Xanthones from the Leaves of Garcinia nigrolineata

Mayuree Kamkaew

Master of Science Thesis in Organic Chemistry
Prince of Songkla University
2002
oy DAOG MM 200N Q.F

Codbdhy
T LTy A

(0




Xanthones from the Leaves of Garcinia nigrolineata

Thesis Title
Author Miss Mayuree Kamkaew
Major Program Organic Chemistry

Academic Year 2002

Advisory Committee

. U‘ w‘“d‘mﬁi n'twl. ............ Chairman

(Assoc.Prof.Dr.Vatcharin Rukachaisirikul)

....................................... Committee

(Asst.Prof.Dr.Chatchanok Karalai)

Examining Committee

V. Lodearctyoi i nliad

....................................... Chairman

(Assoc.Prof.Dr.Vatcharin Rukachaisirikul)

....................................... Cominittee

{Asst.Prof.Dr.Chatchanok Karalai)

- K . PWV\'W‘OV\E} ............. Committee

(Dr,Kanda Panthong)

Commnittee

(Dr.Anuchit Plubrukam)

The Graduate School, Prince of Songkla University, has approved this thesis as

partail fulfillment of the requirment for the Master of Science degree in Organic

Chemistry.

...................................................

( Piti Trisdikoon, Ph.D).)
Associate Professor and Dean

Graduate School

(2)




Thesis Title Xanthones from the Leaves of Garcinia nigrolineata

Author Miss Mayuree Kamkaew
Major Program Organic Chemistry
Academic Year 2002

ABSTRACT

- The methanolic extract from the leaves of Garcinia nigrolineata was purified
by chromatographic techniques to afford twelve new compounds: ten xanthones (YUt,
YU2, YUe, YU9, YU10, YU1l, YU14, YU15, YU16 and YU17), one quinone
derivative (YUS5) and one isoflavone-like compound (YU13) together with five known
compounds: ananixanthone (YU3), 8-desoxygartanin (YU4), 1,5-dihydroxy-3-
methoxy-2-(3-methylbut-2-enyl)xanthone (YU7), 1,7-dihydroxy-3-methoxy-2-(3-
methylbut-2-enylDxanthone (YU12) and friedelin (YUS). All structures were
determined by 1D and 2D NMR spectroscopic data. Known compounds were also

identified by comparison of their spectral data with those reported in the literature.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Garcinia nigrolineata, a plant belonging to the Guttiferac family, is distributed
throughout Malaya and Burma (Whitemore, 1973). The family Guttiferae contains
about 40 genera and over 1000 species. Only 6 genera and 60 species are found in
Thailand; i.e., Calophyllum, Cratoxylum, Garcinia, Mesua, Kayea and Orchrocarpus
(Panthong, 1999). G. nigrolineata is a small to medium tree or very rarely a shrub.
Inner bark with scant, bright yellow latex. Differing from G. parvifolia in the leaves
usually larger, ovate-lanceolate, (9x3)-15x5-(20x6) cm, the black dots and dashes
conspicuous; male flowers bigger, 10-13 mm wide, on longer stalks, 9-14 mm, with
bigger petals, 8x2-8x3 mm, elongate and reflexed; female with the calyx 10-13 mm
wide; the fruits umbonate, faintly ribbed, stigma 2.5-3.5 mm wide; the seeds large,
with little pulp (Whitemore, 1973). In Thailand, G. nigrolineata is locally named

“Cha-Muang (¥£1249)” (l.?lll, 2523).

Figure 1 Garcinia nigrolineata




1.2 Review of literatures
1.2.1 Chemical constituents from the genus Garcinia

Species belonging to the genus Garcinia (Guttiferae) are a rich source of variety
compounds, ¢.g., xanthones (Nilaf, 2002; Suksamrarn, 2002), benzophenones (Cuesta
Rudio, 2001; Huang, 2001; Ali, 2000; linuma, 1996f; Spino, 1995; Fukuyama, 1993;
Gustafson, 1992; Nyemba, 1990), benzophenone-xanthone dimers (Kosela, 2000,1999;
linuma, 1996¢, d), biflavonoids (Thoison, 2000; Spino, 1995; Fukuyama, 1993; Goh,
1992; Gunatilaka, 1983}, isoflavonoids (Nilar, 2002; Ilyas, 1994) and ftriterpenes
(Nguyen, 2000; Rukachaisirikul, 2000b; Thoison, 2000). Some of these compounds
showed interesting biological and pharmacological activities such as cytotoxic
(Permana, 2001; Kosela, 2000; Thoison, 2000; Xu, 2000; Cao, 1998a, b), antifungal
(Kosela, 2000; Peres, 2000; Gopalakrishnan, 1997), antiinflammatory (Peres, 2000;
Chairungsrilerd, 1996; llyas, 1994; Parveen, 1991), antiprotozoal (Parveen, 1991),
antibacterial (Permana, 2001; Peres, 2000; Rukachaisirikul, 2000a; Ito, 1997; linuma,
1996¢, f; Parveen, 1991), antiimmunoéuppressive (Ilyas, 1994; Parveen, 1991),
antitumor (Ito, 1998), antimalarial (Kosela, 2000; Likhitwitayawuid, 1998a, b), anti-
HIV (Kosela, 2000; Lin 1997; Gustafson, 1992} activities, antioxidant (Peres, 2001;
Kosela, 2000; linuma, 1996e; Minami, 1996) and the healing of skin infections and
wounds (Tlyas, 1994). -

Chemical constituents isolated form Garcinia species up to the year 2001 have
been reported (Ritthiwigrom, 2002). In the year 2002, there were only two reports on
chemical constituents from G. mangostana and one unpublished investigation on

G. nigrolineata, as shown in Table 1.




Table 1 Compounds from plants of the genus Garcinia

mangostanin

Scientific name | Investigated Compound Structure | Bibliography
part
G. mangostana | green fruit mangostenol 4.2w Suksumrarn,
hulls mangostenone A 4.2bb et al., 2002
mangostenone B 4.2aa
trapezifolixanthone 4.1aaaa
(toxyloxanthone A)
tovophyllin B 4.2z
o-mangostin 4.2f
f-mangostin 4.2g
garcinone B 4.2y
mangostinone 4.1jij
mangostanol 4.2x
{(-)-epicatechin la
heartwood garciniafuran 42cc | Nilar and
1-(OH)-8-(2-{OH)-3- 4.2¢ Harrison,
methylbut-3-enyl)- 2002
3,6,7-tri(OMe)}-2-(3-
methylbut-2-enyl)-
xanthone
mangostanin 4.21
6-0O-methyl- 4.2m




Table 1 {Continued)

Scientific name

Investigated

part

Compound

Structure

Bibliography

G. mangostana

heartwood

(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
1,6-di{OH)-2-(2-
(OH)-3-methylbut-3-
enyl)-3,7-dimethoxy-
8-(3-methylbut-2-
enyl)xanthone
(16E)-1,6-di(OH)-8-
(_3-(0H)-3 -mefhylbut-
1-eny1)-3,7-di(OMe)-
2-(3-methylbut-2-
enyl)xanthone

f-mangostin

4.2a

4.2i

4.2h

4.2b

Nilar and
Harrison,

2002




Table 1 (Continued)

Scientific name

Investigated

part

Compound

Structure

Bibliography

G. mangostana

heartwood

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-
enyl)-6,7-di{OMe)-8-
(3-methylbut-2-enyl)-
xanthone
1,6-di(OH)-3,7-di-
{OMe)-2-(3-
methylbut-2-enyl)-
xanthone
1,6-di(OH)-3,7-di-
(OMe)-2-(3- methyl-
but-2-enyl)-8-(2-oxo-
3-methylbut-3-enyl)-

xanthone

4.2d

4.2j

4.2k

4.2¢

Nilar and
Harrison, 2002

G. nigrolineata

stem bark

1,5-di(OH)-3-(OMe)-
4-(2,3-di(OH)-3-

methylbutyl)xanthone

4,1vv

Ritthiwigrom,

2002




Table 1 (Continued)

Scientific name

Investigated

part

Compound

Structure

Bibliography

G. nigrolineata

stem bark

1,3,5-tri(OH)-4-(3-
(OH)-3-methylbutyl)-
xanthone
1,5-di(OH)-3-
methoxy-4-(3-(OH)-3-
methylbutyl)xanthone
1,5,6-tri(OH)-3-
(OMe)-2-(3-methyl-
but-2-enyl)-4-(1,1-
dimethylallyl)-
xanthone
1,5-di(OH)-6',6 -
dimethyldihydro-
pyrano(Z/,3/:3 ,2)-
6//,6//-dimethylpyrano-
(2//,3/_/:6,7)xanthone
1,7-di(OH)-6',6 -
dimethylpyrano-
(2",3j:6,5)xanthone
6-deoxyjacareubin

latisxanthone D

4.1eee

4,Tuu

4.2n

4,28

4.1ppp

4. 1www

4.2p

Ritthiwigrom,
2002




Table T (Continued)

Scientific name | Investigated Compound Structure | Bibliography
part

G. nigrolineata | stem bark 1,5-di(OH)-3-(OMe)- 4.2q Ritthiwigrom,
4-(3-(OH)-3- methyl- 2002
butyl)-6 6~ dimethyl-
pyl'an0(2/,3/:6,7)~
xanthone
1,7-di(OH)-6 6 - 4.1ttt
dimethylpyrano-
(2/,3/:3,4)xanthone
6-deoxyisojacareubin 4.Tauu
morusignin C 4.2r
1,3,6,7-tetra(OH)-2,5- 4.20
bis(3-methyl-2- but-
enyl)xanthone
1,3,7-tri(OH)-8-(3- 4.1ww
(OH)-3-methylbutyl)-
xanthone
1,3,7-tri(OH)-2-(3- 4.1aaa
(OH)-3-methylbutyl)-
xanthone
tovoxanthone 4.1nnn
brasilixanthone A 4.2u
rheediaxanthone A 4.2v




Table 1 (Continued)

Vg

(2'33.2)-6"6"-

dimethylpyrano-

ot

(2°,3":6,5)xanthone

Scientific name | Investigated Compound Structure | Bibliography
part
G. nigrolineata | stem bark 1,7-di(OH)-6/,6/- 4.2t Ritthiwigrom,
dimethylpyrano- 2002

1.2.2 Trioxygenated xanthones from the higher plants, quinones and

isofiavones from plants of the genus Garcinia

Our examination on the methanol extract from the leaves of Garcinia

nigrolineata led to the isolation of trioxygenated xanthones, major chemical

constituents, along with a quinone derivative and an isoflavone-like compound. There

has been a review on trioxygenated xanthones which were isolated from six families of

higher plants, including the genus Garcinia, fungal and lichen metabolites during 1821

to 1996 (Peres and Nagem, 1997). In April 2002, additional trioxygenated xanthones

from only the genus Garcinia were summarized (Ritthiwigrom, 2002). Herein, all

naturally-occurring trioxygenated xanthones, isolated from higher plant families since

1997, were illustrated in Table 2. Quinones and isoflavones isolated from the genus

Garcinia were also summarized in Table 3,




Table 2 Trioxygenated xanthones frem higher plants

Scientific name | Investigated Compound Structure | Bibliography
part
Allanblackia stem bark allanxanthone A 4,1kkk | Nkengfack, et
floribunda al., 2002a
Anaxagorea heartwood 1,3,5-tri(OH)-4-(3- 4.1eee Gonda, et al.,
luzonensis A. (OH)-3-methylbutyl)- 2000
Gray xanthone
1,3,6-tri(QOH)-4- 4.11tf
prenylxanthone
1,3,5-tri(OH)-4- 4.1ggg
prenylxanthone
1,3,5-tri(OH)-2- 4.1hhh
prenylxanthone
1,3,7-tri(OH)xanthone 4.1b
(gentisein)
1,3,5-tri{OH)xanthone 4.1a
3,5-di(OH)-1-(OMe)- 4.1cc
xanthone
Calophyllum roots apetalinone A 4. 1ffff | linuma, ef a/,,
apetalum apetalinone B 4.1sss 1997
apetalinone C 4.1iiii
calozeyloxanthone 4.1rrr
zeyloxanthone 4.1gggg
stem wood | 1,3,5-tri(OH)xanthone 4.1a




Table 2 (Continued)

10

6-deoxy-y-mangostin

Scientific name | Investigated Compound Structure | Bibliography
part
Calophylium stem bark tomentonone 4.1hhhh | linuma, et al.,
apetalum apetalinone D 4.1jjij 1997
Calophyllum . | stem bark brasixanthone-B 4.1xxx | Ito, et al.,
brasiliensis (cudraxanthone Q) 2002
brasixanthone-C 4.1yyy
brasixanthone-D 4.1zzz
toxyloxanthone A 4.1aaaa
(trapezifolixanthone)
6-deoxyjacareubin 4.1www
8-desoxygartanin 4.1111
Calophyllum trunk bark | 2-(OH)-3,4-di(OMe)- 4.1hh Morel, et al.,
caledonicum xanthone 2000
Calophyllum wood 1,2,8-tri(OMe)xanthone 4.1x Kijjoa, et al.,
teysmannii var. 2000a
inophylloide 3-(OH)-2,4-di{OMe)- 4.1ii Kijjoa, ef al.,
xanthone 2000b
1,7-di(OH)-3-(0Me)- 4.1f
xanthone (gentisin)
Calophyllum root bark 11,12-dihydrothwaitesi- | 4.1dddd | Dharmaratne,
thwaitesii xanthone et al., 1996
thwaitesixanthone 4.1ecee
4.1zz




Table 2 (Continued)

1

xanthone

Scientific name | Investigated Compound Structure | Bibliography
part
Calophyllum root bark calothwaitesixanthone 4.1bbbb | Dharmaratne,
thwaitesii demethylcalabaxanthone 4.1ccec | etal, 1996
trapezifolixanthone 4.1aaaa
(toxyloxanthone A)
Cratoxylum stem bark 1,3,7-tri(OH)-2,4-di(3- 4.1cce Nguyen, ef
cochinchinense methylbut-2-enyl)- al., 1998
xanthone
2-geranyl-1,3,7-tri(OH)- 4,1ddd
4-(3-methylbut-2-enyl)-
xanthone
7-geranyloxy-1,3-di- 4.1yy
(OH)xanthone
Cratoxylum roots 1,4,7-tri(OH)xanthone 4.1h Tinuma, et al.,
Jormosanum 1,7-di(OH)-4-(OMe)- 4.1g 1996b
xanthone
1,7-di{OH)-8-(OMe)- 41w
xanthone
Cratoxylum wood 1,7-di(OH)-4-(OMe)- 4.1g Kijjoa, et al.,
maingayi xanthone 1998
1,7-di(OH)-8-(OMe)- 4. 1w




Table 2 (Continued)
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Scientific name | Investigated Compound Structure | Bibliography
part
Cratoxylum twigs cratoxyarborenone F 4.1s Seo, et al.,
sumatranum 2002
Cudrania roots cudraxanthone 4, 1xxx Hou, ef al.,
cochinchinensis (brasixanthone-B) 2001
Garcinia green fruit | mangostinone 4.14jj Suksumrarn,
mangostana hulls trapezifolixanthone 4.1aaaa | etal, 2002
(toxyloxanthone A)
Garcinia stem bark 1,5-di(OH)-3-(OMe)-4- 4.1vv Ritthiwigrom,
nigrolineata (2,3-di(OH)-3- methyl- 2002
butyl)xanthone
1,3,5-tri(OH)-4-(3-(OH)- 4.leee
3-methylbutyl)xanthone
1,5-di(OH)-3-(0OMe)-4- 4.Tun
(3-(OH)-3-methyl-
butyl)xanthone
1,7-di(OH)-6',6 - 4.1ppp
dimethylpyrano-
(2/,3/:6,5)xanthone
6-deoxyjacareubin 4. 1www
1,7-di(OH)-6',6 - 4.1ttt

dimethylpyrano-

(2/,3/:3,4)xanthone




Table 2 (Continued)
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Scientific name | Investigated Compound Structure | Bibliography
part
Garcinia stem bark 6-deoxyisojacareubin 4.Juuu | Ritthiwigrom,
nigrolineata 1,3,7-tri(OH)-8-(3-(OH)- 4.1ww | 2002
3-methylbutyl)xanthone
1,3,7-tri(OH)-2-(3-(OH)- | 4.laaa
3-methylbutyl)xanthone
tovoxanthone 4.1nnn
Hypericum leaves 4-(OH)-1,2-di(OMe)- 416 Chung, et al.,
geminiflorum xanthone 1999
Hypericum stems and kielcorin 4.1qqq | Wy, etal.,
henryi leaves 1,7-di(OH)-4-(OMe)- 41g 1998
xanthone
1,2,5-tri(OH)xanthone 4.1i
1,5-di(OH)-4-(OMe)- 4.1m
xanthone
Hypericum aerial parts | 6-deoxyisojacareubin 4.luuu | Wy, etal.,
Japonicum 1,5-di(OH)xanthone-6- 4.1u 1998
0-p-D-glucoside
1,5,6-tri{lOH)xanthone 4.1t
Hypericum roots 1,5-di(OH)-2-(OMe)- 4.1k Rath, et al.,
roeperanum xanthone 1996
Kielmeyera leaves and | 3-(OH)-2,4-di(OMe)- 4.1ii Cortez, et al.,
coriacea stems xanthone 1998




Table 2 (Continued)

14

(gentisein)

Scientific name | Investigated Compound Structure | Bibliography
part
Kielmeyera leaves and | 4-(OH)-2,3-di(OMe)- 4.1jj Cortez, et al.,
coriacea stems xanthone 1998
1,3,7-tri{OH)-2-(3- 4.1bbb
methyibut-2-enyl)-
xanthone
1,3,5-tri(OH)-2-(3- 4,1hhh
methylbut-2-enyl)-
xanthone
1,3,7-tri(OH)-2-(3- 4.1laaa
(OH)-3-methylbutyl)-
xanthone
kielcorin 4.1qqq
Maclura bark 8-desoxygartanin 4.1111 Groweiss, et
tinctoria al., 2000
Mammea stems acuminol B 4.Immm | linuma, ef al.,
acuminata 1996a
Mammea twigs 5-(0OH)-1,2-di{OMe)- 4.1ee Poobrasert, et
siamensis xanthone al., 1998
2,5-di(OH)-1-(OMe)- 4.1dd
xanthone
1,3,7-tri{lOH)xanthone 4.1b




Table 2 (Continued)
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Scientific name | Investigated Compound Stiucture | Bibliography
part
Mammea twigs 3,5-di(OH)-1-(OMe)- 4.1cc Poobrasert, et
siamensis xanthone al., 1998
5-(OH)-1,3-di{OMe)- 4.1gg
xanthone
Montrouziera | stem bark 4~(3/,7/-dimethylocta- 4.11i1 Ito, et al.,
sphaeroidea 2/,6/-dienyl)-1,3,5 ~tri- 2000
(OH)-9H-xanthen-9-one
Poeciloneuron | stems 1,6-di(OH)-7-(OMe)- 4.1aa Tosa, ef al.,
pauciflorum xanthone 1997
1,6-di(OH)-7-(OMe)- 4.1bb
xanthone 6-0-4-D-
glucoside
1,5-di(OH)-3-(OMe)- 4.11
xanthone
1,4,5-tri{OH)xanthone 4.1j
1,3,5-tri{OH)xanthone 4.1a
1,3,7-tri{(OH)xanthone 4.1b
(gentisein) -
Polygala roots 1,2,8-tri{ OH)xanthone 4.1v Li, etal.,
caudata 1,3-di(OH)-2-(OMe)- 4.1e 1999

xanthone




Table 2 (Continued)
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guianensis

xanthone

Scientific name | Investigated Compound Structure | Bibliography
part
Polygala roots 1,3,7-tri(OH)xanthone 4.1b Li, et al.,
caudata {gentisein) 1999
lancerin 4.1p
neolancerin 4.1q
Polygala aerial parts | 1,3-di(OI)-7-(OMe)- 4.1d Pinheiro, ef
cyparissias and roots xanthone al., 1998
Polygala roots sibricaxanthone A 4.1n Miyase, et
sibirica sibricaxanthone B 4,10 al., 1999
lancerin 4.1p
Securidaca stems 4-(OH)-3,7-di(OMe)- 4.1kk Yang, et al.,
inappendiculata xanthone 2001
2-(OH)-1,7-di{OMe)- 4.1y
xanthone
1,7-di(OH)-4-(OMe)- 4.1¢g
xanthone
1,3,7-tri{OH)xanthone 4.1b
(gentisein)
2,7-di(OH)-1-(OMe)- 4.1z
xanthone
Shultesia whole plant | 1-(OH)-3,7-di(OMe})- 4.1c Monte, ef al.,

2001




Table 2 (Continued)
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Scientific name | Investigated Compound Structure | Bibliography
part
Symphonia bark ananixanthone 4,1vvv | Bayma, ef al,,
globulifera 1998
root bark globulixanthone A 4.1xx Nkengfack, et
globulixanthone B 4.1000 | al.,2002b
Tovomita roots trapezifolixanthone 4.laaaa | Seo,efal.,
brevistaminea (toxyloxanthone A) 1999
Tovomita stem wood- | 3,5-di{OH)-4-(OMe)- 4.11 Zhang, ef al.,
krukovii stem bark xanthone 2002
1,3,5-tri{ OH)-8- 4, 1mm
isoprenylxanthone
1,5,7-tri(OH)-8- 4.1nn
isoprenylxanthone
1,3,7-tri(OH)-2- 4.1bbb
isoprenylxanthone
1,6-di{OH)-5-(OMe)- 4.1r
xanthone
1,3,5-tri( OH)xanthone 4.1a
1,3,7-tri(OH)xanthone 4.1b
(gentisein)
Vismia roots 1,8-di(OH)-3-isoprenyl- 4.1oo Bilia, et al.,
guineensis oxy-6-methylxanthone 2000




Table 2 (Continued)
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Scientific name

Investigated

part

Compound

Structure

Bibliography

Vismia

guineensis

roots

1,8-di(OH)-3-(2~
(OMe)-3-methylbut-
3-enyloxy)-6-methyl-
xanthone
1,8-di(OH)-3-(3,7-
dimethyl-7-methoxyoct-
2-enyloxy)-6-methyl-
xanthone
1,8-di(OH)-3-(£-3-
(OH)-methylbut-
2-enyloxy)-6-methyl-
xanthone
1,8-di(OH)-3-geranyl-
oxy-6-methylxanthone
1,8-di(OH)-3-(3-(OH)-
methyl-4-(OH)but-2-
erl.yioxy)~6~metllyl~

xanthone

4. 1pp

4.1tt

4.1qq

4.1ss

4.1y

Bilia, ef al.,

2000
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Table 3 Quinones and isoflavones from Garcinia plants

Scientific name | Investigated Compound Structure | Bibliography
part
G. atroviridis | roots atrovirinone 3a Permana, et
al., 2001

G. nervosa leaves 4/,5,7-tri(OH)- 2/,3/,6/- 2a Ilyas, et al.,
tri{ OMe)isoflavone 1994
(nervosin)
3,5, 7-tri(OH)-4',5',6- 2b
tri(OMe)isoflavone
(irigenin)
4'5-di(OH)-6,7-di- 2¢
(OMe)isoflavone
(7-methyltectorigenin)

Structure of compounds isolated form higher plants

1. Flavanes

OH
H .‘\@
- OH

"OH
H

la: (-)-epicatechin




2. Isoflavones

3. Quinones

OMe

2a: nervosin

2c: T-methyltectorigenin

Me /

MeOC O

H OH

3a: atrovirinone

2b: irigenin

20
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4, Xanthones

4.1 Trioxygenated xanthones

0 ol
Rs R
UJCL
Ry Ry
4.1a: R;=R,=R=H; R,=R,=OH : 1,3,5-tri(OH)xanthone
4,1b: R,=R;=R=H; R,=R,~CH : 1,3, 7-tri{OH)xanthone
4.1c: R,=R~=R~H; R,=R,=OMe : 1-(OH)-3,7-di{OMe)xanthone
4.1d: R,=R,;=R,=H; R,=OH; R,=OMe : 1,3-di(OH)-7-(OMe)xanthone
4.1e: R =OMe; R,=OH; R;=R =R =H : 1,3-di(OH)-2-(OMe)xanthone
4.1f: R =R,=R =H; R =OMe; R ,=OH : 1,7-di{OH)-3-(OMe)xanthone
4.1g: R =R,~R =H; R,=OMe; R,=OH : 1,7-di(OH)-4-(0OMe)xanthone
4.1h: R=R,=R =H; R,=R,=OH : 1,4,7-tri(OH)xanthone
4.1i: R;=R,=0H; R,=R =R =H : 1,2,5-tri(OH)xanthone
4.1j: R=R,=R=H; R,=R =OH : 1,4,5-tri{lOH)xanthone
4,1k: R,=OMg; R,=R,;=R~H; R,~OH : 1,5-di{OH)-2-(OMe)xanthone
4,1 R =R,=R=H; R,=OMe; R =OH : 1,5-di{OH)-3-(OMe)xanthone
4.1m: R;=R,#R~H; R,=OMe; R,=OH :1,5-di(OH)-4-(OMe)xanthone
4.1n: R;=Glc-"Api; R,=R ,=OH; R,=R =H : sibiricaxanthone A
4.10: R ~Gic-’Api; R,=R =OH; R =R =H : sibiricaxanthone B
4.1p: R=R=H; R,=R=OH; R,=Glc : lancerin

4.1q: R,=Gle; R,=R,=OH; R;=R =H : neolancerin
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4.1r: R;=H; R,=OMe; R,=OH : 1,6-di(OH)-5-(OMe)xanthone

4.1s: R=OMe; R,=H; R,=OH : cratoxyarborenone F

4.1t: R =H; R,=R,=OH . 1,5,6-tri{OH)xanthone

4.1u: R=H; R,=OH; R,=0Glc¢ : 1,5-di(OH)xanthone-6-0-4-D-
glucoside

4.1v: R;=R,=R ~0OH; R,=H : 1,2,8-tri(OH)xanthone

4,1w: R;=R,~OH; R,=H; R =OMe : 1,7-di{OH)-8-(OMe)xanthone
4.1x: R=R,=R,=0Me; R,;=H : 1,2,8-tri{OMe)xanthone

4.1y: R;=R,=OMe; R,=OH; R=H : 2-(OH)-1,7-di(OMe)xanthone
4.1z: R =OMe; R,=R,=OH; R,=H : 2,7-di(OH)-1-(OMe)xanthone

4.1aa: R=R~H . 1,6-di(OH)-7-(OMe)xanthone
4.1bb: R =H; R,=Glc : 1,6-di(OH)-7-(OMe)xanthone-6-
O-f-D-glucoside
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4.1cc: R=R,=H; R,=R,~OH
4.1dd: R,=R =OH; R,=R,=H
4.1ee: R =OMe; R,=R,=H; R =OH
4.1ff: R,=OMe; R,=R =H; R ~OH

4.1gg: R=R;=H; R,=OMe; R =OH

he

4.1hh: R =0H; R,=R,=OMe; R ;=H
4.1ii: R,=R;=OMe; R;=OH; R,=H
4.1jj: R;=R,=OMe; R,=OH; R =H

4.1kk: R =H; R,=R =OMe; R,~=OH

: 3,5-di{OH)-1-(OMe)xanthone
: 2,5-di(OH)-1-(OMe)xanthone
: 5-(0H)-1,2-di{OMe)xanthone
: 4-(OH)-1,2-di{OMe)xanthone
. 5-(0OH)-1,3-di(OMe)xanthone

o

R,

: 2-(0OH)-3,4-di(OMe)xanthone
: 3-(OH)-2,4-di(OMe)xanthone
: 4-(0H)-2,3-di{OMe)xanthone
: 4-(QH)-3,7-di{(OMe)xanthone

4.11l: R;=R =R =H; R,=OH; R,=OMe

: 3,5-di{OH)-4-(OMe)xanthone

4,1lmm: R,=R,=OH; R;=R,=H, R= *AJ\ i 1,3,5-tri(OH)-8-isoprenylxanthone

4.1nn;: R,=R,~OH; R,=R,=H; R~ fh

: 1,5,7-tri(OH)-8-isoprenylxanthone
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i H O i H
M¢ 0 ! OR

