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laanausnasdisznaunmatedanilfandwsrlnag  (Croton  oblongifolius  Roxb.)
sansausnasUsznavlamasined andsniadszaiudsaus e 2 vfia fa kaur-16-en-19-oic
acid (1) uaz (-)-hardwickiic acid (2) 9NIINIANTYI uonle 3 wfla Aa acanthoic acid (3),
acanthol (4) Waz (-)-hardwickiic acid (2) IMNIINIABATRIIIA Len'ld 3 T9a Aa kaur-16-en-19-
oic acid (1), labda-7,12(E),14-triene-17-ol (9) L8 labda-7,12(E),14-triene-17-oic acid (10) %dms
144 uaz 9-10 a9natadu uasfinsimmenuliud @uddlngannsmiasiuuen
asUsznavlamasinesaafialndle 2 a3 da (50,859a,108,14a)-cleistantha-13(17),15-dien-
3/ol (5) waz 3,4-seco-cleistantha-4(18),13(17),15-trien-3-oic acid (6) LL@x‘lﬁéﬁ‘]Lﬂﬁ:ﬁagwuf 2
piia 9n§13 6 lagUjisendwanGiat fa 13,17-epoxy-3,4-seco-cleistantha-4(18),15-dien-3-oic
acid (7) s 14-epoxypimara-4(18),15-dien-3-oic acid (8) wazld¥ians 5-8 mmaaquﬂums
SuSmasNzse 5 la A KATO-3 (Nseimnzanws), SW620 (811d), BT474 (1éuw), HEP-G2
(@U) uaz CHAGO (Uoq) wuians 5 fanittaimasuzi5s SW620, KATO-3, HEP-G2 uas
CHAGO lagfidn ICs, inAL 0.5, 6.0, 6.1 WAz 5.5 ug/ml MUSIAL ]15 6 ﬁqwﬁ?fuﬂfumaﬁmﬁa
1ha SW620 uaz KATO-3 tiWeaianitas lasilan ICs, WinAu 8.6 uaz 9.6 ug/ml MUAAL &%

13 7 waz 8 Wignilumstudamasuzisans 6 siia



Abstract

Project Code: DBG488013

Project Title: Chemical constituents with cytotoxicity of Croton oblongifolius Roxb.

Investigator: Professor Dr. Sophon Roengsumran

E-mail Address: Sophon_Ren@yahoo.com

Project Period: September 2005— October 2009

Chemical constituents from stem bark of Crofon oblongifolius Roxb. were isolated. Two
diterpenoid compounds, kaur-16-en-19-oic acid (1) and (-)-hardwickiic acid (2) were isolated
from Prachuab Khiri Khan Province. Three compounds, acanthoic acid (3), acanthol (4) and (-)-
hardwickiic acid (2) were isolated from Ratchaburi Province. Three compounds, kaur-16-en-19-
oic acid (1), labda-7,12(E),14-triene-17-ol (9) and labda-7,12(E),14-triene-17-oic acid (10) were
isolated from Nakhonsawan Province. Compounds 1-4 and 9-10 which described above have
been reported. Two new diterpenoid compounds, (5¢,849a,10/,14)-cleistantha-13(17),15-
dien-3/-ol (5) and 3,4-seco-cleistantha-4(18),13(17),15-trien-3-oic acid (6) were isolated from
stem bark of Crofon oblongifolius Roxb. from Nan Province. And two derivatives were
synthesized by epoxidation reaction from compound 6. Compounds 5-8 were tested for
cytotoxicity against 5 human tumor cell lines, KATO-3 (gastric), SW620 (colon), BT474 (breast),
HEP-G2 (hepatoma) and CHAGO (lung). The results showed that compound 5 was active
against SW620, KATO-3, HEP-G2 and CHAGO cell lines with IC5, values of 0.5, 6.0, 6.1 and
5.5 ug/ml, respectively. Compound 6 showed low active against SW620 and KATO-3 with ICs

values of 8.6 and 9.6 pg/ml, respectively. Compound 7 and 8 were inactive against all cell lines.
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. , Chemical shift (ppm)
AL 13C 1H
1 40.6 0.87 (1H, br)
0.85 (1H, d, J=4)
2 19.0 1.84 (1H, br)
1.86 (1H, br)
3 37.7 1.12 (1H, d, J=5 Hz)
2.16 (1H, d, J=14 Hz)
4 43.2 -
5 56.9 1.07 (1H, d, J=7 Hz)
6 21.7 1.82 (1H, d, J=3 Hz)
1.93 (1H, br)
7 41.3 1.54 (1H, br)
1.46 (1H, br)
8 442 -
9 55.6 1.05 (1H, d, J=7 Hz)
10 39.6 -
11 18.4 1.60 (1H, br)
1.59 (1H, br)




. , Chemical shift (ppm)
ALY 13C 1H
12 33.0 1.49 (1H, br)
1.64 (1H, br)
13 43.8 2.64 (1H, br)
14 394 1.16 (1H, dd, J=5,11 Hz)
2.01 (1H, dd, J=2,11 Hz)
15 48.9 2.06 (1H, br)
2.04 (1H, d, J=2 Hz)
16 155.5 -
17 102.8 4.75 (1H, s)
4.81 (1H, s)
18 28.6 1.22 (3H, s)
19 184.9 -
20 15.1 0.99 (3H, s)

ssanansnULeSaazdiaaletiunusnasdlsznaunmaedlasmaiadaniaanasui
lasunInns A seamuadIrinazas Laney Lanau-laTaesTiae LaTaesTiaa-LuNIUea LazuM
woa awdey woinldmsUsznou 1 sawin 1.1 03w warldmsdszne 2 iuaasudedunn
iwin 1.7 n3u Wediaredlassatriedas FT-IR ﬂi'mg;]l,mumsgﬂnﬁuﬁ 3140 cm’ WEAIMTEW
v04ny laasanda 71 2930 cm” WEkAIMNTEUVDY sp” C-H 71 1760, 1724 cm” UFAINTEUDDY C=0
fi 1597 cm” WEAINIIFUVEI C=C 71 1192, 1174 cm” UFAIMIFUVEI C-O UAZfl 869 WEAINTT
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. , Chemical shift (ppm)
AR 13C 1H
1 17.9 1.56 (1H, m)
1.64 (1H, m)
2 27.7 2.14 (1H, m)
2.27 (1H, m)
3 140.1 6.80 (1H, dd, J=3.0, 4.4 Hz)
4 142.0 -
5 37.9 -
6 36.5 1.09 (1H, td, J=5.2, 12.9, 13.0 Hz)
2.38 (1H, dt, J=3.2, 3.2, 13.0 Hz)
7 271 1.35 (1H, m)
1.48 (1H, m)
8 36.4 1.50 (1H, m)
9 39.1 -
10 46.9 1.37 (1H, m)
11 39.2 1.48 (1H, m)
1.59 (1H, m)




. , Chemical shift (ppm)

ALY 13C 1H
12 18.3 2.14 (1H, m)

