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ABSTRACT

The crude methanol extract from the twigs of Garcinia merguensis, upon
chromatographic separation, yielded four new caged-polyprenylated xanthones (DD3,
DDS, DD14 and DDIS) together with twelve known compounds : eight caged-
polyprenylated xanthones {scortechinone A (DD1), PP9 {(DD2), PP3 (DDS), PP4
(DD9), PP14 (DD10), scortechinone C (DDI11), PP8 (DD12) and scortechinone B
(DD13)], one steroid [stigmasterol (DD4)], one triterpene [friedelin (DD6)], one
sesquiterpene [germacra-4(15), 5E, 10(14)-trien-1-ol (DD7}] and one biflavone [I-5,
-5, 1-7, 1I-7, 1—3/, 1—4[, H-4’-heptahydr0xy-[1-3,II-S]—ﬂavanonylﬂavone (DD16)]. All
new structures were determined by 1D and 2D NMR spectroscopic data while known
ones were identified by comparison of 'H and/or °C spectral data with those reported

in the literature.
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Chapter 1

INTRODUCTION

1.1 Introduction

Garcinia merguensis (family Guttiferae) has various local names: “Ka nuan”
(nzu2a) in Peninsular; “Khanom pang” (vunils), “Khi phueng” (%5&) in Chanthaburi;
“Sa-pae” (41W) in Malay-Narathiwat; “Nuan” (9a) in Northern; “Nuan khao” (14
419), “Nuan dong” (W2amd) in Surat Thani; “Nuan ddeng” (49aum4) in Chumphon;
“Nuan paeng” (2auile) in Nakhon Si Thammarat; “Bun yong” (1J1¢N) in Lampang;
“Muang nok” (3i29un) in Ranong; “Yang khao” (a1a1) in Trat (s, 2523).
G. merguensis is a small tree or shrub, Leaves are thinly coriaceous. Male flowers are
numerous; cymes 0.17-0.25 in. long; pedicels 0.25 in., 4-gonal. Female flowers are on
pedicels 0.50-1 in. Fruits are 0.33-0.50 in. long, oblong, fleshy. Seeds are solitary,
subreniform. G. merguensis was commonly found at Eastern Peninsular; indense

woods from Mergui to Malacca (Hooker, 1875).




1.2 Review of Literatures

1.2.1 Chemical constituents from the genus Garcinia

The genus Garcinia (family Guttiferae, sub-family Clusiodeae), which is
encountered mainly in lowland rainforests of the tropical world, has been extensively
investigated from phytochemical, biological and pharmacological points of view.
Biflavonoids (Thoison, 2000 ; Terashima, 1999 ; Spino, 1995 ; Fukuyama, 1993 ;
Gunatilaka, 1983), benzophenones (Minami, 1998 ; Iinuma, 1996 ; Gustafson, 1992),
lactones (Wu, 2001), triterpenes (Rukachaisirikul, 2000b ; Thoison, 2000 ; Nyemba,
1990) and xanthones (Suksamrarn, 2002 ; Nilar, 2002 ; Wu, 2001 ; Rukachaisirikul,
2000a} are compounds isolated from this genus. Some of these exhibit a wide range of
biological and pharmacological activities such as cytotoxic (Thoison, 2000 ; Xu,
2000 ; Cao, 1998a, b), antimicrobial (Permana, 2001 ; Kosela, 2000 ; Peres, 2000 ;
Ilyas, 1994 ; Parveen, 1991), antiinflammatory (Peres, 2000 ; Ilyas, 1994 ; Parveen,
1991), antibacterial (Permana, 2001 ; Peres, 2000 ; Rukachaisirikul, 2000a ; Ito, 1997 ;
Parveen, 1991), antifungal (Kosela, 2000 ; Peres, 2000 ; Gopalakrishnan, 1997),
antitumor (Ito, 1998), antitimmunosuppressive (Ilyas, 1994 ; Parveen, 1991),
antimalarial (Kosela, 2000 ; Likhiwitayawuid, 1998a, b), anti-HIV (Kosela, 2000 ; Lin,
1997 ; Gustafson, 1992) activities, antioxidant (Peres, 2001 ; Kosela, 2000 ; Minami,
1996) and the healing of skin infections and wounds (Ilyas, 1994).

According to information from NAPRALERT database developed by
University of Illinois at Chicago and chemical abstracts in the year 2001, chemical
constituents isolated from 62 species of the genus Garcinia were reported. They were

then summarized by Thunwadee Ritthiwigrom in the year 2001. Therefore, only




additional chemical constituents from the genus Garcinia apart from those reported are

sumnmarized in Table 1.

Table 1 Compounds isolated from plants of the genus Garcinia

Scientific name | Investigated Compound Structure | Bibliography
part
G. atroviridis fruits 2-butoxycarbonyl- 3a Mackeen, et
methyl-3-butoxycar- al., 2002
bonyl-2-hydroxy-3-
propanolide
1',1"-dibutyl Me -
hydroxycitrate
G. mangostana green fruit | mangostenol 4.2a Suksamrarn,
hulis mangostenone A 2.2m et al., 2002
mangostenone B 4.2n
trapezifolixanthone 4.1a
tovophyllin B 4.20
o-mangostin 4.2b
A-mangostin 4.2¢
garcinone B 4.2q
mangostinone 4.1b
mangostanol 4.2p
(-)-epicatechin 2a




Table 1 (Continued)

Scientific name

Investigated

part

Compound

Structare

Bibliography

G. mangostana

heartwood

1-(OH)-8-(2-(OH)-3-
methylbut-3-enyl)-
3,6,7-tri(OMe)-2-(3-
methylbut-2-enyl)-
xanthone
(16E)-1-(OH)-8-(3-
(OH)-3-methylbut-1-
enyl)-3,6,7-tri{OMe)-2-
(3-methylbut-2-enyl)-
xanthone
1-(OH)-2-(2-(OH)-3-
methylbut-3-enyl)-
3,6,7-tri(OMe)-8-(3-
methylbut-2-enyl)-
xanthone

A-mangostin
1,6-di(OH)-2-(2-(OH)-
3-methylbut-3-enyl)-
3,7-di{OMe)-8-(3-
methylbut-2-enyl)-

xanthone

4.2d

4.0e

4.2f

4.2¢

4.2g

Nilar and
Harrison,

2002




Table 1 (Continued)

(OH)-3-methylbut-1-
enyl)-3,7-di(OMe)-2-
(3-metl-1yibut—2—eny1)-
xanthone
1,6-di(OH)-8-(2-(OH)-
3-methylbut-3-enyl)-
3,7-di(OMe)-2-(3-
methylbut-2-enyl)-
xanthone
1,3-di{OH)-2-(2-(OH)-
3-methylbut-3-enyt)-
6,7-di(OMe)-8- (3-
methylbut-2-enyl)-
xanthone

mangostanin
6-O-methylimangosta-
nin

1,6-di(OH)-3,7-di-
(OMe)-2-(3-methyl-

but-2-enyl)xanthone

4.2

4.2]

4.2r

42s

4.2k

Scientific name | Investigated Compound Structure | Bibliography
part
G. mangostana heartwood | (16£)-1,6-di(OH)-8-(3- 4.2h Nilar and

Harrison,

2002




Table 1 (Continued)

(OMe) dihydrochalcone

Scientific name | Investigated Compound Structure |Bibliography
part

G. mangostana heartwood | 1,6-di(OH)}-3,7-di- 4.21 Nilar and
(OMe)-2-(3-methyl- Harrison,
but-2-enyl)-8-(2-oxo- 2002
3-methylbut-3-enyl)-
xanthone |
garciniafuran 4.2t

G. nervosa leaves 5’~B1‘-2j-(OH)-4,4’,6’-&‘5- ia llyas, et al.,
{OMe)chalcone 2002
2-(OH)-4,4-di(OMe) b
chalcone
2-(OH)-3 4,4 6 -tetra- le

1.2.2 Caged-polyprenylated xanthones

Caged-polyprenylated xanthones are produced by several plants exclusively

from the genus Garcinia, e.g. Garcinia bracteata, G. Jorbesii, G. gaudichaudii, G.

hanburyi, G. morella and G. scortechinii, as shown in Table 2. The classic member of

these caged-xanthones is gambogic acid as its structural work started in 1809 but the

corrected molecular formula was first reported in 1963 (Yates, 1963). However, the

first caged-polyprenylated xanthone of which structure to be elucidated was morellin




(Kartha, 1963). This was achieved after a detailed and extensive chemical
investigation by Venkataraman and his group over a period of years. Since the major
components found from our investigation on the twigs of G. merguensis were caged-

polyprenylated xanthones, compounds of this type were then summarized in Table2.

Table 2 Caged-polyprenylated xanthones from the genus Garcinia

Scientific name | Investigated Compound Structure | Bibliography
part

G. bracteata leaves bractatin 4.3uu Thoison, et
isobractatin 4.3ww al., 2000
1-O-methylbractatin 4.3vv
1-O-methylisobracta- 4.3xx
tin
1-O-methyl-8-metho- 43yy
xy-8,8a-dihydrobrac-
tatin
1-O-methylneobrac- 437z
tatin

G. forbesii branches | forbesione 4.3r Leong, ef

and stem al., 1996

G. gaudichaudii leaves gaudichaudione 1 4.3t Wu, ef al.,
gaudichaudione J 4.3u 2000
gaudichaudione A 4.3p Cao, et al.,
gaudichaudione B 4.3m 1998a, b




Table 2 (Continued)

isomorellic acid

43gg

Scientific name | Investigated Compound Structure | Bibliography
part

G. gaudichaudii leaves gaudichaudione C 4.3q Cao, et al.,
gaudichaudione D 4.3j 1998a, b
gaudichaudione E 4.3k Cao, et al.,
gaudichaudione F 4.3n 1998b
gaudichaudione G 4.3v
gaudichaudione H 4.3s
gaudichaudiic acid A 4.31
gaudichaudiic acid B 4.30
gaudichaudiic acid C 4.3d
gaudichaudiic acid D 43e
gaudichaudiic acid E 4.3b
morellic acid 43¢
forbesione 4.3r

bark 7-isoprenylmorellic 43a Wu, ef al.,

acid 2001
morellic acid 43¢
isomorellin 4.3bb
isomoreollin 4.311
isomorellinol 4.3ii
gaudichaudiic acid E 4.3b




Table 2 (Continued)

Scientific name | Investigated Compound Strueture | Bibliography
part
G. gaudichaudii bark gaudichaudiic acid F 4.3h Xu, et al.,
gaudichaudiic acid G 4.31 2000
gaudichaudiic acid H 4.3f
gaudichaudiic acid [ 43g
G. hanburyi latex isomoreilino} 4.3i1 Lin, ef al.,
isogaimbogic acid 4.3aa 1993
gambogic acid 4.3z Ollis, et al.,
1965 ; Lin,
etal., 1993 ;
Asano, ef al.,
1996
gambogin 4.3dd Asano, et al.,
morellin dimethyl 4.3¢e 1996
acetal
isomoreollin B 4.3jj
moreollic acid 4.3kk
gambogenic acid 4.3nn
gambogenin 4.300
isogambogenin 4.3pp
desoxygambogenin 4.3qq




Table 2 (Continued)
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(desoxymorellin)

Scientific name | Investigated Compound Structure | Bibliography
part
G. hanburyi latex gambogenin dimethyl 4.31r Asano, et
acetal al., 1996
gambogellic acid 4.3ss
hanburin 4.3tt
isomorellin 4.3bb
morellic acid 4.3c
deoxymorellin 4.3cc
(desoxymorellin)
G. morella pericarp isomorellin 4.3bb Bringi, et al.,
deoxymorellin 4.3cc 1955
(desoxymorellin)
morellin 4.3ff Rao, 1937 ;
Bringt, ef al.,
1955
seeds dihydroisomorellin 4 3aaa Bhat, et al.,
ethoxydihydroiso- 4.31] 1964
morellin
(isomoreollin)
deoxymoreilin 4.3ce




Table 2 (Continued)

i

scortechinone C

Scientific name | Investigated Compound Structure | Bibliography
part
G. morella seed coat | moreollin 4.3mm | Murthy, et
al., 1953 ;
Rao, er al.,
1974
morellin 4 .3ff Rao, et al.,
1974
bark morellinol 4 3hh Adawadkar,
efal., 1976
latex morellic acid 43c Karanjgaon-
isomorellic acid 4.3gg kar, et al.,
1966
G. scortechinii twigs scortechinone A 43w Rukachaisiri-
scortechinone B 4.3x kul, et al.,

2000a
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Structures of compounds isolated from plants of the genus Garcinia

1. Chalcone

HO Onle
MeO O
l Ry
R,

la:R,=Br;R,=0OMe : 5!~B1'-2'-(OH)—4,4’,6 -tri{OMe)chalcone

1b:R,=R,=H : 2’-(0H)—4,4’—di(OMe)chaicone

le: 2-(OH)-3 ,4,4f,6f—tetra(OMe)dihydrochalcone
2, Flavonoid

@EOH
\\
& Ol

2a: (-}-epicatechin




3. Lactone

BuO,C
O
BuO;C
O

HO

3a: 2-butoxycarbonylmethyl-3-butoxycarboxyl-2-hydroxy-3-propanolide

4, Xanthones

4.1 Trioxyxanthones

4.1a: trapezifolixanthone 4.1b: mangostinone

4.2 Tetraoxyxanthones

Ry O OH
OO
R30 O OR;
1
4.2a:R, = ;—}_{ iRy, =R, =H;R,=Me; R, = ;_/=< : mangostenol
42b:R,=R;= /< ;R,=R,=H;R,=Me : g-mangostin

42¢: R, =R, = §4/=< iR, =R, =Me; R,=H : f-mangostin

13
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4.2d: R,;= f—/:< s R, =R, =R, =Me;R;= gw
: 1-(OH)-8-(2-(OH)-3-methylbut-3-enyl)-3,6,7-tri{ OMe)-2-(3-methylbut-
2-enyl)xanthone
420:R,= |/~ ;R =R,=R,=Me; Ry= s
: (16E)-1-(OH)-8-(3-(OH)-3-methylbut-1-enyl)-3,6,7-tri{ OMe)-2-
(3-methylbut-2-enyl)xanthone
4.21: R,= ;i()}‘{ s R, =R, =R, =Me; R, = §—/=<
. 1-(OH)-2-(2-(OH)-3-methylbut-3-enyl)-3,6,7-tri(OMe)-8-(3-methylbut-
2-enyl)xanthone
42 R,= )L R = Ry=Me R, =H;R,= /<
: 1,6-di(OH)-2-(2-(OH)-3-methylbut-3-enyl)-3,7-di{OMe)-8-(3-methylbut-
2-enyl)xanthone
420 R, =~ iR,= Ry=Me; R, =H;R;= /X
: (16E)-1,6-di(OH)-8-(3-(OH)-3-methylbut-1-enyl)-3,7-di(OMe)-2-
(3-methylbut-2-enyl)xanthone
42 Ry= |~ Ry= R,=Me; R, =H; R, = /<
. 1,6-di{OH)-8-(2-(OH)-3-methylbut-3-enyl)-3,7-di{OMe)-2-(3-methylbut-
2-enyl}xanthone
42i:R,= )R, = iR, =R,=Me Ry~ ~
: 1,3-di(OH)-2-(2-(OH)-3-methylbut-3-enyl)-6,7-di(OMe)-8-(3-methylbut-
2-enyl)xanthone
42k R,= |~ ;R =R, =Me; R, =R, =H

: 1,6-di(OH)-3,7-di(OMe)-2-(3-methylbut-2-enyl)xanthone




421:R= (iR, =R, =Me; R, =H; R;= )<

: 1,6-di(OH)-3,7-di{OMe)-2-(3-methylbut-2-enyl)-8-(2-0x0-3-methylbut-

3-enyl)xanthone

4.2n: mangostenone B

4.20: tovophyllin B 4.2p: mangostanol

O OH
MeO,
-
RO 0 0
4.2q: garcinone B 42r: R=H :mangostanin

4.2s: R = Me : 6-O-methylmangostanin

16




O ou
MeO
9808
O O

MeQ¥

4.2t: garciniafuran

4.3 Caged-polyprenylated xanthones

43a:R,=Me; R,=COH; R, =R, = g_/——'< : 7-isoprenylmoreliic acid
43b:R,=Me ; R,=CO,I; R,=H; R, = ﬁ—{ : gaudichaudiic acid E

43c:R=Me; R, =COH;R,=H; R, = §f< : morellic acid

4.3d: gaudichaudiic acid C

4.3e: gaudichaudiic acid D

16




4.3f: R = Me : gaudichaudiic acid H

4.3g: R=Ft : gaudichaudiic acid I

4.3h:; gaudichaudiic acid F

4.31: gaudichaudiic acid G

4.31: gaudichaudiic acid A

4.3j: gaudichaudione D

4,3k: gaudichaudione E

4.3m: gaudichaudione B

4.3n: gaudichaudione F

17
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HO
4.30:R,=Me; R, = COH; Ry =H; R, =, )~ ;R;=, /= : gaudichaudiic acid B

43p: R =CHO;R,=Me;R,=H; R, =R, = §f< : paudichaudione A
43q: R, =CHO;R,=Me;R,=H;R,= Ef [ iR, = ;_/=< : gaudichaudione C
43 R, =R,=Me;R,=R,=H;R,= §f< : forbesione

43s: R =R,=Me; R, =0OMe; R, = ;_/L< ; Ry=H : gaudichaudione H

4.3t: gaudichaudione I 4.3v: gaudichaudione G

4.3u: gaudichaudione J

43w: R,=R,=Me : scortechinone A

4.3x: R;=Me; R, = CO,H : scortechinone B
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4.3y: scortechinone C

4322 R;=Me; R,= CO,HI; R, = g_/:< : gambogic acid
4.3aa: R,=CO,[I ;R,=Me; R, = 1—/=< : isogambogic acid
4.3bb: R, = CHO;R,=Me;R,=H : isomorellin
43cc:R;=R,=Me;R,=H : deoxymorellin

(desoxymorellin)
4.3dd: R,=R,=Me; R, = ;—/=< : gambogin

4.3ee: R;=Me ; R, = CH(OMe), ; R, =H : morellin dimethyl acetal

4.3f: R,=Me; R,=CHO;R,=H : morellin
43gg:R,=COH ;R,=Me;R,=H : 1somorellic acid
43hh: R,=Me; R,=CH,OH ; R, =H : morellinol

43ii: R,=CH,OH; R, =Me ; R,=H : 1somorellinol
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OR; O OH
4.3j): R,=CHO; R, =R, = Me : isomoreollin B
4.3kk: R, =R, =Me; R,= CO,H : moreollic acid

4.31: R,=CHO ; R, =Me; R, = Et : ethoxydihydroisomorellin
{isomoreollin)

4.3mm: R,=Me; R,= CHO; R, = Et :moreollin

43m: R, =Me; R,= COH : gambogenic acid
4.300: R;=Me; R,= CHO : gambogenin
43pp: R, = CHO; R,=Me : 1sogambogenin
43qq: R, = R,=Me . desoxygambogenin

431 R =Me ; R, = CH(OMC)2 : gambogenin dimethyl acetal




4.3ss: gambogellic acid

43t R = R, = é—/=< ; R, = R,=H : hanburin
43vu: R, =R, = R,=H;R,= §>ﬁ : bractatin

43vw: R, =R, =H;R,= §>ﬁ ; R, = Me : 1-O-methylbractatin

4.3ww: R=H :isobractatin 4.3yy : 1-O-methyl-8-methoxy-

4.3xx: R = Me : 1-O-methylisobractatin 8,8a-dihydrobractatin

21
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4.3zz: 1-O-methylneobractatin 4.3aaa: dihydroisomorellin

1.3 The objectives

Based on NAPRALERT database, phytochemical examination on G.
merguensis has not yet been reported. This prompted us to investigate its chemical
constituents in order to provide additional chemical information of this plant. This
research involved isolation, purification and structural determination of the chemical
constituents isolated from the twigs of G. merguensis which was collected at the Ton

Nga-Chang Wildlife Sanctury in Songkhla Province.




Chapter 2

EXPERIMENTAL

2.1 Chemical and instruments

Melting points were determined on an electrothermal melting point apparatus
(Electrothermal 9100) and reported without correction. Infrared spectra (IR) were
obtianed on a FTS165 FT-IR spectrometer and Perkin Elmer Spectrum GX FT-IR
system and recorded on wavenumber (cm"), '"H and “C-Nuclear magnetic resonance
(IH and °C NMR) spectra were recorded on a FTNMR, Varian UNITY INOVA 500
MHz by using a solution in either deuterochloroform or deuteromethanol with
tetramethylsilane (TMS) as an internal standard, Spectra were recorded as chemical
shift parameter (&) value in ppm down field from TMS (& 0.00). Ultraviolet spectra
(UV) were measured with UV-160A spectrophotometer (SHIMADZU). Principle bands
(4,.) were recorded as wavelengths (nm) and log ¢ in methanol solution. Optical
rotation was measured in methanol solution with sodium D line (590 nm) on an
AUTOPOL®II automatic polarimeter. Quick column chromatography, thin-layer
chromatography (TLC) and precoated thin-layer chromatography were performed on
sifica gel 60 GF,,, (Merck) or reverse-phase C-18. Column chromatography was
performed on silica gel (Merck) type 100 (70-230 Mesh ASTM) or reverse-phase C-18.
The solvents for extraction and chromatography were distilled at their boiling point
ranges prior to use except for petroleum ether (bp. 40-60°C) while diethy! ether and

ethyl acetate were analytical grade reagent.
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2.2 Plant material

The twigs of Garcinia merguensis were collected from Ton Nga-Chang
Wildlife Sanctury in Songkhla Province in June 2000 and identified by Ajarn Prakart
Sawangchote, Department of Biology, Faculty of Science, Prince of Songkla
University. A voucher specimen has been deposited at the Prince of Songkla

University Herbarium.

2.3 Extraction and isolation

The twigs of Garcinia merguensis were chopped into small pieces and air-
dried. Dried twigs of the plant (1.8 kg) were extracted with methanol and the extract
was evaporated to dryness under reduced pressure to give a dark brown gum in 102 g,
Part of the extract was tested for its solubility in various solvents at room temperature.

The resulis were demonstrated in Table 3.

