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Abstract

Project code: BRG5280013

Project title: Chemical constituents and anti-inflammatory activity from the roots of
Caesalpinia mimosoides Lamk. and Caesalpinia pucherrima and the leaves of
Aglaia odorata Lour.

Investigator: Associate Professor Dr. Chatchanok Karalai, Department of Chemistry, Faculty
of Science, Prince of Songkla University.

Email address: chatchanok k@psu.ac.th

Project period: 15" July 2009 to 15" July 2012

Anti-inflammatory assay-guided separation of extracts from the roots of Caesalpinia
mimosoides Lamk., Caesalpinia pulcherrima and leaves of Aglaia odorata led to isolation of sixty-
nine compounds. Eighteen of them were isolated from C. mimosoides Lamk. including seven new
compounds: mimosol A-D (CM1-CM4) and mimosol E-G (CM9-CM11) and eleven known
compounds (CM5-CM8 and CM12-CM18). Twenty-six diterpenes were purified from C.
pulcherrima including fifteen new compounds: pulcherrins D-R (CP1-CP15) and eleven known
compounds (CP16-CP26). Twenty-five compounds were isolated from A. odorata including five
new compounds:  (1R,3S,7E,11S,12R)-3-hydroperoxydolabella-4(16),7-dien-18-0ol  (AO1),
(1R,3E,7R,8R,11S,12R)-7,8-epoxydolabella-3-en-18-01 (AO2), 25-methoxy-50-dammar-20-en-
3P3,24-diol (AO6), 3B-hydroxy-50-dammar-20-en-24,25-acetonide (AO7) and 24(S),25-epoxy-50.-
protost-20,25-dien-3-one (AO8) and twenty known compounds (AO3-A05 and AO9-A025). Their
structures were elucidated by 1D- and 2D-NMR spectral data as well as UV, IR, MS and X-ray
crystallographic data and by comparison of the NMR spectroscopic data of the known compounds

with those reported in the literature.

The anti-inflammatory activities of all compounds were evaluated as inhibitory activities
against lipopolysaccharide (LPS) induced nitric oxide (NO) production in RAW264.7 cell lines.
Twenty-four compounds possessed potent nitric oxide inhibitory activity with IC,, values ranging
from 2.1 to 14.2 uM, these being better than those of the positive control, indomethacin (IC,, = 14.5
uM), L-nitroarginine (L-NA; IC,, = 61.8 pM) and caffeic acid phenethylester (CAPE; IC,, = 5.6

uM). Compounds CM4, CM6, CM8, and CM12-CM14 were also tested for the inhibitory effect

viii



release with IC, values of 2.6, 16.1 and 23.0 uM.

on LPS-induced tumor necrosis factor-alpha (TNF-a) release in RAW264.7 cells. In addition,
compounds AO16, AO17 and AO21 exhibited significant activity against prostaglandin E2 (PGE,)

Keywords: Caesalpinia mimosoides, Caesalpinia pulcherrima, Aglaia odorata, anti-inflammatory,

cassane diterpenes, dolabellane diterpenoid, dammarane triterpenoid, protostane triterpenoid
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R1 =H, R2 =Me, R3 =0OCOPh, R4 = 0OCOMe; Pulcherrin A
R1 = OCOPh, R2 = Me, R3 =H, R4 = OH; Pulcherrin B

0]

R1 = OCOCH=CHPh, R2 = OH; Neocaesalpin P
R1 = OCOPh, R2 = H; Neocaesalpin Q
R1 = OCOPh, R2 = OH; Neocaesalpin R

Pulcherrin C



v J J a 1
ﬁﬁ'lfN111!ﬂ15‘WUﬂHWHﬁﬂJ@\‘]ﬁWiﬂQNqﬂmﬁlﬁﬁu FUAATIHEY  NTIUIIN  WauaT

(McPherson et al., 1986; Patil et al., 1997; Promsawan et al., 2003 and Roach et al. 2003)

Hozc OCOPh

R = OH; Pulcherrimin A
R =H; Pulcherrimin C
R= COzMe; Pulcherrimin D

Pulcherrimin B

2 OCOPh

R1 = OCOPh, R2 = OCOMe; Pu‘lcl?errimin E R] _ R2 = H; Neocaesalpin E
RI =H, R2 =OCOMe; Pulcherrimin F R] = OCOPh, R2 = OH; Neocaesalpin F

R] = OCOCH=CHPh, R2 =OH; Neocaesalpin G

OCOPh

Rl = R2 =OH; 6B-Hydroxyisovouacapenol C 7-Keto-isovouacapenol C
R1 = OH, R2 = OCOPh; 7[3-Acetyl-6B-hydroxyisovouacapenol C
R1 = OCOPh, R2 = OCOMe; Isovouacapenol C monoacetate

dycu = (4 ' 4
wonnniidalisneaumsnveyiusvesdrsngu la Ty le Tawar Truoes
k4
J [
(homoisoflavonoid) tazvlanTrueen (flavonoid) fail (McPherson et al., 1983; Srinivas et al.,

2003; Zhao et al., 2004; Maheswara et al., 2006 and Das et al. 2009)



R = H; Bonducellin

R = H; Pulcherrimin

R = OMe; 6-Methoxypulcherrimin R = OMe; 8-Methoxybonducellin
0™\
0]
MeO\@:JN“
OMe O

5,7-Dimethoxy-3',4-methylenedioxyflavanone

Isobonducellin

HO O OMe HO O OMe
so¥e
O R O OMe

R = H; Dihydrobonducellin 2'-Methoxydihydrobonducellin
R = OMe; 2'-Methoxydihydrobonducellin

MeO O OMe
O

O
(E)-7-Methoxy-3-(4'-methoxybenzylidene)chroman-4-one

OMe
HO (0]
O
(0]

(E)-7-Hydroxy-3-(3',4',5'-trimethoxybenzylidene )chroman-4-one

OMe
OMe

MeO (0] OMe
O

MeO OH
0O

(3E)-2,3-Dihydro-6,7-dimethoxy-3[(3-hydroxy-4-methoxyphenyl)
methylene]-4H -1-benzopyran-4-one
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HUIDN UNNYUATHY (umﬂzﬂizﬂﬁi, UUNIU Lmziﬁmﬁvﬂmtywi DIUY 2542)

[ 9 a A a dy 19 I s =
i]'lﬂﬂ'liﬁ"lﬁ'Jﬂﬂlﬂuﬁﬁﬂ’lﬂ?ﬂﬂﬂ’liﬂlﬂﬂWﬂf%u@u ‘W'U'J'l@']uﬂigﬂﬂﬂll@\‘]ﬂﬂi&’ﬂ@ﬂ‘ﬂ'l\uﬂllﬂl@{l
1 ] v J 1 4 a (A o
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(Shiengthong et al., 1965; Boar et al., 1973 and Boar et al., 1977)

OAc

.
.
.
.
v

R = OH; 33-Acetoxydammar-20-ene-24(R),25-diol
R = OAc; 3[3,24(R)-Diacetoxydammar-20-ene-25-ol

R ==0; 24(R)-Acetoxy-25-hydroxydammar-20-ene-3-one 5



R = OH; 24,25-Epoxydammar-20- ene-3-ol

R = OAc; 3B-Acetoxy-24,25-epoxydammar-20-ene

R ==0; 24,25-Epoxydammar-20-ene-3-one

OH

z
1
2

(4

R = OH; Dammar-20-ene-3[3,24(R),25-triol
R = OAc; 3B-Acetoxydammar-20-ene-24(R),25-diol
R = =0; 24(R),25-Dihydroxydammar-20-ene-3-one

Shiengthong et al., 1979 51891UMINY odorine 1182 (+)-odorinol 1nEIUTY taz 1l
1 o Y
f.7. 1982 Hayashi et al., WU (-)-odorinol “dﬁﬁuﬁ’ﬂﬁimg ﬁ'wumﬁmauﬁwmﬁawuﬂ P388 (P-388

lymphotic leukemia) Tuw U

R =H; Odorine
R = OH; (-)-Odorinol



113l f.¢1. 1993 Ishibashi et al. a1l A.f. 1999 Nugroho et al. TIBNUMTWUOYRUTUDI

A1519Y rocaglamide HA1BA3

R1 = OH, R2 = CON(CH3)2, R3 = OH; C-3'-Hydroxyrocaglamide

R1 = OCOCH}, R2 = CON(CH})Z, R3 = OH; C-1-0-Acetyl-3-hydroxyrocaglamide
R1 = OH, R2: CON(CH3)2; R3 = OCHS; C-3'-Methoxyrocaglamide

R1 = OH, R2 =H, R3 = OCHS; C-3'-Methoxylrocaglaol

R1 = OH, R2 = CONHCH3, R3 = OH; C-3-Hydroxydemethylrocaglate

R1 = OH, R2 = COOCH}, R3 = OH; C-3-Hydroxymethylrocaglate

R1 = OH, R2 = CONHZ, R3 = OH; C-3'-Hydroxydidemethylrocaglamide

R1 ==NOH, R2 = COOCH3, R3 = OCH3; C-1-Oxime-C-3'-methoxymethylrocaglate

dyo/ =\ = = A [ = I a [ J <
HUINVINUNUITFNUGNTNNBINTNO U YU QWﬁﬂ?TN!ﬂHWHﬂ@L“KﬁﬁN%LiQ (Inana et
k2 v
al., 2001) Mo (Engeleier et al., 2000) HUGINITAUDINITUBILINAY (Ishibashi et al., 1993)

Y
1 v W 4
HINIDOULNAN (Sinchaissri et al., 1990) wazdudueu lwl reverse transcriptase (Tan et al., 1991)

wudu
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1. MsanauaznMsugnaIsINIINUBIAUANLE

v Y
o 3 %

"o g 2 g o o Y Y uYe o Y
winndneuduiugwang  vndwih ldananldeds Taimiinudesn 1.7
k4 i1
nlansu udranadredaiiazats CH,CL 2 ASvag 5 u leszmeamdiazatseen ladu
4 Y i1
anane1u CH,CL (403 g nntuiimsanaduald acetone 1nu CH,CL, 1ioszieio1dii

aza1v0en lAdIUANANEIL acetone (47.1 g)

o 1 Y 9y an v = < .
WdmananeIy CH,CL Mena8I5Aaant Insun 1nnsmuuusIa39 (Quick Column
v 4
Chromatography; QCC) 118g¥2#18 CH,CL, Wa WNu4I88 acetone 118z MeOH amad1ay 14 10

fractions (C1-C10)

Fraction C3 (241 g) WWenAeA18 QCC LALsAIY 5% EtOAc-hexane 141 5
subfractions (C3a-C3¢) subfraction C3b (8516 mg) tieaa13fiumgiideuiavesa &1a
veadedimanedis CH,CL, 18e15 CM6 (680.3 mg) uaztidiuvesdsazaoiiszimeuaudy
(160.5 mg) WMBAADAIY column chromatography 14 silica gel HufI9AF AzW2A 2%
EtOAc-hexane 1415 CM5 (40.6 mg) Loz CM8 (7.2 mg) @9 subfraction C3c¢ (793.7 mg) 1
LEINADAIY column chromatography 14 silica gel Lﬂuﬁ’aﬂﬂ‘ffu LAZYLAIY 5% EtOAc-hexane 161

15 CM6 (15.6 mg) tiag CMS8 (35.2 mg)

Fraction C5 (6.49 g) ¥111118Af9A8 QCC LaLsAIY hexane nnviuriims i Tagld
EtOAc ]15}6 subfractions (C5a-C5f) subfraction C5c¢ (793.7 mg) 1 ldusnaadie column
chromatography 1u5ﬂumzﬁﬂ5wﬁu subfraction C3c LAYLAIY 2% acetone-hexane 1@a15 CM5
(460.4 mg), CM9 (10.2 mg) az CM1 (50.8 mg) subfraction CSe (742.8 mg) 11 l)usnaedie
column chromatography “lué’ﬂymzﬁﬂé’wﬁ’u subfraction C3c UAYLAIY 5% acetone-hexane 1@

#19 CM7 (10.4 mg)

Fraction C7 (1.18 g) W ENABAIY column chromatography 14 silica gel Lﬂuﬁ’a@ﬂeﬁ'u
HALBLAY 10% acetone-hexane 19 6 subfractions (C7a-C7{) subfraction C7¢ (350.8 mg) 1l
HINADAIY column chromatography 1uﬁﬂymzﬁﬂé’wﬁ’u fraction C7 LIABZAIY 15% acetone-
hexane 1¥ens CM3 (102.4 mg) CM2 (7.4 mg) ttag CM4 (7.0 mg) subfraction C7e (110.0 mg)
i liluendedis column chromatography Gl,uﬁﬂymz‘ﬁﬂéjwﬁu fraction C7 LA%LAIY 100%

cH,CL 1¥ens CM11 (10.3 mg)



Fraction C9 (3.83 g) 1 l1luendedns QCC Tudnvaiziind1om fraction C5 udsiinsla
%’J@aﬁﬂ acetone 1@ 6 subfractions (C9a-C9f) subfraction C9b (384.7 mg) gﬁi%ﬁ@ﬂ!ﬂgﬁ‘ﬁ@%ﬁﬂ
Huveudadin nntiudreveaiede cH,ClL 1da1s CMI5 (2303 mg) subfraction C9d
(793.7 mg) 111 11J11on@ed28 column chromatography ludnumzAind iy fraction C7 %z a8
2% acetone-CH,Cl, Yes cM12 (13.3 mg) subfraction C9e (220.5 mg) 1 l1uenaade column
chromatography 1uﬁﬂymzﬁﬂﬁwaﬁu fraction C7 UAYLAIY 5% acetone-CH,Cl, a3 cMi13

(10.3 mg)

v k4
WaIuanANeD acetone (47.1 g) WMBNAIY QCC UAIVLAIY hexane LANNNIIAIY
CH,CI,, acetone (8% MeOH 1% 9 fractions (A1-A9) fraction A3 (1.05 g) Menaediey QcCcC

AT LAY 2% acetone-CH,CL, 1Ha15 CM14 (35.3 mg)

Fraction A5 (1.33 g) W lJuenaeludnyaizifedn fraction A3 19 7 subfractions (A5a-

. o Y a g a g = o Y 3 9
A5g) subfraction A5c (83.1 mg) mll’mqmwguwmmmﬂumammﬁmn NNUUANUDIULUIAIY
CH.C], a3 cM13 (15.3 mg) subfraction AS5e (350.0 mg) 1MenNasdIe  column
chromatography 14 silica gel Lﬂuﬁflﬁ]ﬂ‘%ﬂ LAYFLAIY 4% MeOH-CH,CI, Ifes cM18 (703 mg)
1ag CM16 (51.3 mg) subfraction AS5f (80.0 mg) 11 lJuenaedle column chromatography 11

anbuzNAAIENY fraction ASe LATZAIY 10% EtOAc-CH,CL 1%d13 CM10 (10.3 mg)

a

. o vy Ay a g < A g v 3 9
Fraction A7 (2352) GNVI,’JVWJ‘(M‘HQMW@QLﬂ@LﬂHﬂJ@QLWQﬁﬂJTJ FIMNUUANUDILUINIY

MeOH 1¥a15 CM17 (150.3 mg)

Mimosol A (CM1): ¥ouHIdu12; mp 214216 °C; [a ]y —41.4° (¢ 0.76, CHCL,); UV

(CH,0H) A (log &) 210 (4.95), 235 (4.65) nm; IR (neat) U 3429 (O-H), 2930 (C-H), 1718

(C=0) cm"'; HREIMS: m/z 344.1997 [M]' (calced for C,H,,0,, 344.1988); 'H NMR (acetone-d,,
300 MHz) 1182 ""C NMR (acetone-d,, 75 MHz), 8 l89na131ai 1 a1sdl himelisieanudimulu

a o 4 1
ﬁiﬁN%WﬂW?@ﬁﬂLﬂinﬁﬁﬂﬂﬂu

Mimosol B (CM2): ¥oduiadu1; mp 143-145 °C; [a]7 -40.6° (¢ 0.30, CHCL); UV

(CHCL,) A (log &) 225 (3.47) nm; IR (neat) D 3397 (O-H), 2928 (C-H) cm_l; HREIMS: m/z

max

288.2460 [M-H,0]" (caled for C,H,,0, 288.2453); 'H NMR (CDCI,, 300 MHz) itag "C NMR

Y A dy 1 = 1 a A o 4 '
(CDCIS, 75 MHz), ﬂllﬂ%']ﬂﬂ1§ﬁ°l/] 1 fﬂiullﬂlﬂfJ‘JJinJ\ﬂ“LJ’J']WUGlu‘EiﬁN%']@‘Vii’f)ﬁ\i!ﬂﬁ"lgﬂﬂ'lﬂ@u



Mimosol C (CM3): Y0UA9dv12; mp 102-103 °C; [ ]f ~37.1° (¢ 1.10, CH,OH); UV

(CHCL) A__ (log &) 223 (3.45) nm; IR (neat) D__ 3364 (O-H), 2930 (C-H) cm’'; HREIMS: m/z

max

306.2545 [M]" (caled for C,,H,,0,, 306.2559); 'H NMR (CDCI,, 300 MHz) 1182 "C NMR (CDCI,,
75 MHz), 9 1a01na13199 2 nsdl himeliswauimulusssundnaneiinenumsdunsigd

YINOU

Mimosol D (CM4): voavila; [a[5 +24.16° (¢ 1.02, CHCL); IR (neat) D, 1735 (C=0),
1243 cm'; HREIMS: m/z 390.2780 [M]  (caled for C,,H,0,, 390.2770); 'H NMR (CDCI,, 300
MH?z) 118z “C NMR (CDCL,, 75 MHz), 9 1a11na15199 2 a5t limeiisieauimwolusssuna

@ J 1
W?ﬂﬁﬁlﬂinﬁNWﬂﬂu

Taepeenin A (CM5): Y94139FY1; mp 155-156 °C; [ 5 +101.9° (¢ 0.77 in CHCL,); UV

(CHCL) A (log &): 253 (3.55), 281 (2.90), 292 (2.87) nm; IR (neat) D__: 2930 (C-H), 1720

max max”®

1 g $
(C=0) cm” tHuesineiisreauniudn

Taepeenin D (CM6): Y94UT98912; mp 116-117 °C; [ 5 ~41.1° (¢ 0.02 in CHCL,); UV

(CHCL) A (log &): 254 (4.79), 281 (4.47), 290 (4.40) nm; IR (neat) O__: 2927 (C-H), 1735

max max”®

1 g $
(C=0) cm” tHuemsineiisrgaunudn

Nortaepeenin A (CM7): [a ]2/ ~3.90° (¢ 0.58 in CHCL,); UV (CH,0H) A__(log &): 253

max

(4.65) nm; IR (neat) D, : 2927 (C-H), 1728 (C=0) cm ' Huansfneiinoanuiudy

Taepeenin L (CM8): ¥941398912; mp 124-126 °C; [ar[ + 25.4° (¢ 0.67 in CHCL,); UV

(CH,0H) A__(log £): 243 (3.22) nm; IR (neat) D__: 3359 (O-H), 2935 (C-H) em” 1ilumsiineil

max

FIBNUV LA

Mimosol E (CM9): ¥0ud3d12; mp 141-142 °C; [ +132.8° (¢ 0.37, CHCL,); UV

(CHCL) A (log &) 258 (5.28), 283 (4.93), 293 (4.89) nm; IR (neat) U_, 2929 (C-H), 1720 (C=0)

max max

cm''; HREIMS: m/z 6543948 [M]" (caled for C,,H,,0,, 654.3920); 'H NMR (CDCl,, 300 MHz),
uaz C NMR (CDCL, 75 MHz), 9 ld91na1519h1 3 ansil ldwelisreauimulusssunanio

[ o J
AUATIETHUINDU

Mimosol F (CM10): GUENLL%Q’EGUTJ; mp 215-216 °C; UV (CH,0H) A (log €) 207 (5.33),

max

222 (5.35), 250 (5.12), 309 (5.12), 318 (5.11) nm; IR (neat) U, 3386 (O-H), 2927 (C-H) cm_l;

HREIMS: m/z 300.1011 [M]" (caled for C,,H,,0;, 300.1007); 'H NMR (acetone-d,, 300 MHz), 11a2

10



13 Y ~ dy 1 ~ 1 a A
C NMR (acetone-d,, 75 MHz), 919910015190 4 a5t limelissnunmnlusssumnanie

Fuasrzianneu

Mimosol G (CM11): "llfNLL%Q?f"UTJ; mp 152-153 °C; UV (CH3OH) lmax (log &) 209
(5.28), 222 (5.32), 250 (5.11), 258 (5.08), 308 (5.10), 315 (5.07) nm; IR (neat) U 3419 (O-H),
2927 (C-H) cm_]; HREIMS: m/z 314.118 [M] (calcd for C,H,(O,, 314.1154); 'H NMR (acetone-d,,
300 MHz), 118% "°C NMR (acetone-d,, 75 MHz), @,Ulﬁmﬂmiwﬁ 4 s limedisoadmly

a [ 4 1
‘ﬁiiiJ“]fW]‘H?@ﬁ\‘lLﬂinﬂiﬂﬂf]u

(E)-7-Hydroxy-3-(4-methoxybenzyl)chroman-4-one (CM12): ‘lJ’eNL!ﬁfN?f mﬁm; mp 178-

180 °C; UV (CH,0H) A (log &€): 209 (5.43), 232 (5.24), 317 (5.23), 357 (5.29) nm; IR (neat)

max

0. :3367 (O-H), 2927 (C-H), 1700 (C=0), 1605 (C=C) em” ilumsiineiisreanuanud?

(E)-7,8-Dihydroxy-3-(4-methoxybenzyl)chroman-4-one (CM13): mmw‘ﬁqﬁmﬁaq; mp

191-192 °C; UV (CH,0H) A (log &): 211 (5.62), 350 (5.58) nm; IR (neat) U,__: 3367 (O-H),

max

2928 (C-H), 1697 (C=0), 1603 (C=C) em” tiuansiaeiisieauuiuda

(E)-7-hydroxy-8-methoxy-3-(4-methoxybenzyl)chroman-4-one (CM14): 93 LL"’fN a

L“H‘a’eN; mp 103-105 °C; UV (CH,OH) A (log &€): 210 (5.40), 327 (5.23), 350 (5.24) nm; IR (neat)

max

D, : 3376 (O-H), 2928 (C-H), 1699 (C=0), 1598 (C=C) em” flumsiineiisreanuanudd

Tetracosyl caffeate (CM15): ‘IJ?NLL%Q’E‘IJH; mp 85-86 °C; UV (CH,OH) A (log &): 205

max

(5.28), 243 (4.92), 298 (4.98), 330 (5.09) nm; IR (neat) D__ : 3367 (O-H), 2918 (C-H), 1700 (C=0)

-1 S = = Y
em” (Huasnagis gL

Resveratrol (CM16): ‘U’E)\?LL%QE’GUTJ; mp 250-251 °C; UV (CH,0OH) A (log &): 216

max

(6.17), 305 (6.23), 318 (6.21) nm; IR (neat) D : 3360 (O-H), 2925 (C-H), 1607 (C=C) em” Hu

A = Y
AIINAYUITYIIUNLLAD

Bergenin (CM17): U0ud4812; mp 154-156 °C; [ar]5 - 53.1° (¢ 1.71 in CH,0H); UV

(CH,0H) A (log &): 219 (4.48), 275 (5.02), 311 (4.90) nm; IR (neat) D, : 3381 (O-H), 2925 (C-

max

H), 1699 (C=0) cm 1} a3 NneTis1ea11u11a7

(+)-Pterocarpol (CM18): maqu%qﬁmn; mp 99-100 °C; [a]ZD7 +45.6° (¢ 0.24 in CH,0H);

IR (neat) D, _: 3365 (O-H), 2934 (C-H) em ' ifluasineiisoanuanuda
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2. msaﬁ’ﬂuazmmﬂnmi«nmimmméfummngﬂm

tihsnmaung mefudugudng vimiuildmnatids Tdimmautas 6.3
flansu udranadlodaiiazate CHCL 2 ﬂigmaz 5 Su ileszmaoriatiazaiseenlddy
ananey CH,CL (753 ) vhauadaneny CHCL uusnaiegisaeauii Insaun Inns iy
59157 (Quick Column Chromatography; QCC) Ua¥£AI8 hexane uduiutdae BOAC uag

MeOH 191 16 fractions (P1-P16)

Fraction P2 (5.9 g) 1u118nA9A28 QCC 1az¥eAI0 20% hexane-CH,CL, 1¥e15 CP26
(90.5 mg), CP16 (50.2 mg), CP6 (275.2 mg), CP7 (90.0 mg) ttag CP5 (28.1 mg) LAz UDINTY
9907 (158.0 mg) Fuenfaef 8 column chromatography 14 silica gel L‘ﬂuﬁﬂﬂﬂ%ﬂ UazYe

418 10% acetone—hexane 19815 CP4 (15.0 mg) ttag CP1 (10.3 mg)

Fraction P4 (10.0 g) Lﬁaﬁ?ﬂ%’ﬁqmwgﬁﬁ'm;ﬁmmu%qﬁmn aaveaudisae cacl, 1é
@13 CP17 (1.54 g), uaziaIuvedasaza1esMeniadl (7.5 g) NUwAARY QCC Lazyse
@20 hexane meﬁwf}’lﬁlﬂ CH,CL, 11ag EtOAc MNa191) 19 6 subfractions (P4a—P4f) subfraction
P4c (183.4 mg) WNENABAIY column chromatography 145 silica gel Lﬂuﬁﬂﬂﬂﬁfm HAZ VLAY
10% acetone-hexane 1#a15 CP2 (5.8 mg) subfraction P4d (584.9 mg) 1 lusndede column
chromatography Gluﬁﬂymgﬁﬂéjmﬁu subfraction Pdc UAYLAIY 70% CH,Cl,~hexane Tang

CP14 (5.2 mg) ttag CP9 (10.0 mg)

. A & A Ay a 3 A Y 3 v
Fraction P6 (624.2 mg) Lll'ﬂ@'N]l'J‘WQmﬁﬂﬂﬂ@ﬂlﬂﬂﬂl@ﬂuﬂlﬂﬁﬂl’n ANUVDILLUIAIY CHZCI2

U

1&es CP18 (138.0 mg)

Fraction P7 (2.9 g) 111118nA0A18 QCC 1ag¥e@18 hexane uaztiuige CH,C, uay
EtOAc Mua1dD 19 9 subfractions (P7a—P7i) uaz11ens CP21 (355.0 mg) subfraction P7b (80.0
mg) 1UENABAIY column chromatography 14 silica gel Lﬂuﬁﬂﬂﬂcﬁlﬂ LAZYLAIY 20% acetone—
hexane 1¥e13 CP19 (50.0 mg) subfraction P7e (401.4 mg) Mluenaedis  column
chromatography Glué’ﬂymzﬁﬂé’wﬁu subfraction P7b 1 @13 CP8 (18.2 mg) uaz CP11 (25.0
mg), @13 CP3 (3.0 mg) awsouen’l@ain  subfraction P7f (273.5 mg) 418 column
chromatography iuﬁﬂymzﬁﬂﬁwﬁ’u subfraction P7b I¥UIAINY subfraction P7g (117.0 mg) “?;Q

vww1¥ens CP10 (25.0 mg)

. A o yva Ay  a S a v < v v
Fraction P9 (5.0 g) LiJ'E)@Nll'JVIQmﬁ{]ﬂﬁ@\uﬂﬂm@qumqaﬂn? ANUDILLUVINIY CH2C12 llﬂ

13 CP23 (1.14 g), uazihdIuvesasazary (3.8 g YULENADAY QcCcC HAT¥EAIY 30%
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EtOAc-CH,CI, 1% 5 subfractions (P9a—P9e) subfraction P9c (256.4 mg) M enaadIg column
chromatography 14 silica gel L‘ﬂuﬁﬁﬂﬂ‘fffﬂ LAZYTAIY 30% acetone—CH,CI, T¥a1s cp20 (70.0

mg)

Fraction P10 (2.9 g) 1l Men@en18 QCC 1agwzA28 20% U 50% CH,CL-EtOAc 11
7 subfractions (P10a—P10g) subfraction P10c (283.2 mg) i l1uended e column chromatography
ludnuazfind 1oy subfraction P9c LIA¥EAIE 40% acetone CH,CL, 1¥a13 CP15 (7.0 mg)
1ummzﬁa1i CP25 (13.0 mg) 9NLLENNIIN subfraction P10f (124.7 mg) AednYAZIAIINULAY

WA 10% CH,Cl,-acetone

Fraction P13 (2.7 g vliuendeludnuasiindreofy fraction P10 uswzdde 20%
acetone—CH,Cl, 1% 6 subfractions (P13a—P13f) subfraction P13c (151.7 mg) hauenaoane
column chromatography 14 silica gel Lﬂuﬁa@,ﬂcﬁu LAZYLAIY 40% EtOAc-hexane 11en5 CP13
(10.0 mg) taga1s CP24 (90.0 mg) subfraction P13e (197.8 mg) 1hlJusnaedie column
chromatography "lué’wmz%é’wﬁu subfraction P13c LAYLAIY 10% EtOAc-CH,CI, (1:9, v/v)

1¥a1s CP12 (10.0 mg)

@15 CP22 (12.5 mg) a111501en1A1A fraction P15 (941.4 mg) A28 QCC UAIFLAIY
100% CH,CL, uaztindalouds 30% MeOH-CH,CL t1az91n1iuihmnenaede column

chromatography 14 silica gel Lﬂué’lj’aﬂﬂ“ffﬂ LAZBLAIY 5% EtOAc-CH,CI,

2
D

216 (3.88) nm; IR (neat) O, 3453 (O-H), 2931 (C-H), 1723 (C=0) cm_l; HREIMS: m/z 360.2301

Pulcherrin D (CP1): ¥09%ila; [0L],” +23.7 (¢ 0.27, CHCL); UV (MeOH) A__ (log &)
[M]" (caled for C,,H,,0,, 360.2301); 'H NMR (CDCI,, 300 MHz), {ag "C NMR (CDCl,, 75 MHz),

Y A dy 1 = 1 a A o 4 1
@jllﬂ%']ﬂﬁni']\ﬂ/] 7 fﬂiuullll,ﬂfJﬂJinJ\ﬂu’J'IWUGluﬁiﬁM%W@ﬂﬁ@ﬁ\i!ﬂﬁ?gﬂh'lﬂ@u

Pulcherrin E (CP2): Y09%tia; [0],” +36.1 (¢ 0.20, CHCL); UV (MeOH) A__ (log &)

D
214 (3.84) nm; IR (neat) D, 3455 (O-H), 2920 (C-H), 1723 (C=0) cm ; HREIMS: m/z 376.2250
[M]" (caled for C,,H,,0,, 376.2250); 'H NMR (CDCI,, 300 MHz), {az "C NMR (CDCl,, 75 MHz),

4 A dy 1 = 1 a A o 4 1
ﬂllﬂQWﬂS?niNV] 7 ?ﬂiullll!,ﬂEJ‘JJinJ\ﬂ‘Ll’J'IWUGlu‘ﬁiﬁN%W@ﬂi@ﬁ\i!ﬂﬁ"l%ﬂﬂ'lﬂ@u

Pulcherrin F (CP3): ¥0nila; [0, +67.4 (¢ 0.08, CHCL); UV (MeOH) A__ (log €)

215 (3.78) nm; IR (neat) O__ 3425 (O—H), 2929 (C-H), 1734 (C=0) cm_l; HREIMS: m/z 376.2252

max

13



[M]" (caled for C,,H,,0,, 376.2250); 'H NMR (CDCl,, 300 MHz), 118 ""C NMR (CDCL,, 75 MHz),

9y ~ dy 1 = ] Aa A o 4 v
@J]lﬂinﬂ@"liﬂm 7 ﬁ'"liuhllll,ﬂEJll’i”IfN"lu'J”IW‘]JGLu‘ﬁiiN%W@ﬁif’)ﬁ\i!ﬂiT%ﬂM”lﬂ@u

Pulcherrin G (CP4): "II’ENLL%Q?("UTJ; mp 126-128 °C; [(l]D25 +57.1 (¢ 0.18, CHCL,); UV

(MeOH) A (log &) 225 (3.26) nm; IR (neat) U, 3494 (O-H), 2932 (C-H), 1710 (C=0) cm_l;

max

3

HREIMS: m/z 438.2410 [M]' (calcd for C,,H,,0,, 438.2406); 'H NMR (CDCl,, 300 MHz), tiag ''C
NMR (CDCL,, 75 MHz), 9 1a91na15197 8 ensil liwmelisrisauimulusssunauaiisneauns

[ o Y
AUATICHULRA

Pulcherrin H (CP5): ¥03ud4d117; mp 195-196 °C; [0],” +106.5 (¢ 0.25, CHCL,); UV
(McOH) A___ (log €) 228 (3.96) nm; IR (neat) D, 3525 (O-H), 2929 (C-H), 1700 (C=0) cm’;
HREIMS: m/z 4222454 [M]' (calcd for C,,H,,0,, 422.2457); 'H NMR (CDCl,, 300 MHz), tag "'C
NMR (CDCI,, 75 MHz), @'lﬁ'mﬂminﬁ 9 g3t laimefsenumuluss sunanieduns iz

YINOU

Pulcherrin I (CP6): ¥94139&Y12; mp 131-133 °C; [0],” +28.8 (¢ 0.18, CHCL); UV

(MeOH) A (log &) 226 (3.87) nm; IR (neat) U, 3549 (O-H), 2934 (C-H), 1708 (C=0) cm_l;

max

HREIMS: m/z 422.2459 [M]" (caled for C,,H,,0,, 422.2457); 'H NMR (CDCl,, 300 MHz), tag "C

9 A dy [l = 1 Aa A o 4
NMR (CDC13, 75 MHz), ﬂllﬂﬁﬂﬂﬁﬁﬂ‘ﬂ 9 ?ﬂﬁL!UlllLﬂﬂi]i"lﬂﬁﬂ’ﬂ‘l/‘l‘iﬂl!‘ﬁiﬂJ%W]ﬁSfJﬁﬂLﬂiW‘H

YN

Pulcherrin J (CP7): ¥03u%98117; mp 135-136 °C; [0],” +52.8 (¢ 0.17, CHCL,); UV

(MeOH) A___ (log &) 216 (3.65), 275 (3.67) nm; IR (neat) D, 3516 (O-H), 2933 (C-H), 1709

(C=0) cm_l; HREIMS: m/z 448.2617 [M] (calcd for C,,H,0,, 448.2614); 'H NMR (CDCL,, 300
MHz), #ag “C NMR (CDCl,, 75 MHz), 9 1491151991 9 @138l lumeliseaumolusssumna

@ 4 1
W?@ﬁ'\ilﬂi’]gﬁu']ﬂ@u

Pulcherrin K (CP8): ¥panila; [0, +20.3 (c 0.21, CHCL); UV (MeOH) A__ (log €)
225 (3.94) nm; IR (neat) O, 3471 (O-H), 2935 (C-H), 1710 (C=0) cm_]; HREIMS: m/z 452.2198
[M]" (caled for C,,H,,0,, 452.2199); 'H NMR (CDCl,, 300 MHz), 118 ""C NMR (CDCL,, 75 MHz),

y ~ dy 1 = 1 Aa A o ' v
@J]lﬂinﬂ@"liﬂm 10 ﬁ'"liuuliJLﬂEJlli"IfJ\i"IU'J”IW‘]JGLu‘ﬁiﬁJGIﬂ@]ﬁ3@ﬁﬂLﬂ§1$1’i§J1ﬂi’]u

Pulcherrin L (CP9): vosvita; [0L],” +64.1 (¢ 0.07, CHCL); UV (MeOH) A__ (log €)

227 (3.82) nm; IR (neat) O, 3471 (O-H), 2927 (C-H), 1720 (C=0) cm_]; HREIMS: m/z 438.2405
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[M]" (caled for C,,H,,0,, 438.2406); 'H NMR (CDCl,,300 MHz), 118 "C NMR (CDCL,, 75 MHz),

9y ~ dy 1 = 1 a A o ' v
@J]lﬂinﬂ@"liﬂm 10 ﬁ'"liuuliJLﬂEJlli"IfJ\i"IU'J”IW‘]JGLu‘ﬁiﬁJGIﬂ@]ﬁ3@ﬁﬂLﬂ§1$1’i§J1ﬂi’]u

Pulcherrin M (CP10): wowila; [0],” +19.7 (¢ 0.20, CHCL); UV (MeOH) A__(log €)
225 (3.90) nm; IR (neat) O, 3508 (O-H), 2931 (C-H), 1707 (C=0) cm_]; HREIMS: m/z 452.2196
[M]" (caled for C,,H,,0,, 452.2199); 'H NMR (CDCl,, 300 MHz), 118 ""C NMR (CDCL,, 75 MHz),

Y ~ dy 1 = 1 a A o d '
@,]lﬂi]'lﬂ@'li'lﬂ‘ﬂ 11 ﬁ'liuthLﬂEJSJS'I?J\TIH'HW‘]JGLH‘ﬁiiiJG]fWH’T5@@'\1Lﬂ5181’ih1ﬂ@u

Pulcherrin N (CP11): ¥03wiia; [0, " +23.6 (¢ 0.14, CHCL,); UV (MeOH) A__(log €)

226 (3.96) nm; IR (neat) O, 3508 (O-H), 2934 (C-H), 1704 (C=0) cmﬁl; HREIMS: m/z 572.2411

max

[M]" (caled for C,H, 0y, 572.2410); 'H NMR (CDCl,,300 MHz), 118 "C NMR (CDCL,, 75 MHz),

Y A dy 1 = 1 a A o d '
@]lﬂiﬂﬂ@'li'l\i‘ﬂ 11 ’d'li‘LthJLﬂEJSJﬁ'IfJ\Tlu'HW‘]JGLU‘ﬁiiiJG]ﬂGIW5@@'\1Lﬂi181’ill1ﬂ@u

U

Pulcherrin O (CP12): ¥03%ila; [0L],” +26.7 (c 0.30, CHCL,); UV (MeOH) A__ (log &)

228 (3.98) nm; IR (neat) O, 3470 (O-H), 2930 (C-H), 1720 (C=0) cmﬁl; HREIMS: m/z 540.2361

max

[M]" (caled for C, H,,0,, 540.2359); 'H NMR (CDCI,, 300 MHz), {ag "C NMR (CDCl,, 75 MHz),

307738

9 ~ dy 1 = 1 a A [ o [
@,hlﬂﬂ']ﬂﬂTi']\ﬂ/] 12 ﬁTiuhliJLﬂfJﬁJ’ﬂfJ\ﬂu’NW‘iﬂu‘ﬁ‘iiﬂJ‘]ﬂﬁﬁ3@ﬁﬂlﬂ31$1’m1ﬂ@u

Pulcherrin P (CP13): voanila; [0 +54.7 (¢ 0.18, CHCL); UV (MeOH) A__(log €)

227 (3.89) nm; IR (neat) U, 3468 (O-H), 2927 (C-H), 1716 (C=0) cm ; HREIMS: m/z 598.2423
[M]" (caled for C,,H,,0,,, 598.2414); 'H NMR (CDCI,, 300 MHz), 8¢ "C NMR (CDCl,, 75

4 A dy 1 = 1 a A o 4 1
MHz), @”lﬂmﬂmﬁm 12 m'iu”lilLﬂ8m1ﬂﬂumwﬂuﬁiﬁu%mmammﬁWzﬁmﬂ’eu

Pulcherrin Q (CP14): ﬂl@ﬁﬂﬁﬂ; [(1,]1)25 +48.8 (¢ 0.17, CHCL,); UV (MeOH) imax (log &)
226 (3.92) nm; IR (neat) D_ 3436 (O-H), 2930 (C-H), 1713 (C=0) cm; HREIMS: m/z 436.2250
[M]" (caled for C,,H,,0,, 436.2250); 'H NMR (CDCI,, 300 MHz), {az "C NMR (CDCl,, 75 MHz),

4 A dy 1 = 1 a A o 4 '
ﬂllﬂQWﬂS?niNV] 13 ?ﬂiuulll!,ﬂEJ?JinNTu’J'IWUGlu‘ﬁiﬁiJ‘BWIWSﬂﬁﬂlﬂ'ﬂgﬂﬂﬂﬂ@u

Pulcherrin R (CP15): ¥03#ila; [0L],” +83.8 (¢ 0.20, CHCL,); IR (neat) D, 3372 (O-H),
2926 (C-H), 1688 (C=0) cm_l; HREIMS: m/z 304.2405 [M]" (caled for C,,H,,0,, 304.2402); 'H
NMR (CDCI,, 300 MHz), taz °C NMR (CDCl,, 75 MHz), 91d9na15139 13 ensii Lol

10U NNuusITUNanIodunI1zHINnoU
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Vouacapen-5a-ol (CP16): ¥03U%4d112; mp 98-100 °C; [ar[5 +80.9° (¢ 0.26, CHCL);

(CHCL) A (log &) 225 (3.47) nm: IR (neat) D 3574 (O-H), 2931 (C-H) cm” Hluansninedl
3 g max

max

v
TIINTHULLRAD

Isovouacapenol C (CP17): ¥93u%98u12; mp 116-118 °C; [ [ +60.0° (¢ 0.28, CHCL);

UV (MeOH) A (log &) 227 (3.37) nm; IR (neat) U, 3515 (O-H), 2936 (C-H), 1708 (C=0) em’

max

IS A = Y
Wuasnnelseauug?

6B-Cinnamoyl-7f-hydroxyvouacapen-5a-ol (CP18): EIJ’OQLL%Q?T"IJTJ; mp 220-222 °C;

[ +59.9° (¢ 0.13, CHCL); UV (MeOH) A__ (log &) 217 (3.63), 273 (3.45) nm; IR (neat) D,

max

3458 (O-H), 2932 (C-H), 1704 (C=0) cm” tHluasiineiisieauuudn

Pulcherrin A (CP19): W03Wila; [ar]5 +41.5° (c 0.08, CHCL); UV (MeOH) A_(log &)
216 (3.66), 276 (3.53) nm; IR (neat) D__ 3493 (O-H), 2931 (C-H), 1712 (C=0) em" iflussfinoil

FI8NUV LA

Pulcherrin B (CP20): ¥94139&912; mp 161-163 °C; [ [ +71.5° (¢ 0.21, CHCL); UV

(MeOH) A (log &) 225 (3.52) nm; IR (neat) U, 3470 (O-H), 2936 (C-H), 1713 (C=0) cm’ ndJu

max

A = Y
AIINAYUITIYIIUNLLAD

Pulcherrimin C (CP21): ¥09U348Y12; mp 140-142 °C; [ar [ +72.2° (¢ 1.84, CHCL); UV

(MeOH) A (log &) 227 (3.45) nm; IR (neat) 3486 (O-H), 2935 (C-H), 1714 (C=0) cm’ ndJu

max

A = Y
AITNAYUITIYIIUNLLAD

Pulcherrimins A (CP22): ﬂJE]QLL%Q?f"UTJ; mp 193-195 °C; [a]ZDS +78.1° (¢ 0.03, CHCL);

UV (MeOH) A (log &) 228 (3.44) nm; IR (neat) 3483 (O-H), 2932 (C-H), 1711 (C=0) cm’

max

I A = Y
L‘]JUZ‘Tﬁ‘VILﬂEJll'i"IEN"IuiJHLﬁ’J

Pulcherrimin E (CP23): Y9911398917; mp 220-221 °C; [ [ +58.5° (¢ 0.11, CHCL,); UV

(MeOH) A (log &) 224 (3.43) nm; IR (neat) 3454 (O-H), 2957 (C-H), 1725 (C=0) em 13

max

A = Y
A1TNAYUITIYIIIUNLAD

Pulcherrin C (CP24): Y03 tia; [a[5 +73.9° (¢ 0.07, CHCL); UV (MeOH) A__(log &)
228 (3.49) nm; IR (neat) U, 3534 (O-H), 2932 (C-H), 1721 (C=0) em’ 5 uasnneTsIa1

v
ULLa
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Pulcherrimin B (CP25): ¥03%i19; [ Y +177.1° (¢ 0.11, CHCL); UV (MeOH) A___ (log
&) 229 (3.57) nm; IR (neat) U 3456 (0-H), 2931 (C-H), 1728 (C=0) em Wuesnneiseany

max

v
UL

8,9,11,14-Didehydrovouacapen-50-ol (CP26): Uowila; [ar]5 +60.5° (c 0.18, CHCL);

UV (MeOH) A (log €) 218 (3.46), 283 (3.37), 289 (3.30) nm; IR (neat) U, 3402 (O-H), 2918

max

1 < ~
(C-H) cm "Wuasnneliseauundn

(Y] d
3. ﬂ1'5ﬁﬂﬂ!!ﬂ$ﬂ1ﬁllﬂﬂﬁ"li‘i]]ﬂclﬂsllﬂﬂggljuﬂi%ﬂﬂﬂ

ﬁﬂuﬂizmﬁmﬁmﬂu%mﬁﬂq i ldananlduds Téimious 1.6 Alansu
udranadealiiazats CHCL 2 ataas 5 Su dleszmemdinazawenn ddmaianen
CH,CI, (23.5 g) M afaduAd MeOH un CH,CI, ileszimeediazaseen’ld
duananeny MeOH (5.2 g) ihauananeny CH,CL uusnaledsaedaui IasunInas iy
59137 (Quick Column Chromatography; QCC) Ua¥£AI8 hexane uduiutadae EOAC Az

MeOH 191 10 fractions (D1-D10)

Fraction D2 (6.03 g) 11NUendedie QCC 1azzdy hexane UAWHLTIEIY CH,CL,
1A% acetone 1@ 10 subfractions (D2a-D2j) subfraction D2b (906.8 mg) MU MeNAA8 column
chromatography 14 silica gel L‘ﬂuﬁflﬂﬂ‘ﬂ?ﬂ LALBEAIY 2% EtOAc—hexane 1¥a13 AO12 (60.1
mg), AO5 (19.3 mg) 18 AO15 (30.0 mg) subfraction D2d (105.0 mg) 111 11/ienAed 8 column
chromatography Glué’ﬂymzﬁﬂé’mﬁ'u subfraction D2b LAFEAIEY 20% CH2C12—hexaneGl1/9i}ﬁ 15 AO3
(2.5 mg) subfraction D2f (106.8 mg) 11 11Juenaedle column chromatography Gl,uﬁﬂymzﬁ'ﬂﬁw
1) subfraction D2b AT A 10% acetone-hexane RS AO14 (3.1 mg) subfraction D2h (859.3
mg) w1 l1usneods column chromatography ”lué’ﬂymzﬁﬂé’mﬁu subfraction D2b LATLAIY
20% acetone-hexane 198135 AO2 (40.1 mg) subfraction D2j (231.6 mg) 1 lJuenaede column

chromatography Tudnyarnnd1edy subfraction D2b UAYLAIY 15% 1¥a1s AO4 (8.5 mg)

Fraction D3 (1.33 g) 11118n@0d8 QCC 1az LAY hexane HAUNNTIAIY EtOAC 18
7 subfractions (D3a-D3g) uazlians A0S (7.2 mg), AO13 (5.1 mg) tag AO7 (10.0 mg)

subfraction D3¢ (383.7 mg) W eNABAIY column chromatography 14 silica gel L‘ﬂﬂﬁ’)@ﬂ‘fﬂ
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HALFLAIY 40% acetone-hexane 1WA AO20 (2.5 mg) subfraction D3f (20.6 mg) W eNae

&0 prep. TLC tazlddundouiiilu 10% EtOAc-CH,CL, 1%a15 AO1 (5.0 mg)

. ) 4 Y .. [~ o @

Fraction D4 (1.80 g) 111 1Jusnaedle column chromatography 14 silica gel Lﬂﬂﬂ’)@ﬂ‘ﬂf’ﬂ
HALBLAIY 10% EtOAc-hexane 1 6 subfractions (D4a-D4f) wazliieans AO12 (40.0 mg)
subfraction D4d (1.20 g) i lduendedls  column chromatography Tudnburindieiy

subfraction D4 Llﬁi%gﬁ’lﬁl 15% acetone-hexane 51???( 15 AO11 (60.0 mg)

Fraction D6 (175.7 mg) 1 l1uendede column chromatography “lué"ﬂymzﬁﬂé’mﬁ’u
subfraction D4 LLA%2A18 2% MeOH-CH,CL, 11 7 subfractions (D6a-D6g) taz 14d15 A0O19 (5.0
mg) ag AO9 (5.0 mg) subfraction D6d (120.3 mg) N ENABAIY column chromatography 4
silica gel RP-18 Lﬂuﬁagﬂcﬁ’n 1a¥EA8 60% MeOH-H,0 1¥a13 A025 (15.0 mg) 1az AO10

(10.0 mg)

Fraction D8 (859.3 mg) 1MUENABAIY column chromatography 14 silica gel L‘idJugf’Jﬂﬂ
1 1LaLBLAIY 35% EtOAc-hexane 1% 7 subfractions (D8a-D8g) a1 a5 A023 (15.0 mg) 1taz
A024 (10.0 mg) subfraction D8c (80.3 mg) 11 11)uenAed2e column chromatography 1uﬁﬂymzﬁ
ARG subfraction D8 UATZAIY 100% CH,CL, 1a15 A021 (30.5 mg) uHaziFUAgINY

subfraction D8e (50.2 mg) T¥ans A022 (4.0 mg)

Fraction D10 (231.6 mg) i1 luenaedie column chromatography Tudnyauzindieny
subfraction D8 UA¥EAIY 15% acetone-hexane 1Ha13 AO16 (10.3 mg), AO17 (30.1 mg) ag

AOI18 (15.6 mg)

o !

v Y
WaIuanAneNy MeOH ¥1aza18a38 EtOAc ldaiunazaieny EtOAc (3.1 g) 911n1iu
) Y as Y4 = < .
WenaeIsneaul Insun InnswiuusiaE) (Quick Column Chromatography; QCC) L1

¥ A78 hexane UAUNUVIAY EtOAC 11ag MeOH 19 8 fractions (M1-M8) fraction M3 (118.0 mg)