4.100: R= ;/\//I\ : 1,8-di(OH)-3-isoprenyloxy-6-methylxanthone

|
4.1pp: R= Ome : 1,8-di(OH)-3-(2-(OMe)-3-methylbut-3-enyloxy-

6-methylxanthone

4,1qq: R= ’/\7L CH;0H : 1,8-di(OH)-3-(E-3-(OH)methylbut-2-enyloxy)-6-
methylxanthone
CH,OH
4.1rr: R= g/\’)\cmoa : 1,8-di(OH)-3-(3-(OH)methyl-4-(OH)but-2-

enyloxy-6-methylxanthone

4.1ss: R= i/\//l\/\?k : 1,8-di(OH)-3-geranyloxy-6-methylxanthone
/\’/I\/\)<0 Me
§ : 1,8-di(OH)-3-(3,7-dimethyl-7-methoxyoct-2-

enyloxy)-6-methylxanthone

4.1tt: R=

0 OH
I § I Onle
OH R

4. Juu: R= iAJ(OH : 1,5-di(OH)-3-(OMe)-4-(3-(OH)-3-methylbutyl)-
xanthone
<
4.1vv: R=g OH : 1,5-di(OH)-3-(OMe)-4-(2,3-di(OH)-3-methylbutyl)-

xanthone




4.1ww: 1,3,7-tri(OH)-8-(3-(OH)-3-methylbutyl)- 4.1xx: globulixanthone A

xanthone

4.1yy: 7-geranyloxy-1,3-di(OH)xanthone 4.1zz: 6-deoxy-ymangostin

OH
4.laaa: R,= i/\k ' R,= : 1,3, 7-tri(OH)-2-(3-(OH)-3-methylbutyl)xanthone
4.1bbb: R = f/\//k s R=H : 1,3, 7-tri(OH)-2-(3-methylbut-2-enyl)xanthone
4.1cce: R=R= "\/J\ : 1,3,7-tri(OH)-2,4-di(3-methylbut-2-enyl)xanthone

4.1ddd: R,= P\/’L/\/)\ s :2-geranyl-1,3,7-tri(OH)-4-(3-methylbut-2-enyl)-
R,= }/\’J\ xanthone

25
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/\/|<OH
R,=H; R~ :

4.1eee: R,=R=0H; R = 1,3,5-tri(OH)-4-(3-(OH)-3-

methylbutyl)xanthone
4, 1fff: R,=R=0H; R,=R=H; R = ’/\/)\ : 1,3,6-tri(OH)-4-prenylxanthone
4.1ggg: R =R ~0H; R,=R;=H; R,= !/\/J\ : 1,3,5-tri(OH)-4-prenylxanthone
4.1hhh: R =R=0H; R= ;/\7'\ ;s Re=Re=H 1 1,3,5-tri(OH)-2-prenylxanthone

~H; R= iM : 4-(3/,7/-dimethyllocta~2!,6/—

dienyl)-1,3,5-tri(OH)-9H-

4.1iii: R,=R,~OH; R,~R

xanthen-9-one

j/\’/L/\A
s R,=R,~H

4.1jjj: R=R,=0H; R~ : mangostinone
A 3
4.1kkk: R,=R=0H; R,= § ;R=H;R,=" |l : allanxanthone A

4.111: R=R,=OH; R,=R;= I/\/J\, R=H : 8-desoxygartanin

OIf O

49 ®s

4. Immm: acuminol B 4,1nnn: tovoxanthone




(2/,3/:6,5)xanthone

OMe

4.1qqq: kielcorin

OH

4.1rrr: R=H : calozeyloxanthone

PN

4.1ss5: R= : apetalinone B

4.1ttt: R=R,=H; R,=OH  : 1,7-di(OH)-6",6/-dimethylpyrano(zf,?,/:?:,4)xanthone

4.1uuu: R=R,=H; R,=0OH : 6-deoxyisojacareubin

4.1vvv: R = ;/\J\

; R,=OH; R,=H : ananixanthone

27

4 1ppp: 1,7~di(OH)-6’,6’—dimethylpyrano-
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4.1www: R=R,=R,=H; R,=OH : 6-deoxyjacareubin

4.1xxx: R~ !/\J\

HO
4.1yyy: R=} ; R,=R,=H; R =OH : brasixanthone-C

; R,=R,=H; R,=OH : brasixanthone-B (cudraxanthone Q)

d.1zzz: Rﬁgﬁ ; R=R=H; R,=OH : brasixanthone-D

; R,=OH; R,=R=H : toxyloxanthone A (trapezifolixanthone)

4.1dddd: 11,12-dihydrothwaitesixanthone  4.leeee: thwaitesixanthone

4. 1{fff: apetalinone A
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g/\//k

4.1hhhh; R=H : tomentonone 4.1jjjj: R=H : apetalinone D

4.1gggg: R= ’/\A\ : zeyloxanthone 4.1iiii: R= : apetalinone C

4.2 Tetraoxygenated xanthones

/\’* A/kon
42a: R~} : R,=R,=Me; R,= : (16E)-1-(OH)-8-(3-(OH)-3-
methylbut-1-enyl)-3,6,7-tri-
(OMe)-2-(3-methylbut-2-enyl)-

xanthone

P on
4.2b: R = o~ . R,=Me; R,=H; R = K, (16E)-1,6-di{OH)-8~(3-(OH)-3-
methylbut-1-enyl)-3,7-di{OMe)-2-

(3-methylbut-2-enyl)xanthone

Ry ;:MG;RJiL : 1-(OH)-8-(2-(OH)-3-methylbut-3-
enyl)-3,6,7-tri(OMe)-2-(3-methylbut-

2-enyl)xanthone

i/\A ; R,=Me; R,=H; R4=! on : 1,6-di(OH)-8-(2-(OH)-3-methylbut-
3-enyl)-3,7-di(OMe)-2-(3-methyl-

but-2-enyl)xanthone
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4.26: R= l/\fj\ ;/mJ'L

;R=Me;R=I; R~ 0 :1,6-di(OH)-3,7-di(OMe)-2-(3-
methylbut-2-enyl)-8-(2-ox0-3-

methylbut-3-enyl)xanthone

42f RoR = AN
428 R=R~ i/\”k

;s R=R,=H : a-mangostin

; R,=Me; R;=H : f-mangostin

4.2h: R= ;ﬁ s R;=Me; R, R = i/\J\ : 1,6-di(OH)-2-(2-(OH)-3-methyl-

but-3-enyl-3,7-di(OMe)-8-(3-

methylbut-2-enyl)xanthone

iAHL p
4.2i:R= oun ;R=R;=Me, R4=§/\)\ : 1-(OH)-2-(2(OH)-3-methylbut-3-enyl)-
3,6,7-tri(OMe)-8-(3-methylbut-2-enyl)-

xanthone

!’\HL y
42j:R= on ;R=H;R,=Me; R.r_'i/\)\ : 1,3-di(OH)-2-(2-(OH)-3-methylbut-
3-enyl)-6,7-di(OMe)-8-(3-methylbut-

2-enyl)xanthone

42k: R i’\”k

; R,= Me; R=R,=H : 1,6-di(OH)-3,7-di{OMe)-2-(3-

methylbut-2-enyl)xanthone
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421:R=H :mangostanin

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

4.2 1,5,6-tri(OH)-3-(OMe)-2-(3-methylbut-  4.20: 1,3,6,7-tetra(OH)-2,5-bis(3-

2-enyl)-4-(1,1-dimethylallyl)xanthone methyl-2-butenyl)xanthone

4.2p: latisxanthone D 4.2q: 1,5-di(OH)-3-(0OMe)-4-(3-(0OH)-3-
methylbutyl)—6/,6/—dimethylpyrano-
(2',3:6,7)xanthone

4.2r: morusignin C 42s: 1,5-di(OH)-6,6-dimethyldihydro-
pyra110(2f,3/:3,2)—6”,6”-dimethyl~

pyrano(Zﬁ,3”:6,7)xanthone
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4.2t: 1,7-di(OH)-6/,6,—dimethylpyrano- 4.2u: brasilixanthone A
(2’,3!: 3 ,2)-6”,6”—dimethyl pyrano-

(2”,3”:6,5))(anthone

4.2z: tovophyllin B 4,2aa: mangostenone B
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4.2bb: mangostenone A 4.2cc: garciniafuran

1.3 The objectives

Based on NAPRALERT database, phytochemical examination on
G. nigrolineata has not yet been reported. However, investigation on the stem bark of
G. nigrolineata in our laboratory led to the isolation of ten new xanthones together
with nine known xanthones. These results prompted us to investigate chemical
constituents in other parts of the plant in order to provide additional chemical
information. This research involved isolation, purification and structural determination
of compounds isolated from the leaves of G. nigrolineata, which were collected at the

Ton Nga-Chang Wildlife Sanctury.




CHAPTER 2

EXPERIMENTAL

2.1 Chemicals and instruments

Melting points were determined on an electrothermal melting point apparatus
(Electrothermal 9100) and reported without correction. Infrared spectra (IR) were
obtained on a FTS165 FT-IR spectrometer and Perkin Elmer Spectrum GX FT-IR
system and recorded on wavenumber (cm'l). 'H and BC-Nuclear magnetic resonance
spectra (1H and BC) were recorded on a FTNMR, Varian UNITY INOVA 500 MHz
using a solution in deuterochloroform, deuteromethanol or deuteroacetone with
tetramethylsilane (TMS) as an internal standard. Spectra were recorded as chemical
shift parameter (6) value in ppm down field from TMS (& 0.00). Ultraviolet spectra
(UV) were measured with Specord S100 spectrophotometer (Analytik Jena AG).
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 silica gel 60 GF,, (Merck) or reversed-phase C-18. Column
chromatography was performed on silica gel (Merck) type:‘(70-230 Mesh ASTM),
sephadex LH-20 or reversed-phase C-18. The solvents for extraction and
chromatography were distilled at their boiling point ranges prior to use except for
petroleum cther (bp. 40-60°C), diethyl ether and ethyl acetate which were analytical

grade reagent.

34
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2.2 Plant material

The leaves of Garcinia nigrolineata were collected at the Ton Nga-Chang
Wildlife Sanctury in Hat Yai, Songkhla, Thailand in June 2000 and identified by
Ajarn Prakart Sawangchote, Department of Biology, Faculty of Science, Prince of
Songkla University. A voucher specimen was deposited at the Prince of Songkla

University herbarium.

2.3 Extraction

The dried and ground leaves of Garcinia nigrolineata (5.25 kg) were extracted
with methanol (15 L) over the period of 5 days at room temperature. The methanol
solution was filtered and evaporated under reduced pressure to yield a dark-green

residue (300 g).
2.4 Chemical investigation of the leaves

The crude methanol extract from the leaves of G. nigrolineata (GNT) was

tested for solubility in various solvents at room temperature. The results were show in

Table 4.

Table 4 Solubility of the crude extract in various solvents at room temperature

Solvent Solubility Physical appearance

Petroleum ether + Yellow solution and dark-brown solid

CH,CIL, ++ Brown solution and dark-brown solid
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Table 4 (Continued)

Solvent Solubility Physical appearance
Ether ++ Pale brown solution and dark-brown solid
CHCI, ++ Brown solution and dark-brown solid
EtOAc ++ Green-brown solution and dark-brown solid
MeOH ++4+ Brown solution
10 % NaHCO, ++ Red-brown solution and dark-brown solid
10 % NaOH ++ Brown solution and dark-brown solid

+ partially soluble ++ moderately soluble +++ well-soluble

From the above results, the chemical constituents of crude extract were polar
and acidic as it was well soluble in methanol and aqueous basic solution.

The crude methanol extract of GNT (300 g} was separated by quick column
chromatography using a stepwise gradient system {chloroform-petroleum ether and
methanol-chloroform) and finally with pure methanol. Fractions with the similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford sixteen fractions as shown in Table 5.

Table 5 Fractions obtained from the crude extract of GNT by quick column

chromatography
Fraction Weight (g) Physical appearance
GNT 1 0.9903 Red-brown liquid and white solid
GNT 2 0.1173 Red-brown gum




Table 5 (Continued)
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Fraction Weight (g) Physical appearance
GNT 3 0.3131 Red-brown gum
GNT 4 0.2175 Red-brown gum
GNT 5 0.1017 Red-brown gum
GNT 6 0.0739 Red-brown gum
GNT 7 0.1096 Red-brown gum
GNT 8 04313 Yellow-brown gum
GNT 9 2.8792 Dark-brown gum
GNT 10 2.1161 Dark-brown gum

GNT 11 .5689 Red-brown gum
GNT 12 4.7044 Green-brown gum
GNT 13 33.1566 Dark-brown gum
GNT 14 25.9400 Dark-brown gum
GNT 15 73.8500 Dark-brown gum
GNT 16 50.150 Dark-brown gum

Fraction GNT1 Chromatogram on normal phase TLC using 40% chloroform-

petroleum ether as a mobile phase (2 runs) showed UV-active spots with the R, values

0f 0.36, 0.46, 0.56, 0.86 and two other spots near baseline. It was further recrystallized

in petroleum ether to give white solid (GNT1S) and the filtrate (GNT1L).

Subfraction GNT1S (YU8) was a white solid (29.6 mg), melting at 251.2-252.4 °C.

Chromatogram on normal phase TLC with 50% chloroform-petroleum ether showed

one purple spot with the R, value of 0.46 after dipping the TLC plate in ASA reagent

and subsequently heating.
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IR (KB Vv, ,

'"H NMR (CDCL)(éppm)
(500 MHz)

C NMR (CDCL,)(5ppm)
(125 MHz)

EIMS (m/z)(% rel. int.)
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= +17.0° (¢ = 9.5 x 107 g/100 cm’, MeOH)

2927, 2863 (C-H stretching), 1716 (C=0 stretching)
2.40 (ddd, J=13.5, 5.0 and 2.0 Hz, 1H), 2.31 (dd, J =
13.5 and 7.0 Hz, 1H), 2.25 (g, J = 7.0 Hz, 1H), 1.99-
1.94 (m, 1H), 1.75 (ind, J = 12.5 Hz, 1H), 1.69 {dg, J
= 12.5 and 5.0 Hz, 1H), 1.58-1.20 (1, 20H), 1.18 (s,
3H), 1.05 (s, 3H), 1.01 (s, 3H), 1.00 (s, 3H), 0.95 (s,
3H), 0.88 (d, J = 7.2 Hz, 3H), 0.87 (s, 311), 0.72 (s,
3H)

213.29, 5946, 58.22, 53.09, 42.77, 42.15, 41.53,
41.28, 39.69, 39.25, 38.29, 37.43, 30.00, 35.62,
35.33, 35.03, 32.76, 32.41, 32.09, 31.78, 30.50,
29.99, 28.17, 22.28, 20.26, 18.67, 18.23, 17.95,
14.65, 6.83

426 (22), 411 (15), 302 (26), 273 (47), 246 (29), 231
(40), 218 (48), 205 (56), 193 (30), 191 (50), 179 (54),
163 (58), 161 (49), 149 (50), 137 (62), 135 (55), 124
(60), 123 (75), 121 (62), 119 (47), 111 (60), 109 (73),
108 (46), 107 (64), 97 (60), 96 (73), 95 (76), 93 (64),
91 (56), 83 (72), 82 (71), 81 (80), 79 (64), 69 (91), 68
(64), 67 (77), 57 (69), 55 (100), 53 (66), 43 (89),
41 (88),39(47),29(77), 28 (64)

Subfraction GNTIL was an orange-yellow gum (960.7 mg). Chromatogram on

normal phase TLC using 40% chloroform-petroleum ether as a mobile phase (2 runs)

showed four UV-active spots with the R, values of 0.36, 0.46, 0.56 and 0.86 and two

other spots near baseline. No further purification was carried out.
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Fraction GNT2 Chromatogram on normal phase TLC using 40% chloroform-

petroleum ether as a mobile phase (2 runs) showed four major UV-active spots with
the R, values of 0.27, 0.38, 0.43 and 0.51. No further purification was carried out.

Fraction GNT3 Chromatogram on normal phase TLC using 40% chloroform-

petroleum ether as a mobile phase (2 runs) showed five major UV-active spots with
the R, values of 0.11, 0.15, 0.19, 0.25 and 0.34. Further separation by flash column
chromatography over silica gel was performed. Elution was conducted with a stepwise
gradient system (chloroform-petroleum ether and ethyl acetate-chloroform) and finaily
with pure ethyl acetate. Fractions with the similar chromatogram were combined and

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

Table 6.

Table 6 Subfractions obtained from GNT3 by flash column chromatography

Subfraction Weight (g) Physical appearance

GNT 3.1 0.0379 Yellow gum

GNT 3.2 0.0355 Orange gum and white solid
GNT 3.3 0.0871 Orange gum

GNT 3.4 0.1096 Orange-yellow gum
GNT 3.5 0.0293 Orange-yellow gum
GNT 3.6 0.0435 Orange-brown gum
GNT 3.7 0.0148 Yellow gum

GNT 3.8 0.0437 Yellow-brown gum




40

Subfraction GNT3.1 Chromatogram on normal phase TLC with 50% chloroform-
petroleum ether (2 runs) showed no major UV-active spots. Therefore, it was not
further investigated.

Subfraction GNT3.2 Chromatogram on normal phase TLC with 50% chloroform-
petroleum ether (2 runs) showed one major and one pale UV-active spots with the R,
values of 0.57 and 0.11, respectively. Further chromatography on precoated TLC with
50% chloroform-petroleum ether as a mobile phase (2 runs) afforded two bands in low
quantity. Further purification was not then attempted.

Subfraction GNT3.3 Chromatogram on normal phase TLC with 50% chloroform-
petroleum ether (2 runs) showed many UV-active spots. Therefore, it was not further
investigated.

Subfraction GNT3.4 Chromatogram on normal phase TLC with 50% chloroform-
petroleum ether (2 runs) showed two overlapping spot with the R, value of 0.46 and
two pale UV-active spots with the R, values of 0.23 and 0.33. It was then combined
with subfraction GNT4.2 as they showed similar chromatograms.

Subfraction GNT3.5 Chromatogram on normal phase TLC with 50% chloroform-
petroleum ether (2 runs) showed two major UV-active spots with the R; values of 0.21
and 0.45 and one pale UV-active spot with the R, value of 0.33. It was not further
investigated.

Subfraction GNT3.6 Chromatogram on normal phase TLC with 80% chloroform-
petroleum ether (2 runs) showed three major UV-active spots with the R, values of
0.28, 0.33 and 0.58. Further separation on precoated TLC with 80% chloroform-
petroleum ether (3 runs) afforded a yellow gum in 4,1 mg., Chromatogram on normal
phase TLC with 80% chloroform-petroleum ether (2 runs) showed one major UV-
active spot with the R, value of 0.37 and one pale UV-active spot with the R, value of

0.32. It was then combined with band GNT4.4A as they showed similar major spot.
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Subfraction GNT3.7 Chromatogram on normal phase TLC with 80% chloroform-
petroleum ether (2 runs) showed one major UV-active spot with the R, value of 0.11
together with many unseparable spots. Therefore, further purification was not
performed.

Subfraction GNT3.8 Chromatogram on normal phase TLC with 80% chloroform-
petroleum ether (2 runs) showed none of major UV-active spots. Therefore, it was not
further investigated.

Fraction GNT4 Chromatogram on normal phase TLC using 40% chloroform-

petroleum ether as a mobile phase (2 runs) showed four major UV-active spots with
the R, values of 0.15, 020, 0.28 and 0.38. Further separation by flash column
chromatography over silica gel. Elution was conducted with a stepwise gradient
system (chloroform-petroleum ether and ethy! acetate-chloroform) and finally with
pure ethyl acetate. All fractions were examined by TLC, combined on the basis of
their chromatogram and then evaporated to dryness under reduced pressure to afford

five subfractions, as shown in Table 7.

Table 7 Subfractions obtained from GNT4 by flash column chromatography

Subfraction Weight (g) Physical appearance
GNT4.1 0.0391 Orange gum
(GNT4.2 0.0646 ] Orange gum
GNT4.3 (.0878 Orange-brown gum
GNT4.4 0.0591 Orange-yellow gum
GNT4.5 0.0592 Orange-yellow gum
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Subfraction GNT4.,1 Chromatogram on normal phase TLC with 50% chloroform-
petroleumn ether (2 runs) showed many UV-active spots. Therefore, it was not further
investigated.

Subfraction GNT4.2 Chromatogram on normal phase TLC with 50% chloroform-
petroleum ether (2 runs) showed one major UV-active spot with the R, value of 0.52
and two pale UV-active spots with the R, values of 0.24 and 0.40. It was further
combined with subfraction GNT3.4 and then separated by flash column
chromatography over silica gel. Elution was conducted with pure petroleum ether, a
stepwise gradient system (chloroform-petroleum ether and ethyl acetate-chloroform)
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 8.

Table 8 Subfractions obtained from GNT3.4 and GNT4.2 by flash column

chromatography

Subfraction Weight (g) Physical appearance
Ct 0.0241 Orange-yellow gum
C2 (.0800 Orange-yellow gum
C3 0.0048 Orange-yellow gum
C4 0.0331 Yellow-brown gum
Cs 0.0085 Yellow-brown gum

Subfraction Cl1 contained many spots, none of which were major

components. Therefore, it was not further investigated.
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Subfraction C2 Chromatogram on normal phase TLC using 60% chioroform-

petroleum ether (2 runs) showed three major UV-active spots with the R, values of
0.30, 0.41 and 0.48. Further separation by flash column chromatography over
reversed-phase silica gel was performed. Elution was conducted initially with 90%
methanol in water, followed by decreasing amount of water 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 9,

Table 9 Subfractions obtained from C2 by column chromatography over reversed-

phase silica gel

Subfraction Weight (g) Physical appearance
CCl 0.0064 Orange-yellow gum
cC2 0.0697 Orange-yellow gum
CC3 0.0014 Orange-yellow gum

Subfraction CC1 contained many UV-active spots. Therefore, it was not
further investigated.

Subfraction CC2 Chromatogram on normal phase TLC with 60% chloroform-
petroleum ether (2 runs) showed overlapping UV-active spots with the R, value of
0.43 and two pale UV-active spots with the R, values of 0.17 and 0.28. Further
separation on precoated TLC with 60% chloroform-petroleum ether as a mobile phase
afforded YUS as an orange-red gum (5.0 mg). Its chromatogram showed one UV-
active spot on normal phase TL.C with 60% chloroform-petroleum ether (2 runs) with

the R, value of 0.59,




UV (MeOH) A,

max

nm {log &)

FT-IR (neat) v,

"H NMR (CDCL,)(Sppm)
(500 MHz)

C NMR (CDCL)(5ppm)
(125 MHz)

DEPT 135 CH, :
CH,:
CH :

FABMS (m/2)(% rel. int.)
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264 (3.87)

3380 (O-H stretching) 2915 (C-H stretching)
1642, 1616 (C=0 siretching)

6.94 (brs, 1H), 6.59 (¢, J= 1.5 Hz, 1H), 5.17 (mt,
J=17.5Hz, 1H), 5.14 (mt, J = 7.5 Hz, 2H), 5.11
(mt, J = 1.5 Hz, 1H), 3.19 {d, J = 7.5 Hz, 2H),
2.12 (d, J = 1.5 Hz, 3H), 2.09 (mt, J = 7.5 Hz,
6H), 2.00 (mt, J = 7.5 Hz, 6H), 1.78 (s, 3H), 1.71
(d, J=1 Hz, 3H), 1.63 (s, 3H), 1.62 (s, 3H), 1.61
(s, 3H)

187.41, 183.44, 150.63, 149.07, 137.19, 135.06,
134,92, 131.28, 128.40, 124.43, 124.25, 124.07,
120.58, 119.58, 39.74, 39.72, 26.79, 26.67,
26.51, 25.72, 22,13, 17.71, 16.59, 16.20, 16.04,
16.01

25,72, 17.71, 16.59, 16.20, 16.04, 16.01
39.74,39.72, 26.79, 26.67, 26.51, 22.13

128.40, 124.43, 124.25, 124,07, 119.58

411 (75), 259 (26), 221 (26), 207 (27), 205 (41),
193 (50), 191 (36), 177 (35), 153 (100), 137
(84), 127 (100), 109 (93), 97 (100), 85 (100)

Subfraction CC3 showed three major UV-active spots on normal phase TLC

with 60% chloroform-petroleum ether with the R, values of 0.26, 0.33 and 0.37. It was

not further investigated because it was obtained in low quantity.

Subfraction C3 Chromatogram on normal phase TLC with 60% chloroform-

petroleum ether (2 runs) showed overlapping UV-active spot with the R, value of 0.41
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and two pale UV-active spots with the R, values of 0.08 and 0.31 while chromatogram
on reversed-phase TLC with 90% methanol-water (2 runs) showed overlapping UV-
active spot with the R, value of 0.59 and three pale UV-active spots with the R, values
of 0.38, 0.46 and 0.75. It was not further investigated because it was obtained in low
quantity.

Subfraction C4 Chromatogram on normal phase TL.C with 60% chloroform-

petroleum ether (2 runs) showed one major UV-active spot with the R, value of 0.41
and two pale UV-active spots with the R, values of 0.08 and 0.31 while chromatogram
on reversed-phase TLC with 90% methanol-water (2 runs) showed one major UV-
active spot with the R, value of 0.59 and one pale UV-active spot with the R, value of
0.46. It was further separated by column chromatography over reversed-phase silica
gel, eluting with 90% methanol-water. Fractions with the similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford four
subfractions. Each fraction was obtained in low quantity. Purification was not further

performed.

Subfraction C5 Chromatogram on normal phase TLC with 80% chloroform-

petroleum ether (2 runs) showed none of major UV-active spots. Therefore, it was not
further investigated.

Subfraction GNT4.3 Chromatogram on normal phase TLC with 50% chloroform-
petroleum ether (2 runs) showed many UV-active and unseparable spots. Therefore, it
was not further investigated. ]

Subfraction GNT4.4 Chromatogram on normal phase TLC with 80% chloroform-
petroleum ether (2 runs) showed two major UV-active spots with the R, values of 0.28
and 0.32. Further separation on precoated TLC with 80% chloroform-petroleum ether

(3 runs) afforded two bands.
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Band GNT4.4A was a yellow gum (6.8 mg). It contained the same major spot

as Band GNT3.6A. Therefore, they were combined and purified on precoated TLC

with 80% chloroform-petroleum ether (3 runs) to afford YU2 as a yellow gum (7.2

mg). Chromatogram on normal phase TLC with 80% chloroform-petroleum ether (2

runs) showed one UV-active spot with the R, value of 0.36.

UV (MeOH)A__ nm (logé)

FT-IR (neat) v,

'H NMR (CDCI)(&ppm)
(500 MHz)

“C NMR (CDCL)(Sppm)
(125 MHz)

DEPT 135° CH, :
CH,:
CH :

EIMS (m/zX% rel. int.)

295(3.77), 322 (3.58), 380 (3.02)

3394 (O-H stretching) 2981, 2929 (C-H stretching)
1650 (C=0 stretching)

13.56 (s, 1H), 7.20 (d, J= 8.0 Hz, 1H), 7.04 (d, J =
8.0 Hz, 1H), 6.75 (d, J = 10.0 Hz, 1H), 6.31 (s, 1H),
5.69 (brs, 1H), 5.60 (d, J= 10.0 Hz, 1H), 5.36 (mt,
J=17.0Hz, 1H), 3.98 (d, /= 7.0 Hz, 2H), 1.74 (s,
6H), 1.48 (s, 6H)

182.88, 160.38, 158.18, 155.50, 145.14, 14246,
13549, 132.70, 127.45, 125.18, 122,92, 119.42,
118.40, 115.50, 104.87, 104.17, 94.17, 78.26,
33.01, 28.35, 25.87, 17.98

28.35,25.87,17.98

33.01

127.45,125.18, 122.92, 119.42, 115.50, 94.17

378 (38), 363 (79), 335 (36), 307 (15), 149 (26),
111 (25), 97 (44), 83 (54), 69 (70)




47

Band GNT4.4B (YU1) was a pale yellow gum (3.0 mg). Chromatogram on

normal phase TLC with 80% chloroform-petroleum ether (2 runs) showed one

UV-active spot with the R_ value of 0.29.

UV (MeOH)A__ nm (log&)
FT-IR (neat)v,_

'H NMR (CDCL)(5ppm)
(500 MHz)

*C NMR (CDCL,)(Sppm)
(125 MHz)

DEPT 135° CH, :
CH, :
CH :

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

321 (3.93), 376 (3.31)

3365 (O-H stretching) 2918, 2850 (C-H stretching)
1646 (C=0 stretching)

13.60 (s, 1H), 7.19 (d, J = 8.0 Hz, 1H), 7.02 (d, J =
8.0 Hz, 1H), 6.30 (s, 1H), 5.87 (brs, 1H), 5.36 (mt,
J =75 Hz, 1H), 3.98 (d, J = 7.5 Hz, 2H)}, 2.73 (¢,
J=7.0 Hz, 2H), 1.85 (¢, J = 7.0 Hz, 2H), 1.74 (s,
6H), 1.38 (s, 6H)

182.93, 161.27, 161.03, 154.02, 145.28, 142.53,
135.40, 132,57, 124.85, 123.09, 119.20, 118.43,
104.35, 103.31, 94.10, 76.35, 33.06, 31.78, 26.75,
25.90, 17.99, 16.08

26,75, 25.90, 17.99

33.06, 31.18, 16.08

124,85, 123.09, 119.20, 94.10

380 (22), 338 (19), 336 (100), 281 (16), 281 (72),
269 (20)

Subfraction GNT4.5 Chromatogram on normal phase TLC with 80% chloroform-

petroleum ether showed many UV-active spots. Therefore, it was not further

investigated.
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Fraction GNTS Chromatogram on normal phase TLC with 80% chloroform-

petroleum ether showed four major UV-active spots with the R_values of 0.25, 0.34,
0.52 and 0.62. Further separation by flash column chromatography over silica gel was
carried out. Elution was conducted with a stepwise gradient system (chloroform-
petroleum ether and ethyl acetate-chloroform) and finally with pure cthyl acetate.
Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to afford four subfractions, as shown in Table 10.