Table 3 Solubility of the methanol extract in various solvents at room temperature

solvent solubility at room temperature

petroleum ether + (pale yellow-brown solution)

dichloromethane | + (pale brown sotution)

ethyl acetate ++ (brown-yellow solution)
methanol +++ (brown solution)
water -

10% NaQOH ++ (dark brown solution)
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Table 3 (Continued)

solvent solubility at room temperature

10% NaHCO, + (yellow-brown solution)

10% HC1 -

Symbol meaning: - insoluble, + slightly soluble, ++ moderately soluble,

+++ well soluble

The solubility results indicated that the methanol extract contained non-polar
and polar chemical constituents as it was soluble in non-polar and polar solvents. In
addition, the major constituents would be weak acid as their solubility in 10% NaOH
was better than that in 10% NaHCO,. All soluble parts in above organic solvents
were examined on normal phase TLC (silica gel) using chloroform as a mobile phase.
According to solubility of the methanol extract and chromatograms of the above
soluble parts, the methanol extract was divided into two fractions by soaking in
dichloromethane for a day. The dichloromethane soluble fraction (A, 13.59 g) and
dichloromethane insoluble fraction (B, 88.41 g) were obtained as a green-yellow gum
and a brown solid mixed with brown gum, respectively. Fraction A was further
separated by column chromatography over silica gel. Elution .was performed initially
with chloroform, followed by increasing amount of methanol and finally with 90%
methanol in chloroform. Fractions with the similar chromatogram were combined and
evaporated to dryness under reduced pressure to afford eleven fractions, as shown in

Table 4.
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Table 4 Fractions obtained from fraction A by column chromatography over silica

gel
fraction weight (mg) physical appearance
Al 527.8 orange gum
A2 141.6 white needle crystals mixed with red solid
A3 127.5 white needle crystals mixed with red solid
Ad 81.7 white solid mixed with orange-red gum
AS 611.1 yellow solid mixed with brown gum
A6 465.1 yellow solid mixed with brown gum
A7 212.9 yellow solid mixed with yellow-brown gum
A8 7,907.2 yellow solid mixed with yellow gum
A9 1,298.4 yellow-brown solid mixed with yellow-brown gum
AlO 1,763.1 brown-yellow solid mixed with brown-yellow gum
All 1,037.8 brown solid

Fraction Al showed many UV-active spots on normal phase TLC using 10% ethyl
acetate in petroleum ether as a mobile phase. One additional spot was observed after
dipping the TLC plate in ASA reagent and subsequently heating, Because it contained
unseparable components, it was not further carried out.

Fraction A2 showed five UV-active components on normal phase TLC using 10%
ethyl acetate in petroleum ether as a mobile phase with the R, values of 0.58, 0.48,
0.46, 0.32 and 0.24. Three additional spots were observed above UV-active spots after
dipping the TLC plate in ASA reagent and subsequently heating. Therefore, it was not

purified.
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Fraction A3 displayed three UV-active components on normal phase TLC using 10%
ethyl acetate in petroleum ether as a mobile phase with the R, values of (.58, 0.48 and
0.32. Further separation by column chromatography over silica gel was performed.
Elution was conducted initially with 10% ethyl acetate in petroleum ether, followed
by increasing amount of ethyl acetate and finally with pure ethyl acetate. Fractions
with the similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford five subfractions, as shown in Table 5.

Table 5 Subfractions obtained from A3 by column chromatography over silica gel

subfraction | weight (mg) physical appearance
A3l 22.4 yellow gum
A3.2 62.5 white needle crystals mixed with yellow gum
A3.3 17.3 purple gum
A34 10.2 purple-red gum
A35 22.1 orange-yellow gum

Subfraction A3.1 showed no major UV-active components on normal phase TLC.
Therefore, it was not investigated further.

Subfraction A3.2, upon standing at room temperature, afforded a white solid (DD6),
melting at 240-241°C. According to its 'H NMR spectral data, it was identified to be
friedelin. The filtrate contained too many spots on normal phase TLC without any

major components. Therefore, it was not investigated.
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[ +17° (¢ =9.5x10~ g/100 cm’, MeOH)
IR (neat) Vot 2926, 2866 (C-H stretching), 1713 (C=0
stretching)
'H NMR (CDCL,) (8 ppm) 2.40 (ddd, J = 14.0, 5.0 and 2.0 Hz, 1H), 2.31
(500 MHz) (ddd, J=13.0,7.0 and 1.5 Hz, 1H), 2.25 (¢, /=

7.0 Hz, 1H), 2.00-1.94 (m, 1H), 1.76 (md, J =
13.0 Hz, 1H), 1.69 (dg, J= 13.0 and 5.0 Hz,
1H), 1.60-1.20 (m, 20H), 1.18 (s, 3H), 1.05 (s,
3H), 1.01 (s, 3H), 1.00 (s, 3H), 0.95 (s, 3H),
0.89 (d, J = 6.5 Hz, 3H), 0.87 (s, 3H), 0.73 (s,

3H)

Subfraction A3.3 displayed two major UV-active spots on normal phase TLC with
the R, values of 0.74 and 0.68 using 10% ethyl acetate in petroleum ether as a mobile
phase (2 runs). Because it was obtained in low quantity, it was not further
investigated,

Subfraction A3.4 showed two UV-active spots on normal phase TLC using 10%
cthyl acetate in petroleum ether as a mobile phase (2 runs) with the R, values of 0.59
and 0.56. Further chromatographic separation by precoated TLC on silica gel plates
using 10% ethyl acetate in petrc;leum ether as a mobile phase (4 runs) gave two bands
as a yellow gum (3.3 mg) and a purple-pink gum (3.7 mg) of which chromatograms
contained many spots. Further purification was not performed.

Subfraction A3.5 showed only one UV-active spot on normal phase TLC using 10%

ethyl acetate in petroleum ether as a mobile phase with the same R, value as the
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component isolated from subfraction A3.4. Its 'H NMR spectrum indicated the
presence of impurities. It was not further investigated.

Fraction A4 showed four major UV-active spots on normal phase TLC using 10%
ethyl acetate in petroleum ether as a mobile phase with the R, values of 0.48, 0.32,
0.24 and 0.16. Further separation by flash column chromatography over silica gel was
performed. Elution was initially conducted with 10% ethyl acetate in petroleum ether,
followed by increasing the polarity with ethyl acetate until 50% ecthyl acetate in
petroleum ether. Fractions with the similar chromatogram were combined and

evaporated to dryness under reduced pressure to afford three subfractions, as shown in

Table 6.

Table 6 subfractions obtained from A4 by flash column chromatography over silica

gel
subfraction | weight (mg) physical appearance
Ad.1 22.8 white needle crystals mixed with yellow gum
Ad4.2 47.5 orange gum
A43 15.0 orange-yellow gum

Subfraction A4.1, upo.n standing at room temperature, gave a white solid which was
shown to be identical to DD6 by TLC. In addition, the filtrate showed the same
chromatogram as that of the filtrate obtained from subfraction A3.2. Thus, it was not
further separated.

Subfraction A4.2 showed many components on normal phase TLC under UV-S using

10% ethyl acetate in petroleum ether as a mobile phase. After dipping the TLC plate
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in ASA reagent and subsequently heating, chromatogram showed many additional
spots. Therefore, it was not investigated.

Subfraction A4.3 showed no distinct spots on normal phase TLC using 10% ethyl
acefate in petroleum ether as a mobile phase. Thus, further separation was not
performed.

Fraction AS displayed five major components on normal phase TLC under UV-S
using 15% ethyl acetate in petroleum ether as a mobile phase. It was further separated
by flash column chromatography over silica gel. Elution was performed with 10%
ethyl acetate in petroleum ether with increasing amount of ethyl acetate up to 50%
ethyl acetate in petroleum ether. Fractions with the similar chromatogram were
combined and evaporated to dryness under reduced pressure to give eleven

subfractions, as shown in Table 7.

Table 7 Subfractions obtained from AS by flash column chromatography over silica

gel
subfraction | weight (mg) physical appearance
AS.1 364 pale yellow gum
A5.2 61.9 orange gum
A5.3 27.6 orange-yellow gurﬁ
AS54 16.1 yellow gum
AS.S 343 yellow gum
A5.6 46.2 white solid mixed with yellow gum
A5.7 514 white solid mixed with yellow gum
A58 148.2 white solid mixed with yellow gum
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Table 7 (Continued)

subfraction | weight (mg) physical appearance
A59 88.7 white solid mixed with yellow gum
A5.10 27.5 yellow gum
AS5.11 81.2 yellow gum

Subfraction AS.1 showed many unseparable spots on normal phase TLC under UV-S
using 15% ethyl acetate in petroleum ether as a mobile phase. After dipping the TL.C
plates in ASA reagent and subsequently heating, many additional spots were
observed. Thus, it was not investigated.

Subfraction AS.2 displayed two major spots on normal phase TLC under UV-S using
15% ethyl acetate in petroleum ether as a mobile phase with the R, values of 0.38 and
0.26. It was then purified by flash column chromatography over silica gel, Elution was
conducted with 10% ethyl acetate in petroleum ether with increasing amount of ethyl
acetate up to 50% ethyl acetate in petroleum ether. Fractions with the similar
chromatogram were combined and evaporated to dryness under reduced pressure to
give three subfractions, as a yellow gum (10.5 mg), anrorange gum (23.2 mg) and a
brown gum (29.8 mg). Their chromatograms on normal phase TLC using 5% ethyl
acetate in petroleum ether showed unseparable components under UV. Therefore, they
were not further purified.

Subfraction AS.3 showed one major UV-active spot on normal phase TLC using 5%

ethyl acetate in petroleum ether as a mobile phase with the R, value of 0.26. Further
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separation by precoated TLC on silica gel plates using 5% ethyl acetate in petroleum
ether as a mobile phase (11 runs) gave three bands of which their chromatograms on
normal phase TLC using 5% ethyl acetate in petroleum ether as a mobile phase
showed unseparable spots under UV-S,

Subfraction AS5.4 showed one major UV-active spot on normal phase TLC using 10%
ethyl acetate in petroleum ether as a mobile phase with the R, value of 0.42. It was
rechromatographed on precoated TLC on silica gel plates using 10% ethyl acetate in
petroleum ether as a mobile phase (4 runs) to give two bands,

Band 1 was a pale yellow gum (1.3 mg). Chromatogram on normal phase TLC
using 10% ethyl acetate in petroleum ether as a mobile phase showed two UV-active
spots with the R.values of 0.64 and 0.59. It was not purified further because it was
obtained in low quantity.

Band 2 was a yellow gum (3.0 mg). It contained two overlapping UV-active
spots on normal phase TLC using 16% ethyl acetate in petroleum ether as a mobile
phase with the R values of 0.62 and 0.59. Further separation on precoated TLC using
5% ethyl acetate in petroleum ether as a mobile phase (17 runs) gave three bands in
low quantity. Thus, they were not investigated.

Subfraction AS.5 showed the similar chromatogram to that of subfraction A5.4, It
was then separated on precoated TLC with 10% ethyl acetate in petroleum ether
(4 runs) to afford a yellow gum (11.6 mg). Chrématogram on normal phase TLC with
5% ethyl acetate in petroleum ether (5 runs) showed two overlapping spots. Therefore,
it was rechromatograhed on precoated TLC with 5% ethyl acetate in petroleum ether

(17 runs) to afford two bands.
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Band 1 was a yellow gum (3.0 mg). Its chromatogram on normal phase TL.C

with 5% ethyl acefate in petroleum ether (6 runs) showed two UV-active spots.
y p

Because of low quantity, it was not carried out.

Band 2 (DD3) was a yellow gum (1.6 mg). Chromatogram showed a single

UV-active spot on normal phase TLC with 5% ecthyl acetate in petroleum ether

(6 runs).

[a]zs»n

UV A nm (MeOH) (log &)

max

IR (neat) v

cm-1{

'H NMR (CDCI,) (6 ppm)

(500 MHz)

C NMR (CDCL,) (& ppm)

(125 MHz)

-182° (¢ = 1.1x10” /100 cm’, MeQH)

360 (3.96)

3453 (O-H stretching), 2926, 2856 (C-H
stretching), 1741, 1646 (C=0 stretching)

12.65 (s, 1H), 7.47 (d, J= 1.5 Hz, 1H), 5.32 (1,
J=6.5Hz, 1H), 4.46 (¢, J = 6.5 Hz, 1H), 4.40
(mt, J= 7.5 Hz, 1H), 3.64 (s, 3H), 3.29 (mdd, J =
15.0 and 6.5 Hz, 1H), 3.21 (ndd, J= 15.0 and
6.5 Hz, 1H), 2.59 (d, /= 7.5 Hz, 2H), 2.53 (d,
J=9.5Hz, 1H), 2.34 (d, /= 14.0 Hz, 1H), 1.71
(s, 3H), 1.68 (s, 6H), 1.63 (dd, J=14.0 and 9.5
Hz, 1H), 1.45 (s, 3H), 1.37 (d, /= 6.5 Hz, 3H),
i.36 (brs, 3H), 1.30 (s, 3H), 1.21 (s, 3H), 0.96
(brs, 3H)

202.08, 178.93, 166.61, 158.40, 158.24, 135.28,
133.52, 132.67, 132.37, 121.76, 117.59, 114.58,
103.72, 101.53, 90.77, 89.09, 84.80, 84.27,

83.57, 53.97, 49.72, 43.51, 30.20, 30.09, 29.03,




DEPT (135°) (CDCL,)

FABMS (m/z) (% rel. int.)

CH, :

CH,:

CH :
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28.83,25.71,25.55,25.26,22.10, 20.64, 17.96,
16.53, 14.38

53.97,30.09, 29.03, 25.71, 25.55, 25.26, 20.64,
17.96, 16.53, 14.38

30.20, 28.83, 22.10

133.52, 121.76, 117.59, 90.77, 49.72

563 (65.8), 535 (78.9), 509 (36.8), 495 (41.4),
481 (27.0), 467 (38.2), 455 (27.0), 439 (34.2),
427 (25.0), 413 (30.3), 391 (100), 383 (25.0),
369 (29.7), 341 (25.7), 327 (27.0), 315 (28.3),
303 (34.9), 279 (77.6), 263 (48.7), 251 (61.8),
237 (77.6), 223 (84.2), 209 (81.6), 195 (100),
179 (90.8), 169 (>100), 155 (>100), 141 (>100),

127 (>100), 113 (>100), 97 (>100), &5 (>100)

Subfraction AS5.6 crystallized at room temperature to give two parts: a white solid

(DD4, 9.3 mg) and a yellow solution (SolAS.6). DD4, melting at 162-163°C, showed

one spot with the R, value of 0.19 after dipping the TLC plate in ASA reagent and

subsequently heating. Its '"H NMR spectrum indicated that it was stigmasterol.

28
[l
IR (neat) v_ .
"H NMR (CDCL,) (5 ppm)

(500 MHz)

-31° (¢ = 1.6x107 g/100 con’, MeOH)

3443 (O-H stretching), 2937, 2886, 2863 (C-H
stretching)

5.36-5.33 (m, 1H), 5.15(dd, J=15.0 and 8.5 Hz,

1H), 5.02 (dd, 7= 15.0 and 8.5 Hz, 1H), 3.54-
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3.50 (m, 1H), 2.28 (ddd, J=13.0, 5.0 and 1.5
Hz, 1H), 2.24 (¢d, J=11.0 and 2.0 Hz, 1H),
2.07-1.93 (m, 3H), 1.86-1.80 (m, 2H), 1.74-1.66
(m, 1H), 1.56-1.39 (m, 11H), 1.30-1.04 (i, 5H),
1.01 (d, J = 7.0 Hz, 3H), 1.00 (s, 3H), 0.98-0.90
(m, 2H), 0.84 (d, J= 6.5 Hz, 3H), 0.80 (+, /= 7.5

Hz, 3H), 0.79 (d, J= 7.5 Hz, 3H), 0.69 (s, 3H)

S0lAS5.6 was evaporated to dryness under reduced pressure to afford a yellow

gum (36.9 mg). Its chromatogram on normal phase TLC using 10% ethyl acetate in
petroleum ether as a mobile phase showed three major UV-active spots with the R,
values of 0.44, 0.40 and 0.27. It was then separated on precoated TLC with 10% ethyl
acetate in petroleum ether (4 runs) to afford two bands.

Band 1 was a yellow gum (4.9 mg). Chromatogram on normal phase TLC
with 10% cthyl acetate in petroleum ether showed two overlapping spots under UV-S.
Further separation on precoated TLC gave three bands in low quantity. Thus, they
were not investigated.

Band 2 (DD7) was a palé yellow gum (2.8 mg) which showed a single spot on
normal phase TLC under UV-S with the R, values of 0.35 using 10% ethyl acetate in

petroleum ether as a mobile phase.

[a]®, -200° (¢ = 5.0x10°g/100 em®, MeOH)
UV 2, .. nm (MeOH) (log &) 280 (3.17), 236 (3.87)
IR (neat) v_ | 3414 (O-H stretching), 2952, 2926, 2849 (C-H

stretching)




"H NMR (CDCL) (8 ppn)

{500 MHz)

BC NMR (CDCL) (8 ppm)

(125 MHz)

DEPT (135°) (CDCl,)
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6.00 (d, J=16.5 Hz, 1H), 5.44 (dd, J= 16.5 and
10.5 Hz, 1H), 5.28 (s, 1H), 5.00 (d, J = 2.0 Hz,
1H), 4.93 (d,J= 1.0 Hz, 1H), 4.85 (s, 1H), 3.78
(dd, J7=12.0 and 4.0 Hz, 1H), 2.65-2.61 (m, 1H),
2.44 (dt, J = 13.0 and 5.0 Hz, 1H), 2.20 (ddd,
J=13.0, 5.0 and 2.5 Hz, 1H), 2.08-2.01 (m, 2H),
1.83-1.77 (m, 1H), 1.73-1.58 (m, 2H), 1.68-1.60
(m, 1H), 1.53-1.46 (m, 1), 0.89 (d, J = 6.5 Hz,
3H), 0.82 (d, J = 6.5 Hz, 3H)

153.49, 146.72, 137.97, 129.61, 112,91, 110.57,
76.03, 52.50, 36.27, 36.17, 34.52, 31.82, 29.93,

20.75, 20.49

CH, : 20.75, 20.49
CH, : 112.91, 110.57, 36.27, 36.17, 34.52, 29.93

CH : 137.97,129.601, 76.03, 52.50, 31.82

Subfraction AS5.7, upon standing at room temperature, afforded a white solid which

was shown to be identical to DD4 by TL.C. In addition, the filtrate showed two UV-

active spots. It was then chromatographed on precoated TLC with 10% ethyl acetate

in petroleum ether (4 runs) to give a yellow solid (DD, 6.3 mg), melting at 153-

155°C. Its chromatogram showed only one UV-active spot with the R, value of 0.39

using 5% ethyl acetate in petroleum ether as a mobile phase (5 runs).

[a']ng

UV A4 nm (MeOH) (log &)

max

-177° (¢ = 1.7x10°/100 cm’, MeOH)

362 (4.06)




IR (neat) v,

m-1

"H NMR (CDCL) (& ppm)

(500 MHz)

BC NMR (CDCL) (6 ppm)

(125 MHz)
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3432 (O-H stretching), 2959, 2928, 2856 (C-H
stretching), 1742, 1635 (C=0 stretching)

13.19 (s, 1H), 7.51 {d, J=1.5 Hz, 1H), 5.22 (mt,
J=7.0Hz, 1H), 4.41-4.37 (m, 1H), 437 (¢, J =
6.5 Hz, 1H), 3.63 (s, 1), 3.22 (brt,J=7.0 Hz,
2H), 2.69 (nd, J = 14.5 Hz, 1H), 2.56 (dd, J =
14.5 and 10.5 Hz, 1H), 2.55 (d, J= 9.5 Hz, 111),
2.33 (brd, J=13.0 Hz, 1H), 1.75 (s, 3H), 1.71
(s, 3H), 1.68 (brd, J= 1.0 Hz, 3H), 1.65 (dd, J =
13.0 and 9.5 Hz, 1H), 1.58 {5, 3H), 1.41 {d, J =
6.5 Hz, 3H), 1.36 (brs, 3H), 1.29 (s, 3H), 1.64 (s,
3H), 1.06 (brs, 3H)

20231, 178.23, 166.82, 163.25, 153.81, 135.64,
133.93, 132.38, 132.05, 121.74, 117.16, 113.04,
105.75, 101.38, 90.61, 89.27, 84.89, 84.17,
83.26, 53.97,49.91, 43.47, 30.84, 30.78, 29.00,
28.93,25.74,25.51, 24.05, 21.42, 21.09, 17.76,

16.87, 13.59

Subfraction AS.8, upon standing at room temperature, afforded a white solid (DD4)

and a yellow solution (SolAS.8). The solution was evaporated to dryness under

reduced pressure to yield a white solid mixed with yellow gum (109.3 mg). It showed

the similar chromatogram to the filtrate obtained from subfraction AS.7. Further

chromatography by flash column chromatography over silica gel was then carried out.

Elution was performed with 5% ethyl acetate in petroleum ether, followed by
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increasing the polarity with ethyl acetate until 20% ethyl acetate in petroleum ether.

Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to give four subfractions, as shown in Table 8.

Table 8 Subfractions obtained from S80lAS.8 by flash column chromatography over

silica gel
Subfraction | weight (mg) physical appearance
AS5.8/1 61.6 white solid mixed with yellow gum
A5.8/2 19.4 white solid mixed with yellow gum
A5.8/3 31.2 orange yellow gum
- AS5.8/4 249 orange yellow gum

Subfraction_AS.8/1 showed two spots on normal phase TLC under UV-S

using 15% ethyl acetate in petroleum ether as a mobile phase. After dipping the TLC

plate in ASA reagent and subsequently heating, many additional spots were observed.

Thus, it was not investigated further.

Subfraction AS.8/2 showed one major UV-active spot on normal phase TL.C

using 15% ethyl acetate in petroleum ether as a mobile phase with the R, value of

0.35. One additional spot was observed below the UV-active spot after dipping the

TLC plate in ASA reagent and subsequently heating. It was further separated on

precoated TLC with 15% ethyl acetate in petroleum ether (2 runs) afforded two bands.

Band 1 was a yellow gum (6.2 mg). It showed one major UV-active spot on

normal phase TLC using 15% ethyl acetate in petroleum ether as a mobile phase with

the R, vatue of 0.35. One additional spot was observed below the UV-active spot after
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dipping the TLC plate in ASA reagent and subsequently heating. It was
rechromatographed on precoated TLC with 5% ethyl acetate in petroleum ether
(5 runs) and then 10% ethyl acetate in petroleum ether (6 runs), respectively, to give
DD1 as a yellow gum (4.8 mg).

Band 2 was a yellow gum (10.0 mg) which showed two overlapping spots on
normal phase TLC under UV-S using 15% ethyl acetate in petroleum ether as a mobile
phase. It was purified further on precoated TLC with 5% ethyl acetate in petroleum
ether (5 runs) and then 10% ethyl acetate in petroleum ether (6 runs), respectively, to
afford two bands.

Band 2.1 was a yellow gum (4.0 mg). It was shown to be DD1 by
TLC. Band 2.2 was a yellow gum (5.2 mg). It contained two UV-active spots
which partially overlaped each other. Further purification was not performed because
it was obtained in low quantity.

Subfraction AS.8/3 contained two overlapping spots on normal phase TLC

under UV-S using 15% ethyl acetate in petroleum ether as a mobile phase. Its 'H
NMR spectrum indicated that it was a mixture of DD1 and DD35. Thus, it was then
purified by precoated TL.C with 8% ethyl acetate in petroleum ether (17 runs) to give

two bands.

Band 1 was a yellow gum (6.3 mg) which was identified to be DD1 by TLC.
Band 2 (DD5) was a yellow gum (3.4 mg). Its chromatogram showed one UV-
active spot with the R, value of 0.33 on normal phase TLC 5% ethyl acetate in

petroleum ether (10 runs).