[ [

o 1 IS

WUBNADAIY column chromatography 14 silica gel Lﬂu@]%@ﬂ%“ﬂ LALBLAIY 20% acetone-
4 . A 2 ¥ ay a g 2 A

hexane 141813 AO6 (15.0 myg) fraction M4 (85.2 mg) mam"l,’mqmw{]wm Al UYBIUIFV

MNTUE0UTIAY acetone 1HANT AO9 (20.0 mg) fraction M6 (105.9 mg) tiloda’lin

a9 a g 3 A 0311 Y S Y Y
UNJUYIBDN ALY UUDILVITVI INTUANVDIULVIAIY acetone Glﬁfnﬁ A010 (50.0 mg)
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(1R,3S,7E,118,12R)-3-Hydroperoxydolabella-4(16),7-dien-18-01  (AO1): ‘Um‘ﬁﬁﬂ;

27
lals 117 (¢ 0.12, CHCL); IR (neat) D, 3434 (O-H), 2959 (C-H) cm'; HREIMS: m/z [M]’
3222492 (caled for C,,H,,0,, 322.2499); 'H NMR (CDCI,, 300 MHz) 18 "C NMR (CDCL,, 75

Y A dy 1 = 1 a A o 4 1
MHz), @jllﬂQWﬂﬂﬁN“Vl 15 fﬂﬁull‘JJ!,ﬂlelﬁ18@11&31WU1H‘E553J“]51@W§@ﬁ\‘]Lﬂin‘WJJ"IﬂE]‘Ll

27
(1R,3E,7R.8R,115,12R)-7,8-Epoxydolabella-3-en-18-0l (AO2): ﬂl@dﬁﬁﬂ; [a]D 474 (¢

0.25, CHCL); IR (neat) U, 3430 (O-H), 2963 (C-H) cm_l; HREIMS: m/z [M]+ 306.2553 (calcd for

max

C,,H,,0,, 306.2559); 'H NMR (CDCI,, 300 MHz) 118 °C NMR (CDCL,, 75 MHz), § 18 91na1519

207734

Y
] [ a @ o [
15 a13i limedisiesnuimulusssumansadaunsiziuinou

(1R,7E,11S8,12R)-18-Hydroxydolabella-4(16),7-dien-3-one (AO3): ﬂlﬂx‘lﬁﬁﬂ;

27 '
lals 1324 (c 0.12, CHCL); IR (neat) D__ 3419 (O-H), 2917 (C-H), 1725 (C=0) em” iluasi

max

= Y
LAYNINYNIUNLLAD

27
(1R,35,4S,7E,11S,12R)-3,4-Epoxydolabella-7-en-18-0l (AO4): VDI TIA; [a]D -47.3 (¢

0.25, CHCL); IR (neat) D__ 3452 (O-H), 2962 (C-H) em ' iflussneiiseanuanuda

max

27
(1R,3E,7E,11S8,12R)-18-Hydroxydolabella-3,7-dien (AOS): YOI TIA; [a]D -6.0 (¢ 0.41,

CHCL); IR (neat) 03469 (O-H), 2927 (C-H) em ' iflussineiiseanuanuda

" [a]27
25-Methoxy-50-dammar-20-en-3f,24-diol (AO6): VDIVIUA, D +35.5 (¢ 0.30,

CHCL,); IR (neat) D, 3433 (O-H), 2931 (C-H) cm_l; HREIMS: m/z [M] 474.4070 (caled for
C, H,,0,, 474.4073); 'H NMR (CDCl,, 300 MHz) 1taz "’C NMR (CDCl,, 75 MHz), 9 Id91na13199

9
1 ' a @ 4 '
16 wag 17 fff’lﬁ‘flhliJLﬂﬂ‘fli18\11‘11!’JTW“]JGl‘L!ﬁiih%Wﬁﬂ?@ﬁﬂlﬂi?&’ﬂM?ﬂﬂu

27
3p-Hydroxy-50-dammar-20-en-24,25-acetonide (AO7): "ll’eNﬁﬁﬂ; [a]D +22.7 (¢ 0.50,

CHCL,); IR (neat) U, 3432 (O-H), 2945 (C-H) cm_l; HREIMS: m/z [M]" 500.4224 (caled for
C,,H,,0,, 500.4229); 'H NMR (CDCl,, 300 MHz) 1taz "’C NMR (CDCl,, 75 MHz), 9 Id91na13199

9
1 ' a o 4 J
16 1ag 17 fff’lﬁ‘flhliJLﬂﬂ‘fli18\11‘11!’JTW“]JGl‘L!ﬁiih%Wﬁﬂ?@ﬁﬂlﬂi?&’ﬂM?ﬂﬂu

27
24(S),25-Epoxy-5a-protost-20,25-dien-3-one (AO8): ﬂlﬂiﬁﬁﬂ; [a]D + 80.9 (c 0.43,

CHCL,); IR (neat) U, : 2925 (C-H), 1702 (C=0) cm_l; HREIMS: m/z [M] 440.3647 (calcd for
C,,H,,0,, 440.3649); 'H NMR (CDCl,, 300 MHz) 1taz ""C NMR (CDCl,, 75 MHz), 9 Id91na13199

9
=1 ] = 1 a o o J
16 uaz 17 ’L‘ﬂi‘HlliJLﬂEJ?Jﬁ1ENTLJ’JTV‘I°UGluﬁiih%W@]W?ﬂﬁﬁLﬂiWWN?ﬂ@u
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5a-Dammar-20-ene-3[,24,25-triol (A09): VI TIFU1; mp 170-172 °C; [ar [P +16.6° (¢

1.84, MeOH); IR (neat) D__ 3419 (0-H), 2930 (C-H) em” Humsiimeiisisaruuidn

“ [0(]27
24(R),25-Dihydroxy-5a-dammar-20-en-3-one (AO10): VY93IV UA; D + 68.5 (¢ 0.40,

CHCL); IR (neat) D__: 3441 (O-H), 2951 (C-H), 1702 (C=0) em " 1flumsfimeiisnoanuunudd

Aglaiol (AO11): Y4139 F1; mp 88-90 °C; [ [ +56.6° (¢ 0.50, CHCL,); IR (neat) ,

3417 (O-H), 2945 (C-H) cm 15luansinelisieauanudn

27
24(S),25-Epoxy-50-dammar-20-en-3-one (AO12): "UfNWﬁﬂ; [a]D + 72.5 (¢ 0.80,

CHCL); IR (neat) D__: 3470 (O-H), 2954 (C-H), 1704 (C=0) em” luasfineisisaruumdd

27
Dammara-20,25-dien-3p,24-diol (AO13): "U’EN‘Viﬁﬂ; [a]D +80.9 (¢ 0.50, CHCl,); IR

(neat) U__: 3428 (0-H), 2933 (C-H) em” lumsiimeiisisaruudn

2
24-Hydroxydammara-20,25-dien-3-one (AO14): "llmﬁﬁﬂ; [a]D +85.6 (¢ 0.30, CHCL,);

IR (neat) D__: 3442 (O-H), 2932 (C-H), 1706 (C=0) em " 1fluasfimoiinioauanudd

27
2,3(5);22(S),23-Dioxidosqualene (AO15): ¥pIilA; leJs 130 (¢ 0.68, CHCL); IR (neat)

D, :2959 (C-H) em ™ flumsineiiseanuanudd

27
Aglaxiflorin D (AO16): maqu%qﬁﬁun; mp 129-130 °C; [a]D -98.4 (¢ 0.50 in CHCL,); UV

(MeOH) A___ (log &) 206 (4.99), 222 (4.81) nm; IR (neat) D__: 3472 (O-H), 3396 (N-H), 2970 (C-

max

H), 1702 (C=0) ecm Wuansinensneauadd

27
(+)-Odorine (AO17): YB4UAIFU; mp 203-204 °C; s 123 5 (¢ 0.22 in CHCL); UV

(MeOH) A (log &) 206 (5.08), 217 (5.09), 281 (5.10) nm; IR (neat) D, : 3280 (N-H), 2963 (C-

max

H), 1724 (C=0) cm Wuansinenseauandd

27
(+)-Odorinol (AO18): YBILAIFV1; mp 149-150 °C; laly 169 (¢ 0.10 in CHCL,); UV

(MeOH) A (log &) 205 (5.16), 218 (5.18), 223 (5.11), 282 (5.28) nm; IR (neat) U__: 3421 (O-H),

max max®

3296 (N-H), 2966 (C-H) cm " 131uansnnelisieauanudn
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27
Naringenin trimethyl ether (AO19): "ll’eN‘Hﬁﬂ; [a]D +128.5 (¢ 0.07 in CHCL,); UV

(MeOH) A (log &) 211 (5.37), 226 (5.38), 280 (5.15), 316 (4.66), nm; IR (neat) O__ : 2919 (C-H),

max

1602 (C=0) em” 1WuansMaetse1uudd

27
7,4'-0O-Dimethylnaringenin (A020): "ll’eN‘Hﬁﬂ; [a]D -19.4 (¢ 0.25 in CHCL); UV

(MeOH) imax (log €) 213 (5.23), 223 (5.22), 286 (5.01) nm; IR (neat) U __ : 3431 (O-H), 2918 (C-

H). 1620 (C=0) cm ' 1iuansinens e

27
4',5,7-Trimethoxydihydroflavonol (AO21): GUfNﬁ‘ﬁﬂ; [a]D -7.6 (¢ 0.35 in CHCL,); UV

(MeOH) A (log &) 227 (5.64), 281 (5.41) nm; IR (neat) U__: 3440 (O-H), 2925 (C-H), 1674

max max”*

& H
(C=0) em” W snaeTs1va1uuE)

27
4',5,7-Trimethoxyflavan-3,4-diol (AO22): Gllmﬁﬁﬂ; [a]D +11.6 (¢ 0.40 in CHCL,); UV

(MeOH) A (log &) 214 (5.34), 223 (5.24), 273 (4.39), 280 (4.34) nm; IR (neat) D__: 3443 (O-H),

max

2925 (C-H), 1609 (C=0) cm 15l uasNnelis1ea1uuan

4',5,7-Tri-O-methylkaempferol (AO23): ﬂlﬂﬂﬁﬁﬂ; UV (MeOH) A (log &) 209 (5.49),

256 (5.39), 308 (5.11), 355 (5.46) nm; IR (neat) U, : 3315 (O-H), 2916 (C-H), 1612 (C=0) em’

3 A ~ Y
L‘]Juﬁ'ﬁﬂlﬂﬂllﬂ&lﬂu&ﬂlmi]

Flavokawain-A (AO24): “U@Qﬁﬁﬂ; UV (MeOH) A (log &) 207 (5.18), 363 (5.08) nm;

max

IR (neat) __: 3419 (O-H), 2916 (C-H), 1616 (C=0) em " 1fluasfimoiinoanuanudd

Eudesmin (AO25): ‘lJEN‘Hﬁﬂ; UV (MeOH) A (log &) 211 (5.31), 225 (5.20), 280 (4.34)

max

nm; IR (neat) D__: 2925 (C-H) em” Humsimeiisisaruudn
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Y w

d
4. ﬂ1§‘ﬂﬂﬁ?)1ji’|‘ﬂ§ﬂ1uﬂ1ii’)mﬁﬂ

d v
4.1 MINATDUGNTAIUNIFHAY nitric oxide 910 cell macrophages (nitric oxide release

inhibitory activity)

LayEN Cell macrophages (RAW264.7) 11 96 well-plate ﬁfl RPMI medium ‘ﬁ‘ﬂixﬂﬂ‘ﬂﬁ}’m
10% fetal calf serum, penicillin (100 units/ml) L8 streptomycin (100 pg/ml) @@ incubate cells 11
CO, incubator figaiigil 37°C iiluva1 60 117 §14 cells @28 PBS solution 13 RPMI medium fi
Y32nNoUAIY 100 pul Y84 300 pg/ml lipopolysaccharide (LPS ) aaluiAay well 1A test sample a4

A

11/ 100 pl incubate cells 11 CO, incubator Agarvinil 37°C 1ilunan 48 $11ue asaedaFuna

.. LA y £ 4 A
nitric oxide N cell FTNUYU NANVYIIAAU 570 nm

b4
U

MIAIUIU % inhibitory activity on nitric oxide production 1Al

% inhibition = A -B x100

A -C
Tas# A — C : Nitrite concentration (uM); A : LPS (+), sample (-); B : LPS (+), sample (+);

C : LPS (-), sample (-)

[ 1 aAa 4 an .
Wueg Masiuaua IC,, 1935n51g W Uoyan19ana Microsoft excel, one way

ANOVA 118¥ Dunnette’s test
Sy M
4.2 MINATIUYNEMNUNITHAIAT PGE, 910 cell macrophages

Lg‘c’N Cell macrophages (RAW264.7) Tu 96 well-plate ﬁﬁ RPMI medium ﬁ
Us2nouAIY 10% fetal calf serum, penicillin (100 units/ml) 48 streptomycin (100 pg/ml) Tag
incubate cells 11 CO, incubator ﬁqmwgﬁ 37°C 111981 60 1A 314 cells @28 PBS solution 1A
RPMI medium ‘ﬁﬂizﬂauﬁ’aﬂ 300 ug/ml lipopolysaccharide (LPS )100 ul aaluunaag well 1A test
sample 8411/ 100 pl incubate cells T CO, incubator figatigil 37°C iHuria 48 42714 9a

supernatant 11 50 pl @M ialSunues PGE, Tagld ELISA test kits 61451 PGE,

o 1 Jaa JY aa .
NUBIHE MIMUIUNIAT IC,, 19I5 ANT e HUDYANADA Microsoft excel, one way

ANOVA 11a¢ Dunnette’s test
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Wan1ineasy

mﬂmsﬁﬂmmﬁ'ﬂizﬂa‘umqLﬂﬁuazqw%ﬁmmﬁmﬁumﬂiwﬂﬁ’ﬂﬂ“éw FINUNUNEA
Inouazlutszeed nuhitsiauiia uﬁ@m1/11?151’114mié’mﬁu“luﬁzﬁ’uﬁﬁmﬂ HENIINTIGA
mmamwﬂmﬁmﬂsmmmﬁﬂﬁfh"lﬁ'mﬁu?qm%(ﬁgmm 18 @13 1fluar3Ina 7 @15A® mimosol
A-D (CM1-CM4) tla¥ mimosol E-G (CM9-CM11) Lmzmiﬁﬁimqmmué’a 11 13 (CM5-
CM8  uaz CMI12-CM18) dauensiuenldoinsinmisungalne iuasusanivszinn
diterpenoid Fanua 26 a1 dluans vl 15 asdio pulcherrin D-R  (CP1-CP15) naz a5l
$10UudY 11 915 (CP16-CP26) Laza1nmsany1ednlszneumunininlulszead
F1WITOUINAT Wmm?qmﬁfﬁywm 25 a5 1Wuas1ny 5 @13fe (1R3S,7E,11S,12R)-3-
hydroperoxydolabella-4(16),7-dien-18-ol (AO1), (1R,3E,7R,8R,11S,12R)-7,8-epoxydolabella-3-en-
18-0l (AQ2), 25-methoxy-5a-dammar-20-en-33,24-diol (AO6), 3f-hydroxy-5a-dammar-20-en-
24,25-acetonide  (AOQ7) 142224(5),25-epoxy-5a-protost-20,25-dien-3-one  (AO8) AL HNT ‘ﬁfl

FIBUN WA 20 A15 (AO3-A05 11z AO9-A025)
1. MIMIGASIAIIA3 1909030 INTINVOIAUNDLEN (C.mimosoides)

ilesnndiuadavneuwiaunae lsduazezdlau  1nsInvesdntduaasgning
@ 09: R . Y U o w @ 091} =2 Y= 4
§0649 nitric oxide (NO) A20A11C,, 11.0 1182 21.6 pg/ml MURIAU AU Iddny109AlsznoD
mauniinnduaiadanan aansausamsuigns sufluamslvilungulamesiuianua 4

A . 1 J I A .

@19 A9 mimosol A-D (CM1-CM4), ﬂ@lilulﬂlilﬂﬁllﬂlﬂﬂﬁwu 1 @19 A9 mimosol E (CM9) L1ag a3
nq1 dibenzo[b,d]furan 2 @15 A® mimosol F, G (CM10, CM11) taziluasifisreanuaudl 11
13 A0 taepeenin A (CMS5), taecpeenin D (CM6), nortaepeenin A (CM7) (Cheenpracha et al.,
2005), taepeenin L (CMS8) (Cheenpracha et al, 2006), (E)-7-hydroxy-3-(4-
methoxybenzyl)chroman-4-one (CM12), (E)-7,8-dihydroxy-3-(4-methoxybenzyl)chroman-4-one
(CM13), (E)-7-hydroxy-8-methoxy-3-(4-methoxybenzyl)chroman-4-one (CM14) (Chen and Yang,
2007), tetracosyl caffeate (CM15) (Tanaka et al., 1998), resveratrol (CM16) (Miyaichi et al., 2006),
bergenin (CM17) (Wang et al., 2005) ttag (+)-pterocarpol (CM18) (Nasini and Piozzi, 1981), 9

siami 1
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CM1:R =OH;R =CH
1 2 2

CM2. R1 =O0H; R2 =H
CM7IR1:H; RZ:O CM3: RI:H; R2:OH

CMS: Rl =H; R2 =H

Me
g =
COZMe ~
CMS:R=H Fragment A
CM6: R = OAc

Fragment B
CM9

taepeenin J (previously isolated from C.crista)

R
HO 0 OMe HO
B
SO0 0
10" SN O
o (0]

CM10: R = OH

CM11: R = OMe

CM12: R=H

CM13: R =0OH

CM14: R = OMe

CM15

HO
.

HO.,,
CM16

CM18

{ s { LR
sUn A 1 esdszneumaniinuenldensindnen

24




@19 CM1; mimosol A

Wuvewdiedun gasluana C,H,0, (HREIMS) foyadunsusauaaiuouganay
yoany lansenda (3429 cm’) wazmsueawames (1718 em”) Yoya UV uaauouganiy
qegafl 210 1Az 235 nm @k IRdnmuauionageudeedanTionus Fuaasiuiy
Tn39a319U0929UHIUYI U (Kuroda et al., 2004) Yoya 'H uaz °C NMR @15199 1) uaag
5ﬂ‘lslﬂ‘!$mw1$"ll’e]ﬂﬂﬂﬁ%j1ﬁﬂlm 2,3-furanocassane (Cheenpracha et al., 2005, 2006; McPherson
et al., 1986; Patil et al., 1997; Pranithanchai et al., 2009; Ragsa et al., 2002; Roach et al., 2003;
Yodsaoue et al., 2008) ﬁ’mumuwmﬁ 5, 6.53 g 7.35 (d, J = 2.1 Hz) uag ﬁ’mumuwmﬁ 8. 106.9 (C-15),
118.8 (C-13), 141.3 (C-16) uag 151.7 (C-12) Haaa I U NI 2,3-disubstituted furan %’aya
"C NMR warad 21 asueu G?;Qi’m‘ﬁﬁ ﬁ'q;muwmmm oxyquaternary carbon Gldéﬁﬂﬂﬂ;]‘ﬁ d.70.9 (C-
8) ANV INUTEAUVY exocyclic ﬂﬁmgﬁ 8. 103.0 (C-17) udg 142.5 (C-14) dgyanavedod
mesmsveiiansueud 8. 178.3 (C-18) ¥oya 'H NMR 8§9151ng)inve1 tertiary methyl 2 ngu
i 8, 0.62 (Me-20) 1z 1.10 (Me-19) 1asdayaaveq OMe 1 1 i 8, 3.65 (OMe-18) U51ng)
YNV terminal olefinic methylene Tdsnoud O, 5.11 tag 5.14 (s, 2H-17) Hauetaa HMBC
correlation fT‘um{‘uauﬁ 8.70.9 (C-8), 118.8 (C-13), 142.5 (C-14) uag 151.7 (C-12) u@ﬂmﬂﬁ,}u
w'lmiTsaeud 8, 1.90 Saueras HMBC correlation Fumvoui 8. 13.8 (C-20), 19.1 (C-11),
37.5 (C-7), 38.0 (C-10), 70.9 (C-8), 142.5 (C-14) uag 151.7 (C-12) %’auﬁafnuﬁnmﬁwm
exocyclic double bond 7l C-14 18z OH i C-8 muddy wennfidn miiaTusmeud 5, 0.62
(Me-20) §uaA3 NOESY cross-peaks fiuimiia Tsnoudl 8, 1.10 (Me-19) uaz 2.96 (H,-11) &4
AOAAADINY trans/anti/trans ring junction (A/B/C) Y04 Insaa1anziyy vadmssada B ud4
OH-8 ﬁ\i‘lfu a3 cM1 ailu 8P-hydroxy-14(17)-ene-180-methoxycarbonyl-18-norvoucapene

Y )
1AZAI¥D I mimosol A

ueaYoya HMBC 119871999615 CMI
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@19 CM2; mimosol B

igaslwana C,H,0[M-H,0]" #3ldnndoyaves molecular ion N m/z 288.2460

(HREIMS) Yoyadumsusaudasnvganauvonylaasondan 3397 cm” doya 'H uaz °C

NMR (15199 1) Ansgrswdudeya 'H-'H COSY uag HMQC uaasjluuudyanandiony
dyaNaIved taepeenin L (CM8) (Cheenpracha et al. 2006) U5 dy 18104 tertiary methyl 3
Wiy N 3, 0.83 (Me-19), 0.83 (Me-20) taz 0.86 (Me-18) uazdaaavsaunaanani 5, 0.95 (J
= 7.2 Hz, Me-17) Yo3y8 NMR §aueaadya14u04 olefinic proton 9 8, 5.54 (t, J = 6.6 Hz, H-15)
1Az A7y 18IUDY oxymethylene proton #i 8, 4.21 (d, J = 6.6 Hz, 2H-16) GuFeuasnumiueui
8. 58.5 Y 1MVDI oxymethine proton ¥951NYN S, 4.43 (dd, J = 10.2, 4.8 Hz, H-12: §_70.7)
uAAIA1 J YDINITIARIMUVLDNTER Yoya “C NMR (a15199 1) uag DEPT 521) 20 A5 U0U
£ 4 I 2 [ ~ 9 [

a9 2 msueu Wunuy sp” Usingdyanai 5. 118.8 1ag 152.0 91nUsYa HMBC W91 Me-17
P~ v o Jdo 4 ~

N 5, 0.95 UAAIANUAUNUTAUMAITUIUN O. 40.4 (C-8), 45.8 (C-14) uag 152.0 (C-13)
UONINTUEINUIN olefinic proton 11 5, 5.54 (H-15) naaanNuduRusAUMTUOUN 5,45.8 (C-
14), 70.7 (C-12) uag 152.0 (C-13) ﬁa;aul1mmaa oxymethine proton 7 O, 443 (H-12) uaa

v o dao s = o
ANUAUNUTIUAITUOUN O 37.2 (C-11), 58.5 (C-16), 118.8 (C-15) uag 152.0 (C-13) ayyIa
294 oxymethylene proton 11 8, 4.21 (2H-16) uaasaNuduRUSAUMTUBUN 5. 118.8 (C-15) LAz
152.0 (C-13) Fadoyamariszydmmiavony laasondahn C-12 naz vy =CHCH,0OH Al C-13
mﬂﬁﬁ’ayja NOESY 181903 oxymethine proton 1 &, 4.43 (H-12) HAAIANNFURUT AUNAa
Tsaouil 8, 0.95 (Me-17) FPUTUMIIAG WV ULONTA Ty I1YUV olefinic proton N 3,
v o Jdo o A 9 dy 1w 12 @

5.54 (H-15) naaeanuduiusium lmildsaoudn 8, 2.27 (H-14) doyaiiszyiniuszgiinsia

FY Z #9171 215 CM2 A 123,16-dihydroxycass-13(15)(Z)-ene 1ALAI¥DI1 mimosol B

ueradoya HMBC 119871909615 CM2
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M35197 1 naasdoya 'Huaz "C NMR (300 1ag 75 MHz) ¥99813 CMI ag CM2 (J in

ppm, multiplicities, J in Hz)

Position CMm1? CcMm2°
d¢ dH d¢ dH
1 39.0 1.05m 39.6 0.93m
1.82m 1.70 br d (12.6)
2 176 1.14m 189 1.38m
1.48 m 1.56 m
3 365 150m 42,1 1.14dt(12.9,3.9)
1.75m 143 m
4 473 - 33.2 -
5 51.2 1.93dd(12.3,2.7) 55.1 0.80m
6 228 155m 216 1.27m
1.60m 1.58 m
7 375 1.62td(12.9, 3.6) 31.0 1.20m
2.57 dt (12.9, 3.0) 1.54m
8 709 - 404 153 m
9 56.4 1.90brd(7.5) 475 1.20m
10 38.0 - 36.8 -
11B 19.1 2.96dd (17.7,7.5) 37.2 1.23m
o 2.69 brd (17.7) 1.97 ddd (15.6, 8.1, 4.8)
12 151.7 - 70.7 4.43dd (10.2, 4.8)
13 118.8 - 152.0 -
14 1425 - 45.8 2.27qd (7.2,4.5)
15 106.9 6.53d(2.1) 118.8 5.541(6.6)
16 141.3 7.35d(2.1) 58.5 4.21d (6.6)
17 103.0 5.11brs 14.9 0.95d(7.2)
5.14 br s
18 178.3 - 336 0.86s
19 16.2 1.10s 22.0 0.83s
20 13.8 0.62s 142 0.83s
18-OMe 51.2 3.65s

% Spectra were recorded in acetone-ds.

b Spectra were recorded in CDCls.
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19 CM3; mimosol C

tgaslwana C,H,0, MI" Faldandoyaues molecular ion M m/z 306.2545

(HREIMS) Yoya 'H taz °C NMR (131911 2) veaa1s M3 wSeuidieyl@fuas cm2 Tasdl
FouAnA1fe methyl singlet Y9985 CM2 i 5., 0.86: 5.33.6 (Me-18) 1az oxymethineT1/5A0udi
d, 4.43 (H-12) Qmmuﬁé’f’mﬁmuaunmmm oxymethylene 11300 2H-18 fi 3, 3.02 ey 3.33 (d, J
~ 10.8 Hz: 8. 72.1) 182 methylene TUsaou 2H-12 71 5, 1.80 uaz 234 awd ey ua1s CM3
Ay 1MYeI oxymethylene 11/5n01 fi 8, 3.02 1A 3.33 (2H-18) uAAIANUFNRUT HMBC fiu

2
1%

MSVOUN 8. 17.9 (C-19), 35.4 (C-3), 37.6 (C-4) uay 48.3 (C-5) Favoyatioudunmsaooun
AU C-4 811U relative stereochemistry 1nel940ya NOESY &4 oxymethylene 115nou
2H-18 (5, 3.02 uay 3.33) uaasnnuduiuiiullsaeui 5, 0.70 (Me-19), 1.08 (H,_-5), 1.20
(H,-3) uag 143 (H,-6) $ILI¥MIIAGIMUY equatorial T5YMITAAIVOINUTLGUUY E AdE
YoyanuaUUTV4 olefinic proton 11 8, 5.29 (br t, J = 6.9 Hz, H-15) 1 methine TJsaou i
8, 2.12 (m, H-14) daruesiifio 16,18-dihydroxycass-13(15)(E)-ene 11a2(38n%¥031 mimosol C
= Y = Y dy o td 1 I dyd

DI UAeNTIBUYDIAITAIUINMTAUATIZH (Leal et al., 2003) 9819 T5nam ety

I { 3 a o 4 a
ﬂTii1ENTL!llﬂL“V]ﬂiwuﬁllﬂﬂl’lﬁﬂiﬂu‘iﬂmﬂﬁﬁWaﬁﬂmm‘ﬁ‘iﬁu%Wﬁ

me%ga HMBC UNaIUY89815 CM3
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19 CM4; mimosol D

qmmn”lw?ﬁaﬁummifjﬁa C,,H,,0, 910 [M]" m/z 390.2780 (HREIMS) Yoyadumsusa
ueaaURANaUTeIHYMSUeTialnmnesii 1735 cm” doya “C NMR (3di 2) Sinsizd
3auffudeya DEPT 521 24 m3veu Tasiheamesmsuetia 2 msveud 5, 171.1 (C-23) uaz
171.2 (C-21) oxymethine 1 ﬂ1§ﬂ®u‘ﬁ d.78.4 (C-12) uae oxymethylene 1 m{uau'ﬁ d. 65.2 (C-
16) Yo3a 'H NMR (51971 2) uerAs Fyaaves 6 Funanvesezdidnuiia 4 ngu 1 8, 0.71
(Me-20), 0.78 (Me-19), 0.84 (Me-18) uaz 1.10 (Me-17) uaz ezisnendiuiia 2 nquil 5, 2.04
(Me-22: 8, 21.2) 1ag 2.06 (Me-24: §_21.1) ¥oya 'H NMR, COSY, HMQC taaadya 1o
L TaaTwsmuil 8, 0.46 (dd, J = 5.1, 1.2 Hz, H-14: 8, 34.0) uaz 8, 1.18 (m, H-15: 8,
25.5) 911n903a HMBC oxymethine 11/5@0u H-12 (8, 5.09, dd, J = 13.2, 6.3 Hz: §_ 78.4) U9
awduitus funsueud 8. 193 (C-17), 254 (C-11), 25.5 (C-15) uag 171.2 (C-21)
oxymethylene TUsA0U 2H-16 11 8, 3.86 (dd, J = 11.7, 8.4 Hz), 4.28 (dd, J = 11.7, 6.9 Hz) 11

v o Jdo J A

ANMUAURUSAUMS UBUN S, 24.3 (C-13), 25.5 (C-15), 34.0 (C-14) uaz 171.1 (C-23) Joya
MEB LI T OAc 2 ngu i C-12 naz c-16 Taodl C-13, C-14 naz C-15 Usznoudiuilung
il Tna Tnsmu doyannuduiug HMBC szuianfiadunanTisnouii 5, 1.10 (Me-17)
Fumvoui 8. 243 (C-13), 25.5 (C-15), 34.0 (C-14) waz 78.4 (C-12) Bududmnvavoiny
witaiin ¢-13 Tsaeu H-12 i J = 13.2 Hz Fwaaimssaduuuienidea 1ndeya NOESY
oxymethine T3A0uT 8, 5.00 (H-12) nataannuduiug fumiia Tsnouil 8, 1.10 (Me-17) uaz
0.64 (H-9) YoNINTI methine T1l5n0UT 8, 0.46 (H-14) uaasanuduius fumiaTusaeudi s,
1.10 (Me-17) 1% oxymethylene 11)5a0ud 8, 3.86, 4.28 (2H-16) ug linuanuduiusiy H-15
%’ayjammf:ﬂa%yﬂﬁ%ﬂﬁmm o Y94 H-12, H-14 11ag Me-17 ﬁqfué’amﬂmmmu"lmiﬂaiwa

mundafuuuse Taedilathaili o-acetoxymethyl @15 CM4 A 12B,160-diacetoxy-14p,15-

Y 1
cyclopimarane 11aA9¥9 31 mimosol D

ueaYoya HMBC 119871999615 CM4
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uaadoya NOESY 119aIUvesd1s CM4

M135197 2 uaasdoya 'H uaz C NMR (300 1ag 75 MHz, CDCL) 49415 CM3 11ag

CM4 (0 in ppm, multiplicities, J in Hz)

Position CM3 CM4
d¢c SH d¢c SH
1 39.1 0.87m 38.6 0.85m
1.63m 1.62m
2 18.2 1.45m 18.6 1.42m
1.53m 154 m
3 354 1.20m 421 1.14m
1.33td (12.9, 4.2) 1.39m
4 376 - 332 -
5 48.3 1.08 m 55.0 0.86m
6 214 122m 221 127m
143 m 1.63m
7 314 123m 359 1.19m
1.40m 1.92m
8 405 149m 36.2 1.39m
9 48.3 1.09m 53.1 0.64m
10 36.8 - 36.8 -
11B 266 0.87m 254 1.80m
a 1.71m 0.62m
12 23.6 1.80td (13.5,4.2) 78.4 5.09dd (13.2,6.3)
2.34 dt (13.5, 3.0)
13 1498 - 243 -
14 443 212m 34.0 0.46dd(5.1,1.2)
15 118.7 5.29brt(6.9) 255 1.18m
16 58.6 4.04d (6.9) 65.2 3.86dd (11.7, 8.4)
4.28 dd (11.7, 6.9)
17 141 0.87d(7.2) 19.3 1.10s
18 72.1 3.02d(10.8) 334 084s
3.33d(10.8)
19 179 0.70s 216 0.78s
20 147 0.76s 143 0.71s
21 171.2 -
22 212 2.04s
23 171.1

24 211 2.06s




213 CM9; mimosol E

Wuvewdiedun gasTuana C,H,0, 10 [M]' m/z 6543948 (HREIMS) Woya UV

421154

A = A 2 Y
HAAIUDLIYANAUGIGAT 258, 283 LAz 293 nm FwanIINluTAseai19vouuu Trs 1 (Lyder

9 Aa A 1 4 = /A -1 Y 13
et al., 1998) VoYADUNIUTAUAAWDUYANAUVDINYMTUBHAOMNOIN 1720 cm YoYD C

[

{ a ' [ @ [
NMR (m35199 3) Bns1zdsauiudoya DEPT uassdannaves 42 msveu Tasiludayaia

D]

(%

4 o 4 4 o 4
Y03 sp” MIVOU 12 dynm voun Iminmsven 4 dygiaazatomouinsou 8 dyaw
Yoya 'H NMR UaA9d 0101904 cassane diterpene 2§21 Aodu A az @2u B 9oya 'H, °C
" 9 . Y v Y . ] Y

NMR ttag HMBC 1193 159519000 dimer Ad 1871 1A590319904 tacpeenin T Funouen 1anin
C.crista (Cheenpracha et al., 2006) Taglidouanaeae lulldyguveuuiagunan 2 nyhn 8,

% 1 o a J 1A
0.95 (Me-18) 118z 0.75 (Me-18") a1 11 tacpeenin J uasngdyanavesuiawdnes 2 vy

U

8, 3.66 (OMe-18) uag 3.57 (OMe-18") lua1s CM9 usnnniudany 2 dyanavesodnes

v
=)

msvetlamiuoui 8, 179.2 (C-18) uaz179.1 (C-18") Bududwmsveuuiawamos 2 vy

U

C-4 uaz C-4" Mndoya HMBC fail ludiu A wiawamos Isaoui 5, 3.66 (OMe-18) 1A
[ @ d v o =) 4 ~ a a -
ANuduTUSHUMIUaNamTUaUN 5. 179.2 (C-18) Funanwnalsaoun §, 1.18 (Me-19)
v o Jdo 4 A J =} 4 A
HAAIANUANNUTAVMTUDUN 8, 36.5 (C-3), 47.3 (C-4), 49.1 (C-5) Haz MIVBUAMTUDUN S
' a o A [ v o Jo J
179.2 (C-18) Tudru B wiaedmes Isaoun §, 3.57 (OMe-18") naaaanuauiusnuas
vetlam§uoui 8. 179.1 (C-18") Funaawiiallsaoui 8, 1.29 (Me-19") uansanuduius
Aumsueui 8, 36.6 (C-3"), 44.3 (C-5), 47.7 (C-4") uaz mivetiamsveud 5, 179.1 (C-18")
gudumsaeiouuodiu A uaz @u B 0l C-14 (d2u A) uaz C-16" (d2u B) drodoya HMBC
Tao wialisaoui 8, 1.64 (Me-17) uaaennuduius fumsueui 8. 40.1 (C-14), 44.0 (C-8),
121.9 (C-13) taz 1622 (C-16") wavez TsmdnTsaouii 8, 6.12 (H-15") naasnnuduiusiy
MFUUN 5, 40.1 (C-14) Yoyannudwus NOESY vesoz IsmanTsaoud 8, 6.12 (H-15)
AuwiiaTsnoui 8, 1.64 (Me-17) 1oz 2.28 (Me-17") ir'lmiTsaoud 8, 1.90 (H-9) fuwiia
Tdsaou Me-17 19FMIIAA MU P-equatorial Y09 @IU B N1 C-14 991U @15 CM9 Ao 14p-
(8 ! (1 4'),9 ! (11 ')-diene- 18’ a-methoxycarbonyl-18 ' -norvouacapen-1 6'-yl)- 18a-methoxycarbonyl-

Y a
18-norvouacapene 11AZA9¥9 31 mimosol E

Part A

ueaIteya HMBC U19dUY09a15 CM9 31



M1519% 3 udasdoya 'Huaz “C NMR (300 1ag 75 MHz, CDCL) Y9315 CM9 (5 in

O

1 10

20
12'
9 2 16 13
8 16'

Q/\/

200
1© 5

9
g

14'

19'

Llﬁﬂﬂeﬁ)ﬂu"ﬁ NOESY UNaIUv0Ia15 CM9

ppm, multiplicities, J in Hz)

Position CM9A Position CM9B
S¢c Sh SH S¢c

1 38.0 1.08-1.12m 1 38.9 1.48-1.55m
1.76-1.80 m 2.20-2.35m

2 17.9 1.50-1.62 m 2 18.7 1.62-1.70 m
1.72-1.82m 1.72-1.82m

3 36.5 1.75-1.80m 3 36.6 1.44-1.58 m
1.82-1.90 m 1.60-1.68 m

4 473 - 4 477 -

5 49.1 161m 5’ 443 2.26m

6 239 1.28-1.31m 6’ 219 1.50-1.60 m
1.45-151m 1.62-1.78 m

7 28.3 1.97-2.02m 7 275 2.80-2.97m
2.04-2.08 m 2.60-2.72 m

8 440 1.65m 8’ 127.4 -

9 477 1.90m 9 146.1 -

10 374 - 10 37.7 -

11 21.8 2.49dd (15.3, 10.2) 11’ 104.3 7.23s
2.79 dd (15.3,7.2)

12 150.1 - 12 1534 -

13 1219 - 13 1265 -

14 40.1 - 14 127.1 -

15 108.5 6.08d (1.8) 15’ 1024 6.12s

16 140.7 7.23brs 16’ 162.2 -

17 247 1.64s 17 159 2.28s

18 179.2 - 18’ 179.1 -

19 17.0 1.18s 19 16.6 1.29s

20 145 0.94s 20 25,5 1.28s

18-OMe 51.9 3.66s 18’-OMe 51.9 3.57s
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19 CM10; mimosol F

Hgaslwana C.H,0, MI" Faldandoyaues molecular ion M m/z 300.1011

(HREIMS) Y038 UV uaaauauganaugagai 207, 222, 250, 309 1ag 318 nm doyadumsnusa
udaunUgaANauveIny lansondad 3386 cm' Yoya C NMR (115197 4) uaz DEPT uaaq 17
¢ a s & ) ¢ o
Msuouves 12 oz Iswanmsvoudawemily 4 msveuniilisaou (8, 93.4, 97.9, 110.9 uaz
= J Ay 1 J 1w a
122.2) wazdn 8 Mm3voud lililisaou Tas 5 mivouaeiveondiau (5. 140.9, 146.5, 149.6,

156.3 uaz 157.6) 9n 3 miveulisenueendiau (5, 116.2, 117.1 uag 117.9) wonnniudeny

'
[ [

danaiauud 2 dayaui 8, 108.4 uag 147.0 Fuiludyanavued disubstituted double bond

9 1

dy ] [ = ~ 9 a
Poyamartiszyniudyanuvenawinulamulsvhisunldsenoudis 12 ezlsw@n

U

4 a @ . Ao
M3VoULAZ | DONFIIUOZADN HAZADANADINY 10 degree of unsaturation NA1MI 1A Foya 'H

NMR (157991 4) uaasdyanaiaduiud 2 ga ganvillsngdyais 7 5, 7.14 (1H, s, H-4)
4

1 [~ ] %
UVarIniludyamues 1,2,3,5,6-pentasubstituted benzene ring (ring A) @IUBNYANTNUIING

D)

€

N 8, 6.81 (1H, dd, J = 7.8, 2.1 Hz, H-8), 6.97 (1H, d, J = 2.1 Hz, H-6) ta¢ 7.76 (1H, d, J

& [ a'| I~/ [ y
7.8, Hz, H-9) ¥etia¥uiludeyauue 1,2,4-trisubstitued benzene ring (ring B) uonni

¥o1ya HMBC §4321) bipheny! linkage 52314 C-9a ttag C-9b sor¥ouiuiulazalagu (Qu et

al.2007) Taw oz TswdnTsaou H-9 @1 5, 7.76 uaasnnuFURUTTUMSDOUA 5, 97.9 (C-6),
110.9 (C-8), 116.2 (C-9b) uaz 157.6 (C-5a) druezlswanllsaeu H-4 N1 §, 7.14 uaag

[

o % 4 A
ANUTUNUTIUATUDUN O, 116.2 (C-9b), 140.9 (C-2), 146.5 (C-3) uaz 149.6 (C-4a)
o ¥ aa A row v o Fw ¢ A
uonvntiuuauunau lsneun 5, 3.87 (2H-1") dauaasnnuduiusiuMsUoUN 5. 65.3 (C-
4"),108.4 (C-3"), 116.2 (C-9b), 117.9 (C-1), 140.9 (C-2) uag 147.0 (C-2") FIUIBAWHUIVOUN
nauTsaeun c-1 Yoya HMBC Saszydumianyjiunendai C-3 ilosandyanui 5, 3.96
uaasANUFNRUSA UM UOUR 8. 1465 (C-3) Yoya COSY UDA terminal olefinic methylene
Tilsaou A1 8, 4.53,4.99 (m, 2H-3": 8 108.4) ugasanuduiusnumiaullsaeui 5, 3.87 (br
s, 2H-1": 8. 29.6) 118¢ oxymethylene 11/5aouf 8, 4.22 (br s, 2H-4": §_ 65.3) Yoyya NOESY 4
v o 7 1 a a 1
gaaenNduWUssznuNmenda lilsneunaze: Iswan lilsaeu H-4 (5, 7.14, s) 351319 1y
naullsaou 2H-1" (3, 3.87) uazez IswanTilsnou H-9 (5, 7.76) AalY @15 CMI10 Ap 1-(2-

(hydroxymethyl)allyl)-3-methoxydibenzo[b,d]furan-2,7-diol 11824 %931 mimosol F
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Llﬁ'ﬂ\‘l"i’ljﬁlga HMBC UN@IUV09815 CM10

@13 CM11; mimosol G

=1

figasTwana C,H,,0, IM]" %1189 ndo3av09 molecular ion 91 m/z 314.118 (HREIMS)
ffuuagenials CM10 14 wide uaaesnivgwiamuun 1 vy doya 'H uaz °C NMR
(@390 4) YoIE1s CMI11 AU CM10 Taslidouanaeie UrymmonFamiuu 1 ny
o A Y v o Jo 4 A

dyanwilsingn 5, 3.87 (s) Tuans cM11 Tagvaya HMBC uaainnuduiusiumsueun 5,
158.7 (C-7) wazdoya NOESY uaasnnuduiusiulisnoui 8, 6.88 (dd, J= 7.8, 2.4 Hz, H-8)
18z 7.12 (d, J =2.4 Hz, H-6) FA19FS WHUU0HIIN0NTa (OMe) N1 C-7 A9tiu 15 CMI1 fio

1-(2-(hydroxymethyl)allyl)-3,7-dimethoxydibenzo[b,d]furan-2-ol g #9391 mimosol G

me%’ayja HMBC UN@IUV09815 CM11
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M35197 4 uaasdoya 'Huaz °C NMR (300 1ag 75 MHz, acetone-d,) Y94815 CM10

1182 CM11 (J in ppm, multiplicities, J in Hz)

Position CM10 CM11
8¢ SH S¢ Sy
1 117.9 - 118.0 -
2 140.9 - 1411 -
3 146.5 - 146.8 -
4 93.4 7.14s 934 7.17s
4a 149.6 - 1498 -
5a 157.6 - 1575 -
6 97.9 6.97d (2.1) 96.2 7.12d(2.4)
7 156.3 - 158.7 -
8 110.9 6.81dd (7.8,2.1) 110.2 6.88dd (7.8,2.4)
9 122.2 7.76 d (7.8) 1221 7.83d(7.8)
9a 117.1 - 1180 -
9b 116.2 - 116.0 -
1 29.6 3.87brs 296 3.88brs
2 147.0 - 1470 -
3 108.4 453 m 108.4 452m
4,99 m 5.00 sext (1.8)
4 65.3 4.22brs 65.3 4.22brs
3-OMe 55.9 3.96s 559 3.97s
7-OMe 55.1 3.87s
2-OH 8.715s 7.42s
7-OH 7.37s

TA59a519UVY  tricyclic diterpene V04e15 CMI-CM9 111910 pimar-15-en-8-yl
carbocation intermediate FUNANININMIVAIIUD (+)-copalyl diphosphate (Devon and Scott,
1972; Ravn et al., 2002) Aauaad lunuAan 1 hydride shift 910 C-14 —> C-8 V94 pimar-15-en-8-

. A a g ) 9 ) a
yl carbocation 1WA U 15-en-14-yl-carbocation @1UAY 13—>14 methyl shift (pathway a) 109
ST cass-15-en-13-yl carbocation Feaz 1t cassane-type diterpene (CM1-CM3, CM5-CM9) Tagil
v [
ring junction (111 trans/anti/trans (A/B/C) UASUAAMSANIIN C-16 double bond VB9
homoallylic cation (pimar-15-en-14-yl carbocation) ANAINTIA (pathway b) wwinay

. I ) .
14,15-cyclopimarran-16-ol HuiUETAIAUVOY mimosol D (CM4)
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steps
—_— isopimar-15-en-8-yl

carbocation

- abietane
- rosane
- kaurane

etc.

pimar-15-en-8-yl carbocation

hydride-shift

Me-shift

cass-15-en-13-yl carbocation ) ]
pimar-15-en-14-yl carbocation

b cyclopropane
formation
CM1-CM3 and CM5-CM9

OH
H
Me Me
Me
e S
CM4 - M 0 H
H

14,15-cyclopimaran-16-ol

o A o o
UNUAST 1. Lﬁ'umqmﬁmmiwwmﬁamwmm cassane Ilei¥ cyclopimarane
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2. HANIINATOUGNEAIUNTONITLVBIENS CMI1-CM18 DINTINVDIAUANLEN

iflosnduatanoumiaunaelsdiazesd Iaunaniqninne  LPS-induced NO
production 11 RAW264.7 cell lines @268 IC,, 11.0 1Az 21.6 pg/ml AN duhusahansi
won'ldiamuamaney nanageusaAAsluAIT 5 015 CM4 (IC,, = 3.0 uM) LAAINTA
‘ﬁf;fﬂ MUAWE1T CM13, CM12, CM14, CMS 118y CM6 (IC,, = 3.9, 4.4, 5.6, 7.1 11ag 8.2 M)
AT F15RIEUN Lgﬁmqw%‘{ﬂmﬂmmazd@u p613'15A4 ﬁﬁLﬁ@‘mqﬂﬁ?tlﬁ@ﬁi}%‘ﬁ%ﬂﬁﬁ]ﬂ#
V04 NO synthase inhibitor (Teutrakul et al., 2009) (L-nitroarginine (L-NA), IC,, = 61.8 pM) anAu
15 CM17 %%Llﬁﬂmﬂ‘ﬁﬁ@'ﬂuﬂ’h (IC,, = 80.3 uM) @15 CM4, CM12, CM13 ﬁqglﬁﬂquﬁyﬁﬂdw
caffeic acid phenylester (CAPE) (IC,, = 5.6 uM) Ntouuzindmsy anuduiussznin

Y =y o [ dy
quﬁimmzqmmuaﬂmu AU

1 a o Y a‘{ddgl a d! = [}
(M mg,azmmaﬂmauuimaqamiwqmmu TagW15U10INa1s CM6 FINNYO LY
a e A = = Y &£~ = J
NoNYaA UAPNYNTANIN (IC50 = 8.2 uM) WwolSeumeunuals CM5 PIUHNTOOUNITNIN (IC50

=56.8 UM)

@) vijunuiiiluleasenda 1 wjani1 2 wy dweasluas cMs (1C, = 7.1 uM)
nfSeumeuiuans CM2 uazes CM3 (IC,, = 19.3 uag 15.4 uM) WamINATUNEILNFI N3

=\ [l A Ao A ~ [ 1 ) Y =
nﬁuﬂamaﬂmawmgmmamw"laflsn C-16 ﬂﬂﬂ?ﬁlﬁi}ﬂ‘ﬁﬁﬂa\‘]

@15 CM4, CM6, CM8, CM12 1oz CM14 degniir lnadounadiu LPS induced TNF-
o release 1UIHAA RAW264.7 HANATOUUAAII @15 CM4 11ag CMI2 meqw%‘{aumﬁ'aﬂm
IC,, = 6.5 Az 9.5 uM AWAIAY a3 CM6, CM8, CM13 1y CM14 waraagnithunans
A20A1 IC,, = 38.8, 35.2, 11.4 uaz 14.6 uM MU0 @390 6) HANINATBWTAII A3

