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BAUHINIA SACCOCALYX/FAGRAEA FRAGRANSBIBENZYL/CYTOTOXICITY

ANTIFUNGAL/ANTIMY COBACTERIAL

Four new bibenzyls, bauhinols A-D (I-1V), together with four known
compounds, bibenzyls V and VI, bauhinoxepin A (V11), and bauhinoxepin B (VI111)
were isolated from the roots of Bauhinia saccocalyx. Bauhinol A (I) exhibits
significant cytotoxicity towards NCI-H187 (small-cell lung cancer), BC (breast
cancer), and KB (oral-cavity cancer) cell lines, with ICso values of 3.4, 2.7, and 4.5
ug/mL, respectively. Bauhinol B (1) is cytotoxic against NCI-H187 (1Cs = 1.1
ug/mL) and BC (1Csp = 9.7 pg/mL) cell lines, but inactive towards the KB cell line (at
20 pg/mL). Bibenzyl VI is active against NCI-H187 (1Csp = 14.1 ug/mL) and BC
(ICs0 = 4.0 pg/mL) cells, but inactive (at 20 pg/mL) towards the KB cell line.
Compounds I, 11, and VI show mild antimycobacterial activities, with MIC values of
50, 25, and 25 ug/mL, respectively, but are inactive (at 20 pg/mL) against K1 malarial
parasite strain (Plasmodium falciparum). Compound 11 and VI also demonstrates
mild antifungal activities towards Candia albicans (ICsp = 28.9 and 11.7 pg/mL,

respectively). While compound | is inactive against cyclooxygenase 1 (COX-1) and
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Four known compounds, pinoresinol (IX), naucledal (X), gentiogenal (XI),
and sweroside (XII) were isolated from the stem bark, roots, fruits, and stems of
Fagraea fragrans Roxb., respectively. Compound IX possesses antimalarial activity
against Plasmodium falciparum (K1 strain), with ICsy value of 3.4 pg/ml, and
antitubercular activity against Mycobacterium tuberculosis (H37Ra), with MIC value
of 200 pg/mL. Compounds X and XI exhibit cytotoxicity towards NCI-H187 cell line
(ICsp values of 18.94 and 5.06 pg/ml, respectively) and also demonstrate mild
antitubercular activity (MIC = 200 and 50 pg/ml, respectively). However,
compounds X and XI are inactive towards the XB and BC cell lines, and inactive
against K1 malarial parasite strain (at 20 pg/mL). Compound XII demonstrates mild
anti-HSV-1 (Herpes simplex virus type 1) activity (% inhibition = 35-50% at ICsp =
1.2 £ 0.3 pg/mL).

Chemical structures of these isolated compounds were elucidated by analyses

of spectroscopic data.
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CHAPTER|

INTRODUCTION

1.1 Bauhinia saccocalyx Pierre

B. saccocalyx Pierre is a plant in Leguminosae-Caesalpiniodeae family. The
genus Bauhinia is one of the largest genera in Leguminosae-Caesalpiniodeae family,
and is distributed throughout most tropical and subtropical countries. It is also
distributed in many parts of Thailand such as Northern: Nakorn Sawan, Nan, Phrae;
Northeastern: Khon Kaen, Loei, Phetchabun, Sakon Nakhon, Udon Thani; Eastern:
Chaiyaphum, Nakhon Ratchasima, Ubon Ratchathani; Central: Lop Buri, Saraburi;
Southwestern: Kanchanaburi, Ratchaburi, Uthai Thani (Smitinand and Lasen, 1984).

Thirty five species of plants in the genus Bauhinia are found in Thailand as

follows: (Smitinand, 2001)

1. B. acuminata L. ﬂm%”zqiﬂ Ka-chae-ku-do (Malay-Narathiwat);
N1rad Kalong, %’m?:m Som siao (Central);
Te5n1 Yo thi ka (Nakhon Si Thammarat);
dorloy Siao noi (Chiang Mai).

2. B. aurefoliaK. & S. S. Larsen lu@nes Bai si thong,

g1ua 182 Yan dao (Narathiwat).



3. B. bassacensis Pierre ex Gagnep. 1nTol1Ie Khruea khao nang (Lampang);
¥4 1a Chong kho,Te5n1 Yo thi ka (Peninsular):
101052 lads Thao kradai ling (Southeastern)

4. B. bidentata Jack w3 Inihaonuas Chong kho pa dok daeng (Peninsular);

(B. bicornuta (Mig.) K. & S. S. Larsen) AunIEIeN Lep krarok (Peattani);

AUANEIEN Lep khwai lek (Yala).

5. B. binata Blanco uaaasiv Salaeng phan (Chonburi).

6. B. bracteata (Graham ex Benth.) Baker Youda Po-kaeo (Karen-Northern);
1Joisou Po chian (Northern);
a1l Po bung (Chiang Mai);
dounte Siao khruea (Nakhon Ratchasima);
L?:m@amm Siao dok khao, L??m@yﬂ Siao tia (Loei);
L?;mﬁn Siao som (Uthai Thani, Sakhon Nakhon);
teraawu Salaeng phan (Chonburi).

7. B. curtisii Prain 3o ny Khruea khao kaep (Northeastern).

8. B. ferruginea Roxb. guaune Yan tin khwai (Narathiwat).

2



9. B. glauca (Wall. ex Benth.) Benth.

(B. glauca)

¥311a Chong kho (Peninsular).

(B. tenuiflora (Watt ex C. B. Clarke) K. & S. S. Larsen)

10. B. harmsiana Hosseus

11. B. hirsuta Weinm.

12. B. integrifolia Roxb.

A191a Khang kho (Chantaburi);

W1%2 Pha-sio (Karen-Lampang);

{Fonie Siao khruea (Chiang Mai, Lampang);
e Siao ton (Nan);

don1h Siao pa (Chiang Mai).

AN Chong kho khi kai (Kanchanaburi);
o7 Siao (Phrae); {Houde Siao khuea (Lamphun).
gjm Wung-phu (Karen-Mae Hong Son);
dernton Siao noi (Northern).

nnde Ku-ku-ku-do,

NNV Ku-ku-ku-ba (Malay-Pattani);

w31 1a811 Chong kho yan (Peninsular);

a1loz Dao (Narathiwat):;

11l Thao fai, Tenzn1 Yo thaka (Bangkok);



loas Po ling (Surat Thani);
@duanelva) Lep khwai yai (Pattani).
13. B. involucellata Kurz uaraaWy Salaeng phan (Kanchanaburi, Saraburi).
14. B. lakhonensis Gagnep. ﬁ'm??mgm Som siao thao (Northeastern).
15. B. malabarica Roxb. faln Khang kho (Suphan Buri);
e In Dang kho (Saraburi);
Y13 Pam (Suai —Surin); Suider Somsiao (Northern);
L?‘Tmﬁ’u Siao som (Nakhon Ratchasima);

i@ 1vey Siao yai (Prachin Buri).

16. B. monandra Kurz 231a Chong kho, Tenzn1 Y o thaka (Bangkok).
17. B. nervosa (Wall. ex Benth.) Baker u,??muﬁ:; Siao kaeo (General).
18. B. ornata Kurz N719U Kwao khon, ﬂaﬂq Po mung (Chiang Mai);

var. B. kerrii (Gagnep.) K. & S. S. Larsen

Tana1u Kho khlan (Prachuap Khiri Khan);
Jogjs Po mung (Chiang Mai);

e Siao, ¥41a Chong kho (Phrae):



{dounso Siao khruea (Sukhothai);
ueraawuuae Salaeng phan daeng (Loei, Lop Buri).
var. B. burmanicaK. & S. S. Larsen ﬂmﬁﬂu Po kian (Northern).

19. B. penicilliloba Pierre ex Gagnep. u,??mum Siao daeng (Loei).

(B. tenuiflora (Watt ex C. B. Clarke) K. & S. S. Laren)

20. B. pottsii G. Don ¥11a Ching kho (Ranong, Surat Thani):
var. pottsi ¥311aa1 Chong kho dam (Trang).

var. decipiens (Craib) K. & S. S. Larsen ¥31a Chong kho (Trat).

var. mollissima (Wall. ex Prain) K. & S. S. Larsen

%11a 1wl Chong kho fai (Peninsular).
var. subsessilis (Craib) de Wit 31au12 Chong kho khao (Central);
¥4 1n1)1 Chong kho pa (Chanthaburi);
#11n Chang kho (Trat):
¥41a Ching kho, ﬁmﬁym Som siao (Surat Thani);
%11 Chum kho (Chumphon).
var. velutina (Wall. ex Benth.) K. & S. S. Larsen w11a Chong kho (Ranong).

21. B. pulla Craib N1vag Kalong,



teraawuie Salaeng phan thao (Nakhon Sawan);
ieraawu Salaeng phan (Nakhon Ratchasima).
22.B. purpurea L. nz1ge Ka-heo,
az1% Sa-pe-si (Karen-Mae Hong Son);
¥11a Chong kho (Central);
L?fymmﬂum Siao dok daeng (Northern);
L?fymmm Siap wan (Mae Hong Son);
23 B. racemosa Lam. R PCI Chong kho khi kai (Kanchanaburi);
¥4 1a11 Chong kho na,
%41nludn Chong kho bai lek (Ratchaburi);
%a1adn Chong kho lek (Saraburi);
S Som saio (Lampang);
L?;m Saio (Northern);
L?rymﬁlmgi Saio yai (Prachin Buri).
24. B. saccocalyx Pierre A41a Khing kho (Nakhon Ratchasima);

%41n Chong kho (Chanthaburi, Nakhon Rachasima,



25. B. scandens. L.

Suphan Buri, Uthai Thani);

#u1de7 Som siao (Nakhon Sawan, Udon Thani);
&uda Tng Som siao po,
#umaenv11 Siao dok khao (Loei); 1den1h Siao pa (Nan).

ns¢lade Kradai ling (Ratchaburi);

var. horsfieldii (Mig.) K. & S. S. Larsen ns¢laien Kradai wok (Northern);

T%ﬂﬁ:ﬂ Chok-nui (Chaobon-Chaiyaphum);

uzaud1 Maluem dam (Chiang Mai).

26. B. srindhorniae K. & S. S. Larsen

27. B. smilisCraib

28. B. dstrychnifalia Craib

29. B. strychnoidea Prain

30. B. tomentosa L.

aavaedilszas Sam sip song pradong (Nong khai);
@3us3iaa Sirinthon wanli (Bangkok).
uaaaiunszan Salaeng phan kraduk (Kanchanaburi).
vifu Khayan, 1n3evéu Khruea khayan (Northern);
ay1u Sayan (Tak, Lampang);

mﬁmmmq Y a nang daeng (Northeastern).

Teatio Chok nui (Narathiwat).

%3 Iaaenmans Chong kho dok lueang (Bangkok).



31. B. variegata L. ieang In Piang phako (Sukhothai);
Twzin Pho-phe (Karen-Kanchanaburi):;
L??m@aﬂsun Siao dok khao (Northern);

11997 Nang ua (Chiang Mai).

32. B. viridescens Desv. VznuzAonll Ba-makho-mi (Karen-Kanchanaburi);
var. viridescens #ude1ios Som siao noi (Prachin Buri);

%’mﬁyﬂﬂumﬂ Som siao bai bang (Prachuap Khiri Khan);
Ao Siao khiao (Loei);
Léﬂ%ﬁﬂﬂ Siao noi, Léﬂﬂ%ﬂﬂ Siao pok (Phrae);
dealon Siao form (Northern).
var. hirsutaK. & S. S. Larsen  mviadw Kalong khao (Kanchanaburi).

33. B. wallichii J. F. Machr. Gnﬂﬁgm Chong kho phuka (Nan).

34. B. winitii Craib ?QT’JMN Khio nang, o3 Ora phim (Central).

35. B. yunnanensis Franch. L§EJ’JLLW$ Siao phae (Lampang);

mjnﬂﬁﬂﬂmm Y a-klet-pla-mong (Shan-Northern).
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Previous study revealed that a crude CH,CIl, root extract of B. saccocalyx

exhibits antimalarial (ICsp value of 5.0 pg/mL) and antimycobacterial (MIC at 25
pug/mL) activities. Two new antimycobacterial dibenzo[b,f]loxepins, bauhinoxepin A
and bauhinoxepin B were previously isolated and characterized (Kittakoop,
Nonpichai, Thongon, Charoenchai, and Thebtaranonth, 2004).

In the present study, compositions of minor metabolites in B. saccocalyx were

explored. Biological activities of the metabolites isolated were also evaluated.

1.2 Fagraeafragrans Roxb.

F. fragrans Roxb. is a plant in the Potaliaceae family (Wongsatit, C., e 4.,
1996). This plant grows abundantly in Southeast Asia, for example, Singapore and
Malaysia. It is known locally as Tammusu (or Temmusu). It also grows sparsely in
southern and northeastern parts of Thailand, where it is called Kankrao (Central),
Tamsao or Thamsao (Southern) and Man Pla (Northern and Northeastern).

There are 8 species of plants in the genus Fagraea found in Thailand as

follows: (Smitinand, T., 2001).

1. F.acuminatissma Merr. 211 1ws Chaba phrai (Narathiwat).

2. F. auriculata Jack Meu1® Thian ruesi (Northern);

¥211919 Chaba chang (Narathiwat).

3. F. carnosa Jack tHeug 1 Niam ruesi (Northern).

4. F. ceillanica Thumb. Tnen1awn Kongkang khao (Chanthaburi):

faaaun Tang tit nok (Nong Khai);
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UNAITIA Nang sawan,

f:’;mamﬁif‘f Nio nang sawan (Peninsular);
thile# Fa-mue-phi (Mae Hong Son);
Twa1 Phoda (Pattani).

5. F.crenulata Maingar ex C. B. Clark  1tisug1® Niam rues,
nquils Lum pang,
avenene Li-ngo-kayo (Malay-Narathiwat):
1419 Hu chang (Narathiwat).

6. F.fragrans Roxb. funs1 Kan krao (Central);
azuzy Tarma-su,
Ay Tam-mu-su (Malay-Peninsular);
auns1 Tartrao (Khmer-Eastern);
@ Tam sao, 1 Tham sao (Peninsular);
1ua1 Man pla (Northern, Northeastern).

7. F.racemosa Jack azingua TaKhian thao (Trat);

Yuun Thum bok (Nakhon Si Thammarat);
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W11 Phawa nam (Chumphon, Pattani);

Nuun Thum bok, 14’3'1132 Wa num (Peninsular);
1oz Pu-le (Malay-Narathiwat).

8. F.tubulosa Blume ¥z111) Chaba pa (Narathiwat);
e gua Na-kho-hu-tae,

1lou1 Pue-na (Malay-Narathiwat).

F. fragrans grows in watery ground and sunny locations, but slowly. Most of
them were lopped and it is almost absent from the forests of Thailand. There are not
many Thais who know about this plant, especially amongst the younger generation.
Furthermore, very little has been known about the chemical constituents of this plant,
compared to others since 1964.