Table 10 Subfractions obtained from GNTS5 by flash column chromatography

Subfraction Weight (g) Physical appearance
GNTS.1 0.0295 Yellow gum
GNTS.2 0.0354 Orange-yellow gum
GNT5.3 0.0301 Yellow gum
GNTS5.4 0.0103 Yellow-brown gum

Subfraction GNTS5.1 Chromatogram on normal phase TLC with 60% chloroform-
petroleum cther showed many UV-active spots, none of which were major
components. Therefore, it was not further investigated.
Subfraction GNTS.2 Chromatogram on normal phase TL.C with 80% chloroform-
petroleum ether (2 runs) showed three major UV-active spots with the R, values of
0.40, 0.58 and 0.65. It was further rechromatographed on precoated TLC with 60%
chloroform-petroleum ether (3 runs) to give three bands.

Band MP1 was a pale yellow gum (3.0 mg). Chromatogram on normal phase
TLC with pure petroleum ether showed one major UV-active spot with the R, value of

0.74. It was not further investigated.
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Band MP2 was an orange-yellow gum (3.4 mg). Chromatogram on normal
phase TLC with 70% chloroform-petroleum ether showed one major UV-active spot
with the R, value of 0.43 and two pale UV-active spots with the R values of 0.38 and
0.46. It was then combined with subfraction GNT7.2.

Band MP3 was an orange gum (5.5 mg). Chromatogram on normal phase

TLC with 70% chloroform-petroieum ether showed many pale UV-active spots. It was
not further investigated because it was obtained in low quantity,
Subfraction GNTS.3 Chromatogram on normal phase TLC with 40% chloroform-
' petroleum ether (2 runs) showed four major UV-active spots with the R, values of
0.31, 0.35, 0.42 and 0.49 and one pale UV-active spot with the R value of 0.17. It was
further purified on precoated TLC with 60% chloroform-petroleum ether (3 runs)
afforded four bands.

Band MP4 was an orange-yellow gum (3.9 mg). Chromatogram on normal
phase TLC with 70% chloroform-petroleum ether showed one major UV-active spot
with the R; value of 0.42 and one pale UV-active spot with the R, value of 0.38. It was
not further investigated because it was obtained in low quantity.

Band MP5 was a yellow gum (5.8 mg). Chromatogram on normal phase TLC
with 60% chloroform-petroleum ether (2 runs) showed one major UV-active spot with
the R; value of 0.30. It showed the same major UV-active spot as the band UP2. It
was then purified together with the band UP2,

Band MP6 was a yellow gum (3.6 mg). Chromatogram on normal phase TLC
with 70% chloroform-petroleum ether showed one major UV-active spot with the R,
value of 0.28. It was not further investigated.

Band MP7 was a yellow gum (1.2 mg)}. Chromatogram on normal phase TLC

with 70% chloroform-petroleum ether showed one UV-active spot with the R, value of
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0.26. Its chromatogram indicated that it was YUl which was firstly isolated form
GNT4.4B.
Subfraction GNTS.4 Chromatogram on normal phase TLC with 1% ethyl acetate-
petroleum ether (2 runs) showed two major UV-active spots with the R, values of 0.36
and 0.42 together with many unseparable spots. Therefore, further purification was not
performed.

Fraction GNT6 Chromatogram on normal phase TLC with 40% chloroform-

petroleum ether (2 runs) showed four major UV-active spots with the R, values of
0.13, 0.20, 0.24 and 0.28 which corresponded to YU3, YU4, YU2 and YUIl,

respectively.

Eraction GNT7 Chromatogram on normal phase TLC with 40% chloroform-

petroleum ether (2 runs) showed three major UV-active spots with the R, values of
0.13, 0.18 and 0.47. Further separation by flash column chromatography over silica
gel was carried out. Elution was conducted with a stepwise gradient system
(chloroform-petroleum ether and ethyl acetate-chloroform) and finally with pure ethyl
acetate. Fractions with the similar chromatogram were combined and evaporated to

dryness under reduced pressure to afford seven subfractions, as shown in Table 1,

Table 11 Subfractions obtained from GNT7 by flash column chromatography

Subfraction Weight (g) Physical appearance .
GNT7.1 (.0073 Yellow gum
GNT7.2 0.0290 Orange-yellow gum
GNT7.3 0.0309 Yellow gum
GNT7.4 0.0557 Yellow gum
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Table 11 (Continued)

Subfraction Weight (g) Physical appearance
GNT?7.5 0.0306 Yellow gum
GNT7.6 0.0228 Yellow gum
GNT7.7 (0.0451 Yellow-brown gum

Subfraction GNT7.1 Chromatogram on normal phase TLC with pure petroleum ether
showed one pale UV-active spot with the R, value of 0.64. Thus, it was not further
investigated.
Subfraction GNT7.2 Chromatogram on normal phase TLC with 60% chloroform-
petroleum ether (2 runs) showed two major UV-active spots with the R, values of 0.40
and 0.51. It was then combined with band MP2 as they showed similar
chromatogram. Further purified on precoated TLC with 60% chloroform-petroleum
ether (2 runs) afforded two bands in low quantity, Their chromatograms on normal
phase TLC with 60% chloroform-petroleum ether (2 runs) showed unseparable spots.
Thus, They were not further purified.
Subfraction GNT7.3 Chromatogram on normal phase TLC with 60% chloroform-
petroleum ether (2 runs) showed three major UV-active spots with the R, values of
0.24, 0.28 and 0.51. Further separation on precoated TLC with the same solvent
system (3 runs) afforded two bands.

Band UP1 was an orange-yellow gum (1.2 mg). Chromatogram on normal
phase TLC with 60% chloroform-petroleum ether (2 runs) showed one major UV-
active spot with the R; value of 0.58. It was not further investigated because it was

obtained in low quantity.
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Band UP2 was a pale yellow gum (3.4 mg). It was then combined with band
MPS5 as they showed similar chromatogram. Further separation on precoated TLC
with 40% chloroform-petroleum ether (4 runs) afforded YU2 as a yellow gum (4.3
mg).
Subfraction GNT 7.4 Chromatogram on normal phase TLC with 60% chloroform-
petroleum ether (2 runs) showed three major UV-active spots with the R, values of
0.20, 0.24 and 0.28. Further separation on precoated TLC with 60% chloroform-
petroleum ether (5 runs) afforded two bands,

Band UP3 was a pale yellow gum (6.9 mg). Chromatogram on normal phase
TLC with 60% chloroform-petroleum ether (2 runs) showed many pale UV-active
spots. It was not further investigated because it was obtained in low quantity.

Band UP4 was a pale yellow gum (4.8 mg). Chromatogram on normal phase
TLC with 60% chloroform-petroleum ether (2 runs) showed one UV-active spot with
the R, value of 0.26. Its 'H NMR spectral data indicated that it was YUL.
Subfraction GNT7.5 Chromatogram on normal phase TLC with 90% chloroform-
petroleum ether (2 runs) showed three major UV-active spots with the R, values of
0.32, 0.40 and 0.44. Further separation on precoated TLC with 10% ethyl acetate-
petroleum ether (6 runs) afforded three bands,

Band UP8-9A was a yellow gum (2.3 mg). Chromatogram on normal phase
TLC with 10% ethyl acetate-petroleum cther showed one yellow spot with the R,
value of 0.26 and one major UV-active spot with the R, value of 0.53. One additional
purple spot with the R, value of 0.22 was observed after dipping the TLC plate in ASA
reagent and subsequently heating. It was not further investigated because it was

obtained in low quantity.
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Band UP8-9B was a yellow gum (2.0 mg). Chromatogram on normal phase

TLC with 10% ethyl acetate-petroleum ether showed one major UV-active spot with

the R, value of 0.36. Its '"HNMR spectral data indicated that it was YUL.

Band UP8-9C (YU4) was a yellow solid (1.5 mg), melting at 157.0-158.5 °c.

Chromatogram on normal phase TLC with 10% ethyl acetate-petroleum ether showed

one UV-active spot with the R, value of 0.21.

UV (MeOH)A_. nm (log&)

ntax

FT-IR (neat) v,

ni-

'H NMR (CDCL)Sppm)
(500 MHz)

C NMR (CDCL,)(Sppm)
(125 MHz)

DEPT 135 CH, :
CH,:
CH :

EIMS (m/z)}% rel. int.)

319 (3.95), 369 (3.36)

3379 (O-H stretching) 2945, 2925 (C-H stretching)
1642 (C=0 stretching)

13.21 (s, 1H), 7.78 {dd, J = 8.0 and 1.5 Hz, 1H),
732 (dd, J = 8.0 and 1.5 Hz, 1H), 7.25 (¢, J =
8.0 Hz, 1H), 6.55 (brs, 1H), 5.72 (brs, 1H), 5.30
(mt, J=17.0 Hz, 1H), 5.28 (mt, J= 7.0 Hz, 1H), 3.56
(d, J=17.0Hz, 2H), 3.50 (d, J = 7.0 Hz, 2H), 1.88
(s, 3H), 1.86 (s, 3H),1.79 (s, 3H), 1.76 (s,3H)
181.11, 160.91, 158.64, 152.38, 144.38, 144.00,
136.24, 133,53, 123.82, 122.20, 121.16, 120.86,
119.75, 116.90, 109.08, 10542, 103.30, 25.88,
25.67,22.06,21.63, 17.96

25.88, 25.67, 17.96

22.06, 21.63

123.82, 122,20, 121.16, 119.75, 116.90

380 (32), 363 (15), 341 (16), 337 (24), 325 (70),
309 (62), 282 (15), 281 (52), 269 (100)
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Subfraction GNT7.6 Chromatogram on normal phase TLC with 90% chloroform-

petroleum ether (2 runs) showed three major UV-active spots with the R_ values of

0.29, 0.32 and 0.40. Further separation on precoated TLC with 60% chloroform-

petroleum ether (3 runs) afforded YU3 as a yellow solid (1.9 mg), melting at 180.0-

182.0 °C. Chromatogram on normal phase TLC with 60% chloroform-petroleum ether

(2 runs) showed one UV-active spot with the R, value of 0.15.

UV (MeOH)A__nm (logé)

FT-IR (neat)v,_ |

'H NMR (CDCL)(&ppm)
(500 MHz)

"C NMR (CDCL)(Sppm)
(125 MHz)

DEPT 135° CH, :
CH, :
CH :

EIMS (m/z)}(% rel. int.)

307 (2.98), 326 (2.95), 373 (2.54)

3365 (O-H stretching) 2918, 2849 (C-H stretching)
1646 (C=0 stretching)

13.22 (s, 1H), 7.79 (dd, J = 8.0 and 1.5 Hz, 1H),
732 (dd, J = 8.0 and 1.5 Hz, 1H), 7.25 (¢, J =
8.0 Hz, 1H), 6.80 (4, J = 10.0 Hz, 1H), 5.65 (d, J =
10.0 Hz, 1H), 5.26 (mt, J= 7.5 Hz, 1H), 3.37(d, J =
7.5 Hz, 2H), 1.82 (s, 3H), 1.70 (s, 3H), 1.50 (s, 6H)
180,75, 160.53, 158.60, 149.22, 144.25, 144,07,
131.70, 127.40, 124.00, 121.86, 121,16, 120.10,
117.12, 115.00, 112.22, 103.13, 100.64, 78.10,
28.16,25.81,21.22,17.91

28.16,25.81, 17.91

21.22

127.40, 124.00, 121.86, 120.10, 117.12, 115.00

378 (36), 363 (100), 335 (28), 323 (45), 307 (44),
247 (21), 149 (28)
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Subfraction GNT7.7 Chromatogram on normal phase TLC with 90% chloroform-
petroleum ether (2 runs) showed none of major UV-active spots. Therefore, it was
further investigated.

Fraction GNT8 Chromatogram on normal phase TLC with 80% chloroform-

petroleum ether showed five major UV-active spots with the R, values of 0.18, 0.24,
0.30, 0.51 and 0.62. Further separation by flash column chromatography over silica
gel was performed. Elution was conducted initially with 10% ethyl acetate-hexane,
gradually enriched with ethyl acetate, followed by increasing amount of 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 four

subfractions, as shown in Table 12.

Table 12 Subfractions obtained from GNT8 by flash column chromatography

Subfraction Weight (g) Physical appearance
GNTS.1 0.0857 Orange gum
GNT8.2 0.0953 Orange-yellow gum
(GNT8.3 0.1019 Orange-yellow gum
GNTE8.4 0.1143 Yellow-brown gum

Subfraction GNT8.1 Chromatogram on normal phase TLC with 10% ethyl acetate-
petroleum ether (2 runs) contained many UV-active spots without major component.
Therefore, it was not further investigated.

Subfraction GNT8.2 Chromatogram on normal phase TLC with 70%
dichloromethane-hexane (3 runs) showed three major UV-active spots with the R,
values of 0.51, 0.58 and 0.63 which corresponded to YU3, YUl and YU2,

respectively.
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Subfraction GNT8.3 Chromatogram on normal phase TLC with 70%
dichloromethane-hexane (3 runs) showed two major UV-active spots with the R,
values of 0.42 and 0,51, It was further separated by column chromatography over
silica gel. Elution was conducted initially with 70% dichloromethane-hexane,
gradually enriched with dichloromethane, followed by increasing amount of methanol
in dichloromethane and finally with 50% methanol-dichloromethane. Fractions with
the similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford four subfractions, as shown in Table 13,

Table 13 Subfractions obtained from GNT8.3 by column chromatography

Subfraction Weight (g) Physical appearance
T1 0.0053 Pale yellow gum
T2 0.0419 Yellow gum
T3 0.0125 Yellow gum
T4 0.0437 Orange-yellow gum

Subfraction TI1 Chromatogram on normal phase TLC with 70%
dichloromethane-hexane (2 runs) showed no major UV-active spots. Therefore, it was
not further investigated.

Subfraction T2 Chromatogram on normal phase TLC with 50%
dichloromethane-hexane (6 runs) showed two major UV-active spots with the R,
values of 0.39 and 0.46. Further chromatography on precoated TLC with 10% ethyl
acetate-hexane as a mobile phase (14 runs) afforded YU4 as a yellow solid (30.2 mg).

Subfraction T3 Chromatogram on normal phase TLC with 50%

dichloromethane-hexane (6 runs) showed three major UV-active spots with the R,
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values of 0.33, 0.39 and 0.46. Further chromatography on precoated TLC with 10%
ethyl acetate-hexane as a mobile phase (15 runs) afforded YU4 and YU3 as yellow
solid in 3.0 and 7.3 mg, respectively.

Subfraction T4 Chromatogram on normal phase TLC with 50%
dichloromethane-hexane (6 runs) showed none of major UV-active spots. Therefore, it
was not further investigated.

Subfraction GNT8.4 Chromatogram on normal phase TLC with 10% ethyl acetate-
petroleum ether (3 runs) contained many UV-active spots without major component.
Therefore it was not further investigated.

Fraction GNT9 Chromatogram on normal phase TLC with 80% chloroform-

petroleum ether showed four major UV-active spots with the R, values of 0.23, 0.32,
0.54, 0.64 and many green spots near baseline, It was further separated by flash
column chromatography over silica gel. Elution was conducted initially with 70%
chloroform-hexane, gradually enriched with chloroform, followed by increasing
amount of methanol in chloroform 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 14.

Table 14 Subfractions obtained from GNT9 by flash column chromatography

Subfraction Weight (g) Physical appearance
GNT9.1 0.2364 Orange-brown liquid
GNT9.2 0.0874 Yellow-brown gum
GNT9.3 0.0666 Yellow-brown gum
GNT9.4 0.0884 Orange-brown solid
GNT9.5 2.1348 Dark-brown gum
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Subfraction GNT9.1 Chromatogram on normal phase TLC with 50% chloroform-
hexane (2 runs) showed many UV-active spots. Thus, it was not further investigated.
Subfraction GNT9.2 Chromatogram on normal phase TLC with 60% chloroform-
hexane (2 runs) showed three major UV-active spots with the R, values of 0.28, 0.35
and 0.40 which corresponded to YU4, YU1 and YU2, respectively.

Subfraction GNT9.3 Chromatogram on normal phase TLC with 60% chioroform-
hexane (2 runs) showed two major UV-active spots with the R, values of 0.21 and
0.28, indicating the presence of YU3 and YU4.

Subfraction GNT9.4 Chromatogram on normal phase TLC with 70% chloroform-
hexane (2 runs) showed three major UV-active spots with the R, values of 0.41, 0.55
and 0.71. It was further separated by column chromatography over silica gel. Elution
was conducted initially with 60% chloroform-hexane, gradually enriched with
chloroform, followed by increasing amount of methanol in chloroform and finally
with 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 15.

Table 15 Subfractions obtained from GNT9.4 by column chromatography

Subfraction Weight (g) Physical appearance
Y1 0.0005 Colorless gum
Y2 0.0098 Yellow gum
Y3 0.0234 Yellow gum
Y4 0.0201 Yellow gum
Y5 0.0341 Orange-brown gum
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Subfraction Y1 Chromatogram on normal phase TL.C with 60% chloroform-

hexane (2 runs) showed many UV-active spots. It was not further investigated because

it was obtained in low quantity.

Subfraction ¥2 Chromatogram on normal phase TLC with 60% chloroform-

hexane (2 runs) showed one major UV-active spot with the R, value of 0.30,
indicating the presence of YU4.

Subfraction Y3 Chromatogram on normal phase TLC with 60% chloroform-

hexane (2 runs) showed one major UV-active spot with the R, value of 0.31 which

corresponded to YU3,

Subfraction Y4 Chromatogram on normal phase TLC with 60% chloroform-

hexane (2 runs) showed one major UV-active spot with the R value of (.25 and two
pale UV-active spots with the R, values of 0.30 and 0.37. It was further separated by
column chromatography over silica gel. Elution was conducted initially with 60%
chloroform-hexane, gradually enriched with chloroform, followed by increasing
amount of methanol in chloroform and finally with 20% 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 16.

Table 16 Subfractions obtained from Y4 by column chromatography

Subfraction Weight (g) Physical appearance
YCl1 0.0097 Yellow gum
YC2 0.0137 Yellow solid

YC3 0.0010 Pale orange gum
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Subfraction YC1 Chromatogram on normal phase TLC with 60% chloroform-
hexane (2 runs) showed many UV-active spots. It was not further investigated because
it was obtained in low quantity.

Subfraction YC2 Chromatogram on normal phase TLC with 60% chloroform-
hexane (2 runs) showed one major UV-active spot with the R, value of 0.27 and one
pale UV-active spot with the R value of 0.32. It was further separated by flash column
chromatography over silica gel. Elution was conducted initially with 50% chloroform-
hexane, gradually enriched with chloroform, followed by increasing amount of
methanol in chloroform 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 17.

Table 17 Subfractions obtained from YC2 by flash column chromatography

Subfraction Weight (g) Physical appearance
YC2.1 0.0033 Yellow gum
YC2.2 0.0047 Yellow solid
YC2.3 0.0047 Orange-yellow gum

Subfraction YC2,1 Chromatogram on normal phase TLC with 60%

chloroform-hexane (2 runs) showed two major UV-active spots with the R, values of

0.29 and 0.36. It was not further investigated because it was obtained in low quantity.
Subfraction YC2.2 (YU7) Chromatogram on normal phase TLC with

60% chloroform-hexane (2 runs) showed one UV-active spot with the R, value of

0.27. It melted at 241.2-243.0 °C.
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UV (MeOH)A,_nm (log&) 310 (3.88), 363 (3.25)
FT-IR (neat) Vv, 3402 (O-H stretching) 2918, 2849 (C-H
stretching) 1649 {C=0 stretching)
'"HNMR (CDCL+CD,0D)(ppm)  12.86 (s, 1H), 7.63 (dd, J = 8.0 and 1.5 Hz, 1H),
(500 MHz) 7.19 (dd, J = 8.0 and 1.5 Hz, 1H), 7.13 (1, J =
8.0 Hz, 1H), 6.57 (s, 1H), 5.15 (mt, J = 7.5 Hz,
1H), 3.87 (s, 3H), 3.29 (d, J = 7.5 Hz, 2H),
1.72 (s, 3H), 1.60 (s, 3H)
C NMR (CDCL)(6ppm) 181.00, 164.37, 158.83, 155.85, 145.45, 145.11,
(125 MHz) 131.65, 123.49, 121.70, 121.29, 119.78, 115.42,
111.59, 103.37, 89.89, 55.69, 25.36, 21.00, 17.35
DEPT 135’ CH,: 55.69,25.36, 17.35
CH,: 21.00

CH : 123.49,121.70,119.78, 115.42, 85.89

Subfraction YC2.3 Chromatogram on normal phase TLC with 60%

chloroform-hexane (2 runs) showed one major UV-active spot with the R, value of
0.27, indicating the presence of YU7.

Subfraction YC3 Chromatogram on normal phase TLC with 60% chloroform-
hexane (2 runs) showed none of major UV-active spots. Thus, it was not further
investigated. |

Subfraction Y5 Chromatogram on normal phase TLC with 80% chloroform-

hexane (2 runs) showed YU7 as a major spot and two pale UV-active spots with the R,
values of 0.31 and 0.38.
Subfraction GNT9.5 Chromatogram on normal phase TLC with 70% chloroform-

hexane (2 runs) showed none of major UV-active spots. Thus, it was not further

investigated.
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Fraction GNT10 Chromatogram on normal phase TLC with 80% chloroform-

petroleum ether showed two pale UV-active spots with the R, values of 0.31 and 0.45
and many green spots near baseline. Further separation by column chromatography
over silica gel was performed. Elution was conducted with 70% chloroform-hexane,
gradually enriched with chloroform, followed by increasing amount of methanol in
chloroform 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 18.

Table 18 Subfractions obtained from GNT10 by column chromatography

Subfraction " Weight (g) Physical appearance
GNT 10.1 0.0488 Brown solid
GNT 10.2 0.0986 Orange-brown gum
GNT 10.3 0.0203 Yellow gum
GNT 104 0.0130 Orange-brown gum
GNT 10.5 2.7320 Dark brown gum

Subfraction GNT10,1 Chromatogram on normal phase TLC with 40% chloroform-
hexane (2 runs) showed no major UV-active spots. Therefore, it was not further
investigated. .

Subfraction GNT10.2 Chromatogram on normal phase TLC with 40% chloroform-
hexane (2 runs) showed four major UV-active spots with the R, values of 0.11, 0.17,

0.21 and 0.25 which corresponded to YU3, YU4, YU2 and YUI, respectively.
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Subfraction GNT10.3 Chromatogram on normal phase TLC with 60% chloroform-~
hexane (2 runs) showed two major UV-active spots with the R, values of 0.26, and
0.35 which corresponded to YU7 and YUS3, respectively.

Subfraction GNT10.4 Chromatogram on normal phase TLC with 60% chloroform-
hexane (2 runs) showed one major UV-active spot with the R, value of 0.26 which
corresponded to YU7,

Subfraction GNT10.5 Chromatogram on normal phase TLC with pure chloroform
showed many UV-active spots without major component. Therefore, it was not further
investigated,

Fraction GNT11 Chromatogram on normal phase TLC with 80% chloroform-

petroleum ether showed six UV-active spots with the R, values of 0.14, 0,19, 0.27,
0.31, 0.52 and 0.62. Further separation by flash colummn chromatography over silica
gel was performed. Elution was conducted with 30% chloroform-petroleum ether,
gradually enriched with chloroform, followed by increasing amount of methanol in
chloroform 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 19,

Table 19 Subfractions obtained from GNT11 by flash column chromatography

Subfraction ) Weight (g) Physical appearance
GNTI11.1 0.1516 Yellow-brown gum
GNT11.2 0.0278 Yellow solid
GNTI11.3 0.0354 Orange-yellow gum
GNT11.4 0.0913 Orange-brown gum
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Table 19 (Continued)

Subfraction Weight (g) Physical appearance
GNTI1.5 0.0808 Orange gum
GNTl11.6 0.2495 Dark brown gum

Subfraction GNT11.1 Chromatogram on normal phase TLC with 40% chloroform-
petroleum ether (3 runs) showed no major UV-active spots. Therefore, it was not
further investigated.

Subfraction GNT11.2 Chromatogram on normal phase TLC with 60% chloroform-
petroleum ether (3 runs) showed one major UV-active spot with the R, value of 0.26.
Further separation on precoated TLC with 60% chloroform-petroleum ether (6 runs)
afforded YU4 in 8.1 mg.

Subfraction GNT11.3 Chromatogram on normal phase TLC with 60% chloroform-
petroleum ether (3 runs) showed many UV-active spots without major component,
Therefore, it was not further investigated.

Subfraction GNT11.4 Chromatogram on normal phase TLC with 80% chloroform-
petroleum ether (5 runs) showed four major UV-active spots with the R, values of
0.27, 0.35, 0.38 and 0.41. It was further separated by flash column chromatography
over silica gel. Elution was conducted initially with 10% ethyl acetate-petroleum
ether, gradually enriched with ethyl acetate and finally with 30% ethyl acetate-
petroleum ether. Fractions with the similar chromatogram were combined and
evapofated to dryness under reduced pressure to afford five subfractions, as shown in

Table 20.
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Table 20 Subfractions obtained from GNT11.4 by flash column chromatography

Subfraction Weight (g) Physical appearance
M1 0.0410 Orange-brown gum
M2 0.0088 Yellow gum
M3 0.0067 Yellow gum
M4 0.0320 Yellow solid
M5 0.0092 Yellow —brown gum

Subfraction M1 Chromatogram on normal phase TLC with 10% ethyl acetate-

petroleum ether (4 runs) showed no major UV-active spots. Therefore, it was not

further investigated.

Subfraction M2 Chromatogram on normal phase TLC with 0.5% methanol-

chloroform showed one major UV-active spot with the R. value of 0.47. Further

separation on precoated TL.C with 0.5% methanol-chloroform (2 runs) afforded YU11

as a yellow gum (5.2 mg). Its chromatogram showed one UV-active spot with the R,

value of 0.47.

[0',]290

UV (MeOH)A _ om (logé)

max

FT-IR (neat) v,

-1

'H NMR (CDCL)(&ppm)
(500 MHz)

= +58.8° (c=1.7x 102 g/100 cm’, McOH)

294 (3.67), 310 (3.77), 329 (3.78), 376 (3.26)

3418 (O-H stretching) 2927, 2849 (C-H stretching)
1647 (C=0 stretching)

13.00 (s, 1H), 7.79 (dd, J = 8 and 1.5 Hz, 1H), 7.34
(dd, J = 8 and 1.5 Hz, 1H), 7.27 (¢, J = 8.0 Hz, 1H),
6.83 (dd, J=10.0 and 0.5 Hz, 1H), 6.30 (d, J = 0.5 Hz,
1H), 5.67 (brs, 1H), 5.61 (d, J = 10.0, 1H), 5.11 (mt, J
= 7.5 Hz, 1H), 5.08 (nt, J = 7.5 Hz, 1H), 2.16-2.11 (m,
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2H), 2.08-2.00 (m, 2H), 1.98-1.94 (m, 2H), 1.86-1.78
(m, 1H), 1.73-1.68 (m, 1H), 1.67 (d, J = 1.0 Hz, 3H),
1.59 (s, 3H), 1.58 (s, 3H), 1.47 (s, 3H)
“C NMR (CDCL,)(Sppm) 180.67, 163.41, 161.36, 150.91, 144.27, 144.12,
(125 MHz) 135.76, 131.40, 126.62, 12422, 124.19, 12337,
121.17, 120.36, 117.14, 115.04, 103.46, 100.81, 99.58,
80.86, 41.57, 39.63, 27.10, 26.63, 25.70, 22.50, 17.67,
16.00
DEPT 135° CH,: 27.10,25.70,17.67, 16.00
CH,: 41.57,39.63,26.63,22.50
CH : 12662, 12422, 124.19, 12337, 12036, 117.14,
115.04, 99.58
FABMS (m/z)(% rel. int.) 447 (37), 295 (100), 257 (6)

Subfraction M3 Chromatogram on normal phase TLC with 10% ethyl acetate-

petroleum ether (4 runs) showed two major UV-active spots with the R; values of 0.26
and 0.32 which corresponded to YU3 and YU11, respectively.