20 P
CM4 LA@AINTNANINADNY NO 11az TNF-a. release
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A5 9N 5 Inhibitory effects on NO production Y93815 CM1-CM18

as % Inhibition at various concentrations (uM) 1Csq
(uM)
0 1 3 10 30 100
cM1 0.0+6.9 - - 36.7 +3.3** 68.4 +2.1** 99.8+2.3* 159
CM2 0.0+5.6 - - 35.3+2.8** 54.0 + 2.9** 101.9£2.3** 193
CM3 0.0£5.6 - - 32.8 £2.3** 78.1 + 4.4** 99.4+3.2°* 154
CM4 0.0+56 194+31 49.3+£25** 83.7 £ 0.9** 89.3+3.1%%*  100.2 + 2.5%** 3.0
CM5 0.0£9.6 - - 51+12 256+24 68.9 + 2.6** 56.8
CM6 0.0+9.6 - 25.0+£2.3* 60.4 + 4.1*%* 75.8+2.5%*  100.3 + 3.5 8.2
CM7 0.0£6.9 - - 40.5 £ 3.6** 75.0 £ 2.1** 98.1+3.3** 13.2
CM8 0.0£6.9 - 27.1+4.4* 51.9 £ 2.9** 98.0 + 3.5"*  100.0 £ 1.9°** 7.1
CM9 0.0+42 - - 23.3+21** 60.9 + 2.0** 94.3+35* 228
CM10 00+44 - - 312+1.2 496+37*  81.0+36** 259
CM11 0.0+44 - - 48+29 285+ 25* 67.0+4.4** 572
CM12 0.0+4.9 - 39.5+£24* 71.0 £3.8** 95.0 £ 1.7*%* 99.4 + 3.4%%* 4.4
CM13 0.0+4.9 - 43.4 £2.1%* 72.1+2.0** 97.5 £ 2.5%* 100.5 + 2.4%%* 3.9
CM14 00+44 - 354 £25* 63.0 £ 0.7** 85.8 £ 1.5** 101.7 £ 3.0** 5.6
CM15 0.0x+4.9 - - 22.0+£3.1** 68.5 & 2.20%* 09.7+2.1%* 208
CM16 0.0x+4.2 - - 284+31 60.2 + 1.5** 946+23* 211
CM17 0.0x4.2 - - 24+15 22.3 + 2.6** 56.2+3.9** 83.0
CM18 0.0£35 - - 154+18 42.8 £2.6** 91.8+2.0** 310
L-NA 0.0+9.9 11.7+4.6 20.2+£59 347+18%* 71.6 £2.6** 61.8
CAPE 0.0+99 30.7+3.2* 68.6 + 3.4** 98.7 + 1.20%* 98.9 + 2.1°** 5.6
ﬁﬁNﬁ 6 Inhibition on TNF-QL production U93815 CM4, CM6, CM8, 116z CM12-CM14
as % Inhibition at various concentrations (uM) 1Cs
0 3 10 30 100 (uM)
CM4 0.0+57 36.6%0.7 60.0 + 1.0** 71.2 £0.9*%* 95.2 + 1.5%** 6.5
CM6 0.0+5.7 - 21.2+14 37.7+£2.0* 75.3£2.1*%* 38.8
CM8 0.0+5.7 - 8.2+ 1.0** 42.3+1.0**  86.7+1.8** 35.2
CM12 0.0+5.6 - 50.0 £ 3.3** 72.1+£2.4** 95.4 + 1.20%* 9.5
CM13 0.0+5.6 - 48.5 + 2.5%* 68.5+ 1.5%*  99.7 +0.9"** 114
CM14 0.0+5.7 - 43.6 £ 2.3** 62.1+2.0**  98.4 +2.8"** 14.6

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

PCytotoxic effect was observed, Statistical significance, * p<0.05, ** p<0.01
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3. fn5‘Pi1Zq]’ﬂiiﬂ5~‘iﬁ’%ﬁ\‘l"ll’e’l\‘lﬂ"lﬁ‘iﬂﬂi]ﬂﬂl@ﬂﬁﬂﬁﬁﬂﬂﬁﬂ%ﬂﬂ (C.pulcherrima)

asfinonldnnnnvesmaungs Inaifumsngulamesiiu Faudlueslui 15 ms fio
pulcherrin D-R (CP1-CP15) uazzﬂumiﬁﬁiwﬂmmué’a 11 213 Ao vouacapen-50-ol (CP16)
(McPherson et al., 1986), isovouacapenol C (CP17) (Ragasa et al., 2002), 6B-cinnamoyl-7[3-
hydroxyvouacapen-5a-ol (CP18) (McPherson et al., 1986), pulcherrin A (CP19) (Pranithanchai et
al., 2009), pulcherrin B (CP20) (Pranithanchai et al., 2009), pulcherrimin C (CP21) (Patil et al.,
1997), pulcherrimin A (CP22) (Patil et al., 1997), pulcherrimin E (CP23) (Roach et al., 2003),
pulcherrin C (CP24) (Pranithanchai et al., 2009), pulcherrimin B (CP25) (Patil et al., 1997) g
8.,9,11,14-didehydrovouacapen-50-01 (CP26) (McPherson et al., 1986) “?;Qﬁ 15aanan’la
wisisndeyaneanlnTnsalnilfuasfiaofisenuunnds daums  CPI-CPI14 uaag
ANHULINNIZVOY 2,3-disubstituted furan iiesnnidiothanssananlinaaeusy Ehrich Sio
A (Kuroda et al., 2004) 9217 spot F11AI0UBWUUUHY TLC Hazandoyaved IR ailnasy
mﬂmjﬁywmﬁmamua1Jﬂﬁﬁmawyjm‘fuaﬁamama{éﬁwgiwﬁn 1700-1777 cm ' L@y

Wi hydroxyl (3549-3425 cm ) BnA2e
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CP1
CP2
CP3
CP4
CP5
CP6
CP7
CP16
CP17
CP18
CP19
CP20

Rl RZ R3 R 1 R R3

H H OAc CpP8 H CHO OCOPh
H OH OAc CpP9 H CHZOC OPh OH

H OAc OH CP10 H COZH OCOPh
H H OCOPh CP11 OCOPh COZH OCOPh
OCOPh H H CP21 H COZH OCOPh
H OCOPh H CP22 OH COZH OCOPh
H OCOCIfi:CHPh H CP23 OCOPh COZH OCOPh
H H H

H OCOPh OH

H (¢} COC%FC HPh OH

H OH OCO(E3 H=CHPh

OCOPh H OH

Rl RZ

Q COMe CP12 Me OAc
0 R CPI3 CHOAc OH
& Me R CP24 Me OH

OH
OAc
OAc

i % A Y
zﬂcﬂﬂ"l‘ﬂ 2 ﬁNﬂ1Ji$ﬂ'€J‘U‘VINLﬂNﬂllﬂﬂ'l@%WﬂiWﬂWNuﬂgﬁhl‘ﬂEJ

OCOPh
OCOPh
OAc
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@19 CP1; Pulcherrin D

Hgaslwana C,H,0, (M]" m/Zz 360.2301) (HREIMS) doyaoudsusaudasuoy

227732

A ' A -1 J a 4 -y ¢ 1 13
@,ﬂﬂaumawyﬂamaﬂ%a (3453 cm ) uagMIUBUALANDT (1723 cm ) UBYa H uway C

NMR (M35 7) naasdnyazmmnzyealnseaia 2,3-furanocassane Yoya 'H NMR uaaq
ﬁ’ty@mmm 4 singlet Y94 aliphatic methyl 3 ‘Vi‘JqJ:‘ﬁ d,, 0.89 (Me-18), 1.00 (Me-19), 1.04 (Me-20)
Uag My acetoxymethyl ii 8, 2.00 (OCOCH,) uaﬂmﬂlfuﬁqwuﬁmummﬂu AN@ATDI 1Y
secondary methy]l ﬁ O, 0.94 (J = 6.9 Hz, Me-17) ‘lJﬂﬂid]ﬁngiUuﬂjﬂm"ll’eN’NuWJu 2,3-disubstituted
furan 1 8, 6.12, 7.16 (4, J = 1.8 Hz, H-15, H-16 mudd) foya "C NMR uaaadyaaves 22
Miuou c’f;qimﬁqﬁmumjmmmmﬁma{ﬂﬁmﬁam{uauﬁ 8. 170.7 (OCOCH,) Ay Ve
oxymethine Tﬂimuﬂimgﬁ 8, 5.22 (td, J =11.1, 6.0 Hz, H-7: 5 72.3) Fae J 1asmssad
U axial uﬂﬂ%Wﬂﬁ‘uoxymethine Tusmeuilfaansnnudiniug HMBC fumfueui 8.27.6
(C-14), 315 (C-6), 39.8 (C-8) uaz 170.7 (OCOCH,) aA4311Y OAc Aofi C-7 Yoya NOESY
HEAIANUFUITUT 551319 oxymethine TUsAouT 8, 5.22 (H-7) fuTusaeuil 5, 0.94 (Me-17),
2.01 (H-60), 2.42-2.48 (H-9) T lins i saeumaniisasmeguoriuvesTuana wyla
asendaifeusiofl C-5 (8, 77.9) wazdaduuy o Tasfinsanondumemsdunszing
FammuaznSeudfoudoyaiums  furanoditerpene  funouen ldvindu ifiiadoasui
(McPherson et al., 1986, Patil et al., 1997, Ragasa et al.,, 2002, Promsawan et al., 2003,
Pranithanchai et al., 2009, Che et al., 1986, Das et al., 2010, Ragasa et al., 2003) ﬁqﬁu 713 CP1

Ao 7B-acetoxyvouacapen-50.-ol Hazi3enFN pulcherrin D

ueaadoya HMBC 119d7Uve9d15 CP1
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@13 CP2; Pulcherrin E

igasTuana C,,H,0, (M1’ m/z 376.2250) (HREIMS) 49oya 'H t1az "C NMR (15197

227732

[

Y 2 o ~ 9 1A ~
7) U981 CP2 Glﬂalﬂﬂﬁﬂ‘llﬂlaﬂﬁ’]ﬁ CP1 TﬂEJ‘JJGIJE]LmﬂGINﬂE]ﬁﬂJﬂanUEN methylene Tﬂﬁﬁ@uﬂ

D)

o

8, 1.64 11az 2.01 2H-6) lua1s CP1 gnunuii luans CP2 dodyaaves oxymethine 11l5a0u

g 9

N8, 4.15(d, J=3.9 Hz: 8, 71.3) &4 oxymethine Tlsaouiifauaasnnuduiui HMBC M

MIUBUN 8. 35.0 (C-8), 39.3 (C-4), 40.6 (C-10), 74.8 (C-7) uaz 77.7 (C-5) LIFMIALLOUN

v o d

c-ﬁmmia C-6 LLﬁzETQi%Hﬂﬁ%ﬂﬁ’JLL‘]J‘]J (0 cdﬁa”lﬁ’ﬁ]"m%'mgammauwuﬁ NOESY 'i%‘l’ifllN Me-18
{ g

(5, 0.95) Az H-7 (5, 5.38) 729 A1 J LU vicinal FuTlumdn (7, . = 3.9 Hz) daiuans

ax,6eq

CP2 /o 6[-hydroxy-7[-acetoxyvouacapen-5a.-ol 1azi3en¥e31 pulcherrin E

udasdoya HMBC 119d4U09a15 CP2

@19 CP3; Pulcherrin F

=

fiqas Twiana €, H,,0, uideatuas CP2 foya 'H uag "C NMR (1131971 7) voeans
cp3 Indifsafuvesss cP2 Tasfinauane1eiien chemical shift voadumia 6 uag 7 Tag
oxymethine T1lsnou H-6 voaes CP3 Usingdaanadi 8, 5.48 (5. 73.4) Falsingiauueh
NS CP2 (5, 4.15: 8. 71.3) ifloannwa deshielding 0Ny OAc wennntuds 17
Y0315 CP3 é’aﬂi1ﬂ§]ﬁﬂgmﬂmﬁ o, 431 (5. 69.1) §aﬂ31ﬂgﬁﬁu1uqaﬂd1mma1§ CP2 (9,
5.38: 8. 74.8) Yoy HMBC ta@aInNuauUF 521319 oxymethine Talsaoui 5, 5.48 (H-6) N
m:fueuﬁ 8.37.7 (C-8), 39.1 (C-4), 41.2 (C-10), 69.1 (C-7), 77.2 (C-5) ttag 171.4 (OCOCH,) o
3511719 oxymethine T3 8, 431 (H-7) fumSueud 5,273 (C-14), 37.7 (C-8) uaz 73.4

{ 1 Y o 1 ] { ] { o v o
(C-6) Fedoyanantisz R WnUW0HY OAc N1 C-6 1azHy OH Nl C-7 MUAIRY ANUTUTUS
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Y
NOESY 494 H6/H7/H9 tag H7/H6/H17 sUSUMIIAAMUY o Y04 H-6 t1ag H-7 991iua1s CP3

D 6f-acetoxy-7P-hydroxyvouacapen-5a-ol 11azi38n%031 pulcherrin F

uaasdoya HMBC UNaIUUBIA15 CP3

M3190 7 uaasdoya 'Huaz "C NMR (300 1ag 75 MHz, CDCL) 494815 CP1-CP3 (9

in ppm, multiplicities, J in Hz)

Position CP1 CP2 CP3
S¢c SH S¢c Sy S¢c Su

1 32.3 1.30-1.35m 35.2 1.26-1.30m 350 141-145m
1.37-142m 1.42-1.46 m 1.48-151m

2 18.1 1.49-1.53m 18.1 1.34-1.40m 18.0 1.45-1.48m
1.55-1.59 m 1.61-1.65m 1.67-1.71m

3a 35.8 1.11brd (8.4) 375 1.05-1.10m 378 1.13-1.18m

B 1.55-1.60 m 1.54-1.58 m 1.63-1.67 m

4 385 - 393 - 391 -

5 779 - 77.7 - 772 -

60 315 2.01dd(12.9, 6.0) 71.3 4.15d(3.9) 734 5.48d(4.2)

B 1.64 dd (12.9, 11.1)

Ta 72.3 5.221td (11.1, 6.0) 74.8 5.38dd (11.4,3.9) 69.1 4.31dd (10.8,4.2)

8 39.8 1.871td(11.1,4.8) 35.0 2.09-2.13m 37.7 1.93ddd (12.0, 10.8,5.1)

9 36.8 2.42-248m 37.2 241-244m 37.1 2.36brdd(12.0,8.7)

10 409 - 40.6 - 412 -

11 224 2.30-2.34m 21.7 2.39-242m 216 2.44-249m
2.44-2.49 m 2.44-2.47 m 2.50-2.53 m

12 149.3 - 1494 - 149.2 -

13 1218 - 1216 - 1219 -

14 27.6 2.75qd (6.9, 4.8) 27.8 2.72qd (6.9,5.1) 27.3 3.02qd (6.9,5.1)

15 109.6 6.12d(1.8) 1095 6.12d(2.1) 109.7 6.21d(1.8)

16 1405 7.16d(1.8) 1405 7.16d(2.1) 1405 7.23d(1.8)

17 17.1 0.94d (6.9) 17.3 0.92d(6.9) 17.1 1.07d(6.9)

18 28.0 0.89s 27.6 0.95s 27.7 1.04s

19 24.7 1.00s 255 1.38s 25.3 1.21s

20 174 1.04s 172 1.29s 170 1.34s

OCOCHg; 170.7 - 170.1 - 1714 -

OCOCHj5 21.3 2.00s 21.2 2.08s 217 212s
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@19 CP4; Pulcherrin G

igasTuana C,,H,,0, (M1’ m/z 438.2410) (HREIMS) 9oya 'H t1az "C NMR (15197

277734
8) ¥Id15 CP4 AR UA1s CP2 Tnolidouana1afio Wy acetoxy N1 8, 2.08 lues CP2 gn

ununluens CP4 §10my) benzoyloxy Fe1ls1ngdyaaui 8, 7.40 (brt, J = 7.5 Hz: H-4', H-6"),

v 9

7.53 (tt, J=7.5, 1.2 Hz: H-5") uaz 8.02 (br d, J = 7.5 Hz, H-3', H-7") 8ududoyadls HMBC &4

U
v Jo J A

oxymethine 1500U N1 8, 5.62 (dd, J = 10.8, 3.9 Hz, H-7) Ha@aanuaduiusiumsuoun 5.
27.7(C-14), 35.2 (C-8) 1oz 165.6 (C-1") Tilsou H-6 18, 431 naasanudusiusiumsvou
18, 35.2(C-8), 39.3 (C-4), 40.7 (C-10), 75.6 (C-7) waz 77.8 (C-5) Fallsaoudatitian vicinal

. 1< =] £ dy v o . 1 I .
coupling constant wWuauan (J, = 3.9 Hz) 1IN¥NITIANULUY equatorial (1§ H-7 15U axial

eq,7ax

4 1 1< 1 1 @
T1smou 1109910iA1 vicinal coupling constant 1uslng) (J, . = 10.8 Hz) dududoyadie

ax,8ax
2
ANUFNITUT NOESY 404 H-7 AU Me-17, H-9 11a¢ H-6 f91iU @13 CP4 Ao 6B-hydroxy-7B-
~ A 1 . v 3 3 A dy 9
benzoyloxyvouacapen-5ai-ol  Uazli8NYDIT  pulcherrin G vufluaswsniuenaisii lann
Y
HanAusIINA Tuednne ldansinnmsduns1ziueaIn (partial synthesis) (Roach et al.,

2003)

uernadoya HMBC 119dIUv0d15 CP4
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M3197 8 uaastoya 'H uaz "C NMR (300 1ag 75 MHz, CDCL) ¥94815 CP4 (9 in

ppm, multiplicities, J in Hz)

Position CP4 CP4 (from synthesis)
Sc S &  On
1 352 1.31-1.36m 352 1.38m
1.47-152m 1.54m
2 18.2  1.40-1.44m 182 150m
1.60-1.66 m 1.74m
3a 375 1.08-1.12m 375 1.16m
B 1.60-1.65m 1.65m
4 393 - 393 -
5 778 - 778 -
6a 714 431d(3.9) 715 4.38d(3.8)
7a 75.6  5.62dd (10.8, 3.9) 755 5.71dd (11.4,3.8)
8 352 2.33ddd (12.0, 10.8, 4.8) 353 242td(11.4,5.0)
9 37.3  2.47-250m 373 251m
10 40.7 - 40.7 -
11 21.8  2.46-250m 21.8 2.56m
12 1495 - 1495 -
13 1216 - 1216 -
14 277 2.82qd(6.9,4.8) 27.7 2.89dq (7.0, 5.0)
15 109.5 6.10d(1.8) 109.5 6.17d(1.9)
16 140.6 7.16d(1.8) 140.6  7.23d(1.9)
17 174 0.94d(6.9) 174 1.02d(7.0)
18 278 0965 173  141s
19 255 1.39s 278 1.04s
20 173 1.34s 255 147s
1 165.6 - 1656 -
2' 1300 - 1300 -
37 129.7 8.02brd (7.5) 129.7 8.01dd(8.4,1.3)
4'/6' 128.6  7.40brt(7.5) 128.6  7.48dd (8.4,8.4)
5' 1333  7.53tt(75,1.2) 133.3 7.60tm (8.4)

a13 CP5; Pulcherrin H

gasluana C,H,,0, (HREIMS) 9oya 'H uag "C NMR (#1517 9) ¥04a15 CP5
ien1dnuas cp1 Taelidounana19ae 1y acetoxy luens CP1 gaunuinluas CP5 demny
benzoyloxy e ngdmanmi 8, 7.37 (t, J= 7.2 Hz: H-4', H-6"), 7.48 (tt, /= 7.2, 1.5 Hz: H-5")
uag 7.98 (dt, J = 72, 1.5 Hz, H-3', H-7') Yoya HMBC uaaannuduiusueq oxymethine
Tulsaoui 8, 5.29 (H-3) Aumsueuh 8. 19.6 (C-19), 23.1 (C-18), 23.8 (C-2), 43.5 (C-4) LAz
[ 4 o ] @ dyd' da' Y 1 .. . &£
166.2 (C-1") GNWIJWLLWHQI?JW]@HWJM% C-3 UDNIINULAIN vicinal coupling constant RIS

J 1 <3 [ 1S
mlvguazian (J, , = 11.4 Hz, J. = 4.8 Hz) §3321) relative stereochemistry i1

ax,2ax 3ax,2eq

axial Y0348 NOESY taasnuduiiusued benzoyloxy 11lsaeudi 8, 7.98 (H-3', H-7') fuwiia
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9 9
] [ Y

TiJsmoui 8, 1.17 (Me-19) FI8UGUMITARMIVY equatorial YOINYH A4TIY 915 CP5 v 3B-

benzoyloxyvouacapen-50.-ol azisen¥odn pulcherrin H

udasdpla HMBC UNaIUY09e15 CP5

@13 CP6; Pulcherrin I

fiqasTaana C,H,,0, (M] m/z 422.2459) (HREIMS) Yoya 'H uiag "C NMR (n13141
9) woees CP6 adwiums CP5 Tasfidouand1eodfiduimiisuns vy benzoyloxy Feluens
CP6 ol C-6 ualuans CP5 odfi C-3 Bududredoya HMBC Fuaasanuduiuives
Tsaouil 8, 5.47 (H-6) fUAITUOUT 8, 30.7 (C-8), 31.6 (C-7), 39.0 (C-4), 41.3 (C-10) 11az 76.4
(C-5) uaymsueilamsuouUDINY benzoyloxy i 5. 1658 (C-1) HONIINTAIN vicinal
coupling constant “?;Qlﬂuﬂ'uaﬂ Voeqrx = 2.7 Hz, J 5y = 2.7 Hz) 893 ¢1) relative stereochemistry
04 H-6 311101 equatorial foya NOESY taasnnuduiusves oxymethineTtlsnoud &,
5.47 (H-6) fuwdiaTusaoudi 8, 0.93 (Me-18) nazozlswAnTsaouii 5, 7.95 (H-3', H-7)
uaasAMuFURUS U RaTlsaoud S, 1.44 (Me-20) Gﬁq%'ay,améwﬁy gudumstafuuy B
6lJE]\TPiqu: benzoyloxy ﬁﬂﬂgﬁu @15 CP6 7o 6[3-benzoyloxyvouacapen-50t-ol Ll,agﬁﬂﬂ%@ji pulcherrin

I
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Llﬁ'ﬂﬂsﬁlﬁlyﬁ HMBC °1JN’(3E’JHGU'OQ?('I§ CPé6
@13 CP7; Pulcherrin J

figasTuana C,H,,0, (IM] m/z 448.2617) (HREIMS) ¥oya 'H 1oz "C NMR (a15199
9) ¥pA1s CP7 Ad1WAUMT CP6 laviidouana1afiony benzoyloxy Tuas CP6 &ailsing
oy 8, 7.33 (brt, J=7.2 Hz: H-4', H-6"), 7.45 (br t, /= 7.2, Hz: H-5") uaz 7.95 (br d, J =
72 Hz: H-3', H-7") gounuluens CP7 A2ewy trans-cinnamoyloxy deilsngdyaiuh §,
6.33 1Az 7.60 (d, J= 15.9 Hz: H-2', H-3" @& au) uag 7.28-7.46 (m, H-5"-H-9") oya HMBC
v o A % g ~ J A [ 4
neraanNuduusvellsneun 5, 5.31 (H-6) Aumsuatianisuoun 5. 166.0 (C-1") B33
] 9
ﬁHL‘ViﬁQ‘lJENm;I: trans-cinnamoyloxy 1 C-6 A1l @15 CP7 Ao 6[3-cinnamoyloxyvouacapen-50t-ol

1az15en%031 pulcherrin J

ueraadoya HMBC 119dIUved15 CP7
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M35197 9 uaastoya 'H uaz "C NMR (300 1ag 75 MHz, CDCL) 494815 CP5-CP7 (O

in ppm, multiplicities, J in Hz)

Position CP5 CP6 CP7
Sc Sy Sc  Ou Sc  On
1 312 1.40td (8.4,2.7) 349 1.34-1.40m 348 1.31-1.40m
1.70-1.77 m 1.50-1.56 m 1.45-1.54 m
2 23.8 1.73-1.77m 18.3 1.38-1.44m 18.2 1.35-1.43m
1.80-1.87 m 1.60-1.68 m 1.60-1.70 m
3a 77.8  5.29dd (11.4, 4.8) 38.1 1.02brd (8.4) 38.1 1.05brd(9.3)
B 1.60-1.68 m 1.61-1.68 m
4 435 - 39.0 - 39.0 -
5 786 - 76.4 - 76.3 -
6oL 26.1 1.55brd (12.0) 728 547t(2.7) 72.3 5.31dd (3.0,2.4)
B 1.80-1.90 m
70 241 1.42-150m 31.6 1.53ddd (14.4,3.9,27) 315 1.50dt(13.8,2.4)
B 1.67-1.73 m 2.23td (14.4, 2.7) 2.18td (13.8, 3.0)
8 343 1.70-1.76 m 30.7 1.91-2.05m 30.6 1.91-2.04m
9 376 2.27-231m 38.0 2.30-2.40m 38.0 2.26-2.44m
10 410 - 413 - 414 -
11 22.4 2.29-2.35m 219 2.31-2.38m 21.8 2.31-2.39m
2.41-2.45m 2.39-2.47m 2.39-2.49 m
12 1494 - 1495 - 1495 -
13 1226 - 1224 - 1224 -
14 31.3 2.55qd (6.9, 3.9) 312 2.40-2.49m 311 2.44-254m
15 109.5 6.11d (1.5) 109.5 6.06d (1.8) 109.5 6.09d (1.8)
16 140.4 7.15d (1.5) 140.4 7.11d (1.8) 1404 7.14d (1.8)
17 175 0.95d (6.9) 17.6 0.90d (7.2) 17.6 0.92d (6.6)
18 23.1 097s 27.8 0.93s 27.7 094s
19 196 1.17s 26.0 1.13s 259 1.17s
20 172 1.05s 17.2 1.44s 16.9 1.37s
1 166.2 - 165.8 - 166.0 -
2 1310 - 1306 - 118.6 6.33d (15.9)
32 1295 7.98dt(7.2, 1.5) 129.7 7.95brd (7.2) 1452 7.60d (15.9)
4% 1283 7.37t(7.2) 128.6 7.33brt(7.2) 1343 -
50 132.7 7.481tt(7.2,1.5) 133.1 7.45brt(7.2) 128.6 7.42-7.46 m
6" 129.7 7.28-7.30m
7 1304 7.28-7.30 m

‘@15 CP5-CP6: 3' = 7' L1ag 4'

@13 CP8; Pulcherrin K

ugas luana C,H

277732

=6."a15 CP7:5'=9' 11z 6' = §'.

0, (IM]" m/z 452.2198) (HREIMS) Yoy 'H 11az "C NMR (a151971

10) Y0915 CP8 ARwWNAUA1S CP6 Iasiidouananie doygna 'H NMR ¥09a15 CP6 1 5,

133 (Me-19) tazdaya1aiued methylene 11lsaouh §, 1.53 (ddd, J = 14.4, 3.9, 2.7 Hz, H_-7)

uaz 2.33 (id, J = 14.4, 2.7 Hz, H_-7) gounuilluens CP8 §10 aldehyde 11/saoudailiing

doyami 8, 9.65 (d, J = 1.2 Hz, H-19) 11a¢ oxymethine 1saou delsingdayanmi 5, 4.33

(dd, J = 11.1, 4.2 Hz, H-7) MW@ $ Yoy HMBC 1aasnuduiusuog oxymethine 11)5aoufl

8, 433 (H-7) fumsuoud 8, 27.2 (C-14), 37.7 (C-8) Uag 73.8 (C-6) uAAIANNTURUT VDS
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aldehyde T1saouf 8, 9.65 (H-19) AuAISUOUR 8, 29.1 (C-3), 55.8 (C-4) LA 78.6 (C-5) AR
anuduiutves witaTUsaoui 8, 1.10 (Me-18) AUATUBUN 8, 29.1 (C-3), 55.8 (C-4), 78.6

(C-5) uaz 202.3 (C-19) Fadoyamartszymsiouaoueany OH f C-7 wagnyj aldehyde # C-4

v

Yoy NOESY Jaudainuduiusveg aldehyde T1/saoud 8, 9.65 (H-19) nuwiiallsaoun
8, 1.18 (Me-20) ¥952M3IAAMLUY B Y09 1Y aldehyde UONINUULAD A1 vicinal coupling

&£ 1 1 =] v o
constant U949 H-7 G]i\‘llﬂl!ﬂﬂ“l’iﬂéllﬁ%ﬂuaﬂ @ = 4.2 Hz) UgANUAUNUD

7ax,8ax

= 111 Hz, J,,

Y
NOESY 11 H-6, H-9 11az Me-17 §3521M3Iaa Il a-axial Y94 H-7 @91l @15 CP8 Ao 6f-

benzoyloxy-7B-hydroxy-19-formylvouacapen-5a-ol L 38n%0N pulcherrin K

L!ﬁﬂ\isﬁl@yjﬁ HMBC Y& IUU09a15 CP8

@13 CP9; Pulcherrin L

igasTuana C,,H,,0, (IM]' m/z 438.2405) (HREIMS) Yoya 'H taz “C NMR (1529
il 10) vosan3 CPO Wsuifisutuats CPe Tasiidounndaie dyana 'H NMR vesnyjmiia
lues CP6 118, 1.13 (Me-19) gnunuiiluats CP9 faudayaaves oxymethylene Tolsnoudi
5, 4.88 1Az 5.01 (d, J = 11.4 Hz, 2H-19) wenMntiIE) oxymethine T1l5nou H-6 lues CP9
é’l’qﬂimgﬁ’mutymﬁ 8, 4.17 (t, J = 3.6 Hz) c?mﬂuﬁumﬁq@ﬂ'iwmmﬁ CP6 (5, 5.47,t,J=2.7
Hz) %’agaﬁggﬁﬂqﬂwﬁwg OH i C-6 Y0313 CPY imufiazifiuny benzoyloxy AuFUMs CP6
Yoya HMBC ua@aan INduRUTU09 oxymethylene Tsaoudt 5, 4.88 uag 5.01 (2H-19) N
MIVOUR 8, 20.8 (C-18), 31.8 (C-3), 44.0 (C-4), 76.7 (C-5) LAz 166.6 (C-1") uAAIIMNY
benzoyloxy 1¥ouaADH C-19 Yoya NOESY fauaninuduiusueq oxymethylene Tsaoudl S,

4.88 1182 5.01 (2H-19) Auwialsaoui 8, 1.31 (Me-20) LaAAIANNFURUTUDY oxymethine

Tilsaoud 8, 4.17 (H-6) Muwialilsaoud 5, 1.11 (Me-18) Fedoyamariszymsiadives
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k4
oxymethylene 11/5AputUD B 1azmMIdna1ued H-6 LUU o MUEIAY A9iU 815 CP9 Ao 6p-

hydroxy-19-benzoyloxyvouacapen-5a.-ol Lg 5en¥oI pulcherrin L

M3197 10 uaastoya Huaz "C NMR (300 ag 75 MHz, CDCL) ¥99815 CP8 1Az

naaIdoya HMBC UNdIUYDIA15 CP9

CP9 (0 in ppm, multiplicities, J in Hz)

Position CP8 CP9
Sc OH Sc OH
1 342 1.45-1.49m 346 1.30-1.36m
1.51-1.55m 1.40-1.44 m
2 17.8 1.40-1.50 m 17.9 1.43-1.47m
1.60-1.70 m 1.65-1.70 m
3 29.1 1.35-145m 31.8 1.44-152m
1.85-1.95m 1.58-1.70 m
4 55.8 - 440 -
5 786 - 76.7 -
6 73.8 5.92d(4.2) 71.0 4.17t(3.6)
7 69.0 4.33dd(11.1,4.2) 354 1.38-1.44m
2.19dt (13.5, 3.6)
8 37.7 1.99td (11.1,5.1) 29.8 2.03-2.12m
9 36.7 2.20-2.33m 38.6 2.20-2.34m
10 412 - 411 -
11 22.2 2.42-261m 219 2.36-2.46m
12 1488 - 1494 -
13 1218 - 1225 -
14 27.2 2.96qd(6.9,5.1) 31.2 2.54qd(7.2,5.4)
15 109.6 6.12d (1.8) 1095 6.12d(1.8)
16 140.7 7.17d (1.8) 140.4 7.16d (1.8)
17 17.0 0.97d (6.9 17.7 0.94d(7.2)
18 19.1 1.10s 208 1.11s
19 202.3 9.65d (1.2) 68.2 4.88d(11.4)
5.01d(11.4)
20 17.0 1.18s 16.2 1.31s
1 167.3 - 166.6 -
2' 129.2 - 1305 -
37 129.9 7.92brd (7.2) 129.5 7.97 brd (7.5)
4'6' 1288 7.381(7.2) 1285 7.38t(7.5)
5' 133.8 7.52brt(7.2) 1329 7.55brt(7.5)
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@13 CP10; Pulcherrin M

igasTuana C,,H,0, (M1’ m/z 452.2196) (HREIMS) 49oya 'H t1az °C NMR (15197
11) 0915 CP10 Ad 1B CP6 laalidouanaene dia 'H NMR voangmiialues
A ] 1 o 4 ~
CP6 1 0, 1.13 (Me-19, 5.26.0) "luﬂﬁﬂ;ﬂumi CP10 UANUTYYIUUDI carboxyl AMTUDUN O
A v Y 9 £ [ @ 4 a ~

181.9 umu Budualedoya HMBC Fauaaannuduiusveunialilsaoun 5, 0.97 (Me-18)
o ¢ = o

NUAITUBUN S 34.1 (C-3), 48.4 (C-4), 76.5 (C-5) Lz 181.9 (C-19) UBNIINIY Jo3a NOESY
§135%1) relative stereochemistry 1a8 Me-18 (5,, 0.97) aasanudusiusiuTsaoud 5, 5.45 (H-
6) U benzoyloxy Tlsneu H-3", H-7' 71 8, 7.84 naaannuduiusiu Me-20 A1 8, 1.32 auiiu

@13 CP10 A9 6[3-benzoyloxy-19-carboxyvouacapen-5a.-ol wagzisonyen pulcherrin M

uaasdoya HMBC 119d2Uv03a15 CP10
@13 CP11; Pulcherrin N

figasTuana C H,0, (IM]" m/z 572.2411) (HREIMS) Yoya 'H az “C NMR (15199

11) ve9a1s CP11 adwniuals CP10 laslidouanasfewudyn1aved monosubstituted

benzene ring NNAUMIUAT CP11 Tavdsingdaanmi 8, 7.18-7.85 uaznudyIaves

oxymethine T1/saoufl 8, 5.28 (dd, J = 12.0, 45 Hz, H-3: 8. 77.7) Yoya HMBC uaaq
v o d . @ 4 A

ANNANNUTUDN oxymethine Tsaeu H-3 AumMsUOUN O, 19.9 (C-18), 24.3 (C-2), 53.3 (C-4),

166.1 (C-1") wag 177.4 (C-19) I@USURWNUWDI 113 benzoyloxy N1 C-3 UONIINUULAD AT

=12.0Hz, J. =4.5Hz) g

ax,2ax > ¥ 3ax,2eq

.. . £ & 1 1 [~
vicinal coupling constant U84 H-3 %QLﬂuﬂﬂwtyuazmmﬂ A
v o d o @ v o QsJ‘
ANUAUNUD NOESY nNU Me-18 (5H 1.22) I321NITINAILDY o-axial Y99 H-3 Q94U 19

CP11 0 3 [3,6-dibenzoyloxy-19-carboxyvouacapen-50.-ol 1azi38n¥031 pulcherrin N

o1



CP11 (0 in ppm, multiplicities, J in Hz)

L!ﬁﬂ\isﬁlﬁl‘yjﬁ HMBC D& IUv04a15 CP11

A5 11 uaasdoya 'H uaz “C NMR (300 1ag 75 MHz, CDCL) ¥93d15 CP10 1182

Position CP10 CP11
Sc OH ¢ OH
1 347 1.45-1.50m 33.1 1.52-1.60m
1.70-1.75m 1.86-1.92 m
2 18.7 1.40-1.44m 243 1.80-1.86m
1.62-1.66 m 2.50-2.58 m
3 341 1.35-1.40m 77.7 5.28dd (12.0, 4.5)
1.75br d (13.8)
4 48.4 - 53.3 -
5 765 - 785 -
6 70.7 5.45t(2.7) 709 557brs
7 30.8 1.58dt(14.1,2.7) 304 1.60-1.74m
2.11-2.18 m 2.15-2.23 m
8 30.7 1.92-2.04m 30.5 2.04brt(11.4)
9 38.0 2.11-2.25m 37.8 2.35td(11.4,8.7)
10 417 - 418 -
11 222 2.34-256m 22.2 2.40-2.60m
12 149.3 - 149.1 -
13 122.2 - 122.2 -
14 31.0 2.41-253m 30.9 2.44-255m
15 109.5 6.08d (1.5) 109.5 6.10d (1.8)
16 1405 7.13d(1.5) 1406 7.16d (1.8)
17 175 0.92d(6.9) 17.6 0.94d (6.9)
18 242 0097s 199 1.22s
19 1819 - 1774 -
20 176 1.32s 16.7 155s
1 165.7 - 166.1 -
2' 130.6 - 130.1 -
37 1295 7.84brd (7.2) 129.6 7.85d(7.5)
4'/6' 128.4 7.32t(7.2) 128.3 7.27t(7.5)
5' 132.8 7.43tt(7.2,1.2) 133.2 7.36 brt (7.5)
1" 165.8 -
2" 130.2 -
37" 129.4 7.85d (7.5)
4"/6" 1285 7.18t(7.5)
5" 133.1 7.43brt(7.5)
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@13 CP12; Pulcherrin O

figasTuana C, H,,0, (HREIMS) 9oya 'H uaz "C NMR (11371991 12) 493613 CP12
nSewdiou ldnuans cp3 Taelideuanarsowudynafiinun1ved oxymethine Tsnoui 8,
5.24 (H-3: 8,.76.7) !,Lazﬁﬂumﬁmeuawy: benzoyloxy il d, 7.37-7.95 (8. 128.4, 129.5, 130.6, 133.0
' A ~ 2L A o 4 Y 2
ez 166.1) Tauwy benzoyloxy Aoioui C-3 Gguduldaindoya HMBC ¥o3 H-3 Faudna
v o dw ¢ A ' o
ANNUAUNUTIUAITUDOUN S 19.2 (C-19), 22.7 (C-18), 43.9 (C-4) uaz 166.1 (C-1') UBNINUU
dyanuveauiaamaaluas CP3 01 8, 1.07 Me-17: 8, 17.1) gounuiiluas CP12 ae
dyanuFunanvesuiaemmnesi C-17 Tavilsngduanai 8, 3.68 (5.52.2) uazoamosang
voiiaf 5. 175.9 19deya HMBC 521 mn1iaveeny CO,Me 1ao methine T1/saon H-14 1 5,
3.38 uaasnnuduiusAueamesmsuetian§uoui 5, 175.9 A1 vicinal coupling constant Y94
= 8.4 Hz) §4321) MIIMAVY o-axial

H-3 Fuilumlvg) (7, = 10.8 Hz) uag H-14 (J

ax,2ax 14ax,8ax

Y94 H-3 1ag H-14 Y038 NOESY warasnmduiusveslaasondalusaeudi C-5 (5, 2.01) fu
H-3, H-6, H-7, H-9 1182 Me-18 tazdauaainnuduiysszrning methine T1saou H-14 i S,
3.38 iU H-7, H-9 ua liwuanwduiusiu H-8 c?;q%’agamdwfrszums%ﬂﬁwawg benzoyloxy
uag CO,Me iy B ﬁqﬁu @15 CPI12 o 3pB-benzoyloxy-6B-acetoxy-7P-hydroxy-14p-

methoxycarbonylvouacapen-50i-ol LD 3on¥o pulcherrin O

ueaadoya HMBC 119dIUv09d15 CP12
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@13 CP13; Pulcherrin P

fiqasTwana C,H,0, (M]" m/z 598.2423) (HREIMS) foya 'H uag °C NMR (n1314
12) ¥09&13 CP13 AA1BAUA1S CP12 Tﬂﬂﬁﬂ’f@Lmﬂsshqﬁaﬁ’ﬂujﬂunmc?qmamewy:mﬁaﬁ 5, 1.26
(Me-19) Tua1s CP12 gounuiiluas CP13 daudayanived oxymethylene Tilsaeu Fa1l31ng
Foyai 8, 4.63, 539 (d, J = 12.0 Hz, 2H-19) uazday UMY acetyl éf;qﬂﬁﬂg‘ﬁ 5, 1.98
(8. 21.0, 171.6) dududmmsdredoya HMBC Fauaasnuduiussening oxymethylene
Tismoud d, 4.63 llag 5.39 fumsuoud 8. 15.2 (C-18), 48.2 (C-4), 76.7 (C-3), 79.0 (C-5) uae
171.6 (OCOCH,) enmmuEdmuaduiussE oxymethine T30l 8, 5.19 (H-7)
SUMSUOUT 5. 343 (C-8), 45.4 (C-14) Lz 170.7 (OCOCH,) uaswuamduTUTIznI
oxymethine T13a0UT 8, 4.16 (H-6) fUMSUOUT 5, 343 (C-8), 40.9 (C-10), 78.2 (C-7) ae
79.0 (C-5) «T;q%’ay’ama'1ﬁyﬂq§¢iumﬂwaqm§ OAc i C-7 uagny OH i C-6 321 relative
stereochemistry @289 NOESY 1a0 oxymethylene 11/500u (2H-19) ueraannuduiusiu
wiaTdsaeuil 5, 135 (Me-20) fnfu @3 cP13 Ao 3B-benzoyloxy-6B-hydroxy-7p,19-

diacetoxy-143-methoxycarbonylvouacapen-5a-ol a1 38n%¥0 N pulcherrin P

uenadoya HMBC 119dIUve9d15 CP13
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M3197 12 uaastoya 'Huaz "C NMR (300 1ag 75 MHz, CDCL) ¥94e15 CP12 11z

CP13 (0 in ppm, multiplicities, J in Hz)

Position CP12 CP13
Sc OH Sc oy
1 326 142-149m 323 1.37-145m
1.73-1.82m 1.74-1.86 m
2 239 1.73-1.78 m 239 1.75-1.83m
1.82-1.89m
3 76.7 5.24dd (10.8,5.7) 76.7 5.31dd (10.8, 4.8)
4 439 - 48.2 -
5 788 - 79.0
6 73.4 5.42d(4.2) 71.3 4.16d(3.3)
7 74.0 4.05dd (10.2,4.2) 78.2 5.19dd(11.1, 3.3)
8 37.6 3.38ddd (10.5,9.9,8.1) 34.3 2.76ddd (11.1, 9.0, 8.4)
9 412 2.24-2.35m 415 2.32ddd (9.0,7.5,4.8)
10 411 - 409 -
11 215 2.44-254m 21.4 2.47-255m
12 150.7 - 1505 -
13 1131 - 1128 -
14 456 3.38d(8.1) 454 3.29d(8.4)
15 108.8 6.13d(1.8) 108.3 6.07d(1.8)
16 1412 7.17d(1.8) 144.4 7.17d (1.8)
17 1759 - 1746 -
18 227 1.03s 152 1.06s
19 19.2 1.26s 64.0 4.63d (12.0)
5.39d (12.0)
20 165 1.40s 15.7 1.35s
OCH; 52.2 3.68s 52.1 3.68s
OCOCH;4 170.8 170.7
OCOCH; 217 2.10s 21.0 2.00s
19- OCOCHj4 171.6
19- OCOCHj,3 21.0 198s
1 166.1 - 166.1 -
2' 130.6 - 1304 -
37 1295 7.95brd (7.2) 129.7 8.03brd (7.8)
4'/6' 128.4 7.37t(7.2) 128.3 7.381(7.8)
5' 133.0 7.92tt(7.2,2.1) 133.0 7.50brt (7.8)
5-OH 2.01brs 2.21s

@13 CP14; Pulcherrin Q

igasTuana C,H,,0, (IM] m/z 436.2250) (HREIMS) Yoya 'H 1taz "C NMR (15197
13) ¥09a15 CP14 A10AUA1T CP5 Taelidouand 9oL dyn1mv0929uMIY 1,2-disubstituted
epoxide Fa1/51ngiludaynaued 2 oxymethine Tilsaoud 8, 3.25, 3.01 (d, J = 4.2 Hz; . 55.0,
54.0 aud1aY) Tuais CP14 unuNITNUTY UV methylene 115001 2 9ga munnyluans

£ Y1 o A Ao . A =
cP5 Feszylandyanui 5, 325 Aodnyaaved oxymethine liUsaou H-6 oI Ind

[ @ 4 Y] o ~ 1 =\
ANNTUNUT HMBC nUATUDUN 5. 39.1 (C-10), 43.1 (C-4), 54.0 (C-7) uaz 77.2 (C-5) adIuan
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Tsmeude H-7 A0 §, 3.01 iflesnnTanuduiussunsueudi 5, 31.0 (C-14), 35.3 (C-9),
35.6 (C-8) 1ag 55.0 (C-6) c'f;q%’agamdwﬁé’hﬁﬁ;’jnumu epoxide INATLHIN C-6 LAy C-7 521
relative stereochemistry @gljil‘c’lﬁfl}ﬁ]ga coupling constant Leg NOESY Tag WU H-6 uag H-7 1 J A
vy (J = 4.2 Ho) Fatas i epoxide IAAMUY cis VoyA NOESY WU oxymethine
Tsaoudi 8, 3.25 (H-6) naasarmduiusfumialisaeuil 5, 1.16 (Me-18) taz 3.01 (H-7)
d7U oxymethine Tdsaoud 5, 3.01 (H-7) naasnnuduiusfumdalusaoud 8, 1.11 (Me-17)
HEAAINNUKNIY  epoxide AU B fuhy @3 cPia o 3B-benzoyloxy-60,7p-

epoxyvouacapen-50.-ol azisen¥odn pulcherrin Q

Llﬁﬂﬂsﬁlﬁlyjﬁ HMBC U@ IUU04a15 CP14

@13 CP15; Pulcherrin R

1

igasTwana C,H,0, (M]" m/z 304.2405) (HREIMS) 9038 'C NMR 1ag DEPT
(3141 13) veses CPI5 uAAIFYRIMUVEY 20 MTUBU Fiswiamivefiamiuend 8
211.8 (C-12) 1ag oxymethylene ﬂ1§°"]J’f)1!‘ﬁ d. 62.3 (C-16) 6lgl}qujifl 'H NMR (91919 13) uaey
Ay V03 aliphatic methyl 4 Wy fi 8, 0.71 (Me-20), 0.73 (Me-19), 0.78 (Me-18) ttag 1.17 (Me-
17) uazé?muaunmmm oxymethylene Iﬂi@]’ﬂu‘ﬁ d,,3.47 (dd, J=11.7, 8.1 Hz, H-16) ttag 3.73 (dd, J
=11.7, 5.7 Hz, H-16) %’auﬂa 'H NMR, COSY, HMQC ETQS%‘]J.NLLW’JH cyclopropane Gﬁﬂﬂﬂﬂg 2
ﬁm@1mﬁ 8, 0.94 (dd, J = 5.7, 1.5 Hz, H-14: 3 38.5) 1oz 1.37-1.45 (m, H-15: 5, 37.3) dudu
Tassadudaedoya HMBC Fuaasnnuduiugsznanygmifiai 8, 1.17 (Me-17) fumsvey
fi 8. 334 (C-13), 373 (C-15), 38.5 (C-14) uag 211.8 (C-12) uaaaANUTIUTIZHIg
oxymethylene Tsnoud d, 347, 3.73 (2H-16) Sum3venii O, 33.4 (C-13), 37.3 (C-15) uag
38.5 (C-14) %’@yaméﬂyﬁzuﬁﬁwg carbonyl i C-12 tazwy] OH i C-16 uaﬂmﬂﬁ"’uﬂ’aﬁzuﬁ el

UMW cyclopropane IAAIINMIFOUADUDY C-13, C-14 wag C-15 Yoya NOESY ueaq

56



AwFuiussznaTlsaeui 8, 1.79 (t, J = 14.1 Hz, H_-11) fuTilsaeudl 5, 0.71 (Me-20),
1.37-1.45 (H-15) 1102 1.55-1.65 (H-8) UaranNuau 15324319 methine Talsaoud 5, 0.94 (H-
14) fuwiaTsaoud 8, 1.17 (Me-17), 1.04 (H-9) 118 oxymethylene Tlsaouii 5, 3.47.3.73
(2H-16) ua liwuanuduiusi H-15 c?;q%’eagamdﬁ:ﬁﬁyﬂﬁ%’ﬂﬁmmu o Y94 H-14, Me-17,
2H-16 1UADIUNIN cyclopropane SAGI cis Taoli Tgahailumy a-hydroxymethyl t§unig
ﬂTi’L“Qf’ﬁlﬂ‘iwﬁﬂ%‘l%’lmv‘liﬂﬂiﬂﬂ pimarane 3¢1) stereochemistry (Yodsaoue et al., 2010) ﬁqﬁu

@15 CP15 0 13 ,14,15-cyclopropa-12-oxo0-16-hydroxypimarane {L01g 3en¥e1 pulcherrin R

Llﬁﬂﬂsﬁlﬁl‘yjﬁ HMBC U@ IUU04a15 CP15
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CP15 (J in ppm, multiplicities, J in Hz)"

M3197 13 uaastoya 'Huaz "C NMR (300 1ag 75 MHz, CDCL) Y9415 CP14 11z

Position CP14 CP15
S¢ On 8¢ Sn
1 31.7 1.25-1.30m 38.1 0.74-0.84m
1.70-1.77 m 1.45-1.53m
2 23.7 1.71-1.79m 186 1.33-1.40m
1.84-1.94 m 1.43-1.53m
3 76.9 5.23dd (11.7, 4.5) 42.0 0.98-1.10 m
1.26-1.38 m
4 431 - 332 -
5 77.2 - 54.6 0.80dd (10.8,2.7)
6 55.0 3.25d(4.2) 220 1.16-1.23m
1.55-1.63 m
7 540 3.01d(4.2) 35.2 1.15-1.23m
1.94-2.23 m
8 35.6 2.21-2.26m 36.9 1.55-1.65m
9 35.3 2.24-2.38m 56.9 1.041td(14.1,2.1)
10 39.1 - 373 -
11 236 2.25-2.31m 36.4 1.79t(14.1)
2.38-2.44 m 2.13dd (14.1,2.1)
12 149.8 - 2118 -
13 122.1 - 334 -
14 31.0 2.90qd (6.9,5.4) 385 0.94dd(5.7,1.5)
15 109.3 6.15d (1.8) 373 1.37-145m
16 1410 7.17d(1.8) 62.3 3.47dd(11.7,8.1)
3.73dd (11.7,5.7)
17 17.1 1.11d(6.9) 141 1.17s
18 23.2 1.16s 334 0.78s
19 19.6 1.34s 215 0.73s
20 16.4 1.24s 141 0.71s
1 166.2 -
2' 130.8 -
37 129.6 8.00brd(7.5)
4'6' 128.4 7.39t(7.5)
5' 1329 7.51tt(7.5,1.5)

@15 furanoditerpene ﬁlwﬂ"lﬁnﬂ

v A

a a9 v A A
Alanes lamlnaeny A9 JUHIUKNIHAIN 3 29

1 4 o @ < 1
(A,B.C) ADI¥OUNUIUY trans/anti/trans AOUTQITFUVDS H-8, Me-20 taz Me-19 Hutuy £ ua

= % I P A A 1 A = o
ﬂ@uWQLi%uﬂli’N H-9, Me-17, Me-18 Liag OH-5 Wuuuy o UANBNWUUNUN ﬂauWQgﬂumm

I~
H-3, H-6 uag H-7 11unuy a
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4. wamsmaeuqﬂ%v’fmmsé’mammms CP1-CP26 %1ﬂ§1ﬂﬂlﬂﬂﬁlﬂﬂ1ﬂuﬂq\1‘1ﬂﬂ

dauaﬁ"ﬂwstmﬁauﬂaa"liﬁmﬂimmawwuﬂgq”lmgmmqw%(ﬁm nitric oxide (NO)
production in lipopolysaccharide (LPS)-stimulated RAW 264.7 cell lines A8 IC,, 6.1 pg/ml
won 1&ensuSenT diterpene $11491 26 13 (CP1-CP26) Tnssadredananaluglnmii 2 wants
nAdeUaNT (M31F 14) uaAias CP14 sengnIATARILM IC,, 2.9 UM dIue1s CP8,
CP9, CP11-CP15 11az CP17-CP26 aneqnisesaandaen 1C,, Tuaa 3.4-12.5 pM Fuily
Afiani positive control, indomethacin (IC,, = 14.5 M) dauﬁﬁﬁummmqwﬁdfiau WUNAS
CPI8 (IC,, = 5.3 uM) 1aza13 CP17 (IC, = 8.2 uM) HAAIGNFANTIAT CP3 110 (IC,, = 59.7
M) ﬁq‘sﬁyﬂmyj cinnamoyloxy 118 benzoyloxy fi C-6 Gﬁamﬁuqﬁdﬁﬂimg acetoxy UONIINTI
wn’jmmmuﬁmmwg benzoyloxy #i c-3 (cp11, IC,, = 4.2 uM) Uay #i c-7 (CP23, IC,, = 6.0
M) Gﬁamﬁnqﬁlﬁmﬂ%mﬁauﬁ’umi CP10 (IC,, = 26.7 uM) LAZODNFIAFUVDIETT CP10 i

fuvins c-19 Tnariugnidlu 2 widienlSeuReniuas CPe (IC, = 47.5 uM)
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A15190N 14 Inhibitory effects on NO production’ ¥948135 CP1-CP26.