A preliminary test by thin layer chromatography [stationary phase was silica
gel 60, and mobile phase was CHCI3; : EtOH (85 : 15 v/v)] of crude extracts from
hexane, followed by chloroform and ethanol of the stem bark, roots, and leaves
showed many spots that luminesced under UV at 254 nm and 366 nm. This indicates
the presence of many compounds with various polarities. It may be of value to pursue,
isolate and purify. Finally, this may lead to obtaining more complete information on
the chemical constituents of F. fragrans.

So far research on 5 species of the genus Fagraea found in Thailand,
including F. acuminatissma Merr., F. carnosa Jack, F. ceilanica Thumb., F.

crenulata Maingar ex C. B. Clark, and F. tubulosa Blume, has not been carried out. In
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the present study, F. fragrans Roxb. were chemically investigated, and its

metabolites were also tested for biological activities.

1.3 Research objectives

1.3.1 To isolate and identify chemical constituents from the roots of B.
saccocalyx as well as from the leaves, roots, ssem bark, stems, flowers and fruits of F.
fragrans.

1.3.2 To investigate biological activities of the isolated compounds from

both B. saccocalyx and F. fragrans.

1.4 Research hypothesis

1.4.1 New bioactive compounds may be isolated from the roots of B.
saccocalyx, as well as from the leaves, roots, stem bark, stems, flowers and fruits of
F. fragrans.

1.4.2 The alcoholic extract from stem wood of F. fragrans inhibits the
growth of Plasmodium falciparum in vitro. Therefore, the extract from the leaves,
roots, and stem bark may give a positive test result.

1.4.3 Previouswork on F. fragrans showed only the isolation of the alkaloid
gentianine and of swertisin. Thus, further research may lead to the isolation of various

novel alkaloids besides gentianine and other components.

1.5 Scope and limitation of the study
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1.5.1 The roots of B. saccocalyx were collected in August, 2003, from

Nakhon Sawan province, Thailand. The trees are about 20-25 feet high, and not
specific in age.

1.5.2 The plant parts of F. fragrans, grown in Ubon Ratchathani University,
Muang Srikri subdistrict of Warinchamrap district, Ubon Ratchathani province,
Thailand, were used for the extraction. The trees are about 30 feet high and not
specific in age. The leaves, roots, sems, and stem bark were collected in September,
2002, whereas the flowers and fruits were collected in April, 2003.

1.5.3 The biological activities of the isolated compounds from B. saccocal yx

and F. fragrans were evaluated.



CHAPTER 1

HISTORICAL

2.1 Botanical of Bauhinia saccocalyx Pierre

B. saccocalyx Pierre is a plant in Leguminosae-Caesalpiniodeae family. It isa
small tree or shrub, about 15-30 feet in height. Its leaves are alternate, simple,
bipartite, ovate-orbicular, light green glabrous and entire with deeply imarginate apex
and 2-2.5 cm long petiole. The tip of leaf lobes is acute and the base is cordate.
Axillary and 5-10 cm long inflorescence is in racemose type. Its 2.5 cm x 3.5 cm
flower is imperfectly monoecious with 0.3-0.5 cm long pedicel, 5 hairy sepals each
splitting into 3, 5 claw petals (0.5-0.6 cm x 1.0-1.2 cm, white, indistinct, and ovate-
lanceolate), 10 stamens (white with light yellow anther), and superior ovary
comprising of 1 carpel and 1 locule. Its pod is oblong, dehiscent, and woody with

round seeds, about 2-3 cm in diameter (http://flora.sut.ac.th, 2004).

2.2 Ethnophar macology of the plantsin the genus Bauhinia

The genus Bauhinia is one of the largest genera in Leguminosae-
Caesalpiniodeae family and is distributed throughout most tropical and subtropical
countries. Information from the NAPRALERT database reveals that plants in this
genus have been widely used for treatment of diseases, as well as there are many
references to laboratory assays for their biological activities. However, the following

information will briefly review on the biological activities of the plantsin this genus.
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B. racemosa Lamk. is found in tropical parts of the world and used in the

indigenous system of medicine; for example, a decoction of its leaves has been used
in the treatment of headache and malaria, and its bark as an astringent for diarrhea and

dysentery in Indian medicine (Anjaneyulu, Raghava Reddy and Reddy,1984).

The aqueous extract of B. megalandra leaves is able to inhibit the intestinal
glucose absorption in a concentration-dependent way and additive to phlorizine.
Moreover, B. megalandra leaf extract drastically reduces the **C-glucose uptake by
enterocyte brush border membrane vesicles. The B. megalandra leaf extract
administrated orally, simultaneously with glucose, improves the glucose tolerance
with a significant reduction of the 30-min peak. The extract does not have an effect on
the glucose tolerance when glucose is administrated subcutaneously (Gonzalez-
Mujica, Motta, Marquez, and Capote-Zulueta, 2003).

B. variegata Linn. is distributed almost through out India. Its powdered bark is
traditionally used for tonic, and ulcers. It is also useful for the treatment of skin
diseases. The roots are used as antidote to snake poison and also show anti-
inflammatory activity (Yadava and Reddy, 2003). Additionally, the ethanol extract
from bark of B. variegata L. exhibits antimalarial activity with 1Cso value of 72
pg/mL (Simonsen, et al., 2001).

The CHCI; extract of B. tarapotensis Benth. leaves has been studied by the
inhibition of the croton oil-induced ear edema in mice. A bioassay-guided
fractionation shows an interesting anti-inflammatory activity. Additionally, the main
anti-inflammatory principles of B. tarapotensis leaves are triterpenic acids of ursane
and oleanane series (Sosa, et al., 2002).

B. forficata is widely used in Brazil folk medicine for the treatment of
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Diabetes mellitus. The demonstration of the active component present in B. forficata

is responsible for its antioxidant effect. However, the increase in hepatic glycogen
deserves further investigation (Damasceno, Volpato, Calderon Ide, Aguilar, and

Rudge, 2004).

B. rufescens Lam. is asmall tree, widely distributed in North and West Africa.
Its stem bark and root bark is used for the treatment of leprosy and different kinds of
venereal diseases whereas the roots are reputed to cure fever (Dalziel, 1948).
Interestingly, the CH,CI, extract of the root bark shows antifungal activity in a
bioassay with the plant pathogenic fungus Cladosporium cucumerinum (Maillard,
Recio-lglesias, Saadou, Stoeckli-Evans, and Hostettmann, 1991).

In 1990 Iwagawa and co-workers found that the methanolic extract of the
leaves of B. japonica has an antibacterial activity against Escherichia coli (Iwagawa,
et al., 1990).

Furthermore, B. candicans Benth., which is an Argentinian medicinal plant
species, has hypoglycaemic and hypocholesterolaemic properties (Iribarren and

Pomilio, 1987).

2.3 The chemical constituents of the plantsin the genus Bauhinia
Two new antimycobacterial dibenzo[b,floxepins, bauhinoxepin A (1) and
bauhinoxepin B (2), were isolated from the roots of B. saccocalyx (Kittakoop, et d.,
2004). Racemosol (3) and its derivative (4), as well as the bibenzyls preracemosol A
(5) and preracemosol B (6) were isolated from the CH,Cl, crude extract of the roots of
B. malabarica (Kittakoop, Kirtikara, Tanticharoen, and Thebtaranonth, 2000).

Racemosol A and its derivative were first isolated from B. racemosa and B. rufescens
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OH
)\/\Ci(\
o OH

MeO

(1) Bauhinoxepin A (2) Bauhinoxepin B

(Anjaneyulu, Raghava Reddy, Reddy, Cameron, and Roe, 1986; Maillard, et al.,
1991). Compounds 3-6 exhibit moderate antimalarial activities with 1Csy values of
0.9, 2.0, 18.0 and 3.0 pg/mL, respectively. Furthermore, compounds 3 and 4 exhibit
cytotoxicity against KB (oral-cavity cancer, ICsp at 15.0 pg/mL for 3 and 5.6 pg/mL
for 4) and BC (breast cancer, 1Csp @ 6.1 pg/mL for 3 and 3.6 pg/mL for 4) cell lines,

while compounds 5 and 6 show no cytotoxicity (Kittakoop, et al., 2000).

83 Bgcgnn?;orb IIZ\)r;cgr/lneosol _— (5) Preracemosol A (6) Preracemosol B

In 2003, a novel flavonol glycoside 5,7,3',4'-tetrahydroxy-3-methoxy-7-O-a-
L -rhamnopyranosyl(1—3)-O-f-galactopyranoside was isolated from the roots of B.

Variegata, and shows anti-inflammatory activity (Y adava, and Reddy, 2003).
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Meyre-Silva and colleagues found that the MeOH crude extract from the

leaves of B. microstachya exhibits an anagesic activity. Thus three flavonols. afzelin
(7), myricitrin (8), and quercitrin (9), together with gallic acid methyl ester (10) were

isolated (Meyre-Silva, et al., 2001).

(7) Afzelin (8) Myricitrin

HO COOCH3
HO
OH
(9) Quercitrin (10) Gallic acid methyl ester

Two phytoconstituents were isolated from the leaves of B. forficata, and have
been identified as p-sitosterol (11), and kaempferol-3,7-dirhamnoside (kampferitrin,

12) (Silva, et d., 2000).

OH O
(11) p-Sitoster ol (12) Kaempferitrin
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B. purpurea is a popular ornamental plant in Taiwan. In 1998, Kuo and co-
workers isolated 6-(3"-oxobutyl)taxifolin (13), and three glycerol derivatives. 2,3-
dihydroxypropy! oleate, 2,3-dihydroxypropyl linoleate, and 2,3-dihydroxypropyl 16-
hydroxyhexadecanoate. However, their biological activities have not been reported

(Kuo, Yeh, and Huang, 1998).

OH O

(13) 6-(3" -Oxobutyl)taxifolin R = CH,-CH,-C-CH3

Tang and co-workers isolated two flavanones taxifolin (14) and aromadendrin
(15) from the roots of B. hupehana. However, the biological activities of these two

compounds have not been evaluated (Tang, Y uan, Zhang, and Zhou, 1992).

OH 0]

(14) Taxifolin,R;=OH, R,=H
(15) Aromadendrin,R{=R,=H

Jagdish Kumar and colleagues isolated phenolic constituents from the pods of

Indian plant, B. vahlii., and catechin (16) and mopanol (17) together with kaempferol
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(18) from the flowers (Jagdish Kumar, Krupadanam, and Srimannarayana, 1990).

OH
OH

(17) M opanal

(16) Catechin

(18) Kaempferol

In 1985, Sultana and his co-workers investigated secondary metabolites from

the leaves of B. vahlii Linn. and agathisflavone (19), betulinic acid (20), campesterol

(21), quercetin (22), isoquercetrin (23), p-sitosterol (11), and stigmasterol (25) were

isolated (Sultana, llyas, Kamil, and Shaida, 1985)

(20) Betulinic acid

(19) Agathisflavone



HO
(21) Campesterol (22) Quercetin, R=H

(23) Isoquercetrin, R = glucoside
(24) Rutin, R =rhamnoglucoside

HO

(25) Stigmasterol

B. manca is a plant cultivated throughout Costarica. The flavonoids:
chrysoeriol (26) and 3-O-galloyl epi catechin (27) as well as flavones: luteolin-3,5-
dimethyl ester (28) and 2,4’-dihydroxy-4-methoxychalcone (29) were isolated from

the stems of B. manca (Achenbach, Stocker, and Constenla, 1988).

(26) Chrysoeriol, R=H (27) 3-O-Galloyl epi catechin
(28) Luteolin-3',5-dimethyl ester, R =Me
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HO OCH,
OO

O OH

(29) 2,4'-Dihydr oxy-4-methoxychal cone

Three flavonoids: quercitrin (9), isoquercitrin (23), and rutin (24) were
isolated from the seeds of B. malabarica (Duret and Paris, 1977).

Anjaneyulu and co-workers isolated a new dibenzoxepin derivative, 1,7-
dihydroxy-3-methoxy-2-methyldibenzo(2,3-6,7)oxepin (30), as well as its derivatives
(31, 32) and trans-resveratrol (33) from the heartwood of B. racemosa Lamk.
(Anjaneyulu, et al., 1984). In addition, a new compound, de-O-methylracemosol (4)
was first isolated from the benzene extract of its root bark (Prabhakar, Gandhidasan,
Raman, Krishnasamy, and Nandudi, 1994). Furthermore, the isolation of f-amyrin
(34) and g-sitosterol (11) from the stem bark of B. racemosa was reported (Prakash

and Khosa, 1976).

(30) R =H : 1,7-Dihydroxy-3-methoxy-2-methyldibenzo(2,3-6,7)oxepin
(3) R=Ac
(322 R=Me



(33) trans-Resver atr ol (34) p-Amyrin

A new acylated flavonol glycoside, quercetin 3-a-arabinopyranoside-2”gallate,
together with quercetin (22), hyperin (35) and guaijavarin (36) were isolated from the

leaves of B. japonica (Iwagawa, et a., 1990).

O-arabinopyr anosyl

(35) Hyperin (36) Guaijavarin

In 1987, a novel steroidal glycoside sitosterol 3-O-a-D-xyluronofuranoside
(37) was first isolated from the methanolic extract of the aerial parts of B. candicans
(Iribarren and Pomilio, 1987).

Et

MeO,C Me

OH
-0 Me

OR R=
OH

(37) Sitosterol 3-O-a-D-xylur onofuranoside
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Four antifungal tetracyclic compounds were isolated from the CH,Cl, extract

of the root bark of B. rufescens Lam., including de-O-methylracemosol (4), 5,6-
dihydro-11-methoxy-2,2,12-trimethyl-2H-naphtho[ 1,2-f][ 1] benzopyran-8,9-diol (38),
11-methoxy-2,2,12-trimethyl-2H-naphtho[ 1,2-f][ 1] benzopyran-8,9-diol  (39), and
1,7,8,12b-tetrahydro-2,2,4-trimethyl-2H-benzo[ 6, 7] cyclohepta| 1,2,3-de] [ 1] benzopyran-
5,10,11-triol  (40) (Maillard, Recio-Iglesias, Saadou, Stoeckli-Evans, and

Hostettmann, 1991).

(39) 11-M ethoxy-2,2,12-trimethyl-2H-naphtho[ 1,2-f][ 1]benzopyran-8,9-diol

OH
O

O O OH
HO

(40) 1,7,8,12b-Tetrahydro-2,2,4-trimethyl-2H-benzo[6,7]cyclohepta[1,2,3-d€e][1]benzo-
pyran- 5,10,11-triol
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2.4 Botanical of Fagraea fragrans Roxb.

F. fragrans Roxb. is atall tree, 30-45 feet (some 100 feet) in height. Its leaves
are simple, opposite, dliptic 4-6 cm wide, 8-12 cm long, thin, and coriaceous.
Inflorescence isin axillary. Corymb is in the uppermost leaf-axil.

Sweet fragrant flowers appear once a year from April to May, white color at
first then pale yellow. Berries, when ripe, are cord-red and broadly ellipsoid. Leaves

and berries have an intense bitter taste (Wongsetit, et al., 1996).

2.5 Ethnophar macology of the plantsin the genus Fagraea

The Fagraea is a genus of trees and shrubs with various species. Most of them
have been used for traditional herbal medicine in many countries around the world,
especially in the rain forest countries from Southeast Asia, Australia, Pacific Islands
to the African continent; for example, Thailand, Malaysia, Indonesia, Papua New
Guinea, Tonga and Kenya. They have been a source of important antimalarial drugs
and provided novel and effective treatments in traditional remedies (Leaman, et al.,
1995).

