) 2.40 (s) 10.1 (CH3)
*Chinworrungsee et al. 2002
Table 7 The HMBC and NOE data of N1 in CDCl;
Position HMBC NOE
6-0OCH; | C-6 -
H-7 C-5,C-6,C-8,C-8a 6-OCH3
8-OH |C-7,C-8 -
Ha-9 C-3, C-4, C-4a, -
Hy-9 C-3,C-4,C-4a -
Me-10 | C-3, C-4,C-4a Me-11
Me-11 | C-4a, C-5,C-6 Me-10

1.3.2 Compound N3

-~ N3 was isolated as a white solid, melting at 218.5-219.1 °C. The IR
spectrum exhibited absorption bands at 3394 em™ for a hydroxyl group and 1703 cm’”
for a carbonyl group. The UV spectrum showed a maximum absorption band at Amay
231 nm. The 'H NMR spectrum (Figure 3) (Table 8) showed the characteristic
signals of a B-olefinic proton at &y 6.80 (d, J = 1.8 Hz, 1H) of an ¢,f unsaturated
carbonyl moiety, three olefinic protons of a monosubstituted alkene [& 5.82 (dd, J=
17.4 and 10.5 Hz, 1H), 5.09 (dd, J = 17.4 and 0.6 Hz, 1H) and 5.07 (dd, J = 10.5 and
0.6 Hz, 1H)], two free hydroxy protons (& 5.66, brs, 1H and 4.99, brs, 1H), one
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oxymethine proton (& 4.01, dd, J = 11,7 and 4.2 Hz, 1H), two nonequivalent
oxymethylene protons (& 4.13, d, J=10.2 Hz, 1H and 3.70, d, J= 10.2 Hz, 1H) and
three singlet methyl protons [&y 1.43 (s, 3H), 1.20 (s, 3H) and 1.18 (s, 3H)]. In
addition, the 'H NMR spectrum displayed. signals for three sets of nonequivalent
methylene protons [(& 2.05, m, 1H and 1.94, m, 1H), (&4 2.03, m, 1H and 1.72, m,
1H) and (&1 1.57, m, 1H and 1.21, m, IH)] and one set of equivalent methylene
protons (& 1.56, m, 2H). The presence of 20 resonances in the Bc NMR spectrum
(Figure 4) (Table 8) together with the appearance of three singlet methyl groups
indicated that N3 possessed a pimarane diterpene skeleton (Dettrakul et al., 2003).
The carbonyl carbon at & 196.70 in the ?C NMR spectrum supported the presence of
the o,f-unsaturated ketone functional group. In the COSY spectrum, the methylene
protons, Hy-2 (& 1.56) (Table 9), were coupled with the methylene protons, Hgp-1
(& 2.05 and 1.94), and the methylene protons, Ha-3 (S 1.57 and 1.21). In the
HMBC spectrum, Hqyp-3 (Table 9) showed cross peaks with C-2 (& 17.68), C-4 (&
37.29) and C-19 (& 23.66) while the methyl protons of two methyl groups, Me-138
(&4 1.18) and Me-19 (& 1.43), showed cross peaks with C-3 (& 37.45) and C-5 (&
81.57). These evidences suggested that both Me-18 and Me-19 were located at C-4.
The lowfield-oxymethylene protons, Hgp-20 (Sy 4.13 and 3.70), belonged to a
hemiketal unit on the basis of their HMBC cross peaks with C-1 (& 25.21), C-5, C-6
(& 104.37) and C-9 (& 76.33). The substituents at C-5, C-6 and C-9 were then
assigned as the hydroxyl groups according to their *C chemical shifts. These resullts
together with the HMBC cross peaks of 6-OH with C-5, C-6 and C-7 (& 196.70)
established the attachment of the carbonyl group at C-6. Furthermore, *J FIMBC
correlations of the S-olefinic proton (H-14) with C-7, C-15 (& 144.04) and C-17 (&
25.87) revealed that the S-carbon of the ¢, f-unsaturated carbonyl unit, Me-17 and the
monosubstituted alkene moiety were attached at the same carbon, C-13 (& 39.80).
The oxymethine proton (& 4.01, H-11) was coupled with the methylene protons (&
2.03 and 1.72, Hg-12) in the COSY spectrum, HMBC correlations of H-11/C-9 and
C-10 (& 51.12) and those of Hg-12/C-13, C-14 (& 150.22), C-15 and C-17
connected C-11 (& 67.48) with C-9 and C-12 with C-13, Irradiation of the H-11, in
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the NOEDIFF experiment, enhanced signals of H,-20 and Me-17 (Table 9),
suggesting that H-11, Me-17 and Hy-20 were located at the same side of the molecule.
The X-ray analysis (Figure 5) confirmed these conclusions and further provided the
absolute configuration of all chiral centers. The observed optical rotation of N3
([edo® +131.13, ¢ = 0.101, CHCl;) was almost identical to that of diaporthein B
([eIp>! +120.10, ¢ = 0.106, CHCly), indicating that they possessed the same absolute
configuration. Therefore, N3 was diaporthein B, which was previously isolated from
Diaporthe sp. BCC 6140 (Dettrakul ef al., 2003).

Table 8 The NMR data of N3 and diaporthein B in CDCl3

N3 Diaporthein B*
Position & & o &
(mult., Jiz) (C-Type) (mult., Juz) (C-Type)
| a: 2,05 (m) 25.21 (CHy) a: 2.03 (m) 252 (CHy)
b: 1.94 (m) b: 1.96 (m)
2 1.56 (m) 17.68 (CHy) a: 1.68 (m) 17.6 (CHy)
b: 1.62 (m)
3 a: 1.57 (m) 37.45 (CHy) a: 1.55 (m) 37.5 (CHy)
b: 1.21 (m) b: 1.23 (m)

4 - 37.29 (O) - 37.3(O)
5-OH - 81.57 (C) - 81.9 (C)
6-OH 4.99 (brs) 104.37 (C) - 104.1 (C)

7 - 196.70 (C=0) - 196.2 (C=0)

8 - 134.78 (C) - 134.7 (C)
9-OH 5.66 (brs) 76.33 (C) - 76.2 (C)

10 - 51.12 (C) - 51.1(C)

11 4.01 (dd, 11.7,42) | 6748 (CH) | 4.03(dd, 11.7,4.1) | 67.7 (CH)

12 a: 2,03 (m) 39.92 (CHy) a:2.07 (m) 39.9 (CHy)

b: 1.72 (m) b: 1.73 (m)

13 - 39.80 (C) - 40.1 (C)

14 6.80 (d, 1.8) 150.22 (CH) 6.81 (d, 1.8) 150.4 (CH)

15 5.82 (dd, 17.4, 10.5)| 144.04 (CH) | 5.82 (dd, 17.5, 10.7) |144.1 (CH)
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Table 8 Continued

N3 Diaporthein B*
Position A & h &

(mult., Ju) (C-Type) (mult., Ji) (C-Type)

16 Ta 509 (dd 17408 [ 11305 (Chy| 5.0 ) 1131 CIy |
b: 5.07 (dd, 10.5, 0.6)
17 1.20 (s) 25.87 (CHa3) 1.22 (s) 25.9 (CHa)
18 1.18 (5) 27.21 (CHzy) 1.19 (s5) 26.9 (CHz)
19 1.43 (s) 23.66 (CHs) 1.45 (s) 23.7 (CH3)
20 a: 4.13 (d, 10.2) 68.62 (CH,) | a:4.14(d, 10.2) |68.6 (CHy)
b: 3.70 (d, 10.2) b:3.71 (d, 10.2)

*Dettrakul et al., 2003.

Table 9 The HMBC, COSY and NOE data of N3 in CDCl,

| Position HMBC COSY NOE

Hap-1 C-2, C-3, C-5, C-10, C-20 -2 -

Hy-2 (C-3,C-10 Hap-1, Hap-3 | =

Ha-3 1C-2, C-4, C-19 Hj-2 -

6-OH (C-5, C-6,C-7 - -

H-11 C-9, C-10, C-12 Hap-12 Hy-12, Me-17, Hy-20
Hap-12 C9, C-11, C-13, C-14, C-15, C-17H-11 -

H-14 C-7,C-8,C-9,C-12,C-15,C-17 H-15, Hap-16, Me-17
H-15 C-12, C-13, C-14, C-17 Hp-16 Hap-12, H-14, Me-17
Hgp-16 C-13, C-15 H-15 H-14
Me-17 [C-14, C-15 - H-11, H-14, H-15
Me-18 C-3, C-5,C-19 - - ’
Me-19 C-3, C-5, C-18 - -

Hqy-20 C-1, C-5, C-6, C-9, C-10 - Me-18, Me-19, Hy-20

1.3.3 Compound N4

N4 was isolated as a white solid, melting at 215,5-216.8 °C, The IR
spectrum exhibited an absorption band at 3328 cm’! for a hydroxyl group. The UV
spectrum showed a maximum absorption band at Amax 206 nm which was lower than
that found in N3, Its 'H NMR spectrum (Figure 6) (Table 10) was similar to that of
N3 except for an addition signal of an oxymethine proton at &4 4.59 (d, J = 2.1 Hz,
1H). In addition, the olefinic proton, H-14 (& 5.98), in N4 displayed at much high
field than that of N3. These suggested that the carbonyl group in N3 was replaced by
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an oxymethine group in N4. The BC NMR spectrum (Figure 7) (Table 10) supported
the absence of the carbonyl carbon and the presence of an oxymethine carbon (&
72.40). The HMBC correlations (Table 11) of H-7 (& 4.59) with C-6 (& 106.26), C-
8 (& 136.01) and C-14 (& 132.68) confirmed the above conclusion. N4 exhibited 'H
and *C NMR, HMQC and HMBC data identical to those of diaporthein A with a
reported B-hydroxyl group at C-7 (Dettrakul ef al., 2003), The S-disposition of 7-OH
has been assigned by comparison of its specific rotation with those of sphaeropsidins
(Evidente et al., 2002). However, in this investigation it was observed that the H-7 in
the NOEDIFF exp:;riment was strongly enhanced by irradiation of H-14 (Table 11),
indicating that H-7 rather than 7-OH was located at the f-equatorial position. In
addition, the remaining HMBC and NOEDIFF experiment confirmed that the location
of all substituents and the absolute configuration of all chiral centers were identical to
those of N3, N4 gave almost identical optical rotation as diaporthein A ([e]p® of N4
= +25.74, ¢ = 0.122, CHClI; and [Of][)3 Pof diaporthein A = +25.80, ¢ = 0.124, CHCl3).
Thus, N4 was identified as diaporthein A, which was previously isolated from
Diaporthe sp. BCC 6140 (Dettrakul ef al., 2003).

17
H CH;
CH
,"""‘}’5/ 2

H,C CH, OH
19

Table 10 The NMR data of N4 and diaporthein A in CDCl;

N4 Diaporthein A*
Position S & S &
(mult., Jiuz) (C-Type) (mult., Jyz) (C-Type)
1 a: 1.83 (m) 24.64 (CHy) a: 1.82 (m) 24.8 (CHy)
b: 1.66 (m) b: 1.70 (m)
2 1.56 () 18.06 (CHy) a: 1.67 (m) 18.0 (CHy)
b: 1.61 (m)
3 a: 1.63 (m) 37.72 (CHa) a: 1.69 (m) 37.8 (CHp)
b: 1.13 (m) b: 1.22 ()
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Table 10 Continued
N4 Diaporthein A*
Position S & S &

(mult,, Ji) (C-Type) (mult., Jis) (C-Type)
4 - ' 38.00 (C) - 38.0 (C)
5 - 80.87 (C) - 81.3(0C)
6 - 106.26 (C) - 105.9 (C)
7 4.59(d, 2.1) 72.40 (CH) 4.63 (d, 2.1) 73.3 (CH)
8 - 136.01 (C) - 136.8 (C)
9 - 77.24 (C) - 77.1(C)
10 - 49.95 (C) - 50.1 (C)
11 3.83(dd, 11.7,4.8) | 66.77(CH) | 3.86(dd, 12.0,4.2) { 67.3 (CH)
12 a: 1.88 (m) 40,06 (CHa) a: 1.89 (m) 40.4 (CHy)

b: 1.70 (m) b: 1.71 (m)
13 - 38.18 (C) - 38.3(C)
14 5.98 (1, 1.5) 132.68 (CH) | 5.99(dd, 1.6,1.7) | 133.3 (CH)
15 5.82 (dd, 17.4, 10.,5)| 146.61 (CH) | 5.85 (dd, 17.5, 10.7)] 146.4 (CH)
16 a4:5.03(d, 17.4) 111.17 (CHy) 5.04 (m) 111.5 (CHy)

b: 4,98 (brd, 10.5)
17 1.14 (s) 24.89 (CHj) 1.16 (s) 25.3 (CHj3)
18 1.20 (s) 27.84 (CH;) 1.26 (s) 29.6 (CH3)
19 1.38 () 24.19 (CH3) 1.44 (s) 24.2 (CH3)
20 a: 3.93 (d, 9.6) 68.04 (CHy) a:3.97(d, 9.6) 68.3 (CHy)
b: 3.30 (d, 9.6) b: 3.36 (d, 9.6)

Dettrakul et al., 2003,

Table 11 The HMBC and NOE data of N4 in CDCl3

Hy-20

C-1, C-5, C-6, C-9, C-10
C-1, C-5, C-6,C-9, C-10

3

Position HMBC NOE
Hp-1 | C-2,C-5,C-10 -
H;-2 [C-4 -
Ha-3 | C-5,C-10 -
H-7 | C-6,C-8,C-14 H-14
H-11 | C-10,C-12 Hy-20
Hap-12 | C-9, C-11, C-12, C-14, C-17 -
H-14 | C-7,C-8, C-9, C-12, C-13, C-15 H-7, Me-17, Hy-20
H-15 | C-12,C-13, C-14, C-17 H-14
Happ-16 | C-13, C-15 Me-17
Me-17 | C-12, C-13, C-14, C-15 H-11, H-14, H-15, Hap-16, Hp-20
Me-18 | C-4, C-5,C-19 Me-19
Me-19 | C-4, C-5,C-18 Me-18, H;-20
Ha-20 Me-19, Hp-20

H-11, Me-17, H,-20
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1.3.4 Compound N2

N2 was obtained as a white solid, melting at 215.2-216.0 °C with
[elp? +57.42 (c = 1.00, MeOH). The UV and IR spectra were almost identical to
.those of N3; .The. r.nole.cu.laf fdrxﬁﬁia C20IH2§IO5 Wés .d.edL.Iéed fforri tﬁe HREI-MS The
'H NMR spectral data (Figure 9) (Table 12) were similar to those of N3 except that
the oxymethine proton resonance (&g 4.01, dd, J=11.7 and 4.2 Hz, 1H, H-11) in N3
was replaced by the methylene proton signal (& 1.71, m, 2H) in N2, Comparison of
the °C NMR data (Figure 10) (Table 12) with those of N3 showed analogy of the
chemical shifts except for C-11 (& 27.16) and C-12 (&f 29.47). The methylene
protons were then attributed to Hy-11. This was confirmed by their HMBC cross
peaks (Table 12) with C-8 (& 134.96), C-9 (& 74.62), C-12 and C-13 (& 39.28).
The absolute configuration was identical to that in N3 according to NOEDIFF
experiment of Ha-20 (&4 4.04, d, J = 9.9 Hz)/Me-19 (& 1.43, 5), Hp-20 (& 3.73, 4, J
= 9,9 Hz)/H,-11 and Hy-11/Me-17 (& 1.16, s) (Table 12). Thus, N2 was elucidated

as a new pimarane diterpene derivative.
17

CH;

CH
---m,,,lf/ 2
1 i 0
H3C 7 :
3C CHy O
Table 12 The NMR data of N2 in CDCl3
N2
Position & & HMBC NOE
(mult., Ju,) (C-Type)
1 2.08 (m) 22.09(CHy) | C-2,C-10,C-20 -
2 1.48 (m) 17.46 (CH,) C-10 -
3 a: 1.60 (m) 37.38 (CH,) C-2, C-4,C-5, .
b: 1.24 (m) C-10, C-19
4 - 37.05 (C) . -
5-OH 5.06 (brs) 81.67 (C) . -
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N2
Position Su & HMBC NOE

UV (Il’l‘[ﬂt., J'Hz) . -(C--Type) A L o .
6 - 104.31 (C) - -
7 - 196.00 (C=0) - -
8 - 134.96 (C) - -
9 - 74.62(C) - -
10 - 49.31 (C) - -
11 1.71 (m) 27.16 (CHy) (C-8, C-9, C-12,C-13 -
12 |a:2.20(dr, 13.5, | 29.47 (CHy) | C-11,C-13, C-15, -

4.8) C-17

b: 1.55 (m)
13 - 39.28 (O) - -
14 6.79(d, 1.5) | 150.53 (CH) {C-7, C-8, C-9, C-12, Me-17
C-15,C-17

15 5.87 (dd, 17.4, | 144,90 (CH)| C-12,C-13, C-14, H-14, Me-17

10.5) C-17
16 a:5.12 (d, 17.4) |112.88 (CHy) C-13, C-15 H-15

b: 5.07 (d, 10.5)
17 1.16 (5) 24.73 (CH3) | C-13,C-14,C-15 [H-14, H-15, Hy-20
18 1.19 (s) 26.97 (CH3) C-3,C-4,C-5 Me-19
19 1.43 (s) 23.52 (CHas) C-4,C-5,C-18 Me-18, Hy-20
20 a:4.04 (d, 9.9) | 68.50 (CHy) | C-1, C-5,C-6,C-9, | Me-19, Hp-20
b: 3.73(d, 9.9) C-10

1.3.5 Compound N5

N5 was obtained as a colorless gum with {o]p? +232.50, ¢ = 0.04,
MeOH). The UV spectrum showed a maximum absorption band at Ay 246 nm while
the hydroxyl and the carbonyl stretching frequencies in the IR spectrum were found in
the region of 3414 and 1684 em’, respectively, The HREI-MS showed the molecular
formula CaoHasOs. The 'H NMR data (Figure 12) (Table 13) were similar to those of
N3 except that the signal of the S-olefinic proton (& 6.80, d, J = 1.8 Hz, 1H) of the
a,B-unsaturated ketone in N3 was replaced, in N5, by an oxymethine proton (& 4.43,
m, 1H). The oxymethine proton was attributed to H-14 on the basis of the 3J HMBC
cross peaks (Table 13) of H-14 with C-7 (& 194.60), C-9 (& 164.63), C-15 (&
143.75) and C-17 (& 24.31). The >C chemical shifts of C-8 (& 132.29) and C-9
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suggested the presence of a C3-Cy double bond. The absolute configuration of rings A
and B was identical to that in N3 according to NOEDIFF experiment (Table 13).
Irradiation of Hy-20 (&4 3.29, d, J = 9.3 Hz, 1H) affected Me-17 (& 1.03, s, 3H), but
‘not H-11 (ds 4.42, dd, J = 6.3 and 4.8 Hz, 1H), indicating o-equatorial and f-axial
location of H-11 and Me-17, respectively. The coupling constants derived from
coupling between H-11 and Hy-12 (J = 4.8 Hz) and He-12 (J = 6.3 Hz) confirmed the
a-equatorial position of H-11. Signal enhancement of H-14, upon irradiation of Me-
17 in the NOEDIFF experiment, established the f-equatorial orientation of H-14. The
absolute configuration of C-11 (& 70.02) and C-14 (& 64.53) was identical to that in
sphaeropsidin E (Evidente ef al,, 2002). Therefore, N5 was assigned as a new

pimarane diterpene derivative.

xs/CHZ

..uu""

Table 13 The NMR data of N3 in CDCl;

N5
Position & & HMBC NOE
(mult., Juz) (C-Type)
1 1.74 () 23.77 (CHy) C-2, C-10, C-20 -
2 2.65 (m) 17.78 (CHz) - -
3 a: 1.60 (m) 37.59 (CHa) C-2 -
b: 1.32 (m)
4 - 36.83 (C) - -
5-OH 5.06 (brs) 81.11 (C) C-5,C-6 -
6 - 104.93 (C) - -
7 - 194.60 (C=0) - -
8 - 132.29 (C) - -
9 - 164.63(C) - -
10 - 54.18 (C) - -
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Table 13 Continued

N5
Position & & HMBC NOE
(mult., Ju,) (C-Type)
11 4,42 (dd, 6.3, 70.02 (CH) [C-8, C-9,C-10, C-12 | Hy-12, Me-17 |
4.8)
12 |a:2.24 (dd, 14.4, | 40.07 (CHy) | C-9,C-11,C-13, -
4.8) C-14, C-15, C-17
b: 2.01 (dd, 14.4, - - H-11, H,-12,
| 6.3) | Me-17
13 - 39.82(C) - -
14 4,43 (m) 64.53 (CH) |(C-7,C-8, C-9, C-12, Me-17
C-13, C-15, C-17
15 6.13 (dd, 17.7, | 143.75 (CI) C-12 -
10.2)
16 |a:5.34(dd, 10.2,| 115.12 (CHy) C-13,C-15 -
0.9)
b: 5.27 (dd, 17.7, - - -
0.9)
17 1.03 (s) 2431 (CHs) | C-12,C-14,C-15 H-14, H,-20
18 1.27 (s) 2795 (CHy) | C-3,C4,C-5,C-19 Me-19
19 1.56 (s) 24,13 (CH;) | C-3,C-4,C-5,C-18 | Me-18, Ha-20
20 a:4.45(d,9.3) | 7040 (CHy) | C-5,C-6,C-8, C-9, -
b:3.29(d, 9.3) C-10 Me-17, Hy-20

1.3.6 Compound N7

N7 was obtained as a whitc solid, melting at 152.5-153.7 °C, [a]p®
+114.79 (c = 0.53, MeOH). The UV spectrum with maximum absorption bands at
Amax 224, 275 and 284 nm indicated that N7 had a conjugated aromatic chromophore,
A strong absorption band at 1761 cm’ in the IR spectrum indicated the presence of a
vinyl carbonate moiety while an absorption band at 1716 cm’! was assigned to ketone
and lactam carbonyl functional groups. The HREI-MS showed the molecular formula
CaoH3sNQg. The carbonyl carbon signals at & 148.99, 169.92 and 211.51 were in
agreement with the IR data. The 'H (Figure 15) (Table 14) and C NMR data
(Figure 16) (Table 14) suggested that N7 was structurally related to cytochalasin K
(Steyn ef al., 1982). In the 'H NMR spectrum, they differed only in the signal pattern
of the phenyl ring attached at C-10. N7 possessed a para-methoxybenzene ring
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according to the presence of the characteristic proton resonances, &y 7.00 (d, J = 8.7
Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H) and 3.72 (s, 3H). The absolute configuration was
identical to that of cytochalasin K on the basis of the following NOEDIFF experiment
(Table 14). Trradiation of H-3r (6 3.35, £, J = 6.6 Hz, 1H) enhanced the signal
intensity of only H-27 and H-31 (&4 7.00, d, J = 8.7 Hz, 2H), but not H-4 (& 3.81,
brs, 111), indicating the frans relationship of H-3/H-4. Irradiation of H-8 (& 2.81, m,
1H) affected the signal intensity of H-4, but not H-7 (&4 4.15, dd, J = 5.7 and 3.6 Hz,
1H) suggesting cis and frans relationship of H-4/H-8 and H-7/H-8, respectively. Upon
irradiation of H-19 (& 5.59, d, J = 11.7 Hz, 1H), the signal intensity of H-16 (& 2.87,
m, 1H) and Me-25 (& 1.44, s, 3H) was enhanced, indicating the cis relationship of -
19/H-16 and H-19/Me-25. Therefore, N7 was determined as a new methyl ether

derivative of cytochalasin K.

LH;
16
O
18 25
£ “CH,
OH
Table 14 The NMR data of N7 in CDCl5
N7
Position S & HMBC 'NOE
(mult., Juz) (C-Type) A

1 - 169.92 (C=0) - -

2-NH 5.81 (brs) - - -
3 3.35(¢, 6.6) 59.17 (CH) C-1,C-5 Me-11, H-27
4 3.81 (brs) 4823 (CH) | C-1,C-5,C-6,C-9 -
5 - 125.35 (C) . -
6 - 131.66 (C) - -
7 4.15 (dd, 5.7, 3.6) | 70.03 (CH) C-5 H-4, H-14
8 2.81 (m) 49.96 (CHY) | C-1, C-7, C-9, C-13, -

C-14

9 - 86.20 (C) - -
10 2.78 (m) 43.23 (CHy) | C-3, C-4, C-26, C-27 -
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N7
Position Su éc HMBC NOE
(mult., Jiuz) (C-Type)

T 146 (brs) | 170 (Cllyy | G4, C5,C6 —

12 1.61 (brs) 13.94 (CH3) C-5, C-6, C-7 Me-11

13 6.13 (brdd, 129.40 (CH) - -

15.0, 10.5)

14 5.31 (ddd, 15.0, | 133.57 (CH) C-8 H-8

11.1,3.9)

15 a:2.73 (m) 39.02 (CHy) C-13,C-14 -

b: 2.70 (m)

16 2.87 (m) 40.91 (CH) - H-19, Me-24

17 - 211.51 (C=0) - -
18-OH 4.42 (brs) 76.63 (C) - -

19 5.59(d,11.7) | 12048 (CH) | C-18,C-20,C-25 | H-16, H-20,

Me-25

20 6.60(d, 11.7) | 14248 (CH) | C-18,C-19,C-22 H-19

22 - 148.99 (C=0) - -

24 1.11 (d,6.6) | 20.17(CHj3} | C-15,C-16,C-17 Me-25

25 1.44 (s) 24.64 (CH3) | C-17,C-18,C-19 -

26 - 128.57 (C) - -
27,31 7.00 (d,8.7) | 130.32 (CH) C-10, C-29 H-3, H-28
28,30 6.80 (d,8.7) | 11431 (CH)| C-26,C-27,C-29 H-27,

29-0OCH;

29 - 158.69 (C) - -

29-OCHj3 3.72 (s) 55.27 (CHs3) C-29 H-28
1.3.7 Compound N6

N6 was obtained as a white solid, melting at 188.6-189.2 °C with

[a]p® -52.67, ¢ = 0.17, MeOH. The UV and the IR data were similar to those of N7.
The HREI-MS showed the molecular formula CaoHz;NQo. The 'H NMR spectrum
(Figure 18) (Table 15) was similar to that of N7 except for an additional signal of a
methine proton (& 2.29, dd, J= 7.2 and 5.2 Hz, 1H}) in N6, In addition, signals of two
methyl groups in the perhydroisoindolyl residue (Me-11, & 1.11, 4, J = 7.2 Hz, 3H
and Me-12, &; 1.25, 5, 3H) in N6 resonated at higher field than those in N7. In the

COSY spectrum (Table 15), the additional methine proton was coupled with Me-11.
The HMBC cross peaks (Table 15) of Me-11 with C-4 (& 48.06), C-5 (& 35.83) and
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C-6 (& 57.27) and those of Me-12 with C-5, C-6 and C-7 (& 60.61) indicated that
they were located at C-5 and C-6, respectively. Consequently, the methine proton was
attributed to H-5. The chemical shift of C-6 suggested the presence of a hydroxyl
substituent at C-6. Signal enhancement of H-3& (du 3.68, m, 1H) and Me-12 upon
irradiation of Me-11 established their cis o~relationship. The absolute configuration of
the macrocyclic ring was identical to that of N7 on the basis of NOEDIFF experiment

(Table 15). Therefore, N6 was determined as a new cytochalasin derivative.

Table 15 The NMR data of N6 in CDCl;

N6
Position Su & HMBC NOE
(mult., Jiz) (C-Type)
1 - 170.00 (C=0) - -
2-NH 6.11 (brs) - - -
3 3.68 (m) 53.75 (CH) | C-1, C-4, C-9, C-26 | H-10, Me-11,
Me-12, H-25
4 3.00 (dd,5.2,2.7) | 48.06 (CH) | C-1,C-3,C-5,C-6, | H-5, H-14,
C-9, C-10 H-19
5 229 (dd, 7.2,5.2) | 3583 (CH) | C-3,C-4,C-6,C-7, { H-4, Me-11
C-11,C-12
6 - 57.27 (C) - -
7 2.65 (m) 60.61 (CH) C-1 -
8 2.64 (m) 45.89 (CH) |C-1,C-9, C-13,C-14 -
9 - 87.03 (O) -
10 a:2.85 (¢d, 13.5, | 44.16 (CHp) (C-3, C-4, C-26,C-27 | H-3,H-4,
4.5) 0-27
b: 2.62 (m)
11 1.11 (d, 7.2) 13.21 (CHy) C-4,C-5,C-6 H-3, H-5,
Me-12
12 1.25 (s) 19.68 (CH;) C-5, C-6, C-7 H-3, Me-11
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N6
Position S & HMBC NOE
b (ult, ) ] (C-Type). o _
i3 5.89 (ddm, 15.0, | 128.45 (CH) C-7,C-8 H-7
9.9 _
14 5.23 (ddd, 15.0, | 131.54 (CH) C-8,C-15 H-4, H-8,
10.0, 3.6) Ha-15, H-19
15 a: 2,67 (m) 39.06 (CHy) C-13,C-14 -
b: 2.15 (dm, H-14, Hy-15,
13.8) H-16, Me-24
16 2.93 (ddd, 11.4, | 40.80 (CH) C-24 Hp-15, H-19,
6.9,2.4) Me-24
17 - 211,71 (C=0) - -
18-OH 4,43 (brs) 77.00 (C) - -
19 561(d,11.7) 12039 (CH)|] C-17,C-18, C-20, H-20
C-22,C-25
20 6.51(d,11.7) | 142.15(CH)| C-18,C-19,C-22 H-4, H-14,
H-19, Me-25
22 - 149.36 (C=0) - -
24 1.16 (d, 6.6) 20.07 (CH;) | C-15,C-16,C-17 | H-16, Me-25
25 1,50 (s) 24.35 (CH3) { C-17,C-18,C-19 Me-24
26 - 112792 (C) - -
27,31 7.06 (d, 8.7) 130.54 (CH) C-10, C-29 -
28, 30 6.87 (d, 8.7) 114.34 (CH) | C-26, C-27, C-29 29-OCH;
29 - 158.90 (C) - -
29-OCHj 3.79 (s) 55.27 (CH;) C-29 -




PART II

CHEMICAL CONSTITUENTS FROM THE WOOD-DECAYED
FUNGUS LACHNUM SP. BCC 2424
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CHAPTER 2.1
INTRODUCTION

2.1.1 Introduction

The genus Lachnum is a rich source of biologically active secondary
metabolites (Table 16). Chemical constituents isolated from the genus Lachnum are
summarized in Table 16 based on SciFinder Scholar database.

The fungus used in this study was collected on wood in leaf litter at
Khao Yai National Park, Central Thailand, by Dr, Nigel. L. Hywel-Jones, the
National Center for Genetic Engineering and Biotechnology (BIOTEC). On the basis
of the DNA sequence data, it was identified as Lachnum sp., by Dr. Janet Jennifer
Laungsaard, BIOTEC. This fungus was deposited in the BIOTEC Culture Collection
as BCC 2424 on May 25, 1999.

Table 16 Compounds isolated from the Lachnum genus

Scientific name Compound Activity References

L. papyraceum | (+)-Mycorthizin A, 1 Cytotoxic, Stadler ef al.,
(+)-Chloromycorrhizin A, 2 nematicidal 1993a
(1’E)-Dechloromycorrhizin A, 3 | and
Lachnumon, 4 antimicrobial
Lachnumol A, §
Lachnumon, 4 - Stadler ef al.,
Lachnumol A, 5 1993b
(1'Z)-Dechloromycorrhizin A, 6 | Antimicrobial, | Stadler ef al.,
Papyracon A, 7 cytotoxic, 1995a
Papyracon B, 8 nematicidal
Papyracon C, 9 and phytotoxic
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Scientific name Compound Activity References
Mycorrhizin B1, 10
Mycorrhizin B2, 11
Lachnumon B1, 12
Lachnumon B2, 13
(+)-Mycorrhizin A, 1 Nematicidal Stadler ef
(1'E)-Dechloromycorrhizin A, 3 and al., 1995b
(1'Z)-Dechloromycorrhizin A, 6 antimicrobial
Papyracon A, 7
Papyracon B, 8
Papyracon C, 9
Mycorrhizin B1, 10 Nematicidal | Stadler ef
Mycorrhizin B2, 11 and al,, 1995¢
Lachnumon BI, 12 antimicrobial
Lachnomon B2, 13
4-Chloro-6-hydroxymellein, 14 Antimicrobial, | Stadler ef
4-Bromo-6-hydroxymellein, 15 cytotoxic, al., 1995d
4-Chloro-6-methoxymellein, 16 nematicidal
4-Chloro-5,6-dihydroxymellein, 17 | and phytotoxic
6-Hydroxymelleiri, i8
6-Methoxymellein, 19
4-Chloro-6-hydroxymeliein, 14 Nematicidal | Stadler ef
4-Bromo-6-hydroxymellein, 15 and al., 1995¢
4-Chloro-6-methoxymellein, 16 antimicrobial
4-Chloro-5,6-dihydroxymellein, 17
Papyracon D, 20 Antibioticl, Shan et al.,
6-0O-Methylpapyracon B, 21 nematicidal 1996a
6-0-Methylpapyracon C, 22 and cytotoxic
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naphthalenone, 27
6-O-Methylasparvenone, 28
5-Hydroxy-7-methoxy-4,6-
dimethylphthalide, 29
2-Formyl-4-hydroxy-3-
(hydroxymethyl)-6-methoxy-5-
methylbenzoic acid, 30
2-Formyl-3-(hydroxymethyl)-6-
methoxy-5-methyl-4-[(3-methyl-2
butenyl)oxy]benzoic acid, 31
1,7,8,9-Tetrahydro-1,9-
dihydroxy-4-methoxy-5-methyl-
8-(1-methylethenyl)-(1 2,8 2,9 f)-
3H-furo[3,4-f][1]-benzopyran-3-
one, 32
4-[(3-Methyl-2-butenyloxy]-6-
methoxy-5-methyl-7-
phthalidecarboxylic acid, 33

Scientific name Compound Activity References

Lachnumfuran A, 23

Lachnumlactone A, 24

Chloromycorrhizinol A, 25

Papyracillic acid, 26 - Shan ef al.,
1996b
Shan et al.,
1997a

3,4-Dihydro-4,8-dihydroxy-6- Antimicrobial, | Shan ef al.,

methoxy-7-methyl-1(2H)- phytotoxic and 1997b

cytotoxic
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Table 16 Continued

Scientific name Compound Activity References
4-[(3-Methyl-2-butenyl)oxy]-
6-methoxy-5-methyl-

7-phthalidecarboxylic acid
methylester, 34

Structures of the metabolites from Lachnum genus

0
R
CH; CH;
Xy d cig
OH
a0
3:R=R;=H : (I’E}-Dechloro-
1:R=H : (+)-Mycorrhizin A mycorrhizin A
2:R=Ci : (+)-Chloromycorrhizin A 10: R,=H, R, =Br : Mycorrhizin Bl
11: Ry=Cl, R, =Br : Mycorrhizin B2
Ry R,
R
0
MeO =~ ClH,
OH Ry
4: RytR; = 0O, R3 =Ry =Cl : Lachnumon

5:R;=0H,R; =H,Rs=Ry=Cl :Lachnumol A
12: Ry+Ry=0,R;=H, Ry =Br : Lachnumon Bl
13: Ri+Ry; =0, R3=Cl, R;=Br : Lachnumon B2

ol
HO
H;C 0 CH
1 3
H;C e ) CH;
o CH; HO Y
OH
0 o

6: (1'Z)-Dechloromycorrhizin A 20: Papyracon D 23: Lachnumfuran A
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T:R+Ry=0,R;=H : Papyracon A
8:Ry=0OH,R,=H,R3=H :Papyracon B
9:Ry=H,R,=0H,R;=H :PapyraconC
21: R;=0H, R; = H, Ry =CHj; : 6-O-Methylpapyracon B
22: Ry=H, Ry = OH, Ry = CH; : 6-O-Methylpapyracon C

K “cHy
R, R; Ry
14: R =Ry;=Ry=H,R;=Cl : 4-Chloro-6-hydroxymellein
15 R =Ry=R4=H,R;=Br : 4-Bromo-6-hydroxymeilein

16: R;=CH;, R, =Ry =H,R;=Cl :4-Chloro-6-methoxymellein
17:Ry=Ry=H,R;=0H,R;=Cl :4-Chloro-5,6-dihydroxymellein
18: R;=R;=R3=R4=H : 6-Hydroxymellein

19: Ry =CH;s, Ry=Ri=Ry=H : 6-Methoxymeliein

Cll, HO ¢Hs
0 § CH,
HyCo_ O cl HyC \ OCH;
H;C
3 4 \
o HO cl
He e OH 0
24: Lachnumlactone A 25; Chloromycorrhizinol A 26: Papyracillic acid
OH
0
HO OCH;,
R
27: R=CH;, : 3,4-Dihydro-4,8-dihydroxy- 6-methoxy-7-methyl-1(2H)-naphthalenone

28: R=CH,;CH; :6-O-Methylasparvenone
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CHO
OCH; 6 CO,H
H;C HO
0 RO OCH,
CH,
29: S5-Hydroxy-7-methoxy-  30: R=H :2-Formyl-4-hydroxy-3-(hydroxymethyl)-6-
4,6-dimethylphthalide methoxy-5-iethylbenzoic acid

31: R = 3-methyl-2-butenyl
: 2-Formyl-3-(hydroxymethyl)-6-methoxy-5-
methyl-4-[(3-methyl-2-butenyl)oxy]benzoic
acid

oot
o

CH, OH Q
Y 0
0e”
0 OCH;3
CH,

32: 1,7,8,9-Tetrahydro-1,9-dihydroxy-4-methoxy-5-methyl-8-(1-methylethenyl)-
(1a,8¢,98)-3 H-furo[3,4-f][ 1 ]-benzopyran-3-one

COOR

CH; © OCH;

= CH,
H;C

33: R=H : 4-[(3-Methyl-2-butenyl)oxy]-6-methoxy-
5-methyl-7-phthalidecarboxylic acid

34: R=CH,;: 4-[(3-Methyl-2-butenyl)oxy]-6-methoxy-
5-methyl-7-phthalidecarboxylic acid
methyl ester




CHAPTER 2.2
EXPERIMENTAL

2.2.1 Fermentation and extraction

The flask culture of the fungus Lachnum sp. BCC 2424 was filtered to
separate into the filtrate and wet myecelia. The filtrate was extracted three times with
an equal volume of EtOAc, The EtOAc layer was dried over anhydrous MgSO, and
evaporated to dryness under reduced pressure to obtain a brown gum (572.4 mg). The
wet mycelia were extracted twice with 500 ml of MeOH for 2 days. To the extract
was added H,0O (50 ml), and the mixture washed with hexane (700 ml). The aqueous
MeOH layer was concentrated under reduced pressure. The aqueous layer was
extracted three times with an equal volume of EtOAc (700 ml). The EtOAc extract
was dried over anhydrous MgSO4 and then evaporated to dryness under reduced

pressure to give a dark brown gum (250.8 mg).
2.2.2 Purification of the broth extract

The ethyl acetate extract of the culture filtrate showed four UV-active
spots on normal phase TLC with the R¢ values of 0.11, 0.13, 0.45 and 0.55 using 2%
methanol in dichloromethane (3 runs) as a mobile phase. It was further separated by
column chromatography over Sephadex LIH20 using 100% McOH as eluent. All
fractions were examined by TLC, combined on.the basis of their chromatogram
characteristics and then evaporated to dryness under reduced pressure to give six

fractions, as shown in Table 17.
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Table 17 Fractions obtained from the broth extract by column chromatography

over Sephadex LH20

Fraction | Eluent | Weight (mg) | Physical appearance
A 100% MeOH 44 Brown solid
B 100% MeOH 64.1 Brown gum
C 100% MeOH 146.5 Brown gum
D 100% MeOH 154.6 Brown-yellow gum
E 100% MeOH 57.7 Brown-orange solid
F 100% MeOH 32.7 Dark-brown gum

Fraction A showed no definite spots under UV-S on normal phase TLC using 2%
methanol in dichloromethane as a mobile phase (2 runs). Its 'H NMR spectrum
displayed proton signals at high field region. Therefore, it was not further

investigated.

Fraction B showed many spots under UV-S on normal phase TLC using 2%
methanol in dichloromethane as a mobile phase (2 runs). Further separation by
column chromatography over silica gel using a gradient system of methanol-
dichloromethane was performed. All subfractions were examined by TLC, combined
on the basis of their chromatogram characteristics and then evaporated to dryness

under reduced pressure to afford four subfractions, as shown in Table 18.

Table 18 Subfractions obtained from fraction B by column chromatography over

silica gel
Subfraction Eluent Weight (mg) | Physical appearance
100% CH,Cl; -
B-1 17.9 Yellow gum
5% MGOH/CH;;CIZ
B-2 5-7% MeOH/CH,Cl; 9.3 Yellow gum
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Table 18 Continued
Subfraction Fluent Weight (ng) | Physical appearance
Yellow gum mixed
with yellow solid
50% MeOH/CH,Cl, -
B-4 23.8 Brown gum
100% MeOH

Subfraction B-1 showed no spots under UV-S on normal phase TLC

uéing 2% methanol in dichloromethane as a mobile phase (2 runs). According to the

appearance of proton signals at high field in the '"H NMR spectrum, it was not further

studied,

Subfraction B-2 (N8) displayed one UV-active spot on normal phase

TLC with the Ry value of 0.60 using 2% methanol in dichloromethane (2 runs)

followed by 5% methanol in dichloromethane (3 runs) as mobile phases.

[olp*®

FT-IR (neat) Vem-1

'H NMR (CDCls) (& ppm)
(300 MHz)

3¢ NMR (CDCl3) (6 ppm)
(75 MHz)
DEPT (135°) (CDCls) CH :
CH;:
CH;:

+7.73 (¢ = 0.76, MeOH)

3369 (O-H stretching), 1601 (C=C stretching)

5.92 (dd, J= 174, 10.8 Hz, 1H), 5.42 (triplet of

sextet, J = 7.0, 1.2 Hz, 1H), 5.22 (dd, J = 174,
1.2 Hz, 1H), 5.07 (dd, J=10.8, 1.2 Hz, 1H), 3.99
(g, J = 0.9 Hz, 2H), 2.09 (m, 2H), 1.67 (s, 3H),
1.62 (m, 1H), 1.58 (m, 111, 1.30 (s, 3H)
144.88, 135.04, 125.95, 111.86, 73.32, 68.84,
41.73,27.89,22.33, 13.64

144.88, 125.95

111.86, 68.84, 41.73, 22.33

27.89, 13.64
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Subfraction B-3 demonstrated one major UV-active spot on normal
phase TLC with the Ry value of 0.60 using 2% methanol in dichloromethane (2 runs)
followed by 5% methanol in dichloromethane (3 runs) as mobile phases. Its '"H NMR
spectral data indicated the presence of N8. Therefore, no attempted investigation was

carried out.

Subfraction B-4 showed no definite spots under UV-S on normal
phase TLC using 2% methanol in dichloromethane (2 runs) followed by 5% methanol
in dichloromethane (3 runs) as mobile phases. Its 'H NMR spectrum displayed proton

- signals at high field region. Therefore, it was not further investigated.

Fraction C contained five major spots under UV-S on normal phase TLC with the Ry
values of 0.05, 0.18, 0.40, 0.48 and 0.60 using 1% methanol in dichloromethane as a
mobile phase. Further separation by column chromatography over silica gel using a
gradient system of methanol-dichloromethane was performed. Fractions, which
contained similar components, were combined and evaporated to dryness under

reduced pressure to give eight subfractions, as shown in Table 19.

Table 19 Subfractions obtained from fraction C by column chromatography over

silica gel
Subfraction Eluent Weight (ing) | Physical appearance
C-1 100% CHoCl - 9.2 Yellow gum
2% MeOH/CH,Cl,
C-2 2-3% MeOH/CH,Cl, 7.2 Yellow gum
C-3 5% MeOH/CH,Cl, 22,7 Orange gum
C-4 10-20% MeOH/CH,Cl, 7.0 Orange gum
C-5 30% MeOH/CH,Cl, 4.7 Yellow gum
C-6 30% MeOH/CH,Cl, 5.0 Yellow gum
C-7 50-70% MeOH/CH,Cl, 36.9 . Brown gum
o8 80% MeOH/CIL,ClL, - 037 Brown gum mixed with
100% MeOH brown solid
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Subfraction C-1 showed four spots under UV-S on normal phase TLC
with the R values of 0.45, 0.53, 0.63 and 0.70 using 3% methanol in dichloromethane
(3 runs) as a mobile phase. Further purification by precoated TLC with 100%

dichloromethane as a mobile phase (7 runs) afforded four bands.

Band 1 was obtained as a yellow gum (1.5 mg). Its chromatogram
showed two spots under UV-S on normal phase TLC with the Ry values of 0.43 and
0.78 using 0.5% methanol in dichloromethane as a mobile phase (2 runs), The 'H
NMR spectrum indicated that it was a mixture, Because of low quantity, it was not

further purified.

Band 2 was a yellow gum (1.0 mg), which showed one spot under
UV-S on normal phase TLC with the Ry value of 0.38 using 0.5% methanol in
dichloromethane as a mobile phase (2 runs). The '"H NMR spectrum indicated that it

was a mixture. Therefore, no attempted separation was carried out,

Band 3 was obtained as a yellow solid (1.1 mg). Its chromatogram
displayed one UV-active spot on normal phase TLC with the Ry value of 0.13 using
0.5% methanol in dichloromethane as a mobile phase (2 runs). The '"H NMR spectrum

suggested that it was a mixture. Therefore, no attempted investigation was performed.

Band 4 was obtained as an orange solid (2.0 mg). Its chromatogram
contained one UV-active spot on normal phase TLC with the Ry value of 0.08 using
0.5% methanol in dichloromethane as a mobile phase (2 runs). The "HNMR spectrum

suggested that it was a mixture. Thus, it was not further investigated.

Subfraction C-2 displayed one major UV-active spot on normal phase
TLC with the R¢ value of 0.45 using 3% methanol in dichloromethane (3 runs) as a
mobile phase. Further purification by precoated TLC with 100% dichloromethane as a
mobile phase (15 runs) afforded four bands,
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Band 1 was obtained as a yellow solid (1.3 mg), which showed one

spot under UV-S on normal phase TLC with the Ry value of 0.43 using 1% methanol

in dichloromethane as a mobile phase (4 runs). The 'H NMR spectrum indicated that

it was not pure. Because of low quantity, it was not further investigated.

Band 2 was a yellow gum (1.0 mg), which showed one UV-active spot

on normal phase TLC with the Re value of 0.25 wusing 1% methanol in

dichloromethane as a mobile phase (4 runs). The 'H NMR spectrum indicated that it

was a mixture. Therefore, no attempted separation was cartried out.

Band 3 (N9) was a yellow gum (1.6 mg). Its chromatogram showed

one spot under UV-S on normal phase TLC with the Ry value of 0.20 using 1%

methanol in dichloromethane as a mobile phase (4 runs).

[ a]DZG
UV(MeOH) Anax nm (log &)
FT-IR (neat) vem.1

'H NMR (CDCls) (8 ppm)

(300 MHz)

13C NMR (CDCl3) (8 ppm)
(125 MHz)

DEPT (135°) (CDCl3) CH :
CHz .
CH3 .

EIMS m/z (% relative intensity):

+43.40 (¢ = 0.13, MeOH)

211 (3.64), 278 (3.36), 348 (2.77)

3384 (O-H stretching), 1776 and 1642 (C=0
stretching), 1573 (C=C stretching)

11.57 (s, 1H), 6.52 (brs, 1H), 6.45 (brs, 1H), 4.63
(brs, 2H), 4.58 (t, J= 7.2 Hz, 1H), 298 (d, J =
17.1 Hz, 1H), 2.61 (d, J = 17.1 Hz, 1H), 2.60 (=,
2H), 2.32 (m, 2H), 1.43 (s, 3H)

195.82, 176.10, 162,01, 158.90, 153.16, 106.92,
106.43, 10529, 82,56, 80.85, 64.47, 42.85,
28.21,22.34,19.14

106.43, 105.29, 82.56

64.47,42.85,28.21, 22.35

19.14

292 (19), 207 (100), 167 (35), 149 (55), 72 (37),
69 (25), 59 (58)
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Band 4 (N10) was obtained as a yellow gum (1.9 mg). Iis

chromatogram showed one spot under UV-S on normal phase TLC with the Ry value

of 0.15 using 1% methanol in dichloromethane as a mobile phase (4 runs).

[ln”
UV(MeOH) Apax nm (log &)
FT-IR (neat) vem-1

*H NMR (CDCl3) (8 ppm)
(500 MIz)

3¢ NMR (CDCl3) (6 ppm)
(125 MHz)

DEPT (135°) (CDCls) CH :
CH2 .
CH3 .

EIMS m/z (% relative intensity):

+51.43 (¢ = 0.035, MeOH) |

281 (3.90), 354 (3.28)

3367 (O-H stretching), 1775, 1731 and 1705
(C=0 stretching), 1644 (C=C stretching)

10.80 (s, 1H), 6.78 (brs, 1H), 6.53 (g, J= 1.5 Hz,
1H), 6.47 (g, J = 1.5 Hz, 1H), 5.36 (dd, J = 9.0,
7.0 Hz, 1H), 4.64 (brs, 2H), 2.86 (d, J = 16.5 Hz,
1), 2.79 (d, J = 16,5 Hz, 1H), 2.60 (m, 2H),
2.45 (s, 3H), 2.44 (m, 2H), 1.26 (s, 31)

212.65, 195.51, 176.37, 162.36, 157.71, 153.27,
106.84, 105.22, 103.92, 84.28, 78.67, 77.72,
64.46, 39.08, 31.91, 27.96, 23.13, 12.77

106.84, 105.22, 77.72

64.46, 39.08, 27.96, 23.13

31.91, 12.77

364 (26), 222 (39), 194 (46), 177 (80), 167 (100),
85 (45)

Subfraction C-3 showed two major spots under UV-S on normal

phase TLC with the R¢ values of 0.30 and 0.35 using 3% methanol in dichloromethane

as a mobile phase (3 runs). Further purification by flash column chromatography over

silica gel using a gradient system of dichloromethane-methanol was performed.

Fractions, which contained similar components, were combined and evaporated to

dryness under reduced pressure to give four subfractions, as shown in Table 20.
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Table 20 Subfractions obtained from subfraction C-3 by flash column

chromatography over silica gel

Subfraction |  Eluent _Weight (mg) | Physical appearance
100% CHyCl, -
C-3-1 1.0 Yellow gum
3% MeOH/CH,Cl,
C-3-2 3-5% MeOH/CH,Cl, 8.2 Yellow gum
C-3-3 5% MeOH/CH,Cl, 10.3 Orange gum
C-3-4 10-80% MeOH/CH,Cl; 3.1 Orange gum

Subfraction C-3-1 demonstrated no UV-active spots on normal phase
TLC using 1% methanol in dichloromethane (6 runs) as a mobile phase. Its 'H NMR
spectrum displayed proton signals at high field region. Therefore, no attempted

investigation was carried out.

Subfraction C-3-2 showed one major UV-active spot on normal phase
with the R¢ value of 0.33 TLC using 1% methanol in dichloromethane (6 runs) as a
mobile phase. When using 20% ethyl acetate in light petroleum (3 runs) followed by
30% ethyl acetate in light petroleum (15 runs) as mobile phases, the chromatogram
showed two UV-active spots on normal phase TLC with the Ry values of 0.31 and
0.54. Further purification by precoated TLC using 30% ethyl acetate in light

petroleum as a mobile phase (21 runs) afforded two bands.

Band 1 (N11) was obtained as a yellow gum (2.5 mg), which
displayed one spot under UV-S on normal phase TLC with the R¢ value of 0.50 using
20% ethyl acetate in light petroleum as a mobile phase (12 runs).

[’ +27.10 (¢ = 0.22, MeOH)
UV(MeOH) Amax nm (log &) 211 (4.42), 244 (3.97), 279 (4.18), 346 (3.70)
FT-IR (neat) vem-i 3388 (O-H stretching), 1734 and 1644 (C=O

stretching), 1569 (C=C stretching)
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'H NMR (CDCls) (8 ppm) 10.60 (s, 1H), 6.56 (dr, J = 1.2, 0.9 Hz, 1H), 6.48
(300 MHz) (dr, J=1.2,0.9 Hz, 1H), 4.78 (dd, J="1.8, 6.3 Hz,
1H), 4.65 (¢, J= 0.9 Hz, 2H), 4.59 (s, 1H), 2.73 (m,

1H), 2.61 (m, 2H), 2.37 (m, 1H), 1.42 (5, 3H)

3C NMR (CDCL3) (S ppm) 196.36, 176.66, 161.19, 158.68, 154.35, 106.94,
(125 MHz) 106.05, 104.55, 84.30, 82.28, 71.30, 64.35, 28.27,
21.93,13.43

DEPT (135°) (CDCl3) CH : 106.94, 106.05, 82.28, 71.30
CH,: 64.35,28.27,21.93
CHs: 1343
EIMS m/z (% relative intensity): 308 (6), 284 (41), 223 (28), 185 (46), 133 (32),
81(28), 69 (61), 61 (43)

Band 2 was obtained as a yellow gum (3.8 mg), which showed one
spot under UV-S on normal phase TLC with the R¢ value of 0.38 using 20% ethyl
acetate in light petroleum as a mobile phase (12 runs). The 'H NMR spectrum

suggested that it was a mixture, Therefore, no attempted investigation was performed.

Subfraction C-3-3 displayed two UV-active spots on normal phase
TLC with the Ry values of 0.30 and 0.33 using 1% methanol in dichloromethane (6
runs) as a mobile phase. When using 20% ethyl acetate in light petroleum (3 runs) and
30% ethyl acetate in light petroleum (15 runs) as mobile phases, the chromatogram
showed four UV-active spots on normal phase TLC with the Re values of 0.31, 0.40,
0.54 and 0.65. Further purification by precoated TLC with 30% ethyl acetate in light

petroleum as a mobile phase (21 runs) afforded two bands.

Band 1 was obtained as a yellow gum (4.1 mg), which displayed one
spot under UV-S on normal phase TLC with the Ry value of 0.50 using 20% ethyl
acetate in light petroleum as a mobile phase (12 runs). Its 'H NMR spectral data
indicated the presence of N11.
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Band 2 was obtained as a yellow gum (5.6 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.38 using 20% ethyl
acetate in light petroleum as a mobile phase (12 runs). The 'H NMR spectrum

suggested that it was a mixture. Therefore, no attempted investigation was carried out.

Subfraction C-3-4 showed no UV-active spots on normal phase TLC
using 1% methanol in dichloromethane (6 runs) as a mobile phase. Its 'H NMR
spectrum displayed proton signals at high field region. Therefore, no attempted

investigation was performed.

Subfraction C-4 demonstrated many UV-active spots on normal phase
TLC using 3% methanol in dichloromethane (3 runs) as a mobile phase. Its 'H NMR
spectrum displayed proton signals at high field region. Thus, it was not further
studied.

Subfraction C-5 displayed one major UV-active spot on normal phase
TLC with the Ry value of 0.20 using 5% methanol in dichloromethane (3 runs) as
mobile phase. Further purification by precoated TLC using 3% methanol in
dichloromethane (5 runs) as a mobile phase afforded a yellow gum (2.2 mg), which
displayed one spot under UV-S on normal phase TLC with the R value of 0.50 using
3% methanol in dichloromethane (5 runs) as a mobile phase. This compound was
decomposed upon keeping in a CDCI; solution at 10° C for 7 days. Therefore, it was

not further investigated.

Subfraction C-6 showed two UV-active spots on normal phase TLC
with the R values of 0.15 and 0.20 using 5% methanol in dichloromethane (3 runs) as
a mobile phase. Further purification by precoated TLC with 3% methanol in

dichloromethane (5 runs) as a mobile phase afforded two bands.

Band 1 was obtained as a yellow gum (1.5 mg). Its chromatogram

displayed one spot under UV-S on normal phase TLC with the Ry value of 0.50 using




51

3% methanol in dichloromethane (5 runs) as a mobile phase. Its TH NMR spectrum

displayed proton signals at high field region. Thus, it was not further purified.

Band 2 was obtained as a yellow gum (1.3 mg), which showed one
spot under UV-S on normal phase'TLC' with the Re value of 0.30 'using' 3% methanol
in dichloromethane (5 runs) as a mobile phase. The 'H NMR spectrum suggested that

it was a mixture. Therefore, no attempted purification was catried out.

Subfraction C-7 demonstrated a long UV-active spot using 3%
methanol in dichloromethane (3 runs) followed by 5% methanol in dichloromethane
(2 runs) as mobile phases. In addition, its chromatogram showed no definite spots
after dipping the normal phase TLC in ASA reagent and subsequently heating. Its 'H
NMR spectrum displayed proton signals at high field region. Therefore, it was not
further investigated.

Subfraction C-8 showed no UV-active spots on normal phase TLC
using 3% methanol in dichloromethane (3 runs) followed by 5% methanol in
dichloromethane (2 runs) as mobile phases and displayed no spots after dipping the
normal phase TLC in ASA reagent and subsequently heating, Its "H NMR spectrum
displayed proton signals at high field region. Therefore, no attempted investigation

was carried out.

