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ABSTRACT

Investigation of the chemical constituents from the bark of Artocarpus
elasticus yielded six modified prenylated flavones: 5-hydroxy-2-(4-hydroxy-2,5-di-
methoxyphenyl)-7-methoxy-3-(3-methylbut-2-enyl)-4H-chromen-4-one  (AE3), fura-
nodihydrobenzoxanthone derivative (AE7), quinonobenzoxanthone derivatives
(AE11 and AE13), 1,3,4,8-tetrahydroxy-10-methoxy-5-(prop-1-en-2-yl)-5H-benzo[c]
xanthen-7-(6H)-one (AE12), 5-hydroxy-8,8-dimethyl-2-(2,4-dihydroxyphenyl)-4H,
8H-benzo[1,2-b"]dipyran-4-one (AE15). Ten known compounds were also obtained:
5-hydroxy-8,8-dimethyl-3-(3-methyl-2-butenyl)-2-(2,4,5-trihydroxyphenyl)-4 4,8 H
benzo[1,2-b:3,4-b"]dipyran-4-one ~ (AE1l),  8-hydroxy-3-methylisochroman-1-one
(AE2), 6,7-dihydro-5,9,14-trihydroxy-11-methoxy-3,3-dimethyl-6-(1-methylethyl)-
3H,8H-[1]benzopyrano[7,6-c]xanthen-8-one (AE4), 12-acetyl-6-hydroxy-3,3,9,9-te-
tramethyl-3H,7H,furo[3,4-b]pyrano[3,2-h]xanthen-7,11(9H)-dione ~ (AES), 6,7-
dihydro-5,9,11,14-tetrahydroxy-3,3-dimethyl-6-(1-methylethenyl)-(-)-3H,8 H-pyrano
[3',2":4,5]benzo[ 1,2-c]xanthen-8-one (AE6), 5a,6-dihydro-1,3,8-trihydroxy-5,5,11,11-
tetramethyl-9-(3-methyl-2-buten-1-yl)-5H,7H,11H-benzofuro[3,4-bc]pyrano[3,2-/]
xanthen-7-one (AES8), (3.,4,5-trimethoxyphenyl)methanol (AE9), 5a,6-dihydro-1,3,8-
trihydroxy-5,5,11,11-tetramethyl-5H,7H,1 1 H-benzofuro[3,4-bc]pyrano| 3,2/ ]xanthen-
7-one (AE10), 5a,6-dihydro-1,3,8-trihydroxy-10-methoxy-5,5-dimethyl-5H,7H-benzo
furo[3,4-bc]xanthen-7-one (AE14) and 2-(2,4-dihydroxyphenyl)-5,7-dihydroxy-4H-
chromen-4-one (AE16). Their structures were determined on the basis of UV, IR,

NMR MS and by comparison of their spectroscopic data with those reported.
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THE RELEVANCE OF THE RESEARCH WORK TO THAILAND

The purpose of this research is to investigate the chemical constituents
of Artocarpus elasticus. It is a part of the basic research on the utilization of Thai
medicinal plants. This research will contribute significantly to scientific basis of
traditional medicine. Fourteen prenylated flavones type pure compounds, mullein and
(3.,4,5-trimethoxyphenyl)methanol have been isolated from this plant. Artonin E
showed strong anti-S. aureus ATCC25923 and MRSA SK1 with MIC 4 and 8 pg/ml,
respectively. Moreover, many compounds of prenylated flavones type have been
reported to have cytotoxic, antimicrobial and antioxidation activities. Further study on
the biological activity of the isolated compounds should be performed which can lead
to active compounds. Therefore Thai plant can be utilized as a natural resource of

potential drugs.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Nowadays, most of people have extensively conceontatheir health
due to various types of pollutions which occur tlglb atmosphere, food, water and
also unhealthy eating habits which result in mampes of diseases such as coronary
thrombosis, diabetes, hypertension, cancer, alareicataract, rheumatism, progeria
syndromeetc.. Thus, the discovery of new drug or the developmantutrient
supplement has very high competition between tipplgrs within country and also
abroad. Thailand is a tropical country which caméainany kinds of herbal plants that
promise to cure many diseases, therefore Thai tsti®rhave realized that it is
necessary to conduct a research and analyze omsutestances from the herbal plant
which have pharmacological and biological actigti@he study of the chemical
composition in Thai herbal plant is really impottanhe information from the study
show that the plant in the gendstocarpus contains really high percentage of
flavonoid groups which is categorized as one typeploenolic compound. This
compound is known to potentially have antioxidaamfimutagen, antitumor, anti-
inflammatory and anticarcinogenic properties. Ryasi study by Euis H. Hakim
reported that Artocarpus species contain phenolic compounds, including
isoprenylated flavonoids, stilbenoids and 2-arytwdurans” (Hakim,et al., 2006).
Therefore, we were interested to study the chencmalposition of the herbal plant in
the genusArtocarpus which have been traditionally used by local peadplenany
areas of Thailand and many other countries in S Asia. Even though, the
chemical composition, biological activity as wel @harmacological activity of
Artocarpus genus have been studied worldwide in the pasibhlyt few researches
about Artocarpus elasticus are conducted. Hence, the search for new bioactive

compounds is really important as it can providedis$ormation for future study.



The Artocarpus genus is widely distributed throughout Thailand. |
belongs to the mulberry family Moraceae and sevenambers of the genus
encompass approximately 60 species of trees thaetbthroughout tropical Asia.
This genus is known to be rich in prenylated flamds and their derivatives (Aidé,
al., 1997). A number of these trees are histogcedbuted to possess medicinal
properties and are utilized as folk medicines inwéa, Thailand, and Indonesia
(Nicolaou, et al., 2008). Artocarpus elasticus, is locally known as ‘Ka-ok’ in
Thailand. The use of ground-bark to allay backaahd the latex to treat dysentery
prompted us to examinévrtocarpus species further for bioactive substances.
However, there are only a few reports on the chahdonstituents, we are therefore
motivated to investigate its constituents in detail

Artocarpus elasticus are found wild in the southern part of Thailand.
A. elagticus is a large tree, grow to a height of 25-40 medpeeading branches and a
straight trunk with bark, outer bark is smooth @@k brown color while inner bark
is light brown. The leaves are large 12-30 c.mden20-55 c.m., bright-green and
glossy on the upper surface, stiff hair on the wuside, the petiole 5-10 c.m. long.
Flowers bear a multitude of tiny flowers. Fruite aylindrical-shaped, 5.5 c.m. wide,
12 c.m. long, have harsh, sand paper-like rind;egaly the rind is green at first,
turning yellow-brown when ripe. It produce flowairthg December-March, fruit will
be mature during July-October. For geographic ithgtion it is found in the forest
which located near canal and is also found in tbethern area of Thailand.
Moreover, it has also been found in other countdesh as Myanmar, Malaysia,
Indonesia. It has the sticky, milky latex which @agroperty like glue so it is used for
trapping animal such as birds.



Figure 1 Artocarpus elasticus



1.2 Review of Literatures
1.2.1 The Chemical Constituents and Biological Activity of Artocarpus genus.

Prenylated flavonoids, stilbenoids and 2-arylbeoeai were the
major components isolated froArtocarpus genus. The flavonoid constituents may
be further classified according to their skeletas chalcones, flavanones, flavones,
flavan-3-ol, and 3-prenylflavones. Furthermore, r¢heare classes of modified
flavonoids, which can be regarded as cyclized d#éxies of 3-prenylflavones:
oxepinoflavones, pyranoflavones, dihydrobenzoxamésp furanodihydrobenzoxan-
thones, and pyranodihydrobenzoxanthones, and slasge flavonoid-derived
xanthones, which can be regarded as rearrangeshfi&ls: quinonobenzoxanthones,
cyclopentenoxanthones, xanthonolides, dihydroxarghand cyclopentenochromone
(Hakim, et al., 2006). The structures of various classes ofrdéigellar, modified, and

rearranged flavonoids were summarizeétigures 2, 3 and4.

OH © OH O
Chalcone Fagne

OH
HO o) ©/ HO
; V ~OH

OH OH O

Flavan-3-ol 3-Prenylflavone

Figure 2 The structures of regular flavonoidsAntocar pus



Oxepinoflavone Pyranoflavone Dihydrobenzoxanthone
HO OH

o oI

LIS

OH O

Furanodihydrobenzoxanthond?yranodihydrobenzoxanthone

Figure 3 The structures of modified flavonoidsAntocarpus

5 HO o) . CO,CH,
OH

OH O OH O

o) OH Q

Quinonobenzoxanthone Cyclopentenoxanthone

o Xanthonolide HO O OH

HO. o HO 0]
(0]
| )
OH O OH O

Dihydroxanthone Cyclopentenochromone

Figure 4 The structures of flavonoid-derived xanthoneévitocar pus



In the previous report, prenylated flavones whialvéhbeen found in
Artocarpus genus, most frequently the hydroxyl groups ardaca (occasionally
with methoxyl groups) in the C-5,7,2 or C-5,7,24',5 positions, and the isoprenyl
group (occasionally geranyl group) at C-3, C-3)6(Ce3,6,8 positions in the A-ring.
In the modified flavonoids, the isoprenyl substituat C-3 position is always found
in the form of a carbocyclic ring or an oxygen-bea@ring fused with rings B and C.
In the rearranged-flavonoid group of compounds,atiginal ring B of the modified-
flavonoid skeleton is found in the form of quinoth@noiety, or a five-membered ring,

or in an opened, rearranged product.

Figure 5 Flavone structure

Previously, a series of prenylated flavonoids weselated from
Artocarpus species, some of which showed interesting bioldgactivities. These
include cytotoxicity, antiplatelet action, antibagal activities (Sultanbawagt al.,
1989), strong radical scavenging properties towdrdsDPPH radical (Jayasinglet,
al., 2008), and inhibitors of ROS and NO producti@ergueira,et al., 2008). A
series of weakly cytotoxic (Wanegt al., 2004) and antimalarial (Boonlaksid, al.,
2000) prenylated stilbenes and their derivativerewevealed.

The chemical constituents isolated from #eocarpus genus were

summarized irmable 1 (The literature survey from SciFinder Scholar Hate).



Table1 Compounds from thArtocarpus genus

Compounds Bibliography
1. A altilis
bud covers
cycloaltilisin 6;6b Patil, et al.,
cycloaltilisin 7;1d 2002
root bark
friedelan-3-ol; 1i Fun,et al., 2007
friedelin; 2i
artocarpin;l5e Chantrapromma,
etal., 2007
leaves
1-(2,4-dihydroxyphenyl)-3-[8-hydroxy-2-methyl-2-@ethyl-3-pen| Wang,et al.,
tenyl)-H-1-benzopyran-5-yl]-1-propanong 2007

1-(2,4-dihydroxyphenyl)-3-{4-hydroxy-6,6,9-trimeth§a,7,8,10a-
tetrahydro-B-dibenzop,d]pyran-5-yl}-1-propanone2b

2-geranyl-2 3,4,4-tetrahydroxydihydrochalcon&p

1-(2,4-dihydroxyphenyl)-3-[3,4-dihydro-3,8-dihydnp2-methyl-2-
(4-methyl-3-pentenyl)$2-1-benzopyran-5-yl]-1-propanondt)

1-(2,4-dihydroxyphenyl)-3-[8-hydroxy-2-methyl-2-@Bepoxy-4-
methyl-1-pentenyl)+2-1-benzopyran-5-yl]-1-propanongt)

2'-geranyl-3,4',7-trinydroxyflavanone2d

cycloaltilisin 6;6b

1-(2,4-dihydroxyphenyl)-3-[8-hydroxy-2-methyl-2-{ydroxy-4-
methyl-2-pentenyl)+2-1-benzopyran-5-yl]-1-propanong)

2-[6-hydroxy-3,7-dimethylocta-#),7-dienyl]-2,3,4,4-tetrahydro-
xydihydrochalcone3b
fruits

oxyresveratrol6g

artocarbeneig

Amarasingheet
al., 2008




Table 1 (continue)

Compounds

Bibliography

fruits
moracin M;4a
norartocarpanond0d
norartocarpetinde
isoartocarpesirge
3p-acetoxyolean-12-en-11-ond;
cycloartenyl acetatei

sitosterols-D-glucopyranosidelh

Amarasingheet al., 2008

2. A.chama

roots
artochamin Az9%
artochamin B45e
artochamin C26e
artochamin D19e
artochamin E56e
artocarpin;15e
cycloartocarpin43e
cudraflavone Ab4e
artonin A;75e
artonin U;8e
cycloartobiloxanthonef6e
artonin E;24e

artocarpetin Abe

Wang,et al., 2004

3. A.champeden
tree bark

cyclochampedoMle

cycloeucalenolbi

cycloartenonebi

Achmad,et al., 1996




Table 1 (continue)

Compounds

Bibliography

tree bark
artocarpin;15e
heteroflavanone A9d

root bark
artoindonesianin A79%
artonin A;75e

root trunk
artoindonesianin B34e

hear twood
artoindonesianin Qt4e
artoindonesianin Rt3e
artoindonesianin &H7e
artoindonesianin T58e
artoindonesianin A-23%
artoindonesianin A-¥le
artonin B;63e
heterophyllin;28e

cudraflavone Ci6e

Parentiget al., 1998

Hakim, et al., 1999

Hakim, et al., 1999

Syah.et al., 2002

Syah.et al., 2006

4. A.communis
bark
artonin E;24e
artonin F;77e
cycloartobiloxanthonez6e
artonol A;2c
artonol B;1j
artonol C;67e
artonol D;68e

artonol E;65e

Hano,et al., 1990

Aida, et al., 1997




Table 1 (continue)
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Compounds

Bibliography

bark
artonin K;73e
artobiloxanthoneg0e

roots
artocommunol CAS2e
artocommunol CB38e
artocommunol CC88e
artocommunol CD37e
artocommunol CE32e
cyclomorusin5le

root bark
cycloartomunin50e
cycloartomunoxanthon&Be
dihydrocycloartomunind7e
cudraflavone Ab4e
artomunoxanthonés9e
artomunoxanthentrion@j
cyclomulberrin;46e
cyclocommunol40e
cyclocommuninz4e
dihydroisocycloartomunird8e

heartwood

3",3"-dimethylpyrano[1,4]2,4,2-trihydroxychalcone9b

cycloartocarpin43e
cudraflavone Ab4e
isobacachalcond0b
morachalcone Allb
gemichalcone B20b

artoindonesianin Et1d

Aida, et al., 1997

Chan.et al., 2003

Lin, etal., 1991

Shieh,et al., 1992

Lin, et al., 1992

Han, et al., 2006




Table 1 (continue)
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Compounds

Bibliography

hear twood
gemichalcone C21b
artocarpin;l5e
cudraflavone Ci6e
licoflavone C;6e
(29-euchrenonea4d

Han,et al., 2006

5. A.dasticus

hear twood
artocarpone Ai2e
norartocarpin;18e
artocarpin;l5e
artocarpone B7le
cycloartocarpin43e

wood
artelasting2e
artelastochromen&3e
artelasticin20e
artelastinin86e
artelastofuran36e
cyclocommuninz4e
carpelastofurarg7e

roots bark
artelastocarpinse
artelasticinol30e
cycloartelastoxanthendidble

cycloartelastoxanthon8&2e

artelastoxanthone (7-demethylartonol &e

artonol A;2c

artelastoheteroBle

Kijjoa, et al., 1996

Kijjoa, et al., 1996

Kijjoa, et al., 1998

Ko, et al., 2005




Table 1 (continue)
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Compounds

Bibliography

6. A.gomezianus

not specified
cyclomorusinsle
cycloartocarpin43e
artocarpin;15e
norartocarpetinge
cudraflavone Ci6e

roots
artogomezianol2g
andalasin Alg

tree bark
artoindonesianin N3g
artoindonesianin C8a

oxyresveratrolfg

Likhitwitayawuid, et al., 2000

Likhitwitayawuid, et al., 2001

Hakim, et al., 2002

7. A. heterophyllus
root bark
heteroflavanone A9d
heteroflavanone Bsd
artonin A;75e
artonin B;63e
artonin C;22b
artonin D;23b
artonin I;11e
artonin J;72e
artonin K;73e
artonin L;74e
heterophylol8g
heteroflavanone G&d

cudraflavone Ab4e

Lu, etal., 1993

Aida, et al., 1993

Aida, et al., 1993

Lin, etal., 1993
Lin, et al., 1995




Table 1 (continue)
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Compounds

Bibliography

root bark
cycloheterophyllin55e
artocarpetin B7e
heteroartonin A22e
kuwanon T;23e

heartwood of the root
artocapanone Agd
cycloartocarpin43e
artocarpanone/d
artocarpetin3e
norartocarpetinde
artocarpin;l5e
artocarpesinie
dihydromorin;14d

Chungset al., 1995

Lin, et al., 1995

8. A.incisus
heartwood

artocarbeneig
leaves

3-geranyl-2,34,4-tetrahydroxychalcone;3b

Shimizu,et al., 1997

Shimizu,et al., 1997

9. A.lakoocha
roots
lakoochin A;la

lakoochin B;2a

Puntumchaigt al., 2004

10. A. lanceifolius

hear twood
artoindonesianin G33e
artoindonesianin H35e
artoindonesianin 134e

artelastofuran36e

Syah.etal., 2001




Table 1 (continue)
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Compounds