In Malaysia and India, the roots and leaves of F. racemosa Jack are used for
the treatment of fever and malaria (Leaman, et al., 1995). The roots are also used as a
painkillers. In Indonesia, a decoction of the leaves of F. auriculata Jack is used as a
fever medication and a rinse for mouth ulcers (Grosvenor, Gothard, Mc.William,
Supriono, and Gray, 1995).

F. bodenii Wenh. isthe medicinal plant of the Morobe province in Papua New
Guinea. When its leaves are chewed with traditional salt, they can heal an enlarged

spleen caused by malaria. F. imperialisis also a plant from Morobe province in Papua
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New Guinea. Its bark is used for fever treatment (Holdsworth and Sakulas, 1986). In

Tonga, the bark of F. berteroana A. Gray. is the local medicine to cure morning
sickness of children (Ostraff, Anitoni, Nicholson, and Booth, 2000) and postpartum
abdominal pain caused by retained blood clots in the uterus (Singh, 1kahihifo, Panuve,

and Slatter, 1984).

In Malay folk medicine, a decoction of the leaves and twigs of F. fragrans is
used for the treatment of dysentery. The bark is believed to have medicinal value for
malaria (Natargjan, Wan, and Zaman, 1974). However, in Thai traditional medicine, it
is believed that leaves contain antimalarial, element tonic, and antiasthmatic agents,
and are externally used for mild infectious skin diseases (Wongsatit, € al., 1996),
while an aqueous extract of the stems is used as a remedy for coughs (auANTioA1E

~ 4 o o w a %
AgINNA, 2521; aaunayIsaFeuunndunu Tusia dnindanszisqnuiuaianasy, 2521).

2.6 Thechemical constituents of the plantsin the genus Fagraea

An alkaloid gentianine (41) and swertiamarin (42) were isolated from the
leaves and fruits of F. fragrans (Natargan, et al., 1974; Kun-anake and Ragvatin,
1976). Previous research on pharmacological investigations of alkaloid gentianine
showed that, when given orally 100 mg/kg, it produces 60% analgesia in mice.

Furthermore, gentianine has no antipyretic activity nor diuretic effect in mice, no

N OGlc

(41) Gentianine (42) Swertiamarin
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hypoglycaemic activity in guinea pigs, and no cardiovascular and central nervous

system effects on anesthetized cats (Wan, Macko, and Douglas, 1972).

Previous work revealed that the gentianine fails to have antimalarial activity
against Plasmodium berghei in mice and Entamoeba invadens maintained in a
monophasic medium (Natargjan, et al., 1974; Kun-anake and Ragvatin, 1976).
However, the alcoholic extract of the wood of F. fragrans inhibits growth of
Plasmodium falciparum in vitro (Wongsatit, et al., 1996), whereas the methanol
extract from the hardwood of F. fragrans inhibits growth of two common wood-
decaying fungi, Pycnoporus sanguineus and Schizophyllum commune (Hong and
Mohd, 1983).

Considering previous research on plants in the genus Fagraea, the gentianine
was isolated by using concentrated NH;3 followed by dilute HCI (Kun-anake and
Ragvatin, 1976). However, the natural products isolated under strongly acidic or basic
conditions are limited to the water-soluble compounds with high stability under such
conditions (Cannell, 1998). Thus, extreme pH conditions of isolation should be
avoided. Furthermore, other alkaloids besides gentianine might decompose and/or
react under drastic conditions. Therefore, by extraction with other organic solvents
such as hexane, chloroform and ethanol, other natural products may be isolated. These
may include compounds with antimalarial activities.

In addition, the two new flavones, swertisin 6”-O-rhamnoside (43) and
swertisin (60) were isolated from the leaves of F. obovata Wall. (Qasim, Roy, Kamil,
and llyas, 1987).

In 1989, Cambie and associates reported that five new compounds were

isolated from the heartwood of the Fijian tree F. gracilipes A. Gray in addition to
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(43) Swertisin 6" -O-rhamnoside, R = rhamnose

methyl caffeate (44), methyl p-coumarate (45), methyl sinapate (46), secoiridoid

HO
0
[

HO /N CH==CH—C—OCH3

(44) M ethyl caffeate

COOCH ,
/
B
H,CO Z OCH 4

OH

(46) M ethyl sinapate

OH

7

COOCH 3

(45) M ethyl p-coumarate

CH ,0H
H 0
H H % H, OH
OH
H\ OH
c=o
N
HsCO OCH 5

OH

(47) 3-O-Sinapoyl D-glucose

glucoside sweroside (48), 1,2;5,6-di-O-isopropylidene-3-O-sinapoyl D-glucose (50),

and 1,2;5,6-di-O-isopropylidene D-glucose (51). The new compounds have been

identified as methyl syringate o-L-rhamnoside (52), (2)-5-ethylidene-3,4,5,6-
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i
¢—C
AN
H,CO OCH,
OH
(48) Secoiridoid glucoside sweroside, R = H Sinapoyl group

(49) 3' -O-Sinapoy! sweroside, R = sinapoyl

tetrahydro-cis-6,8-dimethoxy-1H,8H-pyrano[ 3,4-c]pyran-1-one  (53), (2)-5-ethyli-
dene-3,4,5,6-tetrahydro-trans-6,8-dimethoxy-1H,8H-pyrano[ 3,4-c|pyran-1-one  (54),
3-O-sinapoyl D-glucose (47), and 3-O-sinapoyl sweroside (49) by spectroscopic
methods, chemical conversion and x-ray analysis (Cambie, Rickard, Lal, and Tanaka,

1990).

H 0
o]
" 7LCH3
H4C
(50) 1,2;5,6-Di-O-isopropylidene-3-O-sinapoyl D-glucose, R = sinapoyl
(51) 1,2;5,6-Di-O-isopropylidene D-glucose, R = H

COOCH;
H3CO OCHjs
H
e} o_o0
H H
H H
OH OH

(52) Methyl syringate a-L -rhamnoside
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(53) (2)-5-Ethylidene-3,4,5,6-tetr ahydr o-cis-6,8-dimethoxy-1H,8H-
pyrano[3,4-c]pyran-1-one

(%4) (2)-5-Ethylidene-3,4,5,6-tetr ahydro-trans-6,8-dimethoxy-1H,8H-
pyrano[3,4-c]pyran-1-one

Consequently in 1997, Cuendet and co-workers isolated four new glucosides
named blumeosides A-D (55-58) from the methanolic stem-bark extract of F. blumei
G. Don. (Loganiaceae). Blumeosides A-D were accompanied by the benzyl-alcohol
derivative di-O-methylcrenatin (59) the flavone C-glucoside swertisin (60), and
adoxosidic acid (61). Moreover, blumeosides A-D inhibit bleaching of crocin induced
by alkoxyl radicals. Blumeosides A and D also demonstrate scavenging properties
towards the 2,2-diphenyl-1-picryl-hydrazyl (DPPH) radical in TLC autographic and

spectrophotometric assays (Cuendet, Hostettmann, Potterat, and Dyatmiko, 1997).

COOH
o)
R
o
OGlc
HoOC <
o

(55) Blumeoside A, R = OH
(56) BlumeosideC,R=H
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COOH
X
R % 1o
(@]
(@) O O
QH
OGlc S o 0]
HO
(‘) OH
X
COOH

(57) BlumeosideB, R=H
(58) Blumeoside D, R = OH

OH OH O
Glc
H3CO ‘ o)
H3CO OCHj
OH

OGlc
(59) Di-O-M ethylcrenatin (60) Swertisin
COOH
A
o]
HO OGlc

(61) Adoxosidic acid
Glc = p-D-glucopyranosyl

The results of bioactivity screening of crude extracts of plants in the genus
Fagraea are as follows:

Leaf extract of F. auriculata Jack, in agueous suspensions inhibits the growth
of Escherichia coli, Saccharomyces cerevisae and Staphylococcus aureus, but is

inactive against Fusarium oxysporum. (Grosvenor, Supriono, and Gray, 1995).
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F. obovata Wall was extracted with 50% ethanol. The crude extract of the

roots shows effects on cardiovascular system. However, it fails to have antibacterial
activity (against Bacillus subtilis, Staphylococcus aureus, Salmonella typhi,
Escherichia coli, Agrobacterium tumefaciens, and Mycobacterium tuberculosis
H37Ra), antifungal activity (against Candida albicans, Cryptococcus neoformans,
Trichophyton mentagrophytes, Microsporum canis, and Aspergillus niger), and
antiviral activity (against Ranikhet disease virus and Vaccinia virus) (Bhakuni, Dhar,
Dhar, Dhawan, and Mehrotra, 1968).

Ethanol extract from F. racemosa seeds was studied for an antimutagenic
assay in bacteria Salmonella typbimurium. It was found that the extract could strongly
inhibit the mutagenic activity of 2-aminoanthracene in the presence of the Ames S-9

metabolic activation (Wall, Wani, Hughes, and Taylor, 1988).



CHAPTER I

EXPERIMENTAL

3.1 Sourceof Plant Materials

3.1.1 Bauhinia saccocalyx Pierre
The roots of B. saccocalyx were collected from Lad-yaow district,
Nakhon Sawan province, Thailand, in August, 2003. The trees are 20-25 feet high and

not examined in age.

3.1.2 Fagraeafragrans Roxb.

The leaves, roots, sem bark, stems, flowers and fruits of F. fragrans
were collected from Ubon Ratchathani University, Muang Srikri subdistrict of
Warinchamrap district, Ubon Ratchathani province, Thailand. The trees are about 30
feet high and not specific in age. The leaves, roots, stem bark, and stems were collected
in September, 2002, whereas the flowers and fruits were collected in April, 2003.

A voucher herbarium specimen of B. saccocal yx Pierre (BRU 521) and
F. fragrans Roxb.(Loganiaceae) (BRU 524) were deposited at the National Center for

Genetic Engineering and Biotechnology (BIOTEC), Pathumthani province, Thailand.

3.2 Instrumentation and general techniques

3.2.1 Instrumentation

- Rotary evaporator (Buchi B-169 Vacuum System).
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- UV-Vis spectrawere recorded on a Cary-1E UV-Visible
spectrophotometer in A max (NM) and log .

- IR spectra were recorded on a Bruker Vector 22 spectrophotometer
incm™.

- The *H-NMR, C-NMR, DEPT, H,'H-COSY, NOESY, HMQC-
and HMBC gspectral data were performed on Bruker DRX-400 or
Bruker AV-500 spectrometer, operating a 400 MHz (*H) and 100
MHz (*3C), or a 500 MHz (*H) and 125 MHz (**C), respectively.

- Electrospray-ionization time-of-flight mass spectrometry (ESI-TOF-
MS) was performed on a Micromass- LCT mass spectrometer.

- HPLC (Waters 600 Controller) was equipped with an UV
photodiode array detector (Waters 996) and the column was Cig
reversed phase column (Prep Nova Pak, Waters).

- Optical rotation was observed on Jasco DIP-370 polarimeter.

General techniques

- Analytical thin-layer chromatography (TLC)

Technique : Onedimension

Adsorbent : Silicagel 60 G Fzs4 (E. Merck) precoated plate
Layer thickness : 0.2 mm

Distance : 50cm

Temperature . Laboratory temperature (28-30°C)

Detection : Ultraviolet light at wavelengths of 254 and

366 nm (Camag UV -Cabinet)
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- Gd filtration chromatography

Gel filter . Sephadex LH-20

Packing method :  Gel of Sephadex LH —20 was suspended in
MeOH, left until swell adequately for 24
hours, loaded into the column, and allowed to
settle properly.

Sampleloading :  The sample was dissolved in a small volume
of 100% MeOH and applied on the top of a

column.

3.3 Extraction and I solation

Generally, the bioactive chemical components could be dissolved and
extracted by non-polar solvents. Therefore, the natural product isolation of the roots
of B. saccocalyx and the plant parts of F. fragrans was focused herein only on CH,Cl,

crude extracts.

3.3.1 Extraction and isolation of pure compounds from the roots of B.
saccocalyx
The dried powder of the roots of B. saccocalyx (2.34 kg) were
macerated at laboratory temperature for 48 hours with CH,Cl, (8 L) and then MeOH
(8 L). The filtrate was pooled and evaporated under reduced pressure to afford the
corresponding CH,Cl, crude extract (19.89 g) and MeOH crude extract (17.30 g).
The CH,CI; crude extract of roots was further investigated and purified
by repeated Sephadex LH-20 (100% MeOH as eluent) column chromatography and

HPLC (Cysreversed phase column) to obtain eight pure compounds.
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The research procedure for the isolation of the root extract of B.

saccocalyx is in the following diagram:

Roots of B. saccocalyx
(Crude extract, 19.89 g)

Scheme 3.1 Theisolation procedure of the root extract of B. saccocalyx

Sephadex LH-20 (25 mL/fraction)
d=35cm
| =40 cm

— BRa 16

(4.349)

— BRa7
(1.89q)

— BRas
(155 g)

— BRaog
(1789)

— BRa10
(2.06 )

— BRa1n1
(1.279)

—BRa
(1.70g)

The CHCl, crude extract of the root of B. saccocalyx (19.89 g) was

isolated and purified by Sephadex LH-20 (100% MeOH as eluent) to obtain 12

fractions. The *H NMR data of fractions BRa 7, BRa g, and BRa 11 reveal the presence

of proton signals at 6y 7-10 ppm indicating the presence of aromatic rings. Therefore,

fractions BRa 7, BRa s, and BRa 11 were of interest and purified by repeated Sephadex

LH-20 column chromatography and HPLC (Cis reversed phase column), yielding

eight pure compounds. Three compounds, BR7D-4H (1.30 mg), BR7D-5H (9.20 mg),
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and BR7D-6H (36.40 mg) were obtained from the fraction BR, 7, three compounds,
BR8D-4H (1.40 mg), BR8D-5H (42.00 mg), and BR8D-6H (13.20 mg) were obtained
from the fraction BRa g, and two compounds BR11D-2H (11.90 mg) and BR11D-3H
(16.20 mg) were from fraction BRa 11.