No % Inhibition at various concentrations (uM) 1Cs

0 1 3 10 30 100 (uM)
CP1 0.0+20 - - 13.7+1.6 321+2.0** 70.8 £ 2.2** 48.5
CP2 0.0+20 - - 99+34 37.3+3.1** 71.2 £1.9%* 46.1
CP3 0.0+2.0 - - -0.5+3.6 241 +3.1** 67.9 + 4.1** 59.7
CP4 0.0+8.6 - - 36.8+1.1** 39.0 £1.9%* 79.4 £1.2%* 43.2
CP5 00£23 - - 252 1.7 44.2 + 2.4** 45.1 + 2.20%* >100
CP6 00+23 - - 83+15 33.0£1.3** 72.8 + 1.40%* 475
CP7 0.0+23 - - 175+24 47.6 £2.9** 71.8 £ 2.0°%* 37.4
CP8 0.0+438 - - 53.2 £3.1** 67.0+£2.1%*  104.3+1.8"** 10.2
CP9 0.0+438 - - 57.9 £ 2.6** 82.4+19%  104.3+2.0* 6.4
CP10 0.0+20 - - 156+21 69.8 £ 2.0** 76.4 £ 2.0°** 26.7
CP11 00+48 273+21 348+20* 71.0£3.8** 95.0 £ 1.7*%* 99.4 + 3.4%** 4.2
CP12 0.0+8.2 - 38.3+2.6* 78.0 £ 4.2** 97.8 £4.9"* 105.4 + 1.9"** 4.2
CP13 0.0+8.2 - 426+1.8% 77.4+33**  101.1+50* 104.8 + 4.8 34
CP14 0.0+8.2 - 49.7 £2.4** 812+4.1*  103.8+4.7**  104.9 +5.4°** 2.9
CP15 0.0+8.2 - 328+21* 67.7+4.6%* 98.4+3.8%*  100.5 + 4.6"%* 54
CP16 00+23 - - 9.7+20 35.9£2.7*%* 67.5+ 0.9%** 50.7
CP17 0.0+86 - 20.6+1.38 55.6 £ 1.3** 717 £42%* 1045+ 1.6"** 8.2
CP18 0.0+86 - 385+21* 60.1 £ 0.4** 88.3+£0.9**  104.0 0.9 5.3
CP19 0.0+86 - - 46.2 £ 1.9** 68.6 £3.1**  105.4 + 1.0°** 12.5
CP20 0.0+438 - - 52.4 £2.3** 76.8 £ 2.5** 97.9 +5.07* 8.4
CP21 00+93 -23+28 23120 100.0 £ 1.5"*  102.0 £5.2"* 108.7 + 1.8"** 6.0
CP22 0.0+£9.3 - 36.2+£2.2* 64.7 £ 0.5** 100.0 £2.0**  106.0 + 5.2°** 5.2
CP23 00+93 23£32 13.0+13 102.2 £4.2*  103.8 £5.0™* 108.7 + 1.5"** 5.6
CP24 0.0+93 - 282+25 56.5+4.3**  103.3+2.7**  109.2 4 2.9™* 6.5
CP25 0.0+82 - 305+22%  715+£3.3% 1054 +2.2% 1059+ 3.1°** 4.4
CP26 0.0+8.2 - 354+24*  581+3.7** 71.0+2.7**  100.0 £3.2** 7.0
Indomethacin 0.0 +4.2 - 155+17 36.4 £ 2.3** 60.9£3.7** 1045+ 1.7** 14.5

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

Statistical significance, * p<0.05, ** p<0.01,

®Cytotoxic effect was observed.

60



d
5. Msmgasinsead1svesnsnnluvesiuilszasn (4.odorata)

ﬁ]"lﬂfﬂiﬁﬂklTQQﬁ’ﬂigﬂ@U‘Vn\imfﬁnﬂsl‘ﬂ"llf‘]ﬂﬂﬁzﬂﬂﬁﬁ?u?ﬁﬂuﬂﬂﬁ?iiﬂijl’lg{ 5 @19 G?;uﬂu
a9 ﬂ’cjll dolabellane diterpenoids 2 @135 (AO1 tag AO2), uens ﬂ’cju dammarane triterpenoids 2
@15 (AOG6 e AO7), Lmzlﬂuﬁ”liﬂdll protostane triterpenoid 1 813 (AO8) uazuaﬂmﬂﬁlﬁwm
ANIHABTIBNUINLEIIUI 20 &5 AB (1R,7E,11S,12R)-18-hydroxydolabella-4(16),7-dien-3-
one (AO3) (Cai et al., 2010), (1R,35,45,7E,118,12R)-3,4-epoxydolabella-7-en-18-0l (AO4) (Cai et
al., 2010), (1R,3E,7E,11S,12R)-18-hydroxydolabella-3,7-dien (AO5) (Amico et al., 1981), 5a-
dammar-20-ene-3/3,24,25-triol (AQ9) (Shiengthong et al., 1974; Boar and Damps 1977), 24(R),25-
dihydroxy-5a-dammar-20-en-3-one (AO10) (Boar and Damps 1977), aglaiol (AO11) (Akihisa et
al., 1997; Shiengthong et al., 1965, 1974; Boar and Damps 1973, 1977), 24(S),25-epoxy-5a-
dammar-20-en-3-one (AO12) (Boar and Damps 1977), dammara-20,25-dien-3$3,24-diol (AO13)
(De Pascual Teresa et al., 1986), 24-hydroxydammara-20,25-dien-3-one (AO14) (Inada et al.,
1993), 2,3(5);22(S),23-dioxidosqualene (AO15) (D’Accolti et al., 2005), aglaxiflorin D (AO16)
(Xu et al., 2000), (+)-odorine (AO17) (Shiengthong et al., 1979; Babidge et al., 1980), (+)-odorinol
(AO18) (Shiengthong et al., 1979; Babidge et al., 1980), naringenin trimethyl ether (AO19) (Seidel
et al., 2000), 7,4'-O—dimethylnaringenin (AO20) (Oyama and Kondo 2004), 4'5,7-
trimethoxydihydroflavonol (AO21) (Islam and Tahara 2000; Takahashi et al., 1988), 4',5,7—
trimethoxyflavan-3,4-diol (AO22) (Takahashi et al., 1988), 4’,5,7-tri-O-methylkaempferol (AO23)
(Smith et al., 2007), flavokawain-A (A024) (Seidel et al., 2000), taZ eudesmin (AO25)
(Miyazawa et al., 1995) chmimfchﬁyhlﬁlﬂ‘iamﬁEmﬁ“u6191’@34“a%Nau,ﬂﬂimﬁiﬂﬂﬁu%’ayaﬁmﬂ

318911
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AOI1 :R = b-OOH AO2 AO4 AO5
AO3:R==0

}'1

AO6 AO7 :R=b-0OH, Rl’ R2 = -OC(Me)ZO—
AO9 : R =b-OH, R1 =OH, R2= OH
AO10:R ::O’RI =OH, R2 =0OH

AO8

0

by
%
%
%

AOl11 :R=b-OH AO13 :R=b-OH
AO12 :R == AO14:R==0

AO15

O/ W‘JQ/ OMe
Me HQ )H/\ MeO (o) .‘\©/
R

AO17 : AO19:R=H,R ==O,R =OMe

AOI18 : R =OH A020 :R=H,R ==O0,R =OH
A021:R=a-OH,R ==0,R =OMe
AO22 :R=2-0OH, R, =a-OH, R =OMe

2

suawi 3 esfdlszneumaniiiuenldninlilszoed
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AO23 AO24 AO25

51 3 (de) pedtlszneumaniinuen ldanluszoed

@13 AO1; (1R,38,7E,118,12R)-3-Hydroperoxydolabella-4(16),7-dien-18-ol

+

Wlumsuila figasTuana C,H,0, (IMI” m/z 322.2492) (HREIMS) Yoyaduwsisa

207734
wannuganauveanylansenda (3434 em”) ionlFeuiisudoya 'H tag C NMR (113197
15) fUes AO3 ez AO4 fimefisieaiud Hldnswuies Aol fedsngu dollabellen-18-
ol (Cai et al, 2010) Foya C NMR (113131 15) Tangrisamdudoya DEPT s21) 20 Mo
Tﬂamuﬁﬁmutymmm 4 witamyvew 7 O, 16.2 (C-17), 23.6 (C-15), 26.1 (C-19) tag 29.9 (C-
20) FyaNUYee 2 MTUBUVD exocyclic double bond fi 8. 113.8 (C-16), 153.8 (C-4) daya
DI 2 mif UDUUD trisubstituted endocyclic double bond ‘ﬁ O, 125.6 (C-7), 135.0 (C-8)
uaﬂmmfuué’aﬂ’awuﬁ’mumummm 2 oxygenated mMIveui O, 74.4 (C-18), 84.7 (C-3) e
chemical shift ﬁq%yﬂmsiev'f;auﬁ’uwy: hydroxyl 182 hydroperoxyl ME19L tazfaaandseny
qasluana C,H,,0, ¥oya 'H NMR ve3d15 AO1 adenudoyavesas (1R,7E,11S,12R)-18-
hydroxydolabella-4(16),7-dien-3-one (A03) Taglidouanaiefo @13 A03 Usingdayanves
keto carbon 71 8. 204.2 (C-3) ustans AOT UsINgAayaaved peroxyl carbon i 5, 84.7 Fadla
U5y dyanaved peroxymethine Tsnoudt 5,4.22 (br d, J = 8.4 Hz, H-3) Yoya 'H NMR &4
uaAIFaBYes 3 olefinic Tsaen FeTtsaou 2 §ilu terminal olefinic methylene T/saewil
8,,5.07,5.09 (s, 2H-16: 8. 113.8) druTdsnoudafi 3 15u wisubstituted olefin i 8, 5.17 (br d, J =
8.7 Hz, H-7: 8. 125.6) Falilsaeusaiisuannnuduiug cosy fu methylene 11/5noU i S,
2.13, 2.17 (2H-6) @M peroxymethine 1UsA0U H-3 §i 8, 4.22 uerAannuduius CoSY
methylene T1lsaou 7 8, 1.25, 1.35 (2H-2) azuaaianudusiug HMBC Fumvoui 8. 38.6
(C-5), 39.5 (C-2), 44.4 (C-1), 113.8 (C-16) 1@z 153.8 (C-4) Tuvymisii methylene Tsnou i §,
5.07. 5.09 (2H-16) LaasANUFUWUE HMBC fum3voui 8. 38.6 (C-5), 84.7 (C-3) Lz 153.8
(C-4) nazmiiaTulsaeuii 8,,0.70 (s, Me-15) tt@AIAWAUIIUST HMBC fumsueni 8. 36.3 (C-
14), 39.5 (C-2), 44.4 (C-1) uag 44.7 (C-11) %@yjamé1ﬁyﬁq§¢imwﬁwmm§ hydroperoxyl i c3

{ 1 ] a 4
1tag exocyclic double bond 1 C-4 92U relative stereochemistry Y9313 hydroperoxyl 3IAIITHIN
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foya NOESY T8 oxymethine T)snou H-3 i 8, 4.22 uerasnnudusiugiuTusaoud 8, 1.49
(Me-17), 1.42 (H-10) Lﬁ@xﬁnﬂ trans annular interaction ﬁllﬁlﬂﬂiﬂﬁ)umﬁi‘fhu medium-sized ring
wialisaoud 5,,0.80 (Me-15) uaasanuFuRusAuTsaoud 8, 1.35 (Hp-2), 1.35, 1.42 (2H-
10) 1y 1.80 (H-12) ug limuanuduiussy B-11 luvaied olefinic methylene Talsaoui S,
5.09 (H,-16) wataannudusiusiuTsaeud 8, 135 (He-2), daulsneudndaf 8, 5.07 (H.-
16) A nuAITUs i Tsaeuii 5, 2.46 (Hy-5) %’@u”amdﬂyizudmyz hydroperoxyl DgA1L
19890 Me-15 110y H-12 LLaw‘]’ﬁzu trans-fusion U®I 2 WUHIUUDY TE UV dollabellane bicyclic
uﬁm’jmy: hydroperoxyl UAAI9DNINNLKIU (outer hydroperoxide) 61911634“?;1 NOESY ETQRHﬂﬁ
$AR 104 trisubstituted double bond FuSIuuVY £ 1ilesnniiaudusiussening vinyl methyl
Tsnoudt 8, 1.49 (Me-17) fuTtsmeu H-6 ud linuanuduius iy olefinic Tsaou H-7 uas
1119999 W absolute configuration #i C-1, C-11, C-12 YoIE150gW dollabellane fuen'ldnndias
iladorruiiun 1R, 11S, 12R (Cai et al, 2005a, 2010) dufuas Aol Ao

(1R,3S,7E,118,12R)-3-hydroperoxydolabella-4(16),7-dien-18-ol

17

5 9 10
6
4
1
2 12 18
16
~~_
14 19

13

Llﬁﬂﬁelallﬁlyjﬁ NOESY UNaIUv03a15 AO1
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13 AO2; (1R,3E,7R,8R,11S,12R)-7,8-Epoxydolabella-3-en-18-o0l

I = =1 + £ 1 dall I [
Wuasniia UgasTuana C,H,,0, (M]" m/z 306.2553) (HREIMS) 51953 uilungu
diterpene YoyadunsusALAAIIDUgANAUVOIHY lanTanTa (3430 cm’) deya "C NMR
(M350 15) nsgHImiudoya DEPT 321 20 A5U0U 1A05INMIAYRNAUUDY 2 olefinic

s A o s A
MIVDUN O, 122.4 (C-3), 133.7 (C-4) LAZTAYNIUUDI 3 oxygenated ATUDU N 5. 62.8 (C-B),
64.5 (C-7) naz 73.3 (C-18) Yoya 'H uaz "C NMR (m15190 15) naasgiuuudyanundieny
VY0a (I1R,35,4S,7E,115,12R)-3 4-epoxydolabella-7-en-18-0l (AO4) (Cai et al, 2010) Iaaiive
HANANNRWNUIVDY trisubstituted olefin 118Y methyl epoxide FIszydwmnualuas A02 ae
Yoyadil olefinic Tsaouf 8, 5.16 (t, J = 6.3 Hz, H-3: 8, 122.4) ud@ainnuduiius COSY fiu
Tilsaoud 8, 1.98,2.01 (2H-2) taguaasnNuauRUS HMBC fumsuoui 8. 16.1 (C-16), 36.8
(C-5) g 45.1 (C-1) wialsaoui 5, 0.84 (Me-15) uaasnnuduiusnunsuou Al 8. 36.6
(C-2), 37.2 (C-14), 45.1 (C-1) uaz 452 (C-11) a9U vinyl methyl Tilsnoun §, 1.62 (Me-16)
LEAIANUFUTUTAUATUOUR & 36.8 (C-5), 122.4 (C-3) 1Az 133.7 (C-4) Asiubududuims
VOINUTLHIBYILHIN C-3 ag C-4 TpslnimnanoNA il C-4 doya1ued oxymethine
Tilsaoud 8, 2.74 (dd, J = 10.5, 1.8 Hz, H-7: 8.64.5) uaasanuduius cosy nulisaeui 5,
145, 2.06 (2H-6) 1aZUAAIANUFUTUE HMBC Aua§ueui 8. 25.5 (C-6), 36.8 (C-5), 39.0 (C-

d' a d‘ 1Y @ 4 [

9) uaz 62.8 (C-8) Tuvmziwnallsaoun §, 1.19 (Me-17) udaInNNFUHUT HMBC N

4 A Y J dyl dy Y . A
MIVOUN 5. 39.0 (C-9), 62.8 (C-8) WAz 64.5 (C-7) Voyaria 1ty 1nsIe319Up4 7,8-epoxide N

A 1 a A
MW?J”DJ‘V]’G‘VI C-8

Relative stereochemistry U®d  epoxide 1annmsns 131/?'6191)6@,6 NOESY lag
epoxymethine 11/500U i 5, 2.74 (H-7) uaasnnuFuRusTuTsaoud 8, 1.52 (H-11) ua lajwy
AMNANTUSTY Me-15 §a3iu H-11 1ag H-7 TaiI0ga1UIReIv0 TuanNa (frans-annular proton,
outer epoxide) wenMntLdmuANUATIE NOESY svniawdialilsaoui 5, 1.19 (Me-17)
U methylene Tusaeuit 8, 1.73 uaz 1.80 (2H-10) szvamiialusaoud 5, 0.84 (Me-15) fu
Tsnoudi 8, 1.79, (H-12), 1.73, 1.89 (2H-10) uaz 1.98 (Hy-2) 551314 olefinic T1lsaewii 5, 5.16
(H-3) fuTulsaoudi 8, 1.55 (Hp-5), 1.98 (Hp-2) %’agamdw‘ﬁyﬁsu H-3, Me-15, Me-17 1tag H-12 8¢
SuidersuvesTuanaiidned (puckered molecule) uaﬂmﬂ‘lfus‘l’wzuﬁuﬁz@: c3/4 niilu E
configuration 111040 1nANWFUIUT NOESY szniawdialusmeudl §, 1.62 (Me-16) fiu
methylene T1J3aenit 5,2.01 (Hy-2) ua Binuanuduiussulusaeud 8, 5.16 (H-3) uasdany
N3TIAASINALMS  dolabellane diterpenoids ?;w] (AO3-A05) Sofu w3 A02 Ao

(1R,3E,7R,8R,11S,12R)-7,8-epoxydolabella-3-en-18-ol
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LLE‘T@N%}’EJLI“EI HMBC U NaIUU04a15 AO2

17
8 9
7
5 © ‘3\ ﬁ‘ll
4 12

18
p/u_J

14 13

Y, 20
16

ueadoya NOESY UNaIuueId1s AO2

19
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M3197 15 uaastoya Huaz "C NMR (300 1ag 75 MHz, CDCL) Y4815 AO1 1ay

AO2 (0 in ppm, multiplicities, JJ in Hz).

AO1 AO2
Position Oc o dc OH
1 444 - 451 -
20 395 125m 36.6 2.01m
B 1.35m 1.98 m
84.7 4.22brd (8.4) 122.4 5.16t(6.3)
4 1538 - 133.7 -
5a 386 2.46dd(8.1,3.9) 36.8 1.25m
B 2.10m 1.55m
6 306 213m 25.5 1.45m
2.17m 2.06 m
7 1256  5.17 brd(8.7) 64.5 2.74 dd (10.5, 1.8)
8 1350 - 62.8 -
9 400 125m 39.0 1.44m
1.90 m 197m
10 277 135m 25.9 1.73m
142m 1.80m
11 447 1.50m 45.2 1.52m
12 572 1.80m 57.1 1.79 m
13 258 1.68m 24.7 1.28 m
1.73m 1.36 m
14 363 1.18m 37.2 2.02m
1.64m 2.28m
15 236 0.70s 22.8 0.84s
16a 1138 5.07s 16.1 1.62s
B 5.09s
17 16.2 1.49s 17.1 1.19s
18 744 - 73.3 -
19 26.1 1.18s 24.9 1.16s

20 299 1.19s 31.9 1.19s




< 1 4 ] Y
@15 A06-A08 1TUnqu triterpene 1199 N RAU1AUMINATOD vanillin 1u sulfuric

1
acid ¥oya IR, 'H taz °C NMR 103815 AO6 1813 A07 5213 ilu tetracyclic triterpene Nl

Tas9a319nd188Y dammar-20-ene-3(3,24,25-triol (AO9)

913 AOG6; 25-Methoxy-50-dammar-20-en-3f3,24-diol

ligasTuana C,H,0, (IM]" m/z 474.4070) (HREIMS) Yoyaounsusauaasuny
@,ﬂﬂﬁummwyﬂamaﬂ@a (3433 cm ) %’aya 'H NMR (@nﬁwﬁ 16) UEAAITYYINUVOI 7 tertiary
methyl T/5A01 71 8, 0.77 (Me-29), 0.84 (Me-19), 0.87 (Me-30), 0.98 (Me-18, Me-28), 1.10 (Me-
27) uag 1.36 (Me-26) Sjuﬁﬂﬁﬂgﬂlﬂmﬂlm terminal olefinic methylene Tsmoud 5, 4.71 uag
4.76 (br s, 2H-21) Feya °C NMR (m131971 17) Tasizrsauiudoya DEPT 521 31 msveu
Tﬂammﬁﬁﬂujﬂujwmmm exo-olefinic MIVOUT 5. 107.5 (C-21) wag 153.3 (C-20) Lazdayaos
Y04 4 00NTASUOUT 5, 49.0 (OMe), 76.4 (C-24), 77.5 (C-25) 118z 79.0 (C-3) wenMuuE
WUTyIuYeInY methoxyl fi 8, 3.23 (s, 8. 49.0, 25-OMe) UATTYAIUYDY 2 oxymethine
Tsnoudi 8, 3.20 (dd, J = 11.4, 5.7 Hz, H-3: 8,79.0) a2 i 5, 3.47 (dd, J= 9.9, 2.4 Hz, H-24: 5.
76.4) foya HMBC Fanaaennuduiusazning oxymethine Tilsaoudi 8, 3.20 (H-3) fu
MSUOUT 8, 15.4 (C-29), 28.0 (C-28) Az 39.1 (C-4) I¥YMIABLFOUA C-3 §IU oxymethine
Tsnoudt 8, 3.47 (H-24) naaeanuaNiUS UM UoUA 5. 18.9 (C-27), 20.8 (C-26), 31.3 (C-
22) uag 77.5 (C-25) uaﬂmmfuwyj methoxyl i 8, 3.23 Swansmnuduiusuamsuoud 8,
77.5 (C-25) %’ayjaméﬁ:uam’jmyj OH Aorifoudi C-24 11agH] OMe i C-25 A1 vicinal coupling

= 5.7 Hz, J. = 11.4 Hz) ua@ad H-3 I35

3ax, 2ax

£ 2 1 v =]
constant Y93 H-3 Fuiluarlvgjuazauan (J,

ax,2eq

v v

ARV axial ATUEIT AO6 D 25-methoxy-50-dammar-20-en-3[3,24-diol

o ng @ 4 { a J <
MmsnaaesIagidounuuiuaoumsanauendls WeNlozigain @3 A6 11
artefact ¥4 1@910 acid-catalyzed methanolysis 1 C-25 YpINUHIY epoxide 31Ne1T AO11 H301
910 @13 A013 11A1f{A361 nucleophilic addition 11 methanol #4911 14 Tagtiteas AO11 uazds
9
AO13 ugazas lazaelu CHCIL/MeOH (0.5:9.5, viv) nasontiunauaIsazaenuganiag
~ a Y I~{ o 9 v o o Y 1
naznIuiigurgideuiiunm 5 Su udrszmedniazarwesnuaziih limideya 'H NMR wa

MINAaINLImWIZAINATuYEY @15 A0 uazd1s AO13 Taglunudynuvesals A06

Y
v o K [

A P A a o ad Y Y 9
NJUHUHINYU ullﬂ’ﬂ?ﬂﬁ AOG6 ﬂ@ﬁﬁWaG]ﬂﬂ!“V]‘ﬁ‘iﬁﬂJ“]ﬂﬁﬂLlﬂﬂhl?ﬂ%WﬂSﬂulliJ
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u,ﬁmﬁffau“a HMBC ‘]JNI:’?’JWU’ENmﬁ AOG6
913 AO7; 3p-Hydroxy-50-dammar-20-en-24,25-acetonide

figasTaana C,H,,0, (M]" m/z 550.4224) (HREIMS) Yoya 'H tiaz C NMR (m13191
16 uaz 17) nseuiienlanuas Aoe Taelidouana1aio @15 AO7 uAASTYIMUVDI acetonide
(isopropylidene) Tasuaasdayanaves witalUsaeu Miuwdn 2 wy 71 5, 127 (s, Me-3") uas
1.36 (s, Me2") iaznudayanamivenii 5. 26.9 (C-37), 28.6 (C-2'), 106.5 (C-1") unuiidayaos
Yoa¥y OMe fafinuluas AO6 GT;QGi’J’qu,aLwé1ﬁyﬁ11ﬁﬁ1uﬁaﬁzm‘imwﬁwmmj acetonide 7

C-24, C-25 91U 613 AO7 Ao 3B-hydroxy-50.-dammar-20-en-24,25-acetonide

LLE‘T@N%}’EJLI“EI HMBC U N@IUV04815 AOT

719 AO8; 24(S),25-Epoxy-5a-protost-20,25-dien-3-one

igasTuana C,H,O, (IM]" m/z 440.3647) (HREIMS) Yoyaounsusauaasuny

A 1 4 a -1 9 = = Yo 9
aanauueIngmsUetia (1702 cm’) Yoya NMR ulSeuiionldnudoyaves 24(5).25-epoxy-
50ai-dammar-20-dien-3-one (AO12) lagd1s AO8 Hasearaily tetracyclic protostane UAT1T

[~ 1 2/' a
A012 1y dammarane ﬁ'ﬁJTi’meJﬂﬂ’]ﬁJLmﬂ@l%‘]"llf)ﬁﬂﬁﬁ’é)x‘liﬂ‘i\iﬁ%ﬁﬂ TagNI5UINMT
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1/Feuieun carbon chemical shift ﬁ C-1, C-5, C-9 uag C-17 Gld;Qﬂ'WGUEN protostane é%m’hﬁum
dammarane Uszuat 5-10 ppm uaﬂmmfuﬁawuimw carbon chemical shift ﬁ C-19 aa3
protostane E:‘Nﬂ’J'WEN dammarane U8l 6-8 ppm (Wu et al., 2005; Lodeiro et al., 2009;
Mitsuguchi et al., 2009) WUA carbon chemical shift Y84e15 AOS MiloUVDIENS protosta-
20,24-dien-3B-ol (Wu et al., 2006) MIndoya 'H NMR (13791 16) HaaIF Yy IV UL
naa 7 mg:ﬁ J,, 0.69 (Me-19), 0.80 (Me-18), 0.96 (Me-29), 0.99 (Me-28), 1.08 (Me-30), 1.18 (Me-
27) az1.23 (Me-26) tagdanudyana lilsaou 2 &’ﬂujnﬁmﬁﬁumﬁﬁ 8, 4.84 LAz 4.88 (s, 2H-
21: .. 109.6) Fuiludnyave olefinic methylene Tsn0U drya11v09 oxymethine Tusaoud
8, 2.65 (t, J = 6.3 Hz) LLazﬁaumunmmmm{uauﬁ 8. 64.2,58.5 vy Tassadiavenamiog
trisubstituted epoxide FagasTmana C,H,0, SideandeaiiuTnsadnvesd lnuuasdilon lod

307748

Y, { v o d a {
HAZWUFYRIMUD keto carbon 7l 5. 220.4 Y038 HMBC taaannuduiusvouniia lsaoun

E4
~

8, 0.99 (Me-28) fUAITUBUT 8, 19.6 (C-29), 47.1 (C-4), 47.1 (C-5) A 220.4 (C-3) Fadoya
WerAadn C-3 e keto carbon 521 T933d0f C-17 1il0991nANUANTUT HMBC 521314 methine
Tismoud d,,2.57 (m, H-17) fumsueui 8. 27.7 (C-16), 35.3 (C-22), 44.5 (C-13), 50.5 (C-14),
109.6 (C-21) 1@z 151.0 (C-20) A terminal olefinic methylene Tﬂi@]ﬂuﬁ J, 4.84,4.88 (2H-21)
ﬁum{mu‘ﬁ O 35.3 (C-22), 43.7 (C-17) uaz 151.0 (C-20) uaﬂmm‘fu oxymethine Tﬂmauﬁ
8, 2.65 (H-24) uaraannudusius fuasuenil 5. 24.9 (C-26), 27.9 (C-23), 35.3 (C-22) 1Az 58.5

(C-25) wazwiia Tsaoui 5, 1.18 (Me-27) nansanuduusiumsueui 8. 24.9 (C-26), 58.5

9 9y
S

(C-25) 18 64.2 (C-24) 3¥0yati119¥31291121 methylepoxide INATTNIN C-24 1Az C-25

3¥1) relative stereochemistry mﬂsi’fayja NOESY 1a# methine 15aou H-5 ﬁ d, 2.07
uaasA NN Rallsaoui 5, 0.99 (Me-28) 18z 1.08 (Me-30) @91 methine T5n0uU
H-13 4 5, 1.95 uaasAMuFURUS DRl aoud 8, 1.08 (Me-30) 1Az 2.57 (H-17) Yoya
méwﬁyixu’h H-5, H-13, H-17, Me-30 taz Me-28 pga1uidenuvesluana wonnTTuLg
wiaTdsaeuil 5, 0.69 (Me-19) SuiananuduiusiuTsaoud 8, 0.96 (Me-29) uaz 1.44
H-9) witaTsaoudl 5, 0.80 (Me-18) nansaImduRusiuTUsneud &, 1.44 (H-9) was
olefinic Tulsaeuii 8, 4.84 (H,-21) nansanmduiusiulsneud 5, 2.00 (H-22) Fidoya
T TS H-9, Me-18, Me-19 118z Me-29 aga1uifednuved luana WUADIWIY A-B-C
IRV trans/syn/trans M1905 loniluey C-24 V04 epoxide Ay 248 configuration

[FURINVAT AO12 (24S) 31nM3STeuReuAT carbon chemical shift 1 C-23 84 C-27 (1135190

A ~ Y I . £ o o = 9
17) V]W"Iiliﬂf‘ﬁﬁ‘ﬂllﬂﬂllﬂinﬂ A.odorata iy 248 epoxide G]Nﬁ]%ﬁ\imiwgﬁvn\‘lslﬂﬂ"lwllﬂﬂ"lﬂ
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2,3(5);22(8),23-diepoxysqualene, AO15 (Xu et al., 2004; Cai et al., 2005b) AU @15 AOS A

24(S),25-epoxy-50.-protost-20,25-dien-3-one

uaaIdoya HMBC UNdIUUDIA15 AOS

/-\\ IQ‘V\ > N
% 10 1 23 24
12
1 18 25
3 2 9 20
4 13 21

8 27

5 6 17
7
14
® \/\J _/‘
" ‘-/15 16

udasdoya NOESY UNaIUU09a15 AOS
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A15199 16 aasdoya H NMR (300 MHz, CDCI,) Y9315 AO6-AO8 1A protosta-

20,24-dien-36-ol (0 in ppm, multiplicities, J in Hz)

Position ~ AO6 AO7 AO8 protosta-20,24-dien-34-ol
1 0.93m, 1.73 m 0.95m, 1.66 m 1.38m,2.01lm 1.37d (2),1.38d (3.5)
2 1.37m,1.55m 1.06 m, 1.50 m 2.20m, 2.58 m 1.52m, 1.68d (4.6)
3 3.20dd (11.4,5.7) 3.13dd (10.8,5.4) - 3.22.dd (11.7,5.0)
4 - - - -
5 0.74dd (11.4,5.4) 0.66dd(11.4,1.8) 2.07m 1.43d(10.3)
6 1.41m,1.58m 1.38m,151m 1.32m,1.38m 1.19-1.18m, 1.49m
7 1.27m, 154 m 1.22m,1.49m 1.12m,1.93m 1.18-1.17m,1.92m
8 - - - -
9 1.31m 1.24dd (6.3,3.00 1.44m 144t (14.1)
10 - - - -
11 1.28m, 1.56 m 1.03m, 1.05m 1.22m,1.41m 1.20-1.19m, 1.46 m
12 1.33m,1.58m 1.02m,1.47m 1.18 m, 1.69m 1.16-1.14 m
13 1.67m 1.61m 1.95m 1.97d (3.6)
14 - - - -
15 1.12m,1.63m 1.03m,1.54m 1.20m,1.41m 1.17-1.16 m, 1.42d (3.3)
16 1.38m, 1.89m 1.81m,1.88m 1.73m,1.77m 1.75m
17 2.20m 211m 2.57m 2.60dt (9.2, 8.8)
18 0.98s 0.91s 0.80s 0.82s
19 0.84s 0.78s 0.69s 0.87s
20 - - - -
21a 4.71brs 4.65 brs 4845 4865
B 476 brs 4.71brs 4.88s 4.88s
22 2.04m,2.32m 1.94m, 2.15m 2.09m,2.18 m 1.95m,2.10 m
23 1.58m, 1.70 m 1.52m, 1.60 m 1.49m,1.69m 1.91m,2.04m
24 3.47dd (9.9, 2.4) 3.64dd (9.0,3.3) 2.65t(6.3) 5.08 m
25 - - - -
26 1.36s 1.18s 1.23s 1.66s
27 1.10s 1.04s 1.18s 158s
28 0.98s 0.91s 0.99s 0.76 s
29 0.77s 0.71s 0.96s 0.96s
30 0.87s 0.80s 1.08s 1.07s
1 -
2' 1.36s
3 1.27s
25-OMe  3.23s
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M35190 17 uaaatoya "C NMR (75 MHz, CDCL) Y9415 AO6-AO8 1182 protosta-

20,24-dien-3f-ol (0 in ppm, multiplicities, J in Hz)

Position AO6 AO7 AO8  protosta-20,24-dien-34-ol
1 39.0 39.1 313 32.88
2 29.7 27.4 33.7 29.11
3 79.0 79.0 220.4 79.33
4 39.1 38.9 47.1 39.15
5 55.9 55.9 47.1 47.66
6 18.3 18.3 20.1 18.57
7 35.5 354 34.1 34.81
8 40.5 40.5 40.1 39.95
9 50.9 50.9 43.3 45.68
10 37.2 37.2 36.1 36.81
11 21.3 21.3 22.7 23.09
12 25.0 25.0 24.9 25.14
13 45.6 45.6 445 44,52
14 49.5 49.5 50.5 50.67
15 314 314 333 33.35
16 29.1 29.2 27.7 27.65
17 48.1 47.9 43.7 43.88
18 15.7 15.7 17.3 17.48
19 16.2 16.2 23.3 22.38
20 153.0 152.4 151.0 152.04
21 107.5 107.8 109.6 108.78
22 313 314 35.3 38.62
23 27.4 28.2 27.9 27.30
24 76.4 82.8 64.2 124.36
25 77.5 80.1 58.5 131.43
26 20.8 26.1 24.9 25.70
27 18.9 229 18.8 17.69
28 28.0 28.0 29.4 16.10
29 15.4 15.4 19.6 29.08
30 16.0 15.9 21.6 21.98
1 106.5

2' 28.6

3 26.9

25-OMe 49.0

o o o A
Lﬁuvﬂﬂm’iﬁﬂmﬁ13141/]1@%3511%!5116& protostane 4181 dammarane triterpene (LLWL!PN‘?I 2)
4

Faduuan 2,3(5);22(8),23-diepoxysqualene (AO15) Taenald 2 1dunia e

a 1 > a I
1. 91AMSUAKIU chair/chair/chair conformation UBIIUHIU A/B/C “dﬁﬂﬁ]zl,ﬂmﬂu

trans/anti/trans ring junction (A/B/C) U484 dammarane triterpene (Xu et al., 2004; Cai et al., 2005b)
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af " % a I
2. 91ANSUAIIY chair/boat/chair conformation UB4IUHIU A/B/C Gdﬁwzmmﬂu

trans/syn/trans ring junction (A/B/C) Y94 protostane triterpene

chair-boat-chair like TS
2,3(8);22(5),23-diepoxysqualene (AO15)

1 lcyclization N lcychzatlon

chair-chair-chair like TS

HO

compounds AO6, AO7 and AO9-AO14

compound AO8

o A @ L4
UNUNIN 2. l’(?f}u‘ﬂ']\iﬂ'lﬁﬁ\'iLﬂ51$Wﬂ1\3%3ﬂ1WT@Q dammaranes (AO6, AO7 Ly AQ9-

AO14) Lag protostane (AO8)

¢
(Y] d
6. Nﬁﬂ"li‘i’lﬂﬁi’)ﬂq‘i’l%gl’ﬁ«!ﬂ"lii’)ﬂ!ﬁ‘iJslli’Nﬁ1§ AO1-A025 %1ﬂ1ﬂ5119\1€111~!1]5381\1ﬂ

W‘u’jwﬁauﬁﬁwﬂmmmuammmqﬁ( inhibitory activity against LPS-induced NO
production 114 RAW264.7 cell lines lagia1 IC,, 5.2 ug/ml ﬁﬂ&ﬂﬁdﬁiﬁiinﬂﬁiﬁLlﬂﬂqﬁMW
nadeuand nansnadeudaaniluniaieil 18 @13 AO16, AO21 Liaz AO10 LaAIYNTANN
&8 1C,, = 2.1, 3.0 1A 3.1 pM AWERY qnisesasfiods AOL4, AO6, AOS, AOLT,
AO19, AO7 1Az AOI1 (IC, 5.5-142 pM) Geensynadiin 1c, Anheniildedluilegiiu
(indomethacin IC,, = 14.5 uM) ﬁ'ﬁ%u"}u’f]ﬂi]1ﬂﬁyll,ﬁﬂii]1/]‘§ﬂ1uﬂaNﬁ\‘IE]"EJL! ANNFUNUTUD
Tasead1edegnidueniauves dolabellane triterpene (AO1-A05) a3 1&fooondion 1 &
annileondion 2 wie 3 arluluanadweaadluas A05 (IC,, 7.9 uM) nssusnivens

AO1, AO2, AO3 uag AO4 (IC,, = 38.1, 22.3, 41.3 tag 20.4 puM) MNAIAL Tugnves

£4
~

tetracyclic triterpene (A06-A014) a3l¥oya’ladail n) wy keto i C-3 Fuiludegning ans
A010, AO12, AO14 @A N5NA (IC,, = 3.1,9.1, 5.5 UM) MU UAT1T AO9, AO11, AOI3

'
1 I

N1y OH N C-3 uaaagndoound (IC,, = 16.8, 142, 17.9 uM) Muaay ludiuves

U
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aminopyrrolidine (AO17, AO18) NUA5 AO1S (IC,, =502

Mldgnianasediaun (A017, IC,, = 8.6 uM) UONIINUUG

1
=<

uM) Gy oH TuTuana Uka

[

1dians A0s, A06, AO10,

AO12, AO14, AO16, AO17 taz A021 linageugnidu PGE, miioninin LPS lurad

AUILUY RAW264.7 HAMSNATOUNUNET AOL6 LAAIqNTALINAIEAT IC,, = 2.6 uM Tuame

1 413 AO17, A021 uaasgniihuna1eden1 IC,, = 23.0, 16.1 pM AN&IAY (15197 19)

A9 18 Inhibitory effects on NO production” ¥84815 AO1-A025

Compounds % Inhibition at various concentrations (uM) ICs
0 1 3 10 30 100 (uM)
AO1 0.0£5.0 - - 7.7+46 151+£4.2 101.8 + 1.6** 38.1
AO2 0.0£5.0 - - 16.3+3.8 69.9 £ 1.8** 99.1 + 2.00** 22.3
AO3 0.0£5.0 - - 8.2+36 16.4+£3.0 93.3 £ 1.5** 41.3
AO4 0.0£5.0 - - 28.7 £ 3.3* 61.0 £ 2.0** 98.5 £ 2.5** 20.4
AO5 0.0+5.0 - - 53.2 +1.3** 80.5+2.9** 1015+ 1.1%%* 7.9
AO6 0.0+6.8 - - 53.5+2.8** 83.0 £ 1.5** 97.5 + 1.80%* 7.1
AO7 0.0+6.8 - - 42.6 £5.1* 76.2 £ 0.9** 87.1+ 1.30%* 11.7
AO8 0.0+4.2 - - 250+ 1.7* 35.9+ 1.4** 77.6 £ 1.4** 53.2
AQO9 0.0+6.8 - - 33.7 £ 2.3** 68.8+ 3.0  101.8+ 1.5%* 16.8
AO10 0.0+6.8 - 46.2 +2.6**  70.6 £ 3.0** 90.4 +3.2°*  101.8 + 2.9%%* 3.1
AO11 0.0+£1.8 - - 355+ 3.6** 79.1+3.4** 85.5 + 4.50%* 14.2
AO12 0.0+£6.8 - - 50.4 + 1.3** 77.0 £ 3.4** 97.2 + 0.6%%* 9.1
AO13 0.0+£6.8 - - 40.4 + 2.7%* 55.3 £ 3.2** 89.5 +£2.9** 17.9
AO14 0.0£5.0 - 375+ 2.7* 62.1 £2.3** 80.1£4.3** 97.5 + 2.10%* 5.5
AO15 00+£18 - - 209 +3.1* 55.1+£3.7** 75.2 + 6.00%* 30.5
AO16 00+£49 293+£26 584+31** 92.3+45** 94.0 + 4.0%** 94.5 + 1.10%* 21
AO17 0.0+4.9 - - 44.4 + 2.0** 94.9 + 3.0** 97.5+2.3** 8.6
AO18 0.0+4.9 - - 145+5.7 35.9 £ 4.4** 66.8 + 2.6"%* 50.2
AO19 0.0+4.9 - - 43.6 £ 2.7** 93.6 + 3.8** 99.7 + 3.3** 9.3
AO20 0.0+£4.9 - - -9.2+5.3 21.4+4.6 95.4 + 1.3 42.3
AO21 00+49 222+18 489+24*  84.6+27**  100.0+4.4** 1052+ 0.8%* 3.0
AO22 0.0+£18 - - 14.1+39 25.2 £ 4.3** 83.4 +£2.1** 41.9
AO023 0.0+£18 - - 36.3 + 2.9** 44,0 + 6.7** 73.8 +£4.8** 28.5
AO024 00+18 - - 36.3 + 5.3** 71.8 £ 3.7** 94.5 + 3.4** 154
AO25 0.0+18 - - 226+7.6 726 £2.7%*  101.2+3.70%* 19.7
Indomethacin 0.0 + 4.2 - 155+1.7 36.4 £ 2.3** 60.9+3.7** 1045+ 1.7** 145

(-) = not determined

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

Statistical significance, * p<0.05, ** p<0.01

bCytotoxic effect was observed.
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®15197 19 Inhibition of PGE, productiona YOIA1T AOS5, AO6, AO10, AO12, AO14, AO16,

AO17 lag AO21

Compounds % Inhibition at various concentrations (uM) 1Cso
(uM)
0 3 10 30 100
AO5 0.0+23 - - - 27.8 +£1.2%* >100
AO6 00x16 - - - 29.9+1.1** >100
AO10 0.0+23 - - - 19.3 + 1.0** >100
AO12 00£23 - - - 48.7 £ 0.5** >100
AO14 00£23 - - - 49,5 + 1.4** >100
AO16 00+16 495+21** 57.0+0.2** 58.1+£0.7** 59.5+ (0.3** 2.6
AO17 00£1.6 - 475+ 1.3** 50.3+1.4** 552+ 0.5** 23.0
AO21 00£1.6 - 46.5 £ 1.8** 55.2+1.4** 58.2 +0.8** 16.1
% Inhibition at various concentrations (uM)
0 0.1 0.3 1 3
Indomethacin 00+£20 384+04* 48.7 £ 0.6** 52.7+0.2** 746 £0.2** 0.4

(-) = not determined
®Each value represents mean + S.E.M. of four determinations.

Statistical significance, * p<0.05, ** p<0.01
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msfnemitesgnisumssnuih ldgmanenasasannsindniler maungslng
wazlinlszoadamnsaugnans Idianun 60 @13 Taold11nandntldn 18 a3 Wuenslni 7 ans
A® mimosol A-D (CM1-CM4) 1182 mimosol E-G (CM9-CM11) uazgﬂumﬁﬁﬁﬂmmmué’a 11
@13 (CM5-CMS 1iag CM12-CM18) 31n51nM13ungd Ine 26 a15 1uasIni 15 arsie
pulcherrin  D-R  (CP1-CP15) nazifuensififisreauninds 11 s (CP16-CP26) wazainy
Uszaad 25 a3 Wuesvy 5 ensfe (1R,38,7E,118,12R)-3-hydroperoxydolabella-4(16),7-dien-
18-ol (AO1), (1R,3E,7R.8R,11S,12R)-7,8-epoxydolabella-3-en-18-0l (AQ2), 25-methoxy-50-
dammar-20-en-3f3,24-diol  (AO6), 3B-hydroxy-50-dammar-20-en-24,25-acetonide (AO7) LA

24(S),25-epoxy-50-protost-20,25-dien-3-one (AO8) iaziPuansNUTI8LNILE7 20 13 (AO3-

P4
a a o

AO5 1182 A09-A025) tiloansusgninaruanaaeugnidumssnaulugad RAW264.7

q
4

v ' 2 v ' y
Tagn56u89 LPS wuNiasusgns 24 arsiuaaegnidude NO Nia dsedlurie i, 2.1-14.2
=)
A

g
=

Y 1
uM tazUeNNNUEWAAIGNEN

n11e101%egfe indomethacin (IC,, = 14.5 uM), L-NA (IC,, =
61.8 uM) 1Az CAPE (IC,,=5.6 uM) @13 CM4, CM6, CMS liaz CM12-CM14 §31d1i1 11/
ﬂﬂﬁﬂﬂﬂ'lié]j'lu TNF-a 111!!@]5@1'5 RAW264.7 L!a%uﬂﬂiﬂﬂﬁ’fﬂi AO16, AO17 11ag AO21 NIt (oM

gNn5AIU PGE, Tusn IC, 1@AD 2.6, 16.1 1ag 23.0 uM A9
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Anti-inflammatory assay-guided separation of extracts from the roots of Caesalpinia mimosoides Lamk. led
to isolation of seven compounds: four diterpenes (1-4), a dimer (9), and two dibenzo[b,d]furans (10, 11)
together with eleven known compounds. Their structures were elucidated by 1D- and 2D-NMR tech-
niques as well as UV, IR, mass spectral data and comparison with literature values. The anti-inflammatory
activities of all compounds were evaluated for inhibitory activities against lipopolysaccharide (LPS)
induced nitric oxide (NO) production in RAW264.7 cell lines. Compounds 4, 6, 8, and 12-14 were also
tested for the inhibitory effect on LPS-induced tumor necrosis factor-alpha (TNF-o) release in
RAW264.7 cells. The results indicated that 4 possessed potent inhibitory activity for both tests with
ICso values of 3.0 and 6.5 pLM, respectively.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Caesalpinia mimosoides Lamk. (Leguminosae—Caesalpinioideae)
has many local Thai names, such as PuYa (North) and Cha-Luead
(Central). It is an erect or climbing shrub distributed in old clear-
ings, scrub areas, and mixed deciduous forests in northern and
north-eastern Thailand. The young shoots and leaves are locally
consumed as fresh vegetables and appetizers. The young shoots
and flowers have also been used as a carminative and to relieve
dizziness and fainting. This plant has been reported to exhibit anti-
microbial (Chanwitheesuk et al., 2007) and antioxidant activities
(Chanwitheesuk et al., 2005). Plants from several Caesalpinia spe-
cies with diverse biological activities have been studied by several
workers (Dickson et al., 2007; Kalauni et al., 2006; Linn et al., 2005;
Promsawan et al., 2003; Pudhom et al., 2007). Our previous
chemical investigations of C. crista (Cheenpracha et al., 2005,
2006), C. pulcherrima (Pranithanchai et al., 2009) and C. sappan
(Yodsaoue et al., 2008) established the presence of several
cassane-type diterpenoids. As a continuation of our studies on this
genus, we report herein the isolation and structural elucidation of
seven compounds, four diterpenes, a diterpene dimer and two
dibenzo[b,d]furans along with 11 known compounds from
the roots of C. mimosoides. In addition, their anti-inflammatory
activities are discussed.

* Corresponding author. Tel.: +66 7428 8444, fax: +66 7421 2918.
E-mail addresses: chatchanok.k@psu.ac.th, chatchanok_k@yahoo.com (C. Kar-
alai).

0031-9422/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.phytochem.2010.06.016

2. Results and discussion

The air-dried roots of C. mimosoides were extracted with CH,Cl,
and acetone successively. The crude CH,Cl, and acetone extracts
showed potent NO inhibitory activity with ICsy values of 11.0
and 21.6 pg/ml, respectively. Further separation and purification
led to the isolation of four diterpenes, named mimosol A-D
(1-4), a dimer, named mimosol E (9) and two dibenzo[b,d]furans,
named mimosol F, G (10, 11). The known compounds were identi-
fied by analysis of their spectroscopic data and comparison with
literature data to be taepeenin A (5), taepeenin D (6), nortaepeenin
A (7) (Cheenpracha et al., 2005), taepeenin L (8) (Cheenpracha
et al., 2006), (E)-7-hydroxy-3-(4-methoxybenzyl)chroman-4-one
(12), (E)-7,8-dihydroxy-3-(4-methoxybenzyl)chroman-4-one (13),
(E)-7-hydroxy-8-methoxy-3-(4-methoxybenzyl)chroman-4-one
(14) (Chen and Yang, 2007), tetracosyl caffeate (15) (Tanaka et al.,
1998), resveratrol (16) (Miyaichi et al., 2006), bergenin (17) (Wang
et al.,, 2005) and (+)-pterocarpol (18) (Nasini and Piozzi, 1981), see
Fig. 1.