Bibliography

artelasticin;20e

tree bark
artoindonesianin FB0e
artoindonesianin V62e
artobiloxanthone60e
cycloartobiloxanthonef6e

artonol B;1j

Hakim, et al., 2002

11. A. nobilis
bark
artobiloxanthoneg0e
cycloartobiloxanthonez6e
artobilochromen10e
leaves
xanthoangelol12b
xanthoangelol B15b
2',4' 4-trihydroxy-3-[2-hydroxy-7-methyl-3-methylene-6-
octaenyl]chalcond;7b
3-geranyl-2,34,4-tetrahydroxychalcone;3b
2',3,4,4-tetrahydroxy-3[6-hydroxy-3,7-dimethyl-Z),7-
octadienyl]chalcond;6b
fruits
2,4,4-trinydroxy-3-[(2E)-5-methoxy-3,7-dimethylocta-2,6-
dienyl]chalconel4b
1-(3,4-dihydro-3,5-dihydroxy-2-methyl-2(3-methylk#e
nyl)-2H-1-benzopyran-6-yl-3-(4-hydroxyphenyl) ¢
propen-1-onet8b
8-geranyl-34',7-trihydroxyflavone Qe
3'-geranyl-4,5,7-trihydroxyflavanonel2d

Sultanbawaet al., 1989

Jayasinghest al., 2004

Jayasinghest al., 2006




Table 1 (continue)
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Compounds

Bibliography

fruits
xanthoangelol12b

xanthoangelol Bi5b

3-geranyl-2,34,4-tetrahydroxychalcone;3b

lespeol;19b
8-geranyl-4,7-dihydroxyflavone3d
isonymphaeol-B13d

root bark
artonin E 2-methylether25e
isoartonin E 2methylether29e
dihydroisoartonin E 2methyletherl7e
artonin V 2-methylether2le
artobiloxanthone60e
artonin E;24e

cycloartobiloxanthonej6e

Jayasinghegt al., 2006

Jayasinghegt al., 2008

12. A. rigida
bark
artonin M;83e
artonin N;64e
artonin O;69%

artonin P;70e

Hano,et al., 1993

13. A. rigidus subsp. rigidus
root bark

7-demethylartonol E36e

artorigidusin;1lc

artonol B;1j

artonin F;77e

cycloartobiloxanthonej6e

Namdaunget al., 2006




Table 1 (continue)
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Compounds Bibliography
morin; 1f
14. A. teysmanii
root bark Makmur,et al.,
artoindonesianin Qj 1999
artoindonesianin W27e
cycloartobiloxanthonef6e
artonin J;72e
trans-4-isopentenyl-3,5,24'-tetrahydroxystilbenedg
trans-4-(3-methyl-E-but-1-enyl)-3,8,2 -tetrahydroxystilbenesg
Structures of compounds from Artocarpus genus
a. 2-arylbenzofurans
R R R
R OR . . :
HO o 2 la:. Ay CH CHs :lakoochin A
O
OR, 2a. Y H H :lakoonhs
Y/
OH
O N O - 3a: artoindonesianin O
HO o
OMe
HO 0O
G / O OH 4a: moracin M
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b. Chalcones

1b: 1-(2,4-dihydroxyphenyl)-3-[8-hydroxy-2-methyl-2-
(4-methyl-3-pentenyl)$2-1-benzopyran-5-yl]-1-

propanone

2b: 1-(2,4-dihydroxyphenyl)-3-{4-hydroxy-6,6,9-tri-
methyl-6a,7,8,10a-tetrahydrét@libenzop,d]
pyran-5-yl}-1-propanone

3b: 2-geranyl-2,3,4,4-tetrahydroxydihydro

chalcone

4b: 1-(2,4-dihydroxyphenyl)-3-[3,4-dihydro-
3,8-dihydroxy-2-methyl-2-(4-meti8dpen
tenyl)-B-1-benzopyran-5-yl]-1-propanone

5b: 1-(2,4-dihydroxyphenyl)-3-[8-hydroxy-2-
methyl-2-(3,4-epoxy-4-methyl-1-pemyl)
-P-1-benzopyran-5-yl]-1-propanone
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6b: cycloaltilisin 6

7b: 1-(2,4-dihydroxyphenyl)-3-[8-hydroxy-2-
methyl-2-(4-hydroxy-4-methyl-2+ge-
nyl)-B-1-benzopyran-5-yl]-1-propanone

O 8b: 2-[6-hydroxy-3,7-dimethylocta-&),7-die-
O oH nyl]-23,4,4-tetrahydroxydihydrochalcone

9b: 3, 3’-dimethylpyrano[34']2,4,2-trihy-

droxychalcone

10b: R=H : isobacachalcone
11b: R = OH : morachalcone A
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R

R
12b: H H :xanthonangelol
13b: OH H : 3-geranyl-2,3,4-
tdtydroxychalcone
14b: H OCH: 2,4,4-trihydroxy-3-[(ZE)-
5-inexy-3,7-dimethyl

o@g®-dienyl]chalcone

15h: R=H : xanthoangelol B

16b: R = OH : 23,4,4-tetrahydroxy-3[6-
hydroxyfalimethyl-2E),
7-octatyfchalcone

17b: 2,4 ,4-trihnydroxy-3-[2-hydroxy-7-
methyl-3-methylene-6-octdgn

chalcone

18b: 1-(3,4-dihydro-3,5-dihydroxy-2-
methyl-2-(3-methyl-2-but&rgH-1-
benzopyran-6-yl-3-(4-hydypkenyl)
-K)-propen-1-one

19b: lespeol
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1R R
20b: H H : gemichalcone B
21b: OH OCH

HO : gemichalcone C
RZ
HO HO OH
\
OH O
=0 22b: artonin C
OH
OH
OH
HO HO OH
\
OH O
S o
oH 23b: artonin D

c. Chromones

1c: artorigidusin 2c. artonol A



d. Flavanones

HO (@) ‘\\‘

R2 OH 2d:

R

Y

. 8-geranyl-47-dihydroxyflavanone

R R
4d: H OH
5d: CHs OCH,
6d: H OCH

R R
7d: H H
8d: H CH
od: CHs Chs

R R

Rz 10d: OH H

Rl R3 .
11d: OCH H

HO o

13d:

21

1d : cycloaltilisin 7

R R
H /\/w OH !-geranyl-3,4',7-

trihydroxyflavanone
H H

R R

H H :§-euchrenonea
CH; OCH; : heteroflavanone B
CH; OCH; : heteroflavanone C

R
H . artocarpanone
H . artocarpanone A

OCH; : heteroflavanone A

R R
OH H . norartocanpae
CH OCH; : artoindonesianin E

HAN>Y H H  ‘-8eranyl-4,5,7-tri

hydroxyflavanone

OH OH OH™™Y  :isonyhgeol-B
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OH
HO. o) QJ _ _
14d: dihydromorin
o
OH O

e. Flavones

R R
le: A~y H . artocarpesin
2. Y H isoartocarpesin
e H CH : artocarpetin
4e: H H : norartocarpetin
R R
5e¢ CH OH : artocarpetin A
6e H H . licoflavone C
7e¢ CHs OCH : artocarpetin B
8e ChH H : artonin U
9e: 8-geranyl-34',7-trihydroxyflavone

10e: artobilochromen




12e: H
13e H
14e: CH;

R
15e: CHs
16e: H
17e: CHs;

2e H CH H OH

23

1le: artonin |

R
H . artocarpone A
CH

H : artoindonesianin Q

. artoindonesianin R

R R

H H artocarpin

H H

CH; OH :dihydroisoartonin
E 2-methylether

: cudraflavone C

18e: norartocarpin

Ri R R R
: 19 H H CHOH : artochamin D
20~ H H H : artelasticin

. artonin V 2methylether
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R R
22e¢ CH; OH : heteroartonin A
23e H H kuwanon T

24e R=0H : artonin E

25e: R = OCH; : artonin E2'-methylether
26e R=H > artochamin C

R R
27e.~“ N~ H :artoindonesianin U
28e. Ay H : heterophyllin

2% H CH: isoartonin E 2methylether

30e: artelasticinol

31e: artelasheterol



32e

35e;

36¢€:

37e:

38e

25

- artocommunol CE

- R = : artoindonesianin G

- R= !—<0H . artoindonesianin |

R= : artoindonesianin H

R= !—<OH . artelastofuran

artocommunol CD

- artocommunol CB



45€:
46€:
47e:
48e:

49¢e:
S0e:
Sle:
S2e:

3%e:
40e:
41e

42¢;
43e:

Ch

R R
OH ChH:
H H
H OH
R R
H oAy

CH;s H
H H
R
H
H

H )
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artoindonesianin A-2
. cyclocommunol

. cyclochampedol

. artelastin
. cycloartocarpin

. cyclocommunin

: artochamin B

. cyclomulberrin

dihydrocycloartomunin

H OCH : dihydroisocycloartomunin

OH
OH

OH
OCH
OH
OCH

. artochamin A
. cycloartomunin
. cyclomorusin

: artocommunol CA

. artelastochromene
. cudraflavone A

. cycloheterophyllin



56¢€:
57e
58e:

59%¢e:
60e:

6le:
62¢:
63e:

64e:
65€:
66¢€:

67¢€:

68e:

27

RR R

H A~ H : artochamin

CHs H CH : artoindonesianin S
H H CH : artoindonesianin T

R = CH : artomunoxanthone

R =0OH : artobiloxanthone

R=H : artoindonesianin A-3

R = A~ : artoindonesianin V
R =" :artonin B

R R
H A~ : artoninN
H OH : artonolE
H H : 7-demethylartonél

artonol C

artonol D



69e:

70e:

Tle:

T12€:

73e:

14€:

75€:

76€:

e

78e:

Ry

Y

R=H

28

artonin O

artonin P

R
H : artocarpone B

H A/Y : artonin J

: artonin K

R=CH : artoninL

artonin A
R R
H H : cycloartobiloxanthone
. A~ H cartonin F
H CH : cycloartomunoxanthone
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79e: artoindonesianin A

80e: artoindonesianin P

8le: cycloartelastoxanthendiol

82e: cycloartelastoxanthone

83e artonin M



f.

Flavonol

30

84e: artoindonesianin B

gse R= Y - artelastocarpin

86e: R = A7Y : artelastinin

87e: carpelastofuran

88e: artocommunol CC

1f: morin



g. Stilbenes

OH

OH

Ry
LI

OH

31

R R
g0 X H : andalasin A
200 H X : artogomezianol

R R
3g: CH; H : artoindonesianin N
4. H OH
trans-4-isopentenyl-3,5,24' -tetrahy

droxystilbene

5g: trans-4-(3-methylE-but-1-enyl)3,5,
2,4'-tetrahydroxystilbene

6g: oxyresveratrol

79g: artocarbene



h. Steroids

Triterpenes

32

8g: heterophylol

1h: sitosterols-D-glucopyranoside

1i: friedelan-3-ol

2i: friedelin



Xanthones

33

3i: cycloartenyl acetate

4i: 3p-acetoxyolean-12-en-11-one

5i: cycloeucalenol

6i: cycloartenone

1j: artonol B
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2j: artoindonesianin C

3j: artomunoxanthentrione

1.3 Objective

The objective of this work was to investigate theemical constituents
from the bark ofA. elasticus.
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CHAPTER 2

EXPERIMENTAL

2.1 General Method

Column chromatography was performed on silica g& {70-230
Mesh ASTM, Merck) or SephadB% LH-20 (Amersham Biosciences, Sweden).
Quick column chromatography utilized silica gel @30-400 Mesh ASTM, Merck).
Aluminum sheets of silica gel 6Gdz (layer thickness 0.2 mm, Merck) were used for
thin-layer chromatography (TLC) and the compoundsrew visualized under
ultraviolet light. Solvents for extraction and chratography were distilled at their
boiling ranges prior to use. Melting points weretedmined on the Fisher-John
melting point apparatus. Ultraviolet spectra wereeasured with UV-160A
spectrophotometer (SHIMADZU). Principle bands.{) were recorded as
wavelengths (nm) and lagin MeOH and CHCI, solution. Infrared spectra (IR) were
obtained on a FT-IR spectrum BX spectrophotometel were recorded in wave
number (crit). *H- and**C-Nuclear magnetic resonance spectra were recanleuh
FT-NMR Bruker Ultra Shield® 300 MHz spectrometer. Spectra were recorded in
CDCl;, DMSO and were recorded asvalue in ppm downfield from TMS (internal
standard 0.00). Low and high resolution mass spectra wecerded on a MAT 95

XL at Scientific Equipment Center, Prince of Sorsgklniversity.

2.2 Plant Material

The bark ofA. easticus (Moraceae) was collected from Amphur
Kuraburi, Phang Nga Province in the southern pérfTloailand, in July 2007.
Identification was made by Mr. Charernsak Saewapdtment of Biology, Faculty
of Science, Prince of Songkla University. The speri (A. Yanya 1Phang-nga:
Kuraburi 2/4/2009) have been deposited in the Hertvaof Department of Biology,
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Faculty of Science, Prince of Songkla Universitgtyi, Songkhla, Thailand.
2.3 Extraction and isolation

Chopped-dried bark oA. elasticus (4.2 kg) was immersed at room
temperature in dichloromethane and acetone (eatacexd days), successively. The
solution of dichloromethane extract was concentrateder reduced pressure to
produce a yellow solid upon standing overnightaainn temperature. The sol&E1
(6.22 g) was collected by filtration and the fiteavas further evaporated to give the
dark-red viscous liquid (93.43 g). The solutionagktone extract was evaporated to

give dark-red solid (172.65 g). The process ofaetion was shown iBcheme 1.

Chopped-dried bark of A. elasticus (4.2 kQ)
1. CHCI,
2. Acetone

(20 litres, twice each 3 ds)

| '

CHCI; extract (solution) Acetone extract (solution)
1. Concentrated l Evaporated
2. Filtration
Crude acetgselid)
l l (1726p
Yellow solid Filtrate
(AE16.22 Q) l Evaporatd
Crude &,
(93.43 g)

Scheme 1 Extraction of the crude extracts from the barldo#l asticus
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2.3.1 Purification of dichloromethane extract of the bark of A. asticus

The solution of dichloromethane extract was come¢et] under
reduced pressure to produce a yellow solid upomdstg overnight at room
temperature. The solidE1 (6.22 g) was collected by filtration and the &l was
further evaporated to give the dark-red viscousitid93.43 g). Which was subjected

to quick column chromatography on silica gel, alutesl with CHCl,-acetone (13,1

and acetone (300 ml each). The fractions that stidive same major components on
TLC were combined to yield fractions A-H. Furtherrification of each fraction gave

fourteen pure compoundSagheme 2).

Table 2 Physical characteristic and weight of fractiontaoted from QCC of the

crude CHCI, extract

Fraction Weight (g) Appearance
A 15.8796 yellow gel
B 16.7920 brown gel
C 29.8941 dark-red viscous liquid
D 9.0987 dark-red viscous liquid
E 1.7163 dark-red viscous liquid
F 2.8492 dark-red viscous liquid
G 2.8205 brown solid
H 3.2393 brown solid




Crude CHCI,(93.43 g)

QCC

(CH.Cl-Acetone, Acetone)
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Scheme 2 Isolation of compound8E2-AE15 from dichloromethane extract of the
bark of. elasticus
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| solation of AE1

The solution of the dichloromethane extract wasceatrated under
reduced pressure to produce a yellow solid upomdstg overnight at room
temperature. The solilE1 (6.22 g) was collected by filtration.

AE1l
5-Hydroxy-8,8-dimethyl-3-(3-methyl-2-butenyl)-2-&5-trihydroxyphenyl)-#,8H-
benzo[1,2-b:3,4¥]dipyran-4-one (artonin E)

Melting point: 217-219C

UV (CH3OH) hmax M (logé): 224 (4.34), 258 (4.41), 266 (4.47), 271 (4.47),
302 (3.90), 352 (3.89)

IR (Neat)vmax (cmit): 3359 (O-H stretching), 1653 (C=0 stretching)

'H-NMR (CDClL+DMSO-ds, 300 MHz) § (ppm): 13.21 (1Hs, 5-OH), 8.56
(1H, s, OH), 8.38 (1H,s, OH), 7.54 (1H,s, OH), 6.79 (1H,s, H-6), 6.62 (1H,d,
J = 9.9 Hz, H-14), 6.19 (1Hs, H-6), 6.58 (1Hs, H-3), 5.48 (1H,d, J = 9.9 Hz,
H-15), 5.12 (1H}t, J = 6.6 Hz, H-10), 3.14 (2H], J = 6.6 Hz, H-9), 1.61 (3Hs,
13-CHs), 1.47 (3H.s, 12-CH), 1.44 (6H s, 17-CH; and 18-CH))

13C NMR (CDCE+DMSO-ds, 75 MHz) § (ppm): d 182.5 (C-4), 161.5 (C-5),
161.2 (C-2), 158.8 (C-7), 152.4 (C-8a), 148.8 (-247.9 (C-4, 137.6 (C-5), 132.0
(C-11), 126.5 (C-15), 121.5 (C-10), 120.8 (C-3)6.21(C-6), 115.2 (C-14), 110.7
(C-1), 105.0 (C-4a), 104.0 (C)3100.8 (C-8), 99.2 (C-6), 17.5 (C-12), 77.7 (0;16
28.0 (C-17 and C-18), 25.7 (C-13), 24.2 (C-9)
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2.3.1.1 Purification of fraction B

Fraction B (16.7920 g) was chromatographed oicasigel 100
(hexane-dichloromethane, 3:1) to give fractionsE%-

Table 3 Physical characteristic and weight of fractiontaoted from CC of

fraction B
Fraction Weight (g) Appearance
Bl 0.1571 white solid mixed with cream gel
B2 0.0209 colorless gel
B3 0.4449 yellow gel
B4 1.1679 yellow gel
B5 2.9514 yellow gel
B6 8.6561 yellow gel
B7 0.1761 orange viscous liquid
B8 0.4108 yellow-brown viscous liquid
B9 0.3249 brown solid mixed with yellow viscous
liquid
B10 0.2635 brown viscous liquid
B11l 0.4416 brown viscous liquid
B12 0.2287 dark red viscous liquid
B13 0.2754 dark red viscous liquid
B14 0.2177 dark red viscous liquid
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| solation of AE2

Fraction B8 (0.4108 g) was further purified by c¢olu
chromatography over silica gel and eluted with Inexacetone (20:1) solvent system.
The subfractions containing similar components wesenbined to give fractions
B8.1-B8.6.AE2 (55.8 mg)was obtained as an yellow gum from fraction B8.4.