2.23 (1H, m)

13 126.1 -
14 111.3 6.22 (1H, dd, J=0.8, 1.7 Hz)
15 138.7 7.17 (1H, br s)
16 143.0 7.24 (1H, d, J=0.8 Hz)
17 16.2 0.79 (3H, d, J=6.5 Hz)
18 173.0 -
19 20.7 1.21 (3H, s)
20 18.3 0.773H, s)
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. . Chemical shift (ppm)
LAY 13C 1H
1 41.8 1.29 (1H, m)
1.80 (1H, m)
2 18.9 1.92 (1H, m)
2.20 (1H, m)
3 38.1 0.99 (1H, m)
2.15 (1H, m)
4 441 -
5 47.8 1.67 (1H, dd, J=6.2, 13.0 Hz)
6 20.3 1.48 (1H, m)
1.90 (1H, m)
7 27.8 1.22 (1H, m)
1.74 (1H, m)




. , Chemical shift (ppm)
ALY 13C 1H
8 28.7 2.30 (1H, m)
9 149.9 -
10 38.3 -
11 116.6 5.39 (1H, m)
12 37.5 1.78 (1H, m)
2.01 (1H, m)
13 34.8 -
14 41.7 1.04 (1H, m)
1.47 (1H, m)
15 150.2 5.85 (1H, dd, J= 10.4, 17.4 Hz)
16 109.2 4.87 (1H, dd, J=1.2, 10.4 Hz)
4.93 (1H, dd, J=1.2, 17.4 Hz)
17 22.2 0.97 (3H, s)
18 28.6 1.25 (3H, s)
19 184.8 -
20 224 1.00 (3H, s)

W fraction Mndssnusnassisznavdnlaswuinmunsougnasszneulasinafinga
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(Ms) wuidluanaleaan (mz) 1w 288 %aﬁg@ﬂmaqmﬂu CaoHa,0 uazlagarilasaaing
lagldinafia FT-IR ﬂﬁﬂgl,muﬁ 3241-3152 cm’ LLammiﬁ'Mawgvlamaﬂ%a 7l 2923 cm”
WEAINIIEUE sp” C-H 71 1626, 1605 cm C=C 71 1262, 1186 cm-1 UFAINTAEWVEI C-O

nnnaRgastlassaiedae "H-NMR uaz °C-NMR 'lanassnisnefi 4 wudransdsznay 4

fien chemical shift FAARBIATIALFTT acanthol LaziduansniasinsTenuliual7]
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. , Chemical shift (ppm)
AR 13C 1H
1 411 1.22 (1H, m)
1.86 (1H, m)
2 18.0 1.90 (1H, m)
2.14 (1H, m)
3 35.5 0.93 (1H, m)
1.84 (1H, m)
4 38.4 -
5 46.3 1.57 (1H, dd, J=6.0, 12.9 Hz)
6 19.1 1.49 (1H, m)
1.85 (1H, m)
7 26.9 1.18 (1H, m)
1.70 (1H, m)
8 29.0 2.30 (1H, m)
9 151.3 -
10 37.7 -
11 115.8 5.29 (1H, m)
12 37.6 1.77 (1H, m)
2.03 (1H, m)
13 34.8 -




. , Chemical shift (ppm)
ALY 13C 1H
14 41.6 1.02 (1H, m)
1.39 (1H, m)
15 150.3 5.75 (1H, dd, J=17.4, 10.6 Hz)
16 109.1 4.79 (1H, dd, J=10.6, 1.3 Hz)
4.87 (1H, 17.4, 1.3 Hz)
17 224 0.98 (3H, s)
18 26.5 0.97 (3H, s)
19 65.1 3.84 (1H, d, J= 8.0 Hz)
3.54 (1H, d, J=8.0 Hz)
20 26.0 1.04 (3H, s)
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W fraction 711 waz 2 vwanasddsznautlasimaiadaniaanasnitlasinlnnma
o A o & A A o =< o o
fuTanenasUsznay 5 tetdudanumtduaadndi&r17 LUauIaNNANAINNAIINaZa8LINT
wod Ididuninfunagdidusivin 200 fadndy (0.04% nshnknuisasfenduililng)
d ) Aa Aa . ' =
sadsznay 5 1l ldlenedlasis elemental analysis wudndigasluanaidu CoHpO &9
@ e/ A A A A + A o
goansaInuMIIenzilasmafiauussidnlanueinlsing mz 289 [M+H]  uasiiiadinly
A a A -1 o . A
Jweevilagmaiia FT-IR Usnguaumsganaun 3413 cm memmumamijl,amaﬂéna 1633
-1 o
cm  LEAINISEUUBY C=C

nmyiendlagnaiia H-NMR uaz C-NMR W&eaWa 690131971 5 a0n C-NMR
ﬂiﬁﬂgﬁmumwﬁmmad oxygenated methine carbon (Jd 79.1 ppm) ﬁmumuﬁmmaa exocyclic methylene
(0106.4, CHy,; 152.4, C) LLaxé'tyzy']mmao vinyl AMTUa (6 137.7, CH; 115.9, CH,) 3nninaiia
1H-NMR U5 ngsanmwad olefinic 13aaw wad terminal methylene 7 O 4.57(s) Waz 4.65(s)
RUIAUAY vinyl Tdsmaufi 56.01 (1H, ddd, J=17.0, 9.6 and 9.2 Hz), 5.02 (1H, dd, J=9.6 and
1.6 Hz), and 5.03 (1H, dd, J=17.0 and 1.6 Hz) uazFUQIMVBI methyl 11/3aat 7l 50.80 (3H, s),
0.97 (3H, s) kaz 0.79 (3H, s) MNNMINATzALALNATlA 1D 570AL 2D NMR fa COSY, HSQC,
HMBC uaz NOESY wWuina1s 5 Alasdainduuu cleistanthane-type diterpenoid LL@zINNNIT
enzanusunuiniaiaeslanil lagwansmnann NOESY sunasuatndazidua vilvnau
11 ®13dszney 5 Ae (5¢,85,9a,108,14a)-cleistantha-13(17),15-dien-3 ol (3u 5)



— COSY

™ NOESY

;Jﬂ 5 lassaseanslsznay 5

{ a Y 1 13
A19191 5 LL&@]GNNQ’]ﬂﬂWi’]LﬂS’]&ﬁ@’]U H-NMR ez “C-NMR 283a13U3znau 5

. , Chemical shift (ppm)
ALV 13C 1H

1 37.6 (t) 1c: 1.06 (1H, m)
16:1.73 (1H, m)

2 27.5 (1) 2¢: 1.52 (1H, m)

2/:1.63 (1H, ddd, J=3.4, 7.3, 14.8 Hz)

3 79.1 (d) 3.22 (1H, dd, J=11.6, 4.5 Hz)

4 38.9 (s) -

5 54.3 (d) 0.78 (1H, m)

6 21.3 (1) 6a: 1.34 (1H, m)
6/: 1.62 (1H, m)