Compound 1 was obtained as a white solid and has the molec-
ular formula C;1H,504 as determined by HREIMS. The IR spectrum
exhibited absorptions for hydroxyl (3429 cm™!) and carbonyl ester
(1718 cm™!) functional groups. The UV spectrum had absorption
bands at Anax 210 and 235 nm. In addition, compound 1 gave a
red-pink color on Ehrlich test indicating a furan chromophore
(Kuroda et al., 2004). The 'H and '>C NMR (Table 1) spectroscopic
data of 1 showed characteristics of a 2,3-furanocassane framework
(Cheenpracha et al., 2005, 2006; McPherson et al., 1986; Patil et al.,


http://dx.doi.org/10.1016/j.phytochem.2010.06.016
mailto:chatchanok.k@psu.ac.th
mailto:chatchanok_k@yahoo.com
http://dx.doi.org/10.1016/j.phytochem.2010.06.016
http://www.sciencedirect.com/science/journal/00319422
http://www.elsevier.com/locate/phytochem

0. Yodsaoue et al./ Phytochemistry 71 (2010) 1756-1764 1757

J Fragment B

taepeenin J (previously isolated from C.crista)

12.R=H
10: R =OH 13:R=0OH
11: R =OMe 14: R = OMe

16
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R
HO a 0] e OMe HO
B
X HO = O\/{/i\l/
o) o

15

HO.,,

18

Fig. 1. Mimosols A-G (1-4 and 9-11), new natural products, and compounds 5-8 and 12-18 as previously known.

1997; Pranithanchai et al., 2009; Ragasa et al., 2002; Roach et al.,
2003; Yodsaoue et al., 2008). The presence of a 2,3-disubstituted
furan ring was deduced from the resonances at éy 6.53 and 7.35
(each d, J =2.1Hz) and é¢c 106.9 (C-15), 118.8 (C-13), 141.3 (C-

16) and 151.7 (C-12). The 3C NMR spectroscopic data displayed
21 carbons including those of an oxyquaternary carbon at 6 70.9
(C-8), an exocyclic double bond at § 103.0 (C-17) and 142.5
(C-14), and an ester carbonyl carbon at § 178.3 (C-18). The 'H
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Table 1
H and '*C NMR (300 MHz) spectroscopic data of compounds 1-4 (& in ppm, multiplicities, J in Hz).
Position 1° 2b 3° 4
dc oy dc on dc oy dc On

1 39.0 1.05 m 39.6 0.93 m 39.1 0.87 m 38.6 0.85 m

1.82 m 1.70 br d (12.6) 1.63 m 1.62 m
2 17.6 1.14 m 189 1.38 m 18.2 145 m 18.6 142 m

1.48 m 1.56 m 1.53 m 1.54 m
3 36.5 1.50 m 421 1.14 dt (12.9, 3.9) 354 1.20 m 42.1 1.14 m

1.75 m 143 m 1.33 td (12.9, 4.2) 1.39m
4 47.3 - 33.2 - 37.6 - 33.2 -
5 51.2 1.93 dd (12.3, 2.7) 55.1 0.80 m 48.3 1.08 m 55.0 0.86 m
6 22.8 1.55m 21.6 127 m 214 122 m 221 1.27 m

1.60 m 1.58 m 143 m 1.63 m
7 375 1.62 td (12.9, 3.6) 31.0 1.20 m 314 1.23 m 35.9 1.19 m

2.57 dt (12.9, 3.0) 1.54 m 1.40 m 1.92 m
8 709 - 40.4 1.53 m 40.5 149 m 36.2 1.39m
9 56.4 1.90 br d (7.5) 47.5 1.20 m 48.3 1.09 m 53.1 0.64 m
10 38.0 - 36.8 - 36.8 - 36.8 -
118 19.1 2.96 dd (17.7, 7.5) 37.2 123 m 26.6 0.87 m 25.4 1.80 m
o 2.69 brd (17.7) 1.97 ddd (15.6, 8.1, 4.8) 171 m 0.62 m
12 151.7 - 70.7 4.43 dd (10.2, 4.8) 23.6 1.80 td (13.5, 4.2) 78.4 5.09 dd (13.2, 6.3)

2.34 dt (13.5, 3.0)
13 118.8 - 152.0 - 149.8 - 243 -
14 142.5 - 45.8 2.27 qd (7.2, 4.5) 443 212 m 34.0 0.46 dd (5.1, 1.2)
15 106.9 6.53 d (2.1) 118.8 5.54 t (6.6) 118.7 5.29 br t (6.9) 255 1.18 m
16 1413 7.35 d (2.1) 585 421 d (6.6) 58.6 404 d (6.9) 652 3.86 dd (11.7, 8.4)
428 dd (11.7, 6.9)

17 103.0 5.11 br s 14.9 0.95d (7.2) 141 0.87 d (7.2) 19.3 1.10 s

5.14 brs
18 178.3 - 33.6 0.86 s 721 3.02d (10.8) 334 0.84 s

333 d (10.8)

19 16.2 1.10 s 22.0 0.83 s 17.9 0.70 s 21.6 0.78 s
20 13.8 0.62 s 14.2 0.83 s 14.7 0.76 s 14.3 0.71 s
21 171.2 -
22 21.2 2.04 s
23 1711 -
24 211 2.06 s
18-OMe 51.2 3.65s

Assignments were based on HMQC, HMBC and COSY experiments.
@ Spectra were recorded in acetone-dg.
b Spectra were recorded in CDCl5.

NMR spectroscopic data displayed peaks for two tertiary methyl
groups at ¢ 0.62 (Me-20) and 1.10 (Me-19), and a OMe at 6 3.65
(OMe-18). The signals of terminal olefinic methylene protons at ¢
5.11 and 5.14 (each s, 2H-17) whose HMBC correlations with the
carbons at 6 70.9 (C-8), 118.8 (C-13), 142.5 (C-14) and 151.7
(C-12) together with that of the methine proton at 6 1.90 (d,
J=7.5Hz, H-9) with the carbons at 6 13.8 (C-20), 19.1 (C-11),
37.5 (C-7), 38.0 (C-10), 70.9 (C-8), 142.5 (C-14) and 151.7 (C-12),
suggested the location of the exocyclic double bond at C-14 and
OH at C-8, respectively. In addition, the methyl protons at § 0.62
(Me-20) showed NOESY crosspeaks with the methyl protons at ¢
1.10 (Me-19) and 2.96 (H,,-11) which was in agreement with the
trans/anti/trans ring junction (A/B/C) of a cassane framework, sug-
gesting a p-orientation of OH-8. Therefore, 1 was determined to be
8-hydroxy-14(17)-ene-18a-methoxycarbonyl-18-norvouacapene
and was named as mimosol A.

Compound 2 was assigned a molecular formula CyoH3,0
[M-H,0]" on the basis of a molecular ion at m/z 288.2460 by
HREIMS. Its IR spectrum displayed a hydroxyl stretching at
3397 cm™!. The 'H and '3C NMR spectra (Table 1), analyzed by
the aid of 'H-'H COSY and HMQC experiments, showed patterns
similar to those of taepeenin L (8) (Cheenpracha et al., 2006). The
signals of three tertiary methyl groups at Jy 0.83 (Me-19), 0.83
(Me-20) and 0.86 (Me-18), and a Me doublet at 5y 0.95 (d,
J =7.2 Hz, Me-17) were displayed. The 'H NMR spectroscopic data
showed the presence of an olefinic proton at § 5.54 (t, J=6.6 Hz,

H-15)and oxymethylene protons at 6 4.21 (d,J = 6.6 Hz, 2H-16) con-
nected to a carbon at ¢ 58.5. An oxymethine proton at éy 4.43 (dd,
J=10.2, 4.8 Hz, H-12: 6¢ 70.7) displayed J values consistent with an
axial orientation. The '*C NMR spectrum (Table 1) and DEPT exper-
iments displayed 20 carbons, two of these were sp? carbons at §
118.8 and 152.0. From the HMBC experiments, the Me-17 at § 0.95
showed long-range correlations to the carbons at § 40.4 (C-8), 45.8
(C-14) and 152.0 (C-13). An olefinic proton at § 5.54 (H-15) also
showed long-range correlations to the carbons at é 45.8 (C-14),
70.7 (C-12) and 152.0 (C-13). An oxymethine proton at § 4.43
(H-12) gave a cross-peak with the carbons at 6 37.2 (C-11), 58.5
(C-16), 118.8 (C-15) and 152.0 (C-13) and oxymethylene protons
at 6 4.21 (2H-16) with the carbons at 6 118.8 (C-15) and 152.0
(C-13). These results suggested that a hydroxyl group was located
at C-12 and the =CHCH,OH substituent was at C-13. From the
NOESY cross-peak, the oxymethine proton at § 4.43 (H-12) showed
a cross-peak with the methyl protons at § 0.95 (Me-17) confirming
their axial orientations. An olefinic proton at § 5.54 (H-15) displayed
across-peak with amethine protonat62.27 (H-14), thusindicating a
Z-configuration of the double bond. Therefore, 2 was elucidated as
12p,16-dihydroxycass-13(15)(Z)-ene and was named as mimosol B.

The molecular formula of compound 3 was found to be
C20H340, ([M]*, m/z 306.2545), by HREIMS. The 'H and '3C (Table
1) NMR spectroscopic data of 3 were comparable with those of 2,
except that a methyl singlet at Jy 0.86: 5c 33.6 (Me-18) and an
oxymethine proton at Jy 4.43 (H-12) in 2 were replaced by
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oxymethylene protons 2H-18 at gy 3.02 and 3.33 (each d, J
=10.8 Hz: ¢ 72.1) and methylene protons 2H-12 at 6 1.80 and
2.34, respectively in 3. The oxymethylene protons at ¢ 3.02 and
3.33 (2H-18) showed HMBC correlations with the carbons at §
17.9 (C-19), 35.4 (C-3), 37.6 (C-4) and 48.3 (C-5), confirming their
attachment at C-4. The relative stereochemistry of 3 was assigned
by NOESY experiment in which the oxymethylene protons 2H-18
(6 3.02, 3.33) showed cross-peaks with 6 0.70 (Me-19), 1.08 (Hax-
5), 1.20 (Heq-3) and 1.43 (Heq-6), indicating an equatorial orienta-
tion. A Z-configuration of the double bond was suggested by a
cross-peak of an olefinic proton at § 5.29 (br t, ] =6.9 Hz, H-15)
with a methine proton at § 2.12 (m, H-14). Therefore, compound
3 was assigned as 16,18-dihydroxycass-13(15)(Z)-ene and was
named as mimosol C. Although 3 was previously reported as a
product of semi-synthesis (Leal et al., 2003), this work establishes
the diterpene as a bona fide natural product.

The empirical formula of compound 4 was deduced as C24H3504
from an exact mass measurement ([M]* m/z 390.2780) by HREIMS.
The carbonyl ester functionality was deduced from the IR absorp-
tion at 1735 cm™'. The '3C NMR (Table 1) and DEPT spectra exhib-
ited peaks for 24 carbons; two of these were ester carbonyls at ¢
171.1 (C-23) and 171.2 (C-21), an oxymethine at § 78.4 (C-12)
and an oxymethylene carbon at § 65.2 (C-16). The '"H NMR spectro-
scopic data (Table 1) showed six singlet signals of four aliphatic
methyl groups at § 0.71 (Me-20), 0.78 (Me-19), 0.84 (Me-18) and
1.10 (Me-17) and two acetoxy methyl groups at 5 2.04 (Me-22:
dc 21.2) and 2.06 (Me-24: é¢ 21.1). The presence of a cyclopropane
ring was deduced from the 'H NMR, COSY and HMQC spectra that
exhibited two signals at éy 0.46 (dd, J = 5.1, 1.2 Hz, H-14: §¢ 34.0)
and 1.18 (m, H-15: ¢ 25.5). From the HMBC experiments, the oxy-
methine proton H-12 (dy 5.09, dd, J = 13.2, 6.3 Hz: 5c 78.4) showed
long-range correlations to the carbons at 6 19.3 (C-17), 25.4 (C-11),
25.5 (C-15) and 171.2 (C-21). The oxymethylene protons 2H-16 at
6 3.86 (dd, J=11.7, 8.4 Hz) and 4.28 (dd, J=11.7, 6.9 Hz) showed
long-range correlations to the carbons at § 24.3 (C-13), 25.5 (C-
15), 34.0 (C-14) and 171.1 (C-23). These data suggested that two
OAc groups were attached at C-12 and C-16, whereas C-13, C-14
and C-15 formed a cyclopropane ring. The observed HMBC correla-
tions between a singlet methyl group at 6 1.10 (Me-17) with the
carbons at 6 24.3 (C-13), 25.5 (C-15), 34.0 (C-14) and 78.4 (C-12),
confirmed its location at C-13. The large | value for H-12
(J=13.2 Hz) indicated its axial orientation. In the NOESY spectrum
(Fig. 2), the oxymethine proton at 6 5.09 (H-12) correlated with the
methyl protons at 6 1.10 (Me-17) and 0.64 (H-9) and a methine
proton at § 0.46 (H-14) displayed a cross-peak with the methyl
protons at § 1.10 (Me-17) and oxymethylene protons at ¢ 3.86
and 4.28 (2H-16) but no correlation with H-15. These data sup-
ported o-orientations of H-12, H-14, and Me-17, hence suggesting
a cis cyclopropyl ring with an «-acetoxymethyl side chain. Thus, 4
was assigned as 124,16a-diacetoxy-144,15-cyclopimarane and was
named as mimosol D.

Compound 9 was isolated as a white solid. It showed [M]* at
m/z 654.3948 (C4,Hs5406) in the HREIMS spectrum. The UV spec-
trum (Amax 258, 283 and 293 nm) suggested the presence of a
benzofuran chromophore (Lyder et al., 1998). The IR spectrum
of 9 displayed the absorbance of a carbonyl ester (1720 cm™!)

Fig. 2. Important NOESY cross-peaks of mimosol D (4).

group. The '>C NMR (Table 2) and DEPT spectroscopic data dis-
played 42 carbons; twelve of these were sp? carbons attributable
to four methine and eight quaternary carbons. The 'H NMR data
(Table 2) showed two fragments, A and B, both being cassane-
type diterpenes. The 'H and '>C NMR and HMBC data
established the dimeric structure of compound 9 that was
closely related to taepeenin ] previously isolated from C. crista
(Cheenpracha et al., 2006). The differences were shown as the
disappearance of two methyl singlets at éy 0.95 (Me-18) and
0.75 (Me-18') in taepeenin ] and the appearance of two methyl
ester at dy 3.66 (OMe-18) and 3.57 (OMe-18') in 9, together with
the presence of two ester carbonyl carbons at éc 179.2 (C-18)
and 179.1 (C-18'). The locations of two methyl ester groups at
C-4 and C-4' were confirmed by their HMBC correlations: in
fragment A, the methyl ester protons at § 3.66 (OMe-18) corre-
lated with the carbonyl carbon at 6 179.2 (C-18) and a singlet
methyl at § 1.18 (Me-19) correlated with the carbons at 6 36.5
(C-3), 47.3 (C-4), 49.1 (C-5) and the carbonyl carbon at 6 179.2
(C-18); in fragment B, methyl ester protons at § 3.57 (OMe-
18') correlated with the carbonyl carbon at 6 179.1 (C-18') and
a singlet methyl at § 1.29 (Me-19’) correlated with the carbons
at § 36.6 (C-3'), 44.3 (C-5'), 47.7 (C-4’) and the carbonyl carbon at ¢
179.1 (C-18'). The connectivity between the two fragments at
C-14 (fragment A) and C-16' (fragment B) was supported by HMBC
correlations (Fig. 3A). The methyl group protons at 6 1.64 (Me-17)
exhibited cross-peaks with the carbons at § 40.1 (C-14), 44.0 (C-8),
121.9 (C-13) and 162.2 (C-16'), whereas an aromatic proton at ¢
6.12 (H-15’) correlated with the carbon at 5 40.1 (C-14). The NOESY
cross-peaks (Fig. 3B) of the aromatic proton at § 6.12 (H-15') with
the methyl protons at § 1.64 (Me-17) and 2.28 (Me-17') and a
methine proton at 6 1.90 (H-9) with the methyl protons (Me-17)
supported the g-equatorial orientation of fragment B at C-14. Thus,
9 was deduced to be 14p-(8(14'),9'(11')-diene-18'a-methoxycar-
bonyl-18'-norvouacapen-16'-yl)-18«-methoxycarbonyl-18-norvou-
acapene and was named as mimosol E.

Table 2
'H and '*C NMR (300 MHz) spectroscopic data of compound 9 in CDCl5 (§ in ppm,
multiplicities, J in Hz).

Position  9A Position 9B
dc On dc O

1 38.0 1.08-1.12m 1 389 148-155m
1.76-1.80 m 2.20-2.35 m

2 179 1.50-1.62 m 2 18.7 1.62-1.70 m
1.72-1.82 m 1.72-1.82 m

3 36.5 1.75-1.80 m 3 36.6 1.44-1.58 m
1.82-1.90 m 1.60-1.68 m

4 473 - 4! 477 -

5 491 161 m 5 443 226 m

6 239 1.28-131m 6 219 1.50-1.60 m
1.45-1.51 m 1.62-1.78 m

7 283 1.97-2.02m 7 275 2.80-2.97 m
2.04-2.08 m 2.60-2.72 m

8 440 1.65m 8 1274 -

9 477 190 m 9 146.1 -

10 374 - 10 377 -

11 21.8 249dd(153,102) 11 1043 7.23s
2.79 dd (15.3, 7.2)

12 1501 - 12/ 1534 -

13 1219 - 13 1265 -

14 401 - 14 1271 -

15 108.5 6.08d(1.8) 15 1024 6.12s

16 140.7 7.23brs 16 1622 -

17 247 164s 17 159 228s

18 179.2 - 18 1791 -

19 170 1.18s 19 166 1.29s

20 145 094s 20/ 25,5 1.28s

18-OMe 519 3.66s 18’-OMe 519 3.57s

Assignments were based on HMQC, HMBC and COSY experiments.
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Fig. 3. (A) Major HMBC correlations and (B) important NOESY cross-peaks of
mimosol E (9).

The molecular formula of 10 was established as C;7H;605 ([M]*,
m/z 300.1011), based on the HREIMS mass spectrum. The UV spec-
trum showed absorption maxima at Ayax 207, 222, 250, 309 and
318 nm. The IR spectrum displayed the absorbance of hydroxyl
stretching frequency (3386 cm'). The '3C NMR (Table 3) and DEPT
spectroscopic data showed 17 carbons, suggesting twelve aromatic
carbons identified as four protonated (6 93.4, 97.9, 110.9, 122.2),
and eight non-protonated, of which five oxygenated (5 140.9,
146.5, 149.6, 156.3, 157.6) and three non-oxygenated (6 116.2,
117.1, 117.9) carbons. Two low-field signals at § 108.4 and 147.0
representing two carbons of disubstituted double bonds were ob-
served. These data allowed the formulation of a dibenzofuran ring
which contained twelve aromatic carbons and an oxygen atom,
whose structure was consistent with 10 degrees of unsaturation
calculated for this compound. The "H NMR spectrum (Table 3) dis-
played the presence of two sets of downfield resonances. One of
them was shown at § 7.14 (1H, s, H-4) suggesting the presence
of a 1,2,3,5,6-pentasubstituted benzene ring (ring A) and another
as the proton resonances at 6 6.81 (1H, dd, ] =7.8, 2.1 Hz, H-8),
6.97 (1H, d, J =2.1 Hz, H-6) and 7.76 (1H, d, J = 7.8 Hz, H-9) indi-
cating the presence of a 1,2,4-trisubstituted benzene ring (ring B).
The presence of a biphenyl linkage between C-9a and C-9b (form-
ing a furan skeleton) (Qu et al., 2007) was determined by the HMBC
correlation (Fig. 4), in which an aromatic proton H-9 at § 7.76
showed correlations with the carbons at § 97.9 (C-6), 110.9 (C-8),
116.2 (C-9b) and 157.6 (C-5a) whereas an aromatic proton H-4 (6
7.14) showed correlations with the carbons at é 116.2 (C-9b),
140.9 (C-2), 146.5 (C-3) and 149.6 (C-4a). In addition, the methy-
lene protons at § 3.87 (2H-1’) showed HMBC correlations with
the carbons at § 65.3 (C-4'), 108.4 (C-3'), 116.2 (C-9b), 117.9 (C-
1), 140.9 (C-2) and 147.0 (C-2’), suggesting its location at C-1. A
methoxyl group (5 3.96) was assigned at C-3 due to its HMBC cor-
relation to the carbons at 6 146.5 (C-3). The signals of the terminal
olefinic methylene protons at éy 4.53 and 4.99 (each m, 2H-3': é¢
108.4) exhibited a COSY cross-peak with the methylene protons
at 6 3.87 (br s, 2H-1': §c 29.6) and oxymethylene protons at ¢

Table 3
H and '3C NMR (300 MHz) spectroscopic data of compounds 10 and 11 in acetone-dg
(¢ in ppm, multiplicities, J in Hz).

Position 10 11

dc OH oc OH
1 117.9 — 118.0 -
2 140.9 - 141.1 -
3 146.5 - 146.8 -
4 934 714 s 934 717 s
4a 149.6 - 149.8 -
5a 157.6 - 157.5 -
6 97.9 6.97 d (2.1) 96.2 7.12d (2.4)
7 156.3 - 158.7 -
8 1109 6.81 dd (7.8, 2.1) 1102 6.88 dd (7.8, 2.4)
9 1222 7.76 d (7.8) 1221 7.83d (7.8)
9a 1171 - 118.0 -
9b 116.2 - 116.0 -
1 29.6 3.87 brs 29.6 3.88 brs
2 147.0 - 147.0 -
3 108.4 453 m 108.4 4.52 m

499 m 5.00 sext (1.8)

4 65.3 4.22 brs 65.3 422 brs
3-OMe 55.9 3.96 s 55.9 3.97s
7-OMe 55.1 3.87 s
2-OH 8.71s 7.42 s
7-OH 737 s

Assignments were based on HMQC, HMBC and COSY experiments.

422 (br s, 2H-4": §c 65.3). Moreover, NOESY cross-peaks were
observed between the methoxyl protons and the aromatic proton
H-4 (6 7.14, s) and between methylene protons 2H-1' (6 3.87)
and the aromatic proton H-9 (6 7.76). Therefore, 10 was elucidated
as  1-(2-(hydroxymethyl)allyl)-3-methoxydibenzo[b,d]furan-2,7-
diol and was named as mimosol F.

Compound 11 had a molecular formula C;gH,50s, ([M]" m/z
314.118), based on HREIMS which was 14 mass units more than
that of 10, suggesting the addition of a methyl group. The 'H and
13C NMR spectra (Table 3) of 11 displayed characteristics similar
to those of 10, except for the presence of an additional methoxyl
group at éy 3.87 (s) in 11 whose HMBC correlation with the carbon
at § 158.7 (C-7) and NOESY cross-peak with the protons at § 6.88
(dd, J=7.8, 2.4Hz, H-8) and 7.12 (d, J=2.4 Hz, H-6) suggested
the location of an OMe group at C-7. Thus, 11 was deduced to be
1-(2-(hydroxymethyl)allyl)-3,7-dimethoxydibenzo[b,d|furan-2-ol
and was named as mimosol G.

The tricyclic diterpene structures of compounds 1-9 could be
derived from common pimar-15-en-8-yl carbocation intermediate
generated by cyclization of (+)-copalyl diphosphate (Devon and
Scott, 1972; Ravn et al., 2002) as shown in Scheme 1. The 14 — 8
hydride shift of pimar-15-en-8-yl carbocation to form a pimar-
15-en-14-yl carbocation followed by 13 — 14 methyl shift (path-
way a) results in cass-15-en-13-yl carbocation which will give rise

Fig. 4. Major HMBC correlations of mimosol F (10).
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Scheme 1. Plausible biosynthesis pathway of cassane and cyclopimarane diterpenes.

to a cassane-type diterpenes (1-3 and 5-9) with the trans/anti/
trans ring junction (A/B/C). On the other hand the addition of water
to C-16 double bond of a homoallylic cation (pimar-15-en-14-yl
carbocation) concomitant with ring closure (pathway b) results
in 14,15-cyclopimaran-16-ol, a precursor of 4.

The CH,Cl, and acetone extracts exhibited potent inhibitory
activity against LPS-induced NO production in RAW264.7 cell lines

Therefore all isolated compounds were evaluated for their anti-
NO activity whose results were shown in Table 5. Compound 4
(ICs0=3.0 uM) possessed the highest activity, followed by com-
pounds 13, 12, 14, 8 and 6 (ICs50=3.9, 44, 5.6, 7.1 and 8.2 uM,
respectively), whereas other compounds exhibited moderate and
mild activities. The inhibitory activities of all compounds were
much stronger than that of NO synthase inhibitor (Tewtrakul

with ICso values of 11.0 and 21.6 pug/ml, respectively (Table 4). et al, 2009) (i-nitroarginine (1-NA), ICs0=61.8 uM) except
Table 4
Inhibitory activity against LPS-induced NO production? of crude extracts from the roots of C. mimosoides.

The crude extracts % Inhibition at various concentrations (pg/ml) ICs50 (png/ml)

0 3 10 30 100

The crude CH,Cl, extract 0.0+3.8 - 46.5 +3.0** 70.2 £ 0.8** 85.6 £ 3.3** 11.0

The crude acetone extract 0.0+£3.8 - 36.8 £4.5* 54.2 +3.3** 78.6 +£3.8** 216

1-Nitroarginine (1-NA) 0.0£9.9 11.7 + 4.6 202+5.9 34.7 +1.8* 71.6+2.6* 61.8

Caffeic acid phenethylester (CAPE) 0.0+9.9 30.7 +3.2 68.6 + 3.4>** 98.7 + 1.2+ 98.9 +2.1P** 5.6

Statistical significance, *p < 0.05, **p < 0.01.
2 Each value represents mean + S.E.M. of four determinations.
b Cytotoxic effect was observed.
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Table 5

Inhibitory effects on NO production® of compounds 1-18 from C. mimosoides.
Compounds % Inhibition at various concentrations (LM) 1Cs50 (UM)

0 1 3 10 30 100

1 0.0+6.9 - - 36.7 +3.3* 68.4 +2.1** 99.8 +2.3** 15.9
2 0.0+5.6 - - 35.3+2.8* 54.0 +2.9** 101.9 £2.3** 19.3
3 0.0+5.6 - - 32.8+2.3* 78.1 £ 4.4** 99.4 + 320+ 15.4
4 0.0+5.6 19.4 £3.1 49.3 £2.5** 83.7 £ 0.9** 89.3 £ 3,10 100.2 £ 2.5 3.0
5 0.0+9.6 - - 51+1.2 256+24 68.9 +2.6** 56.8
6 0.0+9.6 - 25.0+2.3* 60.4 +4.1** 75.8 £2.5** 100.3 + 3.57** 8.2
7 0.0+6.9 - - 40.5 + 3.6** 75.0+£2.1** 98.1 +3.3** 13.2
8 0.0+6.9 - 27.1+4.4* 51.9+2.9* 98.0 + 3.5>** 100.0 + 1.9>** 7.1
9 00+4.2 - - 233+2.1* 60.9 £ 2.0** 94.3 £3.5% 22.8
10 0.0+t44 - - 312412 49.6 + 3.7 81.0+3.6** 25.9
11 0.0+4.4 - - 48+29 28.5+2.5% 67.0 + 4.4** 57.2
12 0.0+4.9 - 39.5 +2.4* 71.0 £3.8** 95.0 £ 1.7** 99.4 + 3.4+ 4.4
13 0.0+49 - 434 +£2.1* 72.1+2.0** 97.5+2.5* 100.5 + 2.4>** 3.9
14 0.0+4.4 - 35.4+2.5% 63.0 £ 0.7** 85.8+1.5** 101.7 £ 3.0** 5.6
15 0.0+49 - - 22.0+£3.1* 68.5 + 2.2+ 99.7 + 2.1+ 20.8
16 0.0+4.2 - - 28.4+3.1 60.2 + 1.5** 94.6 +2.3** 21.1
17 0.0+4.2 - - 24+15 22.3+2.6%* 56.2 +3.9** 83.0
18 0.0+3.5 - - 154+18 42.8 +2.6™ 91.8 +2.0** 31.0
1-Nitroarginine (1-NA) 0.0+9.9 11.7+4.6 20.2+£5.9 34.7+1.8* 71.6 £2.6* 61.8
Caffeic acid phenethylester (CAPE) 0.0+9.9 30.7 £3.2* 68.6 +3.4** 98.7 + 1.2+ 98.9 +2.1°** 5.6

Statistical significance, *p < 0.05, **p < 0.01.

? Each value represents mean * S.E.M. of four determinations.
b Cytotoxic effect was observed.

Table 6

Inhibition on TNF-o production® of compounds 4, 6, 8, and 12-14 isolated from C. mimosoides.
Compounds % Inhibition at various concentrations (pLM) 1Cs50 (UM)

0 3 10 30 100

4 0.0+5.7 36.6+0.7 60.0 £ 1.0** 71.2£0.9** 95.2 + 1.5%** 6.5
6 0.0+5.7 - 212+14 37.7+2.0* 753 £2.1* 38.8
8 0.0+t5.7 - 8.2+1.0" 42.3+1.0* 86.7+ 1.8** 35.2
12 0.0+5.6 - 50.0 £3.3** 72.1 £2.4* 95.4 +1.20* 9.5
13 0.0+5.6 - 48.5+2.5* 68.5+1.5* 99.7 £ 0.9°** 114
14 00+57 - 43,6 +£2.3** 62.1 £2.0** 98.4 + 2.8>** 14.6

Statistical significance, *p < 0.05, **p < 0.01.
¢ Each value represents mean + S.E.M. of four determinations.
b Cytotoxic effect was observed.

compound 17 showed a weaker activity (ICso=83.0 uM). Com-
pounds 4, 12 and 13 also showed higher inhibitory activity than
caffeic acid phenethylester (CAPE) (ICso = 5.6 uM). Structure-activ-
ity relationships of these classes of diterpenes (1-9) for anti-
inflammatory activity are suggested as follows: (i) the acetoxyl
group on the molecule was necessary for increasing the activity:
compound 6 with the acetoxyl group was strongly active
(ICs50=8.2 uM), whereas compound 5 was much less active
(ICs0 = 56.8 uM). (ii) one hydroxyl substituent gave higher activity
than two hydroxyls as shown in compound 8 (IC50=7.1 uM) vs.
compounds 2 and 3 (ICsp = 19.3 and 15.4 uM), respectively. This re-
sult implied that a hydroxyl substitution at other positions besides
C-16 decreased the activity. Compounds 4, 6, 8 and 12-14 were
also tested for the inhibitory effect on LPS-induced TNF-o release
in RAW264.7 cells. The results established that 4 and 12 possessed
the most potent activity against TNF-a release with ICsq values of
6.5 and 9.5 puM, respectively, whereas 6, 8, 13 and 14 exhibited
moderate activity with ICso values of 38.8, 35.2, 11.4 and
14.6 puM, respectively (Table 6). From the present study, compound
4 was a compound that showed strong inhibition on both NO and
TNF-o releases.

2.1. Concluding remarks

The phytochemical investigation of C. mimosoides led to the iso-
lation of four diterpenes, named mimosol A-D (1-4), a dimer,

named mimosol E (9) and two dibenzo[b,d]furans, named mimosol
F, G (10, 11) together with eleven known compounds. It is interest-
ing to note that in compound 4, a cyclopropane ring was formed at
ring C whose structure should be derived from pimarane skeleton
and in compound 1 an OH was found at C-8. Both types of structure
were first isolated from this species. All compounds were evalu-
ated for their anti-NO activity, of which all compounds exhibited
much stronger activity than that of NO synthase inhibitor (L-NA,
IC50 = 61.8 M) except compound 17 which showed weaker activ-
ity. The compound 4 exhibited potent inhibitory activity against
LPS-induced NO production in RAW264.7 cell lines and TNF-o re-
lease with ICsq values of 3.0 and 6.5 UM, respectively.

3. Experimental
3.1. General experimental procedures

Melting points were determined on the Fisher-John melting
point apparatus. The optical rotation [¢], values were determined
with a JASCO P-1020 polarimeter, whereas IR spectra were mea-
sured with a Perkin-Elmer FTS FT-IR spectrophotometer. The UV
spectra were measured with a UV-160A spectrophotometer (Shi-
madzu) and principal bands (/max) Were recorded as wavelengths
(nm) and log e in CH;0H and CHCl; solution. The 'H and '3C
NMR spectra were recorded using 300 MHz Bruker FTNMR Ultra
Shield™ spectrometers in CDCl3 or acetone-dg solution. Chemical
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shifts are recorded in parts per million (5) with tetramethylsilane
(TMS) as an internal reference. Vacuum Liquid Chromatography
(VLC) (Coll and Bowden 1986) and column chromatography (CC)
were carried out on silica gel 60 F,54 (Merck) and silica gel 100
(Merck), respectively.

3.2. Plant material

The roots of C. mimosoides Lamk. were collected from Khonkaen
province, north-eastern part of Thailand in October 2006. Botanical
identification was achieved through comparison with a voucher
specimen number QBG33200 in the herbarium collection of Queen
Sirikit Garden, Mae Rim District, Chiang Mai, Thailand.

3.3. Extraction and Isolation

The air-dried roots (1.7 kg) of C. mimosoides were extracted with
CH,Cl, and acetone successively (each 2 x 10 L, for 5 days) at room
temperature. The crude extracts were evaporated under reduced
pressure to afford brownish CH,Cl, (40.3 g) and acetone (47.1 g)
extracts, respectively. The crude CH,Cl, extract was further sepa-
rated by VLC, eluting with hexane as eluent and increasing polari-
ties with CH,Cl,, acetone and MeOH, respectively to give ten
fractions (C1-C10). Fraction C3 (2.41 g) was subjected to VLC with
EtOAc-hexane (1:19, v/v) to afford five subfractions (C3a-C3e).
Subfraction C3b (851.6 mg) was recrystallized with CH,Cl, to give
6 (680.3 mg) and the mother liquor (160.5 mg) which was further
subjected to CC using EtOAc-hexane (1:49, v/v) to give 5 (40.6 mg)
and 8 (7.2 mg). Subfraction C3c (793.7 mg) was separated by CC
eluting with EtOAc-hexane (1:19, v/v) to give 6 (15.6 mg) and 8
(35.2 mg). Fraction C5 (6.49 g) was subjected to VLC using hexane
as eluent and increasing polarity with EtOAc to afford six subfrac-
tions (C5a-C5f). Subfraction C5c (793.7 mg) was separated by CC
with acetone-hexane (1:49, v/v) to give 5 (460.4mg), 9
(10.2 mg) and 1 (50.8 mg). Subfraction C5e (742.8 mg) was purified
by CC with acetone-hexane (1:19, v/v) to give 7 (10.4 mg). Fraction
C7 (1.18 g) was subjected to CC with acetone-hexane (1:9, v/v) to
afford six subfractions (C7a-C7f). Subfraction C7c (350.8 mg)
was purified by CC with acetone-hexane (3:17, v/v) to give 3
(102.4 mg), 2 (7.4 mg) and 4 (7.0 mg). Subfraction C7e (110.0 mg)
was separated by CC with CH,Cl, to give 11 (10.3 mg). Fraction
C9 (3.83 g) was subjected to VLC using hexane as eluent and
increasing polarity with acetone to afford six subfractions (C9a-
C9f). Subfraction C9-b (384.7 mg) was recrystallized with CH,Cl,
to give 15 (230.3 mg). Subfraction C9d was purified by CC with ace-
tone-CH,Cl, (1:49, v/v) to give 12 (13.3 mg). Subfraction C9e
(220.5 mg) was separated by CC with acetone-CH,Cl, (1:19, v/v)
to give 13 (10.3 mg).

The crude acetone (47.1 g) extract was fractionated by VLC elut-
ing with hexane as eluent and increasing polarity with CH,Cl,, ace-
tone and MeOH successively to give eight fractions (A1-A8).
Fraction A3 (1.05 g) was subjected to VLC with acetone-CH,Cl,
(1:49, v/v) to give 14 (35.3 mg). Fraction A5 (1.33 g) was separated
by VLC with acetone-CH,Cl, (1:49, v/v) to afford eleven subfrac-
tions (A5a-A5g). Subfraction A5c (88.1 mg) was recrystallized with
CH,Cl; to give 13 (15.3 mg). Subfraction A5e (350.0 mg) was puri-
fied by CC with MeOH-CH,Cl, (1:24, v/v) to afford 18 (70.3 mg)
and 16 (51.3 mg). Subfraction A5f (80.0 mg) was separated by CC
with EtOAc-CH,Cl, (1:9, v/v) to give 10 (10.3 mg). Fraction A7
(235.2) was recrystallized with MeOH to give 17 (150.3 mg).

3.3.1. Mimosol A (1)

White solid; mp 214-216 °C; [¢]3 —41.4 (c 0.76, CHCl3); UV
(CH30H) Amax (loge) 210 (4.95), 235 (4.65)nm; IR (neat) vmax
3429 (0-H), 2930 (C-H), 1718 (C=0) cm™'; 'H and '>*C NMR

(acetone-ds, 300 MHz), see Table 1; HREIMS: m/z 344.1997 [M]*
(calcd. for C21H2304, 3441988)

3.3.2. Mimosol B (2)

White solid; mp 143-145 °C; [«]3 —40.6 (c 0.30, CHCl3); UV
(CHCl3) Amax (loge) 225 (3.47)nm; IR (neat) vmax 3397 (O-H),
2928 (C-H) cm™!; 'H and '>C NMR (CDCls, 300 MHz), see Table
1; HREIMS: m/z 288.2460 [M-H,0]" (calcd. for CyoH3,04,
288.2453).

3.3.3. Mimosol C (3)

White solid; mp 102-103 °C; [¢)%’ —37.1 (c 1.10, CH;0H); UV
(CHCl3) Amax (loge) 223 (3.45)nm; IR (neat) vmax 3364 (O-H),
2930 (C-H) cm™!; 'H and '>C NMR (CDCls, 300 MHz), see Table
1; HREIMS: m/z 306.2545 [M]* (calcd. for CyoH340,, 306.2559).
The physical and spectral data of 3 from the synthesis (Leal et al.,
2003): colorless needle; mp 122-125°C; IR (neat) vmax 3400,
2970, 2890, 1660, 1480, 1400, 1060cm!; 'H NMR (CDCls,
60 MHz) 5.33 (t, J=7.0Hz, 1H), 4.03 (d, J=7.0 Hz, 2H), 3.20 (d,
J=11.0Hz, 1H), 3.00 (d, J=11.0 Hz, 1H), 0.93 (d, J=7.0 Hz, 3H),
0.83 (s, 3H), 0.77 (s, 3H).

3.3.4. Mimosol D (4)

Viscous oil; [oc}zD7 +24.16 (c 1.02, CHCl3); IR (neat) vmax 1735
(C=0), 1243 cm™'; 'H and '3C NMR (CDCls, 300 MHz), see Table
1; HREIMS: m/z 390.2780 [M]" (calcd. for Cy4H3504, 390.2770).

3.3.5. Mimosol E (9)

White solid; mp 141-142 °C; [0]¥ +132.8 (c 0.37, CHCl5); UV
(CHCl5) /max (log &) 258 (5.28), 283 (4.93), 293 (4.89) nm; IR (neat)
Umax 2929 (C-H), 1720 (C=0) cm~!; 'H and '3C NMR (CDCls,
300 MHz), see Table 2; HREIMS: m/z 654.3948 [M]" (calcd. for
C42Hs5406, 654.3920).

3.3.6. Mimosol F (10)

White solid; mp 215-216°C; UV (CH30H) Anax (loge) 207
(5.33), 222 (5.35), 250 (5.12), 309 (5.12), 318 (5.11) nm; IR (neat)
Umax 3386 (0-H), 2927 (C-H) cm™'; 'H and >C NMR (acetone-dg,
300 MHz), see Table 3; HREIMS: my/z 300.1011 [M]" (calcd for
Cy17H160s5, 300.1007).

3.3.7. Mimosol G (11)

White solid; mp 152-153°C; UV (CH30H) Anax (loge) 209
(5.28), 222 (5.32), 250 (5.11), 258 (5.08), 308 (5.10), 315
(5.07) nm; IR (neat) vmax 3419 (0-H), 2927 (C-H) cm™'; 'H and
13C NMR (acetone-dg, 300 MHz), see Table 3; HREIMS: mj/z
314.118 []\/[]+ (calcd for Cy18H150s5, 3141154)

3.4. Anti-inflammatory activity assay

3.4.1. Inhibitory effects of compounds on NO production from
RAW264.7 cells

Inhibitory effects on NO production by murine macrophage-like
RAW264.7 cells were evaluated using a modified method from that
previously reported (Banskota et al., 2003). Briefly, the RAW264.7
cell line [purchased from Cell Lines Service (CLS)] was cultured in
Rosewell Park Memorial Institute (RPMI) medium supplemented
with 0.1% sodium bicarbonate and 2 mM glutamine, penicillin G
(100 units/ml), streptomycin (100 pg/ml) and 10% fetal calf serum
(FCS). The cells were harvested with trypsin-ethylenediaminetet-
raacetic acid (EDTA) and diluted to a suspension in a fresh medium.
The cells were seeded in 96-well plates with 1 x 10° cells/well and
allowed to adhere for 1 h at 37 °C in a humidified atmosphere con-
taining 5% CO,. After that the medium was replaced with a fresh
medium containing 200 pig/ml of LPS together with the test sam-
ples at various concentrations and was then incubated for 48 h.
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NO production was determined by measuring the accumulation of
nitrite in the culture supernatant using the Griess reagent. Cyto-
toxicity was determined using the 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) colorimetric method.
Briefly, after 48 h incubation with the test samples, MTT solution
(10 ul, 5 mg/ml in phosphate buffer saline (PBS)) was added to
the wells. After 4 h incubation, the medium was removed, and iso-
propanol containing 0.04 M HCl was then added to dissolve the
formazan production in the cells. The optical density of the forma-
zan solution was measured with a microplate reader at 570 nm.
The test compounds were considered to be cytotoxic when the
optical density of the sample-treated group was less than 80% of
that in the control (vehicle-treated) group. L-NA and caffeic acid
phenethylester (CAPE) were used as positive controls. The stock
solution of each test sample was dissolved in DMSO, and the solu-
tion was added to the medium RPMI (final DMSO is 1%). Inhibition
(%) was calculated using the following equation and ICso values
were determined graphically (n =4):

A-B

A7C><100

Inhibition(%) =

NO, concentration (uM) [A: LPS (+), sample (—); B: LPS (+), sam-
ple(+); C: LPS (-), sample (-)].

3.4.2. Inhibitory effects of compounds on LPS-induced TNF-u. release
from RAW264.7 cells

Briefly, the RAW264.7 cell line was cultured in RPMI medium
supplemented with 0.1% sodium bicarbonate and 2 mM glutamine,
penicillin G (100 units/ml), streptomycin (100 pg/ml) and 10% FCS.
The cells were harvested with trypsin—-EDTA and diluted to a sus-
pension in a fresh medium. The cells were seeded in 96-well plates
with 1.0 x 10° cells/well and allowed to adhere for 1 hat37°Cina
humidified atmosphere containing 5% CO,. After that the medium
was replaced with a fresh medium containing 200 pg/ml of LPS to-
gether with the test samples at various concentrations and was
then incubated for 48 h. The supernatant was transferred into
96-well ELISA plate and then TNF-o concentrations were deter-
mined using commercial ELISA kit. The test samples were dissolved
in DMSO, and the solution was added to RPMI. The inhibition on
TNF-a production was calculated and ICsq values were determined
graphically.

3.5. Statistical analysis

The results were expressed as mean + standard error means
(S.E.M) of four determinations at each concentration for each sam-
ple. The ICs, values were calculated using the Microsoft Excel pro-
gram. Statistical significance was calculated by one-way analysis of
variance (ANOVA), followed by Dunnett’s test.
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The title compound, C,;H3405 {systematic name: (4aR,SR,-
6R,6aS,7R,11aS,11bR)-4a,6-dihydroxy-4,4,7,11b-tetramethyl-
1,2,3,4,4a,5,6,6a,7,11,11a,11b-dodecahydrophenanthro[3,2-b]-
furan-5-yl benzoate}, is a cassane furanoditerpene, which was
isolated from the roots of Caesalpinia pulcherrima. The three
cyclohexane rings are trans fused: two of these are in chair
conformations with the third in a twisted half-chair conforma-
tion, whereas the furan ring is almost planar (r.m.s. deviation
= 0.003 A) An intramolecular C—H- - -O interaction gener-
ates an S(6) ring. The absolute configurations of the
stereogenic centres at positions 4a, 5, 6, 6a, 7, 11a and 11b
are R, R, R, S, R, S and R, respectively. In the crystal,
molecules are linked into infinite chains along [010] by O—
H---O hydrogen bonds. C---O [3.306 (2)-3.347 (2) A] short
contacts and C—H- - -7 interactions also occur.

Related literature

For ring conformations, see: Cremer & Pople (1975). For
bond-length data, see: Allen et al. (1987). For background to
plants in Caesalpiniaceae, cassane furanoditerpenes and their
activities, see: Che et al. (1986); Jiang et al. (2001); Patil et al.
(1997); Promsawan et al. (2003); Ragasa et al. (2002); Smiti-
nand & Larson (2001); Tewtrakul et al. (2003). For related
structures, see: Jiang et al. (2001). For the stability of the
temperature controller used in the data collection, see Cosier
& Glazer (1986).
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Experimental

Crystal data

C,;H3,05 V =1155.51 (12) A®
M, = 438.54 zZ=2

Monoclinic, P2; Cu Ko radiation
a=11.6236 (7) A =069 mm™

b =8.0871(5) A T=100K

c=124193 (7) A 0.40 x 0.26 x 0.16 mm
B =98.194 (3)°

Data collection

Bruker APEX DUO CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2009)
T'min = 0.772, Tinax = 0.896

23749 measured reflections
3328 independent reflections
3237 reflections with 7 > 20(1)
Rin = 0.037

Refinement

R[F? > 20(F%)] = 0.031
wR(F?) = 0.077

S =1.05

3328 reflections

289 parameters

1 restraint

H atoms treated by a mixture of
independent and constrained
refinement

APmax = 026 ¢ A3

Apuin = =026 ¢ A3

Absolute structure: Flack (1983),
1365 Friedel pairs

Flack parameter: 0.07 (17)

Table 1 .
Hydrogen-bond geometry (A, °).

Cgl is the centroid of the C12-C16/O1 ring.

D—H---A D—H H---A D---A D—H---A
05—H105.--01' 085 (2) 227 (3) 2.9814 (19) 141 (2)
C19—H19C---03 0.96 237 3.052 (2) 128
C3—H3A---Cgl" 0.97 2.86 3.805 (2) 166

Symmetry codes: (i) x,y — 1, z; (i) —x +2,y — 4, —z +2.

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT
(Bruker, 2009); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2009).
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Absolute configuration of isovouacapenol C

H.-K. Fun, O. Yodsaoue, C. Karalai and S. Chantrapromma

Comment

The plants in Caesalpiniaceae are rich sources of cassane furanoditerpenes. The extracts from plants in this family have
been found to possess bioactivities such as antiviral (Jiang et al., 2001), antitumor (Che et al., 1986) and HIV-1 protease
inhibitory (Tewtrakul et al., 2003) properties. Caesalpinia pulcherrima (L.) Swartz, locally known as "Hang Nok Yung Thai"
(Smitinand & Larson, 2001) is a large perennial shrub or small tree that is widely distributed in tropical areas. The plant has
been used for ornamental (Smitinand & Larson, 2001), abortifacient and emmenagogue purposes. Isolated compounds from
C. pulcherrima exhibits potential fertility regulating, antitumor (Che et al., 1986), antibacterial, antifungal (Ragasa et al.,
2002) and anti-tubercular activities (Promsawan et al., 2003). These compounds are also active against DNA repair-deficient
yeast mutant (Patil et al., 1997). In the course of our research of chemical constituents and bioactive compounds from the
roots of C. pulcherrima which were collected from Songkhla province in the southern part of Thailand, the title cassane
furanoditerpene (I), also known as isovouacapenol C (Ragasa et al., 2002) or 6B-cinnamoyl-7B-hydroxyvouacapen-5a-ol
(Promsawan et al., 2003), was isolated. The previous reports showed that (I) exhibits moderate antimicrobial (Ragasa et
al., 2002) and cytotoxic activities (Promsawan et al., 2003). The absolute configuration of (I) was determined by making
use of the anomalous scattering of Cu Ko X-radiation with the Flack parameter being refined to 0.07 (17). We report herein

the crystal structure of (I).

Fig. 1 shows that the molecule of (I) is constructed from the fusion of three cyclohexane rings and a furan ring. The
three cyclohexane rings are trans-fused. Two cyclohexane rings 4 and B are in standard chair conformations whereas ring C
adopts twisted half-chair conformation with the puckered C8 and C9 atoms having the maximum deviation of -0.306 (1) and
0.280 (2) A, respectively from the best plane of the remaining four atoms (C11-C14) and with the puckering parameters Q =
0.4532 (17) A and 0=47.1 (2)° and ¢ = 23.0 (3)° (Cremer & Pople, 1975). The furan ring (C12/C13/C15/C16/01) is planar
(rms 0.001 (2) A). Atoms of the benzoate moiety (C21-C27/03/04) lie on the same plane with the rms 0.009 (2) A. The
orientation of the benzoate group is described by the torsion angles C21-03-C6—C5 = 136.98 (16)° and C21-03—-C6—C7

=-99.22 (17)°. The bond angles around C12 and C13 atoms are indicative of sp2 hybridization for these atoms and the
bond length of 1.344 (3) A confirmed the C12 =C13 bond. The bond distances in (I) are within normal ranges (Allen et al.,
1987) and comparable with the related structures which are caesalmin C, D, E, F and G (Jiang et al., 2001). The absolute
configuration at positions 4a, 5, 6, 6a, 7, 11a and 11b of the isovouacapenol C or atoms C5, C6, C7, C8, C14, C9 and C10
were R,R.R,S,R,S,R configurations.