AE2
8-Hydroxy-3-methylisochroman-1-one (mullein)
[a]** b -72° (c 0.07, CHCY)
IR (Neat)vmax (cmit): 3438 (O-H stretching), 1680 (C=0 stretching)
'H-NMR (CDCk, 300 MHz) & (ppm): 10.95 (1H,s, 8-OH), 7.32 (1H.t,
J = 7.9 Hz, H-6), 6.80 (1HJ, J = 7.9 Hz, H-7), 6.61 (1Hd, J =7.9 Hz, H-5), 4.65
(1H, sext, J = 6.6 Hz, H-3), 2.85 (2Hd, J = 6.6 Hz, H-4), 1.47 (3Hd, J = 6.6 Hz,
9-CHs)
¥C NMR (CDCEk, 75 MHz) 5 (ppm): 6 169.9 (C-1), 162.2 (C-8), 139.4
(C-4a), 136.1 (C-6), 117.9 (C-5), 116.2 (C-7), BOG:-8a), 76.1 (C-3), 34.6 (C-4),
20.7 (C-9)

| solation of AE3

Fraction B12 (0.2287 g) was purified by a silicd gelumn with
hexane-acetone (7:1) as an eluent to provide aitifms (B12.1-B12.6). A yellow
gum ofAE3 (6.6 mg) was obtained from the fraction B12.6.

AE3
5-Hydroxy-2-(4-hydroxy-2,5-dimethoxyphenyl)-7-meiys3-(3-methylbut-2-enyl)-
4H-chromen-4-one

IR (Neat)vmax (cmil): 3445 (O-H stretching), 1653 (C=0 stretching)
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'H NMR (CDCL, 300 MHz)5 (ppm): 13.00 (1Hs, 5-OH), 6.83 (1Hs, H-6),
6.67 (1H,s, H-3), 6.35 (2H,s, H-6 and H-8), 5.93 (1Hs, 4-OH), 5.11 (1H.t,
J = 6.6 Hz, H-10), 3.86 (3Hs, 5-OCHg), 3.83 (3H,s, 7-OCH), 3.75 (3H,s,
2'-OCHs), 3.04 (2Hd, J = 6.6 Hz, H-9), 1.62 (3H5, 13-CH), 1.42 (3H s, 12-CH)

%C NMR (CDCE, 75 MHz) & (ppm): 182.4 (C-4), 165.3 (C-7), 162.2 (C-5),
160.7 (C-2), 158.2 (C-8a), 148.5 (0:4140.3 (C-5, 132.0 (C-11), 121.7 (C-10),
121.4 (C-3), 112.9 (C4% 112.7 (C-1), 105.5 (C-4a), 99.7 (CB 97.8 (C-6), 92.0
(C-8), 56.7 (7-OCH), 56.2 (3-OCHs), 55.7 (2-OCHs), 25.7 (C-13), 24.2 (C-9), 17.6
(C-12)

EI-MS mVz (% relative intensity): 412 [M (13), 411 (47), 396 (4), 381 (35),
368 (100), 356 (8), 338 (19), 324 (36), 296 (1®B2 23), 256 (2), 242 (2), 190 (3),
180 (5), 166 (17), 163 (4), 149 (3), 128 (2), 6P (6

HREI-MS m/z 412.1542 for GzH»40; (calcd. 412.1522)

| solation of AE4 and AE5

Fraction B13 (0.2754 g) was further purified bystallization from
hexane-dichloromethane (1:1) to give a yellow sofidE4 (11.9 mg) upon standing
at room temperature. The filtrate of B13 was repfatographed using hexane-
acetone (7:1) as eluent to give eight fractions3(B8B13.8). The fraction B13.6 gave
an orange solid oAE5 (3.8 mg).

AE4
6,7-Dihydro-5,9,14-trihydroxy-11-methoxy-3,3-dimgk®-(1-methylethyl)-3,8H-
[1]benzopyrano[7,&]xanthen-8-one (artonol E)

Melting point: 205-207C

UV (EtOH) Amax nm (loge): 214 (2.81), 271 (2.79), 304 (2.41), 378 (2.58)

IR (Neat)vmax (cmi): 3406 (O-H stretching), 1653 (C=0 stretching)

'H NMR (CDCk, 300 MHz) § (ppm): 12.99 (1Hs, 5-OH), 7.76 (1H.s,
2-OH), 6.74 (1H,d, J = 10.0 Hz, H-14), 6.37 (2Hs, H-6 and H-8), 5.64 (1Hd,
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J=10.0 Hz, H-15), 5.27 (1H; 5-OH), 4.71 (1Hs, Hs-12), 4.35 (1Hs, H,-12), 3.96
(1H, d, J = 6.9 Hz, H-10), 3.86 (3Hs, 7-OCH}), 3.40 (1H,dd, J = 16.2, 1.5 Hz,
Hp-9), 2.54 (1H,dd, J = 16.2, 6.9 Hz, &9), 1.85 (3H,s, 13-CH;), 1.52 (3H,s,
17-CHs), 1.49 (3H;s, 18-CHy)

13C NMR (CDCE, 75 MHz) & (ppm): 180.1 (C-4), 165.1 (C-7), 162.4 (C-5),
159.9 (C-2), 155.7 (C-8a), 145.0 (0;2144.3 (C-11), 143.9 (C¥ 135.6 (C-5,
128.6 (C-15), 126.7 (C%6 116.3 (C-14), 111.9 (C-12), 111.7 (C-3), 108383,
105.1 (C-1), 105.0 (C-4a), 98.2 (C-6), 92.1 (C-8), 78.5 (Q;B5.8 (7-OCH), 36.6
(C-10), 28.3 (C-17), 28.2 (C-18), 21.6 (C-9, C-13)

AES5
12-Acetyl-6-hydroxy-3,3,9,9-tetramethyH37H,furo[3,4-b]pyrano[3,2h]xanthen
7,11(H)-dione (artonol B)

Melting point: 190-193C

UV (EtOH) Amax NM (log &): 207 (2.49), 241 (2.41), 275 (2.25), 285 (2.24),
314 (1.92), 338 (1.89), 411 (1.54)

IR (Neat)vmax (cmi?): 3455 (O-H stretching), 1731, 1653 (C=0 stretghin

'H NMR (CDCk, 300 MHz) S (ppm): 12.50 (1H,s, 1-OH), 8.31(1Hs, H-8),
6.60 (1H,d, J = 10.1 Hz, H-10), 6.32 (1H; H-2), 5.63 (1Hd, J = 10.1 Hz, H-11),
2.82 (3H,s, 5-COCHy), 1.76 (6H,s, 17-CH and 18-CH), 1.50 (6H,s, 13-CH; and
14-CHy)

3C NMR (CDC}, 75 MHz) & (ppm): 198.5 (5-OCH;), 179.1 (C-9), 169.4
(C-15), 163.2 (C-1), 162.3 (C-3), 152.5 (C-4a andlf, 148.6 (C-7), 131.0 (C-5),
128.2 (C-11), 125.2 (C-6 and 8a), 119.2 (C-8), 21(€-10), 103.5 (C-9a), 101.4
(C-4), 100.2 (C-2), 86.6 (C-16), 79.1 (C-12), 3BICOCH3), 28.5 (C-13 and C-14),
27.6 (C-17 and C-18)
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2.3.1.2 Purification of fraction C

Fraction C (29.8941 g) was chromatographed oitasigel 100
(hexane-acetone, 20:1 to 2.5:1) to give fractiohs32 2.

Table 4 Physical characteristic and weight of fractiontaoted from CC of

fraction C

Fraction Weight (g) Appearance
C1l 3.6894 yellow gel
C2 3.0701 green gel
C3 3.6262 yellow viscous liquid
C4 3.2734 green viscous liquid
C5 0.6268 red-brown viscous liquid
C6 0.3340 red-brown viscous liquid
C7 1.3897 red-brown viscous liquid
C8 2.3683 red-brown viscous liquid
C9 2.4563 red-brown viscous liquid
C10 1.6307 red-brown viscous liquid
Cl1 1.6454 dark brown viscous liquid
C12 0.3377 dark-brown viscous solid
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| solation of AE6

Fraction C7 (1.3897 ¢g) was chromatographed on naolu
chromatography and elution was conducted with heseetone (7:1) to afford 10
portions (C7.1-C7.10). Fraction C7.2 was rechrompaped on column
chromatography and eluted with hexane-acetone {@:fjjve a red-brown gurAE6
(9.1 mg).

AEG6
6,7-Dihydro-5,9,11,14-tetrahydroxy-3,3-dimethyl-B+fiethylethenyl)-(-)-Bl,8H-py-
rano[3,2":4,5]benzo[1,Z]xanthen-8-one (artelastoxanthone or 7-demethyiaitg)

UV (CH3OH) Amax M (loge): 263 (4.39), 269 (4.36), 307 (3.71), 379 (4.11)

IR (Neat)vmax (cmi): 3402 (O-H stretching), 1655 (C=0 stretching)

'H NMR (CDCk+Acetoneds, 300 MHz) 5 (ppm): 12.98 (1Hs, 5-OH), 7.78
(1H, s, 2-OH), 6.74 (1Hd, J = 10.0 Hz, H-14), 6.40 (1H}, J = 1.8 Hz, H-8), 6.35
(1H, d, J = 1.8 Hz, H-6), 5.64 (1Hd, J = 10.0 Hz, H-15), 5.46 (1H;, 5-OH), 4.71
(1H, s, H-12), 4.34 (1Hs, H,-12), 3.96 (1Hd, J = 6.9 Hz, H-10), 3.39 (1H4d,
J=16.2, 1.5 Hz, K9), 2.53 (1Hdd, J = 16.2, 6.9 Hz, K9), 1.81 (3Hs, 13-CH),
1.52 (3H,s, 17-CHy), 1.49 (3H.s, 18-CH)

¥C NMR (CDCE, 75 MHz) & (ppm): 180.0 (C-4), 163.0 (C-7), 162.4 (C-5),
159.7 (C-2), 155.9 (C-8a), 144.9 (0;2144.3 (C-11), 143.8 (C¥ 135.6 (C-5),
128.5 (C-15), 126.7 (C% 116.3 (C-14), 111.7 (C-12), 111.5 (C-3), 108383,
105.2 (C-1), 104.5 (C-4a), 99.8 (C-6), 93.6 (C-8), 78.3 (Q;186.5 (C-10), 28.2
(C-17), 28.1 (C-18), 21.6 (C-13), 21.5 (C-9)
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| solation of AE7

Fraction C7.3was further purified by crystallizatiofrom hexane-
dichloromethane-acetone (1:1:1) upon standing amréemperature to give yellow
solid of AE7 (4.9 mg).

AE7
New furanodihydrobenzoxanthone derivative

[a]?®"p -18.5° (c 0.03, MeOH)

Melting point: 287-289C

UV (EtOH) Amax NM (log &): 214 (2.81), 253 (2.70), 273 (2.82), 288 (2.69),
308 (2.45), 375 (2.62)

IR (Neat)vmax (cmi): 3442 (O-H stretching), 1630 (C=0 stretching)

'H NMR (CDCk+Acetoneds, 300 MHz) & (ppm): 13.00 (1Hs, 5-OH), 9.42
(1H, s, 7-OH), 7.17 (1Hs, 2-OH), 6.69 (1H,d, J = 10.2 Hz, H-14), 6.47 (1H,
J=2.1Hz, H-8), 6.31 (1H], J = 2.1 Hz, H-6), 5.57 (1H], J = 10.2 Hz, H-15), 3.39
(1H, dd, J = 15.3, 7.2 Hz, H-10), 3.21 (1Hd, J = 15.3, 7.2 Hz, K9), 2.40 (1H,
J=15.3 Hz, H-9), 1.68 (1Hs, 13-CH;), 1.50 (3H.s, 17-CHy), 1.47 (3H,s, 18-CH),
1.35 (3H,s, 12-CHy)

%C NMR (CDCE+DMSO-ds, 75 MHz) & (ppm): 185.4 (C-4), 168.7 (C-7),
167.5 (C-5), 165.1 (C-2), 161.5 (C-8a), 149.6 (-P47.2 (C-4), 142.6 (C-5), 136.4
(C-6), 133.2 (C-15), 121.9 (C-14), 117.4 (C-3), 116Ct3), 109.4 (C-4a), 108.5
(C-1), 104.9 (C-6), 99.0 (C-8), 98.7 (C-11), 82.7 (Q;1BL.5 (C-10), 33.2 (C-13),
33.1 (C-17), 33.0 (C-18), 27.6 (C-12), 24.9 (C-9)

EI-MS m/z (% relative intensity): 434 [M (15), 433 (50), 418 (100), 416
(17), 391 (7), 390 (23), 375 (22), 372 (8), 348)(Ba4 (5), 330 (4), 292 (3), 254 (4),
209 (3), 188 (7), 164 (3), 152 (4), 138 (1), 115 6B (2)

HREI-MS mz 434.1377 for gH2,0; (calcd. 434.1366)
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| solation of AES8

Fraction C7.4 containing one major component fugser purified by
crystallization fromhexane-dichloromethane-acetone (1:1:1). A yellohdsaf AE8

(18.8 mg) which formed was filtered.

AES8
5a,6-Dihydro-1,3,8-trihydroxy-5,5,11,11-tetramet8By(3-methyl-2-buten-1-yl)-
5H,7H,11H-benzofuro[3,4bc]pyrano[3,2h]xanthen-7-one (artonin F)

Melting point: 249-252C

UV (CH3OH) Amax NM (log &): 236 (4.46), 256 (4.42), 265 (4.41), 278 (4.50),
335 (4.09), 390 (4.27)

IR (Neat)vmax (cmit): 3371 (O-H stretching), 1629 (C=0 stretching)

'H NMR (CDCL+DMSO-ds, 300 MHz) & (ppm): 13.42 (1Hs, 5-OH), 9.23
(1H,s, 4-OH), 7.78 (1Hs, 2-OH), 6.76 (1Hgd, J = 9.9 Hz, H-19), 6.38 (1H, H-3),
5.57 (1H,d, J = 9.9 Hz, H-20), 5.24 (1H, J = 7.2 Hz, H-15), 3.41 (1Hd, J = 15.0,
7.2 Hz, H-10), 3.33 (1H], J = 7.2 Hz, H-14), 3.23 (1HJd, J = 15.0, 7.2 Hz, k9),
2.40 (1H.t, J = 15.0 Hz, H-9), 1.81 (3Hs, 18-CH), 1.68 (3H,s, 17-CH;), 1.66 (3H,

s, 13-CHy), 1.46 (6H.s, 22-CH; and 23-CHj), 1.35 (3H s, 12-CH)

3%C NMR (CDCE, 75 MHz) § (ppm): 180.7 (C-4), 160.3 (C-2), 158.7 (C-5),
156.4 (C-7), 150.1 (C‘p 149.2 (C-8a), 146.4 (C)} 137.2 (C-H, 131.8 (C-6),
131.3 (C-16), 127.1 (C-20), 122.1 (C-15), 115.31@); 112.5 (C-6), 111.5 (C-3),
104.6 (C-3), 104.3 (C-4a), 103.4 (C1 100.5 (C-8), 93.5 (C-11), 77.3 (C-21), 46.6
(C-10), 28.1 (C-13), 28.0 (C-22 and C-23), 25.81); 22.7 (C-12), 21.3 (C-14),
19.9 (C-9), 17.9 (C-17)
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2.3.1.3 Purification of fraction D

Fraction D (9.0987 g) was chromatographed onsasiel 100 (hexane-
acetone, 20:1 to 2:1) to give fractions D1-D15.

Table5 Physical characteristic and weight of fractiontaoted from CC of

fraction D

Fraction Weight (g) Appearance
D1 0.2134 yellow gel
D2 0.1456 orange gel
D3 0.0961 orange gel
D4 0.2567 orange gel
D5 0.3564 yellow gel
D6 0.2689 brown-yellow viscous liquid
D7 0.0670 brown viscous liquid
D8 0.0921 brown viscous liquid
D9 0.1587 black-brown viscous liquid
D10 0.1109 black-brown viscous liquid
D11 0.4822 black-brown viscous liquid
D12 0.8762 black-brown viscous liquid
D13 2.2525 black-brown viscous liquid
D14 1.5685 black-brown solid
D15 0.6456 black solid
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| solation of AE9 and AE10

Fraction D11 (0.4822 g) was further separated byunso
chromatography over silica gel and eluted with Imexacetone (7:1) solvent system.
The fractions containing similar components werenloimed into eleven fractions
(D11.1-D11-11). The fraction D11.8 was rechromaaptped using hexane-acetone
(5:1) as an eluent to afford red-brown g9 (1.7 mg). The fraction D11.9 which
contained one major component was further purifigctrystallization from hexane-

acetone (7:1). A yellow solid &E10 (22.5 mg) which formed was filtered.