7 32.1 (1) 7Ta:1.24 (1H, m)
7(:1.50 (1H, m)

8 40.5 (d) 1.49 (1H, m)

9 49.2 (d) 1.04 (1H, m)

10 36.9 (s) -

11 27.0 (1) 1MMa:1.75 (1H, m)
114:1.77 (1H, m)

12 31.3 (1) 12¢: 217 (1H, m)
124: 217 (1H, m)

11
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. . Chemical shift (ppm)
ALY 13C 1H
13 152.4 (s) -
14 54.6 (d) 2.81 (1H, dd, J=9.2, 4.2 Hz)
15 137.7 (d) 6.01 (1H, ddd, J=9.2, 9.6, 17.0 Hz)
16 115.9 (1) 16 : 5.02 (1H, dd, J=9.6, 1.6 Hz)
16/4: 5.03 (1H, dd, J=17.0, 1.6 Hz)
17 106.4 (t) 17a: 4.57 (1H, s)
175: 4.65 (1H, s)
18 15.8 (q) 0.80 (3H, s)
19 28.4 (q) 0.97 (3H, s)
20 14.0 (q) 0.79 (3H, s)

sslsznay 6 sansnugnldain fracion 2 nEsataneUenaw wwendilagy
iafiadanaanasuitlasinlnnnf wzeae 30% adaesdiaaluianian uazldannnsuanain
fusnaneuetaastiaalasmafiadanaaneavilasanlnnni lezs 6 uvsanarlalaid
& fwin 22 n3u (0.4% mﬂﬁwﬁfﬂuﬁwadLﬂﬁaﬂéfmﬂﬁﬂmyj) Wadzvans 6 lagmeadia
wugsinlasiuel HRESIMS uaz MS [M+H] U31ng) miz 303 slddans 6 Hgasluanaidu
CyoH300, MMM Nzilasls FT-IR ﬂswnngumigﬂﬂﬁuﬁ 3400-2400 cm ' uay 1704 cm’
GAﬁaLLammsﬁ'ﬁmamg carboxylic acid LLa:“ﬁl 1627 cm_1 LLammiéﬁmao C=C

mydeszilasmaiia "C-NMR $2uny DEPT uaasliifiuinans 6 Sanfusuranua 20
Asuan Usznaudiy methyl a3UansIuIn 2 A15UaU methylene sp’ ANSLOUIIWIN 6 AU
methine sp’ ASLBUIIWIN 4 ANTUAU quarternary sp- ASUANSIUIK 1 ATSLEYU methylene sp
ASUBUIIWIN 3 MUK methine sp’ ASLEUIIWIN 1 MSUAK quarternary sp- ANTLAUTIWIN
2 eNTUaw Uaz carbonyl ANFUBY WBINY carboxylic

nMIIeTzAes HNMR uaz C-NMR ldnasiansefl 6 anlisaausminaiy
LLamé'tytg’lmﬁ 0 4.59 ppm (1H, d, J=0.9 Hz), 4.67 ppm (1H, d, J=0.9 Hz), 1.74 ppm (3H, s)
L8z 0.84 ppm (3H, s) %uﬂué’tyfy’lmmaﬂﬂmauuuw”uﬁ:@jﬁa%iﬂmﬂﬁ’muaﬂ wszidlawSauioy
sUnasNIe9E1 6 NUENT 5 Wudanuasuafinuen suidanuwandstaauie e A

PIRNT 6 RN 3 UaT 4 V108aNINNNK UAZEILALIN 3 ﬂﬂ?&lLﬂ%%gﬂ’]gﬁJaﬂ“ﬁaﬂ Iﬂix‘iﬁ%’]\‘]
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289813 6 W lAINNANUFNW LTV COSY, TOCSY Laz NOESY sﬁaﬁﬂﬁmm’hm‘s 6 fo 3,4-

seco-cleistantha-4(18),13(17),15-trien-3-oic acid @331l 6

— COSsY

™ NOESY

;Jﬂ 6 lassaieanslsznay 6

i a v 1 13
A131971 6 LRAINAIMNMTIATIZHREE H-NMR uaz C-NMR v8da131sznay 6

. . Chemical shift (ppm)
ALY 13C 1H
1 32.1 (1) 1.65 (2H, m)
2 28.1 (t) 2a:2.42 (1H, m)
2[3:2.30 (1H, m)
3 181.0 (s) -
4 148.4 (s) -
5 50.7 (d) 1.96 (1H, dd, J=12.8, 2.4 Hz)
6 27.6 (t) 6a: 1.44 (1H, m)
64: 1.67 (1H, m)
7 31.5 (t) 7a:1.24 (1H, m)
7/3: 1.46 (1H, m)
8 40.4 (d) 1.57 (1H, m)
9 41.0 (d) 1.26 (1H, m)
10 39.0 (s) -
11 27.4 (t) Ma: 1.17 (1H, m)
11: 1.72 (1H, m)




. . Chemical shift (ppm)
ALY 13C 1H
12 31.3 () 2.20 (2H, m)
13 151.9 (s) -
14 54.7 (d) 2.83 (1H, dd, J=8.8, 4.4 Hz)
15 137.3 (d) 6.02 (1H, ddd, J=17.6, 10.4, 8.8 Hz)
16 116.2 (1) 16¢: 5.03 (1H, dd, J=10.4, 1.6 Hz)
164: 5.04 (1H, dd, J=17.6, 1.6 Hz)
17 106.8 (1) 17a:4.59 (1H, d, J=0.9 Hz)
1743: 4.67 (1H, d, J=0.9 Hz)
18 113.8 () 18c: 4.67 (1H, s)
1843: 4.88 (1H, s)
19 23.9 (q) 1.74 (3H, s)
20 16.8 (q) 0.84 (3H, s)

ﬁﬁwﬁﬂgﬂtﬁwadmi 6 ¥1¥UfA%8" epoxidation N MCPBA (1.2 eq.) ludavihazais
lanaalsdinu nganmnfvaaduam 5 32104 lanaanmriuwanssznay 7 iunaaninan

wazany 8 LusnInAanmaisay UA3e0 epoxidation wassns 6 wuinazliiiie epoxidation 7

@AY isopropylene

Y 1
ssdsznay 7 dluanailesan miz 341 dgasluianafia CyHyOs 3NTaya H-NMR
13 { Qs Qs v L5 v Ic 1
Wae C-NMR 289813 7 (A3 7) wWisuifisunuans 6 danwmcasaafanis aniiundunis
Wuszg (C-13 uaz C-17) gniddsuliidu epoxide uaziliafa13ai1 2D NMR 284813 7 39019

NIV FNNRTNIFL A3 lanTan NOESY atnesy vihlwsnansanmuledn &1y 7 Ae

13,17-epoxy-3,4-seco-cleistantha-4(18),15-dien-3-oic acid @dell 7

14



“— NOESY

gﬂ 7 lassgseansdsznay 7

{ a Y 1 13
A9 7 LLﬁ@]\‘]Nﬂﬁ]’mﬂ’]i’]LﬂT}zﬁ@]’lﬁ H-NMR ez “C-NMR 28da13lsznay 7

. \ Chemical shift (ppm)
AR 13C 1H

1 32.1 (1) 1.65 (2H, m)

