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ABSTRACT

Investigation of the chemical constituents from seeds, roots and
heartwood of Caesalpinia sappan has led to the isolation of eleven new cassane-type
diterpenes phanginin A-K (DS1- DS11) which were obtained from the seeds, together
with nine previously reported compounds: seven homoisoflavones [3-(3',4'-
dihydroxybenzyl)-7-hydroxychroman-4-one (DH1), 4-O-methylepisappanol (DH2),
4-0O-methylsappanol (DH3), 3,4-isopropylidene sappanol (DH4), brazilin (DHS),
protosappannin A (DH6) and episappanol (MRI1)] and two chalcones [3-
deoxysappanchalcone (MR2) and sappanchalcone (MR3)] were isolated from the
roots and heartwood. It was found that MR3 possessed the most potent effect against
allergic reaction in RBL-2H3 cells with an ICsq value of 7.6 uM, followed by MR2
(ICso = 15.3 pM). Only one compound (MR3) demonstrated significant inhibitory
activity against MCF-7 (breast adenocarcinoma), KB (human oral cancer), HeLa
(Human cervical cancer) and HT-29 (colon cancer) cell lines with ICsq values of 0.64,
0.72, 0.80 and 0.75 ug/ml, respectively. Their structures were elucidated by
spectroscopic methods. The structure of DS1 was additionally confirmed by X-ray

diffraction technique.
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THE RELEVANCE OF THE RESEARCH WORK TO THAILAND

The purpose of this research is to investigate the chemical constituents
- of C. sappan. 1t is a part of the basic research on the utilization of the Thai medicinal
plants. Chemical investigation of constituents from seeds, roots and heartwood of
Caesalpinia sappan has led to isolation of eleven new compounds together with nine
known compounds. Some of the compounds exhibited anti-allergic and cytotoxic
activities. Two pure compounds (MR2 and MR3) possessed the most potent effect
against allergic reaction in RBL-2H3 cells and only MR3 exhibited significant
cytotoxic activity. Hence they have potential to be developed into drugs from natural

product resources.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Caesalpinia sappan Linn., known locally as “Phang (#19)” in Thai

belonged to the Leguminosae-Caesalpinioideae family. The origin of C. sapparn is not
certain, but is thought to be in the region from central and southern India through Indo-
China to Peninsular Malaysia. It is cultivated and naturalized in many parts of
Malaysia and also in central India to Hawaii. The Leguminosae-Caesalpinioideae
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 are found. C. sappan
has been found in the northeastern and the northern parts of Thailand.

Caesalpinia sappan is a small to medium-sized, shrubby tree, 4-10 m
tall. The bark is distinct ridges and many prickles that is greyish brown colour. Leaves
stipulate are bipinnate and alternate, 20-50 cm long, 10-20 cm broad, which has 8-16
pairs of up to 20 cm long pinnace. The pinnace has prickle at the base and comprises
of 10-20 pairs of oblong, 10-20 mm x 6-10 mm long. Flowers are panicles pendulous
30-40 cm long, which are racemes pubescent. The bracts are ovate-acuminate about 6
mm long. Petals pubescent are yellow. Fruit is a dehiscence pod, glabrous, thick,
flattened, obliquely oblong, prominently beaked, wooedy, polished-brown, 7-10 cm x .
3-4 cm, 2-5 seeded. Seeds are ellipsoid flattened, brown.

Several members of Caesalpinia genus are being used traditionally for
a wide variety of ethnomedical properties (Uphof, 1968), The heartwood of this plant
has long been used as blood tonic, expectorant and emmenagougue (Wutthithamavet,
1997) and possesses interesting biological activities such as antioxidation (Safitri ef
al., 2003; Badami er al., 2003), anticomplementary activity (Oh ef al., 1998),
antimicrobial activity (Lim er al., 2007) and vasorelaxation (Hu ef al., 2003), Previous
studies undertaken on C. sappan in view of its medicinal significance have led to the

isolation of several homoisoflavonoids (Xie et al., 2000).




a, Tree b. Leaves

¢, Stem e. Flowers

f. Fruits g. Seeds

Figure 1 Parts of Caesalpinia sappan




1.2 Review of literatures

Chemical constituents isolated from 18 species of the genus

- Caesalpinia were summarized by Sarot Cheenpracha in 2007 (Cheenpracha, 2007).

Information from NAPRALERT database developed by University of Illinois at
Chicago and Chemical Abstracts of the year 2007 reported additional constituents
from three new species of the Caesalpinia genus and they could be classified into
groups, such as benzenoids, coumarins, diterpenes, flavonoids, flavonols, flavones,
flavonones, sesquiterpenes, steroids and triterpenes. These compounds are presented

in Table 1.

Table 1 Compounds from plants of Caesalpinia genus

a : Benzenoids b : Coumarins ¢ : Diterpenes
d : Flavonoids e : Phenylpropanoids
f: Sesquitefpencs g : Steroids h : Triterpenes
Scientific name | Investigated Compound Bibliography
part |
C. benthamiana | Root bark Benthaminin 1, 8¢ Dickson ef al.,
Benthaminin 2, 9¢ 2007
Deoxycaesaldekarin C, 70¢
C. bonduc Part not Caesalpinolide A, 66¢ Yadav ef dl.,
specified Caesalpinolide B, 67¢ 2007
Bark Caesaldekarin J, 19¢ Udenigwe et

17-Hydroxy-campesta-4,6- | al., 2007
dien-3-one, 134g
13,14-seco-Stigmasta-5,14-
dien-3e-ol, 135¢g
13,14-seco-Stigmasta-9(11),
14-Dien-3 ool 136g
Pipataline, 131¢




Table 1 {(Continued)

Scientific name

Investigated

Compound

o part |

Bibliography

C. bonduc

Kernels

2-Acetoxycaesaldekarin E,
6e

Bonducellpin A, 10¢
Bonducellpin B, 14¢
Bonducellpin C, 11¢
Bonducellpin E, 15¢
Bonducellpin F, 16¢
Bonducellpin G, 17¢
a-Caesalpin, 27¢
#Caesalpin, 29¢
Caesalmin B, 20¢
Caesalmin D, 25c
Caesalmin E, 26¢
Caesalpinin C, 31c¢
Caesalpinin I, 40¢
Caesalpinin K, 45¢
Caesalpinin P, 49¢
14(17)-Dehydrocaesalpin F,
36¢

Pudhom ef al., 2007

C. crista

Seeds

Taepeenin J, 92¢

Taepeenin K, 93¢
Taepeenin L, 94¢
(Sa)-Vouacapa-(14),9(11)-
diene, 95¢

(5,8 8)-Vouacapane, 96¢

(5 2,6 3,8 5)-Vouacapan-6-ol,
97¢

Cheenpracha ef al.,
2006




Table 1 (Continued)

Scientific name

Investigated

Compound.

Bibliography

C. crista

Root

Taepeenin E, 85¢
Taepeenin H, 88¢
Taepeenin I, 89¢
Vinhaticoic acid, 90¢

Cheenpracha et al.,
2005

Stems

ent-11 -Hydroxy-rosa-
5,15-diene, 71¢
Methyl vinhaticoate, 91¢
Nortaepeenin A, 7%¢
Nortaepeenin B, 80¢
Taepeenin A, 8lc
Taepeenin B, 82¢
Taepeenin C, 83¢
Taepeenin D, 84¢
Taepeenin F, 86¢
Taepeenin G, 87¢

Cheenpracha ef al.,
2005

Kernels

7-Acetoxybonducellpin
C, 38¢c
2-Acetoxycaesaldekarin
E, 6¢
2-Acetoxy-3-deacetoxy
caesaldekarin E, 4¢
6-Acetoxy-3-deacetoxy
caesaldekarin E, 7¢
Caesaldekarin E, 5¢
Caesalmin B, 20¢
Caesalmin C, 23¢

Caesalmin E, 24¢

Kalauni et af., 2004




Table 1 (Continued)

36¢

Caesalpinin C, 31¢
Caesalpinin E, 37¢
Caesalpinin MA, S0¢
Caesalpinin MB, Sle¢
Caesalpinin MC, 52¢
Caesalpinin ML, S54¢
Norcaesalpinin B, 35¢
Norcaesalpinin MA, 75¢
Norcaesalpinin MB, 76¢
Norcaesalpinin MC, 77¢
7-Acetoxybonducellpin C, 38¢
2-Acetoxycaesaldekarin E, 6¢
Caesaldekarin E, Se¢
Caesalmin C, 23¢
Caesalmin G, 21¢
[-Caesalpin, 28¢
Caesalpinin C, 31¢
Caesalpinin D, 22¢
Caesalpinin E, 37¢
Caesalpinin F, 39¢
Caesalpinin H, 43¢
Caesalpinin I, 40¢ .
Caesalpinin J, 41¢
Caesalpinin K, 45¢
Caesalpinin MF, 55¢

Scientific name | Investigated Compound Bibliography
S R e
C. crista Kernels 14(17)-Dehydrocaesalpin F, Kalauni ef al.,

2004

Kalauni ef al.,
2005a




Table 1 (Continued)

Caesalpinin MH, 57¢
Caesalpinin MI, 58¢
Caesalpinin MJ, 59¢
Caesalpinin MK, 60¢
Caesalpinin ML, 63c
Caesalpinin M, 48¢
Caesalpinin N, 47¢
Caesalpinin O, 44¢
Norcaesalpinin MD, 78¢
2-Acetoxycaesaldekarin E, 6¢
Bonducellpin C, 11¢
Caesaldekarin E, 5S¢
Caesalmin C, 23¢
Caesalpinin MM, 61¢
Caesalpinin MN, 62¢
Caesalpinin MO, 64¢
Caesalpinin MP, 65¢
I-Deacetoxy-1-oxocaesalmin
C, 68¢

1-Deacetylcaesalmin C, 69¢
Norcaesalpinin E, 33¢
2-Acetoxycaesaldekarin E, 6¢
7-Acetoxybonducellpin, 38¢
2-Acetoxy-3-deacetoxycaesal
dekarin E, 4¢

Scientific name | Investigated Compound Bibliography
C. crista Kernels Caesalpinin MG, S6¢c Kalauni et al.,

2005a

Kalauni ef af.,
2005b

Linn et al.,
2005




Table 1 (Continued)

Caesalmin G, 42¢
Caesalpin F, 30c
Caesalpinin D, 22¢
Caesalpinin E, 37¢
Caesalpinin F, 39¢
Caesalpinin G, 42¢
14(17)-Dehydrocaesalpin F,
36¢

Norcaesalpinin A, 34¢
Norcaesalpinin B, 35¢
Norcaesalpinin D, 32¢
Norcaesalpinin E, 33¢
2-Acetoxyl-3-deacetoxycaesal
dekarin E, 4¢
6-Acetoxy-3-deacetoxycaesal
dekarin E, 7¢

Bondugellpin A, dlc
Bonducelipin B, 11¢
Bonducellpin C, 14¢
Caesaldekarin E, 5¢
Caesalmin E, 24¢
a-Caesalpin, 27¢
Caesalpinin C, 31¢
Caesalpinin D, 32¢
Caesalpinin H, 43¢

Scientific name | Investigated Compound Bibliography
C. crista Kemels Caesaldekarin E, S¢ Linn et al.,
Caesalmin B, 20c¢ 2005

Awale et al.,

2006




Table 1 (Continued)

Scientific name

Investigated

Compound

Bibliography

C. crista

Kernels

Caesalpinin I, 40¢
Caesalpinin J, 41¢
Caesalpinin K, 43¢
Caesalpinin L, 46¢
Caesalpinin M, 48¢
Caesalpinin N, 47¢
Caesalpinin O, 44c
Caesalpinin P, 49¢
1-Deacetoxy-1-oxocaesaimin
C, 68¢c
Norcaesalpinin E, 33¢

Norcaesalpinin F, 74¢

Awale ef al.,
2006

Leaves

Neocaesalpin H, 72¢

Neocaesalpin I, 73¢

Kinoshita er

al., 2005

C. decapetala

Leaves

Caesaldecan, 18¢
4,5-Epoxy-8(14)-caryophyl
lene, 132f

Spathulenol, 133f

Lupeol, 137h

Squalene, 138h
trans-Resveratrol, 2a
Quercetin, 126d
Astragalin, 98d

Kiem et al.,
2005

C. digyna

Twigs and

stems roots

Bonducellin, 99d
Bergenin, 3b

Boonsri ef al.,
2005
Srinivasan ef

al., 2007




Table 1 (Continued)

10

Compound

Isobonducellin, 115d
20-Methoxybonducellin,
116d
20-Methoxydihydrobonduce
ltin, 103d

Isobonducellin, 115d
(£)-7-Hydroxy-3-(4'-me
thoxybenzylidene)chroman-
4-one, 113d
(E)-7-Hydroxy-3-(3',4',5'-
trimethoxybenzylidene)chro

man-4-one, 114d

Scientific name | Investigated Bibliography
A part
C. millettii Stems Bonducellin, 99d Chen and Yang,
HOOK. et ARN Eucomin, 109d 2407
Intricatinol, 111d
8-Methoxybonducellin, 110d
8-Methoxyisobonducellin,
117d
Tamarixetin 3-0-(6"-0-E-
caffeoyl)-3-D-alactopyra
noside, 130d
C. mimosoides | Part not Gallic acid, 1a Chanwitheesuk
Lamk specified et al., 2007
C. pulcherrima | Part not Bonducellin, 99d Zhao et al.,
specified Dihydrobonducellin, 102d 2004

Maheswara ef
al., 2006




Table 1 (Continued)
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3'-Deoxy-4-0O-methylsappa
nol, 105d
3'-Deoxysappanone B, 128d
3'-0-Methylbrazilin, 101d
4-0-Methylepisappanol, 118d
4-0-Methylsappanol, 107d
Neosappanone A, 120d
Protosappanin A, 121d
Protosappanin A dimethyl
acetal, 123d

Protosappanin B, 124d
Protosappanin C dimethyl
acetal, 125d

Protosappanin E-2, 122d
Sappanol, 104d

Sappanone B, 129d
Sappanchalcone, 127d

Scientific name | Investigated Compounﬁ Bibliography
T SRR ISP
C. pulcherrima | Part not (F)-7-Methoxy-3-(4'-methoxy | Maheswara ef
specified benzylidene)chroman-4-one, al., 2006

112d

C. sappan Heartwood Bonducellin, 99d Nguyen ef al.,
Neoprotosappanin, 119d 2004
Brazilin, 100d Nguyen ef af.,
3'-Deoxysappanol, 106d 2005




Structures

a: Benzenoids

HO CO,H

HO
CH

1a: R = H; Gallic acid

b: Coumarins

3b: Bergenin

¢: Diterpenes

12

2a: trans-Resveratrol

4c: Ry= OAc,Ry;=H;
2-Acetoxy-3-deacetoxycaesaldekarin E

5¢: Ry = H, Ry = OAc; Caesaldekarin E

6¢c: R; = Ry = OAc; 2-Acetoxycaesaldekarin E

H
e

=

MeO2C

7e: 6-Acetoxy-3-deacetoxycaesaldekarin E 8c: Benthaminin 1




9¢: Benthaminin 2

13c: R = OAc; Caesalpinin]  15¢: Bonducellpin E

13

10c; R; = OAc, Ry = OH; Bonducellpin A
11¢: R; = H, R; = OH; Bonducellpin C
12¢: Ry = OH, Rz = OAc; Caesalpinin M

14¢: R = OH; Bonducellpin B

17¢: Bonducellpin G

MBOzc [%ﬂe
18¢: Cacsaldecan 19¢: Caesaldekarin J
20c: R; = OAc, Ry = R3 = H; Caesalmin B

21¢: Ry = OH, R; = R3 = H; Caesalmin G
22¢: R) = R3 = OAc, Ry = H; Caesalpinin D
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23¢: Caesalmin C 24¢: Caesalmin E

25¢: R = Me, Ry = OH; Caesalmin D
26¢: Ry = OH, Ry = Me; Caesalmin E

27¢: R = Ac; a-Caesalpin  29¢; »-Caesalpin 30c¢: Caesalpin F
28c: R = H; S-Caesalpin