Subfraction M4 Chromatogram on normal phase TLC with 10% ethyl acetate-

petroleum cther (4 runs) showed one major UV-active spot with the R, value of 0.26

which corresponded to YU3.

Subfraction M5 Chromatogram on normal phase TLC with 10% ethyl acetate-

petroleum ether (4 runs) showed two major UV-active spots with the R, values of 0.19
and 0.26. It was further rechromatographed on precoated TLC with 10% ethyl acetate-
petroleum ether (10 runs) to afford two bands.

Band M5A was a yellow gum (1.5 mg). Chromatogram on normal phase TLC
with 10% ethyl acetate-petroleum ether (2 runs) showed one UV-active spot with the

R, value of 0.26 which corresponded to YU3.
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Band M5B (YUG6) was a yellow gum (2.6 mg). Chromatogram on normal

phase TLC with 10% cthyl acetate-petroleum ether (2 runs) showed one UV-active

spot with the R, value of 0.20.

UV (MeOH)A__nm (logé&)

max

FT-IR (neat) v, ,

'H NMR (CDCL,)(Sppm)
(500 MHz)

C NMR (CDCL,)(6ppm)
(125 MHz)

DEPT 135° CH, :
CH,:
CH :

EIMS (m/2)(% rel. int.)

320(3.89), 374 (3.22)

3424 (O-H stretching) 2915, 2863 (C-H stretching)
1642 (C=0 stretching)

12.86 (s, 1H), 7.80 (dd, J = 8.0 and 1.5 Hz, 1H),
7.31 (dd, J = 8.0 and 1.5 Hz), 7.26 (¢, J = 8.0 Hz,
1H), 5.66 {(brs, 1H), 5.27 (mnt, J = 7.5 Hz, 1H), 3.36
(d, J=1.5Hz, 2H), 2.90 (¢, /= 7.0 Hz, 2H), 1.91 (1,
J=17.0 Hz, 2H), 1.82 (s, 3H), 1.68 (s, 3H), 1.41 (s,
6H)

180.65, 159.37, 158.07, 151.90, 144.25, 144.08,
131.47, 123.81, 122,11, 121.25, 119.57, 117.08,
112.06, 103.03, 98.96, 76.07, 31.49, 26.79, 25.84,
21.38,17.93, 16.48

26.79,25.84, 17.93

31.49,21.38, 16.48

123.81, 122.11, 119.57, 117.08

380 (18), 337 (37), 325 (100), 309 (53), 281 (45),
269 (95) |

Subfraction GNT11,5 Chromatogram on normal phase TLC with 80% chloroform-

petroleum ether (5 runs) showed three major UV-active spots with the R, values of

0.26, 0.30 and 0.38. It was further separated by flash column chromatography over

silica gel. Elution was conducted initially with 10% ethyl acetate-petroleum ether,
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gradually enriched with ethyl acetate, followed by increasing amount of methanol in
ethyl acetate and finally with pure methanol. Fractions with the similar chromatogram
were combined and evaporated to driyness under reduced pressure to afford six
subfractions. Chromatogram on normal phase TLC with 8% ethyl acetate-petroleum
ether (5 runs) showed many UV-active spots. Each fraction was obtained in low
quantity. Further purification was not then performed.

Subfraction GNT11.6 Chromatogram on normal phase TLC with 5% methanol-
chloroform showed none of major UV-active spots. Therefore, it was not further
investigated.

Fraction GNTI12 Chromatogram on normal phase TLC with 80% chloroform-

petroleum ether showed six pale UV-active spots with the R, values of 0.17, 0.21,
0.30, 0.35, 0.52 and 0.6]1 and many green spots near baseline. Further separation by
column chromatography over silica gel was performed. Elution was initially with 1%
methanoi-chloroform, 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 four subfractions, as shown in

Table 21,

Table 21 Subfractions obtained from GNT12 by column chromatography

Subfraction Weight (g) Physical appearance
GNT12.1 7 0.1069 | Orange gum
GNTI12.2 2.1712 Dark brown gum
GNTI12.3 0.5289 Dark brown gum
GNTI12.4 1.2490 Green brown gum
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Subfraction GNT12.1 Chromatogram on normal phase TLC with 50% chloroform-
petroleum ether showed none of major UV-active spots. Therefore, it was not further
investigated.

Subfraction GNT12.2 Chromatogram on normal phase TLC with 5% methanol-
chloroform showed many UV-active spots and green spots. It was further separated by
column chromatography over reversed-phase silica gel, eluting with 50% methanol-
water, followed by decreasing amount of water in 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 22,

Table 22 Subfractions obtained from GNT12.2 by column chromatography over

reversed-phase silica gel

Subfraction Weight (g) Physical appearance
§2.1 1.7745 Orange-yellow gum
S2.2 0.0317 Orange-brown gum
S2.3 0.0251 Orange-brown gum
S2.4 0.0167 Orange-brown gum
52.5 0.08%6 Green-brown gum
S2.6 0.1867 Dark-green gum

Subfraction S2.1 Chromatogram on normal phase TLC with 1% methanol-

chloroform showed no major UV-active spots. Therefore, it was not further

investigated.

Subfraction S2.2 Chromatogram on normal phase TLC with 1% methanol-

chloroform showed two major UV-active spots with the R, values of 0.16 and 0.24. It

was further separated by flash column chromatography over silica gel. Elution was
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conducted initially with pure chloroform, 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 three

subfractions, as shown in Table 23,

Table 23 Subfractions obtained from S2.2 by flash column chromatography

Subfraction Weight(g) Physical appearance
SA2.1 0.0067 Pale yellow gum
SA2.2 0.0154 Pale yellow gum
SA2.3 0.0113 Orange yellow gum

Subfractions SA2,1 Chromatogram on normal phase TLC with 100%
chloroform showed many UV-active spots, none of which were major components.
Therefore, it was not further investigated.

Subfractions SA2.2 Chromatogram on normal phase TLC with 1% methanoi-
chloroform (2 runs) showed two major UV-active spots with the R, values of 0.37 and
0.42. Further chromatography on precoated TLC with 1% methanol-chloroform (10
runs) afforded two bands.

Band SA2.2A (YU9) was a yellow gum (5.0 mg). Chromatogram on normal

phase TLC with 1% methanol-chloroform (3 runs) showed one UV-active spot with

the R, value of 0.57.
uv (MeOH)ﬂmaxnm (logé&) 296 (3.15),319(3.33), 373 (2.73)
FT-IR (neat)}Vv, , 3416 (O-H stretching) 2926, 2848 (C-H stretching)

1646 (C=0 stretching)




"H NMR (CDCL)(8ppm)

(500 MHz)
C NMR (CDCL)(Sppm)
(125 MHz)
DEPT 135° CH, :
CH,:
CH :

EIMS (mi/z)(% rel. int.)

71

13.48 (s, 1H), 7.20 (d, J = 8.5 Hz, 1H), 7.00 (d, J =
8.5 Hz, 1H), 6.32 (s, 1H), 3.30-3.26 (m, 2H), 2.72
(t, J = 6.5 Hz, 2H), 1.85 (¢, J = 6.5 Hz, 2H), 1.78-
1.75 (m, 2H), 1.38 (s, 6H), 1.31 (s, 6H)

182.67, 161.48, 161.00, 154.04, 145.45, 142.67,
136.68, 125.70, 119.35, 118.30, 104.46, 103.25,
94.15, 76.45, 70.71, 45.90, 31.73, 29.83, 29.27,
26.73, 16.05

29.27,26.73

4590, 31.73, 29.83, 16.05

125.70, 119.35, 94.15

398 (4), 380 (15), 338 (22), 337 (100), 324 (21),
283 (26), 281 (63), 269 (26)

Band SA2.2B (YU10) was a yellow solid (2.8 mg), melting at 161.0-162.0 °C.

Chromatogram on normal phase TLC with 1% methanol-chloroform (3 runs) showed

one UV-active spot with the R, value of 0.53.

UV (MeOH)A__nm (log &)

max

FT-IR (neat) v,

"H NMR (CDCL)(éppm)
(500 MHz)

295 (3.94), 316 (3.80), 376 (3.24)

3424 (O-H stretching) 2925, 2848 (C-H stretching)
1646 (C=0 stretching)

13.44 (s, 1H), 7.22 (d, J= 8.5 Hz, 1H), 7.02 (d, J =
8.5 Hz, 1H), 6.74 (dd, J = 10.0 and 0.5 Hz, 1H),
6.33 (d, J= 0.5 Hz, 1H), 5.61 (d, J = 10.0 Hz, 1H),
3.29-3.26 (m, 2H), 1.78-1.75 (m, 2H), 1.48 (s, 6H),
1.32 (s, 6H)
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®C NMR (CDCL)(5ppm) 182.68, 160.61, 158.15, 155.57, 14534, 142.65,
(125 MHz) 136.78, 127.55, 126.06, 119.58, 118.35, 115.44,
104.94, 104.15, 94.23, 78.37, 70.73, 45.86, 29.82,
29.28, 28.38
DEPT 135" CH,: 29.28,2838
CH,: 45.86,29.82
CH : 127.55,126.06, 119.58, 115.44, 94.23
EIMS (m/z)(% rel. int.) 396 (5), 378 (12), 364 (21), 363 (100), 345 (25),
335 (63), 308 (23), 307 (45)

Subfractions SA2.3 Chromatogram on normal phase TLC with 1% methanol-
chloroform showed (3 runs) many UV-active spots, none of which were major
components. Therefore, it was not further investigated.

Subfraction 82.3 Chromatogram on normal phase TLC with 1% methanol-

chloroform showed two major UV-active spots with the R, values of 0.29 and 0.34
and three pale UV-active spots with the R, values of 0.13, 0.17 and 0.41, It was further
separated by flash column chromatography over silica gel. Elution was conducted
initially with pure chloroform, 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 ten subfractions.
Chromatogram on normal phase TLC with 1% methanol-chloroform showed many
UV-active spots. Each fraction was obtained in low quantity. Further purification was
not performed,

Subfraction S2.4 Chromatogram on normal phase TLC with 1% methanol-

chloroform showed many UV-active and unseparable spots. Therefore, it was not

further investigated,
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Subfraction S2.5 Chromatogram on normal phase TLC with 1% methanol-

chloroform showed four major UV-active spots with the R, values of 0.18, 0.30, 0.58
and 0.68. It was further separated by flash column chromatography over silica gel.
Elution was conducted initially with 80% chloroform-hexane, gradually enriched with
chloroform, followed by increasing amount of methanol in chloroform and finally
with pure methanol. Fractions with the similar chromatogram were combined and
evaporated to dryness under reduced pressure to afford eight subfractions. Their
chromatograms on normal phase TLC with 1% methanol-chloroform showed many
UV-active spots. Each fraction was obtained in low quantity. Further purification was
not then performed.

Subfraction 82,6 Chromatogram on normal phase TLC with 1% methanol-

chloroform showed many UV-active and unseparable spots. Therefore, it was not
further investigated.

Subfraction GNT12.3 Chromatogram on normal phase TLC with 5% methanol-
chloroform showed many UV-active and unseparable spots. It was further separated
by column chromatography over reversed-phase silica gel, eluting with 50%
methanol-water, followed by decreasing amount of water in methanol and finally with
pure methanol. Fractions with the similar chromatogram were combined and
evaporated to dryness under reduced pressure to afford ten subfractions. Each fraction
was obtained in low quantity. Further purification was not then performed.
Subfraction GNT12.4 Chromatogram on normal phase TLC with 5% methanol-
chloroform showed many UV-active and unseparable spots. It w-as further separated
by column chromatography over reversed-phase silica gel, eluting with 50%
methanol-water, followed by decreasing amount of water in methanol and finally with
pure methanol. Fractions with the similar chromatogram were combined and

evaporated to dryness under reduced pressure to afford three subfractions. Each
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fraction showed many unseparable spots on normal phase TLC with 5% methanol-
chloroform. Further purification was not then performed,

Fraction GNT13 Chromatogram on normal phase TLC with 10% methanol-

chloroform showed four major UV-active spots with the R, values of 0.46, 0.52, 0.62
and 0.70. Further separation by column chromatography over silica gel was
performed. Elution was conducted initially with pure chloroform, followed by
increasing amount of methanol in chloroform 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 24,

Table 24 Subfractions obtained from GNT13 by column chromatography

Subfraction Weight (g) Physical appearance
GNTI13.1 0.4910 Orange-brown gum
GNTI13.2 2.0801 Dark-brown gum
GNT13.3 9.3295 Dark-brown gum
GNT13.4 15.8897 Dark-brown gum

Subfraction GNT13,1 Chromatogram on normal phase TLC with 70% chloroform-
petroleum ether showed many pale UV-active spots. Thus, it was not further
investigated.

Subfraction GNT13.2 Chromatogram on normal phase TLC with 2% methanol-
chloroform showed four major UV-active spots with the R, values of 0.23, 0.29, 0.63
and 0.65 and unseparable spots near baseline. Further separation by column
chromatography over silica gel was performed. Elution was conducted initially with

pure chloroform, followed by increasing amount of methanol and finally with pure
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methanol, Fractions with the similar chromatogram were combined and evaporated io

dryness under reduced pressure to afford three subfractions, as shown in Table 25,

Table 25 Subfractions obtained from GNT13.2 by column chromatography

Subfraction Weight (g) Physical appearance
Ul 0.0628 Orange-yellow gum
uz2 1.7082 Dark-brown gum
U3 0.0817 Dark-brown gum

Subfraetion Ul Chromatogram on normal phase TLC with 100% chloroform

showed many UV-active spots. Thus, it was not further investigated.

Subfraction U2 Chromatogram on normal phase TLC with 0.5% methanol-

chloroform showed two major UV-active spots with the R, values of 0.19 and 0.26
and unseparable spots near baseline. It was further separated by column
chromatography over reversed-phase silica gel, eluting with 65% methanol-water,
followed by decreasing amount of water in methanol and finally with pure methanol.
Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to afford eleven subfractions, as shown in Table 26.

Table 26 Subfractions obtained from U2 by column chromatography over reversed-

phase silica gel

Subfraction Weight (g) Physical appearance
U2.1 1.2207 Yellow-brown gum
u2.2 0.0255 Yellow-brown gum




Table 26 {Continued)

%

Subfraction Weight (g) Physical appearance
U2.3 0.0257 Yellow-brown gum
U224 0.0222 Yellow-brown gum
U2.5 0.0325 Yellow-brown gum
U2.6 0.0315 Yellow-brown gum
U2.7 0.0137 Yellow-brown gum
U2.8 0.0658 Yellow-brown gum
U2.9 0.0640 Yellow-brown gum
U2.10 0.0558 Brown gum
U2.11 0.1196 Dark-brown gum

Subfraction U2.1 Chromatogram on normal phase TLC with 1% methanol-

chloroform (3 runs) showed no major UV-active spots. Therefore, it was not further

investigated.

Subfraction U2.2 Chromatogram on normal phase TLC with 1% methanol-

chloroform (3 runs) showed three major UV-active spots with the R, values of 0.23,

0.43 and 0.47. It was further separated by flash column chromatography over silica

gel. Elution was conducted initially with 1% methanol-chloroform, 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 nine subfractions. Their chromatograms on normal phase TLC with

1% methanol-chloroform showed many UV-active spots. Each fraction was obtained

in low quantity. Further purification was not then performed.
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Subfraction U2.3 Chromatogram on normal phase TLC with 1% methanol-
chloroform (3 runs) showed many UV-active spots. Therefore, it was not further

investigated,

Subfraction U2.4 Chromatogram on normal phase TLC with 1% methanol-
chleroform (3 runs) showed five major UV-active spots with the R, values of 0.12,
0.17, 0.39, 0.43 and 0.50. It was further separated by column chromatography over
silica gel. Elution was conducted initially with chloroform, followed by increasing
amount of methanol and finally with 50% methanol-chloroform. Fractions with the
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford three subfractions, as shown in Table 27.

Table 27 Subfractions obtained from U2.4 by column chromatography

Subfraction Weight (g) Physical appearance
UcC4.1 0.0026 Pale yellow gum
UC4.2 0.0145 Yellow gum
uc4.3 0.0098 Yellow gum

Subfraction UC4.1 Chromatogram on normal phase TLC with 1%

methanol-chloroform (5 runs) showed none of major UV-active spots. Therefore, it

was not further investigated.

Subfraction UC4.2 Chromatogram on normal phase TLC with 1%

methanol-chloroform (5 runs) showed two major UV-active spots with the R_ values
of 0.47 and 0.52. Further chromatography on precoated TLC with 1% methanol-

chloroform (7 runs) afforded two bands.
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Band UC4.2A was a yellow gum (4.3 mg). Chromatogram on normal
phase TLC with 1% methanol-chloroform (6 runs) showed one UV-active spot with
the R, value of 0.57. Its 'H NMR spectral data indicated that it was YU9 which was
firstly isolated from subfraction SA2.2.

BandUC4.2B was a yellow gum (3.3 mg). Chromatogram on normal
phase TLC with 1% methanol-chloroform (6 runs) showed two major UV-active spots
with the R, values of 0.52 and 0.57. It was further rechromatographed on precoated
TLC with 1% methanol-chloroform (11 runs) to give YU9 and YU10 in 1.6 and 1.3
g, respectively.

Subfraction UC4,3 Chromatogram on normal phase TLC with 1%

methanol-chloroform (5 runs) showed many UV-active spots. Therefore, it was not
further investigated.

Subfraction U2.5 Chromatogram on normal phase TLC with 1% methanol-
chloroform (3 runs) showed six major UV-active spots with the R, values of 0.12,
0.17, 039, 0.43, 0.54 and 0.59. It was further separated by column chromatography
over silica gel. Elution was conducted initially with 0.5% methanol-chloroform,
followed by increasing amount of methanol and finally with 50% methanol-
chloroform. Fractions with the similar chromatogram were combined and evaporated

to dryness under reduced pressure to afford three subfractions, as shown in Table 28.

Table 28 Subfractions obtained from U2.5 by column chromatography

Subfraction Weight (g) Physical appearance
UCs.1 0.0043 Pale yellow gum
UCs.2 0.0186 Yellow gum
UCs.3 0.0152 Yellow gum
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Subfraction UCS5.1 Chromatogram on normal phase TLC with 1%

methanol-chloroform (2 runs) showed no major UV-active spots. Therefore, it was not

further investigated.

Subfraction UCS5.2 Chromatogram on normal phase TLC with 1%

methanol-chloroform (2 runs) showed two major UV-active spots with the R, values
of 0.32 and 0.38. Further chromatography on precoated TLC with 1% methanol-
chloroform {7 runs) afforded two bands.

Band UCS5.2A was a yellow gum (5.9 mg). Chromatogram on normal
phase TLC with 1% methanol-chloroform (6 runs) showed one W-active spot with
the R, value of 0.57. Its chromatogram indicated that it was YU9.

BandUC5.2B was a yellow gum (6.3 mg). Chromatogram on normal
phase TLC with 1% methanol-chloroform (6 runs) showed two major UV-active spots
with the R, values of 0.52 and 0.57. It was further rechromatographed on precoated
TLC with 1% methanol-chloroform (11 runs) to give YU9 and YU10 in 1.5 and 4.6
mg, respectively. ‘

Subfraction UC5.3 Chromatogram on normal phase TLC with 1%

methanol-chloroform (2 runs) showed none of major UV-active spots. Therefore, it
was not further investigated.

Subfraction U2.6 Chromatogram on normal phase TLC with 1% methanol-
chloroform (2 runs) showed three major UV-active spots with the R, values of 0.12,
0.17 and 0.46. It was further separated by flash column chromatography over silica
gel. Elution was conducted initially with 0.5% methanol-chloroform, followed by
increasing amount of methanol and finally with 20% methanol-chloroform. Fractions
with the similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford three subfractions, as shown in Table 29.
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Table 29 Subfractions obtained from U2.6 by flash column chromatography

Subfraction Weight (g) Physical appearance
ucCe.1 0.0043 Pale yellow gum
UucCe.2 0.0024 Yellow solid
UC6.3 0.0190 Orange-brown gum

Subfraction UC6.1 Chromatogram on normal phase TLC with 0.5%

methanol-chloroform (3 runs) showed many UV-active spots, none of which were

major components. Therefore, it was not further investigated.

Subfraction UC6.2 (YU12) Chromatogram on normal phase TLC with

0.5% methanol-chloroform (3 runs) showed one UV-active spot with the R, value of

0.44, melting at 201.5-203.2 °C.

UV (MeOH)A

nax

nm (log &)

FT-IR (neat) v,_,

'H NMR (CDCL)(8ppm)
(500 MHz)

C NMR (CDCL,)(8ppm)
(125 MHz)

230 (4.42), 240 (4.37), 263 (4.36), 307 (4.06),
373 (3.65)

3298 (O-H stretching) 2925, 2856 (C-H stretching)
1651 (C=0 stretching)

12.87 (s, 1H), 7.62 (d, J= 3.5 Hz, 1H), 736 (d, J =
8.5 Hz, 1H), 7.26 (dd, J= 8.5 and 3.5 Hz, 1H), 6.43
(s, 1H), 5.66 (brs, 1H), 5.24 (mt, J = 7.0 Hz, 1H),
3.94 (s, 3H), 3.38 (d, /= 7.0 Hz, 2H), 1.80 (s, 3},
1.69 (s, 3H)

180.41, 164.45, 159.39, 156.32, 151.97, 150.52,
131.96, 123.73, 122.02, 121.20, 118.98, 111.72,
109.23, 103.95, 89.57, 55.95, 25.81, 21.32, 17.80
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DEPT 135° CH,: 55.95,25.81,17.80
CH,: 21.32
CH : 123.73,122.02, 118.98, 109.23, 89.57

Subfraction UC6.3 Chromatogram on normal phase TLC with 0.5%
methanol-chloroform (3 runs) showed many UV-active and unseparable spots.
Therefore, it was not further investigated.

Subfraction U2.7 Chromatograrﬁ on normal phase TLC with 1% methanol-
chloroform (3 runs) showed unseparable spots. Further purification was not then
performed.

Subfraction U2.8 Chromatogram on normal phase TLC with 1% methanol-
chloroform (3 runs) showed one major UV-active spot with the R, value of 0.73 and
unseparable spots. It was further separated by flash column chromatography over
silica gel. Elution was conducted initially with 1% methanof-chloroform, followed by
increasing amount of methanol and finally with 30% methanol-chtoroform. Fractions
with the similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford three subfractions, as shown in Table 30.

Table 30 Subfractions obtained from U2.8 by flash column chromatography

Subfraction Weight (g) Physical appearance
UCs.1 0.0040 Pale yellow gum
UCs.2 0.0110 Yellow gum
UC8.3 0.0387 Orange-yellow gum
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Subfraction UCS8.1 Chromatogram on normal phase TLC with 1%

methanol-chloroform (3 runs) showed no major UV-active spots. Thercfore, it was not

further investigated.

Subfraction UC8.2 Chromatogram on normal phase TLC with 1%

methanol-chloroform (5 runs) showed two major UV-active spots with the R, values
of 0.47 and 0.52. It was further rechromatographed on precoated TLC with 1%
methanol-chloroform (11 runs) to give YU9 and YU10 in 2.4 and 2.9 mg,

respectively.

Subfraction UC8.3 Chromatogram on normal phase TLC with 1%

methanol-chloroform (§ runs) showed many UV-active spots. Therefore, it was not
further investigated.

Subfraction U2.9 Chromatogram on normal phase TLC with 1% methanol-
chloroform (3 runs) showed two major UV-active spots with the R, values of 0.46 and
0.80 and unseparable UV-active spots. It was further separated by flash column
chromatography over silica gel. Elution was conducted initially with 0.5% methanol-
chloroform, followed by increasing amount of methanol and finally with 20%
- methanol-chloroform. Fractions with the similar chromatogram were combined and
evaporated to dryness under reduced pressure to afford eleven subfractions. Their
chromatograms on normal phase TLC with 1% methanol-chloroform (3 runs) showed
many UV-active spots. Each fraction was obtained in low quantity. Further
purification was not then performed.

Subfraction U2.10 Chromatogram on normal phase TLC with 1% methanol-
chloroform (3 runs) showed two major UV-active spots with the R, values of 0.43 and
0.47 and unseparable UV-active spots. It was further separated by flash column
chromatography over silica gel. Elution was conducted initiaily with 0.5% methanol-
chloroform, followed by increasing amount of methanol and finally with 20%

methanol-chloroform. Fractions with the similar chromatogram were combined and
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evaporated to dryness under reduced pressure to afford four subfractions. Their
chromatograms on normal phase TLC with 1% methanol-chloroform (3 runs) showed
'many UV-active spots. Each fraction was obtained in low quantity. Further
purification was not then performed.

Subfraction U2.11 Chromatogram on normal phase TLC with 1% methanol-
chloroform (3 runs) showed many unseparable UV-active spots. Therefore, it was not
further investigated.

Subfraction U3 Chromatogram on normal phase TLC with 3% methanol-

chloroform showed unseparable spots. Thus, it was not further investigated.

Subfraction GNT13.3 Chromatogram on normal phase TLC with 2% methanol-
chloroform showed unseparable UV-active spots. It was further separated by column
chromatography over reversed-phase silica gel, eluting with 40% methanol-water,
followed by decreasing amount of water in methanol and finally with pure methanol.
Fractions with the similar chromatogram were combined and evaporated to dryness

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

Table 31 Subfractions obtained from GNT13.3 by column chromatography over

reversed-phase silica gel

Subfraction Weight (g) Physical appearance
Fl 0.5370 Orange-brown gum
F2 0.1362 Orange-brown gum
F3 0.0272 Yellow-brown gum
F4 0.1044 Orange gum
F5 0.2300 Yellow-brown gum
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Subfraction Weight (g) Physical appearance

Fé6 0.1683 Orange-brown gum
F7 0.0175 Orange-brown gum
F8 0.1249 Orange-brown gum
F9 0.3865 Orange-brown gum
F10 0.1890 Yellow-brown gum
F11 0.3458 Yellow-brown gum
F12 0.0282 Yellow-brown gum
F13 1.5629 Brown gum

Fl14 1.6321 Dark-brown gum

Subfraction F1 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed no major UV-active spots. Therefore, it was not further

investigated.

Subfraction F2 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed three major UV-active spots with the R, values of 0.08,

0.09 and 0.20. It was further separated by flash column chromatography over silica

gel. Elution was conducted initially with 0.5% methanol-chloroform, 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 seven subfractions, as shown in Table 32.
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Subfraction Weight (g) Physical appearance
F2.1 0.0390 Pale yellow gum
F2.2 0.0061 Pale yellow gum
F2.3 0.0074 Pale yellow crystals
F2.4 0.0062 Pale yellow crystals
F2.5 0.0018 Pale yellow gum
F2.6 0.0104 Pale yellow gum
F2.7 0.0039 Yellow gum

Subfraction F2.1 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed many UV-active spots. Therefore, it was not further

investigated.

Subfraction F2.2 Chromatogram on normal phase TL.C with 2% methanol-

chloroform (2 runs) showed one major UV-active spot with the R, value of 0.22 which

corresponded to YU13.

Subfraction F2.3 (YU13) Chromatogram on normal phase TLC with 2%

methanol-chloroform (2 runs) showed one UV-active spot with the R, value of 0.22. It

melted at 185.6-187.2 °C.

[cc]”[,

UV (MeOH)A

mnax

FT-IR (neat) v,

nm (log&)

i}

'"H NMR (Acetone-d )(Sppm)
(500 MHz)

= -62.5" (c= 1.6 x 10 g/100 cm’, MeOH)

229 (3.77), 251 (3.89), 258 (3.92), 295 (3.47)

3367 (O-H stretching) 1657 (C=0 stretching)

12.61 (s, 1H), 7.95 (d, /= 2.0 Hz, 1H), 6.39 (d, J =

2.0 Hz, 1H), 6.27 (d, J = 2.0 Hz, 1H), 4.76 (dd,

J=2.5and 2.0 Hz, 1H), 4.42 (brs, 1H), 4.36 (td, J =
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5.5 and 2.5 Hz, 1H), 4.12 (dt, J = 8.0 and 3.0 Hz,
1H), 4.02 (ddd, J = 8.5, 8.0 and 6.5 Hz, 1H), 2.14-
2.05 (m, 1H), 1.91-1.86 (m, 1H)
“C NMR (Acctone-d)(Sppm)  183.03, 166.19, 164.24, 160.10, 155.11, 124.06,
(125 MHz) 106.07, 100.35, 95.01, 82.96, 76.76, 68.27, 34.40
DEPT 135° CH,: 6827,34.40
CH : 155.11,100.35, 95.01, 82.96, 76.76
EIMS (m/2)(% rel. int.) 246 (14), 223 (38), 218 (22), 207 (100), 205 (29),
153 (20)

Subfraction F2.4 Chromatogram on normal phase TLC with 2% methanol-
chloroform (2 runs) showed one UV-active spot with the R, value of 0.22 which
corresponded to YU13.

