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Medicinal plants are natural products that can be used as therapeutic
agent. They are cheap, effective and have less harmful side effects than
synthetic drugs [1]. Accordingly, medicinal plants are wildly studies by
modern techniques in a more scientific way. There has also been an effort to
develop new drugs from medicinal plants in order to make them safe and
effective drugs. From the Thai Ethropharmacophae, Plao-yai (Crofon
oblongifolius Roxb.) is often used with plao-noi, (Croton sublyratus Kurz.) as
antipeptic ulcer drug. Therefore, its is very interesting to investigate chemical
constituents of plao-yai for effective “lead” compound.

Plao-yai (Croton oblongifolius Roxb.) belongs to the Euphorbiaceae
family[2]. It is found in evergreen forests, deciduous forests and groves of
prushwood, which is not more than 700 meters above sea level [3]. In
Thailand, has §evera| local names including “Plao-yai” in Central Plao Luang
(Northern), Khwa-wuu (Karen in Kanchanaburi), Seng-khe-khang, Sa-kaa-waa
and Saa-kuu-wa (Karen in Mae Hong Son), Poh (Kamphaeng Phet) and Haa-
yoeng (Shan in Mae Hong Son)[3].

Plao-yai is a very interesting medicinal plant because all parts of plao-
yai have been used in Folk medicine [3,4,5,6]. The barks are used to inhibit
chronic enlargements of livers, leaves can be used as a tonic, fruits are used
to treat dysmenorrhea, seed are used as a purgative, flowers are used to Kkill

parasite, heartwood is remedy of faint and roots are remedy for dysentery.



General Characterization of the Plants in the Genus Croton [7]

The genus Croton comprises of 700 species of trees or shrubs. Leaves are
usually alternate with 2-glandular stipule at the base. Their flowers are solitary or
clustered in the rachis of a terminal raceme and bracts are small. Male flowers
contain 5-calyx, 5 petals and disk of 4-6 glands opposite the sepals. There are
many stamens inserted on a hairy receptacle and anthers are adnate with parallel
cells. In female flowers, sepals are usually more ovate than the male, petals are
smaller than the sepals or missing and disk annular of 4-6 glands are opposite the
sepals. There are three ovaries with solitary ovary in each cell. Seeds are smooth,

albumen copious and broad cotyledons.

General Characterization of Croton oblongifolius Roxb.[3,4,5,7]

Croton oblongifolius Roxb. is a medium sized tree. Its calyx and ovary are-
clothed with minute orbicular silvery scales. Leaves are 5.7-11.5 by 12.5-25.0 cm
in size, and crowded toward the end of the branchlets. The shape of leaf blade is
oblong-lanceolate and the base is usually acute with no apparent glands above
the petioles are 1.3-6.0 cm long. Flowers are pale yellowish green and solitary in
the axial of minute bracts on long erect raceme. The male flowers locate in the
upper parts of the raceme and the females in the lower part. Male flowers are
slender and have the length of pedicels of 4.0 mm. Calyx is more than 6.0 mm
long and segments are ovate, obtuse and more than 2.5 mm long. Petals are 3.0
mm long, elliptic-lanceolate and woolly. The twelve stamens are inflexed in bud
and the length of filaments is 3.0 mm. In female flowers, the pedicels are short and
stout. Its sepals are more acute than in the male with densely cliated margins.

Petals are 2.0 mm long, with densely woolly margins. The three styles are 4.0 mm



long. Diameter of fruit is less than 1.3 cm, slightly 3-lobed and clothed with small
orbicular scales. In each fruit, the numbers of seeds are eight that are 6.0 mm
long, rounded and smooth on the back.

The pictures of stem bark, leaf, flower and fruit of Croton oblongifolius

Roxb. are shown in Fig.1[10].



Figure 1 The stem bark, leaves, flowers and fruits of Croton oblongifolius




From previous studies, chemical constituents of Croton oblongifolius Roxb.
in Thailand are differently. In order to find reliable sources of chemical constituents
of C. oblongifolius from various locations in Thailand were investigated by NMR
screening of the crude hexane extract. It turns out that spectrum of crude hexane
extract from amphur Wang Sa Phung, Loei province were difference from spectral
data of others. Therefore, it is of more interested in to study chemical components
as well as their biological activities in C. oblongifolius from amphur Wang Sa
Phung, Loei Province
Thus, the objective of this research will be summarized as follows

1. To extract and isolate the chemical constituents of the stem bark of
Croton oblongifolius Roxb.

2. To identify the structure formula of the isolated substances.
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Figure 2 The structure of the chemical constituents of Croton

oblongifolius Roxp.
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Figure 2 The structure of the chemical constituents of Croton

oblongifolius Roxb.



Biological synthesis of diterpenoid compounds

Biological synthesis of diterpenoid compound was shown in Scheme 1-3

(17]

Scheme 1. Biosynthesis of (s)-3-hydroxy-3methylglutaroyl coenzyme A.

CH,COSCOA + CH ;COSCoA

|

CH,COCH,,COSCoA

o
'OOC—CHZ—CID—CHZ—COSCOA
OH

Scheme 2.  Origin of The isopentenyl-pyrophosphate (IPP) and dimethyl
allylpyrophosphate (DMAPP) units.

| g -
OOC—CHz—C—CHy—COSCoA "00C—CHz—C—CHz—OH
] 7T> 2 2
OH CI)H

2NADPH 2NADP+

. ATP
+2H

ADP
' CH
VAT & . s
OOC—CHy—C—CHz—CH,0PP <7ﬁ— 00C—CHz—C—CHz—CH,0P
OH H
ADP ATP %
ATP
co,
ADP b
OHg CH,
CH= CTEH_CH2OPP _ CH;—C=CH;—CH,0OPP

H

PP DMAPP
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Scheme 3. Assembly of isopenes.

)Wﬁ N /%HAOPP

DMAPP 1 PP

Geranyl pyrophosphate (GPP)

S N

Fanesyl pyrophosphate (FPP) ———=  Geranylgeranyl pyrophosphate (GGPP)

From scheme 3, geranylgeranyl pyrophosphate can cyclization [18] gives
many diterpenoid compounds such as labdane, clerodane, cembrane etc. In C.

oblongifolius Roxb. can found several diterpenoid compounds.

Biological activity of diterpenoid compound isolated from C. oblongifolius

Diterpenoid compounds from C. oblongifoius Roxb. have biological activity
such as cytotoxicity, cAMP phosphodiesterase inhibition, antimicrobial antiplatelet
aggregation etc. For labdane, the compounds from Prachuab Kirikhan [15] have
active with against human tumor cell lines and have antiplatelet aggregation. For
clerodane, hardwickckio acid [19] has antimicrobial. For cembrane,
neocrotocembranal [14] have active with against human tumor cell lines,
crotocembraneic acid, neocrotocembraneic acid [14] and poilaneic acid have

cAMP phophodiesterase inhibition.



CHAPTER 1li

EXPERIMENTS

Plant Materials

The stem barks of Croton oblongfolius Roxb.(plao-yai) were collected
from amphur Wang Sa Phung, Loei province, Thailand, in May 1998. Botanical
identication was achieved through comparison with a voucher specimen No.
BKF 084729 in the herbilium collection of the Royal Forest Department of
Thailand.

Instruments and Equipments

1. Foufier Transform Infrared Spectrophotometer (FT-IR)

The FT-IR spectra were recorded on a Nicolet Impact 410
Spectrophotometer. Spectra of solid samples were recorded as KBr pellets and

liquid samples were recorded as thinfilm on KBr cells.

2. Mass Spectrometry (MS)

The mass spectra were recorded on a Fisons Instruments Mass

Spectrometer Model Trio 2000 in EI mode at 70 eV

3. Ultraviolet-Visible Spectrometry (UV-VIS)

The UV-VIS spectra were recorded on a Hewlett Packard 8452 A

diode array spectrophotometer in chloroform.
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4. ﬂ nd 13@ Nuclear Magnatic Resonance Spectrometer (NMR)

The 'H and "“C Nuclear Magnatic Resonance Spectra were
recorded at 200.13 and 50.32 MHz, respectively, on a Bruker Model AC-F200
Spectrometer and at 500.00 and 12565 MHz on a JEOL JNM-A500
spectrometer in CDCI,. Chemical shifts are given in parts per million using
residual protonated solvent as reference. COSY, NOESY, HMQC and HMBC

experiments were performed on the JEOL JNM-A500 spectrometer.

5. Elemental Analysis (EA)

The EAs were measured on a Perkin Elmer PE2400 SERIES ||

(CHN/O ANALYSER).

6. Optical rotation

The optical rotation were measured on a Perkin-Elmer 341

polarimeter in CHCI,.

Chemical Reagents

1. Solvents

All solvents used in this research such as hexane, chloroform,

ethyl acetate and methanol were commercial grade and were purified prior to
use by distillation.