31c; R; =R3=0OH, Ry = OAc, R4 = CHj; Caesalpinin C
32¢: Ry =Ry = 0OAc, R3 = H, Rq = O; Norcaesalpinin D
33c: Ry =R; = H, R3 = OH, R4 = O; Norcaesalpinin E
34¢: R| = OAc, Ry = Ry = H, R4 = O; Norcaesalpinin A
35¢: R =R3 =H, R; = OAc, Ry = O; Norcaesalpinin B
36¢c: R; =Ry = OAc, Ry =H, Ry = CHy;
14(17)-Dehydrocaesalpin F




37¢: R[ OAC Rz

39¢: Caesalpinin F 40c¢: Caesa‘ipinin I

43c: R =0H,R; =
44c: Ry = 0OAc, Ry =

45¢: Ry =0OH, Ry =

48¢: Caesalpinin M 49¢: Caesalpinin P

H; Caesalpinin E

- 38c: Ry =H, Ry = OAc; _'_7-Acetoxyb0nducellp1n C

41c: Caesalpinin J

42¢: Ry =Ry = OAc, Ry = H; Caesalpinin G

H, R3 = OAc; Caesalpinin H
H, R; = OH; Caesalpinin O

Me, R; = H; Caesalpinin K

46¢; Ry = OAc, Ry = OH, R; = Me; Caesalpinin L
47¢: Ry =0OH, R, =

H, R3 = CHO; Caesalpinin N

I5
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50¢: R; = QAc, R; = Me, R3 = H; Caesalpinin MA

AcO
AcO, ” -

‘Me &12 H(:)Ac
52¢: Caesalpinin MC 53¢: Caesalpinin MD 54¢: Caesalpinin ME

55¢: R, = Ry = OAc, R3 = R4 = R¢ = H, Rs = COMe;
Caesalpinin MF
56c¢: R; = R3 = Ry = OAC, Rp_: R6 = H, R5 = COQME;

Caesalpinin MG

57¢: Ry = R3 = OAc, R; = Rg = H, Rs = OH, Rs = COxH;
Caesalpinin MH

58c: Ry = R; = Ry = Rs = H, Ry = OH, R4 = Me;
Caesalpinin MI

59¢: R, = H, Ry = OAc; Caesalpinin MJ
60¢: R| = OAc, Ry = H; Caesalpinin MK

61c: R; = Me, R; = OH; Caesalpinin MM
62¢: R; = OH, R, = Me; Caesalpinin MN

51¢: Ry =Ry = H, R3 = CO,Me; Caesalpinin MB




64c: Caesalpinin MO 65c: Caesalpinin MP

70¢: Deoxycaesaldekarin C 71c: ent-11p-Hydroxy-rosa-5,15-diene

17
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72¢: Neocaesalpin H ~ 73¢: Neocaesalpin I 74¢: Norcaesalpinin F

75¢: R = H; Norcaesalpinin MA
76¢: R = OAc; Norcaesalpinin MB

7’7c: Norcaesalpinin MC ~ 78e: Norcaesalpinin MD 79¢: R = H; Nortaepeenin A
80¢: R = OH; Nortacpeenin B

81c: Ry = CO:Me, R; = Me, R3 = H; Taepeenin A
82¢: Ry = CO,M, R, = Me, Ry = H; Taepeenin B
83c: Ry = COMe, Ry = Me, R3 = OH; Taepeenin C
84c: Ry = COMe, Ry = Me, R3 = OAc; Taepeenin D
85¢: R; = CO,Me, Ry = CHO, R3 = H; Taepeenin E
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87¢: Taepeenin G

88c: Ry = CO:Me, Ry = CHO; Taepeenin H

89¢: Ry = CO;Me, Ry = CH,OH; Taepeenin 1
90c; R; = CO;H, Ry = Me; Vinhaticoic acid

91c: R; = CO;Me, R; = Me; Methy! vinhaticoate

93¢: R = CHO; Taepeenin K
94¢: R = CH,OH; Taepeenin L

LA
Me Me

95¢: (5a)-Vouacapa-8(14),9(11)-diene  96¢: R = H; (5¢,85)-Vouacapane
97¢: R = OH; (5,63,83)-Vouacapan-6-ol




20

d : Flavonoids

H
HO O OMe
O
O

99¢: R =H; Bonducellin

100d: R = H; Brazilin
101d: R = CHjy; 3'-O-Methylbrazilin

102d: R = H; Dihydrobonducellin
103d: R = CHj; 20-Methoxydihydrobonducellin

104d: R, = R, = OH; Sappanol

105d: R, = OMe, R, = H; 3'-Deoxy-4-0O-methylsappanol
106d: R, = OH, R, = H; 3'-Deoxysappanol

107d: R| = OMe, R; = OH; 4-0O-Methylsappanol

108d: R, = OH, R, = OMe; 3'-O-Methylsappanol

Ry 109d: R, = OH, R, = H; Eucomin
HO 0. OMe
O g 110d: R, = H, R, = OMe; 8-Methoxybonducellin
o
111d: R, = H, Ry = OH; Intricatinol
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112d: R; = OMe, R; =Ry = H, R3 = OMe; (£)-7-

Methoxy-3-(4'-methoxybenzylidene)chroman-4-one

Hydroxy-3-(4'-methoxybenzylidene)chroman-4-one
114d: R, = OH, R, = R4 = R3 = OMe; (E)-7-Hydroxy-3-

(3',4',5'-trimethoxybenzylidene)chroman-4-one

HO O OhMe
Q OMe

115d: Isobonducellin 116d: 20-Methoxybonducellin

119d: Neoprotosappanin 120d: Neosappanone A
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121d: Protosappanin A 122d: Protosappanin E-2

123d: R; = Ry = OMe; Protosappanin A dimethyl acetal
124d: R, = OH, R, = CH,0H; Protosappanin B
125d: R, = OH, Ry = CH(OCHa)2;

Protosappanin C dimethyl acetal

126d: R; =R, =R;=Ry=OH; Quercetin

127d: R; = OMe, R, = H, R3= OH; Sappanchalcone

128d: R; = R3 = OMeg, R, = H; 3'-Deoxysappanone B
129d: R, = Ry = R3 = OH; Sappanone B




OH
OH

130d: Tamarixetin 3-0-(6"-0-E-caffeoyl)-f-D-alactopyranoside

¢: Phenylpropanoids
O S

< W
0

131e: Pipataline

f: Sesquiterpene

132f: 4,5-Epoxy-8(14)-caryophyllene

133f: Spathulenol

23
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g: Steroids

134g: 17-Hydroxy-campesta-4,6-dien-3-one

135g: 13,14-seco-Stigmasta-5,14-dien-3 a-ol

Me, Et
Me i-Pr

Me

136g: 13,14-seco-Stigmasta-9(11),14-dien-3 a-ol
HO™

h: Triterpenes

137h: Lupeol 138h: Squalene
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1.3 Objective

Up to the present, the chemical constituents and biological activities of

~these plants are interested. This research part involved isolatien, purificationand -~

structure elucidation of chemical constituents isolation from the seeds, roots and
heartwood of Caesalpinia sappan and also evaluation of pure compounds for anti-

allergic and cytotoxic activities.




CHAPTER 2
EXPERIMENTAL

2.1 Instruments and chemicals

Melting point was recorded in °C on a Fisher-Johns melting point
apparatus, Infrared spectra were recorded using FIS FT-IR spectrophotometer and
major bands (V) were recorded in wave number (cm™). Ultraviolet (UV) absorption
spectra were recorded using a SPECORD S 100 (Analytikjena) and UV-160A
spectrophotometer (SHIMADZU) and principle bands (Amax) were recorded as
wavelengths (nm) and log ¢ in chloroform and methanol solution. Nuclear magnetic
resonance spectra were recorded using 300 MHz Bruker FTNMR, Ultra Shietd™,
Spectra were recorded in deuterochloroform, deuteroacetone deuteromethanol and
deuterodimethyl sulphoxide solution and were recorded as & value in ppm downfield
from TMS (internal standard & 0.00). The EI-MS and ESI-TOF-MS were performed
using a MAT 95 XL and Micromass LCT mass spectrometer, respectively. Single-
crystal X-ray diffraction measurements were collected using SMART i-K CCD
diffractometer with monochromated Mo-K o radiation (A = 0.71073 A) using o-scan
mode and SHELXTL for structure solution and refinement. Optical rotation was
measured in chloroform solution with sodium D line (590 nm) on an AUTOPOL® I
automatic polarimeter, Solvent for extraction and chromatography were distilled at
their boiling point ranges prior to use except diethyl ether was analytical grade
reagént. Quick column chromatography was performed on silica gel 60 GFasq
(Merck). Column chromatography was performed on silica gel (Merck) type 100
(0.063 — 0.200). Precoated plates of silica gel 60 GFjs4 or reversed-phase Cig were

used for analytical purposes.

26
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2.2 Plant material

Seeds, roots and heartwood of Caesalpinia sappan were collected

- from Khonkaen province, Thailand -in-October 2005, Identification was made by -~

Prof. Puangpen Sirirugsa, Department of Biology, Faculty of Science, Prince of
Songkla University and a specimen {(No. SC07) deposited at Prince of Songkla

University Herbarium.

2.3 Extraction

The air-dried seeds (700 g) of C. sappan were extracted with
methylene chloride (each 2 x 2.5 L, for 5 days) at room temp. The crude extracts
were evaporated under reduced pressure to afford brownish methylene chloride as a

yellow oil extract (77.8 g). The process of extraction was shown in Scheme 1.

Air-dried seeds of C. sappan
(700 g)

Extraction with CH,Cl,

Crude CH,Cl, extract
(77.8 g)

Scheme 1 Extraction of the seeds of C. sappan
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The air-dried roots (1.7 kg) of C. sappan were extracted with
methylene chloride and acetone, successively (each 2 x 2 L, for 5 days) at room temp.

The crude extracts were evaporated under reduced pressure to afford a brownish

-.methylene chioride (20.1 g).and acetone extracts (35.2 g), respectively. ... ... ... ...

Air-dried roots of C. sappan
(1.7 kg)

Extraction with CH,Clyand Acetone

Crude CH,Cl; extract Crude acetone extract
(20.1 g) (352 ¢g)

Scheme 2 Extraction of the roots of C. sappan

Chopped-dried heartwood (5.3 kg) of C. sappan was extracted with
methylene chloride (each 2 x 5 L, for 5 days) at room temp. and evaporated under

reduced pressure to afford a brownish methylene chloride extract (135.0 g).

Air-dried heartwood of C. sappan
(5.3 kg)

Extraction with CH,Cl;

Crude CH,Cl, extract
(135.0 g)

Scheme 3 Extraction of the heartwood of C. sappan




2.4 Isolation and chemical investigation
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2.4.1 Investigation of the crude methylene chloride extract from the seeds

Cof Csappan

Crude CH,Cl, extract
(77.8 g)
QCC
St* S2 S3* S4 S5 S6 S7* S8 SG*
(900.5 mg) (32g) (73g (G9g 2.4 g)
1. recryst. |1. recryst. 1.CC
cc cC 2.CC 2.CC 2. prep TLC
3. prep TLC
DS9 pS§ DSI  DS2 DS5
DS11 DS6 DS3
DS7 DS4
DS10

* Not further investigated

Scheme 4 Isolation of compounds DS1-DS11 from the seeds of C. sappan

The crude methylene chloride extract (77.8 g) was further purified by

QCC using hexane as eluent and increasing polarity with ethyl acetate to give nine

fractions (S1-S9, Scheme 4).

Fraction S2 (900.5 mg) was further purified by CC with EtOAc-
hexane (1:9, v/v) to give DS9 (307.5 mg, Re=0.27 (1:9, EtOAc-hexane)).

Fraction S4 (3.2 g) was purified by CC with EtOAc-hexane (3:17, v/v)
as eluent to afford nine subfractions (S4a-S4i). Subfiaction S4b (84.5 mg) was
separated by CC with EtOAc-CH,Cly-hexane (1:1:8, v/v) to give DS8 (26.3 mg, R¢=
0.19 (CH,CL)). Subfraction S4d (60.8 mg) was purified by CC with CH,Cly-hexane

(7:3, v/v) to give DS11 (10.4 mg, Ry=0.29 (7:3, CH,Cly-hexane)).
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Fraction 85 (7.3 g) was recrystallized from CH;Cl; to give DS1 (832.3
mg, Re = 0.44 (3:7, EtOAc-hexane)) and the mother liquor (6.4 g) was further
subjected to QCC with CH;Clo-hexane (8:2, v/v) to afford seven subfractions (S5a-

85g). Subfraction 85¢ (117.2 mg) was purified by CC with CH;Cly to give DS6 (66

mg, Re= 0.24 (CH,Cl,)) and DS7 (8.2 mg, Ry=0.14 (1:49, EtOAc-CH,Cl)).

Fraction S6 (3.9 g) was separated by CC with EtOAc-CH,Cl; (1:19,
viv) to afford ten subfractions (S6a-S6j). Subfraction S6b (211.5 mg) was
recrystallized from CH,Cl; to give DS10 (156.3 mg, Ry = 0.42 (CH,Cl,)). Subfraction
S6h (345.4 mg) was purified by CC with acetone-hexane (1:9, v/v) and followed by
prep TLC with acetone-hexane (1:9, v/v) to give PS2 (3.2 mg, Ry = 0.37 (1:9,
acetone-hexane)), DS3 (6.0 mg, Ry = 0.38 (1:9, acetone-hexane)) and DS4 (31.7 mg,
Ry=0.47 (1:9, acetone-hexane)).

Fraction S8 (2.4 g) was separated by CC with CH,Cl, and followed by
prep TLC with CH,Cly-hexane (4:1, v/v) to give DS5 (10.5 mg, Ry= 0.27 (CH,ClLy)).

Compound DSI: White solid; mp: 110-112 °C; [o]"p: - 41.4° (¢ =
0.76, CHCl3); UV (MeOH) Anax (log £): 218 (3.85) nm; IR (neat) vmax: 3433, 1726,
755 cm™'; HREIMS: m/z [M]" 360.1949 (caled for Cg1HagOs; 360.1937); 'H (CDCl;,
300 MHz), see Table 2; C NMR (CDCls, 75 MHz), see Table 2.

Compound DS2: Viscous oil; [o]*’p: + 48.7° (¢ = 0.14, CHCls); UV
(MeOH) Ayax (log £): 214 (3.84) nm; IR (neat) vpmax: 3394, 1730, 762 em’'; HREIMS:
m/z [M]" 360.1927 (caled for CyiH50s, 360.1937); 'H NMR (CDCl; 300 MHz), see
Table 3; *C NMR (CDCls, 75 MHz), see Table 3.

Compound DS3: Viscous oil; [a]’%p: - 40.4° (¢ = 0.25, CHCly); UV
(MeOH) Apax (log £): 216 (3.88) nm; IR (neat) vmax: 1728, 757 cm™'; HREIMS: m/z
[M]" 374.2116 (caled for CaHzeOs, 374.2093); '"H NMR (CDCl; 300 MHz), see
Table 4; *C NMR (CDCls, 75 MHz), see Table 4.

Compound DS4: Viscous oil; [o]*%: + 44.8° (¢ = 0.61, CHCls); UV
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(MeOH) Mnax (log £): 215 (2.78) nm; IR (neat) vmax: 1731, 755 cm’'; HREIMS: m/z
[M]" 374.2110 (calcd for CyHagOs, 374.2093); '"H NMR (CDCl;, 300 MHz), see
Table 5; *C NMR (CDCls, 75 MHz), see Table 5.

Compound DSS: Viscous oil; [0]*%p: - 24.8° (¢ = 0.18, CHCly); UV
(McOH) Amax (log &): 215 (3.26) nm; IR (neat) vmax: 1726, 824 cm’'; HREIMS: m/z
[M]" 358.1744 (calcd for CyHzeOs, 358.1780); 'H NMR (CDCls, 300 MHz), see
Table 6; °C NMR (CDCls, 75 MHz), see Table 6.

Compound DS6: White solid; mp: 105-107 °C; [0 p: - 1.8°(c=0.52,
CHCLy); UV (MeOH) Amax (log £): 215 (4.05) nm; IR (neat) vmax: 3436, 1725, 756
cm™; HREIMS: m/z [M-H,0]" 358.1765 (caled for CyiHasOs, 376.1886); 'H NMR
(CDCl3, 300 MHz), see Table 7; C NMR (CDCls, 75 MHz), see Table 7.