Subfraction F2.5 Chromatogram on normal phase TLC with 2% methanol-
chloroform (3 runs) showed three pale UV-active spots with the R values of 0.15,
0.19 and 0.23. Therefore, it was not further investigated.

Subfraction F2.6 Chromatogram on normal phase TLC with 2% methanol-
chloroform (3 runs) showed three pale UV-active spots with the R, values of 0.12,
0.16 and 0.21. It was further separated by column chromatography over reversed-
phase silica gel, eluting with 30% methanol-water, followed by decreasing amount of
water in methanol and finally with pure methanol. Fractions with the similar )
chromatogram were combined and evaporated to dryness under reduced pressure to
afford six subfractions. Each fraction was obtained in low quantity and their
chromatograms showed many UV-active spots on normal phase TLC with 30% ethyl

acetate-petroleum ether (3 runs). Further purification was not then performed.
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Subfraction ¥2.7 Chromatogram on normal phase TLC with 2% methanol-
chloroform (3 runs) showed none of major UV-active spots. Therefore, it was not

further investigated.

Subfraction F3 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed three pale UV-active spots with the R, values of 0.10,
0.16 and 0.31. Therefore, it was not further investigated.

Subfraction F4 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed four major UV-active spots with the R, values of 0.08,
0.18, 0.26 and 0.36. It was further separated by column chromatography over silica
gel. Elution was conducted with 0.5% methanol-chloroform, 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 sixteen subfractions. Each fraction was obtained in low quantity. Further
purification was not then performed.

Subfraction F5 Chromatogram on normal phase TLC with 2% methanol-

chioroform (2 runs) showed many UV-active spots. Therefore, it was not further

investigated.

Subfraction F6 Chromatogram on normal phase TLC with 2% methanol-

chioroform (2 runs) showed three major UV-active spots with the R, values of 0.08,
0.13 and 0.23. It was further separated by flash column chromatography over silica
gel. Elution was conducted initially with 0.5% methanol-chloroform, followed by
increasing amount of methano! and finally with 50% methanol-chloroform. Fractions
with the similar chromatogram were combined and evaporated to dryness under

reduced pressure to afford seven subfractions, as shown in Table 33.
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Table 33 Subfractions obtained from F6 by flash column chromatography

Subfraction Weight (g) Physical appearance
F6.1 0.0116 Yellow gum
F6.2 0.0187 Yellow gum
F6.3 0.0081 Yellow gum
F6.4 0.0151 Yellow gum
F6.5 - (L0087 Yellow gum
F6.6 0.0277 Yellow gum
F6.7 0.0436 Yellow-brown gum

Subfraction ¥6.1 Chromatogram on normal phase TLC with 3% methanol-
chloroform (3 runs) showed no major UV-active spots, Therefore, it was not further
investigated.

Subfraction ¥6.2 Chromatogram on normal phase TLC with 3% methanol-
chloroform (3 runs) showed four major UV-active spots with the R. values of 0.35,
(.42, 0.50 and 0.58. Further chromatography on precoated TLC with 2% methanol-
chloroform (8 runs) afforded two bands in low quantity, Further purification was not
then attempted.

Subfraction F6.3 Chromatogram on normal phase TLC with 3% methanol-
chloroform (3 runs) showed two major UV-active spots with the R. values of 0.26 and
0.32. Further chromatography on precoated TLC with 2% methanol-chloroform (11
runs) afforded F6.3A as a yellow gum in 4.2 mg. Chromatogram on normal phase
TLC with 2% methanol-chloroform (5 runs) showed one major UV-active spot with
the R, value of 0.34 which was also found in FB4.2A. If was then combined with

band FB4.2A.
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Subfraction ¥6.4 Chromatogram on normal phase TLC with 3% methanol-
chioroform (3 runs) showed three major UV-active spots with the R, values of 0.17,
0.23 and 0.30. It was further separated by flash column chromatography over silica
gel. Elution was conducted initially with 0.5% methanol-chloroform, followed by
increasing amount of methanol and finally with 20% methanol-chloroform. Fractions
with the similar chromatogram were combined and evaporated to dryness under

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

Table 34 Subfractions obtained from F6.4 by flash column chromatography

Subfraction Weight (g) Physical appearance
FB4.1 0.0035 Pale yellow gum
FB4.2 0.0031 Yellow gum
FB4.3 0.0008 Pale yellow gum
FB4.4 0.0042 Pale yellow gum
FB4.5 0.0016 Yellow gum

Subfraction FB4.1 Chromatogram on normal phase TLC with 1%

methanol-chloroform (9 runs) showed no major UV-active spots. Therefore, it was not
further investigated.

Subfraction FB4.2 Chromatogram on normal phase TLC with 1%

methanol-chloroform (9 runs} showed two major UV-active spots with the R, values
of 0.18 and 0.22. Further purification on precoated TLC with 2% methanol-
chloroform (11 runs) afforded FB4,2A as a yellow gum (1.8 mg). It was combined
with F6.3A as they showed similar chromatogram. Further separation on precoated

TLC with 2% methanol-chloroform (5 runs) afforded YU16 as a yellow gum (2.2 mg).
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Its chromatogram with 2% methanol-chloroform (4 runs) showed one UV-active spot

with the R, value of 0.30.

UV (MeOH) A, .nm (log&)
FT-IR (neat) v,

'H NMR (CDCI,+CD,0D)(Sppm)
(500 MHz)

C NMR (CDCL+CD,0D)(5ppm)

(125 MHz)
DEPT 135" CH, :
CH,:
CH :

218 (4.22), 242 (4.19), 258 (4.09), 319 (3.88)
3380 (O-H stretching) 2967, 2928

(C-H stretching) 1643 (C=0 stretching)

13.00 (s, 1H), 7.72 (dd, J = 8.0 and 1.5 Hz,
1H), 7.25 (dd, J = 8.0 and 1.5 Hz, 1H), 7.20 (¢,
J=28.0 Hz, 1H), 3.01-2.98 (m, 2H), 2.79 (¢, J =
7.5 Hz, 2H), 1.80-1.78 (m, 2H), 1.77 (¢, J =
7.5 Hz, 2H), 1.32 (s, 6H), 1.30 (s, 6H)

181.25, 160.48, 157.69, 152.58, 14535,
144.95, 123.47, 121.00, 120.05, 115.84,
111.09, 107.86, 102.91, 71.45, 71.33, 41.55,
41.15,29.17, 29.09, 16.89, 16.59

29.17,29.09

4].55,41.15, 16.89, 16.59

123.47, 120.05, 115.84

Subfraction FB4.3 Chromatogram on normal phase TLC with 1%

methanol-chloroform (9 runs) showed three major UV-active spots with the R, values

of 0.14, 0.18 and 0.22. Therefore, it was not further investigated.

Subfraction FB4.4 Chromatogram on normal phase TLC with 1%

methanol-chloroform (9 runs) showed two major UV-active spots with the R, values

of 0.14 and 0.18. Further purification on precoated TLC with 2% methanol-

chloroform (11 runs) afforded FP2 as a yellow gum (2.3 mg). Chromatogram on

normal phase TLC with 2% methanol-chloroform (4 runs) showed one UV-active spot
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with the R, value of 0.21, Its 'H NMR spectrum indicated that FP2 was a mixture of
two xanthones. Because of low quantity, further purification was then not attempted,

Subfraction FB4.5 Chromatogram on normal phase TLC with 1%

methanol-chloroform (9 runs) showed no major UV-active spots. Therefore, it was not
further investigated.

Subfraction F6.5 Chromatogram on normal phase TLC with 3% methanol-
chloroform (3 runs) showed four major UV-active spots with the R, values of 0.16,
0.19, 0.25 and 0.30. Therefore, it was not further investigated.

Subfraction F6.6 Chromatogram on normal phase TLC with 3% methanol-
chloroform (3 runs) showed three major UV-active spots with the R, values of 0.12,
0.17 and 0.21. It was further separated by column chromatography over reversed-
phase silica gel, eluting with 60% methanol-water, followed by decreasing amount of
water in methanol 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 35.

Table 35 Subfractions obtained from F6.6 by column chromatography over reversed-

phase silica gel

Subfraction Weight (g) Physical appearance
FB6.1 0.0095 Yellow gum
FB6.2 0.0095 Yellow gum
FB6.3 0.0099 Yellow gum
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Subfraction FB6.1 Chromatogram on normal phase TLC with 2%

methanol-chloroform (9 runs) showed no major UV-active spots. Therefore, it was not

further investigated.

Subfraction FB6.2 Chromatogram on normal phase TLC with 2%

methanol-chloroform (9 runs) showed one major UV-active spot with the R, value of
0.38 and one pale UV-active spot with the R, value of 0.15. Further purification on
precoated TLC with 2% methanol-chloroform (14 runs) afforded YU9 (6.1 mg).

Subfraction FB6.3 Chromatogram on normal phase TLC with 2%

methanol-chloroform (9 runs) showed no major UV-active spots. Therefore, it was not
further investigated.

Subfraction F6.7 Chromatogram on normal phase TLC with 3% methanol-
chloroform (3 runs) showed no major UV-active spots. Therefore, it was not further

investigated.

Subfraction F7 Chromatogram on normal phase TLC with 2% methanol-

chioroform (2 runs) showed four major UV-active spots with the R, values of 0.03,
0.09, 0.13 and 0.15. Therefore, it was not further investigated.

Subfraction F8 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed four major UV-active spots with the R, values of 0.10,
0.14, 0.18 and 0.32. It was further separated by flash column chromatography over
silica gel. Elution was conducted initially with 0.5% methanol-chloroform, followed
by increasing amount of methanol and finally with 30% methanol-chloroform.
Fractions with the similar chromatogram were combined and evaporated to dryness

under reduced pressure to afford three subfractions, as shown in Table 36.
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Subfraction Weight (g) Physical appearance
F8.1 0.0233 Yellow-brown gum
F8.2 0.0202 Yellow gum
F8.3 0.0597 Orange-brown gum

Subfraction F8,1 Chromatogram on normal phase TLC with 3% methanol-

chloroform (2 runs) showed many UV-active spots. Therefore, it was not further

investigated,

Subfraction F8.2 Chromatogram on normal phase TLC with 3% methanol-

chloroform (2 runs) showed two major UV-active spots with the R, values of 0.19 and

0.26 and one pale UV-active spot with the R, value of 0.31. It was further separated by

flash column chromatography over silica gel. Elution was conducted initially with

0.5% methanol-chloroform, followed by increasing amount of methanol and finally

with 20% methanol-chloroform. Fractions with the similar chromatogram were

combined and evaporated to dryness under reduced pressure to afford three

subfractions, as shown in Table 37.

Table 37 Subfractions obtained from F8.2 by flash column chromatography

Subfraction Weight (g) Physical appearance
FD2.1 0.0029 Pale yellow gum
FD2.2 0.0151 Yellow gum
FD2.3 0.0027 Yellow gum
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Subfraction FP2.1 Chromatogram on normal phase TLC with 2%

methanol-chloroform (5 runs) showed two pale UV-active spots with the R, values of
0.18 and 0.31. Therefore, it was not further investigated.

Subfraction FD2.2 Chromatogram on normal phase TLC with 2%

methanol-chloroform (5 runs) showed two major UV-active spots with the R, values
of 0.17 and 0.24. It was further rechromatographed on precoated TLC with 2%
methanol-chloroform (9 runs) to afford two bands.

Band FD2.2A was a pale yellow gum (1.4 mg). Chromatogram on
normal phase TLC with 2% methanol-chloroform (4 runs) showed one major UV-
active spot with the R, value of 0.29. It was not further investigated.

Band FD2.2B was a yellow gum (4.9 mg). Chromatogram on normal
phase TLC with 2% methanol-chloroform (4 runs) showed one UV-active spot with
the R, value of 0.21. Its "H NMR spectral data indicated that it was YU9 which was
firstly isolated from subfraction SA2.2.

Subfraction FD2.3 Chromatogram on normal phase TLC with 2%

methanol-chloroform (5 runs) showed no major UV-active spots. Therefore, it was not

further investigated.

Subfraction F8.3 Chromatogram on normal phase TLC with 3% methanol-
chloroform (2 runs) showed no major UV-active spots. Therefore, it was not further
investigated.

Subfraction F9 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed six major UV-active spots with the R, values of 0.04,
0.08, 0.13, 0.23, 0.25 and 031. It was further separated by flash column
chromatography over silica gel. Elution was conducted initially with 0.5% methanol-
chloroform, followed by increasing amount of methanol and finally with 50%

methanol-chloroform. Fractions with the similar chromatogram were combined and
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evaporated to dryness under reduced pressure to afford five subfractions, as shown in

Table 38.

Table 38 Subfractions obtained from F9 by flash column chromatography

Subfraction Weight (g) ~ Physical appearance
F9.1 0.0613 Yellow-brown gum
F9.2 0.0204 Yellow-brown gum
F9.3 0.0159 Yellow-brown gum
F9.4 0.0846 Yellow-brown gum
F9.5 0.1902 Brown gum

Subfraction ¥9.1 Chromatogram on normal phase TLC with 2% methanol-
chloroform showed many UV-active spots. It was not further investigated because it
was obtained in low quantity.

Subfraction F9.2 Chromatogram on normal phase TLC with 2% methanol-
chloroform (3 runs) showed one major UV-active spot with the R, value of 0.29 and
two pale UV-active spot with the R, value of 0.24 and 0.27. It was further separated by
flash column chromatography over silica gel. Elution was conducted initially with
0.5% methanol-chloroform, followed by increasing amount of methanol and finally
with 10% methanol-chloroform. Fractions with the similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford three

subfractions, as shown in Table 39,




96

Table 39 Subfractions obtained from F9.2 by flash column chromatography

Subfraction Weight (g) Physical appearance
FE2.1 0.0003 Yellow gum
FE2.2 0.0100 Yellow gum
FE2.3 0.0059 Yellow gum

Subfraction FE2.1 Chromatogram on normal phase TLC with 2%

methanol-chloroform (5 runs) showed none of major UV-active spots. Therefore, it
was not further investigated.

Subfraction FE2.2 Chromatogram on normal phase TLC with 2%

methanol-chloreform (5 runs) showed two major UV-active spots with the R, values
of 0.20 and 0.25 and one pale UV-active spot with the R, value of 0.29. It was further
rechromatographed on precoated TLC with 2% methanol-chloroform (9 runs) afforded
two bands.

Band FE22A (YU17) was a pale yellow gum (3.1 mg).
Chromatogram on normal phase TLC with 2% methanol-chloroform (4 runs) showed

one UV-active spot with the R; value of 0.40.

UV (MeOH)A__nm (log&) 220 (5.34), 243 (5.31), 273 (5.05), 315 (5.04)

FT-IR (neat) v, 3374 (O-H stretching) 2967, 2927 (C-H stretching)
1646 (C=0 stretching)

'H NMR (CDCL)(Sppm) 13.43 (s, 1H), 9.26 (brs, 1H), 7.19 (d, J = 8.0 Hz,
(500 MHz) 1H), 6.98 (d, J= 8.0 Hz, 1H), 6.41 (s, 1H), 3.58 (g,
J = 7.0 Hz, 2H), 3.29-3.26 (m, 2H), 2.77 (t, J =
6.5 Hz, 2H), 1.80 (¢, J = 6.5 Hz, 211), 1.78-1.75 (m,

2H), 1.31 (¢, J = 7.0 Hz, 3H), 1.31 (s, 6H), 1.23 (s,
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6H)
C NMR (CDCL)(6ppm) 182.64, 163.26, 160.48, 154.54, 14543, 142.67,
(125 MHz) 136.60, 125.72, 119.25, 118.33, 112.12, 103.51,

94.01, 76.30, 70.76, 57.53, 45.89, 41.48, 29.69,
29.25,24.51, 15.46, 15.28
DEPT 135° CH,: 29.25,24.51,15.46
CH,: 57.53,45.89,41.48, 29.69, 15.28
CH : 125.72,119.25,94.01

Band FE2.2B was a pale yellow gum (0.7 mg). Chromatogram on
normal phase TLC with 2% methanol-chloroform (4 runs) showed one major UV-
active spot with the R, value of 0.22. It was not further investigated.

Subfraction FE2.3 Chromatogram on normal phase TLC with 2%

methanol-chloroform (5 runs) showed no major UV-active spots. Therefore, it was not
further investigated.

Subfraction F9.3 Chromatogram on normal phase TLC with 2% methanol-
chloroform (3 runs) showed many UV-active spots. Therefore, it was not further
investigated.

Subfraction F9.4 Chromatogram on normal phase TL.C with 2% methanol-
chloroform (3 runs) showed one major UV-active spot with the R, value of 0.16 and
two minor UV-active spots with the R, values of 0.11 and 0.22 while chromatogram
on reversed-phase TLC with 80% methanol-water (2 runs) showed overlapping UV-
active spots with the R, value of 0.20 and one UV-active spot with the R, value of
0.40. It was further separated by column chromatography over reversed-phase silica
gel, eluting with 60% methanol-water, followed by decreasing amount of water in

methanol and finally with pure methanol. Fractions with the similar chromatogram
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were combined and evaporated to dryness under reduced pressure to afford five

subfractions, as shown in Table 40,

Table 40 Subfractions obtained from F9.4 by column chromatography over reversed-

phase silica gel

Subfraction Weight (g) Physical appearance
FE4.1 0.0037 Yellow-brown gum
FE4.2 0.0075 Yellow-brown gum
FE4.3 0.0069 Yellow gum
FE4.4 (.0543 Yellow solid
FE4.5 0.0171 Yellow gum

Subfraction FE4.1 Chromatogram on normal phase TLC with 2%

methanol-chloroform (4 runs) showed none of major UV-active spots. Therefore, it

was not further investigated.

Subfraction FE4.2 Chromatogram on normal phase TLC with 2%

methanol-chloroform (4 runs) showed two major UV-active spots with the R, values
of 0.14 and 0.22. It was further rechromatographed on precoated TLC with 2%
methanol-chloroform (11 runs) to afford two bands.

Band FE4.2A was a pale yellow gum (2.2 mg). Chromatogram on
normal phase TLC with 2% methanol-chloroform (4 runs) showed one UV-active spot
with the R, value of 0.21. Its 'H NMR spectrum indicated that compound FE4.2A was
a mixture of two xanthones which was also found in FP2. Because of low quantity,

further purification was then not attempted.
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Band FE4.2B was a pale yellow gum (1.6 mg). Chromatogram on
normal phase TLC with 2% methanol-chloroform (4 runs) showed one UV-active spot
with the R, value of 0.13. It was not further investigated.

Subfraction FE4.,3 Chromatogram on normal phase TLC with 2%

methanol-chloroform (4 runs) showed none of major UV-active spots. Therefore, it
was not further investigated.

Subfraction FE4.4 Chromatogram on normal phase TLC with 2%

methanol-chloroform (4 runs) showed three major UV-active spots with the R, values
of 0.14, 0.21 and 0.25. It was further separated by column chromatography over
sephadex LH-20, eluting with purec methanol. Fractions with the similar
chromatogram were combined and evaporated to dryness under reduced pressure to

afford two subfractions, as shown in Table 41,

Table 41 Subfractions obtained from FE4.4 by column chromatography over

sephadex LH-20

Subfraction Weight (g) Physical appearance
FEA4.1 0.0 417 Yellow-brown solid
FEA4.2 0.0086 Yellow gum

Subfraction FEA4,1 Chromatogram on normal phase TLC with 3%
methanol-chloroform (7 runs) showed one major UV-active spot with the R, value of
0.22 and one pale UV-active spot with the R, value of 0.17, It was further separated by
column chromatography over sephadex LH-20, eluting 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 42.
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Table 42 Subfractions obtained from FEA4.,1 by column chromatography over
sephadex LH-20

Subfraction Weight (g) Physical appearance
FEA4.1.1 0.0015 Yellow gum
FEA4.1.2 0.0378 Yellow solid
FEA4.1.3 0.0017 Yellow gum

Subfraction FEA4.1.1 Chromatogram on normal phase TLC

with 3% methanol-chloroform (7 runs) showed none of major UV-active spots.
Therefore, it was not further investigated.

Subfraction FEA4.1.2 Chromatogram on normal phase TLC

with 3% methanol-chloroform (7 runs) showed one major UV-active spot with the R,
value of 0.22 and one pale UV-active spot with the R, value of 017. It was further
rechromatographed on precoated TLC with 2% methanol-chloroform (13 runs) to
afford YUI5 as a yellow solid (29.4 mg), melting at 199.1-200.2 °c. Chromatogram
on normal phase TLC with 2% methanol-chloroform (5 runs) showed one UV-active

spot with the R, value of 0.26.

uv (MeOH)/lmaxnm (logé&) 220 (4.53), 245 (4.48), 264 (4.28), 273 (4.24), 317
(4.19), 369 (3.66)
FT-IR (neat) v, 3409 (O-H stretching) 2966, 2925 (C-H stretching)
1643 (C=0 stretching)
'H NMR (Acetone-d,)(Sppm)  13.65 (s, 1H), 7.25 (d, J = 8.0 Hz, 1H), 7.04 (d, J =
(500 MHz) 8.0 Hz, 1H), 6.56 (s, 1H), 5.29 (mt, J = 7.0 Hz, 1H),
3.36 (d, /= 7.0 Hz, 2H), 3.33-3.29 (m, 2H), 1.79 (s,




101

3H), 1.78-1.74 (m, 2H), 1.65 (s, 3H), 1.30 (s, 6H)
“C NMR (Acetone-d,)(Sppm) ~ 183.73, 163.83, 161.50, 155.58, 147.07, 144.95,
(125 MHz) 136.56, 131.35, 126.51, 123.28, 120.64, 119.40,
111.14, 104.00, 93.45, 70.38, 46.94, 30.69, 29.54,
25.83,21.88, 17.83
DEPT 135° CH,: 29.54,25.83,17.83
CH,: 46.94,30.69,21.88

CH : 126,51, 123.28, 120.64, 93.45

Subfraction FEA4.1.3 Chromatogram on normal phase TLC

with 3% methanol-chloroform (7 runs) showed none of major UV-active spots.
Therefore, it was not further investigated.

Subfraction FEA4.2 Chromatogram on normal phase TLC with 3%
methanol-chloroform (7 runs) showed no major UV-active spots. Therefore, it was not
further investigated,

Subfraction FE4.S Chromatogram on normal phase TLC with 2%

methanol-chloroform (4 runs) showed none of major UV-active spots. Therefore, it
was not further investigated.

Subfraction ¥9.5 Chromatogram on normal phase TLC with 2% methanol-
chloroform (3 runs) showed no major UV-active spots. It was not further investigated
because it was obtained in low quantity,

Subfraction F10 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed five major UV-active spots with the R, values of 0.05,
0.10 0.13, 0.16 and 0.37. It was further separated by flash column chromatography
over silica gel. Elution was conducted with 0.5% methanol-chloroform, followed by
increasing amount of methanol and finally with pure methanol. Fractions with the

similar chromatogram were combined and evaporated to dryness under reduced
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pressure to afford fifteen subfractions. Each fraction was obtained in low quantity,
Further purification was not then performed.

Subfraction ¥11 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed four major UV-active spots with the R, values of 0.06,
0.14, 0.18 and 0.22. It was further separated by column chromatography over
reversed-phase silica gel, eluting: with 40% methanol-water, followed by decreasing
amount of water in 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 43.

Table 43 Subfractions obtained from F11 by column chromatography over reversed-

phase silica gel

Subfraction Weight (g) Physical appearance
F11.1 0.0526 Orange-yellow gum
F11.2 0.0514 Orange gum
FI1.3 0.6330 Orange-yellow gum
F11.4 0.1704 Orange gum
F11.5 0.0374 Orange-red gum

Subfraction F11.1 Chromatogram on normal phase TLC with 5% methanol-
chloroform — showed no major UV-active spots. Therefore, it was not further
investigated.

Subfraction F11.2 Chromatogram on normal phase TLC with 5% methanol-
chloroform showed {wo unseparable UV-active spots with the R, values of 0.08 and
0.13 and one pale UV-active spot with the R, value of 0.38. It was further separated by

column chromatography over reversed-phase silica gel, eluting with 50% methanol-
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water, followed by decreasing amount of water in methanol and finally with pure
methanol. Fractions with the similar chromatogram were combined and evaporated to
dryness under reduced pressure to afford seven subfractions. Each fraction was
obtained in low quantity. Further purification was not then performed.

Subfraction F11.3 Chromatogram on normal phase TLC with 5% methanol-
chloroform showed many UV-active spots. Therefore, it was not further investigated.

Subfraction F11.4 Chromatogram on normal phase TLC with 5% methanol-
chloroform showed three unseparable UV-active spots with the R, values of 0.25, 0.35
and 0.40 and one pale UV-active spot with the R, value of 0.55. It was further
separated by column chromatography over reversed-phase silica gel, eluting with 50%
methanol-water, followed by decreasing amount of water in methano! and finally with
pure methanol. Fractions with the similar éhromatogram were combined and

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

Table 44.

Table 44 Subfractions obtained from F11.4 by column chromatography over

reversed-phase silica gel

Subfraction Weight (g) Physical appearance
FC4.1 0.0358 Orange gum
FC4.2 0.0892 Orange gum
I-?C4.3 0.0408 Yellow gum
FC4.4 0.0129 Red-brown gum
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Subfraction FC4.1 Chromatogram on normal phase TLC with 2%
methanol-chloroform (3 runs) showed no major UV-active spots. Therefore, it was not
further investigated.

Subfraction FC4.2 Chromatogram on normal phase TLC with 2%
methanol-chloroform (3 runs) showed three major UV-active spots with the R, values
of 0.11, 0.25 and 0.33. It was further separated by column chromatography over
reversed-phase silica gel, eluting with 65% methanol-water, followed by decreasing
amount of water in 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 45.

Table 45 Subfractions obtained from FC4,2 by column chromatography over

reversed-phase silica gel

Subfraction Weight (g) Physical appearance
FCC2.1 0.0090 Yellow-brown gum
FCC2.2 0.0311 Yellow-brown gum
FCC2.3 0.0163 Yellow-brown gum
FCC2.4 0.0252 Yellow-brown gum
FCC2.5 0.0088 Yellow-brown gum

Subfraction FCC2,1 Chromatogram on normal phase TLC with 3%
methanol-chloroform (5 runs) showed no major UV-active spots. Therefore, it was not
further investigated.

Subfraction FCC2.2 Chromatogram on normal phase TLC with 3%
methanol-chloroform (5 runs) showed one major UV-active spot with the R, value of

0.43. It was further separated by flash column chromatography over silica gel. Elution
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was conducted initially with 0.5% methanol-chloroform, followed by increasing
amount of methanol and finally with 30% methanol-chloroform. Fractions with the
similar chromatogram were combined and evaporated to dryness under reduced

pressure to afford three subfractions, as shown in Table 46.

Table 46 Subfractions obtained from FCC2.2 by flash column chromatography

Subfraction Weight (g) Physical appearance
FCCC2.1 0.0049 Pale yellow gum
FCCC2.2 0.0114 Pale yellow gum
FCCC2.3 0.0090 Yellow gum

Subfraction FCCC2.1 Chromatogram on normal phase TLC

with 3% methanol-chloroform (2 runs) showed no major UV-active spots. Therefore,

it was not further investigated.

Subfraction FCCC2,2 Chromatogram on normal phase TLC

with 3% methanol-chloroform (2 runs) showed one major UV-active spot with the R,
value of 0.25 and one pale UV-active spot with the R value of 0.18. It was further
rechromatographed on precoated TLC with 20% ethyl acetate-petroleum ether {13
runs) to give two bands.

Band P1A (YUI14) was a pale yellow gum (4.9 mg).
Chromatogram on normal phase TLC with 20% ethy] acetate-petroleum ether (3 runs)

showed one UV-active spot with the R, value of 0.22.

UV (MeOH)A,_ nm (log&) 220 (3.98), 245 (4.05), 264 (3.85), 273 (3.80),
319 (3.78), 369 (3.32)
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FT-IR (neat)v, 3421 (O-H stretching) 2925, 2848 (C-H stretching)
1646 (C=0 stretching)

"H NMR (CDCLXSppm) 13.77 (s, 1H), 7.20 (d, J = 8.0 Hz, 1H), 7.01 (d, J =

(500 MHz) 8.0 Hz, 1H), 6.38 (s, 1H), 5.31 (mt, J= 7.5 Hz, 1H),

3.47 (d, J= 1.5 Hz, 2H), 3.29 (s, 3H), 3.24-3.21 (m,
2H), 1.86 (s, 3H), 1.78 (s, 3H), 1.76-1.74 (m, 2H),

1.29 (s, 6H)
C NMR (CDCL)(Sppm) 182.65, 162.18, 160.98, 154.33, 145.22, 142.50,
(125 MHz) 137.07, 135.98, 125.96, 121.18, 119.45, 118.53,

109.05, 103.95, 93.36, 74.92, 49.24, 41.42, 29.75,
29.68,25.85,25.14,21.44, 17.93
DEPT 135° CH,: 49.24,25.85,25.14,17.93
CH,: 41.42,29.75,21.44
CH : 125.96, 121.18, 119.45, 93.36

Band P1B was a pale yellow gum (0.6 mg). Chromatogram on
normal phase TLC with 20% ethyl acetate-petroleum ether (3 runs) showed one UV-
active spot with the R, value of 0.17. Therefore, it was not further investigated.