The procedures for the isolation of fractions BRa 7, BRa s and BRa 11

are shown in the following schemes:

Roots of B. saccocalyx

BRa7
(1.890)
Sephadex LH-20 (25 mL/fraction)
d=35cm
| =43 cm
BR7| B1-5 BR7g6-7 BRL B8-15
(0.90 @) (0.73 @) (0.20 @)
Sephadex LH-20 (10 mL/fraction)
d=15cm
| | =120 cm
BR7c17 BR7cs-9 BR7c 1015
(0.16 g) (0.38 0) (0.18g)
HPLC

(eluted with 55% MeCN in water)

BR7D-4H BR7D-5H BR7D-6H
(1.30 mg) (9.20 mg) (36.40 mQ)
Compound 111 Compound IV Compound |

Scheme 3.2 Theisolation of thefraction BRa 7



Roots of B. saccocalyx
BRas

(1.85g)

Sephadex LH-20 (25 mL/fraction)
d®=3.5cm
| =44 cm
BR8|B 14 BR8|B 5 BR8|B 6-18
(0.56 g) (0.419) (0.499)
Sephadex LH-20 (5 mL/fraction)
d=15cm
| =120 cm
[ [ |
BRsc1-10 BRsc11 BRsc 12-15
(0.26 ) (0.06 g) (0.03g)
HPLC

(eluted with 50% MeCN in water)

l ,, l

BR8D-4H BR8D-5H BR8D-6H
(1.40 mg) (42.00 mg) (13.20 mg)
Compound V Compound VI Compound 11

Scheme 3.3 Theisolation of thefraction BRag

38
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Roots of B. saccocalyx

BRa11
(1.27 g)
Sephadex LH-20 (25 mL/fraction)
®=3.5cm
| =44 cm
BR1|181-6 BR11s7 BR11|BS-20
(0.43 g) (0.30 @) (0.40 g)

Sephadex LH-20 (4 mL/fraction)

d=15cm
| [ =B55cm |
BRiic16 BR1ic7 BRi1cs17
(0.05g) (0.089) (011 9)
HPLC

(eluted with 60% MeOH in water)

l l

BR11D-2H BR11D-3H
(112.90 mg) (16.20 mg)
Compound V11 Compound VIII

Scheme 3.4 The isolation of thefraction BRa 11
3.3.2 Extraction and isolation of pure compoundsfrom F. fragrans
The dried powder of leaves (5.00 kg), ssem bark (2.70 kg), roots (2.90
kg), fruits (2.50 kg), stems (2.20 kg), and flowers (0.50 kg) were successively
macerated at laboratory temperature for 48 hours with CH,Cl, (8 L) and then MeOH
(8 L). The filtrate was pooled and evaporated under reduced pressure to afford the
corresponding CH,Cl, crude extracts of leaves (22.54 g), sem bark (4.30 g), roots
(27.36 g), fruits (6.93 g), sems (6.49 g), and flowers (8.27 g) as well as MeOH crude
extracts of leaves (24.10 g), stem bark (8.03 g), roots (23.11 g), fruits (5.05 g), stems

(10.09 g), and flowers (3.24 g).
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Consequently, the CH,CI, crude extracts of leaves, stem bark, roots,
fruits, stems and flowers were examined by *H-NMR spectra data. They all show the
presence of proton signals around 6y 7-10 ppm, revealing the molecular structure
containing aromatic rings. Therefore, the CH,Cl, crude extracts of leaves, stem bark,
roots, fruits, stems and flowers were of interest and repeatedly purified by Sephadex
LH-20 (100% MeOH as eluent). Finally by HPLC (Cjg reversed phase column) were
afforded five pure compounds. There were a pure compound from fraction FB-B7
(310.90 mg) of stem bark, a pure compound from fraction FR-F1H (16.90 mg) of
roots, a pure compound from fractions FF-C7 (29.10 mg), FF-D4 (38.00 mg) and FF-
D5 (43.40 mg) of fruits, a pure compound from fractions FS-E1H (28.10 mg) and FS-
E2H (8.90 mg) of stems, and a pure compound from fraction FW-E2H (1.70 mg) of
flowers. However, none of pure compounds were obtained from leaves (the survey of
the 'H-NMR spectrum of the crude extract indicated that chlorophyll is a major
component in the leaf extract).

Details for the isolation of F. fragrans extracts are in the following

diagrams:
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Stem bark of F. fragrans
(Crudeextract, 4.30 Q)

Sephadex LH-20 (100 mL/fraction)
®=3.5cm
| =43 cm
FBa 14 FBasse FBa 710
(3.00 g) (1.23 g) (0.049)
Sephadex LH-20 (50 mL/fraction)
®=3.0cm
| =48 cm
v
FBg 1.6 FB-B7 FBgs-10
(705.00 mg) (310.90 mg) (2.90 mg)
Compound 1 X

Scheme 3.5 Theisolation procedure of the bark extract of F. fragrans
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Roots of F. fragrans
(Crude extract, 27.36 Q)

Sephadex LH-20 (25 mL/fraction)

d=3.5cm
| =44 cm
l:RA 1-5 l:RA 6-7 l:RA 8-17
(2.28 g) (6.22 g) (18.74 g)
Sephadex LH-20 (25 mL/fraction)
®=3.0cm
| | | =46 cm|
FRg 14 FRg5 FRg6-12
(3.7909) (1.46 g) (0.20 g)
Sephadex LH-20 (10 mL/fraction)
d=1.5cm
| =120 cm
FR|C 16 FR|C 7.8 FF\JC 915
(0.50 g) (0.67 g) (0.18 g)
Sephadex LH-20 (8 mL/fraction)
d=3cm
| =48 cm
FRp 1.8 FRpbo10 FR D 1124
(0.179g) (0.219) (0.26 g)
Sephadex LH-20 (5 mL/fraction)
d=1.5cm
| =50cm
FREe 12 FRe34 FRE 510
(8.20 mg) (0.17 9) (7.60 mg)

HPLC
l (eluted with 35% MeOH in water)
FR-F1H

(16.90 mg)
Compound X

Scheme 3.6 Theisolation procedure of theroot extract of F. fragrans



Fruitsof F. fragrans
(Crudeextract, 6.93 Q)

Sephadex LH-20 (25 mL/fraction)
®=3.5cm
| =44 cm
FFa14 FFas FFaes
(3129 (0.73 ) (0.06 g)
Sephadex LH-20 (20 mL/fraction)
®=3.0cm
| =43 cm
| | | |
FFg13 FFe4 FFss FFge6.13
(0.21 g) (0.29 g) (0.14 g) (0.07 g)
Sephadex LH-20 (5mL/fraction)
d=1.5cm
| =120cm
| v |
FFc16 FF-C7 FFcg12
(241.70 mg) (29.10 mg) (20.90 mg)
Compound XI
Sephadex LH-20 (4 mL/fraction)

®=1.8cm
| =63 cm

FFo13 FF-D4 FF-D5 FFoe11

(24.30 mg) (38.00 mg) (43.40 mg) (29.80 mQ)
Compound XI Compound XI

Scheme 3.7 Theisolation procedure of the fruit extract of F. fragrans



Stemsof F. fragrans

(Crude extract, 6.49 Q)

Sephadex LH-20 (25 mL/fraction)
®=35cm
| =40 cm
| |
l:SA 1-4 l:SA 5-6 l:SA 7-10
(2.73g) (1.989) (0.71g)
Sephadex LH-20 (10 mL/fraction)
®=3cm
| | =46 cm I
FSg13 FSg4s FSee20
(0.019) (0.119) (1.399)
Sephadex LH-20 (4 mL/fraction)
®=1.5cm
| =55cm
| |
FSci2 FScs4 FScsa1
(9.70 mg) (97.60 mg) (9.00 mg)
Sephadex LH-20 (8 mL/fraction)
®=1.5cm
| =52 cm
FSo12 FSps4 FSoss
(8.80 mg) (74.90 mg) (7.70 mg)
HPLC
(eluted with 30% MeOH in water)
FS-E1H FS-E2H
(28.10 mg) (8.90 mg)
Compound XI1 Compound XI1

Scheme 3.8 Theisolation procedure of the stem extract of F. fragrans



Flowersof F. f
(Crude extract

ragrans
,8.270)

Sephadex LH-20 (50 mL/fraction)
®=3.0cm

| =44 cm
I:WA 1-4 I:WA 5-7 I:WA 8-9
(6.55 Q) (0.62 g) (0.06 g)
Sephadex LH-20 (30 mL/fraction)
®=3.0cm
| | =44 cm |
FWg 14 FWsgs FWge.s
(0.499) (0.08 g) (0.05g)
Sephadex LH-20 (5 mL/fraction)
®=1.8cm
| =63 cm
FWci14 FW(cs7 FWcsga4
(40.00 mg) (34.50 mg) (4.70 mg)
Sephadex LH-20 (5 mL/fraction)
®=1.8cm
| =63cm
I:WD 1-5 I:WD 6 I:WD 7-10
(11.00 mg) (7.60 mg) (12.30 mg)
HPLC

(eluted with 50% MeOH in water)

FW-E2H
(1.70 mg)

Compound

X111

Scheme 3.9 Theisolation procedure of the flower extract of F. fragrans
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3.4 Biological activity test

All biological activities including antifungal, antimycobacterial, cytotoxic,
antimalarial, and anti-inflammatory activities of the isolated compounds from both B.
saccocalyx and F. fragrans were evaluated by the staff at Bioassay Laboratory, the
National Center for Genetic Engineering and Biotechnology (BIOTEC), Pathumthani
province, Thailand. The details for each test are asfollows:

Antifungal activities were assessed against a clinical isolate of Candida
albicans by means of a method modified from the soluble formazan assay (Hawser,
Norris, Jessup, and Ghannoum, 1998). Briefly, 100 uL of 2 x 10° CFU/mL C.
albicans in RPMI-1640 medium, containing 34.53 g/mL of 3-[N-morpholino]-
propanesulfonic acid (MOP; Sigma, USA), was added to each well of 96-well
microculture plate containing 100 pL of the tested compound diluted in 10% DMSO;
Sgma, USA. Plates were incubated at 37° for 4 h, before 50 pL of a solution
containing 1 mg/mL of 2,3-bis-[2-methoxy-4-nitro-5-sulfonylphenyl]-5-[ (phenyl-
amino)carbonyl]-2H-tetrazolium hydroxide (XTT tetrazolium; Sigma, USA) and
0.025 mM of N-methylphenazolium methosulfate (PMS; Sigma, USA) were added.
After an additional 4-hour incubation at 37°C, the number of living cells was
determined by measuring the absorbance of XTT formazan at 450 nm. Amphotericin
B (Sigma, USA) and 10% DMSO were used as positive and negative controls,
respectively. In this system, the 1Csy value of the standard drug, amphotericin B, is
0.04 + 0.01 pg/mL (n = 3).

Antimycobacterial activities were assayed against Mycobacterium tuberculosis
H37Ra, using the Microplate Alamar-Blue Assay (MABA) (Collins and Franzblau,
1997). The twofold dilution technique, starting at a concentration of 200 pg/mL, was

used, and the MIC value was recorded at the minimum concentration of the tested
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compound inhibiting bacterial growth. The standard drugs, isoniazid (Sigma, USA)
and kanamycin sulfate (Sigma, USA), used as reference compounds for the
antimycobacterial assay, show MIC values of 0.040-0.090 and 2.0-5.0 pg/mL, respectively.

Cytotoxicity was determined by employing the colorimetric method described
by Skehan, et al (Skehan, et al., 1990). The cell types tested are NCI-H187 (small-cell
lung cancer), KB (oral-cavity cancer), BC (breast cancer), and Vero. The reference
compound Ellipticine (Sigma, USA), exhibits activity towards Vero, KB, and BC cell
lines, with 1 Csp values of 0.2-0.3 pg/mL.

Antimalarial activities were evaluated against the parasite Plasmodium
falciparum (K1, multidrug-resistant strain), which was cultured continuously
according to the method of Trager and Jensen (Trager and Jensen, 1976). Quantitative
assessment of antimalarial activity in vitro was determined by the microculture
radioisotope technique based upon the method described by Desjardins, et al.
(Degardins, Canfield, Haynes, and Chulay, 1979). Briefly, a mixture of 200 uL of
1.5% of erythrocytes with 1% parasitemia at the early ring stage was pre-exposed to
25 puL of the medium containing a test sample dissolved in DMSO (0.1% final
concentration) for 24 hours, employing the incubation conditions described above.
Subsequently, 25 uL of [*H]hypoxanthine (Amersham, USA) in culture medium (10
uCi) was added to each well, and the plates were incubated for an additional 24 hours.
Levels of incorporated radioactively labeled hypoxanthine, indicating parasite growth,
were determined by means of a TopCount microplate scintillation counter (Packard,
USA). Inhibition concentrations (I Csp) represent the concentrations required for 50%
reduction in parasite growth. The standard sample was dihydroartemisinin (Sigma, USA).

The anti-inflammatory activity assay (cyclooxygenase 1, COX-1 and cyclooxy-

genase 2, COX-2) was performed by means of the radioimmunoassay method previously
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described by Kirtikara et al. (Kirtikara, et al., 1998). Immortalized COX-1"" and COX-2"
mouse-lung fibroblast cells (prepared as described in Kirtikara, et al., 1998) were used to
produce prostaglandin E, (PGE_), representing COX-2 and COX-1 activity, respectively.
Briefly, immortalized COX-1"" and COX-2" mouse-lung fibroblast cells were plated at 1
x 10° cellgmL in complete Dulbelcco’s Modified Eagle Medium (DMEM) containing
0.1 mM nonessential amino acids, 292 mg/mL L-glutamine, 50 mg/mL ascorbic acid, and
10% fetal bovine serum (PAA, Austria), in 96-well flat-bottomed tissue-culture plates at
83 uL/well. The cells were incubated at 37°C for 72 hours in a humidified incubator with
5% CO,. Subsequently, the cells were washed with phosphate buffer saline solution and
incubated for 30 minutes in 83 pL serum-free DMEM containing test compounds.
DMEM Media containing drug vehicle, DMSO (0.1%), and aspirin were used as a
control for 100% COX activities and a positive control, respectively. The medium was
then replaced with serum-free DMEM containing the same amount of drugs or DMSO
and 20 uM of arachidonic acid (Sigma, USA), and the cells were incubated for 30
minutes. Culture supernatants were collected at the end of incubation time and assayed
for PGE, concentrations by the radioimmunoassay method (Kirtikara, et a., 1998). The
inhibition of COX activity was determined from the percent reduction of PGE; produced
by drug-treated cells relative to PGE; produced by cells treated with DM SO alone. | Cs
values of COX-1 and COX-2 were determined with the SOFTmax software (Molecular
Devices, Sunnyvale, CA). Aspirin (Sigma, USA) was used as a positive control and was
amog equally effective againg COX-1 and COX-2. Typical 1Cs, values of aspirin for

COX-1 and COX-2 are 2.06 and 3.57 ug/mL, respectively.



CHAPTER IV

RESULTSAND DISCUSSION

41  Compound | (bauhinol A, a new compound)

4.1.1 Structureelucidation

(Arbitrary atom numbering)

Compound | was obtained as brown, unstable, viscous liquid, from the
root extract of B. saccocalyx. The exact mass at m/z 347.1667 ([M + Na]* 347.1623
calculated for [CxH2403 + Na]*) obtained from the ESI-TOF mass spectrum (Fig. 1.1)
establishes the molecular formula of | as C;1H2403 The infrared spectrum (Fig. 1.2) of
| shows absorption peaks (vina) at 3443 cm™ (broad O-H stretching), 2972 cm™ (C-H
stretching), 1602 cm™ (C=C stretching of an aromatic ring), 1455 cm™ (C-H
deformation of methylene group), 1132 cm™ (C-O stretching), and 753 cm™ (=C-H
out of plane bending of a benzene ring). The UV-Vis spectrum (Fig. 1.3) of | shows

absorption peaks (A max) a 203 and 278 nm.
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The *H-NMR spectrum (Fig. 1.4) of compound | exhibits signals of a

dimethylchromene unit [at 64 6.62 ppm (d, J = 9.94 Hz) for H-C-4', 5.56 ppm (d, J =
9.95 Hz) for H-C-3', and 1.44 ppm (s, 2Me) for Me-C-21, two groups of downfield-
shifted methylenes [at 64 2.88 ppm (m) for H-C-7 and 2.93 ppm (m) for H-C-8], a 1,2-
disubstituted benzene ring [a 64 7.13 ppm (dd, J = 7.32 and 1.56 Hz) for H-C-3, 6.90
ppm (td, J = 7.30 and 0.90 Hz) for H-C-4, 7.12 ppm (td, J = 7.70 and 1.70 Hz) for H-C-
5, and 6.76 ppm (br d, J = 7.86 Hz) for H-C-6], and two methyl groups [at o4 2.10 ppm
(9) for Me-C-8' and 3.79 ppm (s) for MeO-C-7"]. Further, an aromatic singlet at oy 6.25
ppm for H-C-6' suggeststhat the benzene ring of the chromene unit istriply substituted.