2. Other chemicals

2.1 Merck’s silica gel 60 G Art. 7734 (70-230 mesh ASTM) and
9385 (230-400 mesh ASTM) were used as adsorbents for normal column

chromatography and flash column chromatography.
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2.2 Merck’s TLC aluminum sheet, silica gel 60 F,., precoated 25

sheets, 20x20 cm’, layer 0.2 mm was used-to identify the identical fractions

Extraction and Isolation

The powdered, sun dried stem barks (6.5 kg.) of Croton oblongifolius
Roxb. was extracted with hexane. The hexane solution was filtered and
evaporated under reduced pressure to obtain yellowish green oil (300 g). The
residue, after hexane extraction, was extracted with methanol. The methanol
solution was filtered and evaporated under reduced pressure to obtain dark-red
gummy residue (300 g) which was repeatedly re-extracted with chloroform and
methanol respectively. The chloroform and methanol solution was filtered and
evaporated under reduced pressure to obtain dark brown oil and dark-red oil,
respectively. |

Threé different crude extracts of the stem barks of C. oblongiolius are as

shown in Table 2 and the extraction procedure are shown in Scheme1.

Table 2 The various extracted of the stem bark of C. oblongifolius Roxb.

Solvent Appearance Weight(g) %wt/wt of the
extract _ dried stem bark
Hexane yellowish green oil 300 4.61
Chloroform dark brown ol 80 1.23
Methanol dark red oil 120 1.85
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Scheme 4 The extraction procedure of the stem bark of C.oblongifolius Roxb.

The sun dried stem bark of

Croton oblongifolius Roxb.

Hexane

Hexane extracted Residue

Methanol
5%EtOAC 10%EtOAC 30% EtOAC
1 2 3
Methanol extracted Residue
Chloroform
Chloroform extracted Residue

Methanol

Methanol extracted Residue
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Isolation of the chemical constituents from the stem barks of Croton

oblongifolius Roxb.

Separation of hexane crude extract

The hexane crude extract (100g) was separated by column
chromatography. The column was packed with silica gel 60 Art.7734 (70-230
mesh ASTM) and the crude extract, which was adsorbed on silica gel, was
added to the top of column. The column was eluted with hexane, hexane-
chloroform gradient in a stepwise fashion. The volume of eluting solvent was
approximately 500 cm’ and its was evaporated to about 30 cm’. Fractions with

similar components were combined.
Separation of chloroform crude extract

The chloroform crude extract (80g) was separated by column
chromatography on silica gel 70-230 mesh ASTM. The column was eluted with
hexane, hexane-ethyl acetate, ethyl acetate, ethyl acetate-methanol and
methano! respective. The 200 cm’® eluted fraction was collected and it was
concentrated to about 30 cms, then analyzed by TLC. Fractions with similar

components were combined.
Separation of methanol crude extract

The methanol crude extract was gummy residue that insoluble in all

solvent. Therefore, it was not separate by column chromatrography.
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Purification and properties of the compounds eluted from column

chromatography of hexane crude extract.

Purification and properties of Compound 1

Compound 1 was eluted with 10% chloroform in hexane. The solvent was
removed by rotatory evaporation and the residue was purified by column
chromatography (Merck's silica gel Art.1.09385.1000) eluting with 5% ethyl
acetate in hexane. It is soluble in dichloromethane, chioroform, ethyl acetate,

diethyl ether and methanol.

Compound 1 is a white solid (120 mg, 0.005%), [(],” +50.17 (CHCl,;c

CHCI

1.0), mp. 102-103°C, UV Kmax , nm (log &): 244sh (4.45), EA; found C

76.24%; H 9.91% calc: C 76.26%; H, 9.89%.

FTIR spectrum(KBr) (Fig 16, Table 3) V (cm™): 3463 (OH), 2974, 2940, ;

2863, 1722 (C=0), 1639 (C=C), 1441, 1373, 125 2 (C-0), 1030.

"H-NMR spectrum (CDCl,, 500 MHz)(Fig.18, Table4, 5) S(ppm): 6.31
(1H,dd), 5.35(1H,t), 5.05(1H,d), 4.96(1H,ddd), 4.89(1H,dd), 4.87(1H,br.d), 4.49
(1H,br.d), 3.23(1H,dd), 2.42(1H,ddd), 2.29(1H,br.dd), 2.19(1H,dd), 2.12(1H,dd),
2.10(3H,s), 2.00(1H,dd), 1.79(1H,br.d), 1.74(3H.,d), 1.74(1H,m), 1.41(1H,dddd),
1.25(1H,dd), 1.22(1H,dd), 1.06(3H,s), 0.87(3H,s), 0.85(3H,s).

“C-NMR spectrum (CDCl,, 125.65 MHz) (Fig.19, Table 5) 6(ppm): 171.6
(), 146.3(q), 141.4(d), 133.7(g), 133.1(d), 110.1(1), 108.8(t), 80.5(d), 73.2(d),
56.6(d), 54.4(d), 42.3(t), 40.2(q), 39.9(q), 37.6(t), 28.7(q), 23.5(t), 23.4(1), 21.4
(), 16.5(q), 15.2(q), 11.9(q).

EIMS (Fig. 17) m/z (rel. int.): 346[M "] (24), 331[M"-CH,](6), 328[M"-H,0]
(4), 317(7), 304(8), 290(15), 286[M+—CH3COOH](75), 272(16), 271(72), 268(63),
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255(25), 253(100), 243(49), 230(28), 229(43), 225(34), 213(33), 191(30), 187
(46), 185(32), 173(37), 171(27), 147(31), 145(41), 133(32), 131(40), 119(40),
105(57), 91(70), 79(42), 77(66).

Purification and properties of Compound 2

Compound 2 was eluted with 10% chloroform in hexane. Similar fractions
were combined and the solvents were removed by rotatory evaporation and
further purified by column chromatography (Merck's silica gel Art.1.09385.1000)
eluting with 10% ethyl acetate in hexane. This compound is soluble in

dichloromethane, chloroform, ethyl acetate, diethyl ether and methanol.

Compound 2 is a white solid (60mg, 0.003%), [OL]D20 +9.46° (CHCl,; ¢

CHCI

1.0), mp. 99-101°, UV Kmax s M (log &): 244sh (4.53), EA; found C 76.25% H )

9.89% calc C 76.26% H, 9.89%.

KB
max

FTIR spectrum (KBr)(Fig. 25, Table 6)V “cm’: 3443 (OH), 2940,

2848, 1722 (C=0), 1644, 1605, 1460, 1373, 1248 (C-0O), 1030.

"H-NMR spectrum (CDCl;, 500 MHz)(Fig. 27, table 7, 8) 8(ppm): 6.32
(H,dd), 5.40 (H.t), 5.05 (1H,d), 4.89 (1H,ddd), 4.87 (1H,-br.d), 4.55 (1H,d), 4.51
(1H,br.d), 3.81 (1H,ddd), 2.41 (1H,ddd), 2.36 (1H,m), 2.21 (1H,dd), 2.19 (1H,m),
2.15 (3H,s), 2.02 (1H,m), 1.80 (1H,br.d), 1.75 (3H,d), 1.72(1H,dddd), 1.41
(1H,dddd), 1.29 (1H,dd), 1.29 (1H,dd), 0.90 (3H,s), 0.87 (3H,s) 0.80 (3H,s).

C-NMR spectrum (CDCl,, 125.65 MHz) (Fig.28, Table 8) 6(ppm): 172.4
(q), 146.9 (q), 141.5 (d), 133.8 (g), 133.0 (d), 110.2 (t), 108.8 (t), 84.5 (d), 67.8
(d), 56.6 (d), 54.4 (d), 46.3 (1), 40.1 (q), 39.4 (q), 37.6 (1), 28.7 (q), 23.5 (1), 23.3

(), 21.2(q), 17.5 (), 15.4 (q), 11.9 (q).
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EIMS (Fig. 26) m/z (rel. int.):346[M"] (9), 328[M"-H,0] (4), 313 (1), 286
[M*-CH,COOH] (19), 271 (45), 268 (32), 255 (22), 253 (78), 243 (39), 229 (44),
213 (32), 203 (27), 187 (52), 173 (67), 159 (56), 147 (68), 145 (60), 135 (73),
133 (87), 121 (80), 119 (95), 107 (82), 105 (100), 95 (53), 93 (68), 91 (70), 81
(67), 79 (89).

Purification and properties of Compound 3

Compound 3 was eluted with 30% chloroform in hexane. The solvent was
removed by rotatory evaporation and the residue was purified by column
chromatography (Merck's silica gel Art.1.09385.1000) eluting with 30% ethyl
acetate in hexane. It is soluble in dichloromethane, chloroform, ethyl acetate,

diethyl ether and methanol.