Compound DS7: Viscous oil; {a]mD: 4+ 31.1° (¢ = 0.61, CHCl3); UV
(MeOH) hmax (log £): 219 (3.94) nm; IR (neat) vaax: 3395, 1721, 755 cm"; HREIMS:
m/z [M]" 360.1916 (caled for CyHzsOs, 360.1937); "H NMR (CDCls, 300 MHz), see
Table 9; *C NMR (CDCls, 75 MHz), see Table 9.

Compound DS8: Viscous oil; [a]3°D: + 3.6° (¢ = 0.39, CHCly); UV
(MeOH) Apax (log €): 216 (3.72) nm; IR (neat) vua: 1726, 755 cm’'; HREIMS: m/z
IM]" 344.1996 (calcd for CyiH,504, 344.1988); 'H NMR (CDCl;, 300 MHz), see
Table 10; 3C NMR (CDCls, 75 MHz), sec Table Table 10.

Compound DS9: White solid; mp: 121-122 °C; [o]%: + 76.9° (c =
0.91, CHCI3); UV (MeOH) Anax (log &): 220 (3.80) nm; IR (neat) vpay: 2930, 1725,
737 em™'; HREIMS: m/z {M]" 344.1983 (caled for CyyH,504, 344.1988); 'H NMR
(CDCl3, 300 MHz), see Table 12; °C NMR (CDCls, 75 MHz), see Table 12.

Compound DS10: White solid; mp: 148-150 °C; [0]%p: + 41.5° (¢ =
0.28, CHCILy); UV (MeOH) Anax (log €) 219 (3.93) nm; IR (neat) vmax: 2865, 1717,
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824 cm’'; HREIMS: m/z [M]" 358.1779 (caled for CiHaeOs, 358.1780) ;5 'H NMR
(CDCl3, 300 MHz), see Table 13; *C NMR (CDCl3, 75 MHz), see Table 13,

" Compound DSII: Viscous oil; [o]*%: + 1.8° (¢ = 0.55, CHCly); UV

(MeOH) Amax (log &): 215, (3.87) nm; IR (neat) Umax: 2929, 1727, 755 cm"; HREIMS:
m/z [M]" 388.1881 (caled for C2;H3306, 388.1886); 'H NMR (CDCl;, 300 MHz), see
Table 14; *C NMR (CDCls, 75 MHz), see Table 14.

2.4.2 Investigation of the crude methylene chloride extract from the

heartwood of C. sappan

Crude CH,Cl; extract
(552 g)
QCC
Hi* H2* H3 H4* HS5* Ho6 H7*
(1.3 g) (598
I.CC 1. QCC
2. CCRP-18 2.CC
DH1 DH2
DH3 DH3
DH4 DHS

DH6
* Not further investigated

Scheme 5 Isolation of compounds DH1-DH6 from the heartwood of C.

sappan

A portion of crude CHyCl, extract (55.2 g) was further purified by
QCC using CH,Cl, as eluent and increasing polarity with EtOAc and acetone to give

seven fractions (HI-H7, Scheme 5).
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Fraction H3 (1.3 g) was further purified by CC with EtOAc-CH,Cl,

(3:17, v/v) to afford ten subfractions (H3a-H3h) and to give DH3 (50.0 mg, Ry=0.47
(3.7, acetone-CH,Clp)) and DH4 (10.0 mg, Ry = 0.59 (3:2, EtOAc-hexane)).
~ Subfraction H3e (164.3 mg) was separated by CC with EtOAc-hexane (2:3, v/v) and
followed by CC RP-18 with MeOH-H,O (2:3, v/v) to give DH1 (8.0 mg, Ry = 0.42
(1:1, acetone-hexane}) and DH6 (15.0 mg, Ry=0.25 (1:1, acetone-hexane)).

| Fraction H6 (5.9 g) was separated by QCC with acetone-CH,Cl, (1:4,
v/v). The major component of this fraction, DHS (170.0 mg, Ry = 0.27 (3:2, EtOAc-
hexane)) and the minor component (483.2 mg) was purified by CC with EtOAc-
hexane (1:1, v/v) to give DH2 (15.0 mg, Ry = 0.21 (3:7, acetone-CH;Cl,)) and DH3
(20.0 mg).

Compound DHI: White solid, mp: 194-195 °C; [a]*"p: - 12.6° (¢ =
0.62, MeOH); UV (MeOH) Amax (log €): 228 (4.19), 277 (4.19), 312 (3.92) nm; IR
(neat) Vmax: 3364, 1657, 1606 ecm™'; 'H NMR (CD30D + CDCl3, 300 MHz), see Table
16; BC NMR (CD;0D + CDCl3, 75 MHz), see Table 16.

Compound DH2: Viscous oil; [a]*p: - 24.2° (¢ = 0.75, MeOH); UV
(MeOH) Amax (log £): 221 (4.90), 280 (4.49), 285 (4.47) nm; IR (neat) vyax: 3380,
1619 cm™; 'TH NMR (CDCl; + DMSO-ds, 300 MHz), see Table 19; °C NMR (CDCl;
+ DMSO-d;, 75 MHz), see Table 19.

Compound DH3: Viscous oil; [a}*p: + 13.8° (¢ = 5.23, MeOH); UV
(MeOH) Amax (lI0g €): 280 (2.44), 284 (2.43) nm; IR (neat) vo: 3390, 1622 ecm™; 'H
NMR (CDCl; + DMSO-ds, 300 MHz), see Table 22; *C NMR (CDCl; + DMSO-dj,
75 MHz), see Tabie 22.

Compound DH{: Viscous oil; [a]27;3: - 13.4° (¢ = 2.65, MeOH); UV
(MeOH) Amax (log &): 221 (4.18), 278 (3.82), 284 (3.82) nm; IR (neat) vmax: 3386,
1622 cm'l; '"H NMR (acetone-ds 300 MHz), see Table 25; B¢ NMR (acetone-dg, 75
MHz), see Table 25.
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Compound DHS: Viscous oil; [0]*'p: + 70.0° (¢ = 3.64, MeOH); UV
(MeOH) Amax (log £): 284 (3.78), 288 (3.76) nm; IR (neat) vuax: 3360, 1618 em™; 'H
NMR (acetone-ds, 300 MHz), see Table 27; *C NMR (acetone-ds, 75 MHz), see
CTable 2

Compound DHG6: Viscous oil; UV (MeOH) Anax (log £): 246 (3.85),
280 (3.70) nm; IR (neat) vmax: 3393, 1655, 1604 cm™; 'H NMR (CDCls + DMSO-ds,
300 MHz), see Table 31; ?C NMR (CDCl; + DMSO-dq, 75 MHz), see Table 31.

2.4.3 Investigation of the crude methylene chloride and acetone extracts

from the roots of C. sappan

Crude CH>Cl; and acetone extracts

(553 g)
QCC
Ri#* R2 R3 R4* R5* R6* R7*
(2.0¢) (2.7¢g)
1.CC
cC 2. CC RP-18

MR2 MR1

MR3

D4

DHS

* Not further investigated

Scheme 6 Isolation of compounds MR1-MR3, DH4, and DHS from the roots
of C. sappan
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The Crude CH,Cl; and acetone extracts gave similar chromatogram so
they were combined and further purified by QCC using CHCl, as eluent and

increasing polarity with acetone to give seven fractions (R1-R7, Scheme 6).

- Fraction R2 (2.0 -g) was-further -purified by CC-with EtOA¢-CHyCly - -+ -

(1:4, v/v) to give five subfractions (R2a-R2e). Subfraction R2b (140.2 mg) was
separated by CC with acetone-CH»Cly (1:19 v/v) to give MR2 (8.0 mg, Ry = .53
(1:1, Acetone-hexane)).

Fraction R3 (2.7 g) was separated by CC with acetone-hexane (2:3,
v/v) to afford seven subfractions (R3a-R3g). Subfraction R3b (200.2 mg) was
purified by CC with EtOAc-hexane (2:3, v/v) to give DH4 (16.0 mg). Subfraction
R3e (838.4 mg) was separated by CC RP-18 with MeOH-H,0 (2:3, v/v} to give DHS
(15.0 mg), MR1 (6.0 mg, Ry = 0.16 (3:2, EtOAc-hexane)) and MR3 (34.0 mg, Ry=
0.39 (1:1, Acetone-hexane)).

Compound MRI: Viscous oil; {a]27D: —24.3° (¢ = 0.61, MeOH); UV
(McOH) huax (log £): 282 (3.73), 284 (3.70) nm; IR (neat) vmay: 3375, 1607 em™; 'H
NMR (acetone-ds, 300 MHz), see Table 34; °C NMR (acetone-ds, 75 MHz), see
Table 34.

Compound MR2: Yellow solid, mp: 228-230 °C; UV (MeOH) Amax
(log €): 237 (4.08), 351 (4.36) nm; IR (neat) vmax: 3390, 1601 em™; '"H NMR
(acetone-ds, 300 MHz), see Table 37; *C NMR (acetone-ds, 75 MHz), see Table 37.

Compound MR3: Viscous oil; UV (MeOH). Anax (log &): 231 (3.87),
266 (3.87), 312 (3.86), 361 (3.86) nm; IR (neat) Ve 3375, 1603 cm™; 'H NMR
(CDCl; + DMSO-ds, 300 MHz), see Table 39; °C NMR (CDCl; + DMSO-dg, 75
MHz), see Table 39.
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2.5 Bioassay

2.5.1 Anti-allergic activity assay

2.5.1.1 Inhibitory effects on the release of f-hexosaminidase from RBL-
2H3 cells

Inhibitory effects on the release of f-hexosaminidase from RBL-2H3
cells (purchased from ATCC) were evaluated by the following method (Matsuda et
al., 2004) with some modifications. 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 units/ml),
streptomycin (100 unit/mi) and anti-dinitrophenyl-immunoglobulin E (anti-DNP IgE)
(0.45 pg/ml), then incubated overnight at 37 °C in 5% CQO, for sensitization of the
cells. The cells were washed twice with 500 ul of Siraganian buffer [119 mM NaCl,
5 mM KCl, 5.6 mM glucose, 0.4 mM MgCh, 1 mM CaCly, 25 mM piperazine-N,N'-
bis(2-ethanesulfonic acid) (PIPES), 0.1 % bovine serum albumin (BSA) and 40 mM
NaOH, pH 7.2] and then incubated in 160 gl of Siraganian buffer for an additional 10
min at 37 °C. After that, 20 zl of test sample solution was added to each well and
incubated for 10 min, followed by addition of 20 gl of antigen (DNP-BSA, final
concentration is 10 gg/ml) at 37 °C for 20 min to stimulate the cells to degranulate.
The supernatant was transferred into a 96-well plate and incubated with 50 gl of
substrate (ImM p-nitrophenyl-N-acetyl-£-D-glucosaminide) in 0.1 M citrate buffer
(pH 4.5) at 37 °C for 2 h. The reaction was stopped by adding 200 #1 of stop solution
(0.1 M Nay;CO3/NaHCO;, pH 10.0). The absorbance was measured with a microplate
reader at 405 nm. The test sample was dissolved in dimethylsulfoxide (DMSO), and
the solution was added to Siraganian buffer (final DMSO concentration was 0,1 %).
The inhibition (%) of the release of f-hexosaminidase by the test samples was

calculated by the following equation, and ICsy values were determined graphically:
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Inhibition % = [1- (T-B-N)/(C-N)] x 100
Control (C): DNP-BSA (1), Test sample (-); Test (T): DNP-BSA (+),
Test sample (+); Blank (B): DNP-BSA (~), Test sample (+); Normal

(N): DNP-BSA (—), Test sample (—)
2.5.1.2 B-Hexosaminidase inhibitory activity

The following assay was carried out in order to clarify that the anti-
allergic effects of samples were due to the inhibition of f-hexosaminidase release,
and not from the inhibition of S-hexosaminidase activity.

The cell suspension (5 x 10° cells) in 10 ml of PBS (phosphate buffer
saline) was sonicated. The solution was then centrifuged; and the supernatant was
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
) were transferred into a 96-well microplate and incubated with 50 ul of the
substrate solution at 37 °C for 2 h. The reaction was stopped by adding 200 ul of the
stop solution and the absorbance was measured using a microplate reader at 405 nm.
The results were expressed as mean £ SEM of four determinations at each
concentration for each sample. The ICsy values were calculated using the Microsoft
Excel program, Statistical significance was calculated by one-way analysis of

variance (ANOVA), followed by Dunnett’s test,

2.5.2 Cytotoxic assay

The procedure for cytotoxic assay was performed by the
sulphorhodamine B (SRB) assay as descried by Skehan et al., (Skehan et al., 1990).
In this study, four cancer cell lines obtained from National Cancer Institute, Bangkok,
Thailand, were used including MCF-7 (breast adenocarcinoma), KB (human oral
cancer), HeL.a (Human cervical cancer) and HT-29 (colon cancer). Camptothecin

which were used as a standard showed cytotoxic activity in the range of 0.2-2.0
ug/ml.




38

2.6 X-ray crystallographic analysis of phanginin A (DS1)

Cy1Has0s, M = 360.43, orthorhombic, P2,2/2;, a = 7.5063(5) A, b =

K. Two thousand five hundred and ninety one independent reflections (2591
independent, Ry = 0.057) were collected. Largest electron density residue: 0.39 eA'B,
Ri(for I> 20(]} = 0.0560 and wR; = 0.1854 (all data) with Ry = ZJ|Fy] - |F||/21F,| and
Wiy = (Z‘w(cm. - )t Ew(FZD)Z)O‘S. Data were collected on a Bruker SMART
APEX2 CCD area detector diffractometer with MoK, radiatipn (A = 071073 A)
equipped with an Oxford Cryosystem Cobra low-temperature attachment. Cell
refinement; APEX2; data reduction: SA/NT (Bruker, 2005); programs used to solve
structures: SHELXTL (Sheldrick, 1998); molecular graphics: SHELXTL; softwares
used to prepare material for publication: SHELXTL and PLATON (Spek, 2003). The
structure was solved by direct methods (SHELXTL, (Sheldrick, 1998)) and all non-
hydrogen atoms were refined anisotropically using the least-squares method on F°
(SHELXTL, (Sheldrick, 1998)). Hydroxyl H and H atom attached to C9 were located
from the difference map and isotropically refined. The remaining H atoms were
positioned geometrically and allowed to ride on their parent atoms, with C-H
distances in the range 0.93-0.97 A. The U, values were constrained to be 1.5Ueq of
the carrier atom for methyl H atoms and 1.2, for the remaining H atoms.

The crystallographic data for the structure of DS1 has been deposited
with the Cambridge Crystaliographic Data Centre as supplementary publication
(Deposition No.CCDC 650908). This data can be obtained free of charge, by request
to the Director, via www.ccde.cam.ac.uk/conts/retrieving.html (or from the CCDC,

12 Union Road, Cambridge CB2 1EZ, UK, fax: -+44 1223 336033; email

deposit@ccdc.cam.ac.uk).




CHAPTER 3
RESULT AND DISCUSSION

3.1 Structural elucidation of compounds from the sceds of C. sappan

The crude methylene chloride extract from the seeds of C. sappan was
subjected to chromatography and/or crystallization to give new cassane-type
diterpenes, DS1-DS11. The basic skeleton of all compounds was identified to be a
furanoditerpene on the basis of UV Amay 211-225 nm (Cheenpracha ef al., 2005) and a
positive Ehrlich test (Kuroda et af., 2004). In addition, the IR spectrum of these
compounds displayed carbonyl ester (1717-1731 cm™) functionality. The 'H NMR
spectral data of all compounds showed characteristic of 1,2-disubstituted furan ring as
signals between & 6.15 and 7.35 (each d) with coupling constants between 1.2 and 1.8
Hz. Also, the proton signals of singlets between 8 3.64 — 3.77 and doublets between 8
0.94 — 1,01 were assigned as methyl ester groups of 18-OMe and aliphatic methyl
groups at C-17, respectively. Their structures were determined using 1D and 2D NMR
spectroscopic data. All carbons were assigned by *C NMR, HMQC and HMBC data.

In addition, the structure of DS1 was confirmed by X-ray diffraction technique.

