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ABSTRACT

PART I Chemical constituent from Boesenbergia pandurata, Caesalpinia crista and Suregada

multiflora

The investigation of Thai medicinal plants of B. pandurata, C. crista and S.
multifiora has led to the isolation of seventeen new compounds: one cyclohexenylchalcone
(BP1), fourteen cassane-type diterpenes (SC1-SC7, SC9, RH1, RH3, RH4 and SD3-
SD5) and two ent-kaurene diterpenes (BMC1 and BMC2) together with twenty-three
known compounds (BP2-BP11, SC8, SC10, RH2, RH5, RH6, SD1, SD2, SD6 and
BMC3-BMC7). Compounds BP1-BP11 were isolated from the rhizomes of B. pandurata
while compounds SC1-SC10, RH1-RH®6 and SD1-SD6 were obtained from the stems,
roots and seeds of C. crista, respectively, The bark of S. multiflora yielded compounds
BMC1-BMC7. It was found that BP3 possessed the most potent anti-HIV-1 PR activity
with an IC,, value of 5.6 UM, followed by BP2 (IC,, = 18.7 pM). Only one compound
(8C10) exhibited significant anti-malarial activity with IC,, 4.1 pg/ml whereas
compounds BMC1-BMC7 possessed appreciable anti-allergic activities in RBL~2H3 céils
model with IC,, values ranging from 22.5 to 42.2 pM. The structures of all compounds
were elucidated on the basis of chemical and spectroscopic methods. Structure of SC1 was

also confirmed by X-ray diffraction data.
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PART )l Search for novel terpenes in Erythropodium caribacorum and study for carotenoids

from a coral-derived Micrococcus strain PAH83

Five compounds: eleutherobin, desacetyleleutherobin, erythrolide A and B,
and erythrodiene were isolated from E. caribacorum. The retention time 24.72 min of
fraction EC1H showed the molecular ion at m/z 303 corresponding with the molecular ion
of terpene synthase product which should be further investigated.

The effects of pH, temperature, aeration, different incubation periods,
inoculation, media and sugar on the growth and carotenoids biosynthesis of Micrococcus
strain PAH83 were investigated. Three major carotenoids: sarcinaxanthin, sarcinaxanthin
monoglucoside and sarcinaxanthin diglucoside, were identified from this culture. Their

structures were elucidated on the basis of UV and MS spectra.
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THE RELEVANCE OF THE RESEARCH WORK TO THAILAND

The purpose of this research is to investigate the chemical constituents of B.
pandurata, C. crista and S. multiflora. They are parts of the basic research on the utilization
of the Thai medicinal plants. Chemical investigation of constituents from the rhizomes of B.
pandurata, the stems, roots and seeds of C. crista and the bark of S. muitiflora led to
isolation of seventeen new compounds together with twenty~three known compounds. Some
of the compounds exhibited anti-HIV-1 PR, anti-malarial and anti-allergic activities.
These results have demonstrated that B. pandurata, C. crista and S. multiffora are among
the potential sources of anti-HIV-1 PR, anti~malarial and_anti-allergic activities,
respectively, so they have potential to be developed into drugs.

Marine natural products offer great potential as a source of novel therapeutic
agents, however, the development of many of these compounds has been hampered by the
lack of an available supply. Thus, the second part of this research is to search for novel
terpenes in E. caribacorum to complete the pathway elucidation studies and study for
carotenoids from a coral-derived Micrococcus strain PAH83, into a more easily fermented

bacterium for the efficient production of marine natural products.
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PART I

Chemical Constituents from Boesenbergia pandurata, Caesalpinia

crista and Suregada multifiora




CHAPTER 1.1
INTRODUCTION

1.1.1 Chemical constituents from Boesenbergia pandurata
1.1.1.1 Introduction

Boesenbergia  pandurata Holtt,, locally known in Thai as Kra-chai
(nseae), is a perennial herb belonging to the Zingiberaceae family. B. pandurata is an
erect terrertrial small herb, almost stemless, with subterranean, thickened, yellow to brown
aromatic rhizome, 30-60 cm high. Leaf is simple, alternate distichous, ovate-oblong,
4,5-10 cm wide, 15-30 em long; petioles canalicuiate, Inflorescence spiciform, is
enclosed between sheaths of 2 uppermost leaves; flowers are pale pink, faintly fragrant;

bracteole lanceolate, reddish purple. Fruit is capsule.

Figure 1 Boesenbergia pandurata




1.1.1.2 Review df‘ literatures

Plants in the Boesenbergia genus (Zingiberaceae) arc well known to be

rich in a variety of compounds. Information from NAPRALERT database developed by

University of Illinois at Chicago revealed several types of compounds present in plants of

Boesenbergia genus and they can be classified into groups as follows: alicyclics, diterpene,

flavanones, flavones, flavonols, flavonoids and monoterpenes. These compounds are

presented in Table 1,

Table 1 Compounds from plants of Boesenbergia genus

a ! alicyclics

d : flavones

b i diterpene

e . flavonols

g . monoterpenes

¢ ! flavanones

f : flavonoids

Plant

Part

Compound

Bibliography

B. pandurata

Entire plants

Alpinetin, 5¢

Boesenbergin A, 22f
Cardamonin, 24f
4-Hydroxypanduratin A, 30f

Pinostrobin, 7¢

Suphat, 1964
Tuntiwachwuttikul

et al,, 1980

Suphat, 1964

Rhizomes

Alpinetin, 5¢

Boesenbergin A, 22f

Boesenbergin B, 23f

Chrysin dimethyl ether, 11d
Geranial, 32g

Neral, 33g
4-Hydroxypanduratin A, 30f

| Suphat, 1964,

Pandji et al., 1993
Jaipetch et al., 1982
Tuntiwachwuttikul
et al,, 1980
Mahidol et al., 1984
Pathong ¢t al., 1989
Pandji et al,, 1993

Trakoontiyakorn et

al. 2001




Table 1 (Continued)

black type

dimethoxychalcone, 27f
2’'-Hydroxy-4,4",6"-
trimethoxy chalcone, 28f
3,3°,4",5,7-Pentametho-
xyflavone, 16e
3,4',5,7-Tetrametho-
xyflavone, 18e

Tsugafolin, 8¢

Plant Part Compound Bibliography
B. pandurata Rhizomes Cardamonin, 24f Murakami et al., 1993,
Trakoontiyakorn et al.,
2001; Nakahara, 2001
Panduratin A, 29f Tuntiwachwuttikul
et al.,, 1984,
Mahidol et al., 1984;
Trakoontiyakorn et al.
2001
Pinocembrin, 6¢ Nakahara, 2001;
Pinocembrin chalcone, 26f | Trakoontiyakorn et al.,
2001
Pinostrobin, 7¢ Suphat, 1961,
Tuntiwachwuttikul
et al., 1984
Pinostrobin chalcone, 25f | Jaipetch et al., 1982
Rubranine, 31f Tuntiwachwuttikul
et al.,, 1984
B. pandurata Rhizomes 2'-Hydroxy-4',6"- Herunsalee et al.,

1987 -




Table 1 (Continued)

Plant

Part

Compound

Bibliography

B. pandurata

cv, black

Rhizomes

Chrysin dimethyl ether, _1 14
5,7-Dimethoxyflavanone, 9¢
3',4’,5,7-Tetramethoxyflavone,
12d

3,5,7-Trimethoxyflavene, 17e
4',5,7-Trimethoxyflavone, 13d
5-Hydroxy-3,3',4",7-
tetramethoxyflavone, 19e
5-Hydroxy-3,4',7~trimethoxy-
flavone, 20e
5-Hydroxy-3,7-dimethoxy-
ftavone, 21e
5-Hydroxy-4",7~dimethoxy-
flavone, 14d

Tectochrysin, 15d

Jaipetch et al., 1983

B. pandurata

cv. flava

Rhizomes

Boesenbergin B, 23f

Mahidol et al., 1982

B. pandurata

cv, yellow

Rhizomes

Boesenbergin A, 22f
Boesenbergin B, 23f
Cardamonin, 24f
Panduratin A, 29f
Pinocembrin, 6¢
Pinostrobin, 7¢

Rubranine, 31f

Mahidol et al., 1985

B. pandurata

red type

Rhizomes

Panduratin A, 29f

Tuchinda et al.,

2002




Table 1 (Continued)

2'~Hydroxy-4,4",6"~
trimethoxychalcone, 28fF
Crolepoxide, 2a
Isopimaric acid, 4b

(+)-Zeylenol, 3a

Plant Part Compound Bibliography
B. pandurata Rhizomes 4-Hydroxypanduratin A, 80f | Tuchinda et al.,
red type Pinocembrin, 6¢ 2002
Pinostrobin, 7c
Sakuranetin, 10c¢
B. species Rhizomes Boesenboxide, 1a Tuntiwachwauttikul

et al,, 1987




Structures

a ! alicyclics

0 HO,
@ O OH
Ro\“ "‘f/OY Ph Ph)LO\\' u,'/ O\n/ Ph
OAc o OH O
1a : R = COPh; Boesenboxide 3a : (+)-Zeylenol

2a : R = Ac; Crotepoxide

Iy ;. diterpene

HO,C Me
4b : Isopimaric acid

¢ : flavanones
5c : R, = OMe, R, = OH, R, = H; Alpinetin
6¢:R, = OH, R, =0H, R, = I Pinocembrin

R
@’ 3 7¢:R, = OH, R, = OMe, R, = H; Pinostrobin
\‘\\

Ra © 8¢ : R, = OMe, R, = OH, R, = OMe; Tsugafolin
9c: R, = OMe, R, = OMe, R; = H;

5,7-Dimethoxyflavanone

10c¢ : R, = OH, R, = OMe, R, = OHj; Sakuranetin




d . flavones

11d : R, = OMe, R, = H, Ry = H; Chrysin dimethyi ether
12d : R, = OMe, R, = OMe, R, = OMe;
3',4',5,7-Tetramethoxyflavone
13d : R, = OMe, R, = OMe, R, = H;
4',5,7-Trimethoxyflavone
14d ! R, = OH, R, = OMe, R;= H;
5-Hydroxy-4',7-dimethoxyflavone

15d : R, = OH, R, = H, R, = H; Tectochrysin

e : flavonols

16e . R, = OMe, R, = OMe, R, = OMe;
3,8',4’,5,7-Pentamethoxyflavone

17¢:R, =OMe, R, =H,R,;=H;
3,5,7-Trimethoxyflavone

18e: R, = OMe, R, = OMe, R, = H;
3,4',5,7-Tetramethoxyflavone

19e ! R, = OH, R, = OMe, R, = OMe;

5-Hydroxy-3,3’,4',7 -tetramethoxyflavone
20e: R, = OH, R, = OMe, R, = H;
5-Hydroxy-38,4",7-trimethoxyflavone
21e: R, =OH,R, =, R;=H;
5-Hydroxy-3,7-dimethoxyflavone




f : flavonoids

22 ;. Boesenbergin A

24f ;
R,0 OH
O | 25f

26f :
27f .

OoH O

23f : Boesenbergin B

R, = Me, R, = H; Cardamonin

R, = H, R, = Me; Pinostrobin chalcone
R, = H, R, = H; Pinocembrin chalcone
R, = Me, R, =Me;
2'-Hydroxy-4',6'-dimethoxychalcone

28f : 2'-Hydroxy-4,4’,6'-trimethoxychalcone 29f : R = Me; Panduratin A

30f : R = H; 4-Hydroxypanduratin A

31f : Rubranine




g . monoterpenes

CHO
Y\/Y\CHO M
32g : Geranial , 33g : Neral

1.1.2 Chemical constituents from Caesalpinia crista

1.1.2.1 Infroduction

Caesalpinia crista L., known locally as “Taepee (A)” in Thai, is a
climber distributed from India and Ceylon through most of Southeast Asia to the Ryu-Kyu
Islands, Queensland and Caledonia. The Leguminosae—Caesalpioideae family contains about
150 genera with 2,200 species. In Thailand only 20 genera with 113 species are found,
from Caesalpinia genus only 18 species arc found, C. crista was found in Chiang Mai,
Bangkok, Chumphon, Ranong, Surat Thani and Phuket,

C. crista is a climber, glabrous on all vegetative parts, armed with recurved
prickles, Stipules awl-shaped, ca 1 mm, caducous. Leaves : rhachis 10-20 cm; pinnac 2-
4 pairs; leaf-lets 2-4 pairs, opposite, petiolulate (2-4 mm), elliptic-ovate or lanceolate,
2-6 by 1-3 cm, obtuse or shortly acuminate at the tip, rounded or cuneate and subequal at
the base. Racemes axillary and combined into terminal panicles, Bracts ca 1 mm, caducous,
Pedicels are 10~15 mm, glabrous, jointed near the top. Sepals are glabrous, the lowest one
hood-shaped. Petals are yellow, the standard red or red-striped, constricted, and hairy
inside towards the middle with hairly Filaments. Ovary is shortly stalked, glabrous or
pubescent, 1-2 ovulate. Pods stalked above the receptacle (2-5 mm), subelliptic- or
thombic in outline, 4-7 by 2.5-3.5 c¢m, obtuse to acute at the top and at the base. Seeds 1

(rarely 2) flattened, subreniform, 12 by 20 mm.
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Figure 2 Caesalpinia crista

1.1.2.2 Review of literatures

Plants in the Caesalpinia genus (Leguminosae-Caesalpioideae) are well
known to be rich in diterpenes. Information from NAPRALERT database developed by
University of Illinois in Chicago revealed several types of compounds present in plants of
Caesalpinia genus and they can be classified into groups as follows: alkanes, alkanols,
alkaloids, benzenoids, carbohydrates, carotenoids, coumarins, diterpenes, flavonoids,
flavonols, flavones, flavonones, iridoids, lipids, phenylpropanoid, quinolizidine alkaloids,
quinoids, sesquiterpenes, steroids, triterpenes and vitamin. These compounds are presented

in Table 2.
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Table 2 Compounds from plants of Caesalpinia genus

a . Alkanes b: Alkanols ¢ . Alkaloids d : Benzenoids
e . Carbohydrates f . Carotenoids g+ Coumarins h : Diterpenes
i : Flavonoids J ! Iridoids k: Lipids_ 1 : Phenylpropanoids
m ! Quinoids n : Sesquiterpene o : Steroids p : Triterpenes
q : Vitamin
Plant Part Compound Bibliography
C. bonducella Part not o-Amyrin, 192p Lai et al., 1997
specified p-Amyrin, 193p
Lupeol, 198p
Lupeol acetate, 199p
B-Sitosterol, 1910
Seeds o—Amyrin, 192p Asif Saeed and

Sabir, 2003

B-Amyrin, 193p
Bondenolide, 33h

o.~Caesalpin, 50h
[3-Caesalpin, 51h

y-Caesalpin, 59h
g-Caesalpin, 52h

Cagsalpin D, 61h

n-Heptacosane, la

Hexadeca-7,10-diencic

acid, 176k

Ahmad et al., 1997
Simin et al., 2001;
Ahmad et al., 1997
Pelizzoni, 1968;
Qudrat-I-Khuda and
Erfan Ali, 1963
Canonica et al,,
1963 and 1966
Balmain et al., 1967
Kinoshita, 2000
Katti and
Puntambekar, 1930
Shameel et al.,

1997




Table 2 (Continued)
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Plant

Part

Compound

Bibliography

C, bonducella

Seeds

Lignoceric acid, 175k

Lupeol, 198p

Lupeol acetate, 199p
Neocaesalpin B, 100h
Neocaesalpin C, 101h
Neocaesalpin D, 102h
Neocaesalpin H, 104h
Oleanolic acid, 194p
Sucrose, 25e

B-Sitosterol, 1910

Ahmad et al., 1997
Saeed and Sabir,
2001; Asif Saced
and Sabir, 2003
Kinoshita et al.,

1996

Ahmad et al., 1997
Ghatak, 1934

Katti and
Puntambekar, 1930

Roots

Bonducellpin A, 34h
Bonducellpin B, 36h

Bonducellpin C, 35h

Bonducellipin D, 37h
Caesaldekarin A, 38h
Caesaldekarin B, 39h
Caesaldekarin C, 40h
Caesaldekarin G, 44h
Caesaldekarin H, 45h
Caesaldekarin F, 43h
Caesaldekarin I, 46h

Cacsaldekarin J, 47h

Caesaldekarin K, 48h
Caesaldekarin L, 49h

Peter et al.,, 1997a

Lyder et al., 1998a

Peter et al,, 1998a

Lyder et al,, 1998a

Peter et al,, 1998a
Lyder et al., 1998a




Table 2 (Continued)

I3

Caesalpin F, 53h
c.~-Caesalpin, 50h
3-Caesalpin, 51h
y-Cacsalpin, 59h

Glucose, 19e

Lignoceric acid, 175k
Octadec-4-enoic acid, 178k
chadeca—2,4—dienoic acid,
181k

Palmitic acid, 174k

Stearic acid, 173k

Sucrose, 25e

Plant Part Compound Bibliography

C. bonducella Roots Cacsalpin, 86h Peter et al., 1998b
Caesalpinin B, 75h Lyder et al., 1998b
Caesalpin F, 53h Peter ct al,, 1998b
Caesalpin G, 58h
Caesalpin H, 62h
Demethylcaesaldekarin C, Lyder et al., 1998a
41h
Neocaesalpin I, 107h
2-Acetoxycacsaldekarin E, Peter et al., 19870
32h

Kernels Bonducellin, 155i Purushothaman
et al.,, 1982

Caesalpinin J, 76h Katti, 1930

Pascoe et al.,, 1986
Alil and Qudrat-1-
Khuda, 1960

Katti, 1930

Rastogi et al., 1956

Rastogi et al., 1996,

Katti, 1930
Katti, 1930

Entire plants

[3-Caesalpin, 51h

Goyal et al., 1981

Leaves

Glucose, 19e

Khuda et al,, 1961
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caesaldekarin E, 30h
T-Acetoxybonducellpin C,
70h

Caesaldekarin E, 31h
Caesalmin B, 55h
Caesalpinin C, 63h
Caesalpinin D, 57h
Caesalpinin E, 69h
Caesalpinin F, 71h

Plant Part Compound Bibliography
C. bonducella Leaves Palmitic acid, 174k Khuda et al., 1961
(+)-D-Pinitol, 23e
C. brevifolia Fruits Algarobin, 7d Schmidt et al.,
Brevifolin carboxylic acid, 28g | 1967a-c
Brevilagin 1, 8d
Brevilagin 2, 10d
C. cacalaco Seeds Arachidic acid, 170k Contreras et al.,
Linoleic acid, 177k 1995
Linolenic acid, 182k
Oleic acid, 179k
Palmitic acid, 174k
Palmitoleic acid, 180k
Stearic acid, 173k
Bark Ascorbic acid, 201p Giral and Aguilar,
1953
C. coriaria Entire plants | Aucubin, 169j Nageshwar et al.,
1984
C. crista Kernels 2-Acetoxy-3-deacetoxy- Banskota et al.,

2003
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Plant

Part

Compound

Bibliography

C. crisia

Kernels

Caesalpinin MA, 77h
Caesalpinin MB, ‘79h
Caesalpinin MC, 81h
Caesalpinin MD, 82h
Caesalpinin ME, 78h
Caesalpinin MF, 80h
Caesalpinin MG, 83h
Caesalpinin MH, 84h
Caesalpinin MI, 85h
Caesalpinin MJ, 87h
Caesalpinin MK, 88h
Caesalpinin ML, 90h
Caesalpinin MM, 91h
Caesalpinin MN, 92h
Caesalpinin MO, 93h
Caesalpinin MP, 94h
14(17)-Dehydrocaesalpin
E, 68h

Norcaesalpinin A, 66h
Norcaesalpinin B, 67h
Norcaesalpinin C, 96h
Norcaesalpinin D, 64h
Norcaesalpinin E, 65h
Norcaesalpinin MA, 97h
Norcaesalpinin MB, 98h
Norcaesalpinin MC, 89h

Banskota et al.,

2003
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Gallic acid, 12d

Plant Part Compound Bibliography
C. crista Entire plants { (+)-Ononitol, 22e Shi et al., 1988
Fruit hulls | (+)-D-Pinitol, 23e Mondai et al., 1993
C. decapetala Seeds Linoleic acid, 177k Hosamani, 1295
Malvalic acid, 184k
Myristic acid, 172k
Oleic acid, 179k
Palmitic acid, 174k
Ricinoleic acid, 183k
Stearic acid, 173k
Sterculic acid, 185k
C. decapetala var, Roots Betulinic acid, 200p Ogawa et al., 1992
Japonica Caesaljapin, 95h
(+)~-Catechin, 159i
Gallic acid methyl ester, 14d
Lupeol, 198p
Sappanchalcone, 133i
C. digyna Roots Bergenin, 27g Chaudhry, 1957 and
1954
Leaves Bergenin, 27g Mahato et al.,, 1983
Caesalpimine A, S¢
Celallocinnine, 6c Mabhato et al., 1985
Ellagic acid, 29¢g Mahato et al., 1983
Gallic acid, 12d Chaudhry et al.,
1954
C. ferrea Fruits Ellagic acid, 29g Ueda et al.,, 2001

Nakamura et al.,

2002
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Plant

Part

Compound

Bibliography

C. ferrea

Fruits

3-Hydroxy-1-{4-hydroxy-
3-methoxyphenyl)propan-

1-one, 187!

Gallic acid methyl ester,

144

Ueda et al., 2001

Nakamura et al.,

2002

C., gilliesii

Flowers

Arabinose, 17e
Glucose, 19e
Kaempferol, 140i
Luteolin, 136i
Nicotiflorin, 146i
Quercetin, 141i
Isoquercitrin, 150i
Isorhamnetin, 142i
Isorhamnetin~3-0-

rutinoside, 147i

Suarez et al,, 1984

Leaves

Kaempferol, 140i
Luteolin, 136i
Nicotiflorin, 146i
Quercetin, 141i
Isoquercitrin, 1301
Isorhamnetin, 142i
Isorhamnetin-3-0-

rutinoside, 147i

Suarez et al,, 1984

C. hintonii

Seeds

Arachidic acid, 170k
Linoleic acid, 177k
Linolenic acid, 182k
Oleic acid, 1792k

Contreras et al.,

1995
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3’'-Deoxy-4-0-methylsappanol,
161i
Episappanol, 165i

Plant Part Compound Bibliography
€. hintonii Seeds Palmitic acid, 174k Contreras et al.,
Palmitoleic acid, 180k 1995
Stearic acid, 173k
C. japonica Stems Apigenin, 137i Imamura et al.,
1980
(+)-Catechin, 159i Sohn et al., 2000
3',4',7-Trihydroxyflavone,
138i
4',7-Dihydroxyflavone, 139i Sohn et al., 2000;
Imamura et al.,
1980
Palmitic acid, 174k Imamura et al.,
1980
(+)-Pinitol, 23e
Resokaempferol, 143i Sohn et al., 2000
[3-Sitosterol, 1910 Imamura et al,,
1980
Flowers | Arachic acid, 170k Imamura et al,,
B-Carotene, 26f 1980
n-Heptacosane, 1a
Hyperoside, 149i
n-Nonacosane, 2a
n-Triacotane, 3a
Wood Butein, 134i Namikoshi et al.,

1987a,b
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Plant

Part

Compound

Bibliography

C, japonica

Wood

Isoliquiritigenin, 135i
4-0-Methylsappanol, 163i
Sappanol, 16Gi
Sappanchalcone, 13 3i
Sappanone A, 158i
Sappanone B, 1671

Namikoshi et al.,

1987a,b

C. major

Roots

Caesaldekarin A, 38h
Caesaldekarin B, 39h

Caesaldekarin C, 40h

Caesaldekarin D, 42h

Kitagawa et al.,
1994, Shibuya and
Kitagawa, 1996
Kitagawa et al.,
1996 and 1994
Kitagawa et al.,

1996

Kernel

Caesaldekarin B, 39%h

Caesaldekarin E, 31h

14-Deoxy-E-caesalpin,
108h

Roengsumran et al.,
2000; Kitagawa et
al.,, 1994
Kitagawa et al.,
1996 and 1994
Roengsumran et al.,

2000

C. mexicana

Entire plants

Linoleic acid, 177k
Oleic acid, 179k

Saeedi-Ghomi and
Garcia, 1982

C, minax

Seeds

Bonducellpin D, 37h
Caesalmin A, 54h
Caesalmin B, 56h
Caesalmin C, 60h

Jiang et al., 2002a-
¢ and 2002a-¢
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FICHTT 1B Baanng e
Table 2 (Continued)
Plant Part Compound Bibliography
C. minax Seeds Caesalmin D, 72h Jiang et al., 2002a-

Caesalmin F, 73h
Caesalmin G, 56h
Caesalmin H, 74h
Macrocaesalmin, 109h

Spirocaesialmin, 110h

C

benzoate, 9d
Caesaldekarin A, 38h
Gentisic acid, 15d
Isovouacapenol A, 112h
Isovouacapenol B, 113h

Isovouacapenol C, 114h

Stems Friedelin, 195p
Epifriedelinol, 196p
C. pulcherrima Stems Bonducellin, 155i Jiang et al., 2002a
2,6-Dimethoxy-1,4-benzo-
quinone, 188m
8-Methoxybonducellin, Parmar et al., 1987,
1561 McPherson et al.,
1983
Bilobetin, 153i McPherson et al.,
1982
Pulcherralpin, 111h Che et al., 1985 and
1986
Pulcherrimin, 168i McPhersoen et al,,
1983
Leaves Benzyl-2,6-dimethoxy- Ragasa et al., 2002

Ragasa et al., 2003
Griffiths, 1959
Ragasa ct al., 2002
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Plant

Part

Compound

Bibliography

C. pulcherrima

Leaves

Isovouacapenol D, 115h
Myricetin, 151i

Phytol, 126h
B-Sitosterol, 1910
Spathulenol, 190n

Ragasa et al.,, 2002
Paris and Delaveau,
1965 and 1967

Ragasa et al., 2003

Entire plants

Benzyl-2,6~dimethoxy-
benzoate, 9d
5,7-Dimethoxyflavanone,
127i

5,7-Dimethoxy-3',4"~
methylenedioxyflavanone,
128i
2',3,4',5,6,7-Hexahydroxy-
flavone, 129}

Isobonducellin, 1571

Srinivas et al., 2003

Roots

68 -Cinnamoyl- 73 -hydroxy
vouacapen-50.-ol, 123h
8,9,11,14-Didehydrovoua-
capen-50.-ol, 124h
7-Ketoisovouacapenol C,
125h

Neocaesalpin E, 105h
Neocaesalpin F, 106h
Neocaesalpin G, 103h
Pulcherrimin A, 116h
Pulcherrimin B, 121h

Roach et al., 2003
McPherson et al.,

1985
Roach et al., 2003

Patil et al., 1997
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-Sitosterol, 1910

Sucrose, 25e

Plant Part Compound Bibliography
- C. pulcherrima Roots Pulcherrimin C, 11_7h Patil et al., 1997
Pulcherrimin D, 11 8h
Pulcherrimin E, 119h Roach et al., 2003
Pulcherrimin ¥, 120h
B-Sitosterol, 1910 McPherson et al.,
1986
Vouacapen-50i-ol, 122h McPherson et al.,
1986 and 1985
Barks Caesaipin, 86h Sengupta et al.,
1970
Leucodelphinidin, 130i
Quercimeritrin, 152i Awasthi and Misra,
-Sitosterol, 1910 1977
Flowers Lupeol, 198p Varshney and Pal,

1978

Stem barks

Ellagic acid, 29g

Gallic acid, 12d

Gallic acid ethyl ester, 13d
Leucodelphinidin, 130i
Leuccefdin, 1311

Sebacic acid, 186k
p-Sitosterol, 1910

{ Awasthi and Misra,

1978 and 1980

Awasthi and Misra,
1978
Awasthi et al., 1980

C. pulcherrima

var. flava

Flowers

Gallic acid, 124
Lupeol acetate, 199p
Myricetin, 151i

Rao and Prasad,
1978
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3'-Deoxysappanone B, 166i
4,4'-Dihydroxy-2’-methoxy
chalcone, 132i

Galactose, 128e

Gallic acid, 124d

Glucose, 19e

Juglone, 189m

Lactose, 20e

8-Methoxy bonducellin,
156i
4-0-Methyigalactose, Z1e

Plant Part Compound Bibliography
C. pulcherrima Flowers Quercetin, 1414 Rao and Prasad,
var. flava [B-Sitosterol, 1910 1978
C. pulcherrima Flowers Gallic acid, 12d Rao and Prasad,
var, rubra Lupeol, 198p 1978
Quercetin, 141i
Rutin, 148i
B-Sitosterol, 1910
C. pyramidalis Leaves Agathisflavone, 154i Mendes et al., 2000
Lupeol, 198p
C. sappan Seeds B-Amyrin, 193p Oswal and Garg,
1993
Arachidic acid, 170k Oswal and Garg,
Capric acid, 171k 1984
Heartwoods | 3'-Deoxysappanol, 162i Namikoshi et al.,

1987

Morota et al., 1990
Namikoshi et al,,
1987

Nigam et al., 1977
Steinmetz, 1960
Nigam et al., 1977
Nageshwar et al.,
1984

Nigam et al., 1977
Namikoshi et al.,
1987

Nigam et al,, 1977
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Plant Part Compound Bibliegraphy
C, sappan Heartwoods | 3'-O-Methylsappancl, 164i | Namikoshi et al.,
1987
4-0O-Methylsappanol, 163i | Reddy et al., 2003
Octacosan-1-cl, 4b Yadava and Nigam,
1987
Cmbuin, 145i Namikoshi et al.,
1987
Palmitic acid, 174k Nigam et al,, 1978;
Yadava et al., 1978
Quercetin, 141i Namikoshi et al.,
Rhamnetin, 144i 1987
Sappanchalcone, 133i Nagai et al., 1984
[3-Sitosterol, 1910 Morota et al., 1990
Sorbose, 24e Nigam et al., 1977
Stearic acid, 173k Nigam et al., 1978
Taraxerol, 197p Yadava and Nigam,
1987
C. spinosa Seeds Digallic acid, 11d Delahaye and
Gallic acid, 12d Verzele, 1983
Trigallic acid, 16d
C. velutina Seeds Arachidic acid, 170k Contreras et al.,
1995
Linoleic acid, 177k
Linolenic acid, 182k
Oleic acid, 179k
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Structures
a . Alkanes
1a : n = 25; n-Heptacosane
Me—(CHa)™Me o i n =27 : n-Nonacosane
3a : n = 28; n-Triacotane
b: Alkanols

HO—-CH,—(CHz)6"Me 4y, : Octacosan-1-ol

¢ : Alkaloids

Y

Oa N N._ Ph
H HN H
oIt -
N b Ph Ph
Ph O O
5c¢ : Caesalpimine A 6¢ : Celallocinnine
d : Benzenoids
O
0]
OH OMe O
OH 0" >ph
OMe
OH
7d : Algarobin 8d : Brevilagin 1 9d : Benzyl-2,6-

dimethoxybenzoate
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OH ‘
HQ  on o
HO.