AE9
(3,4,5-Trimethoxyphenyl)methanol

'H NMR (CDCk, 500 MHz) & (ppm): 6.61 (2Hs, H-2 and H-6), 4.65 (2Hk,
H-7), 3.88 (6Hs, 3-OCH; and 5-OCHj), 3.85 (3H.s, 4-OCH)

13C NMR (CDCE, 75 MHz) & (ppm): 153.5 (C-3 and C-5), 137.5 (C-4), 135.5
(C-1), 103.9 (C-2 and C-6), 65.6 (C-7), 60.9 (4-QE;H6.1 (3-OCH and 5- OCH)

AE10
5a,6-Dihydro-1,3,8-trihydroxy-5,5,11,11-tetramethid, 7H,11H-benzofuro[3,4bc]
pyrano[3,2h]xanthen-7-one (cycloartobiloxanthone)

Melting point: 284-285C

UV (EtOH) Amax NM (log &): 228 (2.92), 257 (2.88), 273 (2.94), 312 (2.56),
330 (2.52), 391 (2.72)

IR (Neat)vmax (cmi): 3405 (O-H stretching), 1642 (C=0 stretching)

'H NMR (CDCL+DMSO-ds, 300 MHz) 5 (ppm): 13.22 (1Hs, 5-OH) , 9.26
(1H, s, 4-OH), 8.00 (1H,s, 2-OH), 6.78 (1H,d, J = 10.0 Hz, H-14), 6.38 (1H,
H-3), 6.23 (1H,s, H-6), 5.56 (1Hd, J = 10.0 Hz, H-15), 3.38 (1Hd, J = 15.0, 7.2
Hz, H-10), 3.21 (1Hdd, J = 15.0, 7.2 Hz, K9), 2.40 (1Ht, J = 15.0 Hz, H-9), 1.66
(3H,s, 13-CH), 1.46 (6Hs, 17-CH; and 18-CH), 1.34 (3H s, 12-CH;)

13C NMR (CDCE+DMSO-ds, 75 MHz) & (ppm): 180.6 (C-4), 161.5 (C-5),
160.7 (C-2), 158.7 (C-7), 150.9 (C-8a), 150.3 (§-2146.5 (C-4, 137.2
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(C-5), 131.9 (C-6), 127.3 (C-15), 115.0 (C-14), 111.6 (C-3), 10474 and C-3,
103.4 (C-1), 101.0 (C-8), 99.9 (C-6), 93.5 (C-11), 77.8 (Q;146.6 (C-10), 28.1
(C-13, C-17 and C-18), 22.6 (C-12),19.8 (C-9)

| solation of AE11

Fraction D12 (0.8762 g) was further purified by uwuoh
chromatography over silica gel and eluted with Imexacetone (4:1) solvent system.
The fractions containing similar components werelgimed into thirteen fractions.
Crystallization of the eighth fraction from hexameetone gave a yellow solid of
AE11 (3.1 mg).

AE11l
New quinonobenzoxanthone derivative

[a]?3p -18.2° (c 0.045, MeOH)

Melting point: 179-180C

UV (EtOH) Amax NM (log &): 217 (2.84), 229 (2.86), 245 (2.88), 267 (2.98),
303 (2.47), 354 (2.28)

IR (Neat) vmax (cm?®): 3433 (O-H stretching), 1720, 1647, 1584 (C=0
stretching)

'H NMR (CDCk, 300 MHz) & (ppm):12.56 (1H.s, H-5), 6.77 (1Hd, J = 10.0
Hz, H-14), 6.27 (1Hs, H-6), 5.59 (1Hd, J = 10.0 Hz, H-15), 4.30 (1H5 4-OH),
3.49 (1H,s, 11-OH), 3.50 (1Ht, J = 2.1 Hz, H-6), 3.00 (1Hbs, H-19), 2.96 (1Hgd,
J=16.8, 5.7 Hz, H-9), 2.93 (1M#s, H-19), 2.92 (1HmM, H-10), 2.67 (1Hbs, H-3),
2.63 (1H,bs, H-3), 2.62 (1H,d, J = 2.1 Hz, H-1), 2.58 (1H,dd, J = 16.8, 5.7 Hz, H-
9), 2.27 (1H,s, H-21), 1.48 (3Hs, 17-CH), 1.46 (3H,s, 18-CH), 1.20 (3H,s, 13-
CHs), 0.90 (3Hs, 12-CH)

13C NMR (CDC}, 75 MHz) § (ppm): 207.6 (C-20), 205.5 (C)5198.8 (C-2),
180.9 (C-4), 161.6 (C-5), 159.7 (C-7), 156.9 (C151.8 (C-8a), 127.4 (C-15), 115.9
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(C-3), 114.8 (C-14), 104.9 (C-4a), 101.2 (C-8), BOE-6), 78.2 (C-16), 75.6 (C)M
745 (C-11), 47.8 (C§ 46.9 (C-19), 46.9 (CY), 43.5 (C-3), 32.0 (C-21), 32.8
(C-10), 31.9 (C-13), 28.3 (C-17), 28.2 (C-18), 262312), 22.6 (C-9)

|solation of AE12 and AE13

Fraction D13 (2.2525 g) was further purified bystallization from
hexane-acetone (1:1) upon standing at room temper#i give a brown-yellow solid
of AE12 (29.5 mg) and the filtrate (2.2230 g). The fileatias purified by column
chromatography over silica gel and eluted with rdiselvent of hexane-acetone (7:1
to 3:1) to give thirteen fractions (D13.1-D13.13jraction D13.12 was further
purified by crystallization from acetone to giveyallow solid of AE13 (18.8 mg)

upon standing at room temperature.

AE12
1,3,4,8-Tetrahydroxy-10-methoxy-5-(prop-1-en-2-85H-benzof]xanthen-7-(61)-
one

[0]?®p -22° (c 0.045, MeOH)

Melting point: 242-243C

UV (EtOH) hmax NM (log &): 214 (2.77), 228 (2.67), 261 (2.77), 314 (2.36),
380 (2.66)

IR (Neat)vmax (cmi?): 3180 (O-H stretching), 1653 (C=0 stretching)

'H NMR (Acetoneds, 300 MHz) & (ppm): 13.23 (1Hs, 5-OH), 8.27 (1Hs,
OH), 6.65 (1Hd, J = 2.4 Hz, H-8), 6.52 (1Hs, H-3), 6.30 (1H,d, J = 2.4 Hz, H-6),
4.65 (1H,s, Hp-12), 4.29 (1Hs, H,-12), 4.00 (1Hd, J = 6.3 Hz, H-10), 3.89 (3H;,
7-OCHg), 3.41 (1H,dd, J = 15.9, 1.8 Hz, Kkt9), 2.46 (1Hdd, J = 15.9, 6.3 Hz, K9),
1.78 (3H,s, 13-CHy)

13C NMR (Acetoneds, 75 MHz) & (ppm): 180.1 (C-4), 165.1 (C-7), 161.9 (C-
5), 161.0 (C-2), 156.7 (C-8a), 150.5 (§;450.3 (C-4), 144.4 (C-11), 136.0 (C¥%
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128.3 (C-6), 110.9 (C-12), 110.6 (C-3), 105.5 (0);1104.7 (C-4a), 102.9 (C)397.7
(C-6), 92.2 (C-8), 55.4 (7-OG{ 37.0 (C-10), 21.4 (C-9), 21.0 (C-13)

EI-MS miz (% relative intensity): 382 [V (18), 381 (68), 366 (20), 364 (18),
353 (5), 341 (13), 340 (56), 338 (100), 311 (6)) 25), 294 (7), 266 (4), 241 (5),
217 (3), 200 (4), 188 (4), 166 (10), 161 (3), 135 01 (1), 77 (1), 68 (4)

HREI-MS m/z 382.1068 for GiH140; (calcd. 382.1053)

AE13
New quinonobenzoxanthone derivative

[0]?>®5 -32° (¢ 0.025, MeOH)

Melting point: 202-203C

UV (EtOH) Amax NM (log &): 212 (2.73), 232 (2.83), 269 (2.97), 308 (2.35),
327 (2.20), 361 (2.07)

IR (Neat)vmax (cm?): 3426 (O-H stretching), 1753, 1722, 1697, 165ZQC
stretching)

'H NMR (CDCk, 300 MHz) s (ppm): 12.42 (1Hs, 5-OH), 6.78 (1Hd, J =
10.2 Hz, H-14), 6.28 (1Hs, H-6), 5.64 (1Hs, 4-OH), 5.60 (1Hd, J = 10.2 Hz, H-
15), 4.98 (1Hs, Hg-12), 4.91 (1Hd, J = 0.9 Hz, H-12), 3.57 (1Hd, J = 19.4 Hz, H-
3), 3.47 (1Hd, J = 19.4 Hz, H-3, 3.38 (1H,d, J = 7.2 Hz, H-10), 3.25 (1K, J =
15.8 Hz, H-19), 3.03 (1Hd, H,-19), 2.89 (1Hd, J = 17.1 Hz, H-9), 2.49 (1Hdd,
J=17.1,7.2 Hz, K#9), 2.43 (3Hs, 21-CH;), 1.67 (3H,s, 13-CH), 1.49 (3H,s, 17-
CHs), 1.46 (3H.s, 18-CHy)

%C NMR (CDC}, 75 MHz) § (ppm): 213.3 (C-20), 198.7 (C)5195.6 (C-2),
181.4 (C-4), 162.8 (C-5), 161.3 (C-7), 155.2 (C153.4 (C-8a),145.1 (C-11), 129.1
(C-15), 117.8 (C-12), 117.3 (C-3), 116.3 (C-14)6.80(C-4a), 103.1 (C-8), 102.0 (C-
6), 83.6 (C-4), 79.9 (C-16), 72.0 (C4 61.9 (C-1), 50.9 (C-3), 41.7 (C-19), 41.1
(C-10), 33.3 (C-21), 29.9 (C-17), 29.7 (C-18), 24239), 22.5 (C-13)



53

EI-MS mvz (% relative intensity): 506 [M (9), 505 (27), 490 (100), 462 (3),
446 (6), 433 (13), 432 (34), 418 (14), 362 (19% 8B), 306 (3), 292 (6), 280 (2), 203
(1), 202 (13), 176 (2), 134 (2), 68 (2)

HREI-MS m/z 506.1572 for GgH»¢09 (calcd. 506.1577)

| solation of AE14

Fraction E (1.7163 g) was further separated by rmalu
chromatography over silica gel and eluted with Imexacetone (4:1) solvent system.
The fractions containing similar components werenloimed into twenty fractions
(E1-E20). Crystallization of the fraction E13 fraanetone gave yellow solid &fE14
(4.3 mg).

AE14
5a,6-Dihydro-1,3,8-trihydroxy-10-methoxy-5,5-dimgtsH, 7H-benzofuro[3,4bc]
xanthen-7-one (artonin K)

Melting point: 287-288C

UV (CH3OH) Amax NM (log&): 225 (4.55), 266 (4.84), 270 (4.83), 304 (4.15),
362 (4.15)

IR (Neat)vmax (cmi): 3369 (O-H stretching), 1629 (C=0 stretching)

'H NMR (CDCL+DMSO-ds, 300 MHz) & (ppm): 13.17 (1Hs, 5-OH), 9.71
(1H, s, 4-OH), 8.38 (1Hs, 2-OH), 6.56 (1Hd, J = 2.1 Hz, H-8), 6.39 (1H5, H-3),
6.32 (1H,d, J = 2.1 Hz, H-6), 3.88 (3Hs, 7-OCH), 3.38 (1H,dd, J = 15.0, 6.9 Hz,
H-10), 3.22 (1Hdd, J = 15.0, 6.9 Hz, K9), 2.40 (1H}, J = 15.0 Hz, H-9), 1.67
(3H, s, 13-CH), 1.35 (3H;s, 12-CH)

13C NMR (CDCE+DMSO-ds, 75 MHz) & (ppm): 185.2 (C-4), 169.6 (C-7),
166.5 (C-5), 165.9 (C-2), 161.3 (C-8a), 155.3 (-B51.5 (C-4), 141.9 (C-5), 136.6
(C-6), 116.4 (C-3), 110.5 (C-4a), 109.6 (0Q;308.2 (C-1), 102.8 (C-6), 97.8 (C-11),
97.1 (C-8), 60.5 (7-OC#), 51.4 (C-10), 32.9 (C-13), 27.4 (C-12), 24.6 (C-9
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| solation of AE15

Fraction F (2.8492 g¢g) was further separated by umal
chromatography over Sephad¥®xLH-20 and eluted with methanol. The fractions
containing similar components were combined intdegn fractions (F1-F16). The
fraction F11 was further purified by column chroogaphy over silica gel and
eluted with hexane-acetone (3:1) solvent systegive AE15 as a pale yellow solid
(7.0 mq).

AE15
5-Hydroxy-8,8-dimethyl-2-(2,4-dihydroxyphenyl}48H-benzo[1,2b']dipyran-4-one

Melting point: 189-19FC

UV (EtOH) Amax NM (log &): 212 (2.66), 230 (2.58), 254 (2.44), 273 (2.52),
287 (2.51), 307 (2.38), 357 (2.54)

IR (Neat)vmax (cmit): 3379 (O-H stretching), 1651 (C=0 stretching)

'H NMR (Acetoneds, 300 MHz)& (ppm): 13.53 (1Hs, 5-OH), 7.83 (1Hd, J
= 8.7 Hz, H-6), 7.15 (1H,s, H-3), 6.67 (1H,d, J = 10.2 Hz, H-9), 6.58 (1Hd,
J=2.1Hz, H-3, 6.54 (1Hdd, J= 8.7, 2.1 Hz, H-9, 6.44 (1H,s H-6), 5.74 (1H{,
J=10.2 Hz, H-10), 1.47 (6, 12-CH; and 13-CH)

13C NMR (Acetoneds, 75 MHz) § (ppm): 182.8 (C-4), 162.3 (C-2), 161.9
(C-4), 159.1 (C-7), 158.8 (CR 157.1 (C-5), 156.3 (C-8a), 129.9 (Q;6128.1
(C-10), 115.0 (C-9), 108.2 (C)5107.5 (C-3), 104.9 (C-4a, C-8, C;1103.5 (C-3,
94.6 (C-6), 78.3 (C-11), 27.6 (C-12 and C-13).
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2.3.2 Purification of acetone extract

Acetone extract (1.0279 g) was separated by colahromatography over
Sephade}” LH 20 and eluted with C#Cl,-MeOH (1:1) solvent system. On the basis
of their TLC characteristic, fractions which comtd the same major component
were combined to give fractions (CA1-CA15). Franti©A9 was rechromatographed
on column chromatography and eluted with the migetrent of hexane-acetone
(2.5:1) to give five fractions. Crystallization dfe third fraction in hexane-acetone
(2.5:1) gave a pale creamy solidAE16 (1.8 mg).

Crude aceton@.0279 g)

CC (SephadeX’ LH 20

(CH,Cl,-MeOH, 1:))

l v l

CA1-CAS8 CA9 CA10-CA15

CcC
Cryst.

AE16

Scheme 3 Isolation of compound&8E16 from acetone extract of the
bark éf elasticus

AE16
2-(2,4-Dihydroxyphenyl)-5,7-dihydroxyHkchromen-4-one

'H NMR (Acetoneds, 500 MHz) & (ppm): 13.00 (1Hs, 5-OH), 9.95 (1Hs,
OH), 9.90 (1Hs, OH), 9.42 (1Hs, OH), 7.70 (1Hgd, J = 8.5 Hz, H-6), 6.96 (1H.s,
H-3), 6.48 (1Hd, J = 2.5 Hz, H-3), 6.42 (1H,dd, J = 8.5, 2.5 Hz, H-9, 6.36 (1Hd,
J=2.5Hz, H-6), 6.10 (1H], J = 2.5 Hz, H-8)

3C NMR (Acetoneds, 125 MHz) & (ppm): 182.6 (C-4), 164.0 (C-7), 162.4
(C-8a), 162.0 (C-5), 161.8 (C)2158.5 (C-2), 158.0 (C% 129.9 (C-6), 108.2 (C-3),
107.7 (C-5), 107.6 (C-1), 103.5 (C-4a), 103.4 (C)398.5 (C-8), 93.6 (C-6)
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CHAPTER 3
RESULTSAND DISCUSSION

3.1 Structural Deter mination

The bark ofArtocarpus elasticus was extracted with dichloromethane
and acetone, successively. Separation of the dmhlethane extract by column
chromatography produced 5-hydroxy-8,8-dimethyl-3v@thyl-2-butenyl)-2-(2,4,5-
trihydroxyphenyl)-#H,8H-benzo[1,2-b:3,4¥]dipyran-4-one AE1), 8-hydroxy-3-me-
thylisochroman-1-one AE2), 5-hydroxy-2-(4-hydroxy-2,5-dimethoxyphenyl)-7-me
thoxy-3-(3-methylbut-2-enyl)#-chromen-4-oneAE3), 6,7-dihydro-5,9,14-trihydro-
xy-11-methoxy-3,3-dimethyl-6-(1-methylethylH38H-[1]benzopyrano[7,&]xathen-
8-one AE4), 12-acetyl-6-hydroxy-3,3,9,9-tetramethyt3FH,furo[3,4-b]pyrano[3,2
hjxanthene-7,11(d)-dione AES5), 6,7-dihydro-5,9,11,14-tetrahydroxy-3,3-dimethyl-
6-(1-methylethenyl)-(-)-Bl,8H-pyrano[3,2:4,5]benzo[1,Z]xanthen-8-one  AEH),
new furanodihydrobenzoxanthone derivatigE{), 5a,6-dihydro-1,3,8-trihnydroxy-
5,5,11,11-tetramethyl-9-(3-methyl-2-buten-1-yhk3H,11H-benzofuro[3,4bc]pyra-
no[3,2h]xanthen-7-oneAES), (3,4,5-trimethoxyphenyl)methandAE9), 5a, 6-dihy-
dro-1,3,8-trihnydroxy-5,5,11,11-tetramethydyH,11H-benzofuro[3,4bc]pyrano[3,2-
hjxanthen-7-one AE10), new quinonobenzoxanthone derivativeE(1), 1,3,4,8-te-
trahydroxy-10-methoxy-5-(prop-1-en-2-ylHsbenzof]xanthen-7-(61)-one AE12),
new quinonobenzoxanthone derivativeE(L3), 5a,6-dihydro-1,3,8-trihydroxy-10-me-
thoxy-5,5-dimethyl-51,7H-benzofuro[3,4bc]xanthen-7-one AE14) and 5-hydroxy-
8,8-di-methyl-2-(2,4-dihydroxyphenyl)Hi8H-benzo[1,2b']dipyran-4-one  AE15),
whereas purification of acetone extract gave onepound: 2-(2,4-dihydroxy
phenyl)-5,7-dihydroxy-#-chromen-4-one AE16). Their structures were elucidated
by 1D and 2D NMR spectroscopic data.
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AE1l
5-Hydroxy-8,8-dimethyl-3-(3-methyl-2-butenyl)-2-(2,4,5-trihydr oxyphenyl)-
4H,8H-benzo[1,2-b: 3,4-b']dipyran-4-one

AE1l is a brown-yellow solid, m.p. 217-21€. The UV spectrum
exhibited the absorption bands at 224, 258, 264, 302 and 352 nm. The IR
spectrum showed the absorption bands of a hydgnoylp at 3359 cthand carbonyl
group at 1653 cih The'H NMR spectrum Table 6) showed signals of a hydrogen-
bonded hydroxyl groupi(13.21,s, 5-OH), three non-bonded hydroxyl group8(56,
8.38, and 7.54), and three isolated aromatic peo@®6.19,s, H-6;¢ 6.58,s, H-3 and
0 6.79,s, H-6). The doublet signals of vinylic protonsdb.48 (H-15) and 6.62 (H-
14) and singlet signal of methyl groupsiet.44 (CH-17 and CH-18) were assigned
for those of a 2, 2-dimethylchromene ring. The eations of H-14 to C-7, C-8, C-
8a; H-15 to C-8 and H-6 to C-7, C-8 correctly deteed that the chromene ring was
at C-7 and C-8 position. The presence of a prenyug was observed from the
characteristic signals at3.14 @, H-9);0 5.12 ¢, H-10);0 1.47 §, CHs-12) ands 1.61
(s, CHs-13). This side chain was placed at C-3 accordiipé HMBC correlation of
H-9 to C=0 § 182.5) and C-2. These assignments were in agrdemitm a
previously isolated compounartonin E (Hano,et al., 1990).