Compound 3 is a white solid (8.49 g, 0.413%), [0L],° +6.96 (CHCl.c

CHCI

1.0), mp. 69-70%, UV A,__ " nm (log &): 245.5sh (4.14), EA; found C 78.87%;

H 10.59% calc: C 78.90%; H, 10.59%.

FT-IR spectrum (KBr) (Fig.34, Table9) V (cm™): 3376 (OH), 2969,

max

2945, 2853, 1644, 1610, 1446, 1388, 1214 (C-0), 1059.

"H-NMR spectrum (CDCl,, 500 MHz)(Fig.36, Table 10, 11) 6(ppm): 6.29
(1H,dd), 5.38 (1H,t), 5.02 (1H,d), 4.86 (1H.,d), 4.85 (1H,br.d), 4.47 (1H br.d),
3.69 (1H,ddd), 3.02 (1H,d), 2.39 (1H,ddd), 2.34 (1H,br.dd), 2.17 (1H.dd), 2.10
(1H,dd), 1.99 (1H,m), 1.76 (1H,br.d), 1.72 (3H,d), 1.71 (1H,m), 1.40 (1H,dddd),
1.19 (1H,dd), 1.18 (1H,dd), 1.01 (3H,s), 0.80 (3H,s), 0.78 (3H,s).

“C-NMR spectrum (CDCl,, 125.65 MHz) (Fig.37, Table 11) 6(me):
147.2 (q), 141.5 (d), 133.7 (qg), 133.2 (d), 110.1 (1), 108.6 (t), 83.5 (d), 69.1 (d),
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56.7 (d), 54.5 (d), 45.0 (1), 40.1 (q), 39.3 (@), 37.7 (1), 28.8 (q), 23.6 (1), 23.3 (1),
16.6 (q), 15.4 (), 11.9 (q). |

EIMS (Fig 35) m/z (rel. int.): 304[M’] (68), 289[M"-CH,] (53), 286[M -
CH.COO0H] (22), 271 (75), 253(33), 248 (62), 233 (45), 215 (27), 201 (26), 187
(78), 173 (42), 159 (48), 147 (61), 145 (70), 133 (76), 119 (76), 105 (94), 91
(100, 79 (84).

Acetylation of compound 3:

The compound 3 was acetylation with acetic anhydride in pyridine, stir at
room temperature.

A: with 1.2 equivalent of acetic anhydride: Acetic anhydride (40 mg, 0.39
mmol) was added slowly into a stirred solution of compound 3 (100 mg, 0.33
mmol) in 4 ml of dry pyridine. After the solution was completed, the reaction *
mixture was stirred for 6 hours at room temperature. The reaction was stopped
and worked up by usual manner. The organic layer was concentrated by
rotatory evaporation and purified by column chromatography (Merck's silica gel
Art.1.09385.1000) eluting with 5% ethyl acetate in hexane to yield compound 1
(45 mg, 39.8 %) and compound 2 (35 mg, 31.5%). The spectral data ('H and
“C NMR, IR and MS) of these compounds were identical to that of naturally
occurring.

B: with 2.4 equivalent of acetic anhydride: Acetic anhydride (80 mg, 0.78
mmol) was added slowly into a stirred solution of compound 3 (100 mg, 0.33
mmol) in 5 ml of pyridine. After the solution was completed, the reaction mixture
was stirred for 6 hours at room temperature. Purification by column

chromatography (Merck’s silica gel Art.1.09385.1000) eluting with 2% ethy!
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acetate in hexane to yield compound 4 (85 mg, 66.0 %). Compound 4 was white
solid [QL], =+24.52 (c=1.0) Rf = 0.8 (20% ethyl acetate in hexane), UV A,__
(EtOH) 232sh (log€ 4.39)

FTIR spectrum (KBr)(Fig. 43, Table 12) Vmax(cm'1) 1 2979, 2955, 2850,
1732(C=0), 1645, 1613, 1440, 1384, 1255(C-0),1040.

"H NMR spectral (CDCl,, 500 MHz) (Fig. 45, Table 13,14) ) (ppm) : 6.25
(1H,dd), 5.28(1H,dd), 5.04(1H,ddd), 4.98(1H,d), 4.81(1H,d), 4.80(1H,m), 4.71
(1H,d), 4.43(1H,br.d), 2.34(1H,ddd), 2.20(1H,m), 2.12(1H,m), 2.08(1H,dd), 1.99
(3H,s), 1.96(1H,m), 1.93(3H,s), 1.73(1H,br.d), 1.66(3H.d), 1.65(1H,m), 1.35
(1H,dddd), 1.27(1H,dd), 1.25(1H,dd), 0.84(3H,s), 0.83(3H,s), 0.80(3H,s).

"C NMR spectral (CDCl,, 125.65 MHz) (Fig. 46, Table 14) O (ppm) :
170.5(q), 170.3(q),146.6(q), 141.3(d), 133.8(q), 132.8(d), 110.1(t), 108.9(t), 80.2
(d), 70.0(d), 56.5(d), 54.1(d), 42.4(t), 39.9(q), 39.3(q), 37.4(t), 28.5(q), 23.4(1),
23.3(t), 21.0(q), 20.8(a), 17.5(q). 15.2(q), 11.9(q).

EIMS (Fig 44) m/z (rel. int.) : 388[M"] (11), 373(1), 328[M"-CH,COOH]
(25), 313 (13), 286 (17), 268[M -2CH,COOH] (70), 253 (100), 239 (15), 225
(33), 211 (38), 197 (38), 187 (52), 173 (33), 159 (23), 145 (39), 133 (28), 119
(51), 105 (62), 91 (60), 79 (63).

Purification and properties of the compounds eluted from column

chromatography of chloroform crude extract.

The spectral data [1H and "C NMR spectra] of chloroform crude extract
were similar to hexane crude extract. Purification by column chromatography

give compound 3 (0.98 g, 0.015 %)
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Bioloaical evaluation

Samples were also tested for cytotoxic activity towards 6 cell lines, which
contain L929 (fibroblast), S102 (hepatoma), HEP-G2 (heptatoma), SW 620
(colon), chago (lung), Kato-3 (gastric) and BT 474 (breast) following the
experimental method of biocassay of cytotoxic activity against 6 cell cultures in
vitro were performed by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyitetrazolium bromide) colorimetric method.[20,21]



CHAPTER IV

RESULT AND DISCUSSION

Crude Hexane Extract

The crude hexane extract of the stem bark of C. oblongifolius Roxb.
was separated by chromatography on a silica gel column using a hexane-
ethyl acetate gradient system to obtain three new labdane diterpenoids 1-3.

Treatment of 3 with acetic anhydride in pyridine gave 4.
1. Structure Elucidation of compound 1

The molecular formula of compound 1 was assigned as C,,H,,O,
based on elemental analysis, IR, 'H and ®C NMR and EIMS.

The EIMS spectrum of compound 1 exhibited at [M*] m/z 346. The ion
at m/z 331, 328 and 286 were formed by loss of CH, group, H,O group and
acetic acid, respectively.

The IR spectrum of compound 1 was summarized in Table 3.

Table 3."The IR absorption band assignment of compound 1.

Wave Number (cm’) Intensity | Tentative assignment
3463 Medium | OH stretching vibration of alcohol
2974,2940, 2863 Strong CH stretching vibration of -CH,, -CH,,
1722 Strong C=0 stretching vibration
1639 Medium | C=C stretching vibration
1441, 1373 Medium | -CH,, -CH, bending
1253 Medium C-0O stretching vibration
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The information from 2D-NMR techniques, COSY correlations (Fig. 23,
Table 4), HMQC correlations (Fig. 21, Table 4), HMBC correlations (Fig. 22,
Table 4) were used to assist the structure assignment of compound 1.

The "H-NMR spectrum (Fig. 18, Table 4) of compound 1 showed four
methyl groups attaching to quaternary carbons (0.85, 0.87, 1.06 and 2.10
ppm) and one olefinic methyl groups (1.74 ppm) and six olefinic protons (6.31,
5.35, 5.06, 4.89, 4.88 and 4.49 ppm) and a double doublet at 6.31 ppm.

The “C-NMR spectrum (Fig. 19) and DEPT experiments revealed the
presence of 22 nonequivalent carbons. The DEPT 90 (Fig. 20), indicated the
presence of two sp2 methine carbon at 141.4 and 133.2 ppm and four
saturated methine carbons at 80.5, 73.2, 56.6 and 54.4 ppm. The DEPT 135

spectrum (Fig 24) showed six methylene carbons at 110.1, 108.8, 42.3, 37.6,

23.5 and 23.4 ppm and five methyl carbons at 28.7, 21.4, 16.5, 15.2 and 11.9- .

ppm (table 4,5). From "C-NMR, indicated that the carbon signals at 171.6,
146.3, 133.7, 40.2 and 39.9 ppm were quaternary carbons. The six vinylic (or
sz) carbons were consistent with the presence of three double bonds in the
molecule. The molecular formula, C,,H,,0, of compound 1 defined a degree
of unsaturation of six, therefore compound 1 must consist of two rings in
addition to the three double bonds and one carbonyl group.