HO,
HO O OO tl OO O Oci)-! O
v H
HO HO 0 CO,H
0L a0 OH :
5 H HO
)
OH OH
11d : Digallic acid

10d : Brevilagin 2

12d : R = H; Gallic acid

HO CO.R
HO 13d : R = Et; Gallic acid ethyl ester
OH 14d : R = Me; Gallic acid methyl ester
OH
HO
OH 0
HO o o CO,H
CO.H HO 0 Q
OH OH
154 : Gentisic acid 16d : Trigallic acid
e : Carbohydrates
OH OH OH OH OH
CHO :
HO™ HO™ Y CHO HO™ Y CHO
OH OH A4 OH OH OH
17e : Arabinose 18e : Galactose 19e : Glucose
OH
HO OH
o™ CHO OH
: OH HO,,, OMe
HO\C? OMe OH
NG HO” Y Y CHO no' Y ‘OH
HO Y —OH =
= OH OH CH
OH
21e : 4~O-Methylgalactose 22e¢ . (+)-Ononitol

20e ! Lactose




OH
23e¢ : (+)-D-Pinitol

f : Carotenoids

24e ! Sorbose

27

OH OH
Ho” Y 07t ©
OH OH

25e : Sucrose

27¢g . Bergenin

h : Diterpenes

28g . Brevifolin carboxylic acid

HO,C,
H (J
HO N0
HO ©
o)

29¢ . Ellagic acid

30h : R, = OAc, R, = H;
2-Acetoxy-3-deacetoxycaesaldekarin E

31h: R, = H, R, = OAc; Cacsaldekarin E

32h : R, = R, = OAc; 2-Acetoxycaesaldekarin E
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33h : Bondenolide 34h : R = OAc; Bonducellpin A  36h : Bonducellpin B
35h : R = H; Bonducellpin C

37h : Bonducellpin D 38h : R = Ac; Caesaldekarin A 40h : R = Me; Caesaldekarin C
39h : R = H; Cacsaldekarin B 41h : R = H; Demethylcaesal-
dekarin C

43h : Caesaldekarin F 44h ; Caesaldekarin G

MeO

O
45h ! R = H; Caesaldekarin H 47h : Caesaldekarin J 48h : Caesaldekarin K

46h : R = OH; Cacsaldekarin 1
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50h : R = Ac; a—Caesalpin 52h : R = H; €-Caesalpin
51h : R = H; f-Caesalpin 53h : R = OAc; Caesalpin F

54h : R, = R, = OH, R, = OAc; Caesalmin A
55h : R, = OAc, R, = R, = H; Caesalmin B
56h : R, = OH, R, = R, = H; Caesalmin G
57h : R, = R; = OAc, R, = Hj Caesalpinin D
58h : R, = R, = OAc, R; = H; Caesalpinin G

59h : R = H; y-Caesalpin 61h : Caesalpin D 62h : Cacsalpin
60h : R = Ac; Caesalmin C

63h : R, = R, = OH, R, = OAc, R, = CH,; Caesalpinin C
64h : R, = R, = OA¢, R, = H, R, = O] Norcaesalpinin D
65h : R, = R, = H, R, = OH, R, = O; Norcaesalpinin E
66h : R, = OAc, R, =R, = H, R, = O; Norcaesalpinin A
67h: R, =R, = H, R, = OAc, R, = O; Norcaesalpinin B
68h : R, = R, = OAc, R, = H, R, = CH,; |
14(17)-Dehydrocaesalpin F

69h : R, = OAc, R, = H; Caesalpinin E
70h : R, = H, R, = OAc; 7~Acetoxybonducellpin C
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73h : Caesalmin F

77h : Caesalpinin MA 78h : Caesalpinin ME  79h ! R = H; Caesalpinin MB
80h : R = OAc; Caesalpinin MF

81h : R, = H, R, = OAc, R, = H; Caesalpinin MC
82h : R, = OAc, R, = H, R, = OAc; Caesalpinin MD

83h : Caesalpinin MG 84h : Caesalpinin MH 85h : Caesalpinin MI
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86h : R, = OH, R, = OAc, R, = CH,; Cacsalpin

87h : R, = Hj R, = OAc, R; = CH,; Caesalpinin MJ
88h : R, = OAc, R, = H{, R; = CH,; Caesalpinin MK
89h : R, = OAc, R, = OAc, R, = O; Norcaesalpinin MC

90h : Caesalpinin ML 91h : R, = Me, R, = OH; Caesalpinin MM
92h : R, = OH, R, = Me; Caesalpinin MN

93h ; Caesalpinin MO 94h : Caesalpinin MP 95h : Caesaljapin

96h : R, = OAc; R, = H; Norcaesalpinin C
97h : R, = H, R, = OAc; Norcaesalpinin MA
98h : R, = OAc, R, = OAc; Norcaesalpinin MB




99h : R, = H, R, = OH; Neocaesalpin A
100h : R, = H, R, = H; Neocaesalpin B
101h : R, = OH, R, = H; Neocaesalpin C

Me-(";

O

2H
102h : Neocaesalpin D

104h . Neocaesalpin H

103h : Neocaesalpin G

105h : R, = R, = H; Neocaesalpin E
106h : R, = OH, R, = OCOPh; Neocaesalpin F

M& GoH
107h : Neocaesalpin I

108h : 14-Deoxy-g-caesalpin  109h : Macrocaesalmin

32




121h : Pulcherrimin B

11 4h : Isovouacapenol C

33

115h : Isovouacapenol D

116h : R, = OH, R, = OCOPh; Pulcherrimin A
117h : R, = H, R, = OCOPh; Pulcherrimin C
118h : R, = OAc, R, = OCOPh; Pulcherrimin D

119h : R, = OCOPh, R,

= QAc; Pulcherrimin E

120h : R, = OH, R, = OAc; Puicherrimin F

122h : Vouacapen-50-ol

123h : 6-Cinnamoyl-703~

hydroxyvouacapen-5c.-ol
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- [fEoH
md §e OCOPh

Me =Me

124h : 8,9,11,14-Didehydrovouacapen-5o.—ol 125h ! T-Ketoisovouacapenol C

Me (CH3)a {CH5)3 {CHa2)
Y ~ T 3'\|¢‘\/OH

=l
2

Me e e Me
126h : Phytol
i : Flavonoids
MeO 0 ',\\Q 127i : 5,7-Dimethoxyflavanone
OMe C
MeO. 's) “,\©Ez> 128i: 5,7—Dimethoxy—3',4'—mcthyilenedioxyflavanone
OMe O
HO. OH
HO O .,
129i:2,3,4,5,6,7-Hexahydroxyflavone
HO OH '

OH O
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OH

OH
130i : R = H; Leucodelphinidin

HO o R 131i: R = OH; Leucoefdin

HO OH
OH OH

OH 132i:R, =R, =H, R, = O0Me;
HO | O R 4,4'~Dihydroxy—2'—methoxychalc0ne
@ R, 133i: R, = OMe, R, = H, R;= OH; Sappanchalcone
134i : R, = OH, R, = H, R,;= OH; Betein
135i : R, = OMe, R, = R, = H; Isoliquiritigenin

136i: R, = R, = OH; Luteolin
137i: R, = OH, R, = H; Apigenin
1381 : R, = H, R, = OH; 3',4',7-Trihydroxyflavone

1391 : R, = R, = H; 4',7-Dihydroxyflavone

140i : R, = R, = R, = OH, R; = H; Kaempferol
141i: R, =R, = Ry = R, = OH; Quercetin

142i : R, = R, = R, = OH, R, = OMe; Isorhamnetin
143i: R, = R, = H, R, = R, = OH; Resokacmpferol
144i: R, = R, = R, = OH, R, = OMe; Rhamnetin
145i : R, = R, = OH, R, = R, = OMe; Ombuin
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146i : R = H; Nicotiflorin

147i : R = OMe; Isorhamnetin-3-O-rutinoside

148i : R = OH; Rutin

HO\\‘ '.r,!/of,' 0] Me

OH Tty
HO CH

OH

HO v, ~OH

o1
149i : Hyperoside 150i : Isoquercitrin

153i : Bilobetin 1541 : Agathisflavone




R
HO O OMe
O
O

155i : R = H; Bonducellin
156i : R = OMe; 8-Methoxybonducellin

5

160i:
! R, = OMe, R, = H; 3'—Deoxy—fi—O—methylsappano}

HO 0 OH 161i:
OO
Ry 163i:

164i:

M OH
= OH
CH

37

15%7i : Isobonducellin

OH

OH
HO O 0

OH
OH
159i : (+)-Catechin

R, = R, = OH; Sappanol
R, = OH, R, = H} 3’"Deoxysappanol

R, = OMe, R, = OH; 4-0-Methylsappanol
R, = OH, R, = OMe; 3'-O-Methylsappanol

R
OH 2
o

165i . Episappanol 166i: R, =R, = OMe, R, = H; 3'-Deoxysappanone B

© 167i: R, = R, = R, =OH; Sappanone B

168i ! Pulcherrimin




J : Iridoids

169j : Aucubin

k : Lipids

HO,C—(CHo)s™"Me 170k : n = 18; Arachidic acid
171k : n = 8; Capric acid
172k : n = 12; Myristic acid
173k : n = 16} Stearic acid
174k in
175k : n = 22; Lignoceric acid

i

14; Palmitic acid

HO,C—(CH
2C—(CHg)q __ CHy___ (CHpm

—Me

176k ! n = 5, m = 4; Hexadeca-7,10-diencic acid
177k : n = 7, m = 4; Linoleic acid

HO,C—{CHy), (CHp)——Me

—

178k : n = 2, m = 12; Octadec-4-enoic acid
179k :n= 7, m = 7; Oleic acid
180k ! n = 7, m = 5, Palmitoleic acid

Hozc—\\_//—(CHz)m*Me |
181k : Octadec-2,4-dienoic acid

Et
HOzC—(CHz)y CH
\-_—_/CHz\—_z/ 2\) 182k : Linolenic acid




HO,C—{CH;);

HOZC~(CHz)q

HQ,C—(CHy)g—COoH

I : Phenylpropanoids

=

{CH2m—Me

39

{CHa)g—Me

OH 183k : Ricinoleic acid

184k :n = 6, m = 7; Malvalic acid
185k : n =7, m = 7; Sterculic acid

186k : Sebacic acid

O
Me 1871 3-Hydroxy-1-(4-hydroxy~3-methoxyphenyl)
HO propan-1-one
OMe
m . Quinoids
O CH O
||
MeQ OMe i
O O

188m : 2,6-Dimethoxy-1,4-benzoguinone

n ! Sesquiterpene

189m : Juglone

CH,
190n : Spathulenol
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0 . Steroids

i-Pr

1910 : f-Sitosterol

p: Triterpenes

192p : o-Amyrin 193p : R = Me; f-Amyrin 195p : Friedelin
194p : R = CO,H; Oleanolic acid

196p: Epifriedelinol 197p : Taraxerol
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198p : R, = H, R, = Me; Lupeol
199p : R, = Ac, R, = Me; Lupeol acetate
200p : R, = H, R, = CO,H; Betulinic acid

q : Vitamin

OH

Oj/_z\“"\/OH 201p : Ascorbic acid
—{ H

HO OH

0

1.1.3 Chemical constituents from Suregada multiflora

1.1.3.1 Introduction

Suregada multiflora Baill. is a plant distributed in India, Burma, Indo-china
and Malay Peninsula belonging to the Euphorbiaceae family. locally known in Thai as Khop
nang nang (‘IIE]‘IJu'N‘lf\‘l); khanthotsakon (J@4N@nT), chong ram phan (F0957WU), salot
nam (aaamfw) {Chantaburi); khan thong phaya bat (Tunaswenun); duk sai (Q}ﬂlm),
muat rot (nilaalsn); duk hin (Qﬂﬁu), thong phan chang (ﬂﬂﬁﬁuﬁbﬁ); takhop nok
(ozpuun); thurian pa (Y}L‘%ﬂ‘uﬂﬁ), fai (W), ma duk lueam (NanLgau); yai pluak (218
daan).

S. multifiora is a shrub or small tree, 3-15 m high, glabrous. Stipules
minute, caducous. Leaves: blade elliptic, 12-15 by 5-7 cm, length/width ratio 2.1-2.4,
base cuneate, margin entire, apex acute, dark green, secondary veins 5-7 pairs.
Inflorescences fascicles or short cymes on 0.3-1 cm long peduncle. Flowers are unisexual,
0.8-1.2 cm in diameter; pedicel 4-6 mm long, covered with short hair; sepals 5, round,
flower fragrant; sepals 3-4 by 2.5-3.5 mm, the receptacle with numerous small disc
glands among the filaments; pistillode minute. Pistillate flowers: sepals are longer than the
staminate ones, disc with papery margin, concave, sometime with tiny staminodes; ovary -

3-locular, stigmas shortly bifid, spreading. Fruits subglobular or shallowly 3~lobed, 2.5~
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3.5 by 2-2.5 cm, mostly smooth, tardily dehiscent, red-orange when ripe. Seeds are

subglobose, sarcotesta fleshy and white when fresh.

Figure 3 Suregada multifiora

1.1.3.2 Review of literatures

Plants in the Surcgada genus (Euphorbiaceae) are well known to be rich in
diterpenes. Information from NAPRALERT database developed by University of Iilinois at
Chicago revealed several types of compounds present in plants of Suregada genus and they
can be classified into groups as follows: diterpenes, flavonoids, lipids and steroids, These

compounds are presented in Table 3.
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a | diterpenes b : flavonoids ¢ : lipids

d . steroids

Plant Part Compound Bibliography
S. multiflora Seeds Caprylic acid, 39¢ Ghosh, 1979

Gelomuloside A, 36b
Gelomuloside B, 37b
Myristic acid, 40c
Oleic acid, 42¢

Palmitic acid, 41¢

Das and

Chakravarty, 1893
Ghosh, 1979

Leaves

3B-Acetoxy-1-one-
8B,14B-epoxy-13,15-
abiatene-6,12-olide, 5a
65— Acetoxy-2-ene-
8p,140-dihydroxy~-1-one-
13,15-abiatene-16,12~
olide, 27a

6P~ Acetoxy-2-ene~1-one-

8P, 14p-epoxy-13,156-
abiatene-16,12-olide, 29a
3B-Acetoxy-83,14a-
dihydroxy-13,15-abiatene-
16,12-olide, 25a
3p-Acetoxy-8p3,140-
dihydroxy-1-one~-13,15-
abiatene-16,12-olide, 26a
3[3,6p-Diacetoxy-1-one-
8B,14p-epoxy-13,15~
abiatene-16,12-olide, 3a

Choudhary et al.,
2004
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Plant

Part

Compound

Bibliography

8, multiffora

Leaves

2-Ene-1-one-8f3,14f4-
epoxy-13,15~abiatene-
16,12-olide, 28a

3B -Hydroxy-1-one-
83,143 -epoxy-13,15-
abiatene-6,12-olide, 4a
Dihydrogelomulide A, 6a
Gelomulide A, 1a

Gelomulide B, 7a
Gelomulide C, 9a
Gelomulide P, 11a
Gelomulide E, 12a
Gelomulide F, 10a
Gelomulide G, 2a
Gelomulide H, 13a
Gelomulide 1, 14a
Gelomulide J, 8a
Jolkinolide B, 15a
Luteolin-4'~-7-dimethyl
ether 3'-0O-p-D-glucoside,
38b

[-Sitosterol, 43¢

Choudhary et al.,
2004

Talapatra et al.,

1989

Parveen and Khan,

1987

Talapatra et al.,
1989

Roots

Angeflorin, 35b
Demethoxykanugin, 33b

Das et al., 1994
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Euphorangin B, 24a
Suregedolide A, 16a

Suregadolide B, 18a
Suregedolide C, 17a
Suregedolide DD, 19a
Suremulol A, 22a
Suremulol B, 23a
Suremulide A, 20a

Plant Part Compound Bibliography
8. multiflora Roots Kanugin, 32b Das et al., 1994
Ladanine, 30b
Pinnatin, 34b
Salvigenin, 31b
Bark Bannaringaolide A, 21a Jahan et al., 2003

Jahan et al,, 2002

Jahan et al., 2003
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Structures

a ! Diterpenes

1a: R, =R, = R, = H, R; = OAc; Gelomulide A

2a: R, =R, = H, R, = R, = OAc; Gelomulide G

3a:R, =R, =0,R; = R4 = QAc; 3f3,6B-Diacetoxy~1-one-
83,14 -epoxy-13,15-abiatene-16,12-oclide

4a:R, =R, = O, R, = OH, R, = H; 33~Hydroxy-1-one-
83,14 ~epoxy-13,15-abiatenc-16,12-olide

5a:R, =R, =0, R, = OAc, R, = H; 3-Acctoxy-1-one-
8B,14p-epoxy-13,15-abiatene-16,12~olide

6a : Dihydrogelomulide A 7a: R = H; Gelomulide B 9a : R = H; Gelomulide C
Ba : R = Ac; Gelomulide I 10a : R = OAc; Gelomulide F

11a: R = H; Gelomulide D 13a : Gelomulide H 14a : Gelomulide 1
12a : R = OAc; Gelomulide E
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15a : Jolkinolide B 16a ; R = H; Suregadolide A
17a: R = OH; Suregadolide C

22a : Suremulol A 23a . Suremulol B

24a ; Euphorangin B

25a : R, = R, = H; 3p~Acetoxy-80,140.-dihydroxy-
13,15-abiatene-16,12-olide

26a : R, = R, = O; 3B-Acetoxy-83,140.-dihydroxy-1-
one-13,15-abiatene~16,12-olide




b : Flavonoids

OH O
30b : R = H; Ladanine

31b : R = Me; Salvigenin

OMe ©
34b : Pinnatin

27a . 6P—Acetoxy-2-cne-8[3,140.-dihydroxy-1-one-
13,15-abiatene~16,12~olide

28a : R = H; 2-Ene-1-one-803,143-epoxy-13,15~
abiatene-16,12-olide

29a ! R = OAc; 6B-Acetoxy-2-ene-lone-83,14[3-
epoxy-13,15-abiatene-16,12-olide

" '32b : R = OMe; Kanugin
33b : R = H; Demethoxykanugin

OMe

35b : Angeflorin

48
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OH

Ot
37b ! Gelomuloside B

36b : Gelomuloside A

38b : Luteolin-4"-7-dimethyl ether 3’-
O-B-D-glucoside

c . Lipids

(CHz);—Me

HO2C""'(CH2)3|I
E/

HO2C—(CHp)n——Me
39¢ : n = 6; Caprylic acid 42c : Oleic acid
40c : n = 12; Myristic acid

41c¢ : n = 14; Palmitic acid

d : Steroid

43¢ : B-Sitosterol
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1.1.4 Objective

Up to the present, the chemical constituents and biological activities of
these plants are interested, This research part involved isolation, purification and structare
elucidation of chemical constituents isolated from the rhizomes of B. pandurafa; the seeds,
roots and stems of C. crista; and the bark of S. multiflora and also evaluation of pure
compounds for anti-HIV PR-1 for B. pandurata, anti-malarial activity for C. crista and

anti~allergic activity for S. multiflora.




CHAPTER 1.2
EXPERIMENTAL

1.2,1 Instruments and Chemicals

Melting point was recorded in °C and was measured on an Electrothermal
Melting Point Apparatus. Infrared spectra were recorded using FIS FI-IR
spectrophotometer and major bands (V) were recorded in wave number (em™). Ultraviolet
(UV) absorption spectra were recorded using a SPECORD S 100 (Analytikjena) and UV-
160A spectrophotometer (SHIMADZU) and principle bands (A, were recorded as
wavelengths (nm) and log € in chloroform and methanol solution. Nuclear magnetic
resonance spectra were recorded on 500 MHz Varian UNITY INOVA spectrometer and
FTNMR Bruker Ultra Shield' 300 MHz. Spectra were recorded in chloroform-d and
methanol-d, solution and were recorded as & value in ppm downfield from TMS (internal
standard & 0.00). Single-crystal X-ray diffraction measurements were collected using

SMART 1-K CCD diffractometer with monochromated Mo-Ka. radiation (A = 0.71073

A®) using ®-scan mode and SHELXTL for structure solution and refinement, Optical
rotation was measured in chloroform solution with sodium D line (590 nm) on a JASCO
P-1020 polarimeter. Solvent for extraction and chromatography were distilled at their
boiling point ranges prior to use except diethyl ether was analytical grade reagent. Quick
column chromatography (QCC) was performed on silica gel 60 GF,;, (Merck). Column
chromatography was performed on silica gel (Merck) type 100 (0.063° 0.200),
Precoated plates of silica gel 60 GF,;, or reversed-phase C,; were used for analytical

purposes.
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1.2.2 Plant materials

The fresh rhizomes of B. pandurata Holtt. were bought from Hat Yai
Market, Hat Yai, Thailand in 2003. The voucher specimen (number : SN 441201 5)
was identified by Assoc. Prof. Dr. Sanan Subhadhirasakul, and kept in the Herbarium of the
Faculty of Pharmaceutical Sciences, Prince of Songkla University, Thailand.

Roots, stems and seeds of Caesalpinia crista L. were collected from Trang
province, Thailand in May 2004. Identification was made by Prof. Puangpen Sirirugsa,
Department of Biology, Faculty of Science, Prince of Songkla University and a specimen
{No. SC03) deposited at Prince of Songkla Univarsity Herbarium,

Bark of S. multiflora were collected from Songkhla province, Thailand in
November 2004. Identification was made by Prof. Puangpen Sirirugsa, Department of
Biology, Faculty of Science, Prince of Songkla University and a specimen (No. SC04)

deposited at Prince of Songkla University Herbarium.
1.2.3 Extractions and Isolations
1.2.3.1 Isolation and Chemical Investigation of B. pandurata

Chopped-dried rhizomes (10.00 kg) of B. pandurata were extracted with
CHCI, and MeOH (30 | x 3, 7 days each) successively at room temperature and the
solvent was evaporated under reduced pressure to afford the CHCI, (608;40 g) and MeOH
(211.70 g) extracts, respectively. A part of the MeOH extract (140 g) was further
subjected to QCC on silica gel (200 g) eluting with hexane-CH,Cl,-MeOH (9:1.0,
1:1:0, 0:100:0, 0:19:1, 0:17:1, 0:1:1, 0:0:100, each 1500 ml) to yield seven
fractions (F1-F7, Scheme 1).

Fraction F2 (hexane~CH,Cl,, 1:1, 18.7 g) was chromatographed by
QCC on silica gel (180 g) eluting with hexane-CH,Cl, (1:1, 2000 ml) to give three
subfractions (F2a-F2c). Subfraction F2¢ (10.03 g) was recrystallized from CH,Cl, to
give BP2 (715.2 mg, R, = 0.32 (4:1, CH,Cl,-hexane)) and BP10 (2.30 g, R; = 0.21
(4:1, CH,Cl,-hexane)).
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Rhizomes (10.00 kg) of B. pandurata

Extractions
CHCI, (608.40 g) extract MeOH (211.70 g) extract
QCC : hexane~CH,CI,-MeOH (partial, 140 g)
F1 F2 F3 F4 F5 F6 ard
(18.7g) (300mg) (1.2g) (20 g)
BP2 BP1 BP5 BP9
BP10O BP3 BP6 BP11
BP4 BP7
BP8

Scheme 1 Extraction and isolation of compounds BP1-BP11 from the rhizomes of

B. pandurata

Fraction F3 (CH,Cl,-MeOH, 19:1, 300 mg) was separated by CC on
silica gel (18 g) with CH,Cl,-MeOH (19:1, 1000 ml) to afford four subfractions (F3a-
F3d). Subfraction F3b (10.3 mg) was purified by preparative TLC with hexane-EtOAc
(3:2) to obtain BP4 (8.3 mg, R, = 0.40 (19:1, CH,Cl,-MeOH)). Subfraction F3c
(130.0 mg) was separated by CC on silica gel (8 g) with hexane~EtOAc (13:7, 400 ml)
to give BP1 (6.2 mg, R, = 0.36 (8:97, CH,Cl,- MeOH)) and BP3 (36.6 mg, R, =
0.18 (7:3, hexane-EtOAc)). ‘

Fraction F4 (CH,Cl,-MeOH, 17:1, 1.2 g) was purified by CC on silica
gel (60 g) and eluted with hexane-EtOAc (13:7, 1500 ml) to give four subfractions
(F4a-F4d). Subfraction F4c (49.3 mg) was purified by reversed-phase preparative TLC
with MeOH-H,0 (3:1) to afford BP5 (25.2 mg, R, = 0.21 (19:1, CH,Cl,-MeOH))
and BP8 (20.2 mg, R, = 0.42 (9:1, hexane-EtOAc)). Subfraction F4d (898.0 mg) was ‘
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subjected to CC on silica gel (60 g) with hexane-EtOAc (13:7:, 1000 ml) to give BP6
(21.0 mg, R, = 0.11 (97:3, CH,Cl,- MeOH)) and BP7 (15.9 mg, R = 0.13 (17:3,
hexane~EtOAc)).

Fraction F6 _(CHZClvaeOH, 9:1, 20 g) was separated by CC on silica
gel (800 g) with CH,CI,-MeOH (9:1, 3000 ml) to afford BP9 (41.2 mg, R, = 0.38
(9:1, CH,Cl,-MeOH)) and BP11 (100 mg, R, = 0.49 (9:1, CH,CI,-MeOH)).

Compound BP1 : Yellow viscous oil; [a']ZD?: -24.0° (¢ 0.13, MeOH);
UV A_ (MeOH) (log £): 292 (8.71), 220 (8.95) nm; IR (neat): 3438, 1624 em
EI-MS: m/z = 422 [M'] (2), 421 [M'-1) (5), 406 (6), 286 (11), 166 (100), 106
(9); HRMS: m/z = 422.2044 (caled, for CogH, 0, @ 422.2088); 'H-NMR (CDCI,,
300 MHz), see Table 4; ""C-NMR (CDCl,, 75 MHz), see Table 4.

Compound BP2 : Yellow solid, mp : 155-156 °C; [a]y : -23.0° (c
0.38, MeOH); UV A_. (MeOH)(log £): 224 (4.24), 290 (4.33) nm; IR (KBr): 3435

(OH), 1628 (C=0), 1586 (C=C) cm ; 'H-NMR (CDCl,, 300 MHz), see Table 5;
C-NMR (CDCl,, 76 MHz), see Table 5.

Compound BP3 : Yellow solid, mp : 214-215 °c; [0:]5;: -24.4° (c
0.38, MeOH); UV A (MeOH)(log £): 224 (3.93), 292 (4,02) nm; IR (KBr):

3438, (OH), 1628 (C=0) cm™; '"H-NMR (CDCl,+MeOD, 300 MHz), see Table T
»C_NMR (CDCl,+MeOD, 75 MHz), see Table 7.

Compound BP4 : Yellow solid, mp 240-241 °C; UV A, (MeOH)(log
£): 220 (4.10), 227 (3.94), 277 (4.02), 370 (3.41) nm; IR (KBr): 3439, (OH),
1627 (C=0) om’’; 'H-NMR (CDCI,+MeOD, 300 MHz), see Table 10; “C-NMR
(CDCl,+MeOD, 75 MHz), see Table 10. '

Compound BP5 : Yellow solid, mp 134-135 °C; UV A, (MeOH)(log
e): 222 (4.16), 286 (4.18), 327 (3.51) nm; IR (KBr): 3297 (OH), 1627 (C=0),
1595 (C=C) cm™’; ‘H-NMR (CDCl,+MeOD, 300 MHz), see Table 11; “C-NMR
(CDCl,+MeOD, 75 MHz), see Table 11.
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Compound BP6 : Yellow solid, mp 188-189 °C; UV A, (MeOH)(log
£): 221 (4.05), 287 (4.05) nm; IR (KBr): 3439, (OH), 1623 (C=0) cm™'; 'H-NMR
(CDCl,+MeOD, 300 MHz), see Table 12; C-NMR (CDCL,+MeOD, 75 MHz), see
Table 12,

Compound BP7 : Yellow viscous oil; UV A, (MeOH)(log ¢): 224
(3.92), 279 (3.23) nm; IR (neat): 3372 (OH), 1602 (ArH) cm ; 'H-NMR
(CDCI,+MeOD, 300 MHz), sec Table 15; "C-NMR (CDCl,+MeOD, 75 MHz), see
Table 15.

Compound BP8 : Colorless oil; UV &, (CHCI,)(log €): 214 (3.85),
290 (8.77), 270 (4.00) nm; IR (neat): 1709 (C=0), 1634 (C=C) cm; 'H~-NMR

(CbpCl,, 300 MHz), see Table 16; ¥Cc-NMR (CDCl,, 75 MHz), sce Table 18.

Compound BP9 : White solid; mp.: 218-219 °C, [0}%: -51.2° (c
0.23, MeOH). UV A__ (MeOH)(log £): 207 (4.00), 284 (4.12), 320 (3.74) nm; IR

(KBr): 3392 (OH), 1693 (C=0), 1612 (C=C) em™; 'H-NMR (CDCl,+DMSO-d,,
300 MHz), see Table 17; **C-NMR (CDCl,+DMSO-d,, 75 MHz), see Table 17.

Compound BP10 : White solid; mp.: 220-221 °C, [0]%: -49.9° (c
0.54, MeOI); UV A__ (McOH)(log &): 204 (3.73), 280 (8.99), 322 (3.71) nm; IR

(KBr): 3393 (OH), 1682 (C=0), 1610 (C=C) cm’’; 'H-NMR (CDCl,+DMSO-dj,
300 MHz), see Table 18; °C-NMR (CDCI,+DMSO-d,, 75 MHz), sce Table 18.

Compound BP11 : White solid; mp,: 217-218 °c, [ ¥: -57.5° (c
0.38, MeOH); UV A, (MeOH)(log &): 202 (3.83), 289 (4.01), 318 (3.93) nm; IR

(KBr): 3401 (OH), 1697 (C=0), 1621 (C=C) cm '; 'H-NMR (CDCl,+DMSO-d,,
300 MHz), see Table 19; *C-NMR (CDCI,+DMSO-d,, 75 MHz), see Table 19.
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1.2.3.2 Isolation and Chemical Investigation of C. crista

Ground-dried stems (7.5 kg) of C. crista were extracted with hexane and

CH,Ci, (each 2 x 7.5, for 5 days) successively at room temp. The crude extracts were

evaporated under reduced pressure to afford a brownish crude hexane (29.4 g) and crude

CH,Cl, (70.2 g) extracts (scheme 2).

Ground-dried stems (7.5 kg) of C. crista

Extractions

Hexane extract (29.4 g)

CH,Cl, extract (70.2 g)

Scheme 2 Extraction of the stems of C. crista

The crude hexane extract was further purified by QCC using hexane as

eluent and increasing polarity with EtOAc to give six fractions (H1-H8, scheme 3).
Fraction H2 (4.2 g) was recrystallized from CH,CI, to give SC1 (692.8
mg, R, = 0.16 (3:17, EtOAc-hexane)) and mother liquor (3.5 g). This mother liquor

was further subjected to CC with CHCl,~hexane (1:9, v/v) to afford four subfractions
(H12a-H2d). Subfraction H2a (1.1 g) was separated by CC with acetone-hexane (1:1,
v/v) and followed by prep. TLC with CH,Cl,~hexane (9:11, v/v) to give $C4 (3.3 mg
R, = 0.25 (7:98, EtOAc-hexane)) and SC9 (9.5 mg, R, = 0.19 (7:93, EtOAc-
hexane)). Subfraction H2b (100 mg) was purified by prep TLC with CHCl,~hexane (1:9,
v/v) to afford SC8 (10.1 mg, R, = 0.10 (1:9, CHCl,-hexane)). Subfraction H2c

(148.0 mg) was purified by CC with acctone-hexane (1:19, v/v) and followed by prep
TLC with EtOAc-hexane (1:19, v/v) to give SC10 (31.8 mg, R, = 0.29 (1:19,

acetone-hexane)).
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Hexane extract (29.4 g)

QCC : hexane-EtOAc

|

|

|

H1 H2 H3 H4 H5 H6
(4.2 g) (432.8 mg) (248.3 mg)
sC1  8C9 SC3 sc2
SC4 SC10 SC7
SC8

Scheme 3 Isolation of compounds SC1-SC4, SC7-8C10 of C. crista

Fraction H4 (432.8 mg) was separated by Sephadex LH~20 with CH,Cl,
to afford SC3 (72.5 mg, R, = 0.21 (8:17, EtOAc-hexane)).

Fraction H6 (248.3 mg) was subjected to CC with acetone~-CHCI; (3:97,
v/v) and followed by prep TLC with acetone—hexane (1:5, v/v) to give SC2 (5.9 mg, R,
= 0,15 (1:3, EtOAc-hexane)) and SC7 (4.1 mg, R, = 0.10 (1:3, EtOAc~hexane)).

Compound SC1 : White solid, mp 156-157°C; [0]p : +56.6° (¢
0.05, CHCL,); UV (CHCL,) A, (log &): 212 (3.56), 260 (3.00), 282 (2.62), 292
(2.61) nm; IR (KBr) v_,_: 1723, 771 cm '} HREIMS m/z [M]' 326.1887 (calcd for
C,.H,.0, 326.1882); "H NMR (CDClL,, 300 MHz), see Table 20; *C NMR (CDCL,,
75 MHz), see Table 20.

Compound SC2 : White solid, mp 221-222°C; [0} : +11.8° (¢ 0.02,
CHCL,); UV (CHCI,) A, (log £): 212 (3.34), 263 (2.94), 282 (2.42), 292 (2.41)
nm} IR (KBr) V__: 3418, 1691, 761 em”'; HRFABMS m/z (M] 312.1733 (caled for
C,H,,0,, 312.1725); “H NMR (CDCl,, 300 MHz), see Table 21; °C NMR (CDCL,

75 MHz), see Table 21.
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Compound SC3 : White solid, mp 154-155°C; [0]Y: -2.6° (¢ o.ds,
CHCL,); UV (CHCL) A, (log £): 212 (3.42), 260 (2.89), 281 (2.29), 291 (2.26)
nm; IR (KBr) v_: 3419, 1719, 769 cm’; HREIMS m/z [M]' 342.1825 (caled for
C,H,,0,, 342.1831); 'H NMR (CDCl,, 300 MHz), see Table 22; "°C NMR (CDCL,

75 MHz), see Table 22,

Compound SC4 : White solid, mp 118.5-119°C; [Q]5: -29.4° (c
0.03, CHCL,); UV (CHCL,) A, (log €): 212 (3.32), 263 (2.80), 281 (2.43), 291
(2.42) nm; IR (KBr) v,_: 1736, 764 cm ; HREIMS m/z [M]' 384.1936 (calcd for
C,;H,,0,, 384.1937); 'H NMR (CDCl,, 300 MHz), see Table 23; “C NMR (CDCl,,
125 MHz), see Table 23.

Compound SC7 : White solid, mp 145-146°C; (0] Y : -4.2° (¢ 0.02,
CHCL,); UV (CHCL) A, (log £): 211 (8.69), 257 (3.67) nm; IR (KBr) v__: 3415,

1721, 751 cm’'; HREIMS m/z [M]' 346.1787 (calcd for C,,H,,0;, 346.1780); 'H
NMR (CDCl,, 300 MHz), see Table 26; °'C NMR (CDCl,, 126 MHz), see Table 26.

Compound SC8 : Viscous oil; [01]7:+6.7° (¢ 0.01, CHCL); UV
(CHCI) A (log €): 220 (3.46) nm; IR (ncat) v, 2927, 1725, 752 cm™; 'H NMR

max

(CDCl,, 300 MHz), see Table 27; "°C NMR (CDCl,, 75 MHz), see Table 27.
3 3

Compound SC9 : Viscous oil; (]%: +4.7° (c 0.02, CHCL); UV
(CHCL) A (log €): 205 (3.67), 239 (4.09) nm; IR (neat) v,,,: 3396, 758 cm’;
HREIMS m/z [M]' 288.2455 (caled for C,,H,,0, 288.2453); 'H NMR (CDCY,, 300
MHz), sec Table 28; '°C NMR (CDCl,, 75 MHz), sce Table 28.

Compound SC10 ; White solid, mp 90-91°C; [0 : +20.3° (¢ 0.04,
CHCL,); UV (CHCL,) A, (log £): 208 (3.19) nm; IR (KBr) v,,: 3412, 2924, 1636,

em™; *H NMR (CDCl,, 300 MHz), sce Table 30; “°C NMR (CDCl,, 75 MHz), sce
Table 30.
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The crude ICH2C12 extract was fractionated by QCC with hexane and
increasing polarity with EtOAc to give six fractions (C1-C6, scheme 4).

Fraction C2 (1.59 g) was subjected to CC with EtOAc-hexane (1:9,

v/v) to afford SC5 (8.7 mg, R, = 0.30 (1:9, EtOAc- hexane)).

Fraction C3 (1.28 g) was purified by CC with acetone—hexane (1:9,
v/v) and followed by recrystallization from CH,Cl, to give SC6 (19.5 mg, R, = 0.14
(4:1, CH,Cl,~hexane)).