39
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3.1.1 Compound DS1

C
18

MO,

Compound DS1 was obtained as a white powder which was further

recrystallized from CH,Cl; to yield colorless crystals. The subsequent X-ray structure
(Figure 2) confirms a pentacyclic furano cassane-type diterpene framework with a
molecular formula CyHagOs ((M]™ m/z 360.1949 obtained from HREIMS). This
“structure was in agreement with the 'H and "*C NMR spectral data (Table 2, Figures
5 and 6). The '*C NMR spectral data displayed 21 carbons including those of an ester
carbony! carbon at & 175.8 (C-18), and a 1,2-disubstituted furan ring moiety at &
109.8 (C-15), 122.4 (C-13), 140.3 (C-16) and 149.5 (C-12). The 'H NMR spectral
data displayed the presence of two AB systems. One of them was shown at & 2.60
(dd, /= 15.9, 11.7 Hz, H-11¢) and 2.72 (dd, J = 15.9, 5.7 Hz, H-118), and the other
as the oxymethylene protons at 8 3.69 and 4.37 (each d, J = 11.7 Hz, 2H-19). The
lower field signal at 8 5.01 (s) was deduced to be a dioxymethine proton H-20 whose
HMBC spectrum showed correlations with carbons at § 38.6 (C-10), 45.2 (C-5) and
61.6 (C-19). The oxymethylene protons at & 3.69 and 4.37 (2H-19) showed
correlations with carbons at 8 35.5 (C-3), 45.2 (C-5) and 97.2 (C-20). These data
suggested an ether bridge between C-19 and C-20. The relative stereochemistry of a
pyran ring was determined on the basis of X-ray diffraction analysis and NOESY
experiments whose cross-peaks of a dioxymethine proton at 8 5.01 (H-20) with
protons at 8 2.02 (H-18) and 2.72 (H-118) suggested S-orientation of a dioxymethine
proton I1-20 and in an equatorial position. From these data, DS1 was concluded to be

phanginin A, a new compound (Yodsaoue ef al., 2008).




Table2 'Hand '*C NMR, DEPT and HMBC spectral data of compound DS1
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Position | oy (mult, J, Hz) 5c | DEPT HMBC

N Timm T UG P i S
B 2.02 (m)

2 1.52 (m), 1.62 (m) 20.9 | CH; 3,4

3a 1.87 (m) 35.5 | CH, 1,4,5,6,19
B 1.98 (m)

4 456 | C

5 1.62 (m) 452 | CH 1,10, 19,20
60 1.19 (m) 23.5 | CH, 4

y; 2.23 (m)

7 1.36 (m), 1.70 (m) 29.6 | CI; 5,6

8 2.38 (m) 36.6 | CH 9, 14,17

9 | 1.45 @m) 42.6 | CH 1,8, 10, 14, 20
10 38.6 | C

1a 2.60 (dd,J = 15.9, 11.7) 22.5 | CH, 8,9, 12, 13
; 2.72 (dd, J=15.9, 5.7)

12 149.5 | C

13 1224 | C

14 2.58 (m) 31.5 | cH 8,9,12, 13, 15, 17
15 6.17 (br s) 109.8 | CH 12,13, 14, 16
16 7.19 (brs) 140.3 | CH 12,13, 15

17 0.96 (d, J=6.9) 16.8 | CH; 8,13, 14

18 175.8 | C

19ax 437 (d,J=11.7) 61.6 | CH, 3, 5,20
eq 3.69(d,J=117)

20 5.01 (s) 972 | cH 5,10, 19
18-OMe | 3.65 (s) 51.5 | CH; 18




Figure 2 ORTEP drawing of compound DS1

Selective HMBC correlation of DS1

42




43

3.1.2 Compound DS2

& i

MeO, s

Compound DS2 [M]" m/z 360.1927 (CyHs0s) by HREIMS,
exhibited a hydroxy! functionality at 3394 cm” in IR spectrum. The 'H and *C NMR
spectral data (Table 3, Figures 12 and 13) were closely related to those of DS1. The
difference was in the position of OH which was placed at C-20 in DSI (H-20: 64 5.01
(s), 8¢ 97.2) but C-19 in 2 (H-19: 8y 5.33 (s), 8¢ 94.8). The HMBC correlations of an
oxymethine proton at 8 5.33 (H-19) with carbons at § 36.9 (C-3), 44.0 (C-5), 49.1 (C-
4) and 63.5 (C-20) confirmed the location of OH at C-19. The relative
stereochemistry of a pyran ring was analyzed by NOESY correlations, the
dioxymethine proton at & 5.33 (H-19) showed a cross-peak with the proton at 6 1.96
(H-38) and no cross-peak with 2H-20 suggesting equatorial orientation of H-19.
Therefore, DS2 was determined to be phanginin B, a new compound (Yodsaoue e/

al., 2008).

Selective HMBC correlation of DS2




Table 3 'Hand *C NMR, DEPT and HMBC spectral data of compound DS2
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3.64 (s)

51.7

Position | 6y (mult, J, Hz) Sc | DEPT HMBC
M  im@m Tgatcm 1St
Jii 2.19 (m)
2 1.64 (m) 21.1 | CH;
3a 1.62 (m) 36.9 | CH; 4,5
Jii 1.96 (m)
4 49.1 | C
5 1.70 (m) 440 | CH 4,19
6 1.84 (m) 23.3 | CH;
7 1.65 (m) 30.8 | CH;
8 1.62 (m) 373 | CH 10
9 1.52 (m) 42.0 | CH 10, 11, 14,20
10 36.0 | C
la 2.27 (m) 22.6 | CHy 8,9, 13
B 2.72 (dd, J=16.2,5.7)
12 1492 | C
13 1222 | C
14 2.62 (brq,J=17.2) 31.7 | CH 8,9,12,13,17
15 6.17 (d,J=1.5) 109.6 | CH 12,13
16 7.22(d,J=1.5) 140.6 | CH 12,13, 15
17 0.97(d,J=17.2) 17.2 | CH3 8,13,14
18 1747 | C
19 5.33 (s} 94.8 | CH 3,4,5,20
20ax 4,16 (dd, /=114, 2.4) 63.5 | CH, 1,5,10,19
eq 3.56 (d,J=11.4)
18-OMe CH; 18
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3.1.3 Compound DS3

Compound DS3 had a molecular formula CiH300s, (IM]" m/z
374.2116), based on HREIMS which was 14 mass units more than that of DS1,
suggesting the addition of a Me group. The 'H and >C NMR spectra (Table 4,
Figures 14 and 15) of DS3 displayed characteristics similar to those of DSI1, except
for the presence of an additional methoxyl group at 6y 3.53 (s) in DS3. This signal
_correlated with carbon at § 101.1 (C-20) in the HMQC experiment, suggesting the
OMe group at C-20. In the NOESY spectrum, the dioxymethine proton at & 5.02 (H-
20) displayed a cross-peak with protons at § 1.76 (H-6/), 3.53 (20-OMe) and 4.03
(H-19ax), indicating that this dioxymethine proton was in axial orientation. Thus the
structure of phanginin C was concluded to be DS3, a new compound (Yodsaoue ef

al., 2008).

$ n
C
138

M602

Selective HMBC correlation of DS3
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Table 4 'Hand '*C NMR, DEPT and HMBC spectral data of compound DS3
Position | 5y (mult, J, Hz) 8c | DEPT | HMBC
Mo iSRG T=8 6313 | 20(Ch 2951020 1 |
)i 2.22 (m)
2 1.22 (m), 1.62 (m) 21.0 | CH; 4,10
Ja 1.31 (m) 384 | CH; 2,4,5,18,19
Ji} 2.20 (m)
4 494 | C
5 1.71 (m) 47.9 1 CH 4,7,9,10
60 1.35 (m) 23.1 | CHy 4,7,8,10
yij 1.76 (im)
7 1.35 (m), 1.73 (m) 30.0 | CH; 5,9
8 1.70 (m) 363 | CH 9,10,11,17
9 1.57 (m) 41.3 | CH 8,10,11,14
10 354 | C |
1la 2.25 (m) 22.5 | CH, 8,9,13
I 2.73 (dd, J=16.2, 6.0)
12 148.9 | C
13 1221 | C
14 2.64 (br q,J=6.9) 31.5 1 CH 8,9,12,13,17
15 6.17 (d,J=1.8) 109.5 { CH 12,13, 16
16 722 (d,J=1.8) 140.6 { CH 12, 13,15
17 0.95(d, J=6.9) 17.1 { CH3 8,13, 14
18 1765 | C
19ax 4,03 (dd, J=11.7,2.7) 66.9 | CH; 3,4,5,20
eq 381(d,J=11.7)
20 5.02 (s) 101.1 | CH 1, 10, 20-OMe
18-OMe | 3.69 (s) 51.6 | CH3 18
20-OMe | 3.53 (s) 57.4 | CH3 20
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3.1.4 Compound DS4

Compound DS4 was found to have a molecular formula CyH300s,
(IM]* m/z 374.2110), by HREIMS. The 'H and “C NMR spectral data (Table 5,
Figures 16 and 17) of DS4 were similar to those of DS2 with an additional OMe
signal at 8y 3.35 which showed HMBC correlation with C-19 (3 102.6). The relative
stereochemistry of a pyran ring was determined from the results of NOESY
experiments and comparison with DS2. The dioxymethine proton at & 4.76 (H-19)
showed a cross-peak with protons at & 1.92 (H-34) and 3.35 (19-OMe) suggesting an
equatorial orientation of H-19. Therefore, the structure of phanginin D was assigned

as DS4, a new compound (Yodsaoue et al., 2008).

Selective HMBC correlation of DS4




48

Table 5 'Hand *C NMR, DEPT and HMBC spectral data of compound DS4
Position | 8y (mult, J, Hz) 8c | DEPT | HMBC
T o Ssalcm 13200
I 2.18 (m)
2 1.57 (m) 21.1 | CH, 4,10
30 1.62 (m) 36.2 | CH, 1,5,19,18
B 1.92 (m)
4 497 C
5 1.73 (dd, J=12.3,3.3) 442 | CH 3,4,7,9,18,19,20
6a 1.88 (m) 23.8 | CH, 4,5,8,9
Vi 2.07 (m)
7 1.33 (m), 1.67 (m) 30.7 | CH; 5,8, 14
8 1.73 (m) 37.0 | CH 6,11, 14, 17
9 1,52 (dt,J=11.7,5.7) 42.0 | CH 1,5,8, 10, 14,20
10 36.0 | C
1la 2.24 (m) 22.5 | CH, 8,9,12,13
B 271 (dd, J=16.2,5.7)
12 149.0 | C
13 12221 C
14 2.62 (m) 31.6 | CH 8,9,12,13,15,17
15 6.17 (d, J=1.8) 109.6 | CH 12, 13, 16
16 721 (d,J=1.8) 140.5 | CH 12,13, 15
17 0.96 (d, J= 6.9) 17.2 | CH; 8,13, 14
18 1749 | C
19 4.76 (s) 102.6 | CH 3,4,5,20, 19-OMe
20ax 4.04 (dd, J=11.1,2.4) 62.7 | CH, 1,5,10,19
eq 3.54 (d, J=11.1)
18-OMe | 3.70 (s) 51.5 | CHs 18
19-OMe | 3.35 () 55.5 | CHa 19
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3.1.5 Compound DSS

Compound DS5 C2Hz60s [M]" at m/z 358.1744 by HREIMS, was 2
mass units less than that of DS2. The 'H and °C NMR spectral data (Table 6, Figures
18 and 19) resembled those of DS2, except that the signal of the dioxymethine proton
of DS2 at 8u 5.33 (8¢ 94.8, C-19) was replaced by a carbonyl carbon at o¢ 170.5.
This finding was supported by HMBC spectrum, in which the oxymethylene protons
of 2H-20 at & 4.24 (dd, J = 11.7, 0.9 Hz) and 4.67 (dd, J = 11.7, 2.4 Hz) were
correlated with carbons at & 35.4 (C-10), 38.1 (C-1), 40.9 (C-9), 46.7 (C-5) and 170.5
(C-19). Thus, the structure of DS5 was assigned as phanginin E, a new compound

(Yodsaoue et al., 2008).

Selective HMBC correlation of DSS




Table 6 'H and *C NMR, DEPT and HMBC spectral data of compound DS5
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Position | &y (mult, J, Hz) 5c | DEPT | HMBC

P WE il
B 2.20 (m)

2 1.92 (m) 20.0 | CH,

3 2.14 (m) 34.8 | CH, 1,4,5,19

4 5591 C

5 1.73 (m) 46.7 | cH 1,4, 10,20

6a 1.43 (m) 25.2 | CH,

i 1.62 (m)

7 1.80 (m) 29.1 | CIL,

8 1.90 (m) 36.0 | CH 9,11

9 1.70 (m) 40.9 | CH 1,10, 11, 14,20
10 354 | C

i1a 2.07 (m) 22.6 | CH, 8,9,13,12
B 2.78 (dd, /= 16.2, 5.7)

12 1479 | C

13 1225 C

14 2.71 (brq, J=7.2) 31.3 | cH 8,9,12,13, 17
15 6.18 (d,J=1.8) 109.5 | CH 12, 13

16 723 (d,J=1.8) 141.0 | cH 12, 13, 15

17 0.99 (d, J=17.2) 172 | cH, 8,13, 14

18 1720 | C

19 170.5 | C

20ax 4.67 (dd, J=11.7, 2.4) 73.6 | CH 1,5,9,10, 19
eq 424 (dd, J=11.7,0.9)

18-OMe | 3.77(s) 52.3 | CHs 18
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3.1.6 Compound DS6

Compound DS6 with molecular formula C;1Hz60s [M—Hzo]+ whose
molecular weight was assigned at m/z 358.1765. by HREIMS. The NMR data (Table
7, Figures 20 and 21) of DS6 displayed similarities with DS1. The BC NMR spectra
exhibited a couple of oxymethine carbons at 8 71.1 and 104.5 assigning to C-11 and
C-20, respectively. The 'H NMR signal of H-11 was displayed as a doublet at § 5.19
(/ = 4.5 Hz) whose HMBC spectrum showed correlations to carbons at 6 38.5 (C-8),
43.4 (C-9), 129.0 (C-13) and 148.0 (C-12). The relative stereochemistry of DS6 was
determined on the basis of coupling constants and the results of NOESY experiments.
The small J values for H-9 and H-11 (/ = 4.5 Hz) indicated that H-11 should be an
equatorial proton. In addition, the oxymethine proton at & 5.19 (H-11) showed a
cross-peak with the protons at § 1.85 (H-9«) and 2.28 (H-1/) and the dioxymethine
proton at § 5.47 (H-20) with protons at 8 1.70 (H-6/), 2.07 (H-8/) and 4.22 (H-19ax)
in NOESY experiment confirming c-orientation of H-11 and axial position of H-20.
Thus phanginin F was characterized as DS6, a new compound (Yodsaoue ef al.,

2008).