The crystal packing of (I) is stabilized by intermolecular O—H--O hydrogen bonds (Table 1). The molecules are linked
into infinite one dimensional chains along the [010] through O5—H105--O1 hydrogen bond (Fig. 2 and Table 1). C---O
[3.306 (2)-3.347 (2) A] short contacts and C—H--7 interactions were also observed (Table 1); Cg; is the centroid of the
C12/C13/C15/C16/01 ring.
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Experimental

The air-dried roots of C. pulcherrima (6.3 kg) were extracted with CH»Cly (2 x 2.5 L) for 5 days at room temperature.
The combined extracts were concentrated under reduced pressure to afford a dark brownish extract (75.3 g) which was
further purified by quick column chromatography (QCC) over silica gel using hexane as eluent and increasing polarity with
EtOAc and MeOH to afford 16 fractions (F1-F16). Fraction F4 was then concentrated under reduced pressure to yield the
title compound as white solid (10.0 g). Colorless block-shaped single crystals of the compound (I) were recrystallized from
CH,Cl, by the slow evaporation of the solvent at room temperature after several days, Mp. 389-391 K.

Refinement

Hydroxy H atoms were located from the difference map and refined isotropically. The remaining H atoms were placed in
calculated positions with (C—H) = 0.98 for CH, 0.97 for CH, and 0.96 A for CH3 atoms. The Ui, values were constrained
to be 1.5Ugq of the carrier atom for methyl H atoms and 1.2Uq for the remaining H atoms. A rotating group model was

used for the methyl groups. The highest residual electron density peak is located at 0.81 A from C24 and the deepest hole

is located at 0.45 A from H24A. 1365 Friedel pairs were used to determine the absolute configuration.

Figures
I
¢y,
!
o |
_|__._',. B
A ST Fig. 1. The structure of (I), showing 50% probability displacement ellipsoids.
el 1
1 S S Y
S ."" e
E T

Fig. 2. The crystal packing of (I) viewed along the ¢ axis, showing one dimensional chains
along [010]. Hydrogen bonds are shown as dashed lines.

(4aR,5R,6R,6aS,7R,11aS,11bR)- 4a,6-dihydroxy-4,4,7,11b-tetramethyl-1,2,3,4,4a,5,6,6a,7,11,11a,11b- do-
decahydrophenanthro[3,2-blfuran-5-yl benzoate

Crystal data

Cy7H3405 F(000) = 472

M, = 438.54 Dy =1.260 Mgm >
Monoclinic, P2, Melting point = 389-391 K

sup-2



supplementary materials

Hall symbol: P 2yb
a=11.6236 (7) A
b=8.0871 (5) A
c=12.4193(7) A
B=98.194 (3)°
V=1155.51 (12) A3
Z=2

Data collection

Bruker APEX DUO CCD
diffractometer

Radiation source: sealed tube
graphite
¢ and © scans

Absorption correction: multi-scan
(SADABS; Bruker, 2009)

Tmin = 0.772, Tryax = 0.896

23749 measured reflections

Refinement
Refinement on 7>

Least-squares matrix: full
R[F? > 20(F%)] = 0.031

WR(F%) =0.077
§=1.05

3328 reflections

289 parameters

1 restraint

Primary atom site location: structure-invariant direct

methods

Special details

Cu Ka radiation, A= 1.54178 A
Cell parameters from 3328 reflections

0 =3.6-63.0°
n=0.69 mm '
T=100K

Block, colorless
0.40 x 0.26 x 0.16 mm

3328 independent reflections
3237 reflections with /> 20(/)
Rint=0.037

Omax = 63.0°, Opyin = 3.6°

h=-13—13
k=-9-7
[=-14—13

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H atoms treated by a mixture of independent and
constrained refinement

w=1/[62(Fy?) + (0.0405P) + 0.2626P]

where P = (F2 + 2F )3

(A/6)max = 0.001

Apmax =026 ¢ A3

Apmin=-026¢ A3

Absolute structure: Flack (1983), 1365 Friedel pairs

Flack parameter: 0.07 (17)

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat (Cosier &

Glazer, 1986) operating at 100.0 (1) K.

Geometry. All esds (except the esd in the dihedral angle between two Ls. planes) are estimated using the full covariance matrix. The
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used

for estimating esds involving Ls. planes.

Refinement. Refinement of F* against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-

al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > 25igma(F2) is used only for calculat-
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ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice
as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz)

X y z Uiso*/Ueq
01 0.72763 (10) 0.79601 (16) 0.98396 (10) 0.0293 (3)
02 1.00416 (11) 0.14126 (17) 0.87430 (10) 0.0289 (3)
H102 1.074 (2) 0.170 (3) 0.8862 (19) 0.053 (8)*
03 0.77060 (10) 0.12442 (16) 0.64968 (9) 0.0277 (3)
04 0.73247 (15) —0.1497 (2) 0.63427 (14) 0.0558 (5)
05 0.65515 (11) 0.06283 (18) 0.82285 (11) 0.0305 (3)
H105 0.666 (2) ~0.039 (4) 0.839 (2) 0.064 (9)*
Cl 1.05196 (15) 0.4722 (2) 0.79744 (15) 0.0294 (4)
HIA 1.0406 0.5910 0.7942 0.035*
H1B 1.0862 0.4444 0.8711 0.035*
2 1.13691 (16) 0.4242 (3) 0.71969 (17) 0.0366 (5)
H2A 1.1075 0.4634 0.6472 0.044*
H2B 1.2111 0.4775 0.7426 0.044*
c3 1.15455 (16) 0.2376 (3) 0.71644 (17) 0.0362 (5)
H3A 1.1915 0.2007 0.7873 0.043*
H3B 1.2066 0.2125 0.6642 0.043*
c4 1.04021 (15) 0.1404 (3) 0.68549 (15) 0.0290 (4)
C5 0.95342 (15) 0.1960 (2) 0.76622 (14) 0.0248 (4)
C6 0.83929 (14) 0.0968 (2) 0.75469 (14) 0.0246 (4)
H6A 0.8589 —0.0210 0.7607 0.030*
c7 0.76787 (14) 0.1395 (2) 0.84429 (13) 0.0241 (4)
H7A 0.8081 0.0951 0.9129 0.029*
cs 0.74771 (14) 0.3233 (2) 0.85970 (14) 0.0218 (4)
H8A 0.6980 0.3625 0.7943 0.026*
C9 0.86259 (14) 0.4231(2) 0.86921 (14) 0.0225 (4)
HO9A 09111 0.3876 0.9363 0.027*
C10 0.93235 (15) 0.3867 (2) 0.77260 (14) 0.0239 (4)
Cl1 0.84125 (15) 0.6107 (2) 0.87951 (15) 0.0274 (4)
H11A 0.9126 0.6649 09112 0.033*
H11B 0.8171 0.6578 0.8080 0.033*
C12 0.74973 (14) 0.6380 (2) 0.94925 (14) 0.0251 (4)
C13 0.67533 (14) 0.5290 (2) 0.98321 (15) 0.0237 (4)
Cl4 0.67929 (15) 0.3493 (2) 0.95730 (14) 0.0250 (4)
H14A 0.5992 0.3129 0.9341 0.030*
C15 0.60120 (15) 0.6225 (2) 1.04398 (14) 0.0288 (4)
HI5A 0.5411 0.5813 1.0783 0.035*
C16 0.63540 (16) 0.7802 (3) 1.04160 (16) 0.0313 (4)
H16A 0.6015 0.8674 1.0744 0.038*
C17 0.72635 (18) 0.2509 (2) 1.05976 (15) 0.0336 (5)
H17A 0.6865 0.2843 1.1188 0.050*
H17B 0.8080 0.2718 1.0785 0.050*
H17C 0.7139 0.1350 1.0461 0.050*
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C18 1.06580 (18) ~0.0460 (3) 0.69936 (17) 0.0389 (5)
HISA 1.1315 ~0.0740 0.6641 0.058*
HISB 0.9992 ~0.1080 0.6672 0.058*
HI8C 1.0826 ~0.0720 0.7754 0.058*
C19 1.00152 (17) 0.1669 (3) 0.56272 (15) 0.0369 (5)
HI9A 1.0538 0.1099 0.5223 0.055%
H19B 1.0024 0.2830 0.5465 0.055*
H19C 0.9243 0.1245 0.5430 0.055*
€20 0.86451 (16) 0.4592 (2) 0.66677 (14) 0.0273 (4)
H20A 0.8826 0.5745 0.6617 0.041*
H20B 0.7826 0.4463 0.6678 0.041*
H20C 0.8863 0.4017 0.6051 0.041*
c21 0.72050 (17) -0.0116 (3) 0.59848 (17) 0.0360 (5)
22 0.65118 (16) 0.0302 (3) 0.49182 (17) 0.0376 (5)
23 0.63903 (19) 0.1895 (3) 0.45270 (17) 0.0479 (6)
H23A 0.6747 0.2767 0.4935 0.058*
24 0.5734 (2) 0.2196 (4) 0.35231 (19) 0.0622 (5)
H24A 0.5638 0.3268 0.3255 0.075*
25 0.5217 (2) 0.0850 (4) 0.2917 (2) 0.0622 (5)
H25A 0.4782 0.1041 0.2240 0.075*
26 0.5340 (2) ~0.0717 (4) 0.33011 (19) 0.0622 (5)
H26A 0.4992 ~0.1592 0.2891 0.075*
27 0.59853 (17) ~0.1005 (3) 0.43053 (18) 0.0481 (6)
H27A 0.6069 -0.2078 0.4574 0.058*

Atomic displacement parameters (142 )

Ull U22 U33 U12 U13 U23
ol 0.0331 (6) 0.0197 (7) 0.0365 (7) ~0.0005 (5) 0.0095 (5) ~0.0016 (5)
02 0.0268 (7) 0.0338 (8) 0.0243 (6) 0.0014 (6) ~0.0022 (5) 0.0040 (6)
03 0.0287 (6) 0.0291 (7) 0.0236 (6) ~0.0015 (5) ~0.0019 (5) ~0.0036 (5)
04 0.0678 (11) 0.0314 (11) 0.0606 (10) ~0.0050 (8) ~0.0172 (8) ~0.0079 (8)
05 0.0286 (7) 0.0240 (8) 0.0393 (8) ~0.0063 (5) 0.0060 (6) 0.0004 (6)
Cl 0.0276 (9) 0.0312 (12) 0.0305 (10) ~0.0040 (8) 0.0079 (8) ~0.0014 (8)
2 0.0291 (9) 0.0439 (14) 0.0392 (12) ~0.0084 (9) 0.0130 (8) ~0.0051 (9)
c3 0.0263 (9) 0.0469 (14) 0.0369 (11) 0.0003 (9) 0.0097 (8) ~0.0052 (9)
C4 0.0288 (9) 0.0301 (11) 0.0288 (9) 0.0044 (8) 0.0065 (7) ~0.0029 (8)
Cs 0.0248 (9) 0.0301 (11) 0.0185 (9) 0.0028 (7) ~0.0005 (7) 0.0022 (7)
C6 0.0281 (9) 0.0213 (11) 0.0232 (9) ~0.0003 (7) ~0.0010 (7) ~0.0006 (7)
C7 0.0243 (8) 0.0217 (10) 0.0252 (9) ~0.0029 (7) ~0.0002 (7) 0.0013 (8)
C8 0.0229 (8) 0.0207 (10) 0.0218 (9) 0.0000 (7) 0.0026 (7) 0.0023 (7)
C9 0.0234 (8) 0.0242 (10) 0.0194 (8) ~0.0011 (7) 0.0016 (6) 0.0020 (7)
C10 0.0251 (9) 0.0263 (11) 0.0211 (9) ~0.0026 (7) 0.0058 (7) 0.0006 (7)
Cll 0.0306 (9) 0.0247 (11) 0.0281 (9) ~0.0065 (8) 0.0092 (7) 0.0004 (8)
c12 0.0266 (9) 0.0224 (10) 0.0257 (9) 0.0011 (8) 0.0016 (7) 0.0002 (8)
C13 0.0220 (9) 0.0233 (11) 0.0255 (9) 0.0016 (7) 0.0027 (7) 0.0019 (7)
Cl4 0.0220 (8) 0.0250 (11) 0.0282 (9) ~0.0036 (7) 0.0043 (7) 0.0006 (8)
Cls 0.0246 (8) 0.0290 (12) 0.0337 (10) 0.0013 (8) 0.0074 (7) 0.0017 (8)
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Cl6
C17
CI18
C19
C20
C21
C22
C23
C24
C25
C26
C27

0.0300 (9)
0.0486 (11)
0.0398 (11)
0.0415 (11)
0.0358 (10)
0.0319 (10)
0.0247 (9)
0.0408 (12)
0.0404 (7)
0.0404 (7)
0.0404 (7)
0.0267 (10)

Geometric parameters (4, °)

01—Cl16
01—C12
02—C5
02—H102
03—C21
03—C6
04—C21
05—C7
05—H105
Cl—C2
C1—C10
Cl—H1A
Cl1—HIB
C2—C3
C2—H2A
C2—H2B
C3—C4
C3—H3A
C3—H3B
C4—C18
C4—C19
C4—Cs
C5—C6
C5—C10
C6—C7
C6—HO6A
C7—C8
C7—H7A
C8—C9
C8—Cl14
C8—HBA
Co—C11
C9—C10
C9—H9A

0.0266 (12)
0.0251 (12)
0.0367 (13)
0.0432 (14)
0.0246 (11)
0.0379 (14)
0.0591 (16)
0.0675 (19)
0.1039 (14)
0.1039 (14)
0.1039 (14)
0.0698 (18)

1.377 (2)
1.384 (2)
1.456 (2)
0.84 (3)
1.359 (2)
1.446 (2)
1.203 (3)
1.440 (2)
0.85 (3)
1.526 (2)
1.544 (2)
0.9700
0.9700
1.524 (3)
0.9700
0.9700
1.545 (3)
0.9700
0.9700
1.541 (3)
1.542 (3)
1.586 (2)
1.539 (2)
1.565 (3)
1.520 (2)
0.9800
1.522 (3)
0.9800
1.550 (2)
1.556 (2)
0.9800
1.546 (3)
1.569 (2)
0.9800

0.0393 (11)
0.0291 (10)
0.0405 (12)
0.0281 (10)
0.0228 (9)
0.0370 (11)
0.0285 (10)
0.0327 (12)
0.0392 (8)
0.0392 (8)
0.0392 (8)
0.0466 (13)

0.0047 (8)
0.0025 (8)
0.0101 (9)
0.0028 (9)
~0.0011 (8)
~0.0010 (9)
0.0002 (9)
0.0012 (11)
0.0010 (8)
0.0010 (8)
0.0010 (8)
~0.0034 (10)

Cl1—C12
Cl1—HI11A
Cl11—HI11B
C12—C13
C13—C15
C13—C14
C14—C17
Cl14—HI14A
C15—C16
Cl15—HI15A
Cl6—HI16A
C17—H17A
C17—H17B
C17—H17C
C18—HI18A
C18—H18B
C18—H18C
C19—HI19A
C19—HI19B
C19—H19C
C20—H20A
C20—H20B
C20—H20C
C21—C22
C22—C23
C22—C27
C23—C24
C23—H23A
C24—C25
C24—H24A
C25—C26
C25—H25A
C26—C27
C26—H26A

0.0117 (8)
0.0127 (9)
0.0069 (9)
0.0129 (8)
0.0088 (7)
0.0011 (8)
0.0020 (8)
~0.0042 (9)
~0.0052 (6)
~0.0052 (6)
~0.0052 (6)
0.0011 (9)

~0.0020 (8)
0.0047 (8)
~0.0042 (9)
~0.0046 (9)
0.0029 (7)
~0.0091 (10)
~0.0113 (10)
~0.0043 (11)
~0.0099 (8)
~0.0099 (8)
~0.0099 (8)
~0.0195 (12)

1.481 (2)
0.9700
0.9700
1.344 (3)
1.438 (3)
1.490 (3)
1.534 (3)
0.9800
1.338 (3)
0.9300
0.9300
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
1.488 (3)
1.377 (3)
1.392 (3)
1.387 (3)
0.9300
1.409 (4)
0.9300
1.355 (4)
0.9300
1.381 (3)
0.9300
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C10—C20

C16—01—C12
C5—02—H102
C21—03—C6
C7—0O5—H105
C2—C1—C10
C2—Cl1—HIA
C10—Cl1—H1A
C2—C1—HIB
C10—C1—HI1B
H1A—CI1—HIB
C3—C2—C1
C3—C2—H2A
C1—C2—H2A
C3—C2—H2B
Cl1—C2—H2B
H2A—C2—H2B
C2—C3—C4
C2—C3—H3A
C4—C3—H3A
C2—C3—H3B
C4—C3—H3B
H3A—C3—H3B
C18—C4—C19
C18—C4—C3
C19—C4—C3
C18—C4—Cs
C19—C4—Cs
C3—C4—C5
02—C5—C6
02—C5—C10
C6—C5—C10
02—C5—C4
C6—C5—C4
C10—C5—C4
03—C6—C7
03—C6—C5
C7—C6—C5
03—C6—H6A
C7—C6—H6A
C5—C6—H6A
05—C7—C6
05—C7—C8
C6—C7—C8
05—C7—H7A
C6—C7—HT7A
C8—C7—HT7A
C7—C8—C9
C7—C8—C14

1.548 (2)

105.61 (14)
109.4 (17)
116.21 (15)
105.5 (18)
113.90 (15)
108.8

108.8

108.8

108.8

107.7
111.70 (17)
109.3

109.3

109.3

109.3

107.9
113.34 (16)
108.9
108.9
108.9
108.9
107.7
105.75 (16)
108.93 (16)
107.13 (16)
109.68 (16)
117.61 (15)
107.49 (15)
99.09 (14)
107.37 (14)
112.28 (14)
106.62 (13)
114.27 (15)
115.46 (15)
109.65 (13)
111.17 (14)
111.53 (14)
108.1

108.1

108.1
110.15 (14)
106.96 (14)
115.08 (14)
108.1

108.1

108.1
111.82 (13)
109.57 (14)

C27—H27A 0.9300
C12—C11—HI11B 109.8
C9—C11—H11B 109.8
H11A—C11—HI11B 108.2
C13—C12—O01 110.58 (15)
C13—C12—C11 129.30 (17)
01—C12—C11 120.04 (15)
C12—C13—C15 106.26 (16)
C12—C13—Cl14 122.06 (16)
C15—C13—Cl14 131.68 (16)
C13—C14—C17 110.19 (15)
C13—C14—C8 109.57 (14)
C17—C14—C8 114.49 (15)
C13—C14—H14A 107.4
C17—C14—H14A 107.4
C8—C14—HI14A 107.4
Cl16—C15—C13 106.71 (16)
Cl16—C15—HI15A 126.6
C13—C15—H15A 126.6
C15—C16—O01 110.84 (16)
C15—Cl6—HI16A 124.6
01—C16—HI16A 124.6
C14—C17—H17A 109.5
C14—C17—H17B 109.5
H17A—C17—H17B 109.5
C14—C17—H17C 109.5
H17A—C17—H17C 109.5
H17B—C17—H17C 109.5
C4—C18—HI8A 109.5
C4—C18—HI18B 109.5
H18A—C18—H18B 109.5
C4—C18—HIS8C 109.5
H18A—C18—HI18C 109.5
H18B—C18—H18C 109.5
C4—C19—HI19A 109.5
C4—C19—HI19B 109.5
H19A—C19—H19B 109.5
C4—C19—HI19C 109.5
H19A—C19—H19C 109.5
H19B—C19—H19C 109.5
C10—C20—H20A 109.5
C10—C20—H20B 109.5
H20A—C20—H20B 109.5
C10—C20—H20C 109.5
H20A—C20—H20C 109.5
H20B—C20—H20C 109.5
04—C21—03 124.00 (18)
04—C21—C22 124.02 (19)
03—C21—C22 111.97 (19)
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C9—C8—Cl4
C7—C8—HSA
C9—C8—HSA
Cl14—C8—HSA
C11—C9—C8
C11—C9—C10
C8—C9—C10
C11—C9—H9A
C8—C9—HI9A
C10—C9—H9A
C1—C10—C20
C1—C10—C5
C20—C10—C5
C1—C10—C9
C20—C10—C9
C5—C10—C9
C12—C11—C9
Cl12—Cl1—H11A
C9—Cl1—HI1A
C10—C1—C2—C3
Cl—C2—C3—C4
C2—C3—C4—CI18
C2—C3—C4—Cl19
C2—C3—C4—C5
C18—C4—C5—02
C19—C4—C5—02
C3—C4—C5—02
C18—C4—C5—C6
C19—C4—C5—C6
C3—C4—C5—C6
C18—C4—C5—CI10
C19—C4—C5—CI10
C3—C4—C5—CI10
C21—03—C6—C7
C21—03—C6—C5
02—C5—C6—03
C10—C5—C6—03
C4—C5—C6—03
02—C5—C6—C7
C10—C5—C6—C7
C4—C5—C6—C7
03—C6—C7—05
C5—C6—C7—05
03—C6—C7—C8
C5—C6—C7—C8
05—C7—C8—C9
C6—C7—C8—C9
05—C7—C8—Cl4
C6—C7—C8—Cl4

113.63 (13)
107.2

107.2

107.2

111.75 (14)
110.75 (14)
112.18 (14)
107.3

107.3

107.3

109.58 (15)
107.96 (14)
113.24 (15)
108.18 (14)
108.77 (14)
108.99 (14)
109.39 (14)
109.8

109.8
-55.8(2)
56.5 (2)
~172.61 (16)
73.4 (2)
-53.8(2)
52.99 (19)
173.81 (17)
~65.30 (19)
~55.39 (19)
65.4 (2)
~173.68 (15)
172.14 (15)
—67.0 (2)
53.85(19)
-99.22 (17)
136.98 (16)
~178.22 (14)
68.69 (18)
~65.27 (18)
59.06 (17)
~54.03 (19)
172.01 (15)
48.39 (19)
171.97 (14)
~72.59 (18)
50.99 (19)
~172.92 (13)
-50.21 (18)
60.18 (16)
~177.12 (13)

C23—C22—C27
C23—C22—C21
C27—C22—C21
C22—C23—C24
C22—C23—H23A
C24—C23—H23A
C23—C24—C25
C23—C24—H24A
C25—C24—H24A
C26—C25—C24
C26—C25—H25A
C24—C25—H25A
C25—C26—C27
C25—C26—H26A
C27—C26—H26A
C26—C27—C22
C26—C27—H27A
C22—C27—H27A

C6—C5—C10—C9
C4—C5—C10—C9
C11—C9—C10—C1
C8—C9—C10—C1
C11—C9—C10—C20
C8—C9—C10—C20
C11—C9—C10—C5
C8—C9—C10—C5
C8—C9—C11—C12
C10—C9—C11—C12
Cl16—01—C12—C13
Cl16—01—C12—Cl11
C9—C11—C12—C13
C9—C11—C12—O01
01—C12—C13—CI15
C11—C12—C13—C15
01—C12—C13—C14
C11—C12—C13—C14
C12—C13—C14—C17

C15—C13—C14—C17

C12—C13—C14—C8
C15—C13—C14—C8
C7—C8—C14—C13
C9—C8—C14—C13
C7—C8—C14—C17
C9—C8—C14—C17

C12—C13—C15—C16
C14—C13—C15—C16

C13—C15—C16—01
C12—01—C16—C15

120.2 (2)
122.82 (19)
117.0 (2)
119.8 (2)
120.1

120.1

118.9 (3)
120.6
120.6

121.3 (2)
119.4

119.4

119.5 (3)
120.2
120.2
120.4 (3)
119.8

119.8

56.19 (18)
~170.43 (13)
62.08 (18)
~172.31 (14)
~56.87 (18)
68.74 (18)
179.23 (13)
~55.16 (18)
38.72 (19)
164.58 (13)
0.04 (18)
177.07 (15)
~13.3(3)
170.25 (14)
~0.31(19)
~176.98 (17)
179.95 (15)
33(3)
108.18 (19)
~71.5 (2)
~18.7(2)
161.67 (17)
171.36 (14)
45.48 (19)
47.00 (19)
~78.89 (19)
0.5(2)
~179.83 (19)
—0.4(2)
0.3(2)
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C7—C8—C9—Cl11
C14—C8—C9—C11
C7—C8—C9—C10
C14—C8—C9—C10
C2—C1—C10—C20
C2—C1—C10—C5
C2—C1—C10—C9
02—C5—C10—C1
C6—C5—C10—C1
C4—C5—C10—C1
02—C5—C10—C20
C6—C5—C10—C20
C4—C5—C10—C20
02—C5—C10—C9

Hydrogen-bond geometry (4, ©)

177.36 (14)
~57.96 (18)
52.30 (18)
176.98 (14)
~71.1 (2)
52.7(2)
170.49 (16)
65.60 (17)
173.47 (14)
~53.14 (18)
~172.90 (13)
~65.02 (18)
68.36 (18)
~51.69 (17)

Cgl is the centroid of the C12—C16/01 ring.

D—H-A
05—H10501!
C19—H19C-03
C3—H3A-Cgl!

Symmetry codes: (i) x, y—1, z; (i) —x+2, y—1/2, —z+2.

D—H
0.85(2)
0.96
0.97

C6—03—C21—04
C6—03—C21—C22
04—C21—C22—C23
03—C21—C22—C23
04—C21—C22—C27
03—C21—C22—C27
C27—C22—C23—C24
C21—C22—C23—C24
C22—C23—C24—C25
C23—C24—C25—C26
C24—C25—C26—C27
C25—C26—C27—C22
C23—C22—C27—C26
C21—C22—C27—C26

H-A
2.27(3)
2.37
2.86

DA
2.9814 (19)
3.052 (2)
3.805 (2)

-1.703)
179.54 (14)
~179.9 (2)
~1.1(3)
-0.6(3)
178.17 (17)
0.5 (3)
179.76 (19)
-0.8(3)

0.6 (4)

0.0 (4)
-0.3(3)
0.1(3)
~179.21 (19)

D—H+A
141 (2)
128

166
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Fig. 1
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Key indicators: single-crystal X-ray study; T = 100 K; mean o(C—~C) = 0.002 A;
R factor = 0.027; wR factor = 0.088; data-to-parameter ratio = 13.9.

The title compound, C,yH3,0,, {systematic name: (4aR,6aS,-
7R,11a8,11bR)-4,4,7,11b-tetramethyl-1,2,3,4,4a,5,6,6a,7,11,-
11a,11b-dodecahydrophenanthro[3,2-b]furan-4a-ol}, is a cas-
sane furanoditerpene which was isolated from the roots of
Caesalpinia pulcherrima. The absolute configurations at
positions 4a, 6a, 7, 1la and 11b are R, S, R, S and R,
respectively. The molecule has four-fused rings consisting of
three cyclohexane rings and one furan ring. The three
cyclohexane rings are trans-fused. Two cyclohexane rings
are in chair conformations, while the third is in an envelope
conformation. In the crystal structure, the molecules are
linked by intermolecular O—H- - -O hydrogen bonds into a
zigzag chain along the a axis. A short O---O contact
[3.0398 (14) A] is also present.

Related literature

For ring conformations, see: Cremer & Pople (1975). For
bond-length data, see: Allen et al. (1987). For background to
cassane furanoditerpenes and their biological activities, see:
Che et al. (1986); Jiang et al. (2001); McPherson et al. (1986);
Promsawan et al. (2003); Ragasa et al. (2002); Smitinand &
Larson (2001); Tewtrakul et al. (2003). For related structures,
see: Fun et al. (2010); Jiang et al. (2001). For the stability of the
temperature controller used in the data collection, see: Cosier
& Glazer (1986).

f Thomson Reuters ResearcherID: A-3561-2009.
§ Additional correspondence author, e-mail: suchada.c@psu.ac.th. Thomson
Reuters ResearcherID: A-5085-2009.

Experimental

Crystal data

CyoH300,

M, = 302.44
Orthorhombic, P2,2,2,
a=67367 (2) A

b =127818 (3) A
c=193472 (5) A

Data collection

Bruker APEX DUO CCD area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Tnin = 0.851, Tpay = 0.908

Refinement

R[F? > 20(F%)] = 0.027

wR(F?) = 0.088

S=116

2880 reflections

207 parameters

H atoms treated by a mixture of
independent and constrained
refinement

V = 166593 (8) A®
Z=4

Cu Ko radiation
=058 mm™'

T =100 K

0.29 x 0.22 x 0.17 mm

30751 measured reflections
2880 independent reflections
2856 reflections with 7 > 20(1)
Rine = 0.028

Apmar =021 e A7

Apmin = =025 ¢ A2

Absolute structure: Flack (1983),
1202 Friedel pairs

Flack parameter: 0.0 (2)

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
O2—H102---01' 0854 (19) 2246 (19)  3.0398 (14) 1547 (18)

Symmetry code: (i) x — %, —y +3, —z.

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT
(Bruker, 2009); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2009).
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Absolute configuration of vouacapen-50-ol

H.-K. Fun, O. Yodsaoue, S. Chantrapromma and C. Karalai

Comment

Cassane furanoditerpenes have been found from the plants in the family Caesalpiniaceae. The isolated compounds from
plants in this family have been reported to show various of bioactivities such as antitumor (Che et al., 1986), antifungal
(Ragasa et al., 2002), anti-tubercular (Promsawan et al., 2003), antiviral (Jiang et al., 2001) and HIV-1 protease inhibit-
ory (Tewtrakul et al., 2003) activities. During the course of our research on bioactive compounds from natural-occuring
sources, the title cassane furanoditerpene (I) which known as vouacapen-5a-ol (McPherson et al., 1986) was isolated from
Caesalpinia pulcherrima (L.) Swartz, a small tree which has been used as ornamental (Smitinand & Larson, 2001), aborti-
facient and emmenagogue purposes. We previously reported the absolute configuration of a cassane furanoditerpene namely
isovouacapenol C (Fun ef al., 2010) which was isolated from the same plant. Herein the absolute configuration of another
cassane furanoditerpene was determined by making use of the anomalous scattering of Cu Ka radiation with the Flack

parameter being refined to 0.0 (2) and its crystal structure is reported.

The molecule of the title compound (Fig. 1) is constructed from the fusion of three cyclohexane rings and a furan ring.
The three cyclohexane rings which have different conformations are trans-fused. Two cyclohexane rings 4 and B are in chair
conformations whereas the third (ring C) adopts an envelope conformation with the puckered C8 atom having the maximum
deviation 0f 0.3012 (14) A from the best plane of the remaining five atoms (C9/C11-C14) and with the puckering parameters
Q=10.4287 (14) A and 6 = 49.88 (19)° and ¢ = 5.6 (3)° (Cremer & Pople, 1975). The furan ring (C12/C13/C15/C16/01)
is planar (rms 0.0023 (2) A). The bond distances in (I) are within normal ranges (Allen et al., 1987) and comparable with
the related structures which are caesalmin C, D, E, F and G (Jiang ef al., 2001) and isovouacapenol C (Fun et al., 2010).
The absolute configurations at positions 4a, 6a, 7, 11a and 11b of the vouacapen-5a-ol or atoms C5, C8, C14, C9 and C10
are R,S,R,S,R configurations.

The crystal packing of (I) is stabilized by intermolecular O—H---O hydrogen bonds (Table 1). The molecules are linked
into infinite one dimensional chains along the [100] through O2—H102--O1 hydrogen bonds (Fig. 2 and Table 1). O--O
[3.0398 (14) A; symmetry codes -1/2+x, 3/2-y, -z and 1/2+x, 3/2-y, -z] short contacts were observed.

Experimental

The air-dried roots of C. pulcherrima (6.3 kg) were extracted with CHyCl, (2 x 2.5 L) for 5 days at room temperature. The
combined extracts were concentrated under reduced pressure to afford a dark brownish extract (75.3 g) which was further
purified by quick column chromatography (QCC) over silica gel using hexane as eluent and increasing polarity with EtOAc
and MeOH to afford 16 fractions (F1-F16). Fraction F2 (5.9 g) was further purified by QCC with hexane-CH»Cl, (1:4),
yielding the title compound as white solid (50.2 g). Colorless block-shaped single crystals of the title compound suitable for
x-ray structure determination were recrystallized from CH;Cl; by the slow evaporation of the solvent at room temperature
after several days (m.p. 371-373 K).
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Refinement

Hydroxy H atoms were located in a difference map and refined isotropically. The remaining H atoms were placed in calcu-
lated positions with (C—H) = 0.98 for CH, 0.97 for CH, and 0.96 A for CH3 atoms. The Ujgo(H) values were constrained

to be 1.5Ueq of the carrier atom for methyl H atoms and 1.2Ueq for the remaining H atoms. A rotating group model was

used for the methyl groups. The highest residual electron density peak is located at 0.73 A from C4 and the deepest hole is

located at 1.32 A from C17. 1202 Friedel pairs were used to determine the absolute configuration.

Figures

B Fig. 1. The structure of (I), showing 50% probability displacement ellipsoids and the atom-

numbering scheme.

Fig. 2. The crystal packing of (I) viewed along the b axis, showing one dimensional chains
along the [100]. O—H:---O hydrogen bonds are shown as dashed lines.

(4aR,6as,7R,11aS,11bR)-4,4,7,11b- tetramethyl-1,2,3,4,4a,5,6,6a,7,11,11a,11b- dodecahydrophenanthro[3,2-

blfuran-4a-ol

Crystal data

Ca0H3002

M,=302.44
Orthorhombic, P212,2;
Hall symbol: P 2ac 2ab
a=6.7367(2) A
b=12.7818 3) A
c=19.3472 (5) A
V=1665.93 (8) A3
Z=4

F(000) = 664

Data collection

Dy=1206 Mg m >
Melting point = 371-373 K
Cu Ka radiation, A= 1.54178 A

Cell parameters from 2880 reflections

0 =4.6-66.0°
u=0.58 mm '
T=100K

Block, colorless
0.29 x 0.22 x 0.17 mm

Bruker APEX DUO CCD area-detector

diffractometer
Radiation source: sealed tube
graphite

¢ and © scans

2880 independent reflections
2856 reflections with /> 26(/)
Rine=0.028

Omax = 66.0°, Opyin = 4.6°
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Absorption correction: multi-scan
(SADABS;, Bruker, 2009)

Tinin = 0.851, Tinax = 0.908

30751 measured reflections

Refinement
Refinement on 7~

Least-squares matrix: full
R[F? > 26(F)] = 0.027

WR(F?) = 0.088
S=1.16
2880 reflections

207 parameters

0 restraints

h=-T-17
k=-15—15
[=-22-522

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H atoms treated by a mixture of independent and
constrained refinement

w=1/[c2(Fy?) + (0.0545P)> + 0.2119P]
where P = (F,> + 2F.)/3

(A/G)max = 0.001

ApPmax =021 ¢ A3

Apmin =025 A3
Absolute structure: Flack (1983), 1202 Friedel pairs

Primary atom site location: structure-invariant direct

methods Flack parameter: 0.0 (2)

Special details

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat (Cosier &
Glazer, 1986) operating at 100.0 (1) K.

Geometry. All esds (except the esd in the dihedral angle between two Ls. planes) are estimated using the full covariance matrix. The
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used
for estimating esds involving l.s. planes.

Refinement. Refinement of F* against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-
al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F?> ZSigma(Fz) is used only for calculat-

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice
as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso*/Ueq
o1 1.03886 (16) 0.52792 (8) 0.07346 (5) 0.0334 (2)
02 0.57276 (13) 0.96871 (7) 0.08320 (5) 0.0258 (2)
Cl 0.9773 (2) 0.93648 (11) 0.02533 (7) 0.0275 (3)
HI1A 1.0886 0.8924 0.0127 0.033*
HI1B 0.8677 0.9195 —0.0052 0.033*
C2 1.0353 (2) 1.05118 (11) 0.01446 (8) 0.0328 (3)
H2A 1.1552 1.0662 0.0404 0.039*
H2B 1.0636 1.0628 —0.0341 0.039*
c3 0.8709 (2) 1.12537 (11) 0.03751 (8) 0.0304 (3)
H3A 0.7575 1.1163 0.0072 0.036*
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H3B 0.9172 1.1968
C4 0.8027 (2) 1.10897 (11)
cs 0.7496 (2) 0.98994 (10)
C6 0.6857 (2) 0.96538 (11)
H6A 0.7961 0.9786

H6B 0.5779 1.0116

C7 0.6185 (2) 0.85208 (11)
H7A 0.4932 0.8434

H7B 0.5948 0.8385

C8 0.76551 (19) 0.77021 (11)
HSA 0.8849 0.7742

C9 0.8275 (2) 0.79830 (10)
HOA 0.7059 0.7988

C10 0.91614 (19) 0.91155 (10)
Cll 0.9692 (2) 0.71734 (11)
HIIA 0.9471 0.7157
H1IB 1.1058 0.7381

c12 0.9355 (2) 0.61239 (11)
C13 0.8133 (2) 0.58241 (11)
Cl4 0.6792 (2) 0.65857 (11)
HI4A 0.6797 0.6413

C1s 0.8399 (2) 0.47142 (12)
HISA 0.7751 0.4278

C16 0.9764 (3) 0.44313 (11)
HI6A 1.0227 0.3752

C17 0.4653 (2) 0.64563 (12)
HI7A 0.4312 0.5727
H17B 0.4555 0.6738
H17C 0.3758 0.6824

C18 0.6175 (2) 1.17717 (12)
HISA 0.6459 1.2480
HISB 0.5815 1.1753
HI8C 0.5097 1.1508

C19 0.9636 (3) 1.14968 (12)
HI9A 0.9689 1.2246
H19B 1.0900 L1211
H19C 0.9324 1.1287

C20 1.1033 (2) 0.91693 (12)
H20A 1.1679 0.8500
H20B 1.0654 0.9354
H20C 1.1928 0.9688
H102 0.602 (3) 0.9757 (14)

Atomic displacement parameters (142 )

Ull U22
01 0.0389 (6) 0.0318 (5)
02 0.0193 (5) 0.0341 (5)

0.0323
0.11288 (7)
0.12352 (7)
0.19790 (7)
0.2289
0.2109
0.20597 (7)
0.1819
0.2546
0.17865 (6)
0.2075
0.10381 (6)
0.0760
0.10034 (7)
0.07021 (7)
0.0207
0.0783
0.09923 (7)
0.15075 (7)
0.18679 (6)
0.2362
0.15815 (7)
0.1893
0.11136 (7)
0.1053
0.16019 (7)
0.1595
0.1143
0.1902
0.12459 (8)
0.1113
0.1726
0.0972
0.16241 (8)
0.1600
0.1494
0.2088
0.14665 (8)
0.1470
0.1929
0.1288
0.0405 (10)

U33 U12
0.0295 (5) 0.0068 (5)
0.0239 (5) ~0.0007 (4)

0.036*
0.0273 (3)
0.0235 (3)
0.0265 (3)
0.032*
0.032*
0.0264 (3)
0.032*
0.032*
0.0235 (3)
0.028*
0.0231 (3)
0.028*
0.0233 (3)
0.0295 (3)
0.035%
0.035%
0.0274 (3)
0.0261 (3)
0.0249 (3)
0.030%
0.0316 (3)
0.038*
0.0349 (3)
0.042*
0.0301 (3)
0.045%
0.045%
0.045%
0.0370 (4)
0.056*
0.056*
0.056*
0.0376 (4)
0.056*
0.056*
0.056*
0.0308 (3)
0.046*
0.046*
0.046*
0.038 (5)*

U13
0.0075 (4)
~0.0017 (4)

U23
0.0007 (4)
0.0012 (4)
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Cl 0.0247 (7) 0.0333 (7) 0.0245 (7) ~0.0005 (6) 0.0057 (5) 0.0007 (5)
2 0.0313 (8) 0.0389 (8) 0.0283 (7) ~0.0058 (6) 0.0075 (6) 0.0034 (6)
c3 0.0345 (8) 0.0288 (7) 0.0278 (7) ~0.0061 (6) 0.0020 (6) 0.0016 (5)
C4 0.0290 (7) 0.0296 (7) 0.0232 (7) ~0.0039 (6) 0.0000 (6) ~0.0007 (5)
cs 0.0192 (6) 0.0302 (7) 0.0212 (6) ~0.0002 (5) 0.0002 (5) 0.0000 (5)
C6 0.0258 (6) 0.0328 (7) 0.0210 (6) 0.0017 (6) 0.0025 (5) ~0.0028 (5)
C7 0.0242 (6) 0.0342 (7) 0.0207 (6) 0.0013 (6) 0.0058 (5) 0.0015 (5)
C8 0.0195 (6) 0.0324 (7) 0.0184 (6) 0.0010 (6) ~0.0001 (5) 0.0016 (5)
C9 0.0192 (6) 0.0306 (7) 0.0196 (6) 0.0015 (5) 0.0015 (5) 0.0009 (5)
C10 0.0184 (6) 0.0299 (7) 0.0216 (6) ~0.0009 (5) 0.0005 (5) 0.0004 (5)
Cll 0.0285 (7) 0.0334 (7) 0.0267 (7) 0.0032 (6) 0.0075 (6) 0.0019 (6)
c12 0.0284 (7) 0.0314 (7) 0.0224 (7) 0.0064 (6) 0.0001 (5) ~0.0029 (5)
C13 0.0265 (7) 0.0306 (7) 0.0213 (6) ~0.0006 (5) ~0.0032 (5) 0.0011 (5)
Cl4 0.0248 (6) 0.0330 (7) 0.0169 (6) ~0.0005 (6) 0.0019 (5) 0.0020 (5)
C1s 0.0380 (8) 0.0323 (7) 0.0244 (7) ~0.0020 (7) ~0.0005 (6) 0.0029 (6)
C16 0.0480 (9) 0.0277 (7) 0.0290 (7) 0.0059 (7) 0.0004 (7) 0.0022 (6)
C17 0.0267 (7) 0.0376 (7) 0.0260 (7) ~0.0036 (6) 0.0012 (6) 0.0025 (6)
C18 0.0438 (9) 0.0311 (7) 0.0363 (8) 0.0042 (7) 0.0063 (7) ~0.0006 (6)
C19 0.0437 (9) 0.0375 (8) 0.0315 (8) ~0.0123 (7) ~0.0046 (7) ~0.0035 (6)
€20 0.0191 (6) 0.0412 (8) 0.0321 (7) ~0.0023 (6) ~0.0034 (6) 0.0025 (6)

Geometric parameters (4, °)

01—C16 1.3745 (17) C9—Cl1 1.5507 (18)
01—Cl12 1.3780 (16) C9—C10 1.5673 (18)
02—C5 1.4494 (16) C9—H9A 0.9800
02—H102 0.85 (2) C10—C20 1.5486 (18)
Cl—C2 1.5319 (19) Cl1—C12 1.4719 (19)
C1—C10 1.5417 (18) Cl1—HI1A 0.9700
Cl—HIA 0.9700 Cl1—H11B 0.9700
Cl1—HIB 0.9700 C12—Cl13 1.348 (2)
C2—C3 1.525 (2) C13—Cl5 1.437 (2)
C2—H2A 0.9700 C13—Cl4 1.5001 (19)
C2—H2B 0.9700 C14—C17 1.5388 (19)
C3—C4 1.5432 (19) Cl4—HI14A 0.9800
C3—H3A 0.9700 C15—Cl16 1.340 (2)
C3—H3B 0.9700 C15—HI5A 0.9300
C4—C19 1.538 (2) C16—HI16A 0.9300
C4—C18 1.538 (2) C17—HI7A 0.9600
C4—C5 1.5764 (19) C17—H17B 0.9600
C5—C6 1.5345 (18) C17—H17C 0.9600
C5—C10 1.5699 (18) C18—HISA 0.9600
Cc6—C7 1.525 (2) C18—HI8B 0.9600
C6—H6A 0.9700 C18—HI8C 0.9600
C6—H6B 0.9700 C19—HI19A 0.9600
C7—C8 1.5347 (18) C19—H19B 0.9600
C7—HIA 0.9700 C19—H19C 0.9600
C7—H7B 0.9700 C20—H20A 0.9600
Cc8—Cl4 1.5489 (19) C20—H20B 0.9600
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C8—C9
C8—HBA
C16—01—C12
C5—02—H102
C2—C1—C10
C2—Cl1—HI1A
C10—Cl1—H1A
C2—C1—HIB
C10—C1—HI1B
H1A—C1—HIB
C3—C2—C1
C3—C2—H2A
C1—C2—H2A
C3—C2—H2B
C1—C2—H2B
H2A—C2—H2B
C2—C3—C4
C2—C3—H3A
C4—C3—H3A
C2—C3—H3B
C4—C3—H3B
H3A—C3—H3B
C19—C4—C18
C19—C4—C3
C18—C4—C3
C19—C4—Cs
C18—C4—Cs
C3—C4—C5
02—C5—C6
02—C5—C10
C6—C5—C10
02—C5—C4
C6—C5—C4
C10—C5—C4
C7—C6—C5
C7—C6—H6A
C5—C6—H6A
C7—C6—H6B
C5—C6—H6B
H6A—C6—HO6B
C6—C7—C8
C6—C7—HT7A
C8—C7—HT7A
C6—C7—H7B
C8—C7—H7B
H7A—C7—HT7B
C7—C8—C14
C7—C8—C9
C14—C8—C9

1.5493 (17)
0.9800

105.67 (11)
108.0 (13)
113.28 (11)
108.9

108.9

108.9

108.9

107.7
111.68 (11)
109.3

109.3

109.3

109.3

107.9
114.09 (12)
108.7

108.7

108.7

108.7

107.6
106.74 (12)
109.45 (12)
107.68 (12)
113.90 (11)
110.10 (11)
108.79 (11)
103.66 (10)
108.31 (10)
109.74 (10)
107.27 (10)
112.55 (11)
114.61 (10)
111.92 (11)
109.2
109.2
109.2
109.2
107.9
114.87 (11)
108.5

108.5

108.5

108.5

107.5
110.54 (11)
109.74 (11)
114.19 (11)

C20—H20C

C10—C9—HO9A
C1—C10—C20
C1—C10—C9
C20—C10—C9
C1—C10—C5
C20—C10—Cs
C9—C10—C5
C12—C11—C9
C12—C11—HI11A
C9—C11—H11A
C12—C11—HI11B
C9—C11—H11B
H11A—C11—HI11B
C13—C12—O01
C13—C12—C11
01—C12—C11
C12—C13—C15
C12—C13—Cl14
C15—C13—Cl14
C13—C14—C17
C13—C14—C8
C17—C14—C8
C13—C14—H14A
C17—C14—H14A
C8—C14—HI14A
Cl16—C15—C13
Cl16—C15—HI15A
C13—C15—H15A
C15—C16—01
C15—Cl6—HI16A
01—C16—HI16A
C14—C17—H17A
C14—C17—H17B
H17A—C17—H17B
C14—C17—H17C
H17A—C17—H17C
H17B—C17—H17C
C4—C18—HI8A
C4—C18—HI18B
H18A—C18—H18B
C4—C18—HI8C
H18A—C18—HI18C
H18B—C18—H18C
C4—C19—HI19A
C4—C19—HI19B
H19A—C19—H19B
C4—C19—HI19C

0.9600

106.8
108.54 (11)
109.45 (10)
109.06 (11)
109.14 (10)
112.86 (11)
107.75 (10)
110.69 (11)
109.5
109.5
109.5
109.5
108.1
110.69 (12)
129.43 (12)
119.88 (12)
106.14 (13)
121.80 (12)
132.02 (13)
109.80 (11)
108.93 (11)
114.61 (11)
107.8
107.8
107.8
106.54 (13)
126.7
126.7
110.95 (13)
124.5
124.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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C7—C8—HSA
C14—C8—HBA
C9—C8—HSA
C8—C9—C11
C8—C9—C10
C11—C9—C10
C8—C9—HOA
C11—C9—H9A
C10—C1—C2—C3
Cl—C2—C3—C4
C2—C3—C4—C19
C2—C3—C4—CI18
C2—C3—C4—C5
C19—C4—C5—02
C18—C4—C5—02
C3—C4—C5—02
C19—C4—C5—C6
C18—C4—C5—C6
C3—C4—C5—C6
C19—C4—C5—C10
C18—C4—C5—C10
C3—C4—C5—C10
02—C5—C6—C7
C10—C5—C6—C7
C4—C5—C6—C7
C5—C6—C7—C8
C6—C7—C8—Cl14
C6—C7T—C8—C9
C7—C8—C9—Cl11
C14—C8—C9—C11
C7—C8—C9—C10
C14—C8—C9—C10
C2—C1—C10—C20
C2—C1—C10—C9
C2—C1—C10—C5
C8—C9—C10—C1
C11—C9—C10—C1
C8—C9—C10—C20
C11—C9—C10—C20
C8—C9—C10—C5

Hydrogen-bond geometry (4, ©)

D—H-4
02—H102--01!

Symmetry codes: (i) x—1/2, —y+3/2, —=z.