Fraction D showed four UV-active spots on normal phase TL.C with the Ry values of
0.13, 0.20, 0.45 and 0.63 using 2% methanol in dichloromethane (3 runs) as a mobile
phase. Further separation by column chromatography over silica gel using a gradient
system of methanol-dichloromethane was performed. All subfractions were examined
by TLC, combined on the basis of their chromatogram characteristics and then
evaporated to dryness under reduced pressure to afford seven subfractions, as shown

in Table 21.
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Table 21 Subfractions obtained from fraction D by column chromatography over

silica gel
| Subfraction - Eluent Weight (mg) | Physical appearance
100% CH,Cl, -
D-1 2.5 Yellow gum
2% MeOH/CH,Cl,
D-2 2-5% MeOH/CH,Cl; 1.0 Yellow gum
D-3 5% MeOH/CH,Cl, 2.6 Orange solid
D-4 5% MeOH/CH,Cl, 11.3 Orange solid
Yellow gum mixed
D-5 106% MCOH/CHzC[z 10.3
with orange solid
D-6 10-20% MeOH/CH,Cl, 17.7 Orange-yellow gum
50% MeOH/CH,CI; - Brown gum mixed
D-7 78.8 )
100% MeOH with brown solid

Subfraction D-1 showed no spots under UV-S on normal phase TLC
using 5% methanol in dichloromethane as a mobile phase. Its '"H NMR spectrum
displayed proton signals at high field region. Thus, further purification was not

petrformed.

Subfraction D-2 (N12) displayed one UV-active spot on normal phase

TLC with the Ry value of 0.63 using 5% methanol in dichloromethane as a mobile

phase.
UV(MeOH) Ana nm (log £) 245 (3.54), 277 (3.10), 342 (3.00)
FT-IR (neat) vem.1 3346 (O-H stretching), 1639 (C=0 stretching),
1596 (C=C stretching)
'H NMR (CDCl3) (8 ppm) 11.58 (s, 1H), 6.71 (brs, 1H), 6.59 (brs, 1H), 5.78
(300 MHz) (brs, 1H), 2.45 (s, 3H), 2.40 (s, 3EH)
3C NMR (CDCl3) (6 ppm) 175.28, 159.41, 155.84, 149.67, 146.75, 136.70,

(125 MHz) 110.95, 107.71, 107.28, 22.43, 15.09
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DEPT (135°) (CDCl3) CH :
CH3 N
EIMS m/z (% relative intensity):

110.95, 107.71
22.43, 15.09
206 (100), 191 (23), 177 (23), 151 (26), 135 (23)

Subfraction D-3 displayed two UV-active spbts 611 horinéll phase TLC |
with the Ry values of 0.30 and 0.63 using 5% methanol in dichloromethane as a
mobile phase. According to its 'H NMR data, it contained N12 and N13, Because of

low quantity, it was not further separated.

Subfraction D-4 (N13) melted at 148.5-149.2 °C, Its chromatogram
showed one UV-active spot on normal phase TLC with the Ry value of 0.30 using 5%

methano! in dichloromethane as a mobile phase.

UV(MeOH) Anax nm (log &)
FT-IR (neat) vim.1

'H NMR (Acetone-ds) (& ppm)

(300 MHz)
Bc NMR (Acetone-ds) (6 ppm)
(75 MHz)
DEPT (135°) (Acetone-ds) CH :
CH,:
CHj :

EIMS m/z (% relative intensity):

245 (4.30), 344 (3.70)

3346 (O-H stretching), 1639 (C=0 stretching),
1600 (C=C stretching)

12.10 (s, 1H), 7.85 (brs, 1H), 6.97 (brs, 1H), 6.70
(brs, 1H), 4.69 (brs, 2H), 2.43 (s, 3H)

176.92, 160.81, 156.64, 152.17, 152.08,
138.09, 109.30, 107.76, 104.99, 63.89, 15.05
107.76, 104.99

63.89

15.05

222 (100}, 193 (29)

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

with the Rf values of 0.20 and 0.30 using 5% methanol in dichloromethane as a
mobile phase. When using 50% ethyl acetate in light petroleum (2 runs) followed by
80% ethyl acetate in light petroleum (2 runs) as mobile phases, its showed three UV-
active spots on normal phase TLC with the Ry values of 0.63, 0.78 and 0.85. Further
purification by precoated TLC with 50% ethyl acetate in light petroleum (4 runs) as a
mobile phase afforded three bands.
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Band 1 was obtained as an orange-red solid (2.2 mg). Its
chromatogram displayed one spot under UV-S on normal phase TLC with the Ry
value of 0.60 using 50% ethyl acetate in light petroleum (3 runs) as a mobile phase.
Its 'H NMR spectral data and chromatogram on normal phase TLC indicated that it
NG . SR T e o _

Band 2 was obtained as a yellow solid (2.5 mg), which showed one
spot under UV-S on normal phase TLC with the R value of 0.30 using 50% ethyl
acetate in light petroleum (3 runs) as a mobile phase. The 'H NMR spectrum

suggested that it was a mixture. Because of low quantity, it was not further separated,

Band 3 was obtained as a yellow gum (3.1 mg). Its chromatogram
showed one UV-active spot on normal phase TLC with the Ry value of 0.23 using
50% ethyl acetate in light petroleum (3 runs) as a mobile phase. Its "H NMR spectral
data indicated that it was N11.

Subfraction D-6 showed three spots under UV-S on normal phase
TLC with the Ry values of 0.55, 0.60 and 0.68 using 5% methanol in dichloromethane
(3 runs) as a mobile phase. Further purification by precoated TLC with 3% methanoi

in dichloromethane (5 runs) as a mobile phase afforded three bands.

Band 1 was obtained as an orange solid (1.1 mg). Its chromatogram
demonstrated one UV-active spot on normal phase TLC with the Ry value of 0.43
using 3% methanol in dichloromethane (2 runs) as a mobile phase. The 'H NMR
spectrum suggested that it was a mixture. Because of low quantity, it was not further

separated.

Band 2 was obtained as a yellow gum (2.7 mg). Its chromatogram
showed one spot under UV-S on normal phase TLC with the R¢ value of 0.30 using
3% methanol in dichloromethane (2 runs) as a mobile phase. Its 'H NMR spectral

data indicated that it was N11.
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Band 3 was an orange solid (1.5 mg). Its chromatogram displayed one
spot under UV-S on normal phase TLC with the R¢ value of 0.23 using 3% methanol
in dichloromethane (2 runs) as a mobile phase. The 'H NMR spectrum suggested that

it was a mixture. Because of low quantity, it was not further investigated,

Subfraction D-7 displayed no UV-active spots on normal phase TLC
using 5% methanol in dichloromethane (3 runs) as a mobile phase. Furthermore, its
chromatogram showed no UV-active spots on reverse phase TLC using 50%
methanol in water (2 runs) as a mobile phase. Its '"H NMR spectrum displayed none of

major components. Thus, it was not further isolated.

Fraction E contained many UV-active spots on normal phase TLC using 2%
methanol in dichloromethane as a mobile phase (3 runs). Further separation by
column chromatography over silica gel using a gradient system of methanol-
dichloromethane was performed, All subfractions were examined by TLC, combined
on the basis of their chromatogram characteristics and then evaporated to dryness

under reduced pressure to afford four subfractions, as shown in Table 22.

Table 22 Subfractions obtained from fraction E by column chromatography over

silica gel
Subfraction Eluent Weight (mg) | Physical appearance
100% CH,Cl, -
E-1 3.4 Yellow gum
5% MeOH/CH,Cl,
E-2 5% MeOH/CH,Cl, 2.8 Orange solid
E-3 10-30% MeOH/CHCl, 9.3 Orange solid
E-4 30% MeOH/CH,Cl, 40.6 Orange-brown gum

Subfraction E-1 showed no spots under UV-S on normal phase TLC
using 2% methanol in dichloromethane (3 runs) as a mobile phase. Its 'H NMR
spectrum displayed proton signals at high field region. Therefore, no attempted

investigation was performed.
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Subfraction E-2 displayed one orange spot on normal phase TLC with
the Ry value of 0.60 using 2% methanol in dichloromethane (3 runs) as a mobile
phase. Its '"H NMR spectrum displayed proton signals at high field region. Therefore,
it was not further purified.

Subfraction E-3 contained many inseparable spots under UV-S on
normal phase TLC using 5% methanol in dichioromethane (3 runs) as a mobile phase,
Its 'H NMR spectrum displayed none of major components. Therefore, no attempted

purification was carried out.

Subfraction E-4 showed no spots under UV-S on normal phase TLC
using 5% methanol in dichloromethane (3 runs) as a mobile phase and displayed no
UV-active spots on reverse phase TLC using 30% methanol in water (5 runs)
followed by 50% methanol in water (2 runs) as mobile phases. The '"H NMR spectrum
indicated that it contained none of major components. Therefore, further purification

was not conducted,

Fraction F demonstrated no spots under UV-S on normal phase TLC using 2%
methano! in dichloromethane as a mobile phase (2 runs). Its '"H NMR spectrum

displayed none of major components. Thus, this fraction was not further separated.
2.2.3 Purification of the mycelial extract

The crude material showed three UV-active spots on normal phase
TLC with the Ry values of 0.45, 0.55 and 0.64 using 2% methanol in dichloromethane
(3 runs) as a mobile phase. It was further separated by column chromatography over
Sephadex LLH20 using 100% MeOH as eluent. All fractions were examined by TLC,
combined on the basis of their chromatogram characteristics and then evaporated to

dryness under reduced pressure to give five fractions, as shown in Table 23,
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Table 23 Fractions obtained from the mycelial extract by column chromatography

over Sephadex LH20
Fraction Eluent Weight (mg) Physical appearance
A 100% MeOR 5 | Yellowgm
MB 100% MeOH 133.6 Yellow gum
MC 100% MecOH 12.4 Brown gum
MD 100% MeOH 13.7 Brown gum
ME 100% MeOH 24.1 Dark-brown gum

Fraction MA showed two spots with the R¢ values of 0.60 and 0.76 after dipping the
normal phase TLC in ASA reagent and subsequently heating using 2% methanol in
dichloromethane (2 runs) as a mobile phase. The 'H NMR spectrum indicated that the
major components might be a mixture of long chain hydrocarbons. Therefore, no

attempted investigation was carried out.

Fraction MB contained many inseparable spots after dipping the normal phase TLC
in ASA reagent and subsequently heating using 2% methanol in dichloromethane (2
runs) as a mobile phase. This fraction was not further investigated because its H

NMR spectrum indicated that it was a mixture of long chain hydrocarbons,

Fraction MC displayed two UV-active spots on normal phase TLC with the Ry values
of 0.08 and 0.38 using 2% methanol in dichloromethane (2 runs) as a mobile phase.
- Further purification by precoated TLC with 5% methanol in dichloromethane (8 runs)
followed by 10% methanol in dichloromethane (4 runs) as mobile phases afforded
three bands.

Band 1 was obtained as a yellow gum (4.4 mg). Its chromatogram
demonstrated one UV-active spot on normal phase TLC with the R value of 0.73
using 2% methanol in dichloromethane (3 runs) followed by 5% methanol in
dichloromethane (2 runs) as mobile phases. Its 'H NMR spectral data indicated that it
was NS.
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Band 2 was a yellow gum (3.7 mg). Its chromatogram showed one
spot under UV-S on normal phase TLC with the R¢ value of 0.20 using 2% methanol
in dichloromethane (3 runs) followed by 5% methanol in dichloromethane (2 runs) as
mobile phases. The H NMR spectrum suggested that it was a m_ixt_ure. Because it was

obtained in low quantity, it was not further investigated.

Band 3 was a yellow gum (2.5 mg). Its chromatogram displayed one
UV-active spot with the Ry value of 0.05 using 2% methanol in dichloromethane (3
runs) followed by 5% methanol in dichloromethane (2 runs) as mobile phases. The gt

NMR spectrum suggested that it was a mixture. Thus, it was not further purified.

Fraction MD showed four UV-active spots on normal phase TLC with the R¢ values
of 0.10, 0.15, 0.33 and 0.38 using 2% methanol in dichloromethane (2 runs) as a
mobile phase. Further purification by precoated TLC with 5% methanol in
dichloromethane (8 runs) followed by 10% methanol in dichloromethane (7 runs) as

mobile phases afforded four bands.

Band 1 was obtained as a color less (1.5 mg). Its chromatogram
demonstrated one UV-active spot on normal phase TLC with the Ry value of 0.30
using 2% methanol in dichloromethane (3 runs) followed by 5% methanol in
dichloromethane (2 runs) as mobile phases. Its '"H NMR spectrum displayed proton
signals at high field region. Therefore, it was not further purified,

Band 2 was a yellow gum (3.8 mg), which showed one spot under
UV-S on normal phase TLC with the R¢ value of 0.70 using 2% methanol in
dichloromethane (3 runs) followed by 5% methanol in dichloromethane (2 runs) as

mobile phases. Its "H NMR spectrum suggested that it was N13,

Band 3 was a yellow gum (2.6 mg). Its chromatogram displayed one
UV-active spot with the R value of 0.65 using 2% methanol in dichloromethane (3
runs) followed by 5% methanol in dichloromethane (2 runs) as mobile phases, Its 'H

NMR spectrum suggested that it was N11.
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Band 4 was obtained as a yellow gum (2.9 mg). Its chromatogram
displayed one UV-active spot on normal phase TLC with the Rr value of 0.10 using
2%7 methanol in dichloromethane (3 runs) followed by 5% methanol in
"~ dichloromethane (2 runs) as mob'ile'phases. The 'H NMR spe'ct'ru'm suggesféd that it

was a mixture. Therefore, no attempted purification was performed.

Fraction ME showed no UV-active spots on normal phase TLC using 2% methanol
in dichloromethane (2 runs) as a mobile phase and displayed no spots after dipping
the normal phase TLC in ASA reagent and subsequently heating. Thus, it was not
further isolated.




CHAPTER 2.3
RESULTS AND DISCUSSION

.Fi.vé n.ew“cdlﬁ.pounds .(N.9, .NIIO,. N11, N12 .and Ni3) were isolated
from the broth extract together with one known compound (N8). In addition,
compounds N9, N11 and N13 were also obtained from the mycelial extract. The

structures were identified by spectroscopic methods.

2.3.1 Compound N8

N8 was obtained as a yellow gum. The UV spectrum showed no
absorption bands in the region of 200-400 nm, indicating the absence of a conjugation
chromophore. The IR spectrum showed an absorption band at 3369 c¢cm” for a
hydroxyl group. The 'H NMR spectrum (Figure 20) (Table 24) showed the
characteristic signals of three olefinic protons of a monosubstituted alkene [&; 5.92
(dd, J=17.4 and 10.8 Hz, 1H), 522 (dd, J= 174 and 1.2 Hz, 1H) and 5.07 (dd, J =
10.8 and 1.2 Hz, 1H)], one olefinic proton of a trisubstituted alkene (& 5.42, triplet of
sextet, J = 7.0 and 1.2 Hz, 1H), one oxymethylene group (&g 3.99, s, 2H), two
methylene groups [& 2.09 (m, 2H), 1.62 (m, 1H) and 1.58 (m, 1H)], one
oxyquaternary methyl group (& 1.30, 5, 3H) and one vinylic methyl group (& 1.67,
5, 3H). The C NMR spectrum (Figure 21) (Table 24) showed two methine (&
144.88 and 125.95), four methylene (& 111.86, 68.84, 41.73 and 22.33) and two
methyl (& 27.89 and 13.64) carbons. In the COSY spectrum (Table 25), the
methylene protons, Ha-4 (&1 2.09), were coupled with the olefinic proton, H-3 (&4
5.42), and the methylene protons, Hyp-5 (84 1.62 and 1.58). Furthermore, H-3 showed
cross peaks in the COSY spectrum with the vinylic methyl group Me-9 (& 1.67) and
oxymethylene protons, Hp-1 (& 3.99). These results established structural unit 1.
HMBC cross peaks (Table 25) of Hp-1 with C-2 (& 135.04), C-3 (& 125.95) and C-9
(& 13.64) and those of Me-9 with C-1 (& 68.84), C-2 and C-3 supported the assigned
structural unit 1. Irradiation of Hj-1, in the NOEDIFF experiment, enhanced signal

60
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intensity of H-3 and Me-9 (Jy 1.67) (Table 25), indicating £ configuration of double
bond between C-2 and C-3.

3
NN
CH;
y

Structural unit 1

" The unit 1 and the monosubstituted alkene were jointed together with a
quaternary carbon (C-6, & 73.32) according to *J HMBC cross peaks of the
oxyquaternary methyl protons, Me-10 (& 1.30), with C-5 (& 41.73), C-6 and C-7 (&
144.88). The chemical shift of C-6 suggested that it was an oxycarbon, The observed
optical rotation of N8 ([a]p®® +7.73, ¢ = 0.76, MeOH) was almost identical to that of
(2E,65)-2,6-dimethyl-2,7-octadien-1,6-diol  ([a]p® +7.59, ¢ = 0,76, MeOH)
(Morikawa et al., 2004). This indicated that C-6 in N8 also had S configuration.
Therefore, N8 was identified as (2E,65)-2,6-dimethyl-2,7-octadien-1,6-diol, a known
compound which was previously isolated from Nicotiana tobacum L. (Behr et al.,

1978).

HO™ ' Ny 5NN
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Table 24 The NMR data of N8 in CDCl; and (2E,65)-2,6-dimethyl-2,7-octadien-

1,6-diol in CD;0D

NS .(2Ea6e5_')~_2,.6-1)imeﬂ}yg—%'?-. .
Position octadien-1,6-diol
S & o &
(mult., Juz) (C-Type) (mult., Juz) (C-Type)
1 3.99 (s) 68.84 (CHy) 3.90 (s) 69.0 (CHy)
2 - 135.04 (C) - 135.9 (C)
3 5.42 (triplet of | 12595(CH) | 5.38(1q, 7.0, 1.0) [126.9 (CH)
sextet, 7.0, 1.2)
4 2.09 (m) 22,33 (CHy) 2.07 (m) 23.4 (CHy)
5 a: 1.62 (m) 41.73 (CHyp) 1.54 (m) 43.1 (CHy)
b: 1.58 (m)
6-OH - 73.32 (C) - 73.8(C)
7 5.92 (dd, 17.4,10.8) | 144.88 (CH) | 5.91 (dd, 18.0, 11.0) {146.3 (CH)
8 a:5.22 (dd, 17.4,1.2)| 111.86 (CHy) | a: 5.19 (dd, 18.0,2.0) [112.1 (CHy)
b: 5.07 (dd, 10.8, 1.2) b: 5.03 (dd, 11.0, 2.0)
9 1.67 (s) 13.64 (CHs) 1.63 (brs) 13.7 (CH3)
10 1.30 (s) 27.89 (CHj) 1.25 (s) 27.7 (CHj)
A Morikawa ef al., 2004,
Table 25 The HMBC, COSY and NOE data of N8 in CDCI;
Position HMBC COSY NOE
H,-1 C-2,C-3,C9 H-3, Hz-4, Me-9 H-3, Me-9
H-3 C-1,C-4,C-9 H,-1, Hz-4, Me-9 H>-1, Hgp-5
Hy-4 | C-2,C-3,C-5 Hy-1, H-3, Hyp-5 -
Ha-5 | C-3,C-6,C-7,C-10 Ha-4 -
H-7 C-6, C-10 H,-8, Hy-8 H,-8
Ha-8 C-6, C-7 H-7, Hp-8 -
H,-8 C-6,C-7 H-7, Ha-8 H-7, H;-8
Me-9 | C-1,C-2,C-3 Ha-1, H-3 -
Me-10 | C-5, C-6, C-7 - -
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2.3.2 Compound N12

N12 was obtained as a yellow gum. The HREI-MS showed the
molecular formula C;;H;¢04, indicating that N12 had seven degrees of unsaturation,
.v.vhic.:h Was éohsiétent .wit.h apﬁareﬁt .ch.rom(.).ne absbrbtioﬁ bandé at ﬂmax 24:.3,. 277, and |
342 nm in the UV spectrum. The IR spectrum exhibited hydroxyl and conjugated
carbonyl absorption bands at 3346 and 1639 cm’, respectively. The 'H NMR
spectrum (Figure 23) (Table 26) showed resonances for one chelated hydroxy proton
(& 11.58, s, 1H), two aromatic protons (&4 6.71, brs, 1H and 6.59, brs, 1H), one
hydroxy proton (& 5.78, brs, 1H) and two methyl groups (& 2.45, s, 3H and 2.40, s,
3H). The BC NMR spectrum (Figure 24) (Table 26) showed signals indicating one
carbonyl (& 175.28), six quaternary (& 159.41, 155.84, 149.67, 146.75, 136.70 and
107.43), two methine (& 110.95 and 107.71) and two methyl (& 22.43 and 15.09)
carbons. The chelated hydroxyl group that was placed at C-5 (& 159.41), peri
position to the carbonyl group, gave HMBC cross peaks (Table 26) with C-4a (&
107.43), C-5 and C-6 (& 110.95). The aromatic proton at &; 6.59 was atiributed to H-
6, due to its correlation with C-6 in the HMQC spectrum and >J HMBC correlations
with the C-4a, C-8 (& 107.71) and C-10 (& 22.43). HMQC correlations from the
methyl protons at & 2.40 to C-10 and from the other aromatic proton at &; 6.71 to C-
8 indicated the location of the methyl group and the aromatic proton at C-7 (& 146.8)
and C-8, respectively. Irradiation of Me-10, in the NOEDIFF experiment, enhanced
the intensity of H-6 and H-8 resonances (Table 26), supporting the above
assignments. The other hydroxyl group was located at C-3 (& 136.70), on the basis of
HMBC correlations from the hydroxy proton (& 5.78) to C-2 (& 149.67) C-3 and C-
4 (& 175.28). HMBC correlations between the remaining methyl protons at & 2.45
with C-2 and C-3 established the attachment of the methyl group at C-2. Therefore,
N12 was assigned as 3,5-dihydroxy-2,7-dimethylchromen-4-one, a new 3-hydroxy

derivative of altechromone A (Kimura ef a/., 1992).




Table 26 The NMR data of N12 in CDCl3
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N12
Position M & HMBC Correlation | COSY NOE
(mult., Juz) | (C-Type)
2 - 149.67 (C) - - -
3-OH | 5.78 (brs) | 136.70 (C) C-2,C-3,C4 - -
4 - 175.28 (C) - - -
4a - 107.28 (C) - - -
5-OH 11.58 (s) | 159.41(C) C-4a, C-5,C-6 - -
6 6.59 (brs) | 110.95 (CH) |{C-4a, C-5, C-8,C-10| H-8, H-10 | H-10
7 - 146.75 (C) - - -
8 6.71 (brs) | 107.71 (CH) IC-4a, C-6, C-8a, C-10 H-6, H-10 | H-10
8a - 155.84 (C) - - -
9 2.45(s) | 15.09 (CHj) C-2,C-3 - -
10 2.40(s) | 22.43 (CHj) C-6, C-7,C-8 - H-6, H-8
2.3.3 Compound N13

N13 was obtained as an orange solid, melting at 148.5-149.2 °C. The
molecular formula Cy;H;¢0s deduced by HREI-MS was higher than that of N12 by

one additional oxygen atom. The UV and IR spectra were almost identical to those of
N12. The 'H (Figure 26) (Table 27) and ®C (Figure 26) (Table 27) NMR speciral
data were similar to those of N12. The difference between N12 and N13 was that the

C-10 signal, observed as a methy! carbon signal (& 24.43) in N12, was observed as

an oxymethylene carbon signal (& 63.89) in N13. The replacement of Me-10 in N12

with H,-10 resonating at & 4.69 (brs) in N13 was supported by signal enhancement
of H-6 (&1 6.70, brs) and H-8 (& 6.97, brs) in the NOEDIFF experiment after
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irradiation of H,-10 (Table 27). Thus, N13 was elucidated as 3,5-dihydroxy-7-
hydroxymethyl-2-methylchromen-4-one, a new 7-hydroxymethyl derivative of N12.

OH O
3 OH
43
HO. 10 8a 9
O CHj

Table 27 The NMR data of N13 in acetone-ds

NI13
Position S & HMBC COSY NOE
(mult., Ji) | (C-Type)
2 - 152.17 (C) - - -
3-OH | 7.85(brs) | 138.09(C) - - -
4 - 176.92 (C) - - -
4a - 109.30 (C) - - -
5-OH | 12.10(s) | 160.81 (C) C-4a, C-5,C-6 - -
6 6.70 (brs) | 107.76 (CH) {C-4a, C-5, C-8, C-10|H-8, H-10{ H-10
7 - 152.08 (C) - - -
8 6.97 (brs) | 104.99 (CH) |C-4a, C-6, C-8a, C-10{H-6, H-10| H-10
8a - 156.64 (C) - - -
9 2.43 (s) 1| 15.05(CHj3) C-2,C-3 - -
10 4,69 (brs) | 63.89 (CH,) C-6,C-8 H-6, H-8 | H-6, H-8

2.3.4 Compound N9

N9 was obtained as a yellow gum with [@]p®® +43.40 (¢ = 0.13,

“MeOH). The molecular formula CisH;0¢ was determined by HREI-MS. The UV
spectrum showed bands at 211, 278 and 348 nm, while the IR spectrum displayed
bands at 3384, 1776 and 1642 cm™ characteristic for hydroxyl, s-lactone carbonyl and
conjugated ketone carbonyl groups, respectively. In.the *C NMR spectrum (Figure
30} (Table 28), carbon resonances at & 176.19 and 195.82 supported the presence of
the j<lactone and ketone carbonyl groups. The 'H NMR spectrum (Figure 29) (Table
28) exhibited resonances for one hydrogen-bonded hydroxyl group (&g 11.57, s, 1H),
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two aromatic protons (& 6.52, brs, 1H and 6.45, brs, 1II), two hydroxymethyl
protons (& 4.63, brs, 2H), one oxymethine proton (& 4.58, ¢, J = 7.2 Hz, 1H), three
methylene groups [&; 2.98 (d, J = 17.1 Hz, 1H), 2.61 (d, J=17.1 Hz, 1H), 2.60 (m,
- 2H) and 2.32 (m, 2H)] and one oxyquaternary methyl group (éu 1.43, 5, 3H). HMBC |
(Table 28) and NOEDIFF (Table 28) results indicated that N9 possessed the left-
hand aromatic ring identical to N13. The nonequivalent methylene protons at &y 2.98
and 2.61 were attributed to Hy,-3 of the chromanone skeleton due to their correlations
with C-2 (&¢ 80.85), C-4 (& 195.82) and C-9 (& 19.14) in the HMBC spectrum. A
HMQC cross peak from the oxyquaternary methyl protons resonating at &y 1.43 to C-
9 and HMBC correlations from the methyl protons to C-2 and C-3 (& 42.85) revealed
the linkage of the methyl group at C-2 of the chromanone unit. In the COSY spectrum
(Table 28), the methylene protons at dy 2.32 (Hz-4") were coupled with the methylene
protons at oy 2.60 (Hz-3') and the oxymethine proton at &y 4.58 (H-5"). These results
together with a >J HMBC cross-peak from H-5' to the carbonyl carbon at & 176.10
(C-2") confirmed the presence of the jlactone moiety, Bond formation between C-5'
of the y-lactone unit and C-2 of the chromanone skeleton was established on the basis
of *J HMBC correlations of H-5/C-3 and C-9. The NOEDIFF experiment of H-
5'/Me-9 and Hj-3 (& 2.98) and those of Me-9/H-5' and Hy-3 (&4 2.61) (Table 28)
revealed that both H-5' and Me-9 had the f-orientation. Accordingly, N9 was
elucidated as 5-hydroxy-7-hydroxymethyl-2-methyl-2-(2-oxo-tetrahydrofuran-5-yl)-

chroman-4-one, a new chromanone derivative,

OH O

HO_10 8 2
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Table 28 The NMR data of N9 in CDCl3

N9
Position M & C(I)_II‘rhglzt(ijon COSY NOE
(muit., Jiz) (C-Type)
2 - 80.85 (C) - - -
3  |a:2.98(d, 17.1}/42.85 (CHp)| C-2,C-4,C-9 Hy-3 -
b: 2.61 (4, 17.1) - - Ha-3 -
4 - 195.82 (C) - - -
4a - 106.92 (C) - - -
5-OH 11.57 (s) 162.01 (C) C-4a, C-5 - -
6 6.52 (brs) [106.43 (CH)| C-5,C-8,C-10 | H-8, H-10 H-10
7 - 153,16 (C) - - -
8 6.45 (brs) |105.29 (CH)| C-4a, C-8a, C-10| H-6, H-10 H-10
8a - 158.90 (C) - - -
9 1.43 (s) 19.14 (CH3y)| C-2,C-3,C-5' - Hy-3, H-5'
10 4.63 (brs) [64.47 (CHy)| C-7,C-8,C-8a | H-6,H-8 | H-6,H-8
2! - 176.10 (C) - - -
3 2.60 (m) |28.21 (CHy)| C-2/,C-4', C-5' Hy-4' -
4 232(m) (2234 (CHy)| C-2,C-3,C-5' | Hp-3', H-5' -
5! 4,58 (1,7.2) 182,56 (CH)| C-3,C-9, C-2, Hy-4'  [Me-9, Hy-4',
C-4' H,-3
2.3.5 Compound N11

N11 was obtained as a yellow gum with [e]p®® +27.10 (¢ = 0.22,
MeOH). The HREI-MS showed the molecular formula CjsHisO7, 16 mass units
higher than that of N9, The UV and IR spectra were almost identical to those of N9,
indicating the presence of an identical chromophore. The 'H NMR spectral data
(Figure 32) (Table 29) were similar to those of N9, except for the replacement of
Hap-3 (4 2.98 (d, J = 17.1 Hz, 1H and 2.61, d, J = 17.1 Hz, 1H) resonances in N9
with an oxymethine signal (& 4.59, s, 1H) in N11, thus revealing the location of the
oxymethine proton at C-3 (& 71.30). This assignment was confirmed by HMBC
correlations from H-3 to C-2 (& 84.30), C-4 (& 196.36), C-9 (& 13.43) and C-5' (&c
82.27). Irradiation of H-5' (& 4.78, dd, J = 7.8 and 6.3 Hz, 1H), in the NOEDIFF
experiment, enhanced only the signal intensity of Me-9 (du 1.42) (Table 29),
suggesting that H-5', Me-9 and 3-OH were f-oriented. Therefore, N11 was assigned
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as 3,5-dihydroxy-7-hydroxymethyl-2-methyl-2-(2-oxotetrahydrofuran-5-yl)chroman-

4-one, a new 3-hydroxy derivative of N9,

O
r O
Table 29 The NMR data of N11 in CDCls
N11
Position S & HMBC COSY NOE
(mult., Jiz) (C-Type)
2 - 84.30 (C) - - -
3 4.59 (s) 71.30 (CH) | C-5', C-2, C-4, H-9 -
C-9
4 - 196.36 (C) - - -
4a - 104.55 (C) - - -
5-OH 10.60 (s) 161.19(C) { C-4a, C-5,C-6 -
6 6.56 (d1,1.2,0.9) [106.94 (CH)} C-4a, C-5, C-8,| H-8, H-10| H-10
C-10
7 - 154.35 (C) - - -
8 6.48 (dr, 1.2,0.9) 1106.05 (CH)|C-4a, C-6, C-8a,| H-6, H-10| H-10
C-10
8a - 158.68 (C) - - -
9 1.42 (s) 13.43 (CH3)| C-5',C-2,C-3 - H-5'
10 4.65 (1,0.9) 64.35 (CHy)} C-6,C-7 - H-6, H-8
2! - 176.66 (C) - - -
3 a: 2,73 (m) 2827 (CHy)| C-2,C-2" Hp-4', H-5' -
b: 2.61 (m)
4 a: 2.61 (m) 2193 (CHyy} C-2,C-9, [Hp-3', H-5 -
b: 2.37 (m) Cc-2', C-5'
5! 4,78 (dd, 7.8,6.3) (8227 (CH)| C-2/,C-4 Hap-3', Me-9

Hab'4’
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2.3.6 Compound N10

N10 was obtained as a yellow gum with the [a]p> +51.43 (c = 0.035,
MeOH). The UV and IR spectra were similar to those of N11, with an additional
kétoﬁe .c.arb.oﬁyl. stfétching .fr.equeﬁcy at 1.731 cfn;'. .'II“Ihe HREI;MS .SIIIOIWCd- the
molecular formula CygH300s. The 'H (Figure 35) (Table 30) and *C NMR (Figure
36) (Table 30) data were similar to those of N11, implying that N11 and N10 had a
similar chromanone unit with a ylactone moiety attached at C-2 (& 84.28). The
differences were the replacement of the methine unit (& 4.59, & 71.30) in N11 with
an oxyquaternary carbon (& 78.67) in NI10, thus revealing the absence of the
hydrogen atom at C-3 (& 78.67). In addition, the 'H and *C NMR spectra displayed
additional resonances belonging to one methylene unit [(&y 2.86, ¢, J = 16.5 Hz, 1H
and 2.79, d, J =16.5 Hz, 1H, Hy-11) and (& 39.08, C-11)], one methyl group [(Sn
2.45, s, 3H, Me-13) and (& 31.91, C-13)], and one ketone carbony! carbon (&
212.65, C-12). The HMBC correlations (Table 30) from Hg-11 to C-2, C-3, C-4 (&
195.51), and C-12 and from Me-13 to C-12 linked a 2-propanoyl group at C-3. This
assignment was further supported by the HMBC cross-peaks between 3-OH (& 6.78,
brs) with C-2, C-3, and C-11. The orientation of 3-OH and the 2-propanoyl group at
the a- and f-positions, respectively, was established due to the following NOEDIFF
experiment: Me-9 (&y 1.26, s, 31)/Hgp-11 and H-5' (& 5.36, dd, J = 9.0 and 7.0 Hz,
1H)/3-OH (Table 30). Therefore, N10 was assigned as 3,5-dihydroxy-7-
hydroxymethyl-2-methyl-3-(2-oxopropyl)-2-(2-oxotetrahydrofuran-5-yl)chroman-4-

one, a new chromanone derivative,

OH O

HO 10
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N10
Position S & HMBC COSY NOE
(mult., Jig) (C-Type)
5 — ; 8428(C) | - = .
3-OH 6.78 (brs) 78.67(C) |C-2,C-3,C-11 - -
4 - 195.51 (C=0) - - -
4a - 103.92 (C) - - -
5-OH 10.80 (s) 162.36 (C) |C-4a, C-5,C-6 - -
6 6.53 (g, 1.5) 106.84 (CH) |C-4a, C-5, C-8, |H-8, H-10{ H-10
C-10
7 - 153.27 (C) - - -
8 6.47 (g, 1.5) 10522 (CH) | C-4a,C-6, |H-6,H-10| H-10
C-8a, C-10
8a - 157.71 (C) - - -
Me-9 1.26 (s) 12.77 (CHy) | C-2, C-3, C-5' - Hap-11
10 4.64 (brs) 64.46 (CHp) | C-6,C-7,C-8 | H-6, H-8 | H-6, H-8
11 a:2.86 (d, 16.5) | 39.08 (CHy) { C-2,C-3,C-4, | Hy-11 -
C-12
b: 2,79 (d, 16.5) C-2,C-3,C-4, | Hg11 -
C-12
12 - 212.65 (C=0) - - -
Me-13 245 (s) 3191 (CH;) | C-11,C-12 - -
2! - 176.37 (C=0) - - -
3 2.60 (m1) 2796 (CHy) | C-2,CH4, H-4' -
C-5’
4! 2.44 (m) 2313 (CHy) | C-2/,C-3, H-3/, -
C-5 H-5§'
5! 5.36 (dd, 9.0, 7.0) | 77.72 (CH) C-2 H-4' -
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CHAPTER 3.1
INTRODUCTION

3;1.1 Introduéﬁon

The genus Botryosphaeria is a rich source of various types of
compounds (Table 31). Some of them exhibited a wide range of biological activities
"(Table 31). Chemical constituents isolated from the genus Bofryosphaeria are
summarized in Table 31 based on SciFinder Scholar database.

The endophytic fungus B. mamane PSU-M76 was isolated from the
leaves of Garcinia mangostana, collected in Suratthani Province, Thailand in 2005.
This fungus was deposited as PSU-M76 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 activity against Staphylococcus
aureus ATCC25923 (SA) and methicillin-resistant S. qureus SK1 (MRSA) and

antifungal activity against Microsporum gypseum clinical isolate with the MIC values

0f 32, 64 and 8 ug/ml, respectively.

Table 31 Compounds isolated from the Bofryosphaeria genus

Scientific name Compound Activity References

B. berengeriana | Macrophorin A, 35 Antifungal Sassa et al.,
Macrophorin E, 36 1698
Macrophorin G, 37
Macrophorin F, 38

B. obtusa Tyrosol, 39 - Venkatasubba-
(R)-(-)-Mellein, 40 iah and Chilton
cis-(-)-4-Hydroxymellein, 41 1990
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Scientific name Compound Activity References
(R)-5-Hydroxymellein, 42
4-Hydroxybenzaldehyde, 43
B. rhodina Tyrosol, 39 Inhibition of | Veiga et al.,
Ergosterol, 44 photophos- 2007
Lasiodiplodin, 45 phorylation
Inosin, 46 and electron
transport
chain

Structures of the metabolites from Bofryosphaeria genus

HyC CH,
3J5:Ri=R;=H : Macrophorin A
o 0
36: R =H, Ry = Non : Macrophorin E
0O 0

3Ry = HMOH , Rz = H : Macrophorin G

OH O

CIl3
R
40: R=H :(R)-(-)-Mellcin HyC Chy
41: R=0H : cis-4-Hydroxymellein

38: Macrophorin F




QL
R

39;: R=CH,CH,OH : Tyrosol
43: R=CHO : 4-Hydroxybenzaldehyde

44: Ergosterol

O
N
</ l NH
N~
O
HO OH
ol

46: Inosin
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42: (R)-5-Hydroxymellein

OCH; O CH;

HO

45: Lasiodiplodin




CHAPTER 3.2
EXPERIMENTAL

3.2.1 Fermentation and extraction

The fermentation and the extraction of the culture broth were
performed using the same procedure as those of Eutypella scoparia PSU-D44 to
obtain a brown gum (320.0 mg). The wet mycelia were extracted twice with 300 ml of
MeOH for 2 days. The aqueous MeOH layer was concentrated under reduced
pressure, To the extract was added HyO (50 ml), and the mixture washed with hexane
(300 ml). The aqueous layer was extracted three times with an equal volume of the
EtOAc (300 ml), dried over anhydrous Na,SOy4 and then evaporated to dryness under

reduced pressure to give a dark brown gum (190.0 mg).
3.2.2 Purification of the broth extract

The ethyl acetate extract of the culture filtrate showed nine UV-active
spots on normal phase TLC with the R¢ values of 0.10, 0.18, 0.23, 0.28, 0.35, 0.53,
0.63, 0.70 and 0.93 using 3% methanol in dichloromethane (2 runs) as a mobile
phase. It was further separated by column chromatography over Sephadex LH20
using 100% MeOH as eluent. Fractions, which contained similar components, were
combined and evaporated to dryness under reduced pressure to give four fractions, as

shown in Table 32.

Table 32 Fractions obtained from the broth extract by column chromatography

over Sephadex LH20
Fraction ‘Eluent Weight (mg) | Physical appearance
A 100% MeOH 9.1 Brown gum
B 100% MeOH 54.7 Dark-brown gum

15
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Table 32 Continued

Fraction Eluent ‘ Weight (mg) Physical appearance
C 100% MeOH 220.9 Dark-brown gum
1 B 78 Ve T Browngum

Fraction A showed no spots under UV-S on normal phase TLC using 5% methanol in
dichloromethane as a mobile phase (2 runs). Its 'H NMR spectrum displayed proton

signals at high field region. Therefore, it was not further investigated.

Fraction B showed no spots under UV-S on normal phase TLC using 5% methanol in
dichloromethane as a mobile phase (2 runs). In addition, its chromatogram showed a
long tail after dipping the normal phase TLC in ASA reagent and subsequently
heating. It was further separated by column chromatography over Sephadex LH20
using 100% MeOH as eluent. All subfractions were examined by TLC, combined on
the basis of their chromatogram characteristics and then evaporated to dryness under

reduced pressure to afford four subfractions, as shown in Table 33.

Table 33 Subfractions obtained from fraction B by column chromatography over

Sephadex LH20
Subfraction Eluent Weight (ing) | Physical appearance
B1 100% MeOH 3.0 Brown solid
B2 100% MeOH 10.7 Brown gum
B3 100% MeOH 34.0 Brown gum
B4 100% MeOH 4.8 Dark-brown gum

Subfraction B1 showed no UV-active spots on normal phase TLC
using 7% methano! in dichloromethane (2 runs) as a mobile phase and showed no
definite spots after dipping the normal phase TLC in ASA reagent and subsequently
heating. Its 'H NMR spectrum displayed proton signals at high field region.

Therefore, no attempted investigation was carried out.
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Subfraction B2 showed two pale UV-active spots on normal phase
TLC with the Ry values of 0.13 and 0.23 using 7% methanol in dichloromethane (2
runs) as a mobile phase and showed a long tail under UV-S on reverse phase TLC
using 50% methanol in water as a mobile phase. Further purification by precoated
CTLC Lising 7% methanol in dichloromethane 2 ru.ns). followed by. 10% methanol in

dichloromethane (4 runs) as mobile phases afforded two bands,

Band 1 was obtained as a brown gum (2.7 mg), which displayed one
spot under UV-S on normal phase TLC with the R¢ value of 0.25 using 10% methanol
in dichloromethane (4 runs) as a mobile phase. The "H NMR spectrum suggested that

it was a mixture. Therefore, no attempted investigation was carried out.

Band 2 was obtained as a brown gum (3.5 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.13 using 10% methanol
in dichloromethane (4 runs) as a mobile phase. Its '"H NMR spectrum displayed
proton signals at high field region. Therefore, no attempted investigation was

performed.

Subfraction B3 showed four pale UV-active spots on normal phase
TLC with the R¢ values of 0.10, 0.38, 0.73 and 0.90 using 7% methanol in
dichloromethane (2 runs) as a mobile phase and showed no definite UV-active spots
on reverse phase TLC using 50% methanol in water as a mobile phase. Further
purification by precoated TLC using 7% methanol in dichloromethane (2 runs)
followed by 10% methanol in dichloromethane (4 runs) as mobile phases afforded

four bands.

Band 1 was obtained as a yellow gum (4.5 mg), which displayed one
spot under UV-S on normal phase TLC with the R¢ value of 0.93 using 10% methanol
in dichloromethane (4 runs) as a mobile phasé. The 'H NMR spectrum showed proton

signals at high field region. Thus, it was not further investigated.

Band 2 was obtained as a yellow gum (4.2 mg), which showed one

spot under UV-S on normal phase TLC with the Ry value of 0.75 using 10% methanol -
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in dichloromethane (4 runs) as a mobile phase. Its '"H NMR spectrum displayed
proton signals at high field region. Therefore, no attempted investigation was

performed.

~ Band 3 was obtained as a yel'low' gum (3.9' mg), 'which'disp'layed one
spot under UV-S on normal phase TLC with the R¢ value of 0.38 using 10% methanol
in dichloromethane (4 runs) as a mobile phase. The 'H NMR spectrum suggested that

it was a mixture. Therefore, no attempted investigation was carried out.

Band 4 was obtained as a brown gum (8.8 mg), which displayed no
spots under UV-S on normal phase TLC using 10% methanol in dichloromethane (4
runs) as a mobile phase and showed one spot with the Ry value of 0.15 after dipping
the normal phase TLC in ASA reagent and subsequently heating, The 'H NMR

spectrum showed none of major proton signals. Thus, it was not further investigated.

Subfraction B4 showed no UV-active spots on normal phase TLC
using 7% methanol in dichloromethane (2 runs) as a mobile phase and showed no
definite spots after dipping the normal phase TLC in ASA reagent and subsequently
heating. In addition, its chromatogram showed a long tail under UV-S on reverse
phase TLC using 50% methanol in water as a mobile phase. Its 'H NMR spectrum
displayed proton signals at high field region. Therefore, no attempted investigation

was performed.

Fraction C contained four spots under UV-S on normal phase TLC with the Ry values
of 0.18, 0.38, 0.60 and 0.75 using 100% dichloromethane as a mobile phase. Further
separation by column chromatography over silica gel using a gradient system of
methanol-dichloromethane was performed. Subfractions, which contained similar
components, were combined and evaporated to dryness under reduced pressure to

give ten subfractions, as shown in Table 34,
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Table 34 Subfractions obtained from fraction C by column chromatography over

silica gel
Subfraction Eluent Weight (mg) | Physical appearance
Ci 100% CH,Cl, 1.0 Colorless gum
C2 100% CH,Cl, 3.0 Yellow gum
C3 100% CH,Cly 4.8 Yellow solid
C4 100% CH,Cl, 7.3 Yellow gum
100% CH,Cl, -
C5 33.1 Brown-yellow gum
5% MeOH/CH,Cl,

Orange solid mixed

Cé6 5% MeOH/CH,Cl, 4.2

with orange gum
C7 10% MeOH/CH,Cl, 52.4 Brown gum

Brown gum mixed with

C8 10-30% MeOH/CH,Cl, 16.1
brown solid
Co 30-60% McOH/CH,Cl; 50.8 Brown gum
60% MeOH/CH,Cl, -
C10 33.1 Brown gum
100% MeOH

Subfraction C1 demonstrated no UV-active spots on normal phase
TLC using 100% dichloromethane (2 runs) as a mobile phase. Its 'H NMR spectrum
displayed proton signals at high field region. Therefore, no attempted investigation

was carried out,

Subfraction C2 (N14) displayed one UV-active spot on normal phase
TLC with the Ry value of 0.75 using 100% dichloromethane (2 runs) as a mobile .
phase.

UV(MeOH) Apax nm (log &) 227 (3.51), 289 (3.29)
FT-IR (neat) vem- 3393 (O-H stretching), 1606 (C=C stretching)
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'H NMR (CDCls) (6 ppm) 6.35 (d, J=2.7 Hz, 1H), 6.29 (d, J = 2.7 Hz, 1H),
(300 MHz) 5.25 (s, 1H), 3.86 (s, 3H), 3.76 (s, 3H), 2.61 (¢, J
= 7.5 Hz, 2H), 1.36 (m, 6H), 0.87 (t, J = 6.6 Hz,
BC NMR (CDCL) (6 ppm) 152.66, 146,65, 137.43, 128.63, 105.65, 96.54,
(125 MHz) 55.95, 55.73, 31.72, 29.70, 29.52, 22.59, 14.07
DEPT (135°) (CDCl3) CH : 105.65, 96.54

CH,: 31.72,29.70, 29.52, 22.59
CH3: 5595, 55.73, 14.07

Subfraction C3 (N15) melted at 56.1-56.7 °C. Its chromatogram
showed one spot under UV-S on normal phase TLC with the Ry value of 0.68 using

100% dichloromethane (2 runs) as a mobile phase.

[e]p® -114.29 (¢ = 0.07, CHCl3)
UV{(MeOH) Ayax nm (log &) 246 (3.76), 314 (3.58)
FT-IR (neat) vem-1 3365 (O-H stretching), 1652 (C=0 stretching),
1606 and 1553 (C=C stretching)
'H NMR (CDCl3) (S ppm) 11,06 (s, 1H), 7.44 (t, J= 8.1 Hz, 1H), 6.92 (d, J
(300 MHz) = 8.1 Hz, 1H), 6.72 (d, J = 8.1 Hz, 1H), 4.77 (1q,

J=172, 6.6 Hz, 1H), 2.96 (d, J = 7.2 Hz, 2H),
1.56 (d, J= 6.6 Hz, 3H)

3¢ NMR (CDCly) (8 ppm) 169.93, 162.21, 139.38, 136.12, 117.87, 116.24,
(75 Mllz) 108.30, 76.07, 34.61, 20.74
DEPT (135°) (CDCl3) CH : 136.12, 117.87, 116.24, 76.07
CH;: 34.61
CHj: 20.74

EIMS m/z (% relative intensity): 178 (89), 160 (100), 149 (48), 134 (93), 106 (36),
78 (43)
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Subfraction C4 showed two major UV-active spots on normal phase
TLC with the Rs values of 0.38 and 0.50 using 70% dichloromethane in light
petroleum as a mobile phase. Further purification by precoated TLC using 30%
dichloromethane in light petroleum followed by 40% dichloromethane in light

petroleum as mobile phases afforded three bands.

Band 1 was obtained as a yellow solid (0.8 mg), which displayed one
spot under UV-S on normal phase TLC with the Ry value of 0.43 using 50%
dichloromethane in light petroleum as a mobile phase. Its '"H NMR data indicated the
presence of N15,

Band 2 was obtained as a yellow gum (1.7 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.33 wusing 50%
dichloromethane in light petroleum as a mobile phase. The 'H NMR spectrum

suggested that it was a mixture. Therefore, no attempted investigation was carried out.

. Band 3 was obtained as a yellow gum (2.6 mg). Its chromatogram
displayed one spot under UV-S on normal phase TLC with the Ry value of 0.28 using
50% dichloromethane in light petroleum as a mobile phase. The 'H NMR spectrum

suggested that if was a mixture. Thus, it was not further purified.

Subfraction C5 displayed two UV-active spots on normal phase TLC
with the R¢ values of 0.35 and 0.53 using 100% dichloromethane (2 runs} as a mobile
phase, Further separation by column chromatography over silica gel using a gradient
system of methanol-dichloromethane was performed. All subfractions were examined
by TLC, combined on the basis of their chromatogram characteristics and then
evaporated to dryness under reduced pressure to afford five subfractions, as shown in
Table 35.
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Table 35 Subfractions obtained from subfraction C5 by column chromatography

over silica gel

Subfraction Eluent Weight (mg) | Physical appearance

3 T BT 7' A Saleyoliow
C5-2 100% CILLCl, 7.1 Yellow solid
C5-3 100% CH,Cl, 5.3 Brown solid
C5-4 2-5% MeOH/CH,CI, 4.2 Brown gum
C5-5 10-80% MeOH/CH,)Cl, 8.8 Brown gum

Subfraction C5-1 showed no UV-active spots on normal phase TLC

using 100% dichloromethane (2 runs) as a mobile phase. Its '"H NMR spectrum

displayed proton signals at high field region. Therefore, no attempted investigation

was carried out.

Subfraction C5-2 (N16) melted at 63.8-64.5 °C, Its chromatogram
showed one spot under UV-S on normal phase TLC with the R value of 0.55 using

100% dichloromethane (2 runs) as a mobile phase.

UV(MeOH) Agix nm (log &)

FT-IR (neat) vim.:

"H NMR (CDCls) (8 ppm)
(300 MHz)

13C NMR (CDCls) (8 ppm)
(75 MHz)
DEPT (135°) (CDCls)

CH :
CHZ .
CH;:

267 (3.64)

1679 and 1652 (C=0 stretching), 1602 (C=C

stretching)

6.51 (td, J=2.4, 1.5 Hz, 1H), 5.90 (d, J = 2.4 Hz,
1H), 3.84 (s, 3H), 2.45 («d, J = 8.1, 1.5 Hz, 2H),
1.54 (n, 2H), 1.37 (m, 2H), 1.34 (m, 2H), 0.92 (1,

J=6.9 Hz, 3H)

187.70, 182.13, 158.86, 147.59, 132.88, 107.08,
56.26,31.35, 28.66, 27.38, 22.34, 13.89

132.88, 107.08

31.35,28.66,27.38,22.34

56.26, 13.89
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Subfraction C5-3 showed one major spot under UV-S on normal
phase TLC with the Ry value of 0.55 using 100% dichloromethane (2 runs) as a
mobile phase. Further purification by precoated TLC using 50% dichloromethane in

light petroleum (8 runs) as a mobile phase afforded two bands.

Band 1 was obtained as a yellow solid (2.9 mg), which displayed one
spot under UV-S on normal phase TLC with the Ry value of 0.53 using 50%
dichloromethane in light petroleum (3 runs) as a mobile phase, Its "H NMR spectral

data indicated the presence of N16.

Band 2 was obtained as a purple solid (1.7 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of (.38 using 50%
dichloromethane in light petroleum (3 runs) as a mobile phase. Its 'H NMR spectrum

displayed proton signals at high field region. Thus, it was not further purified.

Subfraction C5-4 displayed two spots under UV-S on normal phase
TLC with the R values of 0.50 and 0.55 using 100% dichloromethane (2 runs) as a
mobile phase. Further purification by precoated TLC using 50% dichloromethane in

light petroleum (12 runs) as a mobile phase afforded two bands.

Band 1 was obtained as a yellow solid (1.8 mg). Its chromatogram
displayed one spot under UV-S on normal phase TLC with the R¢ value of 0.53 using
50% dichloromethane in light petroleum (3 runs) as a mobile phase. Its 'H NMR
spectral data indicated the presence of N16.

Band 2 was obtained as a yellow gum (1.6 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.46 using 50%
dichloromethane in light petroleum (3 runs) as a mobile phase. The ‘H NMR
spectrum suggested that it was a mixture. Therefore, no attempted purification was

‘carried out,
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Subfraction C5-5 demonstrated no UV-active spots using 100%
dichloromethane (2 runs) as a mobile phase, In addition, its chromatogram showed no
definite spots after dipping the normal phase TLC in ASA reagent and subsequently
~ heating, Its 'H NMR spectrum displayed proton signals at high field region.

Therefore, it was not further investigated.

Subfraction C6 showed no UV-active spots on normal phase TLC
using 100% dichloromethane (2 runs) followed by 5% methanol in dichloromethane
(5 runs) as mobile phases. Its "H NMR spectrum displayed none of aromatic proton

signals. Therefore, no attempted investigation was carried out.

Subfraction C7 contained one major spot under UV-S on normal
phase TLC with the Ry value of 0.68 using 5% methanol in dichloromethane (5 runs)
as a mobile phase. Further separation by column chromatography over silica gel using
a gradient system of methanol-dichloromethane was performed. Subfractions, which
contained similar components, were combined and evaporated to dryness under

reduced pressure to give five subfractions, as shown in Table 36.

Table 36 Subfractions obtained from subfraction C7 by column chromatography

over silica gel

Subfraction Eluent Weight (mg) | Physical appearance
C7-1 100% CH,Cl, 2.5 Dark-brown solid
100% CH,Cl, -
C7-2 27.1 Brown gum
8% MeOH/CH,Cly
C7-3 8% MeOH/CH,Cl, 8.1 Brown gum
C7-4 8-30% MeOH/CH,Cl, 16.8 Brown gum
50% MeOH/CH,CL, -
C7-5 11.0 Brown gum
100% MeOH

Subfraction C7-1 showed no spots under UV-S on normal phase TLC

using 1% methanol in dichloromethane (2 runs) as a mobile phase. Its 'H NMR
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spectrum displayed proton signals at high field region. Thus, further purification was

not performed.

Subfraction C7-2 demonstrated two overlapping UV-active spots on
‘normal phase TLC using 1% methanol in dichloromethane (2 runs) as a mobile phase.
It was further separated by column chromatography over Sephadex LH20 using 100%
MeOH as eluent. All subfractions were examined by TLC, combined on the basis of
their chromatogram characteristics and then evaporated to dryness under reduced

pressure to afford three subfractions, as shown in Table 37.

Table 37 Subfractions obtained from subfraction C7-2 by column chromatography

over Sephadex LH20
Subfraction Eluent Weight (mg) Physical appearance
C7-2-1 100% MeOH 2.9 Yellow gum
C7-2-2 100% MeOH | 7.4 Yellow gum
C7-2-3 100% MeOH 14.3 Yellow gum

Subfraction C7-2-1 showed no UV-active spots on normal phase TLC
using 1% methanol in dichloromethane (2 runs) as a mobile phase. Its 'H NMR
spectrum displayed proton signals at high field region. Therefore, no attempted

investigation was carried out,

Subfraction C7-2-2 (N17) showed one UV-active spot on normal
phase TLC with the Ry value of 0.43 using 1% methanol in dichloromethane (2 runs)

as a mobile phase.

[a]™ -25.53 (¢ = 0.04, CHCL)
UV(MeOH) Amax nm (log &) 245 (3.26), 314 (3.14)
FT-IR (neat) vem.1 3395 (O-H stretching), 1661 (C=0 stretching),

1611 (C=C stretching)
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' NMR (CDCl;) (8 ppm) 10.99 (s, 1H), 7.52 (dd, J = 8.4, 7.2 Hz, 1H), 7.02
(300MHz) (dd, J = 8.4, 0.9 Hz, 1H), 6.92 (dt, J = 7.2, 0.9
Hz, 1H), 4.70 (¢d, J = 6.6, 2.1 Hz, 1H), 4.57

(brd,J=2.1 Hz, 1H), 1.59 (d, J = 6.6 Hz, 3H)

BONMR (CDCL) (Sppm)  169.19, 162.08, 140.53, 136.77, 118.51, 118.28,
(75 MHz) 106.84, 78.21, 67.23, 15.99
DEPT (135°) (CDCly) CH : 136.77, 118.51, 118.28, 78.21, 67.23
CHs: 15.99

EIMS m/z (% relative intensity): 194 (96), 150 (95), 122 (100), 93 (19), 65 (25)

Subfraction C7-2-3 displayed two overlapping UV-active spots on
normal phase TLC using 1% methanol in dichloromethane (2 runs) as a mobile phase.
Further separation by column chromatography over Sephadex LH20 using 100%
MeOH as eluent was performed, Subfractions, which contained similar components,
were combined and evaporated to dryness under reduced pressure to give five

subfractions, as shown in Table 38.