Subfraction FCCC2.3 Chromatogram on normal phase TLC

with 3% methanol-chloroform (2 runs) showed no major UV-active spots. Therefore,
it was not further investigated. ]
Subfraction FCC2.3 Chromatogram on normal phase TLC with 3%
methanol-chloroform (5 runs) showed two major UV-active spots with the R, values
of 0.41 and 0.50 and unseparable UV-active spots with the R; values of 0.20. It was
further separated by flash column chromatography over silica gel. Elution was

conducted initially with 0.5% methanol-chloroform, followed by increasing amount of

methanol and finally with 30% methanol-chloroform. Fractions with the similar
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chromatogram were combined and evaporated to dryness under reduced pressure to
afford ten subfractions. Each fraction was obtained in low quantity. Further
purification was not then performed.

Subfraction FCC2.4 Chromatogram on normal phase TLC with 3%
methanol-chloroform (5 runs) showed one major UV-active spot with the R, value of
0.20 and one pale UV-active spot with the R, value of 0.50. It was further separated by
flash column chromatography over silica gel. Elution was conducted initially with
0.5% methanol-chloroform, followed by increasing amount of methanol and finally
with 30% methanol-chloroform. Fractions with the similar chromatogram were
combined and evaporated to dryness under reduced pressure to afford six subfractions.
Each fraction was obtained in low quantity. Further purification was not then
performed.

Subfraction FCC2.5 Chromatogram on normal phase TLC with 3%
methanol-chloroform (5 runs) showed no major UV-active spots. Therefore, it was not
further investigated.

Subfraction FC4.3 Chromatogram on normal phase TLC with 2%

methanol-chloroform (3 runs} showed unseparable UV-active spots with the R, values
of 0.14 and one pale UV-active spot with the R value of 0.35. It was further separated
by column chromatography over reversed-phase silica gel, eluting with 50%
methanol-water, followed by decreasing amount of water in methanol and finally with
pure methanol. Fractions with the similar chromatogram were combined and
evaporated to d-ryness under reduced pressure to afford six subfractions. Each fraction
was obtained in low quantity. Further purification was not then performed.

Subfraction FC4.4 Chromatogram on normal phase TLC with 2%

methanol-chloroform (3 runs) showed no major UV-active spots. Therefore, it was not

further investigated.
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Subfraction F11.5 Chromatogram on normal phase TLC with 5% methanol-
chloroform showed no major UV-active spots. Therefore, it was not further
investigated.

Subfraction F12 Chromatogram on normal phase TLC with 2% methanol-
chloroform (2 runs) showed unseparable UV-active spots. Therefore, it was not further
investigated.

Subfraction F13 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed seven major UV-active spots with the R, values of 0.09,
0.16, 0.18, 0.20, 0.23 and 0.29, 0.33. It was not further investigated because of
limitation of time.

Subfraction F14 Chromatogram on normal phase TLC with 2% methanol-

chloroform (2 runs) showed no major UV-active spots. Therefore, it was not further
investigated. |

Subfraction GNT13.4 Chromatogram on normal phase TLC with 7% methanol-
chloroform showed unseparable UV-active spots. It was not further investigated
because of limitation of time.

Fraction GNTI14 Chromatogram on normal phase TLC with 30% methanol-

chloroform showed two major UV-active spots with the R, values of 0.05 and 0.25. It
was not further investigated because of limitation of time.

Fraction GNTI15 Chromatogram on normal phase TLC with 30% methanol-

chloroform showed two major UV-active spots with the R, values of 0.06 and 0.87
and pale spots with the R values of 0.22 and 0.67. It was not further investigated
because of limitation of time.

Fraction GNT16 Chromatogram on normal phase TLC with 30% methanol-

chloroform showed none of major UV-active spots. Therefore, it was not further

investigated.




CHAPTER 3

RESULTS AND DISCUSSION

The leaves of G. nigrolineata were extracted with MeOH and the resulting
dried residue was then separated by various chromatographic techniques to afford ten
new xanthones (YU1, YU2, YU6, YUY, YU10, YUL1, YU14, YU15, YU16 and
YU17), one new quinone derivative (YUS) and one new isoflavone-like compound
(YU13) together with four known xanthones (YU3, YU4, YU7 and YU12) and
friedelin (YUS8). All structures were determined by 1D and 2D NMR spectroscopic
data. Known compounds were also identified by comparison of their spectral data with

those reported in the literature,

3.1 Compound YU1

Compound YU1 was obtained as a pale yellow gum. It showed a molecular ion
at m/z 380 (Figure 10), which corresponded to a molecular formula of C,,H,,0,. The
IR spectrum (Figure 3) exhibited absorption bands at 3365 (a hydroxy! group) and
1646 cm’’ (a conjugated carbonyl group). The UV spectrum (Figure 2) with
absorption bands at 321 and 376 nm indicated that YU1 was a xanthone derivative.
The 'H NMR spectrum (Figure 4) (Table 47) showed the presence of two hydroxyl
groups [65.87 (1H, brs) and 13.60 (1H, s, chelated OH)], two ortho-coupled aromatic
protons [&§ 7.02 and 7.19 (1H each, d, J = 8.0 Hz)] and one singlet aromatic proton
[56.30 (1H, s)]. Other signals could be attributed to an isoprenyl group [§3.98 (211, d,
J=7.5Hz), 536 (1H, mt, J= 7.5 Hz) and 1.74 (6H, s)] and a dimethylchromane ring

109




110

[62.73 (3H, t, J= 7.0 Hz), 1.85 (2H, ¢, J = 7.0 Hz), and 1.38 (6H, 5)]. The "C NMR
spectrum (Figure 5) (Table 47) showed 22 resonances for 23 carbon atoms: twelve
quaternary carbons (5182.93, 161.27, 161.03, 154.02, 145.28, 142.53, 135.40, 132.57,
118.43, 104.35, 103.31 and 76.35), four methine carbons (& 124.85, 123.09, 119.20
and 94.10), three methylene carbons (& 33.06, 31.78 and 16.08) and four methyl
carbons [§26.75 (2xC), 25.90 and 17.99]. The appearance of the methylene protons
(H-16) of the isoprenyl group at & 3.98 suggested that this side chain was at a peri
position to a carbonyl group. These methylene protons showed cross peaks in the
HMBC spectrum (Figure 9) (Table 48) with an aromatic methine carbon (6 124.85,
C-7) and a quaternary aromatic carbon (6 118.43, C-8a), indicating that the isoprenyl
group linked with C-8 (6135.40). One of the ortho-coupled aromatic proton (57.02,
H-7) gave a cross peak in the HMQC spectrum (Figure 8) with C-7 and also showed
corrélations with the methylene carbon (633.06, C-16) of the isoprenyl side chain and
an oxygenated aromatic carbon (§142.53, C-5) in the HMBC spectrum. Enhancement
of the signal of the aromatic proton, H-7, (Figure 7) was observed upon irradiation of
the methylene protons, H-16, of the isoprenyl group. These confirmed that this
aromatic proton and the isoprenyl group were on C-7 and C-8, respectively. The C-5
position was substituted by a hydroxyl group according to the chemical-shift value of
C-5. Thus, the other ortho-coupled aromatic proton at § 7.19 was attributed to H-6.
The chelated hydroxyl group (8§ 13.60, 1-OH) was placed at C-1 because of its
formation of an intramolecular hydrogen bond with the carbonyl group. In the HMBC
spectrum, this chelated hydroxy proton and the methylene protons (51.85, H-12) of the
chromane ring gave cross peaks witﬁ the same quaternary aromatic carbon (J 104.35,
C-2), indicating that the dimethylchromane ring was fused to C-2 and C-3 (6161.27)
of the xanthone nucleus with an ether linkage at C-3. The remaining aromatic proton at
56.30 was then assigned to H-4 due to its cross peaks with C-2, C-3, C-4a (154.02),
C-9 (182.93) and C-9a (103.31). Therefore, YU1 was assigned as 1,5-dihydroxy-8-(3-
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methylbut-?.-enyi)-6/,6/-dimethyldihydropyrano(Z/,3/:3,2)xanthone (1), a new naturally

occurring xanthone,

Table 47 The 'H and "C NMR data of compounds YUI and YU2 in CDCI,

Position &, (mult, J, ) 8. (C-Type)
YU1 YU2 YUl YU2
1-OH | 13.60(s) 13.56 (s) 161.03 (C) 15818 (C)
2 104.35 (C) 104.87 (C)
3 161.27 (C) 160.38 (C)
4 6.30 (s5) 6.31 (s) 94,10 (CH) 94.17 (CH)
4a 154.02 (C) 155.50 (C)
5-0H | 5.87 (brs) 5.69 (brs) 142,53 (C) 142.46 (C)
6 7.19 (d, 8.0) 7.20(d, 8.0) 119,20 (CH) 119.42 (CH)
7 7.02 (d, 8.0) 7.04 (d, 8.0) 124.85 (CH) | 125.18(CH)
8 135.40(C) 135.49 (C)
8a 118.43(C) 118.40(C)
S 182.93 (C=0) | 182.88 (C=0)
Oa 103.31 (C) 104.17 (C)
10a 145.28 (C) 145.14 (C)
11 2.73(1,7.0) 6.75 (d, 10.0} 16.08 (CH,) 115.50 {CH)
12 1.85(2,7.0) 5.60 (d, 10.0) 31.78 (CH,) 127.45 (CH)




Table 47 {Continued)
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Position o, (mult, J. ) 8.{C-Type)
YU1 YU2 Yl YU2

13 76.35{C) 78.26 (C)

14,15 | 1.38 (s) 1.48 (s) 26.75 (CH,) 28.35(CH,)
16 3.98(d,1.5) 3.98 (d,7.0) 33.06 (CH,) 33.01 (CH,)
17 5.36 (mt, 71.5) 5.36 (mt, 7.0) 123.09 (CH) { 122.92(CH)
i8 132.57(C) 132,70 (C)
19 1.74 (s) 1.74 (s) 25.90 (CH,) 25.87(CH))
20 1.74 (s) 1.74 (s) 17.99 (CH,) 17.98 (CH,)

Table 48 Major HMBC correlations of compounds YU and YU2

Proton YU1 YU2

1-0H C-1,C-2,C9a C-1,C-2,C9a
H-4 C-2,C-3,C-4a, C-9,C-9a C-2,C-3,C-4a,C-9,C-9a
H-6 C-5,C-7,C-8,(C-8a,C-10a C-5,C-7,C-8,Cl0a
H-7 C-5,C-6,C-8a, C-16 C-5, C-6,C-8,C-8a,C-9, C-16
H-11 C-1,C-2,C-3,C-12,C-13 C-1,C-3,C-13
H-12 C-2,C-11, C-13, C-14, C-15 C-2,C-13,C-14,C-15

H-14, H-15 | C-12,C-13,C-14, C-15 C-11,C-12,C-13,C-14, C-15
H-16 C-7,C-8,C-8a,C-17,C-18 C-7,C-8,C-8a,C-17,C-18
H-17 C-16, C-19,C-20 C-16,C-19, C-20

H-19, H-20 | C-17,C-18, C-19, C-20 C-17, C-18, C-15, C-20
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3.2 Compound YU2

Compound YU2 was isolated as a yellow gum with a molecular formula of
C,,H,,0, (m/z 378) determined by EIMS (Figure 18). The IR spectrum (Figure 12)
showed absorption bands at 3394 and 1650 em’ fora hydroxyl group and a conjugated
carbonyl functionality, respectively. The UV spectrum {Figure 11) exhibited
characteristic absorption bands of a xanthone chromophore at 295, 322 and 380 nm. Its
'H NMR data (Figure 13) (Table 47) were similar to those of YUL. It contained
two-ortho coupled protons [ 7.20 and 7.04 (1H each, d, J = 8.0 Hz)], one singlet
aromatic proton [§6.31 (1H, s)], signals for an isoprenyl group {6§3.98 (2H, 4, J =
7.0 Hz), 5.36 (1H, mt, J= 7.0 Hz) and 1.74 (6H, s)] and two hydréxyl groups [§5.69
(1H, brs) and 13.56 (1H, s, chelated OH)]. The differences in 'H NMR spectrum were
two doublets of cis-olefinic protons of a dimethylchromene ring [§ 6.75 (1H, d, J =
10.0 Hz) and 5.60 (1H, d, J= 10.0 Hz)] which replaced two triplet signals belonging to
the methylene protons of the dimethylchromane ring in YU1, Important observations
from the HMBC experiment (Figure 17) (Table 48) were as follows. The correlations
of H-11/C-1 (#158.18), H-11/C-3 (5 160.38) and H-12/C-2 (& 104.87) suggested that
the dimethylchromene ring was fused in a lincar fushion to the xanthone nucleus and
the oxygen atom of the dimethylchromene ring was attached to C-3. The location of
the isoprenyl group at C-8 and the non-chelated hydroxyl group (55.69) at C-5 were
found to be identical to that of YU1 since they showed the same HMBC data. The
structure of YU2 was therefore concluded to be 1,5-dihydroxy-8-(3-methylbut-2-enyl)-

6’,6/~dimethylpyrano(2/,3/:3,2)xanthone (2), a new trioxygenated xanthone.
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3.3 Compound YU9

Compound YUY, obtained as a yellow gum, had a molecular formula of
C,,H,,0, (m/z 398) as established by EIMS (Figure 26). Its UV spectrum (Figure 19)

(A 296, 319 and 373) showed the occurrence of a xanthone nucleus, The TR

spectrum (Figure 20) showed absorption bands at 3416 and 1646 cm’' for a hydroxyl
group and a carbonyl functionality, respectively. Compound YU9 showed similar 'H
NMR characteristic signals of a 1-hydroxy-é’,é’-dimethyldi11ydropyrano(2",3/:3,2)-
xanthone moiety [513.48 (1H, s), 2.72 (2H, ¢, J = 6.5 Hz), 1.85 (2H, ¢, J = 6.5 Hz),
1.38 (6H, s) and 6.30 (IH, s)] (Figure 21) (Table 49) to those found in YUL. In
addition, a multiplet-signal of two methylene protons at §1.78-1.75 (m, H-17) replaced
the olefinic-proton signal of the C-8 isoprenyl group in YU while singlets for two
methyl groups appeared at higher field (6 1.31). Comparison of the 'H and "C NMR
(Figure 22) (Table 49) spectra of YUI and YU9 showed that the differences were due
to signals of a five-carbon substituent at C-8. In the “C NMR spectrum of YUY, there
were signals for two methylene carbons at §29.83 (C-16) and & 45,90 (C-17), a
quaternary carbon connected to a hydroxyl group at §70.71 (C-18), and two methyl
carbons at §29.27 (C-19 and C-20). These data suggested that YU9 contained a 3-
hydroxy-3-methylbutyl moiety [63.30-3.26 (2H, m), 1.78-1.75 (2H, m) and 1.31 (6H,
)], instead of an isoprenyl gLroup. The highly-deshielded position (§3.30-3.26) of the
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methylene protons (H-16) of the 3-hydroxy-3-methylbutyl unit indicated that this side
chain was at C-8, a peri position to a carbonyl group. This was confirmed by the
following HMBC data (Figure 25) (Table 50). The methylene protons, H-16, showed
cross peaks with a methine carbon (§125.70, C-7) and a quaternary carbon (&5118.30,
C-8a) while other methylene protons, H-17, showed a cross peak with a quaternary
aromatic carbon (&5 136.68, C-8). The aromatic protons at 6 7.20 and 7.00 were then
assigned to H-6 and H-7, respectively, based on above data as well as HMQC data
(Figure 24), The *J correlation between H-7 and an oxyaromatic carbon {J 142.67,
C-5) revealed the presence of a hydroxyl group at C-5. The chelated OH proton
(613.48) caused cross peaks with two quaternary aromatic carbons at §104.46 (C-2)
and 103.25 (C-9a), indicating that C-2 position was not substituted by a group
possessing an oxygen function. Furthermore, C-2 correlated to methylene protons
(51.85, H-12) of the chromane ring in the HMBC spectrum. These data suggested that
the chromane ring was fused to C-2 and C-3 (5 161.48) and formed an ether linkage
with C-3, the same position and arrangement as the dimethylchromane ring in the
structure of YU1. Therefore, YU9 was assigned as 1,5-dihydroxy-8-(3-hydroxy-3-
methylbutyl)-6/,6"-dimethyldihydropyrano(2/,3/:3,2)xanthone (3), a new naturally
occurring xanthone which might be derived from YUI by hydration reaction at the C-8

substituent.
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Table 49 The 'H and "C NMR data of compounds YUI and YU9 in CDC,

Position o, (mult., T, ) o, (C-Type)
YU9 YUI YU9 YU1
1-OH | 13.48 (s) 13.60 (s) 161.00 (C) 161.03 (C)
2 104.46 (C) 104.35(C)
3 161.48 (C) 161.27 (C)
4 6.32(s) 6.30 (s) 94.15 (CH) 94.10 (CH)
4a 154.04 (C) 154.02 (C)
5-OH 5.87 (brs) 142.67 (C) 142.53 (C)
6 7.20 (d, 8.5) 7.19(d, 8.0) 119,35 {CH) 119.20 (CH)
7 7.00 (d, 8.5) 7.02 (d, 8.0) 125.70 (CH) 124.85 (CH)
8 136.68 (C) 135.40 (C)
8a 118,30 (C) 118.43 (C)
9 182.67 (C=0) | 182.93 (C=0)
%a 103.25 (C) 103.31(C)
10a 145.45 (C) 145.28 (C)
11 2.72{1,6.5) 273(,7.0) 16.05 (CH,) 16.08 (CH,)
12 1,85(1,6.5) 1.85 (s, 7.0) 31.73 (CH,) 31.78 (CH,)
13 76.45 (C) 76.35(C)
14,15 | 1.38{(s) 1.38(s) 26.73 (CH,) 26,75 (CH,)
16 3.30-3.26 (m) 3.98(d, 7.5) 29.83 (CH,) 33.06 (CH,)
17 1.78-1.75 (m) 5.36 (mt, 7.5) 45.90 (CH,} 123.09 (CH)
18 70.71 (C) 132.57(C)
19 1.31 (s) 1.74 (s) 29.27 (CH,) 25.90 (CH,)
20 L.31 (s} 1.74 (s) 29.27 (CI1,) 17.99 (CH,)
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Table S0 Major HMBC correlations of compounds YU1 and YU9

Proton YU9 YU1

1-OH C-1,C-2,C9a C-1,C-2,C9a

H-4 C-2,C-3,C-4a,C-9,C-9a C-2,C-3,C-4a,C-9,C9a

H-6 C-5, C-8, C-8a, C-10a C-5,C-7, C-8, C-8a, C-10a

H-7 C-5,C-8a, C-16 C-5, C-6,C-8a, C-16

H-11 C-1,C-2,C-3,C-12,C-13 C-1,C-2,C-3,C-12,C-13

H-12 C-2,C-11, C-13, C-14, C-15 C-2,C-11, C-13,C-14, C-15
H-14, H-15 | C-11, C-12, C-13, C-14, C-15 C-12,C-13,C-14, C-15

H-16 C-7, C-8, C-8a,C-17, C-18 C-7,C-8,C-8a, C-17,C-18

H-17 C-8, C-18, C-19, C-20 C-16, C-19, C-20
H-19,H-20 | C-17,C-18, C-19, C-20 C-17, C-18, C-19, C-20

3.4 Compound YU10

Compound YU10 was obtained as a yellow solid, melting at 161.0-162.0 °C. Its
molecular formula was determined as C,H,,04 (m/z 396) by EIMS (Figure 34). Its
UV (Figure 27) and IR (Figure 28) data suggested that YU10 also possesses a
xanthone skeleton. The 'H NMR spectrum (Figure 29) (Table 51) consisted of one
hydrogen-bonded hydroxyl signal [§ 13.44 (1H, s)], two ortho-coupled aromatic
signals [§7.22 and 7.02 (1H each, d, J = 8.5 Hz)], a doublet of an aromatic proton
[6§6.33 (1H, d, J = 0.5 Hz)], signals of a 3-hydroxy-3-methylbutyl unit [$3.29-3.26
(2H, m), 1.78-1.75 (2H, m) and 1.32 (6H, s)] and characteristic signals of a chromene
ring [§6.74 (1H, dd, J=10.0 and 0.5 Hz), 5.61 (1H, d, J=10.0 Hz) and 1.48 (6H, 5)].
Its 'H NMR data were similar to those of YU, Direct comparison of their 'H NMR
spectra indicated that the signals for methylene protons, H-11 and H-12, of YU9 were

replaced, in YUI0, by two deshiclded doublets (§6.74 and 5.61) associated with two
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cis-olefinic protons (/= 10.0 Hz). A small coupling constant {(J = 0.5 Hz) between the
more deshielded chromene hydrogen (H-11) and the aromatic proton at §6.33 by a °J
extended W pathway indicated that this aromatic proton was at ortho position to the
chromene oxygen. Furthermore, the correlations of H-11/C-1 (& 158.15), H-11/C-3
(6160.61) and H-12/C-2 (5 104.94) in the HMBC spectrum (Figure 33) (Table 52)
suggested that the dimethylchromene ring was fused in a linear fashion to the xanthone
nucleus and its oxygen atom was attached to C-3. The signal of the chelated hydroxyi
group at 513.44 and the chemical shift value of C-1 established the substituent at C-1
to be a hydroxyl group. The highly-deshielded position of the methylene protons
(83.29-3.26, H-16) of the 3-hydroxy-3-methylbutyl unit suggested that this side chain
was at the other peri position to carbonyl group. Supported evidence came from
HMBC data which also indicated that YU10 possessed the identical left-handed
aromatic ring to YU9. Accordingly, the structure of YU10 was determined as 1,5-
dihydroxy“S-(B-hydroxy—3—methylbutyl)—6/,6/-dimethylpyran0(2/,3/:3,2)xanthone (4), a

new trioxygenated xanthone.
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Table 51 The 'H and "C NMR data of compounds YU9 and YU10 in CDCI,

Position 6, (mult., J,) 0. (C-Type)
YUI0 YU9 YU10 YU9
1-OH | 13.44 (s) 13.48 (s) 158.15 (C) 161.00 (C)
2 104.94 (C) 104.46 (C)
3 160.61 (C) 161.48 (C)
4 6.33 (d, 0.5) 6.32 (s) 94.23 (CH) 94.15(CH)
4a 155.57 (C) 154.04 (C)
5-0H 142.65 (C) 142.67 (C)
6 7.22(d, 8.5) 7.20(d, 8.5) 119.58 (CH) 119.35 (CH)
7 7.02 (d, 8.5) 7.00 (d, 8.5) 126.06 {(CH) 125.70 (CH)
8 136.78 (C) 136.68 (C)
8a 118.35 (C) 118.30(C)
9 182.68 (C=0) 182.67 (C=0)
9a 104.15 (C) 103.25 (C)
10a 145.34 (C) 145.45 (C)
11 6.74 (dd, 10.0 and 0.5) 2.72(4,6.5) 115.44 (CH) 16.05 (CH,)
12 5.61 (d, 10.0) 1.85(1,6.5) 127.55 (CH) 31.73 (CH,)
13 78.37(C) 76.45 (C)
14,15 | 1.48 (s) 1.38 (s) 28.38 (CH,) 26.73 (CH,)
16 3.29-3.26 (m) 3.30-3.26 () 29.82 (CH,) 29.83 (CH,)
17 1.78-1.75 (i) 1.78-1.75 (m) 45,86 (CH,) 45.90 (CH,)
18-OH 70.73(C) 70.71 (C)
19,20 § 1.32 (®) L3101 (s) 29.28 (CH,) 29.27 (CH,)




Table 52 Major HMBC correlations of compounds YU9 and YU10
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Proton YU10 YU9

1-CH C-1,C-2,C9a C-1,C-2,C-9a

H-4 C-2,C-3,C-4a, C-9,C-9a C-2,C-3,C-4a,C-9,C9a

H-6 C-5,C-8,C-8a, C-10a C-5, C-8, C-8a,C-10a

H-7 C-5, C-8a, C-16 C-5, C-8a, C-16

H-11 C-1,C-2,C-3,C-13 C-1,C-2,C-3,C-12,C-13

H-12 C-2,C-13,C-14,C-15 C-2,C-11,C-13,C-14, C-15
H-14,H-15 { C-11,C-12,C-13, C-14, C-15 C-11, C-12, C-13, C-14, C-15

H-16 C-7,C-8,C-8a, C-17,C-18 C-7,C-8,C-8a,C-17, C-18

H-17 C-8, C-16, C-18, C-19,C-20 C-8,C-18,C-19,C-20
H-19, H-20 | C-17, C-18, C-19, C-20 C-17,C-18, C-19, C-20

3.5 Compound YUI15

Compound YU15 was obtained as a yellow solid, melting at 199.1-200.2 °C. Its
UV (Figure 35) and IR (Figure 36) spectra were indicative of a xanthone derivative.
Its 'H (Figure 37) (Table 53) and "C NMR (Figure 38) (Table 53) spectra were
similar to those of YU9 and YUI0. The presence of two ortho-coupled aromatic
proton [§ 7.25 and 7.04 (1H each, 4, J = 8.0 Hz)] and a 3-hydroxy-3-methylbuty!
group [63.33-3.29 (2H, m), 1.78-1.74 (2H, m) and 1.30 (6H, s)] suggested that YU15
possessed the same left-handed aromatic ring as YU9 and YU10: a hydroxyl group and
the 3-hydroxy-3-methylbutyl group at C-5 and C-8, respectively. Similarity of HMBC
data (Figure 42) (Table 54) supported above conclusion. In addition, its 'H NMR
spectrum showed signals for an isoprenyl group [§3.36 (2H, d, J= 7.0 Hz), 5.29 (1H,
mt, J=7.0 Hz), 1.65 (3H, s) and 1.79 (3H, s)] and an aromatic proton signal at §6.56
(1H, 5). In the HMBC spectrum, the methylene protons signal at §3.36 (H-11) of the
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isoprenyl group showed cross peaks with a quaternary aromatic carbon signal at
§111.14 (C-2) and two oxygenated carbon signals at § 161.50 (C-1)} and 163.83 (C-3),
indicating that the isoprenyl unit was located at C-2. The chemical-shift values of C-1
and C-3 together with the presence of the chelated hydroxyl group suggested the
substituents at C-1 and C-3 to be hydroxy groups. The NOEDIFF data (Figure 40)
showed that the methyl signal at § 1.65 was cis to an olefinic proton, H-12, according
to the enhancement of this methyl signal after irradiation of H-12. The aromatic proton
signal at § 6.56 was atiributed to H-4 due to J correlations with carbon signals at
5163.83 (C-3) and 155.58 (C-4a) and *J correlations with carbon signals at 6 111.14
(C-2) and 104.00 (C-9a). Thus, compound YU15 was determined as 1,3,5-trihydroxy-
2-(3-methylbut-2-enyl)-8-(3-hydroxy-3-methylbutyl)xanthone (5), a new naturally
occurring xanthone. It might be a precursor of the cyclized compounds, YU9 and

YU10.
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Table 53 The 'H and "C NMR data of compounds YU10 in CDCI, and YU15

n Acetoue-d6

Position o, (mult,, J.. ) 0, (C-Type)
YUIS YU10 YU15 YULO
1-OH | 13.65 (s) 13.44 {s) 161.50 (C) 158.15 (C)
2 111.14 (C) 104.94 (C)
3 163.83 (C) 160.61 (C)
4 6,56 (s) 6.33 (d, 0.5) 93.45 (CH) 94.23 (CH)
4a 155.58 (C) 155.57 (C)
5-OH 144.95 (C) 142.65 (C)
6 7.25{d,8.0) 7.22 (d, 8.5) 120.64 (CH) 119.58 (CH)
7 7.04 (d, 8.0) 7.02 {d, 8.5) 126.51 (CH) 126.06 (CH)
8 136.56 (C) 136.78 (C)
8a 119.40 (C) 118.35(C)
9 183.73 (C=0) | 182.68 (C=0)
9a 104.00 (C) 104.15 (C)
10a 147.07 (C) 145.34 (C)
11 3.36(d,1.0) 6.74 (dd, 10.0 and 0.5) 21.88 (CH,) 115.44 (CH)
12 5.29 (mt, 7.0) 5.61(d, 10.0) 123.28 (CH) 127.55 (CH)
13 131.35(C) 78.37(C)
14 | 1.65) 1.48 (s) 25.83 (CH,) | 28.38(CH,)
15 | 1.79(s) 1.48 (s) 17.83(CH,) | 28.38 (CH,)
16 3.33-3.29 (m) 3.29-3.26 (m) 30.69 (CH,) 29.82(CH,)
17 1.78-1.74 (m) 1.78-1.75 (m) 46.94 (CH,) 45.86 (CH,)
18-0H 70.38 (C) 70.73 (C)
19,20 | 1.30(s) 1.32 (s) 29.54 (CH,) | 29.28 (CH,)
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Table 54 Major HMBC correlations of compounds YU10 and YU15