The 'H and "C-NMR suggested that compound 1 possesses an
acetate group (6H 2.10 andSC 21.4 ppm for CH,CO), consistent with the EIMS
data. The -CH=C(CH,)-CH=CH, group gave a typical '"H-NMRspectrum for a
labda-12(£),14-diene skelaton (8H 4.89, H-15, d, J=11.0; 5.05, H-15, d,
J=17.4; 5.35, H-12, dd, J=6.4 and 6.4; 6.31, H-14, dd, J=11.0 and 17.4; and
1.74, H,-16, d, J=0.9)[12,22,23]. The exomethylene group showed 'H and °C-

NMR signals at O, 4.49 (H-17, br.d, J=1.5), 4.87 (H-17, br.d, J=1.5), and O,
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108.8 (C-17,t). The "H-NMR spectrum also showed three additional singlets
| due to three methyl groups at 6H 0.85 (H,-20), 0.87 (H,-19) and 1.06 (H,-18).
Therefore, the OH and acetoxy moieties must be confined to the decalin ring
system. A well-defined double doublets at 6H 3.23 (H-3, J=5.2,10.0) was
shown to be on C-3 carbon (8C 80.5) by HMQC experiment and it was shown
to be correlated to a quaternary carbon at 6(: 39.9 (C-4), two methyl carbons
(6C 16.5, C-19 and 28.7, C-18) and an oxygen bearing methine carbons at 50
73.2 (C-2) by HMBC experiment. Thus the two oxygen bearing methine

carbons must be adjacent to one another. The well-defined doublet of double
doublets at 6H 4.96 (H-2, J=4.3, 10.0 and 11.7) was shown to connect to 6(;

73.2 (C-2) by HMQC and correlated to 60 42.3 (C-1), 80.5 (C-3) and 171.6
(C=0) by HMBC experiment. Therefore, the acetoxy group must be on C-2
carbon. A large coupling constant of 10.0 Hz [14] between H-2 and H-3 =
indicated that both of them were axial orientation. Thus, the OH and acetoxy
moieties were in equatorial orientation. The unequivocal assignment of
compound 1 was established by the information from HMQC, HMBC, COSY
and NOESY experiments as in Figure 3-6 and Table 4.

The spectral data of 2,3 dioxygenated decalin ring system with 8(17)
exomethylene of compound 1 was also in agreement with those of methyl
2ﬁ,3B-dihydroxy-labda~8(17),132—diene—15-oate isolated  from  Nolana
rostrata[25]. Thus, the structure of compound 1 was proposed to be 2-
acetoxy-labda-8(17),12(E),14-triene-3-ol as shown in Figure 3. The long-range
C-H correlations, COSY correlations, and NOESY correlations by HMBC

spectrum were sumerize in Figure 4-6.



25

Figure 3 The structure of compound 1

Figure 4 The HMBC correlations of compound 1



Figure 5 The COSY correlations of compound 1

Figure 6 The NOESY correlations of compound 1
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Table 4. The HMQC, HMBC, and COSYspectral data of compound 1

27

Position | 3.’ d, HMBC (H to C) cosy
1 42.3(t) | 1.25dd (y=11.7, 11.7) C-2,C-3.C-9,C-10,C-20 4.96, 0.85
2.12 dd (J=4.3,11.7) C-2,C-3.C-5,C-10,C-20 2.10
2 73.2(d) | 4.96 ddd (J=4.3,10.0,11.7) C-1,C-3.C-18,C=0 0.85,2.12
3 80.5(d) | 3.23 dd (J=5.23, 10.0) C-2,C-4,C-18,C-19 1.06
4 39.9(s) | - =
5 54.4(d) | 1.22 dd (J=2.7, 12.6) C-4,C-6,C-9,C-10,C-18,C-19,C-20 | 1.41,1.74
6 23.5(1) | 1.41 dddd (J=4.3, 12.6, 12.6, 12.6) C-5,C-7,C-8,C-10 2.00,2.42,1.22
1.74 m C-4,C-5
7 37.6(t) | 2.00 dd (J=5.2, 13.1) C-6.C-8 1.41,1.74
242 ddd (J=2.4,4.3, 13.1) C-5,C-6,C-8,C-9 1.41,1.74
8 146.3(s) | -
9 56.6(d) | 1.79 br.d (J=11.6) C-8,C-10.C-11,C-20 4.49, 535
10 40.2(s)
11 23.4(t) | 2.19dd (J= 6.4, 10.6) C-8,C-9 4.49
2.29 br.dd (J=4.3, 15.0) C-8,C-9.C-12,C-13
12 133.1(d) | 5.35dd (J=6.4, 6.4) C-9,C-11,C-13,C-14,C-16 6.31,1.79 '
13 133.7(s) | - -
14 141.4(d) | 6.31dd (J=11.0, 17.4) C-12,C-13.C16 5.35
15 110.1(t) | 4.89d (J=11.0) C-13 6.31, 4.49
5.05d (J=17.4) C-13,C-14 1.74
16 11.9(q) | 1.74 d (J=1.0) C-11,C-12,C-13,C-14,C-15
17 108.8(t) | 4.49 br.d (J=1.5) C-7.C-9 0.85, 2.19,1.79
4.87 br.d (J=1.5) C-7,C-9
18 28.7(q) | 1.06s C-3,C-4.C-5,C-19 3.23
19 16.5(q) 0.87 S C-3,C-4,C-5,C-18
20 15.2(q) | 0.85s C-1,C-5,C-9,C-10 4.49
C=0 171.6(s)
CH,CO | 21.4(q) | 2.10s C=0 4.96
*Carbon type as determined by DEPT experiments spectra s=singlet,

d=doublet, t=triplet, g=quartet.




2. Structure Elucidation of compound 2

The molecular formula of compound 2 was assigned as C,,H,;,0,
based on elemental analysis, 'H and °C-NMR, and EIMS

The EIMS spectrum of compound 2 exhibited [M'] at m/z 346. The ion
at m/z 328 and 286 were formed by loss of H,O group and acetic acid,

respectively.

The IR spectrum of compound 2 was sumerized in Table 6.

Table 5. The IR absorbtion band assignment of compound 2.

Wave Number (cm’) Intensity | Tentative assignment
3443 Medium | OH stretching vibration of alcohol
2940, 2848 Strong | CH stretching vibration of —-CH,, -CH,
1722 Strong C=0 stretching vibration
1644 Medium | C=C stretching vibration
1460, 1373 Medium | -CH,, -CH, bending
1248 Medium | C-O strefching vibration

'H and "°C NMR spectra (Table 7) of compound 2 were similar to those

of compound 1. The HMBC experiment revealed the correlation of methyl
proton at 8H 4.55 (H-3, d, J=10.1) to a quaternary carbon at 6(: 39.4 (C-4), an

oxygen bearing methine carbon at 5C 67.8 (C-2) and C=0 carbon at 5C 172.4.
Therefore, the acetoxy group is located on the C-3 carbon. The two positions
on C-2 and C-3 showed axial relationship as suggested by the large coupling
constant of 10.1 Hz as in compound 1. The information of 2D-NMR including

COSY correlations (Fig. 32, Table 7), NOESY correlations (Fig.33), HMQC
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correlations (Fig.30, Table 8, 9) and HMBC correlations (Fig.31, Table 9)
supported the structural elucidation of 2. Thus, the structure of compound 2
was proposed to be 3-acetoxy-labda-8(17),12(E),14-triene-2-o0l as shown in
Figure 7. The long-range C-H correlations, COSY correlations, and NOESY

correlations by HMBC spectrum were sumerize in Figure 9-10.