Table 38 Subfractions obtained from subfraction C7-2-3 by column
chromatography over Sephadex LH20

Subfraction LEluent Weight (mg) | Physical appearance
C7-2-31 100% MeOH 2.4 Yellow gum
C7-2-32 100% MeOH 2.1 Yellow gum
C7-233 100% MeOH 65 Yellow gum
C7-2-34 100% MeOH 0.7 Yellow gum
C7-2-35 - 100% MeOH 0.9 Yellow gum

Subfraction C7-2-31 showed no spots under UV-S on normal phase
TLC using 100% dichloromethane (5 runs) as a mobile phase. Its "H NMR spectrum
displayed proton signals at high field region. Thus, further purification was not

performed.
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‘ Subfraction C7-2-32 displayed one spot under UV-S on normal phase
TLC with the Ry value of 0.45 using 100% dichloromethane (5 runs) as a mobile
phase. Its IH NMR spectral data indicated the presence of N17.

Subfraction C7-2-33 displayed two overlapping UV.-act.ive spbts oh
normal phase TLC using 100% dichloromethane (5 runs) as a mobile phase. Further
separation by column chromatography over Sephadex LH20 using 100% MeOH as
eluent was performed. All subfractions were examined by TLC, combined on the
basis of their chromatogram characteristics and then evaporated to dryness under

reduced pressure to afford three subfractions, as shown in Table 39.

Table 39 Subfractions obtained from subfraction C7-2-33 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) Physical appearance
C7-2-33-1 100% MeOH 0.7 Yellow gum
C7-2-33-2 100% MeOH 3.7 Yellow gum
C7-2-33-3 100% MeOH 2.0 Yellow gum

Subfraction C7-2-33-1 contained one spot under UV-S on normal
phase TLC with the Ry value of 0.50 using 100% dichloromethane (8 runs) as a
mobile phase. Its 'H NMR spectral data indicated the presence of N17.

Subfraction C7-2-33-2 displayed two overlapping UV-active spots on
normal phase TLC using 100% methanol (8 runs) as a mobile phase. Further
separation by column chromatography over Sephadex LH20 using 100% MeOH as
eluent was performed. Subfractions, which contained similar components, were
combined and evaporated to dryness under reduced pressure to give three

subfractions, as shown in Table 40.
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Table 40 Subfractions obtained from subfraction C7-2-33-2 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) Physical appearance
C723321 | 100%MeOH | 05 |  Yelowgum
C7-2-33-22 100% MeOH 24 Yellow gum
C7-2-33-23 100% MeOH 0.7 White solid

Subfraction C7-2-33-21 showed one spot under UV-S on normal
phase TLC with the Ry value of 0.43 using 100% dichloromethane (7 runs) as a
mobile phase. Its "H NMR spectral data indicated the presence of N17.

Subfraction C7-2-33-22 displayed two overlapping UV-active spots
on normal phase TLC using 100% dichloromethane (7 runs) as a mobile phase.

Because of low quantity, it was not further purified.

Subfraction C7-2-33-23 (N18) melted at 109.7-110.3 °C. Iis
chromatogram showed one UV-active spot on normal phase TLC with the R value of

0.40 using 100% dichloromethane (7 runs) as a mobile phase.

[a]p?® +28.80 (¢ = 1.00, McOH)
UV(MeOH) Apax nm (log &) 244 (3.25), 314 (3.14)
FT-IR (neat) vem-1 3398 (O-H stretching), 1662 (C=0 stretching),
1610 (C=C stretching)
'H NMR (CDCly) (6 ppm) 10.99 (s, 1H), 7.55 (dd, J= 8.5, 7.5 Hz, 1H), 7.03
(500 MHz) (d, J=17.5Hz, 1H), 7.01 (d, J= 8.5 Hz, 1H), 4.64
(m, 1H), 4.62 (m, 1H), 1.53 (d, J= 6.6 Hz, 3H)
13C NMR (CDCl3) (8 ppm) 168.56, 162.08, 141.14, 136.87, 117.87, 116.15,
(125 Mllz) 106.50, 79.91, 69.22, 17.92
DEPT (135°) (CDCl3) CH : 136.87, 117.87, 116.15, 79.91, 69.22

CHj: 17.92
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Subfraction C7-2-33-3 contained one spot under UV-S on normal
phase TLC with the Ry value of 0.45 using 100% dichloromethane (8 runs) as a
mobile phase. Its "H NMR spectral data indicated the presence of N18,

Subfraction C7-2-34 displayed one spot under UV-S on nonﬁai .Iﬁhaée
TLC with the Rf value of 0.38 using 100% dichloromethane (5 runs) as a mobile
phase. Tts 'H NMR spectral data indicated the presence of N18,

Subfraction C7-2-35 showed no spots under UV-S on normal phase
TLC using 100% dichloromethane (5 runs) as a mobile phase. Its 'H NMR spectrum
displayed none of major proton signals. Therefore, no attempted investigation was

carried out.

Subfraction C7-3 showed two spots under UV-S on normal phase
TLC with the Ry values of 0.20 and 0.35 using 1% methanol in dichloromethane (2
runs) as a mobile phase. Further purification by precoated TLC using 0.5% methanol

in dichloromethane (6 runs) as a mobile phase afforded three bands.

Band 1 was obtained as a yellow gum (3.0 mg). Its chromatogram
displayed one spot under UV-S on normal phase TLC with the Ry value of 0.38 using
1% methanol in dichloromethane as a mobile phase. Its '"H NMR spectral data and

chromatogram on normal phase TLC indicated that it was N17.

Band 2 was obtained as a yellow solid (1.5 mg), which showed one
spot under UV-S on normal phase TLC with the R value of 0.30 using 1% methanol
in dichloromethane as a mobile phase. The '"H NMR spectrum suggested that it was a

mixture, Because of low quantity, it was not further separated.

Band 3 was obtained as a white solid (2.3 mg). Its chromatogram
showed one UV-active spot on normal phase TLC with the Re value of 0.22 using 1%
methanol in dichloromethane as a mobile phase. The "H NMR spectrum suggested

that it was not pure. Because of low quantity, it was not further investigated.
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Subfraction C7-4 demonsirated two spots under UV-S on normal
phase TLC with the Ry values of 0.21 and 0.35 using 1% methanol in dichloromethane
(2 runs) as a mobile phase. Further purification by precoated TLC using 0.5%

methanol in dichloromethane (7 runs) as a mobile phase afforded two bands.

Band 1 was obtained as a yellow gum (5.5 mg). Its chromatogram
displayed one spot under UV-S on normal phase TLC with the Ry value of 0.36 using
0.5% methanol in dichloromethane as a mobile phase. Its '"H NMR spectral data

indicated that it was N17.

Band 2 was obtained as a yellow solid (7.2 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.18 using 0.5%
methanol in dichloromethane as a mobile phase. The 'H NMR spectrum suggested
that it was a mixture. Further purification by precoated TLC using 100%

dichloromethane as a mobile phase (5 runs) afforded two bands.

Band 2-1 was obtained as a white solid (3.5 mg). Ifs chromatogram
characteristic showed one UV-active spot on normal phase TLC with the R¢ value of
0.43 using 0.2% methanol in dichloromethane (2 runs) as a mobile phase. The 'H
NMR data indicated that it contained many compounds. Thus, it was not further

purified.

Band 2-2 was obtained as a yellow solid (1.7 mg), which showed one
UV-active spot on normal phase TLC with the R value of 0.30 using 0.2% methanol
in dichloromethane (2 runs) as a mobile phase. The 'H NMR spectrum suggested that

it was a mixture. Therefore, no attempted investigation was performed.

Subfraction C7-5 showed no distinct spots under UV-S on normal
phase TLC using 5% methanol in dichloromethane (2 runs) as a mobile phase. Its 'H
NMR spectrum displayed none of aromatic proton signals, Therefore, further

purification was not conducted.
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Subfraction C8 demonstrated two spots under UV-S on normal phase
TLC with the Ry values of 0.25 and 0.48 using 5% methanol in dichloromethane (5
runs) as a mobile phase. When using 20% ethyl acetate in light petroleum (3 runs) and
40% ethyl acetate in light petroleum (3 runs) as mobile phases, the chromatogram
éhoWed thfée UV-active époté on normal pha.sé TLC with the Re values of 0.20, 0.43
and 0.80. Further purification by precoated TLC using 40% ethyl acetate in light

petroleum (6 runs) as a mobile phase afforded three bands.

Band 1 was a yellow gum (2.5 mg), which showed one spot under
UV-S on normal phase TLC with the R¢ value of 0.60 using 20% ethyl acetate in light
petroleum (6 runs) as a mobile phase. The 'H NMR spectrum indicated that it was a

mixture. Therefore, no attempted separation was carried out,

Band 2 (N19) was obtained as a white solid (3.8 mg) and melted at
149.6-150.0 °C. Its chromatogram showed one UV-active spot on normal phase TLC
with the Ry value of 0.33 using 20% ethyl acetate in light petroleum (6 runs) as a

mobile phase.

[aln”? +22.22 (¢ = 0.24, MeOH)
UV(MeOH) Amgx nm (log &) 300 (3.45)
FT-IR (neat) vem-1 3392 (O-H stretching), 1684 (C=0 stretching),
1605 and 1554 (C=C stretching)
'H NMR (CDCl3) (6 ppm) 6.96 (dd, J=15.5, 9.0 Hz, 1H), 6.32 (s, 1H), 5.79
(500 MHz) (d, J = 15.5 Hz, 1H), 4.85 (dg, J = 9.0, 6.5 Hz,

1H), 3.90 (1, J = 9.0 Hz, 1H), 3.84 (s, 3H), 2.55
(m, 1), 2.37 (m, 1H), 1.55 (m, 1H), 1.48 (m,
{H), 1.40 (d, J = 6.5 Hz, 3H), 1.31 (m, 4H), 0.87
(t,J= 7.0 Hz, 3H)
13C NMR (CDCls) (8 ppm) 168.83, 152.31, 148.29, 146.76, 137.89, 126.16,
(125 MHz) 121.91, 11823, 92.01, 82.78, 56.19, 48.14,
32.07, 28.98, 27.30, 22.54, 16.43, 13,99
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DEPT (135°) (CDCls) CH : 148.29, 121.91, 92.01, 82.78, 48.14
CH,: 32.07,28.98, 27.30, 22.54
CHs: 56.19, 16.43, 13.99

EIMS miz (% relative intensity): 320 (100), 275 (9), 231 (16)

Band 3 was obtained as a yellow solid (5.4 mg). Its chromatogram
displayed one UV-active spot on normal phase TLC with the R¢ value of 0.15 using
20% ethyl acetate in light petroleum (6 runs) as a mobile phase. Its 'H NMR spectrum
displayed proton signals at high field region. Therefore, further purification was not

performed.

Subfraction C9 appeared as a long tail under UV-S on normal phase
TLC using 10% methanol in dichloromethane as a mobile phase (2 runs).
Furthermore, its chromatogram showed many UV-active spots on reverse phase TLC
using 50% methanol in water (2 runs) as a mobile phase. Further separation by
column chromatography over reverse phase silica gel was performed. Elution was
conducted initially with 30% methanol in water and gradually enriched with methanol
until pure methanol. Subfractions, which contained similar components, were
combined and evaporated to dryness under reduced pressure to give four subfractions,

as shown in Table 41

Table 41 Subfractions obtained from subfraction C9 by column chromatography

~ over reverse phase silica gel

Subfraction Eluent Weight (mg) | Physical appearance
C9-1 30% MeOH/H,0O 245 Brown gum
C9-2 50-70% MeOH/H,0O 9.9 Brown gum
C9-3 70% MeOH/H,0 10.1 Brown gum

Brown gum mixed

C9-4 100% MeOH 6.0
with brown solid
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Subfraction C9-1 showed no definite spots under UV-S on normal
phase TLC using 5% methanol in dichloromethane as a mobile phase (5 runs).
Furthermore, its chromatogram showed no UV-active spots on reverse phase TLC
using 50% methanol in water as a mobile phase. Its ’_H_ NMR spectrum displayed none

of major signals. Therefore, further investigation was not conducted.

Subfraction C9-2 displayed a long tail under UV-S on normal phase
TLC using 5% methanol in dichloromethane as a mobile phase (5 runs). Its
chromatogram showed many UV-active spots on reverse phase TLC using 50%
methanol in water as a mobile phase. Its "H NMR spectrum displayed proton signals

at high field region, Thus, further isolation was not performed.

Subfraction C9-3 showed a long tail under UV-S on normal phase
TLC using 5% methanol in dichloromethanc as a mobile phase (5 runs). When using
50% ethyl acetate in light petroleum (3 runs) and 100% ethyl acetate (2 runs) as
mobile phases, the chromatogram showed many UV-active spots on normal phase

TLC. Therefore, further purification was not carried out.

Subfraction C9-4 showed no spots under UV-S on normal phase TLC
using 5% methanol in dichloromethane as a mobile phase (5 runs). Its ‘H NMR
spectrum indicated none of major components. Therefore, no attempted investigation

was catried out.

Subfraction C10 contained many spots under UV-S on normal phase
TLC using 10% methanol in dichloromethane as a mobile phase (2 runs).
Furthermore, its chromatogram showed no distinct UV-active spots on reverse phase
TLC using 50% methanol in water (2 runs) as a mobile phase. Further separation by
column chromatography over Sephadex LH20 using 100% MeOH as eluent was
performed. Subfractions, which contained similar components, were combined and
evaporated to dryness under reduced pressure fo give three subfractions, as shown in

Table 42,
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Table 42 Subfractions obtained from subfraction C10 by column chromatography

over Sephadex LH20
| Subfraction | Eluent Weight (mg) Physical appearance
C10-1 100% MeOH 59 Yellow gum
C10-2 100% MecOH 11.5 Yellow gum
Cl10-3 100% MeOH 13.6 Yellow gum

Subfraction C10-1 showed no spots under UV-S on normal phase
TLC using 5% methanol in dichloromethane as a mobile phase (3 runs). Its 'H NMR
spectrum indicated none of major components. Therefore, no attempted investigation

was performed.

Subfraction C10-2 showed many spots under UV-S on normal phase
TI.C using 5% methanol in dichloromethane as a mobile phase (3 runs). Further
separation by column chromatography over Sephadex LH20 using 100% MeOH as
eluent was performed. All subfractions were examined by TLC, combined on the
basis of their chromatogram characteristics and then evaporated to dryness under

reduced pressure to afford four subfractions, as shown in Table 43.

Table 43 Subfractions obtained from subfraction C10-2 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) Physical appearance
C10-2-1 100% MeOH 2.0 Colorless gum
C10-2-2 100% MeOH 1.8 Yellow gum
C10-2-3 100% MeOH 7.1 Yeliow gum
C10-2-4 100% MeOH 0.5 Yellow gum

Subfraction C10-2-1 showed one major spot under UV-S on normal
phase TLC with the Ry value of 0.23 using 50% ethyl acetate in light petroleum as a
mobile phase. Its IH NMR spectral data indicated the presence of N20 as a major
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component together with other components, Because of low quantity, it was not

further purified.

Subfraction C10-2-2 (N20) showed one UV-active spot on normal
phase TLC with the Ry value of .23 using 50% ethyl acetate in 'l'ig'hf pet'roleur'n asa

mobile phase.

[elp” +73.11 (¢ = 0.90, CHCl3)

FT-IR (neat) vim-| 3372 (O-H stretching), 1749 (C=0 stretching),
' 1607 (C=C stretching)

'H NMR (CDCls+CD;OD) (6ppm)  6.96 (dd, J = 15.6, 4.8 Hz, 1H), 6.07 (dd, J =

(300 MHz) 15.6, 1.2 Hz, 1H), 4.23 (dd, J = 4.8, 3.9 Hz,
1H), 3.88 (qd, J = 6.3, 3.9 Hz, 1H), 1.15 (d, J =
6.3 Hz, 3H)
13C NMR (CDCl3+CD30OD) (Sppm)  168.63, 146.94, 122.07, 74.53, 69.87, 17.34
(125 MHz)
DEPT (135°) (CDCl;+CD3;0D) CH : 146.94, 122.07, 74.53, 69.87
CHs: 17.34

Subfraction C10-2-3 showed one major spot under UV-S on normal
phase TLC with the Ry value of 0.23 using 50% ethyl acetate in light petroleum as a
mobile phase. Further separation by column chromatography over Sephadex LH20
using 100% MeOH as eluent was performed. All subfractions were examined by
TLC, combined on the basis of their chromatogram characteristics and then
evaporated to dryness under reduced pressure to afford three subfractions, as shown in

Table 44.
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Table 44 Subfractions obtained from subfraction C10-2-3 by column
chromatography over Sephadex LH20

Subfraction| ~ Eluent | Weight(mg) | Physical appearance
C10-2-31 100% MeOH 04 Yellow gum
C10-2-32 100% MeOH 6.0 Yellow gum
C10-2-33 100% MeOH 0.5 Yellow gum

Subfraction C10-2-31 showed no spots under UV-S on normal phase
TLC using 50% ethyl acetate in light petroleum as a mobile phase. Its 'H NMR
spectrum displayed proton signals at high field region. Therefore, no attempted

investigation was carried out.

Subfraction C10-2-32 showed one spot under UV-S on normal phase
TLC with the R vatue of 0.23 using 50% ethyl acetate in light petroleum as a mobile
phase. Its "H NMR spectra! data indicated that it was N20.

Subfraction C10-2-33 showed no definitc spots under UV-S on
normal phase TLC using 50% ethyl acetate in light petroleum as a mobile phase.

Because of low quantity, it was not further isolated.

Subfraction C10-2-4 showed no spots under UV-S on normal phase
TLC using 50% ethyl acetate in light petroleum as a mobile phase. Because of low

quantity, it was not further investigated.

Subfraction C10-3 showed no definite spots under UV-S on normal
phase TLC using 5% methanol in dichloromethane as a mobile phase (3 runs). Its 'H
NMR spectrum showed none of aromatic proton signals. Therefore, further

investigation was not conducted.

Fraction D demonstrated no definite UV-active spots using 5% methanol in

dichloromethane (2 runs) as a mobile phase. In addition, its chromatogram showed no
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spots after dipping the normal phase TLC in ASA reagent and subsequently heating.
Its '"H NMR spectrum indicated none of major components. Therefore, it was not

further investigated.
3.2.3 Purification of the mycelial extract

The crude material showed six UV-active spots on normal phase TLC
with the Ry values of 0.28, 0.35, 0.53, 0.63, 0.70 and 0.93 using 3% methanol in
dichloromethane (2 runs) as a mobile phase. It was further separated by column
chromatography over Sephadex LH20 using 100% MeOH as eluent. All fractions
were examined by TLC, combined on the basis of their chromatogram characteristics
and then evaporated to dryness under reduced pressure to give six fractions, as shown

in Table 45,

Table 45 Fractions obtained from the mycelial extract by column chromatography

over Sephadex LH20
Fraction Eluent Weight (ing) Physical appearance
MA 100% MecOH 97.1 Brown solid
MB 100% MeOH 25.6 Dark-brown gum
Dark-brown gum mixed with
MC 100% MeOH 49.2 i
brown solid
MD 100% MeOH 14.5 Dark-brown gum
ME 100% MeOH 9.1 Brown gum
Dark-brown gum mixed with
MF 100% MeOH 17.5 )
brown solid

Fraction MA showed no definite spots after dipping the normal phase TLC in ASA
reagent and subsequently heating using 10% ethyl acetate in light petroleum (2 runs)
as a mobile phase. The '"H NMR spectrum indicated that the major components might
be a mixture of long chain hydrocarbons. Further investigation by column

chromatography over silica gel was performed. Elution was conducted with gradient
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systems of ethyl acetate-light petroleum and methanol-cthyl acetate. Subfractions,
which contained similar components, were combined and evaporated to dryness under

reduced pressure to give three subfractions, as shown in Table 46.

Table 46 Subfractions obtained from fraction MA by column chromatography over

silica gel
Subfraction Eluent Weight (mg) |Physical appearance
~ 10-50% EtOAc/Light
MA-1 13.1 Brown solid
petroleum
MA-2 70% EtOAc/Light petroleum 13.2 Dark-brown gum

. Dark-brown gum
90% EtOAc/Light petroleam - i .
MA-3 58.5 mixed with brown
100% MeOH .
solid

Subfraction MA-1 showed a long tail after dipping the normal phase
TIC in ASA reagent and subsequently heating using 30% ethyl acetate in light
petroleum (2 runs) as a mobile phase. Its 'H NMR spectrum displayed proton signals

at high ficld region. Therefore, it was not further investigated.

Subfraction MA-2 showed a long tail after dipping the normal phase
TLC in ASA reagent and subsequently heating using 30% ethyl acetate in light
petroleum (2 runs) as a mobile phase. The 'H NMR spectrum indicated that it

contained no major components. Therefore, it was not further investigated.

Subfraction MA-3 showed no definite spots after dipping the normal
phase TLC in ASA reagent and subsequently heating using 30% ethyl acetate in light
petroleum (2 runs) as a mobile phase. The 'H NMR spectrum indicated that the major.
components might be a mixture of long chain hydrocarbons. Therefore, no attempted

investigation was carried out.
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Fraction MB contained many inseparable spots after dipping the normal phase TLC
in ASA reagent and subsequently heating using 10% ethyl acetate in light petroleum
(2 runs) as a mobile phase. This fraction was not further investigated because its 'H

NMR spectrum indicated that it was a mixture of long chain hydrocarbons.

Fraction MC displayed four UV-active spots on normal phase TLC with the Ry
values of 0.13, 0.40, 0.70 and 0.80 using 10% ethy! acetate in light pefroleum (2 runs)
as a mobile phase. Further separation by column chromatography over silica gel was
performed. Elution was conducted with gradient systems of ethyl acetate-light
petroleum and methanol-ethyl acetate. -Subfractions, which contained similar
components, were combined and evaporated to dryness under reduced pressure to

give seven subfractions, as shown in Table 47.

Table 47 Subfractions obtained from fraction MC by column chromatography over

silica gel
Subfraction Eluent Weight (mg) [Physical appearance
MC1 2-30% EtOAc/Light petroleum 5.1 Colorless gum
MC2 30-50% EtOAc/Light petroleum 1.8 Yellow gum
MC3 50% EtOAc/Light petroleum 54 Brown-orange gum
MC4  |50-70% EtOAc/Light petroleum 1.5 Brown gum
MCS 70% EtOAc/Light petroleum - 5o Brown gum
100% EtOAc
MC6 2-5% MeQH/EtOAc 4.2 Yellow solid
MC7 - 10-80% MeOH/EtOAc 22,5 Dark-brown gum

Subfraction MC1 showed no spots on normal phase TLC using 2%
ethyl acetate in light petroleum as a mobile phase. Its 'H NMR spectrum showed none

of aromatic proton signals., Therefore, it was not further investigated.
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Subfraction MC2 showed two spots on normal phase TLC with the Re
values of 0.25 and 0.43 using 5% ethyl acetate in light petroleum as a mobile phase.
The 'H NMR spectrum indicated that it was a mixture of N14 and N16. Therefore, it

was not further purified.

Subfraction MC3 displayed one spot with the Ry value of 0.25
together with two overlapping spots under UV-S on normal phase TLC using 5%
ethyl acetate in light petroleum as a mobile phase. The 'H NMR spectral data and
chromatogram on normal phase TLC indicating the presence of a mixture of N14,

N17 and N18. Therefore, it was not further investigated.

Subfraction MC4 showed one major spot on normal phase TLC with
the Ry value of 0.25 using 5% ethyl acetate in light petroleum as a mobile phase. The

'H NMR spectrum indicated the presence of N14 as a major component.

Subfraction MCS5 showed two spots on normal phase TLC with the R¢
values of 0.35 and 0.13 using 10% ethyl acetate in light petroleum followed by 30%
- ethyl acetate in light petroleum as mobile phases. Further purification by precoated
TLC using 30% ethyl acetate in light petroleum (3 runs) followed by 50% ethyl

acetate in light petroleum (2 runs) as mobile phases afforded two bands.

Band 1 was a yellow gum (1.6 mg), which showed one spot under
UV-S on normal phase TLC with the Ry value of 0.30 using 40% ethyl acetate in light
petroleum (3 runs) as a mobile phase. The 'H NMR spectrum indicated that it was a

mixture, Because of low quantity, it was not further purified.

Band 2 was a yellow gum (3.1 mg), which showed one spot under
UV-S on normal phase TLC with the Ry value of 0.08 using 40% ethyl acetate in light
petroleum (3 runs) as a mobile phase. The 'H NMR spectrum indicated that it was a

mixture. Therefore, no attempted separation was carried out.
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Subfraction MC6 showed one major spot on normal phase TLC with
the Ry value of 0.25 using 10% ethyl acetate in light petroleum followed by 30% ethyl
acetate in light petroleum (5 runs) as mobile phases. Further purification by precoated
TLC using 50% ethyl acetate in light petroleum (5 runs) as a mobile phase afforded a
white solid (ZOmg) Its chr'oma"togr'a'm' characteristic displayed one spot on normal
phase TLC with the R¢ value of 0.20 using 50% ethyl acetate in light petroleum (2
runs) as a mobile phase. The 'H NMR data indicated that it contained many

compounds. Thus, it was not further purified.

Subfraction MC7 showed a long tail under UV-S on normal phase
TLC using 50% ethyl acetate in light petroleum (5 runs) as a mobile phase. Its 'H
NMR spectrum indicated none of major components. Therefore, further investigation

was not conducted.

Fraction MD showed three UV-active spots on normal phase TLC with the Ry values
of 0.13, 0.23 and 0.65 using 10% ethyl acetate in light petroleum (2 runs) as a mobile
phase. Further purification by precoated TLC with 5% ethyl acetate in light petroleum

(5 runs) as a mobile phase afforded four bands.

Band 1 was obtained as a yellow gum (2.9 mg). Its chromatogram
demonstrated one UV-active spot on normal phase TLC with the Ry value of 0.63
using 5% ethyl acetate in light petroleum as a mobile phase. Its 'H NMR spectrum
displayed proton signals at high field region. Therefore, it was not further purified.

Band 2 was obtained as a white solid (3.5 mg), which showed one spot
under UV-S on normal phase TLC with the R¢ value of 0.20 using 5% ethyl acetate in
light petroleum as a mobile phase. Its 'H NMR spectrum suggested that it contained

N18 as a major component.

Band 3 was a yellow gum (2.0 mg). Its chromatogram displayed one
UV-active spot with the R¢ value of 0.10 using 5% ethyl acetate in light petroleum as
a mobile phase. Its 'H NMR spectrum suggested that it was N17.
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Band 4 was obtained as a brown gum (4.2 mg). Its chromatogram
displayed one UV-active spot on normal phase TLC with the Ry value of 0.05 using
5% ethyl acetate in light petroleum as a mobile phase. Its 'H NMR spectrum showed

none of aromatic proton signals. Thus, it was not further isolated.

Fraction ME showed three UV-active spots on normal phase TLC with the R¢ values
of 0.18, 0.60 and 0.63 using 10% ethyl acetate in light petroleum (2 runs) as a mobile
phase. Further purification by precoated TLC with 5% ethyl acetate in light petroleum
(5 tuns) followed by 10% ethyl acetate in light petroleum (5 runs) as mobile phases
afforded three bands.

Band 1 was obtained as a colorless gum (0.7 mg). Its chromatogram
demonstrated one UV-active spot on normal phase TLC with the Ry value of 0.60 using
5% ethyl acetate in light petroleum as a mobile phase (5 tuns). The 'H NMR spectrum

indicated that it was a mixture. Because of low quantity, it was not further purified.

Band 2 was obtained as a yellow gum (0.6 mg), which showed one
spot under UV-S on normal phase TLC with the Rt value of 0.58 using 5% ethyl
acetate in light petroleum (5 runs) as a mobile phase. The '"H NMR spectrum

indicated that it was a mixture. Because of low quantity, it was not further purified.

Band 3 was a yellow gum (5.2 mg). Its chromatogram displayed one
UV-active spot with the Ry value of 0.18 using 5% ethyl acetate in light petroleum as
a mobile phase. Its 'H NMR spectrum suggested that it was a mixture of N17 and
N18. Therefore, it was not further investigated.

Fraction MF showed no spots under UV-S on normal phase TLC using 10% ethyl
acetate in light petroleum (2 runs) followed by 30% ethyl acetate in light petroleum (2
runs) as mobile phases (5 runs). Furthermore, its chromatogram showed no UV-active
spots on reverse phase TLC using 50% methanol in water as a mobile phase. Its 'H
NMR spectrum displayed none of aromatic proton signals. Therefore, no further

investigation was pursued.




CHAPTER 3.3
RESULTS AND DISCUSSION

One new compound (N19) was isolated from the broth extract together
with six known compounds (N14-N18 and N20). In addition, compound N17 was also
obtained from the mycelial extract. The structures were identified by spectroscopic

methods.
'3.3.1 Compound N14

N14 was obtained as a yellow gum. The UV spectrum showed
maximum absorption bands at 227 and 289 nm, indicating the presence of a benzene
chromophore. Its IR spectrum exhibited an absorption band due to a hydroxyl group
at 3393 cm”. The 'H NMR spectrum (Figure 37) (Table 48) showed the
characteristic signals for two mefa-aromatic protons (& 6.35, d, J = 2.7 Hz, 1H and
6.29, d, J = 2.7 Hz, 1H), one hydroxyl group (& 5.25, s, 1H), two methoxyl groups
(&1 3.86, 5, 3H and 3.76, s, 3H) and one pentyl unit {&; 2.61 (#, /= 7.5 Hz, 2H), 1.36
(m, 6H) and 0.87 (t, J = 6.6 Hz, 3H)]. The hydroxy proton (1-OH) gave HMBC
correlations (Table 48) with C-1 (& 137.43), C-2 (& 146.65) and C-6 (& 128.63).
The methoxyl group resonating at & 3.86 and the pentyl side chain were then located
at C-2 and C-6, respectively, on the basis of the following 3J HMBC correlations; 2-
OCH4/C-2 and H,-7(& 1.36)/C-1, C-5 (& 105.65) and C-6. Two metg-aromatic
protons, resonating at & 6.35 and 6.29, were attributed to H-3 and H-5, respectively,
due to HMBC correlations of H-3/C-1, C-2, C-4 (& 152.66) and C-5 and those of H-
5/C-1, C-3 (& 96.54) and C-4. The other methoxy! group (& 3.76) was attached at c-
4 on the basis of a HMBC correlation between 4-OCHj3 with C-4., Signal enhancement
of both methoxyl resonances after irradiation of H-3 (Table 48) in the NOEDIFF
experiment confirmed the assigned location. The attachment of the pentyl group at C-

6 was supported by signal enhancement of H-5 upon irradiation of Hy-7 in the
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NOEDIFF experiment. Thus, N14 was elucidated as 2,4-dimethoxy-6-pentylphenol
which was synthesized in 1983 (Srebnik and Mechoulam, 1983).

OCH;

Table 48 The NMR data of N14 and 2,4-dimethoxy-6-pentylphenol in CDCl;

N14 2,4-Dimethoxy-
.. 6-pentylphenol®
Position Y & HMBC NOE &1
(mult., Juz) | (C-Type) (mult., Ji,)
1-OH | 5.25() | 13743(C)| C-1,C-2,C-6 - 5.29 (s)
2 - 146.65 (C) - - -
2-OCH;| 3.86(s) [55.95(CHj) C-2 H-3 3.84 (5)
3 16.35(d, 2.7)| 96.54 (CH)| C-1, C-2, C-4, C-5 | 2-OCHas, 6.30 (m)
4-OCH,
4 - 152.66 (C) - - -
4-OCH3| 3.76 (s) |[55.73 (CHy) C-4 H-3, H-5 3.75 (s)
5 16.29(d,2.7)|105.65(CH) C-1,C-3,C+4 4-OCH; 6.30 (m)
6 - 128.63 (C) - - -
7 1.36 (m) [29.52 (CHy)| C-1,C-5,C-6 H-5 1.42 (m)
8 1.36 m) |31.72 (ClL) - - 1.42 (m)
9 1.36 (m) |[29.70 (CHy) - - 1.42 (m)
10 [2.61(¢,7.5)(22.59 (CHy) - - 2.63 (¢, 6.6)
11 10.87 (¢, 6.6)|14.07 (CHzs) - - 0.89 (¢, 6.0)

% Srebnik and Mechoulam, 1983.

3.3,2 Compound N15

N15 was obtained as a yellow solid, melting at 56.1-56.7 °C. The UV

spectrum showed maximum absorption bands at Amax 247 and 314 nm. The IR

spectrum exhibited absorption bands at 3365 cm™! for a hydroxyl group and at 1652

cm™ for a carbonyl group. The LREI-MS (Figure 39) showed the molecular formula
C1oH1003. The 'H NMR spectral data (Figure 40) (Table 49) consisted of signals for
one chelated hydroxyl group (& 11.06, s, 1H), three aromatic protons of a 1,2,3-
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trisubstituted benzene [&4 7.44 (r, J = 8.1 Hz, 1H), 6.92 (4, /= 8.1 Hz, 1H) and 6.72
(d, J = 8.1 Hz, 1H)], one oxymethine proton (& 4.77, tq, /= 7.2 and 6.6 Hz, 1H), one
methylene group (& 2.96, d, J= 7.2 Hz, 2H) and one methyl group (&4 1.56, d, J =
6.6 Hz, 3H). The *C NMR spectrum (Figure 41) (Table 49) showed one ester
carbonyl (& 169.93), three quaternary (& 162.21, 139.38 and 108.30), three methine
(& 136.12, 117.87 and 116.24), one oxymethine (& 76.07), one methylene (& 34.61)
and one methyl (& 20.74) carbons. Its spectroscopic data were. similar to those of
meliein. The chelated hydroxyl group which was placed at C-8 (& 162.21), peri
position to the carbonyl group, gave HMBC cross peaks (Table 50) with C-7 (&
116.24), C-8 and C-8a (& 108.30). The aromatic proton at d; 6.92 was then assigned
as H-7 due to its correlation with C-7 in the HMQC spectrum and its HMBC
correlations with the C-1 (& 169.93), C-5 (& 117.87), C-8 and C-8a. The remaining
aromatic protons resonating at & 6.72 and 7.44 were then attributed to H-5 and H-6,
respectively, on the basis of their multiplicity and coupling constants. The 3J HMBC
correlations of H-5 with C-4 (& 34.61), C-7 and C-8a indicated that the methylene
group (& 2.96, Ha-4) was linked at C-4a (& 139.38) of the aromatic ring. The COSY
spectrum revealed that Hy-4 was coupled with the oxymethine proton (H-3, &4 4.77)
which was further coupled with Me-9 (&s 1.56). The chemical shifts of C-1 (&
169.93) and C-3 (& 76.04) constructed a lactone ring. Thus, N15 was identified as
mellein. The observed optical rotation of N15 ([a]p -114.29, ¢ = 0.07, CHCl;) was
almost identical to that of (R)-(-)-meliein ([¢]p?® -101.30, ¢ = 0.07, CHCl), indicating
that they possessed the same configuration at C-3. Therefore, N15§ was (R)-(-)-
mellein, which was previously isolated from Aspergillus melleus (Dimitriadis ef al.,

1997).




Table 49 The NMR data of N15 and (R)-(-)-mellein in CDCl;
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N15 (R)-(-)-Mellein®
Position & & M &
(mult-: JHZ) (C'Type) (mult', Ji Hz) (C-Typ e)
1 - 169.93 (C=0) - 169.9 (C=0)
3 4,77 (tq9, 7.2, 6.6) 76.07 (CH) 4,73 (m) 76.1 (CH)
4 296 (d, 7.2) 34.61 (CHyp) 2.93(d, 7.3) 34,6 (CHa)
4a - 139.38 (C) - 139.3 (C)
5 6.72 (d, 8.1) 117.87 (CH) 6.89 (d, 8.3) 117.9 (CH)
6 7.44 (¢, 8.1) 136.12 (CH) 741 (m) 136.1 (CH)
7 6.92 (d, 8.1) 116.24 (CH) 6.69 (d, 7.3) 116.2 (CH)
8-OH 11.06 (s) 162.21 (C) 11.03 (s) 162.1 (C)
8a - 108.30 (C) - 108.2 (C)
9 1.56 (d, 6.6) 20.74 (CH3) 1.53 (d, 6.3) 20.8 (CHj)
 Dimitriadis ef al., 1997,
Table 50 The HMBC and NOE data of N15 in CDCl;
Position HMBC NOE
H-3 C-4a, C-9 Me-9
H-4 C-3, C-4a, C-5,(C-8a, C-9 H-3, H-5, Me-9
H-5 C-1, C-4, C-4a, C:6, C-7, C-8a | H-4, H-6
H-6 C-4a, C-5,C-8 -
H-7 C-1,C-5,C-8,C-8a H-6
8-OH C-7, C-8, C-8a -
Me-9 C-3,C-4 H-3, H-4

3.3.3 Compound N17

N17 was obtained as a yellow gum. The UV spectrum showed

maximum absorption bands at Aye 245 and 314 nm. The IR spectrum was similar to
that of N15. The 'H NMR spectral data (Figure 42) (Table 51) were sinﬁlar to those
of N15 except that the methylene protons (& 2.96, d, J = 7.2 Hz, 2H) of N1S were
replaced, in N17, by an oxymethine proton (&4 4.57, brd, J = 2.1 Hz, 1H). The
oxymethihe proton was attributed to H-4 due to its HMBC correlations (Table 52)
with C-3 (& 78.21), C-4a (& 140.53), C-5 (& 118.28), C-8a (& 106.84) and C-9 (&
15.99). The small coupling constant (2.1 Hz) between H-3 and H-4 indicated that both
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protons had cis relationship. N17 gave almost identical rotation to cis-4-
hydroxymellein, [a]p?’ of N17 = -25.53 (¢ = 0.04, CHCly) and [a]p of cis-4-
hydroxymellein = -27.50 (¢ = 0.04, CHCl;) (Garson ef al., 1984). Therefore, N17 was
~ assigned as cis-4-hydroxymellein which was previously isolated from Uvaria
hamiltonii (Asha et al., 2004).

o o

§ 9

HO N1

Table 51 The NMR data of N17 and cis-4-hydroxymellein in CDCl;

N17 cis-4-Hydroxymellein *
Position S & S &
(mult., Ji12) (C-Type) (mult., Ji,) (C-Type)
| - 169.19 (C=0) - 162.0 (C=0)
3 4,70 (gd, 6.6, 2.1) 78.21 (CH) 4.67 (qd, 6.5, 1.5) 77.9 (CH)
4 4.57 (brd, 2.1) 67.23 (CH) 4.55 (brs) 67.1 (CH)
4a - 140.53 (C) - 140.8 (C)
5 6.92 (dt, 7.2, 0.9) 118.28 (CH) 6.90 (d, 7.0) 118.1 (CH)
6 7.52 (dd, 8.4, 7.2) 136.77 (CH) 7.47 (t,7.0) 137.0 (CH)
7 7.02 (dd, 8.4, 0.9) 118.51 (CH) 7.01 (d, 7.0) 118.4 (CH)
8-OH 10.99 (s) 162.08 (C) 11.01 (s) 162.0 (C)
8a - 106.84 (C) - 106.9 (C)
9 1.59 (d, 6.6) 15.99 (CHs) 1.56 (d, 6.5) 15.9 (CHa3)
% Asha et al., 2004.
Table 52 The HMBC, COSY and NOE data of N17 in CDCI;
Position HMBC COSY NOE
H-3 C-4, C-4a, C-9 H-4, Me-9 H-4, Me-9
H-4 C-3, C-4a, C-5,C-8a,C-9 | H-3 H-3, H-5, Me-9
H-5 C-1, C-4a, C-6,C-7,C-8a | H-4, H-6,H-7 H-4, H-6
H-6 C-4a, C-7, C-8 H-5, H-7 H-5, H-7
H-7 C-1, C-5, C-8, C-8a H-5, H-6 H-6
8-OH C-7,C-§, C-8a - -
Me-9 C-3,C+4 H-3 H-3
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3.3.4 Compound N18

N18 was obtained as a white solid, melting at 109.7-110.3 °C. The UV
and IR spectra were almost identical to those of N17. The 'H NMR spectral data
(Figure 44) (Table 53) were similar to those of N17 with the differences in chemical
shift and multiplicity of H-3 and H-4. HMBC data in Table 54 suggested the identical
" location of all substituents. Therefore, N18 had the same structure as N17 but differed
in the absolute stereochemistry of C-3 (& 79.91) and C-4 (& 69.22). Irradiation of
Me-9 (& 1.53, d, J = 6.6 Hz, 3H) affected the signal intensity of H-4 (& 4.64, m,
1H), indicating cis énd trans relationship of H-4/Me-9 and H-3/H-4, respectively. The
observed optical rotation of N18 ([afp® +28.80, ¢ = 1.00, MeOH) was almost
identical to that of trans-4-hydroxymellein ([e]p™ +23.30, ¢ = 1,00, MeOH) (Izawa ef
al., 1989), supporting above conclusion. Therefore, N18 was assigned as frans-4-
hydroxymellein, which was previously isolated from Uvaria hamiltonii (Asha et al.,

2004).

Table 53 The NMR data of N18 and trans-4-hydroxymellein in CDCl;3

N18 trans-4-Hydroxymellein®
Position o & & &
(mult., Jiz) (C-Type) (mult., Juz) (C-Type)
1 ; 168.56 (C=0) - 161.96 (C=0)
3 4.62 (m) 79.91 (CH) | 4.58 (dg, 4.5,7.0) | 79.8 (CH)
4 4.64 (m) 69.22 (CH) 4.60 (brs) 69.1 (CH)
4a - 141.14 (C) ) 141.0 (C)
5 703 (d,7.5) | 116.15(CH)|  7.00 (d, 8.5) 116.1 (CH)
6 | 7.55(dd,8.5,7.5) | 136.87(CH)|  7.52 (¢, 8.5) 136.7 (CH)
7 7.01(d, 8.5 | 117.87(CH)| 6.97(d, 8.5 117.8 (CH)
8-OH 10.99 (s) 162.08 (C) 10.97 (s) 161.96 (C)
8a - 106.50 (C) - 106.7 (C)
9 153(d,6.6) | 1792(CHy) |  1.49(d,6.5) 17.8 (CH;)

% Asha ef al., 2004,
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Table 54 The HMBC, COSY and NOE data of N18 in CDCl3

Position HMBC COSY NOE

H-3 C-1,C-4,C-4a H-4, Me-9 Me-9
1H-4 C-3, C-4a,C-5,C-8a TH3 - | H-5, Me-9

H-5 C-4,C-7,C-8a H-6 H-4

H-6 C-4a, C-8 H-5, H-7 H-5, H-7

H-7 C-5 H-6 H-6

8-OH C-7,C-8,C-8a - -

Me-9 C-3,CH4 H-3 H-3, H-4

3.3.5 Compound N16

N16 was obtained as a yellow solid, melting at 63.8-64.5 °C. The UV
spectrum showed a maximum absorption band of a p-quinone moiety at Amex 267 nm
(Rukachaisirikul ef al., 2003). The IR spectrum exhibited absorption bands at 1679
and 1652 cm™! for conjugated ketone carbonyl groups. The 'H NMR spectral data
(Figure 46) (Table 55) consisted of signals for two olefinic protons [ 6.51 (14, J =
2.4 and 1.5 Hz, 1H) and 5.90 (d, J = 2.4 Hz, 1H)], one methoxyl group (& 3.84, s,
3H) and one pentyl group [éu 2.45 (td, J= 8.1 and 1.5 Hz, 2H), 1.54 (m, 2H), 1.37 (m,
2H), 1.34 (m, 2H) and 0.92 (¢, /= 6.9 Hz, 3H)]. The ketone carbonyl carbons at &
187.70 and 182.13, in the °C NMR spectrum (Figure 47) (Table 55), supported the
presence of the quinone moiety. Two olefinic protons were attributed to H-3 (& 5.90)
and H-5 (& 6.51) on the basis of HMBC correlations (Table 56) of H-3/C-1 (&
182.13), C-2 (& 158.86), C-4 (& 187.70) and C-5 (& 132.88) and those of H-5/C-1
and C-3 (& 107.08). These results together with 3J correlations of the methylene
protons, Hy-7 (& 2.45), of the pentyl moiety with C-1 and C-5.linked the pentyl unit
at C-6 (& 147.59). Consequently, the methoxyl group (& 3.84) was located at C-2
(& 158.86). This was confirmed by its HMBC correlation with C-2. Irradiation of 2-
OCH,, in the NOEDIFF experiment, enhanced the signals of H-3 (Table 56), thus
supporting the assignment. Therefore, N16 was identified as primin, which was

previously isolated from Miconia lepidota (Gunatilaka ef al., 2001).




Table 55 The NMR data of N16 and primin in CDCl;
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N16 - Primin
Position 84 & & &
(mult., Ji.) (C-Type) (mult., Jiz,) (C-Type)
1 - 182.13 (C=0) - 182.2 (C=0)
2 - 158.86 (C) - 158.9 (C)
2-OCH; 3.84 (s) 56,26 (CH3) 3.76 (s) 56.4 (CHj)
3 5.90 (d, 2.4) 107.08 (CH) 5.71 (d, 2.5) 107.0 (CH)
4 - 187.70 (C=0) - 187.8 (C=0)
5 6.51 (td, 2.4, 1.5) 132.88 (CH) 6.30 (m) 132.0 (CH)
6 - 147.59 (C) - 147.7 (C)
7 2.45 (1d, 8.1, 1.5) 28.66 (CHy) 2.34 (¢, 7.5) 28.8 (CHy)
8 1.54 (m) 27.38 (CHy) 1.13-1.63 (m) 27.5(CHy)
9 1.37 () 31.35 (CHy) 1.13-1.63 (m) 31.5 (CHy)
10 1.34 (m) 22.34 (CHy) 1.13-1.63 (m) 22.4 (CHy)
11 0.92 (1, 6.9) 13.89 (CH3) 0.92 (¢,7.5) 13.9 (CH3)
®Bieber ef al., 1990.
® Gunatilaka et a/., 2001.
Table 56 The HMBC and NOE data of N16 in CDCl;
Position HMBC NOE
2-0CH; | C-2 H-3
H-3 C-1,C-2,C-4,C-5 2-OCHj;
H-5 C-1,C-3,C-7 H-7, H-8
H-7 C-1,C-5,C-6,C-8,C-9 H-5, H-8
H-8 C-6, C-7,C-9, C-10 H-5, H-7
H-9 C-7,C-10, C-11 -
H-10 C-9, C-11 -
H-11 C-9, C-10 -
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3.3.6 Compound N19

N19 was obtained as a white solid, melting at 149.6-150.0 °C with
(oo™ +22.22 (¢ = 0.24, MeOH). The UV spectrum showed a maximum absorption
band at Amax 300 nm. The IR spectrum exhibited absorption bands at 3392 cm™ for a
hydroxyl group and 1684 cm™ for a carbonyl group of an o,f-unsaturated carboxylic
acid. The HREI-MS spectrum showed the molecular formula CigH»405. The 'H NMR
spectrum (Figure 49) (Table 57) displayed typical signals of two f#rans-olefinic
protons of the ¢, f-unsaturated carboxylic acid (d&y 6.96, dd, J = 15.5 and 9.0 Hz, 1H
and 5.79, d, J = 15.5 Hz, 1H), one aromatic proton {& 6.32, s, 1H), one oxymethine
proton (& 4.85, dg, J= 9.0 and 6.5 Hz, 1H), one methine proton (& 3.90, £, J = 9.0
Hz, 1H), one methoxyl group (& 3.84, s, 3H), one pentyl side chain [&y 2.55 (m, 1H),
2.37 (m, 1H), 1.55 (m, 1H), 1.48 (m, 1H), 1.31 (m, 411) and 0.87 (¢, J = 7.0 Hz, 3H})]
and one secondary methyl group (& 1.40, d, J = 6.5 Hz, 3H). The carbonyl carbon
signal at & 168.83, in the Bc NMR spectrum (Figure 50) (Table 57), supported the
presence of the ¢,f-unsaturated carboxylic acid. The aromatic proton at &y 6.32 (s,
1H) was assigned as H-7. Irradiation at II-7 in the NOEDIFF experiment (Table 57)
enhanced the signal intensity of the methoxyl group, thus indicating the attachment of
the methoxyl group at C-6 (& 146.76). HMBC correlations (Table 57) of H-7/C-3a
(& 118.23), C-5 (& 137.89), C-6 and C-7a (& 152.31) and those of the methylene
protons of the pentyl moiety (&; 2.55 and 2.37, Hap-12)/C-3a, C-4 (& 126.16) and C-
5 established the linkage of the pentyl group at C-4. In the COSY spectrum (Table
57), The methine proton at & 3.90 (H-3) was coupled with the oxymethine proton at
&1 4.85 (H-2) and the downfield trans-olefinic proton (&4 6.96, H-9) of the o,f-
unsaturated carboxylic acid. H-2 was further coupled with the methyl protons at &
1.40 (Me-8). HMBC cross peak of H-3/C-3a and C-7a established the linkage of the
methine group carrying the 1-oxysubstituted ethyl group and frans o, f-unsaturated
carboxylic acid moiety at C-3a. According to the chemical shifts of both C-2 (&
82.78) and C-7a and the molecular formula, these carbons were joined together with
an ether linkage to form a dihydrobenzofuran skeleton. Since there was no other

signal in the "THNMR spectrum, the substituent at C-5 must be a hydroxyl group. This
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hydroxycarbon resonated at much higher field due to the resonance effect of two
oxysubstituents at C-6 and C-7a. Irradiation of H-3 in the NOEDIFF experiment
enhanced signal intensity of H-2, indicating their cis relationship. Therefore, N19 was
determined as a new dihydrobenzofuran derivative.

16
CH;

HO.
11 O
HO 2
H
'"”"CH3
H3CO 8
Table 57 The NMR data of N19 in CDCl;
N19
Position 3 & HMBC COSY NOE
(mult., Juz) | (C-Type)
2 4.85 (dg, 9.0, 82.78 (CH) C-9 H-3, H-8 | H-3, H-8
6.5)
3 3.90(+,9.0) | 48.14 (CH) C-3a, C-7a, C-9, C-10( H-2, H-9 {H-2, H-10
3a - 118.23 (O) - - -
4 - 126.16 (C) - - -
5-OH - 137.89 (C) - - -
6 - 146.76 (C) - - -
6-OCHy  3.84 (s) 56.19 (CHs) C-6 - H-7
7 6.32 (s) 92.01 (CH) |C-3a,(C-5,C-6,C-7a - 6-OCH;
7a - 152.31 (C) - - -
8 1.40 (d, 6.5) | 16.43 (CH3) c-2,C-3 H-2 H-2
9 6.96 (dd, 15.5,| 148.29 (CH) C-3,C-3a,C-11  |H-3,H-10 -
9.0)
10 5.79 (d, 15.5)]| 121.91 (CH) C-3, C-11 H-9 H-3
11 - 168.83 (C=0) - - -
12 a:2.55 (m) | 27.30 (CHy) C-3a, C-4 Hy-12, Hy-12
Ha-13
b: 2.37 (m) - C-4, C-5, C-13 Hq-12, Ha-12
Hab'13
13 a: 1.55 (m) | 28.98 (CHy) C-14 - -
b: 1.48 (1n) - - - -
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Table 57 Continued

N19
Position Su & HMBC COSY NOE

(mult,, Ju,) | (C-Type)

B O E o L _ _
15 1.31 (m) | 22.54 (CHy) C-14 H-16 H-16

16 0.87 (¢, 7.0) | 13.99 (CH3) C-14, C-15 H-15 -
3.3.7 Compound N20

N20 was obtained as a yellow gum with [e]p? +73.11 (¢ = 0.90,
CHClI3). The UV spectrum showed no absorption bands in the region of 200-400 nm.
The IR spectrum exhibited absorption bands at 3372 em™ for a hydroxyl group and
1749 cm’! for a carboxylic carbonyl group. The 'H NMR specirum (Figure 51)
(Table S8) showed characteristic signals for frams-olefinic protons of an a,f-
unsaturated carboxylic acid [& 6.96 (dd, J = 15.6 and 4.8 Hz, 1H) and 6.07 (dd, J =
15.6 and 1.2 Hz, 1H)], two oxymethine protons [&y 4.23 (dd, J = 4.8 and 3.9 Hz, 1H)
and 3.88 (gd, J= 6.3 and 3.9 Hz, 1H)] and one secondary methyl group [&; 1.15 (d, J
= 6.3 Hz, 3H)]. The carbonyl carbon signal at & 168.63, in the 3¢ NMR spectrum
{Figure 52) (Table 58), supported the presence of the a,f-unsaturated carboxylic
acid. In the COSY spectrum (Table 58), the downfield trans-olefinic proton (g 6.96,
H-3) of the a,f-unsaturated carboxylic acid was coupled with the other trans-olefinic
proton (dy 6.07, H-2) and the oxymethine proton (Jdu 4.23, H-4). The oxymethine
proton at &y 3.88 (H-5) was coupled with H-4 and the secondary methyl protons (dy
1.15, Me-6). These data established either diol or epoxide functional group at C-4 (&
74.53) and C-5 (& 69.87). Since H-4 (& 3.22) and H-5 (&4 2.98) of 4,5-epoxy-2-
hexanoic acid (Curci ef al., 1980) resonated at much higher field, N20 was assigned
as 4,5-dihydroxy-2-hexenoic acid which was previously reported as a synthetic

compound (Jaime ef al., 1991).
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Table 58 The NMR data of N20 in CDCI5+CD;0D

N20
Position Su & HMBC COSY NOE
(mult., Juz) | (C-Type)
1 - 168.63 (C) - - -
6.07 (dd, 1122.07 (CIT)} C-1,C+4 H-3 H-4
15.6, 1.2)
3 16.96 (dd, 15.6[146.94 (CH) C-1,C-2, H-2, H-4 H-4, Me-6
4.8) C-4
4 423 (dd, 4.8,] 74.53 (CH)| C-2,C-3, H-3, H-5 | H-2, H-3, H-5,
3.9) C-5,C-6 Me-6
5 3.88(¢d, 6.3,] 69.87 (CH)| C-3,C-6 | H-4,Me-6 | H-4,Me-6
3.9)
6 1.15(d, 6.3) [17.34 (CHy)| C-4,C-5 H-§ H-4,H-5




PART 1V

CHEMICAL CONSTITUENTS FROM THE WOOD-DECAYED
FUNGUS XYLARIA SP. BCC 9653
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CHAPTER 4.1
INTRODUCTION

4.1.1 Introduction

The genus Xviaria is a rich source of various types of compounds
(Table 59). Some of them exhibited a wide range of biological activities (Table 59).
Chemical constituents isolated from the genus Xylaria are summarized in Table 59
based on SciFinder Scholar database.

The wood-decayed fungus Xylaria sp. BCC 9653 was collected on an
unidentified wood in Bala-Hala Wildlife Sanctuary, Naratiwat Province, on 14 May

2001, by Mr. Prasert Srikitikulchai, This fungus was deposited at the BIOTEC
Culture Collection as BCC 9653 on 16 July 2001.

Table 59 Compounds isolated from the Xylaria genus

Scientific name Compound Activity References
X. berteri Berteric acid, 47 - Adeboya et al.,
1995

X. cubensis Cytochalasin D, 48 Antibiotics Edwards ef al.,
Cubensic acid, 49 1991

X. euglossa Xylactam, 50 - Wang et al.,
Penochalasin B, 51 2005
Neoechinulin A, 52

X. grammica | Grammicin, 53 - Edwards et al.,
yPyrone-3-acetic acid, 54 2001

X. hypoxylon | 19,20-Epoxycytochalasin C, 55 - Espada ef al.,
19,20-Epoxycytochalasin N, 56 1997
19,20-Epoxycytochalasin D, §7
19,20-Epoxycytochalasin R, 58
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Table 59 Continued

Scientific name Compound Activity References
18-Deoxy-19,20-
epoxycytochalasin R, 59
18-Deoxy-19,20-
epoxycytochalasin Q, 60
19,20-Epoxycytochalasin Q, 61
Cytochalasin Q, 62
Cytochalasin R, 63

X. intracoloratal Coloratin A, 64 Antimicrobial | Quang ef a/.,
Coloratin B, 65 2006

X longiana Longianone, 66 - Edwards et al.,
(R)-(-)-Mellein, 40 1999
A mixture of 4-hydroxymellein,
41, 67

X longipes Xylaramide, 68 Antifungal Schneider
Tyrosol, 39 etal., 1996

2,5-Furandimethanol, 69

Piliformic acid, 70

X mellisii Mellisol, 71 Anti-herpes Pittayakhajon
1,8-Dihydroxynaphthol 1-O-c- | simplex virus- | wut ef a.,
glucopyranoside, 72 type 1 and 2005
(-)-5-Carboxymellein, 73 cytotoxicity
Cytochalasin C, 74
Cytochalasin D, 48

X multiplex Multiplolide A, 75 Antifungal Boonphoﬁg
Multiplolide B, 76 et al., 2001

X. obovata 19,20-Epoxycytochalasin Q, 61 | Cytotoxicity | Dagne ef al.,
Deacetyl 19,20- 1994

epoxycytochalasin @, 77
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Scientific name

Compound

Activity

References

| X obovata

19,20-Epoxycytochalasin C, 55

18-Deoxy-19,20-
epoxycytochalasin Q, 60
19,20-Epoxycytochalasin @, 61
Cytochalasin Q, 62

Deacetyl 19,20-
epoxycytochalasin Q, 77
Deacetyl 19,20-
epoxycytochalasin C, 78
Xylobovide, 79
4,6,10,12-Tridecatetraene-2,8-
diol, 80

Clonostachydiol, 81
(+)-Phaseolinone, 82
(E)-Methyl-3-(4-methoxy-
phenoxy)-propenoate, 83

Cytotoxicity,
antibiotic,
anthelmintic
and

phytotoxic

Abate ef al.,
1997

X. persicaria

Xylarenal A, 84
Xylarenal B, 85

Affinity for
mouse NPY

receptors

Smith et al.,
2002

Xylaria sp.