Proton YUI15 YUI10

1-OH C-1,C-2,C-9a C-1,C-2,C-9a

H-4 C-2,C-3,C-4a,C-9,C9a C-2,C-3,C-4a,C-9,C-9a

H-6 C-5,C-7,C-8,C-10a C-5,C-8, C-8a, C-10a

H-7 C-5,C-6,C-8, C-8a, C-16 C-5,C-8a,C-16

H-11 C-1,C-2,C-3,C-12,C-13 C-1,C-2,C-3,C-13

H-12 C-11,C-14,C-15 C-2,C-13,C-14,C-15

H-14 C-12,C-13,C-15 C-11,C-12,C-13,C-15

H-15 C-12, C-13,C-14 C-11,C-12, C-13,C-14

H-16 C-7,C-8,C-8a,C-17,C-18 C-7,C-8,C-8a,C-17,C-18

H-17 C-8,C-16, C-18, C-19, C-20 C-8, C-16,C-18, C-19, C-20
H-19, H-20 { C-17,C-18,C-19,C-20 C-17,C-18, C-19, C-20

3.6 Compound YU14

Compound YU14 was obtained as a pale yellow gum. The IR spectrum
(Figure 44) exhibited absorption bands due to a hydroxyl group (3421 cm’) and a
conjugated carbonyl group (1646 cm’). The UV spectrum (Figure 43) was identical to
those of YUI15. Its 'H NMR spectrum (Figure 45) (Table 55) was similar to that of
YUI1S except for an additional signal of a methoxyl group at 63.29. The “C NMR )
spectrum (Figure 46) showed the same number of quaternary, methine and methylene
carbons as those found in YU15 except for the fact that it contained one more methyl
carbon at §49.24. This carbon corresponded to a methoxy carbon due to its chemical-
shift value. These data supported the presence of the methyoxyl group. In the HMBC
spectrum (Figure 50) (Table 56), these methoxy protons gave a cross peak with a

quaternary carbon (§74.92, C-18), indicating the attachment of the methoxyl group at
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C-18. Thus, the side chain in YUI4 became a 3-methoxy-3-methylbutyl unit [§3.24-
3.21 2H, m), 1.76-1.74 (2H, m), 3.29 (3H, s) and 1.29 (6H, s)]. The correlations of
H-16/C-7 (5§125.96), H-16/C-8a (§118.53) and H-17/C-8 (8137.70) suggested that the
3-methoxy-3-methylbutyl unit was attached to C-8. The remaining HMBC correlations
were almost identical to those of YUI1S5, indicating that YU14 contained the chelated
hydroxyl group at C-1, the isoprenyl group at C-2 and two free hydroxyl groups at C-3
and C-5. The NOEDIFF data observed (Figure 48) for the olefinic H-12 and the
methyl protons (51.78, Me-14) suggested that they were cis. Thus, YU14 was assigned
as 1,3,5-trihydroxy-2-(3-methylbut-2-enyl)-8-(3-methoxy-3-methylbutyl)xanthone (6),

the methyl ether of YU15 and a new naturally occurring xanthone.
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Table 55 The 'H and °C NMR data of compounds YU14 in CDCI, and YU15

in Acetone-d;

Position 8, (mult., J, ) &, (C-Type)
YU14 YUIS YUI14 YUI5
1-OH 13.77 (s) 13.65 (s) 160.98 (C) 161.56 (C)
2 109.05 (C) 111.14 (C)
3-OH 162,18 (C) 163.83 (C)
4 6.38 (s) 6.56 (s) 93.36 (CH) 93.45 (CH)
4a 154.33 (C) 155.58 (C)
5-OH 142.50 (C) 144.95 (C)
6 7.20 (d, 8.0) 7.25(d, 8.0) 11945 (CH) | 120.64 (CH)
7 7.01 (d, 8.0) 7.04 (d, 8.0) 125.96 (CH) | 126.51 (CH)
8 137.07 (C) 136.56 (C)
8a 118.53 (C) 119.40 (C)
9 182.65 (C=0) | 183.73(C=0)
9a 103.95 (C) 104.00 (C)
10a 145.22 (C) 147.07 (C)
11 |347(,7.5) 3.36 (d, 7.0) 21.44(CH,) | 21.88(CH,)
12 5.31 (mt, 7.5) 5.29 (mt, 7.0) 121.18 (CH) | 123.28 (CH)
13 135.98 (C) 131.35(C)
14 1.78 (s) 1.65 (s) 25.85(CH,) 25.83 (CH,)
15 1.86 (s) 1.79 () 17.93 (CH,) 17.83 (CH,)
16 3.24-3.21 (m) 3.33-3,29 (m) 25.75 (CH,) 30.69 (CH,)
17 1.76-1.74 (m) 1.78-1.74 (m) 4142 (CH)) 46.94 (CH,)
18 74.92 (C) 70.38(C)
18-OMe { 3.29 (s) 49.24 (CH,)
19,20 | 1.29(s) 1.30 (s} 25.14(CH,) 29.54 (CH,)




Table 56 Major HMBC correlations of compounds YU14 and YU15
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Proton YU14 YUI15
i-OH C-1,C-2,C-9a C-1,C-2,C-9a
H+4 C-2,C-3,C4a,C-9,C-%a C-2,C-3,C-4a,C-9,C9a
H-6 C-5,C-8,C-10a C-5,C-7,C-8,C-10a
H-7 C-5,C-6,C-9,C-16 C-5, C-6, C-8, C-8a, C-16
H-11 C-1,C-2,C-3,C-12,C-13 C-1,C-2,C3,C-12,C-13
H-12 C-11,C-14,C-15 C-11, C-14,C-15
H-14 C-12,C-13,C-15 C-12, C-13,C-15
H-15 C-12,C-13,C14 C-12,C-13,C-14
H-16 C-7, C-8, C-8a, C-17 C-7,C-§,C-8a,C-17,C-18
H-17 C-8,C-16,C-18,C-19,C-20 C-8,C-16,C-18,C-19,C-20

MeO-18 C-18

H-19, H-2¢ | C-17, C-18, C-19, C-20 C-17, C-18, C-19,C-20
3.7 Compound YU17

Compound YU17 was obtained as a pale yellow gum. The IR spectrum
(Figure 52) suggested the presence of a hydroxyl group (3374 em’) and a conjugated
carbonyl group (1646 cm™). Its UV spectrum (Figure 51) (Ayax 220, 243, 273 and 315)
showed the occurrence of a xanthone nucleus. Its 'H (Figure 53) (Table 57) spectrum
was similar to' that of YU1S. The presence of {wo ortho-coupled aromatic protons
[6 7.19 and 6.98 (1H each, d, J = 8.0 Hz)] and a 3-hydroxy-3-methylbutyl group
[§ 3.29-3.26 (2H, m), 1.78-1.75 (2H, m) and 1.31 (6H, s5)] suggested that YU17
possessed the same left-handed aromatic ring as YUIS: a hydroxyl group and 3-

hydroxy-3-methylbutyl group at C-5 and C-8, respectively. Similarity of HMBC data

(Figure 57) (Table 58) supported above conclusion, In addition, signals for an ethoxyl
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group [§3.58 (2H, ¢, J= 7.0 Hz) and 1.31 (3H, ¢, J = 7.0 Hz}], two methyl groups
[61.23 (6H, s)] and four methylene protons [52.77 (2H, ¢, J = 6.5 Hz) and 1.80 (2H, ¢,
J = 6.5 Hz)] replaced signals of the C-2 isoprenyl group in YU15. Comparison of the
'H and ”C NMR (Figure 54) (Table57) spectra of YU15 and YU17 confirmed the
difference in the structure of C-2 substituent. In the "C NMR spectrum, the C-2
substituent in YU17 contained signals for two methylene carbons at §15.28 (C-11) and
41.48 (C-12), a quarternary catbon at §76.30 (C-13), two methyl carbons at §24.51
(C-14 and C-15) and ethoxy carbons at §57.53 (C-1') and 15.46 (C-2)). In the HMBC
spectrum, the methylene protons (H-1) of the ethoxyl group gave a cross peak with the
quarternary carbon, C-13, indicating its attachment at C-13. These data suggested that
YU17 contained a 3-ethoxy-3-methylbutyl unit. The correlations of H-11/C-1
(160.48), H-11/C-3 (163.26) and H-12/C-2 (112.12) suggested that the 3-ethoxy-3-
methylbuty!l unit was attached to C-2. The chemical-shift values of C-1 and C-3
together with the presence of the chelated hydroxy! group suggested the substituents at
C-1 and C-3 to be hydroxyl groups. The aromatic proton signal at §6.41 was attributed
to H-4 due to *J correlations with the “C signals at §112.12 (C-2) and 103.51 (C-9a).
Thus, compound YU17 was determined as 1,3,5-trihydroxy-2-(3-ethoxy-3-methyl-
buthyl)-8-(3-hydroxy-3-methylbuthyl)xanthone (7), a new naturally occurring

xanthone.
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Table 57 The 'H and °C NMR data of compounds YU1S5 in Acetone-d and YU17
[]

in CDCI,
Position S, (mult,, J,,) o.(C-Type)
YU17 YUIS YUL7 YUI15
1-OH | 13.43 (s) 13.65 (s) 16048 (C) | 161.50(C)
2 11212(C) | 11L14(C)
3-0H 16326 (C) | 163.83(C)
4 | 641() 6.56 (s) 94,01 (CH) | 93.45(CH)
4a 154.54(C) | 155.58(C)
5-OH 142.67(C) | 144.95(C)
6 |7.19(d,8.0) 7.25 (d, 8.0) 119.25 (CH) | 120.64 (CH)
7 | 698(d,8.0) 7.04 (d, 8.0) 125.72(CH) | 126.51 (CH)
8 136.60 (C) | 136.56(C)
8a 11833(C) | 119.40(C)
9 182.64 (C=0) | 183,73 (C=0)
9a 103.51(C) | 104.00(C)
10a 14543 (C) | 147.07(C)
11 277,65 3.36 (d, 7.0) 15.28 (CH,) | 21.88 (CH,)
12 |1.80(,6.5) 5.29 (mt, 7.0) 41.48 (CH,) | 123.28 (CH)
13 76.30 (C) 131.35 (C)
1" ]3.58(g,7.0) 57.53 (CH,)
2 {131, 7.0) 15.46 (CH,)
14 | 1.23(s) 1.65 (s) 24,51 (CH,) | 25.83(CH,)
15 {1.23() 1.79 (s) 24,51 (CH,) | 17.83 (CH,)
16 | 3.29-3.26 (m) 3.33-3.29 (m) 29.69 (CH,) | 30.69 (CH,)
17 | 178-175(m) 1.78-1.74 (m) 45.89 (CH,) | 46.94 (CH,)
18 70.76 (C) 70.38 (C)
19,20 | 1.31(s) 130 (s) 2925 (CH,) | 29.54 (CH,)




Table 58 Major HMBC correlations of compounds YU1S and YU17
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Proton YU17 YU135
1-OH C-1,C-2,C-9a C-1,C-2,C-9a
H-4 C-2,C-3,C-4a,C-% C-2,C-3, C-4a, C-9,C-9a
H-6 C-5, C-8, C-10a C-5,C-7, C-8, C-10a
H-7 C-5, C-8a, C-16 C-5,C-6,C-8,C-8a,C-16
H-11 C-1,C-2, C-3,C-12, C-13 C-1,C-2,C-3,C-12, C-13
H-12 C-2,C-11,C-13,C-14,C-15 C-11,C-14,C-15
H-1/ c-2,c-13
B2 |t
H-14 C-12, C-13, C-15 C-12, C-13,C-15
H-15 C-12,C-13,Cl4 C-12, C-13,C-14
H-16 C-7, C-8, C-8a, C-17 C-7, C-8, C-8a, C-17, C-18
H-17 C-16, C-18 C-8, C-16, C-18, C-19,C-20
H-19, H-20 | C-17, C-18, C-19, C-20 C-11, C-18, C-19, C-20
3.8 Compound YU4

Compound YU4 was isolated as a yellow solid, melting at 157.0-158.5 ‘c. 1t

showed a molecular ion at m/z 380 (Figure 67) which corresponded to a molecular

formula of C,,H,,0.. The IR spectrum (Figure 59) exhibited absorption bands at 3379

and 1642 cm” for a hydroxyl group and a conjugated carbonyl functionality. The

absorption bands at A__ 319 and 369 nm in the UV spectrum (Figure 58) indicated

that YU4 has a xanthone chromophore. The 'H NMR spectrum (Figure 60) (Table 59)

showed characteristic peaks of a 1,2,3-trisubstituted benzene ring in an ABX system

[67.78 and 7.32 (1H each, dd J=8.0 and 1.5 Hz) and 7.25 (1H, ¢, /= 8.0 Hz)] and two

isoprenyl groups [§3.56 (2H, d, J = 7.0 Hz), 5.28 (1H, mt, J = 7.0 Hz), 1.88 (3H, s)
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and 1.76 (3H, s); 3.50 (2H, d, J= 7.0 Hz), 5.30 (1H, m¢t, J=7.0 Hz), 1.86 (34, s) and
1.79 (3H, s)] in addition to three hydroxyl groups {§13.21 (1H, s, chelated OH), 6.55
(1H, brs) and 5.72 (1H, brs)]. The “C NMR spectrum (Figure 61) (Table 59) showed
22 resonances for 23 carbon atoms: twelve quaternary carbons (& 181.11, 160.91,
158.64, 152.38, 144.38, 144.00, 136.24, 133.53, 120.86, 109.08, 105.42 and 103.30),
five methine carbons (& 123.82, 122.20, 121.16, 119,75 and 116.90), two methylene
carbons (§22.06 and 21.63) and four methyl carbons [525.88, 25.67, 17.96 (2xC)). In
the HMBC spectrum (Figure 66) (Table 59), one of aromatic protons in the ABX
system, which appeared at the lowest field (& 7.78, H-8), gave cross peaks with a
carbonyl carbon (§181.11, C-9), a methine aromatic carbon (& 119.75, C-6) and an
oxygenated aromatic carbon (§144.00, C-10a). These results proved that this aromatic
proton was located at C-8 (§116.90), a peri position to the carbonyl group. Based on
the values of coupling constant, two remaining aromatic protons at & 7.32 and 7.25
were then attributed to H-6 and H-7, respectively. They showed a correlation with the
same oxyaromatic carbon (J§144.38, C-5), in the HMBC spectrum, suggesting that the
C-5 position was substituted by a hydroxyl group. The chelated hydroxy proton
(& 13.21) caused cross peaks with three aromatic carbons at & 158.64 (C-1), 109.08
(C-2) and 103.30 (C-9a), indicating that the C-2 position was not substituted by a
group possessing an oxygen function. The methylene protons, H-16, of the isoprenyl
group correlated to C-1, C-2 and C-3 (§160.91) whereas the methylene protons, H-11,
of the other isoprenyl group correlated to C-3, C-4 (6 105.42) and C-4a (& 152.38).
Consequently, two isoprenyl units were located at C-2 and C-4. The hydroxyl group
was then assigned to be at C-3 according to the chemical-shift value of C-3. In
addition, irradiation of both vinylic methyl protons [Me-14 (5 1.76) and Me-19
(6 1.79)], in the NOEDIFF spectra (Figure 63 and 64), enhanced only signals of
olefinic protons, H-12 (§5.28) and H-17 (& 5.30), respectively. These indicated that

olefinic protons, H-12 and H-17, were cis to the vinylic methyl protons. YU4 was then
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identified as 8-desoxygartanin (8) which was previously isolated from Garcinia

mangostana (Govindachari, et al., 1971).

Table 59 The NMR data of compound YU4 in CDCl,

6 7.32 (dd,8.0 and | 119.75 CH} | C-5,C-8,C-10a
1.5)
7 21.25 (¢, 8.0) 123.82 (CH) | C-5, C-8a, C-10a

8 7.78 (dd, 8.0 and | 116.90 (CH) | C-5, C-6, C-9, C-10a
1.5)
8a 120.86 (C)
9 181.11 (C=0)
9a 103.30 (C)

7.30-7.05 (m)

7.30-7.05 (m)
7.58 (g)

Position YU4 HMBC 8-desoxygartanin
8, mult, J,,) | 6.(C-Type) correlation 8, (mudt, J,)"
1-OH | 13.21 (s} 158.64 (C) | C-1,C-2,C9a 13.61 (s)
2 109,08 (C)
3-0OH | 6.55 (brs) 160.91(C) | C-2,C-3,C4 9.75 (s)
4 105.42 (C)
4a 152.38 (C)
5-0OH | 5.72(brs) 144,38 (C) 9.05(s)
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Position YU4 HMBC 8-desoxygartanin
O, Gmult, J,) | 6,(C-Type) correlation S, (mult, J, )’
1Ga 144,00 (C)
11 3.56 (d, 7.0) 22.06 (CH,) | C-3, C-4, C-4a, C-12, C-13 | 3.60-3.40 (br)
12 5.28 (ne, 7.0) 122.20(CH) | C-15 5.24 (br)
13 133.53 (C)
14 1.76 (s) 25.67(CH,) | C-12,C-13,C-15 1.66 (s)
15 1.88 (s) 17.96 (CH,) | C-12,C-13,C-14 1.82 (s)
16 3.50(d, 7.0) 21.63 (CH,) { C-1,C-2,C-3,C-17,C-18 | 3.60-3.40 (b#)
17 5.30 (1, 7.0) 121,16 (CH) | C-16, C-19 5.24 (br)
18 136.24 (C)
19 1.79 (s) 25.88 (CH,) | C-17,C-18,C-20 1.66 (s)
20 1.86 (s) 17.96 (CH,) | C-18,C-19 1.82 (s)

“ 'H NMR data of 8-desoxygartanin in CDCL,/CD,SOCD,

3.9 Compound YU3

Compound YU3 was obtained as a yellow solid, melting at 180.0-182.0 °C.

The UV absorption (Figure 68) indicated YU3 to be a xanthone derivative. The IR

spectrum (Figure 69) showed absorption bands for a hydroxyl group (3365 cm ) and a

conjugated carbonyl group (1646 cm™). It had a molecular ion at m/z 378 in EIMS

(Figure 76), corresponding to a molecular formula of C,,H,,0.. Its 'H NMR spectrum

(Figure 70) (Table 60) was similar to that of YU4: characteristic peaks of a 1,2,3-

trisubstituted benzene ring [§7.79 and 7.32 (1H each, dd, J= 8.0 and 1.5 Hz) and 7.25

(1H, ¢, J = 8.0 Hz}], an isoprenyl group [ 5.26 (1H, m¢, J=7.5 Hz), 3.37 (2H, d, J =

7.5 Hz), 1.82 (3H, s) and 1,70 (3H, s)] and a chelated hydroxyl group [§13.22 (1H, s)].
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The other signals were attributed to protons of a dimethylchromene ring [§6.80 (111, -
d, J = 10.0 Hz), 5.65 (1H, d, J = 10.0 Hz) and 1.50 (6H, s)]. The HMBC data
(Figure 75) (Table 60) of all aromatic protons of the 1,2,3-trisubstituted benzene ring
were identical to those of YU4, indicating that YU3 contained only a hydroxyl
substituent at C-5, The location of the isoprenyl group, the dimethylchromene ring and
the chelated-hydroxyl group on the right-handed ring of the xanthone nucleus was
established by the following HMBC data. The isoprenyl unit was assigned to be
attached at C-2 (5 112.22) by the correlations between H-16 (& 3.37) and C-1
(6160.53), C-2 and C-3 (& 158.60). In addition, the enhancement of the signal of an
olefinic proton, H-17 (& 5.26), upon irradiation at & 1.70 [vinylic methyl proton
(Me-19)] in the NOEDIFF spectrum (Figure 73), suggested that this olefinic proton
was cis to Me-19, The chelated hydroxyl group was definitely attached at C-1. The
remaining dimethylchromene ring was found to be fused in an angular form at C-4
(6'100.64) through an oxygen at C-3 according to the HMBC correlations between the
cis-olefinic proton (66.80, H-11) and two oxygenated aromatic carbons, C-3 and C-4a.
YU3 was then identified as ananixanthone (9) which was previously isolated from

Symphonia globulifera (Bayma, et al., 1998).




Table 60 The NMR data of compound YU3 in CDCI,
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Position YU3 HMBC ananixanthone
8, Gnult, J)| 6,(C-Type)]  correlation S(mult, J, )" 16,(C-Type)’
1-OH {13.22(s) 160.53(C) [ C-1,C-2,C9a 13.08 (s) 160.90 (C)
2 112,22 (C) 112,60 (C)
3 158.60 (C) 159.00 (C)
4 100.64 (C) 101.10 (C)
4a 149.22 (C) 149.70 {C)
5-OH 144.25 (C) 5.69 (s) 144.80 (C)
6 7.32(dd, 8.0 | 120.10(CH) |} C-5,C-8,C-10a 7.30 (dd, 7.8 and] 120.60 (CH)
and 1.5) 1.8)
7 7.25 (1, 8.0) 124.00 (CH)} | C-5, C-8a, C-10a 7.24 (¢, 7.8) 124.30 (CH)
g 7.79 (dd, 8.0 | 117.12(CH) | C-5,C-6,C-9, C-10a | 7.75 (dd, 7.8 and| 117.80 (CH)
and 1.5) 1.8)
8a 121.16 (C) 121.60 (C)
9 180.75 (C=0) 181.20 (C=0)
9a 103.13 (C) 103.60 (C)
10a 144.07 (C) 144.60 (C)
11 6.80 (d, 10.0) | 115.00 (CH) | C-3, C-4a, C-13 6.75 (d, 10.0) 115.40 (CH)
i2 5.65(d, 10.0) | 127.40(CH) | C-4,C-13 5.26 (d,10.0) 127.70 (CH)
13 78.10 (C) 78.50 (C)
14,15 | 1.50 (s) 28.16 (CH,) | C-12,C-13, C-14, 1.48 (s) 28.60 (CH,)
C-15
16 3.37(d,1.5) 2122 (CH,} | C-1,C-2,C-3,C-17, | 3.50(d, 6.7) 21.60 (CH,)
C-18
17 5.26 (mt, 7.5) | 121.86 (CH) | C-16, C-19, C-20 5.24 (d, 6.7) 122.30 (CH)
8 131.70 (C) 132.10(C)
19 1.70 (s) 25.81 (CH,) | C-17,C-18, C-20 1.87 (s) 26.20 (CH,)
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Table 60 (Continued)

Position YU3 HMBC ananixanthone

o, (mult, J )| &.(C-Type) correlation S (mult, J, )" |4, (C-Typ—e)“

20 1.82 (s) 17.91 (CH,) | C-17,C-18,C-19 1.72 (s) 18.30 (CH,)

“ 'H and "C NMR data of ananixanthone in CDCl,

3.10 Compound YU6

Compound YU6 was obtained as a yellow gum. The molecular formula was
determined as CH,,O, by EIMS (Figure 85). The UV (Figure 77) and IR spectra
(Figure 78) suggested that YU6 was also a xanthone derivative. Its 'H NMR spectrum
(Figure 79) (Table 61) was similar to that of YU3: signals for a 1,2,3-trisubstituted
benzene ring [& 7.80 and 7.31 (1H each, dd, J = 8.0 and 1.5 Hz) and 7.26 (1H, ¢, J =
8.0 Hz)], an isoprenyl group [§3.36 (2H, d, J = 7.5 Hz), 5.27 (1H, mt, J = 7.5 Hz),
1.68 and 1.82 (3H each, s)] and a chelated-hydroxyl group [512.86 (1H, s)]. However,
two doublets belonging to the olefinic protons, H-11 and H-12, of the
dimethylchromene residue in YU3 were replaced by two triplets of the methylene
protons, H-11 and H-12, of the dimethylchromane unit in YU6. In the HMBC
spectrum (Figure 84) (Table 62), both methylene protons (& 2.90, H-11) of the
chromane ring and that (§3.36, H-16) of the isoprenyl group gave cross peaks with the
same oxyaromatic carbon (& 159.37, C-3), while the other methylene protons (5 1.91,
H-12) correlated with a quaternary aromatic carbon (& 98.96, C-4). These data
indicated that the dimethylchromane ring was fused to the xanthone nucleus at the
same position as the dimethylchromene ring in YU3. The isoprenyl group was also

attached to the same carbon, C-2. The NOEDIFF data (Figure 82) indicated that the
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methyl signal at §1.68, Me-19, was cis to an olefinic proton, H-17, according to the
enhancement of this methyl signal after irradiation of H-17. In addition, the HMBC
correlations of three aromatic protons were identical to those of YU3. Thus, YU6 was
a dihydropyran derivative of YU3 and assigned as 1,5-dihydroxy-2-(3-methylbut-2-
enyl)—6/,6/-dimethyldihydropyrano(2/,3f:3,4)xanthone (10), a new naturally occurring

xanthone.