CH,Cl, extract (70.2 g)

QCC : hexane-EtOAc

C1 Cc2 C3 C4 C5 C6
(1.59 g) (1,28 mg)
SC5 SC8

Scheme 4 Isolation of compounds SC5 and SC6 of C. crista

Compound SC5 . White solid, mp 194—195°C; [0’.}12)"‘:+23.3° (c
0.003, CHCL,); UV (CHCL,) A_,. (log £): 203 (3.13), 235 (2.55), 280 (2.18) nm;
IR (KBr) v : 1811, 1727 cm™'; HREIMS m/z [M]' 342.1836 (caled for Cy,H,,0,,
342.1831); '"H NMR (CDCl,, 300 MHz), sce Table 24; "C NMR (CDCl,, 125 MHz),
see Table 24,

Compound SC6 . White solid, mp 157-158°C; [U,]f;: -5.7° (c 0.003,
CHCL,); UV (CHCI) A, (log €): 217 (3.59), 2568 (3.67) nm; IR (KBr) v,,;: 1724,
1668, 762 cm™; HREIMS m/z [M]' 330.1832 (caled for C,H,,0,, 330.1831); 'H
NMR (CDCl,, 300 MHz), sce Table 25; °C NMR (CDCl,, 75 MIiz), see Table 25.
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Chopped-dried roots of C. crista (4.2 kg) were extracted with hexane (2
x 5 1, for 5 days) at room temp, The mixture was filtered and the filtrate was evaporated
under reduced pressure to give brownish crude hexane extract. This crude extract (47.5 g)
was subjected to QCC with hexane and increasing polarity with EtOAc to afford five
fractions (R1-R5, scheme 5).

Fraction R1 (25.4 mg) was purified by prep. TLC with EtOAc-hexane
(1:19, v/v) to give RH1 (3.4 mg, R, = 0.35 (1:19, EtOAc-hexane)) and RH3 (8.2
mg, R, = 0.41 (1:15, EtOAc-hexane)).

Fraction R3 (966,1 mg) was separated by flash CC with CH,Cl,-hexane
(2:3, v/v) and followed by prep. TLC with CH,Cl,-hexane (9:11, v/v) to afford RH2
(16.4 mg, R, = 0.31 (3:2, CH,Cl,-hexane)) and RH5 (20.0 mg, R, = 0.21 (1:9,
EtOAc-hexane)).

Fraction R5 (778.0 mg) was subjected to CC with EtOAc-hexane
(8117, v/v) and followed by reversed-phase prep, TLC with MeOH-H,0 (17:3, v/v) (o
give RH4 (31.2 mg, R, = 0.19 (3:17, EtOAc-hexane)) and RH6 (12.4 mg, R, = 0.10
(1:3, EtOAc-hexane)).

Chopped-dried roots of C. crista (4.2 kg)

Extraction

Hexane extract (47.5 g)

QCC : hexane-EtQAc

R1 R2 R3 R4 R5
(25.4 mg) (966.1 mg) (778.0mg)
RH1 RH2 RH4
RI3 RH5 RH6G

Scheme 5 Isolation of compounds RH1-RHS of C. crista
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Compound RH1 : White solid, mp 57-58°C; [01] ] :+22.7° (¢ 0.004,
CHCL,); UV (CHCL,) A, (log €): 211 (3.64), 260 (2.96), 281 (2.52), 293 (2.48)
nm; IR (KBr) v, 2880, 1718, 766 cm’ 3 HREIMS m/z [(M]" 340.1671 (caled for .
C,.H,,0,, 340.1675); 'H NMR (CDCl,, 300 MHz), see Table 31; "°C NMR (CDCL,
75 MHz), see Table 31.

Compound RHZ : White solid, mp 118.5-119 °C; [0l] :+29.4° (c
0.03, CHCL); UV (CHCI,) A, (log £): 236 (3.43) nm; IR (KBr) v,,.: 3414, 2927,
1718, 756 cm™; "H NMR (CDCI,, 300 MHz), see Table 33; °C NMR (CDCl,, 75
MHz), see Table 33.

Compound RH3 : White solid, mp 164.5-165°C; [(L]} :+20.8° (c
0,005, CHCL,); UV (CHCL) A, (log €): 222 (3.40) nm; IR (KBr) v, 2870,
1748, 1714, 734 cm’'; HREIMS m/z [M]' 344.1942 (caled for C,H,,0,,
344.1988); "H NMR (CDCl,, 300 MHz), see Table 34; "C NMR (CDCl,, 75 MHz),
see Table 34.

Compound RH4 : White solid, mp 83-84°C; [(l]5 :+90.1° (¢ 0.011,
CHCL); UV (CHCL,) A, (log €): 225 (2.84) nm; IR (KBr) v,,: 3451, 1715, 755

cm™'s HREIMS m/z [M]" 346.2111 (calcd for C,,H,,0,, 346.2144); 'H NMR (CDCl,,
300 MHz), see Table 35; °C NMR (CDCl,, 756 MHz), see Table 35.

Compound RHS . Orange viscous oil; [a}§:+60.4° (¢ 0.02, MeOH);
UV (CHCL) M. (log €): 206 (4.94), 234 (4.42), 283 (3.95), 311 (4.28) nm; IR
(KBr) v,_: 3415, 1615 cm™"; "H NMR (CDCI,, 300 MHz), see Table 37; °C NMR
(CDCl,, 75 MHz), see Table 37.

Compound RH6 : Yellow solid, mp 178-179 °C; UV (MeOH) A,
(log £): 206 (4.26), 242 (3.90), 264 (3.77), 377 (4.15) nm; IR (KBr) v, 3418,
1635, 1562 cm™*; “H NMR (CDCl,, 300 MHz), sec Table 38; '°C NMR (CDCl,, 75
MHz), see Table 38,
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The seeds (110.7 g) of C. crista were extracte& with acetone at room
temperature (5 days) and evaporated under reduced pressure to afford acctone extract. The
. acetone extract (16.3 g) was further chromatographed on normal phase silica gel and
eluted with hexane-EtOAc mixtures to give five fractions (S1-S5).

Fraction S2 (677.9 mg) was puriﬁedr by CC with CH,Cl,~hexane
(1:19, v/v) to yield SD3 (17.8 mg, R, = 0.30 (100%, hexane)) and SD6 (11.8 mg, R,
= 0.48 (1009, hexane)).

Fraction S3 (150.0 mg) was separated by CC with EtOAc-hexane
(1:19, v/v) to afford SD1 (4.8 mg, R, = 0.28 (100%, hexane)) and SD2 (6.9 mg, R,
= 0.25 (1:19, EtOAc-hexane)).

Fraction S4 (118.5 mg) was purified by CC with EtOAc-hexane (1.9,
v/v) and followed by prep. TLC with EtOAc~hexane (1:9, v/v) to give SD4 (7.3 mg, R,
= 0,40 (1:9, EtOAc-hexane)) and SD5 (12.4 mg, R, = 0.31 (3:7, EtOAc~hexane)).

Seeds of C. crista (110.7 g)

Extraction

Acetone extract

QCC : hexane-EtOAc

| | |

St S2 83 S4 S5
(677.9 mg) {(150.0 mg) (118.5 mg)
SD3 SD1 Sh4
Sh6 Sb2 SDS

Scheme 6 Extraction and isolation of compounds SD1-SD6 of C. crista
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Con‘lpound SD1 : Yellow solid, mp. 70-71 OC, [OL]ZDT: +42.1° (c 0.11,
CHCL); UV A, (CHCL,)(log £): 212 (4.40), 260 (4.00), 282 (3.62), 292 (3.59)
nm; IR (neat) v_: 1458, 761 cm ; 'H NMR (CDCl,, 300 MHz), see Table 39; °C
NMR (CDCl,, 76 MHz), see Table 39.

Compound SD2 : Colorless viscous oil, {c]2 +19.4° (¢ 0.09, CHCL,);
UV A_. (CHCL)(log €): 227 (3.80) nm; IR (neat) v,,.: 1458, 761 cm '; HREIMS

m/z 302.2265 (caled for C,H,,0,, 302.2246); 'H NMR (CDCl,, 300 MHz), see
Table 40; °C NMR (CDCl,, 75 MHz), see Table 40.

Compound SD3 . Colorless viscous oil, {o] ZD?: +36.6° (¢ 0.27, CHCL);
UV A, (CHCL)(log €): 217 (4.10), 255 (3.79), 283 (8.24), 293 (3.21) nm; IR
(neat) v.: 1612, 755 cm ; HREIMS m/z 566.4109 (caled for C,H,0,,
566.4124); 'H NMR (CDCl,, 300 MHz), see Tables 41 and 42; “C NMR (CDClL,, 75

MHz), see Tables 41 and 42,

Compound SD4 . Amorphous solid, mp 189-190 oC, [o] 2D7: +28.3° (c
0.07, CHCL); UV A__ (CHCL,)(log €): 224 (3.24), 240 (3.11) nm; IR (neat) v, :

1682, 731 cm; HREIMS m/z 288.2466 (caled for C,H,,0, 288.2453); 'H NMR
(CDCl,, 300 MHz), saa Table 43; ''C NMR (CDCl,, 75 Mz), see Table 43,

Compound SD5 | Colorless viscous oil, [0] 207: +23.0° (c 0.06, CHCL,);
UV A, (CHCL)(log €): 222 (3.40) nm; IR (neat) v, 3409, 1642 em 'y HREIMS

m/z 290,2603 (calcd for C,,H,,0, 290.2610); 'H NMR (CDCl,, 300 MHz), sec Table
44; °C NMR (CDCl,, 75 MHz), see Table 44.

Compound SD6 : Colorless viscous oil, [c] 2 +11.7 ° (¢ 0.03,
CHCL,); UV A, (CHCL,)(log €): 222 (3.79) nm; IR (neat) v,,: 3484, 730 em™; 'H
NMR (CDCl,, 300 MHz), sce Table 45; "°C NMR (CDCl,, 75 MHz), see Table 45.
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1.2.3.3 Isolation and Chemical Investigation of 8. multiflora

Ground—-dried barks (5.9 kg) of S. multiflora were extracted with CH,CI,
(2 x 7.5 1, for 5 days) at room temp. The crude extract was evaporated under reduced

pressure to afford a brownish CH,Cl, extract (27.3 g).

Bark (5.9 kg) of S. multiflora

Extraction

CH,Cl, extract

QCC : hexane-acetone-MeOH

F1 F2 F3 F4 F5 Fé F7
702.9 mg 18¢g l2¢g
BMC2 BMC3 BMC7 BMC1
BMC4 BMC5 BMC6

Scheme 7 Extraction and isolation of compounds BMC1-BMC7 of S. multiflora

The CH,CI, extract was further purified by QCC using hexane as eluent and
increasing polarity with acetone and MeOH to give seven fractions (F1-F7).

Fraction F2 (702.9 mg) was subjected to CC with EtOAc-hexane (1:3,
v/v) and followed by prep TLC with MeOH-CH,Cl, (1:49, v/v) to give BMC2 (3.3
mg, R, = 0.15 (7:8, EtOAc-hexane)} and BMC4 (7.2 mg, R, = 0.08 (1:49, MeOH-
CH,CL,))-

Fraction F4 (1.8 g) was purified by CC with acetone-CH,CI, (1:49, v/v)
to afford four subfractions. Subfraction F4b (67.4 mg) was separated by CC with EtOAc~
hexane (3:7, v/v) to afford BMC5 (12.6 mg, R, = 0.14 (3:7, EtOAc-hexane}).
Subfraction F4d (370.2 mg) was purified by CC with EtOAc-hexane (8:7, v/v) and
followed by prep TLC with EtOAc-hexane (3:7, v/v) to give BMC3 (6.2 mg, R; = 0.16
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(3:97, acetone-hexane)), BMC6 (2.1 mg, R, = 0.19 (3:'%, EtOAc-hexane)) and BMC?7
(8.3 mg, R, = 0.11 (3:7, EtOAc-hexane)).

Fraction 8 (1.2 g) was subjected to CC with MeOH-CH,CI, (1:19,
v/v) to afford three subfractions (F6a-Féc). Subfraction Féc (327.7 mg) was further
purified by CC with acetone-CH,Cl, (1:9, v/v) to give BMC1 (22.5 mg, R, = 0.18
(1:19, MeOH-CH,C1,)).

Compound BMC1 : White solid, mp 205-206 °c; (o) -2.5° (¢
0.04, MeOH); UV (MeOH) A__ (log €): 206 (3.30) nm; IR (KBr) v, 3337 cm’;
HREIMS: m/z [M]’ 820.2351 (caled for C,H,,0,, 320.2351); EIMS: m/z 320
(23)(M"), 302 (63), 287 (85), 271 (100); 'H NMR (CDCl,+MeOD, 300 MHz), see
Table 47; °C NMR (CDCl,+MeOD, 75 MHz), see Table 47,

Compound BMCZ2 : Colorless viscous oil; [a]f;: +35.7° (¢ 0.06,
McOH); UV (MeOH) A, (log £): 205 (2.87) nm; IR (KBr) v,: 3407, 1694 cm ;
HREIMS: m/z [M]' 318.2195 (caled for C,H,,0,, 318.2195); EIMS: m/z 318
(23)(M"), 288 (100), 273 (25), 159 (33), 84 (40); 'H NMR (CDCI,, 300 MHz),
see Table 48; °C NMR (CDCl,, 75 MHz), sce Table 48.

Compound BMC3 : Coloriess viscous oil; [0!.],237: -20,8° {c 0.08,
MeOH); UV (MeOH) A__, (log €): 206 (3.53), 225 (3.17) nm; IR (KBr) v, 3358,

9919, 1717 cm; "H NMR (CDCl,, 300 MHz), see Table 49; '°C NMR (CDCl,, 75
MHz), see Table 49.

Compound BMC4 : Colorless viscous oil; [a]Z : ~7.5° (c 0.04, MeOH);
UV (MeOH) A, (log £): 207 (3.04), 221 (2.96), 276 (2.69) nm; IR (KBr) v,
3407, 2926, 1698 cm™; 'H NMR (CDCl,, 300 MHz), see Table 50; 'C NMR
(CDCl,, 75 MHz), see Table 50.

Compound BMC5 : White solid, mp 175-176 °C; [0]2 :+187.0° (c
0.10, MeOH); UV (McOH) A__, (log €): 205 (3.49), 275 (3.93) nm; IR (XBr) v,

mix
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3463, 2926, 1739, 1663, 1087 cm "} "H NMR (CDCl,, 300 MHz), see Table 51; "°C
NMR (CDCl,, 75 MHz), see Table 51.

Compound BMC6 : White solid, mp 187-198 °C; {o} :+101.5° (¢
0.28, MeOH); UV (MeOH) A_ (log €): 207 (3.42), 274 (3.81) nm; IR (KBr) v,
3470, 2926, 1743, 1670 cm™; "H NMR (CDCl,, 300 MHz), see Table 52; °C NMR
(CDCl,, 75 MHz), see Table 52.

Compound BMC7 : White solid, mp 211-212.5 °C; [a]Z :-28.1° (c
0.11, MeOH); UV (MeOH) A, (log €): 204 (3.28), 275 (3.86) nm; IR (KBr) v,
3420, 2913, 1743, 1666 cm '} "H NMR (CDCl,, 300 MHz), see Table 53; "°C NMR
(CDCl,, 75 MHz), sce Table 53.

1.2.4 Bioassays

1.2.4.1 Anti-HIV-1 protease activity

This assay was modified from the previously reported method (Min et al,,
1999). Briefly, the recombinant HIV-1 PR solution was diluted with a buffer composed
of a solution containing 50 mM of sodium acetate (pH 5.0), 1 mM ethylenediamine
disodium (EDTA.2Na) and 2 mM 2-mercaptoethanol (2-ME) and mixed with glycerol in
the ratio of 3:1. The substrate peptides, Arg-Val-Nle-(pNO,~-Phe)-Glu-Ala-Nle-NH,,
was diluted with a buffer solution of 50 mM sodium acetate (pH 6.0). Two microliters of
plant extract and 4 pi of HIV-1 PR solution (0.025 mg/mi) were added to a solution
containing 2 pl of 50 mM buffer solution (pH 56.0) and 2 pl of substrate solution (2
mg/ml), and the reaction mixture 10 pl was incubated at 37°C for 1 hr. A control
reaction was performed under the same condition but without the plant extract. The
reaction was stopped by heating the reaction mixture at 90 °C for 1 min. Subsequently, 20
i of sterile water was added and an aliquot of 10 ul was analyzed by HPLC using RP-18
column (4.6 x 150 mm LD., Supelco 516 C-18-DB 5 pum, USA). Ten microlitres of
the reaction mixture was injected to the column and gradiently eluted with acetonitrile (15-
40%) and 0.29 trifluoroacetic acid (TFA) in water, at a flow rate of 1.0 ml/min. The

elution profile was monitored at 280 nm. The retention times of the substrate and p~NO,~
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Phe-bearing hydrolysate were 11.;‘%56 and 9.457 min, respectively, The inhibitory

activity on HIV-1 PR was calculated as follows : % inhibition = (A =A qupe) X 1007
A

used as a positive control. For statistical analysis, the results of anti-HIV-1 PR activity

oy Whereas A is a relative peak area of the product hydrolysate. Acetyl pepstatin was
were expressed as mean + SD of three determinations. The IC;, values were calculated
using the Microsoft Excel program. Statistical significance was calculated by Dunnett’s

test.

1.2.4.2 Antimalarial activity

The parasite P. falciparum (K1, multidrug resistant strain) was cultured
continuously according to the method of Trager and Jensen, 1976. Quantitative assessment
of antimalarial activity in vitro was determined by means of the microculture radioisotope
technique based upon the method described by Desjardins et al., 1979. Briefly, a mixture
of 200 pl of 1.5% of erythrocytes with 1% parasitemia at the early ring stage was pre-
exposed to 25 pl of the medium containing a test sample dissolved in DMSO (0.1% final
concentration) for 24 h employing the incubation conditions described above,
Subsequently, 25 il of [3H]hypoxanthine (Amersham, USA) in culture medium (10 pCi)
was added to each well and plates were incubated for an additional 24 h. Levels of
incorporated radioactively labeled hypoxanthine indicating parasite growth were determined

using the Top Count microplate scintillation counter (Packard, USA). An IC,, value of 1,2

+ 0.02 pug/ml (n = 3) was observed for the standard compound, dihydroartemisinin.

1.2.4.3 Anti-allergic activity

1.2.4.8.1 Inhibitory effects on the release of 3-hexosaminidase from RBL-
2H3 cells

Inhibitory effects on the release of B-hexosaminidase from RBL-2H3 were
evaluated by the following method (Matsuda et al., 2002). Briefly, RBL-2H3 cells were
dispensed in 24-well plates at a concentration of 2X10° cells/well using Minimum

Essential Medium Eagle (MEM) containing 10% fetal calf serum (FCS), penicillin (100
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anits/ml), streptomycin (100 units/ml) and anti-DNP IgE (0.45 pg/rﬁl), then incubated
overnight at 37 °C in 5% CO, for sensitization of the cells. The cells were washed twice
with 500 pL of Siraganian buffer {119 mM NaCl, 5 mM KCl, 5.6 mM glucose, 0.4 mM
MgCl,, 1 mM CaCl,, 25 mM piperazine—N,N’ -bis( 2-ethanesulfonic acid) (PIPES), 0.1
% BSA and 40 mM NaOH, pH 7.2] and then incubated in 160 ] of Siraganian buffer for
an additional 10 min at 37 °C, After that, 20 pl of test sample solution were added to
each well and incubated for 10 min, followed by addition of 20 pl of antigen (DNP-BSA,
final concentration 10 pg/ml) at 37 °C for 20 min to stimulate the cells to degranulate.
The supernatant was transferred into 96-well plate and incubated with 50 pl of substrate
(1mM p-nitrophenyl-N~acetyl-f-D-glucosaminide) in 0.1 M citrate buffer (pH 4.5) at
87 °C for 1 hr. The reaction was stopped by addition of 200 pl of stop solution (0.1 M
Na,CO,/NaHCO,, pH 10.0). Measurement of absorbance was performed with a
microplate reader at 405 nm., The test sample was dissolved in dimethylsulfoxide
(DMSO0), and the solution added to Siraganian buffer (final DMSO concentration 0.1 %).
The inhibition (%) of the release of B-hexosaminidase by the test samples was calculated

by the following equation, and IC,, values were determined graphically:
Inhibition % = [1- (T-B-N)/(C-N)] X 100

Control (C): DNP-BSA (+), Test sample (-); Test (T) : DNP-BSA (+),
Test sample (+); Blank (B) : DNP-BSA (), Test sample (+); Normal (N) :
DNP-BSA (-), Test sample (-)

1.2.4.3.2 [-Hexosaminidase inhibitory activity

In order to clarify that the anti-allergic effects of samples were due to the

inhibition on P-hexosaminidase release, but not from the inhibition of B-hexosaminidase

activity. The following assay was then carried out. The cell suspension (5 X 10" cells) in
6 ml of PBS was sonicated. The solution was then centrifuged; and the supernatant diluted
with Siraganian buffer and adjusted to equalize the enzyme activity of the degranulation
tested above. The enzyme solution (45 ul) and test sample solution (5 pl) were
transferred into a 96~-well microplate and incubated with 50 pl of the substrate solution at

37 °C for 1 hr. The reaction was stopped by adding 200 p! of the stop solution. The
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absorbance was measured using a microplate reader at 405 nm and the results were
expressed as mean + S.E.M of four determinations. The IC;, values were calculated using
the Microsoft Excel program. The statistical significance was calculated by one-way

analysis of variance (ANOVA), followed by Dunnett’s test.
1.2.5 X-ray crystallographic analysis of taepeenin A (SC1)

The data were collected using a 4 K SMART CCD diffractometer with a
graphite monochromated Mo Ka radiation (A = 0.71073 A). The data were collected at a
temperature of 293(2) K to a maximum 26 value of 56.44°. The collected data were
reduced using SAINT program (Siemens, 1997), and the empirical absorption corrections
were performed using SADABS program (Sheldrick, 1996), Crystal data: Orthorhombic,
C,,H,,0, (M, = 326.42), space group P2,2,2, with a = 13.135(5) A, b = 7.293(3) A,
¢ =18.296(T) A, o = B =y = 90.0°% V = 1752.6(1) A, Z = 4, and D, = 1.237
g/cma. The structure was sofved by direct method and was refined by least-squares using
the SHELXTL software package (Sheldrick, 1997). All non-hydrogen atoms were located
and refined anisotropically with SHELXTL using full-matrix least-squares procedure,
whereas the hydrogen atom positions were geometrically idealized and allowed to ride on
their parent atoms and refined isotropically with fixed displacement parameters. The final
cycle of full matrix least-squares refinement was based on 3088 observed reflections (I »
96(1), 26 < 50.0°) and 222 variable parameters and converged with unweighted and
weighted agreement factors of R = 0.0693 and R, = 0.1897.

The crystallographic-information file for SC1 has been deposited with the
Cambridge Crystallographic Data Centre, CCDC deposition number 262744, The
supplementary crystallographic data for SC1 can be obtained free of charge from CCDC,
12 Union Road, Cambridge CB2 1EZ, UK (fax: +44 1233 336033, e-maill

deposit@ccdc.cam.ac.uk or http://www.ccde.cam.ac.uk/ )




CHAPTER 1.3
RESULTS AND DISCUSSION

1.3.1 Structural elucidation of compounds from the rhizomes of B. pandurata

Chopped-dried rhizomes of B. pandurata were extracted with CHCl, and
MeOH, successively at room temperature and the solvent was evaporated under reduced
pressure to afford the CHCl; and MeOH extracts, respectively, The MeOH extract was
subjected to chromatography and/or crystallization to give three cyclohexylchalcones
(BP1-BP3), three chalcones (BP4~BP6) and two aromatic compounds (BP7-BP8).
Their structures were elucidated by 1D and 2D spectroscopic “data. All carbons were

assigned by "°C NMR, DEPT 135°, DEPT 90°, HMQC and HMBC data.

1.3.1.1 Compound BP1

Compound BPl,[a:]f;: -24.0% (c '0.13, MeOH), was obtained as a
yellow viscous oil and analyzed as CyH,0O;4 (IM)" m/z 422.2044). The IR spectrum
displayed absorption bands at 3438 (hydroxyl) and 1624 (conjugated carbonyl) em” and
UV absorption bands at ?ym“ 220 and 292 nm supporting the presence of a conjugated
carbonyl in the structure. The ®C-NMR and DEPT spectrum (’f‘able 4, Figure 20)
indicated the presence of 26 carbons as 12 aliphatic carbons (8Me, 2CH,, 3CH and
92C=CH-), 12 aromatic carbons (6CH, 2C and 4C-0), one carbonyl and one methoxyl

carbon.
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The 'H NMR spectral data (Table 4, Figure 19) displayed a downfield
resonance at & 13.90, attributable to a chelated hydroxy! group, while two doublets in the
aromatic region (at & 7.04 and 6.85, cach 2H, J = 8.1 Hz) suggested the presence of a
para-disubstituted aromatic ring. Two aromatic protons as two doublets at d 5.89 and
5.92 (each J = 2.4 Hz) and one singlet at 8 3.90 were as;signed to H-3, H~5 and OMe,
respectively. The proton signals at & 4.85 (1H, t, J = 6.6 Hz), 2.47 (1H, m), 2.26
(1H, m) and 1.50 (6H, s) indicated the presence of an isoprenyl moiety. Additionally,
four methine proton signals at 8 5.42 (1H, brs, H-4"), 4.41 (1H, dd, J = 11.4, 4.5 Hz,
H-1'), 3.35 (1H, td, J = 11.4, 6.6 Hz, H-6"), and 2.47 (1H, m, H-2’) and a vinylic
methy]l protons at 8 1.78 (38H, s) indicated that BP1 had a cyclohexenyl chalcone
skeleton. The cross peaks of H—4'/H~5', H-5'/H-6’, H-6'/H-1', H-1'7H-2°, H-
2'/H-1" and H-1"/H-2" in COSY spectrum confirmed that the isoprenyl group was
connected to C-2°,

In the HMBC spectrum, the methine proton at & 4.41 (H-1") correlated
with carbons at & 206.5 (C=0), 42.5 (C-2"), 35.8 (C-5"), 36.3 (C-6") and 28.9 (C-
1), a methine proton at & 2,47 (H-2") with carbons at § 124.2 (C-2'"), 121.0 (C-4')
and 36.3 (C-6), a methine proton at 8 3.35 (H-6") with carbons at § 139.2 (C-1""),
128.1 (C-2""76"") and 54.4 (C-1"), and methyl protons at & 1.78 (8'-Me) with
carbons at 8 137.2 (C-3’), 121.0 (C~4') and 42.5 (C-2"). These evidences confirmed
that the para-disubstituted aromatic ring, isoprenyl moicty and vinylic methyi were attached
to carbons C-6', C-2' and C~-3, respectively. The chelated hydroxyl group at 8 13.90
correlated with carbons at 8 167.5 (C-2), 106.8 (C-1) and 96.7 (C-3). The methoxyl
protons at 8 3.90 was assigned at C-8 from its HMBC correlation with carbon at 6 162.8
(C-6) and a NOESY cross—peak with H-5 (8 5.92).

’ The relative stereochemistry of BP1 was identified on the basis of coupiing
constants and NOESY experiments. The large J value of proton H-1' (J = 11.4 Hz)
indicated that H-1' should be o.~axial oriented. In the NOESY, a methine proton at & 4.41
(H-1") showed cross-peaks with protons & 2.47 (H~2') and 7.04 (H-2'"'/H-6'"") but
none with proton at & 3.35 (H-6"), suggesting that H-2' and H-6' should be o~
equatorial and B-axial oriented, respectively, Thus, compound BP1 was determined to be

panduratin C, a new compound (Cheenpracha et al., 2006).




Table 4 'H, **C NMR, DEPT and HMBC spectral data of compound BP1
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Position | 9, (mult, J, Hz) 8. | DEPT | HMBC
1 1068 C
2 167.5| C
3 5.89 (d, J =2.4) 96.7| CH |1,2,5
4 162.1| C
5 5.92 (d, J = 2.4) 90.8] CH |[1,3,86
6 162.8] C
1’ 4,41 (dd, J = 11.4, 4.5) 544{ CH |C=0, 2,56, 1"
2' 2.47 (m) 42,5| CH |4,6, 2"
3’ 137.2] C
4’ 5,42 (brs) 121.0] CH
5 2.45 (m) 35.8| CH, |3
2.40 (m)
6’ 3.35 (td, J = 11.4, 6.6) 363 CH |1,17, 2", 6"
1 1247 (m) 28.9| CH, | 2,3
2.26 (m)
2" | 4.85 (t,J = 6.6) 124.2| CH
3" 131.8] C
4" {1.50(s) 17.9| CH, |2", 8", 5"
5" | 1.50(s) 25.6 { CH, |2",3",4"
17 139.2] C
2 117,04 (d,J=8.1) 128.1| CH |e’, 38", 5", 6"
3" 16.85(d,J=28.1) 115.2| CH |1, 2™, 4", 6"
4" 1533 C
5" |6.85(d,J=8.1) 115.2| CH |1, 2", 4", 6"
6" |7.04(d,J=8.1) 128.1| CH |, 2", 8", 5"
C=0 206.5| C
OMe | 8.90 (s) 55.8{ CH, |6
2-OH | 13.90 (s) 1,2,3
3'-Me | 1.78 (s) 22.9} CH, |{2,3,4
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1.3.1.2 Compound BP2.

Compound BP2 was obtained as a yellow solid, mp, 155-156 °c, [0:];7 :
-23.0° (¢ 0.38, MeOH). The IR and UV spectrum showed absorption bands similar to
those of BP1.

The "H and *C NMR spectral data {Tables 5 and 6, Figures 21 and 22)
were closely related to those of BP1, except that the meta-coupled protons at 6 5,89 and
5.92 (each d, J = 2.4 Hz) in BP1 were replaced by a singlet signal at & 5.92 and
aromatic proton signals at 8 7.04 and 6.85 (each d, J = 8,1 Hz) replaced by multiplet
signals at 8 7.03-7.23 in BP2. This data indicated that compound BP2 had a
monosubstituted benzene and two magnetically equivalent aromatic protons, respectively.
Thus on the basis of its spectroscopic data and comparison with previously reported
compound (Tuntiwachwuttikul et al., 1984), compound BP2 was assigned as panduratin

A,

Table 5 1H, e NMR, DEPT and HMBC spectral data of compound BP2

Position | O, (mult, J, Hz) S DEPT | HMBC
1 106.0| C
2 165.6 | C
3 |592() 945| CH |[1,2,5
4 1656 | C
5 {592 (s) 945| CH [1,3,6
6 165.6 | C
1" | 4.76 (dd, J = 11.4, 4.8) 53.8| cH |cC=0,9,3,5,6,1"1"
9 | 2.69 (m) a3.0| cu |8, 45,617 27, 3'-Me
3’ 187.2| C
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Position | 8, (mult, J, Hz) 8. |DEPT | HMBC
4" | 5.42 (brs) 121.2| CcH |56, 3 -Me
5 | 2.43 (m) 36.2| CH, 3, 2", 3"
2.05 (m)
6 | 3.43 (ddd, J = 11.4, 37.2| cu |1,2,5,1" 2" 6"
10.8, 6.0)
1 | 2.30 (m) 29.0| CH, |1,2,3", 4"
2.10 (m)

2 | 4.90 (brt,J = 6.9) 1244 CH 1", 4", 5"
3" 1320 C

4" | 1.55 (s) 18.0| cH, |2, 3", 5"
5* | 1.55 (s) 25.7| CH, |2",38", 4"
1 1470 C

27| 127.1| CH |6, 1"

3 128.5 | CH

4" > 7.03-7.23 (m) 125.7} CH

5 128.5| CH

6 | 127.1f CH |6, 1"
C=0 207.6| C
OMe | 3.70 (s) 55.4| CH, |6

3'-Me | 1.80 (5) 22.8| cH, |2,3,4

Table 6 Comparison of 'H NMR spectral data of compounds BP1, BP2 and panduratin A

(recorded in CDCl,)

Position Compound BP1 Compound BP2 Panduratin A
8, (mult, J, Hz) 8, (mult, J, Hz) &, (mult, J, Hz)
3 5.89 (d,J=2.4) 5.92 (s) 5.86 (s)
5 5.92 (d, J = 2.4) 5.92 (s) 5.86 (s)
1’ 4,41 (dd, J = 11.4, 4.76 (dd, J = 11.4, 4,78 (dd, J = 11.0, 4.4)
4,5) 4.8)
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Position Compound BP1 Compound BP2 Panduratin A
8,; (mult, J, Hz} 8, (mult, J, Hz) 8, (muit, J, Hz)
2 | 2.47 (m) 2.69 (m) 2.67 (ddd, J = 7.7, 1.5,
4.4)
4" 5,42 (brs) 5.42 (brs) 5.43 (dd, J = 5.0, 3.0)
5 | 2.45 (m) 9.43 (m) 9,40 (ddd, J = 18.0, 6.3,
5.0)
2.40 (m) 2.05 (m) 2.05 (ddd, J = 18.0,
11.0, 3.0)
6 |8.35(td,J=11.4, |83.43(ddd,J=11.4, |3.45 (ddd,J=11.0,
6.6) 10.8, 6.0) 11.0, 6.3)
1 | 2.47 (m) 2.30 (m) 2.30 (ddd, J = 15.0, 7.5,
7.0)
2.26 (m) 2.10 (m) 2.15 (ddd, J = 15.0, 7.5,
: 7.0)
2 | 4.85 (t,J = 6.6) 4.90 (brt,J = 6.9) | 4.89 (t,J = 7.0)
4" 1.50 (s) 1.55 (s) 1.52 (s)
5" 1.50 (s) 1.55 (s) 1.52 (s)
9 17,04 (d,J=8.1)
3 |6.85(d,J=8.1)
7.03-7.23 (m) 7.09-7.21 (m)
5 |6.85(d,J=8.1)
6" |7.04(d,J=28.1)
OMe | 3.90 (s) 3.70 (s) 3.67 (s)
2-OH | 13.90 (s) 10.30 (brs)
3'-Me | 1.78 (s) 1.80 (s) 1.73 (s)
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Compound BP3 was obtained as a yellow solid, mp. 214-215 0C, [a]f; :

-24.4° (¢ 0.38, MeOH). The IR and UV spectrum showed absorption bands similar to

those of BP2.