[a]?, -158° (¢ = 1.9x10°/100 cm’, MeOH)

uv 2 nm (MeOH) (log &) 364 (3.79)

max




40

IR (neat) v, 3444 (O-H stretching), 2959, 2926, 2856 (C-H
stretching), 1745, 1635 {(C=0 stretching)

"H NMR (CDCL,) (6 ppm) 13.24 (s, 1H), 7.51 (d, J = 1.5 Hz, 1H), 5.22 (mt,

(500 MHz) J=17.0Hz, 1H), 4.54 (g, /= 6.5 Hz, 1H), 4.36

(md, J=10.5 Hz, 1H), 3.64 (s, 3H), 3.22 (d,J =
7.0 Hz, 2H), 2.67 (md, J= 14.0 Hz, 1H), 2.58 (d,
J=9.5Hz, 1H), 2.54 (dd, J = 14.0 and 10.5 Hz,
1H), 2.34 (brd, J= 12,5 Hz, 1H), 1.75 (s, 3H),
1.71 (s, 3H), 1.68 (d, /= 1.0 Hz, 3H), 1.66 (dd,
J=12.5and 9.5 Hz, 1H), 1.49 (s, 3H), 1.41 (s,
3H), 1.36 (s, 3H), 1.29 (d, /= 6.5 Hz, 3H), 1.29

(s, 3H), 1.02 (s, 3H)

Subfraction AS.8/4 showed two major UV-active spots on normal phase TLC

which overlaped each other. Attempted purification using various mobile phase
systems was not successful.

Subfraction AS.9, upon standing at room temperature, afforded DD4 as a white
precipitate. The remaining solﬁtion showed the same chromatogram as SolAS5.8 which
consisted of DD1 as a major component.

Subfraction A5.10 displayed two major UV-active spots on normal phase TLC using
15% ethyl acetate in petrolenn ether as a mobile phase with the R, values of 0.56 and
0.49. Further chromatography on precoated TLC with 5% ethyl acetate in petroleum

ether (40 runs) afforded two bands.
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Band_1 (DD8) was a yellow solid (2.8 mg), melting at 180-181°C. It showed
only one UV-active spot on normal phase TLC using 5% ethyl acetate in petroleum

ether as a mobile phase (6 runs) with the R; value of 0.39.

[a]®?, -167° (¢ = 6.0x10” /100 cm’, MeOH)

UV 2. nm (MeOH) (log &) 360 (3.83)

IR (neat) v, 3422 (O-H stretching), 2926, 2856 (C-H
stretching), 1742, 1640 (C=0 stretching}

"H NMR (CDCL) (6 ppm) 13.03 (s, 1H), 7.52 (d, J= 1.0 Hz, 1H), 6 04 {s,

(500 MHz) 1H), 4.40 (g, J = 6.5 Hz, 1H), 4.40-4.37 (m, 11),
3.64 (s, 3H), 2.70 (md, J = 14.5 Hz, 1H), 2.59 (d,
J=9.5 Hz, 1H), 2.58 (dd, J = 14.5 and 11.0 Hz,
1H), 2.36 (d, J = 13.0 1z, 111), 1.72 (s, 3H), 1.66
(dd, J=13.0 and 9.5 Hz, 1H), 1.59 (s, 311), 1.57
(brs, 1H), 1.41 (d, J = 6.5 Hz, 3H), 1.38 (brs,

3H), 1.30 (s, 3H), 1.17 (s, 3H), 1.09 (s, 3H)

Band_2 (DD9) was a yellow solid (2.3 mg), melting at 186-187°C. Its
chromatogram displayed a single spot on normal phase TLC under UV-S using 5%

ethyl acetate in petroleum ether as a mobile phase (6 runs) with the R_value of 0.36.

o, -143° (¢ = 7.0x10°g/100 cm’, MeOH)

UV 2 nm (MeOH) (log &) 361 (3.74)

max

IR {(neat) v, 3443 (O-H stretching), 2926, 2856 (C-H

m-1

stretching), 1742, 1640 (C=0 stretching)
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'H NMR (CDCL) (5 ppm) 13.09 (s, 1H), 7.53 (d, J= 1.5 Hz, 1H), 6.04 (s,
(500 MHz) 1H), 4.55 (g, J = 6.5 Hz, 1H), 4.36 (md, J=10.5
Hz, 1H), 3.65 (s, 3H), 2.69 (md, J=14.5 Hz,
1H), 2.61 (d, J=9.5 Hz, 111), 2.55 (dd, J= 14.5
and 10.5 Hz, 111), 2.36 (nd, J = 13.0 Hz, 1H),
1.72 (s, 3H), 1.67 (dd, J = 13.0 and 9.5 Hz, 111),
1.50 (s, 3H), 1.42 (s, 3H), 1.38 (brs, 3H), 1.30

(d, J= 6.5 Hz, 3H), 1.29 (s, 3H), 1.07 (brs, 3H)

Subfraction AS.11 showed one major UV-active spot on normal phase TLC using
15% ethyl acetate in petroleum ether as a mobile phase with the R, value of 0.47.
Further purification on precoated TLC with 5% ethyl acetate in pefroleum ether
(40 runs) was performed to afford two bands which were obtained in low quantity.
Therefore, they were not further investigated.

Fraction A6 displayed four major UV-active spots on normal phase TLC using 15%
ethyl acetate in petroleum ether as a mobile phase with the R, values of 0.41, 0.32,
0.18 and 0.11. It was rechromatographed by flash column chromatography over silica
gel. Elution was performed using a stepwise gradient system (ethyl acetate in
petroleum ether and methanol in ethyl acetate) and finally with pure methanol.
Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to give four subfractions, as shown in Table 9.
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Table 9 Subfractions obtained from A6 by flash colunm chromatography over silica

gel
subfraction | weight (mg) physical appearance
A6.1 42.1 : pale yellow gum
A6.2 77.1 white solid mixed with yellow gum
A6.3 144.9 white solid mixed with yellow gum
A64 259.9 brown-yellow gum

Subfraction A6.1 showed no major components on normal phase TLC under UV-S
using 30% ethyl acetate in petrolenm ether as a mobile phase. Therefore, it was not
further investigated.

Subfraction A6.2 displayed DDI1 as major component on normal phase TLC under
UV-S using 30% cthyl acetate in petroleum ether as a mobile phase. Therefore, further
separation was not performed.

Subfraction A6.3 showed one major component as DD4. Therefore, it was not
investigated.

Subfraction A6.4 displayed unseparabie spots on normal phase TLC under UV-S
with 30% ethyl acetate in petroleum ether. Further investigation was not carried out.
Fraction A7 showed the similar chromatogram as that of fraction A6. Therefore, it
was not investigation,

Fraction A8 displayed four major components on normal phase TLC under UV-S
using 15% ethyl acetate in petroleum ether as a mobile phase (8 runs) with the R,
values of 0.36, 0.27, 0.18 and 0.11. Further separation by column chromatography

over silica gel was introduced. Elution was conducted using a stepwise gradient
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system (ethyl acetate in hexane and methanol in ethyl acetate) and finally with pure

methanol. Fractions with the similar chromatogram were combined and evaporated to

dryness under reduced pressure to give ten subfractions, as shown in Table 10.

Table 1§ Subfractions obtained from A8 by column chromatography over silica gel

subfraction weight (mg) physical appearance
A8.1 372.7 green-yellow gum
AB.2 1,932.0 brown-yellow gum
A8.3 1,059.8 green-yellow gum
AB4 1,124.8 green-yellow gum
A8.5 427.2 green-yellow gum
A8.6 177.5 green-yellow gum
A8.7 477.1 brown-yellow gum
A8.8 525.7 brown-yellow gum
A8.9 642.7 brown-yellow gum
A8.10 303.2 brown gum

Subfraction A8.1 showed no distinct UV-active spots on normal phase TLC using

15% ethyl acetate in petroleum ether as a mobile phase. After dipping the TLC plate

in ASA reagent and subsequently heating, three additional spots were observed above

UV-active spots. Attempted purification using various mobile phase systems was not

successful.
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Subfraction A8.2 displayed one major UV-active spot as DD13 on normal phase TLC
under UV-S using 25% cthyl acetate in petroleum ether as a mobile phase (2 runs)
with the R, value of 0.42. Thus, it was not purified further.

Subfraction A8.3 showed two major UV-active spots as DD11 and DDI13 on normal
phase TLC with 25% ethyl acetate in petroleum ether (2 runs). Therefore, further
separation was not catried out.

Subfraction A8.4 displayed two major UV-active spots as DD11 and DDI12Z on
normal phase TLC with 25% ethyl acetate in petroleum ether (2 runs). Therefore, it
was not separated.

Subfraction A8.5 showed two major UV-active spots on normal phase TLC using
25% ethyl acetate in petroleum cther (2 runs) as a mobile phase with the R, values of
0.25 and 0.23. Further separation by column chromatography over silica gel was
performed. Elution was conducted with 0.5% methanol in chloroform with increasing
amount of methanol up to pure methanol. Fractions with the similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford four

subfractions, as shown in Table 11.

Table 11 Subfractions obtained from A8.5 by column chromatography over silica gel

subfraction weight (mg) physical appearance
Kl 194.4 white solid mixed with yellow gum
K2 138.2 yellow gum
K3 43.7 yellow gum
K4 55.2 yellow-brown gum
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Subfraction K1 showed DD12 as a major component on normal phase TLC

with 25% ethyl acetate in petroleum ether (3 runs). Therefore, it was not purified.

Subfraction K2 displayed two major UV-active spots on normal phase TI.C

using 25% ethyl acetate in petroleum ether (2 runs) as a mobile phase with the R,
values of 0.25 and 0.23. It was then purified by flash column chromatography over
silica gel. Elution was conducted using a stepwise gradient system (ethyl acetate in
petroleum ether and methano! in ethyl acetate} and finally with pure methanol.
Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to afford four subfractions, as shown in Table 12.

Table 12 Subfractions obtained from K2 by flash column chromatography over

silica gel
subfraction weight (mg) physical appearance
KB1 14.8 yellow gum
KB2 46.7 yellow gum
KB3 5.6 yellow gum
KB4 99.1 yellow gum

Subfraction KB1 displayed two major UV-active spots which were shown to
be DD13 and DD11 by TLC. Thus, it was not further purified.

Subfraction KB2 showed three major UV-active spots on normal phase TLC
using 25% ethyl acetate in petroleum ether (4 runs) as a mobile- phase with the R,
values of 0.35, 0.31 and 0.25. It was then purified by flash column chromatography

over silica gel. Elution was performed with 15% ethyl acetate in petroleum ether,
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followed by increasing the polarity until 30% ethyl acetate in petroleum ether.
Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to afford three subfractions, as shown in Table 13.

Table 13 Subfractions obtained from KB2 by flash colurn chromatography over

silica gel
subfraction | weight {mg) | physical appearance
KB2.1 6.9 yellow gum
KB2.2 15.0 yellow gum
KB2.3 27.0 yellow gum

Subfraction KB2.1 displayed DD11, DD12 and DD10 as major

components on normal phase TLC under UV-S using 25% ethyl acetate in petroleum
ether (4 runs) as a mobile phase. Therefore, it was not investigated.

Subfraction KB2.2 showed two major UV-active spots on normal

phase TL.C using 25% ethyl acetate in petrolenm ether (4 runs) as a mobile phase with
the R, values of 0.31 and 0.25. Thus, it was purified on precoated TLC with 25% ethyl
acetate in petroleum ether (11 runs) to afford two bands.

Band 1 (DD12) was a pale yellow gum (4.5 mg). Its chromatogram
showed one UV-active spot on normal phase TLC using 25% ethyl acetate in

petroleum ether (5 runs) as a mobile phase with the R, value of 0.37.

L], +53° (¢ = 1.9x10°g/100 om’, MeOH)

UV A nm (MeOH) (log &) 305 (4.11)

max
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IR (neat) v__, 3600-2500 (O-H stretching), 2959, 2927, 2856

(C-H stretching), 1746, 1683, 1634 (C=0

stretching)
'"H NMR (CDCL,) (6 ppm) 12.07 (s, 1H), 6.57 (mt, J= 7.5 Hz, 1H), 5.23
(500 Miiz) (mt,J= 7.0 Hz, 1H), 4.47 (d, J= 0.5 Hz, 1H),

441 (g, J = 6.5 Hz, 1H), 3.50 (s, 3H), 3.38 (s,
3H), 3.22-3.21 (m, 2H), 3.19 (ndd, J = 17.0 and
7.5 Hz, 1H), 3.16 (d, J = 0.5 Hz, 1H), 3.07 (mdd,
J=17.0 and 7.5 Hz, 1H), 2.71 (d, J = 9.0 Hz,
1H), 2.02 (d, J= 14.0 Hz, 1H), 1,98 (d,J= 1.5
Hz, 3H), 1.76 (brs, 3H), 1.69 (d, J=1.0 Hz, 3H),
1.64 (dd, J= 14.0 and 9.0 Hz, 1H), 1.44 (s, 3H),
1.42 (s, 3H), 1.34 (d, /= 6.5 Hz, 3H), 1.21 (s,

3H), 1.12 (s, 3H)

Band 2 was a yellow gum (8.4 mg) which was shown to be DD10 by

TLC.

Subfraction KB2.3 showed DD10, as a major spot, on normal phase

TLC. Further purification was not performed.

Subfraction KB3 displayed one major UV-active spot which was shown to be
DD10 by TLC. Thus, it was not separated.

Subfraction KB4 contamned two major overlapping spots on normal phase
TLC under UV-S using 25% ethyl acetate in petroleum ether as a mobile phase

(4 runs). Because it was obtained in low quantity, it was not further investigated.
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Subfraction K3 showed DD10 as a major UV-active spot on normal phase

TLC with 25% ethyl acetate in petroleum ether (3 runs). Therefore, it was not further

purified,

Subfraction K4 displayed unseparable spots on normal phase TLC under UV~

S using 25% ethyl acetate in petroleum ether as a maobile phase (3 runs). Thus, it was
not investigated,

Subfraction A8.6 showed two major UV-active spots on normal phase TLC using
30% ethyl acetate in petrolenm ether (2 runs) as a mobile phase with the R, values of
0.25 and 0.09. It was then separated by column chromatography over silica gel.
Elution was performed using a stepwise gradient system (ethy! acetate in petroleum
ether and methanol in ethyl acetate) and finally with pure methanol. Fractions with the
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford three subfractions, as shown in Table 14.

Table 14 Subfractions obtained from A8.6 by column chromatography over silica gel

subfraction | weight (mg) physical appearance
AB.6/1 96.4 white solid mixed with yellow gum
AB.6/2 87.7 yellow gum
AB.6/3 324 white solid mixed with brown-yellow gum

Subfraction A8.6/1 contained no major UV-active spots on normal phase TLC
with 30% ethyl acetate in petroleum ether (2 runs), Thus, it was not investigated.

Subfraction A8.6/2 showed one major UV-active spot on normal phase TLC

using 30% ethyl acetate in petroleum ether (2 runs) with the R, value of 0.25. It was
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then purified by column chromatography over silica gel. Elution was performed with
1% methanol in chloroform with increasing amount of methanol up to pure methanol,
Fractions with the stmilar chromatogram were combined and evaporated to dryness

under reduced pressure to afford three subfractions, as shown in Table 15,

Table 15 Subfractions obtained from A8.6/2 by column chromatography over silica

gel
subfraction | weight {(mg) physical appearance
Ct 96.4 white solid mixed with yellow gum
C2 87.7 yellow gum
C3 324 white solid mixed with brown-yellow gum

Subfraction C1 showed no distinct spots on normal phase TLC under UV-S
with 30% ethyl acetate in petroleum ether. Thus, further investigation was not carried
out.

Subfraction C2 displayed one major UV-active spot as DD10 on normal
phase TLC with 30% ethyl acetate in petroleum ether, Therefore, it was not separated.

Subfraction C3 showed one major UV-active spot on normal phase TLC with
30% ethyl acetate in petroleum ether with the R, value of 0.16. Further purification by
column chromatography over silica gel was introduced. Elution was performed with
3% methanol in chloroform with increasing amount of methanol up to pure methanol.
Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to afford three subfractions, as shown in Table 16.
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Table 16 Subfractions obtained from C3 by column chromatography over silica gel

subfraction weight (mg) physical appearance
C3.1 4.9 yellow gum
C3.2 23.6 yellow gum
C33 33.1 white solid mixed with yellow gum

Subfraction C3.1 showed no major UV-active spots on normal phase

TLC with 1% methanol in chloroform (3 runs). Thus, it was not investigated.

Subfraction C3.2 displayed one major UV-active spot on normal

phase TLC using 1% methanol in chloroform as a mobile phase (3 runs) with the R
value of 0.26. Further chromatographic separation by precoated TLC with 1%
methanol in chloroform (10 runs) gave a yellow gum (DD10, 19.7 mg).
Chromatogram on normal phase TLC using 1% methanol in chloroform (3 runs) as a

mobile phase showed a single UV-active spot with the R, value of 0.26.

[al”, -353° (¢ = 1.7x10°g/100 cm’, MeOH)
UV 2, nm (MeOH) (log &) 366 (4.10)

IR (neat) v__, 3600-2500 (O-H stretching), 2952, 2927, 2849

(C-H stretching), 1744, 1687, 1634 (C=0

stretching)
"H NMR (CDCL) (8 ppm) 13.28 (s, LH), 7.52 (d, J= 1.0 Hz, 1H), 5.39 (md,
(500 MHz) J=11.5 Hz, 1H), 5.06 (brs, 1H), 4.89 (brs, 1H),

4.55 (¢, J = 6.5 Hz, 1H), 4.51 (dd, J = 11.0 and

3.5 Hz, 1H), 3.64 (s, 3H), 3.56 (dd, J=15.5 and




PCNMR (CDC,) (8 ppm)

(125 MHz)
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11.5 Hz, 1H), 2.94 (dd, J=14.5 and 11.0 Hz,
1H), 2.74 (md, J=15.5 Hz, 11), 2.69 (dd, J =
14.5 and 3.5 Hz, 1H), 2.64 (d, J= 9.5 Hz, 1H),
2.31 (md, J=12.5 Hz, 1H), 1.85 (s, 3H), 1.72
(s, 3H), 1.71 {dd, J=12.5 and 9.5 Hz, 1H), 1.67
(dd, J=2.0 and 1.5 Hz, 3H), 1 .48 (s, 3H), 1.40
(s, 3H), 1.38 (d, /= 6.5 Hz, 3H), 1.29 (s, 3H)
203.18, 177.80, 167.67, 167.35, 164.13, 155.02,
147.12, 135.64, 134.67, 132.52, 129.57, 112.75,
110.63, 102.30, 101.31, 92.12, 89.09, 85.12,
84.15, 83.51, 74.95, 53.83, 49.68, 43.49, 30.89,
30.45, 28.82, 28.70, 28.42, 27.99, 21.18, 19.63,

138.28, 16.27

Subfraction C3.3 showed one major UV-active spot on normal phase

TLC using 1% methanol in chloroform as a mobile phase (3 runs) with the R, value of

0.24. Tt was then separated on precoated TLC with 1% methanol in chloroform

(16 runs) to give a white solid mixed with yellow gum (10.8 mg), Chromatogram on

normal phase TLC using 2% methanol in chloroform as a mobile phase showed two

UV-active spots with the R, values of 0.26 and 0.24. Thérefore, it was

rechromatographed on precoated TLC with 2% methanol in chloroform (5 runs) to

afford two bands.

Band 1 was a yellow gum (1.2 mg). It was shown to be DD10 by TLC.
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Band 2 was a yellow gum (3.5 mg). Chromatogram showed two UV-
active spots on normal phase TLC with 2% methanol in chloroform. Because of low
quantity, it was not carried out.

Subfraction A8.7 displayed three major UV-active spots on normal phase TLC using
25% ethyl acetate in petroleum ether (4 runs) as a mobile phase with the R, values of
0.36, 0.27 and 0.13. Further purification by column chromatography over reverse-
phase silica gel was carried out, Elution was performed initially with 50% methanol in
water, followed by increasing amount of methanol and finally with pure methanol.
Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to afford six subfractions, as shown in Table 17.

Table 17 Subfractions obtained from A8.7 by column chromatography over reverse-

phase silica gel

subfraction | weight (mg) physical appearance
L1 55.2 yellow gum
L2 91.9 yellow gum
L3 18.3 yellow gum
L4 32.6 white solid mixed with yellow gum
L5 36.3 white solid mixed with yellow gum
L6 216.9 brown- green gum

Subfraction 1.1 showed no distinct spots on normal phase TLC using 30%

ethyl acetate in petroleum ether (3 runs) as a mobile phase. Thus, it was not

investigated.
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Subfraction L2 displayed three major UV-active spots on normal phase TLC

using 30% ethyl acetate in petroleum ether (3 runs) as a mobile phase with the R,
values of 0.36, 0.27 and 0.15. Further separation by flash column chromatography
over silica gel was performed. Elution was conducted using a stepwise gradient
system {(ethyl acetate in petroleum ether and methanol in ethyl acetate) and finally
with pure methanol. Fractions with the similar chromatogram were combined and
evaporated to dryness under reduced pressure to afford two subfractions, as shown m

Table 18.

Table 18 Subfractions obtained from L2 by flash column chromatography over

silica gel
subfraction | weight (mg) physical appearance
LAl 32.2 yellow gum
LA2 377 white solid mixed with yellow gum

Subfraction LA1 showed DD10 as a major spot on normal phase TLC under
UV-S using 30% ethyl acetate in petroleum ether (3 runs) as a mobile phase. Further
purification was not performed.

Subfraction LA2 displayed one major UV;active spot on normal phase TLC
using 30% ethyl acetate in petrolenm ether (3 runs) as a mobile phase with the R,
value of 0.15. It was rechromatographed on precoated TLC with 30% ethyl acetate in
petroleum ether (5 runs) to give a white solid mixed with yellow gum (9.5 mg).
Chromatogram on normal phase TLC using 30% ethyl acetate in petroleum ether as a

mobile phase showed three UV-active spots with the R; values of 0.36, 0.29 and 0.15.
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Further purification by column chromatography over reverse-phase silica gel was
attempted. Elution was performed with 40% methanol in water, followed by
increasing methanol up to 60% methanol in water. Fractions with the similar
chromatogram were combined and evaporated to dryness under reduced pressure to
afford four subfractions which were obtained in low quantity. Therefore, they were
not further investigated.

Subfraction L3 displayed one major UV-active spot on normal phase TLC

using 30% ethyl acetate in petroleum ether (3 runs) as a mobile phase with the R,
value of 0.21. Further separation by flash column chromatography over silica gel was
carried out. Elution was conducted using a stepwise gradient system (ethyl acetate in
petroleum ether and methanol in ethyl acetate) and finally with pure methanol.
Fractions with the similar chromatogram were combined and evaporated to dryness
under reduced pressure to afford twelve subfractions which were obtained in low
quantity. Their chromatograms on normal phase TLC showed many UV-active spots
using 30% ethyl acetate in petroleum ether (3 runs) as a mobile phase. Therefore, they
were not further investigated.

Subfraction 1.4 displayed many UV-active spots on normal phase TLC

without any major components. Therefore, it was not investigated.

Subfraction L5 showed the similar chromatogram to that of subfraction D6.

Thus, they were combined.

Subfraction L6 displayed unseparable UV-active spots on normal phase TLC

using 30% ethyl acetate in petroleum ecther (3 runs) as a mobile phase. Further
separation was not performed.
Subfraction A8.8 showed three major UV-active spots on normal phase TL.C using

40% ethyl acetate in petroleum ether (3 runs) as a mobile phase with the R values of
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0.80, 0.71 and 0.08. Further purification by column chromatography over reverse-
phase silica gel was carried out. Elution was performed initially with 30% methanol in
water, followed by increasing amount of methanol and finally with pure methanol.
Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to afford five subfractions, as shown in Table 19.