(10)

Table 61 The 'H and “C data of compounds YU3 and YU6 in CDCL,

Position O, (mult, J, ) 0. (C-Type)
YU6 YU3 YU6 YU3

I-OH | 12.86 (s) 13.22 (s) 158.07 (C) 160.53 (C)
2 112.06 (C) 112.22(C)
3 159.37 (C) 158.60 (C)
4 98,96 (C) 100.64 (C)
4a - 151.90 (C) 149.22 (C)

5-0H | 5.66 (brs) 144.08 (C) 144.25 (C)
6 | 7.31(dd,8.0and 1.5) |7.32(dd, 8.0 and 1.5) 119.57 (CH) 120.10 (CH)
7 | 7.26(,8.0) 7.25 (1, 8.0) 123.81 (CH) 124.00 (CH)
8§ |7.80(dd,8.0and 1.5) |7.79 (dd, 8.0 and 1.5) 117.08 (CH) 117.12 (CH)
8a 121,25 (C) 121.16 (C)
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Table 61 (Continued)
Position 8, (mult, J,. ) & (C-Type)
YU6 YU3 YUa YU3
9 180.65 (C=0) 180.75 (C=0)
9a 103,03 (C) 103.13 (C)
10a 144.25 (C) 144,07 (C)
11 2.90 (¢, 7.0) 6.80 (d, 10.0) 16.48 (CH,) 115.00 (CH)
12 1.91(,7.0) 5.65(d, 10.0) 31.49 (CH,) 127.40 (CH)
13 76.07 (C) 78.10 (C)
14,15 | 1.41 (s) 1.50 (s) 26.79 (CH,) 28.16 (CH,)

16 336(d,7.5) 3.37(d,1.5) 21.38 (CH,) 21.22(CH,)
17 5.27 (mt, 7.5) 5.26 (mt, 7.5) 122,11 (CH) 121.86 (CH)
18 131.47 () 131.70 (C)
19 | 168 () 170 (s) 2584(CH) | 25.81(CH,)
20 1.82 (s) 1.82 (s) 17.93 (CH,) 17.91 (CH,)

Table 62 Major HMBC correlations of compounds YU3 and YUG

Proton YUo6 YU3
1-OH C-1,C-2,C9a C-1,C-2,C9a
H-6 C-8,C-10a C-5,C-8, C-10a

"H-7 C-5,C-8a,C-10a C-5,C-8a, C-10a
H-8 C-6,C-9,C-10a C-5,C-6,C-9,C-10a
H-11 C-3,C-4, C-4a,C-12, C-13 C-3,C-4a, C-13

H-12 C-4,C-11,C-13,C-14, C-15 C-4,C-13

H-14,H-15 | C-12,C-13,C-14, C-15 C-12,C-13,C-14, C-15

H-16 C-1,C-2,C-3,C-17,C-18 C-1,C-2,C-3,C-17,C-18
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Table 62 (Continued)

Proton YUo YU3
H-17 C-16, C-19, C-20 C-16, C-19, C-20
H-19 C-17,C-18, C-20 C-17,C-18,C-20
H-20 C-17,C-18,C-19 C-17,C-18, C-19

3.11 Compound YU11

Compound YUI1 was isolated as a yellow gum. The molecular formula of
CygH,,0, was determined by its molecular ion at m/z 447 [M+H] in the FABMS
spectrum (Figure 95). The IR spectrum (Figure 87) suggested the presence of a
hydroxyl group (3424 cm™) and a conjugated carbonyl group (1647 cm’). Its UV
specttum (Figure 86) (4 . 294, 310, 329 and 376 nm) showed the occurrence of
a xanthone nucleus. The 'H NMR spectrum (Figure 88) (Table 63) showed
characteristic signals of a 1,2,3-trisubstituted benzene ring [57.79 and 7.34 (1H each,
dd, J = 8.0 and 1.5 Hz) and 7.27 (1H, ¢, J = 8.0 Hz)], a chelated hydroxyl group
[613.00 (1H, )] and a methylchromene ring [5 6.83 (1H, dd, J = 10.0 and 0.5 Hz),
5.61 (1H, d, J = 10.0 Hz} and 1.47 (3H, s)]. All aromatic protons of the 1,2,3-
trisubstituted benzene ring showed identical HMBC correlations (Figure 94) (Table
64) to those in YU3, indicating that both YUI11 and YU3 had the same left-handed
aromatic ring. A small coupling constant (J = 0.5 Hz) between the more deshielded
chromene hydrogen and an aromatic proton at § 6.30, occurred by °J extended W
pathway, suggested that this aromatic proton was ortho to the chromene oxygen. It
showed *J cross peaks with two oxyaromatic carbons, §163.41 (C-1) and §161.36 (C-
3), and a J cross peak with a quaternary carbon, C-4 (& 100.81). These data

established the location of this aromatic proton at C-2 (& 99.58). The fusion of the
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methylchromene ring at C-3 and C-4 with an cther linkage at C-3 was established by
correlations of H-11/C-3 and H-12/C-4. The remaining signals in the 'H NMR
spectrum belonged to a 4,8-dimethylnon-3,7-dienyl group [51.86-1.78 (1H, m), 1.73-
1.68 (1H, m), 2.16-2.11 (2H, m), 5.11 (1H, mt, J = 7.5 Hz), 1.98-1.94 (2H, m), 2.08-
2.00 (2H, m), 5.08 (1H, mt, J= 1.5 Hz), 1.67 (3H, d, J= 1.0 Hz), 1.58 (3H, ) and
1.59 (3H, 5)]. The structure of the dienyl moiety was established using HMBC
correlations as shown. Cross peaks between the methylene protons, H-15 (&5 1.86-1.78
and 1.73-1.68) with an olefinic carbon, C-12 (& 126.62) and an oxycarbon, C-13,
linked C-15 of the dienyl moiety to C-13 of the methylchromene ring. The E-
configuration of the C-17/C-18 double bond in the 4,8-dimethylnon-3,7-dienyl side
chain was deduced from the NOEDIFF spectrum (Figure 91) since irradiation of Me-
24 (6'1.58) affected only signals of methylene protons, H-16, H-19 and H-20 but did
not enhanced the signal of the olefinic proton, H-17. Upon irradiation of Me-23 (&
1.67), enhancement of the signal of H-21 (§ 5.08) was observed (Figure 92).
Therefore, this methyl group was cis to H-21. Thus, YU11 was assigned as 1,5-
dihydroxy-ﬁf-methyl-tS/—(4,8-dimethylnon-3,7-dienyl)pyrano(2/,3/:3,4)xanth0ne (11),

anew naturally occurring xanthone.
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Table 63 The 'H and "C data of compounds YU3 and YU11 in CDCl,

Position o, (mult, J ) 6.(C-Type)
YUl1 YU3 YU11 YU3
1-OH | 13.00(s) 13.22(s) 163.41 (C) 160.53 (C)
2 6.30 (d,0.5) 99.58 (CH) 112.22 (C)
3 161.36 (C) 158.60 (C)
4 100.81 (C) 100.64 (C)
4a 150.91 (C) 149,22 (C)
5-OH | 5.67 (brs) 144.27 (C) 144.25 (C)
6 7.34 (dd, 8.0 and 1.5) 7.32(dd, 8.0 and 1.5) 120.36 (CH) | 120.10 (CH)
7 7.27 (¢, 8.0) 7.25(1, 8.0) 124.19 (CH) 124.00 (CH)
8 7.79 (dd, 8.0 and 1.5) 7.79 (dd, 8.0 and 1.5) 117.14 (CH) 117.12 (C11)
8a 121.17(C) 121.16 (C)
g 180.67 (C=0) | 180.75 (C=0)
9a 103.46 (C) 103.13 (C)
10a 144,12 (C) 144,07 (C)
11 6.83 (dd, 10.0 and 0.5) | 6.80 (d, 10.0} 11504 (CH) | 115.00(CH)
12 5.61 (d, 10.0) 5.65 (d, 10.0) 126.62 (CH) 127.40 (CH)
13 80.86 (C) 78.10 (C)
14 | 1.47() 1.50 (s) 2710 (CH,) | 28.16 (CH,)
15 1.86-1.78 (m) 1.50 (s) 41.57 (CH,) 28.16 (CH,)
1.73-1.68 (m)
16 |2.16-2.11 (m) 3.37(d, 7.5) 22.50 (CH,) | 21.22(CH,)
17 511 (me, 7.5) 5.26 (mt, 7.5) 123.37(CH) | 121.86 (CH)
18 13576 (C) | 131.70 (C)
19 1.98-1.94 (m) 1.70 (s) 39.63 (CH,) 2581 (CH,)
20 | 2.08-2.00 (m) 1.82 (s) 26.63 (CH,) | 17.91(CH,)
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Table 63 (Continued)
Position S (mult, J, ) 0. (C-Type)
YU11 YU3 YUI1 YU3
21 | 5.08 (mr, 7.5) | 124.22 (CH)
22 131.40 (C)
23 | 1.67(d, 1.0) 25.70 (CH,)
24 | 1.58(s) 16.00 (CH,)
25 | 1.59 (s) 17.67 (CH,)

Table 64 Major HMBC correlations of compounds YU3 and YUI1

Proton YUI11 YU3

1-OH C-1,C-2,C-9a C-1,C-2,C-9a

H-2 C-1,C-3,C-4,C-9a

H-6 C-5,C-8,C-10a C-5,C-8,C-10a

H-7 C-5, C-8a, C-10a C-5,C-8a,C-10a

H-8 C-5,C-6,C-9,C-10a C-5,C-6,C-9,C-10a
H-11 C-3,C-4a,C-13 C-3,C-4a, C-13

H-12 C-4,C-13 C-4,C-13

H-14 C-12,C-13,C-15 C-12, C-13,C-14,C-15
H-15 C-12, C-13, C-14, C-16, C-17 C-12, C-13, C-14, C-15
H-16 C-15,C-17,C-18 C-1,C-2,C-3,C-17,C-18
H-17 C-16,C-19,C-24 C-16, C-19, C-20
H-19 C-17, C-18, C-20,C-24 C-17, C-18, C-20

H-20 C-18,C-19,C-21,C-22 C-17,C-18,C-19

H-21 C-23

H-23 C-21,C-22,C-25
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Table 64 (Continued)

Proton YU11 YU3

H-24 C-17, C-18, C-19
H-25 C-21,C-22,C-23

3.12 Compound YU16

Compound YU16 was obtained as a yellow gum. The IR spectrum (Figure 97)
exhibited absorption bands at 3380 (a hydroxyl group) and 1643 cm’' (a conjugated
carbonyl group). The UV (Figure 96) spectrum with absorption bands at 218,242,258
and 319 nm indicated that it was a xanthone derivative. The 'H NMR spectrum
(Figure 98) (Table 65) showed characteristic peaks of a 1,2,3-trisubstituted benzene
ring [§7.72 and 7.25 (1H each, dd, J= 8.0 and 1.5 Hz) and 7.20 (IH,t,J=8.0Hz2)], a
dimethylchromane ring [§2.79 (2H, t,J = 7.5 Hz), 1.77 QH, 1, J= 7.5 Hz) and 1.30
(6H, 5)] and a 3-hydroxy-3-methylbutyl unit [53.01-2.98 (2H, m), 1.80-1.78 (2H, m)
and 1.30 (6H, s)] in addition to a chelated hydroxy proton {5 13.00 (1H, s)]. The
HMBC data (Figure 102) (Table 65) of all aromatic protons of the 1,2,3-trisubstituted
benzene ring were identical to those of YUS, indicating that YU16 contained a
hydroxyl substituent at C-5. The location of the dimethylchromane ring, the
3-hydroxy-3-methylbutyl group and the chelated hydroxyl group on the right-handed
ring of the xanthone nucleus was established by the following HMBC data. The
chelated hydroxyl group which was definitely attached on C-1 showed cross peaks
with C-2 (6 111.09) and C-9a (6 102.91). The dimethylchromane ring was found to be
fused in a linear fashion at C-2 (§ 111.09) through an oxygen at C-3 (& 160.48)
according to the HIMBC correlations between the methylene protons (& 2.79, H-16)

and two oxygenated aromatic carbons at §157.69 (C-1) and & 160.48 (C-3) as well as
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a correlation between the methylene pretons (8 1.77, H-17) and C-2. The remaining
3-hydroxy-3-methylbutyl unit was assigned to be attached at C-4 (5 107.86) by the
correlations of H-11 (& 3.01-3.28)/C-3, H-11/C-4a (& 152.58) and H-12 (& 1.80-
1.78)/C-4. Therefore, YU16 was assigned as 1,5-dihydroxy-4-(3-hydroxy-3-

methylbutyl)-6’,6/—dimethyldihydropyrano(2”,3/:3,2)xanthone (12), a new naturally

occurring xanthone,

(12)

Table 65 The NMR data of compound YU16 in CbCl,/CDb,0D

Position S, (mult,, J,) O (C-Type) HMBC correlation
1-OH 13.00 (s} 157.69 (C) C-2,C-9a
2 111.05 (C)
3 160.48 (C)
4 107.86 (C)
4a 152,58 (C})
5-OH 145.35 (C)
6 7.25 (dd, 8.0 and 1.5) 120.05 (CH) C-8,Ci0a
7 7.20 (¢, 8.0) 123.47 (CH) C-5,C-8a
8 7.72 (dd, 8.0 and 1.5) 115.84 (CH) C-6,C-9,C-10a
8a 121,00 (C)
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Table 65 (Continued)

Position O, (mutlt,, J,,)) J.(C-Type) HMBC correlation
9 181.25 (C=0)
9a 102.91 (C)
10a 144.95 (C)
11 3.01-3.98 (m) 16.89 (CH,) C-3,C-4,C-4a, C-12,C-13
i2 1.80-1.78 (m) 41.55 (CH,) C-4,C-11,C-13,C-14, C-15
13-OH 71.45(C)
14,15 1.32 (s) 29.09 (CH,) C-12,C-13,C-14, C-15
16 2,791, 1.5) 16.59 (CH,) C-1,C-2,C-3,C-17,C-18
17 1.77 (¢, 7.5) 41.15 (CH,) C-2, C-16, C-19, C-20
18 71.33(C)
19,20 1.30 (s) 29.17 (CH,) C-17,C-18, C-19, C-20

3.13 Compound YU7

Compound YU7 was isolated as a yellow solid, melting at 241.2-243.0 °C. The
UV (Figure 103) and IR (Figure 104) spectral data suggested that it was a xanthone
derivative. The 'H NMR spectrum (Figure 105) (Table 66) showed characteristic
signals of a 1,2,3-trisubstituted aromatic ring: §7.63 and 7.19 (1H each, dd, J = 8.0 and
1.5 Hz) and 7.13 (1H, ¢, J = 8.0 Hz). These data together wi@h HMBC data (Figure
110) (Table 66) indicated that the lefi-handed aromatic ring of YU7 had the same
substitution pattern as YU6. In addition, the 'H NMR spectrum exhibited a chelated
hydroxy proton at §12.86 (1H, s), a singlet of a methoxyl group at §3.87 (3H, s), a
singlet aromatic proton at & 6.57 (1H, s) and characteristic signals of an isoprenyl
group [53.29 (2H, d, J= 7.5 Hz), 5.15 (1H, mt, J = 7.5 Hz), 1.72 and 1.60 (3H each,

s)]. In the HMBC spectrum, the chelated hydroxy proton (& 12.86) caused cross peaks
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with aromatic carbons at & 158,83 (C-1), 111.59 (C-2) and 103.37 (C-9a).
Furthermore, C-1 correlated to methylene protons (& 3.29, H-11) of the isoprenyl
group while these protons correlated to an oxygenated aromatic carbon C-3 (& 164.37)
which showed a correlation to the methoxy protons (& 3.87). These spectral evidence
established the location of the chelated hydroxyl group, the isoprenyl unit and
methoxyl group at C-1, C-2 and C-3, respectively. The methyl group of the isoprenyl
unit at §1.60 was found to be cis to the olefinic proton, H-12, due to the enhancement
of this methyl signal upon irradiation of H-12 in the NOEDIFF experiment
(Figure 108). The remaining aromatic proton (56.57) was then attributed to H-4 based
on *J correlations of H-4/C-2 and H-4/C-9a. Thus, YU7 was identified as 1,5-
dihydroxy-3-methoxy-2-(3-methylbut-2-enyl)xanthone (13). It has been previously

isolated from Garcinia mangostana (Sen, et al., 1981).




Table 66 The NMR data of compound YU7 in CDCL/CD,0D
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Position YU7 HMBC YU7
correlation {published data)
S, (mult, J, ) J.(C-Type) 8 (mult, J )"
I-OH | 12.86(s) 158.83(C) | C-1,C-2,C9a 13.10 (s)
2 111.59 (C)
3 164.37(C)
3-OMe | 3.87(s) 55.69 (CH,) | C-3 3.99 (s)
4 6.57 (s) 89.89 (CH) | C-2,C-3,C-4a,C-9,C-9a | 6.74 (s)
4a 155.85 (C)
5-OH 14545 (C)
6 7.19 (dd, 8.0 and 1.5)] 119.78 (CH) | C-5,C-8, C-8a, C-10a 7.35(m)
7 7.13 (¢, 8,0} 123.49 (CH) [ C-5,C-8,C-8a 7.35(m)
8 7.63(dd, 8.0and 1.5)| 11542 (CH) | C-6,C-9,C-10a 7.65 (g)
8a 121.29 (C)
9 181.00 (C=0)
9a 103.37(C)
10a 145.11 (C)
il 3.29(d,7.5) 21.00(CH,) | C-1,C-2,C-3,C-12,C-13 | 3.30-3.60 (d, 6.5)
12 5.15 (mt, 7.5) 121,70 (CH) | C-11,C-14 5.20 (¢, 6.5)
13 131.65(C)
14 1.60 (s) 25.36 (CHJ) C-12,C-13,C-15 1.66 (s)
15 1.72(s) 17.35(CH,) | C-12,C-13,C-14 1.76 (s)

“ 'HNMR data of 1,5-dihydrexy-3-methoxy-2-(3-methylbut-2-enyl)xanthone in DMSO-d,
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3.14 Compound YU12

Compound YU12 was isolated as a yellow solid, melting at 201.5-203.2 °C. Its
IR (Figure 112) and UV (Figure 111) spectral data showed absorption bands of a
hydroxylated xanthone. Its " (Figure 113) (Table 67) and “C NMR spectra
(Figure 114) (Table 67) were similar to those of YU?7. Signals of a chelated hydroxyl
group [612.87 (1H, )], an isoprenyl group [53.38 QH, d, J = 7.0 Hz), 5.24 (1H, nx,
J=7.0 Hz), 1.80 and 1.69 (3H each, s)], a methoxy! group [& 3.94 (3H, s)] and an
aromatic proton [56.43 (1H, s)] suggested that YU12 possessed the same right-handed
ring as YU7. This conclusion was confirmed by HMBC data (Figure 118) (Table 67)
which were identical to those of YU7. The NOEDIFF data (Figure 116) indicated that
the olefinic proton, H-12 (& 5.24), of the isoprenyl group was cis to the methyl protons,
Me-14 (51.69), according to the enhancement of this olefinic signal after irradiation of
Me-14. In addition, three aromatic protons of a 1,2 4-trisubstituted benzene ring
[67.62 (1H, d, J = 3.5 Hz), 7.36 (1H, d, J = 8.5 Hz) and 7.26 (1H, dd, J = 8.5 and
3.5 Hz)] and a hydroxy proton signal at §5.66 (1H, brs) were observed in the 'H NMR
spectrum. The lowest-field aromatic proton (& 7.62) of the 1,2,4-trisubstituted benzene
ring was attributed to H-8 bascd on its chemical shift value and a cross peak between
this aromatic proton and a carbonyl carbon (&5 180.41, C-9) in the HMBC spectrum.
Consequently, other aromatic protons at §7.36 and 7.26 were assigned to H-5 and H-6,
respectively, The *J correlation between H-5 and an oxyaromatic carbon (& 151.97,
C-7) revealed the substituent at C-7 to be a hydroxyl group. YUI2 was then identified
as 1,7-dihydroxy-3-methoxy-2-(3-methylbut-2-enyl)xanthone (14) which was
previously isolated from Garcinia mangostana (Mahabusarakam and Wiriyachitra,

1987).




Table 67 The NMR data of compound YU12 in CDCI,
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Position YU12 HMBC YU12
correlation (published data)
8, (mult, J.)} | 5,(C-Type) 8 (mult, J,. )
1-OH | 12.87 (s) 159.39(C) | C-1,C-2,C%a 13.03 (s)
2 111.72 (C)
3 164.45 (C)
3-OMe | 3.94 (s) 55.95(CH,) {C-3 3.92 (s)
4 |643() 89.57(CH) | C-2,C-3,C-4a,C-9,C9a |6.41(s)
4a 156.32 (C)
5 17.36(d,8.5) 118.98 (CH) | C-7,C-8a,C-10a 7.29 (d, 8.0)
6 |7.26(dd,8.5and | 123.73(CH) |C-8,C-10a 7.26 (dd, 8.0 and
3.5) 2.0)
7-OH | 5.66 (brs) 151.97 (C) 9.25 (s)
8 |7.62(d,3.5) 109.23 (CH) | C-6,C-9,C-10a 7.64 (d, 2.0)
8a 121.20 (C)
9 180.41 (C=0)
9a 103.95 (C)
10a 150.52 (C)
11 |3.38(4,7.0) 21.32(CH,) |C-1,C-2,C-3,C-12,C-13 |3.36 (d, 7.0)
12 | 5.24 (mt, 7.0) 122.02 (CH) | C-11,C-14,C-15 5.23 (brt, 7.0)
13 131.96 (C)




Table 67 (Continued)
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Position YU12 HMBC YU1L2
correlation (published data)
8, (mult,, J.. ) | &,(C-Type) 8, (nult,, J, )
14 1.69 () 25.81 (CH,) C-12,C-13, C-15 1.68 (s)
15 1.80 (s) 17.80 (CH,) C-12,C-13,C-14 1.79 (s)

i

'H NMR data of 1,7-dihydroxy-3-methoxy-2-(3-methylbut-2-enyl}xanthone in
CDCL/CD,SOCD,

3.15 Compound YUS

Compound YUS was obtained as an orange-red gum. Its molecular formula
was determined as C,,;H,;0, (m/z 411 [M+H]') by FABMS (Figure 127). The IR
spectrum (Figure 120) exhibited absorption bands at 3380 cm™ for a hydroxy! group,
1642 and 1616 cm’ for two carbonyl groups. The UV spectrum (Figure 119) showed
an absorption band at 264 nm, indicating the presence of a p-benzoquinone moiety
(Naito, et al., 1992). The BC NMR spectrum (Figure 122) (Table 68) showed 26
resonances: nine quaternary carbons (5 187.41, 183.44, 150.63, 149.07, 137.19,
135.06, 134.92, 131.28, 120.58), five methine carbons (& 128.40, 124.23, 124.25,
124.07, 119.58), seven methylene carbons [§39.74 (2xC), 39.72, 26.79, 26.67, 26.51,
22.13] and six methyl carbons {§25.72, 17.71, 16;59,-16.20, 16.04, 16.01). The carbon
signals at 5183.44 and 187.41 were attributed to p-benzoquinone carbonyl carbons. Its
'"H NMR spectrum (Figure 121) (Table68) showed a quinonoid methyl signal at §2.12
(3H, d, J = 1.5 Hz), a quinonoid proton signal at §6.59 (1H, ¢, J = 1.5 Hz) and an
enolic hydroxyl signal at §6.94 (1H, brs). In addition, signals of four olefinic-methine

~protons (#5.17, 5.14 and 5.11), seven methylene groups (53.19, 2.09 and 2.00) and
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five methyl groups (6 1.78, 1.71, 1.62 and 1.61) suggested that a substituent of p-
quinone unit contained four isoprene units. Most of the methyl signals did not show an
NOE enhancement to any signal of olefinic protons except for Me-22 (&1.71) which
enhanced a signal of the olefinic proton, H-20 (§5.14) (Figure 124). These indicated
that the configuration of internal double bond was all E and the methyl group at 1,71,
not the methyl group at §1.63, was cis to H-20. The chemical shifts of all carbons
were assigned by comparing these data with those of (2E, 6E)-famesol (Naito, ef al.,
1992) together with the HMBC data (Figure 126) (Table 68). This C,, substituent was
assigned to be at C-3 according to HMBC correlations between the methylene protons,
H-7 (83.19) of the side chain and quinonoid carbons: C-2 (§150.63), C-3 (5120.58)
and C-4 (6187.41). The quinonoid proton (& 6.59, H-6) showed cross peaks, in the
HMBC spectrum, with a carbonyl carbon (C-4), an oxyquinonoid carbon (C-2) and a
methyl carbon (516.59, C-27) while the methyl protons (§2.12, Me-27) showed cross
peaks with the carbonyl carbon (C-4) and a quinonoid-methine carbon (5128.40, C-6).
These data established the location of the methyl group and the quinonoid proton at C-
5 and C-6, respectively. Thus, the C-2 position must be substituted by a hydroxyl
group. On the basis of these spectral data, YUS had the structure 15, a new

p-benzoquinone,

(15)




Table 68 The NMR data of compound YUS in CDC],
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Position S (muit,, J,,) 0.(C-Type) HMBC correlation

1 183.44 (C=0)

2-OH | 6.94 (brs) 150.63 (C)
3 120.58 (C)
4 187.41 (C=0)
5 145.07 (C)
6 6.59 (¢, 1.5) 128.40 (CH) | C-2,C-4,C-27
7 3.19(d, 7.5) 22.13(CH,) | C-2,C-3,C4,C-8,C9
8 5.17 (mt, 1.5) 119.58 (CH) | C-7,C-23
9 137.19 (C)
10 | 2,00 (nt, 7.5) 39.74 (CH,) | C-8,C-9,C-11,C-12, C-13
1T | 209 Gnt, 7.5) 26,51 (CH,) | C-10,C-12, C-13-
12 | 5.010n,7.5) 124.07 (CH) | C-10,C-11,C-24
13 135.06 (C)
14 2.00 (mt, 7.5) 39.74 (CH,) | C-11,C-12,C-13, C-16,C-17
15 2.09 (st, 7.5) 26.67(CH,) | C-13,C-16,C-17
16 5.14 (mt, 7.5) 124.25 (CH) | C-25
17 134,92 (C)
18 2.00 (mt, 7.5) 39.72 (CH,) | C-16,C-17,C-20, C-25
19 2.09 (mnt, 7.5) 26.79 (CH,) | C-17,C-20,C-25
20 5.14 (mt,7.5) 12443 (CH) | -
21 131.28 (C)
22 1.71 (d, 1.0) 2572 (CH,) | C-20,C-21,C-26
23 1.78 (s) 16.04 (CH,) | C-8,C-9,C-10
24 1.61 (s)* 16.20 (CH,) | C-13,C-16,C-17,C-18,C-20
25 1.62 (s)* 16.01 (CH,) { C-13,C-16,C-17,C-18,C-20
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Table 68 (Continued)

Position O (mult, J, } O(C-Type) HMBC correlation
26 1.63 (s) 17.71 (CH,} | C-20,C-21,C-22
27 2,12 (d, 1.5} 16.59 (CH,) | C-4,C-5,C-6

* interchangeable
3.16 Compound YU13

Compound YU13 was obtained as pale yellow crystals, melting at 185.6-187.2
°C. Its molecular formula was determined as C,,H,,0, by EIMS (Figure 137). Its UV
spectrum (Figure 128) showed absorption bands at 229, 251, 258 and 295 nm. The IR
spectrum (Figure 129) showed absorption bands at 3367 (a hydroxyl group) and 1657
em” (a carbonyl group). The 'H NMR spectrum (Figure 130) (Table 69) showed
signals of two methine protons at §4.76 (1H, dd, J= 2.5 and 2.0 Hz, H-ZI) and 4.36
(1H, td, J = 5.5 and 2.5 Hz, H-3') and two sets of non-equivalent methylene protons:
one set at §4.12 (1H, dt, J= 8.0 and 3.0 Hz, H-5") and 4.02 (1H, ddd, J = 8.5, 8.0 and
6.5 Hz, H-5") and the other set at 52.14-2.05 (1H, m, H-4) and 1.91-1.86 (1H, m,
H-4). The HMQC spectrum (Figure 135) revealed a cross peak between the more
deshielded methine proton and an oxycarbon at & 82.96 (C-Z/) and that between the
other methine proton and an oxycarbon at & 76.76 (C-3/). Furthermore, the more
deshielded methylene protons showed a cross peak in the HMQC spectrum with an
oxycarbon at §68.28 (C-5') while other methylene protons correlated with a sp3 carbon
at §34.40 (C-4). The chemical-shift values of H-3" and C-3’ suggested the substituent
at C-3 to be a hydroxyl group. HMBC correlations (Figure 136) (Table 69) of H-2/C-
5" and H-57C-2’ established a tetrahydrofuran unit with an ether linkage between C-2’

and C-5, Signals of one chelated hydroxyl group (&12.62), one free hydroxyl group
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(54.43), two meta-coupled aromatic protons [§6.39 (1H, d, J=2.0 Hz) and 6.27 (1H,
d, J = 2.0 Hz)] and an olefinic proton [§7.85 (1H, 4, J = 2.0 Hz}] were also present in
'H NMR spectrum, The olefinic proton (& 7.85, H-2) showed correlations in the
HMBC spectrum with a carbonyl carbon, & 188.04, and two oxycarbons at §160.11
(C-8a) and &582.96 (C-2) of the 3-hydroxytetrahydrofuran unit. These data together
with the chemical-shift values of H-2 suggested that YUI3 possessed an isoflavone-
like structure carrying the 3-hydroxytetrahydrofuran at C-3 instead of a phenyl ring.
The chelated hydroxyl group (§12.62, 5-OH) was placed at C-5 because it formed an
intramolecular hydrogen bond with the carbonyl group. A pair of meta-coupled
doublets at §6.39 (/= 2.0 Hz) and §6.27 (J = 2.0 Hz) were then attributed to H-6 and
H-8, respectively. The 2J correlations between the aromatic methine protons, H-6 and
H-8, and an oxyaromatic carbon (§166.19, C-7) established the substituent at C-7 to be
a hydroxyl group. Therefore, YUI3 had the new isoflavone-like structure 16. The
relative stereochemisiry of the 3-hydroxyfuran moiety was established by NOEDIFF
data, Irradiation of the olefinic proton, H-2, enhanced signals of the methine proton, H-
2’, and one of the methylene protons, H-S’ﬂ at §4.12 (Figure 134) while irradiation of
H-2’ did not affect the signal of H-3' but enhanced the signal of H-2 (Figure 133).

These results indicated that H-2 and H-3" were trans.
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Table 69 The NMR data of compound YUI3 in Acetone-d

Position O Cmult, J,, ) SA(C-Type) HMBC correlation
2 7.95 (d, 2.0) 155.11 (CH) | C-2/,C-3,C-4,C-8a
3 124.07 (C)
4 188.04 (C=0)
4a 106.07 (C)
5-OH | 12,62 (s) 164.24(C) | C-4a, C-5,C-6,C7
6 6.39 (d, 2.0) 100.36 (CH) | C-4a,C-5,C-7,C-8
7-OH | 4.43 (brs) 166.19 (C)
8 6.27 (d, 2.0) 95.02 (CH) | C-4a, C-6,C-7, C-8a
8a 160.11 (C)
2 4.76 (dd, 2.5 and 2.0) 8296 (CH) |C-2,C-3,C-3,C-5
3y 4.36 (1d, 5.5 and 2.5) 76.76 (CH) | C-5
4 o 1.91-1.86 (m) 34.40 (CH,)
A | 2.14-2.05 (m)
5 | 4.02(ddd 8.5,80and6.5) | 68.28(CH,) |C4
B | 412 (dt, 8.0 and 3.0) c-2, ¢y

3.17 Compound YUS

Compound YUS8 was obtained as a white solid, melting at 251.2-252.4 °C. The

mass spectrum (Figure 141) showed a molecular ion at m/z 426, corresponding to a

molecular formula of C,;H,,O while the IR spectrum (Figure 138) exhibited an

absorption band at 1716 cm” for a carbonyl group. Its 'H NMR (Figure 139) and °C

NMR (Figure 140) spectral data suggested that YU8 was friedelin (17). Comparison

of its melting point and TLC chromatogram with those of authentic friedelin

(Kaewnok, 2000) supported this conclusion.
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