HO
CH,000

Figure 7 Structre of compound 2

H 4.89

H 5.05

Figure 8 The HMBC correlations of compound 2



Figure 9 The COSY correlations of compound 2

cryf
2.15

Figure 10

The NOESY correlations of compound 2

30




31

Table 6. The HMQC, HMBC, and COSYspectral data of compound 2

position SC” d, HMBC (H to C) Cosy

1 46.3(t) | 1.29dd (J=12.1, 12.1) C-2,C-3,C-9,C-10,C-20 3.81
2.21dd (J=4.3,12.1) C-2,C-3,C-5,C-10,C-20

2 67.8(d) | 3.81 ddd (/=4.3,10.1,11.6) C-1,C-3 4.451.27 2.1

3 84.5(d) | 4.55d (J=10.1) .C-2,C-4,C-18,C-19.C=0

4 39.4(s) | - = -

5 54.4(d) | 1.29 dd (J=2.4, 12.8) C-4,C-6,C-9,C-10,C-20 1.41,1.72

6 23.5(t) | 1.41 dddd (J=4.3, 12.8, 12.8, 12.8) C-5,C-7 2.41,2.03
1.74 dddd (J=2.6, 5.2,5.2, 12.8) C-5 1.29

7 37.6(1) | 2.02 ddd (y=4.9, 13.1,13.1) C-6,C-8,C-17 1.41,1.72
2.41ddd (J=24,4.3,13.1) C-5,C-8,C-9,C-17

8 146.9(s) | - A -

9 56.6(d) | 1.80 br.d (J=10.4) C-8,C-10 2.36,2.19

10 40.1(s) | - s -

11 23.3(t) | 219 m C-8,C-9,C-12,C-13 1.80
236m C-8,C-9,C-12,C-13

12 133.0(d) | 5.40dd (J=6.4, 6.4) C-9,C-11,C-14,C-16 2.36,2.19

13 133.8(s) | - - -

14 141.5(d) | 6.32 dd (J=11.0,17.4) C-12,C-13,C-15,C-16 5.03,4.84

15 110.2(t) | 4.89d (J=11.0) C-13 6.32
5.05d (J=17.4) C-13,C-14

16 11.9(q) | 1.75d (J=0.9) C-12,C-13,C-14

17 108.8(t) | 4.51 br.d (J=1.5) C-7,C-8,C-9 3.81,4.85
4.87 br.d (J=1.5) C-7,C9

18 28.7(q) | 0.90s C-3,C-4,C-5,C-19

19 17.5(q) | 0.87 s C-3,C-4,C-5,C-18

20 15.4(q) | 0.80 s C-1,C-5,C-9,C-10

C=0 172.4(s) | - -

CH,CO 21.2(q) | 2.15s C=0

’Carbon type as determined by DEPT experiments spectra : s=singlet,

d=doublet, t=triplet, g=quartet.
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3. Structure Elucidation of compound 3.

The molecular formula of compound 3 was assigned as C,H,,0,
based on elemental analysis, 'H and °C NMR and EIMS

The EIMS spectrum of compound 3 exhibited [M'] at m/z 304. The ion
at m/z 289 was formed by loss methyl group. Its mass spectrum exhibited a
peak at m/z 286 corresponding to [M"-H,0].

The IR spectrum of compound 3 was sumerized in Table 7.

Table 7. The IR absorbtion band assignment of compound 3.

Wave Number (cm”) Intensity | Tentative assignment
3376 strong OH stretching vibration of alcohol
2969,2945,2853 Strong CH stretching vibration of -CH,, -CH,
1644,1610 Medium C=C stretching vibration
1446, 1388 Medium | -CH,, -CH, bending
1214 Medium C-0O stretching vibration

'"H and "°C NMR data for 3 were similar to those of compound 1 and 2
exoépt the absence of acetyl group. Thus, the structure of compound 3 was
proposed to be labda-8(17),12(F),14-triene-2,3-diol as shown in Figure 11.
The long-range C-H correlations by HMBC spectrum, COSY correlations, and

NOESY correlations were sumerized in Figure 12-14.



Figure 11 The structure of compound 3

Figure 12 The HMQC correlations of compound 3
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Figure 13

Figure 14

The COSY correlatiions of compound 3

The NOESY correlations of compound 3
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Table 8. The HMQC, HMBC, and COSYspectral data of compound 3
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Position 60 SH HMBC COSsY

1 45.0(t) | 1.18 dd (J=11.7, 12.5) C-2,C-3,C-9,C-10,C-20 3.69
2.10dd (J=4.6,12.5) C-2,C-3,C-5,C-10,C-20 3.69

2 69.1(d) | 3.69 ddd (J=4.3,9.6,11.7) - 3.02,2.10,1.20

3 83.5(d) | 3.02 d (J=9.6) C-1,C-2,C-4,C-18,C-19 3.69

4 39.3(s) | - - -

5 54.5(d) | 1.19dd (J=2.7, 12.5) C-10,C-20

6 23.6(t) | 1.40 dddd (J=4.3, 12.5, 12.5,12.5) | - 2.39,2.00
1.71m C-5 2.39, 2.00

7 37.7(T) | 1.99m C-6,C-8,C-17 1.40,1.70
2.39 ddd (J=2.4, 4.0, 12.8) C-5.C-8,C-9

8 147.2(s) | - = -

9 56.7(d) | 1.76 br.d (J=10.7) - 4.47,4.85

10 40.1(s) | - = -

11 23.3(t) | 2.17 ud (J=6.7,11.0) C-9.C-12 5.38
2.34 br.dd (/=5.5,11.0) C-8,C-12

12 133.2(d) | 5.38 dd (J=6.1, 6.1) C-9,C-11,C-14.C-16 2.18,2.34

13 133.7(s) | - ~ -

14 141.5(d) | 6.29 dd (J=11.0, 17.4) C-12,C-13,C-16 4.87,5.02

15 110.1(1) | 4.86 d (J=11.0) C-13 6.29
5.02d (J=17.4) C-13,C-14

16 11.9(q) | 1.72d (J=0.9) C-12,C-13,C-14

17 108.6(1) | 4.47 br.d (J=1.2) C-7,.C-9 1.76, 2.00
4.85 br.d (4=1.2) C-7,C-9

18 28.8(q) | 1.01s C-3,C-4,C-5,C-19

19 16.6(q) | 0.80s C-3,C-4,C-5,C-18

20 15.4(q) | 0.78 s C-1,C-5,C-9,C-10

’Carbon type as determined by DEPT experiments spectra : s=singlet,

d=doublet, t=triplet, g=quartet. 1
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4. Structure Elucidation of compound 4

The molecular formula of compound 4 was assigned as C,,H,0,
based on elemental analysis, '"H and °C NMR and EIMS.

The EIMS spectrum of compound 4 exhibited [M+] at m/z 388. The ion
at m/z at 328 and 268 were formed by loss of one and two acetic acid group,
respectively.

The IR spectrum of compound 4 was summarized in Table 9.

Table 9. The IR absorption band assignment of compound 4.

Wave Number(cm") Intensity | Tentative assignment

2979,2955,2850 Strong | CH stretching vibration of -CH,, -CH,

1732 strong | C=0 stretching vibration
1645,1613 Medium | C=C stretching vibration
1440, 1384 Medium | -CH,, -CH, bending

1255 Medium | C-O stretching vibration

Compound 4 was obtained from peracetylation of compound 3. It gave
expected spectroscopic properties (IR, MS, 'H and °C NMR). Thus, the
structure of compound 4 was proposed to be 2,3-diacetoxy-labda-8(17),12
(E),14-triene as shown in figure 15. The long-range C-H correlations, COSY
correlations, and NOESY correlations by HMBC spectrum were sumerize in

figure 16-18.



Figure 15 The structure of compound 4
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Figure 16 The HMBC correlation of compound 4
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Figure 17 The COSY correlations of compound 4

Figure 18 The NOESY correlations of compound 4
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Table 10. The HMQC, HMBC, and COSYspectral data of compound 4
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position BC*’ 8H HMBC (Hto C) CosyY
1 42.4(t) | 1.27 dd (=11.9,12.3) C-2,-3,C-9,C-10,C20 | 5.04
2.08 dd (J=4.6,12.3) C-2,C-3.C-5,C-10,C-20 | 5.04
2| 70.0(d) | 5.04 ddd (J=4.6,10.5,11.9) C-1,C=0 1.27.2.08,4.71
3| 80.2(d) | 4.71d (J=10.5) C-2,C-4,C-18,C-19,C=0 | 5.04
4| 39.3(s) | - - -
5| 54.1(d) | 1.25dd (J=2.7, 12.8) C-4,C-6,C-10,C-20 | 1.35.1.65
6 23.4(t) | 1.35 dddd (J=4.3,12.8,12.8,128) | C-5,C-7 1.252.34
1.65m C-7 1.25,2.34
7 37.4(t) | 1.96 m C-8 1.35,1.65
2.34 ddd (J=2.1, 4.0, 13.1) = 1.35.1.65
8| 146.6(s) | - - -
9| 56.5(d) | 1.73 br.d (J=9.84) C-8,C-10 212,220
10 | 39.9(s) | - - -
11 23.3(1) | 2.12m C-8,C-9,C-12,C-13 173528
2.20m C-8,C-9,C-12,C-13 173528
12 | 132.8(d) | 5.28 dd (J=6.4, 6.4) C-9,C-11,C-14,C-16 212220
13 | 133.8(s) | - - -
14 | 141.3(d) | 6.25 dd (J=10.7, 17.4) C-12,C-13,C-16 481,498
15 | 110.1(t) | 4.81d (J=10.7) C-13 6.25
4.98d (J=17.4) C-13,C-14 6.25
16 |  11.9(q) | 1.66 d (J=0.9) C-12,C-13,C-14
17 | 108.9(1) | 4.43 br.d (J=1.2) C-7,C-9 1.73
4.80 m C-7.C-9 1.73
18| 285(q) | 0.83s C-3.C-4,C-5,C-19
19| 17.5(q) | 0.84s C-3,C-4,C-5,C-18
20 15.2(q) | 0.80's C-1,C-5,C-9,C-10
C=0| 170.3(s) | - -
C=0| 170.5(s) | - -
CH,CO | 21.0(q) | 1.99s C=0
CH,CO | 20.8(q) | 1.93s Cc=0

*Carbon type as determined by DEPT experiments spectra : s=singlet, d=doublet. t=tnplet, = quartel.
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Biological activity.