Dihydromaldoxin, 86
Isodihydromaldoxin, 87
Dechlorodihydromaldoxin, 88
Maldoxone, 89

Maldoxin, 90

Adeboya et al.,
1996a

Xylarin, 91

Antifungal

Schneider
ef al., 1995

Integric acid, 92

Anti-HIV

Singh et al.,
1999
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Xyloketal D, 106

Scieﬁtific name Compound Activity References
| Xylariasp. | 19,20-Epoxycytochalasin Q, | CCR S | Jayasuriya
61 antagonistic et al., 2004
2-Hydroxy-6-methyl-8- Antimicrobial | Healy ef al.,
methoxy-9-ox0-9H-xanthene- 2004
1-carboxylic acid, 93
2-Hydroxy-6-hydroxymethyl-8-
methoxy-9-ox0-9H-xanthene-1-
carboxylic acid, 94
3-Chloro-4-hydroxyphenyl- - Davis et al.,
acetamide, 95 2005a
3-Chloro-4-hydroxyphenyl-
acetic acid, 96
7-Hydroxy-3-(hydroxymethyl)- - Davis et al.,
1-methoxy-9H-xanthen-9-one, 2006
97
2,5-Dihydroxy-8-methoxy-6-
methyl-9-oxo-9f-xanthene -1-
carboxylic acid, 98
(-)-Xylariamide A, 99 Toxicity Davis 2005b
Xyloallenolide A, 100 - Linet al.,
3-[4-(2,3-Butadienyloxy)- 2001a
phenyl]-2-propenoic acid, 101
Eucalyptene A methyl ester, 102
Xyloketal A, 103 Acetyl choline | Lin ef al.,
Xyloketal B, 104 esterase 2001b
Xyloketal C, 105 inhibitor
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Table 59 Continued

Scientific name Compound Activity References
Xylaria sp. Xyloketal E, 107

| 1-(2,4-Dihydroxyphenyl)-

ethanone, 108

Ergosterol, 44 - Wuetal.,, 2002

Piliformic acid, 70

(-)-5-Carboxymellein, 73

o-Glycerol monopalmitate, 109
p-Hydroxybenzoic acid, 110
Protocatechuic acid methyl
ester, 111
4-Hydroxy-2-methoxy-
acetophenone, 112

Cerevisterol, 113 -

Xyloketal G, 114 - Wuetal.,
2005a
Xyloketal F, 115 L-calcium Wuet al.,
channel 2005b
blocking
Kyloketal I, 116 - Liuet al.,
2006a
(35)-7-Hydroxymellein, 117 - Liu et al.,
2006b
Cytochalasin D, 48 Antifungal Cafeu et al.,
2-Hexyl-3-methylbutanedioic 2005
acid, 118

Griseofulvin, 119
7-Dechlorogriseofulvin, 120
Cytochalasin B, 121




Table 59 Continued

121

Kolokoside C, 124
Kolokoside D, 125
19,20-Epoxycytochalasin N, 56

Scientific name Compound Activity References
Piliformic acid, 70 - Liv et al.,
_ S 5006 .
Kolokoside A, 122 Antibacterial | Deyrup ef al.,
Kolokoside B, 123 2007

2,3-Didehydrotelfairic
anhydride, 133

19,20-Epoxycytochalasin Q, 61 | Antiplasmodial] Isaka et al.,
(+)-Phaseolinone, 82 2000
(-)-Depudecin, 126

(+)-Phomenone, 127
(E)-Methyl 3-(4-
methoxyphenoxy)propenoate, 128

Xylaria spp. Cameronic acid, 129 - Adeboya et al.,
Malaysic acid, 130 1995

X telfairii threo-Telfairic acid, 131 - Adeboya ef al.,
erythro-Telfairic acid, 132 1996b

Structures of the metabolites from Xylaria genus

48: R1 = H, R2+R3 = CH2
74: R; = R, = double bond, Ry = CH;

: Cytochalasin D
» Cytochalasin C
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CHy R, CHy CH; R, CH; CH,
HO 2y N = 2 Rs
0 it} OH OH OH
CH, CH,
cn .
47: R, =H,Ra=CHs, Ry = . % - : Berteric acid .
OH
HO
CH,
49: R, =CH;, Ry=H,R; = g cn, + Cubensic acid
ciH,
129: R =Ry=H,R3= o CH;y : Cameronic acid
e :
HO
CH;
130: Ry =R;=H,R; = “ cH; : Malaysic acid
.,
0 oH
H3C g T
NH
HO
co,u ©
50: Xylactam 51: Penochalasin B
oH
M2 i HO,C  ©
—

CH; | 0 R
CH,; (1 Y
W H H3CO OCH,

NTO 53: Grammicin
0
0% N7 TcH; CH;
I .
| CoOMl g4: R = O : Coloratin A
52: Neoechinulin A o O .=

54: y~Pyrone-3-acetic acid  65: R = OCHj; : Coloratin B

$5: Ry = Ry = double bond, R; = CH;, Ry = Ac: 19,20-Epoxycytochalasin C

56: Ry = R; = epoxide, R; = CHj, Ry = Ac: 19,20-Epoxycytochalasin N

57: R, = H, Ry+R; = CHy, Ry = Ac: 19,20-Epoxycytochalasin D

78: R; = R, = double bond, R3 = CHs, Rs = H: Deacetyl 19,20-epoxycytochalasin C
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58: R| = R; = epoxide, R; = OH : 19,20-Epoxycytochalasin R
59: R, = Ry, = epoxide, Ry = H : 18-Deoxy-19,20-epoxycytochalasin R
63: R; = Ry = double bond, R; = OH : Cytochalasin R

60: R, = Ac, R, = R; = epoxide, Ry = H : 18-Deoxy-19,20-epoxycytochalasin Q
61: R; = Ac, Ry = R3 = epoxide, Ry = OH : 19,20-Epoxycytochalasin Q

62: Ry = Ac, R; = R3 = double bond, Ry = OH : Cytochalasin Q

77: Ry = H, R; = R3 = epoxide, Ry = OH : Deacetyl 19,20-epoxycytochalasin Q

0
HO

(9] CHy =
“CHj
O 0 R Ry

67: Ry =H, R, =OH 68: Xylaramide

66: Longianone : trans-(-)-4-Hydroxymellein
73: R] = CO)H, Rz =H
: (-)-5-Carboxvymellein H
0 SN ~OR
Ho/\&]/\m{ o -
Q CHj

69: 2,5-Furandimethanol
75: R = H: Multiplolide A

H QH . .
H 76: R = ,Sr\/cm : Multiplolide B
0,
HoO
0

HO 1
H O
H
OH O cH
Pt
(H;:C)ly CH;j
l\‘)\cozﬂ

CO,;H

72: 1,8-Dihydroxynaphthol
1-0-o-glucopyranoside 70: Piliformic acid 71: MeHisol
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O
H,C, H OH
OH OH
" /I\/W|\/\/\
O Y dven,  IC R TN Ry, o
H:¢™ 0”7 o
79: Xylobovide 80: 4,6,10,12-Tridecatetraene-2,8-diol 81: Clonostachydiol
0
CHy o oH OCH, HQ Q ci
oy ) ?“3 /Q/O — 0 OCH;
H;CO—@—O
H;C (v}
0
CO;CH;
82: (+)-Phaseolinone 83: (E)-methyl-3-(4-methoxy-
phenoxy)-propenoate 89: Maldoxone
CHO cll;
o mse
7 OHeo,H  CO,CH;
I; :RI
° /@\
R;
Ry OYWV\/CHJ H3iC > 0 Rj
0 Ry

84: R,;=R;=double bond ; Xylarenal A 86: R; = OCH,, R; = Ci, R; = OH
85: R, =R;=epoxide: Xylarenal B :Dihydromaldoxin
87: R, = OH, R; = Cl, Ry = OCH,4
Isodihydromaldoxin
88: R; = OCH;, R; = H, R; = OH
:Dechlorodihydromaldoxin

OHC CH; CHO CO;H

OH 0 CH
{77
ey,
0, o o CH; CH
H3;C O H3C 3 LI
(o) OCH;
Cl

CH; Yo o -
choﬂ O\n/k)\/\/c 3

HO O

96: Maldoxin 91: Xylarin 92: Integric acid
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R, O OCH;
HO . [
O Ry
B3

93: Ri=COH,R;=CH;, R;=H :2-Hydroxy-6-methyl-8-methoxy-9-oxo-9H-
xanthene-1-carboxylic acid

94: R; = CO,H, R, = CH,OH, R; = H : 2-Hydroxy-6-hydroxymethyl-8-methoxy-9-
ox0-9H-xanthene-1-carboxylic acid

97: R, =R;=H, R, =CH,OH : 7-Hydroxy-3-(hydroxymethyl)-1-methoxy-
9H-xanthen-9-one

98: R; = CQ,H, R; = CHj, R; = OH ! 2,5-Dihydroxy-8-methoxy-6-methyl-9-oxo-
9H-xanthene-1-carboxylic acid |

O
R
HO.
CO,H O
Cl cl - N N Ot
OH 0
95: R=NH, : 3-Chloro-4-hydroxyphenylacetamide 99: (-)-Xylariamide A

96: R=0H : 3-Chloro-4-hydroxyphenylacetic acid

CH,

HMS—(O
P cH,
Hzc=c=\_ / N A
0 HN CHJ H\Cﬂs
N

100: Xyloallenolide A

H2C=C"""—\—O @_HR

101: R = OH : 3-[4-(2,3-Butadienyloxy)phenyl]-2-propenoic acid
102: R = OCHj;: Eucalyptene A methy! ester

O
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105: Xyloketal C 107: Xyloketal E

R;

108: R;=Ac,R;=Ry;=CH : 1-(2,4-Dihydroxyphenyl)ethanone
110: R, =CO,H,Ry;=H, R3=0H : p-Hydroxybenzoic acid

111: R, =R, = 0OH, R;3 = CO,CIi; : Protacatechuic acid methyl ester
112: R; = Ac, R, = OCH,, R; = OH : 4-Hydroxy-2-methoxyacetophenone

O

)L(\')’CHs
HO/\]/\O 14

OH

109: o-Glycerol monopalmitate

R, cH, 113: Cerevisterol
R;
co,H

HO (0] 0 .
CH; HO,C SC 3

114: R, = H, R, = Ac : Xyloketal G CHs

116: R; = OH, R, = H : Xyloketal H 118: 2-Hexyl-3-methylbutanedioic acid
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OCH3 o OCH;

119: R = Cl : Griseofulvin
115: Xyloketal F 120: R = H: 7-Dechlorogriseofulvin

OH 0O cn,
HO i
O
'CH;
on
117: (35)-7-Hydroxymellein 121: Cytochalasin B

122: Kolokoside A

123: Kolokoside B




O ‘, ""“'qOH
CH;
HOo 0 >
(8]

H H;C CH,

125;: Kolokoside D

CH; 0 CH,

OH o | ch;
A HO I ol
HyCal n CH,
ol
0 OH 4)

126: (-)-Depudecin 127: (+)-Phomenone
9 CH;
O\WOCHJ 0
/©/ 0 0N NANF CO,M
H,CO
CH,
128: (£)-Methyl 3-(4- 133: 2,3-Didehydrotelfairic anhydride

methoxyphenoxy)propenoate

R% R,

COH
HO,C AN 2
COH

CH;

131: R;=CHj, Ry =H : threo-Telfairic acid
132: R, = H, R; = CHj3 : erythro-Telfairic

128




CHAPTER 4.2
EXPERIMENTAL

4.2.1 Fermentation and extraction

The fermentation and extraction was performed using the same
procedure as those of Lachnum sp. BCC 2424, The crude EtOAc extracts from the
culture broth and mycelia were obtained in 560.0 mg and 522.1 mg, respectively, both

as a brown gum.,
4,2.2 Purification of the broth extract

The broth extract was further separated by column chromatography
over Sephadex LH20 using 100% MeOH as eluent. All fractions were examined by
TLC, combined on the basis of their chromatogram characteristics and then
evaporated to dryness under reduced pressure to afford five fiactions, as shown in

Table 60.

Table 60 Fractions obtained from the broth extract by column chromatography

over Sephadex LH20
Fraction Eluent Weight (mg) | Physical appearance

A 100% MeOH 169 Brown gum mixed with
brown solid

B 100% MeOH 405.0 Brown solid

C 100% MeOH 98.6 Brown solid

D 100% MeOH 344 Pale-brown solid

E 100% MeOH 4.0 Dark-brown gum
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Fraction A showed no definite spots under UV-S on normal phase TLC using 100%
dichloromethane as a mobile phase (2 runs). Its "H NMR spectrum displayed proton

signals at high field region. Therefore, it was not further investigated.

Fract.ibli. B showed fiVe épbts un.d.er. UV-S bn honna1 phaéé TLC With the Rf {rélues
of 0.08, 0.10, 0.35, 0.58 and 0.73 using 100% dichloromethane as a mobile phase (2
runs) with. Further separation by column chromatography over silica gel using a
gradient system of methanol-dichloromethane was performed. All subfractions were
examined by TLC, combined on the basis of their chromatogram characteristics and
then evaporated to dryness under reduced pressure to afford six subfractions, as

shown in Table 61.

Table 61 Subfractions obtained from fraction B by column chromatography over

silica gel
Subfraction Eluent Weight (mg) | Physical appearance
100% CH,Cl; -
B1 7.3 Yellow gum
7% MeOH/CH,Cl,
Yellow gum mixed
B2 7-20% MeOH/CH,Cl; 188.1

with yellow solid
B3 30-50% MeOH/CH,Cl, 31.2 Yellow gum

Yellow gum mixed

B4 70% MeOH/CH,Cl, 56.5 )

with yellow solid
B5 70-80% MeOH/CH,Cl, 74.4 Brown-yellow gum
B6 100% MeOH 6.8 Brown gum

Subfraction B1 displayed no definite spots under UV-S on normal
phase TLC using 100% dichloromethane as a mobile phase. According to the
appearance of proton signals at high field, it was not further studied.




131

Subfraction B2 contained five major spots under UV-S on normal
phase TLC with the Ry values of 0.50, 0.58, 0.68, 0.83 and 0.92 using 100%
dichloromethane as a mobile phase (2 runs). Further separation by column
chromatography over silica gel using a gradient system of methanol-dichloromethane
was 'perform'ed. Stibfraétions, which contained similar CdmponentS; were combined
and evaporated to dryness under reduced pressure to give five subfractions, as shown
in Table 62.

Table 62 Subfractions obtained from subfraction B2 by column chromatography

over silica gel

Subfraction Eluent Weight (mg) | Physical appearance
100% CH,Cl; - '
B2-1 1.0 Yellow gum
5% MeOH/CH,Cl,
B2-2 5% MeOH/CH,Cl, 1.8 Yellow gum
Pale-yellow gum mixed
B2-3 5-20% MeOH/CH,Cl, 116.2 . )
with yellow solid
Pale-yellow gum mixed
B2-4 20% MeOH/CH,Cl, 60.5 i .
with yellow solid
30% MGOH/CH2C12 -
B2-5 3.0 Yellow gum
100% McOH

Subfraction B2-1 showed no spots under UV-S on normal phase TLC
using 100% dichloromethane as a mobile phase, Because of low quantity, it was not further
purified.

Subfraction B2-2 (N21) displayed one UV-active spot on normal
phase TLC with the R value of 0,40 using 100% dichloromethane as a mobile phase.

[e]n” -232.73 (¢ = 0.50, CHCLy)
UV(MeOH) Apex nm (log &) 243 (3.18), 306 (2.99)
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FT-IR (neat) Ve 1730 (C=0 stretching), 1599 (C=C stretching)
'H NMR (CDCls) (8 ppm) 745 (dd, J = 8.7, 7.2 Hz, 1H), 6.92 (d, J = 8.7
(300 MHz) Hz, 1H), 6.79 (d, J = 7.2 Hz, 1H), 4.56 (qt, J =

163, 42 Hz, 1H), 3.95 (5, 31D, 287 (4, J = 42
Hz, 2H), 1.48 (d, J = 6.3 Hz, 3H)

B3C NMR (CDCls) (8 ppm) 162.57, 161.26, 141.95, 134.39, 119,17, 113.93,
(75 MHz) 110.91, 74.08, 56.17, 36.11, 20.69
DEPT (135°) (CDCls) CH : 134.39,119.17, 110.91, 74.08
CH;: 36.11

CHs: 56.17,20.69

Subfraction B2-3 demonstrated two UV-active spots on normal phase
TLC with the Ry values of 0.40 and 0.53 using 1% methanol in dichloromethane (3
runs) as a mobile phase. Further separation by column chromatography over silica gel
using a gradient system of methanol-dichloromethane was performed. Subfractions,
which contained similar components, were combined and evaporated to dryness under

reduced pressure to give five subfractions, as shown in Table 63.

Table 63 Subfractions obtained from subfraction B2-3 by column chromatography

over silica gel

Subfraction Eluent Weight (mg) | Physical appearance
100% CH,Cl, -
B2-3-1 2.0 Yellow gum
3% MGOH/Cchlz
B2-3-2 3% McOH/CH,Cl, 58.5 Yellow gum
B2-3-3 3-5% MeOH/CHCl, 315 White solid
B2-3-4 5% MeOH/CH,Cl, 53 Yellow gum
5-10% MeOH/CH,Cl, -
B2-3-5 7.0 Yellow gum
100% MeOH
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Subfraction B2-3-1 displayed no spots under UV-S on normal phase
TLC using 100% dichloromethane as a mobile phase. According to the appearance of

proton signals at high field, it was not further investigated.

Subfraction B2-3-2 showed two UV-active spbis on normal phase
TLC with the Rt values of 0.55 and 0.70 using 4% methanol in dichloromethane as a
mobile phase (2 runs). It was further separated by column chromatography over
Sephadex LH20 using 100% MeOH as eluent. All subfractions were examined by
TLC, combined on the basis of their chromatogram characteristics and then
evaporated to dryness under reduced pressure to afford four subfractions, as shown in
Table 04.

Table 64 Subfractions obtained from subfraction B2-3-2 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) | Physical appearance
B2-3-21 100% MeOH 0.3 Colorless gum
B2-3-22 100% MeOH 10.3 White solid
B2-3-23 100% MeOH 45.7 White solid
B2-3-24 100% MecOH 0.5 Colorless gum

Subfraction B2-3-21 showed no UV-active spots on normal phase
TLC using 2% methanol in dichloromethane as a mobile phase (3 runs). Because of

low quantity, it was not further investigated.

Subfraction B2-3-22 (N22) melted at 267.0-267.3 °C and displayed
one UV-active spot on normal phase TLC with the Ry value of 0.28 using 2%

methanol in dichloromethane as a mobile phase (3 runs).

[a]p” -31.05 (¢ = 0.33, CHCl3)
UV(MeOH) Apax nm (log &) 237 (3.45)




FT-IR (neat) vm.1

'H NMR (CDCl) (6 ppm)
(300 MHz)

3C NMR (CDCls) (6 ppm)

(75 MHz)

DEPT (135°) (CDCls)

CH :

CH,
CHs
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3400 (O-H stretching), 1738, 1695 and 1638 (C=0
stretching), 1606 (C=C stretching)

7.32 (td, J = 8.1, 1.5 Hz, 1H), 7.27 (m, 2H), 7.13 (dd,
J=8.1, 1.5 Hz, 2H), 6.10 (dd, J = 15.6, 2.4 Hz, 1H),
5.69 (dd J = 15.6, 9.9 Hz, 1H), 5.63 (, J = 2.4 Hz,
1H), 5.60 (brs, 1H), 5.34 (ddd, J = 15.6, 10.5, 4.8
Hz, 1H), 5.30 (brs, 1H), 5.14 (dd, J = 15.6, 2.4 Hz,
1H), 5.09 (brs, 1H), 3.81 (d, J = 10.8 Hz, 1H), 3.24
(m, 1H), 2.85 (m, 1H), 2.83 (m, 1H), 2.75 (m, 1H),
2.74 (m, 1), 2.68 (m, 1H), 2.51 (dd, J =12.6, 10.5
Hz, 1H), 2.26 (s, 3H), 2.15 (dd, J = 6.6, 3.6 Hz, 1H),
2,02 (dd, J=12.6, 4.8 Hz, 1H), 1.51 (s, 3H), 1.20 (d,
J=6.9 Hz, 3H), 0.94 (d, J= 6.6 Hz, 3H)

21027, 173.50, 169.68, 147.58, 137.23, 134.12,
132,30, 130.61, 129.09, 128.93, 127.63, 127.09,
114.43, 77.71, 77.12, 69.84, 53.57, 50.90, 50.00,
47.00, 45.29, 42.34, 37.75, 32.67, 24.18, 20.82,
19.37, 13.65 '

134.12, 13230, 130.61, 129.09, 128.93, 127.63,
127.09, 77.71, 69.84, 53.57, 50.00, 47.00, 42.34,
32.67

. 114,43, 45.29, 37.75
: 24,18, 20.82, 19.37, 13.65

Subfraction B2-3-23 demonstrated two UV-active spots on normal

phase TLC with the R¢ values of 0,28 and 0.45 using 2% methanol in dichloromethane

(3 runs) as a mobile phase. Further separation by column chromatography over silica

gel using a gradient system of methanol-dichloromethane was performed.

Subfractions, which contained similar components, were combined and evaporated to

dryness under reduced pressure to give four subfractions, as shown in Table 65.
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Table 65 Subfractions obtained from subfraction B2-3-23 by column
chromatography over silica gel
| Subfraction | Eluent Weight (mg) | Physical appearance
B2-3-231 100% CHaCl - 0.3 Colorless gum
3% MeOH/CH,Cl>»
B2-3-232 3% MeOH/CH,Cl, 4.1 White solid
B2-3-233 3-5% MeOH/CH,Cl, 5.6 White solid
B2-3-234 5% MeOH/CH,Cl, 349 White solid

Subfraction B2-3-231 showed no UV-active spots on normal phase

TLC using 2% methanol in dichloromethane as a mobile phase (2 runs). Because of

low quantity, it was not further investigated.

Subfraction B2-3-232 (N23) melted at 259.7-260.5 °C and showed

one UV-active spot on normal phase TLC with the Ry value of 0.65 using 2%

methano! in dichloromethane as a mobile phase (4 runs).

[elp”
UV(MeOH) Ayax nm (log &}
FT-IR (neat) vim-i

'H NMR (CDCls) (6 ppm)
(300 MHz)

-38.20 (¢ = 0.80, MeOH)

237 3.77)

3393 (O-H stretching), 1736, 1698 and 1642
(C=0 stretching), 1607 (C=C stretching)

7.28 (m, 1H), 7.23 (1, 2H), 7.12 (dd, J= 6.6, 1.5
Hz, 2H), 6.03 (dd, J = 15.6, 2.4 Hz, 1H), 5.77
(dd, J = 15.6, 9.6 Hz, 1H), 5.74 (t, J = 2.4 Hz,
1H), 5.67 (s, 1H), 5.20 (ddd, J = 15.6, 10.8, 4.8
Hz, 1H), 5.07 (dd, J = 15.6, 2.4 Hz, 1H), 3.53
(brt, J = 8.4 Hz, 1H), 2.73 (d, J = 7.2 Hz, 2H),
2,67 (d, J= 5.7 Hz, 1H), 2.65 (m, 1H), 2.47 (dd,
J=9.9, 5.7 lz, 1H), 2.40 (m, 1H), 2.18 (s, 3H),
2.05 (dd, J = 5.7, 2.4 Hz, 1H), 1.90 (m, 1H), 1.66
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(m, 1H), 145 (5, 3H), 1.14 (d J = 6.6 Hz, 3H),
1.13 (s, 3H), 0.83 (d, J= 7.2 Hz, 3H)
3¢ NMR (CDCl;) (5 ppm) 21041, 17453, 169.73, 13697, 13184, 131.80,
(75 MHz) 13086, 12916, 12897, 127.68, 12714, 7176,
75.85, 62.54, 57.04, 55.00, S4.08, 5065, 45.88,
45.15, 4228, 37.92, 36.82, 24.23, 20.76, 19.58,
1931, 12,55
DEPT (135°) (CDCL) CH: 131.84, 13180, 130.86, 129.16, 128.97, 127.68,
127.14, 75.85, 62.54, 54.08, 50.65, 45.15, 42.28,
16.82
CHy: 45.88, 37.92
CHy: 24.23,20.76, 19.58, 19.31, 12.55

Subfraction B2-3-233 displayed two UV-active spots on normal phase
TLC with the Ry values of 0.45 and 0.65 using 2% methanol in dichloromethane as a
mobile phase (4 runs). Its 'H NMR spectral data and chromatogram on normal phase

TLC indicated that it was a mixture of N22 and N23.

Subfraction B2-3-234 showed one major spot under UV-S on normal
phase TLC with the Ry value of 0.45 using 2% methanol in dichloromethane as a

mobile phase (4 runs). Its 'H NMR data suggested that it was N22.

Subfraction B2-3-24 showed no definite spots under UV-S on normal
phase TLC using 2% methanol in dichloromethane as a mobile phase (3 runs).

Because of low quantity, it was not further purified.

Subfraction B2-3-3 showed one UV-active spot on normal phase TLC
with the Ry value of 0.55 using 4% methanol in dichloromethane as a mobile phase (2
runs). Its "H NMR spectral data and chromatogram on normal phase TLC indicated
that it was N22.
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Subfraction B2-3-4 showed no definite spots under UV-S on normal
phase TLC using 4% methanol in dichloromethane as a mobile phase (2 runs).
According to the appearance of proton signals at high field, it was not further

investigated.

Subfraction B2-3-5 displayed no spots under UV-S on normal phase
TLC using 4% methano! in dichloromethane as a mobile phase (2 runs). Its '"H NMR
spectrum displayed none of major components, Thus, no attempted separation was

performed.

Subfraction B2-4 demonstrated three UV-active spots on normal
phase TLC with the Ry values of 0.30, 0.43 and 0.53 using 1% methanol in
dichloromethane (3 runs) as a mobile phase. Further separation by column
chromatography over silica gel using a gradient system of methanol-dichloromethane
was performed. Fractions, which contained similar components, were combined and
evaporated fo dryness under reduced pressure to give three subfractions, as shown in

Table 66.

Table 66 Subfractions obtained from subfraction B2-4 by column chromatography

over silica gel

- Subfraction Eluent Weight (mg) | Physical appearance
100% CH,Cl; -
B2-4-1 1.9 Yellow gum
5% MeOH/CH,Cl,
B2-4-2 5-10% MeOH/CH,Cl, 30.7 White solid
B2-4-3 20-70% MeOH/CH,Cl, 22.8 Yellow gum

Subfraction B2-4-1 displayed many spots under UV-S on normal
phase TLC using 4% methanol in dichloromethane (4 runs) as a mobile phase.

According to the appearance of proton signals at high field, it was not further studied.
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Subfraction B2-4-2 showed one UV-active spot on normal phase TLC
with the R value of 0.45 using 4% methanol in dichloromethane as a mobile phase (4
runs). Its 'H NMR spectral data indicated that it was N22.

S.l.lbfl.'ac.tié)ll .B2.-4-3. Shovs.fed”on.e ma.jor. UV-active spof on normal
phase TLC with the Ry value of 0.30 using 4% methanol in dichloromethane as a
mobile phase (4 runs). It was further separated by column chromatography over
Sephadex LH20 using 100% MeOH as eluent, All subfractions were examined by
TLC, combined on the basis of their chromatogram characteristics and then
evaporated to dryness under reduced pressure to afford four subfractions, as shown in
Table 67.

Table 67 Subfractions obtained from subfraction B2-4-3 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (ng) | Physical appearance
B2-4-31 100% MeOH 0.5 Colorless gum
B2-4-32 100% MeOH 2.6 Colorless gum
B2-4-33 100% MeOH 14.8 Colorless gum
B2-4-34 100% MeOH 4.4 Pale-yellow gum

Subfraction B2-4-31 showed no UV-active spots on normal phase
TLC using 2% methanol in dichloromethane (3 runs) as a mobile phase. Because of

low quantity, it was not further investigated.

Subfraction B2-4-32 displayed one spot under UV-S on normal phase
TLC with the Ry value of 0.53 using 2% methanol in dichloromethane (3 runs) as a
mobile phase. When using 50% ethyl acetate in light petroleum (2 runs) as a mobile
phase, the chromatogram showed two UV-active spots on normal phase TLC with the
Ry values of 0.55 and 0.62. Further purification by precoated TLC with 50% ethyl
acetate in light petroleum as a mobile phase (3 runs) afforded a colorless gum, N24

(2.0 mg). Its chromatogram characteristic showed one UV-active spot on normal
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phase TLC with the Ry value of 0.23 using 50% ethyl acetate in light pefroleum as a

mobile phase.

R |
UV(MeOH) Apax nm (log &)
FT-IR (neat} vem-t

"H NMR (CDCls) (8 ppm)
(500 MHz)

3¢ NMR (CDCly) (8 ppm)
(125 MHz)

DEPT (135°) (CDCly)

CH

CHa:
CH;

+23.70 (¢ = 0.23, EOH)
235 (3.38)

3370 (O-H stretching), 1708 and 1638 (C=0
stretching), 1607 (C=C stretching)

7.31 (t, J= 7.0 Hz, 1H), 7.25 (m, 2H), 712 (d, J =
7.0 Hz, 2H), 6.21 (dd, J = 16.0, 2.5 Hz, 1H), 5.65
(dd, J = 15.0, 10.5 Hz, 1H), 545 (brs, 1H), 5.42
(dd, J=16.0, 2.5 Hz, 1H), 5.31 (s, 1H), 5.27 (ddd,
J=15.0,11.0, 5.5 Hz, 1H), 5.11 (s, 1H), 4.71 (brs,
1H), 4.07 (brs, 1H), 3.79 (d, J=10.5 Hz, 1H), 3.29
(ddd, J = 8.5, 4.5, 4.0 Hz, 1H), 2.88 (dd, J = 14.0,
4.0 Hz, 1H), 2.84 (t, J = 10.5 Hz, 1H), 2.72 (ddq, J
= 11.5, 2.0, 6.5 Hz, 1H), 2.57 (m, 1H), 2.56 (m,
1H), 2.48 (ddd, 13.0, 11.5, 11.0), 2.00.(ddd, J =
13.0, 5.5, 2.0 Hz, 1H), 1.90 (m, 1H), 1.54 (s, 3H),
1.19(d, J= 6.5 Hz, 3H), 1.10 (d, /= 6.5 Hz, 1H),
210.00, 175.00, 148.22, 137.32, 137.01, 133.67,
131.09, 129.19, 128.90, 127.16, 127.15, 113.99,
7721, 76.52, 69.76, 54.32, 53.48, 50.22, 45.64,
45.39, 42.37,37.72, 32.91, 24.24, 19.38, 13.81

: 137.01, 133.67, 131.09, 129.19, 128.90, 127.16,

76.52, 69.76, 53.48, 50.22, 45.64, 42.37,32.91
113.99,45.39,37.72

: 24,24, 19.38, 13.81

Subfraction B2-4-33 showed one UV-active spot on normal phase

TLC with the R¢ value of 0.28 using 2% methanol in dichloromethane as a mobile

phase (3 runs). When using 50% cthyl acetate in light petroleum (2 runs) as a mobile

phase, the chromatogram showed two UV-active spots on normal phase TLC with the
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Re values of 0.10 and 0.20. Further purification by precoated TLC with 50% ethyl

acetate in light petroleum as a mobile phase (8 runs) afforded two bands.

- Band 1 was obtained as a colorless gum (3.8 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.22 using 50% ethyl
acetate in light petroleum as a mobile phase (2 runs). The '"H NMR data suggested

that it was a mixture. Because of low quantity, it was not further investigated.

Band 2 was obtained as a pale-yellow gum (7.3 mg), which shoWed
one spot under UV-S on normal phase TL.C with the R¢ value of 0.15 using 50% ethyl
acetate in light petroleum as a mobile phase (2 runs). The "H NMR data suggested
that it was a mixture. Further separation by column chromatography over Sephadex
LH20 using 100% MeOH as eluent was performed. Fractions, which contained
similar components, were combined and evaporated to dryness under reduced

pressure to give three subfractions, as shown in Table 68,

Table 68 Subfractions obtained from subfraction B2-4-33 band 2 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) Physical appearance
SB2-1 100% MeOH 12 Colorless gum
SB2-2 100% MeOH 4.5 Colorless gum
SB2-3 100% MeOH 1.3 Colorless gum

Subfraction SB2-1 displayed no definite spots under UV-S on normal
phase TLC using 2% methanol in dichloromethane as a mobile phase (3 runs).
According to the appearance of proton signals at high field, it was not further

investigated.

Subfraction SB2-2 showed one spots under UV-S on normal phase TLC

with the Ry value of 0.23 using 2% methanol in dichloromethane as a mobile phase (3
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runs). Its '"H NMR spectrum displayed none of major components. Thus, it was not

further purified.

_ ~ Subfraction SB2-3 displayed noldeﬁni.te s_ppt_s_under UV-S on normal
phase TLC using 2% methanol in dichloromethane as a mobile phase (3 runs).

Because of low quantity, it was not further investigated.

Subfraction B2-4-34 showed a long tail under UV-S on normal phase
TLC using 2% methanol in dichloromethane as a mobile phase (3 runs). When using
50% ethyl acetate in light petroleum (2 runs) as a mobile phase, the chromatogram
showed two UV-active spots on normal phase TLC with the R¢ values of 0.20 and
0.33. Further purification by precoated TLC with 50% ethyl acetate in light petroleum
as a mobile phase (8 runs) afforded two bands.

Band 1 was obtained as a colorless gum (1.6 mg), which showed one
spot under UV-S on normal phase TLC with the R value of 0.20 using 50% ethyl
acetate in light petroleum as a mobile phase (2 runs). The 'H NMR data suggested

that it was a mixture. Because of low quantity, it was not further investigated.

Band 2 was obtained as a yellow gum (2.1 mg), which showed one
spot under UV-S on normal phase TLC with the R¢ value of 0.13 using 50% ethyl
acetate in light petroleum as a mobile phase (2 runs). The 'H NMR data suggested

that it was not pure. Because of low quantity, it was not further purified.

Subfraction B2-5 displayed a long tail on normal phase TLC using
2% methanol in dichloromethane (3 runs) as a mobile phase. Its 'H NMR spectrum

displayed none of major components. Thus, further investigation was not conducted.

Subfraction B3 showed two UV-active spots on normal phase TLC
with the R¢ values of 0.50 and 0.60 using 4% methanol in dichloromethane (2 runs),
6% methanol in dichloromethane (2 runs) and 10% methanol in dichloromethane as

mobile phases. It was further separated by column chromatography over Sephadex
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LLH20 using 100% MeOH as eluent. Fractions, which contained similar components,
were combined and evaporated to dryness under reduced pressure to give three

subfractions, as shown in Table 69.

Table 69 Subifractions obtained from subfraction B3 by column chromatography

over Sephadex LH20
Subfraction Eluent Weight (mg) | Physical appearance
B3-1 100% MeOH 13.0 Yellow gum
' _ Yellow gum mixed
B3-2 100% MeOH 16.3 i .
with yellow solid
B3-3 1060% MeOH 1.5 Yellow gum

Subfraction B3-1 showed two UV-active spots on normal phase TLC
with the R¢ values of 0.40 and 0.48 using 4% methanol in dichloromethane (5 runs) as
a mobile phase and demonstrated many spots after dipping the normal phase TLC in
ASA reagent and subsequently heating. The 'H NMR data indicated that it was a

mixture of N22, N23 and other components. Therefore, it was not further purified.

Subfraction B3-2 showed a long tail under UV-S on normal phase
TLC using 4% methanol in dichloromethane as a mobile phase (5§ runs). When using
50% ethyl acetate in light petroleum (6 runs) as a mobile phase, the chromatogram
showed five UV-active spots on normal phase TLC with the R¢ values of 0.25, 0.38,
0.50, 0.63 and 0.73. Further separation by column chromatography over silica gel
using gradient systems of ethyl acetate in light petroleum follow by methanol in ethyl
acetate was performed. Fractions, which contained similar components, were
combined and evaporated to dryness under reduced pressure to give four subfractions,

as shown in Table 70.
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Table 70 Subfractions obtained from subfraction B3-2 by column chromatography

over silica gel

| Su_bfr_a_ctiqn Eluent Weight (mg) Physical appearance
30-70% EtOAc/Light
B3-2-1 22 Pale-yellow gum
petroleum
100% EtOAc -
B3-2-2 2.9 Yellow gum
5% MeOH/EtOAc
B3-2-3 5-50% MeOH/EtOAc 6.4 Yellow gum
70% MeOH/EtOAC - ‘
B3-2-4 3.7 Yellow gum
100% MeOH

Subfraction B3-2-1 displayed many inseparable spots under UV-S on
normal phase TLC using 60% ethyl acetate in light petroleum (4 runs) as a mobile
phase. According to the appearance of proton signals at high field, it was not further

investigated.

Subfraction B3-2-2 showed two spots after dipping the normal phase
TLC in ASA reagent and subsequently heating with the Ry values of 0.23 and 0.30
using 60% ethyl acetate in light petroleum (4 runs) as a mobile phase. Its 'H NMR
spectrum displayed none of major components. Thus, no attempted separation was

conducted.

Subfraction B3-2-3 displayed many spots under UV-S on normal
phase TLC using 60% cthy! acetate in light petroleum (4 runs) as a mobile phase.
Further separation by column chromatography over Sephadex LH20 using 100%
MeOH as eluent was performed, Fractions, which contained similar components,
were combined and evaporated to dryness under reduced pressure to give three

subfractions, as shown in Table 71.
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Table 71 Subfractions obtained from subfraction B3-2-3 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (ng) | Physical appearance
R TR TR T T > Cotorioos gam
B3-2-32 100% MeOH 2.7 Pale-yellow gum
B3-2-33 100% MeOH 0.9 Pale-yellow gum

Subfraction B3-2-31 displayed no UV-active spots and showed no
spots after dipping the normal phase TLC in ASA reagent and subsequently heating
using 6% methanol in dichloromethane (2 runs) as a mobile phase. Its 'H NMR
spectrum showed none of aromatic proton signals. Therefore, it was not further

investigated.

Subfraction B3-2-32 showed many spots under UV-S on normal
phase TLC using 6% methanol in dichloromethane (2 runs) as a mobile phase. The 'H

NMR data suggested that it was a mixture, Therefore, it was not further purified.

Subfraction B3-2-33 displayed no UV-active spots on normal phase
TLC using 6% methanol in dichloromethane (2 runs) as a mobile phase. Its 'H NMR
spectrum showed none of major components. Thus, no attempted investigation was

conducted.

Subfraction B3-2-4 displayed no UV-active spots on normal phase
TLC using 60% ethyl acetate in light petroleum (4 runs) as a mobile phase. Its 'H
NMR spectrum displayed none of major components. Therefore, further investigation

was not performed.

Subfraction B3-3 showed no definite spots under UV-S on normal
phase TLC using 4% methanol in dichloromethane as a mobile phase (5 runs).

Therefore, it was not further investigated.
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Subfraction B4 showed three UV-active spots on normal phase TLC
with the R¢ values of 0.38, 0.48 and 0.55 using 4% methanol in dichloromethane (2
runs), 6% methanol in dichloromethane (2 runs) and 10% methanol in
dichloromethane as mobile phases, It was further separated by column
éhrométogféphy over Sephadex LH20 uéing 100% MeOH as eluent. .F.racti.ons; which
contained similar components, were combined and evaporated to dryness under

reduced pressure to give three subfractions, as shown in Table 72,

Table 72 Subfractions obtained from subfraction B4 by column chromatography

over Sephadex LH20
Subfraction Eluent Weight (mg) | Physical appearance
B4-1 100% MeOH 7.2 Yellow gum
B4-2 100% MeOH 35.3 Yellow gum
B4-3 100% MeOH 13.0 Yellow gum

_Subfraction B4-1 showed one major UV-active spot on normal phase
TLC with the Ry value of 0.45 using 6% methanol in dichloromethane (4 runs) as a
mobile phase. Its '"H NMR spectrum displayed proton signals at high field region.

Thus, no attempted investigation was carried out,

Subfraction B4-2 showed many inseparable UV-active spots on
normal phase TLC using 6% methanol in dichloromethane (4 runs) as a mobile phase.
Its '"H NMR spectrum demonstrated none of major components, Thus, no attempted

separation was performed.

Subfraction B4-3 displayed a long tail under UV-S on normal phase
TLC using 6% methanol in dichloromethane (4 runs) as a mobile phase. Its '"H NMR
spectrum displayed none of aromatic proton signals. Thus, further purification was

not conducted.
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Subfraction BS showed a long tails under UV-S on normal phase TLC
using 4% methanol in dichloromethane (2 runs), 6% methanol in dichloromethane (2
runs) and 10% methanol as mobile phases and displayed four UV-active spots on
reverse phase TLC with the Ry values of 0.05, 0.13, 0.53 and 0.70 using 50%
methanol in water (3 .funs.). as a mobile p.hase.. Further .s.épar.ati.o.n by column
chromatography over reverse phase silica gel was performed. Elution was conducted
initially with 50% methanol in water and gradually enriched with methanol until pure
methanol. Subfractions, which contained similar components, were combined and
evaporated to dryness under reduced pressure to give four subfractions, as shown in
Table 73,

Table 73 Subfractions obtained from subfraction BS by column chromatography

over reverse phase silica gel

Subfraction Eluent Weight (mg) | Physical appearance
BS5-1 50% MeOH/H,0 19.2 Yellow gum
B5-2 50% MeOH/H,0 17.0 Yellow gum
B5-3 50-70% MeOH/H,0 18.7 Yellow gum

70% MeOH/H,O -
B5-4 : 14.8 Yellow gum
100% MeOH

Subfraction B5-1 showed two minor spots under UV-S on normal
phase TLC with the Ry values of 0.08 and 0.18 using 5% methanol in dichloromethane
(2 runs) and 8% methanol in dichloromethane (2 runs) as mobile phases and displayed
no UV-active spots on reverse phase TLC using 50% methanol in water as a mobile
phase. The 'H NMR spectrum displayed none of major components, Therefore,

further investigation was not conducted.

Subfraction B5-2 showed no spots under UV-S on normal phase TLC
using 5% methanol in dichloromethane (2 runs) and 8% methanol in dichloromethane

(2 runs) as mobile phases and displayed a long tail under UV-S on reverse phase TLC
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using 50% methanol in water as a mobile phase. The 'H NMR spectrum showed none

of major components, Thus, further separation was not carried out.

Subfraction B5-3 contained four UV-active spots on normal phase
TLC w1th the. Rf..ﬁélue.s .o.f 0.08, 0..18, 0.38 éﬁd 0..50 .u.sing 5% methanol in
dichloromethane (2 runs) and 8% methanol in dichloromethane (2 runs) as mobile
phases. The 'H NMR spectrum displayed none of major signals. Thus, further

separation was not investigated.

Subfraction B5-4 demonstrated a long tail on normal phase TLC using
5% methanol in dichloromethane (2 runs) and 8% methanol in dichloromethane (2
runs) as mobile phases. The 'H NMR data suggested none of major components.

Thus, no further investigation was pursued.,

Subfraction B6 showed no definite spots on normal phase TLC using
4% methanol in dichloromethane (2 runs), 6% methanol in dichloromethane (2 runs)
and 10% methanol in dichloromethane as mobile phases. The 'H NMR spectrum

showed none of major components. Therefore, it was not further investigated.

Fraction C contained eight spots under UV-S on normal phase TLC with the R¢
values of 0.08, 0.10, 0.20, 0.42, 0.58, 0.70, 0.88 and 0.95 using 100%
dichloromethane as a mobile phase. Further separation by column chromatography
over silica gel using a gradient system of methanol-dichloromethane was performed.
Fractions, which contained similar components, were combined and evaporated to

dryness under reduced pressure to give nine subfractions, as shown in Table 74.
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Table 74 Subfractions obtained from fraction C by column chromatography over

silica gel
Subfraction Eluent Weight (mg) { Physical appearance
¢l | 100% CHCh 29 | Colotlessgum
C2 100% CHxCl, 1.2 Yellow solid
C3 2-6% MeOH/CH,Cl, 3.5 Yellow solid
C4 10% MeOH/CH,Cl, 11.9 Yellow gum
C5 10-15% MeOH/CH,Cl, 7.0 Yellow gum
Cceo 15-30% MecOH/CH,Cl, 10.0 Yellow gum
C7 30% MeOH/CH,Cl» 9.6 Yellow gum
C8 30-70% MeOH/CH,Cl, 37.5 Brown-yellow gum
C9 70% MeOH/CH,Cl, 3.7 Brown gum
100% MeOH

Subfraction C1 demonstrated no UV-active spots on normal phase

TLC using 100% dichloromethane as a mobile phase. Its '"H NMR spectrum displayed

proton signals at high field region, Thus, no attempted investigation was carried out.

Subfraction C2 (N25) melted at 102.5-102.9 °C. Its chromatogram

displayed one UV-active spot on normal phase TLC with the Ry value of 0.45 using

100% dichloromethane as a mobile phase.

UV(MeOH) Angs nm (log &)

FT-IR (neat) vym-1
'H NMR (CDCl3) (8 ppm)
(500 MHz)

214 (3.07), 229 (3.05), 240 (2.93), 265 (2.65),

314 (2.54), 327 (2.44)

1608 and 1579 (C=C stretching)

9.06 (d, J = 4.5 Hz, 1H), 8.23 (dd, J = 8.5, 1.0
Hz, 1H), 8.22 (dd, J = 8.5, 1.0 Hz, 1H), 7.89 (14,
J = 8.5, 1.0 Hz, 1H), 7.79 (¢d, J = 8.5, 1.0 Hz,
1H), 7.75 (d, J=4.5 Hz, 1H)
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BC NMR (CDCL) (8 ppm) 149.42, 148.20, 131.17, 130.45, 129.21, 125.06,
(125 MHz) 124.98, 124.79, 118.80, 115.50

DEPT (135°) (CDCl3) CH : 149.42,131.17,130.45, 129.21, 124.98, 124.79

Subfraction C3 showed no spots under UV-S on normal phase TLC
using 100% dichloromethane (2 runs) as a mobile phase. Its 'H NMR spectrum
displayed proton signals at high field region. Thus, further purification was not

performed.

Subfraction C4 displayed three spots under UV-S on normal phase
TLC with the Rg values of 0.13, 0.25 and 0.38 using 3% methanol in dichloromethane
(2 runs) as a mobile phase. When using 60% ethyl acetate in light petroleum (2 runs)
as a mobile phase, the chromatogram showed five UV-active spots on normal phase
TLC with the Ry values of 0.10, 0.15, 0.20, 0.33 and 0.53. Further purification by
precoated TLC using 50% ethyl acetate in light petroleum (3 runs) as a mobile phase
afforded five bands.

Band 1 was obtained as a colorless gum (1.0 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.48 using 50% ethyl
acetate in light petroleum as a mobile phase. The 'H NMR data suggested that it was a

mixture, Because of low quantity, it was not further separated.

Band 2 (N26) was obtained as a colorless gum (4.6 mg), which
showed one spot under UV-S on normal phase TLC with the Ry value of 0.28 using

50% ethyl acetate in light petroleum as a mobile phase.

[]n® -19.17 (¢ = 0.90, CHCl3)

UV(MeOH) Aax nm (log &) 223 (4.81), 251 (4.35), 334 (4.02)

FT-IR (neat) vep.1 3371 (O-H stretching), 1686 (C=0 stretching),
1618 (C=C stretching)

' NMR (CDCls) (8 ppm) 7.81 (d,J= 8.1 Hz, 1H), 6.56 (d, J= 1.5 Hz, 11,

(500 Mlz) 6.52 (dd, J = 8.1, 1.5 Hz, 1H), 3.86 (s, 3H), 3.62
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(dd, J=10.5, 2.4 Hz, 1H), 2.80 (dd, J = 13.5, 2.4
Hz, 1H), 2.50 (dd, J = 13.5, 10.5 Hz, 1H), 1.29
(s, 3H), 1.26 (5, 3H)

13C NMR (CDCl3) (8 ppm) 168.10, 150.61, 145.71, 131,70, 117.40, 117.15,
. (25MHz)  109.50,78.62,72.64, 51.46, 38.35, 26.45,23.82
DEPT (135°) (CDCl3) CH : 131.70, 117.40, 117.15, 78.62

CHy: 38.35

CHy: 51.46,26.45, 23.82
EIMS m/z (% relative intensity): 253 (67), 195 (56), 163 (57), 135 (100), 120 (49),
100 (63)

Band 3 was obtained as a yellow gum (0.6 mg), which showed one
spot under UV-S on normal phase TLC with the R value of 0.18 using 50% ethyl
acetate in light petroleum as a mobile phase. The 'H NMR data suggested that it was a

mixture, Because of low quantity, it was not further investigated.

Band 4 was obtained as a yellow gum (0.8 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.13 using 50% ethyl
acetate in light petroleum as a mobile phase. The 'H NMR data suggested that it was

not pure. Therefore, it was not further purified.

Band 5 was obtained as a pale-yellow gum (4.1 mg), which showed
two spots under UV-S on normal phase TLC with the Ry values of 0.28 and 0.38 using
70% ethyl acefate in light petroleum as .a mobile phase. Further purification by
precoated TLC using 60% ethyl acetate in light petroleum (7 runs) as a mobile phase
afforded two bands.

Band 5-1 was obtained as a colorless gum (1.6 mg). Its chromatogram
displayed one spot under UV-S on normal phase TLC with the R¢ value of 0.33 using
70% ethyl acetate in light petroleum (3 runs) as a mobile phase. The '"H NMR data

suggested that it was a mixture. Thus, no attempted purification was carried out.
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Band 5-2 was obtained as a colorless gum (1.8 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.25 using 70% ethyl
acetate in light petroleum (3 runs) as a mobile phase. The 'H NMR spectrum

displayed that it was a mixture. Thus, further purification was not performed.

Subfraction C5 showed one major spot under UV-S on normal phase
TL.C with the Ry value of 0.25 using 50% ethyl acetate in light petroleum as a mobile
phase (6 runs). Further purification by precoated TLC using 50% ethyl acetate in light
petroleum (7 runs) as a mobile phase afforded a yellow gum (4.2 mg). Its
chromatogram displayed one spot under UV-S on normal phase TLC with the R
value of 0.15 using 50% ethyl acetate in light petroleum as a mobile phase (5 runs),
Its 'H NMR spectral data and chromatogram on normal phase TLC indicated that it
was not pure. Therefore, further purification by precoated TLC using 60% ethyl
acetate in light petroleum (7 runs) as a mobile phase gave N27 as a yellow gum (2.5
mg), which showed one UV-active spot on normal phase TLC with the Ry value of

0.10 using 70% ethyl acetate in light petroleum (4 runs) as a mobile phase.

[alp” -88.59 (¢ = 0.50, MeOH)
UV(MeOH) Ayaxim (log &) 222 (5.47), 275 (4.69), 284 (3.63)
FT-IR (neat) vom-1 3370 (O-H stretching), 1657, 1644 (C=0
stretching), 1605 (C=C stretching)
'"H NMR (CDCls) (6 ppm) 7.08 (d, J = 8.5 Hz, 21), 6.80 (d, J= 8.5 Hz, 2H),
(500 MHz) 5.70 (s, 1H), 4.22 (dd, J=10.0, 3.5 Hz, 1H), 4.08

(t, J = 8.0 Hz, 1M0), 3.64 (m, 1H), 3.57 (td, J =
13.0, 3.0 Hz, 1H), 3.51 (dd, J = 14.5, 3.5 Hz,
1H), 2.74 (dd, J = 14.5, 10.0 Hz, 1H), 2.34 (m,
1H), 2.02 (m, 1), 1.97 (m, 1H), 1.90 (m, 1H)

13C NMR (CDCl3) (6 ppm) 169.45, 165.13, 155.26, 130.34, 127.57, 116.15,
(125 MHz) 59.14, 56.23, 45.42, 35.98, 28,35, 22.52
DEPT (135°) (CDCl3) CH : 130.34, 116.15, 59.14, 56.23

CHy: 45.42,35.98,28.35,22.52
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Subfraction C6 contained three spots under UV-S on normal phase
.TLC with the R; values of 0.33, 0.45 and 0.50 using 7% methanol in dichloromethane
(3 runs) as a mobile phase. Further purification by precoated TLC using 7% methanol

- in dichloromethane (4 runs) as a mobile phase afforded three bands, =

Band 1 was obtained as a colorless gum (0.5 mg). Its chromatogram
displayed one spot under UV-S on normal phase TLC with the R¢ value of 0.48 using
7% methanol in dichloromethane (2 runs) as a mobile phase. The 'H NMR data

suggested that it was a mixture. Because of low quantity, it was not further separated.

Band 2 was obtained as a colorless gum (3.2 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.41 using 7% methanol
in dichloromethane (2 runs) as a mobile phase. When using 70% ethyl acetate in light
petroleum (5 runs) as a mobile phase, the chromatogram showed one major UV-active
spot on normal phase TLC with the R¢ value of 0.35 and many inseparable spots.
Purification by precoated TLC using 60% ethyl acetate in light petroleum (7 runs) as a
mobile phase afforded a colorless gum (1.7 mg), which showed one UV-active spot
on normal phase TLC with the Ry value of 0.25 using 60% ethyl acetate in light
petroleum (4 runs) as a mobile phase. The 'H NMR data suggested that it was a

mixture. Thus, further purification was not conducted.

Band 3 was obtained as a colorless gum (5.3 mg). The chromatogram
showed one UV-active spot on normal phase TLC with the R¢ value of 0.28 using 7%
methano! in dichloromethane (2 runs) as a mobile phase. When using 70% ethyl
acetate in light petroleum (5 runs) as a mobile phase, the chromatogram showed two
UV-active spots on normal phase TLC with the R¢ values of 0.13 and 0.25. Further,
purification by precoated TLC using 60% ethyl acetate in light petroleum (7 runs) as a

mobile phase afforded two bands.

Band 3-1 was obtained as a colorless gum (0.7 mg). The
chromatogram displayed one spot under UV-S on normal phase TLC with the Re

value of 0.23 using 70% ethyl acetate in light petroleum (4 runs) as a mobile phase.
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Its '"H NMR spectrum showed proton signals at high field region. Because of low

quantity, it was not further investigated.

Band 3-2 was obtained as a colorless gum (2.8 mg), which showed one
.spot'und.er UV-S on normal .ph.ase TLC with the Ry value of 0.13 using 70% ethyl'
acetate in light petroleum (4 runs). The 'H NMR data suggested that it was a mixture.

Thus, no attempted investigation was carried out,

Subfraction C7 demonstrated two spots under UV-S on normal phase
TLC with the Ry values of 0.20 and 0.48 using 7% methanol in dichloromethane (3
runs) as a mobile phase. Further purification by precoated TLC using 5% methanol in
dichloromethane (4 runs) followed by 8% methanol in dichloromethane (3 runs) as

mobile phases afforded two bands.

Band 1 was a yellow gum (1.2 mg), which showed one spot under
UV-S on normal phase TLC with the Rr value of 0.45 using 8% methanol in
_dichloromethane (2 runs) as a mobile phase, Its '"H NMR spectrum displayed none of

major components. Thus, no attempted separation was performed.

Band 2 was obtained as a yellow gum (5.5 mg) and showed one UV-
active spot on normal phase TLC with the Ry value of 0.21 using 8% methanol in
dichloromethane (2 runs) as a mobile phase. When using 70% ethyl acetate in light
petroleum (3 runs) as a mobile phase, the chromatogram showed two UV-active spots
with the Ry values of 0.18 and 0.30. Further purification by precoated TLC using 60%

ethyl acetate in light petroleum (8 runs) as a mobile phase afforded two bands.

Band 2-1 was obtained as a yellow gum (1.8 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.30 using 70% ethyl
acetate in light petroleum (2 runs) as a mobile phase. The 'H NMR data suggested

that it was a mixture. Therefore, further purification was not performed.
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Band 2-2 was obtained as a yellow gum (2.6 mg). Its chromatogram
showed one UV-active spot on normal phase TLC with the Ry value of 0.15 using
70% ethyl acetate in light petroleum (2 runs) as a mobile phase. The 'H NMR data

suggested that it was not pure. Thus, no attempted investigation was carried out.

Subfraction C8 displayed many UV-active spots on normal phase
TLC using 10% methanol in dichloromethane (2 runs) as a mobile phase. It was
further separated by column chromatography over Sephadex LH20 using 100%
MeOH as eluent. Fractions, which contained similar components, were combined and
evaporated to dryness under reduced pressure to give four subfractions, as shown in
Table 75.