Table 19 Subfractions obtained from A8.8 by column chromatography over reverse-

phase silica gel

subfraction | weight (mg) physical appearance
D1 417.5 pale yellow solid mixed with yellow gum
D2 102.1 yellow gum
D3 71.5 brown- yellow gumn
D4 78.5 brown- yellow gum
D5 238.0 brown gum J

Subfraction D1 displayed two major UV-active spots on normal phase TLC
using 2% methanol in chloroform (2 runs) as a mobile phase with the R values of 0.18

and 0.07. Further purification by various mobile phase systems was not successful.

Subfraction D2 sliowed two major components on normal phase TLC using
2% methanol in chloroform (2 runs) as a mobile phase with the R values of 0.49 and
0.39. Further purification by column chromatography over silica gel was performed.
Elution was conducted initially with 1% methanol in chloroform followed by

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

pressure to afford five subfractions, as shown in Table 20.

Table 20 Subfractions obtained from D2 by column chromatography over silica gel

subfraction | weight (mg) physical appearance
D2.1 5.2 pale yellow gum
D2.2 114 yellow gum
D2.3 39.5 yellow gum
D2.4 46.3 yellow gum
D2.5 59 yellow gum

Subfraction D2.1 showed many UV-active spots on normal phase TLC

without any major components. Therefore, it was not investigated.

Subfraction D2.2 showed two major UV-active components on normal phase

TLC using 2% methanol in chloroform as a mobile phase with the R, values of 0.36

and 0.27. It was rechromatographed on precoated TLC with 2% methanol in

chloroform (3 runs) to afford two bands.

Band 1 (DD11) was a yellow gum (4.9 mg) which showed only one

UV-active spot on normal phase TLC using 2% methanol in chloroform as a mobile

phase with the R values of 0.30.

[01]29,)

UV A nm (MeOH) (log &)

max

367 (4.01)

-222° (¢ = 9.0x10°g/100 cm’, MeOH)




IR (neat) v

em-1

"H NMR (CDCL,) (8 ppm)

(500 MHz)
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3600-2500 (O-H stretching), 2959, 2926, 2849
(C-H stretching), 1742, 1683, 1634 (C=0
stretching)

13.16 (s, 1H), 7.52 (d,J= 1.0 Hz, 1H), 5.20 (md,
J=12.0 Hz, 1H), 5.08-5.07 (1, 1H), 4.94-4.92
(m, 1H), 4.57 (g, J = 6.5 Hz, 1H), 4.32 (brdd, J =
11.5 and 3.5 Hz, I_H), 3.82 (dd, J=15.5 and
12.0 Hz, 1H), 3.66 (s, 3H), 2.99 (dd, J = 14.5
and 3.5 Hz, 1H), 2.72 (md, J = 15.5 Hz, 1H),
2.64 (dd,J=14.5and 11.5 Hz, 1H), 2.63 (d,J =
9.5 Hz, 1H), 2.35 (md, J = 13.0 Hz, 1H), 1.87
(brs, 3H), 1.71 (s, 3H), 1.70 (dd, J = 13.0 and
9.5 Hz, 1H), 1.64 (dd, J= 2.5 and 1.5 Hz, 3H),
1.56 (s, 31), 1.45 (d, J= 6.5 Hz, 3H), 1.38 (s,

3H), 1.29 (s, 3H)

Band 2 was a yellow gum (4.9 mg) which was indentified to be DD10

by TLC.

Subfraction D2.3 showed one major UV-active component on normal phase

TLC using 2% methanol in chloroform as a mobile phase with the R, value 0.27. It

was rechromatographed on precoated TLC with 2% methanol in chloroform (3 runs)

to afford DD10 (18.0 mg).

Subfraction D2.4 showed three major UV-active components on normal phase

TLC using 2% methanol in chloroform as a mobile phase with the R, values of 0.27,

0.25 and 0.06. It was further purified by column chromatography over silica gel.




59

Elution was conducted with 1% methanol in chloroform with increasing amount of
methanol up to 30% methanol in chloroform. Fractions with the similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford three

subfractions, as shown in Table 21.

Table 21 Subfractions obtained from D2.4 by column chromatography over silica gel

subfraction | weight (mg) physical appearance
DC1 3.7 yellow gum
DC2 26.7 yellow gum
DC3 22.2 yellow gum

Subfraction DC1 displayed DD10 as a major UV-active component

on normal phase TLC using 2% methanol in chloroform as a mobile phase with the R,

value of 0.27. Thus, it was not further purified.

Subfraction DC2 contained one major UV-active component on

normal phase TLC using 2% methanol in chloroform as a mobile phase with the R;
value of 0.21. Further separation by column chromatography over silica gel was
carried out. Elution was conducted with 2% methanol in chloroform with increasig
‘amount of methanol up to 10% methanol in chloroform. Fractions with the similar
chromatogram were combined and evaporated to dryness under reduced pressure to

give three subfractions, as shown in Table 22,
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Table 22 Subfractions obtained from DC2 by column chromatography over silica gel

subfraction | weight (ing) physical appearance
DC2.1 5.2 pale yellow gum
DC2.2 17.9 yellow gum
DC2.3 9.2 yellow gum

Subfraction DC2.1 showed many UV-active spots on normal phase
TLC. Because of low quantity, it was not carried out.

Subfraction DC2.2 contained one major UV-active component on
normal phase TLC using 2% methanol in chloroform as a mobile phase with the R,
value of 0.21. Further chromatographic separation by precoated TLC on silica gel
plate using 2% methanol in chloroform as a mobile phase (7 runs) afforded a yellow
gum (13.1 mg). Its chromatogram showed three UV-active spots on normal phase
TLC using 2% methanol in chloroform as a mobile phase with the R;value of 0.40,
0.27 and 0.21. It was rechromatographed on precoated TLC using 2% methanol in
chloroform as a mobile phase to give a yellow gum (9.8 mg) which displayed three
spots on normal phase TLC under UV-S using 2% methanol in chloroform as a mobile
phase with the R, values of 0.40, 0.27 and 0.21. It was then separation on precoated
TLC using 2% methanol in chloroform as a mobile phase (2 runs) afford a yellow gum
(DD14, 6.5 mg). Its chromatogram showed one UV-active spot on normal phase TLC

using 2% methanol in chloroform as a mobile phase with the R values of 0.21.

(], -43° (¢ = 2.3x107g/100 cm’, MeOH)

UV A_._nm (McOH) (log &) 305 (4.26)

max




IR (neat) v,

m-1

'H NMR (CDCL,) (5 ppm)

(500 MHz)

C NMR (CDCL,) (8 ppm)

(125 MHz)

DEPT (135°) (CDCI,)

CH, :

CH, :

CH :

&1

3600-2500 (O-H stretching), 2967, 2929, 2856
(C-H stretching), 1744, 1687, 1634 (C=0
stretching)

12.26 (s, 1H), 6.63 (mt, J= 7.0 Hz, 1H), 4.99
(brs, 1H), 4.84 (brs, 11), 4.47 (d, J= 1.5 Hz,
1H), 4.42 (¢, J = 6.5 Hz, 1H), 4.29 {dd, J= 8.5
and 4.0 Hz, 1H), 3.51 (s, 3H), 3.38 (s, 311}, 3.23
(mdd,J=15.5and 7.0 Hz, 1H),3.20 (d, /= L.5
Hz, 1H), 3.15 (mdd, J=15.5 and 7.0 Hz, 1H),
2.88 (dd, J=14.5 and 4.0 Hz, 1H), 2.77 (dd, J =
14.5 and 8.5 Hz, 1H), 2.70 (d, J= 8.5 Hz, 1H),
2.03 (d,J=14.5 Hz, 1H), 1.97 (d, J= 1.5 Hz,
3H), 1.84 (s, 3H), 1.64 (dd, J=14.5 and 8.5 Hz,
1H), 1.44 (s, 3H), 1.43 (s, 3H), 1.34 (d, J=6.5
Hz, 3H), 1.22 (s, 3H), 1.12 (s, 3H)

205.47, 192.23, 171.10, 16740, 162.00, 152.69,
147.33, 138.06, 128.02, 113.80, 110.40, 102.51,
102.37, 90.50, 87.13, 86.41, 82.64, 81.40, 75.34,
75.11, 57.43, 52.41, 48.91, 45.29, 44.00, 30.48,
29.26,28.46,27.17,26.07, 23.93, 22.08, 20.85,
18.06, 13.85

57.43,52.41, 30.48,27.17, 26.07, 22.08, 20.85,
18.06, 13.85

110.40, 29.26, 28.46, 23.93

138.06, 90.50, 75.34, 75.11,48.91,45.29
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Subfraction DC2.3 showed no major UV-active spots on normal phase

TLC. Thus, it was not investigated.

Subfraction DC3 displayed one major UV-active spot on normal

phase TLC using 2% methanol in chloroform as a mobile phase with the R, value of
0.06. It was rechromatographed on precoated TLC using 40% ethyl acetate in
petroleum ether as a mobile phase (5 runs) to afford a white solid (1.4 mg). Its
chromatogram showed one UV-active spot on noymal phase TLC using 2% methanol
in chloroform as a mobile phase with the R, value of 0.06. Iis 'H NMR spectrum
indicated that it contained some impurifies.

Subfraction D2.5 displayed unseparable UV-active spots on normal phase
TLC with 2% methanol in chloroform (2 runs). Thus, it was not carried out.

Subfraction D3 contained DD10 as a major component on normal phase TLC

with 2% methanol in chloroform (2 runs). Thus, it was not further separation.

Subfraction D4 showed two major UV-active spots on normal phase TLC

using 2% methanol in chloroform as a mobile phase (4 runs) with the R, values of
0.16 and 0.09. Because its chromatogram was similar to that of subfraction L5, they
were combined and further purified by flash column chromatography over silica gel.
Elution was conducted using a stepwise gradient system (ethyl acetate in petroleun
ether and methanol in ethyl acetate) and finally with 50% methanol in ethyl acetate.
Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to afford six subfractions, as shown in Table 23.
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Table 23 Subfractions obtained from D4 by flash column chromatograph over silica

gel

subfraction | weight (ing)

physical appearance

LCI

LC2

LC3

LC4

LCS

L.C6

7.2

4.7

3.5

11.3

6.7

66.9

pale yellow gum
yellow gum
yellow gum

pale yellow gum

yellow gum

brown-yellow gum

Subfraction LC1 showed many spots on normal phase TLC under UV-S

without any major components. Therefore, it was not investigated.

Subfraction LC2 (DD13) displayed a single UV-active spot on normal phase

TLC using 30% ethyl acetate in petroleum ether as a mobile phase (6 runs) with the R;

values of 0.65. It melted at 158-159°C.

[a]ng

UV A__ nm (MeOH) (log &)

max

IR (neat) v

cm-1

'"H NMR (CDCL,) (& ppm)

(500 MHz)

222° (¢ = 1.8x107/100 em’, MeOH)

367 (4.03)

3600-2500 (O-H stretching), 2974, 2928 (C-H
stretching), 1742, 1683, 1635 (C=0 stretching)
13.11 (s, 1H), 7.57 {(d, J= 1.0 Hz, 1H), 5.66
(mdd, J=10.0 and 4.5 Hz, 1H), 5.21 (mt, /=70
Hz, 1H), 4.47 (g, J = 6.5 Hz, 1H), 3.63 (s, 3H),

3.30 {(brdd, J = 16.0 and 10.0 Hz, 1H), 3.17
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(brdd, J=14.5 and 7.0 Hz, 1H), 3.12 {(brdd, J =
14.5 and 7.0 Hz, 1H), 2.84 (ndd, J= 16.0 and
4,5Hz, 1H), 2.61 (d, J= 9.0 Hz, 1H), 2.33 (d,
J=13.5 Hz, 1H), 1.73 (brs, 9H), 1.70{dd, J =
13.5 and 9.0 Hz, 1H), 1.67 (s, 3H), 1.38 (s, 6H),

1.29 (s, 3H), 1.23 (d, J= 6.5 Hz, 3H)

Subfraction LC3 contained DD13, DD11 and DD12 as major UV-active spots
on normal phase TLC using 30% ethyl acetate in petroleum ether as a mobile phase (6
runs) with the R values of 0.65, 0.55 and 0.53, respectively. Thus, it was not separated
further.

Subfraction LC4 showed DDI2 as a major UV-active component on normal
phase TLC using 30% ethyl acetate in petroleum ether as a mobile phase (6 runs) with
the R, value of 0.53. Therefore, purification was then not performed.

Subfraction LCS contained DD12 and DD10 as major components on normal
phase TLC under UV-S using 30% ethyl acetate in petroleum ether as a mobile phase
(6 runs) with the R, value of 0.53 and 0.47, respectively. Thus, further separation was
not introduced.

Subfraction LC6 displayed no major UV-active spots on normal phase TLC.
Therefore, it was not carried out.

Subfraction DS showed unseparable spots on normal phase TLC under UV-S.

Thus, it was not investigated further.
Subfraction A8.9 displayed two major components on normal TLC under UV-S using
40% cthyl acetate in petroleum ether as a mobile phase (3 runs) with the R.values of

0.71 and 0.08. Further separation by column chromatography over reverse-phase silica
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gel was carried out. Elution was performed with 35% methanol in water, followed by
decreasing the polarity until pure methanol. Fractions with the similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford four

subfractions, as shown in Table 24.

Table 24 Subfractions obtained from A8.9 by column chromatography over reverse-

phase silica gel

subfraction | weight (mg) physical appearance
M1 96.5 yellow solid
M2 197.5 yellow gum
M3 72.0 white solid mixed with yellow gum
M4 290.7 brown-yellow gum

Subfraction M1 showed unseparable UV-active spots on normal phase TLC.

Thus, it was not further investigated.

Subfraciion M2 displayed two UV-active spots on normal phase TLC using

50% ethyl acetate in petroleum ether as a mobile phase (5 runs) with the R, values of
0.19 and 0.13. It was further purified by column chromatography over reverse-phase
silica gel. Elution was performed with 35% methanol in water, followed by decreasing
the polarity until pure methanol. Fractions with the similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford three

subfractions, as shown in Table 25.




Table 25 Subfractions obtained from M2 by column chromatography over reverse-

phase silica gel
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subfraction | weight (mg) physical appearance
M2.1 63.2 yellow solid
M2.2 65.3 yellow gum
M2.3 74.4 orange-yellow gum

Subfraction M2.1 showed unseparable UV-active spots on normal phase TLC

with 5% methanol in chloroform (6 runs). Thus, it was not further investigated.

Subfraction M2.2 displayed three major UV-active spots on normal phase

TLC using 5% methanol in chioroform as a mobile phase (6 runs) with the R, values

of 0.33, 0.29 and 0.27. Further chromatographic separation by flash column

chromatography over silica gel was carried out. Elution was performed with 1%

methanol in chioroform. Fractions with the similar chromatogram were combined and

evaporated to dryness under reduced pressure to afford three subfractions, as shown in

Table 26.

Table 26 Subfractions obtained from M2.2 by flash column chromatography over

silica gel
subfraction | weight (ing) physical appearance
M2.2/1 9.3 yellow solid
M2.2/2 194 yellow gum
M2.2/3 73 orange-yellow gum
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Subfraction M2.2/1 contained no major UV-active components on

normal phase TLC with 5% methanol in chloroform (6 runs). Thus, it was not

investigated.

Subfraction M2.2/2 displayed two overlapping UV-active spots on

normal phase TL.C using 5% methanol in chloroform as a mobile phase (6 runs). It
was rechromatographed on precoated TLC with 5% methanol in chloroform (8 runs)
to afford two bands,

Band 1 was a pale yellow gum (6.7 mg). Its chromatogram showed
three UV-active spots on normal phase TLC using 5% methanol in chloroform as a
mobile phase (8 runs) with the R, values of 0.44, 0.40 and 0.31. Becausc of low
quantity, it was not further purified.

Band 2 was a pale yellow gum (3.5 mg) which showed a single UV-
active spot on normal phase TLC using 5% methanol in chloroform as a mobile phase
(8 runs) with the R; value of 0.37. Its '"H NMR spectrum indicated that it contained
some impurities.

Subfraction M2.2/3 displayed many UV-active spots on normal phase

TLC without any major components. Further investigation was not attempted.
Subfraction M2.3 contained no major components on normal phase TLC.
Thus, it was not investigated.

Subfraction M3 showed two major UV-active components on normal phase

TLC using 5% methanol in chloroform as a mobile phase (2 runs) with the R values
of 0.42 and 0.31. It was then separated by column chromatography over silica gel.
Elution was conducted with 2% methanol in chloroform with increasing amount of

methanol up to 50% methanol in chloroform. Fractions with the similar chromatogram
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were combined and evaporated to dryness under reduced pressure to afford three

subfractions, as shown in Table 27.

Table 27 Subfractions obtained from M3 by column chromatography over silica gel

subfraction | weight (ing) physical appearance
M3.1 15.7 yellow solid
M3.2 6.5 yellow gum
M3.3 20.6 orange-yellow gum

Subfraction M3.1 contained no major UV-active components on normal
phase TLC with 3% methanol in chloroform (2 runs). Thus, it was not investigated.

Subfraction M3.2 showed one major UV-active spot on normal phase TLC
using 3% methanol in chloroform (2 runs) as a mobile phase with the R, value of
0.27. Further chromatographic separation by precoated TLC with 3% methanol in
chloroform (8 runs) was introduced to give a yellow gum (DD1S, 1.5 mg).
Chromatogram on normal phase TLC using 3% methanol in chloroform (2 runs) as a

mobile phase showed a single UV-active spot with the R value of 0.27.

[ed” -300° (¢ = 1.0x107g/100 em’, MeOH)

UV 2 nm (MeOH) (log &) 367 (4.19)

max

IR (neat) v, 3500-2500 (O-H stretching), 2959, 2927, 2849

m-1
(C-H stretching), 1742, 1631 (C=0 stretching)
'"H NMR (CDCL) (& ppm) 13.16 (s, 1H), 7.51 (d,J = 1.5 Hz, 1H), 5.20

(400 MHz) (mdd,J=11.6 and 1.5 Hz, 1H), 4.56 (g, J= 6.4




“C NMR (CDCY,) (6 ppm)

(100 MHz)

DEPT (135%) (CDCL,) CH, :

CH,:

CH :

EIMS (m/z) (% rel. int.)
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Hz, 1H), 3.77 (dd, J=15.2 and 11.6 Hz, 1H),
3.72 (dd, J=11.2 and 3.2 Hz, 1H), 3.64 (s, 3H),
2.87 (dd, J=14.0 and 3.2 Hz, 1H), 2.71 (md, J=
15.2 Hz, 1H), 2.65 (dd, J=14.0 and 11.2 Hz,
1H), 2.64 (d, J=9.6 Hz, 1H), 2.34 (dd, /= 12.8
and 1.5 Hz, 1H), 1.72 (dd, 7= 12.8 and 9.6 Hz,
1H), 1.71 (s, 3H), 1.62 (dd, /= 2.5 and 1.5 Hz,
3H), 1.53 (s, 3H), 1.43 (d, /= 6.4 Hz, 3H), 1.37
(s, 3H), 1.33 (s, 3H), 1.31 (5, 3H), 1.29 (5, 3H)
203.00, 178.14, 167.68, 166.98, 163.76, 154.70,
135.60, 134.78, 132.51, 129.55, 112.53, 101.79,
101.31, 92.34, 89.04, 85.11, 84.31, 83.45, 76.44,
72.90, 53.80, 49.70, 43.85, 30.80, 30.34, 29.10,
28.85, 28.53, 26.44, 24.53,24.23,21.12, 19.29,
16.63

53.80, 30.80, 28.85, 28.53, 26.44, 24.53, 21.12,
19.29, 16.63

30.34, 29.10, 24.23

135.60, 134.78, 92.34, 76.44, 49,70

626 (2.5), 598 (100), 508 (36), 472 (22), 413

(22), 381 (45), 277 (22), 233 (24), 177 (21)

Subfraction M4 displayed DD11 and DD10 as major UV-active components

on normal phase TLC with 5% methanol in chloroform (2 runs). Thus, it was not

further investigated.
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Subfraction A8.10 contained unseparable components on normal phase TLC under
UV-S using 40% ethyl acetate in petroleum cther as a mobile phase (3 runs).
Therefore, it was not carried out.

Fraction A9 displayed three major UV-active spots on normal phase TLC using 40%
ethyl acetate in petroleum ether as a mobile phase with the R, values of 0.38, 0.2] and
0.07. 1t was further purified by column chromatography over reverse-phase silica gel.
Elution was performed with 30% methanol in water, followed by decreasing the
polarity until pure methanol. Fractions with the similar chromatogram were combined
and evaporated to dryness under reduced pressure to afford six subfractions, as shown

in Table 28.

Table 28 Subfractions obtained from A9 by column chromatography over reverse-

phase silica gel

subfraction | weight (mg) physical appearance
A9.1 294.4 brown solid mixed with brown gum
A9.2 89.5 yellow gum
A9.3 84.7 yellow gum
A94 94.0 yellow gum
A9.5 94.9 yellow gum
AS.6 187.8 brown solid mixed with brown gum

Subfraction A9.1 showed unseparable UV-active spots on normal phase TLC with

5% methanol in chioroform (5 runs). Thus, it was not further separated.
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Subfraction A9.2 contained four major UV-active spots on normal phase TLC
using 5% methanol in chloroform as a mobile phase (5 runs) with the R, values of
0.57, 047, 0.30 and 0.19. Further chromatographic separation by flash column
chromatography over silica gel was carried out. Elution was performed with 0.5%
methanol in chloroform with increasing amount of methanol up to 3% methanol in
chloroform. Fractions with the similar chromatogram were combined and evaporated

to dryness under reduced pressure to afford eight subfractions, as shown in Table 29.

Table 20 Subfractions obtained from A9.2 by flash column chromatography over

silica gel
subfraction | weight (mg) physical appearance
A9.2/1 1.6 yellow gum
A9.2/2 43 yellow gum
A9.2/3 15.1 yellow gum
A9.2/4 10.7 yellow gum
A9.2/5 17.2 yellow gum
A9.2/6 13.5 yellow gum
A9.217 9.6 yellow gum
A9.2/8 8.5 yellow gum

Subfraction A9.2/1 contained no major component on normal phase TLC

under UV-S with 3% methanol in chloroform. Further investigation was not carried

out.
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Subfraction A9.2/2 showed DD11 as a major component on normal phase

TLC under UV-S with 3% methanol in chloroform. Thus, it was not separated.

Subfraction A9.2/3 displayed DD12 and DD10 as major UV-aclive

components on normal phase TLC with 3% methano! in chloroform. Therefore, it was

not purified.

Subfraction A9.2/4 showed D10 as a major component on normal phase

TLC under UV-S with 3% methanol in chloroform. Thus, it was not investigated.

Subfraction_A9.2/5 contained DD10 and DD14 as major components on

normal phase TLC under UV-S with 3% methanol in chloroform. Further separation

was not performed.

Subfraction A9.2/6 displayed DD14 as a major component on normal phase

TLC under UV-S with 3% methanol in chloroform. Thus, it was not purified.