The C-NMR spectrum (Fig. 1.5) of | reveals 21 signals, which are
classified by DEPT and HMQC spectra (Figs. 1.5 and 1.6), as seven methines, four
methyls, two methylenes, and eight quaternary carbon atoms. The downfield C-1
signal at 8¢ 153.72 ppm, together with the IR absorption peak at 3443 cm™ (broad),
indicates the presence of an oxygenated sp® quaternary carbon atom, while the
downfield C-2' signal at 5¢ 75.33 ppm is of an oxygenated sp® quaternary carbon atom
of a dimethylchromene unit.

The *H,*H-COSY spectrum (Fig. 1.8) of | shows the connectivity from
H-C-3 to H-C-6 in the 1,2-substituted benzene ring, and demonstrates couplings
between H-C-3" and H-C-4' in a chromene unit, and between CH»-7 and CH,-8.

The HMBC spectral data (Fig. 1.7) are very informative concerning the
assembly of the gross structure of 1. The following *H,*C long range correlations are
observed: both H-C-3 and H-C-5 to C-1; both H-C-4 and H-C-6 to C-2; CH»-7 to
C-1, C-2, and C-3; CH»-8 to C-4'a, C-5, and C-6; the 2’-Me H-atoms to C-2’ and

C-3; H-C-3' and H-C-6' to C-4'a; H-C-4' to C-2', C-5', and C-8'a; H-C-6' to C-8,
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C-7', and C-8’; the 7-OMe H-atomsto C-7'; and the 8'-Me H-atomsto C-7', C-8 and

C-8a.

The curved arrows show HMBC correlations of compound |

The NOESY spectrum (Fig. 1.9) of | shows cross peaks between the
2'-Me H-atoms and H-C-3’; the 8'-Me H-atoms and the 2’-Me H-atoms; the 7-OMe

H-atoms and H-C-6'; H-C-8 and H-C-6'; and H-C-3 and H-C-7.

The curved lines show NOESY correlations of compound |
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Based on these spectral data, | is identified as 2-[2-(7-methoxy-2,2,8-

trimethyl-2H-1-benzopyran-5-yl)ethyl]phenol. The complete assignment of the H-

and C-atoms for | isshown in Table 4.1.

Table4.1 The *H- and *C-NMR spectral data of compound | at 500 and 125

MHz, respectively in CDCl; (J in Hz).

8 (ppm)
1H 13C
C1 - 153.72
C2 - 128.04
H-C-3 7.13(dd, J=7.32,1.56) 130.52
H-C-4 6.90 (td, J = 7.30, 0.90) 120.95
H-C-5 7.12 (td, J=7.70, 1.70) 127.41
H-C-6 6.76 (br d, J=7.86) 115.51
CH»-7 2.88 (m) 32.60
CH»-8 2.93 (m) 33.15
C-2' - 75.33
H-C-3' 5.56 (d, J=9.95) 128.30
H-C-4' 6.62 (d, J=9.94) 119.35
C-4a - 113.13
C-5 - 135.30
H-C-6' 6.25 (9) 104.10
C7 - 157.90
c-8 - 112.30
C-8a - 151.90
Me-C-2° 144(9 27.80
Me-C-2°  144(9 27.80
Me-C-8  2.10(9) 8.02
MeO-C-7" 3.79(9) 55.60
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4.1.2 Biological activities

Compound | exhibits significant cytotoxicity towards NCI-H187, BC,
and KB cell lines with ICsp values of 3.40, 2.71, and 4.48 pg/mL, respectively. It also
shows mild antimycobacterial activity against Mycobacterium tuberculosis H37Ra
with the MIC value of 50 pg/mL. However, it is inactive against the malarial parasite
in vitro, COX-1 and COX-2 at 20 ug/mL. Further, it shows no antifungal activity

against Candida albicons at 50 pg/mL.

4.2  Compound Il (bauhinol B, a new compound)

4.2.1 Structureelucidation

II

(Arbitrary atom numbering)

Compound Il was obtained as brown viscous liquid from the root
extract of B. saccocalyx. A molecular formula C,;H2603 is established from the ESI-
TOF mass spectrum (Fig. 2.1) with the exact mass at mvz 349.1795 ([M + Na]”,

349.1780 calculated for [CxH2605 + Na]™¥).

The infrared spectrum (Fig. 2.2) of 11 shows absorption peaks (vimax) &
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3417 cm™* (broad, O-H stretching), 2934 cm™ (C-H stretching), 1614 and 1581 cm™

(C=C stretching of an aromatic ring), 1458 cm* (C-H deformation of methylene
group), 1127 cm™ (C-O stretching), and 743 cm™ (=C-H out of plane deformation of
a benzene ring). The UV-Vis spectrum of |1 (Fig. 2.3) shows absorption peaks (A max)
at 206 and 274 nm.

The 'H-NMR spectrum (Fig. 2.4) of Il looks very similar to that of
compound |, indicating that |1 is a derivative of I. Careful analysis of the *H-NMR
spectrum reveals the replacement of the dimethyl-2H-1-pyran ring in | with a 3-
methyl-but-2-enyl moiety in Il (ring opening).

The C-NMR spectrum (Fig. 2.5) of |1 shows 21 signals, which are
classified by DEPT and HMQC spectra (Figs. 2.5 and 2.6) as six methines, three
methylenes, four methyls, and eight quaternary carbon atoms. The downfield C-1 and
C-1' signals at 6¢c 153.73 and 153.68 ppm, together with the IR absorption peak at
3417 cm* (broad), indicates the presence of oxygenated sp? quaternary carbon atoms.

The *H,"H-COSY spectrum (Fig. 2.8) of || demonstrates couplings
between H-C-2" and CHy-1", allylic couplings from both Me-4" and Me-5" to
H-C-2", and couplings between CH2-7 and CH,-8, and also shows the connectivity
from H-C-3 to H-C-6.

The HMBC gpectral data (Fig. 2.7) of Il shows the following
correlations; H-C-3 to C-1; both H-C-4 and H-C-6 to C-2; H-C-5 to C-1 and C-3;
CH,-7 to C-1, C-3, and C-3'; CH2-8 to C-2 and C-4’; the 6'-Me H-atoms to C-1/, C-5'
and C-6; the 5-OMe H-atoms to C-5; CHx-1" to C-1, C-2, C-3, C-2" and C-3";
H-C-2"to C-2, C-4" and C-5"; and both Me-4" and Me-5" to C-2" and C-3".

The NOESY spectrum (Fig. 2.9) of compound |1 shows cross peak
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The curved arrows show HMBC correlations of compound |1

between H-C-2" and Me-4", but none between H-C-2"" and Me-5", and indicates the
correlations of the 5-OMe H-atoms to H-C-4' and the 6’-Me H-atoms. Further, the
NOESY spectrum also reveals the close proximity between CH,-8 and H-C-4’; CH»-8

and CH,-1"; and CH,-7 and H-C-3.

The curved lines show NOESY correlations of compound 11

On the basis of these spectral data, compound Il isa prenyl derivative
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of compound I, and identified as 3-[2-(2-hydroxyphenyl)ethyl]-5-methoxy-6-methyl-

2-(3-methylbut-2-enyl)phenol. The complete assignment of the H- and C- atoms for

compound Il isshown in Table 4.2.

Table4.2 The'H- and *C-NMR spectral data of compound |1 at 500 and 125

MHz, respectively in CDCl; (J in Hz).

5 (ppm)
1H 13C
c-1 - 153.73
C-2 - 127.90
H-C-3 7.13 (dd, J = 7.30, 1.50) 130.40
H-C-4 6.90 (td, J = 7.50, 0.90) 121.00
H-C-5 7.12 (td, J = 7.70, 1.70) 127.42
H-C-6 6.77 (br d, J = 8.00) 115.50
CHa-7 2.86 (M) 32.60
CH-8 2.92 (m) 34.40
C-1 - 153.68
c-2' - 117.50
C-3 - 137.81
H-C-4 6.31(s) 104.40
C-5' - 156.60
C-6' - 110.83
CHp-1" 3.38 (d, J = 6.90) 25.43
H-C-2" 5.12 (td, J = 5.50, 1.20) 122.93
c-3" - 134.44
Me-4" 1.75 (d, J = 1.10) 25.81
Me-5" 1.84 (br 9 17.90
Me C-6'  212(9) 8.20
MeO-C-5' 3.78 (9 55.60
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4.2.2 Biological activities
Compound 11 possesses cytotoxicity against NCI-H187 and BC cell
lines with 1Cso values of 1.08 and 9.66 ug/mL, respectively, but is inactive towards
the KB cell line at 20 pg/mL. It also demonstrates mild antifungal activity with 1Csg
value of 28.94 pg/mL and mild antimycobacterial activity with MIC value of 25
ug/mL. Further, it inhibits both COX-1 and COX-2 with ICsy values of 9.0 and 1.3

ug/mL, respectively. However, it exhibits no antimalarial activity at 20 pg/mL.

4.3  Compound Il (bauhinol C, a new compound)

4.3.1 Structureelucidation

[
(Arbitrary atom numbering)

Compound 111 was obtained as brown viscous liquid from the root
extract of B. saccocalyx. The molecular formula is assigned as C;6H130, by means of
the ESI-TOF mass spectrometry (Fig. 3.1), which reveals the molecular ion peak at
mz 243.1337 ([M + H]", 243.138 calculated for [CisH1902]"). The infrared spectrum
(Fig. 3.2) of 111 shows absorption peaks (vma) at 3448 cm™ (broad, O-H stretching),
2934 cm* (saturated C-H stretching), 1618, 1507 and 1456 cm™(C=C stretching of a
benzene ring), 1420 cm™ (C-H deformation of methylene group), 1112 cm™* (C-O

stretching of ~C-OH ), and 700 and 760 cm™ (=C—H out of plane bending of a mono-
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substituted benzene ring). The UV-Vis spectrum (Fig. 3.3) shows absorption peaks

(Amax) @ 205 and 278 nm.

The *C-NMR spectrum (Fig. 3.5) of compound |11 shows 16 signals,
which are classified by DEPT and HMQC spectra (Figs. 3.5 and 3.6), as seven
methines, two methylenes, two methyls, and five quaternary carbon atoms. The
downfield C-1’ signal at ¢ 154.00 ppm, together with the IR absorption peak at 3448
cm™ (broad), suggests the presence of a hydroxyl group attached to an sp® carbon
atom.

The *H- and **C-NMR resonances of CH, groups at &4 2.87 ppm and
dc 37.87 ppm, and on 2.94 ppm and 6c 37.90 ppm show a characteristic of the
bibenzyl moiety in111. Analyses of *H- and **C-NMR spectral data (Figs. 3.4 and 3.5)
readily reveal the replacement of the 1,2-substituted benzene rings in compound | and
compound Il with a mono-substituted benzene ring in compound I11. Additionally,
the *H- and *C-NMR spectral data indicate the replacement of the 2'-prenyl group of
compound I with an aromatic H-atom (64 6.32 ppm, br s).

The HMBC spectral data (Fig. 3.7) clearly establish the gross structure
of compound I11 by the correlations of H-C-1 (or H-C-3) to C-7; H-C-3 (or H-C-1)
to C-5; H-C-4 to C-2; H-C-5 to C-1 and C-3; H-C-6 (or H-C-4) to C-2; CH,-7 to
C-1 (or C-3) and C-3'; CH2-8 to C-2, C-2’ and C-4'; H-C-4' to C-2/, C-6', and C-8§;
the 5'-OMe H-atoms to C-5'; and the 6’-Me H-atomsto C-1', C-5', and C-6'.

The *H,"H-COSY spectrum (Fig. 3.8) of compound |11 shows the
correlation between H-C-2" and H-C-4', whose broad singlet implies meta coupling.

The 'H,'H-COSY spectrum also reveals the correlation of CH,-7 and CH,-8, as well
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as correlations among methine H-atoms of the mono-substituted benzene ring.

The bold lines show connectivities from *H,"H-COSY spectrum of compound 111

The NOESY spectrum (Fig. 3.9) exhibits cross peaks between CH,-7
and H-C-2'; H-C-4' and the 5-OMe H-atoms;, CH»-8 and H-C-4’; and the 5-OMe H-

atoms and the 6'-Me H-atoms.

6
The curved lines show NOESY correlations of compound 111
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Based on these spectral data, compound |11 isidentified as 3-methoxy-

2-methyl-5-(2-phenylethyl)phenol. The complete assignment of the H- and C- atoms

for 111 isshown in Table 4.3.

Table4.3 The'H- and *C-NMR spectral data of compound 111 at 500 and 125

MHz, respectively in CDCl; (J in Hz).

5 (ppm)
1H 13C
H-C-1 7.24 (m) 128.47
C-2 - 141.80
H-C-3 7.24 (m) 128.47
H-C-4 7.33 (m) 128.31
H-C-5 7.33 (m) 125.96
H-C-6 7.33 (m) 128.31
CH,-7 2.94 (m) 37.90
CH,-8 2.87 (M) 37.87
C-1 - 154.00
H-C-2  632(brs 10357
C-3 - 140.70
H-C-4  636(rs  108.06
C-5' - 158.70
C-6' - 110.00
Me-C-6'  2.13(9 7.82
MeO-C-5' 3.82(9 55.70

4.3.2 Biological activities

The biological activities of 111 were not evaluated due to the limited

amount of compound isolated.
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4.4 Compound IV (bauhinol D, a new compound)

441 Structureelucidation

Y,
(Arbitrary atom numbering)

Compound 1V was obtained as yellow viscous liquid form the root
extract of B. saccocalyx. Since it was not very stable in a solution, all necessary
spectral data had to be collected rapidly. The pseudo-molecular ion of 1V could not be
observed in the ESI-TOF mass spectrum, possibly due to the unstable nature of the
molecule. Analysis of *H- and *C-NMR, DEPT (Figs. 4.3 and 4.4) and HMQC
spectral data (Fig. 4.5), as well as analogous correlation of NMR data of 1V with
those of compounds I-111, readily establish the molecular formula of compound 1V as
CaoH220;,

The infrared spectrum (Fig. 4.1) of IV shows absorption peaks (Vmax) at
3444 cm™ (broad O-H stretching), 2926 cm™* (C-H stretching), 1603 and 1496 cm™
(C=C stretching of an aromatic ring), 1455 cm™* (C-H deformation of methylene group),
1419 cm* (O-H bending), 1103 cm™ (C-O stretching of -C-OH), and 699 and 750 cm™*
(=C—H out of plane bending of a mono-substituted benzene ring). The UV-Vis spectrum

(Fig. 4.2) of compound 1V shows absorption peaks (A max) a 210, 234, 284, and 316 nm.
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The *H-NMR spectrum (Fig. 4.3) of compound 1V reveals signals of a

dimethylchromene unit [at 6y 6.45 ppm (d, J = 10.0 Hz), 5.50 ppm (d, J = 10.0 HZ),
and 1.40 ppm (s, 2Me)], and two downfield methylene groups [at o4 2.82 ppm (m,
4H)], suggesting that compound IV is a (phenylethyl)-substituted dimethylchromene.
An aromatic singlet at oy 6.17 ppm for H-C-6' reveals the presence of the triply
substituted benzene ring of the chromene unit in V.