The 'H and "*C NMR spectral data (Tables 7, 8 and 9, Figures 23 and
24) of BP3 and BP2 exhibited the same pattern, The difference was shown in the 'H

NMR spectra of substituent group in which compound BP2 displayed a methoxyl group at

8 8.70 but not observed in BP3. Thus on the basis of its spectroscopic data and

comparison of the NMR spectral data with previous reported data (Tuchinda et al., 2002),

compound BP3 was assigned as hydroxypanduratin A,

Table 7 1H, Be NMR, DEPT and HMBC spectral data of compound BP3

Position | 9, (mult, J, Hz) B DEPT | HMBC
1 105.4 C
2 163.5 C
3 5.75 (s) 948 CH [1,2,4,5
4 163.5 C
5 5.75 (s) 948 CH [1,3,4,6
6 163.5 C
1 4.69 (dd, J = 11.1, 4.5) 53.4] CH |[cC=0,2,3,5,6,1",1"
9’ 2.58 (m) 42.3| CH 1|8,4,6,1", 2", 3 -Me
3’ 137.4 C
4’ 5.38 (brs) 1207 CH |56, 3-Me
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Position | 8, (muit, J, Hz) R DEPT | HMBC
5 1.96 (m) ,
6’ 3.37 (ddd, J = 11.1, 37.0 CH c=0, 1/, 2, 5", 1", 2",
10.8, 6.1) 6"
17 | 2.26 (m) 28.8 cH, |1,2,8,2", 3"
2.07 (mn)
9" | 4.88 (brt, J = 6.9) 124.3 cCH |17, 4", 5"
3" 131.4 C
4" 1.47 (s) 17.4 CH, 2", 3", 5"
5" 1.47 (s) 25.4 CH, 2", 3", 4"
1 147.3 C
2 ™ 127.0 CH 6, 1"
3 128.1 CH
4 v 7.02-7.18 (m) 195.3 CH
5 128.1 CH
6 | 7 127.0 | cH |e, 17
C=0 206.7 C
3'-Me | 1.73 (5) 22.5 cH, |2,8,4

Table 8 Comparisont of '"H NMR spectral data of BP2, BP3 and hydroxypanduratin A

(recorded in CDCL,)

Position Compound BP2 Compound BP3 Hydroxypanduratin A*
&, (mult, J, Hz) 0, (mult, J, Hz) 8y, (mult, J, Hz)
3 5.92 (s) 5.75 (s) 5.88 (brs)
5 5.92 (s) 5.75 (s) 5.88 (brs)
1’ 4.76 (dd, J = 11.4, 4,69 (dd, J = 11.1, 4.82 (dd, J = 11.6, 4.6)
4.8) 4.5)
2’ 2.69 (m) 2,68 (m) 2.69 (m)
4 5.42 (br s) 5,38 (br s) 5.41 (m)
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Table 8 (Continued)

Position Compound BP2 Compound BP3 Hydroxypanduratin A*
d,, (muit, J, Hz) 8, (mult, J, Hz) 8,, (mult, J, Hz)
5 |2.43 (m) 1.96 (m) 2.35 (m)
2.05 (m) 1.95 (m)
6 | 3.43 (ddd,J=11.4, |83.37 (dad,J=11.1, |3.45 (brddd,J = 11.6,
10.8, 6.0) 10.8, 6.1) 10.7, 6.3)
17 |2.30 (m) 9.26 (m) 2.26 (m)
2,10 (m) 2.07 (m) 2.10 (m)
2" 4,90 (brt, J = 6.9) 4,86 (brt,J = 6.9) 4.92 (m)
4" 1.55 (s) 1.47 (s) 1.51 (m)
5 | 1.55(s) 1.47 (s) 1.51 (m)
27 | 2 7.19 (m)
3" 7.17 (m)
4 © 7.03-7.23 (m) © 7.02-7.18 (m) | 7,04 (m)
5" ' 7.17 (m)
6" |7 7 7.19 (m)
OMe | 3.70 (s)
2-OH 11,74 (brs)
3'-Me | 1.80 (s) 1.73, s 1.76 (d,J = 1.8)

*Recorded in CD,COCD,.

Table 9 Comparison of C NMR spectral data of BP1, BP2, BP3, panduratins A _and
hydroxypanduratin A (recorded in CDCI,)

Position BP1 BP2 BP3 Panduratin A R*
1 106.8 106.0 1056.4 106.4 106.2
2 167.5 165.6 163.5 163.2 164.8
3 96.7 94.5 94.8 04.6 95,9
4 162.1 165.6 163.5 165.3 164.8
5 90.8 94.5 94.8 894.6 85.9
6 162.8 165.6 163.5 | 163.2 164.8
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Position BP1 Br2 BP3 Panduratin A R*
1 54.4 53.8 53.4 - 54.1 54.5
2’ 42.5 43.0 42.3 42.8 43.4
3 137.2 137.2 137.4 137.3 137.9
4’ 121.0 121.2 120.7 121.3 121.7
5 35.8 36.2 35.8 35.9 36.8
6’ 36.3 31.2 37.0 37.2 37.8
1" 28.9 29.0 28.8 28.9 29.56
P 124.2 124.4. 124.3 124.4 125.4
3" 131.8 132.0 131.4 132.0 131.7
4" 17.9 18.0 17.4 17.9 18.0
5 25.6 25.7 25.4 25.7 256.9
1 139.2 147.0 147.3 147.2 148.3
2" 128.1 127.1 127.0 127.3 128.0
3 115.2 128.5 128.1 128.0 128.9
4" 153.3 125.7 126.3 125.7 126.2
5" 115.2 128.5 128.1 128.0 128.9
6"’ 128.1 127.1 127.0 127.3 128.0

C=0 206.5 207.6 206.7 206.6 207.0
OMe 55.8 55.4 55.5
3'-Me 22.9 22.8 22.5 22.8 23.0

*Recorded in CD,COCD,., R = Hydroxypanduratin A
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1.3.1.4 Compound BP4

Compound BP4 was isolated as yellow solid, mp 240-241 °C, The UV

spectrum displayed maximum absorptions at Kmu 220, 227, 277, and 370 nm, suggesting
the presence of conjugatation in the molecule, The IR spectrum suggested hydroxyl (3439
em ™) and carbonyl (1627 cm™") functionalities.

The "°C NMR spectral data (Table 10, Figure 26) exhibited 16 carbons,
including one methyl (8 55.7), eight methines (& 142.7, 130.3 (2C), 124.5, 115.8
(2C), 96.2, 91.6) and seven quarternary carbons (9 192.6, 164.0, 163.5, 163.0,
159.1, 115.5, 106.0).

The 'H NMR spectral data (Table 10, Figure 25) displayed the presence
of 1,4-disubstituted benzene ring at & 7.49 and 6.85 (each 2H, d, J = 8.7 Hz), and
meta-coupled aromatic protons at 8 6,00 and 5.98 (each 1H, d, J = 1.8 Hz) which were
assigned as H-3, and H-5, respectively, The proton signal at & 3.92 (s) was assigned as a
methoxyl group at C-6. In addition, the proton signals at 8 17.75 and 7.78 (each 1H, d, J
= 15.3 Hz) were deduced as trans double bond at C-c and C-f, respectively.

The structure of BP4 was confirmed by HMBC correlations. The proton
signal at & 7.49 (H-2'7H-6") showed correlation with carbons at 8 159.1 (C-4"), 142.7
(C-B) and 115.8 (C-8'/C-5"), suggesting that 1,4-disubstituted benzene ring was
connected at C-P. The correlations of proton signals at  6.00 (H-3) with carbons at &
164.0 (C-2), 163.5 (C-4), 106.0 (C-1) and 91.6 (C-5), of proton at & 5.98 (H~5)
with carbons at & 163.5 (C-4), 163.0 (C-8), 106.0 (C-1) and 96.2 (C—3)., and of
methoxyl group at 8 3.92 with carbon at & 163.0 (C-6) confirmed the location of
methoxyl group at C-6. Therefore, compound BP4 was identified as helichrysetin which

was previously isolated from Helichrysum odoratissimum (Puyvelde et al., 1989).
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Table 10 'H, *°C NMR, DEPT and HMBC spectral data of compound BP4

Position 8, (mult, J, Hz) 8. |DEPT | HMBC
o 7.75 (d, J = 15.3) 124.5| CH |B,C=0
B 7.73 (d, J = 15.3) 142,70 ¢cH |a,cC=0,2,6
1 106.0] C
2 164.0| C
3 6.00 (d, J = 1.8) 96.2| CH |[1,2,4,5
4 163.5| C
5 5.98 (d, 7 = 1.8) 91.6| CH |[1,3,4,6
6 163.0| C
1 1155] C
2’ 7.49 (d, J = 8.7) 130.3| CH |B,3,4,5
3’ 6.85 (d, J = 8.7) 1158 CH |1,2,4,6
4 159.1| ¢
5 6.85 (d, J = 8.7) 1158 CH |1,2,4,6
6’ 7.49 (d, J = 8.7) 130.3| cH {Bp,3,4,5
c=0 192.6| C
OMe | 3.92 (s) 55.7| CH, |6

1.3.1.5 Compound BPH

Compound BP5 was isolated as yellow solid, mp 134-135 °c. Its UV
(.. 222, 286, 327 nm) and IR (3297 and 1627 cm ) spectra displayed absorptions

bands of hydroxyl and conjugated carbonyl group.
The *C NMR spectral data (Table 11, Figure 28) showed a total of 15

carbons with one carbonyl carbon at & 205.1. The assignments of all carbons were
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achieved bylmC, DEPT, HMQC and HMBC experiments., The carbon chemical shift values
suggested two methylene carbons (8 45.5 and 30.8) and two aromatic rings with twelve
aromatic carbons identificd as seven protonated, (8 128.4 (2C), 128.3 (2C), 126.2,
95.2 (2C)), five non-protonated, of which three oxygenated (3 164.1 and 163.6 (2C))
and two non-oxygenated (8 141.8 and 104.6) carbons ‘were observed. The "H NMR
spectral data (Table 11, Figure 27) exhibited the presence of a magnetically equivalent
aromatic proton signal at & 5.85 (2H, s, H~-3 and H-5), a monosubstituted benzene ring
at 8 7.15-7.31 (m), and two methylene proton signals at 3.38 and 2.99 (each t, J = 8.1
Hz). The HMBC correlations of proton at 8 2.99 (H-P) with carbons at 8 205.1 (C=0),
141.8 (C-1°) and 128.4 (C-2'/C-6') confirmed the location of monosubstituted
benzene ring at C-fB. Thus compound BP5 was determined as 2,4,6-
trihydroxydihydrochalcone which was previously isolated from Lindera unbellata (Tanaka et

al., 1984)

Table 11 'H, C NMR, DEPT and HMBC spectral data of compound BP5

Position 8, (mult, J, Hz) S, DEPT | HMBC
o 3.38 (t,J = 8.1) 45.5| CH, {B,C=0,1
B 2.99 (t,J = 8.1) 30.8| CH, |a,C=0,1,2,86
1 1046 | C
2 163.6| C
3 5.85 (s) 952} CH |1,2,4,5,6
4 164.1| C
5 5.85 (s) 952 CH |1,2,3,4,86
6 163.6| C
1 141.8 C
2' R 128.4*| CH |[B,1,8,4,5%
3’ 128.3*| CH |1,2,4,6
4’ > 1.15-7.31 (m) 126.2| CH
5 128.3*| CH |14,2,4,6
6 - 128.4* | CH |B,1,8,4,5
C=0 205.1 C

*May be interchangeable.
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1.3.1.6 Compound BP6

Compound BP6 was isolated as yellow solid, mp 188-189 °C. The
absorption bands for UV and IR spectrum were similar to compound BPS.

The 'H NMR spectral data of compound BP6 and BP4 (Tables 12-14,
Figures 29 and 30) showed structural similarity, except that the olefinic proton signals at o
7.75 and 7.73 in compound BP4 were not observed in compound BP6. The additional
proton signals at & 3.25 and 2.90 (each t, J = 8.1 Hz) were assigned to H-o and H-3,
respectively. The assignment was confirmed by COSY spectrum. The connectivity of 1,4~
disubstituted benzene ring was assigned by HMBC experiment in which the methylene
protons at & 2.90 (H-PB) were connected at C-1' of 1,4-disubstituted benzene ring by
correlation with carbons at & 204.8 (C=0), 132.7 (C-1'), 129.3 (C-2'/C-6") and
46.0 (C-a). Thus compound BP6 was postulated as 2,4,4"-trihydroxy-6-
methoxydihydrochalcone which was previously isolated from Goniothalamus gardneri and

Goniothalamus thwaitesii {Seidel et al., 2000).

Table 12 'H, **C NMR, DEPT and HMBC spectral data of compound BP6

Position O, (mult, J, Hz) 8. |DEPT | HMBC

o 3.25 (1, J=8.1) 46,0 CH, |B,C=0,1’

B 2.90 (t, J = 8.1) 30.0| CH, jo,C=0,1,2,6
1 105.0 C

9 166.7 C

3 5.97 (br s) 960| CH [1,4,5,6

4 164.6 C

5 5.93 (brs) 912| CH [1,2,8,4

6 163.4| C

1’ 132.7 C
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Position 8, (mult, J, Hz) 3. DEPT | HMBC
2’ 7.08 (d, J = 8.1) 129.3| CH |B,3,4,5,6
3' 6.77 (d, J = 8.1) 115.2| CH |2,4',5,6
4' 154.7 C
5' 6.77 (d, J = 8.1) 115.2] CH |2,4,5,8
6' 7.08 (d, J = 8.1) 129.3| CH |B, 3, 4,56
C=0 204.8| C
OMe | 3.85(s) 55.4| CH, |6

*May be interchangeable,

Table 13 Comparison of 'H NMR spectral data of BP4, BP5 and BP6 (recorded in

cDCl,)
Position BP4 BP5 BP6

&, (mult, J, Hz) &, (mult, J, Hz) 3, (mult, J, Hz)
o | 7.75(d,J=15.3) 3.38 (t, J = 8.1) 3.25 (t, T = 8.1)
B 7.73 (d, J = 15.3) 2.99 (t,J = 8.1) 2.90 (t, J = 8.1)
3 6.00 (d, J = 1.8) 5.85 (s) 5.97 (brs)
5 {598 (d,J=1.8) 5.85 (s) 5.93 (brs)
9 | 7.49 (d,J =8.7) B 7.08 (d, J = 8.1)
3 |6.85(d,J=8.7) 6.77 (d, J = 8.1)
4’ > 7.15-7.31 (m)
5 | 6.85 (d, J=8.7) 6.77 (d, J = 8.1)
6 7.49 (d, J = 8.7) 7 7.08 (d, J = 8.1)

OMe | 3.92 (s) 3.85 (s)
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Table 14 Comparison of "H NMR spectral data of BP4, BP5, BP6, helichrysetin, 2,4,6-
P pe

trihydroxydihydrochalcone and 2,4,4'-trihydroxy-6-methoxydihydrochalcone
(recorded in CDCI,)

Position BP4 BP5 BP6 A B’ c’
o 124.5 45,5 46.0 125.2 46.1 47.2
B 142.7 30.8 30.0 143.3 31.4 31.0
1 106.0 104.8 105.0 106.3 105.3 106.0
2 164.0 163.6 166.7 165.7 165.1 168.8
3 96.2 95.2 96.0 97.0 96.0 97.6
4 163.5 164.1 164.6 164.2 165.3 167.2
5 91.6 95.2 91.2 92.2 96.0 92.8
6 163.0 163.6 163.4 168.9 165.3 164.6
1 115.5 141.8 132.7 128.0 183.6 133.2
2" 130.3 128.4% 129.3 131.2 130.1 130.6
3’ 115.8 128.3* 115.2 116.8 116.0 106.0
4" 159.1 126.2 154.7 160.6 126.7 157.7
5’ 115.8 128.3* 115.2 - | 116.8 116.0 106.0
6’ 130.3 128.4* 129.3 131.2 130.1 130.6

Cc=0 192.6 205.1 204.8 193.1 205.6 205.3
OMe 55.7 55.4 56.3 56.1

A = helichrysetin, B = 2,4,6-trihydroxydihydrochalcone,

C = 2,4,4'~trihydroxy-6-methoxydihydrochalcone
*Recorded in Me,CO-d, (20 MHz)
*Recorded in C,D,N (100 MHz)

*May be interchangeable.
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1.3.1.7 Compound BP7

Compound BP7 was obtained as a yellow viscous oil. The UV absorption
bands at lmu 294 and 279 nm supported the presence of an aromatic chromophore in the
structure. The IR spectrum showed absorption bands of hydroxyl group (3372 cm"l) and
aromatic stretching (1602 em ).

The *C NMR and DEPT spectral data (Table 15, Figure 32} indicated the
presence of 14 carbons including 12 aromatic carbons and 2 aliphatic carbons. The 'H
NMR spectral data (Table 15, Figure 31) displayed the highfield resonances at 6 2.74 and
2.85 (each 2H, m) which were assigned as H-a and H-b, respectively. The aromatic
proton signals at 8 6.23 (2H, d, J = 2.1 Hz) and 6.20 (1H, t,J = 2.1 Hz) suggested the
presence of a 1,3,5-trisubstituted benzene ring whereas the other proton signals at 8 7,14~
7.29 (m) confirmed a monosubstituted benzene ring.

The locations of 1,3,5-trisubstituted and monosubstituted benzene rings
were confirmed by HMBC correlations of methylene protons at & 2,74 (H-a) with carbons
at 8 145.0 (C-1), 141.6 (C-1"), 108.2 (C-2/C-6) and 37.4 (C-b), and methylene
protons at & 2.85 (H-b) with carbons at & 145.0 (C-1), 141,86 (C-1"), 128.5 (C-
92:/C-6") and 37.7 (C-a). Thus compound BP7 was identified as dihydropinosylvin

which was previously isolated from Dioscorea rotundata (Fagboun ¢t al., 1987).

Table 15 'H, 3C NMR, DEPT and HMBC spectral data of compound BP7

Position S, (mult, J, Hz) 3¢ DEPT | HMBC
a 2.74 (m) 377 CH, |[b1,1,2,6
1 1450} C
2 6.23 (d, J = 2.1) 108.2| CH [a,3,4,6
3 1566 | C
4 6.20 (t, J = 2.1) 1006 | CH [2,8,5,6




87

Table 15 (Continued)

Position 8, (mult, J, Hz) d. DEPT | HMBC

5 156.6| C

6 6.23 (d, J = 2.1) 108.2] CH |a, 23,4

b 2.85 (m) 37.4] CH, |a 1,1,2,6
1 1416| C

2 B 128.5| CH

3 128.4| CH

4’ o 7.14-7.29 (m) 126.0{ CH

5 128.4| CH

6’ - 128.5| CH

1.3.1.8 Compound BP8

Compound BP8 was obtained as a colorless oil. The uv (?Lm 214, 220
and 270 nm) and IR (1709 cm’ ") absorption bands supported the presence of conjugated
carbonyl ester in the structure.

The **C NMR and DEPT spectral data (Table 16, Figure 34) indicated
the presence of 10 carbons including 6 aromatic, one carbonyl and one methoxyl carbons.
The 'H NMR speciral data (Table 16, Figure 33) displayed two olefinic protons at 5 6.43
and 7.69 (each 1H, d, J = 15.9 Hz) which were identified as frans-double bond at C-0t
and C-P, respectively. The aromatic proton signals at 8 7.35-7.52 {m) were assigned as a
monosubstituted benzene ring. In addition, the 'H NMR spectrum displayed the presence of
a methoxyl group at &3.78 which showed correlation with carbon at §167.4 (C=0) from

HMBC experiments. Therefore, compound BP8 was determined as methyl frans-cinnamate

which was previously isolated from Alpinia speciosa (Itokawa et al., 1981).
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Table 16 1H, ¥ NMR, DEPT and HMBC spectral data of compound BP8

Position O, (mult, J, Hz) S DEPT | HMBC

o 6.43 (d, J = 15.9) 1178 CH |B,C=0,1
B 7.69 (d, J = 15.9) 1449| CH |o,C=0,1,2,86
1 1344 | C
2 7.49-7.52 (m) 128.1| CH |p,3,5,6
3 1289 CH |1,2,5,6
4 7.35-7.37 (m) 130.2) CH |2,3,5,6
5 128.9] CH |1,2,3,6
6 7.49-7.52 (m) 128,11 CH B, 8,5,6

C=0 1674 | C

OMe | 3.78 (s) 51.6 | CH, |C=0

1.3.1.9 Compound BP9

HO O “\\©

2

5

OH O
Compound BP9 was isolated as a white solid, mp: 218-219 °C, [0]F’:

~51.2° (¢ 0.23, MeOH). The UV absorption bands (207, 284 and 320 nm) suggested
that conjugated-carbonyl chromophore was in the molecule. Its IR spectrum showed
hydroxyl (3392 cm™) and carbonyl (1693 em™) functionalities, The "H NMR spectral
data (Table 17, Figure 35) displayed ABX system at 6 5.36 (dd, J = 12.9, 3.3 Hz, H-
2), 3.03 (dd, J = 17.4, 12.9 Hz, H-3ax) and 2.75 (dd, J = 17.4, 3.3 Hz, H-3eq) and
monosubstituted benzene ring at & 7.45-7.32, The singlet signal at § 6.02 (2H, s) was
deduced to be H~6 and H~-8. In addition, 'H NMR spectral data displayed a singlet signal
of chelated hydroxyl.group at 8 12.10 and a broad singlet at 8 10.11 whose signals
suggested the locations of hydroxyl at C-5 and C-7, respectively. 'H NMR spectral data of
BP9 were similar to pinocembrin (Lui et al,,1992 and Su et al., 2003). The optical

rotation of compound BP9 is a levorotatory ([0l], = ~51.2°), the same as pinocembrin
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(lit. [()]Z = -58.5°) (Su et al., 2003) suggesting the same configuration at C-2. Thus
D

compound BP9 was assigned as pinocembrin.

Table 17 'H and °C NMR (CDCl,+DMSO-d,) spectral data of compound BP9 and

pinocembrin

Position BP9 Pinocembrin (DMSO-d,)
0,, (mult, J, Hz) O¢ 0, (mult, J, Hz) 3¢
P) 5.36 (dd, J = 12.9, 3.3) 78.9 | 5.58 (dd, J = 13.0, 3.0) 78.2
3 2.75 (dd, J = 17.4, 8.3) 43.2 | 2.72 (dd, J = 18.0, 3.0) 42.0
3.03 (ad, J = 17.4, 12.9) 3,23 (dd, J = 18.0, 13.0)
4 195.4 1956.5
4a 102.4 101.6
5 164.2 163.5
6 |6.02(s) 96.8 |5.90 (d,7=2.1) 95.8
167.0 166.6
8 6.02 (s) 95.7 5.93 (d, J =2.1) 94.9
Ba 163.0 162.6
1’ 138.6 138.6
2'/8’ 126.2 126.4
378" 7.45-7.32 (m) 128.7 7.55~7.41 (m) 128.7
4' 128.7 128.7
5-0H | 12.10 (s) 12.13 (s)
7-OH | 10.11 (brs)
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1.3.1.10 Compound BP10

MeO O @@

2

(]
OH O

Compound BP10 was isolated as a white solid, mp: 220-221 °C, [Ql}

-49.9° (c 0.54, MeOH). The absorption bands for UV and IR spectrum were similar to
BP10. The 'H NMR spectral data (Table 18, Figure 37) of BP10 and BP9 showed
structural similarity, except for the appcarance of a methoxyl signal at & 3.76 whose
location was assigned at C-7. Therefore, compound BP10 was identified as pinostrobin

(Su et al., 2003).

Table 18 'H and **C NMR (CDCI,+DMSO-d,) spectral data of BP9 and BP10

Position BP10O BP9
0, (muit, J, Hz) B 6, (mutt, J, Hz) S
2 5.35 (dd, J = 12.9, 3.0) 79.2 | 5.36 (dd, J = 12.9, 3.3) 78.9
3 2.77 (dd, J = 17.4, 3.0) 43.3 2.75 (dd, J = 17.4, 3.3) 43.2
3.03 (dd, J = 17.4, 12.9) 3.03 (dd, J = 17.4, 12.9)
4 195.8 195.4
4a 103.1 102.4
5 164.2 164.2
6 6.02 (d, T = 2.1) 95.2 6.02 (s) 96.8
7 168.0 167.0
8 6,05 (d, J = 2.1) 94,3 6.02 (s) 956.7
8a 162.8 163.0
1’ 138.4 138.6
2'r¢’ ) 126.2 126.2
3'/5' 7.44-7.36 (m) 128.9 7.45~7.32 (m) 128.7
4' 128.9 128.7
5-OH | 12.00 (s) 12.10 (s)
7-OMe | 3.76 (brs) 56.3
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'1.3.1.11 Compound BP11

HO\ A0 \©

2

]
Me O

Compound BP11 was isolated as a white solid, mp.: 217-218 °c, [0] 2D6:

-57.5° (¢ 0.38, MeOH). The absorption bands for UV and IR spectrum were similar to
BP10. The 'H NMR spectral data (Table 19, Figure 39) of BP11 and BP10 showed
structural similarity, except for the absence of a chelated-hydroxyl signal at 0 12.00. In
addition, the broad singlet at 8 9.98 was deduced to OH at C-7. Thus, compound BP11

was identified as alpinetin (Itokawa et al., 1981).

Table 19 'H and °C NMR spectral data* of compounds BP10 and BP11

Position BP10 BP11
0, (mult, J, Hz) O¢ S, (mult, J, Hz) S
2 5.35 (dd, J = 12.9, 3.0) 79.2 | 5.87 (dd, J = 12.9, 3.0) 78.8
3 2.77 (dd, J = 17.4, 3.0) 43.3 | 2.76 (dd, J = 16.5, 3.0) 45.6
3.03 (dd, J = 17.4, 12.9) 2.98 (dd, J = 16.5, 12.9)

4 195.8 189.1
4a 103.1 3 105.0
5 164.2 . 164.7
6 6.02 (d, J = 2.1) 95.2 | 6.09 (d,J=2.1) 96.4
7 168.0 164.9
8 6.05 (d, J = 2.1) 94.3 | 6.13(d,J = 2.1) 93.6
8a 162.8 162.7
1’ 138.4 139.0
2'/6' 126.2 126.1
3'/5 7.44<7.36 (m) 128.9 7.47-7.35 (m) 128.6
4' 128.9 128.5
5-0OR 12.00 (s) (R = H) 3.87 (s) (R = Me) 56.0
7-OR | 8.76 (s) (R = Me) 56.3 |9.98 (s) (R = H)

*Recorded in CDCL,+DMSO-d,
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1.3.2 Structural elucidation of compounds from C. crista

1.3.2.1 Determination of isolated compounds from the stems of C. crista

Eight new cassane-type diterpenes, (SC1-8C7 and SC9), and two known
compounds, (SC8 and SC10), were isolated from the stems of C. crista, Their structures
were elucidated on the basis of spectral analysis. In addition, the structure of compound

S$C1 was confirmed by X-ray diffraction analysis.

1.3.2.1.1 Compound SC1

Compound SC1 was found to have the molecular formula C,,H,,0, (M1

m/z 326.1887) by HREIMS. The IR (1723 and 771 em™) and UV (;\,m,E 212, 260,
289 and 292 nm) absorption bands were characteristic of ester carbonyl and benzofuran
moieties, respectively.

The 'H NMR spectrum (Table 20, Figure 41) displayed the presence of
two tertiary methyl groups at § 1.27 (Me-20) and 1.31 (Me-19), and onc aromatic
methy! group at 8 2.35 (Me-17). In addition, there was a singlet at & 3.70 (OMe) due to
the presence of a methy! ester group. The presence of a 1,2-disubstituted furan was evident
in the '"H NMR spectrum from the downfield signals at 8 6.72 (dd, J = 2.1, 0.9 He, H-
15) and 7.58 (d, J = 2.1 Hz, H-16). An aromatic proton at 8 7.32 (br s, H-11) along
with the aromatic mgthyl group at & 2.35 confirmed the presence of trisubstituted
benzofuran moiety in SC1. The methine proton at & 2.27 (dd, J = 12.9, 2.4 Hz, H-5)
was shown to be conmected to a methine carbon at 8 44.4 (C-5) from the HMQC
experiment. The C NMR spectral data (Table 20, Figure 42) with the analysis of DEPT
experiments exhibited signal of an ester carbonyl carbon at 8 179.2 (C-18) and of the
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benzofuran ring moiety at 8 104.3 (C-11), 105.0 (C-15), 125.4 (C-13), 127.5 (é—
8), 128.3 (C-14), 144.2 (C-16), 147.2 (C-9) and 153.6 (C-12). Except for a
methoxyl group the carbon framework of SC1 had 20 carbon signals indicating it to be a
cassanc-type diterpene.

In the HMBC spectrum, the methyl proton-at 8 1.31 (Me-19) correlated
with the carbons at 8 36.6 (C-3), 44.4 (C-5), 47.7 (C-4) and 179.2 (C-18), and
methyl proton at 8 1.27 (Me-20) with carbons at & 37.8 (C-10), 38.9 (C-1), 44.4
(C~5) and 147.2 (C-9). These evidences indicated that the protons Me-19 and Me-20
were attached to carbons C-4 and C-10, respectively. In addition, the methyl ester at &
3.70 showed long-range correlation with ester carbonyl carbon at 8 179.2, confirming that
carbonyl carbon was C-18. The relative stercochemistry of SC1 was determined on the
basis of coupling constants and NOESY experiments. The large J value of proton H-5 (J=
12.9 Hz) indicated that H-5 should be o.~axial oriented. In the NOESY, methyl protons at
& 1.27 (Me-20) showed cross-peak with 8 1.31 (Me-19), 1.55 (H-6B) and 1.74
(H-2P), suggesting that Me~20 and Me~19 should be f-axial oriented. From these data,
compound SC1 was deduced to be tagpeenin A, a new compound (Cheenpracha et al.,

2005) and its structure was additionally confirmed by X-ray diffraction analysis (Figure

4).

Table 20 'H, "*C NMR, DEPT and HMBC spectral data of compound SC1

Position | &, (mult, J, Hz) 8.| DEPT | HMBC
1 2.38 (m), 1.55 (m) 38.9| CH, |3,5,10
2 1.81 (m), 1.74 (m) 18.8] CH, |4,10
3 1.80 (m), 1.68 (m) 36.6| CH, {1,2,4,5,18,19
4 477 €
5 2.27 (dd, J = 12.9, 2.4) 444 CH |4,6,7,9, 10,18,
19, 20
6 1.92 (m), 1.55 (m) 21.8| CH, |5,7
7 2.83 (m) 27.6| CH, |5,6,8,9
8 1275 C
9 147.2| ¢C
10 3781 C
11 7.32 (brs) 1043} CH |8,9,10,12,13
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Position | &, (mult, J, Hz) 8.! DEPT | HMBC
12 153.6
13 125.4
14 128.3 C
15 6.72 (dd, J = 2.1, 0.9) 1050 CH |12,18, 16
16 7.53 (d, J = 2.1) 1442 CH |[12,13,15
17 2.35 (s) 15.9| CH, |8,13, 14
18 179.2 C
19 1.31 (s) 16.6! CH, |3,4,5,18
20 1.27 (s) 25.6| CH, [1,5,9,10
18-OMe | 8.70 (s) 52.0| CH, |18

Figure 4 ORTEP drawing of compound SC1




95

1.3.2.1.2 Compound SC2

Compound SC2 showed the molecular ion M]" at msz 312.1733 in
HRFABMS spectrum in agreement with the formula Cy,H,,0,. The presence of carboxyl
(3418 and 1691 cm’") functionality was evident from IR absorptions.

The 'H and °C NMR spectra (Table 21, Figures 43 and 44) of SC2
showed characteristics similar to those of SC1 except for the disappearance of the OMe
signal at & 3.70, thus indicating a presence of a free carboxylic acid instead of the methyl
ester at C-18. This finding was supported by HMBC spectrum of SC2, in which the
methyl protons at 8 1.31 (Me-19) were correlated with the carbons at 8 36.7 (C-3),
44.1 (C-5), 47.4 (C-4) and 184.2 (C-18). Therefore, compound SC2 was determined

to be tacpeenin B, a new compound (Cheenpracha et al., 2005).

Table 21 1H, ¥C NMR, DEPT and HMBC spectral data of compound SC2

Position | O, (mult, J, Hz) 8.| DEPT | HMBC
1 2.38 (m), 1.60 (m) 388 CH, {25
2 1.84 (m) 18.7| CH, |4
3 1.87 (m), 1.77 {(m) 36.7| CH, |4
4 47.4 C
5 2,27 (dd, J = 12.6, 2.1) 44.1| CH |1,4,6,7,18,19,20
6 1.95 (m), 1.70 (m) 21.8| CH, |8
7 2.94 (m), 2.84 (m) 27.6{ CH, }5,6,8,9,14
8 128.3 C
9 147.0 C
10 37.8 C
11 7.31 (br s) 104.3| CH |s8,10,12,13
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Table 21 (Continued)

Position | O, (mult, J, Hz) 8.| DEPT | HMBC
12 158.5| C
13 125.4| C
14 1274 C
15 6.71 (dd, J = 2.1, 0.9) 105.0{ CH |12,13,186
16 7.52 (d, J = 2.1) 1442 | CH |12,18,15
17 2.34 (s) 159 | CH, |8,13,14
18 1842 C
19 1.31 (5) 16.3| CH, {3,5,4,18
20 1.27 (s) 256 CH, {1,5,9

1.3.2.1.83 Compound SC3

Compound SC3 with the molecular formula C,,H, 0, (M)" m/z
342.1825) as determined by HREIMS showed IR and UV absorption bands similar to
those of SC1 with additional hydroxyl (3419 cm’) stretching.