2 28.0 (1) 2¢:2.28 (1H, m)
23:2.43 (1H, m)

3 180.1 (s) -

4 147.4 (s) -

5 50.7 (d) 1.96 (1H, dd, J=12.4, 2.8 Hz)

6 27.5 (t) 6ca: 1.42 (1H, m)
64:1.71 (1H, m)

7 31.1 (1) 7a:1.19 (1H, m)
7(:1.39 (1H, m)

8 36.6 (d) 1.86 (1H, m)

9 40.2 (d) 1.25 (1H, m)

10 39.0 (s) -

11 29.3 (t) 11 1.16 (1H, m)
114:2.02 (1H, m)

12 23.0 (1) 12¢: 1.46 (H, m)
12(3: 1.64 (1H, m)

13 61.5 (s) -

14 53.0 (d) 1.67 (1H, m)




. . Chemical shift (ppm)
ALY 13C 1H
15 135.5 (d) 5.90 (1H, ddd, J=17.2, 10.4, 10.0 Hz)
16 118.3 (1) 16¢: 5.03 (1H, dd, J=10.4, 2.0 Hz)
164: 5.11 (1H, dd, J=17.2, 2.0 Hz)
17 53.9 (1) 17¢: 2.60 (1H, d, J=4.4 Hz)
174: 2.63 (1H, d, J=4.8 Hz)
18 113.7 (1) 18x: 4.68 (1H, s)
18/3: 4.86 (1H, s)
19 23.9 (q) 1.74 (3H, s)
20 16.8 (q) 0.90 (3H, s)

saumadsznou 8 dluanaiileasu miz 318 uazligasluianaidu CyHae0; Taya 1H-
13 { A 13 o ' o '
NMR 4az  C-NMR Laadluansndn 8 3nmIfansan  C-NMR siUnasiy 578AL HSQC wuin
Ao & & & o & o &
813 8 HIwumSuauninue 20 ansuen Usenauels methyl @1suak Uk 3 A1SUEH
3 ¢ ° ¢ . 3 & o ¢
methylene sp -A13Ua®h INUWIL 6 A1V methine sp -A1ILBH IIWIW 2 ANIUBW Oxygenated
. 3 o 3 o
methine sp -AN3U8% 71U 1 AU quaternary sp -AISUBH $1WIU 2 AISUBK oxygenated
3 ° 2 ° .
quaternary sp -A13U8% WK 1 AISUBK methylene sp -A13TLEK I1WIB 2 AITUBY methine
2 ° 2 °
sp -A3UaK $1WI% 1 MTUB quaternary sp -ANSUBK UK 1 AITUBK WAL carbonyl AITUBK
284 ATUBNTAN WaTA UK 1 AITUaK
910 2D NMR #1Unasy fia HMBC COSY TOCSY NOESY uazdayaanndn coupling

o v v Q té =
constant ¥ilnulassasreans 8 Lﬂumgﬂ 8 Fimsiiuae 14-epoxypimara-4(18),15-dien-3-oic

acid

16



“— NOESY

;Jﬂ 8 lassaseanslsznay 8

{ a Y 1 13
(ﬂ']i']\‘]ﬁ 8 LLﬁ@GNﬂ?ﬂqﬂﬂqsqLﬂiﬂlzﬁQQU H-NMR 18z C-NMR 1ad813U32nay 8

. . Chemical shift (ppm)
ALK 13C 1H

1 32.1 (1) 1.66 (2H, m)

2 28.0 (t) 2¢:2.22 (1H, m)
2[3:2.44 (1H, m)

3 178.7 (s) -

4 146.9 (s) -

5 50.6 (d) 2.15 (1H, dd, J=12.4, 2.4 Hz)

6 25.6 () 6a:1.49 (1H, m)
64: 2.02 (1H, m)

7 34.7 (t) 7a:1.27 (1H, m)
7/3: 1.89 (1H, m)

8 61.4 (d) -

9 43.3 (d) 1.22 (1H, m)

10 40.3 (s) -

11 16.4 (s) 1.22 (2H, m)

12 34.9 (t) 1.38 (2H, m)

13 35.6 (s) -

14 63.7 (d) 2.55 (1H, m)

15 146.8 (d) 5.87 (1H, ddd, J=17.6, 10.4, 10.0 Hz)

17



. . Chemical shift (ppm)
ALY 13C 1H
16 112.0 (1) 16 5.01 (1H, dd, J=10.4, 2.0 Hz)
164: 5.04 (1H, dd, J=17.2, 2.0 Hz)
17 22.0 (q) 1.10 (3H, s)
18 114.0 (1) 18c: 4.74 (1H, s)
18/: 4.90 (1H, s)
19 23.6 (q) 1.78 (3H, s)
20 18.3 (q) 0.98 (3H, s)

f13Usznay 8

epoxidation L&LAAKTY intermediate 9 MTURITHRANUH 8 AILHIATN 1

Hozc/\)%

+H+

mCPBA

T CHClp 1t

0
Me
HO,C™ >
7 =
Me H : Me HO,C
HO,C™ ™\ /)) -H" HO,c ™™ mCPBA
. o

WNWAW 1 ugeana inmstiadfisenvesans 6 ius1s 7 uaz 8

18

HUAIAI1UIZNAINNITUIUMITIAIUNTATERINMTAAUJATEN

=" a o & o &
NMINATIUONINNTINTNUBIRIT 5, 6, 7 Lae 8 #1813UITNaUNI 4 NARAUNIIVULI

LTaaNLLSY 5 The Ao KATO-3, SW620, BT474, HEP-G2 waz CHAGO lagldat in vitro was

faaunalagldis MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) colorimetic

method [10, 11] wazl4 Doxorubicin hydrochloride Lﬂmﬁmuqumﬂ NANNINAROLLAAS MAANTN

7 9 lapssdsznay 1 Sgnilumsduds HEP-G2 §9 uasiigndeugs KATO-3, BT474 uaz

CHAGO 'ldthunans s13sznay 2 Sqniouea KATO-3, BT474 uas HEP-G2 gauan3lliznay 3

s 4 "L&J'LLamqﬁfl,umiﬂ'u galnaaNLSINnagay
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A15197 9 UFAINAINNMINAFILANTIUNS T U Taa NS IVoIaNTsznay 5-8°

ARAVDILBAANLSINAFaL”
d13dsznay
KATO-3 SW620 BT474 HEP-G2 CHAGO
1 6.0 >10.0 6.1 0.5 55
2 9.6 >10.0 10.0 8.6 >10.0
3 >10.0 >10.0 >10.0 >10.0 >10.0
4 >10.0 >10.0 >10.0 >10.0 >10.0
Doxorubicin
0.5 1.2 2.2 1.7 0.1
hydrochloride