Selected NOESY cross-peak and HMBC correlation for compound DS6




Table 7 'Hand *C NMR, DEPT and HMBC spectral data of compound DS6
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Position | 8y (mult, J, Hz) 8¢ | DEPT | HMBC
EP T137@m) “3391CH; . 12,3,5,10,20 | -
Jij 2.28 (m)
2 1.68 (m), 2.60 (m) 204 | CHa 1,3, 10
3a 2.06 (m) 37.7 | CH; 1,2,5,19
i} 2.18 (m)
4 450 C
5 2.18 (dd, /=114, 6.3) 46.3 | CH 1,3,4,10,19,20
6a 1.60 (m) 23.8 | CH, 4,5,8,10
B 1.70 (m)
7 1.32 (m), 1.72 (m) 28.2 | CH, 58,9
8 2.07 (m) 385 CH 10, 11,17
9 1.85(dd, J=12.3,4.5) 434 | CH 1,8,10,11, 14, 20
10 409 | C
11 5.19(d, J=4.5) 71.1 | CH; 8,9,12,13
12 148.0 | C
13 129.0 | C
14 271 (qd, J=17.2,4.2) 31.8 | CH 8,9,12,13,15,17
15 6.22(d,J=1.8) 109.2 | CH 12,13
16 735(d,J=1.8) 1432 | CH 12,13, 15
17 096(d,J=172) 14.0 | CH3 8,13, 14
18 1744 | C
19ax 422 (dd, J=12.6, 3.0) 70.0 | CH; 3,4,5,20
eq 4.07(d,J=12.6)
20 5.47 (s) 104.5 | CH [,5,10
18-OMe | 3.68 (s) 51.6 | CH; 18




Table 8 Comparison of 13C NMR spectral data of compounds DS1-DS6

Position DS1 DS2 DS3 DS4 DS5 DSo6
12 20.9 21.1 21.0 21.1 20.0 204
3 35.5 36.9 384 36.2 34.8 377
4 45.6 49.1 49.4 49.7 55.9 45.0
5 45.2 44.0 47.9 44.2 46.7 46.3
6 23.5 23.3 23.1 23.8 252 23.8
7 29.6 30.8 30.0 30.7 29.1 28.2
8 36.6 37.3 36.3 37.0 36.0 38.5
9 42.6 42.0 41.3 42.0 40.9 43.4
10 38.6 36.0 354 36.0 354 40.9
11 22.5 22.6 22.5 22.5 22.6 71.1
12 149.5 149.2 148.9 149.0 147.9 148.0
13 1224 122.2 122.1 122.2 122.5 129.0
14 315 31.7 31.5 31.6 31.3 31.8
15 109.8 109.6 109.5 109.6 109.5 109.2
16 140.3 140.6 140.6 140.5 141.0 143.2
17 16.8 17.2 17.1 17.2 17.2 14.0
18 175.8 174.7 176.5 174.9 172.0 174.4
19 61.6 94.8 66.9 102.6 170.5 70.0
20 972 63.5 101.1 62.7 73.6 104.5
18-OMe 51.5 51.7 51.6 51.5 52.3 51.6
19-OMe 55.5
20-OMe 574
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3.1.7 Compound DS7

Compound DS7 had the molecular formula CyHagOs, ((M]" m/z
360.1916), based on HREIMS. The IR absorption exhibited hydroxyl functionality at
3395 cm™. The 'H and *C NMR spectral data (Table 9, Figures 22 and 23) of DS7
and DS6 were comparable, except that the methylene proton signals of 2H-19 at 8
422 (dd, J = 12.6, 3.0 Hz) and 4.07 (d, J = 12.6 Hz) in DS6 were replaced by a
singlet methyl proton signal at § 1.25 (Me-19). The latter protons showed HMBC
correlations with carbons at 8 37.1 (C-3), 48.1 (C-4), 48.5 (C-5) and 179.0 (C-18),
suggesting its location at C-4. The '"H NMR signal of a dioxymethine proton H-20 at
8 5.52 (s); ¢ 103.3 showed HMBC correlations with carbons at 8 36.0 (C-1), 47.9
(C-10), 48.5 (C-5), 48.7 (C-9) and 69.3 (C-11). The oxymethine proton H-11 (8
4.85, d, J = 4.8 Hz; 8¢ 69.3) showed HMBC correlations with carbons at & 36.2 (C-8),-
48.7 (C-9), 103.3 (C-20), 128.0 (C-13) and 147.0 (C-12). These data suggested an
ether bridge between C-20 and C-11 (forming a tetrahydrofuran skeleton). The small
J value for H-11 (J = 4.8 Hz) indicated that H-11 should be an equatorial proton. In
the NOESY spectrum, the dioxymethine proton at 8 5.52 (H-20) correlate with the
methy] protons at & 1.25 (3H-19) and protons at 8 1.70 (H-2/) and 1.92 (H-1/3), and
the oxymethine proton at 8 4.85 (H-11) displayed a cross-peak with protons at § 1.79
(H-9¢) and 1.92 (H-1£) confirming that protons H-20 and H-11 of a tetrahydrofuran
ring were in ¢is configuration. Thus, phanginin G was concluded to be DS7, a new

compound (Yodsaoue ef al., 2008).




Selected NOESY cross-peak and HMBC correlation for compound DS7

Table 9 'H and >C NMR, DEPT and HMBC spectral data of compound DS7
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179.0

Position | 3y (mult, J, Hz) &c | DEPT | HMBC
la 1.22 (m) 36.0 | CHy 2,5,9,10,20
B 1.92 (m)
2 1.70 (m) 19.0 | CH; 1,4
3 1.64 (m) 37.1 | CH
4 48.1 | C
5 2.20 (brd, J=12.0) 48.5 | CH 3,4,5,7,10,19
6o 1.14 (m) 249 | CH, 5
Jii 2,10 (m)
7 1.39 (m), 1.68 (m) 29.9 { CH, 5
8 2.69 (m) 362 | CH 7,9,13, 14,17
9 1.79 (dd, /= 12.0, 4.8) 48.7 | CH 1,5,8, 14,20
10 | 479 |C
lla 4.85(d,/=4.8) 69.3 | Cl 8,9,12,13,20
12 147.0 | C
13 128.0 | C
14 2.62 (m) 32.2 | CH 8,9,12,13, 17
15 6.23 (d,J=1.5) 109.3 | CH 12,13
16 7.33(d,J=1.5) 142.8 | CH 12, 13,15
17 0.94 (d, J= 6.6) 144 | CHs 8,13, 14
18 C
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Table 9 (continued)

Position | 8y (mult, J, Hz) 8¢ | DEPT HMBC

Mo 1356 | 173|CH  [3,4,518
20 5.52 (s) 103.3 { CH 1,5,9,10, 11
18-OMe | 3.69 (s) 51.9 | CH; i8

3.1.8 Compound DS8

18 19

Compound DS8 was found to have the molecular formula Cy1Hy304
(IM]* m/z 344.1996) by HREIMS. The 'H and C NMR spectral data (Table 10,
Figures 24 and 25) of DS8 were similar to those of DS7, except that the signal of a
dioxymethine proton at 8 5.52 (s, H-20); 8¢ 103.3 in DS7 was replaced by those of
the oxymethylene protons at 8 3.92 (d, J = 8.1 Hz) and 3.97 (br dd, J = 8.1, 3.0 Hz).
Both oxymethylene protons showed HMBC correlations with the carbons at § 35.9
(C-1), 45.8 (C-10), 47.4 (C-5), 49.4 (C-9) and 68.7 (C-11). Therefore, phanginin H

was assigned as DS8, a new compound (Yodsaoue ef al., 2008).

Selected HMBC correlation for compound DS8




Table 10 'H and '>C NMR, DEPT and HMBC spectral data of compound DS8
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Position | 8y (mult, J, Hz) 8c { DEPT | HMBC
M EeT T T sslen st
8 2.08 (m)
2 1.65 (m) 183|cH, [1,3,4,10
3a 1.60 (m) 368 |CH, | 1,2,5,18,19
B 1.86 (m)
4 476 C
5 220 (d,J=11.7,3.0) 474\ CH | 1,3,4,6,7,10, 18,19, 20
6a 1.29 (m) 250|CH, | 4,7,8,10
B 1.43 (m) '
7 1.46 (m), 1.71 (m) 30.1|CH,  |5.6,8
1.93 (m) 31 CH  |6,7,11,14,17
9 1.80(dd,/=12.0,39) | 494|CH |1,5,8, 10,11, 14,20
10 458 C
11 4.83 (d, J=3.9) 687|CH 18,912, 13
12 1483 | C
13 1273 | ¢
14 2.64 (qd, J=7.2, 4.2) 32.11CH  |8,9,12,13, 15,17
15 6.22 (d,J=1.8) 109.1 |cH | 12,13, 14, 16
16 731 (d,J=1.8) 1428 |CH | 12,13,15
17 0.97 (4, J=7.2) 147|CH; |8, 14,13
18 1785 | C
19 0.99 (s) 158|CH; |3,4,5,18
Wax  |3.97 (brdd,/=8.1,3.0), | 703|CH, |1,5,9,10,11
eg  |3.92(d,J=8.1)
18-OMe | 3.69 (s) 520|CH; |18
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Table 11 Comparison of 'H and *C NMR spectral data of compounds DS7 and DS8

Position DS7 DS8
84 (mult, 7, Hz) "¢ | on (mult, S, Hz) | B¢l
la 1.22 (m) 36.0 | 1.22 (m) 359
B 1.92 (m) 2.08 (m)
2 1.70 (m) 19.0 | 1.65 (m) 18.3
3a 1.64 (m) 37.1 | 1.60 (m) 36.8
Jij 1.86 (m)
4 - 48.1 47.6
2.20 (br d, J=12.0}) 48.51220(d,J=11.7,3.0) 47.4
6a 1.14 (m) 249 | 1.29 (m) 25.0
B 2.10 (m) 1.43 (m)
7 1.39 (m), 1.68 (m) 29.9 | 1.46 (m), 1.71 (m) 30.1
8 2.69 (m) 3621 1.93 (m) 37.1
9 1.79 (dd, /= 12.0, 4.8) 48.7 | 1.80 (dd, J=12.0, 3.9) 494
10 47.9 458
ila 4.85(d,/=4.8) 69.3 14.83(d,J=3.9) 68.7
12 147.0 148.3
13 128.0 127.3
14 2.62 (m) 3221264 (qd,/=7.2,42) 32.1
15 6.23 (d, /= 1.5) 1093 | 6,22 (d, /= 1.8) 109.1
16 7.33(d,J=1.5) 142.8 | 731 (d,/=1.8) 142.8
17 0.94 (d,/=6.6) 1441 097(d,J=17.2) 14.7
18 179.0 178.5
19 1.25 (s) 17.3 1 0.99 (s) 15.8
20ax 5.52(s) 103.3 | 3.97 (br dd, J=8.1, 3.0), 70.3
eq 3.92(d, /= 8.1}
18-OMe | 3.69 (s) 51.9 | 3.69 (s) 52.0
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3.1.9 Compound DS9

Compound DS9 was found to have the molecular formula Cy Hz504,
[M]" m/z 344.1983, by HREIMS. The 'H and "*C NMR spectra (Table 12, Figures 26
and 27) showed similarity with DS8 and taepeenin H previously isolated from C.
crista (Cheenpracha et al., 2005). The 'H NMR spectral data exhibited a signal of an
aldehydic proton at & 10.21 (d, J = 1.2 Hz, H-20); 3¢ 208.4 whose HMBC spectrum
showed correlations with carbons at § 31.9 (C-1) and 49.9 (C-5), confirming its
location at C-20. The relative stereochemistry of DS9 was assigned by NOESY
experiments in which the aldehydic proton H-20 (3 10.21) showed a cross-peak with
§ 1.04 (Me-19) and 2.06 (H-8). Thus the structure of phanginin I was identified to be
DS9, a new compound (Yodsaoue ef al., 2008).

Selected HMBC cortelation for compound DS9




Table 12 'H and "*C NMR, DEPT and HMBC spectral data of compound DS9
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Position { 5y (mult, J, Hz) 3¢ | DEPT | HMBC
Ta {090 | 319|CH; [5920 — —
B 246 (brd,J=12)
2 1.61 (m), 1.80 (m) 18.3 | CHz 10
3a 1.59 (m) 36.6 | CH; 2,10, 18,19
Jii 1.77 (m)
4 514 |C
5 2.18 (dd, J=12.9, 2.1) 49.9 | CH 3,4,6,7,9,10, 18, 19,20
6a 1.40 (m) 23.1 | CHs 4,5,7,8
B 2.17 (m)
7 1.69 (m), 1.94 (m) 30.8 | CH> 6, 8, 14
2.06 (m) 36.7 | CH 6,9,11, 14,17
9 1.84 (m) 443 | CH 1,5,7,8,11,14,20
10 473 C
Ha 2.69(dd,/=17.1,6.6) 23.0 | CH, 8,9,12,13
Jii 2.18 (m)
12 1482 | C
13 1223 C
14 2.65 (brq,J=17.2) 31.5 | CH 8,9,12,13,15,17
15 6.15(d,J/=1.8) 109.4 | CH 12,13, 14, 16
16 7.19(d,J=1.8) 140.7 | CH 12,13, 15
17 1.00(d, /=7.2) 16.9 | CH3 8, 14,13
18 1782 | C
19 1.04 (s) 15.8 | CHs 3,4,5,18
20 10.21 (d,J=1.2) 208.4 | CH 1,5
18-OMe | 3.70 (s) 52.0 | CH; 18
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3.1.10 Compound DS10

Compound DS10 was deduced as CyHzsOs from an exact mass
measurement ([M]" m/z 358.1779) by HREIMS. The 'H and >C NMR spectra (Table
13, Figures 33 and 34) of DS10 were comparable with those of DS9. The difference
was shown as the disappearance of a singlet at & 1.04 (Me-19) in DS9 and the
appearance of an additional aldehydic proton signal at & 9.68 (s, H-19) in DS10
whose HMBC spectrum showed correlations with carbons at 8 30.6 (C-3), 48.1 (C-3),
60.7 (C-4) and 173.1 (C-18), confirming the attachment of an aldehyde group at C-4.
Therefore, phanginin J was assigned as DS10, a new compound (Yodsaoue ef al.,

2008).

Selected HMBC correlation for compound DS10




Table 13 'H and *C NMR, DEPT and HMBC spectral data of compound DS10
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Position | 5y (mult, J, Hz) ¢ | DEPT | HMBC
Mo T0@I=5B233 | 38|Ch [%359820 — |
Jij 2.44 (m)
2 1.69 (m), 1.85 (m) 19.0 | CHz
3a 1.65 (m) 30.6 | CH;, 1,2,4,5, 18,19
b 2.32 (m)
4 60,71 C
5 218 (brd, J=11.7) 48.1 { CH 1,4,9, 10,.18, 19, 20
6o 1.60 (m) 23.0 { CH; 4,10
i 2.50 (m)
7 1.52 (m), 1.87 (m) 31.1 | CH; 5,9,8, 14
1.97 (m) 36.8 | CH 6,9,11, 14,17
9 1.83 (m) 44.1 | CH 1,5,8,10,11, 14,20
10 5081 C
lla 2.77(dd, J=16.8, 6.6) 23.2 | CH, 8,9,12,13,15
s 2.31 (dd, J=16.8, 10.5)
12 1478 | C
13 1224 | C
14 2,67 (brq,J=72) 314 CH 8,9,12,13,15,17
15 6.16 (d, /= 1.5) 1094 | CH 12, 13,16
16 7.19(d,J=1.5) 140.8 | CH 12, 13,15
17 1.00 (d, J=17.2) 17.1 | CHs 8,13, 14
18 173.1 | C
19 9.68 (s) 198.,5 | CH 3,4,5,18
20 9.98 (s) 206.2 | CH 1,5
18-OMe | 3.77 (s) 52.7 | CH; 18
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3.1.11 Compound DS11

Compound DS11, [M]" m/z 388.1881 (CxnlasOg) by HREIMS,
exhibited similar 'H and *C NMR spectral data (Table 14, Figures 35 and 36) to
those of DS10, except that an aldehydic proton signal at 8 9.68 in DS16 was replaced
by the methoxyl protons at § 3.74 (s). The B¢ NMR spectra indicated the presence of
two ester catbonyl carbons at 8 171.2 (C-18) and 172.8 (C-19). The location of 19-
OMe was confirmed by its HMBC correlation with C-19 (8 172.8). In the NOESY
spectrum, correlations between the methoxyl protons at 8 3.74 (OMe-19) with the
aldehydic proton signal at 8 10.04 (H-20) indicated that this ester carbonyl group was
P-oriented. Thus, the structure of phanginin K was deduced to be DS1I, a new

compound (Yodsaoue ef al., 2008).