Subfraction_A9.2/7 showed one major UV-active spot on normal phase TLC

using 3% methanol in chloroform as a mobile phase with the R, value of 0.19, Further
chromatographic separation by precoated TLC with 3% methanol in chloroform
(8 runs) was introduced to give a yellow gum (2.1 mg). Chromatogram on normal
phase TLC using 3% methano! in chloroform (2 runs) as a mobile phase showed a
single UV-active spot with the R value of 0.25. Its 'H NMR spectrum indicated the
presence of impurities. It was not further investigated.

Subfraction A9.2/8 contained unseparable UV-active spots on normal phase

TLC using 3% methanol in chloroform as a mobile phase. Therefore, it was not
investigated.

Subfraction A9.3 showed two major UV-active spots on normal phase TLC using 3%
methanol in chloroform as a mobile phase with the R, values of 0.20 and 0.10.

Attempted purification using various mobile phase systems was not successiul.
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Subfraction A9.4 displayed four major UV-active spots on normal phase TLC using
394 methanol in chloroform as a mobile phase with the R, values of 0.57, 0.43, 0.20
and 0.15. It was then separated by flash column chromatography over silica gel.
Elution was performed with 0.5% methanol in chloroform with increasing amount of
methano! up to 5% methanol in chloroform. Fractions with the similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford four

subfractions, as shown in Table 30.

Table 30 Subfractions obtained from A9.4 by flash column chromatography over

silica gel
subfraction | weight (ing) physical appearance
A9.4/ | 10.0 yellow gum
A9.4/2 231 yellow gum
A9.4/3 28.2 yellow gum
A9.4/4 16.3 yellow gum

Subfraction A9.4/1 contained DD13 as a major component on normal phase

TLC with 3% methanol in chloroform. Further separation was not carried out.

Subfraction A9.4/2 showed one UV-active spot as DD13 on normal phase

TLC with 3% methanol in chloroform.

Subfraction A9.4/3 displayed one major UV-active spot on normal phase TLC

using 3% methanol in chloroform as a mobile phase with the R, value of 0.24. It was
rechromatographed on precoated TLC with 15% cthyl acetate in petroleum ether

(33 runs) to give a yellow gum (DD2, 5.2 mg). Its chromatogram showed a single UV-




74

active spot on normal phase TLC with the R; value of 0.57 using 2% methanol in

chloroform (2 runs) as a mobile phase.

{a]nD

Uv 2. nm (MeOH) (log &)
IR (neat) v,
"H NMR (CDCI,) (& ppm)

{400 MHz)

-200° (¢ = 5.0x10>g/100 em’, MeOH)

364 (4.02)

3600-2500 (O-H stretching), 2926, 2849 (C-H
stretching), 1742, 1633 (C=0 stretching)

13.09 (s, 1H), 7.60 (s, 1H), 6.40 (dd, J=10.0
and 5.6 Hz, 1H), 5.22 (brt, J= 6.8 Hz, 1H), 4.54
(g, J= 6.8 Hz, 1H), 3.63 (s, 3H), 3.20 (d, /=68
Hz, 2H), 2.80 (brdd, J= 14.8 and 5.6 Hz, 1H),
2.61 (d, J=9.6 Hz, 1H), 2.56 (dd, J = 14.8 and
10.0 Hz, 1H), 2.34 (d, J= 12.8 Hz, 1H), 1.74 (s,
3H), 1.73 (s, 3H), 1.68 (dd, J=12.8 and 9.6 Hz,
1H), 1.68 (s, 3H), 1.47 (s, 3H), 1.41 {5, 3H), 1.39

(s, 3H), 1.29 (d, J = 6.8 Hz, 3H), 1.29 (s, 3H)

Subfraction A9.4/4 contained many UV-active spots on normal phase TLC

without any major components. Thus, it was not investigated.

Subfraction A9.5 showed DD12 as major component on normal phase TLC with 3%

methanol in chloroform. Further separation was not carried out.

Subfraction A9.6 contained many UV-active spots on normal phase TL.C without any

major components. Thus, it was not investigated.

Fraction A10 displayed three major UV-active spots on normal phase TLC using 40%

ethyl acetate in petroleum ether as a mobile phase with the R values of 0.16, 0.08 and
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0.04. Further chromatography by column chromatography over reverse-phase silica
gel was carried out. Elution was performed initially with 30% methanol in water,
follow by increasing amount of methanol and finally with pure methanol. Fractions
with the similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford seven subfractions, as shown in Table 31.

Table 31 Subfractions obtained from A10 by column chromatography over reverse-

phase silica gel

subfraction | weight (mg) physical appearance
Al0.1 214.6 brown gum
Al10.2 23.7 brown gum
Al103 124.8 brown gum
Al104 161.4 brown gum
Al0.S5 127.2 brown gum
Al10.6 250.5 brown gum
Al10.7 512.0 brown gum

Subfraction A10.1 contained three major components on normal phase TLC using
4% methanol in chioroform as a mobile phase with the R, values of 0.48, 0.23 and
0.16. Further purification by flash column chromatography over silica gel was
performed. Elution was conducted with 1% methanol in chloroform with increasing
amount of methanol up to 50% methanol in chloroform. Fractions with the similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford five subfractions, as shown in Table 32.
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Table 32 Subfractions obtained from A10.1 by flash column chromatography over

silica gel
subfraction | weight (mg) physical appearance
Al06.1/1 6.5 pale yellow gum
A10.1/2 2.7 colorless gum
Al10.1/3 15.6 yellow gum
A10.1/4 11.5 yellow gum
A10.1/5 62.5 pale yellow gum

Subfraction A10.1/1 showed no major UV-active spots on normal phase TLC

using 5% methanol in chloroform (4 runs) as a mobile phase. Therefore, it was not

investigation further.

Subfraction A10.1/2 displayed one UV-active spot on normal phase TLC

using 5% methanol in chloroform (4 runs) as a mobile phase with the R, value of 0.46.

Its 'H NMR spectrum indicated the presence of impurities. It was not further

investigated.

Subfraction A10.1/3 contained one major UV-active spot on normal phase

TLC using 5% methanol in chloroform (4 runs) as a mobile phase with the R, value of
0.54. Further chromatographic separation By precoated TLC with 5% methanol in
chloroform (10 runs) was performed to give three bands of which thetr
chromatograms contained many spots. Further purification was not carried out.

Subfraction A10.1/4 showed no major UV-active spots on normal phase TLC

using 5% methanol in chloroform (4 runs) as a mobile phase. Therefore, it was not

investigation further.
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Subfraction A10.1/5 displayed two major UV-active spots on normal phase

TLC using 5% methanol in chloroform (4 runs) as a mobile phase with the R, values
of 0.29 and 0.19. Attempted purification using various mobile phase systems was not
successful.

Subfraction A10.2 showed no distinct spots on normal phase TLC using 4%
methanol in chloroform as a mobile phase. Therefore, further separation was not
performed.

Subfraction A10,3 contained one major UV-active spot on reverse-phase TLC using
60% methanol in water (4 runs) as a mobile phase with the R values of 0.34. Further
purification by column chromatography over reverse-phase silica gel was performed.
Elution was conducted with 60% methanol in water with decreasing polarity up to
65% methanol in water. Fractions with the similar chromatogram were combined and
evaporated to dryness under reduced pressure to afford three subfractions, as shown in

Table 33.

Table 33 Subfractions obtained from A10.3 by column chromatography over reverse-

phase silica gel

subfraction | weight (mg) physical appearance
A10.3/1 25.2 A brown-yellow gum
A10.3/2 52.0 brown-yellow gum
A10.3/3 40.6 brown-yellow gum
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Subfraction A10.3/1 showed no major UV-active components on normal

phase TLC using 8% methanol in chloroform as a mobile phase. Therefore, it was not

ivestigated further.

Subfraction A10.3/2 displayed one major UV-active components on normal

phase TLC using 8% methanol in chloroform (3 runs) as a mobile phase with the R,
value of 0.16. Further chromatographic separation by column chromatography over
reverse-phase silica gel was introduced. Elution was conducted with 50% methanol in
water with increasing amount of methanol up to 70% methanol in water. Fractions
with the similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford two subfractions, as shown in Table 34.

Table 34 Subfractions obtained from A10.3/2 by column chromatography over

reverse-phase silica gel

subfraction | weight (mg) physical appearance
Ul 21.1 brown-yellow gum
U2 29.5 brown-yellow gum

Subfraction U1 showed the same major UV-active component with that of
subfraction U2.

Subfraction U2 contained one major UV-active components on normal phase
TLC using 8% methano! in chloroform (3 runs) as a mobile phase with the R, value of
0.15. It was rechromatographed by column chromatography over reverse-phase silica
gel. Elution was performed with 55% methanol in water with increasing amount of

methanol up to 70% methanol in water. Fractions with the similar chromatogram were
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combined and evaporated to dryness under reduced pressure to afford a brown-yellow
gum in 17.8 mg. Further separation by column chromatography over reverse-phase
silica gel. Elution was performed with 30% methanol in water with increasing amount
of methanol up to pure methanol. Fractions with the similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford three

subfractions, as shown in Table 35.

Table 35 Subfractions obtained from U2 by column chromatography over reverse-

phase silica gel

subfraction | weight (mg) physical appearance
U2/1 6.5 pale brown-yellow solid
u2/2 13.2 brown-yellow solid
u2/3 10.2 brown-yellow solid

Subfraction U2/1 contained no major UV-active component on normal
phase TLC using 8% methanol in chioroform (3 runs). Thus, it was not investigated.

Subfraction U2/2 (DD16) displayed one UV-active component on
normal phase TLC using 8% methanol in chloroform (3 runs) with the R, value of

0.15. It decomposed at 210°C.

[a]”, +40° (¢ = 2.5%10 /100 cm’, MeOH)
UV A__ nm (MeOH) (log &) 228 (4.15), 273 (3.97), 290 (3.99), 343 (3.81)

max

IR (neat) v

cm-1

3419 (O-H stretching), 1634 (C=0 stretching)
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'"H NMR (CD,0D) (8 ppm) 7.36 (d, J=2.0 Hz, 1H), 7.31 (dd, J= 8.5 and
(500 MHz) 2.0 Uz, 1H), 7.25-7.23 (m, 0.5H), 7.11 (d, J =
8.5 Iz, 210), 7.06 (d, J = 8.5 Hz, 1.5H), 6.94
(d,J=8.5 Hz, 111), 6.64 (d, J= 8.5 Hz, 1.3H),
6.56 (d, J = 8.5 Hz, 0.5H), 6.54 (s, 0.5H), 6.44
(s, LH), 6.43 (d,J = 8.5 Hz, 2H), 6.28 (s, 1H),
6.08 (brs, 0.5H), 6.06-6.05 (1, 0.5H), 6.02-
6.01 (m, 0.511), 5.99 (d, J= 1.5 Hz, 1H), 5.98
(d,J=1.5Hz, 1H), 5.75 (d, J= 12.0 Hz, 1H),

5.62 (d,J=12.0 Hz, 0.5H)

Subfraction A10.3/3 showed many UV-active spots on normal phase TLC

without any major components. Therefore, it was not investigated.

Subfraction A10.4 showed four major UV-active components on normal phase TLC
using 4% methanol in chloroform (4 runs) as a mobile phase with the R, values of
0.55, 0.45, 0.23 and 0.15. Attempted purification using various mobile phase systems
was not successful. |

Subfraction A10.5 displayed two major UV-active components on normal phase TLC
using 4% methanol in chloroform (4 runs) as a mobile phase with the R values of
0.22 and 0.14. It was separated by flash column chromatography over silica gel.
Elfution was introduced with 1% methanol in chloroform with increasing amount of
methanol up to 50% methanol in chloroform. Fractions with the similar chromatogram
were combined and evaporated to dryness under reduced pressure to afford three

subfractions. Attempted purification of each subfraction was unsuccessful.
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Subfraction A10.6 showed three major UV-active components on normal phase TLC
using 4% methanol in chloroform (4 runs} as a mobile phase with the R, values of
0.52, 0.19 and 0.11. Attempted purification using various mobile phase systems was
not successful.

Subfraction A10.7 contained many UV-active spots on normal phase TLC using 4%
methanol in chloroform (4 runs) as a mobile phase. Further separation by column
chromatography over reverse-phase silica gel was carried out. Elution was introduced
with 70% methanol in water with increasing amount of methanol up to pure methanol.
Fractions with the similar chromatogram were combined and evaporated to dryness
under reduced pressure to afford three subfractions of which chromatograms
contained unseparable spots. Further purification was then not performed.

Fraction A1l showed no major UV-active components on normal phase TLC using
40% ethy! acetate in petroleum ether as a mobile phase. Therefore, it was not

investigated further.




Chapter 3

RESULTS AND DISCUSSION

The methanol extract of the twigs of G. merguensis was separated into two
parts. The dichloromethane soluble part, upon repeated chromatograghy, afforded four
new caged-polyprenylated xanthones (DD3, DDS, DD14 and DDIS} together with
twelve known compounds : eight caged-polyprenylated xanthones (DD1, DD2, DDS,
DD9, DD10, DD11, DD12 and DD13), one steroid [stigmasterol (DD4)}], one
triterpene [fiiedelin (DD6)], one sesquiterpene [germacra-4(15), 5E, 10(14)-trien-1-ol
(DD7)] and one biflavone [I-5, II-5, I-7, 1I-7, 1-3', 1-4', I1-4"-heptahydroxy-{1-3,11-8]-
flavanonytflavone (DD16)]. All structures were determined by 1D and/or 2D NMR
spectroscopic data and/or comparison of 'H andlor °C spectral data from those
reported in the literature. The “CNMR signals were assigned from DEPT, HMQC and

HMBC spectra,

3.1 Compound DD13

Compound DD13 was isolated as a yellow solid, melting at 158-159°C. The IR
spectrum (Figure 2) exhibited absorption bands at 3600-2500, 1742, 1683 and 1635
em’ for hydroxyl, unconjugated carbonyl, apunsaturated carboxyl and chelated ortho-
hydroxyl carbonyl functionalities, respectively (Rukachaisirikul, 2000a). In the UV
spectrum (Figure 1), the long wavelength absorption band at 4_ 367 nm was similar

to that of caged-polyprenylated xanthones recently isolated from Garcinia scortechinii
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(Rukachaisirikul, 2000a), indicating that DD13 had a caged-polyprenylated xanthone
chromophore. The 'H NMR spectrum (Figure 3) (Table 36) revealed the presence of
one chelated hydroxy proton [&, 13.11 (1-OH, s)], three olefinic protons [, 7.57 (1H,
d,J=1.0Hz); 6,5.66 (1H, mdd, J = 10,0 and 4.5 Hz) and &, 5.21 (1H, mt, J = 7.0
Hz), one methoxy group [, 3.63 (3H, s)], one oxymethine proton [, 4.47 (1H, ¢, J =
6.5 Hz)], one methine proton [ &, 2.61 (1H, d, J=9.0 Hz)], three methylene groups [,
3.30 (LH, brdd, J=16.0 and 10.0 Hz) and &, 2.84 (1H, mdd, J=16.0 and 4.5 Hz) ; &,
3.17 and 3.12 (1H each, brdd, J=14.5 and 7.0 Hz) and &, 2.33 (1H, d, J = 13.5 Hz)
and &, 1.70 (1H, dd, J = 13.5 and 9.0 Hz)], one secondary methyl group [, 1.23 (3H,
d, J = 6.5 Hz)] and seven tertiary methyl groups (8, 1.73 (9H, brs) ; 6, 1.67 (BH, s) ;
8, 1.38 (6H, s} and &, 1.29 (3H, s)]. Direct comparison of its '"H NMR spectrum with
the previously reported data of scortechinone B (Rukachaisirikul, 2000a) indicated
that DD13 gave identical spectral data to scortechinone B. It was therefore identified

as scortechinone B (1).




Table 36 The 'H NMR data of compounds DD13 and scortechinone B
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Position DD13 scorfechinone B
&y (mudt,, J,,) Sy (mult., J,.)
1-0Hd 13.11 (s} 13.10(s)

8 7.57 (d, 1.0) 7.56 (d,1.2)

10 2.33(d, 13.5) 2.33(dd, 13.2,1.2)
1.70 (dd, 13.5, 9.0) 1.68 (dd, 13.2,9.2)

1 2.61(d, 9.0 2.60(d, 9.2)

13 1.73 (brs) 1.72 (s)

14 1.29 (s5) 1.28 (s)

15 3.30 {(brdd, 16.0, 10.0) 3.27 (brdd, 16.0, 9.6)
2.84 (mdd, 16.0, 4.5) 2.83 (ddg, 16.0,4.5, 2.0)

16 5.66 (mdd, 10.0, 4.5) 5.67 (ddg, 9.6,4.5, 1.5)

18 1.73 (brs) 1.72 (s)

21 4.47 (g, 6.5) 4.46 (g, 6.6)

22 1.23(d, 6.5) 1.23(d, 6.6)

23 1.38 (5) 1.37 (s)

24 1.38 (s) 1,37 (s)

25 3.17 (brdd, 14.5,7.0) 3.17 (mdd, 14.4,7.2)
3.12 (brdd, 14.5, 7.0) 3.11 Gudd, 14.4,7.2)

26 5.21 (mt, 7.0) 5.20 (i, 7.2, 1.5)

28 1.67 (s) 1.65 (g, 1.5)

29 1.73 (brs) 1.72 (brs)

OMe 3.63(s5) 3.52 (s)




85

3.2 Compound DD15

Compound DD15 was obtained as a yellow gum. It exhibited similar UV
(Figure 4) and IR (Figure 5) spectra to those of DD13 (scortechinone B). The mass
spectrum (Figure 15) showed the molecular ion peak at m/z 626 for a molecular
formula of C,H,,0,,. The 'H NMR spectrum (Figure 6) (Table 37) suggested the
presence of a chelated hydroxy proton [, 13.16 (1-OH, s)], a 3-carboxybut-2-enyl
group {6, 5.20 (1H, mdd, J=11.6 and 1.5 Hz}, &, 3.77 (1H, dd, /= 15.2 and 11.6 Hz),
&, 2.71 (1H, md, J = 15.2 Hz) and &, 1.62 (3H, dd, J = 2.5 and 1.5 Hz}], a 2,3,3-
trimethylhydrofuran unit {8, 4.56 (1H, ¢, J = 6.4 Hz), 6, 1.53 (3H, 5), &, 1.43 (3H, 4,
J = 6.4 Hz) and 8, 1.37 (3H, s)] and one unit of —C(Mez)-CHCHZ-C(OMe)-Cﬂﬁc-
[8,7.51(1H, d,J= 1.5 Hz), 6, 3.64 (3H, 5), 5, 2.64 (1H, d, J=9.6 Hz), 5, 2.34 (1H,
dd,J=12.8 and 1.5 Hz), &, 1.72 (1H, dd, J = 12.8 and 9.6 Hz), §, 1.71 and 1.29 (3H
each, s)]. These signals were similar to those of scortechinone B. The minor
difference between DD15 and scortechinone B was as follows. The olefinic-proton
signal [&, 5.20 (1H, A, J = 7.2 and 1.5 Hz)] of the 3-methylbut-2-enyl group of
scortechinone B was replaced by an oxymethine proton signal [&, 3.72 (1H, dd, J =
11.2 and 3.2 Hz)], indicating that the double-bond of the 3-methylbut-2-enyl group of
scortechinone B was saturated by two hydroxyl groups to form 2,3-dihydroxy-3-
methylbutyl unit [, 3.72 (1H, d&, J=112 and 3.2 Hz), §,2.87 (1H, dd, J = 14.0 and
3.2 Hz), &, 2.65 (1H, dd, J = 14.0 and 11.2 Hz), &, 1.33 and 1.31 (3H each, s)] in
DD15. The "C NMR (Figure 7) (Table 37), DEPT (Kigure 8) and HMQC (Figure
13) spectra showed resonances for three carbonyl carbons (&, 203.00, 178.14 and
166.98), fourtcen quarternary carbons (spo 1 &, 167.68, 163.76, 154.70, 132.51,

129.55, 112.53, 101,79 and 101.31 ; Sp3C : 6. 89.04, 85.11, 84,31, 83.45, 72.90 and
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43.85), five methine carbons (SpZC : J,. 135.60 and 134.78 ; Sij . 8. 92.34, 76.44 and
49.70), three methylene carbons (5. 30.34, 29.10 and 24.23) and nine methyl carbons
(8, 53.80, 30.80, 28.85, 28.53, 26.44, 24.53, 21.12, 19.29 and 16.63). Comparison of
their "C NMR spectrum showed that two signals of olefinic carbons in scortechinone
B were substituted by two oxycarbon signals (8. 76.44 and 72.90). These confirmed
that DD15 had the 2,3-dihydroxy-3-methylbutyl unit instead of the 3-methylbut-2-enyl
group. In the HMBC spectrum (Figure 14) (Table 37), the olefinic-proton H-8 (5,
7.51/6,. 134.78) showed *J correlation with C-8a (8, 132.51) and 3 J correlations with
C-4b (8, 89.04), C-6 (&, 203.00) and C-9 (&, 178.14). The methylene proton H,-10 (&,
2.34/6. 30.34) caused 2] cross peaks with C-7 (&, 85.11) and C-11 (&, 49.70) and ’y
cross peaks with C-4b, C-8 and C-12 (&, 83.45) while the methine proton H-11 (&
2.64/58, 49.70) gave 2J correlations with C-4b and C-10 and °J correlations with C-5
(é‘c 84.31) and C-7. Data from the above HMBC correlations together with the value of
B¢ chemical shift of C-4b established a bicyclo[2.2.2]octane ring bearing carbonyl and
ether functionalities at C-8a and C-4b, respectively. Further HMBC correlations of two
methyl groups (&, 1.71/8, 30.80, Me-13 and &, 1.29/8, 28.85, Me-14) to C-11 and C-
12 suggested that a 2,2-dimethyltetrahydrofuran ring was fused to positions C-5 and C-
11 of the bicyclooctane ring to form a tricyclodecane system. According to the
chemical-shift values of C-5 and C-11, the oxygen atom of the tetrahydrofuran ring
was located at C-5 rather than C-11. The methylene proton H,-15 {4, 3.77/&, 29.10)
exhibited *J correlations with C-5 and C-16 (8. 135.60) and *J correlations with C-4b,
C-6 and C-17 (&, 129.55), indicating the attachment of a 3-carboxybut-2-enyl group at

C-5. The methoxy group (3, 3.64/8. 53.80) was placed at C-7 according to a
correlation between its protons with C-7 ; C-7 had correlations also with H, -10 and H-

11. The structure of the left-hand part was thus determined as shown, which was
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identical to that of scortechinone B. The *J correlations of the chelated hydroxy
proton (&, 13.16, 1-OH) with C-2 (8, 101.79) and C-9a (8, 101.31), the methylene
protons H -25 (&, 2.87 and 2.65/4; 24.23) of the 2,3-dihydroxy-3-methylbutyl group
with C-1 (&, 163.76) and C-3 (8. 167.68) and methyl protons [Me-23 (6, 1.37/8,
28.53) and Me-24 (8, 1.53/8, 19.29)] of the 2,3,3-trimethylhydrofuran ring with C-4
(8, 112.53) suggested that the right-hand part contained a phloroglucinol-type
aromatic ring with a chelated hydroxyl group at C-1, a carbonyl group peri to the
chelated hydroxy group, the 2,3-dihydroxy-3-methylbuty! group at C-2 and the 2,3,3-
trimethylhydrofuran ring at C-3 and C-4. The chemical-shift values of C-3 and C-4
confirmed that the hydrofuran ring was fused to the aromatic ring by linkage of its
gem-dimethyl carbon and ring oxygen atom with C-4 and C-3, respectively. The
relative stereochemistry of DD15 was established by the NOE difference results.
Firstly, the signal of Me-18 (&, 1.62) was enhanced when the olefinic H-16 (&, 5.20)
was irradiated (Figure 12), indicating that the double-bond configuration was Z.
Secondly, the selective enhancement of H,-15 and Me-22 (&, 1.43) signals by the
irradiation of Me-24 (Figure 10) indicated that the C-5 carboxybutenyl group was
located on the same side of the molecule as Me-24 and Me-22 ; the aside in DD15.
Finally, Me-13 showed selective NOE with H-11 and Me-14 (Figure 11) whereas Me-
14 gave correlations with 7-OMe, H,-10 and Me-13 (Figure 9). The structure of DD15
was thus a.ssigned to be 2, a new caged-tetraprenylated xanthone with the 2,3-

dihydroxy-3-methylbutyl group at C-2.