°Results are expressed as IC50 values (ug/mL); bKATO-3, human gastric carcinoma ATCC No.
HTB 103; SW620, human colon adenocarcinoma ATCC No. CCL 227; BT474, human breast
ductal carcinoma ATCC No. HTB20; HEP-G2, human liver hepatoblastoma ATCC No. HB 8056;

CHAGO, human undifferentiated lung carcinoma

= = A v o ~ v Aa €
nmMsdAnsnansansnEduan ladin lddounsas  wadlasums@Ranwasluansens
. A . { . o v o o
“Chemistry of Natural Compounds” Taiilu journal fiatilu Springer asianansfilduuuandaslu

alIRRlINg

3 =1 % (> ¥ 4
5. msugnasalsznaumatadiannilarival JnianasalsIa
o = U v ldl v = g/ a =) ot 51 U a
fenduwdalngiuisuazuassiBoaimin 2.9 Alansy aEnaaLLaNLTH 3 AN
U 3 AT FNIIISREAIVAZANE O RNIRNARLILLENLTW T UYL AaINGe 61.5 NN I
MNNRRANIENAAILLATAAZTLAA 3 AT 31U 3 ATI INIITERLEIINazanY TaRIIRNaARLIL
10RO TUVDIRAIRBARINGNS TRTN 37.2 NTU MNTLARBNIRNAMILLNNIKAY KNS

T REATNazaNY lasIRNareN UL ke sl T na LR IREa RN e TUINWIN 11.8 NN

‘Ii’]ﬁ’]iﬁﬁ@]‘ﬁEl’]‘]_lLaﬂL‘ﬁu&nLLUﬂad@Tﬂi:ﬂﬂUﬂ’NLﬂﬁI@lEJLﬂﬂﬁﬂ%aﬂﬁL%aﬂaﬁwﬂﬂiuﬁiﬂ-
AN TEEIHAINRZANY  LINLTW LINITW-LaTRESTIAN  LoDRSTLAA-LUNIBER LAZLNNIWER

ANNRIAU LNURIINNIBAINAAANIARE 50 ml  ¥iImITuI Il awnwianaranwlaglaniy
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v

NaRaTwLaLL sl INNIA wazltINRaRluE1Iaza18NIA lWA1IATIRAUEILARIBALAL L6
waziigInulandazainlduongilasldinatadaniaanaanilasviinnsndwuinle
817Uz naudwyaIund 819NN 6.8 N3N FailuanIniduaddlsznaunan Warintn1Ia Ty
lasldinafiauuaminlasiuas (MS), FT-IR, 1D uaz 2D NMR dangiarsdsznauiiiu

penUsznaunan Aa &13 1 (kaur-16-en-19-oic acid)

8% fraction  MwRatlatianendlagmafiadaniaanaayiilasinlnnif seaqy
30% LaBaazdiaaluianiaw saunsuananssznay 9 la iuaasudsdunn swin 741 Ja8nsu

LaTR1IUTENOU 10 uvaIwdi®u? $nnn 325 JaanTy

Weihastzney 9 1 ienzdlasiaiedin FT-IR dnnguaunisganiui 3239-3160

-1 < \ a 4 -1 < 3 & -1
cm LLﬁ@Gﬂ’]iﬁ%“IJEN%HVLEI@iTE]ﬂ‘IIa N 2917 cm  WRAINIIRWYDI sp C-H 1 1631, 1608 cm

a4 o a

waainIdEuzad C=C lavhmilianzilasldinafiaunasidnlasiauad (Ms) wuidluana

loaaw (m/z) \iu 288 %aﬁgmﬂmaqmﬂu CyoHa,0

ﬁ]’mmiﬁqﬁ]ﬂmm%a@hamﬂﬁﬂ1D L8z 2D NMR léNRaaInn319n 10 wudn

g3U32nau 9 Ao labda-7,12(E), 14-triene-17-ol Faidussiaodmsmenuliudaz]

3‘1J 9 lassgir9snssznay 9



i a v 1 13
A131971 10 LEAIHAINNNTIATIERGIE H-NMR Laz C-NMR va38135Usznay 9

. , Chemical shift (ppm)
ALV 13C 1H
1 39.6 1.02 (1H, dt, J=3.8, 13.1 Hz)
1.20 (1H, m)
2 18.8 1.45 (1H, t, J=3.7 Hz)
1.54 (1H, m)
3 42.2 1.16 (1H, dt, J=3.2, 12.8 Hz)
1.41 (1H, m)
4 33.0 -
5 49.8 1.24 (1H, dd, J=4.8, 13.0 Hz)
6 23.6 2.06 (1H, d, J=5.8 Hz)
1.92 (1H, m)
7 125.6 5.75 (1H, m)
8 138.6 -
9 52.3 2.09 (1H, m)
10 36.7 -
11 25.8 2.34 (1H, d, J=14.8 Hz)
2.15 (1H, m)
12 134.8 5.56 (1H, t, J=6.8 Hz)
13 133.5 -
14 141.3 6.35 (1H, dd, J=10.6, 17.0 Hz)
15 110.6 4.90 (1H, d, J=10.6 Hz)
5.06 (1H, d, J=17.0 Hz)
16 11.9 1.75 (3H, s)
17 66.0 3.88 (1H, d, J=12.8 Hz)
4.05 (1H, d, J=12.8 Hz)
18 33.2 0.86 (3H, s)
19 22.0 0.88 (3H, s)
20 13.9 0.77 (3H, s)

21
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saumsdszney 10 lUdienzilassashiedan FT-R Unnguaunisganiuf 3418-2637
-1 < ; s A -1 < 3 o o
cm’ UAAINIAUVRINY laasanda N1 2934 cm - WFAINIIEUBES sp’ C-H 1 1711 WFAINIIEUDDS
1 a { '1 u’l d o = v a
wianiuafia uazfl 1631, 1608 cm  W§AINIIAUVEI C=C llavmiTiareilasldinadia

wuasidnlanuas (Ms) wuihdlaanatleaau (m/z) llu 302 %oﬁgmﬂmaqmﬂu CpoH300,

ﬁ]’mmiﬁqﬁ]ﬂmm%ﬂa@hslmﬂﬁﬂ1D L8z 2D NMR léNaaIansen 11 wuin

g3U32nau 10 Ao labda-7,12(E), 14-triene-17-oic acid G9idusifitnsdinssoawliuda[12]

3‘1J 9 lassgir9snssznay 9

i a v 1 13
A31971 11 LEAIHAINNTUATEREIE H-NMR Laz C-NMR 28981315200y 10

. . Chemical shift (ppm)
ALY 13C 1H
1 40.8 1.01 (1H, dt, J=3.6, 13.0 Hz)
1.20 (1H, m)
2 18.6 1.42 (1H, d, J=2.8 Hz)
1.54 (1H, m)
3 42.0 1.16 (1H, d, J=3.8 Hz)
1.42 (1H, m)
4 32.8 -
5 49.5 1.21 (1H, d, J=4.2 Hz)
6 23.9 2.04 (1H, m)
2.14 (1H, m)