Selected HMBC correlation for compound DS11




Table 14 ' and '*C NMR, DEPT and HMBC spectral data of compound DS11

Position | Sy (mult, J, Hz) 3¢ | DEPT | HMBC
o {098@) 1323 CHy {2,100
Jii 2.42 (m)
2 1.67 (m) 20.0 | CH; -
3a 1.66 (m) 34.1 | CH 4,5,19
B 2.40 (m)
4 - 5871C -
5 2.16 (dd, J=12.6,2.4) 501 | CH 4,7,9,10, 18,20
6a 1.65 (m) 242 | CHy 5
I 2.61 (m)
7 1.60 (m), 1.92 {m) 312 | CHz 58
8 2.20 (m) 36.9 | CH 6,9,10,11,13,17
9 1.82 (dt, /=114, 6.6) 442 | CH 1,8,10, 11, 14,20
10 - 514 | C -
lla 2.72 (dd, J= 16.8, 6.6) 23.5 | CH, 8,9,10,13
I/ 2.17 (m)
12 - 148.1 | C -
13 - 1224 | C -
14 2.69 (m) 31.5 | CH 8,9,12,13,15,17
15 6.17 (d, J= 1.8) 1094 | CH 12,13
16 721(d,J=1.38) 140.8 | CH 12,13, 15
17 1.01 (d, J=17.2) 17.0 § CH; 8,13, 14
18 - 17112 | C -
19 - 1728 | C -
20 10.04(d,J=12) 206.4 | CH 1
18-OMe | 3.70 (s) 52.1 | CH;3 18
19-OMe  {3.74(s) 52.7 | CHs 19




Table 15 Comparison of 3¢ NMR spectral data of compounds DS9-DS11

Position DS9 DS10 DS11
T 3191 318 323]
2 18.3 19.0 20.0
3 36.6 30.6 341
4 51.4 60.7 58.7
5 49.9 48.1 50.1
6 23.1 23.0 242
7 30.8 31.1 31.2
8 36.7 36.8 36.9
9 44.3 44.1 442
10 47.3 50.8 514
11 23.0 23.2 235
12 148.2 147.8 148.1
13 122.3 122.4 122.4
14 315 314 315
15 109.4 109.4 109.4
16 140.7 140.8 140.8
17 16.9 17.1 17.0
18 178.2 173.1 171.2
19 15.8 198.5 172.8
20 208.4 206.2 206.4
18-OMe 52.0 52.7 52.1
19-OMe - - 52.7
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3.2 Structural elucidation of compounds from the heartwood of C. sappan
3.2.1 Compound DH1

HO. 7 8a

Compound DII1 was obtained as a yellow solid, mp: 194-195 °C,
[0)*p: - 12.6° (¢ = 0.62, MeOH). The UV absorption bands at Amax 228, 277 and 312
nm supported the presence of conjugated chromophore in the structure. The IR
spectrum showed absorption bands of hydroxy! group (3364 cm™), C=0 (1657 em™)
and C=C stretching (1606 cm™),

The 3C NMR and DEPT spectral data (Tables 16 and 18, Figure 40)

exhibited 16 carbons of two methylenes (8 31.9, 69.3), seven methines (6 48.6, 102.2,
110.5, 115.1, 115.8, 120.1, 128.9) and seven quaternary carbons (6 113.2, 129.8,
143.6, 145.0, 164.0, 165.1, 193.8).

The '"H NMR spectral data (Tables 16 and 17, Figure 39) displayed
the presence of two ABX system at 8 2.62 (m, H-3), 2.46 (dd, J=13.8, 10.5 Hz, Ha-
9), 2.90 (dd, J = 13.8, 4.5 Hz, Hp-9), 4.03 (dd, /=11.4, 7.5 Hz, H-2ax) and 4.19 (dd,
J = 11.4, 4.2 Hz, H-2eq) and two units of 1,2,4-trisubstituted benzene ring (six
atomatic protons) at 8 6.21 (d, /= 2.1 Hz, H-8), 6.39 (dd, J = 8.7, 2.1 Hz, H-6) and
7.62 (d, J = 8.7 Hz, H-5) and one unit at & 6.44 (dd, /= 8.1, 2.1 Hz, H-6"), 6.57 (d, J
= 2.1 Hz, 11-2") and 6.61 (d, J = 8.1 Hz, H-5"). The structure of DHI was confirmed
by HMBC correlations. The oxymethylene protons at 8 4.03 and 4.19 (2H-2) showed
correlation with carbons at & 31.9 (C-9), 48.6 (C-3), 164.0 (C-8a) and 193.8 (C-4)
and an aromatic proton at 8 7.62 (H-5) showed correlation with carbons at § 102.2

(C-8), 110.5 (C-6), 164.0 (C-8a), 165.1 (C-7) and 193.8 (C-4). The correlation of
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methylene protons at & 2.46 and 2.90 (2H-9) with carbons at 3 48.6 (C-3), 69.3 (C-2),
115.1 (C-2"), 129.8 (C-1") and 193.8 (C-4) confirmed the location of the
dihydroxybenzy] moiety (unit C) at C-9. Therefore, compound DH1 was identified as
343" 4-dihydroxybenzyl)-7-hydroxychroman-4-one (Saitoh er af., 1986).

Selected HMBC correlation for compound DHI1




Table 16 'H, !°C NMR, DEPT and HMBC spectral data of compound DH1
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Position | 8y (mult, J, Hz) §c | DEPT | HMBC
3 403 @d.J=114.75, |  693|CH; |3,48,9 |

4.19(dd, /=11.4,4.2)

3 2.62 (m) 48.6 | CH 2,4, 1

4 193.81C

4a 1132 | C

5 7.62(d,J/=8.7) 1289 | CH 4,6,7,8, 8a

6 6.39 (dd, J=8.7,2.1) 110.5 | CH 4a,7, 8

7 165.1 | C

8 621(d,/J=2.1) 102.2 | CH 4,4a,6,7, 8a

8a 164.0{ C

9 2.46 (dd, J= 13.8, 10.5), 31.9 | CH, 2,3,4,1,2,¢
2.90 (dd, J=13.8, 4.5)

1’ 129.8 | C

2' 6.57 (d, J=2.1) 115.1 | CH 9,1,3.,4,6¢

3 1450 | C

4 1436 | C

5' 6.61 (d, J=8.1) 11581 CH 15,3, 4

o' 6.44 (dd, /= 8.1,2.1) 120.1 | CH 92,4




Table 17 Comparison of 'H NMR spectral data between compound DHI and 3-
(3" 4'-dihydroxybenzyl)-7-hydroxychroman-4-one (R, recorded in

DMSO-ds)
Position DH1 R
Sn (mult, J, Hz) Sp (mult, J, Hz)
2 4,03 (dd,J=11.4,7.5), 4.09 (dd, J= 11, 8),
4.19(dd,J=11.4,4.2) 429 (dd,J=11,4)
2.62 (m) 2.79 (m)
4
4a
5 7.62 (d,/=8.7) 7650, J/=9)
6 6.39 (dd, /=8.7,2.1) 6.51(dd,J=9,2)
.
8 6.21 (d,J=2.1) 6.329(d,J=2)
8a
9 2.46 (dd, J=13.8, 10.5}, 247 (dd, J=13,9),
2.90(dd, /=13.8,4.5) 2.90 (dd, J=13,5)
1
2 6.57(d,/=2.1) 6.62(d,J=2)
31
4
5 6.61 (d,J=8.1) 6.06 (d, J=28)
6' 6.44 (dd, J=8.1,2.1) 6.47 (dd, J =8, 2}




Table 18 Comparison of 13C NMR spectral data between compound DH1 and 3-
(3',4'-dihydroxybenzyl)-7-hydroxychroman-4-one (R, recorded in

DMSO-dg)

Position DH1 R
2 69.3 69.4
3 48.6 | 46.5
4 193.8 191.4
4a 113.2 113.1
5 128.9 129.1
6 110.5 110.5
7 165.1 164.3
8 102.2 102.2
8a 164.0 163.0
9 31.9 312
1 129.8 128.7
2' 115.1 1155
3 145.0 145.0
4’ 143.6 143.6
5! 115.8 | 116.2
6’ 120.1 119.5
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3.2.2 Compound DH2

HO._7 8a O

Compound DH2 was isolated as a yellow viscous oil; [0 p: - 24.2° (¢
= 0.75, MeOH). The UV absorption band at Amax 221, 280 and 285 nm supported the
presence of conjugated chromophore in the structure. The IR spectrum showed
absorption bands of hydroxyl group (3380 em™) and C=C stretching (1619 em™).

The 'H and "*C (Tables 19-21, Figures 46 and 47) NMR spectral data
of DH2 were similar to those of DH1, except that the methine proton signal of H-3 at
8y 2.62 (m) and 8¢ 48.6 in DHI disappeared but in the B3¢ NMR spectrum a signal at
& 70.1 of oxycarbon was displayed. In addition, the 'H NMR signals of methoxyl and
oxymethine protons at 81y 3.32 (s): 8¢ 55.8 and 8y 3.59 (s): 8¢ 76.8 (C-4), respectively
in DH2 replaced the carbonyl carbon signal at & 193.8 (C-4) in DHIL The
connectivity of the methoxyl group was assigned at C-4 from HMBC correlation of
methoxy! protons at § 3.32 with the carbon at 3 76.8 (C-4). The 'H NMR spectral
data of DH2 were similar to 4-O-methylepisappanol (Namikoshi et al., 1987b). The
optical rotation of compound DH2 is levorotatory ([0]7p: - 24.2°), the same as 4-O-
methylepisappanol (lit. [o¥p: - 36.2°) (Namikoshi e al., 1987b) suggesting the same

configuration at C-4. Thus compound DH2 was assigned as 4-O-methylepisappanol.




Selected HMBC correlation for compound DH2

Table 19 'H, *C NMR, DEPT and HMBC spectral data of compound DH2
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Position | 8y (mult, J, Hz) §c | DEPT | HMBC

2 3.82(d, J=11.1), 69.1 {CH, |3,4,8a,9
4.10(d,J=11.1)

3 70.1 { C

4 3.59 (s) 76.8 | CH 2,3,4a,5, 8a,9, OMe

4a 112 C

5 6.90 (d,J=38.1) 1322 { CH 4,7,8,8a

6 6.35 (dd, J= 8.1, 2.4) 107.7 | CH 4a,7, 8

7 1585 | C

8 6.34 (d,J=2.4) 103.0 | CH 4,4a,6,7, 8a

8a 15481 C

9 2.68 (d,J=13.8), 386 |CH, |2,3,4,1,2,6
2.88 (d,J=13.8)

I’ 1274 | C

2 6.84 (d, /= 1.8) 118.1 | CH 9,3 4 6

3 144.4

4 143.5

5 6.78 (d, J=8.1) 1152 | CH 1,3

6’ 6.63 (dd, J= 8.1, 1.8) 122.3 | CH 2.4

4-OMe | 3.32(s) 558 |CH; {4
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Table 20 Comparison of 'H NMR spectral data of compounds DH1, DHZ and 4-O-

methylepisappanol (R, recorded in acetone-d)

Position TDHL “pHZ ] R
Sy (mult, J, Hz) 3y (mult, J, Hz) Sy (mult, J, Hz)

2 4,03 (dd,J=11.4,7.5), |[3.82(d,J=1L1), 3.80 (dd,J=11.0, 1.6),
4,19 (dd, J=11.4,4.2) 410 (d,J=11.1) 4,10 (d, J=11.0)

3 2.62 (m)

4 3.59 (s) 3.66 (br s)

4a

5 7.62(d,J=8.7) 6.90 (d, /= 8.1) 6.96 (d, J=8.2)

6 6.39 (dd, /=8.7,2.1) 6.35 (dd, J=8.1,2.4) | 6.34 (dd, J=8.2,2.4)

7

8 6.21 (d,J=2.1) 6.34 (d,/=2.4) 6.28(d,J=2.4)

8a

9 2.46 (dd, J= 13.8, 10.5), | 2.68 (d,J=13.3), 2.63 (d,J=14.0),
2.90 (dd, /= 13.8, 4.5) 2.88 (d,J=13.8) 2.89 (d,J=14.0)

1

2! 6.57(d,J=2.1) 6.84 (d,J= 1.8) 6.85 (d, /= 1.8)

3

4

5' 6.61 (d, /= 8.1) 6.78 (d, J=8.1) 6.76 (d, J = 8.0)

&' 6.44 (dd, /= 8.1, 2.1) 6.63 (dd, J= 8.1, 1.8) | 6.64 (dd, J= 8.0, 1.8)

4-OMe 3.32(s) 3.31 (s)
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Table 21 Comparison of *C NMR spectral data of compounds DH1, DH2 and 4-0-

methylepisappanol (R, recorded in DMSO-df)

e T pEIT bRzl R
2 69.3 69.1 68.9
3 48.6 70.1 69.4
4 193.8 76.8 76.2
4a 113.2 111.2 111.6
5 128.9 132.2 132.1
6 110.5 107.7 106.9
7 165.1 158.5 158.4
8 102.2 103.0 102.4
8a 164.0 154.8 154.7
9 31.9 38.6 a
1" 129.8 127.4 127.2
2 115.1 118.1 115.0
3 145.0 144.4 144.5
4 143.6 143.5 143.6
5 115.8 115.2 118.4
6 120.1 122.3 121.7
4-OMe 55.8 55.3

a = overlap with DMSO-ds
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3.2.3 Compound DH3

Compound DH3 was isolated as a yellow viscous oil; [ot]”'p: + 13.8°
(¢ = 5.23, MeOH). The absorption band for UV and IR spectrum were identical to
DH2. The 'H and "*C NMR spectral data (Tables 22-24, Figures 48 and 49) of DH3
and DH2 showed structural similarity, except the comfiguration at C-4 position was
determined to be (S). Namikoshi e al., 1987a suggested that the 3,4-cis- and 3,4-
trans-di-O- substituted homoisoflavans could be characterized through the 'H NMR
signal at C-9. The signal of 3,4-cis compound was observed as a singlet, while signal
of 3,4-trans compound appeared as geminal-coupled AA'-type doublet. DH3 could
be deduced to have 3,4-cis configuration, because the signal due to the methyene
protons at C-9 was observed as a singlet at 8 2.44, while DH2 was observed as a pair
of doublet (J = 13.8 Hz) at § 2.68 and 2.88. The 'H NMR spectral data of DH3 were
similar to 4-O-methylsappanol (Namikoshi er «/., 1987b). The optical rotation of
compound DH2 is a dexfrorotatory ([0]¥p: + 13.8%, the same as 4-O-
methylepisappanol (lit. [o]*p: + 54.4°) (Namikoshi ef al., 1987b), suggesting that the
absolute configuration at C-4 of DH3 should be (S), the same as 4-O-methylsappanol.
Thus compound DH3 was assigned as 4-O-methylsappanol.




Selected HMBC correlation for compound DH3

Table 22 'H, '*C NMR, DEPT and HMBC spectral data of compound DH3

Position 8y (mult, J, Hz) 8¢ | DEPT | HMBC
2 3.55(dd, J=10.2, 1.5), 667 | CH, |3,4,8a,9
3.83 (d,J=10.2)
3 - 69.8|C -
4 3.60 (brs) 78.4 | CH 2,3,4a,5,8a,9
4a - 111.7 | C -
5 6.90 (d, /= 8.1) 132.1 | CH 4,4a,06,7, 8
6 6.31(dd, J=8.1,2.4) 107.6 | CH 4a,7,8
7 - 159.0 | C -
8 6.21 (d, J=2.4) 102.5 | CH 4a, 6,7, 8a
8a - 1545 | C -
9 2.44 (s) 39.6 | CHy 12,3,4,1,2, 6'.
1 - 127.6 | C -
2! 6.54 (d, J=2.1) 117.7 | CH 9,1,3,4,6
3 - 1435 C -
4! - 1442 | C -
5' 6.54 (d,J=17.8) 1144 | CH 1',3,4,6
6' 6.33(dd, /=17.8,2.1) 121.9 | CH 9,2, 4
4-OMe 3.26 (s) 556 | CHs |4

76
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Table 23 Comparison of 'H NMR spectral data of compounds DH2, DH3 and 4-O-

methylsappano! (R, recorded in acetone-dy)

3.32(s)

TPosition DH2 TDHE
du (mult, J, Hz) oy (mult, J, Hz) Sy (mult, J, Hz)
2 3.82(d,J=11.1), 3.55 (dd, J= 10.2, 1.5), { 3.62 (brd, J=10.2),
4.10(d,/=11.1) 3.83(d,/=10.2) 3.89(d,/=10.2)
4 3.59 (s} 3.60 (brs) 3.69 (br s)
4a
6.90(d,J=8.1) 6.90 (d,/=8.1) 7.04(d,.J=8.2)
6.35 (dd, J=8.1,2.4) | 6.31 (dd,/=8.1,2.4) |6.44(dd,/=82,22)
7
6.34 (d,J=2.4) 6.21(d,J=2.4) 6.35(d,J=22)
8a
9 2,68 (d,J=13.8), 2.44 (s) 2.56 (s)
2.88 (d, J=13.8)
1
2 6.84 (d,J=1.8) 6.54 (d, J=2.1} 6.70 (d, J=2.0)
3/
4
5 6.78 (d,/=8.1) 6.54 (d, J=17.8) 6.68 (d, /= 8.0)
6 6.63 (dd, J=8.1,1.8) | 6.33 (dd,J=7.8,2.1) |6.44(dd,J/= 8.0,2.0)
4-OMe 3.26 (s) 3.33 (s)
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Table 24 Comparison of BCNMR spectral data of compounds DH2, DH3 and 4-0-
methylepisappanol (R, recorded in DMSO-dg)

TPasifion 1 DHZ] o DHE ] e R e
2 69.1 66.7 66.7
3 70.1 69.8 69.5
4 76.8 78.4 78.3
4a 111.2 111.7 112.1
e 132.2 132.1 132.2
107.7 107.6 107.9
7 158.5 159.0 158.9
103.0 102.5 102.5
8a 154.8 154.5 154.1
9 38.6 39.6 a
1 1274 127.6 127.2
2 118.1 117.7 114.9
3 144.4 143.5 144.7
4 143.5 144.2 143.7
5' 1152 114.4 118.2
6' 122.3 121.9 121.4
4-OMe 55.8 55.6 56.6

a = overlap with DMSO-dj
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3.2.4 Compound DH4

Compound DH4 was isolated as a yellow viscous oil; [0]¥p: — 13.4°
(¢ = 2.65, MeOH). The absorption bands for UV and IR spectrum were similar to
DH2. The 'H and '*C NMR spectra (Tables 25-26, Figures 50 and 51) of DH4 were
comparable to those of DH2. The difference was shown as the disappearance of a
singlet at & 3.32 (OMe-4) in DH2 but appearance of the signals of the
dioxyquaternary carbon at § 108.0 (C-1") and two additional singlets of the gem-
dimethy! protons at & 1.22 (Me-2") and 1.33 (Me-3") whose HMBC spectrum showed
correlations with carbons at 8 108.0 (C-1"), confirming the attachment of a gem-
dimethy} group at C-1" (forming a dioxolane skeleton). Therefore, compound DHA4

was identified as 3,4-isopropylidene sappanol (Namikoshi ef al., 1987¢).