The 'H and °C NMR spectral data (Table 22, Figures 45 and 46)
revealed that compound SC3 had the same cassane-type skeleton as SC1. The 'H NMR
spectral data (Table 22) exhibited a signal due to an oxymethine proton at 3 4,26 (br dt, J
= 5.4, 1.8 Hz) for H~-6 which was connected to oxymethine carbon at 3 68.7 (C-6) in
the HMQC spectrum? This proton signal showed HMBC correlations with carbons at &
37.8 (C-10), 48.5 (C-4) and 124.2 (C-8), confirming the location of the hydroxyl
group at C-6. The ct—orientation of both protons at C-5 and C-6 was determined from the
results of small coupling constants of protons H-5 (3 2.88, br s) and H-6 (8 4.26, dd, J
= 5.4, 1.8 Hz) and the observed cross—peaks between these protons and H-7a (6 3.10)
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from NOESY experiménts. This resuit suggested that H-5 and H-6 should be a-axial and

o~equatorial oriented, respectively. Therefore, compound SC3 was deduced to be

taepeenin C, a new compound (Cheenpracha et al., 2005).

Table 22 1H, ¥C NMR, DEPT and HMBC spectral data of compound SC3

Position | &, (mult, J, Hz) 3.| DEPT | HMBC
1 2.26 (m), 1.53 (m) 42.2{ CH, |@2,5,10,20
p) 1.91 (m) 19.1| CH, |4
3 1.85 (m), 1.70 (m) 38.1| CH, |2,5,10,18
4 48.5 C
5 2.33 (brs) 47.5{ CH ]1,4,6,7,9, 18,
19, 20
6 4.26 (br dt, J = 5.4, 1.8) 68.7] CH |4,8,10
7 3.10 (dd, J = 17.4, 5.4) 38.8| CH, |5,6,8,9,14
2.87 (brd, J = 17.4)
8 124.2 C
9 146.1 C
10 37.8 C
il 7.35 (br s) 105,11 CcH [Is8,9,10,12,13
12 153.8 C
18 125.7 C
14 128.7 C
15 6.71 (dd, J = 2.4, 0.6) 105.0| CH |[12,13,16
16 7.52 (d, J = 2.4) 1443| CH |[12,13,15
17 2.34 (s) 16.1| CH, |8, 13,14
18 179.3 C
19 1.64 (s) 18.6| CH, |3,5,18
20 1.64 (s) 275 CH, |1,5,9
18-OMe | 3.70 (s) 52.1| CH, |18
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Compound SC4 had the molecular formula Cy,Hy 04 (M1 at m/z
384.1936), based on HREIMS. The 'H and "°C NMR spectral data (Table 23, Figures

47 and 48) of SC4 were closely related to those of SC3, except for the presence of an

additional acetyl group (8, 2.00 and &, 170.7, 21.7). The oxymethine proton H-6 of
SC4 appeared at 8 5.30 (dt, J = 5.7, 1.5 Hz), more downfield than that of SC3 (& 4.286,

br dt, J = 5.4, 1.8 Hz) as a result of the deshielding effect of the OAc group and showed
HMBC correlations with the carbons at & 38.0 (C-10), 46.1 (C-5), 48.0 (C-4),
123.8 (C-8) and 170.7 (OCOMe) confirming the location of the OAc group at C-6.

Thus, compound SC4 was characterized as taepeenin D, a new compound (Cheenpracha et

al., 2005).

Table 23 1H, Be NMR, DEPT and HMBC spectral data of compound $C4

Position | &, (mult, J, Hz) 8.| DEPT | HMBC
1 2.31 (m), 1.58 (m) 42.1| CH, |b5,10
2 1.92 (m), 1.76 (m) 19.0| CH, |[4,10
3 1.79 (m), 1.67 (m) 384 | CH, |18
4 48.0 C
5 2.50 (br s) 46.1| cH |[1,3,4,9,10,18,19,20
6 5.30 (dt, J = 5.7, 1.5) 70.7| CH |4,5,10,6-C0O
7 3.12 (dd‘, J =18.3, 5.4) 348| CH, |8,9,14
2.96 (brd, J = 18.3)
8 123.8 C
145.5 e
10 38.0 C
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Position | &, (mult, J, Hz) 8.| DEPT | HMBC
11 7.38 (s) 1050 CH |8,12,13,10
12 158.7| C
13 125.8| C
14 128.7| C
15 6.73 (dd, J = 2.4, 0.9) 105.0] CH |12,13,16
16 7.54 (d,J = 2.4) 1445 CH |12,13,15
17 2.33 (s) 16,1} CH, |8,13,14
18 178.6 | C
19 1.45 (s) 18.1| CH, |3,4,5,18
20 1.64 (s) 276| CH, |1,5,9,10
6-CO 170.7| €
6-COMe | 2.00 (s) 21.7| CH, [86-CO
18-OMe | 3.71 (s) 52,3| CH, |18

1.3.2.1.5 Compound SCS

MeO

Compound SC5, C,,H,0, (IM]" m/z 342.1836 by HREIMS), exhibited

additional TR absorption band at 1811 (lactone carbonyl) em™. The 'H and "°C NMR

spectral data (Table 24, Figures 49 and 50) of SC5 were comparable to those of SC1,

except for the presence of a singlet signal of methylene protons (5 3.61) instead of the two

proton signals of a 1,2-disubstituted furan. These methylene protons showed the HMBC
correlations with the carbons at & 119.8 (C-13), 132.9 (C-14), 152.7 (C-12) and
lactone carbonyl at & 174.7 (C-16), indicating them (2H-15) to be connected to the
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Jactone carbonyl and aromatic carbons at C~16 and C-13, respectively. Thus, compound ‘

SC5 was assigned to be taepeenin F, a new compound (Cheenpracha et al., 2005).

Table 24 'H, **C NMR, DEPT and HMBC spectral data of compound SC5

Position | &, (mult, J, Hz) 8. | DEPT | HMBC
1 2.27 (m), 1.47 (m) 38.4| CH, [2,5
2 1.79 (m) 18,5 CH, |1,5
1.78 (m), 1.65 (m) 365| CH, [1,2,5
4 47.6 C
5 2.19 (dd, J = 12.6, 2.1) 44.21 CH |1,4,7,9,18,20
6 1.54 (m) 21.4| CH, |4
7 2,74 (m), 2.64 (m) 27.4| CH, |5,6,8,9,14
8 129.2 C
9 150.7 C
10 37.8 C
11 6.90 (s) 104.1| CH |8,10,12,13
12 152.7 C
13 119.8 C
14 132.9 C
15 3.61 (s) 32.,5| CH, |12,13,14,16
16 174.7 C
17 2.10 (s) 16.4 | CH, |8,183,14
18 179.0 C
19 1.25 (s) 16.5{ CH, |3,4,5,18
20 1.28 (s) 25,1 cH, |1,5,9,10
18-OMe | 8.68 (s) 52.0 CH, |18
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1.3.2.1.6 Compound SC6

Compound SC6 had the molecular formula C,H,0, (IM]° m/z
330.1832) as determined by HREIMS. The 3¢ NMR and DEPT spectra (Table 25)
exhibited 20 carbons, two of these were a conjugated carbonyl (8 195.7) and an ester
carbonyl (3 178.9). Excluding the signal due to the methoxy substituent, SC6 contained
only 19 carbons in the main carbon framework, suggesting it to be a norditerpene. The 'H
and °C NMR spectral data (Table 25, Figures 51 and 52) of SC6 revealed that this
compound had the same A and B rings as SC1. The difference was found in ring C which
was aliphatic in SC6. This was supported by the absence of one aromatic proton at 5 7.32
(H-11) in the 'H NMR spectrum and the presence of methylene protons at 8 2.66 (dd, J
=17.1, 12.0 Hz, H-11pB), 2.90 (dd, J = 17.1, 5.1 Hz, H-11c) and two methine
protons at 8 1.88 (td, J = 12.0, 5.1 Hz, H-9) and 2.31 (1d, J = 12.0, 4.2 Hz, H-8).
The observed HMBC correlations between a methine proton at & 1,88 (H-9) with carbons
at & 14.8 (C-20), 36.9 (C-10) 49.0 (C-5), 166.3 (C-12) and 195.7 (C-14), of a
methine proton at & 2.31 (H-8) with carbons at § 22.8 (C-11), 23.5 (C-6), 52.9 (C-
9) and 195.7 (C-14) and of a methine proton at & 6.63 (H-15) with carbons at 8
166.3 (C~12) and 1985.7 (C-14), indicated that the conjugated carbonyl should be C-
14, The relative stercochemistry of SC6 was determined on the basis of coupling constants
and the results of NOESY experiments, The large J values for H-8 and H-9 (J = 12.0
Hz) indicated that H-8 and H-9 should be axial protons. From the NOESY correlations,
the methyl group at 8 1.01 (Me-20) showed a cross-peak with the methyl protons at &
1.21 (Me-19) and & methine proton at 8 2.31 (H-8), suggesting that Me-19, Me-20
and H-8 should be in B-axial orientation. From these data, the new compound SC6 was

characterized as nortacpeenin A (Cheenpracha et al,, 2005).
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Position | &, (mult, J, Hz) 8. | DEPT | HMBC
1 1.74 (m) 379 CH, |3,5,9,20
1.14 (m) '
2 1.69 (m) 17.9| CH, |4, 10
3 1.62 (m) 36.7) CH, |1,5,18,19
4 47.31 C
5 1.78 (dd, J = 12.3, 2.4) 49.0| CH |3,4,6,17,9, 10, 18,
19, 20
6 1.49 (m) 23.5| CH, | 1,8, 10
1.29 (m)
7 2.46 (m) 26.8| CH, |5,8,9, 14
1.31 (m)
8 2.31 (td, J = 12.0, 4.2) 45.0f CH |6,17,9,11, 14
1.88 (td, J = 12.0, 5.1) 529| CH |5,7,8, 10,11, 12,
14, 20
10 369 C
11 2.90 (dd, J = 17.1, 5.1) 22.8 | CH, |8,9,10, 12,13, 14
2.66 (dd, J = 17.1, 12.0)
12 166.3| C
13 119.8| C
14 1957} C ,
15 6.63 (d, J = 1.8) 1065 CH |12,18, 16
16 7.30 (d, J = 1.8) 142.8| CH |12,13,15
18 1789} C
19 1.21 (s) 16.8 | CH, {3, 4,5, 18
20 1.01 (s) 14.8| CH, {1,5,9, 10
18-OMe | 8.65 (s) 52.0 | CH, {18
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1.3.2.1.7 Compound SC7

Compound SC7 showed the [M]™ at m/z 846.1787 (C,,H,,0;) in
HREIMS. Its IR spectrum displayed a hydroxyl stretching at 3415 em™', The 'H and *C
NMR spectral data (Table 26, Figures 53 and 54) revealed that SC7 had the same
norcassane-type diterpene as SC6. The minor difference was found on replacement of a
multiplet signal of methylene protons at & 1.49 and 1.29 (2H-6) with an oxymethine
proton at & 4,03 which gave the HMQC cross-peak to the carbon at & 69.3. This proton
showed HMBC correlations with the carbons at 8 37.1 (C-7), 37.5 (C-10), 40.8 (C~
8) and 48.2 (C-4). The configuration at C~6 was determined as }-OH by the cross~peak
between H-5 (8 1.80), H-6 (§ 4.03) and H-70. (8 2.48) in NOESY experiments and
the small coupling constant of H-5 (br s) and H-6 (m). Thus, compound SC7 was

identified as nortaepeenin B, a new compound (Cheenpracha et al., 2005).

Table 26 lH, ¥C NMR, DEPT and HMBC spectral data of compound SC7

Position | 8, (mult, J, Hz) 8. | DEPT | HMBC
1 1.72 (m), 1.19 (m) 40.6{ CH, |[3,5,9,20
1.78 (m) 18.1] CH, |3
3 1.78 (m), 1.56 (m) 38.6| CH, |5,19
4 482 C
5 1.80 (brs) 51.0| CH |4,86,7,9,18,19,20
6 4,03 (m) 69.3| CH |7,8,10
7 2.48 (dt, J = 14.4, 3.6) 87.1| CH, |6,9,14
1.50 {(m)
8 2.76 (td, J = 12.0, 3.6) 40.8| CH |17,9,10,183, 14
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Table 26 (Continued)

Position | &, (mult, J, Hz) 8. | DEPT | HMBC

9 1.91 (td, J = 12.0, 5.4) 53.3| CH [1,5,7,8,12,14

10 37.5 C

11 2.93 (dd, J = 17.1, 5.4) 22.6 | CH, |8,9,12,13,14

2.76 (dd, J = 17.1, 12.0)

12 186.6| C

13 1199 C

14 196.1 C

15 6.64 (d,J = 1.8) 1065 | CH |12,13, 16

16 7.31 (d,J = 1.8) 142.8| CH |12,13,15

18 179.0| C

19 1.59 (s) 190 CH, |3,4,5

20 1.35 (s) 17.8| CH, }1,5,9,10
18-OMe | 3.68 (s) 52.1 cCH, |18

1.3.2.1.8 Compound SC8

Compound SC8 was isolated as a colorless viscous oil and showed
absorption band of carbonyl group at 1725 em™ by IR spectrum. The "H and °C NMR
spectral data (Table é?, Figures 55 and 56) were similar to those of SC6, except for the
replacement of the carbonyl carbon signal by that of a methine proton at 6 2.62 (m) and a
methyl group at & 0.99 (d, J = 7.2 Hz), whose location was deduced to be on C~14 on
the basis of the HMBC correlations of H-11, H-16 and H-17 with the quaternary carbon
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at C-13. Thus, compound SC8 was assigned as methyl vinhaticoate which was previously

isolated from Plathymenia genus (Matos et al., 1984 ).

Table 27 'H, "°C NMR, DEPT and HMBC speciral data of compound SC8

Position | &, (mult, J, Hz) 3. | DEPT | HMBC
1 1.74 (m), 1.16 (m) 38.6| CH, |3,5,20
2 1.58 (m) 17.9 | CH,
3 1.79 (m), 1.59 (m) 36.8 | CH, |4,5,18,19
4 475| C
5 1.79 (m) 49.7| CH |1,3,4,6,7,20
6 1.50 (m), 1.19 (m) 24.1 | CH,
7 1.69 (m), 1.44 (m) 308 | CH, |5
8 2.33 (m) 357| CH {8,89,10,13
9 1.59 (m) 457| CH |5,8,12,13
10 36.9| C
11 2.58 (dd, J = 16.8, 7.2) 22.0 | CH, |8,9, 10,12, 13
2.38 (dd, J = 16.8, 9.9)
12 1494 | C
13 1225 ¢
14 2.62 (m) 31,51 CH |17,8,9, 12,13
15 6.19 (d, J = 1.8) 109.5] CH |12,16
16 7.23 (d, J = 1.8) 140.4 | CH |12,18,15
17 0.99 (d, J = 7.2) 17.6 | CH, |8, 13,14
18 1794} C
19 1.23 (s) 17.0{ CH, |3, 4,5,18
20 0.94 (s) 146 CH, [1,5,9,10

18-OMe | 8.69 (s) 51.9] CH, |18
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1.3.2.1.9 Compound SC9

Compound SC9 was deduced as C,H,,0 ([M]" m/z 288.2455 by
HREIMS). The hydroxyl functionality was shown in IR absorption at 3396 em™.

The 'H NMR spectral data (Table 28, Figure 57) showed three singlets of
three methyl groups at § 0.83 (Me-18), 0.84 (Me-20) and 0.85 (Me~19), a typical
pattern of vinyl protons at 8 6.86 (dd, J = 17.1, 10.8 Hz, H-15), 5.23 (d, J = 17.1
Hz, H-16a) and 5.07 (d, J = 10.8 Hz, H-16b). The presence of oxymethylene protons
were revealed by 'H NMR signals at § 4.26 and 4.33 (each d, J = 11.7 Hz, 2H-17)
connecting to carbon at & 59.1. The C NMR spectrum (Tables 28 and 29, Figure 58)
with analysis of DEPT experiments displayed 20 carbons; four of these were sp2 carbons:
attributable to two quaternary carbons (8 138.5, 139.3), one methine carbon (3 134.4)
and a methylene carbon (& 113.4).

From the HMBC experiments, the oxymethylene protons at & 4.83 and
4.26 (2H-17) showed long-range correlations to the carbons at 3 38.8 (C-8), 138.5
(C-13) and 139.3 (C-14). The olefinic proton at & 6.86 (H-15) also showed long-
range correlations to the carbons at & 26.9 (C-12), 133.5 (C-13) and 139.3 (C-14).
Methylene olefinic protons at & 5.23 and 5.07 (2H-16) gave a cross—peak with the
carbon at & 133.5 (C-13). This result suggested that the vinyl substituent was at sp’
carbon C-13.

The relative stereochemistry of SC9 was determined from the results of
NOESY experiments and compared with cassa-18(14),15-dien-19-oic acid (Kido et al.,
2008) in which the methyl group at 8 0.84 (Me-20) showed cross-peak with a methine
proton at & 2.26 (H-8). Thus, the relative stereostructure of SC9 was confirmed and

assigned for tacpeenin G, a new compound (Cheenpracha et al., 2005),
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Table 28 lH, *C NMR, DEPT and HMBC spectral data of compound SC9

Position | &, (mult, J, Hz) 8.| DEPT | HMBC
1 1.43 (n),1.18 (m) 42,2 CH, |8,5,10
2 1.63 (m), 1.45 (m) 19.0 CH2 1
3 1.78 (m), 0.94 (m) 38.7| CH,
4 36.7 C
5 0.91 (m) 55.3{ CH |3, 4,10, 18,19, 20
6 1.29 (m), 0.93 (m) 21.6 | CH,
7 2.30 (m), 1.08 (m) 31.8| CH,
8 2.26 (m) 38.8 CH 6, 13, 14
9 0.96 (m) 53.8| CH |[6,8
10 33.2 C
11 1.75 (m), 1.39 (m) 21.0] CH, |8
12 2.39 (m), 2.10 (m) 26.9| CH, |5,9,13,14
13 133.5 C
14 139.3 C
15 6.86 (dd, J = 17.1, 10.8) 1344} CH |12,13,14
16 5,23 (d, J = 17.1) 113.4§ CH, |13
5.07 (d, J = 10.8)
17 4.33:¢d, J = 11.7) 59.1| CH, |8, 13, 14
4,26 (d, J = 11.7)
18 0.83 (s) 22,2 CH, |3,4,5,19
19 0.85 (s) 334 CH, |[3,4,5,18
20 0.84 (s) 142 cH, |1,5,9,10
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Table 29 Comparison of '"C NMR (75 MHz) spectral data of compounds SC1~SC9*

Position | SC1| SC2| SC3| Sc4’| sCc5°| sce| sSC7'| Sc8| SC9
1 38.0| 38.8| 42.2| 42.1| 38.4| 37.9( 40.6] 38.6| 42.2
2 18.8| 18.7| 19.1| 19.0| 185| 17.9| 18.1| 17.9| 19.0
3 36.6| 36.7| 381| 384 | 36.5| 36.7] 38.6| 36.8| 387
4 47.7| 47.4| 485 48.0| 47.6| 47.3] 48.2| 47.5| 36,7
5 44.4| 44.1| 47.5| 46.1| 44.2| 49.0] 51.0| 49.7] 553
6 21.8| 21.8| 68.7| 70.7| 2t.4] 235 69.3| 24.1| 21.6
7 27.6| 27.5| 388| 348 27.4| 26.8{ 37.1| 30.8] 31.8
8 127.5 | 128.3 | 124.2 | 123.8 | 129.2 | 45.0| 40.8| 35.7| 38.38
9 147.2 | 147.0 | 146.1 | 145.5 | 150.7 | 52.9| 53.3| 45.7| 63.8
10 37.8| 37.8| 37.8| 38.0| 37.8| 369 375 36.9| 33.2
11 | 104.3|104.3|105.1|105.0|104.1| 22.8{ 22.6| 22,0} 21.0
12 | 153.6 | 153.5 | 153.8 | 153.7 | 152.7 | 166.3 | 166.6 | 149.4 | 26.9
13 | 125.4{125.4 | 125.7|125.8|119.8119.81119.9|122.5 [ 133.5
14 {128.3|127.4}128,7|128.7132.9|195.7 | 196.1 | 31.5|139.3
15 | 105.0|105.0 | 105.0 | 105.0 | 32.5 | 106.5 | 106.5 | 109.5 | 134.4
16 | 144.2 | 144.2 | 144.3 | 144.5 | 174.7 | 142.8 | 142.8 | 140.4 { 113.4
17 15,9 | 159 16.1| 16.1| 16.4 17.6 | 59.1
18 | 179.2|184.2|179.3|178.6 | 179.0 | 178.9 | 179.0 | 179.4 | 22.2
19 16.6| 16.3] 18.6| 181} 16.5| 16.8| 19.0| 17.0{ 33.4
20 95.6 | 25.6| 27.5| 27.6| 251 | 14.8| 17.8| 14.6| 14.2
OMe 52.0 52.1| 52.3| 52.0| 52.0| 52.1| 519

OCOMe 21.7

OCOMe 170.7

* Recorded in CDCl,.
*The '°C NMR spectra were measured at 125 MHz
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1.3.2.1.10 Compound SC10

Compound SC10 was isolated as a white solid, mp 90-91 °C. The IR
spectrum displayed absorption band of hydroxyl group at 3412 em”. The *C NMR
spectral data (Table 30, Figure 60) showed the existence of 20 signals for 20 carbon

atoms in the molecule, Analysis of DEPT 90° and 135° spectra of this compound
suggested the presence of four methyl, seven methylene, five methine and four quaternary
carbons.

The 'H NMR spectral data (Table 30, Figure 59) displayed four methyl
singlets at & 1.06 (Me—~17), 1.02 (Me-18), 1.05 (Me-19) and 0.69 (Me-20). Three
olefinic proton signals including monosubstituted alkene group at & 5.78 (dd, J = 17.4,
10.8 Hz), 5.07 (dd, J = 10.8, 1.2 Hz) and 4.92 (dd, J = 17.4, 1.2 Hz), and
trisubstituted alkene group at 8 5.48 (dt, J = 6.0, 1.8 Hz) were characterized as a rosane-
type diterpene. In addition, an oxymethinc proton signal at 8 3.72 (dd, J = 11.4, 4.5 Hz)
was assigned as H~-11 on the basis of HMBC correlations. The correlations of olefinic
proton at & 5.48 (H-6) with carbons at & 47.1 (C-10), 36.4 (C-4), 36.3 (C-8) and
29.4 (C-7) confirmed the location of olefinic carbon at C~6. The correlations of a methyl
group at & 0.69 (Me-20) with carbons at & 78.0 (C-11), 47.1 (C-10), 40.6 (C-9)
and 36.3 (C-8), and an oxymethine proton signal at 8 3.72 (H-11) with carbons at &
47.1 (C-10), 42.5 (C-12), 40.6 (C-9) and 5.9 (Me-20) confirmed the position of
Me-20 and oxymethine proton at C-9 and C-11, respectively. The connectivities of Me-
17 and monosubstituted alkene were assigned by HMBC experiment in which Me-17 (3
1.06) and monosustituted alkene were located at C-13 by correlations of Me-17 (8
1.06) with carbons at 8 150.0 (C-15), 42.5 (C-12) and 38.6 (C-14). The relative

stereochemistry of SC10 was assigned by comparison with ent-11p-hydroxy-rosa-5,15-
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diene (Alvarez et al., 1981). Thus compound SC10 was identified as ent-11f3~hydroxy-

rosa-5,15-diene,

Table 30 IH, Be NMR, DEPT and HMBC spectral data of compound SC10

Position | &, (mult, J, Hz) 8.| DEPT | HMBC
1 2.45 (m) 30,9 CH, |2, 10
1.07 (m)
2 1.58 (m) 22,4} CH,
3 1.42 (m) 409 CH, |4
1.19 (m)
4 36.4 C
5 146.8 C
6 5.48 (dt, J = 6.0, 1.8) 115,7| CH |[4,7,8,10
7 1.76 (m) 29.4| CH, |5,6,8,9
8 1.42 (m) 36.3| CH |9,13
9 _ 40.6 C
10 2.20 (m) 471 cH |1
11 3.72 (dd, J = 11.4, 4.5) 780| CH |9,10,12,20
12 1.52 (m) 42.5| CH, |9,13,15,17
1.41 (m)
13 37.3 C
14 1.34 (m) 38.6| CH, |8,12,15
1.08 (m)
15 5.78 (dd, J = 17.4, 10.8) 150.0 | CH |12,18, 14,17
16 4,92 (dd, J = 17.4, 1.2) 109.1| CH, |[13,15
5.07 (dd, J = 10.8, 1.2)
17 1.06 (s) 23.8| CH, |[12,14,15
18 1.02 (s)* 28.6*| CH, [8,4,5,19
19 1.05 (s)* 30.0*| CH, |[3,4,5,18
20 0.69 (s) 59! CH, |8,9,10,11

* May be interchangeable
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1.3.2.2 Determination of isolated pure compounds froim the roots of C. crista

Investigation of the hexane extract of the roots of C. crista resulted in three
new diterpenoids (RH1, RH3 and RH4), together with three known compounds (RHZ2,

RHS5 and RH6). Their structures were elucidated by spectrdscopic methods,

1.3.2,2.1 Compound RH1

Compound RH1 was deduced as C, H, O, from an exact mass
measurement ((M]° m/z 340.1671 by HREIMS)., The UV and IR spectrum showed
absorption band similarities with compound SC1. Its 'H NMR and '°C NMR spectral data
(Tables 31 and 32, Figures 61 and 62) of RH1 were closely related to those of SC1. The
major difference was the replacement of the "H NMR signal of Me-19 at & 1.31 with an
aldehydic proton at & 9.95 (s). The latter was connected to an aldehydic carbon at 8
199.8 from the HMQC experiment and showed HMBC correlations to carbons at & 29.4
(C-3), 61.1 (C-4) and 178.5 (C-18). Therefore, the struc'ture of RH1 was assigned as
tacpeenin E, a new compound (Cheenpracha et al,, 2005).

Table 31 'H, ‘°C NMR, DEPT and HMBC spectral data of compound RH1

Position | O, (mult, J, Hz) 8.| DEPT | HMBC
1 2.32 (m) 38.6| CH, |3,5,9,10
1.565 (m)

2 1.75 (m) 18.9| CH, |3,10




Table 31 (Continued)
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Position | O, (mult, J, Hz) 8.| DEPT | HMBC
3 2.47 (m) 29.4| CH, |5,18,19
4 61.1 C
5 2.48 (dd, J = 12.9, 1.8) 46,81 CH |3,4,7,9,10,18,
19, 20
6 2.01 (br dd, J = 12.9, 7.2) 21.8{ CH, |5,7,8,10
7 2.99 (br dd, J = 16.5, 5.4) 28,4 CH, |5,8,9,14
2.86 (m)
8 126.9 C
9 144.7 C
10 37.9 C
11 7.30 (br s) 105.0*| CH |8,10,12,13
12 153.5 C
13 125.8 C
14 128.5 C
15 6.72 (d, J = 2.1) 104.9*| CH |12,13
16 7.53 (d, J = 2.1) 144,5| CH |[12,13
17 2.36 (s) 15.9| CH, [8,13,14
18 173.5 C
19 9.95 (s) 199.8] CH 3,4
20 1.11 (s) 24.5| CH, |1,5,9,10
18-OMe | 8.76 (5) 52.6 | CH, |18

* May be interchangeable
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Fable 32 Comparison of 'H and "°C NMR spectral data of compounds SC1 and RH1

Position Compound SC1 Compound RII1
O, (mult, J, Hz) 8c | O, (mult, J, Hz) 5;:
1 2.38 (m) 38.9 | 2.32 (m) 38.6
1.55 (m) 1.55 (m)
2 1.81 (m) 18.8 | 1.75 (m) 18.9
1.74 {(m)
3 1.80 {m) 36.6 | 2.47 (m) 29.4
1.68 (m)
4 47.7 61.1
5 2,27 (dd, J = 12.9, 2.4) | 44.4 | 2.48 (dd, J = 12.9, 1.8) 46.8
6 1.92 (m) 21.8 | 2.01 (brdd, J = 12.9, 7.2) 21.8
1.55 (m)
7 2.83 (m) 27.6 | 2.99 (br dd, J = 16.5, 5.4) 28.4
2.86 (m)
8 127.5 126.9
g 147.2 144.7
10 37.8 37.9
11 7.32 (brs) 104.3 | 7.30 (br s) 105.0%
12 153.6 153.5
13 125.4 125.8
14 128.3 128.5
15 6.72 (dd, J = 2.1, 0.9) | 105.0 | 6.72 (d, J = 2.1) 104.9*
16 7.58 (d, J = 2.1) 144.2 1 7.63 (d, 7 = 2.1) 144.5
17 2.35 (s) 15.9 | 2.36 (s) 15.9
18 179.2 173.5
19 1.31 (s) 16.6 | 9.95 (s) 199.8
20 1.27 (s) 25.6 | 1.11 (s) 24.5
18-OMe | 3.70 (s) 52,0 | 3.76 (s) 52.6

* May be interchangeable
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Compound RH2 was isolated as a white solid, mp 118.5-119 °C, [a] 207:

+29.4° (¢ 0,08, CHCL,). The presence of carboxyl (8414 and 1718 cm ) functionality

was evident from IR absorptions.

The 'H and °C NMR (Table 33, Figures 63 and 64) of compound RH2

showed characteristics similar to those of compound SC8 except for the disappearance of

the OMe signal at 8 3.69, thus indicating a presence of a free carboxylic acid instead of the

methyl ester at C-~18, This finding was supported by HMBC spectrum of compound R 2,

in which the methyl proton at 8 1.23 (Me-19) were correlated with carbons at 8 185.2
(C-18), 49.2 (C-5), 47.2 (C-4) and 36.9 (C-3). Therefore, compound RH2 was

determined to be vinhaticoic acid (Narayanan et al., 1965).

Table 33 'H, **C NMR, DEPT and HMBC spectral data of compound RH2

Position | O, (mult, J, Hz) 3.1 DEPT | HMBC
1 1.76 (m) 38.5| CH, |3,10,20
1.15 (m)
2 1.60 (m) 17.8| CH, 4,10
3 1.66 (m) 36.9| CH, |[5,19
1.34 (m)
4 47.2 C
5 1.79 (m) 49.2f CH |3, 4, 10,18,19, 20
6 1.54 (m) 24.1| CH, [4,5
1.33 (m)
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Table 33 (Continued)

Position | &, (mult, J, Hz) .| DEPT | HMBC
7 1.70 (m) 308| Cll, |5
1.50 (m)
8 35.7| CH
9 1.59 (m) 458 CH |8,11,20
10 368| C
11 2.57 (dd, J = 17.4, 6.9) 92.0| cH, |9, 10,12, 13
2.37 (dd, J = 17.4, 10.5)
12 149.4| C
13 122.5| C
14 2.62 (m) 31.5| CH |8,9,12,13,17
15 6.17 (d, J = 1.8) 109.5| CcH |12,183,14
16 7.21 (d, J = 1.8) 140.4 | CH |12,18,15
17 0.97 (d, J = 6.9) 17.6| CH, |8,13,14
18 1852 C
19 1.23 (s) 16.8| CH, |3,4,5,18
20 0.93 (s) 146| CH, |1,5,9,10

1.3.2.2.3 Compound RH3

Compound RH3 showed the molecular formula C,H,,0, (M]° m/z
344.1942) by HREIMS. Its 'H and "°C NMR spectral data (Table 34, Figures 65 and
66) revealed that taepeenin H had the same A and B rings as RH1. The ring C was

comparable to that of SC6 with additional 'H NMR signals of one methine and one methyl
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doublet protons at & 2.64 (m, H~14) and 0.99 (d, J = 6.9 Hz, Me-17). An analysis of
the COSY, HMQC and HMBC spectra led to structure RH3 for this compound.

The HMBC correlations, of a furan proton at & 6,18 (H-15) with the
carbon at & 31.4 (C-14), of methyl protons at 8 0.99 (Me-17) with the carbons at &
31.4 (C-14), 35.8 (C-8) and 122.3 (C-13) and of methylene protons at d 2.32 and
2.60 (2H-11) with carbons at 8 35.8 (C-8), 122.3 (C-13) and 149.1 (C-12)
suggested that the Me-17 should be attached to C-14. In the NOESY spectrum, the
methine proton at & 1.62 (H-9) displayed a cross—peak with the methyl protons at 8 0.99
(Me-17), indicating that this methyl group was o-oriented. Thus, the stereostructure of
compound RH3 was concluded to be taepeenin H, a new compound (Cheenpracha et al.,

2005).

Table 34 1H, e NMR, DEPT and HMBC spectral data of compound RH3

Position | &, (mult, J, Hz) 8.| DEPT | HMBC
1 1.79 (m) 38.2| CH, 12,5,9
1.14 (m)
2 1.62 (m) 18.1] CH, |4, 10
3 2,38 (m) 29.6 | CH, |1,4,5,18,19
1.51 (m)
4 60.7 c
5 2.05 (dd, J = 12.9, 2.1) 51,1| CH |4,7,9,10,18,19,20
6 1.99 (m) 23.8| cH, |1,10
1.67 (m)
7 1.80 (m) 31.3| CH, |5,9,14
1.51 (m)
8 1.85 (m) 358] CH |6
1.62 (m) 444| CH |1,5,11,14,20
10 37.0 c
11 2.60 (dd, J = 16.8, 6.6) 22.4| CH, |8,12,13
2.32 (dd, J = 16.8, 10.2)
12 149.1 C
13 122.3 C
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Table 34 (Continued)

Position | O, (mult, J, Hz) 8. | DEPT | HMBC
14 2.64 (m) 31.4) CH 19,12,15
15 6.18 (d, J = 1.8) 109.5{ CH |12,13
16 7.21 (d, J = 1.8) 140.5| CH |[12,13,15
17 0.99 (d, J = 6.9) 17.5| CH, |8, 13,14
18 1738.7 C
19 9.90 (s) 199.9{ CH |[3,4,18
20 0.76 (s) 14.2| CH, |1,5,9,10
18-OMe | 3.73 (s) 52.5| CH, |18

1.3.2.2.4 Compound RH4

Compound RH4, C,H,0, ((M]' m/z 346.2111 by HREIMS), was
found to be a derivative of RH3. The "H NMR spectral data (Tables 35 and 36, Figure
67) of RH4 was comparable to those of RH3, except the aldehydic proton (6 9.90) in
RH3 was replaced by oxymethylene protons at 8, 3.84 and 3.96 (each d, J = 11.7 Hz),
8. 61.5. These proton signals showed correlations with carbons at & 29.9 (C-3), 50.1
(C-6), 53.5 (C-4) and 178.6 (C-18) in the HMBC spectrum, suggesting of their
attachment at C-4. Thus the structure of compound RH4 was concluded to be taepeenin 1,

a new compound (Cheenpracha et al., 2005).