Compound 1-4 were tested for their cytotoxicity against human tumor
cell lines and compound 3 showed moderate activities aganst human gastric
carcinoma (KATO-3, 2.2 Hg/mL), colon carcinoma (SW 620, 2.7 Llg/mL),
breast carcinoma (BT474, 4.6 LLg/mL), hepatocarcinoma (HEP-G2, 3.7 LL
g/mL) and lung carcinoma (BT474, 4.6 [lg/mL). Compound 4 was inactive
against all cell lines (>10 lg/mL). Compound 1 was active against gastric (5.7
Llg/mL) and colon carcinogen (7.1 lg/mL) while compound 2 was active
against gastric (3.3 Lg/mL) and breast carcinogen (5.9 Llg/mL). Therefore,
the presence of acetyl group did not enhance cytotoxicity of compound 3.
Perhaps, monoacetylation (compound 1 and 2) and diacetylation (compound
4) of compound 3 could render their ability to from hydrogen bond with cenaiﬁ ;
recepter on tumor cells and made them inactive. Cytotoxicity data of ,
compound 1-4 was show in Table 15.

Table 11 Cytotoxicity data of compound 1-4°

Cell lines”
?ompound KATO-3 SW 620 BT 474 HEP-G2 CHAGO
1 57 7.1 >10 >10 >10
2 3.3 >10 5.9 >10 >10
3 2.2 2.7 4.6 3.7 33
4 >10 >10 >10 >10 >10

®Results are expresses as IC,, values (LLg/mL), ” KATO-3 : Human gastric carcinoma ATCC No. HTB

103, SW 620 : Hurhan colon carcinoma, BT 475 ;: Human breast carcinoma ATCC No. HTB 20, HEP-

G2 : Human hepatocarcinoma ATCC No. HTB 8065, CAHGO : Human lung carcinoma




CHAPTER V

CONCLUSION

In this research, the chemical constituent of the stem bark of Croton
oblongifolius Roxb. was investigated. The hexane crude extracted was
separated on silica gel column chromatography using hexane-ethyl acetate
gradient system to give three new natutal labdane diterpenoids, 3-acetoxy-
labda-8(17),12(E),14-triene-2-ol (1), 2—acetoxy—|abda—8(17),12(E),14—triéne—3—o|
(2), labda-8(17),12(E),14-triene-2,3-diol (3). Compound 4 was obtained from
acetylation of compound 3. Compound 4 was assigned as 2,3-diacetoxy-
labda-8(17),12(E),14-triene (4). In this report we present a full account of the
structure elucidation of 1-4 by one and two-dimentional NMR spectroscopy: .

The structure of these compounds were shown in the figure 19.

R1
1 Ac H
2 H AC
3 H H
4 Ac Ac

Figure 19  Stereochemistry of Compound 1-4

All isolated substances and amounts were summarized in table 12.



Table 12. Isolated substances from hexane crude extract (100g) of the stem

barks of Croton oblongifolius Roxb. and derivative

Compound | Name of compound Weight %wt by wt
1 3-acetoxy-labda-8(17),12(E),14-triene-2-ol 0.12 0.005%
2 2-acetoxy-labda-8(17),12(E),14-triene-3-ol . 0.06 0.003%
3 labda-8(17),12(E),14-triene-2,3-0l 8.94 0.413%

Compound 1-4 were tested for their cytotoxicity against human tumor
cell lines found that compound 3 was active with all cell lines, compound 1
was active with KATA-3 and SW620 cell lines, compound 2 was active with

KATA-3 and BT474 cell lines and compound 4 was inactive with all cell lines.
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APPENDIX A

Spectral data of Compound 1-4
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Figure 20 “The IR spectrum of compound 1
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Figure 22 The 'H NMR (500 MHz) spectrum of compound 1 (in CDCl;)
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Figure 30  The EI mass spectrum of compound 2
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Figure 36  The COSY (500 MHz) spectrum of compound 2
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Three naw labdane diterpenoids were isolated from stem bark of Croton oblongifolius. The structure

of these compounds were established by spectroscopic data and they were tested for cytotoxicity against various human tumor cell lines.
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Abstract
Three new labdane diterpenoids, 2-acetoxy-labda-8(17),12(£)-14-triene-3-o0l. 3-
acetoxy-labda-8(17),12(£)-14-triene-2-ol, labda-8(17),12(£),14-triene-2,3-diol were isolated
from stem bark of Croton oblongifolius. The structure of these compounds were established

by spectroscopic data and they were tested for cytotoxicity against various human tumor cell

lines.

Keywords : Croton oblongifolius; Euphorbiaceae; Labdane; Diterpenoid; Cytotoxic
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1. Introduction

Our continuing investigation of Croton oblongifolius Roxb. (Euphorbiaceae)
available in various part of Thailand have yielded several new diterpenoids. For example,
crotocembraneic acid, neocrotocembraneic acid, neocrotocembranal (Roengsumran et al.,
1998, 1999a) are obtained from C. oblongifolius specimen from Petchaboon Province in
central part of Thailand._I\Xc;éover, four new labdane diterpenoids have been isolated from
specimen from Prachuab Kirikhan Province in the southern part of Thailnd (Roengsumran
et al., 1999b). In this paper we describe the isolation and characterization as well as
cytotoxic activity against human tumor cell lines of three new labdane ditérpenoids from C.

oblongifolius specimen from Loei Province in the northern part of Thailand.
2. Results and discussion

The crude hexane extract of the stem bark of C. oblongifolius was separated by
chromatography on a silica gel column using a hexane-ethyl acetate gradient system to
obtain three new labdane diterpenoids 1-3. Treatment of 3 with acetic anhydride in pyridine
gave 4.

The molecular formula of compound 1 was assigned as C;,H3403 based on elemental
analysis, "H and >C NMR (Table 1 and 2) and EIMS [M'] (m/z 346). lts mass spectrum
exhibited a peak at m/z 328 corresponding to [M"™-H,0]. The ion at m/z 286 was formed by
loss of acetic acid. A broad absorption band at 3463 cm™ in the IR spectrum comfirmed the
presence of the hydroxy group. The IR streching at 1722 cm™ (C=0) and 1253 cm’ (C-0)
indicate the presence of ester moiety in addition to the C=C stretching at 1639 cm™. The BC
NMR spectrum and DEPT experiments revealed the presence of 22 nonequivalent carbons,
of which 15 are sp’ [5 methyl, 4 methylene, 4 methine and 2 quaternary carbons] and six sp’
[2 methylene, 2 methine and 2 quaternary carbons] hybridized (carbons), together with a
carbonyl carbon of ester. The six vinylic (or sz) carbons were consistent with the presence
of three double bonds in the molecule. The molecular formula, C5;,H3403, of compound 1
defined a degree of unsaturation of six, therefore compound 1 must consist of two rings in
addition to the three double bonds and one carbonyl group.