Table 37 The NMR data of compounds DD15 and scortechinone B
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Position DD15 HMBC scortechinone B
8ylmudt., J,,) S{C-Type) carrelation Skt J,) | 6(C-Type)
1-0H | 13.16 (s} 163.76 (C) | C-1,C-2,C-9a 13.10 és) 163.46 (C)
2 101.79 (C) 105.81 (C)
3 167.68 (C) 167.08 (C}
4 112.53 (C) 112.30(C})
4a 154.70 (C) 154.07 (C)
4b 89.04 (C) 89.38 (C)
5 84.31(C) 83.77(C)
6 203.00 (C=0) 202.30 {C=0)
7 85.11(C) 84.93 (C)
8 7.51 (d, 1.5) 134.78 (CH) | C-4b, C-5, C-6,C-8a, | 7.56 (d, 1.2) 135.09 (CH)
C-9, C-1i
8a 132.51 (C) 132.38(C)
9 178.14 (C=0) 177.60 (C=0)
9a 101.31 (C) 101.27(C)
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Table 37 (Continued)
Position| DD15 HMBC scortechinone B

8 muldt., J,,.} 8C-Type) correlation S (mult., J,.) | SLC-Type)

10 | H,:2.34 (dd, 12.8, 30.34 (CH,) | C-4b, C-7,C-8,C-11; 2.33 (dd, 13.2, 1.2) | 30.54 (CH,)
1.5) C-12
H,: !.;72 (eld, 12.8, C-6,C-7,C-8,C-12 | 1.68 (dd, 13.2,9.2)

9.6)
11 2.64 (d, 9.6) 49,70 (CH) | C-4b, C-5,C-7,C-10| 2.60 (4, 9.2) 49.75 (CH)
12 83.45{C) 83.71(C)
13 1.71 {s) 30.80 (CH,) | C-11,C-12,C-14 1.72(s) 2879 (CH,)
14 1.29 (s) 28.85(CH,) | C-11,C-12, C-13 1,28 (s) 30.93 (CH,)
15 H,:3.77 (dd, 15.2, 29.10 (CH,) | C-4b, C-5, C-6, C-16,| 3.27 (brdd, 16.0, 29.91 (CH,)

11.6) C-17 9.6)
H,:2.71 (nd, 15.2) 2.83 {ddg, 16.0,
4.5,2.0)
16 5.20 (mdd, 11.6, 1.5) | 135.60 (CH) | C-18 5.67 (ddg, 9.6,4.5, | 136.99 (CH)
1.5}

17 129,55 (C) 128.68 {C)
18 1.62 (dd, 2.5, 1.5) 21,12 (CH,) | C-16,C-17,C-19 1.72 (s) 20.57(CH,)
19 166.98 (C=0) 170.67 (C=0)
20 43.85(C) 43.51(C)
21 4,56 (g, 6.4) 92.34 (CH) | C-3, C-4, C-23, C-24} 446 {(q, 6.6) 91.40 (CH)
22 1.43 (d, 6.4) 16.63 (CH,} | C-20, C-21 1.23 (d, 6.6) 15.81 (CH,)
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Table 37 (Continued)
[Position| DpD15 HMBC scortechinone B
8 ylmudt., J,,) 3{C-Type) correlation S, (mult., J,,) JC(C-TQpc)
23 | 1.37() 28.53 (CH,) | C4, C20,C-21,C- | 1.37 () 28.53 (CH,)
24
24 | 1.53(s) 19.29 (CH,) | C-4,C-20,C-21,C- | 1.37(s) 19.29 (CH,)’
23
25 H, :2.87 (dd, 14.0, 24.23(CH,) | C-1,C-2,C-3, C-26 | 3.17 (mdd, 14.4, 21.35(CH,)
3.2) 7.2)
H,: 2.65 (dd, 14.0, C-1,C-2,C3 3.11 (mdd, 144,
11.2) 7.2)
26 3.72 (dd, 11.2,3.2) | 76.44(CH) | C-2, C-28, C-29 520 (h1, 7.2, 1.5) {121.69 (CH)
27 72.90{(C) 132.05 (C)
28 1.33(s) 26.44 (CH,) | C-26, C-27,C-29 1.65{g, 1.5) 25.66 (CH,)
29 1.31{s) 24.53 (CH,) | C-26, C-27,C-28 1.72 (brs) 17.72 (CH,)
OMe | 3.64 (s) 53.80 (CH,) | C-7 3.52(s) 53.88 (CH,)

: interchangeable

3.3 Compound DD2

Compound DD2 was isolated as a yellow gum. It exhibited similar UV (Figure

16) and IR (Figure 17) spectra to those of DD13 (scortechinone B). The 'H NMR

spectrum (Figure 18) (Table 38) was similar to that of scortechinone B {(a chelated

hydroxy proton, a 3-methylbut-2-enyl group, a 2,3,3-trimethylhydrofuran unit and one
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unit of —C{Me,)-CHCH,-C(OMe)-CH=C-) except for the fact that the olefinic-proton

H-16 [6; 640 (1H, dd, J = 10.0 and 5.6 Hz)] of the 3-carboxybut-2-enyl group

attached to the tricyclodecane ring was shifted to lower field, suggesting that the H-16

and carboxyl group were cis. These was confirmed by direct comparison of the 'H

NMR spectrum of DD2 and PP9 previously isolated from latex of Garcinia

scortechinii (Phainuphong, 2002). 1t was found that DD2 gave identical spectral data

to PP9. Therefore, DD2 was identified as PP9 (3),

Table 38 The 'H NMR data of compounds DD2, PP9 and scortechinone B

Position DD2 Pr9 scortechinone B
&y (mudt., J,) Oy (mudt, J,,) Sy (mudt )
1-OH 13.09 (s) 13.10 () 13.10 (s)
8 7.60 (s) 7.61(d, 1.0} 7.56 (d, 1.2)
10 2.34 (d, 12.8) 2.33(d, 13.0) 2.33 (dd, 13.2, 1.2)
1.68 (dd, 12.8, 9.6) 1.69 (dd, 13.0, 9.5) 1.68 (dd, 13.2,9.2)
11 2.61(d,9.0) 2.61(d,9.5) 2.60(d,9.2)
13 1.73 (5) 1.72 {(s) 1.72 (s)
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Table 38 (Continued)
Position DD2 PFP9 scortechinone B
8, Gnult,, J,,) &y Gmudt., J,) Sy (mudt., J,,)
14 1.29 (s) 1.29 (s) 1.28 (s)
15 2.80 (brdd, 14.8, 5.6) 2.79 (mdd, 15.0, 5.5) 3.27 (brdd, 16.0, 9.6)

16

18

I9

21

22

23

24

25

26

28

29

OMe

2.56 (dd, 14.8, 10.0)

6.40 (dd, 10.0, 5.6)

1.39 (s)
4.54 (g, 6.8)
1.29 (d, 6.8)
1.41 (s)
1.47 (s)

3.20(d, 6.8)

5.22 (brt, 6.8)
1.68 (s}
1.74 (s}

3.63 (s)

2.56 (dd, 15.0, 10.0)

6.41 (ddg, 10.0,5.5, 1.5)

138 (s)
4.54 (g, 6.5)
129 (d, 6.5)
1.41 (5)
1.46 (5)

3.20(d, 7.0}

5.22 {mt, 7.0)
1.67 (s)
1.74 (s)

3.63 (s)

2.83 (ddg, 16.0, 4.5, 2.0)
5.67 (ddg, 9.6,4.5,1.5)

1.72.(s)

4.46 (g, 6.6)

1.23 (d, 6.6)

1.37 (s)

1.37 (s)

3.17 (mdd, 14.4,7.2)
3.11 (ndd, 14.4,7.2)
5.20(h, 7.2, 1.5)
1.65 (g, 1.5)

1.72 (brs)

3.52 (s}
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3.4 Compound DD11

Compound DD11 was obtained as a yellow gum. The caged-polyprenylated
xanthone chromophore was evident by its UV (Figure 19) absorption bands at A
367 nm. The hydroxyl, unconjugated carbonyl, o,g-unsaturated carboxyl and chelated
ortho-hydroxyl carbonyl stretching frequencies were found in the region of 3600-2500,
1742, 1683 and 1634 cm'l, respectively in the IR spectrum (Figure 20). Its '"H NMR
spectrum (Figure 21)”(Table 39) was very similar to that of scortechinone B.
However, a substituent at C-2 on the phloroglucinol-type aromatic ring was different
from that of scortechinone B. The characteristic signals of the olefinic methylene
protons of a terminal double-bond [J, 5.08-5.07 and 4.94-4.92 (1H each, m)]
instead of a signal for an olefinic proton of a 3-methylbut-2-enyl group and the
hydroxymethine proton [, 4.32 (1H, brdd, J = 11.5 and 3.5 Hz)] established the
substituent to be a 2-hydroxy-3-methylbut-3-enyl group. Furthermore, the 'H NMR
data of DD11 was compared with the previously reported data of scortechinone C

(Rukachaisirikul, 2000a), indicating that DD11 was scortechinone C (4),




Table 39 The 'HNMR data of compounds DD11, scortechinone C and

scortechinone B
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Position DD11 scortechinone C scortechinone B
Sy Gmudt., J,,.) &y, (mudt., J,,.) &y Gmudt J,,)
1-OH 13.16 (s) 13.15 (s} 13.10 (s}

8 7.52(d, 1.0) 7.51(d, 1.4) 7.56{d, 1.2)

10 2.35 (md, 13.0) 2.35(dd, 13.0, 1.4) 2.33(dd, 13.2, 1.2)
1.70 (dd, 13.0,9.5) 1.70 (dd, 13.0, 9.3) 1.68 {dd, 13.2,9.2)

11 2,63 (d,9.5) 2.63(d, 9.3) 2.60(d, 9.2)

13 1.71 {5} 1.71 {5} 1.72 (5)

14 1.29 (s) 1.29 (s) 1.28 (s)

15 3.82 (dd, 15.5, 12.0) 3.81 (dd, 152, 11.8) 3.27 (brdd, 16.0, 9.6)
2.72 (md, 15.5) 2.73 (ddg, 15.2,3.4,2.5) | 2.83 (ddyg, 16.0,4.5, 2.0)

i6 5.20 (md, 12.0) 5.20 (ddq, 11.4,3.4,1.4) | 5.67 (ddg, 9.6, 4.5, 1.5)

18 1.64 (dd, 2.5, 1.5) 1.65 (dd, 2.5, 1.4) 1.72 (s}

21 4.57 (q,6.5) 4.56 (g, 6.6) 4.46 (g, 6.6)

22 1.45(d, 6.5) 1.45 (d, 6.6) 1.23 (d, 6.6)

23 1.38 (s} 1.37 (s) 1.37 (s)

24 1.56 (s) 1.56 (s) 1.37 (s)

25 2.99 (dd, 14.5,3.5) 2.98(dd, 14.0,3.4) 3.17 (mdd, 14.4,7.2)
2.64 (dd, 14.5,11.5) 2.64 (dd, 14.0, 11.1) 3.11 (mdd, 14.4,7.2)

26 4.32 (brdd, 11.5,3.5) 4.32 (brdd, 11.1,3.4) 5.20 (h1, 7.2, 1.5)

28 5.08-5.07 (m) 5.08-5.07 (m) 1.65 (g, 1.5)
4.94-4.92 (m) 4.93-4.92 (m)
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Table 39 (Continued)
Position DD11 scortechinone C scortechinone B
Oy (mult., J,,) Oy (mult, J,.) Oy Gmudt., J,.}
29 1.87 (brs) 1.87-1.86 (m) 1.72 (brs)
OMe 3.66 (s5) 3.65 (s) 3.52(s)

3.5 Compound DD10

Compound DD10 was isolated as a yellow gum. Its UV spectrum (Figure 22)
(A, 366 nm) showed the presence of a caged-polyprenylated xanthone nucleus. Its IR
spectrum (Figure 23) showed absorption bands at 3600-2500 (a hydroxyl group),
1744 (an unconjugated carbonyl group), 1687 (an e s-unsaturated carboxyl group) and
1634 cm (a chelated ortho-hydroxyl carbonyl group). The 'H NMR (Figure 24)
(Table 40) and ®C NMR (Figure 25) (Table 40) spectra of DD10 were almost (but
not exactly) identical to those of DD11 (scortechinone C), albeit for some minor
differences in the 2-hydroxy-3-methylbut-3-enyl group. The oxymethine proton H-26
[6,4.51 (1H, dd, J=11.0 and 3.5 Hz)] was shift to upper field, indicating that DD10
was the C-26 epimer of scortechinone C. This conclusion was confirmed by direct

comparison of its "4 and ’C NMR data with those of PP14 previously isolated from

stem bark of Garcinia scortechinii (Phainuphong, 2002).




Table 40 The NMR data of compounds DD10, PP14 and scortechinone C
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Position DD10 PP14 scortechinone C
Oy (mudt., J,,.) O 8y (mudt., J,,) d¢ Oy Gmult,, J,,) o
1-OH | 13.28 (s) 164.13 164.12{ 13.15(s) 163.83
2 102.30 102.36 101.66
3 167.67 167.68 167.71
4 112,75 112.72 112,50
4a 155.02 155.00 155.49
4b 89.09 89.18 89.20
5 84.15 84.08 84.35
6 203.13 203.08 203.20
7 85.12 85.10 85.15
8 7.52(d, 1.0) 134.67] 7.52 (d,1.3) 134.80| 7.51 (d, 1.4) 134.79
8a 132.52 132.50 132.50
9 177.80 177.82 179.00
Sa 101.31 101.32 101.38
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Table 40 (Continued)
Position| DD10 Pri4 scortechinone C
8 (nult, J,) Oc & (mudt., J,,) O Sy (mudt., J,. ) O

10 | 231 (md, 12.5) 30.45 | 2.32(d, 13.6) 30.44 | 2.35(dd, 13.0, 1.4) | 30.42

1.71 (dd, 12.5,9.5) 1.72 (dd, 13.6,9.5) 1.70 (dd, 13.0,9.3)
11 2.64 (d,9.5) 49,68 | 2.64({d,9.5) 49.69 | 2.64 (d,9.3) 49.74
12 83.51 83.56 83.46
13 1.72 (s) 30.89 | 1.72 () 3091 | 1.71 {s) 28.88
14 | 1.29(s) 2870 | 1.28 (s) 28.69 | 1.29 (s) 30.81
15 | 3.56 (dd, 15.5, 11.5)] 28.82 | 3.51 (dd, 15.6, 10.4) 29.00 | 3.81 (dd, 15.2, 11.8)| 29.07

2.74 (md, 15.5) 2.75 (md, 15.6) 2.73 (ddg, 15.2,3.4,

2.5)
16 | 5.39 (md, 11.5) 135.64| 5.43 (nd, 10.4) 135.81 | 5.20 (ddg, 11.4,3.4,1 135.65
1.4)

17 129.64 129.45 129.58
18 | 1.67(dd, 2.0,1.5) | 21.18 | 1.67 (brs) 21.09 | 1.65(dd,2.5,1.4) | 21.11
19 167.35 167.90 166.65
20 43.49 43.49 43.94
21 | 4.55(q,6.5) 92.12 | 4.55 (g, 6.6) 92.07 | 4.56 (g, 6.6) 92.43
22 | 1.38 (d, 6.5) 16.27 | 1.37 (d, 6.6) 16.19 | 1.45(d, 6.6) 16.77
23 1.40 (5) 27.99 | 1.39(s) 2798 | 1.37 {s) 28.66
24 | 1.48(s) 19.63 | 1.46 (s) 19.68 | 1.56 (s) 19.28
25 | 2.94 (dd, 14.5, 11.0) 28.42 | 2.92 (dd, 14.3, 10.8)| 28.50 | 2.98 (dd, 14.0,3.4) | 28.80

2.69 (dd, 14,5, 3.5) 2.68 (dd, 14.3, 3.0) 2.64 (dd, 14.0, 11.1)
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Table 40 {Continued)
Position bpD10 PPri4 scortechinone C
Sy (mudt., J,,.) Sc &y, Gnult., J,,.) O 8y (mudt., J,,.) S
26 | 4.51(dd, 11.0,3.5) | 74.95 | 4.50(dd, 10.8,3.0} | 74.88 | 4.32 (brdd, 11.1, 73.72
34)
27 147.12 147.13 146.84
28 | 5.06 (brs) 110.63 | 5.03 (brs) 110.58 | 5.08-5.07 (1) 110.32
4.89(brs) 4.88 (hrs) 4.93- 4,92 (m)
29 1.85 (s) 18.28 | 1.84 {5rs) 18.25 { 1.87 (m) 18.66
OMe | 3.64 (s) 53.83 | 3.63 (s) 53.84 | 3.65 (s) 53.82

3.6 Compound DDI14

Compound DD14 was isolated as a yellow gum. The caged-polyprenylated
xanthone chromophore was evident by its UV (Figare 26) absorption bands at A,
305 nm, The IR spectrum (Figure 27) showed absorption bands of a hydroxyl group at
3600-2500 cm", an unconjugated carbonyl group at 1744 cnfl, an o,punsaturated
carboxyl group at 1687 em ' and a chelated ortho-hydroxyl carbonyl group at 1634
em’. The 'H NMR spectrum (Figure 28) (Table 41) was similar to that of
scortechinone C, but a lowest-field signal for an olefinic proton {8, 7.51 (1H, d, J =
1.4 Hz)] was replaced by one methine proton [&, 3.20 (1H, 4, J = 1.5 Hz)], one
oxymethine proton [§, 4.47 (11, 4, J= 1.5 Hz)] and one methoxy group [&, 3.38 (3H,
s)]. These data revealed that the C-8/C-8a double-bond of scortechinone C was

saturated by addition of methanol, The methoxy group was attached to C-8 due to a
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HMBC correlation (Figure 37) (Table 41) between the methoxy protons and C-8 (&,
75.11). The methine protons at &, 3.20 and 4.47 were attributed to H-8 and H-8a as the
methine proton at &, 3.20 caused *J cross peaks with C-4b (8, 87.13), C-8 and C-9 (&,
192.23) and >J cross peaks with C-7 (&, 81.40) and C-11 (&, 45.29) whereas the
methine proton at &, 4.47 showed ?J correlations with C-7 and C-8a (6. 48.91) and ]
correlations with C-4b, C-6 (&, 205.47), C-9 (&, 192.23) and C-10 (8. 30.34). H-8 (5,
4 47) showed selective NOE only with 7-OMe (&, 3.51) and H;-10 (&, 1.64) (Figure
" 34), indicating that the H-8 was located on the same side as H,-10, the gside, and trans
to H-8a (&, 3.20). The HMBC data indicated that a 3-carboxybut-2-enyl group [&,
6.63 (1H, mt, J = 7.0 Hz), &,3.23 and 3.15 (1H each, mdd, /= 15.5 and 7.0 Hz) and &
w197 BH, d,J= 1.5 Hz)], a 2,3,3-trimethylhydrofuran wnit {6, 4.42 (1H, ¢, /= 6.5
Hz), &, 1.44 and 1.12 (3H each, s} and &, 1.34 GH, d, /= 6.5 Hz)], a 2-hydroxy-3-
methylbut-3-enyl group [, 4.99 and 4.84 (1H each, brs), 6,4.29 (1H, dd, J= 8.5 and
4.0 Hz), &, 2.88 (11, dd, J=14.5 and 4.0 Hz), &, 2.77 (1H, dd, J= 14.5 and 8.5 Hz)
and &, 1.84 (3H, s)] and a methoxy group [8,3.51 (3H, 5)] were located at the same
positions as those of scortechinone C. The relative stereochemistry of DD14 was
established by the NOE different results. Firstly, the signal of Me-18 (&, 1.97) was
enhanced when the H-16 (&, 6.63) was irradiated (Figure 35), indicating that the
double-bond configuration was Z. Secondly, the selective enhancement of the H,-15
(8,322 and 3.15), Me-18 (g, 1.97), Me-22 ('é'H 1.34) and Me-23 (&, 1.44) signals by
the irradiation at &, 1.12 (Me-24) (Figure 31) suggested that the C-5 carboxybutenyl
group was located on the same side of the molecule as Me-22 and Me-24-the oside in
DD14. Thirdly, Me-13 (&, 1.43) showed selective NOE with Me-11 (8, 2.70) and Me-

24 (8, 1.12) (Figure 33) whereas Me-14 (5, 1.22) gave correlation with 7-OMe (84
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3.51) and H,-10 (&, 2.03) (Figure 32). The structure of DD14 was thus assigned to be

6, a new caged-tetraprenylated xanthone.