Major HMBC of AE1
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Position dc (C-Type) on (mult, Jy,) HMBC

2 161.2 (C) - -

3 120.8 (C) - -

4 182.5 (C=0) - -

4a 105.0 (C) - -

5 161.5 (C) - -

6 99.2 (CH) 6.19 (1Hs) C-4a, C-5, C-7, C-8

7 158.8 (C) - -

100.8 (C) - -

8a 152.4 (C) - -

9 24.2 (CH) 3.14 (2Hd, 6.6) C-2, C-3, C-4, C-10, C-11

10 121.5 (CH) 5.12 (1H, 6.6) -

11 132.0 (C) - -

12 17.5 (CH) 1.47 (3H,9) C-10, C-11, C-13

13 25.7 (CH) 1.61 (3H.9) C-10, C-11, C-12

14 115.2 (CH) 6.62 (1Hy, 9.9) C-7,C-8, C-8a, C-16

15 126.5 (CH) 5.48 (1H, 9.9) C-8, C-16, C-17, C-18

16 77.7 (C) - -

17 28.0 (CH) 1.44 (3Hs) C-15, C-16, C-18

18 28.0 (CH) 1.44 (3H.5) C-15, C-16, C-17

1 110.7 (C) - -

2 148.8 (C) - -

3 104.0 (CH) 6.58 (1Hs) Cc-1,C-2,C-8

4 147.9 (C) - -

5 137.6 (C) - -

6 116.2 (CH) 6.79 (1Hs) C-2, C-4,C-5
5-OH - 13.21 (1Hs) C-4a, C-5, C-6
*OH - 8.56 (1H.,9) -

*OH - 8.38 (1H,9) -
*OH - 7.54 (1H,9) -

* the position not identified
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AEZ2: 8-Hydroxy-3-methylisochroman-1-one

9
1O

OCH O

AE2 is a yellow gum, §]*! o -72° (c 0.07, CHCJ). The IR spectrum
indicated the presence of O-H stretching at 3438' and C=0O stretching at
1680 cnt. The 'H NMR spectral dataT@ble 7) showed signals of a chelated
hydroxyl proton ats 10.95 (8-OH,s), and three coupled aromatic protons H-7, H-6
and H-5 ato 6.80 €), 67.32 €), 66.61 ). The spectrum further showed a doublet
signal of methylene protons at2.85 (H-4), a sextet signal of a methine protow at
4.65 (H-3) and a doublet signal of methyl protons &.47 (H-9). TheH-'H COSY
correlation of H-3 to H-4 and H-3 to GH confirmed the connection of partial
structure (CHCH-CHg). The HMBC correlations of H-3 to C-4a and H-40eBa, C-

5 suggested the point of attachment of C-3, C-4G@udd of aromatic ring. Moreover,
the HMBC spectral data also showed the correlatfod-3 to 1-C=0. Thé*C NMR
spectrum showed signals of carbonyl carbon 469.9 (1-C=0), methyl carbon at
20.7, methylene carbons 884.6, four methine carbons &t136.1, 117.9, 116.2 and
76.1, and three quaternary carbond62.2, 139.4 and 108.3. The chemical shift
value of carbonyl carbony(169.9) indicated that it was carbonyl of esterugrorlhe
HMBC experiment also confirmed the assignmentscire ofAE2 as 8-hydroxy-3-
methylisochroman-1-one, its optical rotation wasresponded to the R-(-)-mellein
(Dimitriadis, et al., 1997).

Major HMBC of AE2
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Position dc (C-Type) o (mult, Jyy,) HMBC
1 169.9 (C=0) -
3 76.1 (CH) 4.65 (1Hsext, 6.6) C-1,C-4,C-4a,C-9
4 34.6 (CH) 2.85 (2Hd, 6.6) C-3,C-5,C-8a, C-9
4a 139.4 (C)
117.9 (CH) 6.61 (1Hd, 7.9) C-4a, C-6, C-7, C-89
136.1 (CH) 7.32 (1H, 7.9) C-4a
116.2 (CH) 6.80 (1Hd, 7.9) C-5, C-8, C-8a
8 162.2 (C) - -
8a 108.3 (C)
9 20.7 (CH) 1.47 (3Hd, 6.6) C-3,C4
8-OH - 10.9 (OHy) C-6, C-7, C-8, C-8a

Table8'H-'H COSY spectral data ¢fE2

Proton @pom) b —— Correlated protorggpm)
H-3 (4.65) H-42.85), H-9 (1.47)
H-4 (2.85) H-3 (4.65)

H-5 (6.61) H-6 (7.32)
H-6 (7.32) H-5 (6.61), H-7 (6.80)
H-7 (6.80) H-6 (7.32)
H-9 (1.47) H-3 (4.65)
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AE3
5-Hydroxy-2-(4-hydroxy-2, 5-dimethoxyphenyl)-7-methoxy-3-(3-methylbut-
2-enyl)-4H-chromen-4-one

AE3 is a yellow gum. Its molecular formula of,4,,0; was
established on the basis of mass spectrum, EI-M8"(jwz 412.1542). The IR
spectrum showed the absorption bands of a hydgmylp at 3445 cihand carbonyl
group at 1653 cth The *H NMR showed singlet signals of a hydrogen-bonded
hydroxyl group (5-OH) ab 13.00, non-bonded hydroxyl groug-@H) at$5.93 and
three methoxyl groups (7-OGH2-OCHs;, and 5-OCH;) at¢ 3.83, 3.75, and 3.86.
The singlet signals ai6.67 and 6.83 were assigned for aromatic protosahd H-

6’ whereas singlet signals at6.35 with integration of two protons was propo$ed
meta-aromatic protons H-6 and H-8. The presence ofeamyprgroup was observed
from the characteristic signals of methylene pret@t-9,6 3.04,d), a methine proton
(H-10, 0 5.11,t, 6.6 Hz), methyl protonfCHz-12,6 1.42,s andCHz-13,6 1.62,5).
This side chain was placed at C-3 position duéa¢oHMBC correlation of H-9 to the
C=0 (0 182.4) and C-24160.7). The position of 7-OCGHvas confirmed by HMBC
correlation of methyl protons @3.83, H-6 and H-8 to C-7 and the differential NOE
technique by irradiation of the signal of H-6 anéBkvhich enhanced the signal of 7-
OCH;s. Furthermore, the locations of two methoxyl growsse assigned at C-and
C-5 which were supported by the differential NOE teghe; irradiation of a H-3
and H-6 enhanced the signals of-QCH; and 3OCHs;. The HMBC experiment
confirmed the structure ;AE3 as a new 3-prenylflavone derivative, 5-hydroxy42-(
hydroxy-2,5-dimethoxyphenyl)-7-methoxy-3-(3-methy2-enyl)-4H-chromen-4-

one.
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Table9**C,*H and HMBC spectral data &fE3

Position dc (C-Type) on (mult, Jy,) HMBC

2 160.7 (C) - -

3 121.4 (C) - -

4 182.4 (C=0) - -

4a 105.5 (C) - -

5 162.2 (C) - -

97.8 (CH) 6.35 (1Hs) C-4, C-4a, C-5, C-7, C-8

165.3 (C) - -

92.0 (CH) 6.35 (1Hg) C-4, C-4a, C-7, C-6,C-8a
8a 158.2 (C) - -

9 24.2 (CH) 3.04 (2Hd, 6.6) C-2, C-3,C+4, C-11

10 121.7 (CH) 5.11 (1H, 6.6) -

11 132.0 (C) - -

12 17.6 (CH) 1.42 (3H,9) C-9, C-10, C-11, C-13

13 25.7 (CH) 1.62 (3H.9) C-10, C-11, C12

1 112.7 (C) - -

2 152.3 (C) - -

3 99.7 (CH) 6.67 (1Hs) C-1,C-2,C-4,C-5

4 148.5 (C) - -

5 140.3 (C) - )

6 112.9 (CH) 6.83 (1Hs) C-2,C-4,C-5
5-OH - 13.00 (1Hsg) C-4a, C-5, C-6
4'-OH - 5.93 (1H,9) c-4,C5

7-OCH, 56.7 (OCH) 3.83(3H)9) C-7
2'-OCH;, 55.7 (OCH) 3.75 (3H,9) C-2
5'-OCH;, 56.2 (OCH) 3.86 (3H.,9) C-5

Table 10 *H-'H COSY spectral data &E3

Proton @ppm)

Correlated protorggpm)

H-9 (3.04)

H-105.11)
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AE4
6,7-Dihydr0-5,9,14-trihydr oxy-11-methoxy-3,3-dimethyl-6-(1-methylethyl)-
3H,8H-[1]benzopyrano| 7,6-c]xanthen-8-one

AE4 is a yellow solid, mp 205-207C. The UV spectrum exhibited
absorption maxima at 214, 271, 304 and 378 nm. [Rhespectrum showed the
stretching band of O-H at 3406 ¢nand C=0 at 1653 ch The'H NMR showed
signals of three hydroxyl groups 12.99, 5-OHyp 7.76, 2-OH; ¢ 5.27, 3-OH), two
meta aromatic protonss(6.37, H-6 and H-8), and a methoxyl groaB(86, 7-OCH).
The characteristic signals of a 2,2-dimethylchroeneng were shown &t 5.64 @, H-
15),9 6.74 @, H-14),6 1.49 6, CHs-18), ands 1.52 6, CHs-17). It was placed at C-3
and C-4 position due to the HMBC correlatiomgble 11) of H-14 to C-2, C-3, C-4
and of H-15 to C-3 The'H NMR spectrum further showed an ABX system sigfal
non-equivalent methylene protonsg-8i (6 2.54,dd, J = 16.2, 6.9 Hz), K9 (0 3.40,
dd, J=16.2, 1.5 Hz) and a methine proton H-2@(96,d, J = 6.9 Hz). The signal of
non-equivalent vinylic protonss(4.35, s, H,-12 ando 4.71,s, Hg-12) and methyl
protons § 1.85,s, H-13), corresponding to an isopropenyl group,engtown in the
spectrum. ThéJ HMBC correlations of H-10 to C-3, C-12, C-C-5 suggested the
point of attachment of C-10 to isoproprenyl grouna @0 C-6 of the aromatic ring.
This evidence indicated that the cyclic was fornbetiveen C-3 and C-gosition,
whereas the isoprenyl group was linked at C-10. ddrestant value 6.9 Hz ofgHd
and H-10 suggested the trans-axial position ofeh®& protons, consequently the
isopropenyl group was in agreement. These sigmalsha characteristic signals of a
dihydrobenzoxanthone skeleton (Hakirgt al., 2006). The spectral data and
assignments corresponded to the previously isqglatéohol E (Aida, et al., 1997).



Major HMBC of AE4
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Table 11 *C, 'H and HMBC spectral data &fE4

Position dc (C-Type) oy (mult, Jy) HMBC
2 159.9 (C) - -
3 111.7 (C) - -
4 180.1 (C=0) - -
da 105.0 (C) - -
5 162.4 (C) - :
6 98.2 (CH) 6.37 (1Hg) C-4,C-4a, C-5,C-7,C-8
7 165.1 (C) - -
8 92.1 (CH) 6.37 (1Hy) C-4, C-4a, C-5, C-6, C-7, C-8a
8a 155.7 (C) - -
9 21.6 (CH) 3.40 (1H, dd, 16.2, 1.5) C-2,C-3,C-4,C-6C-10, C-11

2.54 (1H, dd, 16.2, 6.9) C-2,C-3,C-4,C-6C-10, C-11
10 36.6 (CH) 3.96 (1Hj, 6.9) C-1, C-5,C-6, C-9, C-11, C-12
11 144.3 (C) - -
12 111.9 (CH) 4.71 (1H, s C-9
4.35(1H, 9 C-9, C-10, C-11

13 21.6 (CH) 1.85 (3Hy9) C-10, C-11, C-12
14 116.3 (CH) 6.74 (1HJ, 10.0) C-2,C-3,C-4,C-16
15 128.6 (CH) 5.64 (1HJ, 10.0) C-3, C-16, C-17
16 78.5 (C) - -
17 28.3 (CH) 1.52 (3H,9) C-15, C-16, C-18
18 28.2 (CH) 1.49 (3Hys) C-15, C-16, C-17
r 105.1 (C) - -
2 145.0 (C) - -
3 108.8 (C) - -
4 143.9 (C) - -
5 135.6 (C) - -
6 126.7 (C) - -

5-OH - 12.99 (1Hsg) C-4a, C-5, C-6

2'-OH - 7.76 (1H9) C-1,C-2,C-3

5'-OH - 5.27 (1H)9) C-4,C-5,C-6

7-OCH; 55.8 (OCH) 3.86 (3H.9) C-7




Table 12 'H-'H COSY spectral data #E4

Proton @ppm)

t—

Correlated protorggpm)

H,-9 (2.54)
Hy-9 (3.40)
H-10 (3.96)
H-14 (6.74)

H-9(3.40), H-10 (3.96)

H-9(2.54), H-10 (3.96)

H-9(2.54), H-9(3.40)
H-15 (5.64)
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AE5
12-Acetyl-6-hydroxy-3,3,9,9-tetramethyl-3H,7H ,fur o[ 3,4-b] pyrano[ 3,2-h]
xanthene-7,11(9H)-dione

AES5 is an orange solid, m.p. 190-19G@. The UV spectrum showed
specific absorptions with maxima at 207, 240, Z8%, 314, 338 and 411 nm. The IR
spectrum showed the stretching bands of O-H at 3465 and C=0 at 1731 and
1653 cni. The'H NMR spectrum exhibited a sharp singlet signalaohydroxyl
proton which formed an intramolecular hydrogen btmd carbonyl group at12.50
and signals of two isolated aromatic protons @i32 §, H-2) ando 8.31 §, H-8). The
HMBC correlations of H-2 to C-1, C-3, C-4, C-9a afdi-8 to C-4b, C-6, C-8a, C-9,
C-16 confirmed the location of aromatic proton€&2 and C-8 position, respectively.
The presence of characteristic signals of 2,2-diglehromene ring were observed
from doublet signal of methylene protons&6.60 (H-10) and 5.63 (H-11) and a
singlet signal with integration of six protons @tl.50 (CH-13 and CH-14). The
location of the chromene moiety at C-3 and C-4 suggported by HMBC correlations
of H-11 to C-3, C-4, C-4a; H-12 to C-4, and of H2C-1, C-3, C-4. The methyl
protons of an acetyl group were indicated from pheton signal aty 2.82 §) and
carbon signal of C=0O ab 198.5. It was placed at C-5 position due to HMBC
correlation of —-COCElto C-5. Moreover, the signals of two equivalentmykegroups
ato1.76 6 CHs-17 and CH-18) and the presence of a carbonyl carbon resenanc
lactone moiety ato 169.4 suggested the xanthonolide skeleton. The @MB
correlations of 17 (Hs-18) to C-16 and C-7 suggested the point of attactiraf C-
16, C-17 (C-18) and C-7 of aromatic ring. The laetdunctionality was assigned
from the carbonyl carbon signal &69.4. These spectral data corresponded to those

of artonol B, which was first isolated frorArtocar pus communis (Aida, et al., 1997).