The 'H and >C NMR suggested that compound 1 possesses an acetate group (S

2.10 and 8¢ 21.4 for CH3CO), consistent with the EIMS data. The -CH=C(CH;)-CH=CH,



group gave a typical 'H NMR spectrum for a labda-12(£), 14-diene skeleton (& 4.89, H-15,
d,J=11.0;5.05, H-15,d, /=17.4; 5.35, H-12, dd, J=6.4, 6.4; 6.31, H-14, dd, /=11.0 and
17.4; and 1.74, Hs-16, d, J=0.9) (Roengsumran et al., 1998; Noma et al., 1982; Bohlmann &
Czersin 1979). The exomethylene group showed 'H and *C NMR signals at &;; 4.49 (H-17,
br.d, J=1.5), 4.87 (H-17, br.d, J=1.5), and 8¢ 108.8 (C-17, t). The '"H NMR spectrum also
showed three additional singlets due to three methyl groups at &y 0.85 (H3-20), 0.87 (H;3-19)
and 1.06 (H;-18). Therefore, the OH and acetoxy moi—ege_shmust be confined to the decalin
'ring system. A well-defined double doublets at &y 3.23 (H-3, J=5.2,10.0) was shown to be
on C-3 carbon (8¢ 80.5) by HMQC experiment and it was shown to be correlated to a
quaternary carbon at §c 39.9(C-4), two methyl carbons (8¢ 16.5, C-19 and 28.7, C-18) and
an oxygen bearing methine carbon at 8¢ 73.2 (C-2) by HMBC experiment. Thus the two
oxygen bearing methine carbons must be adjacent to one another. The well-defined doublet
-of double doublets at 8y 4.96 (H-2, /=4.3, 10.0 and 11.7) was shown to connect to &¢ 73.2
(C-2) by HMQC and correlated to 8¢ 42.3 (C-1), 80.5 (C-3) and 171.6 (C=0) by HMBC
experiment. Therefore, the acetoxy group must be on C-2 carbon. A large coupling constant
of 10.0 Hz between H-2 and H-3 indicated that both of them were in axial orientation. Thus
* the OH and acetoxy moieties were in equatorial orientation. The unequivocal assignment of
compound 1 was established by the information from HMQC, HMBC, COSY and NOESY
experiments as shown in Table 1-3 and Figure 2. The spectral data of 2,3-dioxygenated
decalin ring system with 8(17) exomethylene of compound 1 was also in agreement with
those of methyl 2B, 3p-dihydroxy-labda-8(17),13Z-diene-15-oate isolated from Nolana
rosfrafb (Garbarino ef al., 1986). Thus compound 1 was assigned as 2-acetoxy-labda-8
(17),12(E),14-triene-3-ol.

Compound 2 was isolated as a white solid with molecular formula Cy,H;3405. 'H and
B CNMR spectra (Table 1 and 3) of compound 2 were similar to those of compound 1. The
HMBC experiment revealed the correlation of methine proton at §y; 4.55 (H-3, d, /=10.1) to
a quaternary carbon at 8¢ 39.4 (C-4), an oxygen bearing methine carbon at 6¢c 67.8 (C-2) and
a C=0 carbon at 8¢ 172.4. Therefore, the acetoxy group located on the C-3 carbon. The two
protons on FC-2 and C-3 showed axial relationship as suggested by the large coupling

constant of 10.1 Hz as in compound 1. Thus compound 2 was assigned as 3-acetoxy-labda-8

(17),12(£), 14-triene-2-ol.
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Compound 3 was shown to have a formula of CypH3 0, by elemental analysis. 'H
and °C NMR data for 3 were similar to those of compound 1 and 2 except the absence of
acetyl group. Theretore, compound 3 was labda-8(17),12(£),14-triene-2,3-diel.

Compound 4 was obtained from peracetylation of compound 3. It gave expected
spectroscopic properties (IR, MS, 'H and '*C NMR).

Compounds (1-4) were tested for their cytotoxicity against human tumor cell lines
and compound 3 showed moderate activities against human gastric carcinoma (KAT_OE—3T
2.2 pg/mlL), colon carcinoma (SW 620, 2.7 pe/mL), breast carcinoma (BT474, 4.6 ng/mL),
hepatocarcinoma (HEP-G2, 3.7 pg/mL) and lung carcinoma (CHAGO, 3.3 pg/mL).
Compound 4 was inactive against all cell lines (>10 pg/mL). Compound 1 was active
against gastric (5.7 pg/mL) and colon carcinoma (7.1pg/mL) while compound 2 was active
against gastric (3.3 pg/mL) and breast carcinoma (5.9 pg/mL). Therefore, the presence of
acetyl group did not enhance cytotoxicity of compound 3. Perhaps, monoacetylation
(compound 1 and 2) and diacetylation (compound 4) of compound 3 could render their

ability to form hydrogen bond with certain receptor on tumor cells and made them inactive.

3. Experimental

Mps uncorr.: on Fisher Johns melting point apparatus. Optical rotation: on a Perkin-
Elmer 341 polarimeter. UV spectra: on a Hewlett Packard 8452A. IR spectra: on a Nicolet
Impact 410 Spectrophotometer. Low-resolution MS: 70 eV. on a Fisons Instruments Trio
2000 mass spectrometer. 'H and >C NMR, HMQC and HMBC experiments were carried
out on a JEOL JNM-AS00 spectrometer. Microanalyses were performed at Chulalongkomn

Research Equipment Centre on a Perkin Elmer PE 2400 Series I1.

3.1 Plant material

The stem bark of C. oblongifolius was collected from Ampur Wang Saphung, Loei
Province, Thailand, in May 1998. Botanical identification was achieved through comparison
with a voucher specimen No. BKF 084729 in the herbarium collection of the Royal Forest

Department of Thailand.

3.2 Extraction and isolation
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The powdered, sun-dried stem bark of C. oblongifolius (6.5 kg) was extracted with
hexane. The hexane extract was filtered, and evaporated in vacuo to obtain a greenish
yellow o1l (300 g). The hexane extract (100 g) was fractionated by silica gel CC and eluted
with hexane-EtOAc to obtain compound 1(120 mg, 0.005%), 2 (60 mg, 0.003%) and 3 (8.94
g, 0.41%) from 5%, 10% and 30% EtOAc in hexane, respectively.

3.3 Biological evaluation

Bioassay of cytotoxic activity against human tumor cell culture in vitro was
performed by the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)

colorimetic method (Carmichael et at., 1987; Twentyman & Luscombe 1987).
- 3.4 2-acetoxy-labda-8(17),12(E), 14-triene-3-ol (1)

White solid, mp. 102-103° (Found C, 76.24 ; H, 9.91 C,H3,05 requires: C 76.26; H,
9.89%); [a]p?® +50.17 (CHCls; ¢ 1.0); UV Amax 73 nm (log €): 244sh (4.45); IR VinadE"
. em’™: 3463 (OH), 2974, 2940, 2863, 1722 (C=0), 1639 (C=C), 1441, 1373, 1252 (C-O),
1030; 'H and °C NMR: Table 1 and 3. EIMS m/z (rel. int.): 346[M*] (24), 331[M*-CH;](6),
328[M"-H,0](4), 317(7), 304(8), 290(15), 286][M"-CH3COOH](75), 272(16), 271(72), 268
(63), 255(25), 253(100), 243(49), 230(28), 229(43), 225(34), 213(33), 191(30), 187(46),
185(32), 173(37), 171(27), 147(31), 145(41), 133(32), 131(40), 119(40), 105(57), 91(70),
79(42), 77(66).

3.5 3-acetoxy-labda-8(17),12(E), 14-triene-2-ol (2)

White solid, mp. 99-101° (Found C, 76.25 ; H, 9.89 C3;H3405 requires: C 76.26; H,
9.89%); [a]p™® +9.46 (CHCI;; ¢ 1.0); UV A C”¢'; nm (log &): 244sh (4.53); IR Vinax o'
cm™: 3443 (OH), 2940, 2848, 1722 (C=0), 1644, 1605, 1460, 1373, 1248(C-0), 1030; 'H
and PC NMR: Table 1 and 3. EIMS m/z (rel. int.):346[M"] (9), 328[M"-H,0](4), 313(1),
286[M"-CH;COOH](19), 271(45), 268(32), 255(22), 253(78), 243(39), 229(44), 213(32),
203(27), 18.7(52), 173(67), 159(56), 147(68), 145(60), 135(73), 133(87), 121(80), 119(95),
107(82), 105 (100), 95(53), 93(68), 91(70), 81(67), 79(89).
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3.0 labda-8(17),12(E), [ 4-triene-2,3-diol (3)

White solid, mp 69-70° (Found C, 78.87 ; H, 10.59 C50Hz,0; requires: C 78.90; H,
10.59%); [a)p™ -6.96 (CHCI3; ¢ 1.0); UV Amax C75 nm (log €): 244.5sh (4.14); IR v <P
cm™':3376 (OH), 2969, 2945, 2853, 1644, 1610, 1446, 1388, 1214(C-0), 1059; 'H and *C
NMR: Table 2 and 3. EIMS m/z (rel. int.):304[M*] (68), 289[M"-CH3](53), 286wa+-
_CH§0/OH](22), 271(75), 253(33), 248(62), 233(45), 215(27), 201(26), 187(78), 173(42),
159(46), 147(61), 145(70), 133(76), 119(76), 105(94), 91(100), 79(84).