HO OH

Selected HMBC correlation for compound DH4




Table 25 'H, °C NMR, DEPT and HMBC spectral data of compound DH4
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Position | 3y (mult, J, Hz) dc | DEPT | HMBC
T 359, J=105), | 676|CH,  |%48,9 |

3.76 (dd, /= 10.5, 0.9)

3 773 | C

4 4.63 (br s) 74.0 | CH 2,3,4a,5,8a,9

4a 111.1 | C
7.17(d,J=8.4) 132.6 | CH 4,6,7,8
6.53 (dd, J=8.4,2.4) 109.5 | CH 4a,7,8

7 1589 | C

8 6.39(d,J=2.4) 102.9 { CH 4,4a,6,7, 8a

8a 15591 C

9 2.71(d,J=14.4), 38.2 1 CH; 2,3,4,1',2,6
2.77(d,J=14.4)

I 1277 C

2’ 6.75(d,J=2.4) 117.0 | CH 9,1,3,4,6

¥ 143.8 | C

4 1445 | C

5 6.76 (d,J=8.4) 114.9 | CH 1,3,4,6

6’ 6.53 (dd, /= 8.1,2.4) 122.1 | CH 9,2,4.,5

1 108.0 | C

2" 1. 22 (s) 26.3 | CHs 1

3" 1.33 (s) 28.2 | CH; I
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Table 26 Comparison of 'H NMR spectral data of compounds DH2, DH4 and 3,4-

isopropylidene sappanol (R, recorded in acetone-ds)

Position 8y (mult, J, Hz) 8y (mult, J, Hz) oy (mult, J, Hz)

2 3.82(d,J/=11.1), 3.59(d, J=10.5), 3.61 (d,J=10.5),
4,10 (d, J=11.1) 3.76 (dd, J=10.5,0.9) | 3.78 (dd, /= 10.5, 1.3)

4 3.59(s) 4,63 (br s) 4.61 (brs)

4a

5 6.90 (d,/=8.1) 7.17 (d,J=8.4) 7.12(d,J=8.5)

6 6.35(dd, J=8.1,2.4) | 6.53 (dd,/=84,2.4) |6.46(dd,J=8.52.2)

7

8 6.34(d,J/=2.4) 6.39 (d, /J=2.4) 6.33(d,J/=2.2)

3a

9 2.68 (d, /=13.8), 271 (d,J=14.4), 2.70 (d, /= 14.5),
2.88 (d, J=13.8) 2.77(d,J=14.4) 2.76 (d, J= 14.5)

1

2! 6.84 (d,J=1.8) 6.75(d,J=2.4) 6.66 (d, J=2.0)

5 _

4

5 6.78 (d,J=8.1) 6.76 (d, J=8.1) 6.67 (d, J=8.0)

6' 6.63 (dd,J=8.1,1.8) | 6.53(dd,/=8.1,2.4) |6.48(dd,/=8.0,2.0)

1"

2" 1.22 (s) 1.24 (s)

3" 1.33 (s) 1.35(s)

4-OMe | 3.32(s)
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3.2.5 Compound DHS

Compound DHS was isolated as a yellow viscous oil; (o] p: + 70.0°
(¢ = 3.64, MeOH). The absorption band for UV and IR spectrum were similar to
DH2. The NMR data of DHS displayed similarities with DH2. The *C NMR spectra
(Table Tables 27, 29 and 30, Figure 53) exhibited a methine carbon at 6 49.9 and an
aromatic carbon at § 130.2 assigning to C-4 and C-6', respectively. The 'H NMR
(Tables 27-28, Figure 52) signal of H-4 was displayed as a singlet at J 3.84 whose
HMBC spectrum showed correlations to carbons at 8 42.3 (C-9), 70.0 (C-3), 76.8 (C-
2), 112.1 (C-5", 114.7 (C-4a), 130.2 (C-6") 131.3 (C-5), 136.0 (C-1") and 154.5 (C-
8a), suggesting a connection between C-4 and C-6' (forming a pentacyclic).
Therefore, compound DHS was assigned as brazilin (Namikoshi e/ al., 1987b, ¢ and

Xie ef al., 2000).

Selected HMBC correlation for compound DHS




Table 27 'H, *C NMR, DEPT and HMBC spectral data of compound DH5

33

Position | 5y (mult, J, Hz) 5c | DEPT | HMBC

B Ersae T esiom  (na%e |
3.84 (d, J=11.4)

3 70.0 { C

4 3.84 (s) 49.9 | CH 2,3,4a,5,8a,9,1,5, 6

4a 114.7] C
7.13(d, J = 8.4) 131.3 | CH 4,7,8
6.41 (dd, J = 8.4, 2.4) 109.2 | CH 42,7, 8

7 156.9 | C
6.20 (d, J =2.4) 103.2 | CH 4a,6,7,8a

8a 154.5 | C

9 2.69 (d, J=15.6), 423 | CH, 2,3,4,1,2,3,6
2.87 (d, J = 15.6)

I 136.0 | C

2 6.63 (s) 112.5 | CH 9,13, 4", 6

3 144.7

4 144.4

5 6.54 (s) 112.1 | CH 9,1, 3,4

6 1302 | C




Table 28 Comparison of "H NMR spectral data of compounds DH2, DHS and

brazilin (R, recorded in acetone-dj)

f Position] - DH2. DHS .. .. .. l... ... R
8 (mult, J, Hz) S (mult, J, Hz) 8y (mult, J, Hz)

2 3.82(d,J=11.1), 3.57(d,J=11.4), 3.39(d,J=11.1),
4,10 (d,J=11.1) 3.84 (d,J=11.4) 3.62(d,J=1L1)

4 3.59 (s) 3.84 (s) 3.65(s)

4a

5 6.90 (d, J=8.1) 7.13(d,J=8.4) 6.90(d,/=8.4)

6 6.35 (dd, J=8.1,2.4) | 6.41 (dd,/J=8.4,2.4) | 6.17 (dd, /= 8.4, 1.8)

7

8 6.34 (d,/=2.4) 6.20(d,J=2.4) 5.98(d,/=1.8)

8a

9 2.68(d,J=13.8), 2.69 (d,J=15.6), 2.48 (d, J=15.9),
2.88 (d, J=13.8) 2.87(d,J=15.6) 273 (d,J=15.9)

[

2! 6.84 (d,J=1.8) 6.63 (s) 6.42 (s)

3

4

5 6.78 (d, J=8.1) 6.54 (s) 6.35 (s)

6’ 6.63 (dd,J= 8.1, 1.8)

4-OMe | 3.32(s)

84




Table 29 Comparison of 13C NMR spectral data of compounds DH2, DHS and

brazilin (R, recorded in acetone-ds)

2 69.1 76.8 78.1
3 70.1 70.0 70.8
4 - 76.8 49.9 51.0
4a 111.2 114.7 115.8
5 132.2 131.3 132.7
6 107.7 109.2 109.9
7 158.5 156.9 155.7
8 103.0 103.2 104.2
8a 154.8 154.5 157.8
9 38.6 423 42.8
I’ 127.4 136.0 131.3
2 118.1 112.5 112.9
3 144.4 144.7 145.3
4 143.5 144.4 145.0
5 115.2 112.1 112.4
iy 122.3 130.2 137.4
4-OMe 55.8




Table 30 Comparison of C NMR spectral data of compounds DH1- DHS

Position DH1 DH2 DH3 DH4 DH5
R oyt B T T § B T
3 48.6 70.1 69.8 77.3 70.0
4 193.8 76.8 78.4 74.0 49.9
4a 113.2 111.2 i11.7 1111 114.7
5 128.9 132.2 132.1 132.6 131.3
6 110.5 107.7 107.6 109.5 109.2
7 165.1 158.5 159.0 158.9 156.9
8 102.2 103.0 102.5 102.9 103.2
8a 164.0 154.8 154.5 155.9 154.5
9 31.9 38.6 39.6 38.2 423
1 129.8 127.4 127.6 127.7 136.0
2 115.1 118.1 117.7 117.0 112.5
3 145.0 144.4 143.5 143.8 144.7
4 143.6 143.5 144.2 144.5 144.4
5 115.8 115.2 114.4 114.9 112.1
6 120.1 122.3 121.9 122.1 130.2
4-OMe 55.8 55.6
" 108.0
2 26.3
3 28.2
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3,2.6 Compound DH6

Compound DH6 was isolated as a yellow viscous oil. The UV
spectrum displayed maximum absorptions at Amex 246 and 280 nm, suggesting the
presence of conjugation chromophore in the molecule. The IR spectrum showed
absorption bands of hydroxyl group (3393 cm™), C=0O (1655 cm™) and C=C
stretching (1604 cm™).

The "*C NMR spectral data (Tables 31 and 33, Figure 57) showed a
total of 15 carbons including one carbonyl carbon at & 205.8. The assignment of all
carbons were achieved by "C, DEPT, HMQC, and HMBC experiments. The Be
NMR and DEPT spectral data suggested two methylenes (3 48.5 and 77.8) and
twelve aromatic carbons identified as five protonated (8 107.8, 112.6, 116.7, 116.8,
130.0), and seven non-protonated, of which four oxygenated (8 144.1, 144.5, 1574,
158.5) and three non-oxygenated (3 123.2, 125.5, 130.4) carbons were observed. The
'H NMR spectral data (Tables 31-32, Figure 56) displayed the presence of two
overlapped singlets at & 6.79 (H-9, H-12) from 1,2,4,5-tetrasubstituted benzene ring,
The 1,2,4-trisubstituted benzene ring displayed the 'H NMR signals at § 6.67 (d, J =
2.4 Hz, H-4), 6.73 (dd, J = 8.1, 2.4 Hz, H-2) and 7.10 (d, J = 8.1 Hz, H-1). Two
methylene protonsignals were evidenced at & 3.44 (2H-8) and 4.46 (2H-6) (each, s).
The HMBC correlation of oxymethylene protons at & 4.46 (2H-6) with carbons at &
48.5 (C-8), 158.5 (C-4a) and 205.8 (C-7) confirmed an ether linkage between C-6 and
C-4a of the 1,2,4-trisubstituted benzene ring. The 'H NMR signal of methylene
protons 2H-8 at § 3.44 showed HMBC correlations with carbons at & 130.4 (C-12a),
116.8 (C-9), 123.2 (C-8a) and 205.8 (C-7), of H-1 at 8 7.10 with carbon at 8 130.4 (C-
12a) and of H-12 at & 6.79 with carbons at 8 125.5 (C-12b) and 123.2 (C-8a),
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suggesting a bond formation C-12a and 12b. This data also suggested a carbonyl at
C-7. Thus compound DH6 was identified as protosappannin A (Nagai er al., 1986
and 1987).

Selected HMBC correlation for compound DH6

Table31 'H, *C NMR, DEPT and HMBC spectral data of compound DH6

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

| 7.10(d, J=8.1) 130.0 | CH 2,4,4a, 12a

2 6.73 (dd, J= 8.1, 2.4) 112.6 { CH 4,12b

3 1574 | C |

4 6.67 (d, J=2.4) 107.8|CH  |2,3,4a, 12b

4a 158.5 | C

6 4.46 (s) 77.8 | CH; 4a,7, 8

7 2058 | C

8 3.44 (s) 48.5 | CH, 7,8a,9, 12a

8a 1232 | C

9 6.79 (s) 1168 | CH | 7,8,8a,10,11,12,12a
10 1445 | C

11 144.1 [ C

12 6.79 (s) 116.7 | CH 8a,9,10, 11, [2a, 12b
12a 130.4 | C

12b 1255 | C

3-OH 9.35 (s) 2,3,4

10-0H | 8.41(s) 9,10, 11, 12

11-0H |833(s) 9,10, 11, 12
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Table 32 Comparison of 'H NMR spectral data between compound DH6 and

protosappannin A (R, recorded in acetone-ds)

[ Position 1 TDHG
Sy (mult, J, Hz) 8y (mult, J, Hz)
1 7.10(d, J=8.1) 7.16 (d,J=9)
2 6.73 (dd, /=8.1, 2.4} 6.65-6.90
3
4 6.67 (d, J=2.4) 6.65-6.90
4a
6 4.46 (s) 4.49 (s)
3.44 (s) 3.44 (s)
8a
9 6.79 (s) 6.65-6.90
10
11
12 6.79 (s) 6.65-6.90
12a
12b
3-OH 9.35 (s)
10-OH 8.41 (s)
11-OH 8.33 (s)
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Table 33 Comparison of BC NMR spectral data between compound DH6 and

protosappannin A (R, recorded in acetone-dy)

Podtonr T oHsl
1 130.0 131.1
2 112.6 113.5
3 157.4 159.2
4 107.8 109.2
4a 158.5 159.8

77.8 78.9
7 205.8 206.0
8 48.5 49.4
8a 123.2 125.1
9 116.8 117.7
10 144.5 145.7
11 144.1 1454
12 116.7 117.5
12a 130.4 131.9
12b 125.5 127.2
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3.3 Structural elucidation of compounds from the roots of C. sappan

3.3.1 Compound MR1

Compound MRI1 was isolated as a yellow viscous oil; [0} p: + 24.3°
(¢ = 0.61, MeOH). The absorption bands for UV and IR spectrum were similar to
DH2. The 'H NMR spectral data (Tables 34-35, Figure 65) of MR1 and DH2
showed structural similarity, except that the signal of the methoxyl protons of DH2 at
Sy 3.32 (8¢ 55.8, 4-OMe) disappeared in MR1. The "C NMR (Tables 34 and 36,
Figure 66) chemical shift of C-4 at § 69.2 suggested its connection to a hydroxyl
group. Therefore, compound MR1 was identified as episappanol (Namikoshi et af.,

19870).