Chemical shift (ppm)

AR e "
7 140.6 6.87 (1H, dt, J=2.0, 6.2 Hz)
8 133.7 -
9 50.0 2.37 (1H, m)
10 36.7 -
11 25.9 2.34 (1H, dd, J=6.2, 16.8 Hz)
2.58 (1H, m)
12 133.4 5.46 (1H, t, J=6.8 HZz)
13 133.1 -
14 141.7 6.31 (1H, dd, J=10.6, 17.2 Hz)
15 110.0 4.84 (1H, d, J=10.6, 17.2 Hz)
4.99 (1H, d, J=17.2 Hz)
16 11.7 1.65 (3H, s)
17 174 1 -
18 33.2 0.85 (3H, s)
19 221 0.89 (3H, s)
20 14.8 0.81 (3H, s)

23
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NEW CLEISTANTHANE DITERPENOIDS
AND 3,4-seco-CLEISTANTHANE DITERPENOIDS
FROM Croton oblongifolius

S. Roengsumran,1 P. Pata,! N. Ruengraweewat,1 UDC 547.596
J. Tummatorn,! S. Pornpakakul,1 P. Sangvanich,1
S. Puthong,? and A. Petsom!2"

Two new cleistanthane-type diterpenoids, 3-hydroxycleistantha-13(17),15-diene (1) and 3,4-seco-cleistantha-
4(18),13(17),15-trien-3-oic acid (2), were isolated from the stem bark of Croton oblongifolius Roxb.
Epoxidation of 2 gave two epoxides 3 and 4. Their structures were established on the basis of spectroscopic
data. Compound 1 showed nonspecific strong cytotoxicity against human tumor cell lines, compound 2
showed weak activity, and compounds 3 and 4 were inactive.

Key words: Croton oblongifolius, cleistanthane, diterpenoids, cytotoxicity.

In our previous work, the chemical constituents of Crofon oblongifolius from various parts of Thailand were investigated
and several diterpenoid compounds were reported, for example, cembranes [1, 2], labdane [3], halimane [4], clerodane [5],
and kaurane [6]. Most of the compounds are obtained in good yield and possess biological activities such as cytotoxicity and
inhibition of Na*, K™-ATPase activity. Our preliminary study of C. oblongifolius from various locations in Thailand suggested
that this plant is a very good source of diterpenoid compounds. As part of our continuing search for novel diterpenoids in this
plant, we found two new cleistanthane diterpenoids for the first time from C. oblongifolius. In this paper, we report the
structural determination and cytotoxicity of the new compounds.

Compound 1 was isolated as colorless needle crystals. The molecular formula of C,,H;,0 was established by elemental
analysis, 'H and 13C NMR (Table 1 and 2), and MS [M+H]" (m/z 289) data. The IR spectrum of 1 showed strong absorption
bands at 3413 cm™! (OH stretching) and 1633 cm~! (C=C stretching). 13C NMR spectrum indicated the presence of 20 carbons.

Fig. 1. Key NOESY correlations of 1-4.
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Prirodnykh Soedinenii, No. 5, pp. 540543, September—October, 2009. Original article submitted March 14, 2008.
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TABLE 1. '"H NMR (CDCI;, 400 MHz) Data of Compounds 1-42b

Position 1 2 3 4

la 1.06 (m) 1.65 (m)° 1.65 (m)° 1.66 (m)°

18 1.73 (m)

2a 1.52 (m) 2.42 (m) 2.28 (m) 2.22 (m)

28 1.63 (ddd,J=34,73,14.8)  2.30 (m) 2.43 (m) 2.44 (m)

3 3.22(dd, J=11.6, 4.5)

5 0.78 (m) 1.96 (dd, J=12.8,2.4) 1.96 (dd, J=12.4,2.8) 2.15(dd, J=12.4, 2.4)
6ar 1.34 (m) 1.44 (m) 1.42 (m) 1.49 (m)

6f3 1.62 (m) 1.67 (m) 1.71 (m) 2.02 (m)

To 1.24 (m) 1.24 (m) 1.19 (m) 1.27 (m)

78 1.50 (m) 1.46 (m) 1.39 (m) 1.89 (m)

3 1.49 (m) 1.57 (m) 1.86 (m)

9 1.04 (m) 1.26 (m) 1.25 (m) 1.02 (m)

e 1.75 (m) 1.17 (m) 1.16 (m) 1.22 (m)°

115 1.77 (m) 1.72 (m) 2.02 (m)

2o 2.17 (m) 2.20 (m)° 1.46 (m) 1.38 (m)°

128 2.17 (m) 1.64 (m)

14 2.81(dd, J=9.2,4.2) 2.83(dd, J=8.8,4.4) 1.67 (m) 2.55 (m)

15 6.01(ddd,1=92,9.6,17.0) 6.02(ddd,J=176,104,88)  590(ddd,J=17.2,104,10.0)  5.87(ddd,J=17.6,10.4, 10.0)
160 5.02(dd, 1=9.6, 1.6) 5.03 (dd, T =104, 1.6) 5.03 (dd, J =104, 2.0) 5.01 (dd, J =104, 2.0)
168 5.03(dd, J=17.0, 1.6) 5.04 (dd, 1 =17.6,1.6) 5.11 (dd, J=17.2, 2.0) 5.04 (dd, J=17.6, 2.0)
Ta 4.57 (s) 459(d,7=0.9) 2.60 (d, I =4.4) 1.10 (s)*

178 4.65 (s) 4.67(d,1=0.9) 2.63(d, J1=4.8)

1800 0.80 (s)° 4.67 (s) 4.68 (s) 4.74 (s)

184 4.88 (s) 4.86 (s) 4.90 (s)

19 0.97 (s)¢ 1.74 (s)¢ 1.74 (s)° 1.78 (s)°

20 0.79 (s)° 0.84 (s)¢ 0.90 (s)° 0.98 (s)°

aChemical shifts in ppm, J values in Hz are in parentheses; Pthe assignments were based on '"H-'H COSY, HSQC, and HMBC
experiments.
°Intensity of two protons; Jintensity of three protons.