3.7 2,3-diacetoxy labda-8(17),12(E), 1 4-triene (4)

'Compound 4 was prepared by acetylation of 3 (100 mg, 0.33 mmol) with acetic
anhydride (80 mg, 0.78 mmol) in pyridine. The reaction product was purified by silica gel
CC eluting with 2% EtOAc in hexane to give 4 as viscous oii (85 mg, 66%); (Found C,
74.19; H, 9.34 Ca4H3404 requires: C 74.19; H, 9.34%); [a]p™ +24.52°(CHCls; ¢ 1.0); UV A
ma C0C% nm (log £):232sh (4.39); IR vina™™ cm™: 2979, 2955, 2850, 1732(C=0), 1645,
1613, 1440, 1384,1255(C-0), 1040; °C NMR: table 2 and 3. EIMS »/z (rel. int.): 388[M"]
(11), 373(1), 328[M*-CH3COOH](25), 313(13), 286(17), 268[M*-2CH;COOH] (70), 253
(100), 239(15), 225(33), 211(38), 197(38), 187(52), 173(33), 159(23), 145(39), 133(38),
119(51), 105(62), 91(60), 79(63).
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Table 1
'H and C NMR data (8 in ppm. J in Hz) for compound 1 and 2 in CDCly

Compound | Compound 2
Position &y HMBC (H 1o C) Sn HMBC (H to C)
I 1.25dd (S=11.7,11.7) C-2,C-3,C-9,C-10,C-20 1.29.dd (/=12.1,12.1) C-2,C-3,C-9,C-10,C-20

2.12dd (SA43,11.7) C-2,C-3,C-5,C-10,C-20 221 dd (J=4.3,12.1) C-2,C-3,C-5,C-10,C-20

2 4.96 ddd (/=4.3,10.0,11.7) C-1,C-3,C-18,C=0 3.81 ddd (J=4.3,10.1,11.6) C-1,C-3,
3 323 dd (J=5.2,10.0) C-2,C-4,C-18,C-19 4554 (=101 C-1,C-2,C-4,C-18,C-19,C=0
5 122 ad (J=2.7,12.6) C-4,C-6,C-9,C-10,C-18,C-19,C-20 1.29 dd (/=2.4,12.8) C-4,C-6,C-10,C-20
6 1.4] dddd (J=4.3,12.6,12.6,12.6) C-5,C-7,C-8,C-10 1.41 dddd (J=4.3,12.8,12.8,12.8) C-5,C-7
.74 m C4,C-3 1.72 dddd (J=2.6,52,5.2,12.8)  C-5
7 2.00 dd (J=5.2,13.1) C-6,C-8 2.02 ddd (/=4.9,13.1,13.1) C-6,C-8,C-17
2.42 ddd (J=2.4,4.3,13.1) C-5,C-6,C-8,C-9 2.41 ddd (/=2.4,4.3,13.1) C-5,C-8,C-9,C-17
9 1.79 br.d (J=11.6) C-8,C-10,C-11,C-20 1.80 br.d (J=10.4) C-8,C-10
1 2.19 dd (J=6.4,10.6) C-8,C9 2.19m C-8,C-9,C-12,C-13
2.29 br.dd (J=4.3,15.0) C-8,C9,C-12,C-13 236m C-8,C-9,C-12,C-13
12 5.35 dd (J=6.4,6.4) C-9,C-11,C-13,C-14,C-16 5.40 dd (J=6.4,6.4) C-9,C-11,C-14,C-16
14 6.31dd (J=11.0,17.4) C-12,C-13,C-16 6.32 dd (J=11.0,17.4) C-12,C-13,C-15,C-16
15 4.89d (J=11.0) c-13 4.89d (J=11.0) c-13 '
5.05d (J=17.4) C-13,C-14 5.05 d (J=17.4) C-13,C-14
16 1.74 d (J=1.0) C-11,C-12,C-13,C-14,C-15 1.75 d (J=0.9) C-12,C-13,C-14
17 449 br.d (J=1.5) C-1,C-9 4.51 br.d (J=1.5) C-7,C-8,C-9
4.87 br.d (J=1.5) C-1,C-9 4.87 br.d (J=1.5) C-7,C-9
18 1.06s C-3,C-4,C-5,C-19 0.90s C-3,C-4,C-5,C-19
19 087s C-3,C-4,C-5,C-18 0.87s C-3,C-4,C-35,C-18
20 085s C-1,6-5,C9,C-10 0.80s C-1,C-5,C-9,C-10
CH;CO  2.10s c=0 . 2155 c=0




Table 2
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'H and °C NMR data (8 in ppm. J in Hz) for compound 3 and 4 in CDCl;

6

Compound 3 Compound 4
Position 8y HMBC (Hto C) Sy HMBC (Hto C)
1 1.18 dd (J=11.7,12.3) C-2,C-3,C-9,C-10,C-20 1.27 dd (J=11.9,12.3) C-2,C-3,C-9,C-10,C-20
2.10 dd (J=4.6,12.5) C-2,C-3,C-5,C-10,C-20,2.08 dd (/=4.6,12.3) C-2,C-3,C-5,C-10,C-20
2 3.69 ddd (/=4.3,9.6,11.7) - “5.04 ddd (/=4.6,10.5,11.9) C-3,C=0
3 3.02 d (J=9.6) C-1,C-2,C4,C-18,C-19,4.71 d (J=10.5) C-2,C4,C-18,C-19,C=0
5 1.19 dd (/=2.7,12.5) C-10,C-20 71.25 dd (/=2.7,12.8) C-4,C-6,C-10,C-20
6 1.40 dddd (/=4.3,12.5,12.5,12.5) - -1.35 dddd (/=4.3,12.8,12.8,12.8) C-5,C-7
1.7t m C-5 /1.65m C-7
7 1.99 m C-6,C-8,C-17 +1.96m C-8
2.39 ddd (/=2.4,4.0,12.8) C-5,C-8,C-9 +2.34 ddd (/=2.1,4.0,13.1) -
9 1.76 br.d (J/=10.7) - #1.73 br.d (/=9.8) C-8,C-10
11 2.17 dd (/=6.7,11.0) C-9,C-12 /2.12m C-8,C-9,C-12,C-13
2.34 br.dd (/=5.5,11.0) C-8,C-12 220m C-8,C-9,C-12,C-13
12 5.38 dd (J=6.1,6.1) C-9,C-11,C-14,C-16 ~5.28dd (/=6.4,6.4) C9,C-11,C-14,C-16
14 6.29 dd (/=11.0,17.4) . C-12,C-13,C-16 76.25 dd (/~10.7,17.4) C-12,C-13,C-16
13 4.86d (/=11.0) C-13 ~4.81d (=10.7) C-13
5.02d(/<17.4) C-13,C-14 7498 d (S~17.4) C-13,C-14
1.72 4 (J=0.9) C-12,C-13,C-14 71.66 d (J=0.9) C-12,C-13,C-14
17 4.47brd (UJ=12) C-1,C-9 * 4.43 br.d (J=1.2) C-7,C-9
. 4.85 br.d (J=1.2) C-1,C-9 4.80 m C-7.CH9
18 1.0ls C-3,C4,C-5,C-19 0.83s C-3,C4,C-5,C-19
19 0.80s C-3,C4,C-5,C-18 0.84s C-3,C4,C-5,C-18
20 0.78 s C-1,C-5,C-9,C-10 0.80s C-1,C-5,C9,C-10
CH,CO - - “193s C=0
CH;CO - - 1.99s C=0




[able 3
C NMR spectral data of compound 1-4 (125 MHz, CDCls, ppm)

__Position 1 2 3 4
42.3 46.3 45.0 /424
73.2 67.8 69.1 70.0
80.5 84.5 83.5 /80.2
39.9 394 393 7393
54.4 54.4 54.5 7541
23.5 23.5 23.6 23.4
37.6 37.6 37.7 37.4

1463 1469 147.2 146.6
56.6 56.6 56.7 '56.5
40.2 40.1 40.1 /399
23.4 233 233 233

133.1 133.0 1332 1328

133.7 133.8 133.7 -133.8

141.4 1415 1415 71413

110.1 110.2 110.1 110.1

T S == R B e S

16 - 11.9 11:9 11.2 11.9

17 108.8 108.8 108.6 108.9

18 28.7 28.7 28.8 /285

19 16.5 17.5 16.6 17.5

20 15.2 15.4 15.4 152
C=0 171.6 1724 - 1703
C=0 - - - A70.5
CH5-C=0 21.4 212 - D
CH;-C=0 - - - 20.8




Table 4.
Cytotoxicity data of compounds 1-4"

Cell lines
Compound KATO-3 SW620 BT474 HEP-62 CHAGO
1 5.7 7.1 >10 >10 >10
2 3.3 >10 5.9 >10 - >10
3 2.2 2.7 4.6 3.7 3.3
4 >10 >10 >10 >10 >10

*Results are expressed as ICsp values (ng/mL)

"KATO-3 : Human gastric carcinoma ATCC No. HTB 103

SW620 : Human colon carcinoma
BT474 - Human breast carcinoma ATCC No. HTB 20
HEP-G2 - : Human hepatocarcinoma ATCC No. HB 8065

CHAGO : Human lung carcinoma
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