Table 75 Subfractions obtained from subfraction C8 by column chromatography
over Sephadex LH20

Subfraction Eluent Weight (mg) | Physical appearance
C8-1 100% MeOH 34 Yellow gum
C8-2 100% MeOH 6.0 Yellow gum

Yellow gum mixed
C8-3 100% MeOH 244 _ _
, with yeliow solid
C8-4 100% Me¢OH 2.8 Yellow gum

Subfraction C8-1 demonstrated no spots under UV-S on normal phase
TLC using 10% methanol in dichloromethane as a mobile phase (3 runs). Its 'H NMR
spectrum showed none of aromatic proton signals. Thus, further purification was not

performed.

Subfraction C8-2 displayed three spots under UV-S on normal phase
TLC with the Ry values of 0.20, 0.25 and 0.43 using 10% methanol in
dichloromethane as a mobile phase (3 runs). Its 'H NMR spectrum displayed none of

major components, Therefore, further investigation was not conducted.
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Subfraction C8-3 showed a long tail under UV-S on normal phase
TLC using 10% methanol in dichloromethane as a mobile phase (3 runs). Its
chromatogram characteristic appeared as a long tail on reverse phase TLC using 40%
methanol in water as a mobile phase. The 'H NMR spectrum displayed none of major

components. Therefore, further purification was not carried out.

Subfraction C8-4 showed many inseparable spots under UV-S on
normal phase TLC using 10% methanol in dichloromethane as a mobile phase (3
runs). Its 'H NMR spectrum displayed none of major components. Because of low

quantity, it was not further separated.

Subfraction C9 showed no definite spots under UV-S on normal
phase TLC using 7% methanol in dichloromethane as a mobile phase (3 runs), The 'H
NMR spectrum showed none of major components, Thus, no attempted investigation

was performed.

Fraction D displayed a long tail under UV-S on normal phase TLC using 100%
dichloromethane as a mobile phase (2 runs). Furthermore, its chromatogram showed
three UV-active spots on reverse phase TLC with the Ry values of 0.18, 0.30 and 0.88
using 50% methanol in water as a mobile phase. Further separation by column
chromatography over reverse phase silica gel was performed. Elution was conducted
initially with 50% methanol in water and gradually enriched with methanol until pure
methanol. Fractions, which contained similar components, were combined and
evaporated to dryness under reduced pressure to give five subfractions, as shown in

Table 76.
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Table 76 Subfractions obtained from fraction D by column chromatography over

reverse phase silica gel

| Subfraction | - Eluent ‘Weight (mg) | Physical appearance
D1 50% MeOH/H,0 2.7 Yellow gum
D2 50% MeOQH/H,0 11.5 Yellow gum
D3 50-70% MeOH/H,0 4,5 Yellow gum
Yellow gum mixed
D4 70% MeOH/H,0 6.7
with yellow solid

D5 100% MeOH 5.5 Yellow gum

Subfraction D1 showed many spots under UV-S on normal phase
TLC using 4% methanol in dichloromethane (2 runs) and 6% methanol in
dichloromethane (3 runs) as mobile phases. Its 'H NMR spectrum displayed proton

signals at high field region. Therefore, further investigation was not conducted.

Subfraction D2 demonstrated four spots under UV-S on normal phase
TLC with the Rr values of 0.10, 0.25, 0.45 and 0.65 using 4% methanol in
dichloromethane (2 runs) and 6% methanol in dichloromethane (3 runs) as mobile
phases. Further purification by precoated TLC using 5% methanol in dichloromethane
(3 runs), 6% methanol in dichloromethane (3 runs) followed by 10% methanol in

dichloromethane (2 runs) as mobile phases afforded four bands.

Band 1 was a pale-yellow gum (1.5 mg), which showed one spot under
UV-S on normal phase TLC with the Ry value of 0.63 using 10% methanol in
dichloromethane (2 runs) as a mobile phase. The "H NMR data suggested that it was a

mixture. Thus, no attempted separation was performed.

Band 2 was obtained as a yellow gum (2.0 mg). Its chromatogram
showed one UV-active spot on normal phase TLC with the R value of 0.38 using
10% methanol in dichloromethane (2 runs) as a mobile phase. The 'H NMR data

suggested that it was not pure. Thus, no attempted investigation was carried out,
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Band 3 was obtained as a yellow gum (1.7 mg), which showed one
spot under UV-S on normal phase TLC with the R¢ value of 0.20 using 10% methanol
in dichloromethane (2 runs) as a mobile phase. The '"H NMR data suggested that it

was a mixture. Thus, it was not further purified.

Band 4 was obtained as a yellow gum (3.3 mg). Its chromatogram
showed one UV-active spot on normal phase TLC with the Ry value of 0.08 using
10% methanol in dichloromethane (2 runs) as a mobile phase. The 'H NMR data

suggested that it was a mixture. Therefore, it was not further investigated,

Subfraction D3 displayed many inseparable spots under UV-S on
normal phase TLC using 4% methanol in dichloromethane (2 runs) followed by 6%
methanol in dichloromethane (3 runs) as mobile phases. Its 'H NMR spectrum
displayed none of major components. Therefore, further investigation was not

conducted.

Subfraction D4 showed two UV-active spots on normal phase TLC
with the R¢ values of 0.23 and 0.48 using 2% methanol in dichloromethane as a
mobile phase (3 runs). Further purification by precoated TLC using 2% methanol in

dichloromethane (4 runs) as a mobile phase afforded two bands.

Band 1 was obtained as a pale-yellow solid (1.0 mg), which showed
one spot under UV-S on normal phase TLC with the Ry value of 0.48 using 2%
methanol in dichloromethane (2 runs) as a mobile phase. The 'H NMR data suggested

that it was a mixture. Thus, no attempted separation was performed.

Band 2 (N28) was obtained as a white solid (5.2 mg) and melted at
182.0-182.6 °C, Its chromatogram showed one UV-active spot on normal phase TLC
with the Ry value of 0.20 using 2% methanol in dichloromethane (2 runs) as a mobile

phase.
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UV(MeOH) Apaxnm (log &) 222 (5.30), 236 (5.31), 311 (4.94), 330 (4.72)
FT-IR (neat) vemq 3392 (O-H stretching), 1609, 1580 and 1553
(C=C stretching)
'"H NMR (CDCl:+CD;0D) (5ppm) ~ 8.86 (d, J = 4.5 Hz, 1H), 8.77 (s, 1H), 845
(300 MH?) (dd, J = 84, 1.2 Hz, 1H), 8.12 (dd, J = 8.4,
1.2 Hz, 1H), 7.80 (ddd, J = 8.4, 6.6, 1.2 Hz,
1H), 7.72 (d, J = 4.5 Hz, 1H), 7.64 (ddd, J =
8.4, 6.6, 1.2 Hz, 1H)
13C NMR (CDCl3+CD;OD) (Sppm)  153.45, 152.02, 150.04, 141.54, 133.78,
(75 MHz) 133.10, 131.37, 129.41, 128.10, 123,05
DEPT (135°) (CDCI3+CD;0D) CH : 153.45, 150.04, 133.78, 133.10, 131.37,
128.10, 123.05
EIMS m/z (% relative intensity): 172 (100), 155 (49), 128 (34), 101 (23)

Subfraction D5 showed no spots under UV-S on normal phase TLC using
4% methanol in dichloromethane (2 runs) as a mobile phase. The 'H NMR spectrum

showed none of aromatic proton signals. Thus, no attempted investigation was carried out.

Fraction i showed no spots under UV-S on normal phase TLC using 100%
dichloromethane (2 runs) as a mobile phase. Furthermore, its chromatogram showed
no UV-active spots on reverse phase TLC using 50% methanol in water as a mobile
phase. Its "H NMR spectrum displayed none of major components. Thus, no further

investigation was pursued.
4,2.3 Purification of the mycelial extract

The crude material was separated by column chromatography over
Sephadex LLH20 using 100% MecOH as eluent. All fractions were examined by TLC,
combined on the basis of their chromatogram characteristics and then evaporated to

dryness under reduced pressure to give five fractions, as shown in Table 77.
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Table 77 Fractions obtained from the mycelial extract by column chromatography

over Sephadex LH20
.F_l_'a_c_t_ion_ ~ Eluent Weight (mg) | Physical appearance
MA 100% MeOH 196.4 Brown-yellow gum
Yellow gum mixed
MB 100% MeOH 223.8
with yellow solid
: Yellow gum mixed
MC 100% MeOH 87.3
with yellow solid
MD 100% MeCH 11.2 Yellow gum
ME 100% MeOH 3.1 Yellow gum

Fraction MA displayed a long tail after dipping the normal phase TLC in ASA
reagent and subsequently heating using 10% methanol in dichloromethane (3 runs) as
a mobile phase. The 'H NMR data indicated that the major components might be a

mixture of long chain hydrocarbons. Therefore, it was not further investigated.

Fraction MB contained three UV-active spots on normal phase TLC with the R¢
values of 0.23, 0.65 and 0.90 using 10% methanol in dichloromethane (3 runs) as a
mobile phase. This fraction was separated by column chromatography over silica gel
using a gradient system of methanol-dichloromethane, All subfractions were
examined by TLC, combined on the basis of their chromatogram characteristics and
then evaporated to dryness under reduced pressure to give six subfractions, as shown
in Table 78.

Table 78 Subfractions obtained from fraction MB by column chromatography over

silica gel
Subfraction Eluent Weight (ing){ Physical appearance
100% CH,Cl; -
MB-1 5.8 Colorless gum
16% MGOH/CH2C12
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Table 78 Continued
Subfraction | Eluent. Weight (mg)| Physical appearance
e oo b | Pale-yellow gum mixed
MB-2 10% MeOH/CH,Cl, 67.4 . .
with yellow solid
MB-3 10-40% MeOH/CH,Cl, 30.3 Yellow gum
MB-4 40% MeOH/CH,Cl, 10.4 Yellow gum
MB-5 40-60% MeOH/CH;Cl, 32.1 Yellow gum
60% MecOH/CH,Cly-
MB-6 70.8 Brown-yellow gum
100% MeOH

Subfraction MB-1 showed no spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 2% methanol in
dichloromethane (3 runs) as a mobile phase. This fraction was not further investigated

because its 'H NMR data indicated that it was a mixture of long chain hydrocarbons.

Subfraction MB-2 appeared as a long tail under UV-S on the normal
phase TLC using 2% methano! in dichloromethane (3 runs) as a mobile phase. When
using 20% ethyl acetate in light petroleum (5 runs) as a mobile phase, the
chromatogram showed many spots after dipping the normal phase TLC in ASA
reagent and subsequently heating. Further separation by column chromatography over
Sephadex LH20 using 100% MeOH as eluent was performed. Subfractions, which
contained similar components, were combined and evaporated fo dryness under

reduced pressure to give five subfractions, as shown in Table 79.

Table 79 Subfractions obtained from subfraction MB-2 by column chromatography

over Sephadex LH20
Subfraction Eluent Weight (mg) | Physical appearance
MB-21 100% MeOH 11.7 Yellow gum

MB-22 100% MeOH 8.4 White-yellow solid
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Table 79 Continued

Subfraction Eluent Weight (mg) Physical appearance

"~ MB23 | 100%MeOH | 387 | White-yellowsolid
MB-24 100% MeOH 4.7 Yellow gum
MB-25 100% MeOH 2.5 Yellow gum

Subfraction MB-21 showed no spots under UV-S on normal phase
TLC using 2% methanol in dichloromethane (3 runs) as a mobile phase. Its 'H NMR
spectrum displayed proton signals at high field region. Therefore, it was not further

investigated.

Subfraction MB-22 showed one major spot under UV-S on normal
phase TLC with the Ry value of 0.38 using 2% methanol in dichloromethane (3 runs)
as a mobile phase. The 'H NMR data indicated the presence of N22 as a major

component, Therefore, it was not further purified.

Subfraction MB-23 displayed many spots under UV-S on normal
phase TLC using 2% methanol in dichloromethane (3 runs) as a mobile phase. Further
separation by column chromatography over Sephadex LH20 using 100% MeOH as
eluent was performed. All subfractions were examined by TLC, combined on the
basis of their chromatogram characteristics and then evaporated to dryness under

reduced pressure to afford four subfractions, as shown in Table 80,

Table 80 Subfractions obtained from subfraction MB-23 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) | Physical appearance
MB-231 100% MeOH 23 Yellow gum
MB-232 100% MeOH 12.3 White-yellow solid
MB-233 100% MeOH 20.5 Yellow solid
MB-234 100% MeOH 2.7 Yellow gum
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Subfraction MB-231 showed no spots under UV-S on normal phase
TLC using 20% ethyl acetate in light petroleum and 50% ethyl acetate in light
petroleum (2 runs) as mobile phases. Its 'H NMR spectrum showed none of aromatic

proton signals. Therefore, it was not further investigated.

Subfraction MB-232 showed one spot under UV-S on normal phase
TLC with the R¢ value of 0.70 using 20% ethyl acetate in light petroleum and 50%
ethyl acetate in light petroleum (2 runs) as mobile phases. Its chromatogram
characteristic displayed one major spot with the Ry value of 0.58 after dipping the
normal phase TLC in ASA reagent and subsequently heating. The 'H NMR data
indicated that it was a mixture of N22 and N23. Therefore, it was not further purified.

Subfraction MB-233 showed many spots after dipping the normal
phase TLC in ASA reagent and subsequently heating using 20% ethyl acetate in light
petroleum and 50% ethyl acetate in light petroleum (2 runs) as mobile phases. Its 'H
NMR spectral data indicated the presence of N22 as a major component. Therefore,

further investigation was not conducted.

Subfraction MB-234 showed no definite spots after dipping the
normal phase TLC in ASA reagent and subsequently heating using 20% ethyl acetate
in light petroleum and 50% ethyl acetate in light petroleum (2 runs) as mobile phases.
Its '"H NMR spectrum showed none of major components. Thus, no further

investigation was pursued.

Subfraction MB-24 showed many spots under UV-S on normal phase
~ TLC using 2% methanol in dichloromethane (3 runs) as a mobile phase. The 'H NMR
spectral data and chromatogram on normal phase TLC indicated the presence of a

mixture of N22, N23 and other components, Therefore, it was not further separated.

Subfraction MB-25 showed no spots under UV-S on normal phase
TLC using 2% methanol in dichloromethane (3 runs) as a mobile phase. Its 'H NMR
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spectrum showed none of major components. Thus, no attempted investigation was

carried out,

Subfraction MB-3 appeared as a long tail under UV-S on the normal
phase.TL.C usmg 2% methanol in dichloromethane (3 run's) as a mobile 'pha'se. When
using 20% ethyl acetate in light petroleum (5 runs) as a mobile phase, the
chromatogram showed three spots with the Ry values of 0.08, 0.15 and 0.35 after
dipping the normal phase TLC in ASA reagent and subsequently heating. Further
separation by column chromatography over Sephadex LH20 using 100% MeOH as
cluent was performed. Subfractions, which contained similar components, were
combined and evaporated to dryness under reduced pressure to give three

subfractions, as shown in Table 81.

Table 81 Subfractions obtained from subfraction MB-3 by column chromatography
over Sephadex LH20

Subfraction Eluent Weight (ing) Physical appearance
MB-31 100% MeOH 1.2 Colorless gum
MB-32 100% MeOH 27.3 Yellow gum mixed with white solid
MB-33 100% MeOH 0.7 Yellow gum

Subfraction MB-31 showed no spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 2% methanol in
dichloromethane (3 runs) as a mobile phase. Its 'H NMR spectrum showed none of

aromatic proton signals. Therefore, it was not further investigated.

Subfraction MB-32 was separated into two parts: a white solid (4.2
mg) (N29) and a yellow solution (MB-32s), upon standing at room temperature. N29
melted at 247.8-248.1 °C and showed one spot with the Ry value of 0.13 after dipping
the normal phase TLC in ASA reagent and subsequently heating using 50% ethyl

acetate in light petroleum (2 runs) as a mobile phase.
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UV(MeOH) Amax nm (log &)

FT-IR (neat) vem-1

'H NMR (CDCls) (8 ppm)
(300 MHz)

3¢ NMR (CDCl3) (8 ppm)
(75 MHz)

DEPT (135°) (CDCl3)

CH
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-77.75 (c = 0.16, pyridine)
247 (2.92)
3362 (O-H stretching)

' 5.35 (brd, J = 3.0 Hz, 1H), 5.23 (dd, J = 15.0, 6.0 .

Hz, 1H), 5.16 (dd, J = 15.0, 6.0 Hz, 1H), 4.08 (m,
111), 3.63 (brs, 1H), 2.14 (dd, J = 12.0, 9.0 Hz,
1H), 2.06 (m, 1H), 1.97 (m, 1H), 1.92 (m,- 1H), 1.87
(m, 211), 1.78 (m, 2H), 1.66 (m, 2H), 1.58 (m, 2H),
1.55 (m, 2H), 1.48 (m, 1H), 1.4 (m, 1H), 1.33 (m,
[H), 1.30 (m, 1H), 1.26 (m, 2H), 1.09 (s, 3H), 1.02
(d, J = 9.0 Hz, 3H), 0.91 (d, J = 9.0 Hz, 3H), 0.84
(d, J = 6.0 Hz, 3H), 0.82 (d, J = 6.0 Hz, 3H), 0.60
(s, 3H)

144.01, 13537, 132.19, 117.54, 75.97, 73.67,
67.74, 55.99, 54.76, 43.77, 43.45, 42.81, 40.39,
39.45, 39.22, 37.15, 33.08, 32.96, 30.85, 29.69,
22.89, 22.05, 21.11, 19.95, 19.63, 18.83, 17.59,
12.33

135,37, 132.19, 117.54, 73.67, 67.74, 55.99, 54.76,
43.77, 42.81, 40.39, 33.08

CH,: 39.45,39.22, 32.96, 30.85, 29.69, 22.89, 22.05
CH;: 21.11, 19.95, 19.63, 18.83, 17.59, 12.33

A yellow solution (MB-32s) showed many inseparable spots after

dipping the normal phase TLC in ASA reagent and subsequently heating using 2%

methanol in dichloromethane (3 runs) as a mobile phase, When using 40% ethyl

acetate in light petroleum (2 runs) as a mobile phase, the chromatogram showed six
spots with the Ry values of 0.08, 0.20, 0.33, 0.48, 0.60 and 0.70 after dipping the
normal phase TLC in ASA reagent and subsequently heating. Further separation by

column chromatography over Sephadex LH20 using 100% MeOH as eluent was

performed, All subfractions were examined by TLC, combined on the basis of their
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chromatogram characteristics and then evaporated to dryness under reduced pressure

to afford three subfractions, as shown in Table 82.

Table82 Subfractions obtained from subfraction MB-32s by  column
chromatography over Sephadex LH20 |

Subfraction Eluent Weight (mg) Physical appearance
MB-32s-1 100% MecOH 3.0 Yellow gum
Yellow gum mixed with
MB-32s-2 100% MeOH 13.4 )
yellow solid
MB-32s-3 100% MeOH 6.4 Yellow gum

Subfraction MB-32s-1 showed no definite spots under UV-S on
normal phase TLC using 4% methanol in dichloromethane (5 runs) as a mobile phase.
The 'H NMR data indicated that it was a mixture. Thus, it was not further

investigated.

Subfraction MB-32s-2 showed many inseparable spots under UV-S
on normal phase TLC using 4% methanol in dichloromethane (5 runs) as a mobile
phase. The '"H NMR spectrum showed none of major proton signals. Thus, no

attempted investigation was performed.

Subfraction MB-32s-3 showed many UV-active spots on normal
phase TLC using 4% methanol in dichloromethane (5 runs) as a mobile phase. The 'H
NMR spectrum showed none of major components. Therefore, it was not further

purified.

Subfraction MB-33 showed no spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 2% methanol in
dichloromethane (3 runs) as a mobile phase. Because of low quantity, it was not

further investigated.
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Subfraction MB-4 demonstrated two spots under UV-S on normal
phase TLC with the Ry values of 0.10 and 0.20 using 5% methanol in dichloromethane
(2 runs) as a mobile phase, Further purification by precoated TLC using 4% methanol
in dichloromethane (2 runs) followed by 7% methanol in dichloromethane (5 runs) as

mobile phases afforded two bands.

Band 1 was a yellow gum (3.8 mg), which showed one spot under
UV-S on normal phase TLC with the Ry value of 0.38 using 10% methanol in
dichloromethane (2 runs) as a mobile phase. Its 'H NMR data suggested that it was a

mixture. Thus, no attempted separation was performed.

Band 2 was a yellow gum (2.3 mg), which displayed one spot under
UV-S on normal phase TLC with the Ry value of 0.28 using 10% methanol in
dichloromethane (2 runs) as a mobile phase. Its 'H NMR data suggested that it was a

mixture. Therefore, it was not further purified.

Subfraction MB-5 displayed four spots under UV-S on normal phase
TLC with the Ry values of 0.08, 0.28, 0.35 and 0.40 using 10% methanol in
dichloromethane (3 runs) as a mobile phase. Further separation by column
chromatography over Sephadex LH20 using 100% MeOH as eluent was performed.
All subfractions were examined by TLC, combined on the basis of their
“chromatogram characteristics and then evaporated to dryness under reduced pressure
to afford four subfractions, as shown in Table 83.

Table 83 Subfractions obtained from subfraction MB-5 by column chromatography

over Sephadex LH20
Subfraction Eluent Weight (mg) | Physical appearance
MB-51 100% MeOH 0.8 Colorless gum
MB-52 100% MeOH 22.5 Yellow gum
MB-53 100% MeOH 53 Yellow gum
MB-54 100% MeOH 1.2 Colorless gum
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Subfraction MB-51 showed no UV-active spots on normal phase TLC
using 8% methanol in dichloromethane (5 runs) as a mobile phase. Because of low

quantity, it was not further investigated.

| .Subﬁ.‘act.ioh MB-52 sh.ox.vednx.nany s.po.ts. under UV-S on normal .ph.a;s.e
TLC using 8% methanol in dichloromethane (5 runs) as a mobile phase. Its 'H NMR
spectrum showed none of major components. Thus, no attempted investigation was

carried out,

Subfraction MB-53 displayed many inseparable spots under UV-S on
normal phase TLC using 8% methanol in dichloromethane (5 runs) as a mobile phase
and showed no UV-active spots on reverse phase TLC using 40% methanol in water
as a mobile phase. Its 'TI NMR spectrum showed none of major signals. Thus, it was

not further investigated.

Subfraction MB-54 showed no definite UV-active spots on normal
phase TLC using 8% methanol in dichloromethane (5 runs) as a mobile phase.

Because of low quantity, it was not further purified.

Subfraction MB-6 displayed many inseparable UV-active spots on
normal phase TLC using 10% methanol in dichloromethane (3 runs) as a mobile
phase. It was further separated by column chromatography over Sephadex LH20
using 100% MeOH as eluent, Subfractions, which contained similar components,
were combined and evaporated to dryness under reduced pressure to afford four

subfractions, as shown in Table 84,
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Table 84 Subfractions obtained from subfraction MB-6 by column chromatography
over Sephadex ILH20

Subfraction Eluent Weight (mg) | Physical appearance
MB-61 100% MeOH 0.6 Yellow gum
Yellow gum mixed
MB-62 100% MeOH 15.9 )
with yellow solid
Yellow gum mixed
MB-63 100% MeOH 30.5 )
with yellow solid
MB-64 100% MeOH 23.5 Yellow gum

Subfraction MB-61 showed no spots under UV-S on normal phase
TLC using 6% methanol in dichloromethane (4 runs) as a mobile phase. Because of

low guantity, it was not further investigated.

Subfraction MB-62 showed many spots under UV-S on normal phase
TLC using 6% methanol in dichloromethane (4 runs) as a mobile phase. Its 'H NMR

spectrum showed none of major proton signals. Therefore, it was not further separated.

Subfraction MB-63 showed many inseparable spots under UV-S on
normal phase TLC using 6% methanol in dichloromethane (4 runs) as a mobile phase
and showed no UV-active spots on reverse phase TLC using 40% methanol in water
as a mobile phase. Its '"H NMR spectrum showed none of major components. Thus, no

attempted investigation was carried out.

Subfraction MB-64 showed many spots under UV-S on normal phase
TLC using 6% methanol in dichloromethane (4 runs) as a mobile phase and showed
many UV-active spots on reverse phase TLC using 40% methanol in water as a
mobile phase. Its 'H NMR spectrum showed none of major components. Thus, no

attempted investigation was performed.
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Fraction MC displayed four UV-active spots on normal phase TLC with the R
values of 0.08, 0.30, 0.60 and 0.80 using 10% methanol in dichloromethane (3 runs)
as a mobile phase, Further separation by column chromatography over Sephadex
LH20 using 100% McOH as eluent was performed. All subfractions were examined
byﬂ TLC, .c.orr.lb.i.nec.l. on. the. bas.is. 6f .t.heir. chiomét.o.gré.r.n. (.:.har.éctérist.i.cs and then
evaporated to dryness under reduced pressure to afford four subfractions, as shown in

Table 85.

Table 85 Subfractions obtained from subfraction MC by column chromatography

over Sephadex LH20
Subfraction Eluent Weight (mg) Physical appearance
MC-1 100% MeOH 4.7 Colorless gum
Yellow gum mixed with
MC-2 100% MeOH 494 .
yellow solid
Yellow gum mixed with
MC-3 100% MeOH 17.5 .
yellow solid
MC-4 100% MecOH 15.2 Yellow solid

Subfraction MC-1 showed no UV-active spots on normal phase TLC
using 4% methanol in dichloromethane (2 runs) as a mobile phase. This fraction was
not further investigated because its 'H NMR data indicated the presence of a mixture

of long chain hydrocarbons,

- Subfraction MC-2 was precipitated upon standing at room
temperature to give a white solid (24.0 mg) (N30) and a yellow solution (MC-2s).
N30 melted at 311.2-311.8 °C and showed one UV-active spot on normal phase TLC
with the Ry value of 0.18 using 4% methanol in dichloromethane (2 runs) as a mobile

phase.
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[a]n? +47.00 (¢ = 0.79, CHCL3)

UV(MeOH) Anax nm (log &) 258 (4.27)

FT-IR (neat) vem-: 1657 and 1622 (C=0 stretching)

'H NMR (CDsOD) (Sppm) ~ 7.40 (d,J=7.5 Hz, 1H), 5.62 (d, J=7.5 Hz, 1H)
(300 MHz)

3C NMR (CD;0D) (8 ppm) 164.98, 151.18, 141,14, 99.35
(75 MHz)

DEPT (135°) (CD;0D) CH : 141.14,99.35

A yellow solution (MC-2s) showed many UV-active spots on normal
phase TLC using 4% methanol in dichloromethane (2 runs) as a mobile phase. It was
further acetylated with acetic anhydride (3.0 ml) and pyridine (0.5 ml). The mixture
was stirred at room temperature for 24 hours, To the extract was added HxO (15 ml),
and the reaction mixture was extracted with ethyl acetate (3X20 mi). The ethyl
acetate layer was consecutively washed with 10% hydrochloric acid (3 X20 ml) and
10% sodium bicarbonate (3X20 ml)., The combined ethyl acetate extracts were
washed with water (2X20 ml) and dried over anhydrous Na;SOy, filtered and
evaporated under reduced pressure to yield a yellow gum (30.5 mg), which showed
many inseparable UV-active spots on normal phase TLC using 4% methanol in
dichloromethane (2 runs) as a mobile phase. The 'H NMR data indicated none of

major components. Thus, no attempted purification was catried out.

Subfraction MC-3 displayed two UV-active spots on normal phase
TLC with the Ry values of 0.20 a;tid 0.45 using 4% methanol in dichloromethane (2
runs) as a mobile phase. It was further separated by column chromatography over
Sephadex LH20 using 100% MeOH as eluent. Subfractions, which contained similar
components, were combined and evaporated to dryness under reduced pressure to

afford three subfractions, as shown in Table 86.
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Table 86 Subfractions obtained from subfraction MC-3 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) Physical appearance
MC-31 100% MeOH 29 Colorless gum
Yellow gum mixed with
MC-32 100% MeOH 11.2 .
yellow solid
MC-33 100% McOH 27 Yellow gum

Subfraction MC-31 showed no UV-active spots on normal phase TLC
using 6% methanol in dichloromethane (4 runs) as a mobile phase. Its 'H NMR

spectrum showed none of aromatic proton signals. Thus, it was not further isolated.

Subfraction MC-32 showed four UV-active spots on normal phase
TLC with the Ry values of 0.05, 0.20, 0.38 and 0.60 using 6% methanol in
dichloromethane (4 runs) as a mobile phase. Further purification by precoated TLC
using 6% methanol in dichloromethane (5 runs) as a mobile phase afforded four

bands.

Band 1 was a white solid (1.5 mg), which showed one spot under UV-
S on normal phase TLC with the Ry value of 0.63 using 6% methanol in
dichloromethane (5 runs) as a mobile phase. Its '"H NMR spectral data indicated that it
was N28.

Band 2 (N31) was obtained as a white solid (2.3 mg) and melted at
245.5-246.3 °C, which showed one spot under UV-S on normal phase TLC with the

R value of 0.50 using 6% methanol in dichloromethane (5 runs) as a mobile phase.

[elp? -52.55 (¢ = 0.02, MeOH)
UV(MeOH) Amax nm (log &) 218 (5.51), 248 (4.94), 318 (4.53)
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FT-IR (neat) Vem! 3365 (O-H stretching), 1712 and 1661 (C=0
stretching), 1606 and 1550 (C=C stretching)
'H NMR (CD;OD) (S ppm) 7.90 (d, J=8.7 Hz, 1), 6.84 (d, J= 8.7 Hz, 1H),
(300 MEHz) 4.68 (m, 1H), 3.74 (dd, J = 17.4, 3.3 Hz, 1H),
 297(dd,J=174,11.7Hz, 1H), 1.49 (d, J= 6.3
Hz, 3H)
3¢ NMR (CD30D) (5 ppm) 170.61, 166.91, 162.82, 139.70, 137.14, 128.00,
(75 MHz) 114.65, 107.79, 76.08, 32.59, 19.58
DEPT (135%) (CD;OD)  CH : 137.14, 114.65, 76.08
' CH;: 32.59
CH;: 19.58

EIMS mi/z (% relative intensity): 222 (4), 126 (100), 85 (22)

Band 3 was obtained as a white solid (1.4 mg). Its chromatogram
showed one UV-active spot on normal phase TL.C with the R value of 0.30 using 6%
methanol in dichioromethane (5 runs) as a mobile phase. Its '"H NMR spectral data

indicated that it was N30.

Band 4 was obtained as a yellow gum (4.5 mg), which showed one
spot under UV-S on normal phase TLC with the Ry value of 0.13 using 6% methanol
in dichloromethane (4 runs) as a mobile phase. The 'H NMR data suggested that none

of major components. Thus, no attempted purification was carried out,

Subfraction MC-33 showed no UV-active spots on normal phase TLC
using 6% methanol in dichloromethane (4 runs) as a mobile phase. Its 'H NMR
spectrum showed none of aromatic proton signals. Thus, it was not further

investigated.

Subfraction MC-4 appeared two spots under UV-S on normal phase
TLC with the Ry values of 0.10 and 0.45 using 4% methanol in dichloromethane as a
mobile phase (2 runs). Furthermore, its chromatogram showed five UV-active spots
on reverse phase TLC with the Re values of 0.21, 0,31, 0.42, 0.46 and 0.58 using 20%
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methanol in water as a mobile phase. Further separation by column chromatography
over reverse phase silica gel was performed. Elution was conducted initially with 20%
methanol in water and gradually enriched with methanol until pure methanol.
Subfractions, which contained similar components, were combined and evaporated to

dryness under reduced pressure to give two subfractions, as shown in Table 87.

Table 87 Subfractions obtained from subfraction MC-4 by column

chromatography over reverse phase silica gel

Subfraction Eluent Weight (mg) | Physical appearance
MC-41 20-80% MecOH/H,0 8.4 Yellow solid
80% MeOH/H,0 -
MC-42 5.6 Yellow solid
100% MeOH

Subfraction MC-41 showed two spots under UV-S on normal phase
TLC with the Ry {ralues of 0.13 and 0.38 using 5% methanol in dichloromethane (2
runs) followed by 10% methanol in dichloromethane as mobile phases, Further
purification by precoated TLC using 6% methanol in dichloromethane (4 runs)
followed by 10% methanol in dichloromeéthane (2 runs) as mobile phases afforded

two bands.

Band 1 was a white solid (3.2 mg), which showed one spot under UV-
S on normal phase TLC with the Ry value of 0.35 using 10% methanol in
dichloromethane as a mobile phase. Its "H NMR data indicated that it was N31.

Band 2 was a yellow solid (1.9 mg), which showed one spot under
UV-S on normal phase TLC with the Ry value of 0.15 using 10% methanol in
dichloromethane as a mobile phase. Because the 'H NMR data indicated that it was a

mixture, no further investigation was pursued.

Subfraction MC-42 showed many inseparable spots under UV-S on
- normal phase TLC using 5% methanol in dichloromethane (2 runs) followed by 10%
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methanol in dichloromethane as mobile phases. Its 'H NMR spectrum displayed none

of major components. Therefore, further investigation was not conducted.

Fraction MD showed one major UV-active spot on normal phase TLC with the Ry
value of 0.13 uéing 10% methanol in dichlordr'nethanem(':% runs) as a mobile phase.
Further separation by column chromatography over Sephadex LH20 using 100%
MeOH as eluent was performed. All subfractions were examined by TLC, combined
on the basis of their chromatogram characteristics and then evaporated .to dryness

under reduced pressure to afford three subfractions, as shown in Table 88.

Table 88 Subfractions obtained from fraction MD by column chromatography over

Sephadex LH20
Subfraction Eluent Weight (mg) Physical appearance
MD-1 100% MeOH 5.8 Yellow gum
MD-2 100% MeOH 3.5 Yellow solid
MD-3 100% MeOH 1.7 Yellow gum

Subfraction MD-1 showed no spots under UV-S on normal phase
TLC using 12% methanol in dichloromethane (3 runs) as a mobile phase. Its 'H NMR
spectrum showed none of major components. Thus, no attempted investigation was

performed.

Subfraction MD-2 (N32) melted at 232.0-232.7 °C and displayed one
spot under UV-S on normal phase TLC with the Ry value of 0.15 using 12% methanol

in dichloromethane (3 runs) as a mobile phase.

[ep? -70.11 (¢ = 1.65, MeOH)
UV(MeOH) Amay nm (log &) 217 (4.95), 246 (4.54), 323 (4.31)
FT-IR (neat) Vo 3394 (O-H stretching), 1668 (C=O stretching),

1608 and 1550 (C=C stretching)
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'HI NMR (CD;0D) (5 ppm) 7.56 (d, J= 9.0 Hz, 1H), 6.84 (d, J = 9.0 Hz, 1H),
(300 MHz) 4.73 (m, 1H), 3.38 (dd, J = 15.0, 3.0 Hz, 1H),
2.80 (dd, J = 15.0, 9.0 Hz, 1II), 1.50 (4, J = 6.0
Hz, 3H)
BCNMR (CD;OD) (Sppm)  169.00, 159.00, 142,28, 134.24, 131.12, 115.27,
(75 MHz) 106.70, 76.43, 28.94, 19.56
DEPT (135°) (CD;0D) CH : 131.12, 115.27, 76.43
CH,: 28.94
CHa: 19.56

Subfraction MD-3 appeared as a long tail under UV-S on normal
phase TLC using 12% methanol in dichloromethane (3 runs) as a mobile phase.

Because of low quantity, it was not further isolated.

Fraction ME showed no spots under UV-S on normal phase TLC using 12%
methanol in dichloromethane (3 runs) as a mobile phase. Its 'H NMR spectrum
displayed none of major components and none of aromatic proton signals. Thus, no

further investigation was carried out.




CHAPTER 4.3
RESULTS AND DISCUSSION

One new compound (N26) was isbiéﬁed frdrn tﬁe Brofh éﬁtréét together )
with seven known compounds (N21-N25, N27 and N28). Four additional known
compounds (N29-N32) were obtained from the mycelial extract. The structures were

identified by spectroscopic methods.
4.3.1 Compound N21

N21 was obtained as a yellow gum, The UV spectrum showed
maximum absorption bands of a conjugated double bond at e 243 and 306 nm. The
IR spectrum exhibited an absorption band at 1730 cm™ for a carbonyl group. The 'H
NMR spectral data (Figure 53) (Table 89) were similar to those of N15 except that a
signal of the chelated hydroxy proton (& 11.06, s, 1H) in N1S was replaced, in N21,
by a methoxy signal (& 3.95, s, 3H). The presence of the methoxyl group was
supported by a methoxyl resonance at & 56.17 in the 13C NMR spectrum (Figure 54)
(Table 89). The methoxy! group was then located at C-8 (& 161.26), peri position to
the carbonyl group. Its HMBC correlation (Table 90) with C-8 and signal
enhancement of an aromatic proton (& 6.92, d, J = 8.7 Hz, H-7) after irradiation of 8-
OCHj3 in the NOEDIFF experiment (Table 90) confirmed above assignment. N21
gave almost identical optical rotation to that of (R)-(-)-mellein methyl ether, [edp* of
N21 = -232.73 (¢ = 0.50, CHCl3) and [a]p of (R)-(-)-mellein methyl ether = -259.00
(¢ = 0.50, CHCl3) (Dimitriadis, C., ef al. 1997). Therefore, N21 was assigned as (R)-
(-)-mellein methyl ether which was previously isolated from Apiospora montagnei
(Klemke ef al,, 2004).

176
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Table 89 The NMR data of N21 and (R)-(-)-mellein methyl ether in CDCl;

N21 (R)-(-)-Mellein methyl ether?
Position S & & &
(mult,, Jiz) (C-Type) (mult., Jhz) (C-Type)
1 - 162.57 (C=0) - 162.7 (C=0)
3 4.56 (g1, 6.3, 4.2) 74.08 (CH) 4,55 (m) 74.1 (CH)
4 2.87(d, 4.2) 36.11 (CHy) 2.87 (m) 36.1 (CHy)
4a - 141.95 (C) - 141.9 (C)
5 6.79 (d,1.2) 119.17 (CH) 6.80 (d, 7.3) 119.1 (CH)
6 7.45(dd, 8.7,7.2) 134.39 (CH) 7.45 () 134.4 (CH)
7 6.92 (d, 8.7) 110.91 (CH) 6.92 (d, 8.5) 110.8 (CH)
8 - 161.26 (C) - 161.1 (C)
8-OCH; 3.95(s) 56.17 (CHj) 3,95 (5) 56.1 (CH3)
8a - 113.93 (O) - 113.6 (C)
9 1.48 (d, 6.3) 20.69 (CHs) 1.48 (d, 6.1) 20.7 (CH3)
* Dimitriadis ef al., 1997,
Table 90 The HMBC, COSY and NOE data of N21 in CDCls
Position HMBC COSY NOE
H-3 - H-4, Me-9 H-4, Me-9
H-4 C-3, C-4a,C-5,C-8a | H-3 H-3, H-5, Me-9
H-5 C-4,C-7,C-8a H-6 H-4, H-6
H-6 C-4a, C-8 H-5, H-7 H-5, H-7
H-7 C-5,C-8a H-6 H-6, 8-OCH3
8-OCHj; | C-8 - H-7
Me-9 | C-3,C-4 H-3 H-3, H-4
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4.3.2 Compound N32

N32 was obtained as a yellow solid and melted at 232.0-232.7 °C. The
UV and IR spectra were almost identical to those of N15. The 'H NMR spectral data
(Figure 55) (Table 91) were similar to those of N15 except for the presence of two
ortho-coupled aromatic protons [&; 7.56 (d, J = 9.0 Hz, 1H) and 6.84 (d, J = 9.0 Hz,
11)] which were attributed to H-6 and H-7, respectively, on the basis of HMBC
correlations of H-6/C-4a (& 134.24); C-5 (& 142.48) and C-8 (& 159.00) and those
of H-7/C-1 (& 169.00), C-5, C-8 and C-8a (& 106.70) (Table 92). Since there are no
other signals, the substituent at C-5 must be a hydroxyl group. The resonance effect of
8-OH caused higher field shift of C-5. The observed optical rotation of N32 ([a]p”
-70.11, ¢ = 1.65, Me©OH) was almost identical to that of (R)-(-)-5-hydroxymellein
([@]p™ -72.00, ¢ = 1.65, MeOH) (Devys et al., 1994), indicating that they possessed
the same absolute configuration. Therefore, N32 was assigned as (R)-(-)-5-
hydroxymellein, which was previously isolated from Botryosphaeria obtusa

(Venkatasubbbaiah and Chilton, 1990).

OH O

Table 91 The NMR data of N32 in CD;OD and (R)-(-)-5-hydroxymellein in

acetone-dg
N32 (R)-(-)-5-Hydroxymellein *
Position S & S
(mult., Juz) (C-Type) (mult., Ju)
1 - 169.00 (C=0) -
3 473 (m) 76.43 (CH) 4.74 (m)
4 | a:338(dd, 15.0,3.0) | 2894 (CHy) | a:3.18(dd, 17.0,3.0)
b: 2.80 (dd, 15.0, 9.0) b: 2.63 (dd, 17.0, 11.0)
4a i 134.24 (C) i
5-OH - 142.48 (C) 8.35 (brs)
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Table 91 Continued

N32 (R)-(-)-5-Hydroxymellein *

Position & & S

(muit_'_: JHZ) (C"Type) (mult., JHZ)

6 756(d. 9.0y | 13L12(CH) |  7.10(d,9.0)

7 6.84 (d, 9.0) 115.27 (CH) 6.69 (d, 9.0)

8-OH - 159.00 (C) 10.30 (s)

8a - 106.70 (C) -

9 1.50 (d, 6.0) 19.56 (CHs) 1.48 (d, 7.0)

2 Venkatasubbaiah and Chilton, 1990.

Table 92 The HMBC, COSY and NOE data of N32 in CD30D

Position HMBC COSY NOE
H‘3 - Hab'4, Me'9 Hab"4, M6-9
He-4 (C-4a, C-5, C-8a, C-9 H-3, Hy-4 H-3, Hp-4, Me-9
Hy-4 1C-3, C-4a, C-5,C-8a,C-9 | H-3, Hy4 H-3, He-4, Me-9
H-6 [C-4a, C-5,C-8 H-7 H-7
H-7 [C-1,C-5,C-8,C-8a H-6 H-6
Me-9 (-3,C-4 H-3 H-3, Hy-4

4.3.3 Compound N31

N31 was obtained as a white solid and melted at 245.5-246.3 °C with
[efp?’ -52.55 (¢ = 0.02, MeOH). The UV and IR spectra were almost identical to
those of N32. The '"H NMR spectral data (Figure 58) (Table 93) were similar to those
of N32 with the difference in the chemical shift of H-6, The signal of H-6 (&1 7.90, d,
J=8.7 Hz) in N31 appeared at much lower field than that (& 7.56, d, J = 9.0 Hz) in
N32. The °C NMR spectrum (Figure 59) (Table 93) displayed two carbonyl carbons
at & 170.16 and 166.91. The carbon resonance at & 170.16 was assigned as C-1 on
the basis of HMBC correlations of H-7 (& 6.84, d, J = 8.7 Hz)/C-1, C-5 (& 128.00)
and C-8a (& 107.79) (Table 94). These results indicated the presence of a carboxyl
group at C-5. The LREI-MS (Figure 57) showed the molecular formula Ci1H¢Os,
supporting the attachment of the carboxyl group at C-5. Therefore, N31 was assigned
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as 5-carboxymellein, which was previously isolated from Halorosellinia oceanica

(Chinworrungsee ef. al., 2001).

HO

Table 93 The NMR data of N31 in CD30OD and 5-carboxymellein (& in acetone-
ds, &c in DMSO-dy)

N31 5-Carboxymellein
Position S & " &
(mult., Juz) (C-Type) (mult., Ju,) (C-Type)
1 - 170.61 (C=0) - 169.5 (C=0)
3 4.68 (m) 76,08 (CH) | 4.60 (m) 75.4 (CH)
4 a:3.74 (dd, 17.4,3.3) | 32.59(CHy) | a:3.70(m) | 32.2-(CHp)
b: 2.97 (dd, 17.4, 11.7) b: 2.90 (m)
4a - 139,70 (C) - 143.4 (C)
5 - 128.00 (C) - 120.1 (C)
6 7.90 (d, 8.7) 137.14 (CH) | 7.96 (4, 8.0) | 138.4(CH)
7 6.84 (d, 8.7) 114.65 (CH) | 6.86(d,8.0) | 115.5(CH)
8-OH - 162.82(C) | 11.60 (brs) 163.9 (C)
8a - 107.79 (C) - 109.1 (C)
9 1.49 (d, 6.3) 19.58 (CH3) | 1.46 (d,6.0) | 20.4 (CH3)
10 - 166.91 (C=0) - 167.2 (C=0)
* Anderson ef al., 1983.
® Chinworrungsee ef al., 2001,
Table 94 The HMBC, COSY and NOE data of N31 in CD;0D
Position HMBC COSY NOE
H-3 | Hep-4, Me-9 Hp-4, Me-9
He4  [C-4a, C-5, C-8a, C-9 H-3, Hy-4 H-3, Hy-4, Me-9
Hy-4 [C-3, C-4a, C-5, C-83, C-9 | H-3, Hp4 H-3, Hy-4, Me-9




181

Table 94 Continued

Position HMBC COSY NOE
H-6 C-4a, C-5, C-8 H-7 H-7
H-7 {C-1,C-5,C-8,C8 - [H.6 S : H-6. . ..
Me-9 | C-3,C4 H-3 H-3, Hyy-4

4.3.4 Compound N23

N23 was obtained as a white solid and melted at 259.7-260.5.°C. The

UV spectrum showed a maximum absorption band at Ama 237 nm. The IR spectrum
exhibited absorption bands due to hydroxyl (3393 em’™), ester carbonyl (1736 em™),
_5-membered lactam carbonyl (1698 em™) and ketone carbonyl (1642 em™) groups.
The ester carbonyl, 5-membered lactam carbonyl and ketone carbonyl resonances at
& 169.73 (C-30), 174.53 (C-1) and 21041 (C-17), respectively, in °C NMR
spectrum (Figure 61) (Table 95) supported the IR data. The 'H NMR spectral data
(Figure 60) (Table 95) were similar to those of N6 except for the splitting pattern of
phenyl protons and an additional signal of the methyl protons (& 2.18, s, 3H) of an
acetoxyl group. 'N23 possessed a monosubstituted benzene ring instead of 4-
methoxybenzene ring in N6, according to the characteristic proton resonances of the
monosubstituted benzene, [& 7.28 (m, 1H), 7.23 (m, 2H) and 7.12 (dd, J = 6.6, 1.5
Hz, 2H)]. HMBC correlations (Table 96) of the oxymethine proton, H-21 (& 5.74, ¢,
J= 2.4 Hz), with C-1, C-4 (& 50.65), C-8 (& 45.15), C-19 (& 127.68) and C-30, that
of methyl protons, Me-31 (& 2.18), with C-30 and the 'H chemical shift of H-21
linked the acetoxyl group at C-21 (& 75.85). Irradiation of H-21 enhanced signal
intensity of H-13 (&; 5.77, dd, J = 15.6 and 9.6 Hz), indicating that they were located
at the same o-face. In addition, the remaining absolute configuration was identical to
that in N6 according to NOEDIFF experiment (Table 96). N23 gave almost identical
optical rotation to that of cytochalasin O, [a]p? of N23 = -38.20 (c = 0.80, MeOH)
and [a]p®® of eytochalasin O = -39.00 (¢ = 0.80, MeOH) (Merifield and Thomas,
1999). Therefore, N23 was assigned as cytochalasin O which was previously isolated

from Hypoxylon terricola Mill (Edwards et al., 1989).




182

Table 95 The NMR data of N23 and cytochalasin O in CDCl3

N23 Cytochalasin O
Position & & &t
(mult., Jiz) (C-Type) (mult., Juz)
1 - 174.53 (C=0) -
2-NH 5.67 () - 5.74 ()
3 3.53 (brr, 8.4) 54,08 (CH) 3.54 (m)
4 2.05(dd, 5.7,2.4) 50.65 (CH) 2.19-1.97 (m)
5 1.66 (i) 36.82 (CH) 2.19-1,97 (m)
6 - 57.04 (C) -
7 2.67 (d, 5.7) 62.54 (CH) 3.07-2.88 (m)
8 2.47 (dd, 9.9, 5.7) 45.15 (CH) 3.07-2.88 (m)
9 - 55.09 (C) -
10 2.73(d,7.2) 45.88 (CHy) 3.07-2.88 (m)
11 0.83 (d,7.2) 12.55 (CHy) 1.05 (d,7.5)
12 1.13 (s) 19.58 (CH3) 1.22 (s)
13 5.77 (dd, 15.6, 9.6) 130.86 (CH) 5.59 (dd, 15.0, 9.0)
14 5.20 (ddd, 15.6, 10.8, 4.8)| 131.80(CH) | 5.32(ddd, 15.0,11.0, 5.0)
15 a: 2.40 (m) 37.92 (CHy) a: 2.59-2.44 (m)
b: 1.90 (m) b: 2.19-1.97 (m)
16 2.65 (m) 42,28 (CH) 2.74 (m)
17 - 210.41 (C=0) -
18 - 77.76 (C) -
19 5.07 (dd, 15.6, 2.4) 127.68 (CH) 5.15 (dd, 15.0, 2.0)
20 6.03 (dd, 15.6,2.4) 131.84 (CH) 6.15 (dd, 16.0, 3.0)
21 574 (4, 2.4) . 75.85 (CH) 5.49 (m)
22 1.14 (d, 6.6) 19.31 (CH3) 1.19 (d, 7.5)
23 1.45 (s) 24.23 (CH3) 1.50 (s)
24 - 136.97 (C) -
25,29 7.12 (dd, 6.6, 1.5) 129.16 (CH) 7.36-7.10 (m)
26,28 7.23 (m) 127.14 (CH) 7.36-7.10 ()
27 7.28 (m) 128.97 (CH}) 7.36-7.10 ()
30 - 169.73 (C=0) -
31 2.18 (s) 20.76 (CH3) 2.23 (s)

*Merifield and Thomas, 1999.
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Position HMBC COSY NOE
2-NH (C-3,C9 - -
‘H-3 L£1,C5 H-4, Hy-10 . Me-11
H-4  |C-3,C-5,C-6,C- 9 C-10, C 21 H-3, H-5 -
H-5 C-3, C-4, C-6, Me-11, Me-12 H-4, Me-11  H-4
H-7 C-6, C-8, Me-12 H-8 -
H-8 C-1,C-7,C-9,C-13,C-14,C-21  H-7,H-13 -
H,-10 (C-3,C-4, C-24, C-25,C-29 H-3 -
Me-11 [C-4,C-5,C-6 H-5 H-3, H-5, Me-12
Me-12  IC-5, C-6, C-7 - -
H-13 C-7,C-14,C-15 H-8, H-14 H-7, Hp-15
H-14 C-8§,C-15 H-13, Ha-15, [H-8, Hy-15, H-16
Hy-15
Hs-15  C-13, C-14, C-16, C-17, C-22 H-14, Hy-15
Hy-15 (C-13, C-14, C-16, C-17, C-22 H-14, H-15 |
H-16 [C-15,C-22 Me-22 -
H-19 [C-17, C-18, C-20, C-21, C-23 H-20, H-21  }
H-20 [C-18, C-19, C-21 H-19, H-21  [H-21
H-21 (C-1,C-4,C-8,C-9, C-18,C-19, H-19,H-20 H-4,H-13, H-20
C-20, C 30
Me-22 (C-15, C-16, C-17 H-16 -
Me-23 [C-17, C-18, C-19, C-20 - F
H-25, H-29 IC-10, C-26, C-27, C-28 H-26, H-28 |
H-26, H-28 [C-24, C-25, C-29 H-25, H-29
H-27 (C-25 - -
Me-31 (C-30 - Me-11, H-21
4.3.5 Compound N22

N22 was obtained as a white solid and melted at 267.0-267.3 °C. The
UV and IR spectra were almds;f identical to those of N23. The 'H NMR spectral data
(Figure 62) (Table 97) were similar to those of N23 except that the singiet methyl
signal (&y 1.13) in N23 was replaced, in N22, by signals of two geminal olefinic
protons, Hai;-l2 (Su 5.30, brs and 5.09, brs). These indicated that the gem-
disubstituted alkene moiety was connected to C-6 (& 147.58). HMBC correlations
(Table 98) of Hap-12 with C-5 (& 32.67), C-6 and C-7 (& 69.84) supported the
assignment. The observed optical rotation of N22 ([e]p?’ -31.05, ¢ = 0.33, CHCls)

was almost identical to that of cytochalasin D ([o]p® -28.00, ¢ = 0.33, CHCl3)
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(Merifield and Thomas, 1999), indicating that they possessed the same absolute

configuration, Therefore, N22 was assigned as cytochalasin D which was previously

isolated from Hypoxyion terricola Mill (Edwards ef al., 1989).

Table 97 The NMR data of N22 and cytochalasin D in CDCl3

N22 Cytochalasin D
Position] S & & &
(mult., Juz) (C-Type) (mult,, Jiz,) (C-Type)
| - 173.50 (C=0) - 174.9 (C=0)
2-NH 5.60 (brs) - 5.52 (s) -
3 3.24 (m) 53.57 (CH) 3.23 (m) 54.0 (CH)
4 2.15 (dd, 6.6, 3.6) 50.00 (CH) 2.16 (m) 50.0 (CH)
5 2.75 (m) 32.67 (CH) 2.89-2.63 () 33.1 (CH)
6 - 147.58 (C) - 151.4 (C)
7 . 3.81 (d, 10.8) 69.84 (CH) 3.81(d,11.0) 71.2 (CH)
8 2.85 (m) 47.00 (CH) 2.89-2.63 (m) 47.8 (CH)
9 - 50.90 (C) - 54.4 (C)
10 a: 2.83 (m) 45,29 (CHy) 2.89-2.63 (m) 45.5 (CHyp)
b: 2.68 (m)
11 0.94 (d, 6.6) 13.65 (CHs) 0.96 (d, 7.0) 13.6 (CH3)
12 a: 5.30 (brs) 114.43 (CHy)| a:5.40-527(m) |112.2 (CHy)
b: 5.09 (brs) b: 5.14 (m)
13 5.69 (dd, 15.6,9.9) 130.61 (CH) 5.70 (m) 132.1 (CH)
14 |5.34 (ddd, 15.6, 10.5, 4,8)| 134.12 (CH) 5.40-5.27 (m) 132.7 (CH)
15 | a:2.51(dd, 12.6, 10.5) | 37.75 (CHy) |a: 2.52 (g, 11.0) 38.6 (CHy)
b: 2.02 (dd, 12.6, 4.8) b: 2.02 (dd, 13.0, 4.0)
16 2.74 (m) 42.34 (CH) 2.89-2.63 (m) 42.4 (CH)
17 - 210.27 (C=0) - 210.7 (C=0)
18-OH - 77.12 (C) - 78.3 (C)
19 5.14 (dd, 15.6, 2.4) 127.63 (CH) 5.14 (m) 127.7 (CH)
20 6.10 (dd, 15.6,2.4) 132.30 (CH) | 6.12 (dd, 16.0, 3.0} | 133.7 (CH)
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N22 Cytochalasin D
Position| S & & &P
(mult., Jig,) (C-Type) (mult., Ju) (C-Type)
57 563 0 2.4) A T 570y 779 (CHy |
22 1.20 (d, 6.9) 19.37 (CH3) 1.20 (d, 7.0) 19.4 (CH3)
23 1.51 (s) 24.18 (CHz3) 1.50 (s) 24.6 (CH3)
24 - 137.23 (C) - 138.3(C)
25,29 7.13 (dd, 8.1, 1.5) 129.09 (CH) 7.37-7.10 (m) 129.9 (CH)
26,28 7.27 (m) 127.09 (CH) 7.37-7.10 (m) 126.8 (CH)
29 7.32 (1, 8.1, 1.5) 128.93 (CH) 7.37-7.10 (m) 128.7 (CH)
30 - 169.68 (C=0) - 170.3 (C=0)
31 | 2.26 (s) 20.82 (CHz) 2.27 (s) 20.6 (CH3)
*Merifield and Thomas, 1999.
®Steyn et al., 1982.
Table 98 The HMBC, COSY and NOE data of N22 in CDCl3
Position HMBC COSY NOE
H-3 C-1,C-4 H-4, Hap-10 Hap-10, Me-11,
H-25, H-29
H-4 C-1, C-3, C-5, C-6, C-10, C-11, [H-3, H-5 H-3, Hap-10,
C-21 Me-11
H-5 C-4, C-11 H-4
H-7 C-5, C-6, C-12, C-13 -8 EL,-IZ, H-13
H-8 C-1, C-6, C-7, C-13, C-14, C-21 H-7, H-13 -
H-10 C-3 -3, Hy-10 -
Hy,-10  [C-3, C-4, C-24, C-25,C-29 -3, H,-10 -
Me-11  C-4,C-5,C-6 -5 H-3, H-4, H-5,
F},-12
H,-12  [C-5,C-6,C-7 - H-7, H-8, Hp-12
Hy-12  C-5, C-6,C-7 - Me-11, Hp-12
H-13 C-8,C-14,C-15 -8, H-14 H-7, H-20
H-14 C-8,C-15 H-13, He-15, Hp-15 H-8, Hp-15
H,-15 C-13, C-14, C-16,C-17,C-22  H-14, Hp-15,H-16 H-13, Hp-15
Hp-15 [C-13,C-14,C-16,C-17,C-22  H-14, Hp-15 H-14, Hq-15,
H-16, Me-22
H-16 [C-22 H,-15, Me-22 -
H-19 C-18, C-20, C-23 H-20, H-21 Me-23, Me-31
H-20 C-18,C-19, C-21 [-19, H-21 H-21
H-21 (C-1,C-4,C-8, C-19, C-20, H-19, H-20 H-4, H-20
C-30
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Position HMBC COSY NOE
Me-22 | C-15,C-16, C-17 H-16 Hy-15, H-16
Me-23 1 C-17,C-18,C-19 .. - | H-16, H-19.