107.4
107.4
107.4
113.77 (11)
110.90 (10)
111.33 (10)
106.8
106.8

~55.24 (17)
55.00 (16)
72.73 (15)
~171.60 (12)
~52.30 (15)
169.30 (11)
49.46 (14)
~68.32 (13)
55.92 (15)
~63.92 (15)
178.30 (11)
~70.41 (15)
169.75 (11)
51.97 (14)
59.70 (13)
~55.82 (14)
175.28 (11)
51.72 (15)
~177.79 (11)
~50.97 (15)
~177.42 (11)
~52.68 (15)
56.15 (14)
~179.10 (10)
~70.08 (15)
171.00 (11)
53.30 (15)
179.65 (11)
51.88 (14)
61.04 (13)
~66.72 (13)
—61.79 (13)

H19A—C19—H19C
H19B—C19—H19C
C10—C20—H20A
C10—C20—H20B
H20A—C20—H20B
C10—C20—H20C
H20A—C20—H20C
H20B—C20—H20C
C11—C9—C10—C5
02—C5—C10—C1
C6—C5—C10—C1
C4—C5—C10—C1
02—C5—C10—C20
C6—C5—C10—C20
C4—C5—C10—C20
02—C5—C10—C9
C6—C5—C10—C9
C4—C5—C10—C9
C8—C9—C11—C12
C10—C9—C11—C12
Cl16—01—C12—C13
Cl16—01—C12—Cl11
C9—C11—C12—C13
C9—C11—C12—O01
01—C12—C13—CI15
C11—C12—C13—C15
01—C12—C13—C14
C11—C12—C13—C14

C12—C13—C14—C17
C15—C13—C14—C17

C12—C13—C14—C8
C15—C13—C14—C8
C7—C8—C14—C13
C9—C8—C14—C13
C7—C8—C14—C17
C9—C8—C14—C17

C12—C13—C15—C16
C14—C13—C15—C16

C13—C15—C16—01
C12—01—C16—C15

H-A
2.246 (19)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

170.45 (11)
66.93 (13)
179.45 (11)
~52.77 (14)
~172.30 (10)
~59.78 (14)
68.00 (14)
~51.83 (13)
60.69 (13)
~171.54 (10)
28.58 (16)
154.78 (11)
~0.18 (16)
179.32 (13)
-43(2)
176.33 (12)
~0.23 (16)
~179.67 (15)
~178.36 (11)
22(2)
102.74 (15)
~74.84 (18)
-23.52 (17)
158.90 (14)
172.14 (10)
47.82 (14)
48.70 (14)
~75.62 (14)
0.56 (17)
178.42 (14)
~0.70 (17)
0.56 (17)

D—H-A
154.7 (18)
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The title compound, known as odorine or roxburghiline
{systematic name: (S)-N-[(R)-1-cinnamoylpyrrolidin-2-yl]-2-
methylbutanamide}, C;gsH,4N,0,, is a nitrogenous compound
isolated from the leaves of Aglaia odorata. The absolute
configuration was determined by refinement of the Flack
parameter with data collected using Cu Ko radiation showing
positions 2 and 2’ to be S and R, respectively. The pyrrolidine
ring adopts an envelope conformation. In the crystal,
molecules are linked into chains along [010] by intermolecular
N—H- - -O hydrogen bonds.
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al. (1979). For related structures, see: Babidge et al. (1980);
Dumontet et al. (1996); Hayashi et al. (1982). For the stability
of the temperature controller used in the data collection, see
Cosier & Glazer (1986).

f Thomson Reuters ResearcherID: A-3561-2009.
§ Additional correspondence author, e-mail: suchada.c@psu.ac.th. Thomson
Reuters ResearcherID: A-5085-2009.

Experimental

Crystal data

CisHouN,O, V =1657.43 (4) A3

M, = 300.39 Z=4

Monoclinic, C2 Cu Ko radiation
a=188909 (3) A w=063mm™

b =6.8398 (1) A T =100 K

c=134174 (2) A 0.57 x 0.16 x 0.13 mm
B = 107.054 (1)°

Data collection

Bruker APEXII DUO CCD area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Tnin = 0.718, Tpax = 0.924

10656 measured reflections
2625 independent reflections
2606 reflections with 7 > 20(1)
Rine = 0.042

Refinement

R[F? > 20(F%)] = 0.033
wR(F?) = 0.096
S=116

2625 reflections

205 parameters

1 restraint

H atoms treated by a mixture of
independent and constrained
refinement

APmax =021 ¢ A3

APmin = =027 ¢ A7

Absolute structure: Flack (1983),
1036 Friedel pairs

Flack parameter: 0.03 (18)

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
N2—HIN2. - -0t 0.81 (2) 2.09 (2) 2.8789 (16) 163 (2)

Symmetry code: (i) —x+3,y — 1, —z + 1.

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT
(Bruker, 2009); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2009).
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Absolute configuration of odorine

H.-K. Fun, S. Chantrapromma, O. Yodsaoue and C. Karalai

Comment

Several species of the genus Aglaia of the family Meliaceae are of ethnomedicinal values and have insecticidal (Brader
et al., 1998), antifungal (Engelmeier et al., 2000) and cytotoxic (Saifah et al., 1993; Cui et al., 1997) activities. These
interesting activities have prompted us to screen for further bioactive compounds from Aglaia odorata. Aglaia odorata
known locally in Thai as "Pra-yong" or "Hom-glai" is a small tree occurring primarily in South-East Asia. The leaves and
roots of this plant have been used in local folk medicine as a heart stimulant, febrifuge and to retrieve toxin by causing
vomiting. The isolated compounds from this plant also show interesting biological activities such as anticancer (Inada et al.,
2001), insecticidal (Nugroho et al., 1999) and anti-leukemic (Hayashi et al., 1982) activities. In the course of our research of
chemical constituents and bioactive compounds from the leaves of 4. odorata which were collected from Songkhla province
in the southern part of Thailand, the title aminopyrrolidine odorine (I), also known as odorine (Shiengthong et al., 1979)
or roxburghiline or N-cinnamoyl-2-(2-methylbutanoylamino)pyrrolidine (Purushothaman et al., 1979) was isolated. The
previous report showed that (I) possesses cancer-chemopreventive activity (Inada ez al., 2001). The absolute configuration
of (I) was determined by making use of the anomalous scattering of Cu Ka X-radiation with the Flack parameter being
refined to 0.03 (18). We report herein the crystal structure of (I).

Fig. 1 shows that the molecule of (I) possesses a 2-aminopyrrolidine ring linked by two amide functions to 2-methylbu-
tyric acid and cinnamic acid. The pyrrolidine ring adopts an envelope conformation with the puckered C12 atom having a
deviation of 0.223 (1) A and with the puckering parameters Q = 0.3522 (15) A and 6 = 281.3 (2)° (Cremer & Pople, 1975).
Atoms of the cinnamoyl (C1-C9/01) moiety essentially lie on the same plane (zm.s. 0.0216 (1) A) with a max. deviation
of 0.0583 (1) A for atom O1. Atoms C13, C14, C15, N2 and O2 lie on the same plane (zm.s. 0.0216 (1) A). The mean
plane through C13/C14/C15/N2/02 makes the dihedral angle of 88.80 (7)° with the mean plane through the cinnamoyl
moiety. The 2-methylbutanamide chain at C13 is pseudo-axial with the C14-N2—C13—C12 torsion angle = 125.55 (13)°.
The orientation of the butyl group is described by the torsion angle C14—C15-C17-C18 = 68.78 (18)°. The bond distances
in (I) are within normal ranges (Allen et al., 1987) and comparable with the related structures which are odorinol (Hayashi
et al., 1982) and forbaglin A (Dumontet ef al., 1996). The absolute configuration at atoms C15 and C13 or positions 2 and
2' of the odorine are S,R configurations which agree with the previous stereochemistry of odorine (Babidge ef al., 1980).

In the crystal packing of (I) (Fig. 2), the molecules are linked into chains along [010] through N2—HIN2--01! hydrogen
bonds (Fig. 2 and Table 1).

Experimental

Ground-dried leaves of 4. odorata (53.70 g) were extracted with CH>Cl, and CH3OH (each of 2 x 2 L) for a duration of 3 days
at room temperature. The solvents were evaporated under reduced pressure to afford CH>Cl, (23.50 g) and CH3OH (5.23
g) crude extracts, respectively. The CH,Cl, crude extract (23.50 g) was further purified by quick column chromatography
(QCC) oversilica gel using hexane as eluent and increasing polarity with EtOAc and CH30H to afford 10 fractions (F1-F10).
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Fraction F10 (231.6 mg) was further separated by column chromatography with acetone-hexane (3:7), yielding the title
compound as white solid (15.6 mg). Colorless needle-shaped single crystals of the title compound suitable for x-ray structure
determination were recrystallized from CH;Cl, by the slow evaporation of the solvent at room temperature after several
days, Mp. 476-478 K.

Refinement

The amide H atom was located in a difference map and refined isotropically. The remaining H atoms were placed in calcu-
lated positions with (C—H) = 0.98 for CH, 0.97 for CH; and 0.96 A for CH3 atoms. The Ui, values were constrained to be

1.5Ueq of the carrier atom for methyl H atoms and 1.2Ueq for the remaining H atoms. A rotating group model was used for

the methyl groups. The highest residual electron density peak is located at 0.73 A from C6 and the deepest hole is located
at 0.71 A from C9. 1036 Friedel pairs were used to determine the absolute configuration.

Figures
b
A
-4 - y
=i Fig. 1. The molecular structure of (I), showing 50% probability displacement ellipsoids and
e -. # [the atom-numbering scheme.
— | i
| | y
.
et __.l"'-. W i -H-\-I. Fw
LY #
-,
Fig. 2. The crystal packing of (I) viewed approximately along the ¢ axis, showing one dimen-
sional chains along [0 1 0]. N—H--O hydrogen bonds are shown as dashed lines.

(8)-N-[(R)-1-cinnamoylpyrrolidin-2-yl]-2-methylbutanamide

Crystal data

C18H24N,0, F(000) = 648

M,=300.39 Dy =1204 Mgm >
Monoclinic, C2 Melting point = 476-478 K
Hall symbol: C 2y Cu Ko radiation, A = 1.54178 A
a=18.8909 (3) A Cell parameters from 2625 reflections
b=6.8398 (1) A 0=6.8-67.4°
c=134174(2) A w=0.63 mm '

B=107.054 (1)° T=100K

V=1657.43 (4) A3 Needle, colorless

Z=4 0.57 x 0.16 X 0.13 mm
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Data collection

Bruker APEXII DUO CCD area-detector
diffractometer

Radiation source: sealed tube
graphite
¢ and o scans

Absorption correction: multi-scan
(SADABS;, Bruker, 2009)

Tinin = 0.718, Tinax = 0.924

10656 measured reflections

Refinement
Refinement on F>

Least-squares matrix: full
R[F* > 20(F%)] = 0.033

WR(F?) = 0.096
S=1.16
2625 reflections

205 parameters

1 restraint

Primary atom site location: structure-invariant direct

methods

Special details

2625 independent reflections
2606 reflections with /> 2o(/)
Rint = 0.042

Omax = 67.4°, Oppin = 6.8°

h=-22—-22
k=-7—6
[=-16—16

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H atoms treated by a mixture of independent and
constrained refinement

w = 1/[6%(Fy2) + (0.0595P)> + 0.2381P]

where P = (F,> + 2F2)/3

(A/6)max = 0.001

Apmax =021 e A3

APmin=-027 e A3

Absolute structure: Flack (1983), 1036 Friedel pairs

Flack parameter: 0.03 (18)

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat (Cosier &

Glazer, 1986) operating at 100.0 (1) K.

Geometry. All esds (except the esd in the dihedral angle between two Ls. planes) are estimated using the full covariance matrix. The
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used
for estimating esds involving 1.s. planes.

Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-

al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F?> 2sigma(F 2) is used only for calculat-

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice
as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso*/Ueq
0Ol 0.68617 (5) 0.99471 (16) 0.55658 (7) 0.0243 (2)
02 0.97777 (6) 0.88734 (17) 0.73395 (8) 0.0315 (3)
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N1 0.79446 (6) 0.99195 (19)
HIN2 0.8859 (10) 0.691 (3)
N2 0.90244 (6) 0.78710 (19)
Cl 0.87323 (8) 0.9894 (3)
HIA 0.9038 1.0059
2 0.90374 (8) 0.9818 (3)
H2A 0.9548 0.9923

c3 0.85882 (8) 0.9585 (3)
H3A 0.8797 0.9538
C4 0.78306 (9) 0.9425 (3)
H4A 0.7528 0.9273

cs 0.75221 (8) 0.9490 (2)
HSA 0.7012 0.9376
C6 0.79653 (7) 0.9725 (2)
C7 0.76210 (7) 0.9768 (2)
H7A 0.7107 0.9679
Cs 0.79691 (7) 0.9920 (2)
HSA 0.8483 1.0019
C9 0.75502 (7) 0.9936 (2)
C10 0.75678 (7) 0.9890 (2)
HI10A 0.7308 1.1109
H10B 0.7217 0.8819
Cll 0.81922 (8) 0.9613 (2)
HIIA 0.8097 1.0348
HIIB 0.8253 0.8243
c12 0.88773 (8) 1.0396 (2)
HI2A 0.9325 0.9808
HI2B 0.8912 1.1805
C13 0.87590 (7) 0.9813 (2)
HI3A 0.8990 1.0781
Cl4 0.95055 (7) 0.7544 (2)
C1s 0.97075 (8) 0.5412 (2)
HISA 0.9332 0.4576
C16 1.04558 (10) 0.5039 (3)
HI6A 1.0413 0.5272
H16B 1.0603 0.3708
H16C 1.0821 0.5903
C17 0.97552 (9) 0.4934 (3)
HI7A 0.9971 0.3644
H17B 1.0085 0.5865
C18 0.90143 (10) 0.4977 (3)
HISA 0.9089 0.4729
HISB 0.8696 0.3990
HI8C 0.8790 0.6238

Atomic displacement parameters (142 )

Ul 1 U22

0.51776 (8)
0.5433 (14)
0.57796 (9)
0.92951 (11)
0.8870
1.03621 (11)
1.0651
1.10083 (11)
1.1728
1.05783 (11)
1.1008
0.95025 (11)
0.9217
0.88465 (10)
0.77145 (10)
0.7481
0.69898 (9)
0.7190
0.58677 (9)
0.40514 (9)
0.3826
0.3871
0.35579 (10)
0.2914
0.3414
0.43814 (11)
0.4303
0.4329
0.54206 (10)
0.5956
0.67329 (11)
0.69919 (11)
0.6527
0.67983 (16)
0.6077
0.6971
0.7225
0.81232 (12)
0.8290
0.8576
0.83531 (12)
0.9081
0.7948
0.8176

0.0218 (2)
0.030 (5)*
0.0217 (3)
0.0299 (3)
0.036*
0.0348 (4)
0.042*
0.0325 (4)
0.039*
0.0337 (4)
0.040*
0.0285 (3)
0.034*
0.0233 (3)
0.0236 (3)
0.028*
0.0219 (3)
0.026*
0.0207 (3)
0.0233 (3)
0.028*
0.028*
0.0275 (3)
0.033*
0.033*
0.0276 (3)
0.033*
0.033*
0.0222 (3)
0.027*
0.0237 (3)
0.0293 (3)
0.035%
0.0512 (5)
0.077*
0.077*
0.077*
0.0356 (4)
0.043*
0.043*
0.0406 (4)
0.061*
0.061*
0.061*
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ol 0.0229 (5) 0.0260 (6) 0.0230 (4) 0.0040 (4) 0.0051 (3) 0.0031 (4)
02 0.0301 (5) 0.0298 (6) 0.0277 (5) ~0.0005 (4) ~0.0025 (4) ~0.0062 (5)
N1 0.0222 (5) 0.0231 (6) 0.0193 (5) 0.0013 (5) 0.0045 (4) 0.0013 (5)
N2 0.0225 (5) 0.0209 (7) 0.0202 (6) ~0.0006 (5) 0.0039 (4) ~0.0046 (5)
Cl 0.0277 (7) 0.0399 (9) 0.0226 (6) 0.0012 (7) 0.0080 (5) 0.0015 (7)
2 0.0269 (7) 0.0507 (10) 0.0245 (7) 0.0036 (7) 0.0038 (5) ~0.0006 (8)
c3 0.0384 (8) 0.0390 (10) 0.0180 (6) 0.0045 (7) 0.0050 (5) 0.0014 (6)
C4 0.0379 (8) 0.0409 (11) 0.0253 (7) 0.0019 (7) 0.0137 (6) 0.0029 (6)
cs 0.0263 (7) 0.0324 (9) 0.0264 (7) 0.0017 (6) 0.0074 (5) 0.0016 (6)
C6 0.0268 (6) 0.0209 (8) 0.0217 (6) 0.0049 (6) 0.0063 (5) 0.0022 (6)
C7 0.0234 (6) 0.0214 (7) 0.0246 (7) 0.0038 (6) 0.0048 (5) 0.0019 (6)
C8 0.0228 (6) 0.0194 (7) 0.0215 (6) 0.0031 (6) 0.0032 (5) 0.0014 (6)
C9 0.0239 (6) 0.0153 (7) 0.0221 (6) 0.0031 (6) 0.0053 (5) 0.0014 (6)
C10 0.0275 (6) 0.0218 (7) 0.0187 (6) 0.0032 (6) 0.0037 (5) 0.0011 (6)
Cll 0.0354 (7) 0.0280 (8) 0.0201 (6) 0.0028 (6) 0.0098 (5) 0.0017 (6)
c12 0.0304 (7) 0.0277 (8) 0.0276 (7) ~0.0002 (6) 0.0132 (5) 0.0028 (6)
C13 0.0219 (6) 0.0214 (7) 0.0234 (6) ~0.0015 (5) 0.0070 (5) ~0.0018 (6)
Cl4 0.0174 (6) 0.0291 (9) 0.0244 (7) 0.0013 (5) 0.0058 (5) ~0.0013 (6)
C1s 0.0278 (7) 0.0293 (9) 0.0290 (7) 0.0059 (6) 0.0058 (6) ~0.0003 (6)
C16 0.0451 (9) 0.0479 (13) 0.0675 (12) 0.0202 (9) 0.0274 (9) 0.0085 (10)
C17 0.0397 (8) 0.0319 (9) 0.0304 (7) 0.0055 (7) 0.0027 (6) 0.0066 (7)
C18 0.0535 (9) 0.0358 (10) 0.0347 (8) 0.0013 (8) 0.0163 (7) 0.0039 (8)

Geometric parameters (4, °)

01—C9 1.2437 (16) C10—Cl1 1.5243 (18)
02—Cl4 1.2280 (19) C10—HI10A 0.9700
N1—C9 1.3480 (17) C10—H10B 0.9700
N1—C10 1.4695 (15) Cl1—C12 1.531 (2)
N1—C13 1.4780 (16) Cl1—HI11A 0.9700
N2—Cl14 1.3529 (17) Cl1—HI11B 0.9700
N2—C13 1.451 (2) Cl2—C13 1.5284 (18)
N2—HIN2 0.81 (2) Cl2—HI2A 0.9700
Ccl1—C2 1.3787 (19) Cl2—HI12B 0.9700
C1—C6 1.401 (2) C13—HI3A 0.9800
Cl—HIA 0.9300 Cl4—Cl5 1522 (2)
C2—C3 1.389 (2) C15—C17 1.529 (2)
C2—H2A 0.9300 C15—C16 1.532(2)
C3—C4 1.382 (2) C15—HISA 0.9800
C3—H3A 0.9300 Cl6—HI16A 0.9600
C4—C5 1.3898 (19) Cl6—HI16B 0.9600
C4—H4A 0.9300 Cl6—HI16C 0.9600
C5—C6 1.3907 (19) C17—C18 1519 (2)
C5—H5A 0.9300 C17—HI7A 0.9700
Cc6—C7 1.4667 (17) C17—H17B 0.9700
Cc7—C8 1.3282 (18) C18—HI8A 0.9600
C7—H7A 0.9300 C18—HI8B 0.9600
C8—C9 1.4813 (17) C18—HI8C 0.9600
C8—H8A 0.9300
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C9—N1—C10
C9—N1—C13
C10—N1—CI13
Cl14—N2—CI13
Cl14—N2—HIN2
CI3—N2—HIN2
C2—C1—C6
C2—Cl1—HIA
C6—Cl1—HIA
C1—C2—C3
C1—C2—H2A
C3—C2—H2A
C4—C3—C2
C4—C3—H3A
C2—C3—H3A
C3—C4—C5
C3—C4—H4A
C5—C4—H4A
C4—C5—C6
C4—C5—HS5SA
C6—C5—HS5SA
C5—C6—C1
C5—Co6—C7
C1—Co6—C7
C8—C7—C6
C8—C7—HT7A
C6—C7—H7A
C7—C8—C9
C7—C8—HSA
C9—C8—HSA
01—C9—NI1
01—C9—C8
N1—C9—C8
N1—C10—C11
N1—C10—HI10A
C11—C10—H10A
N1—C10—H10B
C11—C10—H10B

H10A—C10—H10B

C10—C11—C12
C10—C11—H11A
Cl12—Cl1—H11A
C6—C1—C2—C3
Cl—C2—C3—C4
C2—C3—C4—C5
C3—C4—C5—C6
C4—C5—C6—Cl
C4—C5—C6—C7
C2—C1—C6—C5

120.52 (10)
126.73 (10)
112.65 (10)
122.40 (12)
116.5 (13)
120.9 (13)
120.50 (13)
119.7

119.7
120.45 (13)
119.8

119.8
119.75 (13)
120.1

120.1
119.91 (14)
120.0
120.0
120.94 (13)
119.5

119.5
118.44 (12)
119.43 (12)
122.13 (12)
126.53 (12)
116.7

116.7
120.87 (11)
119.6

119.6
120.81 (11)
121.80 (11)
117.39 (11)
104.19 (10)
110.9

110.9

110.9

110.9

108.9
103.95 (11)
111.0

111.0
-0.4(3)
0.2(3)
0.2(3)
-03(3)
0.0 (2)
179.40 (15)
0.4 (3)

C10—C11—HI11B
C12—C11—HI11B
H11A—C11—HI11B
C13—C12—C11
C13—CI12—H12A
Cl11—C12—HI2A
C13—C12—HI12B
C11—C12—HI12B
H12A—C12—H12B
N2—C13—N1
N2—C13—C12
N1—C13—C12
N2—C13—HI13A
N1—C13—HI13A
C12—C13—H13A
02—C14—N2
02—C14—CI15
N2—C14—C15
C14—C15—C17
C14—C15—Cl16
C17—C15—C16
C14—CI15—HI15A
C17—C15—H15A
Cl16—C15—HI15A
C15—Cl6—HI16A
C15—Cl16—H16B
H16A—C16—H16B
C15—Cl16—H16C
H16A—C16—H16C
H16B—C16—H16C
C18—C17—C15
C18—C17—H17A
C15—C17—H17A
C18—C17—H17B
C15—C17—H17B
H17A—C17—H17B
C17—C18—H18A
C17—C18—H18B
H18A—C18—HI18B
C17—C18—H18C
H18A—C18—HI18C
H18B—C18—H18C

N1—C10—C11—C12
C10—C11—C12—C13
C14—N2—CI13—N1
C14—N2—C13—C12
C9—N1—C13—N2
C10—N1—CI13—N2
C9—N1—C13—C12

111.0
111.0
109.0
104.37 (11)
110.9
110.9
110.9
110.9
108.9
110.75 (11)
114.38 (12)
101.95 (10)
109.8
109.8
109.8
122.61 (14)
122.00 (12)
115.36 (12)
111.68 (13)
107.63 (14)
110.13 (13)
109.1
109.1
109.1
109.5
109.5
109.5
109.5
109.5
109.5
114.07 (12)
108.7
108.7
108.7
108.7
107.6
109.5
109.5
109.5
109.5
109.5
109.5

~24.24 (15)
35.81 (15)
~119.95 (13)
125.55 (13)
72.51 (17)
~103.96 (13)
~165.39 (14)
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C2—C1—C6—C7
C5—C6—C7—C8
C1—C6—C7—C8
C6—C7T—C8—C9
C10—N1—C9—O01
CI3—N1—C9—O01
C10—N1—C9—C8
CI3—N1—C9—C8
C7—C8—C9—O01
C7—C8—C9—NI1
C9—N1—C10—Cl11
CI13—N1—C10—C11

Hydrogen-bond geometry (4, ©)

D—H-4
N2—HIN2--01!

~179.02 (17)
~177.81 (15)
1.6 3)
179.71 (14)
-0.7(2)
~176.95 (14)
178.64 (13)
24(2)
5.1(2)
~174.23 (14)
~172.93 (12)
3.78 (17)

Symmetry codes: (i) —x+3/2, y—1/2, —z+1.

C10—N1—C13—C12
C11—C12—C13—N2
C11—C12—C13—N1
C13—N2—C14—02
C13—N2—C14—C15
02—C14—C15—C17
N2—C14—C15—C17
02—C14—C15—C16
N2—C14—C15—C16
C14—C15—C17—C18
Cl16—C15—C17—C18

H-A
2.09 (2)

DA
2.8789 (16)

18.14 (16)
86.96 (14)
-32.61 (14)
-3.6(2)
178.31 (11)
41.89 (18)
~139.99 (13)
~79.11 (18)
99.01 (15)
68.78 (18)
~171.68 (16)

D—H+A
163 (2)
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Bioactivity-guided isolation and purification of the dichloromethane extract from the roots of Caesalpinia
pulcherrima yielded 15 new cassane-type diterpenes, named pulcherrins D—R (1-15) together with eight
known compounds. The structures of the new metabolites were determined on the basis of spectroscopic
analyses including 1D- and 2D-NMR and mass spectroscopy. The anti-inflammatory activity of isolated
compounds was investigated with the lipopolysaccharide (LPS)—induced murine macrophage RAW
264.7 cell lines. Compounds 8, 9, 11-15, and 17—23 showed potent NO inhibitory activity.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Caesalpinia pulcherrima (L.) Swartz, locally known as ‘Hang Nok
Yung Thai’,! is a large perennial shrub or small tree, that is, widely
distributed in tropical areas and has been used as an ornamental
plant.! As regards its biological activities, C. pulcherrima exhibits cy-
totoxic,>> antitubercular,® antibacterial,* and antifungal activities*
and is also active against DNA repair-deficient yeast mutant.® A
preliminary screening of the bioactivity of the crude extract from the
roots of C. pulcherrima has shown strong inhibition of nitric oxide
(NO) production in lipopolysaccharide (LPS)-stimulated RAW 264.7
cell lines. Nitric oxide (NO) is one of the inflammatory mediators
causing inflammation in many organs. In the preceding paper, our
group have isolated pulcherrins A—C and neocaesalpins P—R from the
stems of C. pulcherrima.® As a continuation of our study, we now
report the isolation and structure elucidation of 15 new cassane-type
diterpenes, and their anti-inflammatory activity observed with LPS-
induced RAW 264.7 cell lines as well. This is the first report of the NO
inhibitory activity of the isolated diterpenes from C. pulcherrima.

2. Results and discussion

The CHCl, extract from the roots of C. pulcherrima was sub-
jected to vacuum liquid chromatography (VLC)’ and column

* Corresponding author. Tel.: +-66 7428 8444, fax: +66 7455 8841; e-mail addresses:
chatchanok k@psu.ac.th, chatchanok_k@yahoo.com (C. Karalai).

0040-4020/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tet.2011.06.087

chromatography over silica gel to afford 15 new diterpenes (1-15)
together with eight known compounds (16—23). The known
compounds were identified as vouacapen-5a-ol (16),% 6B-cinna-
moyl-7p-hydroxyvouacapen-5a-ol (17),2 isovouacapenol C (18)%
pulcherrimin C (19),> pulcherrimin A (20),> pulcherrimin E (21),2
pulcherrimin B (22)° and 8,9,11,14-didehydrovouacapen-5¢-ol
(23)? by comparison of their spectroscopic data with those reported
in the literatures and comparison with the authentic samples.
Compounds 1-14 showed characteristic of the 2,3-disubstituted
furan by the Ehrlich reagent® and the UV absorptions.’® The IR
spectrum of all new compounds showed the presence of as ester
carbonyl (1700—1777 cm™!) and hydroxyl (3549—3425 cm™!)
functionalities.

Pulcherrin D (1) had the molecular formula Cy3H3,04 ([M]* m/z
360.2301) based on HREIMS. The presence of a 2,3-furanocassane
framework was inferred from the 'H and '>C NMR spectral data
(Table 1). The 'H NMR spectrum showed four singlet signals of
three aliphatic methyl groups at 6 0.89 (Me-18), 1.00 (Me-19), and
1.04 (Me-20) and an acetoxy methyl group at ¢ 2.00 (OCOCH3) and
a doublet signal of a secondary methyl group at 6 0.94 (J=6.9 Hz,
Me-17). The signal of a 2,3-disubstituted furan ring was evident
from resonances at ¢ 6.12 and 7.16 (each d, J=1.8 Hz, H-15 and H-
16, respectively). The 3C NMR spectroscopic data displayed 22
carbons including those of an ester carbonyl carbon at é 170.7
(OCOCH3). An oxymethine proton was displayed at ¢ 5.22 (td,
J=11.1,6.0 Hz, H-7; 6¢c 72.3) whose coupling constants suggested its
axial orientation. This proton also showed HMBC correlations to
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Table 1
'H and ™C NMR (300 and 75 MHz, CDCl3) spectroscopic data of compounds 1-3 in CDCl5 (¢ in ppm, multiplicities, J in Hz)?
Position 1 2 3
dc ou dc 0n dc Ou

1 323 1.30—-135m 35.2 1.26—1.30 m 35.0 141-145m
1.37-142m 142—-146 m 1.48—-1.51m

2 18.1 1.49-1.53 m 181 1.34—-1.40 m 18.0 145-1.48 m
1.55-1.59 m 1.61-1.65m 1.67-1.71m

3a. 35.8 1.11 br d (8.4) 375 1.05-1.10 m 37.8 1.13-1.18 m

B 1.55—-1.60 m 1.54—1.58 m 1.63—1.67 m

4 385 — 393 — 39.1 —

5 779 — 77.7 — 77.2 —

6 315 2.01 dd (12.9, 6.0) 71.3 415d (3.9) 734 548d (4.2)

B 1.64 dd (12.9, 11.1)

70, 723 522 td (11.1, 6.0) 74.8 538 dd (11.4, 3.9) 69.1 431dd (108, 4.2)

8 39.8 1.87 td (11.1, 4.8) 35.0 2.09-2.13 m 37.7 1.93 ddd (12.0, 10.8, 5.1)

9 36.8 2.42-2.48 m 37.2 2.41-2.44 m 371 2.36 br dd (12.0, 8.7)

10 40.9 — 40.6 — 41.2 —

11 224 230-234 m 21.7 239-242 m 21.6 2.44-249 m
2.44—2.49 m 2.44—-247 m 2.50-2.53 m

12 149.3 — 149.4 — 149.2 —

13 121.8 — 121.6 — 121.9 —

14 276 275 qd (6.9, 4.8) 2738 2.72 qd (69, 5.1) 273 3.02 qd (6.9, 5.1)

15 109.6 6.12d (1.8) 109.5 6.12d (2.1) 109.7 6.21d(1.8)

16 1405 7.16 d (1.8) 1405 7.16d (2.1) 1405 7.23d (1.8)

17 17.1 094 d (6.9) 17.3 092 d (69) 17.1 1.07 d (6.9)

18 28.0 0.89 s 27.6 0.95s 27.7 1.04s

19 24.7 1.00 s 255 1.38s 253 121s

20 17.4 1.04s 17.2 1.29s 17.0 1345

OCOCH3 170.7 — 170.1 — 1714 —

OCOCH3 213 2.00 s 21.2 2.08 s 21.7 212s

2 Assignments were based on HMQC, HMBC, and COSY experiments.

the carbons at 6 27.6 (C-14), 31.5 (C-6), 39.8 (C-8), and 170.7
(OCOCH3), which suggested the location of the OAc group at C-7.In
the NOESY spectrum, the correlations between the oxymethine
proton at 6 5.22 (H-7) and the protons at 6 0.94 (Me-17), 2.01 (H-
6a), and 2.42—-2.48 (H-9) placed them on the same side of the
molecule. An OH group was placed at C-5 (6 77.9) and assumed to
be a-oriented by biogenetic pathway and comparison with the
previously isolated furanoditerpenoids from this plant.2~681112
From these data, 1 was deduced to be 73-acetoxyvouacapen-5a-
ol and named as pulcherrin D.

Pulcherrin E (2) had the molecular formula C2;H3305 ([M]™ m/z
376.2250) inferred from HREIMS. The 'H and >C NMR spectral data
(Table 1) of 2 were closely related to those of 1. The only difference
was found as replacement of the methylene protons at ¢ 1.64 and
2.01 (2H-6) in 1 with an oxymethine proton at 6 4.15 (d, J=3.9 Hz; ¢
71.3) in 2. The HMBC correlations of the latter proton with the
carbons at ¢ 35.0 (C-8), 39.3 (C-4), 40.6 (C-10), 74.8 (C-7), and 77.7
(C-5) suggested its location at C-6 whose o-orientation was sug-
gested by its NOESY cross-peaks with Me-18 (6 0.95) and H-7 (¢
5.38) and the small vicinal coupling constants (J7axeeq=3.9 Hz).
Therefore, 2 was 6B-hydroxy-7B-acetoxyvouacapen-5¢-ol and was
named as pulcherrin E.

Pulcherrin F (3) had the same molecular formula Cy3H3,05 as 2.
The 'H and '3C NMR spectral data (Table 1) of 3 were closely related
to those of 2, which differed only in the chemical shifts of positions
6 and 7. The oxymethine proton H-6 of 3 appeared at oy 5.48 (dc
73.4) more downfield than that of 2 (¢y 4.15; d¢c 71.3) as a result of
the deshielding effect of the OAc group while H-7 of 3 resonanced
at oy 4.31 (¢ 69.1), higher field than that of 2 (dy 5.38; dc 74.8). The
HMBC correlations of an oxymethine proton at ¢ 5.48 (H-6) with
the carbons at 6 37.7 (C-8), 39.1 (C-4), 41.2 (C-10), 69.1 (C-7), 77.2 (C-
5), and 171.4 (OCOCH3) and of an oxymethine proton at 6 4.31 (H-7)
with the carbons at 6 27.3 (C-14), 37.7 (C-8), and 73.4 (C-6) con-
firmed the locations of the OAc group at C-6 and OH at C-7, re-
spectively. The NOESY cross-peaks of H-6/H-7/H-9 and H-7/H-6/H-

17 confirmed the o-orientations of H-6 and H-7. Thus, 3 was
assigned to be 6B-acetoxy-7p-hydroxyvouacapen-5a-ol and was
named as pulcherrin F.

The molecular weight of pulcherrin G (4), Cy7H340s5, was
assigned at m/z 438.2410 [M]" by HREIMS. The NMR spectra
(Table 2) of 4 displayed characteristic similar to those of 2 except for
the replacement of an acetoxy group at ¢ 2.08 in 2 with a benzoy-
loxy group at ¢ 7.40 (br t, ]=7.5 Hz; H-4/, H-6'), 7.53 (tt,J=7.5,1.2 Hz;
H-5), and 8.02 (br d, J=7.5 Hz; H-3’, H-7’) in 4. This evidence was
confirmed by HMBC correlations of an oxymethine proton at 6 5.62
(dd, J=10.8, 3.9 Hz; H-7) to the carbons at ¢ 27.7 (C-14), 35.2 (C-8),
and 165.6 (C-1"), and of H-6 (0 4.31) with the carbons at ¢ 35.2 (C-8),
39.3 (C-4), 40.7 (C-10), 75.6 (C-7), and 77.8 (C-5). An oxymethine
proton H-6 was deduced to be equatorially oriented by a small
vicinal coupling constant (Jeeq7ax=3.9 Hz), whereas H-7 was an
axial proton by the large vicinal coupling constant
(J7ax,8ax=10.8 Hz). It was further supported by NOESY cross-peaks of
H-7 with Me-17, H-9, and H-6. Thus, 4 was assigned to be 6B3-hy-
droxy-7B-benzoyloxyvouacapen-5¢-0l and was named as pul-
cherrin G. This compound was first isolated from natural product,
however it was previously obtained from the partial synthesis.?

Pulcherrin H (5) had the molecular formula Cy7H3404 by
HREIMS. The 'H and 3C NMR spectra (Table 2) were comparable to
those of 1 except that the signals of an acetoxy group in 1 was
replaced by those of a benzoyloxy group in 5 shown as the reso-
nances at 6 7.37 (t,J=7.2 Hz; H-4', H-6'), 7.48 (tt, J=7.2,1.5 Hz; H-5'),
and 7.98 (dt, J=7.2, 1.5 Hz; H-3/, H-7’). The correlations of an oxy-
methine proton at ¢ 5.29 (H-3) with the carbons at § 19.6 (C-19),
23.1 (C-18), 23.8 (C-2), 43.5 (C-4), and 166.2 (C-1') in the HMBC
spectrum placed the benzoyloxy group at C-3. The relative stereo-
chemistry of H-3 was assigned to be axially oriented by the large
and small vicinal coupling constants (J3ax2ax=114 Hz,
J3ax,2eq=4.8 Hz). In the NOESY spectrum, the benzoyloxy protons at
0 7.98 (H-3’, H-7') displayed a cross-peak with the methyl protons
at 6 1.17 (Me-19), confirming the B-orientation of the benzoyloxy
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Table 2
'H and ®C NMR (300 and 75 MHz, CDCl5) spectroscopic data of compounds 4—7 in CDCl5 (¢ in ppm, multiplicities, J in Hz)?
Position 4 5 6 7 4 (from synthesis)
dc On oc On dc On oc N dc 0y
1 352 131-136m 31.2 1.40td(84,2.7) 349 134-140m 348 131-140m 352 138m
1.47-1.52 m 1.70—-1.77 m 1.50-1.56 m 1.45-1.54 m 1.54 m
2 182 1.40-144m 238 1.73-1.77m 183 1.38-144m 182 135-143m 182 150m
1.60—1.66 m 1.80—1.87 m 1.60—1.68 m 1.60—1.70 m 1.74m
3a 375 1.08-1.12m 77.8 5.29dd (114, 4.8) 38.1 1.02brd(84) 38.1 1.05brd(9.3) 375 1.16m
B 1.60—1.65 m 1.60—1.68 m 1.61-1.68 m 1.65m
4 393 — 435 — 390 — 390 — 393 —
5 778 — 786 — 764 — 763 — 778 —
60 714 431d(3.9) 26.1 1.55brd (12.0) 72.8 547t(2.7) 723 531dd(3.0,24) 715 4.38d(3.8)
B 1.80-1.90 m
7o 75.6 5.62dd (10.8, 3.9) 241 142-150m 31.6 1.53 ddd (144, 3.9, 2.7) 31.5 1.50dt(13.8,2.4) 75.5 5.71dd (114, 3.8)
B 1.67—-1.73 m 223 td (144, 2.7) 2.18 td (13.8, 3.0)
8 352 2.33ddd (12.0, 10.8, 4.8) 343 1.70-1.76 m 30.7 1.91-2.05m 306 1.91-2.04m 353 2.42td(11.4,5.0)
9 373 247-250m 376 227-231m 380 230-240m 380 2.26-244m 373 251m
10 40.7 — 410 — 413 — 414 — 40.7 —
11 21.8 246-250 m 224 2.29-235m 219 231-238m 21.8 231-239m 21.8 256 m
241-245m 2.39-247m 2.39-249m
12 1495 — 1494 — 1495 — 1495 — 1495 —
13 1216 — 1226 — 1224 — 1224 — 1216 —
14 27.7 2.82qd (6.9, 4.8) 313 2.55qd (6.9, 3.9) 312 240-249m 311 244-254m 27.7 2.89dq(7.0,5.0)
15 1095 6.10d (1.8) 1095 6.11d(1.5) 1095 6.06d (1.8) 1095 6.09d (1.8) 1095 6.17 d (1.9)
16 1406 7.16d (1.8) 1404 7.15d(1.5) 1404 7.11d(1.8) 1404 7.14d(1.8) 1406 7.23d(1.9)
17 174 094d(6.9) 175 0.95d(6.9) 17.6  0.90d(7.2) 17.6 092 d (6.6) 174 1.02d (7.0)
18 278 0965 231 097s 278 093s 277 094s 173 141s
19 255 1.39s 196 1.17s 260 1.13s 259 1.17s 278 1.04s
20 173 134s 172 1.05s 172 144s 169 1.37s 255 147s
1 1656 — 1662 — 1658 — 166.0 — 1656 —
2 1300 — 1310 — 1306 — 118.6 6.33d(15.9) 1300 —
3 129.7 8.02brd(7.5) 1295 7.98dt(7.2,1.5) 1297 7.95brd(7.2) 1452 7.60 d (15.9) 129.7 8.01dd (8.4,1.3)
40 128.6 7.40 brt (7.5) 1283 737t(7.2) 1286 7.33brt(7.2) 1343 — 128.6 7.48 dd (8.4, 8.4)
5¢ 1333  7.53tt(7.5,1.2) 132.7 7.481tt(7.2,1.5) 1331 7.45brt(7.2) 1286 7.42-7.46 m 133.3 7.60 tm (8.4)
6 129.7 7.28-7.30m
7' 1304 7.28-730m

2 Assignments were based on HMQC, HMBC, and COSY experiments.
> Compounds 4—6: 3'=7' and 4'=6'.
¢ Compound 7: 5'=9' and 6'=8'.

group. Thus, 5 was assigned to be 3B-benzoyloxyvouacapen-5a-ol
and was named as pulcherrin H.

Pulcherrin I (6) showed the molecular ion peak at m/z 422.2459
[M]* by HREIMS corresponding to a molecular formula of C37H3404.
The 'H and '3C NMR spectroscopic data (Table 2) were closely re-
lated to those of 5 except for the arrangement of a benzoyloxy
group whose location in 6 was at C-6, whereas that of 5 at C-3. The
observed HMBC correlations of a proton at ¢ 5.47 (H-6) with the
carbons at ¢ 30.7 (C-8), 31.6 (C-7), 39.0 (C-4), 41.3 (C-10), 76.4 (C-5),
and the carbonyl carbon of a benzoyloxy group at ¢ 165.8 (C-1')
supported the assignment. The small vicinal coupling constants
(seq,7ax,=2.7 Hz and Jeeq7eq=2.7 Hz) suggested the relative ste-
reochemistry of H-6 to be equatorially oriented. In the NOESY
spectrum, an oxymethine proton at ¢ 5.47 (H-6) showed cross-
peaks with the methyl protons at 6 0.93 (Me-18) and the aro-
matic protons at 6 7.95 (H-3’, H-7') correlated with the methyl
protons at ¢ 1.44 (Me-20), confirming a B-orientation of a benzoy-
loxy group. Thus, 6 was assigned to be 6B-benzoyloxyvouacapen-
50-0l and was named as pulcherrin L.

Pulcherrin J (7) showed the molecular formula CogH3604 ([M]" m/
Z 448.2617) by HREIMS. The 'H and ®C NMR spectroscopic data
(Table 2) were closely related to those of 6 except for the replacement
of a benzoyloxy group at ¢ 7.33 (br t, J=7.2 Hz; H-4/, H-6'), 7.45 (br t,
J=7.2Hz; H-5'), and 7.95 (br d, J=7.2 Hz; H-3’, H-7') in 6 with a trans-
cinnamoyloxy moiety in 7 at 6 6.33 and 7.60 (each d, J=15.9 Hz, H-2’
and H-3', respectively) and 7.28—7.46 (m, H-5’ to H-9). The HMBC
correlation of H-6 (6 5.31) to the carbonyl carbon of the cinnamoyloxy
group at 6 166.0 (C-1') suggested the location of the trans-

cinnamoyloxy side chain at C-6. Thus, 7 was assigned to be 6B-cin-
namoyloxyvouacapen-5a-ol and was named as pulcherrin J.

Pulcherrin K (8) had the molecular formula Co7H3,06 ([M]" m/z
452.2198), based on HREIMS. The 'H and 3C NMR spectral data
(Table 3) were related to those of 6. The major differences were the
replacement of the '"H NMR signals of Me-19 at § 113 and the
methylene protons at 6 1.53 (ddd, J=14.4, 3.9, 2.7 Hz; Heg-7) and
2.23 (td, J=14.4, 2.7 Hz; Hyx-7) of 6 with an aldehydic proton at
6 9.65 (d, J=1.2 Hz; H-19) and an oxymethine proton at ¢ 4.33 (dd,
J=11.1, 4.2 Hz; H-7), respectively in 7. The HMBC correlation of an
oxymethine proton at ¢ 4.33 (H-7) with the carbons at 6 27.2 (C-14),
37.7 (C-8), and 73.8 (C-6), of an aldehydic proton at ¢ 9.65 (H-19)
with the carbons at 6 29.1 (C-3), 55.8 (C-4), and 78.6 (C-5) and of the
methyl protons at ¢ 1.10 (Me-18) with the carbons at 6 29.1 (C-3),
55.8 (C-4), 78.6 (C-5), and 202.3 (C-19) confirmed the attachments
of an OH and an aldehyde groups at C-7 and C-4, respectively. In the
NOESY spectrum, the aldehydic proton at ¢ 9.65 (H-19) displayed
a cross-peak with the methyl protons at ¢ 1.18 (Me-20) indicating
a B-orientation. The large and small coupling constants
(J7ax,8ax=11.1 Hz, J7ax 6eq=4.2 Hz) of H-7 and its NOESY cross-peaks
with H-6, H-9, and Me-17 confirmed an a-axial orientation. Thus, 8
was deduced to be 6p-benzoyloxy-7p-hydroxy-19-formylvoua-
capen-5a-ol and was named as pulcherrin K.

Pulcherrin L (9) was deduced as C37H3405 from an exact mass
measurement ([M]* m/z 438.2405) by HREIMS. The 'H and >C
NMR spectral data (Table 3) of 9 were comparable to those of 6. The
difference was shown as the replacement of a singlet methyl at
6 1.13 (Me-19) in 6 with an oxymethylene proton signals at ¢ 4.88
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Table 3
'H and C NMR (300 and 75 MHz, CDCl3) spectroscopic data of compounds 8—11 in CDCl5 (6 in ppm, multiplicities, J in Hz)?
Position 8 9 10 11
dc 0y dc 0y dc On oc On
1 34.2 145-149 m 34.6 1.30-1.36 m 34.7 1.45-1.50 m 331 1.52—-1.60 m
1.51-1.55m 1.40-144 m 1.70-1.75m 1.86—-1.92 m
2 17.8 1.40—-1.50 m 17.9 1.43-147 m 18.7 1.40—-1.44 m 243 1.80—1.86 m
1.60—1.70 m 1.65-1.70 m 1.62—1.66 m 2.50-2.58 m
3 29.1 1.35-145m 31.8 1.44-1.52 m 34.1 1.35-140 m 77.7 5.28 dd (12.0, 4.5)
1.85-1.95m 1.58—1.70 m 1.75 br d (13.8)
4 55.8 — 44.0 — 48.4 — 533 —
5 78.6 — 76.7 — 76.5 — 78.5 —
6 73.8 592d (4.2) 71.0 417t (3.6) 707 545t (2.7) 709 557brs
7 69.0 433 dd (11.1,4.2) 354 1.38—-1.44 m 30.8 1.58 dt (14.1, 2.7) 304 1.60—1.74 m
2.19 dt (13.5, 3.6) 2.11-2.18 m 2.15-223 m
8 37.7 1.99td (11.1,5.1) 29.8 2.03-2.12 m 30.7 1.92-2.04 m 30.5 2.04brt(11.4)
9 36.7 2.20-233m 38.6 2.20-234m 38.0 211-225m 37.8 2.351td (114, 8.7)
10 41.2 — 41.1 — 41.7 — 41.8 —
11 22.2 2.42-2.61 m 21.9 2.36—-2.46 m 222 2.34-2.56 m 222 2.40—-2.60 m
12 148.8 — 149.4 — 149.3 — 149.1 —
13 121.8 — 122.5 — 122.2 — 122.2 —
14 27.2 2.96 qd (6.9, 5.1) 31.2 2.54qd (7.2,5.4) 31.0 2.41-2.53 m 309 2.44-255m
15 109.6 6.12d (1.8) 109.5 6.12d (1.8) 109.5 6.08 d (1.5) 109.5 6.10d (1.8)
16 140.7 717 d (1.8) 140.4 716 d (1.8) 1405 7.13d (1.5) 140.6 7.16 d (1.8)
17 17.0 0.97 d (6.9) 17.7 0.94d (7.2) 17.5 092 d (6.9) 17.6 0.94d (6.9)
18 19.1 1.10s 20.8 111s 24.2 097 s 19.9 1225
19 202.3 9.65d (1.2) 68.2 4.88d(114) 181.9 — 177.4 —
5.01d(11.4)
20 17.0 1.18 s 16.2 131s 17.6 1325 16.7 155s
1 167.3 — 166.6 — 165.7 — 166.1 —
2! 129.2 — 130.5 — 130.6 — 130.1 —
37 1299 7.92d(7.2) 1295 7.97 brd (7.5) 1295 7.84brd (7.2) 129.6 7.85d (7.5)
4'le 128.8 7.38t(7.2) 128.5 7.38 t(7.5) 128.4 7.32t(7.2) 128.3 7.27 t(7.5)
5 1338 752 brt (7.2) 1329 7.55 br t (7.5) 132.8 7431t (7.2,12) 1332 7.36 br t (7.5)
1 165.8 —
2" 130.2 —
307" 129.4 7.85d (7.5)
4"6" 128.5 7.18 t (7.5)
5 133.1 7.43 br t (7.5)

2 Assignments were based on HMQC, HMBC, and COSY experiments.

and 5.01 (each d, J=11.4 Hz; 2H-19) in 9. In addition the oxymethine
proton H-6 in 9 appeared at ¢ 4.17 (t, J=3.6 Hz), more highfield than
that of 6 (6 5.47, t, ]=2.7 Hz) indicating the OH group at C-6 instead
of a benzoyloxy group as in 6. The HMBC correlations of the oxy-
methylene proton signals at ¢ 4.88 and 5.01 (2H-19) with the car-
bons at 6 20.8 (C-18), 31.8 (C-3), 44.0 (C-4), 76.7 (C-5), and 166.6 (C-
1’) suggested the attachment of a benzoyloxy group at C-19. In the
NOESY spectrum, the cross-peaks of the oxymethylene protons at
0 4.88 and 5.01 (2H-19) with the methyl protons at ¢ 1.31 (Me-20),
and of an oxymethine proton at ¢ 4.17 (H-6) with the methyl pro-
tons at ¢ 1.11 (Me-18) indicated an oxymethylene protons to be (-
oriented and H-6 as a-oriented, respectively. Therefore, 9 was
assigned as 6B-hydroxy-19-benzoyloxyvouacapen-5a-ol and was
named as pulcherrin L.

Pulcherrin M (10) showed the molecular ion [M]* at m/z 452.2196
by HREIMS spectrum in agreement with the formula C,7H3,06. The
'H and 3C NMR spectral data (Table 3) of 10 showed characteristics
similar to those of 6 except for the disappearance of a methyl singlet
at oy 1.13 (Me-19; 6¢ 26.0) and the appearance of a carboxyl carbon at
dc 181.9 in 10. This finding was supported by HMBC spectrum in
which the methyl protons at 6 0.97 (Me-18) were correlated with the
carbons at ¢ 34.1 (C-3), 48.4 (C-4), 76.5 (C-5), and 181.9 (C-19). The
relative stereochemistry of 10 was assigned by NOESY experiment, in
which Me-18 (6 0.97) showed a cross-peak with ¢ 5.45 (H-6), whereas
the benzoyloxy protons H-3'/H-7" (6 7.84) with ¢ 132 (Me-20).
Therefore, 10 was assigned as 63-benzoyloxy-19-carboxyvouacapen-
50-o0l and was named as pulcherrin M.