118

| Table 35 'H, '°C NMR, DEPT and HMBC spectral data of compound RH4

Position | O, (mult, J, Hz) 8.| DEPT| HMBC
1 1.77 (m) 386, CH, |3,9,20
1.25 (m)
2 1.62 (m) 17.6 | CH, |4, 10
3 2.12 (m) 29.9] CH, |4,5,18
1.59 (m)
4 53.5| C
5 1.79 (m) 50.1| CH |4,8,9,10, 18,19, 20
6 1.58 (m) 23.9| CH, |5,8,10
1.28 (m)
7 1.68 (m) 31.3| CH, |5,14
1.33 (m)
8 1.78 (m) 35,561 CH |9,17
9 1.58 (m) 46.0| CH |5,7,8,10,11,20
10 36.8| C
11 2.58 (dd, J = 16.8, 6.9) 22.2| CH, |8,10,13
2.36 (dd, J = 16.8, 10.2)
12 149.2| C
13 122,41 C
14 2.60 (m) 31.4| cH |s8,9,12,15,17
15 6.17 (d, J = 1.8) 109.5| CH |12,13,16
16 7.21 (d, J = 1.8) 140.4] CH |12,13,15
17 0.96 (d, J = 6.9) 17.6 | CH, |8,13,14
18 1786 C
19 3.96 (d,J=11.7) 61.5| CH, |3,4,5,18
3.84 (d,J=11.7)
20 0.89 (s) 15.1| CH, |1,5,9,10
18-OMe | 3.74 (s) 52,11 CH, |18




Table 36 Comparison of C NMR spectral data of compounds RH1-RH4

Position RH1 RH2 RH3 RH4
1 38.6 38.5 38.2 38.6
2 18.9 17.8 18.1 17.6
3 29.4 36.9 29.6 29.9
4 61.1 47.2 60.7 53.5
5 46.8 49.2 51.1 50.1
6 21.8 24.1 23.8 23.9
7 28.4 30.8 31.3 31.3
8 126.9 35.7 35.8 35.5
9 144.7 45.8 44.4 46.0
10 37.9 36.8 37.0 36.9
11 105.0 22.0 22.4 22.2
12 153.5 149.4 149.1 149.2
13 125.8 122.5 122.3 122.4
14 128.5 31.5 31.4 31.4
15 104.9 109.5 109.5 109.5
16 144.5 140.4 140.5 140.4
17 15.9 17.6 17.5 17.6
18 173.5 185.2 173.7 178.6
19 199.8 16.8 199.9 61.5
20 24.5 14.6 14.2 15.1

18-OMe 52.6 52.5 52.1

119
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1.3.2.2.5 Compound RH5

Compound RH5 was isolated as orange viscous oil, (] +60.4° (c
0.02, MeOH). The UV spectrum showed absorption band at v, 206, 234, 283 and 311
nm indicating that structure of RHS5 had a conjugated double bonds. The IR spectrum
exhibited absorption band of hydroxyl (3415 cm ).

The *C NMR and DEPT spectra (Table 37, Figure 70) displayed 26
signals for 26 carbons including three methyl, five methylene, eight methine and ten
quaternary carbons. The "H NMR spectral data (Table 37, Figure 69) showed the presence
of a geranyl unit at & 5.21 (1H, brt, J = 6.9 Hz, H-2"), 5.04 (1H, br s, H-6"), 3.40
(2H, br d, J = 6,9 Hz, H-1"), 2.05 (4H, m, H-4" and H-5"), 1.79 (3H, s, 3'-Me),
1.66 (3H, s, 7'-Me) and 1.58 (8H, s, H-8"), The proton signal at 8 5.90 (2H, d, J =
6.9 Hz) was assigned as dioxymethylene (-OCH,0-) which was connected to carbon at &
101.2 from HMQC experiment. The oxymethylene proton signals at & 4.25 (1H, dd, J =
10.8, 4.8 Hz) and 3.60 (1H, dd, J = 11.1, 10.8 Hz), identified as 2H-6, displayed
cross-peak with proton at 8 3.46 (1H, dd, J = 11.1, 6.9 Hz, H-6a), and proton H-6a
with proton at § 5.48 (1H, d, J = 6.9 Hz, H-11a) from COSY spectrum. Two aromatic
rings were observed at & 7.24 and 6.56 (each 1H, d, J = 8.4 Hz, H-1 and H-2,
respectively) and 6,72 and 6.43 (each 1H, s, H-7 and H~10, respectively) in 'H NMR
spectrum. From these data, compound RHS was a pterocarpane type. On the -basis of
HMBC correlation, the gerany! unit was located at C-4 by correlation of H-1" with
carbons at & 156,0 (C-3), 153.9 (C-4a) and 112.4 (C-4), The dioxymethylene
protons at & 5.90 exhibited correlation with carbons at & 148.1 (C-8) and 141.6 (C-9),
indicating that the dioxymethylene group was attached to the carbons at C-8 and C-9, The
'H and ®C NMR spectrum of compound RH5 were comparable with nitiducol (Van

Heerden et al., 1978), thus compound RH5 was assigned as nutiducol.
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Table 37 1H, ¥C NMR, DEPT and HMBC spectral data of compound RH5

Position | §,, (mult, J, Hz) 8. | DEPT | HMBC

1 7.24 (d,J = 8.4) 129.2| CH |3, 4a, 11a

2 6.56 (d, J = 8.4) 110.0| CH |3,4,11b

3 156.0

4 112.4

4a 153.9| C

6 4.25 (dd, J = 10.8, 4.8) 66.8 | CH, |4a,6b, 11a

3.60 (dd, J = 11.1, 10.8)

6a 3.46 (dd, J = 11.1, 6.9) 40.2| CH {7,10a,11a,11b

6b 118.1] C

7 6.72 (s) 104.7| CH | 6a, 6b, 8, 9, 10a

8* 148.1| C

g* 141.6| C

10 6.43 (s) 93.8{ CH |6b,8,9,10a

10a 154.3| C

11a 5.48 (d, J = 6.9) 79.2| CH |1, 4a, 6, 6a, 6b, 10a, 11b

11b 114.4| C

1 3.40 (brd, J = 6.9) 22.3| CH, |3,3,4,4a

2’ 5.21 (brt, J = 6.9) 121.6| CH |8-Me, 3, 4,4

3 1385 C

4’ 2.05 (m) 39.7| CH, |2,8,4,6

5 ]2.05(m) 26.4| CH, |26, 38-Me

6" 5.04 (brs) 123.8| CH [4,7,8,7-Me

7" 131.9| C

8’ 1.58 (s) 17.7| CH, |6, 7,7 -Me
7-Me | 1.66 (s) 25,7 CH, |6,7,8
OCH,0 |5.90 (d,J=6.9) 101.2| CH, |8,9
3'-Me | 1.79 (s) 16.2| CH, |2,3,4

* May be interchangeable
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1.3.2.2.6 Compound RHG

Compound RH6 was obtained as yellow solid, mp 178-179 °C. The UV

(A . 206, 242, 264 and 377 nm) and IR (3418 and 1635 cm ') absorption bands

showed characteristic of chalcone chromophore.

The *C NMR and DEPT spectra (Table 38, Figure 72) displayed 25
signals for 25 carbons, including four methyl, two methylene, nine methine and ten
quaternary carbons.

‘The "H NMR spectral data (Table 38, Figure 71) displayed the presence
of a chalcone skeleton as signals at & 7.85, 7.46 (each 1H, d, J = 15.3 Hz, H-{} and H-
o, respectively), 7.64, 6.42 (each 1H, s, H-5 and H-2, respectively), and ABX system
at § 7.44 (1H, d, J = 2.1 Hz, H-2"), 7.40 (1H, dd, J = 8.4, 2.1 Hz, H-6"), and 6.86
(1H, d, J = 8.4 Hz, H-5), The proton signal at & 13.30 showed characteristic of chelated
hydroxyl group. In addition, the 'H NMR spectral data exhibited characteristic of two
isopreny! units at 8 5.32 (2H, m, H-2" and H-2""), 8.40 (2H, br d, J = 7.2 Hz, H-
1), 3.34 (2H, br d, J = 7.2 Hz, H-1"), 1.80 (12H, s, H-4", 3"-Me, H-4" and
3""-Me).

The locations of two isoprenyl units were deduced from HMBC
correlations. The methylene protons at 8 3.34 (2H-1"") showed correlations with carbons
at & 164.9 (C-3), 131.1 (C-5) and 118.7 (C-4), indicating that the first unit of
isoprenyl moiety was attached to carbon at C-4. The other unit of proton at 3 3.40 (2H-
1"} showed correlation with carbons at § 156.9 (C-4"), 135.4 (C-2') and 128.3 (C-
3"), confirming that this unit was connected to the carbon C-3'. Thus compound RH6 was

deduced as stipulin (Ngameni et al.,, 2004) which was previously isolated from the twigs

of Dorstenia barteri var, subtriangularis.
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Table 38 1H, ¥C NMR, DEPT and IMBC spcétral data of compound RH6

Positien | &, (mult, J, Hz) 8.| DEPT | HMBC
o 7.46 (d, J = 15.3) 117.8{ CH |B,86,1,C=0
B 7.85 (d, J = 15.3) 144.5{ CH |1, 2,86, C=0
1 13.30 (s (OH)) 161.5| C
2 6.42 (s) 104.1| CH |1,3,4,6
3 164.9
4 118.7
5 7.64 (s) 131.1f CH |1,8,1",C=0
6 1144 | C
1’ 127.7 C
2 7.44 (d,J = 2.1) 135.4| CH |{B,3,4,61"
3 128.3 C
4' 1569 C
5' 6.86 (d, J = 8.4) 1164 cH |1,
6 7.40 (dd, J = 8.4, 2.1) 131.0{ CH |B,1,2,4
1" 3.34 (brd, J = 7.2) 29.7| CH, |3,4,5,2",3"
2" 5.32 (m) 1217| CH |4,1",8",4",3"-Me
3 135.7 C
4" 1.80 (s) 18.0 | CH, |3", 3"-Me, 2"
3"-Me | 1.80(s) 25.8{ CH, |3",3"-Me, 2"
1" 3.40 (brd, J = 7.2) 29.2 | CH, |2,3,4',3"
2 5.32 (m) 121.1| CH |8,38",4",3"-Me
3" 1357 C
4 1.80 (s) 18.0| CH, |27, 3", 3""-Me
3"-Me | 1.80 (s) 25.8| CH, {2",8", 3" -Me
C=0 192,01 C

* May be interchangeable
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1.3.2.3 Determination of isolated pure compounds from the seeds of C. crista

The seeds collecting from Trang province, Thailand in May 2004, were
extracted with acetone at room temperature (5 days) and evaporated under reduced pressure
to afford acetone extract. The acetone extract was further chromatographed on silica gel and
eluted with hexane-EtOAc mixtures, Purification of fractions obtained from EtOAc-hexane
afforded 17-methylvouacapane-8(14),9(11)-diene (SD1, 4.8 mg), vouacapane (sD2,
11.8 mg), taepeenin J (SD3, 17.3 mg), taf.:peenin K (SD4, 7.3 mg), taepeenin L (SD5,
12.4 mg) and 6B-hydroxyvouacapane (SD6, 6.9 mg). Compound SD3 possesses a
dimeric vouacapane skeleton.

Their structures were elucidatéd by 1D and 2D NMR spectroscopic data.
All carbons were assigned by Bc NMR, DEPT, HMQC and HMBC data.

1.3.2.3.1 Compound SD1

Compound SD1 was isolated as a yellow solid, mp. 70-71 °C, The UV
and IR spectrum were similar to those of compound SC1, but the carbonyl functionality
was not observed in IR spectrum.

Its 'H and °C NMR spectral data (Table 39, Figures 73 and 74) were
similar to those of SC1 (Table 20), except that the methoxyl group at & 3.70 (s, 18-
OMe) disappeared and the methyl protons were shown at & 0.97 (s). For this compound,
assignments of carbon and proton signals were confirmed by means of HMQC and HMBC
experiments. In the HMBC spectrum, the methyl protons at & 0.97 (Me-18) showed
correlations with carbons at 49,9 (C-5), 41.7 (C-3), 838.5 (C-4) and 21.7 (C-19).
Thus compound SD1 was assigned to be 17-methylvouacapane-8(14),9(11)-diene by

comparison of its spectral data with previously reported data (Jadhav et al., 2003).
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Table 39 1H, Bc NMR, DEPT and HMBC spectral data of compound SD'1

Position | O, (mult, J, Hz) 8.| DEPT | HMBC

1 2.37 (m) 39.8! CH, |2,5,10,20
1.47 (m)

2 2.00 (m) 19.2| CH, |10
1.82 (m)

3 1.53 (m) 41.7| CH, |4,5,18
1.25 (m)

4 33.5 C

5 1.36 (dd, J = 12.6, 2.4) 49.9| CH |4,7,9,10,18,19,

20

6 1.67 (m) 19.5] CH, 4,5

7 2.92 (dd, J = 17.4, 7.2) 28.0| CH, |5,6,8,9,14
2.73 (ddd, J = 17.4, 11.1, 7.2)

8 128.1 C

146.0 C

10 38.4 C

11 | 7.83(s) 104.4| CH |8, 10,12,13

12 1538.0 C

13 125.5 C

14 128.1 C

15 16.71 (dd, J= 2.1, 0.9) 1049 CH |[12,13

16 | 17.51(d, J=2.1) 144.1| CH |12,13,15

17 12.35(s) 15.7| CH, |8,13,14

18 ]0.97 () 33.3| CH, |3,4,5,19

19 ]0.95(s) 21.7| CH, |8,4,5,18

20 |1.24 (s) 254| CH, |1,5,9,10
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1.3.2.3.2 Compound SD2

Compound SD2 was isolated as a colorless viscous oil. This compound
exhibited UV absorption similar to compound SC8. Comparison of the 'H and "°C NMR
spectral data (Tables 40 and 27, Figures 75 and 76) of compound SD2 and SC8 revealed
closed structural similarity. The difference was shown in the absence of methoxyl group at
$ 3.69 (s, 18-OMe) and the methyl protons were shown at & 0.89 (s) which was
confirmed by HMBC experiment in which the methyl protons at 8 0.89 (Mec-18) showed
correlation with carbons at & 55.2 (C-5), 42.0 (C-3), 33.2 (C-4) and 22.2 (C-19).
Thus on the basis of its spectroscopic data and comparison with previously reported data of

vouacapane (De O. Godoy, et al., 1989), compound SD2 was assigned as vouacapane.

Table 40 'H, °C NMR, DEPT and HMBC spectral data of compound SD2

Position | O, (mult, J, Hz) 8. | DEPT | HMBC
1 1.74 (m), 1.12 (m) 39.7| cH, |5,9,10,20
2 1.59 (m), 1.46 (m) 18.7| CH, |3
3 1.45 (m), 1.18 (m) 42.0 | CH, | 1,5, 10,18, 19
4 33.2| C
5 0.91 (m) 552 | cH |1,3,7,9, 10,18, 19, 20
6 1,68 (m), 1.34 (m) 21.5| CH, | 5,8
7 1.72 (m), 1.43 (m) 31.2| CH, |5,9, 14
8 1.79 (m) 357 cH |17,9, 14,17
9 1.48 (m) 456| CH |1,5,10,14
10 374{ C
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Position | §,; (mult, J, Hz) 8. | DEPT | HMBC
11 | 2.56 (dd, = 16.5, 6.6) | 22.2| CH, |8,9,10,12,13
2.35 (dd, J = 16.5, 10.2)
12 149.9 C
13 122.5 C
14 | 2.61 (m) 31.5 | CH |8, 9,12, 13,15, 17
15 | 6.17 (d,J =1.8) 109.5| CH |12, 13,16
16 |7.21(d,J=1.8) 140.3] cH |12,183, 15
17 0.94 (d, J = 5.7) 17.5| CH, | 8,13, 14
18 | 0.89 (s) 33.7| cH, |3,4,5,19
19 0.86 (s) 22,2 | CH, |3,4,5,18
20 | 0.89 (s) 144 CH, |1,5,9,10

calcd 566.4124). The UV spectrum (A,

1.3.2.3.3 Compound SD3

Compound SD3, [0]Z +36.6° (c 0.27, CHCL,), was obtained as a
viscous oil and had a molecular formula C,H;,0, by HREIMS (IM]" m/z 566.4109,

217, 255, 288 and 293 nm) suggested a

benzofuran chromophore (Lyder et al.,, 1998). The ¥C NMR and DEPT spectral data

(Tables 41 and 42, Figure 78) showed 40 carbons; twelve of these were sp° carbons:

attributable to four methine and eight quaternary carbons,

The 'H NMR speciral data of SD3 (Tables 41 and 42, Figure 77)

displayed two fragments (3a and 3b) of cassane-type diterpenes. The fragment 3a
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displayed the presence of three tertiary methyl groups at 8 1.24 (Me-20), 0.95 {(Me-18)
and 0.94 (Me-19), one aromatic methyl at § 2.28 (Me—-17), a methine proton at & 1.35
(dd, J = 12.6, 2.1 Hz, H-5), and two aromatic protons at & 7.26 (s, H-11) and 6.08
(s, H-15). These data indicated that fragment 3a and SD1 (Jadhav et al., 2003) were
closely related, except for the disappearance of the aromatic proton signal at d 7.51 (H-
16) in fragment 3a.

The 'H NMR spectral data (Table 42) of fragment 3b showed the presence
of four tertiary methyl groups at & 1.64 (s, Me-17"), 0.90 (s, Me-20"), 0.82 (s, Me-
19') and 0.75 (s, Me-18"), and three aliphatic methine proton signals at & 1.70 (m, H-
9), 1.67 (m, H-8') and 0.78 (dd, J = 10.8, 2.1 Hz, H-5"). Resonances at 8 7.22 and
6.08 (each d, J = 1.8 Hz) were typical of 1,2-disubstituted furan. Its 'H NMR spectral
data was almost identical to those of SD2 (De O. Godoy, et al.,, 1989), except for the
splitting pattern of methyl protons (Me-17") in 3b was shown as a singlet at  1.64 but a
doublet at & 0,94 in SD2 (De O. Godoy, et al., 1989).

The connectivity of both fragments was confirmed by HMBC correlations.
The methyl protons at & 1.64 (Me-17") showed correlations with the carbons at & 162.3
(C-16), 121.9 (C-13"), 44.2 (C~8") and 40.3 (C-14"), a methine proton at & 1.67
(H-8') with the carbons at § 162.3 (C-16) and 40.3 (C-14"), and an aromatic proton
at § 6.08 (H-15) with & 162.3 (C-16), 153.3 (C-12), 127.3 (C-14), 126.4 (C-
13) and 40.3 (C-14"), confirming that fragments 3a and 3b were connected at C-16 and
C-14‘, respectively. The stereochemistry at C-14' was determined on the basis of NOESY
experiments (Fig. 2). A methine proton at 8 0.73 (H-5) showed cross—peaks with 8
1.70 (H-9") and 1.64 (Me-17"), suggesting that Me-17" should be c.-axial oriented.

From these data, a dimer SD3 was deduced to be tacpeenin J, a new compound.

Table 41 'H, "*C NMR, DEPT and HMBC spectral data of fragment 3a (SD3)

Position | O, (mult, J, Hz) 3.| DEPT | HMBC
1 2.33 (m), 1.48 (m) 39.9| CH, |2,10,20
2 2.00 (m), 1.83 (m) 19.2| cH, |1
3 1.47 (m), 1.39 (m) 41.7| CH, |1,5,18,19
4 33.5 C




Table 41 (Continued)

129

Position | &, (mult, J, Hz) 8.| DEPT | HMBC
5 1.85 (dd, J = 12.86, 2.1) 49.9| CH }4,7,9,18,19,20
6 1.62 (m), 1.48 (m) 19.5| cH, [4,10
7 2.90 (dd, J = 17.1, 3.3) 28.0| CH, |5,6,8,9,14
2.70 (m)
8 127.3] C
9 146.8| C
10 384| C
11 7.26 (s) 104.3| CH |[8,10,12,13
12 153.3} C
13 1264 | C
14 1273| C
15 6.08 (s) 102.6 [ CH {12,183, 14,186, 14
16 16283] C
17 2.28 (s) 15.9| CH, |8,13,14
18 0.95 (s) 33.3| CH, |3,4,5,19
19 0.94 (s) 21.7] CH, |3,4,5,18
20 1.24 (s) 25.3{ CH, |1,5,9,10

Table 42 'H, °C NMR, DEPT and HMBC spectral data of fragment 3b (SD3)

Position | O, (mult, J, Hz) 3.| DEPT | HMBC
1 1.71 (m), 1.02 (m) 39.4{ CH, |2,5,9,20
2 1.65 (m), 1.49 (m) 18.8| CH, |1
3’ 1.21 (m), 1.15 (m) 41.8| CH, |2
4' 33.1 C
5' 0.73 (dd, J = 10.8, 2.1) 54,21 CH |1,9, 18,19, 20
6’ 1.53 (m), 1.21 (m) 21.4] CH, {T,8
7 2.11 (m), 2.06 (m) 28.6 | CH, {8
8 1.67 (m) 44,2| CH |14,16




130

Table 42 (Continued)

Position | 8, (mult, J, Hz) 3.| DEPT | HMBC
9’ 1.70 (m) 475 CH |1
10° 37.6| C
i1 |2.76 (dd, J = 16.5, 6.0) 22.1| cH, |8&,9,10,12

2.45 (dd, 7 = 16.5, 9.6)

12' 150.6 | C
13° 121.9| ¢
14° 03| C
15° | 6.08(d,J=1.8) 108.5| CH |12/, 13
16 |7.22(d,J = 1.8) 140.6| CH |12,13,15
17 | 1.64 (s) 24.6| CH, |8&,13,14,16
18 ] 0.75 (s) 33.4| CH, |3,4,5,19
19°  |0.82 (s) 92.1| cn, |3,4,5, 18’
20° | 0.90 (s) ' 143| CH, |1,5,9,10

1.3.2.3.4 Compound SD4

Compound SD4 had the molecular formula C,H,,O (M]° m/z
988.24686) as determined by HREIMS. The IR (1682 cm ') and UV (A, 224 nm)
absorption bands were characteristics of conjugated carbonyl functionality. The “c NMR
and DEPT spectrum (Table 43, Figure 80) exhibited a total of 20 carbons with one
carbonyl carbon at 8 191.0 and two sp2 carbons at 8 172.0 and 123.9.

The 'H NMR spectral data (Table 43, Figure 79) showed the presence of
an aldehydic proton at 8 10.00 (d, J = 8.4 Hz, H-16) which coupled with an olefinic
proton at & 5.83 (dd, J = 8.4, 0.9 Hz, H-15). This indicated that conjugated carbonyl
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group_was an exocyclic double bond. Signals of three tertiary methyl groups at & 0.87
(Me-18), 0.83 (Me-19) and 0.81 (Me-20), and a doublet methyl group at & 1.05 (d,
J = 7.2 Hz, Me~17) were displayed similarly to those of SD2 (De O. Godoy, et al.,
1989). The observed HMBC correlations between the methyl protons at 8 1.05 (Me-17)
with carbons at & 45.2 (C-14), 40.8 (C-8) and 172.0 (C-13), and of an olefinic
proton at 8 5.83 (H-15) with carbons at 8 24.5 (C-12) and 45.2 (C-14), confirmed
that the double bond was attached to carbon C-13. The relative stereochemistry of SD4
was determined on the basis of coupling constants and NOESY experiments. The E-double
bond was determined by NOESY cross—peak between an olefinic proton at 8 5.83 (H-15)
and a methine proton at 8 2,35 (H-14). Thus, compound SD4 was assigned as taepeenin

K, a new compound,

Table 43 1H, 3C NMR, DEPT and HMBC spectral data of compound SD4

Position | &, (mult, J, Hz) 8.| DEPT | HMBC
1 1.70 (m) 39.6 CH, {2
0.98 (m)
2 1.68 (m) 18,8 CH,
1.48 (m)
3 1.45 (m) 42.1| CH, |5
1.19 (m)
4 33.2 C
5 0.86 (m) 55,2 CH |1,4,09,18,19,20
6 1.00 (m) 21.6{ CH, |10
7 1.51 (m) 31,3] CH, {5,6
1.35 (m)
8 1.49 (m) 4081 CH |13
9 1.18 (m) 4801 CH |1,5,14,20
10 ' 37.1 C
11 1.91 (m) 27.0] CH, |12
1.23 (m)
12 3.18 (br dd, J = 13.8, 3.0) 24.5| CH, |11,13,15
2.17 (m)
13 172.0 C
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Position | &, (mult, J, Hz) 8.| DEPT | HMBC
14 2.35 (m) 45,21 CH 1{9,12,13,15
15 5.83 (dd, J = 8.4, 0.9) 123.9| CH |12,14
16 10.00 (d, J = 8.4) 191.0f CH |13
17 1.05 (d, J = 7.2) 14.1| CH, |8,13,14
18 0.87 (s) 33.7| cH, |3,5,1¢9
19 0.83 (s) 22.0| CH, |8,5,18
20 0.81 (s) 140 cH, |[1,5,9,10

1.3.2.3.5 Compound SD5

Compound SD5 showed the molecular ion (M1 at m/z 290.2603 in

HREIMS spectrum in agreement with the formula C,oH;,0. The presence of hydroxyl

(3409 cm’") functionality was evident from IR absorption.

The 'H and "*C NMR spectral data of SD5 (Table 44, Figures 81 and 82)

showed characteristics similar to those of SD4 except that the oxymethylene protons at 8

4.12 (d, J = 7.2 Hz) replaced the aldehydic proton signal at 6 10.00. This finding was

supported by HMBC spectrum of SD5, in which the oxymethylene protons at 5 4.12 (2H-
16) were correlated with the carbons at 8 151.0 (C-13) and 118.7 (C-15). Compound
SD5 displayed the same relative stereochemistry as that of SD4. Therefore, compound SDS

was determined to be taepeenin L, a new compound.
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Position | 8, (mult, J, Hz) 8. | DEPT | HMBC

1 1.70 (m) 39.71 CH, | 2,5, 10,20
0.97 (m)

2 1.52 () 18.9| CH, | 1,38
1.39 (m)

3 1.43 (m) 42.2 | cH, |5, 18,19
1.18 (m)

4 33.2 C

5 0.83 (m) 55.8| CH {1,7,9,18,19, 20

6 1.64 (m) 21.7| CH, |10
1.30 (m)

7 1.50 (m) 317{ CH, | 5

8 1.53 (m) 407{ CH |7

9 1.18 (m) 4841 CH |1,5,7

10 37.0| C

11 1.78 (m) 26.6 | CH, |8,9,12,13
0.96 (m)

12 2.43 (m) 23.7 | CH, |9, 11,13, 14,15
1.90 (m)

13 151.0{ C

14 2.20 (m) 443 | CH }9,138,15,17

15 5.37 (td, J = 7.2, 1.5) 1187 CH |12,14,16

16 4.12 (d,J=17.2) 58.7] CH, | 13,15

17 0.95 (d, J = 7.2) 14.4{ CH, |8,13,14

18 0.86 (s) 33.7| CH, |3,4,5, 19

19 0.82 (s) 22.1| CH, {3,4,5,18

20 0.79 (s) 14.2 | CH, |1,5,9,10
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1.3.2.3.6 Compound SD6

Compound SD6 was obtained as colorless viscous oil. The UV spectrum
exhibited absorption bands similar to those of SD2. The IR spectrum showed absorption
band of hydroxyl group at 3484 cm™, The 'H and °C NMR spectral data (Table 45,
Figures 83 and 84) were closely related to those of SD2, except for the oxymethine proton
signal at 8 4.47 (dd, J = 4.8, 3.0 Hz) assignable to H-6. On the basis of HMBC
experiment, this proton was correlated with carbons at & 56.4 (C-5), 37.7 (C-10), 34.1
(C-4) and 30.5 (C-8), indicating that the hydroxyl group was located at C-6. Judging
from the small J values (J = 4.8, 3.0 Hz) of oxymethine proton H-6, the hydroxyl group
should have an axial orientation, Thus compound SD6 was assigned as 6[-

hydroxyvouacapane (Mendes et al., 1994),

Table 45 'H, *°C NMR, DEPT and HMBC spectral data of compound SD6

Position | &, (mult, J, Hz) 8. | DEPT | HMBC
1 1.70 (m), 1.07 (m) 42,5 | CH, | 5,9, 20
2 1.67 (m), 1.47 (m) 18.9| CH, | 1,10
3 1.44 (m), 1.21 (m) 43.8| CH, |1,18,19
4 341| C
5 0.97 (m) 56.4| CH {3,6,7,10,18,19,20
6 4.47 (dd, J = 4.8, 3.0) 67.5| CH |4,5,8,10
7 1.78 (m), 1.60 (m) 40.3| CH, |5,6,9,14
8 2.15 (it, J = 12.3, 4.5) 30.5| CH |6,7,9,11,14,17
g 1.52 (m) 46,0 CH j1,5,7,10,14, 20
10 377 C
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Position | &, (mult, J, Hz) 3. | DEPT | HMBC

11 2.60 (dd, J = 17.1, 6.9) 21.81 CH, |8,9,10,13,15
2.45 (dd, J = 17.1, 10.2)

12 149.7| C
13 122.2| C
14 2.63 (qd, J = 7.2, 4.5) 31.2| CH |8,9,13,15
15 6.18 (d, J = 1.8) 109.5| CH |12, 13
16 7.22 (d, J = 1.8) 144.2| CH |12,13,15
17 0.97 (d, J = 7.2) 17.7 | CH, |8, 18, 14
18 1.01 (s) 33.9| CH, |8,4,5,19
19 1.26 (s) 24.3] CH, |3,4,5,18
20 1.23 (s) 17.7) ¢, |1,5,9,10

Table 46 Comparison of “C NMR spectral data of compounds SD1-SD6

Position sD1 sD2 SD3 SD4 SD5 SD6
3a 3b*
1 39.8 39.7 | 39.9 | 39.4 | 39.6 39.7 42.5
2 19.2 18.7 19.2 | 18.8 | 18.8 18.9 18.9
3 41.7 42,0 | 41.7 | 41.8 | 421 42.2 43.8
4 33.5 33.2 33.5 | 33.1 33.2 33.2 34.1
5 49.9 552 | 49.9 | 54.2 | 552 55.8 56.4
6 19.5 21.5 195 | 21.4 | 216 21.7 67.5
7 28.0 31.2 | 28.0 | 28.6 | 31.3 31.7 40.3
8 128.1 357 | 127.3 | 44.2 | 40.8 40.7 | . 30.5
9 146.0 45.6 | 146.8 | 47.5 | 48.0 48.4 46.0
10 38.4 37.4 | 384 | 376 | 371 37.0 37.7
11 104.4 92.2 | 104.3 | 22.1 27.0 26.6 21.8
12 153.0 | 149.9 | 153.3 | 150.6 | 24.5 23.7 149.7
13 195.5 | 122.5 | 126.4 | 121.9 | 172.0 | 1510 | 122.2
14 128.1 31.5 | 127.3 | 40.3 | 45.2 44.3 31.2
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Table 46 {Continued)

Position SD1 Sbh2 SD3 Sb4 SDb SDh6
3a 3b*
15 104.9 109.5 102.6 | 108.5 123.9 118.7 109.5
16 144.1 140.3 162.3 | 140.6 191.0 58.7 144.2
17 15.7 17.5 15.9 24.6 14.1 14.4 17.7
18 33.3 33.7 33.3 33.4 33.7 33.7 33.9
19 21.7 22.2 21.7 22.1 22.0 22.1 24.3
20 20.4 14.4 28.3 14.3 14.0 14.2 179

*The position was 1', 27, 3',...

1.3.3 Structural elucidation of compounds from the bark of S. multiflora

Two new ent-kaurene type diterpenes, named as ent-16-kaurene-
3P,15pB,18-triol (BMC1) and ent-16-kaurcne-3-0xo-158,18-diol (BMC2), were
isolated from a dichloromethane extract from the bark of Suregada muitiflora along with
five known diterpenes: ent-kaur-16-ene-3f3,15B-diol (BMC3), abbeokutone (BMC4),
helioscopinolide A (BMC5), helioscopinolide C (BMC6) and helioscopinolide I (BMC7).

Their structures were elucidated on the basis of spectroscopic analysis.

1.8.3.1 Compound BMC1

Compound BMC1 was isolated as a white solid. It showed the M) at m/z
320.2351 (C,,H,,0,) in the HREIMS spectrum. The presence of hydroxyl (3337 cm )

functionality was evident from IR absorption.
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The "°C NMR and DEPT spectral data (Table 47, Figure 86) exhibited 20
carbons, attributable to two methyl, nine methylene, five methine and four quaternary
carbons indicating a diterpenoid. Two low-ficld signals at 6 108.3 and 159.1 represented
two carbons of an exocyclic double bond and the signals at & 82.6, 74.9 and 69.5
indicating the presence of three oxygenated carbons in the molecule.