The *C-NMR spectrum (Fig. 4.4) of compound 1V shows 20 signals,
which are classified by DEPT and HMQC spectra (Figs. 4.4 and 4.5), as eight
methines, two methylenes, three methyls, and seven quaternary carbon atoms. The
downfield C-7’ carbon signal at 5c 153.90 ppm, together with the IR absorption peak
a 3444 cm* (broad), suggests the presence of a hydroxyl group attached to an sp?
carbon atom. The downfield C-2' signal at 8¢ 75.40 ppm is if an oxygenated sp°
quaternary carbon atom attached to the geminal dimethyl group of the chromene unit.

Analysis of *H- and *C-NMR spectral data reveals that compound 1V
is a desmethyl derivative of compound | by the replacement of the methoxy group
with a hydroxyl group at C-7' in compound IV. In addition, the 1,2-disubstituted
benzene ring of compound | is replaced with a mono-substituted benzene ring in
compound V.

The HMBC spectral data (Fig. 4.6) readily confirm the gross structure
of compound IV by showing the correlations of H-C-1 and H-C-3 to C-7; both
H-C-4 and H-C-6 to C-2; H-C-5 to C-1 and C-3; CH>-7 to C-1 and C-3; CH>-8 to
C-2, C-4'a, and C-6'; the 2'-Me H-atoms to C-2', C-3', and C-4'; H-C-3' to C-2' and
C-4'a; H-C-6' to C-8 and C-4'a; and the 8'-Me H-atomsto C-7’, C-8 and C-8'a.

The *H,'H-COSY spectrum (Fig. 4.7) of compound |V reveals
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The curved arrows show HMBC correlations of compound IV

between H-C-3' and H-C-4’ in the chromene unit; correlations between CH,-7 and

CH-8; and correlations among H-atoms in the mono-substituted benzene ring.

The bold lines show connectivities from *H,"H-COSY spectrum of compound 1V

The NOESY spectral data (Fig. 4.8) of compound IV show cross peaks
between the 2'-geminal dimethyl H-atoms and the 8-Me H-atoms and H-C-3’;

H-C-6' and CH»-8; CH,-7 and H-C-3 (or H-C-1); and CH»-8 and H-C-4'.

CH::)

Thecurved lines show NOESY correlations of compound 1V
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On the basis of these spectral data, compound IV isidentified as 2,2,8-

trimethyl-5-(2-phenylethyl)-2H-1-benzopyran-7-ol. The complete assignment of the

H- and C-atoms of compound IV is shown in Table 4.4.

Table 4.4 The'H- and *C-NMR spectral data of compound IV at 400 and 125

MHz, respectively in CDCl; (J in Hz).

5 (ppm)
1H 13C
H-C-1  7.17 (br d, J = 6.80) 128.40
C-2 - 141.70
H-C-3  7.17 (br d, J = 6.80) 128.40
H-C-4  7.28(m) 128.30
H-C5  7.18(m) 125.93
H-C-6  7.28(m) 128.30
CHx7  2.82(m) 37.50
CH»8  2.82(m) 34.20
c-2' - 75.40
H-C-3 550 (d, J=10.0) 127.64
H-C-4  6.45(d, J=10.0) 119.20
C-4'a - 112.60
C-5' - 135.50
H-C-6  6.17(9 108.00
C-7 - 153.90
c-8 - 109.70
C-8a - 152.20
Me-C-2' 140 () 27.70
Me-C-2 140 (9 27.70
Me-C-8 2.07 (9 7.70




65
4.4.2 Biological activities

The biological activities of compound 1V could not be observed due to

the unstable nature of the molecule.

4.5 Compound V (methyldihydropinosylvin, a known compound)

45.1 Structureelucidation

(Arbitrary atom numbering)

Compound V was obtained as pale yellow viscous liquid from the root
extract of B. saccocalyx. The ESI-TOF-MS spectrum (Fig. 5.1) of compound V shows
an exact mass at nmVz 251.1047 (M + Na]*, 251.1048 calculated for [CisH1602 +
Na']), establishing a molecular formula as C15H160-.

The infrared spectrum (Fig. 5.2) of compound V shows absorption
peaks (Vmax) a 3449 cm™ (broad O-H stretching), 1599 and 1497 cm™ (C=C
stretching of an aromatic ring), 1456 cm™ (C-H deformation of methylene group),
1151 cm™ (C-O stretching of -C-OH group), and 698 and 750 cm™ (=C-H out of

plane bending of a mono-substituted benzene ring).
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The UV-Vis spectrum (Fig. 5.3) of compound V shows absorption

peaks (A max) a 205, 229 and 280 nm.

The 'H-NMR spectral data (Fig. 5.4) of compound V reveal signals of
two adjacent methylene groups at 6y 2.95 ppm (m) for CH,-7 and 2.89 ppm (m) for
CH2-8, methoxy H-atoms at 3.80 ppm (s) for 5-OMe, aromatic H-atoms at 6.28 ppm
(t, J = 2.24 Hz) for H-C-4', 6.29 ppm (t, J = 1.70 Hz) for H-C-6', 6.34 ppm (t, J =
1.65 Hz) for H-C-2', 7.22 ppm (td, J = 7.68 and 1.15 Hz) for H-C-5, 7.31 ppm (dd, J
=7.20 and 1.60 Hz) for H-C-1 and H-C-3, and 7.33 ppm (d, J = 1.50 Hz) for H-C-4
and H-C-6, respectively.

The **C-NMR spectrum (Fig. 5.5) of compound V shows 15 signals,
which are classified by DEPT and HMQC spectra (Figs. 5.5 and 5.6), as eight
methines, two methylenes, one methyl, and four quaternary carbon atoms. The
downfield signals at dc 156.56 and 160.93 ppm indicate the presence of two
oxygenated sp” quaternary carbon atoms, and the IR absorption peak at 3449 cm*
(broad) reveals the presence of a hydroxyl group inV.

The H-NMR spectrum (Fig. 5.4) of V reveals characteristics of
bibenzyl methylenes at 6 2.95 ppm (m) for CH,-7, and 2.89 ppm (m) for CH»-8in V.

The HMBC spectrum (Fig. 5.7) of compound V conclusively
establishes the bibenzyl molecular structure, exhibiting the correlations of H-C-1 (or
H-C-3) to C-5and C-7; CH,-7 to C-1 (or C-3) and C-3'; CH»-8 to C-2, C-2' and C-4;
H-C-6' to C-2' and C-4’; and the 5'-OMe H-atomsto C-5'.

The 'H,*H-COSY spectrum (Fig. 5.8) of compound V reveals ortho
couplings among H-C-2', H-C-4', and H-C-6'; couplings among H-atoms on a mono-

substituted benzene ring; and couplings between CH,-7 and CH,-8.



67

The curved arrows show HMBC correlations of compound V

From literature search, compound V is a known compound, identified
as methyldihydropinosylvin (Hanawa, Yamada, and Nakashima, 2001), which was
previously isolated from the bark of Pinus strobus. The *H- and **C-NMR spectral
data of V are in good agreement with those reported in the literature (Hanawa, et al.,
2001).

The *H- and *C-NMR spectral data of compound V and methyl-

dihydropinosylvin are shown in Table 4.5.

4.5.2 Biological activities
The biological activity of compound V could not be evaluated, dueto

the limited amount of the isolated compound.
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Table4.5 The 'H- and *C-NMR spectral data of compound V (at 500 and 125

MHz, respectively) and methyldihydropinosylvin in CDCl3 (J in HZ).

8 (ppm)

Compound V M ethyldihydropinosylvin

1H 13C 1H 13C
C-r — 156.56 — 159.40
H-C-2' 6.34 (t, J=1.65) 106.87  6.22 (brt, J=2.00) 109.00
C-3 — 144.59 — 145.10
H-C-4' 6.28 (t, J= 2.24) 107.97  6.20 (br t, J= 1.80) 106.50
Cy5 — 160.93 — 162.20
H-C-6' 6.29 (t, J= 1.70) 99.10 6.16(t, J=2.10) 99.90
H-C-1 7.31(dd, J=7.20,1.60) 12839 7.14(m) 129.50
C-2 — 141.68 — 143.10
H-C-3 7.31 (dd, J=7.20,1.60) 128.39  7.14 (m) 129.50
H-C-4 7.33(d, J=1.50) 128.48 7.22(t, J=7.50) 129.30
H-C-5 7.22 (td, J=7.68, 1.15) 126.00 7.14 (m) 126.80
H-C-6 7.33(d, J=1.50) 128.48  7.22(t, J=7.50) 129.30
CHx-7 2.95 (m) 37.60 276(dd,J=9.30,6.000 39.30
CH>-8 2.89 (m) 3798 2.85(dd,J=9.30,6.00) 38.90
MeO-C-5 3.80(9) 5530 3.68(9 55.50
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4.6 Compound VI (3,5-dihydr oxy-2-(3-methyl-2-butenyl)bibenzyl,

a known compound)

4.6.1 Structureelucidation

VI

(Arbitrary numbering)

Compound VI was obtained as brown viscous liquid from the root
extract of B. saccocalyx. The exact mass at mvz 283.1706 ([M + H]", 283.1698
calculated for [CioH220, + H]") obtained from the ESI-TOF-MS spectrum (Fig. 6.1)
establishes the molecular formula of compound V1 as CigH2,05.

The infrared spectrum (Fig. 6.2) of compound VI shows absorption
peaks (Vma) at 3356 cm™ (broad O-H stretching), 3024 cm™ (C-H stretching), 1624,
1589 and 1497 cm™* (C=C stretching of an aromatic ring), 1282 cm™ (O-H bending),
1126 cm* (C-O stretching), and 695 and 745 cm™ (=C-H out of plane deformations
of a mono-substituted benzene ring). The UV-Vis spectrum (Fig. 6.3) of VI shows
absorption peaks (A max) a 208 and 283 nm.

The 'H-NMR spectral data (Fig. 6.4) of compound V| reveal signals of

methyl groups at 64 1.76 ppm (s) for H-C-4" and 1.82 ppm (s) for H-C-5", bibenzyl
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methylene groups at 2.86 ppm (s) for CH»-7 and CH,-8, a methylene group a 3.34

ppm (d, J = 6.72 Hz) for H-C-1", a methine group at 5.12 ppm (t, J = 6.80 Hz) for
H-C-2", and aromatic H-atoms at 6.27-7.34.

Analyses of *C-NMR, DEPT (Fig. 6.5) and HMQC (Fig. 6.6) spectral
data of compound VI reveal the presence of eight methines, three methylenes, two
methyls, and six quaternary carbon atoms. The downfield C-1" and C-5' signals at dc
155.72 and 154.49 ppm, together with the IR absorption peak at 3356 cm™* (broad),
indicate the presence of hydroxyl groups attached to sp?carbon atoms.

Furthermore, the *H-NMR spectral data (Figs. 6.4) show a typical set
of H-atom signals for a prenyl moiety; a methylene at 64 3.34 ppm (d, J = 6.72 Hz)
for H-C-1", a methine at 5.12 ppm (t, J = 6.80 Hz) for H-C-2", and methyls at 1.76
and 1.82 ppm for H-C-4" and H-C-5", respectively.

The *H,'H-COSY spectrum (Fig. 6.8) of compound VI reveals the
correlations between H-C-1" and H-C-2", as well as allylic couplings between both
H-C-4" and H-C-5" and H-C-2". The *H,"H-COSY spectrum of compound VI also
shows couplings between H-C-4' and H-C-6', between CH»-7 and CH,-8, and among

H-atoms in a mono-substituted benzene ring.

Thebold lines show the connectivitiesfrom *H,"H-COSY spectrum of compound VI
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The HMBC spectrum (Fig. 6.7) of compound VI well establishes

its gross structure by showing the correlations of H-C-1 (or H-C-3) to C-7; H-C-5to
C-1 and C-3; H-C-6 (or H-C-4) to C-2; CH,-7 to C-1, C-3, and C-3’; CH,-8 to C-2,
C-2 and C-4’; H-C-6' to C-1', C-2/, C-4', and C-5; H-C-1" to C-3, C-1" and C-3";

H-C-2" to C-2'; both H-C-4"and H-C-5" to C-2" and C-3"".

The curved arrows show HMBC correlations of compound VI
The NOESY spectrum (Fig. 6.9) of compound VI shows cross peaks
between H-C-1 and CH»-7; CH»-8 and H-C-4'; H-C-4" and H-C-5"; and H-C-4" and

H-C-2"" (but none between H-C-5" and H-C-2").

The curved lines show NOESY correlations of compound VI
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On the basis of these spectral data, compound VI is identified as 3,5-

dihydroxy-2-(3-methyl-2-butenyl)bibenzyl (Asakawa, Hashimoto, Takikawa, Tori,
and Ogawa, 1991), which was previously isolated from the liverwort Radula kojana.
The *H- and *C-NMR spectral data of compound VI and 3,5-dihydroxy-2-(3-methyl-

2-butenyl)bibenzyl are shown in Table 4.6.