Table 13 *C, 'H and HMBC spectral data &fE5

Major HMBC of AE5

Position dc (C-Type) on (mult, Jy,) HMBC
1 163.2 (C) - -
2 100.2 (CH) 6.32 (1Hy) C-1,C-3,C-4, C9a
3 162.3 (C) - -
4 101.4 (C) - -
da 152.5 (C) - -
4b 152.5 (C) - -
5 131.0 (C) - -
6 125.2 (C) - -
7 148.6 (C) - -
119.2 (CH) 8.31 (1Hy) C-4b, C-6, C-8a, C-9, C-16
8a 125.2 (C) - -
9 179.1 (C=0) - -
9a 103.5 (C) - -
10 114.2 (CH) 6.60 (1HJ, 10.1) C-3,C-4,C-4a, C-12
11 128.2 (CH) 5.63 (1HJ, 10.1) C-4,C-12,C13,C-14
12 79.1 (C) - -
13 28.5 (CH) 1.50 (3H,9) C-11, C-12, C-14
14 28.5 (CH) 1.50 (3H,9) C-11, C-12, C-13
15 169.4 (C=0) - -
16 86.6 (C) - -
17 27.6 (CH) 1.76 (3H,9) C-7, C-16, C-18
18 27.6 (CH) 1.76 (3H,9) C-7, C-16, C-17
5-COCH; 198.5 (C=0) - -
5-COCH; 32.3 (CH) 2.82 (3H,9) C-5, 5-0OCH;
1-OH - 12.50 (1Hy) C-1, C-2,C-9a
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Table 14 °C and'H spectral data adrtonol B

Position oc (C-Type) on (mult, Jy,)
1 163.2 (C)
2 100.2 (CH) 6.319)
3 162.3 (C)
4 101.4 (C)
4a 151.3 (C) -
4b 151.1 (C)
130.2 (C)
126.5 (C)
148.6 (C)
8 119.2 (CH) 8.309
8a 125.2 (C) -
9 179.2 (C=0)
9a 103.6 (C) -
10 114.2 (CH) 6.60 (1HJ, 10.1)
11 128.2 (CH) 5.63 (1HJ, 10.1)
12 79.1 (C)
13 28.5 (CH) 1.50 (3Hy)
14 28.5 (CH) 1.50 (3Hy)
15 166.7 (C=0) -
16 86.6 (C)
17 27.6 (CH) 1.76 (3H,9)
18 27.6 (CH) 1.76 (3H,9)
5-COCH; 198.5 (C) -
5-COCH; 32.3 (CH) 2.81 (3Hy)
1-OH 12.49 (1Hg)
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AEG6
6,7-Dihydro-5,9,11,14-tetr ahydr oxy-3,3-dimethyl-6-(1-methylethenyl)-(-)-
3H,8H-Pyrano[3',2":4,5]benzo[ 1,2-c]xanthen-8-one

AEG6 is a red-brown gum. The UV spectrum showed the ratiso
bands at 263, 269, 307 and 379. The IR spectruncatetl the presence of O-H
stretching at 3402 cthand C=0 stretching at 1655 ¢nirhe'H NMR spectral data
showed the signals of a chelated hydroxyl proto®Hb-(¢ 12.98), two phenolic
hydroxyl groups 20H and 50OH (6 7.78 and 5.46), and meta-coupled aromatic
protons H-6 and H-84(6.35 and 6.40) and the signals of protons of ti&e 2
dimethylchromene ringé(1.52, 17-CH; ¢ 1.49, 18-CH; ¢ 5.64, H-15 and 6.74, H-
14). The spectrum also showed the characterigitats of a dihydrobenzoxanthone
skeleton (H-9, ¢ 2.53;Hp-9, 6 3.39;H-10, 6 3.96;H,-12, 6 4.34;Hp-12,6 4.71 and
13-CH;, 0 1.81). The chemical shift values and couplinggrat of all proton signals
were similar to those of relevant protons attonol E, The difference was the
disappearance of a singlet signal of a methoxylgrato 3.86 inAEG6. It was then
proposed ag-demethylartonol E (Namdaungget al., 2006) orartelastoxanthone
(Ko, et al., 2005). The assignment was also confirmed byHMBC experiment
(Table 15).

Major HMBC of AE6
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Table 15 *C, *H and HMBC spectral data &E6

Position| dc (C-Type) on (mult, Jy,) HMBC
2 159.7 (C) - -
3 111.5 (C) - -
4 180.0 (C=0) - -
4a 104.5 (C) - )
5 162.4 (C) - -
99.8 (CH) 6.35 (1Hd, 1.8 Hz) C-4a, C-5, C-7,C-8
163.0 (C) - -
93.6 (CH) 6.40 (1Hd, 1.8 Hz) C-4a, C-6, C-7, C-8a
8a 155.9 (C) - -
9 21.5(CH) 3.39 (1H, dd, 16.2, 1.5) C-2,C-3,C4,CH6C-10,C-11
2.53 (1H, dd, 16.2, 6.9) C-2,C-3, C-10, C-11
10 36.5 (CH) 3.96 (1Hd, 6.9) C-1, C-3, C-5, C-6, C-9, C-11, C-12, C-11
11 144.3 (C) - .
12 111.7 (CH) 471 (1H, 9 C-10, C-13
4.34 (1H, 5) C-10, C-13
13 21.6 (CH) 1.81 (3H.9) C-10, C-11, C-12
14 116.3 (CH) 6.74 (1H, 10.0) c-2,C-3,C-4, C-16
15 128.5 (CH) 5.64 (1H], 10.0) C-3, C-16, C-17, C-18
16 78.3 (C) - -
17 28.2 (CH) 1.52 (3H.9) C-15, C-16, C-18
18 28.1 (CH) 1.49 (3H.9) C-15, C-16, C-17
1 105.2 (C) - -
2 144.9 (C) - ]
3 108.8 (C) - -
4 143.8 (C) - -
5 135.6 (C) - -
6 126.7 (C) - -
5-OH - 12.98 (1Hg) C-4, C-4a, C-5,C-6
2'-OH - 7.78 (1H.9) C-1,C-2,C-3
5-OH - 5.46 (1H.9) Cc-4,C-5,C-6
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AE7

New furanodihydrobenzoxanthone derivative

OH O 12

AE7 is a yellow solid, m.p. 287-289C. The molecular formula,
CasH2,0,, was deduced from the mass spectrum, EI-MS "([iMi 434.1377). The
UV spectrum showed maximum absorption bands at 233, 273, 289, 308 and 375
nm. The IR spectrum showed the stretching of O-4#23cm') and C=0 (1630 cin
1. The'H NMR spectrum exhibited a singlet signal of a aeked hydroxyl protong
13.00, 5-OH) and two singlet signals of non-cheldtgdroxyl protons§9.42, 7-OH)
and 6 7.17 (2-OH). The appearance of two meta-coupled signals@Bl and 6.47
with coupling constant of 2.1 Hz were assigned&mmatic protons H-6 and H-8.
The HMBC correlation of H-6 to C-4a, C-5, C-7, Ca#d H-8 to C-4a, C-6, C-7, C-
8a were also confirmed the positions of H-6 and.H&0 singlet signals of two
methyl groups {1.35,s, CHs-12 ando 1.68,s, CHs-13), ABX system signals of a
methine protond 3.39,dd, H-10) and methylene proton$3.21,dd, Hg-9 and 2.40t,
H,-9) were in agreement with the characteristic dgnaof a
furanodihydrobenzoxanthone skeleton (Hakaal., 2006). The HMBC correlations
of H-10 to C-3, C-9, C-11, C-12, C-13, Cguggested that the cyclic was formed
between C-3 and C-Gvhereas the furan moiety was formed at’'G@uad C-6 of the
aromatic ring. The remaining signals were assigoe@,2-dimethylchromene ring of
which two vicinal protons H-14 and H-15 appearedvas doublet signals at 6.69
and 5.57, and two germinal methyl groups resonaaing 1.50 (H-17) ando 1.47
(H3-18). The correlations of H-14 to C;Z-5; of H-15 to C-3, and of 2-OH to C-1,
C-2, C-3 correctly determined that the chromene ring was-8t and C-4 position.

Therefore a new furanodihydrobenzo- xanthone devizavas assigned fagkE?7.



Major HMBC of AE7
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Table 16 *C, *H and HMBC spectral data &fE7
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Position dc (C-Type) on (mult, Jy,) HMBC
2 165.1 (C) - -
3 117.4 (C) - -
4 185.4 (C=0) - )
4a 109.4 (C) - ]
5 167.5 (C) - -
6 104.9 (CH) 6.31 (1H], 2.1) C-4a, C-5, C-7, C-8
7 168.7 (C) - -
99.0 (CH) 6.47 (1Hd, 2.1) C-4a, C-6, C-7, C-8a
8a 161.5 (C) - -
9 24.9 (CH) 3.21 (1K, dd, 15.3, 7.2) C-2,C-3,C-4,C-5C-10
2.40 (1H, t, 15.3) C-2,C-3,C-10,C-11
10 51.5 (CH) 3.39 (1Hjd, 15.3,7.2) | C-5,C-6,C-9, C-11, C-12, C-13
11 98.7 (C) - -
12 27.6 (CH) 1.35 (3H.9) C-10, C-11
13 33.2 (CH) 1.68 (3H.9) C-10, C-11, C-12
14 121.9 (CH) 6.69 (1H], 10.2) C-2,C-5,C-16
15 133.2 (CH) 5.57 (1H], 10.2) C-3, C-16, C-17, C-18
16 82.7 (C) - -
17 33.1 (CH) 1.50 (3H.9) C-16, C-18
18 33.0 (CH) 1.47 (3H,9) C-16, C-17
r 108.5 (C) - -
2 149.6 (C) - -
3 116.1 (C) - -
4 147.2 (C) - -
5 142.6 (C) - -
6' 136.4 (C) - -
5-OH - 13.00 (1Hsg) C-4a, C-5,C-6
7-OH - 9.42 (1Hy) -
2'-OH - 7.17 (1Hs) C-1,C-2,C-3




Table 17 *H-'H COSY spectral data &E7

Proton @ppm)

—>

Correlated protonsg,m)

H-6 (6.31)
H,-9 (2.40)
Hy-9 (3.21)
H-10 (3.39)
H-14 (6.69)

H-8 (6.47)
H-9 (3.21), H-10 (3.39)
H-9 (2.40), H-10 (3.39)
H-9 (2.40), H-9 (3.21)

H-15 (5.57)
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AES
5a,6-Dihydro-1,3,8-trihydroxy-5,5,11,11-tetramethyl-9-(3-methyl-2-buten-1-
y)-5H,7H,11H-benzofur o[ 3,4-bc] pyr ano[ 3,2-h]xanthen-7-one

AES8 is a yellow solid, m.p. 249-259C. The UV spectrum showed
maximum absorptions at 236, 256, 265, 278, 335 2@ nm. The IR spectrum
showed the stretching of hydroxyl group (3371 mnd carbonyl group (1629 ¢h
The*H NMR spectrum showed a singlet signal of a chdlg®ton 5-OH a5 13.42
and two singlet signals of non chelated protor®ia and 4OH ato 7.78 and 9.23,
respectively. An aromatic proton &t6.38 €) was assigned for H-3The spectrum
further showed the signals corresponding to furanthonoid moiety & 2.40,t, J =
15.0 Hz, H-9; 3.23,dd, J = 15.0, 7.2 Hz, K9; 3.41,dd, J = 15.0, 7.2 Hz, H-10). The
prenyl unit commemorated from distinctive signafstwo equivalent methylene
protons at 3.33 ¢, H-14), olefinic proton ab 5.24 ¢, H-15) and two methyl protons
ato1.68 6, 17-CHs) and 1.81¢, 18-CH). Its location was assigned at C-6 by HMBC
correlation of OH-5 and of H-15 to C-6. Moreoverclaromene ring was detected
from the characteristic signals @6.57 @, H-20), 6.76 ¢, H-19) and 1.469 22-CH;
and 23-CH). The correlations of H-19 to C-8a, and of H-20Qe3, confirmed the
orientation of 2,2-dimethylchromene ring at C-7 a@eB position. The assigned

structure ofAE8 was in agreement witlrtonin F (Hano, Y.et al. 1990).
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Major HMBC of AE8



Table 18 *C, *H and HMBC spectral data &fE8

Position | dc (C-Type) on (mult, Jy,) HMBC
2 160.3 (C) - -
3 111.5 (C) - -
4 180.7 (C=0) - -
4a 104.3 (C) - )
5 158.7 (C) - -
6 112.5 (C) - -
7 156.4 (C) - -
8 100.5 (CH) - -
8a 149.2 (C) - -
9 19.9 (CH) | 3.23 (1K, dd, 15.0, 7.2) C-2,C-3,C4,CHC-10
2.40 (1H, t, 15.0) C-2,C-3,C4,CHC-10, C-11
10 46.6 (CH) 3.41 (1Hjd, 15.0,7.2)| C-1, C-5, C-6, C-9, C-11, C-12, C-13
11 93.5 (C) - -
12 22.7 (CH) 1.35 (3H.9) C-10, C-11, C-13
13 28.1 (CH) 1.66 (3H.9) C-10, C-12
14 21.3 (CH) 3.33(2Hd, 7.2) C-5, C-6, C-7, C-15, C-16
15 122.1 (CH) 5.24 (1H, 7.2) C-6, C-14, C-17, C-18
16 131.3 (C) - -
17 17.9 (CH) 1.68 (3H.9) C-15, C-16, C-18
18 25.8 (CH) 1.81 (3H.9) C-15, C-16, C-17
19 115.3 (CH) 6.76 (1H], 9.9) C-7, C-8, C-8a, C-20, C-21
20 127.1 (CH) 5.57 (1H], 9.9) C-8, C-21, C-22, C-23
21 77.3 (C) - -
22 28.0 (CH) 1.46 (3H.9) C-20, C-21, C-23
23 28.0 (CH) 1.46 (3H.9) C-20, C-21, C-22
iy 103.4 (C) - -
2 150.1 (C) - -
3 104.6 (C) 6.38 (1Hs) C-1,C-2, C-2, C-4,C-5
4 146.4 (C) - -
5 137.2 (C) - -
6 131.8 (C) - -
5-OH - 13.42 (1Hg) C-4, C-4a, C-5,C-6
2'-OH - 7.78 (1H,9 c-1,Cc-2,C3
4'-OH - 9.23 (1H9) c-5
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Table 19 'H-'H COSY spectral data #ES8

Correlated protorgpn)

Proton @ppm)

H.-9 (2.40) —>
Hg-9 (3.23) «—>
H-10 (3.41) “—>
H-14 (3.33) «—>
H-15 (5.24) «—>
H-17 (1.68) «—>
H-18 (1.81) «—>
H-19 (6.76) «— >

H-9(3.23), H-10 (3.41)

H-9 (2.40), H-10 (3.41)

H-9 (2.40), H-9 (3.23)
H-15 (5.24), H-17 (1.68), H-18 (1.81)
H-14 (3.33), H-17 (1.68), H-18 (1.81)
H-14 (3.33), H-15 (5.24), H-18 (1.81)
H-14 (3.33), H-15 (5.24), H-17 (1.68)

H-20 (5.57)
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AE9
(3,4,5-Trimethoxyphenyl)methanol

7
H4CO l CH,OH

H,CO
OCH,

AE9 is a red-brown gum. ThiH NMR spectrum exhibited a singlet
resonance of two equivalent meta-aromatic protovid6e61 (H-2 and H-6) indicating
a tetrasubstituted benzene ring. The remainingoproesonances were those of a
hydroxy methylene proton® @.65,s, 2H), a methoxyl groupX3.85,s, 6H) and two
equivalent methoxyl groups(3.88,s, 6H). These substituent groups were placed at
C-1, C-4, C-3 and C-5, respectively. The placenwdrt—CHOH was confirmed by
HMBC correlation of -CHto C-2 and C-3. These assignment indicatedAlR& was
(3,4,5-trimethoxyphenyl)methanol.

Major HMBC of AE9



Table 20 °C, *H and HMBC spectral data &fE9

Position oc (C-Type) on (mult, Jy,) HMBC
1 135.5(C)
2 103.9 (CH) 6.61 (1Hp) C-3, C-4, C-5, C-6, C-1
3 153.5 (C)
4 137.5 (C)
5 153.5 (C)
6 103.9 (CH) 6.61 (1Hp) C-2,C-3,C-4, C-5, C-1
7 65.6 (CH) 4.65 (2H,9) C-1,C-2,C-6
3-OCH; 56.1 (OCH) 3.88 (3H,9) C-3,C-5
4-OCH; 60.9 (OCH) 3.85 (3H,9) C-4
5-OCH; 56.1 (OCH) 3.88 (3H,9) C-3,C-5
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AE10
5a,6-Dihydro-1,3,8-trihydroxy-5,5,11,11-tetramethyl-5H,7H,11H-benzo
fur o[ 3,4-bc]pyrano[ 3,2-h]xanthen-7-one

AE10 is a yellow solid, m.p. 284-28%C. The UV spectrum showed
maximum absorption bands at 228, 257, 272, 312,aB80391 nm. The IR spectrum
showed the absorption bands of O-H stretching &53dm', C=0 stretching at
1642 cnt. The '*H NMR spectrum indicated the presence of a chelatgttoxyl
group ¢ 13.22, 5-OH), an aromatic proton H-@ 6.38) and a furanoxanthonoid
moiety ¢ 3.38, H-10y 3.21, H-9; 6 2.40, H-9; 6 1.66, 13-CH and¢ 1.34, 12-CH).
TheH NMR spectrum Table 21) further showed a signal of an aromatic protén (
6.23, H-6,5) and a characteristic signals of a 2,2-dimethyoiene ringd 1.46, 17-
CHz and 18-CH, 5.56, H-15 and 6.78, H-14). The HMBC correlations of H-6 to C-
5, C-4a, C-7, C-8 and H-% C-1, C-2, C-4, C-5 confirmed the assignment of H-6
and H-3. The HMBC correlations of H-14 to C-6, C-8, C-8adaof H-15 to C-8
confirmed the placement of the chromene ring ata®d C-8 AE10 was identified to
becycloartobiloxanthone (Sultanbawaet al., 1989).