Table 41 The NMR data of compounds DD14 and scortechinone C

C-9, C-10, 8-OMe

Position| DD14 HMBC scortechinone C
Sy tmult., J,) | 8(C-Type) correlation 8, Gnult, ) | 6{C-Type)
1-OH | 12.26 (s) 162.00(C) | C-1,C-2,C-3 13.15 (s) 163.83 (C)
2 10237 (C) 101.66 (C)
3 167.40 (C) 167.71 (C)
4 113.80 (C) 112.50 (C)
4a 152.69 (C) 155.49 (C)
4b 87.13(C) 85.20 (C)
5 86.41 (C) 84.35(C)
6 205.47 (C=0) 202.20 (C=0)
7 81.40 (C) 85.15(C)
8 447 (d, 1.5) 75.11 (CH) | C-4b, C-6,C-7,C-8a, | 7.51(d, 1.4) 134.79 (CH)
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[Position bD14 HMBC scortechinone C
&, mult., J,) | 8[(C-Type) correlation &, Cnult., J,.) d(C-Type)
8a 3.20(d, 1.5) 48.91 (CH) | C-4b, C-7,C-8,C-9, 132.50 {C)
c-11
9 192,23 (C=0) 175.00 (C=0)
9a 102,51 (C) 101.38(C)
10 | H,:2.03(, 14.5) |23.93 (CH,) | C-4b, C-7, C-8,C-11, | 2.35 (dd, 13.0, 1.4) { 30.42 (CH,)
C-12
H, : 1.64 (dd, 14.5, C-6, C-7, C-8, C-11, 1.70 (dd, 13.0,9.3)
8.5) C-12
11 2.70(d, 8.5) 45.29 (CH) | C-4b, C-7, C-10, C-13 [ 2.64 (4, 9.3) 49.74 (CH)
12 82.64 (C) 83.46 (C)
13 143 (s) 3048 (CH) | C-11,C-12,C-14 1.71 () 28.88 (CH,)
14 1.22 {s) 27.17(CH,) | C-10,C-11,C-12,C- | 1.29 () 30.81 (CH,)
13
15 H, : 3.23 (mdd, 28.46 (CH,) | C-5, C-6,C-16,C-17 | 3.81 (dd, 15.2, 29.07 (CH,)
15.5, 7.00 11.8)
H,:3.15 (mdd, C-5,C-6,C-16, C-17 | 2.73 (ddyg, 15.2,
15.5,7.0) 3.4,2.5)
16 6.63 (mt, 7.0) 138.06 {CH) | C-5, C-18,C-19 5.20 {ddg, 11.4, 135.65 (CH)
3.4, 1.4)
17 128.02 (C) 129.58 (C)
18 1.97 (4, 1.5) 20.85(CH,) | C-16,C-17,C-19 1.65(dd, 2.5, 1.4) | 21.11 (CH,)
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Position] DD14 HMBC scortechinone C
8, (mult, J,) | 8LC-Type) correlation 8, (mudt., J,.) SLC-Type)
19 171.10 (C=0) 166,65 (C=0)
20 44.00 (C) 43,94 (C)
21 | 4.42(q, 6.5) 90.56 (CH) | C-23,C-24 4.56 (g, 6.6) 92.43 (CH)
22 | 1.34(d,6.5) 13.85 (CH,) | C-20,C-21 1.45 (d, 6.6) 16.77 (CH,)
23 1.44 (s5) 26.07 (CH,) | C-4, C-20, C-21,C-24 1 137 (s) 28.66 (CH,)
24 | 1.12(s) 22.08 (CH,) | C-4,C-20,C-21,C-23 | 1.56 (s) 19.28(CH,)
25 | H,:2.88(dd, 14.5, | 29.26 (CH,) | C-1,C-2,C-3,C-26, | 2.98 (mdd, 14.0, | 28.80 (CH,)
4.0) c-27 3.4)
H, : 2.77 (dd, 14.5, C-1,C-2,C-3,C-26, 2.64 (mdd, 14.0,
8.5) Cc-27 11.1)
26 | 4.29{dd, 8.5,4.0) | 75.34 (CH) | C-25 4,32 (brdd, 11.1, | 73.72 (CH)
34)
27 147.33 (C) 146.84 (C)
28 | 4.99 (brs) 11040 (CH,)| C-26,C-27,C-29 5.08-5.07 (m) 110.32 (CH,)
4.84 (brs) C-26, C-27, C-29 4.93-4.92 (m)

29 | 1.84(s) 18.06 (CH,) | €-26, C-27, C-28 1.87 (m) 18.66 (CIL,) |

OMe { 3.51(s) 5241 (CH,) | C-7 3.65(s) 53.82 (CH,)

OMe | 3.38(s) 57.43(CH,) | C-8
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3.7 Compound DD12

Compound DD12 was obtained as a yellow gum. It exhibited similar UV
(Figure 38) and IR (Figure 39) spectra to those of DD14. From the 'H NMR data
(Figure 40) (Table 42) indicated that the left-hand part was identical to that of DD14,
but the substituent at C-2 on the phioroglucinol-type aromatic ring was different from
that of DD14. The characteristic signals of olefinic methylene protons of a terminal
double-bond {8, 4.99 and 4.84 (1H each, brs)] and an oxymethine proton [, 4.29 (1H
each, dd, J = 8.5 and 4.0 Hz)] were absent in DD12 whereas the olefinic proton {4,
5.23 (1H, mt, J = 7.0 Hz}] and one additional methyl group were present. These
revealed that the substituent at C-2 of DD12 was a 3-methylbut-2-enyl group. Direct
comparison of its 'H NMR data with those of PP8 previously isolated from latex of
Garcinia scortechinii (Phainuphong, 2002) suggested that DDI12 had the same

structure as PP8 (7).




Table 42 The 'HNMR data of compounds DD12, PP8 and DD 14
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Position DD12 PP8 DDI14
8y, Gnult., J,,) Sy (mult., J,,) Sy Gnult,, J,,)
1-OH 12.07 (s} 12.08 (5) 12.26 (s)
g 4.47(d, 0.5) 4.46 (s) 4.471{d, 1.5)
8a 3.16 (d,0.5) 3.16 (s) 3.20(d, 1.5)
10 2.02 (d, 14.0}) 2.02 (d, 14.2) 2,03 (d, 14.5)
1.64 (dd, 14.0, 9.0) 1.63 (dd, 14.2, 8.8) 1.64 (dd, 14.5, 8.5)
11 2.71 (d, 9.0} 2.70 (d, 8.8) 2.70{d, 8.5) _
13 1.42 (s) 1.41(s) 1.43 (s)
14 1.21 (s) 1.20 (s) 1.22 (s)
15 3.19 (mdd, 17.0, 7.5) 3.26-3.17 (m) 3.23 (mdd, 15.5,7.0)
3.07 {mdd, 17.0,7.5) 3.15 (mdd, 15.5,7.0)
16 6.57 (mt, 7.5) 6.62 (g, 6.8, 1.5) 6.63 (mt, 7.0)
18 1.98 (d, 1.5) 1.98 (d, 1.5) 1.97 (4, 1.5)
21 | 4.41 (g, 6.5) 440 (g, 6.8) 442 (q,6.5)
22 1.34 (d, 6.5} 1.34 (d, 6.8) 1.34(d, 6.5)
21| 1440 1.43 (5) 1.4 (5)
24 1.12 {s) 1.10 (s) 1.12(s)
25 3.22-3.21 (m) 3.26-3.17 (m} 2.88 {dd, 14.5, 4.0)
2.77{dd, 14.5, 8.5)
26 5.23 (mt, 7.0) 5.25 (mt,1.0) 4.29 (dd, 8.5, 4.0)
28 1.69 (d, 1.0) 1.69 (s) 4.99 (brs)
4.84 (brs)




105

Table 42 (Continued)

Position DD12 B DD14
&, Gmudt., J,.) &, Gmude, J,,) Oy (mult, J,,.)
29 1.76 {brs) 1.76 (5) 1.84 (s)
OMe 3.50(s) 3.50 (s) 3.51 ()
OMe 3.38 () 3.36 (v) 3.38(s)
3.8 Compound DD1

Compound DD1 was isolated as a yellow gum. In the UV spectrum (Figure
41), the long wavelength absorption band at A4__ 362 nm indicated the presence of a
caged-polyprenylated xanthone nucleus. The IR spectrum (Figure 42) exhibited
absorption bands at 3432, 1742, 1635 em’ for hydroxyl, unconjugated carbony! and
chelated ortho-hydroxyl carbonyl functionalities, respectively., These indicated the
absence of carboxyl group in DD1, Its '"H NMR spectrum (Figure 43) (Table 43) was
similar to that of DD13 (scortechinone B) except for the presence of one additional
methyl group. These suggested that the carboxyl group in DD13 was replaced with the
methyl group in DD1. The ®C NMR spectrum (Figure 44) (Table 43) confirmed the
above conclusion by the absence of one carbonyl carbon and the presence of one
additional methyl carbon. Comparison of its 'H NMR data with those of

scortechinone A (Rukachaisirikul, 2000a) indicated that DD1 had the same structure

as scortechinone A (8).
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Table 43 The NMR data of compounds DD1, scortechinone A and scortechinone B

Position DD1 scortechinone A scortechinone B
Sy (mudt., J,,) S¢ Oy Gmudt., J,.) Op Oy (muldt., J,.) S
1-OH | 13.19 (s) 163.25] 13.15 {s) 163.26{ 13.10(s) 163.46
2 105.75 105.77 105.81
3 166.82 166.87 167.08
4 113.04 113.03 11230
4a 153.81 153.82 154.07
4b 89.27 89.30 89.38
5 84.17 84.19 83.77
6 202.31 202.26 202.30
7 84.89 84.90 84.93
8 7.51(d, 1.5) 133.93| 7.49 (d, 1.4) 133.96} 7.56 (d, 1.2) 135.09
8a 132,38 132.38 132.38
9 178.23 178.23 179.60
9a 101.38 101.39 101.27
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Position] Dp1 scortechinone A scortechinone B
Sy (mudt., J,.) de Sy (mult., J,,) OS¢ 8, Gt J,,.) S
10 | 2.33 (brd, 13.0) 30.84 | 2.33 (dd, 12.8, 1.4) | 30.85 | 2.33 (dd, 13.2,1.2) | 30.54
1.65 (dd, 13.0,9.5) 1.65 (dd, 12.8, 9.6) 1.68 (dd, 13.2,9.2)
11 2.55(d, 9.5) 49,91 | 2.55(d, 9.6) 49,94 | 2.60 (d,9.2) 49.75
12 83.26 83.23 83.71
13 1.71 (s) 29.00 | 1.71 (s) 2897 | 1.72(s) 28.719
14 1.29 (s) 30.78 | 1.29 (s} 30.78 | 1.28 (s) 30.93
15 2.69 (md, 14.5) 28.93 | 2.69 (ddh, 14.4,4.5} 28.93 | 3.27 (brdd, 16.0, 29.91
1.5) 9.6)
2.56 (dd, 14.5, 10.5) 2.55{dd, 14.4,10.5) 2.83 (ddg, 16.0, 4.5,
2.0)
16 | 4.41-4.37 (m) 117.16 | 4.41-4.37 (m) 117.17] 5.67 (ddq,9.6,4.5, |136.99
1.5)
17 135.64 135.55 128.68
18 1.06 (brs) 25.51 | 1.07 (brt, 1.4) 25.47 | 1.72 (s) 20.57
i9 1.36 (brs) 16.87 | 1.36 (brt, 1.5) 16.87 170.67
20 43.47 43.47 43.50
21 | 4.37(g,6.5) 90.61 | 4.37 (¢, 6.4) 90.61 | 4.46 (g, 6.6) 91.40
22 1.41(d, 6.5) 13.59 | 141 (d, 6.4) 13.57 | 1.23 (¢, 6.6) 15.81
23 1.16 {s) 21.09 | 1.16 (s) 21.07 | 1.37(s) 19.95"
24 | 158 () 24.05 | 1.58 (s) 24.06 | 137 (s) 28.09
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Position! DD1 scortechinone A scortechinone B
&, Gmudt., J,,) O¢ Oy (mult., J,,) O¢ 8y (muddt., J,,) S¢

25 13.22(br,7.0) 2142 | 3.22 (md, 1.2) 21.42 | 2.98 (mdd, 14.4, 21.35

7.2)

3.11 (mdd, 14 4,

7.2)
26 | 5.22 (mt,7.0) 121.741 5.22 (h, 7.2, 1.4)  |121.75{ 5.20 (41, 7.2, 1.5) | 121.69
27 132.05 131.98 132.05
28 | 1.68 (brd, 1.0) 25.74 | 1.68 (bry, 1.2) 2570 | 1.65(g, 1.5) 25.66
29 | 1.75(s) 17.76 | 1.75 (brd, 1.2) 17.73 | L.72(s) 17.72
OMe | 3.63 (s) 53.97 | 3.63 (s) 53.94 | 3.52(s) 53.88

' interchangeable

3.9 Compound DD3

(%

max

Compound DD3 was obtained as a yellow gum. The UV spectrum (Figure 45)

360 nm) indicated the presence of a caged-polyprenylated xanthone nucleus

while its IR specﬁ’um (Figure 46) exhibited absorption bands at 3453 (a hydroxyl

group), 1741 (an unconjugated carbonyl group) and 1646 (a chelated ortho-hydroxyl

carbonyl group) em . The mass spectrum (Figure 57) showed the molecular ion peak

at m/z 562 for a molecular formula of C, H,,O.. Its "H NMR spectrum (Figure 47)
34ty

(Table 44) was similar to that of scortechinone A, containing typical signals of a

chelated hydroxy proton [&, 12.65 (1-OH, s)], 9 tertiary methyl groups and four
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proton-coupled systems : two units belonging to 3-methylbut-2-enyl groups (6, 5.32
(14, mt, J = 6.5 Hz), &, 3.29 (1H, mdd, J = 15.0 and 6.5 Hz), &, 3.21 (1H, mdd, J =
15.0 and 6.5 Hz), &, 1.71 and 1,68 (3H each, 5); &,4.40 (14, mt, J=1.5 Hz}, &,2.59
(2H, d, J = 7.5 Hz), &, 1.36 and 0.96 (3H each, brs)], one unit of 2,3,3-
trimethylhydrofuran ring [, 4.46 (1H, ¢, J = 6.5 Hz), &, 1.45 3H, s), &, 1.37 (3H, d,
J = 6.5 Hz) and &, 1.21 (311, s)] and one unit of ~C(Me),-CHCH,-C(OMe)-CH=C-
(3,747 (1H,d,J = 1.5 Hz), §;3.64 QH, s), §,2.53 (1H, d, /= 9.5 Hz), &, 2.34 (1H,
d, J=14.0 Hz), 6, 1.68 3H, 5), &, 1.63 (1H, dd, J = 14.0 and 9.5 Hz) and &, 1.30
(3H, s)]. The difference was found in the phoroglucinol-type aromatic ring. One of the
3-methylbut-2-enyl groups was located at C-4 (& 103.72), due to the methylene
protons H_-25 (5, 3.29 and 3.21) showed cross peaks with the C-3 (&, 166.61), C-4
and C-4a (&, 158.40) in the HMBC spectrum (Figure 56) (Table 44). These indicated
that the 2,3,3-trimethylhydrofuran ring was located at C-2 (6, 114.58) and C-3. The
correlations between Me-23 (8, 1.45) and Me-24 (4 1.21) with C-2 confirmed the
position of the furan ring. The chemical shifts of C-2 and C-3 indicated the furan ring
formed an ether linkage with C-3, not C-2. In addition, other substitued groups were
attached to the same position as found in scortechinone A by the HMBC data. The
relative stereochemistry of DD3 was established by the NOE different results. Firstly,
Me-18 (&, 1.36) and Me-28 (&, 1.68) were assigned since they gave selective
enhancement with H-16 (3, 4.40) (Figure 53) and H-26 (5, 5.32) (Figure 54),
respectively. Secondly, Me-22 (&, 1.37) showed selective NOE with H-16 (d; 4.40),
Me-19 (8, 0.96) and Me-24 (&, 1.68) (Figure 51), suggesting that the C-5 isoprenyl
group was located on the same side of the molecule as Me-22 and Me-24-the arside in
DD3. Finally, Me-13 (8, 1.68) showed selective NOE with H-11 (8, 2.53) and Me-14

(6, 1.30) (Figure 52) whercas Me-14 (&, 1.30) gave correlations with Me-13 (5,
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1.68), H-10 (8, 2.34) and 7-OMe (&, 3.64) (Figure 50). The structure of DD3 was

thus assigned to be 9, a new caged-tetraprenylated xanthone.

Table 44 The NMR data of compounds DD3 and scortechinone A

Position] DD3 HMBC scortechinone A ]
8y Gnult, J,)) | 6(C-Type) correlation 8y (mult., J,) | 8(C-Type)
1-OH | 12.65(s) 158.24 (C) | C-1,C-2,C-9a 13.15(s) 163.26 (C)
2 114.58 {C) 105.77(C)
3 166.61 (C) 166,87 (C)
4 103.72 (C) 113.03 (C)
4a 158.40 (C) 153.82 (C)
4 84.27(C) £9.30 (C)
5 89.09 (C) 84.19 (C)
6 202.08 (C=0) 202.26 (C=0)
7 84.80 (C) 84.90 (C)
8 7.47(d, 1.5) 133.52 (CH}| C-5,C-6,C9 7.49 (d, 1.4) 133.96 (CH)
8a 132.67(C) 13238 {C)
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Table 44 (Continued)
IPosition) DDb3 HMBC scortechinone A

8y (mudt., J,,) 8 AC-Type) correlation 8, Gt J,,) S(C-Type)
9 178.93 {(C=0) 178.23 (C=0)
9a 10£.53 (C) 101.39(C)
10 | H,:2.34 (brd, 30.20 (CH,) | C-5, C-6, C-7, C-8, C- | 2.33 (dd, 12.8, 1.4)]30.85(CH,)

14.0) 11, C-12
H, : 1.63 (dd, 14.0, 1.65 (dd, 12.8, 9.6)
9.5)
I1 2.53(d, 9.5) 49,72 (CH) | C-4b, C-5, C-10 2.55(d, 9.6) 49,94 (CH)
12 83.57(C) 83.23 (C)
13 1.68 (s) 30.09 (CH,) | C-11,C-12,C-14 1.71 (s) 2897 (CH,)
14 | 130(s) 29.03 (CH,) | C-11,C-12,C-13 1.29 (s) 30.78 (CH,)
15 2.59(d, 1.5) 28.89 (CH,) | C-4b, C-5, C-6, C-16, | 2.69 (ddh, 14.4, 28.93 (CH,)
C-17 4.5, 1.5)
2.55 (dd, 14,4,
10.5)

16 4,40 (mnt, 7.5) 117.59 (CH) | C-19 4.41-4.37 (m) 117.17 (CH)
17 135.28 (C) 135.55(C)
18 1.36 (s) 1438 (CH,) | C-16,C-17,C-19 1.07 (drt, 1.4) 25.47 (CH,)
19 0.96 (s) 16.53 (CH,) | C-16,C-17 1.36 (11, 1.5) 16.87 (CH,)
20 43,51 (C) 43,47 (C)
21 4.46 (g, 6.5) 90.77 (CH) | C-23,(C-24 4.37 (g, 6.4) 90.61 (CH)
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Table 44 (Continued)
Position| DD3 HMBC scortechinone A
8y, (mult., J,.) 3 {C-Type) correlation 8, Gmuddt., J,,) S8{C-Type}
22 1.37(d, 6.5) 25.55 (CH_,.) C-20, C-21 1.41(d, 6.4) 13.57 (CH,)
23 1.45 (s) 25.26 (CH,) | C-2,C-20,C-21,C-24 | 1.16 (s) 21.07 (CH,)
24 1.21 {s) 20.64 (CH,} | C-2, C-20, C-21, C-23 | 1.58(s) 24.06 (CH,)
25 3.29 (mdd, 15.0, 22,10 (CH,) | C-3, C-4, C-4a, C-26, | 3.22 (md, 7.2) 21.42(CH,)
6.5) C-27
3.21 (mdd, 15.0, C-3, C-4, C-4a, C-26,
6.5) C-27
26 5.32 (mt, 6.5) 121.76 (CH) | C-28, C-29 5.22(m, 7.2,1.4) |121.75(CH)
27 132.37(C) 131.98 (C)
28 1.68 (brs) 25.71 (CH,) | C-26, C-27,C-29 1.68 (brg, 1.2) 25.70 (CH,)
29 171 (brs) 17.96 (CH,) | C-26, C-27,C-28 1.75 (brd, 1.2) 17.73 (CH,)
OMe | 3.64 (s) 53.94 (CH,) | C-7 3.63 (s) 53.94 (CH,)
3.10 Compound DDS

Compound DD5 was isolated as a yellow gum. Its UV spectrum (Figure 58)

(1364 nm) showed the presence of a caged-polyprenylated xanthone nucleus. Its IR

max

spectrum (Figure 59) exhibited absorption bands at 3444 (a hydroxyl group), 1745 (an

unconjugated carbonyl group) and 1635 em ' (a chelated ortho-hydroxyl carbonyl

group). The 'H NMR spectrum (Figure 60) (Table 45) of DDS was almost (but not

exactly) identical to that of scortechinone A, albeit for some minor differences in the
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2,3,3-trimethylhydrofuran ring. The methine proton H-21 [&, 4.54 (1H, ¢, J = 6.5 Hz)]
was shifted to lower field, indicating that DPDS was the C-21 epimer of scortechinone
A. The same coupled systems found in scortechinone A, viz. the 2,3,3-
trimethylhydrofuran ring, two 3-methylbut-2-enyl groups and -~C(Me),-CHCH,-C
(OMe)-CH=C- system were also present in DDS. To confirm the conclusion, the 'H
NMR data of DD5 was compared with those of GF3 which was previously isolated
from the fruits of Garcinia scortechinii (Sukpondma, 2002), indicating that DDS5 had

the same structure as GF3 (10), a new caged-tetraprenylated xanthone.

Table 45 The _IH NMR data of compounds DD5, GF3 and scortechinone A

Position DD5 GX3 scortechinone A
8y, (mult., J,) Sy, (mult., J,,} Oy Gt J,.)
1-OH 13.24 (s) 13.24 () 13.15(s)
8 7.51(d, 1.5) 7.51(d, 1.5) 7.49 (d, 1.4)
10 2.34 (brd, 12.5) 2.34(d, 13.5) 2.33 (dd, 12.8, 1.4)
1.66 (dd, 12.5,9.5) 1.67 (dd, 13.5, 9.5} 1.65 (dd, 12.8,9.6)
11 2.58 (d,9.5) 2.57(d,9.5) 2.55(d, 9.6)
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Table 45 (Continued)
Position DDS GF3 scortechinone A
S, (mult., J,,) 8y e, J,;) &y Gnult., J,,)
13 1.71 (s) 1.72 (s) 1.71 (s)
14 1.29 (s) 1.29 (s) 1.29 (s)
15 2.67 {md, 14.0) 2.67 (md, 14.5) 2.69 (ddh, 14.4, 4.5, 1.5)
2.54 (dd, 14.0, 10.5) 2.54 {(dd, 14.5, 10.5) 2.55 (dd, 144, 10.5)
16 4.36 (md, 10.5) 4.36 (md, 10.5) 4,41-4.37 (m)
18 1.36 (s) 1.36 (s) 1.07 (brt, 1.4)
19 1.02 (s) 1.02 (s) 1.36 (br1, 1.5)
21 | 454(q,6.5) 455 (g, 6.5) 4.37(q, 6.4)
22 1.29 (d, 6.5) 1.30 (d, 6.5) 1.41{d, 6.4)
23 1.41 (s) 1.42 (s) 1.16 (s)
24 1.49 (s) 1.49 (s) 1.58 (s)
25 3.22(d,7.0) 3.22(d, 7.0) 3.22 (mnd, 7.2)
26 5.22 (mt, 7.0) 5.23 (mt, 7.0) 522,72, 1.4)
28 1.68 (d, 1.0} 1.68 (d, 1.0) 1.68 (brg, 1.2)
29 1.75 (s) 1.76 (s} 1.75 (brd, 1.2)
OMe 3.64 (s) 3.64 (5) 3.63 (5)

3.11 Compound DD8

Compound DD8 was obtained as a yellow solid, melting at 180-18 1°C. The UV

spectrum (Figure 61) (1__ 360 nm) showed the presence of a caged-polyprenylated

max
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xanthone chromophore, Its IR spectrum (Figure 62) exhibited absorption bands at
3422, 1742 and 1640 cm’ for hydroxyl, unconjugated carbonyl, chelated ortho-
hydroxy! carbony! functionalities, respectively. The '"H NMR spectrum (Figure 63)
(Table 46) was similar to that of DD1 (scortechinone A) except for the replacement
of signals of a 3-methylbut-2-enyl group with a signal of an aromatic proton [8, 6.04
(1H, s)] in DD8. Comparison of the 'H NMR data of DD8 with those of PP3
previously isolated from latex of Garcinia scortechinii (Phainuphong, 2002) indicated

that DD8 was PP3 (11).