The "I NMR spectral data (Table 47, Figure 85) displayed the presence
of two singlet signals at 8§ 1.02 (3H, s, Me-20) and 0.80 (3H, s, Me-19), a set of
methylene protons at & 5,19, 5.09 (each 1H, br s, 2H-17), two oxymethine protons at 6
3.59 (14, dd, J = 10.8, 6.0 Hz, H-3) and 3.78 (iH, s, H-15), and a methine proton
at & 2,73 (1H, br s, H-13). These data indicated that compound BMC1 and BMC3 (Das
et al., 1994) were closely related, except for the replacement of the methyl proton signal at
& 1.00 with oxymethylene proton signals at & 3.58 and 3.33 (each 1H, d, J = 10.8 Hz,
2H-18). The location of oxymethylene protons was established as follows. An oxymethine
proton at & 3.59 (H-3) showed HMBC correlations with the carbons at & 69.5 (C-18),
48.7 (C-5), 26.1 (C-2) and 11.5 (C-19), a methine proton at & 0.90 (H-5) with the
carbons at 8 69.5 (C-18), 54.2 (C-9), 41.7 (C-4), 38.9 (C-10), 17.9 (C-20) and
11.5 (C-19), and the methyl protons at & 0.80 (Me-19) with the carbons at & 74.9 (C-
3), 69.5 (C-18), 48.7 (C-5) and 41.7 (C-4), confirming that oxymethylene protons
were attached to carbon C~18,

The relative stereochemistry at the important chiral centers was determined
on the basis of coupling constants and NOESY experiments, The large J value of proton H-
3 (J = 10.8 Hz) indicated an axial orientation (B-phase). On biogenetic grounds, the
methyl Me-20 was deduced to be c-oriented (Dewick P.M., 2001), and this methyl
group displayed NOESY cross-peaks with Me-19 and H-140. Hence Me-19 should also
be o.-oriented. On the other hand, the cross-peaks between H-3/H-56, H-5/H-9 and H-
9/H-15 suggested the B-orientation of H-3, H-5, H-9 and H-15. The appearance of an
oxymethine proton H-15 as a singlet also supported its B-orientation (Jia et al., 1994).

The structure of compound BMC1 was elucidated as ent-16-kaurene-3[3,153,18-triol, a

new compound.
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Position | 8, (mult, J, Hz) 8. | DEPT | HMBC
1 1.85 (m) 38.4| CH, |2,5,9,10,20
2 1.60 (m) 26.1 | CH, {10
3 3.59 (dd, J = 10.8, 6.0) 74.9| CH |{2,5,18,19
4 17| ¢ |
5 0.90 (m) 48,71 CH |4,9, 10,18, 19,20
6 1.54 (m) 18.0{ CH, |10
7 1.83 (m) 3471 CH, {9
1.39 (m)
8 47.3| C
9 1.00 (m) 54.2| CH |1,s8, 10,15, 20
10 38.9| C
11 1.63 (m) 19.0| CH, |8,9,10
1.42 (m)
12 1.48 (m) 32.6 | CH, {9,14
13 2.73 (brs) 42,2 CH |11,12
14 1.85 (m) 36.1| CH, |17,9,15,16
1.35 (m)
15 3.78 (s) 82.6 | CH |9,13,14,186,17
16 i59.1| C
17 5.19 (brs) 108.3 | CH, |13,15,16
5.09 (br s)
18 3.58 (d, J = 10.8) 69.5| CH, |3,4,5,19
3.33 (d, J = 10.8)
19 0.80 (s) 11.5| CH, |3,4,5,18
20 1.02 (s) 17.9| CH, |1,5,9,10
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1.3.3.2 Compound BMC2

Compound BMCZ2, C,H 0, (IMI' m/z 318.2195), was obtained as
colorless viscous oil. The IR (3407 and 1694 cm ') absorption bands were characteristic
of hydroxyl and carbonyl groups, respectively. The C NMR spectral data (Table 48)
showed a total of 20 carbons with one carbonyl carbon at & 219.0. The 'H and "°C NMR
specira of BMIC2 (Table 48, Figures 87 and 88) resembled those of BMC1 except that
the hydroxyl at C-3 in BMC1 was replaced by a keto group in BMC2 which was
displayed as the disappearance of an oxymethine proton signal (H-3) of BMC1 at & 3.59.
This finding was supported by HMBC spectrum of BMCZ2, in which the methyl protons at
& 1.03 (Me-19) were correlated with the carbons at 8 219.0 (C-3), 67.3 (C-18),
52.2 (C-4) and 48.6 (C-5) and oxymethylene protons at & 3,64 and 3.43 (2H-18)
with the carbons at & 219.0 (C-3), 48.6 (C-5) and 16.8 (C-19). Thus, compound
BMC?2 was determined as ent—16-kaurene-3-oxo-158,18~diol.

Table 48 1H, e NMR, DEPT and HMBC spectral data of compound BMC2

Position | &, (mult, J, Hz) 8. | DEPT | HMBC
1 2.12 (dd, J = 13.2, 2.7) 38.6| CH, |2
2.09 (dd, J = 13.2, 2.7)
2 |2.61(ddd, J=16.8,12.3,7.2) | 354} CH, |3,10
2.35 (ddd, J = 16.8, 6.6, 2.7)

3 219.0{ C

4 52.2| C

5 | 1.74 (m) 48.6| cH |s,10
6 |1.67 (m), 1.59 (m) 18.5| cH, |7
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Position | O, (muit, J, Hz) 8.| DEPT | HMBC

7 1.78 (br dd, J = 9.6, 3.3) 34.2{ CH,
1.56 (m)

'8 52.7 c
1.16 (brd, J = 6.6) 542| CH |5,8

10 38.5| C

11 | 1.51 (m), 1.48 (m) 20.2| CH, |12

12 | 1.74 (m) 32.5| CH,

13 | 2.79 (brs) 42,1 | CH

14 | 1.92 (brd,J=12.0) 36.2| CH, |17,15,186
1.46 (m)

15 |3.84(s) 82.6| CH

16 159.8| C

17 5.24 (brs) 108.7| CH, {13,15,16
5.11 (brs)

18 | 3.64(d,J=11.1) 67.3| CH, |3,5,19
3.43 (d, J = 11.1)

19 | 1.03 (s) 16.8| CH, |8,4,5,18

20 | 1.20 (s) 17.56| CH, {1,5,9,10

1.3.3.3 Compound BMC3

Compound BMC3 was obtained as a colorless viscous oil. The IR spectrum

displayed the hydroxyl functionality at 3358 cm By comparison of 'H and C NMR

spectral data (Table 49, Figures 89 and 90) and BMC1 (Table 47), the signals of the

two oxymethylene protons at & 3.58 and 3.33 (each d, J = 10.8 Hz} were not observed in
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BMC3 aﬁd three methyl singlets were displayed at 6 1.03, 1.00 and 0.79. This data
suggested that oxymethylene protons in BMC1 were replaced with methyl protons in
BMC3 which was located at C-18 based on HMBC experiment in which H-3 (6 3.21)
showed long-range correlation with carbons at & 38.8 (C—4), 28.4 {C-18) and 15.5
(C-19). On the basis of its spectroscopic data and comparison with those reported in the
literature (Das et al., 1994), compound BMC3 was assigned to be ent-kaurene-3p,15p-
diol.

Table 49 1I—I, Bc NMR, DEPT and HMBC spectral data of compound BMC3

Position | &, (mult, J, Hz) 8. | DEPT | HMBC
1 1.87 (m), 0.91 (m) 38.7| CH, |2,5, 10,20
2 1.69 (m), 1.63 (m) 27.1] CH, 1,10
3 3.21 (dd, J = 10.8, 5.4) 79.0| CH |4,18,19
4 38.8| C
5 0.76 (dd, J = 8.1, 2.7) 55,0 CH |4,86,1,18,19, 20
6 1.72 (), 1.63 (m) 19.2{ CH, |5,8
7 1.75 (m), 1.47 (m) 35.2| CH, |5,9
8 475 C
9 1.01 (m) 54.1| CH |5,8, 14, 15,20
10 39.2| C
11 | 1.43 (m), 1.29 (m) 18.1] CH, |[8,12
12 | 1.67 (m), 1.54 (m) 82.7{ CH, |14
13 | 2.75 (brs) 423 CH |8
14 | 1.90 (m) 36.2| CH, | 8,12,15,16
15 | 3.80 (s) 829| CH |9,183,14
16 160.3] C
17 | 5.21 (brs) 108.3| CH, |13
5.08 (brt, J = 0.6)
18 | 1.00 (s) 28.4| CH, |3,4,5,19
19 | 0.79 (s) 15,5 CH, |3,4,5,18
20 | 1.03(s) 17.6 | CcH, |1,5,9,10
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1.3.3.4 Compound BMC4

Compound BMC4 was isolated as colorless viscous oil. The IR spectrum
exhibited absorption bands of hydroxyl (8407 cm ") and carbonyl (1698 em™) groups.
The 'H and '°C NMR spectral data (Table 50, Figures 91 and 92) were comparable to
those of BMCZ2. The differences were shown in the absence of olefinic protons at & 5.24
and 5.11 (each br s, 2H-17) and an oxymethine proton at & 3.84 (s, H-15). A closer
analysis of the *C NMR data and DEPT experiments allowed the identification of three
oxygenated carbons including an oxymethylene, an oxyquarternary and a carbonyl carbons.
in 'H NMR spectral data, the presence of the oxymethylene protons at & 3.74 and 3.62
(each d, J = 10.8 Hz) was observed which showed correlations with carbons at 8 81.7
(C-186), 52,8 (C-15) and 45.3 (C-13) by HMBC experiments indicating that hydroxyl
groups were attached to C-16 and C-17. The correlation of methyl protons at 5 0.98
(Me-19) with carbons at & 216.0 (C-3), 54.3 (C-5), 47.2 (C-4) and 27.2 (Me~18)
confirmed the location of carbonyl carbon at C-3. The relative stereochemistry of BMC4
showed similarity with BMC2.

A survey of the literature for 16, 17-dihydroxy-ent-kauranoids revealed
that the chemical shifts for tertiary hydroxyl group at C~16 and C-17 positions are
sensitive towards the relative orientations of these substituents at C-16. In general, C-16
and C-17 of ent-kauranoids showed resonances between & 79.7-79.8 (C-16[) and
69.5-70.4 (CH,-170) and between & 81.6-81.8 (C-16a) and 66.2-66.5 (CH,-
17p). This characteristic of ¢ NMR shiclding behaviour led to assignmenf of the
stereochemistry (Agrawal et al.,, 1995), The C-16 and C-17 signals for this compound
were found to appear at & 81,7 and 66.3, thus reflecting the c~orientation of the tertiary
hydroxyl group at C-16. This meant that BMC4 was identified to be abbeokutone which

was previously isolated from Euphorbia sicboldiana (Agrawal et al., 1995).
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Position | O, (mult, J, Hz) 8. |{ DEPT | HMBC

1 1.94 (dd, J = 13.2, 6.3) 39.2| CH, |2,3,5,10,20
1.33 (m)

2 2.42 (dd, J = 8.7, 6.3) 34.0| CH, |1,3,4,10

3 216.0| C

4 472 C

5 1.37 (m) 54,3} CH |3,18,19,20

8 1.47 (m), 1.39 (m) 216| CH, 5,7

7 1.63 (m), 1.45 (m) 409| CH, |5,8,14

8 444| C

9 1.04 (m) 55.3| CH |1,5,7,10,12,15

10 385| C

11 | 1.52 (m) 18.8| CH, |8, 10,13

12 | 1.54 (m) 26.0| CH, |14

13 | 2.02(brd,J=3.6) 45.3| CH

14 | 1.86 (m), 1.56 (m) 39.9| CH, |15

15 | 1.52 (m), 1.44 (m) 52.8| CH |16

16 81.7| C

17 | 3.74 (d, J = 10.8) 66.3| CH, |13,15,16
3.62 (d, J = 10.8)

18 1.03 (s) 27.2| CH, |3,4,5,19

19 0.98 (s) 20.9| CH, |3,4,5,18

20 1.03 (s) 17.8] CH, |1,5,9,10
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1.3.3.5 Compound BMC5

Compound BMC5 was isolated as a white solid, mp 175-176 °C, The IR
spectrum suggested hydroxyl (3463 em™), conjugated ester (1739 ¢cm™) and double bond
(1663 cm’') functionalities. The UV absorption maxima at 205 and 275 nm again
suggested the presence of conjugation in the molecule.

Its **C NMR spectral data (Table 51, Figure 94) showed 20 signals for
20 carbons suggesting that compound BMCES was a diterpenoid. The 'H NMR spectral data
(Table 51, Figure 93) displayed typical signals of abiatene—type diterpene as three singlet
methyl signals at 8 1.04 (Me-19), 0.94 (Me-20) and 0.83 (Me-18), one vinylic
methy! signal at 8 1.83 (d, J = 1.5 Hz, Me-17), one olefinic proton signal at & 6.29 (s,
H-14), and one oxymethine proton signal at & 4.87 (ddd, J = 13.5, 6.6, 1.5 Hz, H-
12). The oxymethine proton signals at & 3.29 (dd, J = 11.4, 4.2 Hz), two AB systems of
methylene proton signals at & 2.55 (dd, J = 13.5, 6.6 Hz), 1.77 (dd, J = 13.5, 4.2 Hz)
and 2.53 (ddd, J = 13.5, 4.2, 2.4 Hz), 2.22 (br dd, J = 13.5, 5.1 Hz), and two
methine proton signals at 8 2.16 (br d, J = 8,7 Hz) and 1.16 (dd, J = 12.3, 2.4 Hz)
were assigned as H-3, 2H-11, 2H-7, H-9 and H-5, respectively. On the basis of
HMBC experiment, the correlations of a methine proton at 8 3.29 (H-3) with carbons at
8 39.1 (C-4), of methine proton at 8 1,16 (H-5) with carbons at & 78.5 (C-3), 39.1
(C-4), 51.6 (C-9), 41.2 (C-10); 28.7 (Me-19), 16,7 (C~20) and 15.6 (Mc-18),
and of olefinic proton at & 6.29 (H-14) with carbons at 8 156.3 (C-13), 116.4 (C-
15), 76.1 (C-12), 51.6 (C-9) and 36.9 (C~7) confirmed the structure of BMC35.

The relative stereochemistry at the important chiral centers was determined
on the basis of coupling constants and NOESY experiments. The large J value of proton H-

38 (J = 11.4 Hz) indicated an axial orientation (B-phase). On biogenetic grounds, the
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methyl Me-20 was deduced to be o-oriented (Dewick P.M., 2001), and this methyl

group displayed NOESY cross-peak with Me~19. Hence Me-19 should also be o-

oriented, Thus, compound BMC5 was identified as helioscopinolide A (Borghi et al.,

1991).

Table 51 1H, ®C NMR, DEPT and HMBC spectral data of compound BMC5

Position | 8, (mult, J, Hz) . 8. | DEPT | HMBC
1 1.97 (dt, J = 12.9, 3.6) 37.4| CH, |29, 10,20
1.25 (m)
2 1.60 (m) 27.4| CH, |3
1.50 (m)
3 3.29 (dd, J = 11.4, 4.2) 78.5| CH |4,18,19
4 39.1| C
5 1.16 (dd, J = 12.8, 2.4) 544| CH |3,4,9,10,18,19,20
6 1.87 (m) 23.4| CH, |5
1.45 (m)
7 2.53 (ddd, J = 18.5, 4.2, 2.4) 36.9| CH, |8,13
2.22 (br dd, J = 13.5, 5.1)
8 151.7| C ,
9 2.16 (brd, J = 8.7) 51.6| CH |8,10,11,12, 14,20
10 412 | C
11 | 2.55 (dd, J = 13.5, 6.6) 27.5| CH, |8,9,10,12,13
1.77 (dd, J = 13.5, 4.2)
12 | 4.87 (ddd, J = 13.5, 6.6, 1.5) 76,1 CH |11,138
13 156.3| C
14 | 6.29 (s) 114.2| CcH |17,9,12,18,15
15 1164 C |
16 174.0| C
17 11.83(d,J=1.5) 8.2| CH, |18,15,16
18 | 0.83 (s) 15.6 | CH, |3,4,5,19
19 | 1.04 (s) 28.7| CH, {3,4,5,18
20 | 0.94 (s) 16.7| CH, |1,5,9,10
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1.3.3.6 Compound BMC6

Compound BMC®6 was isolated as a white solid, mp 197~198 °c, Its IR
and UV spectrum showed absorption bands similar to compound BMCS5. The ®C and 'H
NMR spectral data (Table 52, Figures 95 and 96) of compound BMCG revealed close
structural similarity to compound BMCS5, except that compound BMC6 displayed a signal
of carbonyl carbon at 8. 209.4 and those of methylenc protons at &, 2.74 and 2.39 {each
d, J = 12.3 Hz, H-1) in BMC6 were more downfield than methylene protons in BMCS5
because of deshielding zone of the carbonyl group. On the basis of HMBC correlations, an
oxymethine proton at & 3.97 (H-3) showed correlations with carbons at & 209.4 (C-2),
45.1 (C-4), 29.6 (C-19) and 16.5 (C-18) confirming the attachment of a carbonyl
group at C-2. Thus compound BMC6 was assigned as helioscopinolide C (Crespi-
Perellino et al., 1996).

Table 52 lH, 'C NMR, DEPT and HMBC spectral data of compound BMC6

Position | &, (muit, J, Hz) 5. | DEPT | HMBC
1 | 2.74 (d,T=12.3) 51.3| oy, |2, 3,5,10,20
9.39 (d, J = 12.3)
2 209.4 C
3 3.97 (d,J=1.2) 82,5 CH 2, 4,18, 19
4 45.1 C
5 11.83(dd,J=13.8,2.4) | 53.5| CH |1,4,6,7,9,10,18,19, 20
6 |1.99 (m) 23.1| CH, |4,5,7,8,10

1.54 (td, J = 12.9, 4.2)
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Position | &, (mult, J, Hz) 3. | DEPT | HMBC

7 2.61 (m) 36.4] CH, |8,9
2.28 (m) '

8 149.2| C

9 2.50 (brd, J = 8.7) 51.4| CH |1,8,10,11, 14, 20

10 469| C

11 2.41 (m) 27.8| CH, |8,9,10,12,13
1.63 (m)

12 4,85 (dd, J=13.8,56.1) | 75.3| CH |13

13 155.0| C

14 6.36 (s) 1155| CH |7,9,12,13,15

15 1176 | ¢

16 1749| C

17 1.85 (d, 7= 1.2) 8.4 | CH, |183,15,16

18 0.71 (s) 16.5 | CH, |4,5,19

19 1.23 (s) 29,6 | CH, |4,5,18

20 0.92 (s) 17.4| CH, |1,5,9,10

1.3.3.7 Compound BMC7

Compound BMC7 was obtained as a white solid, mp 211-212.5 °C. The

UV and IR spectrum showed absorption bands similar to those of BMC6, The 'H and '°C

NMR spectral data (Table 53, Figures 97 and 98) were closely related to those of BMCB6,
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except for the appearance of the olefinic proton signal at & 6.42 (s) and hydroxyl signal at

8 6.10 (s) assignable, respectively to H-1 and OH at C-2 on the A ring of diterpene. On

the basis of HMBC experiment, the double bond was located at C-1 and C-2 by
correlation of methyl protons at § 1.16 (Me~20) with carbons at 3 123.4 (C-1), 52.6
(C-5), 48.2 (C~9) and 41.7 (C-10). Thus compound BMC7 was identified to be

helioscopinolide I (Crespi-Perellino et al., 1996).

Table 53 1H, e NMR, DEPT and HMBC spectral data of compound BMC7

Position | &, (mult, J, Hz) 8. | DEPT | HMBC
1 6.42 (s) 123.4| CH |2,8,5,9,20
2 1451 C
3 200.1| C
4 440| C
5 2.00 (dd, J = 12.6, 2.4) 52.6 | CH |4, 18,19, 20
6 1.86 (m), 1.63 (m) 23.0| CH, |5,8,10
7 2.63 (ddd, J = 13.5, 3.0, 2.7) | 36.7| CH, [5,6
2.30 (m)
8 1489 | C
9 2.49 (brd, J = 8.7) 48.2| CH |8, 10,11, 12, 14,20
10 417 C
11 2.70 (dd, J = 6.3, 3.8) 27.6 | CH, |8,9,10,12,13
1.70 (dd, J = 13.8, 8.7)
12 4.88 (dd, J = 13.2, 4.8) 75.4 | CH
13 155.0| C
14 6.39 (brs) 116.0| CH |7,8,9,12,13
15 1176 | C
16 174.9| C
17 1.86 (d, J = 1.2) 8.4 | CH, |13,15,16
18 1.15 (s) 22.1| CH, |8,4,5,19
19 1.27 (s) 27.0| CH, |8,4,5,18
20 1.16 (s) 19.4| CH, |1,5,9,10
OoH 6.10 (s) 1,23




Table 54 Comparison of *C NMR spectral data of compounds BMC1-BMC7

Position | BMC1 | BMC2 | BMC3 | BMC4 | BMC5 | BMC6 | BMC7
1 384 38.6 38.7 39.2 37.4 51.3 123.4
2 26.1 35.4 27.1 34.0 27.4 209.4 | 1456.1
3 74.9 219.0 79.0 216.0 78.5 82.5 200.1
4 41.7 52.2 38.8 47.2 39.1 45.1 44.0
5 48.7 48.6 55.0 54.3 54.4 53.5 52.6
6 18.0 18.56 19.2 21.6 23.4 23.1 23.0
7 34.7 34.2 356.2 40.9 36.9 36.4 36.7
8 47,3 52.7 47.5 44.4 161.7 149.2 | 148.9
9 54.2 54.2 54,1 55.3 51.6 51.4 48.2
10 38.9 38.5 39.2 38.5 41.2 46.9 41.7
11 19.0 20.2 18.1 18.8 27.5 27.8 27.6
12 32.6 32.5 32.7 26.0 76.1 75.3 75.4
13 42.2 42.1 42.3 45.3 156.3 155.0 | 155.0
14 36.1 36.2 36.2 39.9 114.2 115.5 | 116.0
15 82.6 82.6 82.9 52.8 116.4 117.6 | 117.6
16 159.1 169.8 160.3 81.7 174.0 174.9 | 174.9
17 108.3 108.7 108.3 66.3 8.2 8.4 8.4
18 69.5 67.3 28.4 27.2 15.6 16.5 22.1
19 11.5 16.8 16.5 20.9 28.7 29.6 27.0
20 17.9 17.5 17.6 17.8 16.7 17.4 19.4
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1.3.4 Bioactivities of isolated compounds from B. pandurata, C. crista and S.

multiflora

In this research, we isolated several compounds from B. pandurata, C.

crista and S. multiffora including diterpene and chalcone groups. These plants showed

different biological activities, However, the bioactive tests were chosen according to

literature report such as B. pandurata exhibited anti-HIV-1 PR activity, C. crista:

antimalarial activity and S. multiflora: anti-allergic activity,
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1.3.4.1 Activity of isolated compounds from B. pandurata on anti~-HIV-1 PR

activity

The human immunodeficiency virus type-1 (HIV-1), a member of
retrovirus family, has been a causative organism in an acquired immunodeficiency
syndrome (AIDS). One of the important enzymes necessary for the replication of this virus
is HIV-1 protease (HIV-1 PR). HIV-1 PR belongs to the aspartyl protcase class and
functions as a dimer of 99 amino acids each. This enzyme plays a crucial role in the
process of viral matufation and infectivity. Thus, searching for HIV-1 PR inhibitors from
natural sources has become a promising approach. Herein, I report the activity against
HIV-1 PR of chalcone derivatives from this plant. The compounds (BP1-BP86) isolated
from the rhizomes of B. pandurata were investigated for anti-HIV-1 PR activity. Among
the isolated compounds tested, BP3 exhibited the most potent HIV-1 PR inhibitory activity
with an IC,, value of 5.6 pM, foilowed by BP2 (IC,, = 18.7 pM), whereas other
compounds possessed weak activity (Table 55). Structure-activity relationships of these
class of compounds for anti- HIV-1 PR activity are summarized as follows: (1) hydroxyl
moiety at position 4 conferred higher activity than the methoxyl group as observed in BP3
(IC,, = 5.6 uM) versus BP2 (IC,, = 18.7 pM); and (2) prenylation of dihydrochalcone
(BP3, IC,, = 5.6 pM) produced higher activity than non-prenylated one (BPS5, IC,, >
100 puM). The potency of BP3 against HIV-1 PR was also comparable to that of acetyl
pepstatin, a positive control (IC,, = 3.4 pM).
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Table 55 HIV-1 PR inhibitory activity of compounds BP1-BP6 of B. pandurata’y () =
%inhibition at 100 pM

Compounds IC,, (uM)
Panduratin C (BP1) > 100 (43.1%)
Panduratin A (BP2) 18.7t 0.8
Hydroxypanduratin A (BP3) 5.6 0.7
Helichrysetin (BP4) >100 (14.1%)
2', 4', 6/ ~Trihydroxyhydrochaicone (BP5) >100 (7.5%)
Uvagoletin (BP6) >100 (2.7%)
Acetyl pepstatin, positive control 3.4t 0.2

* Each value represents the mean -+ SD of the three determinations.

1.3.4.2 Activity of isolated compounds from C., crista on antimalarial aclivity

The effective dose (EDy,) of cassane and norcassane type diterpenes, SC1-
SC10, RH1-RH4 and SD1-SD6 for antimalaria suggested inactivity (ED,, >50 pg/ml),
whereas rosane—type diterpene (SC10) exhibited significant antimalaria with ED,, values

of 4.1 pg/mi.

1.3.4.3 Activity of isolated compounds from S. multiflora on antiallergic activity

As shown in Table 56, enf-16-kaurene-3§3,153,18-triol (BMC1)
exhibited the most potent activity with an IC,, value of 22.5 uM, followed by enr-16-
kaurene-3-oxo0-158,18~diol (BMCZ2, IC,, = 22.9 pM), helioscopinolide A (BMCS5,
IC,, = 26.5 uM), ent-kaurene-3pB,153~diol (BMC3, IC,, = 28.7 HM), helioscopinolide
I (BMC7, IC,, = 29.3 uM), helioscopinolide C (BMC6, IC,, = 37.0 pUM) and
abbeokutone (BMC4, IC,, = 42.1 pM). All these compounds possessed stronger anti-
allergic activity than ketotifen fumarate, a positive control (IC,, = 47.5 puM). These
compounds were also tested on the enzyme activity of ~hexosaminidase. As a result, they

showed weak inhibition against this enzyme activity at 100 pM, whose results indicated
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the inhibition of the antigen-induced degranulation but not the activity of PB-

hexosaminidase.

Table 56 Anti-allergic activity of compounds (BMC1-BMC7) from S. multiflora’

Compound IC,, Enzyme inhibition at
(uM) 100 uM
ent-16-Kaurene-30,15p,18-triol (BMC1) 22.5 14.3%
ent-3-0xo-16-kaurene-1503,18~diol 22.9 17.9%
(BMC2)
ent-16-Kaurene-33,15p~diol (BMC3) 28.7 21.0%
Abbeokutone (BMC4) 42.1 16.1%
Helioscopinolide A (BMC5) 26.5 19.5%
Helioscopinolide C (BMC6) 37.0 18.6%
Helioscopinolide 1 (BMC7) 29.3 21.7%
Ketotifen fumarate 47.5 15.8%

“Each value represents mean + S.E.M. of four determinations.




CHAPTER 1.4
CONCLUSION

Searching for anti-HIV-1 protease (PR) inhibitors from Thai medicinal
plants led to the isolation of a new cyclohexenylchalcone named panduratin C (BP1),
chalcone derivatives: panduratin A (BP2), hydroxypanduratin A (BP3), helichrysetin
(BP4), 9’4’ 6 -trihydroxyhydrochalcone (BP5), uvangoletin (BP6), two aromatics:
dihydro-pinosylvin (BP7), methyl trans-cinnamate (BP8), and three flavanones:
pinocembrin (BP9), pinostrobin (BP10) and alpinetin (BP1 1) from methanol extract of
B. pandurata thizomes. The structures of all compounds were elucidated on the basis of
chemical and spectroscopic methods, It was found that BP3 possessed the most potent anti-
HIV-1 PR activity with an IC,, value of 5.6 uM, followed by BP2 (IC,, = 18.7 pM),
whereas other compounds exhibited only mild activity. Structure-activity relationships of
these compounds on anti-HIV-1 PR activity are summarized as follows: (1) hydroxyl
moiety at position 4 conferred higher activity than methoxyl group, (2) prenylation of
dihydrochalcone was essential for activity; and (3) introduction of double bond at C-0, and
C-PB of chalcone gave higher activity. As regards of active constituents contained in B.
pandurata rhizomes, hydroxypanduratin A (BP3) and panduratin A (BP2) are active
principles against HIV-1 PR.

Eight new cassane-type diterpenes, named taepeenin A-D, F and G (sC1-
SC5, SC9), and two new norcassane-type diterpenes, named nortaepeenin A and B (SC6
and SC7), 'were isolated from the stems of C. crista along with two known diterpenes:
methyl vinhaticoate (SC8) and ent-11B~hydroxy-rosa-5,15~diene (SC10). In addition,
the structure of SC1 was confirmed by X-ray diffraction analysis. Six compounds were
isolated from roots of C. crista including three new cassane—type diterpenes: taepaenin E
(RH1), H (RH3) and I (RH4), and three known compounds: vinhaticoic acid (RH2),
nutiducol (RH5) and stipulin (RH6). A new dimer SD3 and two new cassane-type
diterpenes SC4 and SC5, designated taepeenin J-L, together with three known compounds:
17 -methyivonacapane-8(14),9(11)~diene  (SD1), vouacapane (SD2) and 603-
hydroxyvouacapane (SD6) were isolated from the seeds of this plants. SD3 possesses a

dimeric vouacapane skeleton.
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Two ent-kaurene diterpenes, ent~16-kaurene-3f3,1503,18-triol (BMC1)
and  ent-3-oxo-16-kaurene-158,18-diol (BMCZ2), were isolated from a
dichloromethane extract of the bark of Suregada multiflora along with five known
diterpenes:  ent-16~-kaurene-3B,15B-diol  (BMC3),  abbeokutone  (BMC4),
helioscopinolide A (BMC5), helioscopinolide C (BMC6) aﬁd helioscopinolide I (BMCT7).
Compounds BMC1-BMC7 possessed appreciable anti-allergic activities in RBL-2H3
cells model with IC,, values ranging from 22.5 to 42.2 pM.




Part II

Search for Novel Terpenes in Erythropodium caribaeorum and
Study for Carotenoids from a Coral-Derived Micrococcus

strain PAH8 3




CHAPTER 2.1
INTRODUCTION

2.1.1 Search for novel terpenes in Erythropodium caribaeorum

2.1.1.1 Introduction

Natural products from terrestrial plants have been exploited by humans for a
long time for many purposes such as food, medicines, fragrances, pigments, pesticides,
herbicides, fungicides and insecticides. However, during the 1960s, the use of scuba diving
technology opened up areas of unexplored marine environments that enabled researchers to
collect the marine organisms which led to the discovery of a broad spectrum of novel
molecular structures. Since investigations of the 1970s, drug discovery from the world’s
oceans has already become a valuable tool in biomedicine. Even with this success, chemists
and pharmacologists are still just beginning to explore the world’s ocean because the oceans
cover over 70% of the Earth’s surface.

The marine environment is a rich source of biologically active natural
products, many of which have not been found in terrestrial sources {Carte, 1996). This is
due to the physical, chemical and biological differences between marine and terrestrial
envirenments: (i) the high quantity of elemental compounds in the sea such as salt content
and halogen elements (Cl*, 19,000 mg I''; Br, 65 mg 17} and I /10", 5 x 10 mg 1)
(Proksch, et al. 2002); (ii) the various pressure that increases 1 atm at every ten meters in
the depths of the ocean; and (iii) unusually high or low temperatures and reduced light in
the seawater. These propertics make the food chains in ocean environments exceedingly
complex.,

Gorgonians, also known as sea whips, sea fans or sea plumes, are
prominent members of tropical and subtropic habitats world wide, In the Bahamas and
Florida, gorgonians represent an estimated 38% of the known fauna with over 195 species
documented from the families Briateidae, Plexauridae and Gorgoniidae (Bayer, 1961).
These organisms have proven to be a prolific source of novel bioactive natural products,
particularly terpenes which exhibit a range of biomedical activities (Fenical, 1987 and

Rodriguez, 1995).
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Eleutherobin is a microtubule-stabilizing diterpenoid glycoside originally
isolated from the rare Australian octoacoral FEleutherobia sp. (Lindel et al,, 1997).
Although two elegant total syntheses of eleutherobin have been reporied {(Nicolaou et al.,
1998; Chen et al.,, 1999), the anticancer potential of eleutherobin has never been fully
evaluated because total synthesis and the original natural source both failed to provide
sufficient material for effective in vivo testing. Recently, it was discovered that
Erythropodium caribacorum, a relatively abundant Caribbean gorgonian, is a good source of
eleuthesides, and it has provided sufficient elentherobin for preliminary animal studies

(Scafati et al., 2002) and chemical transformations {o new analogues.