The 13C NMR spectrum showed a signal of oxygenated methine carbon (8 79.1 ppm), the signals of exocyclic methylene
(106.4, CH,; 152.4, C), and a vinyl group (137.7, CH; 115.9, CH,). IH NMR spectrum indicated two olefinic protons of
terminal methylene at 8 4.57 (s) and 4.65 (s), vinyl protons at  6.01 (1H, ddd, J =17.0, 9.6 and 9.2 Hz), 5.02 (1H, dd, J=9.6
and 1.6 Hz), and 5.03 (1H, dd, J = 17.0 and 1.6 Hz), and three signals of methyl groups at 4 0.80 (3H, s), 6 0.97 (3H, s), and
5 0.79 (3H, s). The DEPT NMR spectra indicated the presence of three methyl carbons, six methylene carbons, and four
methine carbons. The molecular formula of C,,H;,0 indicated five double-bond equivalents. The 'H and 13C NMR spectra
indicated an exocyclic double-bond and a vinyl double-bond; therefore, 1 must consist of three rings. The 1D and 2D NMR,
including COSY, NOESY, HMQC, and HMBC spectral data, showed that compound 1 has a cleistanthane-type diterpenoid
structure. The stereochemistry of 1 was established by the coupling constants in the 'H NMR spectrum and NOESY spectra.
The coupling constant of H-3 (dd, J = 11.6 and 4.5 Hz) indicated that the hydroxyl group was equatorially oriented. The
observed NOEs between H-3 and H-5 and between H-5 and H-9 and the absence of NOEs between H-5 and the methyl of C-20
in the NOESY experiment suggested that H-5, H-9, and C-20 was axially oriented. The coupling constant of H-14 with H-15
(J14’15 = 9.2 Hz) and with H-8 (J14’8 = 4.2 Hz) and the observed NOEs between H-14 and H-17, between H-14 and H-8,
between H-15 and H,,-7, and between H-15 and H,,-12 in the NOESY experiment suggested that the vinyl group and H-8
were axially oriented. Thus, compound 1 was assigned the (50,8 3,9,108,14 )-cleistantha-13(17),15-dien-3 B-ol structure.
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TABLE 2. '*C NMR (CDCl,, 100 MHz) Data of Compounds 1-43

Position 1 2 3 4
1 37.6 (t) 32.1(b) 32.1(t) 32.1(t)
2 27.5 (1) 28.1 (1) 28.0 (t) 28.0 (t)
3 79.1 (d) 181.0 (s) 180.1 (s) 178.7 (s)
4 38.9 (s) 148.4 (s) 147.4 (s) 146.9 (s)
5 54.3 (d) 50.7 (d) 50.7 (d) 50.6 (d)
6 21.3 (1) 27.6 (1) 27.5 (t) 25.6 (t)
7 32.1(b) 31.5(b) 31.1(t) 34.7 (t)
8 40.5 (d) 40.4 (d) 36.6 (d) 61.4 (d)
9 49.2 (d) 41.0 (d) 40.2 (d) 43.3 (d)
10 36.9 (s) 39.0 (s) 39.0 (s) 40.3 (s)
11 27.0 (1) 27.4 (1) 29.3 (t) 16.4 (s)
12 31.3(b) 31.3(b) 23.0 (t) 34.9 (t)
13 152.4 (s) 151.9 (s) 61.5(s) 35.6 (s)
14 54.6 (d) 54.7 (d) 53.0 (d) 63.7 (d)
15 137.7 (d) 137.3 (d) 135.5 (d) 146.8 (d)
16 115.9 (1) 116.2 (t) 118.3 (t) 112.0 (t)
17 106.4 (t) 106.8 (t) 53.9(t) 22.0 (q)
18 15.8 (q) 113.8 (1) 113.7 (t) 114.0 (t)
19 28.4(q) 23.9 (q) 23.9 (q) 23.6 (q)
20 14.0 (q) 16.8 (q) 16.8 (q) 183 (q)

4The assignments were based on HSQC and HMBC experiments.

TABLE 3. Cytotoxicity Data of Compounds 142

Cell lines®

Compounds
KATO-3 SW620 BT474 HEP-G2 CHAGO
1 6.0 >10 6.1 0.5 5.5
2 9.6 >10 10 8.6 >10
3 >10 >10 >10 >10 >10
4 >10 >10 >10 >10 >10
Doxorubicin hydrochloride 0.5 1.2 2.2 1.7 0.1

aResults are expressed as 1Cs values (ug/mL); YK ATO-3, human gastric carcinoma ATCC No. HTB 103; SW620, human
colon adenocarcinoma ATCC No. CCL 227; BT474, human breast ductal carcinoma ATCC No. HTB20; HEP-G2, human liver
hepatoblastoma ATCC No. HB 8056; CHAGO, human undifferentiated lung carcinoma.

Compound 2 was isolated as a colorless oil. The molecular formula of compound 2 was assigned as C,H;,0, based
on HRESIMS, 'H and 13C NMR (Table 1 and 2) and MS [M+H]" (m/z 303). The IR spectrum showed the presence of a
carboxylic acid group (3400-2400 and 1704 cm ™). The 13C NMR spectrum and DEPT experiments revealed the presence of
20 carbons consisting of two methyl groups, six methylene sp3-carbons, four methine sp3-carbons, a quaternary sp3-carbon,
three methylene sp2-carbons, a methine sp2-carbon, two quaternary sp2-carbons, and a carbonyl carbon of carboxylic group.
Since the six degrees of unsaturation were accounted for, it was implied that 2 should contain two rings. The 'H NMR
spectrum revealed the presence of two terminal methylene groups [two olefinic protons at 8 4.59 (1H, d,J =0.9 Hz) and 6 4.67
(1H, d, J= 0.9 Hz) and two olefinic protons at & 4.67 (1H, s) and & 4.88 (1H, s)]. The 'H NMR also showed the presence of a
vinyl group at § 6.02 (1H, ddd, J=17.6, 10.4, and 8.8 Hz), 8 5.03 (1H, dd, J = 10.4 and 1.6 Hz) and 8 5.04 (1H, dd, J = 17.6
and 1.6 Hz) and two methyl groups at & 1.74 (3H, s) and & 0.84 (3H, s). By comparison of spectral data of 2 with those of 1,
including a detailed analysis of 2D NMR spectra, it seems like the structure of 2 was quite similar to of 1, except that the ring
A of 2 was broken at C-3 and C-4 and C-3 became a carboxylic group. The HMBC experiment with the assistance of COSY,
TOCSY, and NOESY led to the structure of 2 which was assigned as 3,4-seco-cleistantha-4(18),13(17),15-trien-3-oic acid.
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The relative stereochemistry of 2 at positions 5, 8, 9, 10, and 14 was determined on the basis of the coupling constant and
NOESY experiments (Fig. 1).

Epoxidation of 2 with mCPBA in CH,Cl, gave epoxide 3 as a major product and epoxide 4 as a minor product
without the presence of epoxidation at the isopropylene moiety. The molecular formula of 3 was proposed to be C,4H;;05
based on microanalysis and 'H and !3C NMR data (Table 1 and 2). The spectral data of 3 were quite similar to those of
compound 2, except that the exocyclic double bond (C-13 and C-17) was replaced by the epoxide moiety. By comparison of
the spectral data of 3 with those of 2 and a detailed analysis of 2D NMR spectra, it can be concluded that the structure of 3 was
an epoxide of compound 2. NOESY analysis with the assistance of the coupling constants led to the relative structure of 3 (Fig.
1) as 13,17-epoxy-3,4-seco-cleistantha-4(18),15-dien-3-oic acid.