H-25, H-29 | C-24, C-26, C-27, C-28 - -
H-26, H-28 | C-26, C-27,C-28 - -
H-27 C-25, C-26, C-28, C-29 - -
Me-31 | C-30 - -
4,3,6 Compound N24

N24 was obtained as a colorless gum. The UV and IR spectra were

almost identical to those of N22. The 'H NMR spectral data (Figure 64) (Table 99)

were similar to those of N22 with the difference in chemical shift of the oxymethine

proton, H-21 (& 4.07, brs), and the absence of the methyl signal of the acetoxyl

group. These indicated that the acetoxyl group in N22 was replaced, in N24, by a

hydroxyl group, The appearance of H-21 in N24 at much higher field confirmed the

above conclusion. The observed optical rotation of N24 ([a:]D27 423,70, ¢ = 0.23,

EtOH) was almost identical to that of zygosporin D ([elp® +20.60, ¢ = 0.23, EtOH),

indicating that they possessed the same absolute configuration. Therefore, N24.was -

assigned as zygosporin D which was previously isolated from Metarrhizium

anisopliae (Fujii et al., 2000).
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*Fujii et al., 2000.

N24 Zygosporin D*
Position M & b3 &
B (mult, Jip) | (C-Type) | (mult., Jir,) (C-Type) |
1 - 175.00 (C=0) - 175.0 (C=0)
2-NH 5.45 (brs) - 5.53 (s) -
3 |3.29(ddd, 8.5,4.5,4.0)| 53.48 (CH) |3.29 (ddd, 8.3, 4.3, 3.8)| 53.5 (CH)
4 2.56 (m) 50.22 (CH) 2.57 (m) 50.0 (CI)
5 1.90 (m) 3291 (CH) 2.90-2.80 () 32.9 (CH)
6 - 148.22 (C) - 148.1 (C)
7 3.79 (d, 10.5) 69.76 (CH) 3.79 (d, 10.7) 69.7 (CH)
8 2.84 (¢, 10.5) 45,64 (CH) | 2.83 (dd, 10.7,10.2) | 45.6 (CH)
9 - 54.32 (C) - 542 (C)
10 | a:2.88 (dd, 14.0,4.0) | 45.39 (CH,) | a: 2.88 (dd, 13.6,3.5) | 45.3 (CHy)
b: 2.57 () b: 2.55 (m)
11 1.10 (d, 6.5) 13.81 (CH3) 1.11 (d, 6.8) 13.9 (CH3)
12 a: 5.31 (s) 113.99 (CHy) a: 5.31 () 114.0 (CHy)
b: 5.11 (s) b: 5,11 (s)
13 5.65 (dd, 15.0,10.5) { 131.09 (CH) | 5.65 (dd, 15.9,10.2) |127.0 (CH)
14 }5.27(ddd, 15.0,11.0, | 133.67 (CH) | 5.27 (ddd, 15.9, 10.8, {130.9 (CH)
5.5) 5.4)
15 |a:2.48 (ddd, 13.0, 11.5, 37.72 (CH,) |a: 2.48 (ddd, 13.0, 11.0,] 37.7 (CH>)
11.0) 10.8)
b: 2.00 (ddd, 13.0, 5.5, b: 2.00 (ddd, 13.0, 5.4,
2.0) 1.6)
16 2.72 (ddq, 11.5,2.0, | 42.37(CH) | 2.72 (ddg, 11.0, 1.6, | 42.3 (CH)
6.5) 6.5)
17 - 210.00 (C=0) - 210.2 (C=0)
18-OH 4.71 (brs) 77.21 (C) - 71.7 (C)
19 5.42(dd, 16.0,2.5) | 127.16 (CH) | 5.41(dd, 16.2,2.6) |133.7 (CH)
20 6.21 (dd, 16.0,2.5) | 137.01 (CH) | 6.21 (dd, 16.2,2.4) {137.1 (CH)
21 4.07 (brs) 76.52 (CH) | 4.05(dd, 2.6,2.4) 76.4 (CH)
22 1.19 (d, 6.5) 19.38 (CH3) 1.19 (d, 6.8) 19.4 (CH3)
23 1.54 (s) 24.24 (CHj3) 1.55 () 24.2 (CHa)
24 - 137.32 (C) - 137.3(C)
25,29 7.12 (d, 7.0) 129,19 (CH) 7.12 (m) 129.2 (CH)
26,28 7.25 (m) 127.15 (CH) 7.26 () 127.1 (CH)
27 7.31 (¢, 7.0) 128.90 (CH) 7.32 (m) 128.9 (CH)
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Table 100 The HMBC, COSY and NOESY data of N24 in CDCl;,

Position HMBC COSY NOESY
2-NH [C-3,C4,C-9 L s
. H-3 C-4,C-5 . . .. H-4, Hay=10 Ha-10, Me-11
H-4 C-3, C-5,C-8,C-9,C-10 } Me-11
H-5 . - -
H-7 C-6, C-12, C-13 H-8 L
H-8 C-1, C-7, C-9, C-13, C-14JH-7, H-13 =
C-21
H,-10 -3, H,-10 -
Hy-10  C-3, C-4, C-25,C-29 H-3, H,-10 -
Me-11 IC-4,C-5, C-6 H-5 H-3, H,-10
H,-12  |C-5,C-7 - Hy-12
Hy-12  C-5,C-7 - Me-11, Hy-12
H-13 XC-8,C-15 H-8, H-14 -
H-14 1C-8, C-15 H-13, Hy-15, Hp-15  [Hp-15
H,-15 I1C-13,C-14,C-16,C-22  H-14, Hy-15,H-16  [Hp-15
Hy-15 [C-13,C-14,C-16,C-22  [H-14, Hy-15 H.-15
H-16 C-17,C-22 Ha-15, Me-22 Me-22
H-19 (C-18, C-20, C-21 H-20, H-21 Me-23
H-20 C-18, C-21 F1-19, H-21 -
H-21 & - H-13, H,-15, H-20
Me-22 C-15, C-16, C-17 H-16 Hy-15, H-16
Me-23 (C-17,C-18,C-19 . H-16
H-25, H-29 C-10, C-27 H-26 -
H-26, H-28 (C-24, C-25 H-25, H-27 -
H-27 | - .
4.3.7 Compound N26

N26 was obtained as a colotless gum with [a]p® -19.17 (¢ = 0.90,

CHCls). The UV spectrum showed maximum absorption bands at 223, 251 and 334

nm, indicating the presence of a conjugation chromophore. Its IR spectrum showed

absorption bands at 3371 and 1686 cm’

1

for hydroxyl and carbonyl groups,

respectively. The HREI-MS showed the molecular formula C3H;oNO4. The 'H NMR
spectrum (Figure 67) (Table 101) showed signals for three aromatic protons of a
1,2,4-trisubstituted benzene [&y 7.81 (¢, /= 8.1 Hz, 1H), 6.56 (d, /= 1.5 Hz, 1H) and
6.52 (dd, J = 8.1 and 1.5 Hz, 1H)], one oxymethine proton (& 3.62, dd, J= 10.5 and
2.4 Hz, 1H), two nonequivalent methylene protons [&y 2.80 (dd, J = 13.5 and 2.4 Hz,
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1H), and 2.50 (dd, J = 13.5 and 10.5 Hz, 1H)], one methoxyl group (& 3.86, s, 3H)
and two methyl groups (& 1.29, s, 3H and 1.26, s, 3H). The aromatic protons at &y
7.81, 6.56 and 6.52 were attributed to H-6, H-3 and H-5, respectively, on the basis of
their multiplicity and J values. The ester carbonyl resonance at & 168.10 in the I3C
NMR spectrum (Figure 68) (Table 101) confirmed the presence of this functional
group in the IR spectrum. >/ HMBC correlations of both Me-13 (& 3.86) and H-6
with C-12 (& 168.10) indicated the presence of a methyl ester moiety at C-1 (&
109.50). The COSY spectrum (Table 101) revealed that the oxymethine proton, H-8
(& 3.62), was coupled with the nonequivalent methylene protons, Hap-7 (& 2.80 and
2.50). In the HMBC spectrum (Table 101), Me-10 (d 1.29) and Me-11 (& 1.26)
correlated with C-8 (& 78.62) and C-9 (& 72.64), thus constructing a 2,3-dihydroxy-
3-methylbutyl side chain. The attachment of this side chain at C-2 (& 145.71) was
established by HMBC correlations of Hg-7/C-1, C-2 and C-3 (& 117.15). The
substituent at C-4 (& 150.61) was then assigned as an amino group according to the
chemical shift of C-4 and the molecular formula, Therefore, N26 was determined as a

new methyl aminobenzoate.
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N26
Position S & HMBC COSY NOE
(mult., Jirz) (C-Type)
1 - 109.50 (C) - - -
2 - 145.71 (C) - - -
3 6.56 (d, 1.5) 117.15(CH) |C-1, C-4, C-5,C-7 H-5 Ha-7, H-8
4 - 150,61 (C) - - -
5 6.52 (dd, 8.1, 1.5)| 117.40 (CH) C-1, C-3,C-4, C-6, | H-3, H-6 H-6
C-12
6 7.81(d, 8.1) 131.70 (CH) |C-2, C-4, C-5,C-12} H-5 H-5
7 a: 2.80 (dd, 13.5, | 38.35 (CHy) C-2,C-3,C-8 Hy-7, H-8| H-3, H-8
2.4 Me-10,
Mell
b: 2.50 (dd, 13.5, C-2, C-3,C-8, C-9 |H,-7, H-8 H-3,
10.5) Me-10,
Me-11
8 3.62 (dd, 10.5, | 78.62 (CH) Cc-2, C-9, C-10, Hap-7, | H-3, Hg-7,
2.4) C-11 Me-10
9 - 72.64 (C) - - -
10 1.29 (s) 26.45 (CH3) | C-8,C-9,C-11 - Hg-7, H-8
11 1.26 (5) 23.82 (CH3) | C-8,C-9,C-10 - Hap-7, H-8
12 - 168.10 (C=0) - - -
13 3.86 (s) 51.46 (CHjy) C-12 - -
4.3.8 Compound N28

N28 was obtained as a white solid and melted at 182,0-182,6 °C. The

UV spectrum showed maximum absorption bands of a conjugation chromophore at
222, 236, 311 and 330 nm. Its IR spectrum showed an absorption band at 3392 cm’?
for a hydroxyl group. The LREI-MS (Figure 69) showed the molecular formula
CioHgN,O. The 'H NMR spectral data (Figure 70) (Table 102) revealed
characteristic signals of a 4-substituted quinoline [& 8.86 (d, J = 4.5 Hz, 1H), 8.45
(dd, J= 8.4 and 1.2 Hz, 1H), 8.12 (dd, J=8.4 and 1.2 Hz, 1H), 7.80 (ddd, J= 8.4, 6.6
and 1.2 Hz, 1H)], 7.72 (d, J= 4.5 Hz, 1H) and 7.64 (ddd, J= 8.4, 6.6 and 1.2 Hz, 1H)]
and one downfield proton (& 8.77, 5). The 13C NMR spectrum (Figure 71) (Table
102) showed one additional methine carbon (& 150.04) apart from carbon resonances

of the 4-substituted quinoline (& 153.45, 152.02, 141,54, 133.78, 133.10, 131.37,
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129.41, 128.10 and 123.05). These data together with the molecular formula
established a substituent at C-4 to be a carboxaldehyde oxime. HMBC correlations
(Table 102) of H-9 (&; 8.77) of the carboxaldehyde oxime With C-3 .(é'c 123.05), C-4
(& 141.54) and C-4a (& 129.41) together with signal enhancement of H-3 (&4 7.72)
and H-5 (& 8.45) upon irradiation of H-9 supported the assigned location of this
functional group. Therefore, N28 was assigned as 4-quinolinecarboxaldehyde oxime
which was previously isolated from the genera of myxobacteria (Boehlendorf ef al.,

1996).

9 /NOH

Table 102 The NMR data of N28 in CDCIl3+CD;0D

N28
Position S & HMBC COSY NOE
(mult., Jhz) (C-Type)

2 8.86 (d,4.5) [153.45 (CH)| C-3,C-4,C-8a H-3 H-3

3 7.72 (d,4.5) |123.05 (CH)| C-2, C-4a, C-9 H-2 H-2, H-9

4 - - 141540 . . -

4a ; 129.41 (C) ; ; ;

5 |8.45(dd, 8.4, 1.2){128.10 (CH) C-4, C-7, C-4a,| H-6,H-7 | H-6, H-9

C-8a

6 7.64 (ddd, 8.4, (131.37(CH) C-4a,C-8 |H-5,H-7,H-8 -
6.6,1.2)

7 7.80 (ddd, 8.4, [133.78(CH) C-5,C-8a |H-5, H-6,H-8 -
6.6,1.2)

8 18.12(dd, 8.4,1.2)|133,10 (CH) C-4a, C-6 H-6, H-7 -

8a i 152.02 (C) - -

9 8.77(s)  |150.04 (CH) C-3, C-4, C-4a - H-3, H-5
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4.3.9 Compound N25§

N25 was obtained as a yellow solid and melted at 102.5-102.9 °C. The
UV and IR spectra were almost identical to those of N28. The 'H NMR spectral data
(Figure 72) (Table 103) were similar to those of N28 except for the absence of
carboxaldehyde oxime. Comparison of the *C NMR data (Table 103) with those of
N28 showed analogy of the chemical shifts except for those of C-4 (& 118.80) and C-
9 (& 115.50). These suggested that the carboxadehyde oxime in N28 was replaced by
a cyano group in N25. This was confirmed by >/ HMBC cross peaks (Table 103) of
H-3 (&4 7.75, d, J= 4.5 Hz)/C-4a (& 125.06) and C-9. Thus, N25 was elucidated as a
dehydration derivative of N28 which was previously reported (Ferles ef al., 1979).

9
CN

4
N
N

Table 103 The NMR data of N25 in CDCl4

N25
Position & & HMBC COsY
(mult., Juz) (C-Type)
2 9.06 (d, 4.5) 14942 (CH)| C-3,C-4,C-8a H-3
3 7.75 (d, 4.5) 124.79 (CH) C-4a, C-9 H-2
4 - 11880 (C) | . - -
4a - 125.06 (C) : - -
5 8.22 (dd, 8.5,1.0) | 124.98 (CH) | C-4, C-4a,C-7,C-8a] H-6, H-7
6 7.79 (td, 8.5, 1.0) | 129.21 (CH) C-4a, C-8 H-5, H-7, H-8
7 7.89(1d, 8.5, 1.0) | 131.17 (CH) C-5,C-8a H-5, H-6, H-8
8 8.23 (d, 8.5,1.0) | 130.45 (CH) C-4a, C-6 H-6, H-7
8a - 148.20 (C) - -
9 - 115.50 (C) - -
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4,3,10 Compound N27

N27 was obtained as a yellow gum. The UV spectrum showed
maximum absorption bands at 222, 275 and 284 nm, indicating the presence of a
conjugation chromophore. Its 1R spectrum showed absorption bands at 3370 for
amino and hydroxyl groups, 1675 and 1644 cm™ for lactam carbonyl groups. The 'H
NMR spectral data (Figure 74) (Table 104) showed characteristic signals of a para-
disubstituted aromatic protons [y 7.08 (d, J = 8.5 Hz, 2H) and 6.80 (d, /= 8.5 Hz,
2H)], two methine protons [&; 4.22 (dd, J = 10.0 and 3.5 Hz, 1H) and 4.08 (#, /= 8.0
Hz, 1H)] and four methylene groups (&4 3.64 (m, 1H), 3.57 (td, J = 13.0 and 3.0 Hz,
1H), 3.51 (dd, J= 14,5 and 3.5 Hz, 1H), 2.74 (dd, J= 14.5 and 10.0 Hz, 1H), 2.34 (m,
1H), 2.02 (m, 1H), 1.97 (m, 1H) and 1,90 (n, 1H)]. The HMQC data together with
integration suggested the signal at dy 5.70 (s) for NH group. In the 3¢ NMR
spectrum (Figure 75) (Table 104), signals of two lactam carbonyl carbons at &
169.45 (C-2) and 165.13 (C-5) supported the IR data. These results together with
HMBC cross peaks (Table 105) of 4-NH/C-3 (& 56.23), C-5 (& 165.13) and C-6 (&
59.14) and H-6 (& 4.08)/C-2 and C-7 (& 28.35) established a diketopiperazine
skeleton. In the COSY spectrum, Hap-7 (&4 2.34 and 2.02) were coupled with H-6 and
Ha-8 (& 1.97 and 1.90). Hy,-8 were further coupled with Hep-9 (& 3.64 and 3.57).
Ring closure between the nitrogen atom (I-N) and C-9 (& 45.42) to form a
pytrolidine was established according to the down-field chemical shift value of Hy-9
and C-9. The COSY cross peaks (Table 105) of, Hyp-10 (&4 3.51 and 2.74) with H-3
(¢ 4.22), HMBC cross peaks of Hy-10/C-3, C-11 (& 127.57), C-12 and C-16 (&c
130.34) connected the para-hydroxybenzyl moiety with C-3 of the diketopiperazine
skeleton. N27 gave almost identical optical rotation to that of cyclo(L-Pro-L-Tyr),
[alp?’ of N27 = -88.59 (¢ = 0.50, MeOH) and [a]p>° of eyclo(L-Pro-L-Tyr) = -92.00
(c = 0.50, MeOH) (Arunrattiyakorn et al., 2006). Therefore, N27 was assigned as
cyclo(L-Pro-L-Tyr) which was previously isolated from Jaspis digonoxea. (Rudi ef
al., 1994).




Table 104 The NMR data of N27 and eyclo(L-Pro-L-Tyr) in CDCl;
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N27 Cyclo(1.-Pro-L-Tyr)
Position S & & &
(mult., Ju,) (C-Type) (mult,, Jhz) (C-Type)

2 - 169.45 (C=0) - 169.0 (C=0)

3 4.22 (dd, 10.0,3.5) | 5623 (CH) | 4.20(dd, 9.8,3.9) | 59.3 (CH)
4-NH 5.70 (s) - - -

5 - 165.13 (C=0) - 165.0 (C=0)

6 4,08 (1, 8.0) 59.14 (CH) 4,06 (m) 59.5 (CH)

7 a: 2.34 (m) 28.35 (CHy) a: 2.30 (m) 28.3 (CHy)

b: 2.02 (m) b: 1.92 ()
8 a: 1.97 (m) 22.52 (CHa) a: 1.98 (m) 22.2 (CHy)
b: 1.90 (m) b: 1.89 (m)
9 a: 3.64 (m) 45,42 (CHy) a: 3.61 (m) 45.2 (CHy)
b: 3.57 (¢d, 13.0, 3.0) b: 3.53 (m)
10 {a:3.51(dd, 14.5,3.5) | 35.98 (CHy) la: 3.44 (dd, 14.5, 3.9)| 36.2 (CHy)
b: 2.74 (dd, 14.5, 10.0) b: 2.76 (dd, 14.5, 9.8)

11 - 127.57 (C) - 126.0 (C)
12, 16 7.08 (d, 8.5) 130.34 (CH) 7.02 (d, 8.6) 130.2 (CH)
13,15 6.80 (d, 8.5) 116.15 (CH) 6.75 (d, 8.6) 116.0 (CH)
14-OH - 155.26 (C) 6.95 (s) 156.0 (C)

# Arunrattiyakorn ef al., 2006.
bRudi et al., 1994.




Table 105 The HMBC, COSY and NOE data of N27 in CDCl,
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Position HMBC COSY NOE
H-3 -5, C-10, C-11 Hyp-10 H,-10, H-12, H-16
4ANH [C-3,C-5,C-6 - - L
H6  [C-2,C7 Hap-7 H,-7
He7 | H-6, Hy-7, Hy-8 | H-6, Hy-7, H,-8
Hy-7  {C-8, C-9 H,-7, Hy-8, He-9 | H-6, H,-7
H.o8 |} H,-7, Hy-8, Hypr9 | Hap-7, Hy-8
Hy-8  {C-6, C-7, C-9 Ha-7, Ho-8, Hap-9 | Ho-8
H-9  [C-3 Hap-8, Hp-9 Hy-10
-9  IC-7,C-8 H,p-8, He9 I,-10
-10 | H-3, Hy-10 H-3, H,-10, H-12,
H-16
Hy-10  [C-3, C-5, C-11, C-12, C-16| H-3, H,-10, H,-10, H-12, H-16
H-12, H-16 [C-10, C-13, C-14,C-15 | H-13, H-15 H-3, Hy-10
H-13, H-15 [C-11, C-14 H-12, H-16 H-12, H-16

4,3.11 Compound N29

N29 was obtained as a white solid and melted at 247.8-248.1 °C. The
UV spectrum showed a maximum absorption band at 247 nm. The IR spectrum
showed an absorption band at 3362 cm™ for a hydroxyl group, The 'H NMR spectral
data (Figure 76) (Table 106) consisted of the signals for frans-olefinic protons [&
5.23 (dd, J = 15,0 and 6.0 Hz, 1H) and 5.16 (dd, J = 15.0 and 6.0 Hz, 1H)], one
olefinic protons of a trisubstituted aikene [6u 5.35 (brd, J = 3.0 Hz, 1H)], two
oxymethine protons [&y 4.08 (m, 1H) and 3.63 (brs, 1H)], six methine protons {Ju
2.06 (m, 1H), 1.97 (m, 1H), 1.92 (m, 1H), 1.87 (m, 1H), 1.48 (m, 1H) and 1.30 (m,
1H)], seven methylene groups [dy 2.14 (.dd, J=12.0 and 9.0 Hz, 1H), 1.87 (sn, 1H),
1.78 (m, 2H), 1.66 (m, 2H), 1.58 (m, 2H), 1.55 (m, 2H), 1.44 (m, 1H), 1.33 (m, 1H)
and 1.26 (m, 2H)] and six methyl groups [& 1.09 (s, 3H), 1.02 (d J= 9.0 Hz, 1H),
0.91 (d, J=9.0 Hz, 1H), 0.84 (d, /= 6.0 Hz, 1H), 0.82 (d, J= 6.0 Hz, 1H) and 0.60 (s,
3H)]. The *C NMR spectrum (Figure 77) (Table 106) showed one sp” quaternary (&
144.01), three sz methine (& 135.37, 132.19 and 117.54), one oxyquaternary (¢
75.97), two oxymethine (& 73.67 and 67.74), six methine (& 55.99, 54.76, 43.77,
42.81, 40.39 and 33.08), seven methylene (& 39.45, 39.22, 32.96, 30.85, 29.69, 22.89
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and 22.05), two quaternary (& 43.45 and 37.15) and six methyl (& 21.11, 19.95,
19.63, 18.83, 17.59 and 12.33) carbons. These signals indicated the presence of an
ergostane-type side-chain with a 22E,24R-configuration (Migliuvolo et al., 1990 and
Yue ef al., 2001). Two carbons of the trisubstituted alkene resonating in the sp’ region
af (Sc..11.7..54 énd .144...()1.Weré aﬁi'fbufed to C-7 an.d. C~8, fésﬁecfivéiy, én the Bésis 6f
3J HMBC correlations (Table 107) of H-7 (&; 5.35)/C-5 (& 75.97), C-9 (& 43.77)
and C-14 (& 54.76). HMBC cross peaks of Me-18 (& 1.09)/C-1 (& 30.85), C-5 (&
75.97) and C-9 (& 43.77) and those of Me-19 (& 0.60)/C-12 (& 39.22), C-13 (&
43.45), C-14 and C-17 (& 55.99) supported the location of Me-18 and Me-19 at C-10
(& 37.15) and C-13, respectively. The following COSY experiment (Table 107)
confirmed the presence of 2-substituted-£-5,6-dimethylhepten-3-enyl side chain
attached at C-17. The methine proton, H-20 (& 2.06), was coupled with the methyl
protons, Me-21 (& 1.02). The trans-olefinic proton, H-22 (& 5.16), was coupled with
H-20 and the other frans-olefinic proton, H-23 (& 5.23). The methine proton, H-24
(S 1.87), was coupled with H-23, Me-28 (& 0.91) and H-25 (& 1.48). The methine
proton, H-25, was coupled with H-24, Me-26 (&4 0.82) and Me-27 (Jy 0.84). Since
there was no other proton signal, the substituents at C-3 (& 67.74), C-S and C-6 (&
73.67) must be hydroxyl groups. The B3¢ chemical shifts of these carbons supported
this assignment. Irradiation of H-20, in the NOEDIFF experiment (Table 107),
enhanced the signal of Me-19, indicating their cis-relationship. Irradiation of Me-18
enhanced signal intensity of Hg4 (& 2.14), but not H-6 (& 3.63) and further
irradiation of H,-4 affected Me-18, but not H-3 (& 4.08). These indicated cis
relationshﬁ; of Hy-4/Me-18 and frans relationship of Hy-4/H-3 and Me-18/H-6. No
signal enhancement of Me-19, upon irradiation of H-14 (éy 1.92), established trans
relationship of H-14/Me-19. N29 gave almost identical optical rotation to that of
cerevisterol, [op?’ of N29 = -77.75 (¢ = 0.16, pyridine) and [a]p> of cerevisterol = -
75.00 (c = 0.16, pyridine). Thus, they had the same absolute configuration. Therefore,
N29 was assigned as cerevisterol which was previously isolated from Spongionella

gracilis (Piccialli and Sica, 1987).




Table 106 The NMR data of N29 and cerevisterol in CDCl;
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N29 Cerevisterol”
Position ot oc M &
(mult., Jy,) (C-Type) (mult., Jiz) (C-Type)
1 1.66 (m) 32.96 (CHy) - 33.9 (CHyp)
2 a: 1.87 (m) 30.85 (CHy) - 32.6 (CHy)
b: 1.44 (m)

3 4.08 (m) 67.74 (CH) 4,08 (m) 67.6 (CH)
4  a:2.14 (dd, 12.0, 9.0)1 39.45 (CHy) |a:2.14(dd, 12.8,12.8) | 41.9 (CH,)
b: 1.78 (m) b: 1.78 (dd, 12.8, 4.9)

5 - 75.97 (C) - 76.2 (C)
6 3.63 (brs) 73.67 (CH) 3.63 (brs) 74.3 (CH)
7 5.35 (brd, 3.0) 117.54 (CH) 5.35 (brd, 4.9) 120.5 (CH)
8 - 144.01 (C) - 141.6 (C)
9 1.97 (m) 43,77 (CH) - 43.8 (CH)
10 - 1 37.15(C) - 38.1(C)
11 1.58 () 22.05 (CHy) - 22.5 (CHy)
12 a: 1.78 (m) 39.22 (CHy) - 40.0 (CHy)

b: 1.33 (m)

13 - 43,45 (C) - 43.8 (C)

14 1.92 (m) 54.76 (CH) - 55.3(CH)
15 1.55 (m) 22.89 (CHy) - 23.5(CHy)
16 1.26 (m) 29.69 (CHy) - 28.5 (CHy)
17 1.30 (m) 55.99 (CH) - 56.2 (CH)
i8 1.09 (s) 18.83 (CH3) 1.08 () 18.8 (CH3)
19 0.60 (s) 12.33 (CH3) 0.59 (s) 12.6 (CH3)
20 2.06 (m) 40.39 (CH) - 40.8 (CH)
21 1.02 (d, 9.0} 21.11 (CHs) 1.04 (d, 6.9) 21.5 (CHj)
22 5.16 (dd, 15.0,6.0) | 13537 (CH) | 5.15(dd, 14.8,7.9) | 136.2 (CH)
23 | 5.23(dd, 15.0,6.0) | 132.19(CH) | 5.20 (dd, 14.8,6.9) | 132.2 (CH)
24 1.87 (m) 42.81 (CH) - 43.2 (CH)
25 1.48 (m) 33.08 (CH) - 33.4 (CH)
26 0.82 (d, 6.0) 19.63 (CH») 0.82 (d, 6.9) 20.2 (CH3)
27 0.84 (d, 6.0) 19.95 (CHa3) 0.84 (d, 6.9) 19.9 (CH3)
28 0.91 (d, 9.0) 17.59 (CHj3) 0.91 (d, 6.9) 17.9 (CH3)

" Piccialli and Sica, 1987.




Table 107 The HMBC, COSY and NOE data of N29 in CDCl;
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Position HMBC COSY NOE
Hz-1 |- - -
Hpp2 1 C2. . Hz-1,H-3 -
H-3 | C-2,CH4 Hay-2, Hap-4 -
Ha-4 | C-3,C-5 - Me-18
Hp-4 |- - -
H-6 | C-5,C-7,C-8,C-10 H-7 H-7
H-7 | C-5,C-9,C-14 H-6, H-14 H-6
H-9 |- - -
H,-11 | C-8,C-9, C-10 H-9, Hg,-12 -
Ha-12 | C-13, C-19 - -
H-14 |- H-7, Hy-15 -
H,;-15 | C-8, C-13 H-14, Hy-16 -
H,-16 | - H,-15, H-17 -
H-17 {C-13,C-19, C-20 - -
Me-18 | C-1, C-5, C-9, C-10 - Ha-4
Me-19 | C-12, C-13,C-14, C-17 - -
H-20 | C-13 Me-21 Hp-12, Me-19,
- - Me-21
Me-21 | C-17, C-20, C-22 H-20 -
H-22 | C-20,C-21 H-20, H-23 -
H-23 | C-20, C-22, C-28 H-22, H-24 -
H-24 | C-22, C-23, C-25, C-26, C-27, C-28 | H-23, H-25, -
Me-28
H-25 | C-24, C-28 H-24, Me-26, -
Me-27
Me-26 | C-24, C-25 H-25 -
Me-27 | C-24, C-25 H-25 -
Me-28 | C-23, C-24, C-25 H-24 H-23

4.3.12 Compound N30

N30 was obtained as a white solid and melted at 311.2-311.8 °C. The
UV spectrum showed a maximum absorption band at Amax 258 nm. The IR spectrum
exhibited absorption bands at 1657 and 1622 em’! for lactam carbonyl groups. The 'H
NMR spectrum (Figure 78) (Table 108) showed only signals for cis-olefinic protons
[ 7.40 (d, J = 7.5 Hz, 1H) and 5.62 (d, J = 7.5 Hz, 1H)]. The C NMR spectrum
(Figure 79) (Table 108) displayed two carbonyls (& 164.98 and 151.18) and two
methine carbons (& 141.14 and 99.35). HMBC correlations (Table 108) of H-5 (Jq
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5.62)/C-4 (& 164.98) and C-6 (& 141.14) and those of H-6 (& 7.40)/C-2 (&
151.18), C-4 and C-5 (& 99.35) indicated that N30 was uracil which was previously
isolated from Tryblidiopycnis sp. (Huang ef al., 2006).

-0
|5 3sNH

1

N O
H

Table 108 The NMR data of N30 in CD30D and uracil in DMSO-dj

N30 Uracil®
Position S S HMBC &
(mult., Jiiz) (C-Type) (mult., Jy.)
1-NH - - - 11.03 (s)
2 - 151.18 - -
3-NH - - - 10.84 (brs)
4 - 164.98 - -
5 5.62 (d, 1.5) 99.35 C-4, C-6 5.44 (d, 1.0)
6 7.40(d, 7.5) 141.14 C-2,C-4,C-5 7.38 (d, 7.0)

? Huang and Liu, 2002.




PART V

CHEMICAL CONSTITUENTS FROM THE ENDOPHYTIC FUNGUS
XYLARIA SP. PSU-D14
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CHAPTER 5.1
INTRODUCTION

| .5..1.1 Infroduétion

Chemical constituents of the genus Xylaria are summarized in Table
59. The endophytic fungus Xylaria sp. PSU-D14 was isolated from the leaves of
Garcinia dulcis, collected in Songkhla Province, Thailand, in 2004. This fungus was
deposited as PSU-D14 at the Department of Microbiology, Faculty of Science, Prince
of Songkla University. The ethyl acetate extract from the culture broth of this
endophytic fungus exhibited antifungal activity against Candida albicans
ATCC90028 (CA) with the MIC value of 128 gg/ml.
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CHAPTER 5.2
EXPERIMENTAL

5.2.1 Fermentation and extraction

The fermentation and extraction was performed using the same
procedure as those of Botryosphaeria mamane PSU-M76. The crude EtOAc extracts
from the culture broth and mycelia were obtained in 650.0 mg and 140.0 mg,

respectively, both as a brown gum.

5.2.2 Purification of the broth extract

The broth extract showed many UV-active spbts on normal phase TLC
using 4% methanol in dichloromethane (2 runs) as a mobile phase. It was further
separated by column chromatography over Sephadex LH20 using 100% MeOH as
eluent. Fractions, which contained similar components, were combined and
evaporated to dryness under reduced pressure to give eight fractions, as shown in
Table 109,

Table 109 Fractions obtained from the broth extract by column chromatography
over Sephadex LH20

Fraction Fluent Weight (mg) Physical appearance

A 100% MeOH 4.6 Brown gum

B 100% MeOH 30.2 Brown gum

C 100% MeOH 204.3 Brown gum

D 100% MeOH 203.6 Brown gum mixed with yellow solid
E 100% MeOH 129.5 Brown gum mixed with yellow solid
F 100% MeOH 17.1 Yellow gum

G 100% MeOIH | 46.2 Brown solid

H 100% MeOH 13.1 Brown gum
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Fraction A showed no UV-active spots on normal phase TLC using 4% methanol in
dichloromethane (3 runs) as a mobile phase. Its 'H NMR spectrum displayed proton

signals at high field region. Thus, no attempted investigation was performed.

| Ffaéﬁori B .demdnstrate.d. a Ioﬁg fail | ﬁndér .UV-.S. using. 4% .nietha.nol 1n
dichloromethane (3 runs) as a mobile phase. In addition, its chromatogram showed
many spots after dipping the normal phase TLC in ASA reagent and subsequently
heating. It was further separated by column chromatography over Sephadex LH20
using 100% MeOH as eluent. All subfractions were examined by TLC, combined on
the basis of their chromatogram characteristics and then evaporated to dryness under

reduced pressure to afford three subfractions, as shown in Table 110.

Table 110  Subfractions obtained from fraction B by column chromatography over

Sephadex LH20
Subfraction Eluent Weight (ing) | Physical appearance
B1 100% MeOH 6.7 Brown gum
B2 100% MeOH 19.7 Brown gum
B3 . 100% MeOH 2.8 Brown gum

Subfraction B1 showed no UV-active spots on normal phase TLC
using 4% methanol in dichloromethane (2 runs) as a mobile phase and displayed no
spots after dipping the normal phase TLC in ASA reagent and subsequently heating.
Its 'H NMR spectrum displayed proton signals at high field region. Therefore, further

investigation was not conducted.

Subfraction B2 displayed many spots under UV-S on normal phase
TLC using 4% methanol in dichloromethane (2 runs) as a mobile phase and showed
many inseparable spots after dipping the normal phase TLC in ASA reagent and
subsequently heating. The 'H NMR data indicated that it contained many compounds.
Thus, it was not further purified.
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Subfraction B3 displayed no spots under UV-S on normal phase TLC
using 4% methanol in dichloromethane (2 runs) as a mobile phase and displayed a
long tail after dipping the normal phase TLC in ASA reagent and subsequently
heating. The 'H NMR spectrum demonstrated none of major components. Therefore,

further investigation was not performed.

Fraction C contained many spots under UV-S on normal phase TLC using 2%
methanol in dichloromethane (3 runs) as a mobile phase, It was further separated by
column chromatography over Sephadex LH20 using 100% MeOH as eluent, All
subfractions were examined by TLC, combined on the basis of their chromatogram
characteristics and then evaporated to dryness under reduced pressure to afford four

subfractions, as shown in Table 111,

Table 111  Subfractions obtained from fraction C by column chromatography over

Sephadex LH20
Subfraction Eluent Weight (mg) Physical appearance
Cl 100% MeOH 13.0 ~ Brown'gum
C2 100% MeOH 34.0 Brown gum
C3 100% MeOH 128 Brown gum mixed with yellow solid|
C4 100% McOH 27.6 Brown gum

Subfraction C1 showed no UV-active spots on normal phase TLC
using 4% methanol in dichloromethane (2 runs) as a mobile phase. The 'H NMR
spectrum displayed proton signals at high field region, Therefore, further investigation

was not performed.

Subfraction C2 displayed a long tail under UV-S on normal phase
TLC using 4% methanol in dichloromethane (2 runs) as a mobile phase and displayed
many spots after dipping the normal phase TLC in ASA reagent and subsequently
heating. Its '"H NMR spectrum showed none of major proton signals. Thus, it was not.
further purified,
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Subfraction C3 showed many UV-active spots on normal phase TLC
using 4% methanol in dichloromethane (2 runs) as a mobile phase. Further
purification by flash column chromatography over silica gel using a gradient system
of methanol-dichloromethane was performed. Subfractions, which contained similar
”cbn.l.pon.ents,. were combined and eVépofaféd to 'd'rynes's under reduced pressuré to

afford six subfractions, as shown in Table 112,

Table 112 Subfractions obtained from subfraction C3 by flash column

chromatography over silica gel

Subfraction Eluent Weight (mg) | Physical appearance
100% CH,Cl; -
C3-1 4.7 Yellow gum
1% MeOH/CH,Cl,
C3-2 1% MeOI/CH,Cl, 83 Yellow gum
C3-3 2-10% MeOH/CH,Cl, 28.7 Yellow gum
Yellow gum mixed
C3-4 10-40% MeOH/CH,Cl, 42.0 ‘ .
with yellow solid
G35 | 50-80% MeOH/CH,Cl 8.1 Yellow gum
C3-6 100% MeOH 38.6 Brown gum

Subfraction C3-1 showed no UV-active spots on normal phase TLC
using 4% methanol in dichloromethane (2 runs) as a mobile phase and showed no
definite spots after dipping the normal phase TLC in ASA reagent and subsequently
heating. Its '"H NMR spectrum showed none of major components. Thus, no

attempted separation was carried out.

Subfraction C3-2 showed a long tail under UV-S on normal phase
TLC using 4% methanol in dichloromethane (2 runs) as a mobile phase. When using
30% ethyl acetate in light petroleum (2 runs) as a mobile phase, the chromatogram
showed two spots after dipping the normal phase TLC in ASA reagent and
subsequently heating with the Ry values of 0.58 and 0.65. Further separation by

column chromatography over silica gel using a gradient system of ethyl acetate-light
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petroleum followed by a gradient system of methanol-ethyl acetate was performed.
Fractions, which contained similar components, were combined and evaporated to

dryness under reduced pressure to give three subfractions, as shown in Table 113,

Table 113 Subfractions obtained from subfraction C3-2 by column

chromatography over silica gel

Subfraction Eluent Weight (ing) | Physical appearance

10-30% EtOAc/Light

C3-2-1 0.6 Pale-yellow gum

’ petroleum
50% EtOAc/Light
C3-2-2 3.7 Yellow gum
petroleum - 100% EtOAc

2% MeOH/EtOAc -

C3-2-3 3.5 Yellow gum

100% MeOH

Subfraction C3-2-1 displayed no spots under UV-S on normal phase
TLC using 20% cthyl acetate in light petroleum (3 runs) as a mobile phase. According

to the appearance of proton signals at high field, it was not further investigated.

Subfraction C3-2-2 showed many spots after dipping the normal
phase TLC in ASA reagent and subsequently heating using 20% ethyl acetate in light
petroleum (3 runs) as a mobile phase. Its 'H NMR spectrum displayed none of major

components. Thus, no attempted separation was conducted.

Subfraction C3-2-3 displayed a long tail after dipping the normal
phase TLC in ASA reagent and subsequently heating using 20% ethyl acetate in light
petroleum (3 runs) as a mobile phase. Its 'H NMR spectrum showed none of major

components. Thus, no attempted separation was carried out.

Subfraction C3-3 showed many inseparable spots after dipping the
normal phase TLC in ASA reagent and subsequently heating using 50% ethyl acetate
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in light petroleum (2 runs) as a mobile phase, The '"H NMR data indicated that it

contained many compounds. Thus, it was not further purified.

- Subfraction C3-4 showed two spots with the Ry values of 0.08 and

0.35 after dipping the normal phase TLC in ASA reagent and subsequently heating
using 4% methanol in dichloromethane (2 runs) as a mobile phase. When using 50%
ethyl acetate in light petroleum (3 runs) as a mobile phase, the chromatogram showed
four spots with the Ry values of 0,08, 0.20, 0.30 and 0.58 after dipping the normal
phase TLC in ASA reagent and subsequently heating. Further separation by column
chromatography over silica gel using a gradient system of ethyl acetate-light
petroleum followed by a gradient system of methanol-ethyl acetate was performed.
Fractions, which contained similar components, were combined and evaporated to

dryness under reduced pressure to give three subfractions, as shown in Table 114.

Table 114 Subfractions obtained from subfraction C3-4 by column

chromatography over silica gel

Subfraction Eluent Weight (mg) | Physical appearance

30-80% EtOAc/Light
C3-4-1 3.1 Pale-yellow gum
petroleum
100% EtOAc -
C3-4-2 10.6 Yellow gum
60% MeOH/EtOAc
80% MeOH/EtOAc - . Yellow gum mixed
C3-4-3 23.2
100% MeOH with yellow solid

subfraction C3-4-1 showed no definite spots after dipping the normal
phase TLC in ASA reagent and subsequently heating using 60% ethyl acetate in light
petroleum (3 runs). Its '"H NMR data suggested none of major components, Thus, no

attempted investigation was carried out.

Subfraction C3-4-2 showed three spots with the Re values of 0.08,
0.20 and 0.30 after dipping the normal phase TLC in ASA reagent and subsequently
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heating using 60% ethyl acetate in light petroleum (3 runs). Its 'H NMR data
suggested that it contained sugars as major components. Thus, no attempted

investigation was performed.

Subfraction C3-4-3 displayed one major spot with the Ry value of 0.63
after dipping the normal phase TLC in ASA reagent and subsequently heating using
60% ethyl acetate in light petroleum (3 runs). The 'H NMR data indicated the
presence of a mixture of N33 and other components. Therefore, further investigation

was not conducted.

Subfraction C3-5 showed many inseparable spots after dipping the
normal phase TLC in ASA reagent and subsequently heating using 4% methanol in
dichloromethane (2 runs) as a mobile phase. Its '"H NMR spectrum displayed none of

major components, Thus, further purification was not conducted.

Subfraction C3-6 demonstrated a long tail after dipping the normal
phase TLC in ASA reagent and subsequently heating using 4% methanol in
dichloromethane (2 runs) as a mobile phase. When using 70% ethyl acetate in light
petroleum (6 runs) as a mobile phase, the chromatogram showed many spots after
dipping the normal phase TLC in ASA reagent and subsequently heating. Further
separation by column chromatography over silica gel using a gradient system of ethyl
acetate-light petroleum followed by a gradient system of methanol-ethyl acetate was
performed. Fractions, which contained similar components, were combined and
- evaporated to dryness under reduced pressure to obtained three subfractions, as shown
in Table 1185.
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Table 115 Subfractions obtained from subfraction C3-6 by column

chromatography over silica gel

Subfraction Eluent Weight (mg) | Physical appearance
C3-6-1 petroleum - 23.0 Pale-yellow gum
10% MeOH/EtOAc
C3-6-2 30-70% MeOH/EtOAc 5.7 Yellow gum
C3-6-3 100% MeOH 5.6 Yellow gum

Subfraction C3-6-1 displayed many spots after dipping the normal
phase TLC in ASA reagent and subsequently heating using 70% ethyl acetate in light
petroleum (2 runs). The 'H NMR data indicated the presence of a mixture of N33 and

other components. Therefore, further investigation was not carried out.

Subfraction C3-6-2 displayed one major spot with the Ry value of 0.60
after dipping the normal phase TLC in ASA reagent and subsequently heating using
70% ethyl acetate in light petroleum (2 runs). The 'H NMR data indicated the
presence of N33 as a major component. Therefore, further investigation was not

conducted.

Subfraction C3-6-3 displayed a long tail after dipping the normal
phase TLC in ASA reagent and subsequently heating using 70% ethyl acetate in light
petroleun (2 runs). Its '"H NMR spectrum displayed none of major components,

Therefore, further investigation was not performed.

Subfraction C4 showed many UV-active spots on normal phase TLC
using 4% methanol in dichloromethane (2 runs) as a mobile phase and showed many
spots after dipping the normal phase TLC in ASA reagent and subsequently heating.

Therefore, further investigation was not conducted.
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Fraction D demonstrated many spots under UV-S on normal phase TLC using 2%
methanol in dichloromethane (3 runs) as a mobile phase. It was further separated by
column chromatography over Sephadex LH20 using 100% MeOH as eluent. All
subfractions were examined by TLC, combined on the basis of their chromatogram
characteristics and then evaporated to d.rynéss”llmlc.ler”r.edﬁ.ce.d. pre.s“suré.to afford four

subfractions, as shown in Table 116,

Table 116 Subfractions obtained from fraction D by column chromatography over

Sephadex LH20
Subfraction Eluent Weight (mg) Physical appearance
D1 100% MeOH 6.9 Brown gum
D2 100% MeOH 62.1 Brown gum
D3 100% MeOH 128.0 Brown gum mixed with yellow solid
D4 100% MeOH 5.1 Brown gum mixed with yellow solid

Subfraction D1 showed no spots after dipping the normal phase TLC
in ASA reagent and subsequently heating using 2% methanol in dichloromethane (2
runs) as a mobile phase. Its 'H NMR spectrum displayed none of major components.

Thus, no attempted investigation was performed.

Subfraction D2 showed many spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 2% methanol in
dichloromethane (2 runs) as a mobile phase. Further purification by column
chromatography over silica gel using a gradient system of methanol-dichloromethane
was performed. Subfractions, which contained similar components, were combined
and evaporated to dryness under reduced pressure to afford three subfractions, as
shown in Table 117.
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Table 117 Subfractions obtained from subfraction D2 by column chromatography

over silica gel

Subfraction Eluent Weight (mg) | Physical appearance
100% CHyClI, -
D2-1 10.7 Yellow gum
10% MeOH/CH,Cl,
Yellow gum mixed
D2-2 20-80% MeOH/CH,Cl, 34.2 )
with yellow solid

D2-3 100% MeOH 16.0 Yellow gum

Subfraction D2-1 showed many spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 2% methanol in
dichloromethane (2 runs) as a mobile phase. The 'H NMR data indicated that it

contained many compounds. Thus, further purification was not conducted.

Subfraction D2-2 displayed many spots after dipping the normal
phase TLC in ASA reagent and subsequently heating using 2% methanol in
dichloromethane (2 runs) as a mobile phase. The 'H NMR data indicated the presence
of a mixture of N33 and other components. Therefore, further investigation was not

performed.

Subfraction D2-3 displayed a long tail after dipping the normal phase
TLC in ASA reagent and subsequently heating using 2% methanol in
dichloromethane (2 runs) as a mobile phase. Its 'H NMR spectrum displayed none of

major components. Therefore, further investigation was not performed.

Subfraction D3 showed many spots after dipping the normal phase
TLC in ASA reagent and subscquently heating using 2% methanol in
dichloromethane (2 runs) as a mobile phase. Further purification by column
chromatography over silica gel using a gradient system of methanol-dichloromethane

was performed. Subfractions, which contained similar components, were combined
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and evaporated to dryness under reduced pressure to afford six subfractions, as shown

in Table 118.

Table 118 Subfractions obtained from subfraction D3 by column chromatography

over s.ilica gei
Subfraction Eluent Weight (mg) | Physical appearance
100% CH,Cl; - :
D3-1 16.3 Yellow gum
2% MeOH/CH,Cl,
D3-2 2-8% MeOH/CH,Cl, 27.8 Yellow solid
D3-3 10-12% MeOH/CH,ChL 36.9 Yellow gum
D3-4 15-20% MeOH/CH,Cl, 24.5 Yellow solid
D3-5 20-40% MeOH/CH,Cl, 7.5 Yellow solid
40% MeOH/CHCl, -
D3-6 14.7 Brown gum
100% MeOH

Subfraction D3-1 showed many spots after dipping the normal phase

TLC in ASA reagént and subsequently heating using 100% dichloromethane (4 runs)

as a mobile phase. The 'H NMR data indicated that it contained many components.

Thus, further purification was not pursued.

Subfraction D3-2 (N33) melted at 187.5-188.0 °C and showed one

spot with the R¢ value of 0.43 after dipping the normal phase TLC in ASA reagent and

subsequently heating using 100% dichloromethane (2 runs) followed by.2% methanol

in dichloromethane (2 runs) as mobile phases.

[ Of] D27

FT'IR (neat) Vcn\_l

'H NMR (CDCl3+CD30D) (& ppm)

(300 MIz)

-60.56 (¢ =0.19, MeOH)
3415 (O-H stretching), 1715 and 1709 (C=0
stretching), 1564 (C=C stretching)

- 9.65 (s, 1H), 6.06 (brd, J = 2.4 Hz, 1H), 4.07

(d, J=11.1 Hz, 1H), 3.30 (d, J = 11.1 Hz,
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1H), 2.40 (m, 1H), 2.38 (m, 1H), 2.13 (f, J =
13.5 Hz, 1H), 2.10 (m, 1H), 2.03 (m, 1H),
2.02 (m, 1H), 1.96 (m, 1H),1.94 (dd, J =
12.3, 4.5 Hz, 1H), 1.83 (m, 1H), 1.56 (dd, J =
13.5, 6.0 Hz, 1H), 1.25 (m, 1H), 1.20 (¢, J =
12.6 Hz, 1H), 1.04 (d, J = 6.9 Hz, 3H), 1.00
(m, 1H), 0.99 (d, J = 6.6 Hz, 3H), 0.82 (d, J =

6.6 Hz, 3H)
BC NMR (CDCL+CD:0D) (Sppm)  206.44, 177.62, 148.69, 130.62, 75.25, 66.49,
(75 MHz) 66.22, 59.11, 47.68, 41.21, 31.99, 3116,
| 29,84, 27.81, 27.60, 26.50, 22.49, 20.98,
17.21
DEPT (135°) (CDCI3+CD;0D) CH : 206.44, 130.62, 47.68, 41.21, 41.19, 31.16,
27.60

CH,: 66.49,31.99, 29.84, 27.81, 26.50
CHy: 22.49,20.98, 17.21
EIMS m/z (% relative intensity): 332 (24), 314 (37), 301 (39), 284 (100), 256
(43), 241 (45), 166 (55), 147 (62), 121 (47)

Subfraction D3-3 showed many spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 100% dichloromethane (2 runs)
followed by 2% methanol in dichloromethane (2 runs) as mobile phases. Its 'H NMR
data suggested that it contained a mixture of sugars and N33. Therefore, it was not

further separated.

Subfraction D3-4 showed three spots with the R¢ values of 0.08, 0.15
and 0.35 after dipping the normal phase TLC in ASA reagent and subsequently
heating using 100% dichloromethane (2 runs) followed by 2% methanol in
dichloromethane (2 runs) as mobile phases. Further purification by column
chromatography over silica gel using a gradient system of methanol-dichloromethane

was performed, Subfractions, which contained similar components, were combined
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and evaporated to dryness under reduced pressure to afford four subfractions, as

shown in Table 119.

Table 119 Subfractions obtained from subfraction D3-4 by column

chromato graphy over silica .gé.l. |

Subfraction Eluent Weight (mg) | Physical appearance
100% CH,CI; - '
D3-4-1 1.0 Yellow gum
2% MeOH/CH,Cl,
D3-4-2 2-8% MeOH/CH,Cl, 4.8 Yellow solid
D3-4-3 10-12% MeOH/CH,Cly 12.1 Yellow solid
D3-4-4 15-20% MeOH/CH,Cl, 58 Yellow solid

Subfraction D3-4-1 showed no spots after dipping the normal phase

TLC in ASA reagent and subsequently heating using 5% methanol in

dichloromethane (5 runs) as a mobile phase. Its '"H NMR data suggested that it

contained sugars as major components. Thus, further purification was not performed.

Subfraction D3-4-2 (N34) melted at 103.1-103.6 °C and showed one
spot with the Ry value of 0.07 after dipping the normal phase TLC in ASA reagent and

subsequently heating using 5% methanol in dichloromethane (5 runs) as a mobile

phase.

UV(MeOH) A nm (log &)
FT-IR (neat) V.

'H NMR (Acetone-ds) (5 ppm)
(500 MHz)

+26.57 (¢ = 0.36, McOH)

220 (3.45), 281 (2.95)

3348 (O-H stretching), 1609 and 1588 (C=C
stretching)

7.07 (¢, J=17.5 Hz, 111), 6.71 (dd, J="1.5, 1.5 Hz,
1H), 6.70 (dd, J=17.5, 1.5 Hz, 1H), 499 (d, J =
11.0 Hz, 1H), 4.93 (d, J= 4.0 Hz, 1H), 4.61 (4, J
= 11.0 Hz, 1H), 3.82 (dd, J = 12.0, 2.5 Hz, 1H),




215

3.70 (mm, 1H), 3.69 (dd, J = 12.0, 6.0 Hz, 1H),
3.61 (t, /=9.0 Hz, 1H), 3.42 (dd, J= 9.0, 4.0 Hz,
1H), 3.36 (¢, J= 9.0 Hz, 1H), 2.68 (dd, J = 14.0,
7.5 Hz, 1H), 2.62 (dd, J = 14.0, 7.5 Hz, 1H), 1.58
(sexiet; J=17.5Hz, 2H); 0.96 (t,' J=17.5Hz, 3H) N
BC NMR (Acetone-ds) (8 ppm) 157.88, 143.97, 129.67, 122,43, 121.72, 114.82,
(125 MHz) 99.56, 75.32, 73.74, 73.35, 71.87, 63.41, 62.90,
35.83,25.69, 14.35
| DEPT (135°) (Acetone-ds) CH : 129.67, 114.82, 99.56, 75.32, 73.74, 73.35, 71.87
CH,: 63.41, 62.90, 35.83, 25.69
CHs: 14.39
FAB m/z (% relative intensity): 328 (1), 297 (12), 149 (100), 133 (21), 121 (34)

Subfraction D3-4-3 showed three spots with the R¢ values of 0.07,
0.15 and 0.40 after dipping the normal phase TLC in ASA reagent and subsequently
heating using 5% methanol in dichloromethane (5 runs) as a mobile phase. Further
separation by column chromatography over Sephadex LH20 using 100% MeCH as
eluent was performed. All subfractions were examined by TLC, combined on the
basis of their chromatogram characteristics and then evaporated to dryness under

reduced pressure to afford three subfractions, as shown in Table 120,

Table 120 Subfractions obtained from subfraction D3-4-3 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) | Physical appearance
D3-4-31 100% MeOH 1.3 Yellow solid
D3-4-32 100% MeOH 79 Pale-yellow solid
D3-4-33 100% MeOH 27 Yellow solid

Subfraction D3-4-31 showed no spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 70% ethyl acetate in light
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petroleum (3 runs) as a mobile phase. Its 'H NMR spectrum displayed none of major

components. Thus, further purification was not performed.

Subfraction D3-4-32 showed two spots with the Ry values of 0.07 and
©0.15 after dlpplng the normal plha'se'TL'C in ASA reagerit and subsequently heating
using 70% ethyl acetate in light petroleum (3 runs) as a mobile phase, Further
separation by column chromatography over Sephadex LH20 using 100% MeOH as
eluent was performed. All subfractions were examined by TLC, combined on the
basis of their chromatogram characteristics and then evaporated to dryness under

reduced pressure to afford three subfractions, as shown in Table 121,

Table 121 Subfractions obtained from subfraction D3-4-32 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) | Physical appearance
D3-4-321 100% MeOH 1.6 White solid
D3-4-322 100% MeOH 5.6 Yellow solid
D3-4-323 100% MeOH 0.6 Yellow gum

Subfraction D3-4-321 showed no spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 80% ethyl acetate in light
petroleum (3 runs) as a mobile phase. Its "H NMR spectrum displayed none of major

components, Thus, further purification was not conducted.

Subfraction D3-4-322 showed three UV-active spots on normal phase
TLC with the R¢ values of 0.15, 0.28 and 0.43 using 80% ethyl acetate in light
petroleum (3 runs) as a mobile phase. Further purification by precoated TLC with

70% ethyl acetate in light petroleum as a mobile phase (6 runs) afforded three bands.