18

Table 46 The 'H NMR data of compounds DD8, PP3 and scortechinone A

Position DDS8 PP3 scortechinone A
S, (mult., J,,) 8y mult.,, J,,) Sy (mult., J,)
1-OH | 13.03(s) 13.03 (s) 13,15 (s)
2 6.04 (s) 6.04 (s5)
8 7.52(d, 1.5) 7.52(d, 1.5) 7.49 (d, 1.4)
10 2.36 (d, 13.0) 2.36 (4, 13.0) 2.33 (dd, 12.8, 1.4)
1.66 (dd, 13.0,9.5) 1.66 (dd, 13.0,9.5) 1.65 (dd, 12.8, 9.6)
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Table 46 (Continued)
Position DD8 PP3 scortechinone A
&, Gnult., J,)) Sy (mult,, J,) &y mdt., J,,)
11 2,59 (d,9.5) 2.59(d, 9.5) 2.55(d, 9.6)
13 1.72 (s) 1.72 (s) 1.71 {s)
14 1.30 (s) 1.30(s) 1.29 (s)
15 2.70 (md, 14.5) 2.71 (md, 14.5) 2.69 (ddh, 14.4,4.5, 1.5)

16

18

19

21

22

23

24

25

26

28

29

OMe

2.58 (dd, 14.5, 11.0)
4.30-4.37 (m)

1.38 (brs)

1.09 (s)

4.40 (g, 6.5)

1.41 (d, 6.5)

1.17 (s)

1.59 (s)

3.64 (s)

2.58 (dd, 14.5, 10.5)
4.42-4.36 (m)

1.38 {s)

1.09 (s)

4.40 (¢, 6.5)

1.41(d, 6.5)

1.17 (s)

1.59 (s)

3.64 (s)

2.55(dd, 14.4, 10.5)
4,41-4.37 ()
1.07 (brt, 1.4)
1.36 (brt, 1.5)
437 (g, 6.4)

1.41 (d, 6.4)

1.16 (s)

1.58(s)

3.22 (nd, 7.2)
5.22(ht,7.2,1.4)
1.68 (brg, 1.2)

1.75 (brd, 1.2)

3.63 (s)
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3.12 Compound DD9

Compound DD9 was isolated as a yellow solid, melting at 186-187°C. Its UV
spectrum (Figure 64) (1361 nm) indicated the presence of a caged-polyprenylated
xanthone nucleus while the IR spectrum (Figure 65) showed absorption bands at 3443
(a hydroxyl group), 1742 (an unconjugated carbonyl group) and 1640 (a chelated
ortho-hydroxyl carbonyl group) em'. .Its "H NMR spectrum (Figure 66) (Table 47)
was almost (but not exactly) identical to that of DD8 (PP3), albeit for some minor
differences in the 2,3,3-(rimethythydrofuran ring. The methine proton H-21 {4, 4.55
(1H, ¢, J = 6.5 Hz)] was shifted to lower field, indicating that DDY9 was the C-21
epimer of DD8. The same coupled systems found in DD8, viz. the 2,3,3-
trimethylhydrofuran ring, 3-methylbut-2-enyl groups and ~C(Me),-CHCH,-C{OMe)-
CH=C- system were also present in DD9. To confirm the conclusion, the 'H NMR data
of DD9 was compared with those of PP4 which was previously isolated from latex of

Garcinia scortechinii (Phainuphong, 2002), indicating that DD9 had the same structure

as PP4 (12).




Table 47 The 'H NMR data of compounds DDY, PP4 and DD8
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Position DD9 PP4 DD8
8, (mudt. J,,) Sy Gnuelt., J,) 8y (mult., J,)

1-OH 13.09 (s) 13.09 (s) 13.03 (s)
2 6.04 (s) 6.03 (s) 6.04 ()
8 7.53(d, 1.5) 7.52.(d, 1.0) 7.52(d, 1.5)
10 2.36 (ind, 13.0) 2.36 (dd, 13.0, 1.0) 2.36 (d, 13.0)

1.67 (dd, 13.0,9.5) 1.67 (dd, 13.0,9.5) 1.66 (dd, 13.0,9.5)
11 2.61 (d, 9.5) 2.61 (d, 9.5) 2,59 (d, 9.5)
13 1.72 {s) 1.72 (s) 1.72 (s)
14 1.29 (5) 1.29 (s} 1.30 (s)
15 2.69 (md, 14.5) 2.68 (nd, 14.5) 2.70 (ind, 14.5)
2.55 {dd, 14.5, 10.5) 2.55 (dd, 14.5,11.0) 2.58(dd, 14.5,11.0)

16 4.36 (nd, 10.5) 4.36 (md, 11.0) 4.30-4.37 {(m)
18 1.38 (brs) 1.38 (s} 1.38(s)
19 1.07 (brs) 1.07 (s) 1.09 (s}
21 4.55(q,6.5) 4,55 (¢, 6.5) 4.40 (g, 6.5)
22 1.30 (d, 6.5) 1.30 (d, 6.5) 1.41(d, 6.5)
23 1.42 (s) 1.42(s) 1.17 (s)
24 1.50 (s} 1.49 (s) 1.59 (s}

OMe 3.65{(s) 3.64(s) 3.64 (s)
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3.13 Compound DD7

Compound DD7 was isolated as a pale yellow gum. lts IR spectrum (Figure
68) showed the presence of a hydroxyl group (3414 cm_l) while the UV spectrum

(Figure 67) (A, 236 and 280 nm) exhibited the presence of a conjugated

chromophore. The 'H NMR spectrum (Figure 69) (Table 52) contained the signals of
two secondary methyl groups [8, 0.89 and 0.82 (3H each, d, J = 6.5 Hz)l, one
oxymethine proton [&,; 3.78 (1H, dd, /= 12.0 and 4.0 Hz)], two trans-olefinic protons
{6, 6.00 (1H, d,J=16.3 Hz) and &6, 5.44 (1H, dd, J = 16.3 and 10.5 Hz)| and four exo-
methylene protons [8, 5.28 (1H, s) and &, 5.00 (1H, d,/=2.0 Hz); 6,493 (1H,d,J =
1.0 Hz) and &, 4.85 (1H, 5)]. The BC NMR (Figure 70) (Table 48) and DEPT (Figure
71) (Table 48) spectra showed fifteen resonances for two quarternary carbons (spzc :
&, 153.49 and 146.72), five methine carbons (sp2C : & 137.97 and 129.61 ; sp3C :
6. 76.03, 52.50 and 31.82), six methylene carbons (SpZC : & 11291 and 110.57 ;
spEC 1 &, 36.27,36.17, 34.52 and 29.93) and two methyl carbons (&, 20.75 and 20.49).
In the 'H-'H COSY spectrum (Figure 74) (Table 48), the olefinic proton H-6 (4, 5.44)
showed a selected correlation with H-7 (&, 1.83-1.77) whereas the methylene proton
H,-8 (&, 2.03-2.01) also gave correlations with H-7, H,-8 (&, 1.73-1.58) and H -9 (4
2.65-2.61 and 1.68-1.60). The olefinic proton H-5 (&, 6.00) caused cross peaks with
exo-methylene proton H -15 (&; 4,93 and 4.85) while the methylene proton H, -3 (84
2.44) exhibited correlations with H_-2 (&, 2.08-2.05 and 1.73-1.58) and H_-15.
Furthermore, the methylene proton H_-2 gave correlations with the oxymethine proton
H-1 (6, 3.78) and H,-3 (5, 2.44 and 2.20). Data from the above 'H-'H COSY
correlations indicated the presence of HC]JH-CHZCHZ-ﬁ—CH=CH-CH—CHZCHZ- unit.

o) CH,
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The HMBC correlations (Table 48) as shown supported the proposed substructure.
Furthermore, the selected HMBC corrclations (Figure 73) (Table 48) of the
oxymethine proton H-1 and the methylene protons H,-9 with C-10 (&}, 153.49) and C-
14 (8, 110.57) suggested that C-10 linked C-1 with C-9 to form as 10-membered ring.
The correlations of H-11 (&, 1.53-1.46) with Me-12 (&, 0.89) and Me-13 (8, 0.82), in
the 'H-'H COSY spectrum, indicated the presence of isopropyl group [&, 1.53-1.40
(1H, m), &, 0.89 and 0.82 (1H each, d, J = 6.5 Hz)]. Both Me-12 and Me-13 showed
correlations "with C-7 (&, 52.50) and C-11 (5. 31.82), in the HMBC spectrum,
indicating that the isopropyl group was located at C-7. Since none of other proton
signals was observed in the '"H NMR spectrum, the oxysubstituted group at C-1 was a
hydroxyl group. Comparison of its '"H NMR data with those of germacra-4(15), SE,
10(14)-trien-1-ol (13) previously isolated from leaves of Glycosmis petelotii (Cuodng,

1999) indicated that DD7 had the same structure as 13.

15 13

(13)




Table 48 The NMR data of compound DD7
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Position 8, (mult., J,.) 5.(C-Type) HMBC 'H-'H COSY
correlation correlation

1 3.78 (dd, 12.0, 4.0) 76.03 (CH) | C-10,C-14 H,-2

2| 2.08-2.05 (m) 3627 (CH,) | C-1,C-10 H-1,H,-3
1.73-1.58 (m) C-1,C-3,C-10 H-1,H,-3

3 H, : 2.44 (dt, 13.0, 5.0) 29.93 (CH,) | C-2,C-4,C-5,C-15 | H,-2, H,-3, H-15
H, : 2.20 (ddd, 13.0, 5.0, C-1,C-2,C-4,C-5 | H-2,H-3

2.5)

4 146.72(C)

5 6.00 (d, 16.5) 129.61 (CH) | C-3,C-4,C-7,C-15 | H-6,H,-15

6 5.44 (dd, 16.5, 10.5) 137.97 (CH) | C-4,C-7,C-8,C-11 | H-5,H-7

7 1.83-1.77 (m) 52.50 (CH) H-6, H-8

8 H, : 2.03-2.01 (m) 36.17 (CH,) | C-1,C-6,C-10 H-7, H,-8, H -9
H, :1.73-1.58 {m) C-1,C-10 H-8

9 | H,:2.652.61(m) 34.52 (CH,) | C-10,C-14 H-7, H-8, H,-9
1, : 1.68-1.60 (m) C-1,C-7, C-10, C-14 | H-7, H,-8, -9

10 153.49 (C)

11 1.53-1.46 (m) 31.82(CH) | C-13 H-12, H-13

12 0.89 (d, 6.5) 20.75(CH,) | C-7,C-11, C-13 H-11

13 0.82 {4, 6.5) 20.49 (CH,) | C-7,C-11,C-12 H-11

14 H, :5.28 (s) 110.57 (CH,) { C-1,C-9
H, : 5.00 (d, 2.0) C-1,C-9,C-10
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Table 48 (Continued)
Position 8, (mult., J,,) 5.(C-Type) HMBC 'H-'H COSY
correlation correlation
15 H :4.93 {d, 1.0) 112.91 (CH,} | C-3,C-5 H -3, H-5
H, : 4.85 (s) C-3,C-5 H-5

Table 49 The NMR data of compounds DD7 and germacra-4(15), SE, 10(14)-trien-

1-ol
Position DD germacra-4(15), SE, 10(14)-trien-1-ol
8, (mudt, J,,) 8.{C-Type) 5}: Gt J,) 8.(C-Type)
1 3.78 (dd, 12.0,4.0) 76.03 (CH) | 3.77 (dd, 11.8,3.9) 76.0 (CH)
2 2.08-2.05 (m) 36.27 (CH,) | 2.04 (m) 36.2 (CH,)
1.73-1.58 (m) 1.73-1.58 (m)
3 2.44 (dt, 13.0, 5.0) 29.93 (CH,) | 2.43 (td, 13.0, 4.8) 29.9 (CH,)
2.20 (ddd, 13.0, 5.0, 2.5) 2.19 (m)
4 147.72 (C) 153.5 (C)
5 6.00 (d, 16.5} 129.61 {CH) | 6.00 (d, 15.8) 129.6 (CH)
6 5.44 (dd, 16.5, 10.5} 137.97 (CH) | 5.43 (dd, 15.8, 10.3) 137.9 (CH)
7 1.83-1.77 (m) 52.50 (CH) | 1.78 {m) 52.5{(CH)
8 2.03-2.01 (m) 36.17 (CH,) | 2.04 (m) 36.2(CH,)
1.73-1.58 (m) 1.67 ()
9 2.65-2.61 (m) 34.52 (CH,) | 2.62 (ddt,9.3,3.2, 2.0) 34.5 (CH,}
1.68-1.60 (m) 1.67 (m)
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Table 49 (Continued)

Position DD7 germacra-4(15), 5E, 10(14)-trien-1-o0l
8y, (murdt., J,,.) 8. (C-Type) 8, Gmude, J,,) 8. (C-Type)
10 153.49 (C) 146.7 {C)
11 1.53-1.46 (m) 31.82 (CH) | 1.49 (sextet, 6.6) 31.8 (CH)
12 | 0.89(d,6.5) 20.75 (CH,) | 0.90 (d, 6.6) 20.7 (CH,)
13 |082(4,6.5) 20.49 (CI1,) | 0.82(d, 6.6) 20.5 (CH,)
14 5.28 (s) 110.57 (CH,) | 5.27 (m) 110.5 (CH,)
5.00 (d, 2.0) 5.00 ()
15 493 (4, 1.0} 112.91 (CH,) | 4.92 (m) 112.8 (CH,}
4.85 (s) 4.84 (m)

3.14 Compound DD16

Compound DD16 was obtained as a yellow solid, decomposed at 210°C. In the
UV spectrum (Figure 75), the absorption bands at 4_, 228, 273, 290 and 343 nm were
similar to those of biflavones isolated from Garcinia livingstonii (Pelter, 1971). Its IR
spectrum (Figure 76) exhibited absorptions band at 3419 and 1634 em’ for hydroxyl
and chelated orfho-hydroxyl carbonyl functionalities, respectively. The 'H NMR
spectrum (Figure 77) (Table 50) revealed the presence of 1,4-disubstituted benzene
[8; 7.11 and 6.34 (2H each, d, J = 8.5 Hz)] (unit A), 1,3,4-trisubstituted benzene [J
7.36 (1H, d, J = 2.0 Hz), 6, 7.31 (1H, dd, J = 8.5 and 2.0 Hz} and &, 6.94 (14, d, J =

8.5 Hz)] (unit B), the flavanone derivative with a 1,2,3,5-tetrasubstituted benzene ring

of unit C [&, 5.99 and 5.98 (1H each, 4, J = L5 Hz), &, 5.75 (14, d, J = 12.0 Hz,
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showing frans-coupling with the vicinal proton which appeared underneath a water

peak at &, 4.85}] and the flavone derivative [ 4, 6.44 and 6.28 (1H each, 5)] (unit D).

5643 56.94
A 31
§1.11 I on 813 i ot
H
??' 86.43 2?- oH
H H
41711 81736
(unit A) (unit B)
85,99 (5.98) 85,758 56,28
i an
HO HO 0. _Ar
|
i
(HY 1
$5.98 (5.99) O O 56,28 oy 8 56.44
(unit C) (unit D)

Since the aromatic protons of unit A, B, C and D were observed at high field,
the benzene rings were substituted by hydroxyl groups. Comparison of its 'H NMR
data with those of morelloflavone (14) (Waterman and Cricnton, 1980) and I-5, II-5,
I-7, 1I-7, 1-3, -4, 11-4-heptahydroxy-[I-3,1I-8]-flavanonylflavone (15) (Babu,
1988) revealed that the chemical shift values of ortho-aromatic protons (&, 7.11 and
6.43) on p-hydroxylated benzene (unit A) and meta-aromatic protons (8, 7.36 and
7.31) on 3,4-dihydroxylated benzene (unit B) were more similar to that of 15 than that
of 14. These indicated that the structures of DD16 were either 5 or 16 of which their
structure is different in the position of attachment between the flavone and flavanone

units.
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(16)

Additionally, the comparison of its TLC chromatogram with that of 15
obtained from the twigs of Garcinia scortechinii (Kaewnok, 1999) indicated that
DD16 had the structure 15 with frans relative stereochemistry at C-2 and C-3 of the
ring B of ﬂavanoné unit because of the large coupling constant value (Jypas = 12.0 Hz)

between H-2 and H-3.
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Table 50 The 'H NMR data of compounds DD16, morelioflavone (14) and I-5, 11-5,

I-7, I1-7, 1—3!, I-4I, II—4’-heptahydroxy-{I-IS,II-S]-ﬂavanmlylflavone (15)

Position DD16 Position 14 Position 15
O &y Gnult., JH:)b 8 (mult, J,.)
-2 |5.75(d,12.0) 2 |5.73(d,12.0) 12 |564(d, 120
1-3 13 {4.86(d, 12.0) 13 | 483(d,12.0)
16 | 598(d, 1.5) 16 |597(s) 6 | 591 @)
18 1599 1.5 18 |597() 18 |591()
12 ]7.36(,2.0) 1-2,1-6 | 7.08 (d,9.0) 1-2,1-6' | 7.37 (m)
-5 | 694(d,85) 1-3,1-5' | 6.50 (d, 9.0) -5 | 6.84(d,8.0)
16 | 7.31(dd,8.5,2.0)
113 | 6.44(s) -3 | 643 (s) -3 | 6.53(s)
-6 |6.28(s) -6 | 6.20(s) -6 | 6.17(s)
-2, 11-6 | 7.11 (d, 8.5) -2 | 7.72(d, 2.0) 11-2, 11-6' | 7.08 (d, 8.0)
11-3, 11-5' | 6.43 (d, 8.5) 115" | 6.80 (d, 9.0) 113, 11-5' | 6.32 (d, 8.0)
-6 | 7.19(dd, 9.0, 2.0)

“ 'H NMR data of DD16 in CD,OD.

" "4 NMR data of morelloflavone in d;-DMSO.

¢ 'H NMR data of I-5, I1-5, I-7, 117, I3, I-4|, [1-4-heptahydroxy-[1-3,11-8]-flavanonylfiavone in d;-DMSO.

’ interchangeable
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3.15 Compound DD4

Compound DD4 was obtained as a white solid, melting at 162-163°C. The IR
spectrum (Figure 78) exhibited absorption band at 3443 em’ for a hydroxyl group. The
'H NMR spectrum (Figure 79) (Table 51) indicated the presence of one primary
methyl group [, 0.80 (3H, ¢, J = 7.5 Hz)], three secondary methyl groups {8, 1.01
(3H, d, J=1.5 Hz), 6, 0.84 3H, d, J= 7.0 Hz) and &, 0.79 3H, d,J = 7.5 Hz)], two
tertiary methy! groups [, 1.00 and 0.69 (3H each, s)] and one oxymethine proton {8,
3.54-3.50 (1H, m)]. Additionally, the presence of three olefinic protons (&, 5.36-5.33
(1H, m), 8, 5.15 (1H, dd, J = 15.0 and 8.5 Hz) and &, 5.02 (1H, dd, J = 15.0 and 8.5
Hz)] indicated that it contained one ‘rans-disubstituted double-bond and one
trisubstituted double-bond. The 'H NMR data were compared with the previously
reported data of stigmasterol (Kaewnok, 1999). It was found that DD4 gave identical

spectral data as stigmasterol. It was therefore identified as stigmasterol (7).




Table 51 The 'H NMR data of compound DD4 and stigmasterol
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DD4

stigmasterol

8, (mult., J,.)

Sy Gnuddt., T, )

5.36-5.33 (m, 1H)
5.15{dd,J=15.0 and 8.5, 1H)
5.02 (dd,J=15.0 and 8.5, 1H)
3.54-3.50 (m, 1H)

2.28 (ddd,J=13.0, 5.0 and 1.5, 1H)
2.24 {gd, J=11.0 and 2.0, 1H)
2.07-1.93 (1, 3H)

1.86-1.80 (m, 2H)

1.74-1.66 (m, 1H)

1.56-1.39 (m, 11H)

1.30-1.04 (m, 5H)

1.01 (d,J=17.0,3H)

1.00 (s, 3H)

0.98-0.90 (m, 2H)

6.84 (d,J=1.0,3H)

0.80 (t,J=17.5,3H)

0.79 (d,J= 1.5, 3H)

0.69 (s, 3H)

5.36-5.33 (m, 1H)

5.15 (dd, J=12.3 and 6.7, 1H)
5.03 (dd,J=12.3 and 6.7, 1H)
3.56-3.48 (m, 1H)

2.29 (ddd,J = 12.3, 6.0 and 2.1, 1H)
2.24 (gd, J =108 and 2.1, 1H)
2.09-1.94 (m, 3H)

1.88-1.80 {m, 2H)

1.75-1.66 (mr, 1H)

1.60-1.39 (w1, 1 1H)

1.31-1.04 (2, SH)

1.02{d, J= 6.7, 3H)

1.01 (s, 3H)

1.00-0.90 (m, 2H)

0.85 (d, J=6.7,3H)

0.81 (1,J=7.1, 3H)

0.80 (d, J= 6.5, 311}

0.70 (s, 3H)
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3.16 Compound DD6

Compound DD6 was obtained as a white solid, melting at 240-241 °C. The IR
spectrum (Figure 80) exhibited absorption band at 1713 cm’ fora carbony! group. Its
'H NMR data (F igure 81) (Table 52) were compared with the previously reported data
of friedelin (Kacwnok, 1999). It was found that DD6 gave identical spectral data as

friedelin, It was therefore identified as friedelin (18).

(18)

Table 52 The 'H NMR data of compound DD6 and friedelin

DD6 friedelin

8, Gnudt., J,,.) Sy (mult., J,.)
2.40 (ddd, J = 14.0, 5.0 and 2.0, 1H) 2.40 (ddd, J= 13.6, 4.8 and 1.6, 1H)
2.31 (ddd, J=13.0, 7.0 and 1.5, 1H) 2.30{(dd, J=12.8 and 6.4, 1H)
2.25 (g, J= 7.0, IH) 225(q,J=7.2, 1H)
2.00-1.94 {m, 1H) 2.00-1.94 (m, 1H)
1.76 Gnd, J=13.0, 1H) 1.78 (md, J=12.8, 1H)
1.69 (dg,J = 13.0 and 5.0, 1H) 1.69 (dg, J= 12.8 and 1.6, 1H)
1.60-1.20 (m, 20H) 1.60-1.20 {m, 20H)
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Table 52 (Continued)
DDo6 friedelin
8, (mult., J,,) &, Gnudt., J,,.)
1.18 (s, 3H) 1.18 (s, 3H)
1.05 (s, 3H) 1.06 (s, 3H)
1.01 (s, 3H) 1.02 {s, 3H)
1.00 (s, 3H) 1.01 (s, 3H)
0.95 (s, 3H) 0.96 (s, 3H)

0.89 (d, J = 6.5, 3H)
0.87 (s, 3H)

0.73 (s, 3H)

0.89 (d, J="1.2,3H)

0.87 (s, 3H)

0.73 (s, 3H)
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