Major HMBC of AE10
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Table 21 *C, *H and HMBC spectral data &fE 10

Position | Jc (C-Type) on (mult, Jy,) HMBC
2 160.7 (C) - -
3 111.6 (C) - -
4 180.6 (C=0) - -
4a 104.7 (C) - -
161.5 (C) - -
99.9 (CH) 6.23 (1Hy) C-4,C-4a, C-5,C-7,C-8
158.7 (C) - -
8 101.0 (C) - -
8a 150.9 (C) - -
9 19.8 (CH) | 3.21 (1K, dd, 15.0, 7.2) C-2,C-3,C-4,C-6C-10
2.40 (1H, t, 15.0) C-2,C-3, C-4,C-6C-10, C-11
10 46.6 (CH) | 3.38(1Hd, 15.0,7.2)| C-1, C-3, C-5,C-6, C-9, C-11, C-12, C-11
11 93.5 (C) - -
12 22.6 (CH) 1.34 (3H,9) C-10, C-11, C-13
13 28.1 (CH) 1.66 (3H,9) C-10, C-11, C-12
14 115.0 (CH) 6.78 (1HJ, 10.0) C-6, C-8, C-8a, C-15, C-16
15 127.3 (CH) 5.56 (1HJ, 10.0) C-8, C-16, C-17, C-18
16 77.8 (C) - -
17 28.1 (CH) 1.46 (3H,9 C-14, C-15, C-16, C-18
18 28.1 (CH) 1.46 (3H,9 C-14, C-15, C-16, C-17
r 103.4 (C) - -
2 150.3 (C) - -
3 104.7 (CH) 6.38 (1Hs) C-1,C-2,C-4,C-5
4 146.5 (C) - -
5 137.2 (C) - -
6 131.9 (C) - -
5-OH - 13.22 (1Hg) C-4a, C-4, C-5,C-6
2'-OH - 8.00 (1H.9) C-1,C-2,C-3
4'-OH - 9.26 (1H,9) C-3,C-4,C-5

3




Table 22 'H-'H COSY spectral data &fE10

Correlated protorgpn)

Proton @ppm)

H.-9 (2.40) «—>
Hg-9 (3.21) “—>
H-10 (3.38) “—>
H-14 (6.78) «—

H-9(3.21), H-10 (3.38)

H-9 (2.40), H-10 (3.38)

H-9 (2.40), H-9 (3.21)
H-15 (5.56)
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AE1l

New quinonobenzoxanthone derivative

AE11 is a yellow solid, m.p. 199-208C. The UV spectrum showed
the absorption bands at 217, 229, 245, 267, 303 34d nm. The IR spectrum
indicated the presence of O-H stretching at 3433 amd C=0 stretching at 1720,
1647 and 1584 cth The 'H NMR spectral data oAE11 in CDCk (Table 23)
exhibited the signals of a chelated phenolic hydrmogroton at 12.56 6, 5-OH), an
isolated aromatic proton at6.27 €, H-6) and a set of 2,2-dimethylchromene ring at
6.77 @, H-14); 5.59 @, H-15); 1.48 § 17-CH); 1.46 & 18-CH;). The'H NMR
spectra also showed the resonances of two methupgrats 0.90 and 1.20s( 12-
CHz and 13-CH), methylene protons @ ?2.96 and 2.58dd, J = 16.8, 5.7 Hz, 2H-9),
three methine protons at2.62 ¢, H-1'), 2.92 (, H-10), 3.50 { H-6). *H-'H COSY
correlations of H-10 to H-9, H-@&and of H-6 to H-1 confirmed the assignment of a
partial structure (-6C10-Ce-Cy-). The chemical shift value of C-14 74.5) indicated
that it was oxycarbon. The correlations of 2H-9 &hd' to C-2 and C-3 supported
the connection at C-3 and C-2. In addition, theomasices of signals of non-
equivalent methylene protons at2.67 and 2.63bf s, 2H-3) showed the HMBC
correlation with C-2 C-4 and C-5. A propanoyl side chain was suggested from the
proton resonances of methyl protonsoé2.27 (CH-21, s) and 2H-19 ab 3.00 and
2.93 pr s, each). The presences of four carbonyl groups welieated from théC
NMR spectrum. The resonanced@®07.6 reveal the carbonyl carbon of a propanoyl
side chain whereas the resonance 4180.9 was assigned for C-4. The quinonoid
structure was implied from the carbonyl carbon nesces aty 198.8 (C-2) and
205.5 (C-5). The HMBC correlations of H-19 to C;3-4, C-5, C-20, C-21 together
with 4-OH (6 4.30) to C-3 C-4 and C-5indicated that the propanoyl side chain and
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a hydroxyl group were attached to a quinonoid stmecat C-4 The®J correlation of
H-10 to C-3, C-5 C-11 and C-12 suggested the formation of a cymditveen C-3
and a quinonoid structure together with hydroxypyl group as the side chain. The
chromene moiety was placed at C-7 and C-8 due t@E&Morrelations of H-14 to C-
7, C-8, C-8a and of H-15 to C-8. Therefore a nevinguoid dihydroxanthone
structure was assigned faE11l.

Major HMBC of AE11



Table 23 °C, 'H and HMBC spectral data &fE 11
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Position oc (C-Type) oy (mult, Jyy,) HMBC

2 156.9 (C) - -

3 115.9 (C) - -

4 180.9 (C) - -

da 104.9 (C=0) - -

5 161.6 (C) - -

6 100.3 (CH) 6.27 (1H) C-4a, C-5,C-7,C-8

7 159.7 (C) - -

8 101.2 (C) - -

8a 151.8 (C) - -

9 22.6 (CH) 2.96 (1H,dd, 16.8, 5.7) C-2, C-3,C-6 C-10

2.58 (1Hdd, 16.8, 5.7) C-2, C-3,C-6 C-10

10 32.8 (CH) 2.92 (1Hn) C-3,C-8,C-6, C-11, C-12

11 74.5 (C) - -

12 25.3 (CH) 0.90 (3H,9) C-10, C-11, C-13

13 31.9 (CH) 1.20 (3H,9) C-10, C-11, C-12

14 114.8 (CH) 6.77 (1HJ, 10.0) C-7,C-8, C-8a, C-16

15 127.4 (CH) 5.59 (1Hj, 10.0) C-8, C-16, C-17, C-18

16 78.2 (C) - -

17 28.3 (CH) 1.48 (3H,9) C-15, C-16, C-18

18 28.2 (CH) 1.46 (3H,9) C-15, C-16, C-17

19 46.9 (CH) 3.00 (1H,br s) Cc-3,C-4, C-5, C-20, C-21

2.93 (1H,br s) C-3,C-4, C-5, C-20, C-21

20 207.6 (C=0) - -

21 32.0 (CH) 2.27 (3H) C-19, C-20

1 46.9 (CH) 2.62 (1Hd, 2.1) C-2,C-2,C-3,C-5,C-6

2 198.8 (C=0) - -

3 43.5 (CH) 2.67 (1H,brs) C-2,C-4,C-B

2.63 (1H,br s) C-2,C-4,C-B

4 75.6 (C) - C-2,C-2,C-10

5 205.5 (C=0) - -

6 47.8 (CH) 3.50 (1Ht, 2.1) C-2,C-2,C-10
5-OH - 12.56 (1Hs9) C-4a, C-5, C-6, C-7
4'-OH - 4.30 (1H.,9) C-3,C-4,C-B
11-OH - 3.49 (1Hs) -




Table 24 'H-'H COSY spectral data &fE11

89

Proton @ppm) Correlated protorgpn)
H-9 (2.96) “«—> H-9 (2.58), H-10 (2.92)
H-10 (2.92) «—> H-9 (2.96 and 2.58), H.3.50)
H-14 (6.77) «— H-15 (5.59)

H-19 (3.00) «—> H-19 (2.93)

H-1' (2.62) «—> H-6' (3.50)

H-3' (2.67) «— > H-3' (2.63)

H-6' (3.50) «— > H-1' (2.62), H-10 (2.92)
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AE12
1,3,4,8-Tetrahydr oxy-10-methoxy-5-(pr op-1-en-2-yl)-5H-benzo[ c]xanthen-
7-(6H)-one

H,CO 0
> OH
S: ] 13

OH

O

AE12 is a brown-yellow solid, m.p. 242-248. Its molecular formula
of CyH1g0; was established on the basis of mass spectrum, ENM]" m/z
382.1068). The UV spectrum showed maximum absorpgiends at 214, 228, 261,
314 and 380 nm. The IR spectrum showed the strejabii O-H (3180 cil), C=0
(1653 cm'). TheH NMR spectrum Table 25) exhibited signals of a hydrogen-
bonded hydroxyl proton at13.23 §, 5-OH), a pair of meta-coupled aromatic protons
at 9 6.30 and 6.65J(= 2.4 Hz, H-6 and H-8), an aromatic protord &.52 (H-3) and
a singlet of methoxyl group at 3.89 (7-OCH). An ABX system signal of non-
equivalent methylene protons,#9 (0 2.46, dd), Hg-9 (0 3.41,dd) and a methine
proton H-10 § 4.00,d) were shown in the spectrum. The spectrum furshewed
signals of non-equivalent vinylic protons 4.29,s, H,-12 ands 4.65,s, Hz-12) and
methyl protonsd 1.78,s, H-13), corresponding to an isopropenyl groupe HMBC
correlations of H-10 to C-3, C-12, C-IC-5 and C-6 suggested that the cyclic was
formed at C-3 and C:t@oosition, whereas the isopropenyl group was lintedhe
cyclic by C-10. These signals corresponded to tharacteristic signals of a
dihydrobenzoxanthone skeleton (Hakiet,al., 2006). The 2 4, 5-trioxygenated
pattern with H-3 resonating atd 6.52 was proposed for B-ring based on the
biogenetic pattern of constituents Artocarpus genus (Hakimget al., 2006). The
assigned structure was found to be the methoxyatere of artonol E, whose
methoxyl group was proposed at C-7 according torrelation of OCH, H-6 and H-
8 to C-7. Consequently, a new dihydrobenzoxanthatexivative, 1,3,4,8-
tetrahydroxy-10-methoxy-5-(prop-1-en-2-ylH8enzof]xanthen-7(61)-one was
assigned foAE12.
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Major HMBC of AE12



Table 25 °C, 'H and HMBC spectral data &fE 12

Position| dJc (C-Type) on (mult, Jy,) HMBC
2 161.0 (C) - -
3 110.6 (C) - -
4 180.1 (C=0) - -
4a 104.7 (C) - -
161.9 (C) - -
97.7 (CH) 6.30 (1Hd, 2.4) C-4a, C-5,C-7,C-8
165.1 (C) - -
8 92.2 (CH) 6.65 (1Hd, 2.4) C-4a, C-6, C-7, C-8a
8a 156.7 (C) - -
9 21.4 (CH) 3.41 (1K, dd, 15.9, 1.8) | C-2, C-3, C-4, C-6 C-10, C-11
2.46 (1H, dd, 15.9, 6.3) C-2,C-3,C-4,C-6C-11
10 37.0 (CH) 4.00 (1H, 6.3) C-3,C-5, C-6, C-9, C-11, C-12
11 144.4 (C) - -
12 110.9 (CH) 4.65 (1H, 9) C-13
4.29 (1H, 9 C-10, C-11, C-13
13 21.0 (CH) 1.78 (3H,9 C-10, C-11, C-12
r 105.5 (C) - -
2 150.5 (C) - -
3 102.9 (CH) 6.52 (1Hy) c-1,c-2,c-4,C-5
4 150.3 (C) - -
5 136.0 (C) - -
6’ 128.3 (C) - -
7-OCH; | 55.4 (CH) 3.89 (3H.9) C-7
5-OH - 13.23 (1Hg) C-4,C-4a,C-5,C-6
*OH - 8.27 (1H,9 -

* the position not identified

Table 26 'H-'H COSY spectral data ¢fE12

Proton @ppm)

Correlated protord,n)

H-6 (6.30)
H,-9 (2.46)
Hy-9 (3.41)
H-10 (4.00)

H-8 (6.65)
H-9 (3.41), H-10 (4.00)
H-10 (4.00), H9 (2.46)
H-9 (2.46), H-9 (3.41)

92



93

AE13

New quinonobenzoxanthone derivative

AE13 is a yellow solid, m.p. 202-203C. Its EI-MS exhibited a
molecular ion peak atVz 506.1572, consistent with a molecular formula gdHzsOo.
The UV spectrum showed maximum absorptions at 232, 269, 308, 327 and 361
nm. The IR spectrum showed the stretching of hygr¢®426 cm®) and carbonyl
groups (1753, 1722, 1697 and 1657ynThe’H NMR spectrum Table 27) showed
a singlet resonance of a hydrogen-bonded hydroxgum 5-OH ats 12.42, an
aromatic proton H-6 at¥(6.28,s), and protons in a 2, 2-dimethylchromene ring at
6.78, 5.60 (eac, J = 10.2 Hz), 1.49, 1.46 (each 3B}, non-equivalent methylene
protons H-3 (6 3.47 and 3.57¢, J = 19.4 Hz each) and a propanoyl side chain [
2.43 (CH-21, s), 6 3.03 and 3.25 (2H-19)]. The spectrum further showed the
resonances of an isopropenyl moiety € (6 1.67,s) and 2H-12 § 4.98,s and
4.91,d, J = 0.9 Hz)], a methine protory 3.38,d, H-10) and methylene protonsg (
2.89,d, Hg-9 and 2.49dd, H,-9). The quinonoid dihydroxanthone with isopropenyl
side chain then was assigned #®WE13. The oxirane ring was assignable by the
oxycarbon resonances@61.9 (C-1) and 72.0 (C-9. HMBC correlation of H-3at o
3.57 to the carbon at61.9 (C-1) and of 2H-9 aty 2.49 and 2.89 to the carbon &t
72.0 (C-6) confirmed the position of the oxirane ring. Theogosed structure of
AE13 was in agreement with molecular ionmfz 506.1572 (GgH2609). The HMBC
(Table 27) and cosy correlationd éble 28) supported the assigned structure.



Table 27 *C, 'H and HMBC spectral data &fE13

Position | dJc (C-Type) on (mult, Jy,) HMBC
2 155.2 (C) - -
3 117.3 (C) - -
4 181.4 (C=0) - ]
4a 106.6 (C) - -
5 162.8 (C) - -
6 102.0 (CH) 6.28 (1Hy) C-4a, C-5, C-7, C-8
7 161.3 (C) - -
8 103.1 (CH) - -
8a 153.4 (C) - -
9 24.3 (CH) 2.49 (1H,dd, 17.1, 7.2)| C-2,C-3,C-4,C-6C-10, C-11
2.89 (1H,d, 17.1) C-2,C-3,C4,CH6C-10,C-11
10 41.1 (CH) 3.38 (1H], 7.2) C-1, C-3,C-6, C-9, C-11, C-13
11 145.1 (C) - -
12 117.8 (CH) 4.98 (1H, 9 C-10, C-11, C-13
4.91 (1H, d, 0.9) C-10, C-13
13 22.5 (CH) 1.67 (3H,9) C-10, C-11, C-12
14 116.3 (CH) 6.78 (1H, 10.2) C-7,C-8, C-8a, C-16
15 129.1 (CH) 5.60 (1H, 10.2) C-8, C-16,C-17, C-18
16 79.9 (C) - -
17 29.9 (CH) 1.49 (3H,9) C-15, C-16, C-18
18 29.7 (CH) 1.46 (3H,9) C-15, C-16, C-17
19 41.7 (CH) 3.25 (1K, d, 15.8) C-3,C-4,C-5,C-20
3.03 (1H, d, 15.8) C-4, C-5, C-20
20 213.3 (C=0) - -
21 33.3 (CH) 2.43 (3Hy9) C-19, C-20
1 61.9 (C) - -
2 195.6 (C=0) - -
3 50.9 (CH) 3.57 (1Hd, 19.4) Cc-1,C-2,C-8
3.47 (1Hd, 19.4) C-2,C-4,C-5,C-19
4 83.6 (C) - -
5 198.7 (C=0) - -
6 72.0 (C) - -
5-OH - 12.42 (1Hg) C-4, C-4a, C-5, C-6
4'-OH - 5.64 (1H,9) C-4, C-19

94



Table 28 'H-H COSY spectral data #fE13

Proton @ppm)

Correlated protorggpm)

H-3' (3.57)
H,-9 (2.49)
Hg-9 (2.89)
H-10 (3.38)
H,-12 (4.91)
Hy-12 (4.98)
H-13 (1.67)
H-14 (6.78)
H,-19 (3.03)

«— H-3' (3.47)
«—> He-9 (2.89), H-10 (3.38)
«—> H,-9 (2.49), H-10 (3.38)
«—> H, -9 (2.49), H; -9 (2.49)
«—> He-12 (4.98), H-13 (1.67)
«—> H,-12 (4.91), H-13 (1.67)
«—> Ho-12 (4.91), H-12 (4.98)
«—> H-15 (5.60)
> H,-19 (3.25)

Major HMBC of AE13

95
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AE14
5a,6-Dihydro-1,3,8-trihydr oxy-10-methoxy-5,5-dimethyl-5H,7H-benzofur o 3,4-
bc]xanthen-7-one

OH (@] 12

AE14 is a yellow solid, m.p. 287-288C. The UV spectrum exhibited absorption
maxima at 225, 266, 270, 304 and 362 nm. The IRtgpa showed the absorption
bands of hydroxyl groups at 3369 ¢rand a carbonyl group at 1629 ¢nirhe 'H
NMR spectrum exhibited the signals of a hydrogendea hydroxyl groupd(13.17,

s, 5-OH), methoxyl protonsy(3.88,s, 7-OCH), an isolated aromatic protos 6.39,

s, H-3) and twometa aromatic protonsd(6.32,d, H-6 andJd 6.56,d, H-8). The
position ofmeta protons H-6 and H-8 was confirmed by the HMBC etations of H-

6 to C-4a, C-8, and of H-8 to C-4a, C-6. The meyhgxoup was assigned at C-7 by
HMBC correlation of 7-OCH and H-8 to C-7. The spectrum further showed the
signals of two hydroxyl protons at8.38 and 9.71 and they were located at Cald
C-4, respectively due to HMBC correlations ¢f@QH to C-1, C-2,C-3 and of 4

OH to C-3, C-4, C-5. Two singlet signals of two methyl group$1.35,s, 12-CH;
ando1.67,s, 13-CH) and an ABX system signals of a methine protb8.88,dd, H-

10) and methylene protong 8.22,dd, Hg-9 and 2.40t, Hg-9) were assigned for the
characteristic signals of a furanodihydrobenzotvané skeleton. The HMBC
correlations of H-10 to C-3, C-9, C-11, C-12, C-C36 suggested that the cyclized
prenyl moiety was located at C-3 position and vialseld to ring B at C-6position.
The assignment oAE14 was in agreement with the structure aftonin K
(Namdaunget al., 2006).