Band 1 was obtained as a white solid (1.2 mg), which showed one spot
under UV-S on notmal phase TLC with the Ry value of 0.38 using 70% ethyl acetate
in light petroleum as a mobile phase (6 runs). The 'H NMR data suggested that it was

a mixture, Because of the minute amount, it was not further investigated.
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Band 2 was obtained as a yellow solid (1.7 mg), which showed one spot
under UV-S on normal phase TLC with the Ry value of 0.20 using 70% ethyl acetate in
light petroleum as a mobile phase (6 runs). Its 'H NMR spectral data indicated that it was

N34.

Band 3 (N35) was obtained as a white solid (1.5 mg), which melted at
103.4-104.1 °C and showed one spot under UV-S on normal phase TLC with the Rr

value of 0.15 using 70% ethyl acetate in light petroleum as a mobile phase (6 runs).

[ a] D27

UV(MeOH) Amax nm (log &)

FT-IR (neat) Ve

'H NMR (Acetone-ds) (6 ppm)
(500 MHz)

B¥C NMR (Acetone-ds) (8 ppm)
(125 MHz)

DEPT (135°) (Acetone-ds) CH :
CHg .

CH3 :
EIMS mi/z (% relative intensity):

+35.40 (¢ = 0.20, MeOH)
217 (4.53), 276 (3.87)

3344 (O-H stretching), 1602 and 1584 (C=C
stretching)

7.17 (dd, J = 8.5, 2.0 Hz, 1H), 7.13 (¢, J = 8.5,
Hz, 1H), 6.87 (dd, J= 8.5, 2.0 Hz, 1H), 5.35 (d, J
= 4.0 He, 1H), 4.79 (d, J = 12.0 Hz, 1H), 4.56 (d,
J=12.0 Hz, 1H), 3.91 (d, J = 9.5 Hz, 1H), 3.84
(dd, J = 11.5, 2.0 Hz, 1H), 3.80 (m, 1H), 3.73
(dd, J=11.5, 5.5 Hz, 1H), 3.59 (dd, J = 9.5, 4.0
Hz, 1H), 3.48 (t, J = 9.5 Hz, 1H), 2.70 (¢, J= 7.5
Hz, 2H), 1.58 (m, 2H), 0.95 (¢, J= 7.5 Hz, 3H)
156.86, 140.91, 128.61, 127.31, 122.73, 112.62,
98.99, 73.30, 72.67, 71.70, 69.69, 60.86, 54.73,
33.96, 24.04, 12.35

127.31, 122,73, 112.62, 98.99, 73.30, 72.67,
71.70, 69.69

60.86, 54.73, 33.96, 24.04

12.35

328 (1), 166 (35), 148 (100), 133 (11)
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Subfraction D3-4-323 appeared as a long tail after dipping the normal
phase TLC in ASA reagent and subsequently heating using 80% ethyl acetate in light
petroleum (3 runs) as a mobile phase. Because of low quantity, it was not further

isolated.

Subfraction D3-4-33 showed no definite spots after dipping the
normal phase TLC in ASA reagent and subsequently heating using 70% ethyl acetate
in light petroleum (3 runs) as a mobile phase. Its 'H NMR spectrum displayed none of

major components. Thus, no further investigation was carried out.

Subfraction D3-4-4 showed many inseparable spots after dipping the
normal phase TLC in ASA reagent and subsequently heating using 5% methanol in
dichloromethane (5 runs) as a mobile phase. Its "H NMR spectrum displayed none of

major components. Therefore, further investigation was not conducted.

Subfraction D3-5 showed many spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 100% dichloromethane (2 runs)
folfowed by 2% methanol in dichloromethane (2 runs) as mobile phases. The 'H
NMR spectral data and chromatogram on normal phase TLC indicated the presence of

a mixture of N33 and other components, Therefore, it was not further separated.

Subfraction D3-6 showed many spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 100% dichloromethane (2 runs)
followed by 2% methanol in dichloromethane (2 runs) as mobile phases. Its 'H NMR
spectrum showed none of major components. Thus, no attempted investigation was

carried out.

Subfraction D4 showed one major spot with the Ry value of 0.13 after
dipping the normal phase TLC in ASA reagent and subsequently heating using 2%
methanol in dichloromethane (2 runs) as a mobile phase. The '"H NMR data indicated
the presence of N33 as a major component. Therefore, further investigation was not

conducted.
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Fraction E showed many spots after dipping the normal phase TLC in ASA reagent
and subsequently heating using 4% methanol in dichloromethane (3 runs) as a mobile
phase, It was further separated by column chromatography over Sephadex LH20

using 100% MeOH as eluent. Subfractions, which contained similar components,
 were combined and eQapdréted to dryhesé under reduced .préés.ure to givé three

subfractions, as shown in Table 122,

Table 122  Subfractions obtained from fraction E by column chromatography over

Sephadex LH20
Subfraction Eluent Weight (mg) ; Physical appearance
El 100% MeOH 3.8 Brown gum
Brown gum mixed with
E2 100% MeOH 104.5
yellow solid
E3 100% MeOH 20.5 Brown gum

Subfraction £1 showed no definite spots after dipping the normal
phase TLC in ASA reagent and subsequently heating using 100% dichloromethane (2
runs) as a mobile phase. Its 'H NMR spectrum displayed none of major components.

Thus, further purification was not performed.

Subfraction E2 displayed many spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 4% methanol in
dichloromethane (2 runs) as a mobile phase. Further separation by column
chromatography over silica gel using a gradient system of methanol-dichloromethane
was performed. Fractions, which contained similar components, were combined and
evaporated to dryness under reduced pressure to give three subfractions, as shown in
Table 123.
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Table 123 Subfractions obtained from subfraction E2 by column chromatography

over silica gel

Subfraction Eluent Weight (mg) | Physical appearance
100% CH,Cl, -

E2-1 8.4 Yellow gum
20% MeOH/CH,Cl»

E2-2 30-60% MeOH/CH,Cl, 15.4 Yellow gum
70% MeOH/CH,Cl; -

E2-3 68.5 Yellow gum

100% MeOH

Subfraction E2-1 showed no spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 4% methanol in
dichloromethane (3 runs) as a mobile phase. Its "H NMR spectrum displayed none of

major components, Therefore, further investigation was not conducted.

Subfraction E2-2 showed one major spot with the Ry value of 0.43
after dipping the normal phase TLC in ASA reagent and subsequently heating using
4% methanol in dichloromethane (3 runs) as a mobile phase. The 'H NMR spectral
data and chromatogram on normal phase TLC indicated the presence of a mixture of

N33 and other components, Therefore, it was not further separated.

Subfraction E2-3 showed one major spot with the Ry value of 0.43
after dipping the normal phase TLC in ASA reagent and subsequently heating using
4% methanol in dichloromethane (3 runs) as a mobile phase. It was further separated
by column chromatography over Sephadex LH20 using 100% MeOH as eluent. All
subfractions were examined by TLC, combined on the basis of their chromatogram
characteristics and then evaporated to dryness under reduced pressure to afford three

subfractions, as shown in Table 124.
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Table 124 Subfractions obtained from subfraction E2-3 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) | Physical appearance
e e — o gum B
E2-32 100% MeOH 23.1 Yellow gum
E2-33 100% MeOH 354 Yellow gum

Subfraction E2-31 showed one major spot with the Ry value of 0.20
after dipping the normal phase TLC in ASA reagent and subsequently heating using
20% ethyl acetate in light petroleum (3 runs) as a mobile phase. The 'H NMR spectral
data and chromatogram on normal phase TLC indicated the presence of N33 as a

major component. Therefore, it was not further separated.

Subfraction E2-32 showed a long tail after dipping the normal phase
TLC in ASA reagent and subsequently heating using 20% ecthyl acetate in light
petroleum (3 runs) as a mobile phase. The 'H NMR spectral data and chromatogram
on normal phase TLC indicated the presence of a mixture N33, N34 and other

components, Therefore, it was not further investigated.

Subfraction E2-33 showed many inseparable spots after dipping the
normal phase TLC in ASA reagent and subsequently heating using 20% ethyl acetate
in light petroleum (3 runs) as a mobile phase. Its 'H NMR spectrum displayed none of

major components. Thus, no attempted separation was performed.

Subfraction E3 displayed a long tail after dipping the normal phase
TLC in ASA reagent and subsequenily heating using 4% methanol in
dichloromethane (2 runs) as a mobile phase, When using 40% ethyl acetate in light
petroleum as a mobile phase, the chromatogram showed many spots after dipping the
normal phase TLC in ASA reagent and subsequently heating. Further separation by
column chromatography over silica gel using a gradient system of ethyl acetate-light

petroleum followed by a gradient system of methanol-ethyl acetate was performed.
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Subfractions, which contained similar components, were combined and evaporated to

dryness under reduced pressure to give three subfractions, as shown in Table 125.

Table 125 Subfractions obtained from subfraction E3 by column chromatography

over silica gel

Subfraction Eluent Weight (mg)| Physical appearance

20-50% EtOAc/Light

E3-1 4.1 Yellow gum

petroleum
70% EtQAc/Light petroleum

E3-2 3.6 Yellow gum
- 20% MeOH/EtOAc
30% MeOH/EtOAc -

E3-3 11.0 Yellow gum

100% MeOH

Subfraction I3-1 showed one spot with the Rr value of 0.60 after
dipping the normal phase TLC in ASA reagent and subsequently heating using 20%
ethyl acetate in light petroleum as a mobile phase. The 'H NMR spectrum showed
none of major proton signals, Because of the minute amount, it was not further

investigated.

Subfraction E3-2 showed one spot with the R¢ value of 0.48 after
dipping the normal phase TLC in ASA reagent and subsequently heating using 20%
ethyl acetate in light petroleum as a mobile phase. The 'H NMR data indicated that it

contained many compounds, Thus, it was not further purified.

Subfraction E3-3 showed one major spot with the Ry value of 0.10
after dipping the normal phase TLC in ASA reagent and subsequently heating using
20% ethyl acetate in light petroleum as a mobile phase. The 'H NMR spectral data
indicated ‘the presence of N33 as a major component. Therefore, it was not further

separated.
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Fraction F showed one major UV-active spot with the R¢ value of 0.63 on normal
phase TLC using 4% methanol in dichloromethane (3 runs) as a mobile phase. The 'H
NMR data indicated the presence of N36 as a major component. Thus, no attempted

investigation was performed.

Fraction G (N36) melted at 44.7-45.3 °C and showed one UV-active spot on normal
phase TLC with the Ry value of 0.63 using 4% methanol in dichloromethane (3 runs)

as a mobile phase.

[alp?’ +11.00 (¢ = 0.19, CH,Cly)

UV(MeOH) Ay nm (log &) 221 (4.92), 271 (4.72), 345 (4.28)
3060 (O-H stretching), 1648 (C=0
stretching), 1580 (C=C stretching)
'H NMR (CDCl3+CD;0D) (8 ppm) 11.71 (s, 1H), 7.35 (+, J = 9.0 Hz, 1H), 6.49
(300 MHz) (d, J= 9.0 Hz, 1H), 6.43 (d, J= 9.0 Hz, 1H),
4,57 (m, 1H), 2.75 (dd, J = 18.0, 12.0 Hz,
1H), 2.66 (dd, J = 18.0, 3.0 Hz, 1H), 1.51 (d,

FT-IR (neat) Vem-)

J=6.0 Hz, 3H)
B NMR (CDCl+CD;0D) (Sppm)  198.57, 161.68, 138.18, 109.07, 107.38,
(75 MHz) 73.80, 43.75, 20.72
DEPT (135°) (CDCL+CD;0D) CH : 138.18, 109.07, 107.38, 73.80
CH,: 43.75
CHs: 20.72

Fraction H showed many UV-active spots on normal phase TLC using 100%
dichloromethane (2 runs) as a mobile phase. Further separation by column
-chromatography over Sephadex LH20 using 100% MeOH as eluent was performed.
_Subfractions, which contained similar components, were combined and evaporated to

dryness under reduced pressure to give three subfractions, as shown in Table 126,
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Table 126 Subfractions obtained from fraction H by column chromatography over

Sephadex L.LH20
Subfraction | Eluent Weight (mg) Physical appearance
H1 100% MeOH 14 Brown gum
H2 100% MeOH 5.0 Yellow gum
H3 100% MeOH 7.0 Brown-orange gum

Subfraction H1 showed many UV-active spots on normal phase TLC
using 100% dichloromethane (3 runs) as a mobile phase. The 'H NMR data suggested

that it was a mixture. Because of the minute amount, it was not further investigated.

Subfraction H2 showed many UV-active spots on normal phase TLC
using 100% dichloromethane (3 runs) as a mobile phase. The 'H NMR data suggested

that it was a mixfure of N15 and other components, Thus, it was not further purified.

Subfraction H3 showed no UV-active spots on normal phase TLC
using 100% dichloromethane (3 runs) as a mobile phase and showed no definite spots
after dipping the normal phase TLC in ASA reagent and subsequently heating. The "H
NMR spectrum showed none of major components. Thus, no further investigation

was pursued.
5.2.3 Purification of the mycelial extract

The crude extract showed many UV-active spots on normal phase
TLC using 4% methanol in dichloromethane (2 runs) as a mobile phase. It was
separated by column chromatography over Sephadex LH20 using 100% MeOH as
eluent. All fractions were examined by TLC, combined on the basis of their
chromatogram characteristics and then evaporated to dryness under reduced pressure

to give four fractions, as shown in Table 127.
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Table 127 Fractions obtained from the myecelial extract by column

chromatography over Sephadex LH20

Fraction Eluent Weight (mg) Physical appearance
o YT B e B Browngum N
MB 100% MeOH 41.5 Brown gum

Brown gum mixed with
MC 100% MeOH 50.7
brown solid
MD 100% MeOH 14.6 Brown gum

Fraction MA displayed a long tail after dipping the normal phase TLC in ASA
reagent and subsequently heating using 6% methanol in dichloromethane (3 runs) as a
mobile phase. The 'H NMR data indicated that the major components might be a

mixture of long chain hydrocarbons, Therefore, it was not further investigated.

Fraction MB showed many definite spots after dipping the normal phase TLC in
ASA reagent and subsequently heating using 6% methanol in dichloromethane (3
runs) as a mobile phase. Its '"H NMR spectral data indicated the presence of N33 as a

major component. Therefore, further investigation was not conducted,

Fraction MC showed four spots with the Ry values of 0.20, 0.25, 0.35 and 0.85 after
dipping the normal phase TLC in ASA reagent and subsequently heating using 6%
methanol in dichloromethane (3 runs) as a mobile phase. This fraction was separated
by column chromatography over silica gel using a gradient system of methanol-
dichloromethane. All subfractions were examined by TLC, combined on the basis of
their chromatogram characteristics and then evaporated to dryness under reduced

pressure to give three subfractions, as shown in Table 128.
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Table 128 Subfractions obtained from fraction MC by column chromatography

over silica gel

Subfraction|  Wluent | Weight (mg) | Physical appearance
. 100% CHxCl; -

MC-1 8.5 Yellow gum

10% MeOH/CH,Cl;
MC-2 10% MeOH/CH,Cl, 9.7 Yellow gum
10-40% Brown gum mixed with
MC-3 28.5
MeOH/CH,Cl, brown solid

Subfraction MC-1 showed no spots after dipping the normal phase
TLC in ASA reagent and subsequently heating using 100% dichloromethane followed
by 2% methanol in dichloromethane as mobile phases. Its 'H NMR spectrum

displayed proton signals at high field region. Therefore, it was not further purified.

Subfraction MC-2 displayed many spots after dipping the normal
phase TLC in ASA reagent and subsequently heating using 100% dichloromethane
followed by 2% methanol in dichloromethane as mobile phases. Its 'H NMR
spectrum showed none of major components. Thus, no attempted investigation was

carried out.

Subfraction MC-3 showed many definite spots after dipping the
normal phase TLC in ASA reagent and subsequently heating using 4% methanol in
dichloromethane (3 runs) as a mobile phase. Its 'H NMR spectral data indicated the

presence of N33 as a major component. Therefore, it was not further investigated.

Fraction MD showed many definite spots after dipping the normal phase TLC in
ASA reagent and subsequently heating using 6% methanol in dichloromethane (3
runs) as a mobile phase. The 'H NMR data indicated that it was a mixture of N33 and

other components. Thus, no attempted investigation was performed.




CHAPTER 5.3
'RESULTS AND DISCUSSION

Two new cohipouhds”(N34 and N35) were isolated from the broth
extract together with two known compounds (N33 and N36). The structures were

identified by spectroscopic methods.
5.3.1 Compound N33

N33 was obtained as a yellow solid and melted at 187.5-188.0 °C. The
UV spectrum showed no absorption bands in the region of 200-400 nm. The IR
spectrum showed absorption bands at 3415 em™ for a hydroxyl group and 1715 and
1709 ¢cm™ for carbonyl groups. The molecular formula CaoHa304 was deduced from
the HREI-MS. The 'H NMR spectrum (Figure 81) (Table 129) showed characteristic
signals of one aldehyde proton (& 9.65, s, 1H), one olefinic proton of a trisubstituted
alkene (& 6.06, brd, J = 2.4 Hz, 1H), one oxymethylene group [d4 4.07 (d J=11.1
Hz, 1H) and 3.30 (d, J = 11.1 Hz, 1H)], four methine protons [dy 2.39 (m, 1H), 2.06
(m, 1H), 2.03 (m, 1H) and 1.83 (m, 1H)], four methylene groups [& 2.13 (¢, J = 13.5
Hz, 11), 2.05 (m, 1H), 1,96 (m, 111), 1.94 (dd, /= 12.3 and 4.5 Hz, 1H), 1.56 (dd, J=
13.5 and 6.0 Hz, 1H), 1.25 (m, 1H), 1.20 (#, J = 12.6, 1H) and 1.02 (m, 1H)], one
isopropyl side chain [ 2.38 (m, 1H), 1.04 (4, J = 6.9 Hz, 3H) and 0.99 (d, J = 6.6
Hz, 3H)] and one secondary methyl group (& 0.82, d, J = 6.6 Hz, 1H). An aldehyde
carbonyl resonance at (Sc 206.44 in the ®C NMR spectrum (Figure 82) (Table 129)
supported the 'H NMR data, In addition, its ¥C NMR spectrum showed one
carboxylic (& 177.62), four quaternary (& 148.69, 75.25, 66.22 and 59.11), six
methine (& 130.62, 47.68, 41.21, 31.16, 41.19 and 27,60), five methylene (& 66.49,
31.99, 29.84, 27.81 and 26.50), three methyl (& 22.49, 20.98 and 17.21) carbons.
These evidence suggested that N33 has a unique tetracyclic diterpene core containing
a norbornene- system (Chiba et al., 2006). HMBC correlations (Table 130) of the
methine proton (& 2.38, H-14) of the isopropyl unit/C-2 (& 130.62) and C-18 (&
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177.62) and those of the olefinic proton (& 6.06, H-2) of the trisubstituted alkene/C-4
(& 29.84), C-6 (& 75.25), C-7 (& 66.22), C-14 (& 27.60) and C-18 established the
attachment of the isopropyl group at C-1 (& 148.69) and carboxylic acid at C-6. The
~aldehyde proton (& 9.65, H-17) and the hydroxymethylene protons (&g 4.07 and 3.30,
Hap-19) were located at C-5 (& 59.11) and C-7, respectively, on the basis of >J
HMBC correlations of H-17/C-4, C-5 and C-13 (& 41.19) and those of Hg,-19/C-3
(& 47.68), C-6 and C-8 (& 27.81). The methyl group (& 0.82, Me-20) was attached
at C-10 on the basis of HMBC correlations of the methyl protons with C-9 (& 41.21),
C-10 (& 31.16) and C-11 (& 31.99). Enhancement of H-13 (& 2.03) and Me-20
signals were not Vobserved when H-9 (& 1.83) was irradiated in the NOEDIFF
experiment (Table 130), indicating frans relationship of H-9/H-13 and H-9/Me-20.
The observed optical rotation of N33 ([a]p”’ -60.56, ¢ = 0.19, MeOH) was almost
identical to that of sordaricin ([a]p -58.40, ¢ = 0.19, MeOH) (Mander and Thomson,
2005), indicating that they possessed the same absolute configuration. Therefore, N33
was sordaricin, which was previously isolated from Podospora pleiospora (Weber et

al., 2005).

17

Table 129 The NMR data of N33 in CDCl3+CD30D and sordaricin in pyridine-ds

N33 Sordaricin®
Position o & M &

(mult., Juz) (C-Type) (mult., Juz) (C-Type)
1 - 148.69 (C) - 148.9 (C)
2 6.06 (brd, 2.4) 130.62 (CH) 6.13 (d, 3.1) 130.9 (CH)
3 2.40 (m) 47.68 (CH) 2.97 (1, 3.8) 47.1 (CH)
4 |a: 1.94 (dd, 12.3, 4.5)| 29.84 (CH) | a: 1.95 (m) 32.4 (CHy)

b: 1.20 (¢, 12.6) b: 1.48 (d,12.5)




Table 129 Continued
N33 Sordaricin®
Position & & & &
(muit., Jiiz) (C-Type) (mult., Jiz) (C-Type)
B R SR TN R T Y Y G
6 - 75.25(C) - 67.5 (C)
7 - 66.22 (C) - 66.9 (C)
8 [a:2.13(1, 13.5) 27.81 (CHy) a:2,50-2.20 (m) |29.7 (CHy)
b: 1.56 (dd, 13.5, 6.0) b: 1.95 (m)
9 1.83 (m) 41.21 (CH) 1.95 (m) 42.0 (CH)
10 2.10 (m) 31.16 (CH) 2.50-2.20 (m) 31.6 (CH)
11 a; 2,02 (m) 31.99 (CHy) a: 2.50-2.20 (m) |26.9 (CHy)
b: 1.25 (m) b: 1.74 (m)
12 a: 1.96 (m) 26.50 (CHy) 1.95 (m) 29.1 (CHy)
b: 1.00 (m)
13 2.03 (m) 41.19 (CH) 1.95 (m) 41.9 (CH)
14 2.38 (m) 27.60 (CH) 2.72 (sep, 6.7) 28.2 (CH)
15 1.04 (d, 6.9) 20.98 (CH3) 1.08 (m) 21.3 (CHj)
16 0.99 (d, 6.6) 22.49 (CH;) 1.08 (m) 22.7 (CH3)
17 9.65 (s) 206.44 (CH) 10.24 (s) 204.8 (CH)
18 - 177.62 (C) 8.85 (brs) 176.0 (C)
19 a:4.07 (d, 11.1) | 66.49 (CHy) 437 (d,10.5) [ 73.8 (CHy)
b:3.30(d, 11.1) 4.20 (d, 10.5)
20 0.82 (d, 6.6) 17.21 (CH3) 0.80 (d, 6.6) 17.7 (CH3)

2 Mander and Thomson, 2005.

Table 130 The HMBC, COSY and NOE data of N33 in CDCl3+CD3;0D

Position HMBC COSY NOE
H-2 IC-1, C-3, C-6,C-14, C-18 H-3 -3, Hy-4, Me-15, Hap-19;
H-3 C-1, C-2, C-5 H-2, Hyp-4  H-2, Hy4, H-17, Hpp-19
H.-4 [C-2, C-3, C-5,C-6, C-7,C-9, C-17[l-3, Hp-4 H-3, Hy-4, H-17
Hy-4 [C-2,C-3, C-5, C-6, C-9, C-17 H-3, Hy-4 H-2, H-3, Hy-4
H,-8 IC-3, C-6,C-7,C-9 - -
Hy-8 IC-3, C-6,C-7,C-9 - H-3, H-9, Hp-19
H-9 [C-4,(C-8, C-10,C-12,C-13,C-20 } -
H-10 L+ Me-20 -
He-11 H-10, Hy-11, F
Hap-12
Hy-11 -9, C-10, C-12, C-20 H-10, He-11, |
Ha-12
Ha-12 + Hap-11, Hy-12 |
Hy-12 (C-4, C-10, C-11 Ha-11, He-12 |
H-14 C-2,C-15,C-16,C-18 s -
Me-15 C-1,C-2, C-14, C-16 H-14 -
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Table 130 Continued

Position HMBC COSY NOE
Me-16 -1, C-14, C-15 H-14 -
H-17 -4, C-5,C-7,C-9 - H-3, Hp-4
H,-19 1C-3,C-6,C-8 =~ o H19  H-2,H-3,Hy-19
Hp-19 C-3, C-6, C-8 H,-19 -2, H-3, H,-19
Me-20 1C-10, C-11, C-13 H-10 -

5.3.2 Compound N34

N34 was obtained as a colorless solid and melted at 103.1-103.6 °C
with [o:]D27 4+26.57 (¢ = 036, MeOH). The UV spectrum showed maximum
absorption bands of a benzene chromophore at Ayax 220 and 281 nm. The IR spectrum
exhibited an absorption band at 3348 cm™ for a hydroxyl group., The HREI-MS
showed the molecular formula CigH2407. The 'H NMR spectral data (Figure 84)
(Table 131) showed three aromatic protons of a 1,2,3-trisubstituted benzene [ 7.07
(t, J=7.5Hz, 1H), 6.71 (dd, J= 7.5 and 1.5 Hz, 1H) and 6.70 (dd, J= 7.5 and 1.5 Hz,
1H)], two nonequivalent oxymethylene protons [&x 4.99 (d, J = 11.0 Hz, 1H) and
4.61 (d, J = 11.0 Hz, 1H)], one propyl side chain [& 2.68 (dd, J = 14.0 and 7.5 Hz,
1H), 2.62 (dd, J=14.0 and 7.5 Hz, 1H), 1.58 (sextet, J= 7.5 Hz, 2H) and 0.96 (¢, J =
7.5 Hz, 3H) and characteristic signals of a glucose moiety: one anomeric proton (dy
4,93, d J = 4.0 Hz, 1H), two nonequivalent oxymethylene protons [&; 3.82 (dd, J =
12.0 and 2.5 Hz, 1H) and 3.69 (dd, J = 12.0 and 6.0 Hz, 1H)] and four oxymethine
protons [&; 3.70 (m, 1H), 3.61 (t, J = 9.0 Hz, 1H), 3.42 (dd, /= 9.0 and 4.0 Hz, 1H) -
and 3.36 (¢, J = 9.0 Hz, 1H)]. The appearance of the anomeric proton as a doublet with
small coupling constant of 4.0 Hz indicated that the glucose unit must be an o-
glucopyranose. The aromatic protons at & 6.70, 7.07 and 6.71 were assigned as H-4,
H-5 and H-6, respectively, on the basis of their multiplicity and the coupling
constants. °J HMBC correlations (Table 131) from Hgy-8 (& 2.68 and 2.62) of the
propyl side chain to C-2 (& 122.43) and C-4 (& 121.72) and signal enhancement of
Hqp-8 after irradiation of H-4 in the NOEDIFF experiment (Table 131) established the
attachment of the propyl group at C-3 (& 143.97). The nonequivalent oxymethylene
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protons, Ha,-7 (81 4.99 and 4.61), gave HMBC cross peaks with C-1' (& 99.56) of the
a-glucopyranose moiety, C-1 (& 157.88), C-2 and C-3, thus connecting this group
with C-2 of the 1,2,3-trisubstituted benzene and forming an ether linkage with C-1' of
the glucose unit. Signal enhancement of both H-1' and He-8 upon irradiated of Hyp-7
in the NOEDIFF experiment supported the assigned location, The substituent at C-1

must be a hydroxyl group according to its 13C chemical shift. Thus, N34 was

determined as a new naturally occurring a-glucoside,

HO
Table 131 The NMR data of N34 in acetone-ds
N34
Position & & HMBC COSY NOE
(mult., Ji,) (C-Type)
1 - 157.88 (C) | - 5 -
2 - 12243 (C) | - S -
3 - 14397 (C) | - = -
4 16,70 (dd, 7.5, 1,.5)|121,72 (CH)| C-3, C-5, C-6, H-5 (-5, Hay-8
C-8
5 7.07 (7.5 [129.67 (CH) C-1,C-3,C-4 H-4,H-6 [H-4,H-6
6 16.71(dd 7.5,1.5)(114.82 (CH)| C-1, C-2, C-4, H-5 H-5
C-5

7 a:4.99 (d, 11.0) {63.41 (CHy) C-1, C-1', C-2,{Hy-7 Hy-7, Han-8

b: 4.61 (d, 11.0) C-3 H,-7 H-1', H-7
8 a: 2.68 (dd, 14.0, |35.83 (CHy)| C-2, C-3, C-4, [H,-9 H-4, Hy-7

7.5) C-9,C-10
b: 2.62 (dd, 14.0,
7.5)
9 1.58 (sextet, 7.5) |25.69 (CHp)| C-3, C-8, C-10 Hq,-8, Hqp-8,
Me-10 e-10

10 0.96 (¢, 7.5) 14.35 (CH3)| C-8, C-9 [1,-9 29
1 4,93 (d, 4.0) 99.56 (CH) | C-2', C-5', C-7 H-2' -2', Hy-7
2" |3.42 (dd, 9.0, 4.0){ 73.35 (CH) | C-3' H-1, H-3'  [H-1'
3 3.61 (¢, 9.0) 75.32 (CH) | C-2', C-4' H-2', H-4'
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Table 131 Continued

N34
Position b & HMBC COSY NOE
| Gt Jw) | (CType) | L L
4 3.36 (1, 9.0) 71.87 (CH) | C-5', C-6' H-3', H-5" F
5’ 3.70 (m) 73.74 (CH) | C-3' H-4', H-6' +
6' |a:3.82(dd, 12.0, |62.90 (CHy)| C-4', C-5' Hy-6' -
2.5)
b: 3.69 (dd, 12.0, Ha-6
6.0)
5.3.3 Compound N335

N35 was obtained as a colorless solid and melted at 103.4-104.1 °C
with [a]p?’ +35.40 (¢ = 0.20, MeOH). The UV and IR were almost identical to those
of N34, The HREI-MS showed that they had the same molecular formula. The
significant difference in the 'H NMR spectrum (Figure 87) (Table 132) was the
chemical shift of H-1’ of the a~glucose moiety (84 4.93 in N34 and &4 5.35 in N35).
The >/ HMBC cross peak (Table 132) from H-1' to C-1 (& 156.86) established an
ether linkage between the anomeric carbon (& 98.99, C-1') and the oxyaromatic
carbon (C-1), but not the oxyaliphatic C-7 as found in N34. The irradiation of H-1' of
the a-glucopyranose unit enhanced signal intensity of H-6 (& 7.17, dd, J = 8.5, 2.0
Hz, 1H), indicating that the a~glucopyranose was located at C-1, not at C-7 (&
54.73). The hydroxymethyl protons [Hap-7, &4 4.79 (d, /= 12,0 Hz, 1H) and 4.56 (d, J
= 12.0 Hz, 1H)] and the propyl side chain were located at C-2 (& 128.61) and C-3 (&
140.91), respectively, on the basis of *J HMBC correlations of Hgp-7/C-1 and C-3 and
those of Hy-8 (& 2.70, t, J = 7.5 Hz, 2HY/C-2 and C-4 (& 122.73). Thus, N35, a new

naturally occurring a~glucoside, differed from N34 in the location of the glucose unit.




Table 132 The NMR data of N35 in acetone-ds
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N35
iPosition M & HMBC COSY NOE
(mult., Jiz) (C-Type)
1 . 156.86 (C) ] - n
2 - 128.61 (C) | - - -
3 - 14091 (C) | - - -
4 6.87 (dd, 8.5,2.0) |122.73 (CH)C-2,C-3,C-5, H-5,H-6 |
C-6, C-8

5 7.13 (4, 8.5) 12731 (CH)C-1,C-3,C-4 H-4,H-6 |
6 7.17 (dd, 8.5,2.0) |112.62 (CH)C-1,C-2,C-4 [H-4,H-5 }
7 a:4.79(d, 12.0) |54.73 (CH,)(C-1,C-2,C-3  Hy-7 Hy-7

b: 4.56 (d, 12.0) C-1 Hq-7 -
8 2.70 (1, 7.5) 33.96 (CHy)C-2, C-3,C-4, [Hy-9 H-4,

C-9, C-10 Me-10
9 1.58 (m) 24.04 (CH,)C-3, C-8, C-10 [H»-8, Me-10Me-10
10 0.95(1,7.5) 12.35 (CH3)C-8, C-9 H)-9 H,-9
I 5.35(d, 4.0} 98.99 (CH) C-1, C-2/, C-5" H-2' H-2', H-6
2! 3.59 (dd, 9.5,4.0) |71.70 (CH) C-3', C-4' H-1', H-3" [H-1', H-4'
3 3.91 (4 9.5) 73.30 (CH) C-2', C-4', C-5' H-2',H-4' }
4' 3.48 (1, 9.5) 69.69 (CH) C-3', C-5', C-6' H-5,H-3" [H-2'
5 3.80 (m) 72.67 (CH) C-4', C-6' H-4', Hqp-6" |
6 |a:3.84 (dd, 11.5, 2.0)|60.86 (CHp)IC-5' t1-5', Hy-6'
b: 3.73 (dd, 11.5, 5.5) H-5', Ha-6'
5.3.4 Compound N36

N36 was obtained as a brown solid and melted at 44,.7-45.3 °C. The
UV maximum absorption bands at Aya 221, 271 and 345 nm revealed the presence of
a conjugate chromophore. The IR spectrum showed absorption bands at 3060 and
1648 ecm™ for hydroxyl and ketone carbonyl groups, respectively. The 'H NMR
spectrum (Figure 89) (Table 133) revealed signals for one chelated hydroxy proton
(& 11,71, 5, 1H), a 1,2,3-trisubstituted benzene [& 7.35 (t, J=9.0 Hz , [H), 6.49 (d,
J=9.0 Hz, 1H) and 6.43 (d, J = 9.0 Hz, 1H)], one oxymethine proton (Jy 4.57, m,
1H), two nonequivalent methylene protons [y 2.75 (dd, J = 18.0 and 12.0 Hz, 1H)
and 2.66 (dd, J=18.0 and 3.0 Hz, 1H)] and one methyl group (& 1.51, 4, J= 6.0 Hz,
3H). A ketone carbonyl resonance at & 198.57 in the 13C NMR spectrum (Figure 90)
(Table 133) supported the IR data. The chelated hydroxyl group (S 11.71) was
placed at C-8 (& 161.68), peri position to the ketone carbonyl group C-1 (& 198.57).
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In addition, the aromatic protons at &; 6.43, 7.35 and 6.49 were assigned as H-5, H-6
and H-7, respectively, on the basis of their multiplicity, coupling constants and
HMBC correlations. In the COSY spectrum (Table 134), H-3 (& 4.57) was coupled
with Hay-2 (&1 2.75 and 2.66) and Me-9 (& 1.51). These results together with *J
HMBC cross peaks (Table 134) of H-3/C-1 and C-4a (& 161.68) indicated that C-3
(& 73.80) and C-4a joined together with an ether linkage to form a chroman-4-one
skeleton having a methyl group at C-3. N36 gave almost identical optical rotation to
that of 2,3-dihydro-5-hydroxy-2-methyl-4H-1-benzopyran-4-one, [o]p* of N36 =
+11.00 (¢ = 0.19, CHyCly) and [a]p® of 2,3-dihydro-5-hydroxy-2-methyl-4H-1-
benzopyran-4-one = +6,00 (¢ = 0.19, CH,Cly). Therefore, N36 was assigned as 2,3-
dihydro-5-hydroxy-2-methyl-4H-1-benzopyran-4-one which was previously isolated
from Nodulisporium sp. 7080 (Dai et al., 2006).

OH O

1
8a

4a 3 9
O CHj3
Table 133 The NMR data of N36 in CDCl3+CD;0D and 2,3-dihydro-5-hydroxy-2-
methyl-4H-1-benzopyran-4-one in CDCl;

N36 2,3-Dihydro-S-hydroxy-2-
bosition methyl-4H-1-benzopyran-4-one”
o & Sn &
(mult., Ji,) (C-Type) (mult., Ju,) (C-Type)
1 : 198.57 (C=0) - 198.5 (C=0)
2 a: 2.75 (dd, 18.0, 12.0)| 43.75 (CHa) |a: 2.73 (dd, 17.1, 12.0) | 43.8 (CHy)
b: 2.66 (dd, 18.0, 3.0) b: 2.66 (dd, 17.1, 3.7)
3 4.57 (m) 73.80 (CH) 4.56 (m) 73.8 (CH)
4a . 161.68 (C) . 1617 (C)
5 6.43 (d, 9.0) 107.38 (CH) | 6.41(dd,8.3,1.0) |107.3(CH)
6 7.35 (1, 9.0) 138.18 (CH) 7.33 (1, 8.3) 138.2 (CH)
7 6.49 (d, 9.0) 109.07 (CH) | 6.48 (dd, 8.3,1.0) |109.1 (CH)
8-OH 11.71 () 161.68 (C) 11.70 (s) 162.1 (C)
8a 108.00 (C) 108.0 (C)
9 1.51 (d, 6.0) 20.72 (CH) 150 (d,63) | 20.8(CH;

A Gray ef al., 1999,



Table 134 The HMBC, COSY and NOE data of N36 in CDCl3+CD;0D
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Position HMBC COSY NOE
H,p-2 C-1,C-3,C-9 H-3 H-3, Me-9

| H-3 C-1, C-4a, C-9 Hgp-2, Me-9 Hap-2, Me-9
H-5 C-1, C-4a, C-7 H-6 H-6
H-6 C-4a, C-5, C-8 H-5, H-7 H-5, H-7
H-7 C-5 H-6 H-6
8-OH C-7, C-8, C-8a - -
Me-9 C-2,C-3 -3 Hpp-2, H-3




PART VI

CHEMICAL CONSTITUENTS FROM THE ENDOPHYTIC FUNGUS
XYLARIA SP. PSU-D65

236




CHAPTER 6.1
INTRODUCTION

6.1.1 Introduction

Metabolites of the genus Xylaria are summarized in Table 59. The
endophytic fungus Xylaria sp. PSU-D65 was isolated from the leaves of Garcinia
dulcis, collected in Songkhla Province, Thailand, in 2004, This fungus was deposited
as PSU-D65 at the Department of Microbiology, Faculty of Science, Prince of
Songkla University. The ethyl acetate extract from the culture broth of this endophytic
fungus exhibited antibacterial activity against Staphylococcus aureus ATCC25923,
methicillin-resistant S, aureus, Escherichia coli ATCC25922 and Pseudomonas
aeruginosa ATCC27853 and antifungal activity against Cryptococcus neoformans

ATCC90113 with equal MIC values of 128 zg/ml.
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CHAPTER 6.2
EXPERIMENTAL

6.2.1 Fei‘mehfatibii ahd ektréctioh

The fermentation and extraction was performed using the same
procedure as those of Eufypella scoparia PSU-D44, The crude EtOQAc extract from

the culture broth was obtained a brown gum (270.2 mg).
6.2.2 Purification of the broth extract

The ethyl acetate extract of the culture filtrate showed three UV-active
spots on normal phase TLC with the Ry values of 0.28, 0.51 and 0.57 using 2%
methanol in dichloromethane as a mobile phase (3 runs). Furthér purification by flash
column chromatography over silica gel using a gradient system of methanoi-
dichloromethane was performed. Fractions with .the similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford five fractions,

as shown in Table 135,

Table 135 Fractions obtained from the broth extract by column chromatography

over silica gel

Subfraction Eluent Weight (mg) | Physical appearance
100% CH,CL- |
A 7.0 Yellow gum
3% MeOH/CH,Cl,
Yellow gum mixed
B 3% MeOH/CH,Cl, 63.2

with yellow solid

Yellow gum mixed
C 5-10% MeOH/CH,Cl, 144 . .
with yellow solid
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Subfraction Eluent Weight (mg) | Physical appearance
D |20-80% MeOH/CH,CL | 25.1 Yellow gum
E 100% MeOH 128.4 Yellow gum

Fraction A showed no UV-active spots on normal phase TLC using 100%

dichloromethane (2 runs) as a mobile phase. Its 'H NMR spectrum displayed proton

signals at high field region. Thus, no attempted investigation was performed.

Fraction B was separated into two parts: a white solid (21.4 mg) (N37) and a yellow

solution (Ys), upon standing at room temperature. N37 melted at 217.2-218.0 °C and

showed one UV-active spot on normal phase TLC with the Ry value of 0.55 using

100% dichloromethane (4 runs) followed by 1% methanol in dichloromethane (2

runs) as mobile phases.

[on”
UV (MeOH) Anax nm (log &)
FT-IR (neat) vem.1

'H NMR (CDCl3) (8 ppm)
(300 MHz)
3¢ NMR (CDCls) (8 ppm)
(75 MHz)
DEPT (135°) (CDCh) CH :
CH2 .
CH3 .

EIMS m/z (% relative intensity):

+305.00 (¢ = 1.03, CHCl3)

235 (4.43), 291 (4.46), 326 (3.83)

1706 and 1664 (C=0O stretching), 1616 (C=C
stretching)

6.14 (s, 1H), 5.55 (s, 1H), 4.04 (s, 3H), 3.98 (s,
3H), 3.62 (s, 3H), 3.03 (dd, J = 16.5, 13.2 Hz,
1H), 2.85 (m, 1H), 2.43 (dd, J = 16.5, 4.5 Hz,
1H), 0.96 (d, J= 6.6 Hz, 3H)

197.01, 192.45, 170.79, 169.54, 164.61, 157.76,
105.16, 104.86, 97.28, 90.75, 89.50, 57.00,
56.66, 56.38, 40.05, 36.43, 14.23

104.86, 89.50, 36.43

40.05

57.00, 56.66, 56.38, 14.23

352 (42), 321 (35), 310 (37), 207 (83), 149 (55),
138 (77), 83 (63), 69 (100}
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The yellow solution (Ys) showed two UV-active spots on normal
phase TLC with the R¢ values of 0.55 and 0.63 using 100% dichloromethane (4 runs)
followed by 1% methanol in dichloromethane (2 runs) as mobile phases. When using
30% ethyl acetate in light petroleum (6 runs) as a mobile phase, the chromatogram
showed two UV-active spoté on normal 'ph'és'e TLC with the Ry values of 0.13 and

0.23. Further purification by precoated TLC with 70% ethyl acetate in light petroleum

as a mobile phase (6 runs) afforded two bands.

Band 1 (N38) was obtained as a white solid (2.5 mg), melting at
© 193,5-194.1 °C. It showed one spot under UV-S on normal phase TLC with the R

value of 0.23 using 30% ethyl acetate in light petroleum as a mobile phase (6 runs).

[a] D27
UV (MeOH) A nim (log &)
FT-IR (neat) vim-1

+364.00 (¢ = 1.00, acetone)

251(4.52), 286 (4.78), 316 (4.15)

1700 and 1659 (C=0 stretching), 1620 (C=C
stretching)

'H NMR (CDCl3) (8 ppm) 6.24 (d, J = 3.0 Hz, 1H), 6.05 (d, J = 3.0 Hz,
(300 MIlz) 1H), 5.54 (s, 1ID), 3.91 (s, 3H), 3.90 (s, 3H),
3.63 (s, 3H), 3.06 (dd, J = 18.0, 12.0 Hz, 1H),
2.76 (m, 1H), 2.40 (dd, J = 18,0, 6.0 Hz, 1H),
0.96 (d, J= 9.0 Hz, 3H)
BC NMR (CDCl3) (8 ppm) 197.33, 192.50, 176.09, 171.31, 170.39, 159.13,
(75 MHz) 104.78, 104.43, 93.34, 89.95, 88.55, 56.61,
56.11, 56.08, 40.10, 36.58, 14.26
DEPT (135°) (CDCl3) CH : 104.78,93.34, 88.55, 36.58
CHp: 40.10
CH;: 56.61,56.11, 56,08, 14.26

EIMS m/z (% relative intensity):

318 (100), 287 (97), 276 (57), 250 (42), 181
(45), 138 (60)

Band 2 was obtained as a white solid (36.4 mg), which showed one

spot under UV-S on normal phase TLC with the Ry value of 0.13 using 60% ethyl
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acetate in light petroleum as a mobile phase (6 runs). Its 'H NMR spectral data
indicated that it was N37.

Fraction C showed a long tail under UV-S on normal phase TLC using 100%
dichloromethiane (4 runs) followed by 1% methanol in dichloromethane (2 runs) as
mobile phases. When using 30% ethyl acetate in light petroleum (6 runs) as a mobile
phase, the chromatogram showed three UV-active spots on normal phase TLC with
the R values of 0.08, 0.28 and 0.60. Further separation by column chromatography
over silica gel using a gradient system of ethyl acetate-light petroleum followed by a
gradient system of methanol-ethyl acetate was performed.. Subfractions, which
contained similar components, were combined and evaporated to dryness under

reduced pressure to give three subfractions, as shown in Table 136.

Table 136  Subfractions obtained from fraction C by column chromatography over

silica gel
Subfraction Eluent Weight (mg)| Physical appearance
10-70% EtOAc/Light
Cl1 5.1 Yellow gum
petroleum .
70% EtOAc¢/Light petroleum-

C2 6.3 Yellow gum

1% MeOH/EtOAc

5% MeOH/EtOAc-
C3 2.9 Yellow gum

100% MeOH

Subfraction C1 showed no UV-active spots on normal phase TLC
using 40% ethyl acetate in light petroleum (8 runs) as a mobile phase. The 'H NMR

data indicated that it contained many compounds. Thus, it was not further purified.

Subfraction C2 displayed one major UV-active spot on normal phase
TLC using 40% ethyl acetate in light petroleum (8 runs) as a mobile phase with the Ry
value of 0.30. The 'H NMR data indicated the presence of N22 as a major component,

Therefore, further investigation was not conducted.
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Subfraction C3 showed many UV-active spots on normal phase TI.C
using 40% ethyl acetate in light petroleum (8 runs) as a mobile phase. Its 'TH NMR
spectrum displayed none of major components. Thus, further purification was not

perforimed.

Fraction D showed a long tail under UV-S on normal phase TLC using 100%
dichloromethane (4 runs) folowed by 1% methanol in dichloromethane (2 runs) as
mobile phases, When using 30% ethyl acetate in light petroleum (6 runs) as a mobile
phase, the chromatogram. showed two UV-active spots on normal phase TLC with the
Ry values of 0.05 and 0.23. Further separation by column chromatography over silica
gel using a gradient system of ethyl acetate-light petroleum followed by a gradient
system of methanol-ethyl acetate was performed. Subfractions, which contained
similar components, were combined and evaporated to dryness under reduced

pressure to give four subfractions, as shown in Table 137.

Table 137 Subfractions obtained from fraction D by column chromatography over

silica gel
Subfraction Eluent Weight (mg)| Physical appearance
20% EtOAc/Light petroleum
DI 4.6 Yellow gum
- 106% EtOAc
D2 2% MeOH/EtOAc 2.4 Yellow gum
D3 5-80% MeOH/EtOAc 8.1 Yellow gum
D4 100% MeOH 7.9 Brown gum

Subfraction D1 showed no UV-active spots on normal phase TLC
using 30% ethyl acetate in light petroleum (4 runs) as a mobile phase. The 'H NMR
data indicated that it contained many compounds. Thus, it was not further

investigated.

Subfraction D2 showed two UV-active spots on normal phase TLC

with the Re values of 0.18 and 0.33 using 50% ethyl acetate in light petroleum (3 runs)
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as a mobile phase. The 'H NMR data suggested that it was a mixture. Because of the

minute amount, it was not further investigated.

_ ) Subfraction D3 .showgd one spot under UV-S on normal phase TLC
with the Ry value of 0.10 using 50% ethy! acetate in light petroleum as a mobile phase
(3 runs). Its 'H NMR spectral data indicated that it was N37.

Subfraction D4 showed a long tail under UV-S on normal phase TLC
using .50% ethyl acetate in light petroleum (3 runs) as a mobile phase. Its 'H NMR
spectrum displayed none of major components. Thus, further purification was not

performed.

Fraction E showed a long tail under UV-S on normal phase TLC using 5% methanol
in dichloromethane (2 runs) as a mobile phase. Its 'H NMR spectrum displayed none

of major components. Thus, further purification was not conducted.




CHAPTER 6.3
RESULTS AND DISCUSSION

Two known compounds (N37 and N38) were isolated from the broth

extract, The structures were identified by spectroscopic methods,

6.3.1 Compound N37

N37 was obtained as a white solid, melting at 217.2-218.0 °C, The UV
spectrum showed maximum absorption bands at Amax 235, 291 and 326 nm, indicating
the presence of a conjugation chromophore, The IR spectrum exhibited absorption
bands at 1706 and 1664 cm™ for ketone carbonyl and conjugated ketone carbonyl
groups, respectively. The HREI-MS showed the molecular formula Ci7H7ClO¢. The
'H NMR spectrum (Figure 92) (Table 138) showed characteristic signals of one
aromatic proton (& 6.14, s, 1H) of a pentasubstituted benzene, one olefinic proton of
a trisubstituted alkene (dy 5.55, s, 1H), one methine proton (2.85, m, 1H), two
nonequivalent methylene protons [&; 3.03 (dd, J = 16.5 and 13.2 Hz, 1H) and 2.43
(dd, J = 16.5 and 4.5 Hz, 1H)], three methoxyl groups {d 4.04 (s, 3H), 3.98 (s, 3H)
and 3.62 (s, 3H)] and one methyl group (& 0.96, d, J = 6.6 Hz, 3H). Carbon
resonances of an ¢, S-unsaturated ketone moiety (& 197.02, 170.79 and 104.86) and
the ketone carbonyl carbon (& 192.45), in the *C NMR spectrum (Figure 93) (Table
138), supported the IR data. In addition, its *C NMR spectrum showed six quaternary
(& 169.54, 164.61, 157.76, 105.16, 97.28 and 90.75), two methine (& 89.50 and
36.43), one methylene (& 40.05), three methoxyl (& 57.00, 56.66 and 56.38) and one
methyl (& 14.23) carbons. The olefinic proton (dy-5.55) of the trisubstituted alkene
was attributed to H-2' on the basis of HMBC correlations with C-2 (& 90.75), C-1'
(& 170.79), C-3' (& 197.02) and C-4' (& 40.05). One of the methoxyl groups
resonating at &y 3.62 was located at C-1’ due to its HMBC correlation with C-1°,
Signal enhancement of H-2' resonance after irradiation of 1'-OCHa, in the NOEDIFF
experiment, supported the above assignment. In the COSY spectrum (Table 139), The

244




245

methine proton (&q 2.85, H-5") was coupled with the nonequivalent methylene protons
(& 3.03 and 2.43, Hap-4") and the methyl protons (& 0.96, Me-6'). These results
together with the *J HMBC correlations of Hp-4'/C-2, C-2' (& 104.86) and C-6' (&
14.23), H-57C-3 (& 192.45) and Me-67C-2 and C-4' (& 40.05) constructed a
cyclohexenone ring having the ketone carbonyl and methyl groups at C-2 and C-5,
respectively. The methoxyl groups resonating at & 3.98 and 4.04 were located at C-4
(& 157.76) and C-6 (& 164.61) of the pentasubstituted benzene, respectively, on the
basis of the following J HMBC correlations (Table 139): 4-OCH3/C-4 and 6-
OCH3/C-6. The aromatic proton (& 6.14) was attributed to H-5 due to 3J HMBC
cross peaks with C-3a (& 105.16) and C-7 (& 97.28). Signal enhancement of 4-
OCHj; and 6-OCHj3 upon irradiation of H-5 in the NOEDIFF experiment (Table 139)
supported above assignment, A *J HMBC cross peak of H-5/C-3 indicated that the
previous ketone carbonyl group was also linked at C-3a of the aromatic ring. The
chemical shifts of C-7a (& 169.54) and C-2 indicated that these carbons were
oxycarbons. According to the molecular formula and the X-ray data (Figure 94), the
C-2 and C-7a joined together with an ether linkage to form a 3-oxobenzofuran moiety
which had a spiro-cyclohexenone ring at C-2. Consequently, the substituent at C-7
must be a chlorine atom. In the previous literature, griseofulvin and epigriseofulvin
showed []p®* +339.00 (¢ = 1.03, CHCl3) and [o]p +83.00 (c = 1.00, CHCl),
respectively (Taub et al, 1963). The observed optical rotation of N37 ([eIp”
+305.00, ¢ = 1.03, CHCl3) was almost identical to that of griseofulvin, indicating that
they possessed the same absolute configuration. Therefore, N37 was identified as
griseofulvin, which was previously isolated from Penicillium griseofulvin

(MacMillan, 1953),

OCH3; ¢ OCH;




Table 138 The NMR data of N37 and griseofulvin in CDCl;
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Position N37 Griseofulvin®
S & éc
o2 - 9075 (C) 90,1 (C)
3 - 192.45 (C=0) 191.2 (C=0)
3a ) 105.16 (C) 104.1 (C)
4 ; 157.76 (C) 157.6 (C)
4-OCHjs 3.98(s) 56.38 (CHj) 57.5 (CHj)
5 6.14 (s) 89.50 (CH) 91,2 (CH)
6 ) 164.61 (C) 169.6 (C)
6-OCH; 4.04 (s) 57.00 (CH) 56.6 (CHz)
7 ) 97.28 (C) 95.3 (C)
Ta - 169.54 (C) 164.5 (C)
1 _ 170.79 (C) 1703 (C)
1-OCH; 3.62 (5) 56.66 (CHz) 57.1 (CH3)
2! 5.55 (s) 104.86 (CH) 104.7 (CH)
3" - 197.02 (C=0) 195.6 (C=0)
4 | a:2.43 (dd, 16.5,4.5) 40.05 (CHy) 39,5 (CHy)
b:3.03 (dd, 16.5, 13.2)
5 2.85 (m) 36.43 (CH) 35.4 (CH)
6' 0.96 (d, 6.6) 1423 (CH3) 13.8 (CHs)
*Levine et al., 1975.
Table 139 The HMBC, COSY and NOE data of N37 in CDCl;
Position HMBC COSY NOE
4-OCH; | C-4 - H-5
H-5 C-3, C-3a, C-4, C-6, C-7 - 4-OCH3, 6-OCH3
6-OCH; | C-6 - H-5
1'-OCH; | C-1' - H-2'
H-2' c-2, C-1", C-3', C-4 - 1'-OCHjs
H.-4' C-2, C-3', C-5', C-6' Hy-4', H-5' Hy-4', H-5', Me-6'
Hy-4' C-2,C-2, C-3, C-5,C-6' | Hp-4', H-5' Ha-4', Me-6'
H-5" | C-2,C-3,C-4 Ha-4', Me-6¢' H,-4', Me-6*
Me-6' | C-2, C-4', C-5' H-5' Hyped?, HoS'
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6.3.2 Compound N38

N38 was obtained as a white solid, melting at 193.5-194.1 °C, The UV
and IR spectra were almost identical to those of N37. The HREI-MS showed the
molecular formula Cj7His0s. The 'H NMR spectral data (Figure 96) (Table 140)
were similar to those of N37 except for the presence of two meta-coupled aromatic
protons [& 6.05 (d, J = 3.0 Hz, 1H) and 6.24 (d, J = 3.0 Hz, 1H)] which were
attributed to H-5 and H-7, respectively, on the basis of HMBC correlations (Table .
141) of H-5/C-3a (& 104.43), C-4 (& 159.13), C-6 (& 170.39) and C-7 (& 88.55)
and those of H-7/C-3a, C-5 (& 93.34), C-6 and C-7a (& 176.09). This evidence
together with the molecular formula supported that the chloride atom at C-7 in N37
was replaced, in N38, by an aromatic proton. In the previously literature,
dechlorogriseofulvin and epidechlorogriseofulvin displayed [e]p'® +390.00 (¢ = 1.00,
acetone) (MacMillan, 1953) and []p?° +28.50 (¢ = 0.20, acetone) (Jarvis ef al., 1996),
respectively. The observed optical rotation of N38 ([a]p®’ +364.00, ¢ = 1.00, acetone)
was almost identical to that of dechlorogriseofulvin, indicating that they possessed the
same absolute configuration. Therefore, N38 was assigned as dechlorogriseofulvin,

which was previously isolated from Penicillium griseofulvin (MacMillan, 1953).

OCH; o OCH;
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Table 140 The NMR data of N38 and dechlorogriseofulvin in CDCl3

Position N38 Dechlorogriseofulvin®
o & éc
2 - 1 8995(C) | 91.0(C)
3 . 192.50 (C=0) 191.9 (C=0)
3a . 104.43 (C) 105.5 (C)
4 . 159.13 (C) 159.3 (C)
4-OCH; 3.91 (s) 56.11 (CHa) 57.1 (CHz)
5 6.05 (d, 3.0) 93.34 (CH) 90.7 (CH)
6 ; 170.39 (C) 171.4 (C)
6-0CHj; 3.90 (s) 56.08 (CHs) 56.4 (CHj3)
7 6.24 (d, 3.0) 88.55 (CH) 96.9 (CH)
7a ; 176.09 (C) 176.3 (C)
1’ - 171.31 (C) 170.6 (C)
1-OCH3 3.63 (s) 56.61 (CHa) 56.6 (CH;)
2! 5.54 (s) 104,78 (CH) 105.4 (CH)
3 ; 197.33 (C=0) 195.5 (C=0)
4! a: 2.40 (dd, 18.0, 6.0) 40,10 (CHy) 40.5 (CHy)
b: 3.06 (dd, 18.0, 12.0)
5 2.76 (m) 36.58 (CH) 36.8 (CH)
6 0.96 (d, 9.0) 14.26 (CHs) 14.3 (CHs)
4Sato ef al., 1976.
Table 141 The HMBC, COSY and NOE data of N38 in CDCl3
Position HMBC COSY NOE
4-OCH; | C-4 - H-5
H-5 C-3a, C-4, C-6, C-7 H-7 4-OCHj, 6-OCH;3
6-OCHj; | C-6 - H-5, H-7
H-7 C-3a, C-5, C-6,C-7a H-5 6-OCH;
1'-OCHj; | C-1/ - H-2'
H-2' Cc-2,C-1', C-3, C-4 - 1'-OCHj
H,-4' | C-3', C-5',C-6' Hy-4', H-5' Hy-4', H-5'
Hy-4' | C-2,C-2', C-3,C-5",C-6' | Hyg4, H-5 H,-4', Me-6'
H-5' | C-2,C-3 Hap-4', Me-6' Ha-4', Me-6'
Me-6' | C-2, C-4, C-5' H-5' H,-4', H-5'
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CHAPTER 7.1
INTRODUCTION

© 7.1.1 Introduction

Various types of compounds were isolated from the genus Phomopsis
(Table 142), Some of them showed interesting biological activities (Table 142).
Chemical constituents isolated from the genus Phomopsis were summarized by Miss
Ubonta Sommart in 2007, Therefore, only additional constituents based on SciFinder
Scholar database and some missing information are reported in Table 142.