Selected HMBC correlation for compound MR1




Table 34 'H, '°C NMR, DEPT and HMBC spectral data of compound MRI1

92

Position | §y (mult, J, Hz) 8¢ | DEPT HMBC
T2 1376 (dd, J= 10.8,1.2), 1683 CHy 1 3,4,8a,9

4.06 (d,J=10.8)

3 - 704 | C -

4 4.24 (br s) 69.2 | CH 2,3,4a,5,8a,9

4a - 116.0 | C -
7.06 (d,.J=28.1) 131.3 | CH 4,7,8

6 6.38 (dd, /=38.1,2.4) 108.0 | CH 4a,7,8

7 - 158.0 | C -

8 6.24 (d,J=2.4) 102.1 | CH da, 6,7

8a - 154.8 | C -

9 2.64(d,J=13.8), 38.1 | CHz 2,3,4,1,2,6
2.91(d,J=13.8)

' - 128.1 1 C -

2 6.90 (d, /= 1.8) 118.1 | CH 9,3,4,6'

3 - 1444 | C -

4' - 1435 | C -

5' 6.74 (d, /=38.1) 114.6 { CH 19,3

6' 6.69 (dd, /= 8.1, 1.8) 1223 | CH 9,2,4,5
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Table 35 Comparison of 'H NMR spectral data of compounds DH2, MR1 and

episappanol (R, recorded in CD;0D)

4a

8a

1
oL
31
4
5
6
4-OMe

4.10(d,J=11.1)
3.59 (s)

6.90 (d, J = 8.1)
6.35 (dd, J= 8.1, 2.4)

6.34 (d, J = 2.4)

2.68 (d, /= 13.8),
2.88(d,J=13.8)

6.84 (d, J = 1.8)
6.78 (d, J=8.1)

6.63 (dd, J=8.1, 1.8)
3.32 (s)

4.06 (d, J = 10.8)

4.24 (br s)

7.06(d,J=8.1)
6.38 (dd, /=8.1, 2.4)

6.24 (d, J=2.4)

2.64 (d, J = 13.8),
2.91(d, J=13.8)
6.90 (d,J=1.8)

6.74 (d,J = 8.1)

6.69 (dd, J=8.1, 1.8)

Pesifn T D2 —MRL -
Oy (mult, J, Hz) Sy (mult, J, Hz) oy (mult, J, Hz)
2 3.82(d,J=11.1), 3.76 (dd, /=108, 1.2), | 3.74 (dd, /= 11.2, 1.6),

4.01 (d,J=11.2)

4.19 (brs)

7.07 (d,J=8.2)
6.37 (dd, J=8.2,2.4)

6.23 (d, J =2.4)

2.67 (d, J= 14.4),
2.84 (d, J = 14.4)
6.81 (d, J=1.9)

6.70 (d, J = 8.0)

6.65 (dd, J= 8.0, 1.9)




Table 36 Comparison of 13C NMR spectral data of compounds DH2 and MR1

Position DH2 DHS5

BT ®i &3l
3 70.1 70.4
4 76.8 69.2
4a 111.2 16,0
5 132.2 131.3
6 107.7 108.0
7 158.5 158.0
8 | 103.0 102.1
8a 154.8 154.8
9 38.6 38.1
L 127.4 128.1
2 118.1 118.1
3 144.4 144.4
4 143.5 143.5
5 115.2 114.6
6 122.3 1223
4-OMe 55.8
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3.3.2 Compound MR2

Compound MR2 was isolated as yellow solid, mp: 228-230 °C. The
UV spectrum displayed maximum absorptions at Amax 237 and 351 nm, suggesting
the presence of conjugation in the molecule. The IR spectrum showed absorption
bands of hydroxyl group (3390 cm ™) and C=C stretching (1601 cm™).

The "C NMR spectral data (Table 37, Figure 75) exhibited 16
carbons, of one methy!l (8 55.2), nine methines (8 99.1, 107.8, 115.8 (2C), 124.5,
130.0 (2C), 132.5, 141.1) and six quarternary carbons (8 121.2, 127.1, 159.5, 160.8,

162.5, 189.0).
The 'H NMR spectral data (Tables 37-38, Figure 74) displayed the

presence of p-disubstituted benzene ring at 8 6.91 and 7.58 (each 2H, dd, /= 8.4, 1.8
Hz), and 1,2,4-trisubstituted benzene ring at 8 6.53 (dd, J = 8.4, 2.1 Hz), 6.59 d,J=
2.1 Hz) and 7.61 (d, J = 8.4 Hz). The singlet proton signal at 3 3.92 was assigned as &
methoxyl group at C-2. In addition, the proton signals at 8 7.48 and 7.57 (each 1H, d,
J=15.9 Hz) were deduced as a trans double bond at C-orand C-J, respectively.

The structure of MR2 was confirmed by HMBC cotrelations. The
proton signal at & 7.58 (H-2/H-6") showed correlation with carbons at 8 115.8 (C-
3Y/C-5", 132.5 (C-f) and 159.5 (C-4"), suggesting the connection of p-disubstituted
benzene ring at C-5. The correlations of proton signals at 8 7.61 (H-6) with carbons
at & 99.1 (C-3), 107.8 (C-5), 162.5 (C-4) and 189.0 (C=0) suggested that 1,2,4-
trisubstituted benzene ring was connected to C=0. The proton at § 6.59 (H-3) showed
correlations with carbons at 8 107.8 (C-5), 121.2 (C-1), 160.8 (C-2) and 162.5 (C-4),
and the methoxyl group at 8 3.92 with carbon at 8 99.1 (C-3) and 160.8 (C-2)
confirming the location of the methoxyl group at C-2. Therefore, compound MR2




was identified as 3-deoxysappanchalcone (Namikoshi ef al., 1987a, b).

Selected HMBC correlation for compound MR2

Table 37 'IL, °C NMR, DEPT and HMBC spectral data of compound MR2
Position | 8y (mult, J, Hz) 3¢ { DEPT | HMBC
o 7.48 (d,J=15.9) 1245|cH v
B 7.57(d,J=15.9) 1325 | CH |, C=0,1,2,6
i 1212C
2 160.8 | C
3 6.59 (d, J=2.1) 99.1|CH |1,2,4,5
4 162.5 | C
5 6.53 (dd, J = 8.4, 2.1) 1078 |CH ]1,2,3,4
6 7.61(d,J=8.4) 141.1|CH |C=0,3,4,5
I 127.1| C
2 7.58 (dd, J = 8.4, 1.8) 130.0 |CH | B,3,4,6
3’ 6.91 (dd, J = 8.4, 1.8) 1158 |CH {1,2,4,5,6
4 159.5 | C
5! 6.91 (dd, J= 8.4, 1.8) 115.8|CH |1,2,3,4,6
6 7.58 (dd, J= 8.4, 1.8) 130.0| CH |, 2,45
=0 189.0 | C
2-OMe | 3.92 (s) 552 | CHs |2,3
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Table 38 Comparison of 'H NMR spectral data of compounds MR2 and

3-deoxysappanchalcone (R, recorded in acetone-ds)

TPosition TMR2 R
Su (mult, J, Hz) Sy (mult, J, Hz)
o 7.48 (d,J=15.9) 7.44 (d, J=16.2)
B 7.57 (d, J=15.9) 7.62 (d, J = 16.2)
1
2
3 6.59 (d,J=2.1) 6.61 (d,J=22)
4
5 6.53 (dd, /=84, 2.1) 6.54 (dd, /=8.5,2.2)
6 7.61(d,J=84) 7.63 (d,J=8.5)
1
2! 7.58 (dd, /=84, 1.8) 7.58 (d, J=8.8)
3 6.91 (dd, /= 8.4, 1.8) 6.92 (d, /= 8.8)
4
5 6.91(dd,/=8.4,1.8) 6.92 (d, J=8.8)
6' 7.58 (dd, /=84, 1.8) 7.58 (d, J=8.8)
=0
2-OMe 3.92 (s) 3.92 (s)

97




98

3.3.3 Compound MR3

Compound MR3 was isolated as yellow viscous oil. The UV and IR
spectra closely resembled those of compound MR2.

The 'H and C NMR speetra (Tables 39-40, Figures 81 and 82) of
MR3 were comparable with those of MR2. The difference was shown as the
disappearance of the signals of p-disubstituted benzene ring in MR2 and the
appearance of 1,2,4-trisubstituted benzene ring at & 6.86 (1H, d, J = 8.1 Hz), 6.98
(1H, dd, J = 8.1, 2.1 Hz) and 7.15 (1H, d, J = 2.1 Hz) assigning to H-5', H-6' and H-
2', respectively. The HMBC spectrum showed correlations of proton at 8 7.53 (H-f)
with carbons at & 114.7 (C-2), 121.1 (C-6", 124.4 (C-@), 127.5 (C-1"), and 190.6
(C=0) and the proton at 6.86 (H-5') showed correlations with carbons at & 127.5 (C-
1, 145.0 (C-3") and 1474 (C-4Y), confirming the location of 1,2,4-trisubstituted
benzene ring at C-A. Thus, MR3 was characterized fo be sappanchalcone (Namikoshi

et al., 1987b).

Selected HMBC correlation for compound MR3




Table 39 'H, °C NMR, DEPT and HMBC spectral data of compound MR3

Position | 8y (mult, J, Hz) §c | DEPT | HMBC
—T5mar=s | @alcE [poor
B 7.53 (d, J=15.6) 1425 |(CH |0, C=0,1,2,6
1 1207 | C
2 160.6 | C
3 6.49 (br 5) 992 |CH |C=0,1,2,4,5
4 1625 | C
5 6.50 (dd, J=8.1,2.1) 108.0 | cH 1,3,4
6 7.61(d, J=8.1) 1325 |CH |0, C=0,2,3
1’ 1275 | C
2 7.15 (d, J=2.1) 1147 |CH  |p,3,4,6
3 1450 | C
& 1474 | C
5 6.86 (d, J=8.1) 115.6 | CH 1,3, 4
6 6.98 (dd, J=8.1,2.1) 1218 |CH |, 2,4
=0 190.6 | C
OMe 3.78 (s) 55.1|CHs |23
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Table 40
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Comparison of 'H NMR spectral data of compounds MR2, MR3 and

sappanchalcone (R, recorded in acetone-ds)

[Position ] . . - MR2 ... .| ... .. MR3 | . DR
oy (mult, J, Hz) 3x (mult, J, Hz) 8y (mult, J, Hz)
o 7.48 (d, J=15.9) 7.34(d, J=15.6) 7.48 (d, J=16.2)
B 7.57 (d,J=15.9) 7.53 (d,J=15.6) 7.56 (d, ./ =16.2)
1
2
3 6.59 (d, J=2.1) 6.49 (br s) 6.61 (d, J=2.2)
4
5 6.53 (dd,/=8.4,2.1) |6.50(dd,J=8.1,2.1) |6.56(dd,/=8.5,2.2)
6 7.61 (d,J=8.4) 7.61(d,J=8.1) 7.67(d,J=8.5)
1
2 7.58 (dd, /=84,1.8) |7.15(d,J=2.1) 7.26 (d, J=2.0)
3 6.91 (dd, /=84, 1.8)
Y
5 6.91(dd,/=8.4,1.8) |6.86(d,J=8.1) 6.92 (d,J=8.2)
6' 7.58 (dd,J=8.4,1.8) | 6.98(dd,/=8.1,2.1) |7.12(dd,/=38.2,2.0)
C=0
OMe 3.92 (s) 3.78 (s) 3.92 (s)
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3.4 Proposed biogenesis of compounds from the seeds of C. sappan

. Investigation of the seeds of C. sappan has revealed that cassanc-type

diterpenes arc major components of this plant. The biosynthetic pafhway (Devon and
Scott, 1972) and partial synthetic approach (Johnston and Overton, 1973} of cassane-
type diterpenes were proposed to be derived from the pimarane skeleton via 1,2-
methyl migration from C-13 to C-14. The occurrence of furanoditerpene derivatives
isolated can be discussed as follow: compound DS9 is a precursor for biogenesis .of
compounds DS1-DSS8, DS10 and DSI (Scheme 7). Oxidation of Me-19 of DS9
afforded DS10 which was further oxidized and esterified to give DS11. Reduction of
aldehydic C-19 of DS10 to alcohol followed by cyclization resulted in DS1 which
upon further methylation gave DS3, whereas DS6 was obtained upon oxidation at C-
11 of DS1. On the other hand, reduction of aldehydic C-20 to alcohoi followed by
cyclization afforded DS2 which was further methylated to give DS4, whereas DS5
was obtained from oxidation of DS2. Oxidation at C-11 of DS9 to alcohol, followed

by cyclization resulted in DS7 which was further reduced to DS8.
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Scheme 7 Proposed biogenesis of DS1-8, 10, 11 from DS9 precursor
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3.5 Bioactivities of isolated compounds from the heartwood and roots of C.

sappan

- In this research, we have isolated several compounds-from C. sappan.. ... ...

including diterpene and homoisoflavone groups. This plant has been reported to
exhibit several biological activities. However, only anti-allergic and cytotoxic

activities were chosen according to positive activity of the crude extracts.
3.5.1 Anti-allergic activity

The results are shown in Table 41. Of all metabolites evaluated,
sappanchalcone (MR3) possessed the most potent anti-allergic activity against cell
degranulation in RBL-2H3 cells with an ICsp value of 7.6 uM, followed by 3-
deoxysappanchalcone (MR2, ICsg = 15.3 uM), whereas other compounds displayed
moderate effects (ICso = 32.4-58.8 uM) or inactive (ICsp >100 uM). Sappanchalcone
(MR3, ICso = 7.6 uM) displayed six-fold higher effect than ketotifen fumarate (ICsp =
47.5 uM), a clinically used drug. The compounds were also tested on S-
hexosaminidase activity to clarify whether their effects were due to the inhibition of
enzyme activity or of degranulation. As a result, these isolated compounds were

inactive against the enzyme activity of f-hexosaminidase (Table 41).




Table 41 Ant'i-allergic activities of compounds (DH1- DH6 and MR1-MR3) from

heartwood and roots® of C. sappan
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“Compounds e JCgp{24MD) - - Enzyme inhibition ...
at 100 oM

3-(3',4"-Dihydroxybenzyl)-7-hydroxychroman- 47.7 20.5
4-one (DH1)

4-0-Methylepisappanol (DH2) 58.8 21.9
4-O-Methylsappanol (DH3) 62.8 21.7
3,4-Isopropylidene sappanol (DH4) 324 23.0
Brazilin (DHS) >100 -
Protosappanin A (DHG6) 47.4 19.0
Episappanol (MR1) >100 -
3-Deoxysappanchalcone (MR2) 15.3 18.5
Sappanchalcone (MR3) 7.6 20.6
Ketotifen fumarate 47.5 15.8

*"Rach value represents mean + S.E.M. of four determinations.

3.5.2 Cytotoxic activity

All isolated compounds were evaluated for their cytotoxicity against

the human MCF-7 (breast adenocarcinoma), HeLa (human cervical cancer), HT-29

(colon cancer) and KB (human oral cancer) cell lines by the sulphorhodamine B

(SRB) assay (Skehan er al., 1990). The results suggested that chalcone exhibited

higher activity than homoisoflavone and diterpenes. Sappanchalcone (MR3)

demonstrated significant inhibitory activity against MCF-7, HeLa, HT-29 and KB
cell lines with ICso value of 0.64, 0.72, 0.80 and 0.75 ug/ml, respectively. The rest of

the compounds were inactive.




CHAPTER 4
CONCLUSION

Eleven new cassanc-type diterpenes, named phanginin A-K (DS1-
DS11) and nine known  compounds of seven homoisoflavones: 3-(3',4'-
dihydroxybenzyl)-7-hydroxychroman-4-one (DHI), 4-O-methylepisappanol (DH2),
4-O-methylsappanol (DH3), 3,4-isopropylidene sappanol (DH4), brazilin (DHS),
protosappanin A (DH6) episappanol (MRI) and and two chalcones: 3-
'deoxysappanchalcone (MR2) and sappanchalcone (MR3) were isolated from the C.
sappan. Their structures were elucidated on the basis of spectroscopic techniques. In
addition, the X-ray structure of phanginin A (DS1) was also reported. It was found
that chalcone groups especially sappanchalcone (MR3) possessed the most potent
anti-allergic activity against cell degranulation in RBL-2H3 cells with an ICsg value of
7.6 uM, followed by 3-deoxysappanchalcone (MR2, ICso = 15.3 M), whereas other
compounds displayed moderate effects (ICso = 32.4-58.8 uM) or inactive (ICs¢ >100
#M). Moreover, sappanchalcone (MR3) demonstrated significant inhibitory activity
. against MCF-7, HeLa, HT-29 and KB cell lines with [Csg values of 0.64, 0.72, 0.80

and 0.75 ug/ml, respectively. The rest of the compounds were inactive.
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Figure 55 IR (neat) spectrum of compound DH6
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Figure 57 *C NMR (75 MHz) (CDCl; + DMSO-dg) spectrum of compound DH6
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Figure 81 'H NMR (300 MHz) (CDCl; + DMSO-ds) spectrum of compound MR3
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Figure 82 '*C NMR (75 MHz) (CDCl; + DMSO-dg) spectrum of compound MR3
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