OH O 12
Major HMBC ofAE14



Table 29 **C, 'H and HMBC spectral data &fE 14

Position | d¢c (C-Type) on (mult, Jy,) HMBC
2 165.9 (C) - -
3 116.4 (C) - -
4 185.2 (C=0) - -
4a 110.5 (C) - -
5 166.5 (C) - -
102.8 (CH) 6.32 (1H, 2.1) C-4a, C-5,C-7,C-8
169.6 (C) - -
97.1 (CH) 6.56 (1Hd, 2.1) C-4a, C-6, C-7, C-8a
8a 161.3 (C) - -
9 24.6 (CH) 3.22 (1H, dd, 15.0, 6.9) C-2, C-3, C-4, C-6 C-10
2.40 (1H, t, 15.0) C-3, C-6, C-10, C-11
10 51.4 (CH) 3.38 (1Hjd, 15.0, 6.9) C-6, C-9, C-11, C-12, C-13
11 97.8 (C) - -
12 27.4 (CH) 1.35 (3H,9) C-10, C-11, C-13
13 32.9 (CH) 1.67 (3H,9) C-10, C-11, C-12
r 108.2 (C) - -
2 155.3 (C) - -
3 109.6 (CH) 6.39 (1Hs) C-1,C-2,C-4,C-5
4 151.5 (C) - -
5 141.9 (C) - -
6 136.6 (C) - -
7-OCH; | 60.5 (OCH) 3.88 (3H,9 C-7
5-OH - 13.17 (1Hs) C-3,C-5,C-6
2'-OH - 8.38 (1H.9) C-1,C-2,C-3
4'-OH - 9.71 (1Hy9) c-3,C-4,C-5

Table 30 'H-'H COSY spectral data &fE14

Proton §ppm)

Correlated protorngfy,)

H-6 (6.32)
H,-9 (2.40)
H,-9 (3.22)
H-10 (3.38)

H-8 (6.56)

H-9(2.40), H-10 (3.38)
H-9 (2.40), H-10 (3.38)
H-9 (2.40), H-9 (3.22)
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AE15
5-Hydroxy-8,8-dimethyl-2-(2,4-dihydr oxyphenyl)-4H,8H-benzo[ 1,2-b']dipyr an-4-
one

AE15 is a pale yellow solid, m.p. 189-19C. The UV spectrum
exhibited the absorption bands at 212, 230, 252, 287, 307 and 357 nm. The IR
spectrum showed the O-H stretching at 3379 amd the C=0 stretching at 1651 and
1555 cn.The 'H NMR spectrum showed the characteristic resonantesflavone
proton ato 7.15 €, H-3), a hydrogen-bonded hydroxyl protonéa13.53 §, 5-OH)
and an aromatic proton @#6.44 €, H-6). The resonances of two vinylic methine
protons H-9 § 6.67,d, J = 10.2 Hz), H-104 5.74,d, J = 10.2 Hz), and two methyl
groups 12-CH (6 1.47,s), 13-CH (0 1.47, s) revealed the presence of a 2,2-
dimethylchromene ring. This moiety was placed at &d C-8 of the parent structure
due to HMBC correlations of H-9 to C-7, C-8a andHeb to C-5, C-7, C-8. A doublet
at 56.58 (J = 2.1 Hz), a doublet of doublet 86.54 J = 8.7, 2.1 Hz) and a doublét
7.83 0 = 8.7 Hz) were in agreement with the ABX type odraatic protons H-3 H-

5 and H-6. Thus AE15 was assigned as 5-hydroxy-8,8-dimethyl-2-(2,4-
dihydroxyphenyl)-#,8H-benzo[1,2b']dipyran-4-one, a new flavone derivative.

Major HMBC of AE15



Table 31 C, 'H and HMBC spectral data &E15

Position dc (C-Type) o (mult, Jyy,) HMBC
2 162.3 (C) - -
3 107.5 (CH) 7.15 (1Hp) C-1,C-2,C-4, C-4a
4 182.8 (C=0) - -
4a 104.9 (C) - -
5 157.1 (C) - -
6 94.6 (CH) 6.44 (1H) C-4a, C-5,C-7,C-8
7 159.1 (C) - -
8 104.9 (C) - -
8a 156.3 (C) - -
9 115.0 (CH) 6.67 (1H], 10.2) C-7,C-8a, C-11
10 128.1 (CH) 5.74 (1HJ, 10.2) C-8, C-11, C-12,C-1
11 78.3 (C) - -
12 27.6 (CH) 1.47 (3H9) C-10, C-11, C-13
13 27.6 (CH) 1.47 (3Hy9) C-10, C-11, C-12
r 104.9 (C) - -
2 158.8 (C) - -
3 103.5 (CH) 6.58 (1Hd, 2.1) C-2,C-4,C-5
4 161.9 (C) - -
5 108.2 (CH) 6.54 (1Hdd, 8.7, 2.1) C-2,C-2,C-4
6 129.9 (CH) 7.83 (1Hd, 8.7) C-2,C-2,C-4
5-OH - 13.53 (1Hs9) C-4a, C-5

Table 32 'H-'H COSY spectral data &fE15

Proton @ppm) Correlated protorggpm)
H-9 (6.67) —> H-10 (5.74)
H-3' (6.58) «—> H-5' (6.54)

H-5' (6.54) «—> H-3' (6.58), H-6 (7.83)
H-6' (7.83) «—> H-5' (6.54)
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AE16
2-(2,4-Dihydr oxyphenyl)-5,7-dihydr oxy-4H-chr omen-4-one

AE16 is a pale creamy solid. ThHid NMR spectrum showed the
characteristic resonances of a flavone proton @96 (s, H-3), a hydrogen-bonded
hydroxyl proton ato 13.00 §, 5-OH), three free hydroxyl protons at9.95, 9.90,
9.42, and meta aromatic proton&.36 ¢, J = 2.5 Hz) and 6.10d(J = 2.5 Hz). The
signals of doublet aé 6.48 J = 2.5 Hz), a doublet of doublet a6.42 J = 8.5, 2.5
Hz) and a doublet at 7.70 J = 8.5 Hz) were in agreement with the ABX type of
aromatic protons H:3 H-5 and H-6. Thus AE16 was assigned as 2-(2,4-
dihydroxyphenyl)-5,7-dihydroxyH-chromen-4-one which was corresponded to
norartocarpetin (Amarasinghet,al., 2008).

Major HMBC of AE16



Table 33 °C, 'H and HMBC spectral data &E 16

Position dc (C-Type) o (mult, Jyy,) HMBC
2 158.5 (C) - -
3 108.2 (CH) 6.96 (1Hp) C-2,C-4a
4 182.6 (C=0) - -
4° 103.5 (C) - -
162.0 (C) - -
93.6 (CH) 6.36 (1Hd, 2.5) C-4a, C-5,C-7,C-8
164.0 (C) - -
8 98.5 (C) 6.10 (1Hd, 2.5) C-4a, C-6, C-8a
8° 162.4 (C) - -
r 107.6 (C) - -
2 161.8 (C) - -
3 103.4 (CH) 6.48 (1Hd, 2.5) c-1,Cc-2,C-4,C-5
4 158.0 (C) - -
5 107.7 (CH) 6.42 (1Hdd, 8.5, 2.5) C-1,C-3,C-4
6 129.9 (CH) 7.70 (1Hd, 8.5) C-2,C-4
5-OH - 13.00 (1Hs) C-4a, C-5, C-6
*OH - 9.42 ) -
*OH - 9.90 ) -
*OH - 9.95 ¢) -

* the position not identified

Table 34 'H-'H COSY spectral data #E 16

Proton §ppm) Correlated protonsg,,)
H-6 (6.36) “—> H-8 (6.10)

H-3' (6.48) +“—> H-5' (6.42)

H-5' (6.42) “—> H-3' (6.48), H-6 (7.70)
H-6' (7.70) +—> H-5' (6.42)
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3.2 Evaluation of biological activities of the crude extracts

3.2.1 Antimicrobial activity

Dried bark ofA. elasticus was extracted with dichloromethane and
acetone to give dichloromethane extract (AeD) aoetame extract (AeA). Each
extract was screened for antibacterial activity irsgja Saphylococcus aureus
ATCC25923 (SA), methicillin-resistan&apphylococcus aureus (MRSA SK1),
Pseudomonas aeruginosa ATCC27853 (PA), andEscherichia coli ATCC25922, for
antiyeast activity onCandida albicans NCPF3153 (CA), andCryptococcus
neoformans ATCC90113 flucytosine-resistant (CN90113), anddatifungal activity
on Microsporum gypseum clinical isolate (M. gypseum). It was found thia¢ tCHCI,
extract showed activity with MIC 128g/ml for SA and MRSA SK1. The acetone
extract exhibited activity with MIC 1@g/ml. Both extracts showed no activity for PA
and EC. Both extracts showed no antiyeast actanty antifungal activity. The results
are shown imable 35 andTable 36

Table 35 Antibacterial activity of crude extracts from thark ofA. elasticus

. Antibacterial activity (MIC,.g/ml)
Fractions
SA MRSA SK1 PA EC
AeD 128 128 >200 >200
AeA 16 16 >200 >200
Vancomycin 1 1 - -
Gentamicin - - 1 1
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Table 36 Antiyeast and Antifungal activity of crude extra@itsm the bark of.

elasticus
. Antiyeast activity (MIC,.g/ml) | Antifungal activity (MIC,zg/ml)
Fractions
CA CN90113 M. gypseum
AeD >200 >200 >200
AeA >200 >200 >200
Amphotericin B 0.125 0.25 -
Miconazole - - 1

Some of the pure compounds obtained from,ClH extract were

evaluated for their antibacterial activities agaiisaureus ATCC25923, and MRSA
SK1. The result {able 37) indicated thatAE4, AE8, AE13 and AE14 were less
active than the crude extract. Wherédsl, AE10 andAE12 were more active than

the crude extract. Among the active compouA&d showed the strongest inhibitory

activity with a MIC value of 4 and &g/ml againstS aureus ATCC25923, and

MRSA SK1, respectively. However it was less activen vancomycin, the standard
antibiotic (MIC 1g/ml). AE2, AE3, AE5, AEG6, AE7, AE9, AE11, AE15 andAE16

were not tested due to insufficient quantities.

Table 37 Antibacterial activity of compounds isolated frohe bark ofA. elasticus

Compound Antibacterial activity (MIC,.g/ml)
SA MRSA SK1
AE1 a 5
AE4 > 200 > 200
AES8 > 200 > 200
AE10 16 16
AE12 32 16
AE13 128 ]
AE14 200 200
Vancomycin 1 1




3.2.2 Cytotoxic activity
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The dichloromethane extract (AeD) and acetone ex{fdeA) were

further evaluated for cytotoxicity against C6 (Gliamor), D17 (Bone cancer), OLO

(Colon cancer) and PC3 Prostate candecording to the MIC value shown ifable

37. acetone extract was found to inhibit cancerlosds with IG in the range of 300-

337.5 wg/ml, whereas dichloromethane extract was fouraetiactive for cytotoxic

activity.

Table 38 Cytotoxic activity of crude extracts from the barfkA. elasticus

nce

Cytotoxic activity (1Go zg/ml)
Fractions C6 D17 OLO 205 PC3
Glial tumor Bone cancer Colon cancer  Prostate ¢a
AeD NA NA NA NA
AeA 337.5 315 ~300 NA

NA = no activity

3.3 Review of biological activities of the known compounds obtained from this

study

Biological activities of some compounds isolateatrthis study have
Based on the sefmmin SciFinder Scholar the
biological activities of artonin EAEL), artnol B AES5), 7-demethylartonol EAE10),

been previously investigated.

artonin F AES8), cycloartobiloxanthone AE10) and norartocarpetinAE16) are

summarized.

Artonin E AE1) is the major component &. elasticus. It showed

strong radical scavenging properties (DPPH radi¢iyasinghegt al., 2008) and

cytotoxicity to cell lines such as murine leuker®a88 cell line (IG 0.06 wg/ml)

MCF-7 (breast

(Hakim, et al.,

2006),

1A9 (Ovarian,

B 1.25 ug/ml),
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adenocarcinoma, E2.2 xg/ml), HCT-8 (ileocecal, EE 3.3 pg/ml) and MDAMB-
231 (breast adenocarcinoma, §3.0 1g/ml) (Wang,et al., 2004). Furthermore, it
also reduced the amount of urinary protein excnettompared to nephritic mice
(Fukai,et al., 2003).

Artonol B (AE5) has been reported to show cytotoxicity against th
human small cell lung cancer (NCI-H 187 54Q.26 1g/ml) (Namdaunget al., 2006)
and murine leukemia cell (P388,s4>>1009/ml) (Hakim,et al., 2002).

7-Demethylartonol EAEG6) has been tested for antiplasmodial activity
against Plasmodium falciparum (ICso 7.9 wg/ml) and antimycobacterial activity
againstMycobacterium tuberculosis (MIC 50 wg/ml). It was also toxic to human
small cell lung cancer (NCI-H187, 465.7 xg/ml) (Namdaunget al., 2006).

Artonin F AES8) has been tested for antiplasmodial activity agfain
Plasmodium falciparum (ICso 2.4 ug/ml) and antimycobacterial activity against
Mycobacterium tuberculosis (MIC 6.25 1g/ml) (Namdaunget al., 2006).

Cycloartobiloxanthone AE10) has been tested for antiplasmodial
activity againstPlasmodium falciparum (ICso 3.7 wug/ml) and antimycobacterial
activity againstMycobacterium tuberculosis (MIC 25 ug/ml) (Namdaung.et al.,
2006). The radical scavenging properties (DPPHceddivere studied (Jayasingleg,
al., 2008). It also exhibited cytotoxicity againstnman epidermoid carcinoma of the
nasopharynx (KB, 165 8.56 xg/ml), human breast cancer (BCs6@&.23 ug/ml) and
human small cell lung cancer (NCI-H187 5@ 1.83g/ml).

Norartocarpetin AE16) has been reported to exhibit strong toxicity

againstArtemia salina shrimp, LGo 0.05g/ml.
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3.4 Biogenesis of flavonoids and related compounds from Artocarpus elasticus

Relationships between the various classes of sacpnuetabolites
from Artocarpus elasticus is outlined inScheme 4.

Scheme 4 Relationships of prenylated flavonoids frénelasticus
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Biosynthetic route for the formation 8f£7 (furanodihydrobenzoxan-
thone skeleton), a new compound, from simple flagas proposed iScheme 5
(Sultanbawaet al., 1989).

Scheme 5 Proposed biogenetic route AE7
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Biogenetic route of artonol BAES) (xanthonolide skeleton) has been
describe by Aidaet al., 1997 as shown ischeme 6.

Scheme 6 Proposed biogenetic route of the xanthonolide tgde®mpounds
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Conclusion

Investigation of the constituents from the barldoélasticus led to the
isolation of sixteen compounds including four flaeoderivatives: 5-hydroxy-8,8-
dimethyl-3-(3-methyl-2-butenyl)-2-(2,4,5-trihydroplyenyl)-4H,8H-benzo[1,2-b:3,4-
b'ldipyran-4-one (AE1), 5-hydroxy-2-(4-hydroxy-2,5-dimethoxyphenyl)-7-thexy-
3-(3-methylbut-2-enyl)-M-chromen-4-one AE3), 5-hydroxy-8,8-dimethyl-2-(2,4-di-
hydroxyphenyl)-4,8H-benzo[1,2b']dipyran-4-one AE15), and 2-(2,4-dihydroxy-
phenyl)-5,7-dihydroxy-#-chromen-4-one AE16), three dihydrobenzoxanthone deri-
vatives:  6,7-dihydro-5,9,14-trihydroxy-11-methoxyalimethyl-6-(1-methylethyl)-
3H,8H-[1]benzopyrano[7,&]xanthen-8-one AE4), 6,7-dihydro-5,9,11,14-tetrahy-
droxy-3,3-dimethyl-6-(1-methylethenyl)-(-}B8H-pyrano[3,2":4,5]benzo[1, %] xan-
then-8-ong(AE6) and 1,3,4,8-tetrahydroxy-10-methoxy-5-(prop-12eyh-5H-benzo
[c]xanthen-7-(61)-one AE12), four furanodihydrobenzoxanthone derivatives:
(AE7), 5a,6-dihydro-1,3,8-trihydroxyl-5,5,11,11-tetraimgd-9-(3-methyl-2-buten-1-
yl)-5H,7H,11H-benzofuro[3,4bc]pyrano[3,2h]xanthen-7-one (AE8), 5a,6-dihydro-
1,3,8-trihydroxy-5,5,11,11-tetramethyH5/H,11H-benzofuro[3,4bc]pyrano[3,2h]
xanthen-7-ong AE10) and 5a,6-dihydro-1,3,8-trihydroxy-10-methoxy-8isaethyl-
5H,7H-benzofuro[3,4bc]xanthen-7-one AE14), two quinonoxanthone derivatives:
(AE1l) and AE13), one xanthonolide: 12-acetyl-6-hydroxy-3,3,9,8damethyl-
3H,7H,furo[3,4b]pyrano[3,2h]xanthene-7,11(9)-dione AES5), one dihydroisocou-
marin: 8-hydroxy-3-methyl-isochroman-1-onAE2), and one benzyl alcohol deriva-
tive: (3,4,5-trimethoxy phenyl) methandAE9). AE3, AE7, AE11, AE12, AE13 and
AE15 are new compoundsAE1l, AE2, AE4, AE5, AES8, AE9, AE10, AE14 and
AE16 were obtained for the first time from this plaAE6 were previously isolated
from this plant. AE1 showed the best activity to inhibit the growth $faureus
ATCC25923 and MRSA SK1 with a MIC value of 4 and@ml. Further study on

the biological activity of the isolated compounasld be performed.
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Figure 86 FT-IR (Neat) spectrum AE11
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