The endophytic fungus Phomopsis sp. PSU-AS56 was isolated from the
leaves of Garcinia atroviridis, collected in Yala Province, Thailand, in 2005. This
fungus was deposited as PSU-AS6 at the Department of Microbiclogy, Faculty of
Science, Prince of Songkla University, The ethyl acetate extract from the culture broth
of this endophytic fungus exhibited antibacterial and antifungal activities against
Escherichia coli ATCC25922 (EC) and Cryptococcus neaformans ATCC90113 (CN)
with MIC values of 320 and 640 pg/ml, respectively.

Table 142 Compounds isolated from the Phomopsis genus

Scientific name Compound Activity References
P. amygdali | (+)-Menthol, 134 - Sassa et al.,
Niigata (+H)-7-Hydroxymenthol, 135 2003

(+)-(6S8)-Hydroxymenthol, 136
(-)-p-Menthanetriol, 137

Fusicoccin R, 138 Germination- | Tajima et al.,

Fusicoccin S, 139 stimulating 2004
3o-Hydroxyfusicocein J, 140 | activity toward

Phomopsiol, 141 lettuce seed
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Scientific name Compound Activity References
| P cassiae Ethyl 2,4-dihydroxy-5,6- | Antifungal | Silvaetal,
dimethylbenzoate, 142 and 2005
Phomopsilactone, 143 cytotoxicity

against human
cervical tumor

cell line

(78,95,108)-3,9,12-
Trihydroxycalamenene, 144
(7S,9R,105)-3,9,12-
Trihydroxycalamenene, 145
(78,105)-3,12-
Dihydroxycalamenene, 146
3,12-Dihydroxycadalene, 147
3,11,12-Trihydroxycadalene,
148

Antifungal
and

cytotoxicity

Silva et al.,
2006

P. helianthi

trans-4,6-Dihydroxymellein,
149
cis-4,6-Dihydroxymellein,
150

Phytotoxic

Avantaggiato
etal, 1999,

P, juniperovora

1-Hydroxy-3-methoxy-
6-methylanthraquinone, 151
1,7-Dihydroxy-3-methoxy-
6-methylanthraquinone, 152
1-Hydroxy-3,7-dimethoxy-
6-methylanthraquinone, 153
Stemphylin, 154

Wheeler et al.,
1975

P.

{eptostromiformis

Roridin A, 155

Hepatotoxicity

Samples et al.,
1984
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Scientific name Compound Activity References
Phomopsin A, 156 - Mackay et al.,
1986
Culvenor et
al., 1989
P. oblonga Orsellinic acid, 157 Boring and Claydon
Tyrosol, 39 feeding efal., 1985
(-)-5-Methylmellein, 158 deterrent
Nectriapyrone, 159 activity for
(-)-5-Carboxymellein, 73 elm bark
Oblongolide A, 160 beetles
Phomopsolide A, 161
Phomopsolide B, 162
5-Methyluracil, 163
2-Furoic acid, 164
3-Nitropropanoic acid, 165
Portensterol, 166
(+)-Mellein, 167
Phomopsolide A, 161 Boring and Grove 1985
Phomopsolide B, 162 feeding
6-(4-Hydroxy-3-0x0-1+ deterrent
pentenyl)2H-pyran-2-one, 168| activity for
elm bark
beetles
P, paspelli Cytochalasin H, 169 - Patwardhan
Cytochalasin J, 170 etal., 1974
Cytochalasin H, 169 Antiinflam- Deshmukh
matory etal., 1978
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Scientific name

Compound

Activity

References

Oblongolide M, 185

| Oblongolide I, 186

Oblongolide J, 187
Oblongolide K, 188
Phomopsolide B, 162
Alternariol, 189

Alternariol monomethyl ether,
190

Alternariol dimethyl ether,
191

Ergosterol, 44

50,8 a-Epidioxyergosterol,
192
4-[5-(1-Hydroxyethyl)furan-
2-yl]-4-oxobutanoic acid, 193

Phomoxanthone A, 194
Cytochalasin L-696474, 195
21-0O-Deacetylcytochalasin
L-696474, 196

Biological
activities
against bacteria
and
phytopatho-

genic fungi

Elsaesser
et al., 2005
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Structures of the metabolites from Phomopsis genus

134: R, =R;=Ry=Rs=H, R; =CH3, Re=0H : (+)-Menthol

135: R; =Ry =R4=R; =M, R3 = CHL,OH, Rg = OH : (+)-7-Hydroxymenthol
136: Ry =Rs=0H, R, =Ry =Rs=H, R; =CH; : (+)-(65)-Hydroxymenthol
137: R =R¢=H,R;=CH;, Ry =Ry =R; =0H : (-)-p-Menthanetriol

R{" R, CHj
138: R; = Ry = OH, Ry, = CH,0OCHj, Ry = CH,0Ac, Rs= EL,JQ;‘ : Fusicocein R
139: R; = CH,0H, R, = OH, R: = Rs = H, Ry = CHj; : Fusicoccin S
140: R, = Ry = OH, R, =CH,0OCH,;, Ry = CH;,R5 = C"fm; : 3a-Hydroxyfusicocein J

oH o
H,C
O
HO CH;,
CHO CH;
141: Phomopsiol 143: Phomopsilactone
Ry
Ry
HO R;
Ry

142: R; = OH, R; = CO;Et, Ry = Ry = CHj: Ethyl 2,4-dihydroxy-5,6-dimethylbenzoate
157: R, = OH, R; = CO;H, R; = CHj3, R4 =H : Orsellinic acid
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144 Ri=0OH,R; =

146: R,

H;C

HO.
CH,

147: R=H: 3,12—Dihydroxycadalene

OH O
l R
H;CO ! [ CH;
0

151: R=H : 1-Hydroxy-3-methoxy-
6-methylanthraquinone
152: R=0H : 1,7-Dihydroxy-3-methoxy-

6-methylanthraquinone

14 R,
148: R = OH: 3,11,12-Trihydroxycadalene 150: R,

H: (75,98,108)-3,9,12-Trihydroxycalamenene
=H, Ry, = OH : (75,9R,105)-3,9,12-Trihydroxycalamenene
=R, = H: (75,105)-3,12-Dihydroxycalamenene

OH

SRz
HO Ry

10)51

= CHs, R, = H : cis-4,6-Dihydroxymellein

OH O

QH

153: R =0CH;: 1-Hydroxy-3,7-dimethoxy- H;C, . CH,
6-methylanthraquinone 0
H3CHN . N 0 o HO,C
Hor’ H HN )l\ \ y
CH, " NH
° |
\ CH, 0 cr om ST | Mo i3
| 156: Phomopsin A
2 -CH; o, o
| H3C, 0
050 & -CH; T
I
H;C” TOH N
OCH; H;C i
155: Roridin A 159: Nectriapyrone 160: Oblongolide A

=H, Ry = CHj: trans-4,6-Dihydroxymellein
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Ry
R

158: Ry =H,R;=R3;=CH; :(-)-5-Methylmellein
167: Ri= CH3, Rz = R3 =H: (+)-Mellein

N N
Ry 0" R,
4] Z “CHj;3

CH; o
164: R, = H, R, =CO,H : 2-Furoic acid
OH

161: R ﬁ(:\n)\ cu, ¢ Phomopsolide A~ 193: R, = CHOHCH;, Ry ="'1\r(\/C°’H

0
: 4-[5-(1-Hydroxyethyl)furan-2-yl]-4-

0
I CcH oxobutanoic acid
162: Rﬂﬂ/\)\{ * : Phomopsolide B
H

0
HsCfLNH
I
N ,&0 OzN/\/COIH
H
163: 5-Methyluracil 165: 3-Nitropropanoic acid
0
040 x CH;
X | on

166: Portensterol
168: 6-(4-Hydroxy-3-oxo-1-pentenyl)2[l-pyran-2-one

169: R, = R; = H, R; = Ac: Cytochalasin H 171: R = Ac: Epoxycytochalasin H
170: R, = R; = R3 =H : Cytochalasin J 172: R =H : Epoxycytochalasin J
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173: R=Ac :Cytochalasin N 175: Cytochalasin P

174: R=H : Cytochalasin O
OH

CO,H

189: Alternariol

190: Alternariol monomethyl ether
QCH; at C-3, C-7 or C-9

176: Phomopsidine 191: Alternariol dimethy] ether

OCH; at C-3 and C-7, C-3 and

C-9or C-7 and C-9

177: R; =Rs=0OH, Ry+R3; =0, Rs=H, R¢=CH; : Oblongolide B
178: R, =0OH, Ry+R3 =0, R4 =R;=H, R4 =CH; : Oblongolide C
179: Ry =Rs=H, Ry+R3 =0, Rs = OH, Rg = CHj; : Oblongolide D
180: R, = OH, Ry+R; = O, Ry =Rs =H, R4 = CH,OH : Oblongolide E
181: R, = R4 =Rs=H, Ry+R;3 = 0, Ry = CH,O0H : Oblongolide F
182: R; =Ry =R;s = H, Ry+R; = O,Rs = CH,;0Ac : Oblongolide G
183: R;=Rs=H, Ry2+tR; =0, R4y =0OH, Rg = CH; : Oblongolide H

184: R, =R, = Rs=H, R, = n-BuQ, R; = A¢, Rs = CH,OAc¢ : Oblongolide L
185: R, =R;=Rs=H, R;=O0H, R3 = Ac, Rg=CH,OAc : Oblongolide M
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HO
186: R|+R, =0 : Oblongolide 1 192: 5¢,8 ~Epidioxyergosterol
187: Ry =0OH, Ry =H :Oblongolide J

188: Ry =H, R, =0H :Oblongolide K

195: R=Ac :Cytochalasin L-696474
196: R=H  :21-O-Deacetylcytochalasin L-696474




CHAPTER 7.2
EXPERIMENTAL

7.2.1 Fermentation and extraction

The fermentation and extraction was performed using the same
procedure as those of Botryosphaeria mamane PSU-M76. The crude EtOAc extracts
from the culture broth and mycelia were obtained in 2.84 g and 506.2 mg,
respectively, both as a brown gum. The crude mycelial extract was not further
investigated because its 'H NMR spectrum indicated the presence of a mixture of

long-chain hydrocarbons.
7.2.2 Purification of the broth extract

The broth extract showed three UV-active spots on normal phase TLC
with the Ry values of 0.13, 0.45 and 0.83 using 100% dichloromethane (2 runs) as a
mobile phase. It was further separated by column chromatography over Sephadex
LH20 using 100% MeOH as eluent. Fractions, which contained similar components,
were combined and evaporated to dryness under reduced pressure to give five

fractions, as shown in Table 143,

Table 143 Fractions obtained from the broth extract by column chromatography
over Sephadex LH20

Fraction Eluent Weight (g) Physical appearance
A 100% MeOH 0.2649 Brown solid
B 100% MeOH 2.5968 Brown-red solid
C 100% MeOH 0.0360 Brown solid
D 100% MeOH 0.1141 Brown gum
E 100% MecOH 0.0275 Brown gum

260
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Fraction A showed four spots under UV-S on normal phase TLC with the Ry values
of 0.05, 0.13, 0.43 and 0.58 using 2% methanol in dichloromethane as a mobile phase
(3 runs). Further separation by column chromatography over silica gel using a
~ gradient system of methanol-dichloromethane was performed. Subfractions, which
contained similar components, were combined and evaporated to dryness under

reduced pressure to give four subfractions, as shown in Table 144,

‘T'able 144 Subfractions obtained from fraction A by column chromatography over

silica gel
Subfraction Fluent Weight (mg) | Physical appearance
100% CHCl; -
Al 6.8 Pale-yellow gum
6% MeOQH/CH,Cl,
Yellow gum mixed
A2 6-10% MeOH/CH,ClL, 92.1 _ )
with yellow solid
A3 10-20% MeOH/CH,Cl, 204 Yellow gum
20% MGOH/CH2C12 -
Ad 106.3 - Brown gum
100% MeOH

Subfraction Al showed no UV-active spots on normal phase TLC
using 4% methanol in dichloromethane (3 runs) as a mobile phase. Its '"H NMR
spectrum displayed proton signals at high field region. Thus, no attempted

investigation was performed.

Subfraction A2, upon standing at room temperature, was separated
into two parts: a white solid (55.4 mg) and a yellow solution. Both showed one UV-
active spot on normal phase TLC with the Ry value of 0.50 using 4% methanol in
dichloromethane (3 runs) as a mobile phase. Its 'H NMR spectral data indicated the

presence of N22 as a major component. Thus, it was not further investigated.

Subfraction A3 showed two UV-active spots on normal phase TLC

with the Ry values of 0.28 and 0.35 using 4% methanol in dichloromethane (3 runs) as
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a mobile phase. It was further separated by column chromatography over Sephadex
LH20 using 100% MeOH as eluent. All subfractions were examined by TLC,
combined on the basis of their chromatogram characteristics and then evaporated to

dryness under reduced pressure to afford three subfractions, as shown in Table 145.

Table 145 Subfractions obtained from subfraction A3 by column chromatography

over Sephadex LH20
Subfraction Eluent Weight (ing) | Physical appearance
A3-1 100% MeOH 5.7 Pale-yellow gum
A3-2 100% MeOH 5.8 Yellow gum
A3-3 100% MeOH 8.6 Yellow gum

Subfraction A3-1 demonstrated no UV-active spots using 2%
methanol in dichloromethane (3 runs) as a mobile phase. In addition, its
chromatogram showed no spots after dipping the normal phase TLC in ASA reagent
and subsequently heating. Its "H NMR spectrum displayed proton signals at high field

region. Therefore, it was not further investigated.

Subfraction A3-2 showed no UV-active spots on normal phase TLC
using 2% methanol in dichloromethane (3 runs) as a mobile phase and showed many
inseparable spots after dipping the normal phase TLC in ASA reagent and
subsequently heating. Its '"H NMR spectrum displayed none of major components.

Thus, no attempted investigation was carried out.

Subfraction A3-3 displayed many spots under UV-S on normal phase
TLC using 2% methanol in dichloromethane (3 runs) as a mobile phase and showed
many inseparable spots after dipping the normal phase TLC in ASA reagent and
subsequently heating. Its '"H NMR spectrum displayed none of aromatic proton signal.

Thus, no attempted investigation was performed.
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Subfraction A4 showed two overlapping UV-active spots on normal
phase TLC using 4% methanol in dichloromethane (3 runs) as a mobile phase. Its 'H
NMR spectrum displayed proton signals at high field region. Thus, it was not further
purified. |

Fraction B was separated into two parts: a white solid (241.5 mg) (N39) and a brown
solution (Bs), upon standing at room temperature. N39 melted at 151.8-152.4 °C and
showed one UV-active spot on normal phase TLC with the R value of 0.23 using

100% dichloromethane as a mobile phase (5 runs).

[ -95.33 (¢ = 0.33, EtOH)
UV(MeOH) Anax nm (log &) 257 (4.33)
FT-IR (neat) vyma 3402 (O-H stretching), 1648 (C=0
stretching), 1608 (C=C stretching)
'H NMR (CDCl3+CD;0D) (8 ppm) 5.25 (d, J = 2.1 Hz, 1H), 4.51 (d, J = 6.6
(300 MHz) Hz, 1H), 4.48 (d, J = 6.6 Hz, 1H), 3.76 (s,
3H), 3.30 (d, /= 2.1 Hz, 1H), 1.63 (s, 3H)
BC NMR (CDCl3+CD30D) (8 ppm) 194,11, 17275, 97.92, 68.74, 60.25,
(75 MHz) 59.54, 56.50, 18.79

DEPT (135°) (CDCl3+CD;0D) CH : 97.92, 68.74, 60.25
CHj;: 56.50, 18.79
EIMS m/z (% relative intensity): 170 (41), 141 (100), 125 (91), 113 (26),
85 (25)

The brown solution (Bs) showed seven UV-active spots on normal
phase TLC with the Ry values of 0.10, 0.20, 0.23, 0.55, 0.65, 0.70 and 0.88 using 2%
methanol in dichloromethane (3 runs) as a mobile phase. Further separation by
column chromatography over silica gel using a gradient system of methanol-
dichloromethane was performed. Subfractions, which contained similar components,
were combined and evaporated to dryness under reduced pressure to give five

subfractions, as shown in Table 146,
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Table 146  Subfractions obtained from fraction Bs by column chromatography over

silica gel
| Subfraction ~ Eluent Weight (g) | Physical appearance
Bsl 100% CH,Cl, 0.0064 Yellow gum
100% CHyCl, -
Bs2 0.0601 Yellow solid
3% MeOH/CH,Cl;
Red gum mixed with
Bs3 3-5% MeOH/CH,Cl, 1.4005 )
white solid
Red gum mixed with
Bs4 5% MeOH/CH,Cl, 0.3650 _
white solid
Bs5 | 8-80% McOH/CILCl, 03185 Brown gum

. Subfraction Bsl showed no UV-active spots on normal phase TLC
using 30% dichloromethane in light petroleum (3 runs) as a mobile phase. Its 'H
NMR spectrum displayed proton signals at high field region, Thus, no attempted

investigation was carried out.

Subfraction Bs2 showed one UV-active spot on normal phase TLC
with the Ry value of 0.50 using 30% dichloromethane in light petroleum (3 runs) as a
mobile phase. Its 'H NMR spectral data indicated the presence of N15. Thus, further

investigation was not conducted.

Subfraction Bs3 showed four UV-active spots on normal phase TLC
with the Ry values of 0.05, 0.23, 0.45 and 0.93 using 100% dichloromethane (6 runs)
as a mobile phase. Further separation by column chromatography over silica gel was
performed. Elution was conducted with gradient systems of dichloromethane-light
petroleum and methanol-dichloromethane. Subfractions, which contained similar
components, were combined and evaporated to dryness under reduced pressure’ to

give eight subfractions, as shown in Table 147,
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Table 147 Subfractions obtained from fraction Bs3 by column chromatography

over silica gel

Subfraction Eluent Weight (mg)|{ Physical appearance
T CHgClz/Li'gh't” SR AR
Bs3-1 352.5 Yellow solid
petroleum
Bs3-2 100% CHCl, 3.7 Yellow gum
Bs3-3 100% CH,Cl, 4.6 Yellow gum
Bs3-4 1% MeOH/CH,Cl, 1.6 Yellow gum
Bs3-5 | 1-10% MeOH/CH,Cl 52 Yellow gum

Orange gum mixed with
Bs3-6 10-20% MeOH/CH,CI, 10.0 )
orange solid

Bs3-7 30-80% MeOH/CH,Cl, 832.7 Brown-orange gum

Bs3-8 100% MeOH 11.3 Purple solid

Subfraction Bs3-1 showed one UV-active spot on normal phase TLC
with the Ry value of 0.50 using 50% dichloromethane in light petroleum (2 runs) as a
mobile phase. Its '"H NMR spectral data indicated the presence of N15, Therefore,

further investigation was not performed.

Subfraction Bs3-2 showed two UV-active spots on normal phase TLC
with the Ry values of 0.35 and 0.50 using 50% dichloromethane in light petroleum (2
runs) as a mobile phase. Its "H NMR spectral data indicated the presence of a mixture

of N15 and N40. Therefore, further investigation was not carried out.

Subfraction Bs3-3 (N40) showed one UV-active spot on normal phase
TLC with the Ry value of 0.35 using 50% dichloromethane in light petroleum (2 runs)

as a mobile phase.

[e]p? -158.00 (¢ = 1.00, CHCl3)
UV(MeOH) Amax nm (log &) 226 (4.20), 254 (3.76), 312 (3.25)
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FT-IR (neat) vem-i 3390 (O-H stretching), 1716 and 1682 (C=0
stretching), 1592 (C=C stretching)

'H NMR (CDCls) (6 ppm) 11.83 (s, 1H), 8.13 (d, /=9.0 Hz, 1H), 6.94 (d, J

@OMH) =90 Hz 1), 467 (n, 1H), 388 s, 3H), 387

(dd, J = 17.7, 3.3 Hz, 1H), 3.05 (dd, J = 17.7,
11.7 Hz, 1H), 1.56 (4, /= 6.3 Hz, 3H)

3¢ NMR (CDCls) (8 ppm) 170.03, 166.16, 165.51, 143.45, 138.46, 118.16,
(75 MHz) 116.23, 108.92, 75.61, 52.01, 32.61, 20.76
DEPT (135°) (CDCly) CH : 138.47, 116.23, 75.61
CH,: 32.61

CH;: 52.01, 20.76
Subfraction Bs3-4 (N41) showed one UV-active spot on normal phase

TLC with the R¢ value of 0.18 using 50% dichloromethane in light petroleum (2 runs)

as a mobile phase,

UV(MeOH) Amax nm (log &) 262 (4.71), 355 (3.70)

FT-IR (neat) Vem.1 1676 and 1653 (C=0 stretching), 1602 (C=C
stretching)
"H NMR (CDCl3) (5 ppm) 6.54 (qd, J=2.1, 1.8 Hz, 1H), 5.88 (4, /= 2.1 Hz,
(300 MHz) 1H), 3.81 (s, 3H), 2.07 (d, /= 1.8 Hz, 3H)
BC NMR (CDCl3) (8 ppm) 187.36, 182.32, 158.82, 143.63, 133.83, 107.30,
(75 MHz) 56.22,15.44

DEPT (135°) (CDCl;))  CH : 133.83, 107.30
CHs: 5622, 15.44

Subfraction Bs3-5 showed no UV-active spots on normal phase TLC
using 100% dichloromethane and 2% methanol in dichloromethane (2 runs) as mobile
phases. The 'H NMR spectrum displayed proton signals at high field region, Thus, no

attempted investigation was performed.
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Subfraction Bs3-6 showed two UV-active spots on normal phase TLC
with the Ry values of 0.50 and 0.63 using 100% dichloromethane and 2% methanol in
dichloromethane (2 runs) as mobile phases. Its '"H NMR spectral data indicated that it
was .a”mixturf_:_of Nl’Z, N18_ and N40. Therefore, it was not further investigated.

Subfraction Bs3-7 showed one major UV-active spot on normal phase
TLC with the Ry value of 0.35 using 100% dichloromethane followed by 2% methanol
in dichloromethane (2 runs) as mobile phases. The 'H NMR data indicated the

presence of N39 as a major component. Therefore, it was not further investigated.

Subfraction Bs3-8 showed no UV-active spots on normal phase TLC
using 100% dichloromethane followed by 2% methanol in dichloromethane (2 runs)
as mobile phases. Its "H NMR spectrum showed none of major components. Thus, it

was not further isolated.

Subfraction Bs4 showed one major UV-active spot on normal phase
~ TLC with the Ry value of 0.23 using 100% dichloromethane (5 runs) as a mobile
phase. Its 'H NMR data suggested that it contained N39 as a major component,

Therefore, further investigation was not conducted.

Subfraction Bs5 showed two UV-active spots on normal phase TLC
with the R¢ values of 0.08 and 0.45 using 100% dichloromethane (5 runs) as a mobile
phase. It was further separated by column chromatography over Sephadex LH20
using 100% MeOH as eluent. All subfractions were examined by TLC, combined on
the basis of their chromatogram characteristics and then evaporated to dryness under

reduced pressure to afford five subfractions, as shown in Table 148,
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Table 148 Subfractions obtained from subfraction Bs5 by column chromatography

over Sephadex LH20
Subfraction Eluent Weight.(mg) VPhysica.l appearance
T Bl 100% MeOH | 273 |  Browngum |
Bs5-2 100% McOH 106.4 Brown gum
Bs5-3 100% MeOH 114.5 Brown gum
Bs5-4 100% MeOH 30.4 Brown solid
Bs5-6 100% McOH 310 Brown solid mixed
with brown gum

Subfraction Bs5-1 showed no UV-active spots on normal phase TLC

using 4% methanol in dichloromethane (2 runs) as a mobile phase and showed no
definite spots after dipping the normal phase TLC in ASA reagent and subsequently
heating. Its '"H NMR spectrum showed none of major proton signals. Thus, no

attempted investigation was performed.

Subfraction Bs5-2 showed one major UV-active spot on normal phase
TLC with the R¢ value of 0.13 using 4% methanol in dichloromethane (2 runs) as a
mobile phase. It was further separated by column chromatography over Sephadex
LH20 using 100% MeOH as eluent. All subfractions were examined by TLC,
combined on the basis of their chromatogram characteristics and then evaporated to

dryness under reduced pressure to afford three subfractions, as shown in Table 149,

Table 149 Subfractions obtained from subfraction Bs5-2 by column
chromatography over Sephadex LH20
Subfraction Eluent Weight (mg) Physical appearance
Bs5-21 100% MeOH 23.1 Yellow gum
Bs5-22 100% MeOH 774 Yellow gum
Bs5-23 100% MeOH 5.5 Browm gum
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Subfraction Bs5-21 showed no UV-active spots on normal phase TLC
using 4% methanol in dichloromethane (3 runs) as a mobile phase and showed no
definite spots after dipping the normal phase TLC in ASA reagent and subsequently

“heating, Its "H NMR data suggested none of major components. Thus, no attempted

investigation was carried out,

Subfraction Bs5-22 showed one major UV-active spot on normal
phase TLC with the Ry value of 0.25 using 4% methanol in dichloromethane (3 runs)
as a mobile phase. Its '"H NMR data suggested that it contained sugars as major

components, Thus, no attempted investigation was performed.

Subfraction Bs5-23 displayed many UV-active spots on normal phase
TLC using 4% methanol in dichloromethane (3 runs) as a mobile phase. The 'H NMR

data indicated that it contained many compounds. Thus, it was not further purified.

Subfraction Bs5-3 showed two UV-active spots with the Ry values of
0.13 and 0.65 using 4% methanol in dichloromethane (3 runs) as a mobile phase.
Further separation by column chromatography over Sephadex LH20 using 100%
MeOH as eluent was performed. All subfractions were examined by TLC, combined
on the basis of their chromatogram characteristics and then evaporated to dryness

under reduced pressure to afford three subfractions, as shown in Table 150.

Table 150 Subfractions obtained from subfraction Bs5-3 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) | Physical appearance
Bs5-31 100% MeOH 4.1 Brown gum
Bs5-32 100% MeOH 100.1 Brown gum
Bs5-33 100% MeOH 9.9 Brown-purple gum

Subfraction Bs5-31 showed no UV-active spots on normal phase TLC

using 4% methanol in dichloromethane (3 runs) as a mobile phase and displayed as a
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long tail under UV-S on reverse phase TLC using 20% methanol in water as a mobile
phase. The 'H NMR spectrum showed none of major proton signals, Thus, no

attempted investigation was performed.

Subfraction Bs5-32 showed many U\./-ac.tive”spots. .on norl.nalnphase
TLC using 4% methanol in dichloromethane (3 runs) as a mobile phase. Further
purification by flash column chromatography over silica gel using a gradient system
of methanol-dichloromethane was performed. Fractions, which contained similar
components, were combined and evaporated to dryness under reduced pressure to

give four subfractions, as shown in Table 151,

Table 151 Subfractions obtained from subfraction Bs5-32 by flash column

chromatography over silica gel

Subfraction Eluent Weight (mg) | Physical appearance
100% CHCl; - )
Bs5-321 3.7 Yellow solid
5% MeOH/CH;Cl,
Bs5-322 5-10% MeOH/CH,Cl, 2.6 Yellow gum
Bs5-323 10-30% MeOH/CH,Cly 4.6 Yellow gum
50% MeOH/CH,Cl, -
Bs5-324 87.0 Brown gum
100% MeOH

Subfraction Bs5-321 showed one UV-active spot on normal phase
TLC with the R¢ value of 0.45 using 2% methanol in dichloromethane (3 runs) as a
mobile phase. The 'H NMR data indicated that it was a mixture. Thus, no attempted

separation was carried out.

Subfraction Bs5-322 showed two UV-active spots on normal phase
TLC with the Ry values of 0.33 and 0.43 using 4% methanol in dichloromethane 4
runs) as a mobile phase. The 'H NMR data suggested none of major components.

Therefore, it was not further investigated.
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Subfraction Bs5-323 (N42) displayed one major spot under UV-S on
normal phase TLC with the Ry value of 0.18 using 4% methanol in dichloromethane

(4 runs) as a mobile phase.

[aln? 410000 (c = 0.39, EtOH)
UV(MeOH) Anay nim (log &) 248 (4.79)
FT-IR (neat) vem. 3418 (O-H stretching), 1647 (C=0

stretching), 1616 (C=C stretching)
'H NMR (CDCl3+CD3;0D) (8 ppm) 5.43 (s, 1H), 4.49 (s, 1H), 4.13 (s, 1H), 3.81

(300 MHz) (s, 3H), 1.15 (s, 3H)
B3¢ NMR (CDCl3+CD;0D) (8 ppm) 196.48, 174.64, 99.43, 77.21, 75.07, 74.65,
(75 MHz) 56.81, 18.34

DEPT (135°) (CDCL+CD;0D)  CH : 99.43, 75.07, 74.65
Cl: 56.81,18.34
EIMS m/z (% relative intensity): 170 (31), 141 (100), 125 (42), 114 (68), 86
77)

Subfraction Bs5-324 displayed many inseparable spots under UV-S
on normal phase TLC using 4% methanol in dichloromethane (4 runs) as a mobile
phase. It was further acetylated with acetic anhydride (7.0 ml) in the presence of
pyridine (1.0 ml). The mixture was stirred at room temperature for 24 hours. To the
extract was added HyO (20 ml), and the reaction mixture was extracted with ethyl
acetate (3X20 ml). The ethyl acetate layer was consecutively washed with 10%
hydrochloric acid (3 X20 ml), 10% sodium bicarbonate (3 X20 ml) and water (2X20
ml). The organic layer was dried over anhydrous Na;SQO,, filtered and evaporated
under reduced pressure to yield a yellow gum (97.6 mg), which displayed as a long
tail under UV-S on normal phase TLC using 4% methanol in dichloromethane (4
runs) as a mobile phase. The "H NMR data suggested that it contained sugars as major

components. Thus, no attempted purification was carried out.

Subfraction Bs5-33 showed no spots under UV-S on normal phase

TLC using 4% methanol in dichloromethane (3 runs) as a mobile phase. The 'H NMR
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data suggested that it contained none of major components. Thus, no attempted

purification was carried out.

~ Subfraction Bs5-4 showed one UV-active spot on normal phase TLC
with the Ry value of 0.65 using 4% methanol iﬁ diéhlorométhaﬁé (2 funs) as. a rﬁobile
phase. It was further separated by column chromatography over Sephadex LH20
using 100% MeOH as eluent. All subfractions were examined by TLC, combined on
the basis of their chromatogram characteristics and then evaporated to dryness under

reduced pressure to afford four subfractions, as shown in Table 152.

Table 152 Subfractions obtained from subfraction Bs5-4 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) Physical appearance
Bs5-41 100% MeOH 7.5 Yellow gum
Bs5-42 100% MeOH 6.0 Purple solid
Bs5-43 100% MeOH 10.5 Purple-brown gum
Bs5-44 100% MeOH 5.3 Brown gum

Subfraction Bs5-41 showed two UV-active spots on normal phase
TLC with the Ry values of 0.13 and 0.50 using 4% methanol in dichloromethane (2
runs) as a mobile phase. Its '"H NMR spectrum displayed none of major components.

Therefore, further investigation was not conducted.

Subfraction Bs5-42 displayed many spots under UV-S on normal
phase TLC using 4% methanol in dichloromethane (2 runs) as a mobile phase. The 'H
NMR data indicated that it contained many compounds. Thus, it was.not further

purified.

Subfraction Bs5-43 displayed two spots under UV-S on normal phase
TLC with the R¢ values of 0.25 and 0.50 using 4% methanol in dichloromethane (2
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runs) as a mobile phase. The '"H NMR data indicated the presence of a mixture of N31

and other componenté. Therefore, it was not further separated.

S Subfraction Bs5-44 showed no UV-active spots on normal phase TLC
using 4% methanol in dichloromethane (2 runs) as a mobile phase. Its 'H NMR
spectrum displayed none of major components, Therefore, further investigation was

not performed.

Subfraction Bs5-5 showed two UV-active spots on normal phase TLC
with the R¢ values of 0,30 and 0.65 using 4% methanol in dichloromethane (2 runs) as
a mobile phase. It was further separated by column chromatography over Sephadex
LH20 using 100% McOH as eluent, All subfractions were examined by TLC,
combined on the basis of their chromatogram characteristics and then evaporated to

dryness under reduced pressure to afford three subfractions, as shown in Table 153.

Table 153 Subfractions obtained from subfraction BsS-5 by column
chromatography over Sephadex LH20

Subfraction Eluent Weight (mg) Physical appearance
Bs5-51 100% MeOH 4.4 Pale-yellow gum
Bs5-52 100% MeOH 21.2 Purple solid
Bs5-53 100% MeOH 4.8 Brown gum

Subfraction Bs5-51 showed no UV-active spots on normal phase TLC
using 2% methanol in dichloromethane (3 runs) as a mobile phase. According to the

appearance of proton signals at high field, it was not further investigated. -

Subfraction Bs5-52 displayed two spots under UV-S on normal phase
TLC with the R¢ values of 0.28 and 0.58 using 2% methanol in dichloromethane (3
runs) as a mobile phase. Its "H NMR spectral data indicated that it contained N31 as a

major component. Therefore, further investigation was not conducted.
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Subfraction Bs5-53 displayed no district spots under UV-S on normal
phase TLC using 2% methanol in dichloromethane (3 runs) as a mobile phase. Its 'H
NMR data indicated none of major components. Thus, no attempted separation was

performed,

Fraction C contained many spots under UV-S on normal phase TLC using 2%
methano! in dichloromethane (3 runs) as a mobile phase. The 'H NMR data indicated
the presence of a mixture of N17, NI8 and N40. Therefore, it was not further

separated.

Fraction D demonstrated four UV-active spots with the R¢ values of 0.10, 0.15, 0.28
and 0.55 using 2% methanol in dichloromethane (2 runs) as a mobile phase. Further
purification by column chromatography over silica gel using a gradient system of
methanol-dichloromethane was performed. Subfractions, which contained similar
components, were combined and evaporated to dryness under reduced pressure to

give five subfractions, as shown in Table 154.

Table 154 Subfractions obtained from fraction D by column chromatography over

silica gel
Subfraction Eluent Weight (mg) | Physical appearance
100% CH)Cl; -
Dl 2.5 Brown gum
10% MeOH/CH,Cl,
D2 10% MeOH/CH,Cl, 404 Brown-red gum
D3 30-50% MeOH/CH,Cl, 9.7 Brown gum
D4 50% MeOH/CH,Cl 29.6 Brown solid
70% MeOH/CH,Cl, -
D5 23.5 Brown gum
100% MeOH

Subfraction D1 showed no UV-active spots on normal phase TLC

using 2% methanol in dichloromethane (2 runs) as a mobile phase. Its 'H NMR
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spectrum displayed none of major components. Thus, no attempted investigation was

performed.

Subfraction D2 showed four UV-active spots on normal phase TLC
with the R¢ values of 0.20, 0.33, 0.50 and 0.65 using 2% methanol in dichloromethane
(2 runs) as a mobile phase. The '"H NMR data indicated the presence of N39 as a

major component. Therefore, further investigation was not conducted.

Subfraction D3 showed many inseparable UV-active spots on normal
phase TLC using 2% methanol in dichloromethane (2 runs) as a mobile phase. Its 'H
NMR spectrum displayed none of major components. Thus, further purification was

not conducted.

‘Subfraction D4 showed four UV-active spots on normal phase TLC
with the R values of 0.05, 0.08, 0.20 and 0.33 using 2% methanol in dichloromethane
(2 runs) as a mobile phase. Its 'H NMR spectrum displayed none of major

components., Therefore, no further investigation was pursued.

Subfraction DS showed no definite UV-active spots on normal phase
TLC using 2% methanol in dichloromethane (2 runs) as a mobile phase. The 'H NMR
spectrum displayed none of major components. Therefore, it was not further

investigated.

Fraction E displayed two UV-active spots on normal phase TLC with the R¢ values
of 0.23 and 0.55 using 2% methanol in dichloromethane (2 runs) as a mobile phase. It
was further separated by column chromatography over Sephadex LH20 using 100%
MeOH as eluent. Subfractions, which contained similar components, were combined
and evaporated to dryness under reduced pressure to give five subfractions, as shown

in Table 155.
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Table 155 Subfractions obtained from fraction E by column chromatography over

Sephadex I.LH20
Subfraction |  Eluent | Weight (mg) | Physical appearance |
El 100% MeOH 1.8 Yellow gum
E2 100% MeOH 10.7 Yellow gum
E3 100% MeOH 3.8 Yellow gum
E4 100% MeOH 4.2 Yellow gum
ES 100% MeOH 6.7 Brown gum

Subfraction E1 showed no definite spots under UV-S on normal
phase TLC using 2% methanol in dichloromethane (3 runs) as a mobile phase.

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

Subfraction E2 showed one major UV-active spot on normal phase
TLC with the Ry value of 0.50 using 2% methanol in dichloromethane (3 runs) as a
mobile phase. The 'H NMR data indicated the presence of N39 as a major component.

Therefore, further investigation was not conducted.

Subfraction E3 showed no UV-active spots on normal phase TLC
using 2% methanol in dichloromethane (3 runs) as a mobile phase. Iis 'H NMR
spectrum displayed none of major components. Thus, further purification was not

performed.

Subfraction E4 (N43) showed one UV-active spot on normal phase
TLC with the Re value of 0.28 using 2% methanol in dichloromethane (3 runs) as a

mobile phase.

UV(MeOH) A n (log &) 215 (3.72), 237 (3.66), 309 (3.30), 344 (3.04)
FT-IR (neat) vemi 3369 (O-H stretching), 1639 (C=0
stretching), 1610 (C=C stretching)
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'H NMR (CDCl+CD;0D) (Sppm)  13.63 (s, 1H), 6.62 (d, J = 2.4 Hz, 1H), 6.58
(300 MHz) (d, J= 2.4 Hz, 1H), 6.26 (d, J = 2.1 Hz, 1H),
6.18 (d,J=2.1 Hz, 1H), 2.82 (s, 3H)
BCNMR (CDCl3+CDy0D) (Sppm)  183.20, 164.95, 164.08, 162.83, 160.30, -
(75 MHz) 158.10, 144.53, 116.83, 113.14, 104.24,
101.65, 98.81, 94.53, 24.10
DEPT (135°) (CDCL+CD3;OD) CH : 116.83, 101.65, 98.81, 94.53
CH;: 24.10

Subfraction E5 showed no UV-active spots on normal phase TLC
using 2% methanol in dichloromethane (2 runs) as a mobile phase. The 'H NMR
spectrum displayed none of major components. Therefore, it was not further

investigated.




CHAPTER 7.3
RESULTS AND DISCUSSION

Five known compounds (N39-N43) were isolated from the broth

extract, The structures were identified by spectroscopic methods.
7.3.1 Compound N39

N39 was obtained as a white solid and melted at 151.8-152.4 °C. The

UV spectrum showed maximum an absorption band at Amax 257 nm, indicating the
presence of a conjugated enone chromophore (Shino ef al., 2005). The IR spectrum
exhibited absorption bands at 3402 em™ for a hydroxyl group and 1648 em’! for a
conjugated ketone carbonyl group. The 'H NMR spectral data (Figure 98) (Table
156) showed signals for two oxymethine protons {& 4.51 (d, J = 6.6 Hz, 1H) and
3.30 (d, J = 2.1 Hz, 1H)], one olefinic proton (& 5.25, d, J = 2.1 Hz, 1H), methoxy
protons (& 3.76, s, 3H) and methyl protons (& 1.63, 5, 3H). A signal at & 4.48 d,J
= 6.6 Hz, 1H) which was coupled with the oxymethine proton at & 4.51 was assigned
to a hydroxy proton. This proton showed no correlation in the HMQC spectrum, thus
supporting the above conclusion. The 3C NMR spectrum (Figure 99) (Table 156)
displayed resonances of an «, S-unsaturated ketone moiety with an alkoxyl group at
Bposition (& 194.11, 172,75 and 97.92), one oxyquaternary (& 59.54), two
oxymethine (& 68.74 and 60.25) and two methyl (& 56.50 and 18.79) carbons. These
data indicated the presence of. an oxygenated. cyclohexenone nucleus bearing -
hydroxyl, methoxyl and methyl substituents. The methoxyl (& 3.76, 3-OCHs) and
methyl (& 1.63, Me-7) groups were attached at C-3 (& 172.75) and C-5 (& 59.54),
respectively, according to 3J HMBC correlations (Table 157) of 3-OCH3/C-3 and
those of Me-7/C-4 (& 68.74) and C-6 (& 60.25). The COSY spectrum (Table 157)
displayed' a long-range coupling between H-2 (& 5.25) and H-6 (S 3.30). The
chemical shift of H-6, C-4, C-5 and C-6 established the position of an epoxide
functionality at C-5 and C-6 and the hydroxyl group at C-4. Irradiation of Me-7, in the
278
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NOEDIFF experiment (Table 157), enhanced signal intensity of both H-4 (& 4.51)
and H-6, indicating their cis relationship. The observed optical rotation of N39 ([lp?”
-95.33, ¢ = 0.33, EtOH) was almost identical to that of (48,58,65)-5,6-epoxy-4-
hydroxy-3-methoxy-5-methylcyclohex-2-en-1-one ({e]p”® -100.00, ¢ = 0.33, EtOH),
suggesting that they possessed the same absolute configuration. The X-ray analysis
(Figure 100) confirmed above conclusion. Therefore, N39 was (45,55,65)-5,6-epoxy-
4-hydroxy-3-methoxy-5-methylcyclohex-2-en-1-one, which was previously isolated

from ascomycetes Xylariaceae genus (Shiono ef al., 2005).

O
oS
H;C OCH;
7 g
OH

Table 156 The NMR data of N39 in CDCl3+CD3;0D and (45,55,65)-5,6-epoxy-4-

hydroxy-3-methoxy-5-methylcyclohex-2-en-1-one in acetone-ds

(45,58,68)-5,6-Epoxy-4-
N39 hydroxy-3-methoxy-5-methyl-
Position cyclohex-2-en-1-one*
S & S &
(mult., Jiiz) (C-Type) (mult., Jisz) (C-Type)
1 - 194,11 (C=0) - 194.4 (C=0)
2 525(d, 2.1) 97.92 (CH) 5.11(d, 2.0) 98.6 (CH)
3 - 172,75 (C) - 174.6 (C)
4 4.51 (d, 6.6) 68.74 (CH) 4,53 (d, 6.3) 69.6 (CH)
4-OH 4.48 (d, 6.6) - 4.85 (4, 6.3) .
5 - 59.54 (C) - 60.8 (C)
6 3300, 2.1) 60.25 (CH) 3.11(d,2.0) 61.2 (CH)
7 1.63 (5) 18,79 (CHs) 1.51 () 19.7 (CH3)
3-OCH; 3.76 (8) 56.50 (CH3) 3.68 () 57.2 (CH3)

& Shiono ef al., 2005,
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Table 157 The HMBC, COSY and NOE data of N39 in CDCl3+CD;0D

Position HMBC COSY NOE
H-2 C-1,C-3,C4,C-6 H-6 3-OCH;
- H-4 C-2, C-3, C-5, C-7 pe - -+ -1 H-6, Me-7-
H-6 C-1,C-2,C-5,C-7 H-2 Me-7
Me-7 C-4,C-6 - H-4, H-6
3-OCH; | C-2,C-3 - H-2
7.3.2 Compound N42

" N42 was obtained as a yellow gum. The UV, IR and 11 NMR spectra'
(Figure 101) (Table 158) were almost identical to those of N42. The 3¢ NMR
spectral data (Figure 102) (Table 158) were similar to those of N42 with the
differences in chemical shift values of C-5 (& 77.21) and C-6 (& 75.07). These data
established diol functional group at C-5 and C-6. HMBC data (Table 159) suggested
the identical location of all substituents. Irradiation of Me-7 (& 3.81, s, 3H), in the
NOEDIFF experiment, enhanced signal intensity of H-4 (& 4.13, s, 1H), but not H-6
(& 4.49, 5, 1H) (Table 159), indicating cis and trans relationship of Me-7/H-4 and
Me-7/H-6, respectively. The observed optical rotation of N42 ([a]p”’ +100.00, ¢ =
0.39, EtOH) was almost identical to that of (4R,58,6R)-4,5,6-trihydroxy-3-methoxy-5-
methylcyclohex-2-en-1-one ([]p?® +110.00, ¢ = 0.39, EtOH), suggesting that they
possessed the same absolute configuration. Therefore, N42 was assigned as
(4R 55,6R)-4,5,6-trihydroxy-3-methoxy-5-methylcyclohex-2-en-1-one which was

previously isolated from ascomycetes Xylariaceae genus (Shiono ef al., 2005).

0
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Table 158 The NMR data of N42 in CDCl3+CD3;OD and (4R,5S,6R)-4,5,6-

trihydroxy-3-methoxy-5-methylcyclohex-2-en-1-one in acetone-ds

N42 (4R,585,6R)-4,5,6-Trihydroxy-3-
Position T | methoxy-5-nicthyleyclohex-2-en-1-one®| -
ot & o o
(mult., i) | (C-Type) (mult., Juz) (C-Type)
1 - 196.48 (C=0) : 190.6 (C=0)
2 543 (s) | 99.43 (CH) 531 (s) 100.6 (CH)
3 - 174.64 (C) - 175.8 (C)
4 413 (s) | 74.65 (CH) 4.23 (5) 73.8 (CH)
5-OI ] 77.21 (C) 5.05 (brs) 75.6 (C)
6 449 (s) | 75.07 (CH) 4.44 (d, 2.0) 67.6 (CH)
6-OH - - 5.05 (brs) -
7 1.15 (s) 18.34 (CH3) 1.27 (s} 21.8 (CHai)
3-0CH; | 3.81(s) | 56.81(CIL) 3.75 (s) 57.5 (CHa)
® Shiono ef al., 2005.

Table 159 The HMBC and NOE data of N42 in CDCl3+CD30D

Position HMBC NOE
-2 C-1,C3,C-4,C-6 | 3-OCH;
H-4 C-2,C-3,C-6,C7 | Me-7
H-6 C-1,C-4, C-7 -
Me-7 C-4,C-6 H-4
3-0CH; C-2,C-3 H-2
7.3.3 Compound N40

N40 was obtained as a yellow gum. The UV and IR spectra were
almost identical to those of N31. The 'H NMR spectral data (Figure 103) (Table 160)
were similar to those of N31 except for an additional signal for one methoxyl group
(& 3.88, s, 3H) in N40. The presence of the methoxyl group was supported by a
carbon resonance of the methoxyl group at & 52.01 in the >C NMR spectrum
(Figure 104) (Table 160). The aromatic proton, H-6 (& 8.13, d, J = 9.0 Hz, 1H),
showed a >J HMBC correlation (Table 161) with an ester carbonyl carbon (C-10, &
166.16) and 10-OCH; gave a 3J HMBC correlation with the same carbon, These
evidence constructed a methoxycarbonyl group at C-5 (& 118.61). N40 gave almost

identical optical rotation to that of S-methoxycarbonylmellein, [e]p’ of N40 =
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-158.00 (¢ = 1.00, CHCl;) and {¢]p* of 5-methoxycarbonylmeliein = -163.00 (¢ =
1.00, CHCls), Therefore, N40 was assigned as 5-methoxycarbonylmellein which was

previously isolated from Hypoxylon mammatum (Anderson ef al., 1983).

OH O

0~ ~OCH;

Table 160 The NMR data of N40 and 5-methoxycarbonylmellein in CDCl3

N40 5-Methoxycarbonylmellein
Position S & ' b3
{mult., Ju) (C-Type) (mult., Ju.)
1 - 170.03 (C=0) -
4.67 (m) 75.61 (CH) 4,70 (m)
4 |a:3.87(dd, 17.7,33) | 32.61 (CHy) a: 3.96 (m)
b: 3.05 (dd, 17.7, 11.7) b: 3.00 (m)
4a - 143.45 (C) -
5 - 118.61 (C) .
6 8.13 (d, 9.0) 138.46 (CH) 8.15(d, 7.0)
7 6.94 (d, 9.0) 116.23 (CH) 6.95 (d, 7.0)
8-OH 11.83 (s) 165.51 (C) 11.87 (5)
8a - 108.92 (C) -
9 1.56 (d, 6.3) 20.76 (CHy) 1.55 (d, 6.0)
10 - 166.16 (C=0) ;
10-OCH; 3.88 (s) 52.01 (CH) 3.90 (5)

* Anderson ef al., 1983.

Table 161 The HMBC, COSY and NOE data of N40 in CDCl3

Position HMBC COSY NOE
H3 H,-4, Me-9 H,-4, Me-9
H,-4 C-4a, C-5,C-8a, C-9 H-3, Hp-4 H-3, Hp-4, Me-9*
Hy-4 [1C-3, C-4a, C-5,C-8a, C-9 H-3, H:-4 H,-4, Me-9
H-6 [C-4a, C-5,C-8, C-10 H-7 H-7, 10-OCH3
H-7 C-1,C-5,C-8,C-8a H-6 H-6
Me-9 1C-3,C-4 H-3 H-3, Happ-4
10-OCH; [C-10 - -
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7.3.4 Compound N41

N41 was obtained as a yellow gum, The UV and IR spectra were
almost identical to those of N16. The 1H NMR spectral data (Figure 105) (Table 162)
were similar to those of N16 except that the pentyl signal {& 2.45 (¢1d, J= 8.1 and 1.5 |
Hz, 2H), 1.54 (m, 2H), 1.37 (m, 2H), 1.34 (m, 2H) and 0.92 (£, /= 6.9 Hz, 3H)] in
N16 was replaced, in N41, by a methyl signal (& 207, d, J= 1.8 Hz, 3H). The
methyl group was then located at C-6 (& 143.63). HMBC correlations (Table 163)
between the methyl protons (& 2.07, d, 1.8, 3H) and C-1 (& 182.32), C-5 (& 133.83)
and C-6 (& 143.63) and the signal enhancement of the oleﬁnic;, proton, H-5 (& 6.54,
gd, J = 1.8 and 2.1 Hz), after irradiation of Me-7 in the NOEDIFF experiment (Table
163), confirmed the above assigned location. Therefore, N41 was assigned as 2- -
methoxy-6-methyl-1,4-benzoquinone, which was previously isolated Aspergillus sp.

(Sood eral., 1982).

O
.
HsC OCH;
O
Table 162 The NMR data of N41 and 2-methoxy-6-methyl-1,4-benzoquinone in
CDCl3
N41 2-Methoxy-6—§neth{l-l,4-
Position benzoquinone
& & 25 &
(mult., Juz) (C-Type) (mult., Jiz) (C-Type)
1 - 182.32 (C=0) - 181.0 (C=0)
2 - 158.82 (C) - 158.0 (C)
2-0OCH3; 3.81 () 56.22 (CH3) 3.77 (s) 56.3 (CH3)
3 588(d, 2.1) 107.30 (CH) 5.83 () 107.2 (CH)
4 - 187.36 (C=0) - 186.2 (C=0)
5 6.54 (qd,2.1,1.8)| 133.83 (CH) 6.48 (¢, 1.6) 133.8 (CH)
6 - 143.63 (C) - 142.1 (C)
7 2.07 (d, 1.8) 15.44 (CHj) 2.00 (d, 1.6) 15.0 (CHj)

aBernini ef al., 2006,
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Table 163 The HMBC and NOE data of N41 in CDCl;

Position HMBC NOE
2-OCH; | C-2 H-3
B & O C-1, C2,C-4,C-5 - 2-0CH;
H-5 C-1,C-4,C-7 Me-7
Me-7 C-1, C-5,C-6 H-5
7.3.5 Compound N43

N43 was obtained as a yellow gum. The UV spectrum showed
maximum absorption bands at 215, 237, 309 and 344 nm, indicating that N43 had a
xanthone chromophore. Its IR spectrum exhibited absorption bands due to a hydroxyl
group at 3369 cm™' and a ketone carbonyl group at 1654 em’, The '"H NMR spectrum
(Figure 107) (Table 164) showed the characteristic signals for one chelated hydroxyl
group (& 13.63, s, 1H), two sets of the meta-aromatic protons [& 6.62 (d, J = 2.4
Hz, 1H), 6.58 (d, J = 2.4 Hz, 1H) and 6.26 (4, J = 2.1 Hz, 1H), 6.18 (4, J = 2.1 Hz,
1H)] and one aromatic methyl group (& 2.82, s, 3H). The 2C NMR spectrum
(Figure 108) (Table 164) showed one ketone carbonyl (& 183.20), eight quaternary
(& 164.95, 164.08, 162.83, 160.30, 158.10, 144.53, 113.14 and 104.24), four methine
(& 116.83, 101.65, 98.81 and 94.53) and one methyl (& 24.10) carbons. The
chelated hydroxy proton (1-OH) was placed at C-1 (& 164.08), peri position to the
ketone carbonyl group (C-9), due to its HMBC correlations (Table 165) with C-1, C-
2 (& 98.81) and C-9a (& 140.24). Two meta-aromatic protons (& 6.18 and 6.26)
were then attributed to H-2 and H-4, respectively, on the basis of a HMQC correlation
of the aromatic protons at & 6.18 with C-2 and a cross peak between H-2 and H-4 in
the COSY spectrum, HMBC correlations of H-2/C-1, C-3 (& 164.95), C-4 (& 94.53)
and C-9a and those of H-4/C-2, C-3, C-4a (& 158.10), C-9 and C-9a supported above
assignment, Other two meta-aromatic protons (& 6.62 and 6.58) were assigned as H- -
5 and H-7, respectively, on the basis of their chemical shifts and HMBC correlations
of H-5/C-6 (& 162.83), C-7 (& 116.83), C-8a (& 113.14 and C-10a (& 160.30) and
those of H-7/C-5 (& 101,65), C-8a and C-11 (& 24.10). These results together with
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HMBC cross peaks of the methyl protons (& 2.82, Me-11) with C-7, C-8 (dc 144.53)
and C-8a suggested the attachment of the methyl group at C-8. Signal enhancement of
Me-11 after irradiation of H-7, in the NOEDIFF experiment (Table 165), confirmed
the assigned location. Since there was no other signal, the substituents at C-3 and C-6
must be hydroxyl groups. Their 13C chemical shifts supported the coﬁcluéioﬁ; Thus,
N43 was elucidated as 1,3,6-trihydroxy-8-methylxanthone which was previously

isolated from Ledebouria graminifolia (Mutanyatta et al., 2003).

11
CH; O OH

OH

Table 164 The NMR data of N43 in CDCl+CD;0D and 1,3,6-trihydroxy-8-

methylxanthone in acetone-d

Nd3 1,3,6-Trihydroxy-8-
Position methylxanthone®
et & o &
(mult., Jhz) (C-Type) (muit., Juz) (C-Type)
1-OH 13.63 (s) 164.08 (C) 13.60 (s) 164.9 (C)
2 6.18 (d,2.1) 98.81 (CH) 6.16 (d, 1.9) 98.3 (CH)
3 - 164.95 (C) - 165.9 (C)
4 6.26 (d,2.1) 94,53 (CH) 6.30(d, 1.9) 93.6 (CH)
4a - 158.10 (C) - 157.6 (C)
5 6.62 (d, 2.4) 101.65 (CH) 6.67 (m) 101.0 (CH)
6 - 162.83 (C) - 164.1 (C)
7 6.58 (d, 2.4) 116.83 (CH) 6.67 (m) 117.1 (CH)
8 - 144.53 (C) - 143.4 (C)
8a - 113.14 (C) - 111.3 (C)
9 - 183.20 (C=0) - 182.1 (C=0)
9a - 104.24 (C) . 102.8 (C)
10a - 160.30 (C) - 160.0 (C)
11 2.82 (5) 24.10 (CHs) 2.77 (s) 23.0 (CH3)

Mutanyatta et al., 2003.




Table 165 The HMBC, COSY and NOE data of N43 in CDCl3+CD;0D

Position HMBC COSY NOE
1-OH C-1,C-2,C-9a - -
H-2 C-1,C-3,C4,C-9a | H«4 -
H-4 C-2,C-3,C-4a,C-9,C-9a | H-2 -
H-5 C-6, C-7,C-8a, C-10a H-7 -
H-7 C-5,C-8a, C-11 H-5 Me-11
Me-11 C-7,C-8,C-8a - H-7
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