4.6.2 Biological activities
Compound V1 exhibits cytotoxicity towards NCI-H187 and BC cell
lines with 1Csp values of 14.10 and 4.0 pg/mL, respectively, but is inactive towards
the KB cell line with 1Csp a 20 pg/mL. It also shows mild antifungal activity with
ICso value of 11.7 ug/mL and mild antimycobacterial activity against Mycobacterium
tuberculosis H37Ra with MIC value of 25 pg/mL. In addition, it inhibits both COX-1
and COX-2 with ICsp values of 2.5 pg/mL and 1.8 pg/mL, respectively. However, it

shows no antimalarial activity at 20 pg/mL.
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3,5-dihydroxy-2-(3-methyl-2-

8 (ppm)

3,5-Dihydroxy-2-(3-methyl-

Compound VI 2-butenyl)bibenzy!
lH 13C 1H 13C
H-C-1 7.28(ct J=7.39,161) 12846  7.17(m) 128.40
C-2 - 14177 - 141.70
H-C-3  7.28(dt, J=7.39,161) 12846  7.17(m) 128.40
H-C-4 7.34(td, J=7.56,155 12847  7.28(m) 128.40
H-C5  7.22(m) 12606  7.19 (m) 126.00
H-C-6  7.34(td, J=7.56,155) 12847  7.28(m) 128.40
CH»7  286(9 3759  2.83(9 37.50
CH»8  2.86(9 3568 283(9 35.70
C-1' - 15572 - 155.70
c-2 - 117.68 - 117.60
c-3 - 14217 - 142.10
H-C-4  6.30(d, J=257) 10895  6.26(d, J=2.40) 108.90
c-5 - 15449 - 154.40
H-C-6'  6.27(d, J=2.55) 10147  623(d,J=240) 10140
CH»1" 3.34(d,J=6.72) 2494  328(d,J=6.40)  24.90
H-C-2" 5.12(t, J=6.80) 12271 5.00(t, J=6.40) 122.60
c-3 _ 13415 - 134.20
Me-4” 176 (9 2578  172(9 25.70
Me5’  1.82(9) 1800 179 (9 18.00
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4.7 Compound VIl (bauhinoxepin A, a known compound)

4.7.1 Structure elucidation

VIl
(Arbitrary atom numbering)

Compound VII was obtained as colorless solid from the roots of B.
saccocalyx. According to the mass and *H-NMR spectra of compound VI1 (Figs. 7.1
and 7.3), it is identified as bauhinoxepin A, which was previously isolated from the
roots of B. saccocalyx (Kittakoop, et al., 2004). The 'H-NMR spectral data of

compound V11 and bauhinoxepin A are shown in Table 4.7.
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Table4.7 TheH-NMR spectral data of compound V1| and bauhinoxepin A at

500 MHzin CDCI3(J in H2).

S (ppm)

Compound VII Bauhinoxepin A

H-C-2 6.60 (d, J = 7.96) 6.61 (d, J = 7.90)
H-C-3 7.15(t, J = 7.83) 7.12 (t, J = 8.10)
H-C-4 6.75 (d, J=7.97) 6.74 (d, J = 8.00)
H-C-10  6.95(d, J=1026)  6.96(d, J=11.70)
H-C-11  7.00(d, J=11.65  7.00(d, J=11.70)
Me-7 2.14 (9) 2.14 ()

H-C-1' 6.47(d, J=1025)  6.49(d, J=10.00)
H-C-2 558 (d, J=10.00)  5.58(d, J = 10.00)

Me-4' 1.40 () 1.41 (9
Me5' 1.40 () 1.41 (9
HO-C-1 5.55 (br 9) 5.50 (br 9)
HO-C-6 6.15 (br 9) 6.15 (br 9)

4.8 Compound VIl (bauhinoxepin B, a known compound)

4.8.1 Structureelucidation

H4CO

VIl
(Arbitrary atom numbering)
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Compound V111 was obtained as colorless solid from the roots of B.

saccocalyx. According to the mass and *H-NMR spectra of compound V111 (Figs. 8.1
and 8.3), it is identified as bauhinoxepin B, which was previously isolated from the
roots of B. saccocalyx (Kittakoop, et a. 2004). The *H-NMR spectral data of

compounds VI11 and bauhinoxepin B are shown in Table 4.8.

Table 4.8 The'H-NMR spectral data of compound V111 and bauhinoxepin B at

500 and 125 M Hz, respectively in CDCl3(J in Hz).

3 (ppm)

Compound VI Bauhinoxepin B
H-C-3 7.00 (d, J=8.26) 6.99 (d, J=8.30)
H-C-4 6.50 (d, J=8.30) 6.50 (d, J=8.30)
H-C-9 6.31 () 6.30 ()
H-C-10 6.55(d,J=1142) 6.54(d, J=11.50)
H-C-11 6.95(d,J=1143) 6.90(d, J=11.50)
CH,-1 3.74 (d, J=7.25) 3.73(d, J=7.30)
H-C-2' 5.47 (t, J=7.30) 5.41 (brt, J=7.30)
Me-4' 1.74 () 1.75 ()
Me5' 1.77 () 1.78 ()
MeO-C-6 3.90 (9 3.92 (9
Me-C-7 2.20 (9 2.19 (9)
HO-C-1 534 (brs 5.25 (br s)
HO-C-8 5.13(brs) 5.05 (br s)
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4.9 Compound I X (pinoresinal, a known compound)

49.1 Structureelucidation

H,CO

(Arbitrary atlo>r<n numbering)

Compound I X was obtained as yellow solid from the stem bark extract
of F. fragrans. The molecular formula CoH2,05 is established by the ESI-TOF mass
spectrum (Fig. 9.1), with the exact mass at m/z 381.1311 [M + Na]*, 381.1314
calculated for [CxH2,06 + Nal ™).

The infrared spectrum (Fig. 9.2) of I X shows absorption peaks (Vmax) a
3406 cm* (broad O-H stretching), 1604 and 1517 cm(C=C stretching of an aromatic
ring), 1463 cm™(C-H deformation of methylene group), 1272 cm™(O-H bending),
1031 cm™*(C-O stretching), and 1022 cm™* and 776 cm™(O-H out of plane). The UV-
Vis spectrum (Fig. 9.3) of compound I X exhibits absorption peaks (A max) a 205, 230,
and 280 nm.

The *H- and *C-NMR spectral data of compound |X are not
complicated. Its **C-NMR spectrum (Fig. 9.5) shows only 10 lines, while its mass
from the mass spectrum indicates the presence of 20 carbon atoms in | X. Therefore,

the molecular structure of compound 1X is symmetrical with C-2 symmetry. The 'H-
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NMR spectrum (Fig. 9.4) of 1 X shows signals of a downfield methine at 64 3.12

ppm, an oxygenated methine at 4.75 ppm, non-equivalent methylenes at 3.80 and 4.24
ppm, a singlet methyl ether at 3.91 ppm, and three aromatic H-atoms at 6.82-6.85
ppm.

Analysis of *C-NMR and DEPT spectral data (Fig. 9.5) of compound
IX reveals the presence of ten methines, two methylenes, two methyls, and six
quaternary carbon atoms.

The 'H,'H-COSY spectrum (Fig. 9.8) of compound IX shows the
correlations between H-C-1 (or H-C-5) and H-C-2 (or H-C-6); between H-C-1 (or
H-C-5) and CH,-8 (or CH-4); and between aromatic H-atoms. H-C-2' (or H-C-2")

and H-C-6' (or H-C-6"), and H-C-5' (or H-C-5") and H-C-6' (or H-C-6").

OCHg3

H4CO
Thebold lines show the connectivitiesfrom *H,"H-COSY spectrum of compound 1X

The HMBC gpectral data (Fig. 9.7) of compound IX are very
informative, concerning the assembly of the gross structure of 1X by showing the *H,
13C long range correlations of H-C-1 (or H-C-5) to C-1’ (or C-1") and C-6 (or C-2);
H-C-2 (or H-C-6) to C-1' (or C-1"), C-2' (or C-2"), C-6' (or C-6"), C-5 (or C-1), and
C-8 (or C-4); H-C-4 (or H-C-8) to C-1 (or C-5), and C-6 (or C-2); H-C-2' (or

H-C-2") to C-4' (orC-4"); H-C-5' (or H-C-5") to C-1' (or C-1"), and C-3' (or C-3");
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H-C-6" (or H-C-6") to C-2' (or C-2"), and C-4' (or C-4"); and the OMe-3' H-atoms

(or the OMe-3" H-atoms) to C-3' (or C-3").

H,CO

The curved arrows show HMBC correlations of compound I X

The NOESY spectrum (Fig 9.9) of compound 1 X shows cross peaks
between H-C-1 (or H-C-5) and H-C-6’ (or H-C-6"); H-C-2 (or H-C-6) and CH»-4

(or CH3-8); the OMe-3' H-atoms (or the OMe-3"" H-atoms) and H-C-2' (or H-C-2").

The curved lines show NOESY correlations of compound I X



80
Based upon these spectral data, compound X is identified as

pinoresinol, which was previously isolated from Forsythia intermedia (Rahman,
Dewick, Jackson, and Lucas, 1990), Fagraea racemosa (Okuyama, Suzumura, and
Y amazaki, 1995), and Magnolia fargesii (Miyazawa, Kasahara, and Kameoka, 1992).
The *H- and **C-NMR spectral data of compound 1X are in good agreement with

those reported in the literature for pinoresinol (Miyazawa, et al., 1992), which are
shown in Table 4.9. However, compound | X exhibits a specific rotation [a]3! (C =
0.99 in MeOH) of +61.63°, while pinoresinol is reported to have a specific rotation

[o]® (c=0.10in MeOH) of +72° (Okuyama, et al, 1995).

4.9.2 Biological activities
Compound 1 X exhibits antimalarial activity with I1Csy value of 3.40
ug/mL and antimycobacterial activity Mycobacterium tuberculosis H37Ra with MIC
value of 200 pg/mL. However, it is inactive at 20 ug/mL towards KB and BC cell

lines and inactive at 50 ug/mL against Candida albicans.



81

Table4.9 The'H-and *C-NMR spectral data of compound X (at 500 and 125

MHz, respectively) and pinoresinol, in CDCl3 (J in HZ2).

5 (ppm)
Compound 1X Pinoresinol
1H 13C 1H 13C
H-C-1 3.12 (m) 54.18  3.10 (m) 54.10
H-C-5 3.12 (m) 5418  3.10(m) 54.10
H-C-2 4.75 (d, J = 4.20) 85.94  4.74(d, J=5.00) 85.80
H-C-6 4.75 (d, J = 4.20) 85.94  4.74(d, J=5.00) 85.80
CH>-4ax 3.80(d, J=7.00, 3.41) 7171 3.87 (dd, J=9.00, 4.00) 71.60
CHx4eq  4.24(m) 7171  4.24(dd, J=9.00,7.00) 71.60
CH»-8ax 3.80 (d, J=7.00, 3.41) 7171 3.87 (dd, J=9.00, 4.00) 71.60
CH»-8eq  4.24(m) 7171  4.24(dd, J=9.00,7.00) 71.60
C-1 — 132.93 — 132.90
c-1" — 132.93 — 132.90
H-C-2' 6.95 () 10874  6.94(9 108.60
H-C-2" 6.95 (9) 108.74 6.94 (s) 108.60
C-3 — 146.81 - 146.70
Cc-3 — 146.81 - 146.70
C-4 - 145.33 - 145.20
c-4" - 145.33 - 145.20
H-C-5' 6.85 (M) 11439  6.88(m) 114.30
H-C-5" 6.85 (M) 11439  6.88(m) 114.30
H-C-6' 6.82 (M) 119.03  6.82(m) 118.90
H-C-6" 6.82 (M) 119.03  6.82(m) 118.90
MeO-C-3'  3.91 (9 56.01  3.90(s) 55.90
MeO-C-3” 3.91(9) 56.01  3.90(s) 55.90
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4.10 Compound X (naucledal, a known compound)

4.10.1 Structure elucidation

(Arbitrary atom numbering)

Compound X was obtained as yellow amorphous solid from the root
extract of F. fragrans. The molecular formula CyoH120, is established by the ESI-
TOF mass spectrum (Fig. 10.1), with the exact mass at m/z 219.0623 ([M + Na]*,
219.0633 calculated for [CioH1204 + Na] ).

The infrared spectrum (Fig. 10.2) of compound X shows absorption
peaks (Vimax) at 3019 cm™(C-H stretching), 1704 cm™(C=0 stretching of cyclic ester),
1475 cm*(C-H stretching of —CHj), 1216 cm™(C-O-C stretching), and 772 cm™
(C-O-C sdtretching). The UV-Vis spectrum (Fig. 10.3) of compound X shows
absorption peaks (A max) at 203 and 247 nm.

The *H-NMR spectral data (Fig. 10.4) of compound X reveals signals
of two adjacent methylene groups at oy 1.61-2.15 ppm (m) for CH»-6 and 4.43-4.45
ppm (m) for CH,-7, a methyl group at 1.50 ppm (d, J = 6.34 Hz) for CH3-10, four
methine groups at 2.38 ppm (td, J = 10.25 and 2.91 Hz) for H-C-9, 2.95 ppm (tq, J =
12.41 and 1.52 Hz) for H-C-5, 4.22 ppm (dq, J = 14.41 and 4.42 Hz) for H-C-8, and
7.80 ppm (d, J = 2.03 Hz) for H-C-3, and an aldehydic H-atom at 9.90 ppm (d, J =

1.89 Hz) for H-C(-1)=0.
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The C-NMR spectrum (Fig. 10.5) of compound X exhibits 10

signals, which are classified by DEPT and HMQC spectra (Figs. 10.5 and 10.6) as
five methines, two methylenes, one methyl, and two quaternary carbon atoms. The
downfield C-1 signal at 6c 200.48 ppm is correlated to an aldehydic H-atom in the
HMQC spectrum. The downfield C-11 signal at 6¢ 165.00 ppm together with the IR
absorption peak at 1704 cm™ indicates the presence of an ester carbonyl group. In
addition, the methylene CH,-7 signal a dc 67.73 ppm and the H-C-8 signal at oc
73.12 ppm are of oxygenated sp® carbon atoms.

The 'H,*H-COSY spectrum (Fig. 10.8) of compound X exhibits the
connectivities as shown below, revealing the connection from H-C(-1)=0 to CH3-10
through H-C-9 and H-C-8, and from H-C(-1)=0 to CH,-7 through H-C-9, H-C-5

and H-C-6.

The bold lines show the connectivities from *H,"H-COSY spectrum of compound X

The HMBC spectrum (Fig. 10.7) of compound X conclusively
establishes the gross structure of X by exhibiting the correlations of H-C(-1)=0 to
C-5; H-C-3 to C-8 and C-11; H-C-5 to C-3; CH»-7 to C-5 and C-11; and H-C-9 to
C-6, and C-10.

The NOESY spectrum of compound X (Fig. 10.9) shows the
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The curved arrows show HMBC correlations of compound X

correlation between H-C-5 and H-C-8, which confirms the cis relationship between

them.

The curved lines show NOESY correlations of compound X

On the basis of these spectral data, together with the specific rotation
[o]3' (c=0.40 in MeOH) of —19.29° of compound X, it is identified as (-)-naucledal,
which was previously isolated from the bark of Nauclea diderrichii (Purdy and
Mclean, 1977). Comparision of the *H-NMR spectral data of X with those reported in

the literature (Purdy and Mclean, 1977) is shown in Table 4.10.



Table4.10 The'H- and **C-NMR spectral data of compound X (at 500 and

125 M Hz, respectively) and naucledal in CDCl3 (J in HZ).

S (ppm)
Compound X Naucledal
1H 13C lH 13C
H-C(-1)=0 9.90(d, J=1.89) 200.48 9.90 (d, J=2.80) -
H-C-3 7.80(d, J=203) 155.83 7.73(d, J=2.0) -
C-4 - 103.35 - —
H-C-5 2.95 (tg, J= 31.49 2.96 (qd, J=12.00, —
12.41 and 1.52) 11.00, 4.00, and 2.00)
CHa(a b)-6  1.61-2.15(m) 27.32 1.90-2.10 (m) -
CHa(a b)-7  4.43-4.45(m) 67.73 4.30-4.60 (m) -
H-C-8 4.22 (dg, J= 73.12 4.20 (dg, J = 10.00 -
14.41 and 4.42) and 6.00)
H-C-9 2.38(td, J= 55.70 2.36 (td, J = 11.00, —
10.25 and 2.91) 10.00, and 2.80)
Me-10 150 (d, J=6.34) 19.32 1.44 (d, J = 6.00) -
C-11 - 165.00 - -

4.10.2 Biological activities

Compound X exhibits cytotoxicity towards NCI-H187 with |Csy value
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of 18.94 pug/mL, but is inactive towards the KB and BC cell lines a 20 pg/mL. It also

demonstrates mild antimycobacterial activity against Mycobacterium tuberculosis

H37Ra with MIC value of 200 pg/mL. However, it is inactive in vitro against the

malarial parasite Plasmodium falciparum (at 20 pg/mL).
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4.11 Compound XI (gentiogenal, a known compound)

4.11.1 Structure elucidation

XI

(Arbitrary atom numbering)

Compound XI was obtained as yellow viscous liquid from the fruit
extract of F. fragrans. The molecular formula CyoH100, is established by the ESI-
TOF mass spectrum (Fig. 11.1), with the exact mass at m/z 195.0663 ([M + H]",
195.0657 calculated for [CioH1004 + H] .