Compound 4 showed a molecular ion with m/z 318 (C,,H;,05). The 13C NMR spectrum and HSQC experiments
revealed the presence of 20 carbons consisting of three methyl groups, six methylene sp3-carbons, two methine sp3-carbons,
an oxygenated methine sp3-carbon, a quaternary sp3-carbon, an oxygenated quaternary sp3-carbon, two methylene sp?-carbons,
a methine sp?-carbon, a quaternary sp>-carbon, and a carbonyl carbon of carboxylic group. Since the six degrees of unsaturation
were accounted for, it was implied that 4 should contain one epoxide ring and two additional rings. The HMBC experiment
with the assistance of the coupling constants, COSY, TOCSY, and NOESY led to the structure of 4 (Fig. 1), and it can be
concluded that compound 4 was 8,14-epoxypimara-4(18),15-dien-3-oic acid (Fig. 1). Compound 4 was derived from the
intermediate 5, which was thought to arise through an acid-catalyzed process during the epoxidation, as shown in Sheme 1.

0
Me / Me
mCPBA
_mCPBA
Hozc/\’\\ CHyCl, RT HO,¢”
S~ S~~~
2 3

Me

H + Me
_g"
_—
HO,C ] HO,”
=~

Scheme 1.

The cytotoxicity of compounds 1-4 was tested against human tumor cell lines (Table 3). Compound 1 showed high
activity for HEP-G2 and moderate activity for KATO-3, BT474, and CHAGO. Compound 2 had moderate activity for KATO-3,
BT474, and HEP-G2. Compounds 3 and 4 did not show any strong cytotoxicity. Doxorubicin hydrochloride was used as
positive control in all experiments and showed strong cytotoxicity for all cell lines.

EXPERIMENTAL

General Experimental Procedures. All commercial grade solvents were distilled prior to use. Melting points were
determined on a Fisher-Johns melting point apparatus. The optical rotation was determined on a Perkin—Elmer 341 polarimeter.
Measurements of UV spectra were carried out on a Hewlett Packard 8452A diode array spectrophotometer. IR spectra were
recorded on a Nicolet Impact 410 spectrophotometer. Spectra of solid samples were recorded as KBr pellets. 'H and 13C NMR
spectra were recorded at 400.00 and 100.00 MHz, respectively, on a Varian Model Mercury 400 MHz instrument. Low-
resolution MS were obtained with a MALDI/TOF mass spectrometer (Biflex Bruker, Germany). Microanalyses were determined
on a Perkin—Elmer PE 2400 Series II.

Plant Material. The C. oblongifolius sample used in this study was collected from Amphur Viengsa, Nan Province,
Thailand, in November 2003. Botanical identification was done by comparison with voucher specimen No. 9607 in the Herbarium
of the Royal Forest Department of Thailand, Bangkok, Thailand.
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Extraction and Isolation. The powdered sun-dried stem bark (0.5 kg) of C. oblongifolius was repeatedly extracted
with hexane (2x5 L) at room temperature. The hexane extract was filtered and evaporated under reduced pressure to obtain a
yellowish green oil (15 g). The plant residue was further re-extracted with EtOAc (2 X 5 L) and MeOH (2 x 5 L) to give the
EtOAc (25 g) and MeOH (20 g) crude extracts, respectively. The hexane crude extract (15 g) was fractionated by silica gel
column chromatography using Merck Si gel 60 (0.5 kg). The column was eluted with hexane—EtOAc gradient in a stepwise
fashion, and 90 x 25 mL fractions were collected. After the solvent was separated by rotary evaporation under reduced pressure,
the similar fractions were combined into three fraction: I (2.1 g, 0-20% EtOAc in hexane, F25-F42), 11 (5.4 g, 25-30% EtOAc
in hexane, F43—-F57), and III (1.3 g, 50% EtOAc in hexane, F58-F74). Compound 1 (200 mg, 0.04% based on dried plant) was
obtained by recrystallization from methanol. Compound 2 (2.2 g, 0.4% based on dried plant) was obtained as a colorless oil by
re-column chromatography of 5.4 g of fraction II on SiO, (100 g) and eluted with 30% EtOAc in hexane.

3-Hydroxycleistantha-13(17),15-diene (1), white needle crystal (200 mg, 0.04% based on the dried plant material),
mp 102-104°C; [oc]IZD5 +11.06° (¢ 0.32, EtOAc); UV (MeOH, A, ): 213 (log € 2.89) nm; IR (KBr, v ., em1): 3400-3200
(OH), 1627 (C=C); 'H NMR (400 MHz, CDCl;) and '3C NMR (100 MHz, CDCl,), see Table 1 and 2; MS m/z: 289 [M+H]";
anal. C 83.24%, H 11.20%, caled for C,4H;,0, C 83.27%, H 11.18%.

3,4-seco-Cleistantha-4(18),13(17),15-trien-3-oic acid (2), colorless o0il (2 g, 0.4% based on the dried plant material;
[0(]12)5 +9.36° (¢ 0.26, EtOAc); UV (MeOH, A, ): 217, (log € 3.40) nm; IR (v ..., neat, em™1): 34002400 (OH), 1699 (C=0),
1637 (C=C); 'H NMR (400 MHz, CDCly) and 13C NMR (100 MHz, CDCly): Table 1 and 2; HRESIMS m/z: 303.2333
[M+H]"; caled for C,H;,0,+H 303.2324.

Epoxidation of Compound 2. mCPBA (70%) (230 mg, 0.93 mmol) was added to a solution of 2 (235 mg, 0.78
mmol) in CH,Cl, (5 mL). After stirring for 5 h at room temperature the reaction mixture was washed with saturated sodium
carbonate solution and water, respectively. The organic layer was dried over anhydrous Na,SO, and evaporated to give a
colorless residue (145 mg). The residue was separated by silica gel column chromatography eluted with a 1:1 ratio of hexane—
EtOAc to yield compound 3 (120 mg, 50%) and then compound 4 (30 mg, 21%).

13,17-Epoxy-3,4-seco-cleistantha-4(18),15-dien-3-oic acid (3), colorless oil; [oc]IZD5 +97.17° (¢ 1.83, EtOAc);
UV (MeOH, A, ): 211 (log € 6.65) nm; IR (v, neat, cm1): 3130-3000 (OH), 1699 (C=0), 1632 (C=C); 'H NMR (400
MHz, CDCl;) and 13 NMR (100 MHz, CDCl,): Table 1 and 2; MS m/z: 341 [M+Na]™; anal. C 75.41%, H 9.56%, calcd for
CyoH3003, C 75.43%, H 9.50%.

Compound (4), colorless oil; [0(]12)5 —1.56° (¢ 2.60, EtOAc); UV (MeOH, A, ): 222 (log € 3.54); IR (v, neat, cm )
3000 (OH), 2926, 2865, 1699 (C=0), 1632 (C=C), 1283 (C-0); '"H NMR (400 MHz, CDCly) and 13C NMR (100 MHz,
CDCl,): Table 1 and 2; MS m/z: 319 [M+H]".

Cytotoxicity Testing. Bioassay of cytotoxic activity against human tumor cell cultures in vitro was performed by the
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) colorimetic method [7, 8]. Doxorubicin hydrochloride
was used as a positive control substance.
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