Figure B Erythropodinm caribacorum
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2.1.1.2 Review of literatures

E. caribaeorum is an encrusting gorgonian, and previous chemical
investigations of this organism resulted in the isolation of over 10 briarane and eunicellane
skeleton, including erythrolides A-Q (Look et al., 1984y Pﬁrdesimo et al., 1991; Dookran
et al., 1993; Banjoo et al,,2002), acetate analogues of E, F, and H (Maharaj et al.,
1999), and eleuthesides (Scafati, 2002).
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7: R = H, R, = CO,CH,; Sarcodictyin 11: R = Ac; Erythrolide A

8: R = CH,, R, = H; Methylcaribacorane 12: R = COCH,0C(O)CH,; Erythrolide L
9: R = CH,, R, = H; 15-Hydroxycaribae

10: R = R, = H; Caribaeorane

13: R, = R, = R, = Ac; 3-Acetylerythrolide E

14: R, = (CO)CH,0(CO)CH,, R, = R; = Ac; 3-Acetylerythrolide I
15: R, = R, = Ac, R, = H; Erythrolide E

16: R, = (CO)CHzo(CO)CHa, R, = H, R, = Ac; Erythrolide I

17: R, = H, R, = (CO)CH,0(CO)CH,, R, = Ac; Erythrolide F

[o] .
18: Erythrolide B 19: Erythrolide K~ 20: R = Ac; 16-Acetylerythrolide H

21: R = H; Erythrolide H
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22: R = Ac; Erythrolide C 24: R = CH,; Erythrolide M
23: R = (CO)CH,0(CO)CH,; Erythrolide D 25: R = CH,OH; Erythrolide N
ke OCOCH,CH(CH,)0A:

27: Erythrolide O

d
A 3 %
AcO CH, 3 CH,
Hy
28: R = H; Erythrolide P 30: Erythrolide G 31: Erythrodiene

29: R = Ac; Erythrolide Q
2.1.2 Production of carotenoids by Micrococcus strain PAH83

2.1.2.1 Introduction

Carotenoids, found widely in microorganisms and plants, are important
natural pigments, displaying yellow, orange, and red colors. Carotenoids are generally C,,
tetraterpenoids formed from eight C, isoprenoid units joined head-to-tail, except at the
center where a tail-to~tail linkage reverses the order, resulting in a symmetrical molecule.
An important feature is a centrally located, extended conjugated double-bond system,
which constitutes the light—absorbing chromophore that gives carotenoids their attractive

color and provides the visible absorption spectrum that serves as a basis for their
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identification and quantification. The basic skeleton may be modified in many ways,
including cyclization, hydrogenation, dehydrogenation, introduction of oxygen functions,
rearrangement, chain shortening, or combinations thereof, resulting in a multitude of
structures. Hydrocarbon carotenoids (e.g. -carotene, lycopene) are known as carotenes,
and oxygenated derivatives are called xanthophylls. Comnion oxygen substituents are the
hydroxy (as in B-cryptoxanthin), keto (as in canthaxanthin), epoxy (as in violaxanthin),
and aldehyde (as in B-citraurin) groups. Carotenoids can be acyclic (e.g. lycopene),
monocyclic (e.g. Y-carotene), or bicyclic (e.g. 0~ and B-carotene). In nature, carotenoids
exist primarily in the more stable all-trans (or all-E) form, but small amounts of cis (or

Z) isomers do occur.

3-Cryptoxanthin
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{3-Citraurin

Industrially, carotenoid pigments such as [-carotene and astaxanthin, are
used as natural food colourants or feed additives in aquaculture, Several studies have shown
that carotenoids combat various types of cancer and other diseases because of their

antioxidant and/or provitamin A potential.

Astaxanthin

Micrococcus is a Gram-positive, aerobic bacterium which is a member of
the Micrococcaceae family., Micrococcus cells can be observed under the microscope as
spherical cells forming pairs or clusters. If cultured in broth or on nutrient agar, the colonies
may be red or yellow when observed unstained. Although these bacteria are common human
skin contaminant, they are relatively harmless to humans because they maintain a
saprophytic lifestyle. They can also be found in freshwater environments or in soil. Three

common species of Micrococcus are M. luteus, M. roseus, and M, varians
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Figure 6 Micrococcus strain PAHS3

2.1.2.2 Characterization of carotenoids in bacteria

The chemistry of carotenoids in photosynthetic bacteria has been reviewed
by Liaasen-Jensen (Liaaen—Jensen, 1978), About 80 different carotenoids are synthesized
by photosynthetic bacteria. Their distribution in fouwr major families of photosynthetic
bacteria, namely the Rhodospirillaceae, Chromatiaceae, Chlorobiaceae, and
Chloroflexaceae, has been reviewed. In general, the characteristics of carotenoids in
photosynthetic bacteria are as follows: (1) Most carotenoids are an aliphatic type, except
for some aromatic or B end group types in the Chlorobiaceae, and Chloroflexaceae; (2) the
cross—conjugated aldehyde and the tertiary methoxy group are confined to the carotenoids
of photosynthetic bacteria; (3) several kinds of carotenoids are found in each species; (4)
all the carotenoids are bound to light-harvesting or reaction center complexes; and (5)
structural elements such as allenic or acetylenic bonds, epoxides or furanoxides, or C,4 or
C,, carotenoids are not encountered (Takaichi and Shimada, 1992).

It is well known that the positions on the main A, are characteristic of the

chromophores of the individual carotencids. A, is mainly influenced by the number of

conjugated C=C double bonds (N) in compounds, and A___ increases as N increases, The
main A__. of phytoene (N = 3) in methanol is 285 nm and that spirilloxanthin (N = 13) is
492 nm. The conjugated B ring influences the chromophore. A carotenocid in which the

conjugation extends into the 3 ring has its A_,_at shorter wavelengths than a nonconjugated
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B ring-type carotenoid with the same N value. Thus, in N = 11 carotenoids, lycopene
(nonconjugated P ring-type) has its main A, at 468 nm, while rubixanthin (one-
conjugated [ ring-type) and B-carotene (two-conjugated  ring-type) have their main

Ao, at 458 and 449 nm, respectively.
2.1.3 Objective

A key finding in any terpene biosynthetic study is identifying the structure
of the terpene synthase product. From a recent study using radioactivity-guided isolations
coupled with a detailed NMR-guided analysis of the hydrocarbon fraction of E.
caribarorum, Kerr lab has shown that compound 32 is the cyclase product leading to
desmethyleleutherobin (4). As reported by the Andersen group (Cinel et al., 1999),
eleutherobin is an artifact and its desmethyl derivative is the true natural product, Thus, this
research is now in a position to purify and sequence the terpene synthase responsible for the

production of 32 and study for production of carotenoids from Miccrococcus strain

PAHS83.
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Scheme 8 Proposed biosynthesis of desmethyleteutherobin (4)




CHAPTER 2.2
EXPERIMENTAL

2.2.1 Instruments and Chemicals

Absorbance measurements were carried out by using a Nanodrop ND-1000
spectrophotometer. HPLC apparatus (Series 200 pump, 785A UV/Vis detector; series
250 Binary and Isocratic LC pump, LC 235 diode array and LC 30 RI detector) was from
Perkin Elmer. HPLC~APCI-MS from an Accela instrument (Thermo Electron Corporation)
equipped with automatic sample injector, photodiode-array detector (PDA) and Finnigan
LXQ series APCI mass selectivity detector was used. GC-MS was carried out on Focus GC
from Thermo Electron Corporation. Nuclear magnetic resonance spectra were recorded on
FTNMR Bruker Ultra Shield'" 300 MHz in chloroform-d, benzene-d, and methanol-d,
solutions. Solvents for extraction and chromatography were HPLC and LC grade reagent,
Flash column chromatography (FCC) was performed on silica gel 200-425 mesh of
Fisher ChemAlert Guide, Precoated plates of silica gel 60 GF,,, (EMD) was used for

analytical purposes.

2.2.2 Material

Samples of E. caribacorum were collected at a depth of 20 ft off Dania
Beach, Florida, USA. The Micrococcus strain PAH83 was isolated from the octocoral

Pseudopterogorgia acerosa collected from the Bahamas,
2.2.3 Extractions and Isolations

2.2.3,1 Isolation and Chemical Investigation from E. caribacorum

Freeze-dried E. caribacorum (383,3 g) was immersed in EtOAc~-MeOH

(1:1, v/v) (each 8 x 4l, 3 days) at room temperature. The crude extract was filtered and
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evaporated under reduced pressure (rotatory evaporator) to afford a dark-brown gum

(28.42 g). This crude extract was further subjected to FCC using silica gel 190 g with

hexane and increasing polarity with EtOAc and MeOH, respectively (each 4 x 250 ml).

On the basis of their TLC characteristic, the collected fractions which contained the same

major componeits were combined; fractions ECIA-EC1Q were obtained (Table 57).

Table 57 Fractions from FCC of crude extract

Fractions Weight (g) Solvent systems
EC1A 0.2603 100% hexane

EC1B 00,3593 1004% hexane

EC1C 7.0468 909 hexane in EtOAc
EC1D 1.5806 909 hexane in EtOAc
EC1E 1.6302 809 hexane in EtOAc
EC1F 0.0876 809 hexane in EtOAc
EC1G 0.45256 70% hexane in BtOAc
EC1H 0.2386 709 hexane in EtOAc
EC1I 2.7693 5095 hexane in EtOAc
EC1} 2.0318 509 hexane in EtOAc
EC1K 0.7927 509 hexane in EtOAc
ECIL 0.1873 259 hexane in EtOAc
EC1M 1.1772 1009 FiOAc

ECIN 0.1372 509 EtOAc in MeOH
EC10 1.2057 509 EtOAc in MeOH
EC1P 0.9988 1009 MeOH

EC1Q 1.2263 1009 MeOH

Fractions EC1A was analyzed using 'H NMR (300 MHz) and GCMS.

From 'H NMR spectrum, the major compound was interested and was further separated by

HPLC on 250 x 4.6 mm ZORBAX RX C18, 5 pm column with 100% MeOH at a flow

of 1 ml/min. Spectra were recorded on-line from the elution peaks with a RI detector to

give fourteen peaks (fourteen subfractions, ECIA1-EC1A14). Subfraction EC1A7 (5.5

mg) afforded a pure sesquiterpene which was assigned as erythrodiene.
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Fractions EC1B-EC1D were identified by the same method as fraction
EC1A. These fractions showed NMR signals of long chain fatty acid derivatives and were

not further investigated.

For fraction EC1E, a pure steroid was crystallized from CH,Cl, which was

not further identified,
Fractions EC1F~EC1K were analyzed by LCMS on an Accela instrument

(Thermo Electron Corporation) equipped with automatic sample injector, photodiode-array
detector (PDA) and LXQ series APCI mass selectivity detector. Separation was performed
on 50 mm x 2.1 mm x 1.9 pum Hypersil Gold C18 column using the gradient solvent
system as follows: 0 to 1 min, 30% MeOH:H,0; 1 to 10 min, 100% MeOH; 10 to 15
min, 1009% MeOH. The flow rate was set to 0.4 mi/min, and injection volume was 1 plL
Erythrolides A and B were found as major components in fractions ECIK and EC1I,
respectively, and erythrolide A was crystallized with MeOH.

Fraction EC1P was separated by HPLC on Phenomenex Gemini C-18, 5y,
250x10 mm column using the gradient solvent system as follows: O to 10 min,
709%MeOH:H,0; 10 to 30 min, 100% MeOH, and then reequilibration to the starting
condition. Absorbance spectra were recorded on-line with LC-235 diode array detector
(Perkin Elmer) at 290 nm, The retention time at 22.52 and 26.32 min was suggested to
desacetyleleutherobin and eleutherobin which was confirmed by 'H NMR spectrum, In

addition, eleutherobin was compared with authentic sample.
2.2.3.2 Study for Production of Carotenoids from Miccrococcus strain PAHSB3
2.2.3.2.1 Growth Conditions

The microorganism was grown in a sterilized marine broth (Difo) medium

containing 5.0 g r peptone, 1.0 g i yeast extract at 30 °C. The initial pH was adjusted

to desired value with difute HCl and NaOH solutions and the medium was heat sterilized.
2.2.3.2.2 Analytical Methods

A 10 ml sample was taken from each flask at definite time intervals.

Great carc was taken to protect the samples from light. Absorbance measurements were




168

carried out by using a Nanodrop ND-1000 spectrophotometer. The medium without yeast
growth was used as the blank. The total carotenoid content was also determined
spectrophotometrically. The procedure used for the extraction of carotenoids was essentially
a modification of published methods (Jagannadham et al., 1991). Cells were first
centrifuged at 6,600g for 15 min. The supernatant was ‘discarded. The cell pellet was
rinsed twice with deionized water, then centrifuged again (6,500g, 15 min) and the
supernatant was discarded. Cells were mixed with methanol and blended to prevent clotting.
Samples were then wrapped with aluminum foil to protect them from light, and the
extraction was vortexed until the methanol layer turned yellow (within 10 min)., The
methanol extract was purified from cell debris by further centrifugation at 8,000g for 10
min, and its absorbance at 440 nm was measured, B-Carotene (Sigma) was used as the

standard.

2.2.3.2.3 HPLC Analysis

Methanol extracts were evaporated to dryness under vacuum at 30 Cina
Buchi rotavapor, within minutes. Purification of carotenoids was carried out without
saponification. Dry pigments were dissolved in 1 ml methanol injected (50 ) onto a
pBondapak C18 column (300 x 4.6 mm, § pm particle size, RCM type; Water, USA).
All other HPLC apparatus (Series 200 pump, 785A UV/Vis detector at 440 nm) was
from Perkin Elmer. Separation was achieved using reversed phase HPLC at a flow rate of
1.0 ml min"'. Solvents and conditions for separation were as follows: 0 to 10 min, 90%
methanol:H,0; 10 to 20 min, 90% methanol:H,0 to 100% methanol; 20 to 40 min,
1009 methanol.

2.2.3.2.4 LC-MS

For analysis of carotenoids by HPLC-APCI-MS, an Accela instrument
(Thermo Electron Corporation) equipped with automatic sample injector, photodiode-array
detector (PDA) and LXQ series APCI mass selectivity detector was used, The mass spectra
were recorded in the positive ion mode in the mass range from m/z 50 to 1500. The
voltage of the corona needle was +3.9 kV, cone voltage of +17 V, probe temperature of

300 “C and source temperature of 200 °C. Separation was performed on 50 mm x 2.1
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mm x 1.9 um Hypersil Gold C18 column using the gradient solvent system as follows: O
to 1 min, 30% MeOH:H,0; 1 to 10 min, 100% MecOH; 10 to 15 min, 100% MeOH.
The flow rate was set to 0.4 ml min'l, and injection volume was 1 pl. The PDA was

operated at 200-800 nm.




CHAPTER 2.3
RESULTS AND DISCUSSION

92.3.1 Search for intermediates involved in eleutherobin biosynthesis

The primary problem in pathway elucidation work is the very low levels of
incorporation of labeled metabolites thus ‘‘forcing’’ researchers to use radioisotopes rather
than stable isotope methodology. In this part of the work, a search was conducted for
potential intermediates by NMR and LC-MS to evaluate extracts for general terpene
diversity and GC-MS for examining hydrocarbon fractions for potential terpenc cyclase
products.

In an effort to identify plausible intermediates involved in desmethyl-
eleutherobin biosynthesis, we used coral material from Florida for this search for new
presumed intermediates.

The dricd sample of E. caribacorum was extracted with EtOAc-MeOH
(1:1, v/v) and the organic solvents were removed by rotary evaporation, The crude extract
was subjected to silica column chromatography and eluted with 100% hexane and
increasing polarity with EtOAc and MeOH to afford 17 fractions (EC1A-EC1Q, Table
57). From the 'H NMR spectrum, fraction EC1A (Figure 114) showed characteristics of a
terpene cyclase product at 8 1.0-1.5 and 5.0-5.5 ppm. The GC-MS spectrum (Figures
99 and 100) displayed the peak at retention time 9.20 min which showed the molecular
weight at m/z 204 corresponding to C,;H,,. This fraction was injected on reversed-phase
C-18 HPLC with 100% MeOH using RI detector. The subfraction EC1A7 at retention
time 9.20 min was collected and further identified by NMR techniques. The %¥c NMR
spectrum exhibited 15 carbons with four olefinic carbons. From above data, this compound
was suggested to be a sesquiterpene with two carbocyclic rings. The observed double bonds
were assigned as terminal exocyclic olefinics on the basis of their 'H and ’C NMR
characteristics. Thus, compound EC1A7 was identified as the previously reported

erythrodiene (Pathirana and Fenical, 1993).

170




171

2,
1,
l”

Erythrodicne

Table 58 “°C NMR spectra (75 MHz, C,D,) of compound EC1A7 and erythrodiene

Compound EC1A7 Erythrodiene (50 MHz, CDCI,)
158.0 158.0
152.9 152.8
107.5 109.9
106.8 106.7
51.9 51.3
41.6 41.1
40.3 39.7
40.1 39.6
34.3 33.8
38.5 33.0
33.0 32.5
31.6 31.1
21.2 20.8
20,2 20.1
20.1 19.7

The ‘H NMR and GC~MS of fractions EC1B-EC1D (Figures 101-103,
116-118) showed characteristics of long chain fatty acids which were not further

investigated.

Investigation of fraction ECIE indicated the presence of a steroid as a
major compound in this fraction. The 'H NMR spectrum was clear which was not further
identified.

Purification of fraction EC1K by recrystallization with McOH afforded a
pure compound which was identified as erythrolide A (Dookran et al.,, 1999). The LC-MS8
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spectrum (Figure 109) confirmed the peak at 3.67 min (m/z 538.6). All compounds
were not isolated except for erythrolide A because the required molecular peak was not
found in the spectrum. The same methods for analysis in other fractions were used.
Interestingly, the fraction EC1H (Figure 7) with the molecular jon at m/z 303 on APCI
source showed the same molecular ion with the intermediaté in Scheme 8. In addition, this
peaks displayed the absorbance at 236 nm on PDA. Thus, this fraction was further isolated
by HPLC with 70% MeOH:H,O, 0 to 10 min; 100% MeOH, 10-30 min. The peak at
retention time 24,72 min was collected (Figure 7) but the sample was not enough for

further NMR investigation.

m/z 303 at 24,72 min

0 " " i " i " " ]0 N " N N N i 50 4 L 1 . N " . 30
Figure 7 Elution profiles of fraction EC1H reversed-phase HPLC eluted with MeOH:H,0

(7:3, v/v) and increasing polarity with MeOH at 235 nm

For fraction EC1I, the 'H NMR spectrum showed characteristics of
erythrolide B, which was found to be the major compound in E. caribacorum, Erythrolide A
appears to be produced in nature from erythrolide B by a di-7t-methane rearrangement.
From the LCMS spectrum, fractions ECIP-EC1Q (Figures 112 and 113) were found to
be the peaks of eleutherobin analogs. The HPLC chromatogram of fraction EC1P was

compared with authentic sample and the retention time at 26.30 and 22.50 min was
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assigned as eleutherobin and desacetylelentherobin, respectively. These compounds were

confirmed by '"H NMR spectrum.,

E Fraction EC1P S l

/| L . a .

Eleutherobin standard
Eleutherobin

0 10 20 30

Retention time
Figure 8 Comparison of HPLC chromatogram of fraction EC1P and eleutherobin at 290

nm

The "H NMR spectrum of eleutherobin displayed the signals at 8 7.72 (s,
H-7"), 7.59 (d, J = 15.6 Hz, H-3"), 7.48 (s, H-5"), 6.48 (d, J = 15.6 Hz, H-2"),
3.76 (s, 6'-NMe), 6.26 (d, J = 5.6, H-6), 6.19 (d, J = 5.6 Hz, H-5), 5.61 (d, J =
9.0 Hz, H-2), 5.31 (m, H-12), 5.00 (dd, J = 9.4, 3.0 Hz, H-2'"), 4.92 (d,J = 3.0
Hz, H-1"), 3.24 (s, 4-OMe), 2.11 (s, 2""-0OAc), 1.02 (d, J = 6.6 Hz, H-19), and
0.99 (d, J = 6.6 Hz, H-20) which were characteristics of this compound and comparable
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with the literature report. For desacetyleleutherobin, the 'H NMR spectfum showed
similarities with eleutherobin, cxcept for the absence of acetyl group at & 2.11. In addition,
comparison of 'H NMR spectral data between this compound and literature revealed the

same data.

Haq
N.
&1 OH
N o]
o T/)%"”

HaC OMe o

i1,
H H CH;
iy
CHs
R = Ac; Eleutherobin
R = H; Desacetyleleutherobin

2.3.2 Investigation for Production of Carotenoids in Micrococcus strain

PAHS83

The effects of pH, temperature, aeration, different incubation periods,
inoculation, media and sugar on the growth and carotenoids biosynthesis of Micrococcus
strain PAH83 were investigated. The results are presented as the units of total carotenoids
concentration at any time and at the end of growth (P, P mg "), crude extract
concentration at any time and at the end of growth (X, X, g (™) and product yields
determined as the amount of carotenoids produced per unit of dry weight of crude extract
(Y,,y)s respectively. Three replicates were performed for pH, temperature, aeration,

incubation, inoculation, media and sugar.
2.3.2.1 Calibration curve of fi-carotene
The known concentration of B-carotene was used as the standard for

calculating the concentration of carotenoids, Figure 9 shows the calibration curve of -

carotene and linear equation.
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Calibration curve of g carotene
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Figure 9 Calibration curve of P-carotene
2.3.2.2 Effect of initial pH

Table 59 Effect of initial pH on the maximum crude extract and carotenoids concentrations

(X_, P,) and product yield (Yy,4)

pH X, (g1 P, (mgi") Yo (mg g )
4 0.4 0.0 0.00

5 6.2 4.2 0.67

6 6.8 4.7 0.69

7 15.8 5.3 0.34

8 14.4 5.3 0.37

The pH value of the growth medium affects not only biosynthetic activity of
culture, but also culture growth rate. Figure 10 shows the total carofenoids production
concentration in batch fermentation with marine broth media at various initial pH values
ranging from 4 to 8. As seen from Figure 10, with raising the pH, carotenoids production
concentration increased to a maximum level at pH 6. On the other hand, a further increase

of the pH over 6 resulted in a reduction of carotenoids production concentration,
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0.10

Figure 10 Effect of initial pH on the product yield (2% inoculation, 30 °C, 150 rpm, 24
h)

2.3.2.3 Effect of temperature

Table 60 Effect of temperature on the maximum crude extract and carotenoids

concentrations (X_, P..) and product yield (Y,x)

T ("C) X, (g1 P,(mgl")  Ypx(mgg’)
30 4.8 4.6 0.96
37 6.4 5.2 0.81
45 1.2 1.0 0.83

Temperature is another important parameter affecting the performance of
cells and product formation. The temperature of the growth medium had also a considerable
effect on both the growth and carotenoids production of Micrococcus strain PAH83. The
total carotenoids production decreased sharply above 30 °C likely due to the denaturation of
enzyme system of microorganism at higher temperatures and/or poor bacterial growth.
Maximum production were determined as 5.2 mg I at 37 °C. Results in Table 60 also
indicate that carotenoids yield based on maximum crude extract was highest at 30 °C due to

low crude extract concentration and relatively high product concentration obtained at this

temperature.
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Figure 11 Effect of temperature on the product yield (2% inoculation, pH 6, 150 rpm, 24
h)

2.3.2.4 Effect of aeration

Table 61 Effect of aeration on the maximum crude extract and carotenoids concentrations

(X,,, P,) and product yield (Y,,y)

Acration (rpm) X (g™ P (mgl™) Y, (mgg )
0 2.0 0.9 0.43
100 6.8 4.7 0.69
150 7.8 5.2 0.67
250 8.4 5.5 0.65

If the microorganism requires oxygen, aerating the growth medium is very
important for the successful progress of the fermentation. As Micrococcus spp. are known
to be aerobic microorganisms, the effeét of the aeration rate on the growth and tbtal
carotenoids production was examined and results obtained are shown in Figure 12 and
Table 61. Both the growth and total carotenoids production changed signiﬁcaptly with
varying the shaking from O to 250 rpm. In the growth medium shake at 250 rpm, the
crude extract and total carotenoids production concentration were 8.4 g 1" and 5.5 mg l_',
respectively which were much higher than the values of 2.0 g " and 0.9 mg I crude
extract and total carotenoids production concentration at G rpm, respectively but the
carotenoids production yield was the highest at 100 rpm (0.69 mg g ). At this point,

increasing of aeration up to 100 rpm increased product yield but the aeration higher than
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100 rpm resulted in constant product yield (0.67 and 0.65 mg g ). Aeration could be
beneficial to the growth and performance of microbial cells by improving the mass transfer

characteristics with respect to substrate, product and oxygen.
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Figure 12 Effect of aeration on the product yield (2% inoculation, pH 6, 30 oC, 24 h)

2.3.2.5 Effect of inoculation

Table 62 Effect of inoculation on the maximum crude extract and carotenoids

concentrations (X, P, ) and product yield (Y,)

Inoculation (%) X (g ™ P_(mg ™) Yo, (Mg gh)
1 8.8 4.3 0.49
2 9.4 4.3 0.46
3 9.0 4,4 0.49
7.5 8.0 4.4 0.55
10 9.2 4.3 0.47

The growth and carotenoid production properties of Micrococcus strain
PAH83 were also studied as a function of inoculation. Table 62 showed fhat total
carotenoid production was the highest at 0.55 mg g'1 and at 7.5% inoculation. At this
gbinoculation, the maximum carotenoids production was the highest and the crude extract
concentration was the lowest, In the 1% inoculation, the maximum crude extract was 8.8 g

1" and 0.49 mg g‘1 for product yield. Increasing inoculation up to 10% did not enhance
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the product yield; 9.2 g I"* carotenioid concentration and 0.47 mg g product yield. Thus,

this effect had little influence for Micrococcus strain PAH83.
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Figure 13 Effect of inoculation on the product yield (100 rpm, pH 6, 30 °C, 24 h)
2.3.2.6 Effect of media

Table 63 Effect of media on the maximum crude extract and carotenoids concentrations

(X_, P..) and product yield (¥},x)

Media X, (g1 P, (mgl")  Ypx(mgg")
MB 7.2 3.0 0.42
MB 1/2 3.0 2.4 0.80
MB 1/10 1.0 1.3 1.30

Figure 14 shows the growth and carotenoid production behaviours of
Micrococcus strain PAH83 in media containing different carbon, nitrogen, phosphorus, and
sulfur sources. The experiments were performed in MB (marine broth) and diluted MB
(MB 1/2 and MB 1/10). In MB, the growth of microorganism was very fast within 24 h,
and microorganism concentration decreased in diluted MB, The maximum of crude, extract

concentration was found as 7.2 g I in MB.
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Figure 14 Effect of media on the product yield (7.5% inoculation, 100 rpm, pH 6, 30
°c, 24 h)

2.3,2.7 Effect of different incubation periods

Table 64 Effect of different incubation periods on the maximum crude extract and

carotenoids concentration (X_, P ) and product yield (Y,

Time (days) X (g ™ P_ (mg ™ Y;,x (mg g
1 5.2 4,2 0.81
2 8.0 4,3 0.54
3 7.6 2.6 0.34

Production of carotenoids was also examined at different times (1-3 days).
From Figure 15, the product yield of carotenoids was found as 0.81 mg g“1 at 24 h, The

microorganism grew most quickly within 24 h whereas the product yield lessened above 24

h.
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Figure 15 Effect of different incubation periods on the product yield (17.5% inoculation,

100 rpm, pH 6, 30 "C)
2.3.2.8 Effect of sugar

Table 65 Effect of sugars on the maximum crude extract and carotenoids concentrations

(X, P.) and product yield (Y,,)

Sugars Xulgl" Py (mg ') Yo (mg g™)
0.5% Glucose 9.5 8.5 0.89
1% Glucose 9.8 8.8 0.80
3% Glucose 10.5 6.4 0.61
Arabinose 3.8 4.3 1.13
Glycerol 7.4 2.8 0.38
Xylose 5.0 238 0.56
MB 1/10 2.9 24 0.83
MB 21.8 9.9 0.45

The effects of different carbon sources: glucose, arabinose, glycerol and
xylose on the growth and carotenoids production propertics of Micrococcus were also
examined. The carotenoid concentration was the highest in glucose medium and reached a
maximum level (8.8 mg I'") at 19 glucose concentration. It is well known that glucose is
a readily metabolizable carbon source by many organisms so glucose is the substrate which
Micrococcus strain PAH83 prefers for maximum carotenoids which is obtained in the
medium containing this sugar. The microorganism reached the maximal dry crude extract at
3% glucose whereas the growth of microorganism decreased in arabinose source but it was

still higher than the control source (MB 1/10).
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Figure 16 Effect of sugars on the product yield (17.5% inoculation, 100 rpm, pH 6, 30
°c, 24 h)

2.3.3 The Major Carotenoid Pigments of Micrococcus strain PAH83

In the genus Micrococcus, the chemical nature of pigments has been
determined so far only for two mesophilic species. For M. lufeus, it was found to be a
dihydroxy C,, carotenoid (Thirkell and Hunter, 1969a and 1969b; Thirkell and Strang,
1967), and for M. roseus the pigments were found to be mainly O- or P-carotene
derivatives, with canthaxanthin as the main pigment (Schwartzel and Cooney, 1974).
Studies have indicated that carotenoids in M. roseus do not protect the bacterium against
photodynamic killing.

The procedure of extraction and purification of the pigment used (Jensen,
1971) in the present investigation was highly efficient and effective by totally extracting
the pigment from pellet of Micrococcus strain PAH83 into methanol. The cell pellet and
the methanol extract after the first cycle of extraction were pale pink and yellow,
respectively. Subsequent extraction with methanol rendered the cell pellet white, but a little
pigment could be detected spectrophotometrically in the methanol layer., The procedure was
carried out at room temperature, and all the glassware was covered with aluminum foil to
protect the pigment from light. Reversed-phase HPLC of the crude pigment in methanol
yielded three pigments, P-1 to P-3 (Figure 17), UV-visible absorption spectra of

carotenoid pigments are of imniense importance, since they aid a great deal in determining
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the structure of carotenoids (Goodwin, 1976). Table 66 gives the absorption maxima of
the three isolated pigments, the predicted number of double bonds in each of the pigments,

and the percentage of total pigment of each pigment.

P-2
0 10 20 30 40

Retention time (min)

Figure 17 Elution profiles of carotenoids from Micrococcus strain PAH83 by reverse—
phase HPLC eluted with MeOH:H,0 (9:1, v/v) and increasing polarity with
MeOH.

Figure 18 UV-Vis Spectrum of MeOH extract of Micrococcus strain PAH83
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Table 66 Characteristics of pigments P~1 to P~3 from Micrococcus strain PAH83

Pigments | t, (min) | Absorption maxima | Mol wt No. of double % of total
(O ~ bonds pigmentb
P-1 10,35 415, 439, 467 1029 9 30.0
p-2 10,72 416, 438, 467 867 9 38.1
pP-3 11.13 415, 438, 467 7056 9 31.9

*Absorption spectra were recorded by using an on-line PDA of HPLC-MS,
*The percentage of the lotal pigment represented by each pigment was determined by HPLC profiles by expressing the area

of each pigment peak as a percentage of the total area of the three pigment peaks.

The UV visible absorption spectra of all the pigments (P-1 to P-3)
appeared to be identical and exhibited a fine structure, with three absorption maxima at
415, 438, and 467 nm. The clear three-band shape of the absorption spectrum is
characteristic of carotenoids and further reflects its purity. Comparison of the absorption
maxima with the absorption data available for various other carotenoids suggested the
presence of 9 conjugated double bonds in all pigments; further comparison also suggested
the presence of B-cyclic end groups.

The mass spectrum of P-3 is shown in Figure 127. The molecular ion is at
m/z 705 [M+H] corresponding to C, H,,0,. The main features of the spectrum, including
the molecular ion value, correspond to those of decaprenoxanthin except for the absence of
signals at m/z 562 and 564 in the spectrum of P-3. Structural features accounting for the
mass spectral signals of decaprenoxanthin have been assigned previously (Liaacn—Jensen,
1968). The signals at m/z 562 [M-2-140]" and 564 [M-140] are diagnostic for
decaprenoxanthin and are due to a retro-Diels-Alder rearrangement of the substituted &-
ring. The mass spectral data indicated that P-3 is an isomer of decaprenoxanthin and differs
in the features of the terminal rings. A probable structure would be that of sarcinaxanthin
(Hertzberg and Liaaen-Jensen, 1977).

In the present study, P-1 and P-2 were the most polar pigments, and had
absorption spectra similar to sarcinaxanthin P-3 (Table 66). Peak P-2 showed three major
mass signals [M+H]" at m/z 849.3, 687.9 and 669.6 (Figure 128), which were larger
than the molecular weight of most of the C,, carotenoides. They matched the fragmentation
mass of Cg, carotenoid monoglucoside ([M+H]": 867) that lost one water molecule (M-

18) and/or one glucoside molecule (M-180), respectively, The fragment at m/z 1011.5
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[M-18]", 849.2 [M-180]" and 669.6 [M~180-180]" of carotenoid P-1 (Figure 129),
corresponding to losses of molecules of water and glucosides, respectively. The features of
the mass spectrum detailed above were in agreement with the reported data of

sarcinaxanthin monoglucoside and sarcinaxanthin diglucoside for peaks P-2 and P-1,

respectively.

Sarcinaxanthin diglucoside (P-1, m/z 1028)




CHAPTER 2.4
CONCLUSION

Five known compounds, named erythrolide A and B, eleutherobin,
desacetyleleutherobin and erythrodiene were purified from E. caribacorum. Their structures
were assigned by NMR, HPLC-MS spectrum and comparison with authentic samples.
Interestingly, the fraction ECI1H with the molecular ion at m/z 303 on APCI source at
retention time 24.72 min showed the same molecular ion with the intermediate.

Carotenoids production by Micrococcus strain PAH83 was investigated by
using different pH, temperature, aeration, different incubation periods, inoculation, media
and sugar. The optimal growth conditions were found at a pH of 6.0, a temperature of 30
oC, an aeration of 100 rpm, and a 7.5% inoculation, and at 24 hrs, In general, increasing
sugar concentration in the growth medium increased the growth of bacterium and
carotenoids production, Three carotenoids pigments: sarcinaxanthin, sarcinaxanthin
monoglucoside and sarcinaxanthin diglucoside were analyzed and the structures were
elucidated by HPLC-MS and UV spectrum, This is the first report of a carotenoid from a
bacterium isolated from a coral, which suggests that bacteria from marine invertebrates such
as corals may be a useful source of bioactive natural products not previously reported from

the invertebrate hosts.
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Figure 104 LC Chromatogram (TIC) of fraction EC1F
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Figure 105 LC Chromatogram (TIC) of fraction EC1G
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Figure 108 LC Chromatogram (TIC) of fraction EC1J
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Figure 127 Mass spectrum (MS-APCI) of P-3
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Figure 128 Mass spectrum (MS-APCI) of P-2
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Figure 129 Mass spectrum (MS-APCI) of P-1
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