The infrared spectrum (Fig. 11.2) of compound XI shows absorption
peaks (Vmax) @ 3022 cm™ (C-H stretching), 1715 cm™ (C=0O stretching of cyclic
ester), 1427 cm™ (C-H stretching of —~CHy), 1215 cm™ (C-O-C stretching), and 756
cm™® (C-O-C stretching). The UV-Vis spectrum (Fig. 11.3) of X| shows absorption
peaks (A max) a 206, 260, and 338 nm.

Information from the ESI-TOF and *H-NMR spectral data (Fig. 11.4)
clearly indicates that compound Xl is a derivative of naucledal (compound X).
Analysis of the *H-NMR spectrum reveals the replacement of two methine H-atoms in
X with a C-5-C-9 double bond in XI.

The *C-NMR spectrum (Fig. 11.5) of compound X | exhibits 10
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signals, which are classified by DEPT and HMQC spectral data (Figs. 11.5 and

11.6) as two methines, two methylenes, one methyl, one aldehydic carbon atom, and
four quaternary carbon atoms. The downfield C-1 signal at 6c 189.44 ppm correlates
to the aldehydic H signal at 64 9.20 ppm. The downfield C-11 signal at 6c 163.98
ppm, together with the IR absorption pesk at 1715 cm™ indicates the presence of a
carbonyl of cyclic ester. The downfield shift for C-5 a 6c 171.74 ppm may be
rationalized on the basis of electron withdrawing effect from two O-atoms through C-
3-C-4and C-1-C-9 bonds. The methylene CH,-7 signal at 6c 63.76 ppm and the
methine H-C-8 signal at 6¢ 74.16 ppm indicate that each of them is attached to an O-
atom.

The *H,'H-COSY spectrum (Fig. 11.8) of compound X| exhibits the

correlations between H-C-8 and Me-10; and CH,-6 and CH,-7.

Thebold lines show the connectivitiesfrom *H,"H-COSY spectrum of compound XI

The HMBC spectrum (Fig. 11.7) of compound Xl is useful for the
assembly of the gross structure of XI by showing the following correlations: H-C-1 to
C-8 and C-9; H-C-3 to C-8; CH»-6 to C-4; CH»-7 to C-11; H-C-8 to C-9; and Me-10
to C-3.

Based upon these spectral data, compound XI it is identified as

gentiogenal, which was previously isolated from Blackstonia perfoliata (Gentianacea)
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The curved arrows show HMBC correlations of compound XI

(Van der Sluis, Van der Nat, Spek, Ikeshiro, and Labadie, 1983). Since compound X
has the specific rotation [o]3* (¢ = 1.23 in MeOH) of —6.03°, which is close to zero,

it may be in the form of racemic mixture, as previously suggested by Van der Sluis, et
al., 1983. The *H- and **C-NMR spectral data of X|, compared to those reported (Van
der Sluis, et a., 1983), are shown in Table 4.11. It should be noted that the assignment
of C-3 and C-5 is exchanged (different from the previous assignment by Van der
Sluis, et a. 1983), based upon the HMQC and HMBC spectral data (Figs. 11.6 and

11.7).

4.11.2 Biological activities
Compound X1 exhibits cytotoxicity towards NCI-H187 with 1Csp value
of 5.06 pg/mL, but is inactive towards the KB and BC cell lines at 20 pg/mL. It also
demonstrates mild antimycobacterial activity against Mycobacterium tuberculosis
H37Ra with MIC value of 50 pg/mL, while it is inactive against K1 malarial parasite

strain (Plasmodium falciparum) at 20 pg/mL.



Table4.11 The 'H- and *C-NMR spectral data of compound X! (at 500 and

125 M Hz, respectively) and gentiogenal in CDCl3 (J in Hz).

89

S (ppm)
Compound XI Gentiogenal
1H 13C lH 13C
H-C(-1)=O 9.20(s) 189.44  9.88 (9 185.70
H-C-3 7.26 (9 13540  7.95(s) 163.30
C4 - 101.15 - 103.90
C5 - 171.74 - 142.70
CH»-6 2.70 () 2757 3.09-311(t,J=49  22.60
CH»-7 4.43 (t, J = 6.28) 63.76  4.43-444(t,J=49 6510
H-C-8 5.58 (g, J = 6.53) 7416  5.64 (g, J=6.5) 73.10
C-9 — 129.22 — 120.20
Me-10 1.43 (d, J = 6.54) 2057 1.39(d, J=6.5) 19.80
C-11 — 163.98 — 163.90

4.12 Compound XI1I (swer oside, a known compound)

4.12.1 Structure elucidation

XII (Arbitrary atom numbering)



90
Compound XI1 was obtained as yellow viscous liquid from the stem

extract of F. fragrans. The molecular formula CisH2209 is established by the ESI-
TOF mass spectrum (Fig. 12.1), with the exact mass at m/z 381.1170 ([M + Na]",
381.1162 calculated for [CisH2209 + Na] ).

The infrared spectrum (Fig. 12.2) of compound XII shows absorption
peaks (Vma) a 3405 cm™ (broad, O-H stretching), 3021 cm™ (C-H stretching), 1615
cm® (C=0 stretching of carbonyl group), and 1215 cm™ and 757 cm® (C-O-C
stretching). The UV-Vis spectrum (Fig. 12.3) of compound XII shows absorption
peaks (A max) a 205 and 243 nm.

The *H- and *C-NMR spectra (Figs. 12.4 and 12.5) of compound X1
reveals characteristics of iridoid, particularly at 6y 7.45 ppm (d, J = 2.54 Hz) for
H-C-3, between 1.63-1.78 ppm for CH,-6, and between 4.30-4.40 ppm for CH,-7.
The *H- and *C-NMR spectral data also demonstrate signals of a sugar unit at oy
3.23-4.70 ppm.

The *C-NMR spectrum (Fig. 12.5) of compound XII exhibits 16
signals, which are classified by DEPT and HMQC spectral data (Figs. 12.5 and 12.6)
as ten methines, four methylenes, and two quaternary carbon atoms. The downfield
methine H-C-3 signal at 5¢ 151.13 ppm reveals the attachment to an sp* oxygen atom
of a partial structure =CH-O-, while the downfield H-C-1 signal at d¢ 96.19 ppm is
of an acetal carbon atom. The downfield C-11 signal at 6¢ 164.46 ppm, together with
the IR absorption peak at 1615 cm™ indicates the presence of a carbonyl group of
cyclic ester.

The *H,'H-COSY spectrum (Fig. 12.8) of compound X1 exhibits the

connectivity from H-C-1" through CH2-6' of the sugar unit. It also reveals partial
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structures from H-C-1 through H-C-9, H-C-8, and CH,-10, and through H-C-9,

H-C-5, CH2-6, and CH-7.

OH
Thebold lines show the connectivitiesfrom *H,"H-COSY spectrum of compound X1

The HMBC spectrum (Fig. 12.7) of compound XII conclusively
reveals the gross molecular structure of X1 by exhibiting the following correlations:
H-C-1to C-1/, C-3, C-5, and C-8; H-C-3 to C-11; H-C-5to C-3, and C-8; CH,-6 to

C-9; CH»-7 to C-5, and C-11; and H-C-9 to C-4, and C-10.

The curved arrows show HMBC correlations of compound XI |
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The NOESY spectrum (Fig. 12.9) of compound XII indicates the

correlations between H-C-5 and CH»,-7 ax; H-C-9 and CH»-10; and CH»-6" and

H-C-4.

eq

The curved lines show NOESY correlations of compound XI |

On the basis of these spectral data, compound XI1 is identified as (-)-
sweroside, which was previously isolated from Lonicera caerulea (Machida, Asano,

and Kikuchi, 1995), and Tabernaemontana psorocarpa (Van beek, Lankhorgt,

Verpoorte, and Baerheim Svendsen, 1982). The specific rotation [a]3 (c = 0.90 in

MeOH) of —205.68° of compound X1 is similar to that of (-)-sweroside ([o]2® =

—224° in MeOH, Van der Sluis and Labadie, 1981). The'H- and *C-NMR spectral
data of compound XI11, compared to those reported (Machida, et al., 1995) are shown

in Table 4.12.
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Table4.12 The'H- and **C-NMR spectral data of compound X1 (at 500 and

125 M Hz, respectively) in acetone-ds and swerosidein CD30OD (J in

H2).
8 (ppm)
Compound XII Sweroside
lH 13C 1H 13C
H-C-1 550(d, J=17) 96.19 - 97.90
H-C-3 7.45 (d, J = 2.54) 151.13 - 153.90
C4 - 105.30 — 106.00
H-C-5 3.12 (m) 27.33 — 28.40
CH-6, ax 1.78 (dt, J= 13.67, 2.36) 24.90 — 25.90
CH»6,eq 1.63163(qd, J=1296and4.29) 24.75 - 25.90
CH»-7, ax 4.30 (td, J=11.75 and 2.17) 67.64 — 69.70
CH»-7,eq  4.40(dg, J=11.10 and 2.14) 67.66 - 69.70
H-C-8 5.55 (dt, J=9.97 and 17.13) 132.56 — 133.30
H-C-9 2.68 (qd, J=4.10 and 1.40) 42.46 — 43.80
CH,-10, a 5.25 (dd, J=10.28 and 1.92) 119.62 — 120.80
CH»10,b  5.32(dd, J=17.17 and 1.81) 119.62 - 120.80
C-11 — 164.46 — 168.50
H-C-1' 4.70 (d, J=7.83) 98.49 — 99.70
H-C-2' 3.23(t, J = 8.41) 73.64 - 74.70
H-C-3' 3.38(dd, J=8.17 and 6.76) 77.13 — 78.40
H-C-4' 3.44 (t, J = 8.74) 70.59 - 71.50
H-C-5' 3.34 (g, J=9.04) 76.77 - 77.90
CH,-6', a 3.85(d, J=11.97) 61.93 — 62.70

CH>-6', b 3.65 (t, J=7.15) 61.93 - 62.70
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4.12.2 Biological activities

Compound XI1 demonstrates mild anti-Herpes simplex virus type 1
(anti-HSV-1) activity with more than 35-50% inhibition at 1Cs, value of 1.2 + 0.3
ug/mL. However, it is inactive towards Vero (at 50 pg/mL), NCI-H187, KB and BC

(at 20 ug/mL) cell lines, and Mycobacterium tuberculosis H37Ra (at 200 pg/mL).

4.13 Compound XI11

4.13.1 Structure elucidation
Due to the limited amount of compound XI1I isolated, the molecular
structure of this compound could not be elucidated. Its IR, UV-Vis, *H-NMR, *C-
NMR, HMQC, HMBC, H,'H-COSY, and NOESY spectra are shown in Figs. 13.1-

13.8, respectively.

4.13.2 Biological activities
Due to the limited amount of compound XII1 isolated, the biological

activities of this compound were not evaluated.
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CHAPTER YV

CONCLUSION

Chemical exploration of the CH.CI, extract of the roots of Bauhinia
saccocalyx led to the identification of four new bibenzyls, bauhinol A-D (compounds
I-1V), together with two known bibenzyls (compounds V-V1).

Bauhinol A (compound 1) exhibits significant cytotoxicity against NCI-H187,
BC, and KB cell lines with ICso value of 3.4, 2.7, and 4.5 ug/mL, respectively.
Bauhinol B (compound 11) possesses cytotoxicity against NCI-H187 (ICsp = 1.1
ng/mL) and BC (1Csp = 9.7 ug/mL) cell lines, but is inactive towards the KB cell line
(at 20 ug/mL). Bauhinol B also demonstrates mild antifungal activity against Candida
albicans with 1Csy value of 28.9 pg/mL. Bibenzyl VI is active against NCI-H187
(ICs0 = 14.1 pg/mL) and BC (ICsp = 4.0 pg/mL) cell lines, but is inactive (at 20
ug/mL) towards the KB cell line. Bibenzyl VI also exhibits mild antifungal activity
against Candida albicans with 1Csy value of 11.7 pg/mL. Bibenzyls I, 11, and VI
show mild antimycobacterial activity with MIC values of 50, 25, and 25 ug/mL,
respectively, but they are inactive (at 20 pg /mL) against the malarial parasite
Plasmodium falciparum. While bauhinol A (1) is inactive against COX-1 and COX-2,
compound |l and V1 inhibit both COX-1 and COX-2 with ICso values of 9.0 and 2.5
ug/mL, respectively for COX-1, and 1.3 and 1.8 pug/mL, respectively for COX-2.
These 1Cs values are comparable to those of the standard drug, aspirin. Biological

activities of bibenzyl 111 and V were not evaluated due to the limited amount of
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samples isolated, whilst the bioactivities of IV could not be obtained due to its
instability in the test systems.

The CH.Cl, extract of F. fragrans was purified by Sephadex LH-20 and
HPLC to yield four known compounds: pinoresinol (IX) from the stem bark,
naucledal (X) from the roots, gentiogenal (X1) from the fruits, and sweroside (XI1)
from the stems. Pinoresinol (I X) exhibits antimalarial activity against the K1 malarial
parasite strain (Plasmodium falciparum) with 1Cs, value of 3.4 pg/mL and
antitubercular activity against Mycobacterium tuberculosis (H37Ra) with MIC value
of 200 pg/mL. However, Pinoresinol (I X) isinactive at 20 ug/mL towards the KB and
BC cell lines, and shows no antifungal activity against Candida albicans. Naucledal
(X) exhibits cytotoxicity towards NCI-H187 with 1Csp value of 18.94 pg/mL) and
demonstrates mild antitubercular activity with MIC value of 200 pug/mL), but is
inactive at 20 pg/mL towards the KB and BC cell lines and the malarial parasite.
Gentiogenal (XI) exhibits cytotoxicity towards NCI-H187 with 1Cs, value of 5.06
ng/mL and also demonstrates mild antitubercular activity with MIC value of 50
pug/mL, but is inactive at 20 pg/mL towards the KB and BC cell lines and the malarial
parasite. Sweroside (XI1) demonstrates mild anti-HSV-1 activity with more than 35-
50% inhibition at 1Csp value of 1.2 £ 0.3 ug/mL, but is inactive against Vero (at 50
ug/mL), NCI-H187, KB and BC (at 20 ug/mL) cell lines, and Mycobacterium

tuberculosis (H37Ra, at 200 pg/mL).
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