The molecular weight of pulcherrin N (11), C34H360g ([M]" was
assigned at m/z 572.2411) by HREIMS. The NMR spectroscopic data

(Table 3) of 11 displayed similarities with pulcherrin M (10) except
for the presence of an additional monosubstituted benzene ring in
the range ¢ 7.18—7.85 and an oxymethine proton at ¢ 5.28 (dd,
J=12.0, 4.5 Hz; H-3) in 11. The latter proton was attached to the
oxymethine carbon at ¢ 77.7 in the HMQC spectrum and showed
HMBC correlations to the carbons at ¢ 19.9 (C-18), 24.3 (C-2), 53.3
(C-4) 166.1 (C-1’), and 1774 (C-19), confirming the location of
a benzoyloxy group at C-3. The stereochemistry of H-3 as a-axial
oriented was determined from the results of the large and small
coupling constants (J3ax2ax=12.0 Hz, J3ax2eq=4.5 Hz) and by the
observed cross-peak with Me-18 (6 1.22) in the NOESY experiment.
Thus, 11 was 38,6B-dibenzoyloxy-19-carboxyvouacapen-5¢-ol and
was named as pulcherrin N.

Pulcherrin O (12) with the molecular formula C3gH3gO9 by
HERIMS showed comparable 'H and 3C NMR spectral data
(Table 4) with those of 3 except for the appearance of the additional
signals of an oxymethine proton at éy 5.24 (H-3; dc 76.7) and
a benzoyloxy group (0y 7.37—7.95; oc 128.4, 129.5, 130.6, 133.0,
166.1) in 12 whose location of the latter at C-3 was supported by the
HMBC correlations of H-3 with the carbons at ¢ 19.2 (C-19), 22.7 (C-
18),43.9 (C-4), and 166.1 (C-1’). In addition the methyl doublet at iy
1.07 (Me-17; 6c 17.1) in 3 was replaced with a singlet signal of
a methyl ester at C-17 (0y 3.68; dc 52.2) and an ester carbonyl at d¢
175.9 in 12. The location of a CO;Me group was confirmed by HMBC
spectrum, in which the methine proton H-14 (6 3.38) showed the
correlations with the ester carbonyl carbon at ¢ 175.9. The large
vicinal coupling constant of H-3 (J3ax2ax=10.8 Hz) and H-14
(J14ax,8ax=8.4 Hz) suggested the relative stereochemistry of H-3 and
H-14 to be ¢-axially oriented. In the NOESY spectrum, the hydroxyl
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Table 4
'H and ®C NMR (300 and 75 MHz, CDCls) spectroscopic data of compounds 12—15 in CDCls (6 in ppm, multiplicities, J in Hz)?
Position 12 13 14 15
0c On 0c On oc Oy oc Oy
1 32.6 1.42-1.49 m 32.3 1.37-1.45m 31.7 1.25-1.30 m 38.1 0.74-0.84 m
1.73-1.82m 1.74—-1.86 m 1.70-1.77 m 1.45-1.53 m
2 23.9 1.73-1.78 m 23.9 1.75-1.83 m 23.7 1.71-1.79 m 18.6 1.33-1.40 m
1.82-1.89 m 1.84-1.94 m 1.43-1.53 m
3 76.7 5.24 dd (10.8, 5.7) 76.7 531 dd (10.8, 4.8) 76.9 5.23 dd (11.7, 4.5) 420 0.98-1.10 m
1.26-1.38 m
4 439 — 482 — 43.1 — 33.2 —
5 78.8 — 79.0 77.2 — 54.6 0.80 dd (10.8, 2.7)
6 73.4 5.42 d (4.2) 71.3 4.16d (3.3) 55.0 3.25d (4.2) 22.0 1.16-1.23 m
1.55-1.63 m
7 74.0 4,05 dd (10.2, 4.2) 78.2 5.19dd (11.1, 3.3) 54.0 3.01d (4.2) 35.2 1.15-1.23 m
1.94-2.23 m
8 37.6 3.38 ddd (10.5, 9.9, 8.1) 343 2.76 ddd (11.1, 9.0, 8.4) 35.6 221-226 m 36.9 1.55-1.65 m
9 412 2.24-235m 415 2.32 ddd (9.0, 7.5, 4.8) 35.3 2.24-238 m 56.9 1.04 td (14.1, 2.1)
10 411 — 40.9 — 39.1 — 37.3 —
11 21.5 2.44-2.54 m 21.4 2.47-2.55 m 23.6 225-231m 36.4 1.79 t (14.1)
238-244m 213 dd (14.1, 2.1)
12 150.7 — 150.5 — 149.8 — 211.8 —
13 113.1 — 112.8 — 122.1 — 334 —
14 456 3.38d(8.1) 454 329d(8.4) 31.0 2.90 qd (6.9, 5.4) 38.5 0.94 dd (5.7, 1.5)
15 108.8 6.13 d (1.8) 108.3 6.07 d (1.8) 109.3 6.15d(1.8) 37.3 1.37-1.45m
16 141.2 7.17 d (1.8) 144.4 7.17.d (1.8) 141.0 7.17.d (1.8) 62.3 3.47dd (11.7, 8.1)
3.73 dd (11.7, 5.7)
17 175.9 — 174.6 — 17.1 1.11d (6.9) 14.1 117 s
18 22.7 1.03 s 15.2 1.06 s 23.2 1.16 s 334 0.78 s
19 19.2 1.26 s 64.0 4,63 d (12.0) 19.6 1.34s 215 0.73s
5.39d (12.0)
20 16.5 1.40s 15.7 1.35s 16.4 124s 14.1 0.71s
OCH3 52.2 3.68s 52.1 3.68s
OCOCH3 170.8 170.7
OCOCH3 21.7 210s 21.0 2.00's
19-0COCH3 171.6
19-0OCOCHs 21.0 1.98s
1 166.1 — 166.1 — 166.2 —
2 130.6 — 130.4 — 130.8 —
37 129.5 7.95brd (7.2) 129.7 8.03 brd (7.8) 129.6 8.00 br d (7.5)
46 128.4 737 t(7.2) 1283 738t (7.8) 128.4 7.39t(7.5)
5 133.0 7.92 tt (7.2, 2.1) 133.0 7.50 br t (7.8) 1329 7.51 tt (7.5, 1.5)
5-OH 2.01brs 221s

2 Assignments were based on HMQC, HMBC, and COSY experiments.

proton at C-5 (6 2.01) showed cross-peaks with H-3, H-6, H-7, H-9,
and Me-18, whereas the methine proton H-14 (6 3.38) displayed
cross-peaks with H-7 and H-9 but not with H-8 supporting a ben-
zoyloxy and CO,Me group as B-oriented. Thus, 12 was deduced to
be 3p-benzoyloxy-6p-acetoxy-7p-hydroxy-14p-methoxycarbony-
lvouacapen-5a-o0l and was named as pulcherrin O.

The molecular formula of pulcherrin P (13) was determined to be
C32H3g011 ([M]t m/z 598.2423) by HREIMS. The 'H and *C NMR
spectral data (Table 4) of 13 were similar to those of 12. The differ-
ences were shown as a replacement of a singlet at 6 1.26 (Me-19) in
12 with an oxymethylene protons at ¢ 4.63 and 5.39 (each, d,
J=12.0 Hz; 2H-19) and an acetyl group (dy 1.98: ¢ 21.0, and d¢c 171.6)
in 13, whose position was supported by the HMBC correlations of
oxymethylene protons at § 4.63 and 5.39 (2H-19) with the carbons at
6 15.2 (C-18), 48.2 (C-4), 76.7 (C-3), 79.0 (C-5), and 171.6 (OCOCH3).
Furthermore the HMBC correlations of an oxymethine proton at
6 5.19 (H-7) with the carbons at ¢ 34.3 (C-8), 45.4 (C-14), and 170.7
(OCOCH3) and of an oxymethine proton at ¢ 4.16 (H-6) with carbons
at ¢ 34.3 (C-8), 40.9 (C-10), 78.2 (C-7), and 79.0 (C-5) implied the
locations of an OAc group and an OH at C-7 and C-6, respectively.
The relative stereochemistry of 13 was analyzed by NOESY experi-
ment, in which the oxymethylene protons (2H-19) showed a cross-
peak with the methyl protons at ¢ 1.35 (Me-20). Therefore, 13 was
3pB-benzoyloxy-6p-hydroxy-7p,19-diacetoxy-14p-methoxycarbony-
lvouacapen-5a-o0l and was named as pulcherrin P.

Pulcherrin Q (14) showed the molecular ion [M]" at m/z
436.2250 by HREIMS spectrum in agreement with the formula
C27H320s. The 'H and 3C NMR spectral data (Table 4) of 14 showed
characteristics similar to those of 5 except for the presence of a 1,2-
disubstituted epoxide ring resonanced as two oxymethine protons
at 0y 3.25 and 3.01 (each d, J=4.2 Hz; é¢ 55.0, 54.0, respectively)
instead of 2 sets of methylene protons as in 5. The signal at 6y 3.25
was deduced to be an oxymethine proton H-6 from its HMBC cor-
relations with the carbons at 6 39.1 (C-10), 43.1 (C-4), 54.0 (C-7),
and 77.2 (C-5), and the other proton as H-7 (dy 3.01) from its HMBC
correlations with the carbons at 6 31.0 (C-14), 35.3 (C-9), 35.6 (C-8),
and 55.0 (C-6), whose data suggested an epoxide ring between C-6
and C-7. The relative stereochemistry of 14 was determined on the
basis of coupling constants and the results of NOESY experiments.
The large J values for H-6 and H-7 (J=4.2 Hz) suggested a cis ep-
oxide ring. From the NOESY correlations, an oxymethine proton at
0 3.25 (H-6) showed cross-peaks with the protons at 6 1.16 (Me-18)
and 3.01 (H-7), and an oxymethine proton at ¢ 3.01 (H-7) with the
methyl protons at 6 1.11 (Me-17) indicating that this cis epoxide ring
should be B-oriented. Thus, 14 was assigned as 3p-benzoyloxy-
6f,7B-epoxyvouacapen-5a.-ol and was named as pulcherrin Q.

Pulcherrin R (15) had the molecular formula CygH3,0; ([M]* m/z
304.2405) based on HREIMS. The '>C NMR (Table 4) and DEPT spec-
tral data exhibited 20 carbons including a carbonyl at ¢ 211.8 (C-12)
and an oxymethylene carbon at é 62.3 (C-16). The 'H NMR spectral
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data (Table 4) showed four aliphatic methyl groups at 6 0.71 (Me-20),
0.73 (Me-19), 0.78 (Me-18), and 1.17 (Me-17), and the oxymethylene
protons at ¢ 3.47 (dd,J=11.7,8.1 Hz; H-16) and 3.73 (dd, J=11.7, 5.7 Hz;
H-16). The presence of a cyclopropane ring was deduced from the 'H
NMR, COSY, and HMQC spectra that exhibited two signals at ¢y 0.94
(dd,J=5.7,1.5 Hz, H-14: 6¢ 38.5) and 1.37—1.45 (m, H-15: 6¢ 37.3). The
observed HMBC correlations of a singlet methyl group at ¢ 1.17 (Me-
17) with the carbons at 6 33.4 (C-13), 37.3 (C-15), 38.5 (C-14), and
211.8 (C-12), and of the oxymethylene protons at ¢ 3.47 and 3.73 (2H-
16) with the carbons at 6 33.4 (C-13), 37.3 (C-15), and 38.5 (C-14)
supported the assignments. These data suggested a carbonyl group at
C-12 and an OH group at C-16, whereas C-13, C-14, and C-15 formed
a cyclopropane ring. The NOESY cross-peaks of the proton signal at
0 1.79 (t, J=14.1 Hz; Hyx-11) with the protons at ¢ 0.71 (Me-20),
1.37—1.45 (H-15), and 1.55—1.65 (H-8), of a methine proton at § 0.94
(H-14) with the methyl protons at 6 117 (Me-17), 1.04 (H-9) and
oxymethylene protons at § 3.47 and 3.73 (2H-16) but no correlation
with H-15 supported the o-orientation of H-14, Me-17, and 2H-16
hence suggesting a cis cyclopropyl ring with an a-hydroxy methyl
side chain. The stereochemistry of compound 15 was implied by
biogenetic pathway from the pimarane skeleton.!® Therefore, 15 was
assigned as 13,14,15-cyclopropa-12-o0xo-16-hydroxypimarane and
was named as pulcherrin R.

All the furanoditerpenes isolated have similar stereochemistry.
The three six-membered rings A, B, and C are fused as a trans/anti/
trans system. The configurations of H-8, Me-20, and Me-19 are B-
oriented, whereas those of H-9, Me-17, Me-18, and OH-5 are «-
oriented. With substituent groups, the configurations of H-3, H-6,
and H-7 are a-oriented.

The CH,Cl, extract from the roots of C. pulcherrima showed an
inhibition of nitric oxide (NO) production in lipopolysaccharide
(LPS)-stimulated RAW 264.7 cell lines with an ICsg value of 6.1 pg/
ml. Further separation and purification led to the isolation of 23
diterpenes (1-23) as shown in Fig. 1. The results indicated that
compound 14 was the most potent inhibitor of NO production
(Table 5) with an ICsg value of 2.9 uM and compounds 8, 9, 11-15,
and 17-23 significantly reduced LPS-stimulated NO production
with the ICsg values in the range of 3.4—10.2 uM better than that of
the positive control, indomethacin (IC50=14.5 uM), whereas other
compounds exhibited weak activity. Compounds 17 (IC5¢p=5.3 uM)
and 18 (IC5p=8.2 uM) showed much better activity than 3
(IC50=59.7 uM) suggesting that the cinnamoyloxy and benzoyloxy
groups at C-6 may increase the activity more than the acetoxy
group. The substitution of a benzoyloxy group at C-3 (11,
IC50=4.2 uM) and C-7 (19, IC50=6.0 M) demonstrated significantly
increase in NO inhibitory activity compared to that of 10
(IC50=26.7 uM). The oxidation at C-19 of 10 (IC590=26.7 uM) resulted
in 2-fold increase in activity against NO production compared to
that of 6 (IC50=47.5 uM).

3. Experimental
3.1. General experimental procedures

Melting points were determined on the Fisher—John melting
point apparatus. The optical rotation [a], values were determined
with a JASCO P-1020 polarimeter. The IR spectra were measured with
a Perkin—Elmer FTS FT-IR spectrophotometer. The UV spectra were
measured with an UV-160A spectrophotometer (Shimadzu) and
principle bands (Amax) were recorded as wavelengths (nm) and log ¢
in MeOH solution. The 'H and >C NMR spectra were recorded using
300 MHz Bruker FTNMR Ultra Shield™ spectrometers in CDCl3 so-
lution. Chemical shifts are recorded in parts per million (§) with
tetramethylsilane (TMS) as an internal reference. The EIMS was
obtained from a MAT 95 XL mass spectrometer. Vacuum liquid
chromatography (VLC) and column chromatography (CC) were

carried out on silica gel 60 Fy54 (Merck) and silica gel 100 (Merck),
respectively.

3.2. Reagents

Lipopolysaccharide (LPS, from Escherichia coli), RPMI-1640 me-
dium, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT), indomethacin and phosphate buffer saline (PBS)
were purchased from Sigma Aldrich (Sigma Aldrich, Missouri, USA).
Fetal calf serum (FCS) was bought from Gibco (Invitrogen, Cal-
ifornia, USA). Penicillin—streptomycin was purchased from Invi-
trogen (Invitrogen, California, USA). 96-Well microplates were
obtained from Nunc (Nunc, Birkred, Denmark). ELISA test kits of
PGE, and TNF-a were from R&D systems (R&D systems, Minnesota,
USA). Other chemicals were from Sigma Aldrich (Sigma Aldrich,
Missouri, USA).

3.3. Plant material

C. pulcherrima (L.) Swartz. was collected from Songkhla prov-
ince, Thailand in October 2007. Identification was made by Assoc.
Prof. Dr. Kitichate Sridith, Department of Biology, Faculty of Science,
Prince of Songkla University and a specimen (No. SC51) was de-
posited at the Prince of Songkla University Herbarium.

3.4. Extraction and isolation

Air-dried roots (6.3 kg) of C. pulcherrima was extracted with
CH,Cl, (each 2x10 L, for 5 days) at room temperature. The crude
extract was evaporated under reduced pressure to afford a brown-
ish CH,Cl, (75.3 g) extract, which was further purified by VLC using
hexane as eluent and increasing polarity with EtOAc and MeOH to
give sixteen fractions (P1—P16). Fraction P2 (5.9 g) was further
purified by VLC with hexane—CH;Cl; (1:4, v/v) to give 23 (90.5 mg),
16 (50.2 mg), 6 (275.2 mg), 7 (90.0 mg), and 5 (28.1 mg) and
a mixture of two compounds (158.0 mg), which were further sep-
arated by CC with acetone—hexane (1:9, v/v) to give 4 (15.0 mg) and
1 (10.3 mg). Fraction P4 (10.0 g) was recrystallized from CH,Cl, to
give 18 (2.54 g), and the mother liquor (7.5 g) was further subjected
to VLC with hexane as eluent and increasing polarity with CH»Cl;
and EtOAc to afford six subfractions (P4a—P4f). Subfraction P4c
(183.4 mg) was purified by CC with acetone—hexane (1:9, v/v) to
give 2 (5.8 mg). Subfraction P4d (584.9 mg) was separated by CC
with CH,Cly—hexane (7:3, v/v) to yield 14 (5.2 mg) and 9 (10.0 mg).
Repeated recrystallization from CH,Cl; of fraction P6 (624.2 mg)
yielded 17 (138.0 mg). Fraction P7 (2.9 g) was separated by VLC with
hexane as eluent and increasing polarity with CH,Cl, and EtOAc to
give nine subfractions (P7a—P7i) and 19 (355.0 mg). Each sub-
fraction was further separated by CC with acetone—hexane (1:4, v/
v) to afford 8 (18.2 mg) and 11 (25.0 mg) from subfraction P7e
(401.4 mg), 3 (3.0 mg) from subfraction P7f (273.5 mg), and finally
10 (25.0 mg) from subfraction P7g (117.0 mg). Fraction P9 (5.0 g)
was recrystallized from CH)Cl, to give 21 (1.24 g). Fraction P10
(2.9 g) was further purified by VLC and eluted with a gradient of
CH,Cl,—EtOAc (1:4 to 1:1, v/v) to give seven subfractions
(P10a—P10g). Purification of subfraction P10c (283.2 mg) by CC
with acetone—CH;Cl, (2:3, v/v) afforded 15 (7.0 mg) while 22
(13.0 mg) was purified from subfraction P10f (124.7 mg) by CC with
CHyCly—acetone (1:9, v/v). Fraction P13 (2.7 g) was further purified
by VLC with acetone—CH,Cl, (1:4, v/v) to give six subfractions
(P13a—P13f). Subfraction P13¢ (151.7 mg) was separated by CC with
EtOAc—hexane (2:3, v/v) to yield 13 (10.0 mg). Subfraction P13e
(197.8 mg) was isolated by CC with EtOAc—CH;Cl; (1:9, v/v) to give
12 (10.0 mg). Finally, 20 (12.5 mg) was isolated from fraction P15
(941.4 mg) by VLC (CH;Cl; to MeOH—CH,Clp, 3:7, v/v) and followed
by CC with EtOAc—CH,Cl, (1:19, v/v).
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R? R? R®
1 H H OAc
2 H OH OAc
3 H OAc OH
4 H OH OCOPh
5 OCOPh H H
6 OCOPh H
7 H OCOCH=CHPh H
16 H H H
17 H OCOCH=CHPh OH
18 H OCOPh OH
.
5
R? R? R®
12 Me OAc OH
13 CH,OAc OH OAc

22

R! R? RS R*
8 H CHO OCOPh OH
9 H CH,OCOPh OH H
10 H CO,H OCOPh H
11 OCOPh CO.H OCOPh H
19 H CO,H OCOPh OCOPh
20 OH COH OCOPh OCOPh
21  OCOPh CO,H OCOPh OAc

14 15

23

Fig. 1. Structures of compounds 1-23.

3.4.1. Pulcherrin D (1). Viscous oil; [a]3° +23.7 (c 0.27, CHCl3); UV
(MeOH) Amax (log €) 216 (3.88) nm; IR (neat) vmax 3453 (0O—H), 2931
(C—H), 1723 (C=0) cm~"; 'H and 3C NMR (CDCl5, 300 MHz), see
Table 1; HREIMS: m/z 360.2301 [M]" (calcd for CpH3304,
360.2301).

3.4.2. Pulcherrin E (2). Viscous oil; [0]3° +36.1 (c 0.20, CHCl3); UV
(MeOH) Amax (log ¢€) 214 (3.84) nm; IR (neat) vmax 3455 (0—H), 2920
(C—H), 1723 (C=0) cm~'; 'H and '3C NMR (CDCl3, 300 MHz), see
Table 1; HREIMS: m/z 376.2250 [M]* (calcd for C33H3,0s5, 376.2250).

3.4.3. Pulcherrin F (3). Viscous oil; [¢]3> +67.4 (c 0.08, CHCl3); UV
(MeOH) Amax (log €) 215 (3.78) nm; IR (neat) ymax 3425 (O—H), 2929
(C—H), 1734 (C=0) cm~"; 'H and '3C NMR (CDCl5, 300 MHz), see
Table 1; HREIMS: m/z 376.2252 [M]* (calcd for CypH3,0s5, 376.2250).

3.4.4. Pulcherrin G (4). White solid; mp 126—128 °C; [a]2D5 +571 (c
0.18, CHCl3); UV (MeOH) Amax (log €) 225 (3.26) nm; IR (neat) vmax
3494 (0—H), 2932 (C—H), 1710 (C=0) cm™!; 'H and 3C NMR
(CDCls, 300 MHz), see Table 2; HREIMS: m/z 438.2410 [M]" (calcd
for Co7H3405, 438.2406). The physical and spectral data of 4 from
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Table 5
Inhibitory effects on NO production® of compounds 1-23
Compounds % Inhibition at various concentrations (uM) ICs0 (LM)
0 1 3 10 30 100

1 0.0+2.0 — — 13.7+1.6 32.142.0** 70.8+2.2** 485
2 0.0+2.0 — — 9.9+3.4 37.34+3.1* 71.24£1.9* 46.1
3 0.0+2.0 — — —0.5+3.6 24.143.1* 67.9+4.1** 59.7
4 0.0+8.6 — — 36.84+1.1* 39.04+1.9** 79.44+1.2** 432
5 0.0+2.3 — — 25.24+1.7* 44.2+42.4** 45.1+2.20** >100
6 0.0+2.3 — — 8.3+1.5 33.041.3* 72.841.4 475
7 0.0+2.3 — — 17.5+2.4 47.642.9* 71.842.0°* 37.4
8 0.0+4.8 — — 53.243.1** 67.042.1* 104.3+1.8"** 10.2
9 0.0+4.8 — — 57.942.6"* 82.4+1.9* 104.3+2.0"** 6.4
10 0.0+£2.0 — — 15.642.1 69.842.0** 76.442.0°** 26.7
1 0.0+4.8 27.342.1 34.842.0* 71.0+3.8"* 95.04+1.7** 99.443.4°** 42
12 0.0+8.2 — 38.34+2.6" 78.0+4.2** 97.84+4.9%** 105.44+1.9%** 42
13 0.0+8.2 — 42.641.8** 774433 101.145.0* 104.8+4.87** 34
14 0.0+8.2 — 49.742.4** 81.2+4.1** 103.84+4.7** 104.945.4>** 29
15 0.0+8.2 — 32.842.1* 67.7+4.6™* 98.4+3.8** 100.5+4.6"** 5.4
16 0.0+2.3 — — 9.7+2.0 35.942.7** 67.540.9>** 50.7
17 0.0+8.6 — 38.542.1* 60.1+0.4** 88.3+0.9** 104.04+0.9"** 5.3
18 0.0+8.6 — 29.64+1.8 55.641.3"* 71.7+4.2** 104.5+1.6"** 8.2
19 0.0+9.3 —23+2.8 2.3+2.0 100.0+1.5"** 102.0+5.20** 108.7+1.8"** 6.0
20 0.0+9.3 — 36.242.2* 64.7+0.5** 100.04+2.0** 106.0+5.20** 5.2
21 0.0+9.3 23432 13.0+1.3 102.2:+4.20** 103.8+5.0°** 108.74+1.5"** 5.6
22 0.0+8.2 — 39.54+2.2* 71.54£3.3** 105.44+2.2** 105.943.1%** 4.4
23 0.0+8.2 — 35.442.4* 58.143.7** 71.04£2.7** 100.043.2** 7.0
Indomethacin 0.0+4.2 — 15.5+1.7 36.442.3* 60.943.7** 104.541.7** 145

Statistical significance, *p<0.05, ** p<0.01.
@ Each value represents mean=+S.E.M. of four determinations.
b Cytotoxic effect was observed.

the synthesis:® white solid; mp 125-127 °C; [0]¥ +23.7 (c 0.27,
CHCl3); "TH NMR and 3C NMR data, see Table 2.

3.4.5. Pulcherrin H (5). White solid; mp 195-196 °C; [2]3° +106.5 (¢
0.25, CHCI3); UV (MeOH) Amax (log ¢) 228 (3.96) nm; IR (neat) rmax
3525 (0—H), 2929 (C—H), 1700 (C=0) cm~'; 'H and 3C NMR
(CDCl3, 300 MHz), see Table 2; HREIMS: m/z 422.2454 [M]* (calcd
for Co7H3404, 422.2457).

3.4.6. Pulcherrin I (6). White solid; mp 131133 °C; [0]%’ +28.8 (c
0.18, CHCl3); UV (MeOH) Apax (log ¢) 226 (3.87) nm; IR (neat) vmax
3549 (0—H), 2934 (C—H), 1708 (C=0) cm~'; 'H and >C NMR
(CDCl3, 300 MHz), see Table 2; HREIMS: m/z 422.2459 [M]" (calcd
for C27H3404, 422.2457).

3.4.7. Pulcherrin J (7). White solid; mp 135-136 °C; [0)3’ +52.8 (c
0.17, CHCl3); UV (MeOH) Amax (log €) 216 (3.65), 275 (3.67) nm; IR
(neat) ymax 3516 (O—H), 2933 (C—H), 1709 (C=0) cm~'; 'H and 3C
NMR (CDCls, 300 MHz), see Table 2; HREIMS: m/z 448.2617 [M]*
(calcd for CagH3604, 448.2614).

3.4.8. Pulcherrin K (8). Viscous oil; [0]% +20.3 (c 0.21, CHCl3); UV
(MeOH) Amax (log €) 225 (3.94) nm; IR (neat) ypax 3471 (O—H), 2935
(C—H), 1710 (C=0) cm™!; 'H and 3C NMR (CDCl3, 300 MHz), see
Table 3; HREIMS: m/z 452.2198 [M]™ (calcd for Cp7H3,06, 452.2199).

3.4.9. Pulcherrin L (9). Viscous oil; [a]3° +64.1 (c 0.07, CHCl3); UV
(MeOH) Amax (log €) 227 (3.82) nm; IR (neat) vpax 3471 (0—H), 2927
(C—H), 1720 (C=0) cm™'; 'H and '3C NMR (CDCl5, 300 MHz), see
Table 3; HREIMS: mjz 438.2405 [M]" (calcd for Cy7H340s,
438.2406).

3.4.10. Pulcherrin M (10). Viscous oil; [0)3 +19.7 (¢ 0.20, CHCl3);
UV (MeOH) Amax (log €) 225 (3.90) nm; IR (neat) ymax 3508 (O—H),
2931 (C—H), 1707 (C=0) cm~!; 'H and *C NMR (CDCl3, 300 MHz),
see Table 3; HREIMS: m/z 452.2196 [M]* (calcd for Cy7H3,0s,
452.2199).

3.4.11. Pulcherrin N (11). Viscous oil; [0]¥’ +23.6 (c 0.14, CHCl3); UV
(MeOH) Anax (log €) 226 (3.96) nm; IR (neat) vmax 3508 (0—H), 2934
(C—H), 1704 (C=0) cm~'; 'H and 3C NMR (CDCl3, 300 MHz), see
Table 3; HREIMS: m/z 572.2411 [M]" (calcd for C34H360s, 572.2410).

3.4.12. Pulcherrin O (12). Viscous oil, [oc}%s +26.7 (c 0.30, CHCl3);
UV (MeOH) Amax (log ¢) 228 (3.98) nm; IR (neat) vymax 3470 (O—H),
2930 (C—H), 1720 (C=0) cm~'; 'H and '3C NMR (CDCl3, 300 MHz),
see Table 4; HREIMS: m/z 540.2361 [M]" (calcd for C3gHs3g0o,
540.2359).

3.4.13. Pulcherrin P (13). Viscous oil; [0]¥’ +54.7 (c 0.18, CHCl3); UV
(MeOH) Apax (log €) 227 (3.89) nm; IR (neat) vmax 3468 (O—H), 2927
(C—H), 1716 (C=0) cm~!; 'H and '3C NMR (CDCls, 300 MHz), see
Table 4; HREIMS: m/z 598.2423 [M]" (calcd for C3;H3g011,
598.2414).

3.4.14. Pulcherrin Q (14). Viscous oil; [oc]%,5 +48.8 (c 0.17, CHCl3); UV
(MeOH) Aax (log €) 226 (3.92) nm; IR (neat) vmax 3436 (0—H), 2930
(C—H), 1713 (C=0) cm™!: 'H and *C NMR (CDCl5, 300 MHz), see
Table 4; HREIMS: m/z 436.2250 [M]" (calcd for Cy7H3,0s,
436.2250).

3.4.15. Pulcherrin R (15). Viscous oil; [¢]3° +83.8 (¢ 0.20, CHCls); IR
(neat) ymax 3372 (O—H), 2926 (C—H), 1688 (C=0) cm~!; 'H and 3C
NMR (CDCl3, 300 MHz), see Table 4; HREIMS: m/z 304.2405 [M]*
(calcd for CyoH320,, 304.2402).

3.5. Anti-inflammatory activity assay

Inhibitory effects of compounds on NO production from RAW
264.7 cells.

Inhibitory effects on NO production by murine macrophage-like
RAW 264.7 cells were evaluated using a modified method from that
previously reported.' Briefly, the RAW 264.7 cell line [purchased
from Cell Lines Service (CLS)] was cultured in RPMI medium sup-
plemented with 0.1% sodium bicarbonate and 2 mM glutamine,
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penicillin G (100 units/mL), streptomycin (100 ug/mL) and 10% FCS.
The cells were harvested with trypsin—EDTA and diluted to a sus-
pension in a fresh medium. The cells were seeded in 96-well plates
with 1x10° cells/well and allowed to adhere for 1 h at 37 °C in
a humidified atmosphere containing 5% CO,. After that the medium
was replaced with a fresh medium containing 200 pug/mL of LPS
together with the test samples at various concentrations and was
then incubated for 48 h. NO production was determined by mea-
suring the accumulation of nitrite in the culture supernatant using
the Griess reagent. Cytotoxicity was determined using the 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) colorimetric method. Briefly, after 48 h incubation with the
test samples, MTT solution (10 pL, 5 mg/mL in PBS) was added to
the wells. After 4 h incubation, the medium was removed, and
isopropanol containing 0.04 M HCI was then added to dissolve the
formazan production in the cells. The optical density of the for-
mazan solution was measured with a microplate reader at 570 nm.
The test compounds were considered to be cytotoxic when the
optical density of the sample-treated group was less than 80% of
that in the control (vehicle-treated) group. Indomethacin was used
as a positive control. The stock solution of each test sample was
dissolved in DMSO, and the solution was added to the medium
RPMI (final DMSO is 1%). Inhibition (%) was calculated using the
following equation and ICsg values were determined graphically
(n=4):

A-B
A-C

A—C: NOy~ concentration (uM) [A: LPS (+), sample (—); B: LPS
(+), sample(+); C: LPS (—), sample (—)].

Inhibition (%) = x 100

3.6. Statistical analysis

The results were expressed as mean+S.E.M of four de-
terminations at each concentration for each sample. The ICsg values
were calculated using the Microsoft Excel program. Statistical

significance was calculated by one-way analysis of variance
(ANOVA), followed by Dunnett’s test.
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Chemical investigation of the leaves of the oriental medicinal plant Aglaia odorata resulted in the isolation
of five compounds: two dolabellane diterpenoids, two dammarane triterpenoids and a protostane triter-
penoid, along with twenty known compounds. Their structures were elucidated on the basis of extensive
spectroscopic analysis and by comparison of their NMR spectroscopic data with those reported in the lit-
erature. The anti-inflammatory activities of all compounds were evaluated as inhibitory activities against
lipopolysaccharide (LPS) induced nitric oxide (NO) production in RAW264.7 cell lines. Eleven compounds
possessed potent nitric oxide inhibitory activity with ICso values ranging from 2.1 to 14.2 uM, these being
better than that of the positive control, indomethacin (ICso = 14.5 uM). In addition, three compounds
exhibited significant activity against PGE, release with ICso values of 2.6, 16.1 and 23.0 pM.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Aglaia is a genus of more than 100 species belonging to the
Mahogany family which occurs in the tropical and subtropical
forests of Southeast Asia, Northern Australia, and the Pacific. Aglaia
odorata is one of the plants in this genus, locally known in Thai as
Pra-yong or Hom-glai. The leaves and roots of this plant have been
used by the local Thai people as folk medicines for the treatment of
heart disease, bruises, traumatic injury, febrifuge and toxin by caus-
ing vomiting (Bunyapraphatsara, 2000). They also have interesting
biological activities such as anticancer (Inada et al., 2001), insecti-
cidal (Ishibashi et al., 1993; Janprasert et al., 1993; Nugroho et al.,
1999) and anti-leukemic activities (Hayashi et al., 1982). Moreover,
the ethanol extract of the leaves given orally (250 mg/kg) produced
a significant inhibition in a cutaneous herpes simplex virus type 1
(HSV-1) infection model in mice (Lipipun et al., 2003).

Nitric oxide (NO) is one of the inflammatory mediators causing
inflammation in many organs and it has potent antimicrobial activ-
ity. This inorganic free radical has been implicated in physiological
and pathological processes, such as vasodilation, non-specific host
defense and acute or chronic inflammation. NO acts as a host
defense agent by damaging pathogenic DNA, and as a regulatory
molecule with homeostatic activities (Kuo and Schroeder, 1995).

* Corresponding author. Tel.: +66 7428 8444; fax: +66 7455 8841.
E-mail addresses: chatchanok.k@psu.ac.th, chatchanok_k@yahoo.com (C. Karalai).

0031-9422/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
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However, excessive production of this free radical is pathogenic
to the host tissue itself, since NO can bind with superoxide radicals
and acts as a reactive radical which directly damages the function
of normal cells (Moncada et al., 1991).

Since A. odorata has been used for the treatment of some inflam-
matory-related diseases such as bruises, traumatic injury and
anti-HSV-1, the MeOH extract was examined which showed potent
NO inhibitory activity with an ICso value of 5.2 pg/ml in our preli-
minary experiments. Reported herein is the separation of extracts
of the leaves of A. odorata and which lead to the isolation of five
novel compounds along with twenty known compounds. The
anti-inflammatory activities of the compounds were evaluated.

2. Results and discussion

The CH,Cl, and MeOH extracts of the leaves of A. odorata were
separated by vacuum liquid chromatography (VLC) (Coll and
Bowden, 1986) over silica gel to afford two dolabellane diterpe-
noids (1, 2), two dammarane triterpenoids (6, 7), and a protostane
triterpenoid (8). The known compounds were identified by analy-
sis of their spectroscopic data and comparison with literature data
to be (1R,7E,115,12R)-18-hydroxydolabella-4(16),7-dien-3-one (3)
(Cai et al., 2010), (1R,35,4S,7E,11S,12R)-3,4-epoxydolabella-7-en-
18-0l (4) (Cai et al., 2010), (1R,3E,7E,115,12R)-18-hydroxydolabel-
la-3,7-dien (5) (Amico et al., 1981), 5x-dammar-20-ene-3p,24,
25-triol (9) (Shiengthong et al., 1974; Boar and Damps, 1977),
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24(R),25-dihydroxy-5a¢-dammar-20-en-3-one (10) (Boar and
Damps, 1977), aglaiol (11) (Akihisa et al., 1997; Shiengthong
et al., 1965, 1974; Boar and Damps, 1973, 1977), 24(S),25-epoxy-
50-dammar-20-en-3-one (12) (Boar and Damps, 1977), dammar-
a-20,25-dien-3p,24-diol (13) (De Pascual Teresa et al., 1986),
24-hydroxydammara-20,25-dien-3-one (14) (Inada et al., 1993),
2,3(5);22(S),23-dioxidosqualene (15) (D’Accolti et al, 2005),

aglaxiflorin D (16) (Xu et al., 2000), (+)-odorine (17) (Shiengthong
et al., 1979; Babidge et al., 1980), (+)-odorinol (18) (Shiengthong
et al., 1979; Babidge et al., 1980), naringenin trimethyl ether (19)
(Seidel et al., 2000), 7,4-O-dimethylnaringenin (20) (Oyama and
Kondo, 2004), 4,5,7-trimethoxydihydroflavonol (21) (Islam and
Tahara, 2000; Takahashi et al., 1988), 4',5,7-trimethoxyflavan-3,4-
diol (22) (Takahashi et al., 1988), 4',5,7-tri-O-methylkaempferol

:R

0:R

7 :R=B-OH, Ry, R2 =-OC(Me)20- 8
9:R=B-OH,Ry=0OH, Ro = OH
1 ==0, R1 =OH, R2=OH

protosta-20,24-dien- 3/3-ol

19:R=H, Ry ==0, R2 = OMe
20:R =H,R1==0, R2=0OH
21:R =0-OH, R1 ==0, R2= OMe

22:R =0-OH, Ry =a-OH, R2 =OMe

Fig. 1. Structures of compounds 1-25 and protosta-20,24-dien-3-ol.
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Table 1
TH and '3C NMR (300 and 75 MHz, CDCl;) spectroscopic data of compounds 1, 2 (¢ in
ppm, multiplicities, J in Hz).

Position 1 2
dc on dc on
1 444 - 45.1 -
20 39.5 1.25m 36.6 2.01 m
B 1.35m 1.98 m
3 84.7 422 brd (8.4) 1224 5.16 t (6.3)
4 153.8 - 133.7 -
50 38.6 2.46 dd (8.1, 3.9) 36.8 1.25m
B 2.10m 1.55m
6 30.6 2.13 m 25.5 1.45m
2.17 m 2.06 m
7 125.6 5.17 br d (8.7) 64.5 2.74 dd (10.5, 1.8)
8 135.0 - 62.8 -
9 40.0 1.25m 39.0 1.44m
1.90 m 1.97m
10 27.7 1.35m 259 1.73m
1.42m 1.80 m
11 44.7 150 m 45.2 1.52m
12 57.2 1.80 m 57.1 1.79m
13 25.8 1.68 m 24.7 1.28 m
1.73m 136 m
14 36.3 1.18 m 37.2 2.02m
1.64 m 2.28m
15 23.6 0.70 s 22.8 0.84s
16a 113.8 5.07 s 16.1 1.62s
b 5.09 s
17 16.2 149 s 171 1.19s
18 74.4 - 73.3 -
19 26.1 1.18s 249 1.16 s
20 29.9 119 s 31.9 1.19s

Assignments were based on HMQC, HMBC and COSY experiments.

(23) (Smith et al., 2007), flavokawain-A (24) (Seidel et al., 2000),
and eudesmin (25) (Miyazawa et al., 1995), respectively. The struc-
tures of all isolated compounds are shown in Fig. 1.

Compound 1 was isolated as a viscous oil which showed a [M]*
ion at m/z 322.2492 (CyoH3403) in the HREIMS spectrum. The pres-
ence of a hydroxyl (3434 cm™!) functionality was evident from the
IR absorption spectrum. A comparison of the 'H and '>C NMR
(Table 1) spectroscopic data with those of the known compounds
3 and 4 suggested that 1 was a dolabellen-18-ol diterpenoid (Cai
et al.,, 2010). The '3C NMR and DEPT spectroscopic data (Table 1)
exhibited 20 carbons, including four methyls at § 16.2 (C-17),
23.6 (C-15), 26.1 (C-19) and 29.9 (C-20), two carbons of an exocy-
clic double bond at 6 113.8 (C-16) and 153.8 (C-4), and two carbons
of the trisubstituted endocyclic double bond at 6 125.6 (C-7) and
135.0 (C-8). In addition, two oxygenated carbons were observed
at § 74.4 (C-18) and 84.7 (C-3) whose values suggested hydroxyl
and hydroperoxyl groups respectively, in agreement with the
molecular formula CygH3403. The NMR spectroscopic features of
compound 1 were analogous to those of (1R,7E,11S,12R)-18-
hydroxydolabella-4(16),7-dien-3-one (3), except that 3 showed a
keto carbon at 6 204.2 (C-3) whereas that of 1 was a peroxyl carbon
at 6 84.7, on which a peroxymethine proton was present at oy 4.22
(br d, J = 8.4 Hz, H-3). The '"H NMR spectrum disclosed three ole-
finic protons, two of them were due to terminal olefinic methylene
protons at § 5.07 and 5.09 (each s, 2H-16; 6 113.8) and the third to
a trisubstituted olefin at § 5.17 (br d, J = 8.7 Hz, H-7; ¢ 125.6). The
latter exhibited COSY cross-peaks with the methylene protons at &
2.13 and 2.17 (2H-6). The peroxymethine proton H-3 at ¢ 4.22
showed COSY cross-peaks with the methylene protons at § 1.25
and 1.35 (2H-2), as well as HMBC correlations with the carbons
at ¢ 38.6 (C-5), 39.5 (C-2), 44.4 (C-1), 113.8 (C-16) and 153.8
(C-4). In turn, the methylene protons at § 5.07 and 5.09 (2H-16)
correlated with the carbons at § 38.6 (C-5), 84.7 (C-3) and 153.8
(C-4), while the methyl protons at § 0.70 (s, Me-15) correlated with

Fig. 2. Important NOESY cross-peaks of compound 1.

the carbons at § 36.3 (C-14), 39.5 (C-2), 44.4 (C-1) and 44.7 (C-11).
These data placed the hydroperoxyl group at C-3 and an exocyclic
double bond at C-4. The relative stereochemistry of the hydroper-
oxyl group was determined from a NOESY experiment (Fig. 2). The
oxymethine proton at ¢ 4.22 (H-3) displayed cross-peaks with the
protons at 6 1.49 (Me-17) and 1.42 (H-10) due to the trans annular
interaction between these protons of the medium-sized ring. The
methyl protons at § 0.80 (Me-15) showed cross-peaks with the
protons at é 1.35 (Hg-2), 1.35 and 1.42 (2H-10) and 1.80 (H-12)
but no correlation with H-11 while the olefinic methylene proton
at 6 5.09 (Hp-16) showed a cross-peak with the proton at 6 1.35
(Hg-2) and another one at 6 5.07 (H,-16) with the proton at &
2.46 (Hy-5). These data placed the hydroperoxyl group in the same
face as Me-15 and H-12 and indicated a trans fusion of the two
rings of a dolabellane bicyclic system, hence suggesting that the
hydroperoxyl group pointed away from the ring (outer hydroper-
oxide). The E geometry of the trisubstituted double bond was in-
ferred from the NOESY cross-peak of the vinyl methyl protons at
6 1.49 (Me-17) with H-6, but not with the olefinic proton H-7.
Since the absolute configuration of C-1, C-11, and C-12 of several
other dolabellane isolated from the same plant were assigned as
1R, 11S and 12R (Cai et al., 20053, 2010), 1 was deduced to be
(1R,3S,7E,115,12R)-3-hydroperoxydolabella-4(16),7-dien-18-ol.
Compound 2 was obtained as a viscous oil. Its molecular for-
mula was established as CyoH340, by a HREIMS ion at m/z
306.2553 [M]" suggesting a diterpene. The IR spectrum displayed
absorption bands at 3430 cm~! indicative of a hydroxyl functional-
ity. The >C NMR and DEPT spectroscopic data (Table 1) exhibited
20 carbons including those of two olefinic carbons at § 122.4 (C-
3) and 133.7 (C-4) and three oxygenated carbons at 5 62.8 (C-8),
64.5 (C-7) and 73.3 (C-18). The 'H and '3C NMR spectra (Table 1)
showed patterns similar to those of (1R,3S,4S,7E,115,12R)-3,4-
epoxydolabella-7-en-18-ol (4) and differed only in the positions
of a trisubstituted olefin and a methyl epoxide whose locations
in compound 2 were established as follows. The olefinic proton
at oy 5.16 (t, J = 6.3 Hz, H-3; 6c 122.4) displayed COSY cross-peaks
with the protons at § 1.98 and 2.01 (2H-2) and HMBC correlations
with the carbons at 6 16.1 (C-16), 36.8 (C-5) and 45.1 (C-1). The
methyl protons at § 0.84 (Me-15) showed correlations with the
carbons at § 36.6 (C-2), 37.2 (C-14), 45.1 (C-1) and 45.2 (C-11)
and the vinyl methyl protons at § 1.62 (Me-16) showed correla-
tions with the carbons at § 36.8 (C-5), 122.4 (C-3) and 133.7
(C-4) confirming the location of the double bonds between C-3
and C-4 with a methyl substituent at C-4. The oxymethine proton
at oy 2.74 (dd, J = 10.5, 1.8 Hz, H-7; é¢ 64.5) exhibited COSY cross-
peaks with the protons at ¢ 1.45 and 2.06 (2H-6) and HMBC corre-
lations with the carbons at 6 25.5 (C-6), 36.8 (C-5), 39.0 (C-9) and
62.8 (C-8) while the methyl protons at 6 1.19 (Me-17) showed
HMBC correlations with the carbons at § 39.0 (C-9), 62.8 (C-8)
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Fig. 3. Important NOESY cross-peaks of compound 2.

and 64.5 (C-7). These data suggested a 7,8-epoxide with a methyl
substituent at C-8.

The relative stereochemistry of the epoxide was elucidated by
analysis of the NOESY cross-peaks (Fig. 3). The epoxymethine pro-
ton at 6 2.74 (H-7) displayed a cross-peak with the proton at ¢ 1.52
(H-11) but no correlation with Me-15; hence H-11 and H-7 were
on the same face of the molecule (trans annular protons, suggest-
ing outer epoxide). The NOESY cross-peaks observed between the
methyl protons at 6 1.19 (Me-17) with the methylene protons at
6 1.73, 1.80 (2H-10), between the methyl protons at ¢ 0.84
(Me-15) with the protons at ¢ 1.79 (H-12), 1.73, 1.80 (2H-10)
and 1.98 (Hg-2) and between the olefinic proton at ¢ 5.16 (H-3)
with the protons at ¢ 1.55 (Hg-5) and 1.98 (Hg-2) placed H-3,

Table 2

Me-15, Me-17 and H-12 on the same face of the puckered mole-
cule. Furthermore, the E-configuration of the double bond C-3/4
was suggested by a cross-peak of the methyl protons at § 1.62
(Me-16) with the methylene proton at § 2.01 (H-2) but none with
the proton at 6 5.16 (H-3). From its co-occurrence in the plant with
the known dolabellane diterpenoids (3-5), the structure of com-
pound 2 was therefore elucidated as (1R,3E,7R,8R,11S,12R)-7,
8-epoxydolabella-3-en-18-ol.

Compounds 6-8 were deduced to be triterpenes due to their
violet color with the vanillin sulfuric acid tests. The IR, 'H and
13C NMR spectroscopic data of compounds 6 and 7 indicated tetra-
cyclic triterpene skeletons closely related in structures to dammar-
20-ene-38,24,25-triol (9).

Compound 6 had molecular formula C3;Hs403 ([M]" my/z
474.4070), based on HREIMS. The IR spectrum indicated the pres-
ence of hydroxyl functionality (3433 cm™'). The '"H NMR spectro-
scopic data (Table 2) showed seven tertiary methyl carbons at ¢
0.77 (Me-29), 0.84 (Me-19), 0.87 (Me-30), 0.98 (Me-18, Me-28),
1.10 (Me-27) and 1.36 (Me-26) and terminal olefinic methylene
protons at § 4.71 and 4.76 (each br s, 2H-21). The '*C NMR and
DEPT spectroscopic data (Table 3) displayed 31 carbons including
those of exo-olefinic carbons at § 107.5 (C-21) and 153.0 (C-20)
and four oxycarbons at § 49.0 (OMe), 76.4 (C-24), 77.5 (C-25)
and 79.0 (C-3). Furthermore a methoxyl group at dy 3.23 (s; dc
49.0, 25-OMe) and two oxymethine protons at § 3.20 (dd,
J=11.4, 5.7 Hz, H-3; 6c 79.0) and § 3.47 (dd, J=9.9, 2.4 Hz, H-24;
dc 76.4) were observed. The HMBC correlations of the oxymethine
proton at § 3.20 (H-3) with the carbons at § 15.4 (C-29), 28.0 (C-28)
and 39.1 (C-4) supported its location at C-3, whereas those of the

TH NMR (300 MHz, CDCl;) spectroscopic data of compounds 6-10, 12 and protosta-20,24-dien-3-ol (5 in ppm, multiplicities, J in Hz).

Position 6 7 8 9° 10 12 Protosta-20,24-dien-3 -ol
1 093 m, 1.73m 0.95m, 1.66 m 1.38m,2.0lm  0.99m, 1.74 m 1.44m, 1.93 m 1.45m, 1.93 m 1.37d (2),1.38d (3.5)
2 1.37m, 1.55m 1.06 m, 1.50 m 2.20m, 2.58 m 1.56m, 1.63 m 245m, 2.54m 2.29m, 2.53m 1.52 m, 1.68 d (4.6)
3 3.20dd (11.4,5.7) 3.13dd (10.8,54) - 3.14 dd (11.1, 5.4) - - 3.22 dd (11.7, 5.0)
4 _ - - _ _ - _

5 0.74dd (11.4,54) 0.66dd (11.4,1.8) 2.07m 0.75 dd (11.1, 2.4) 1.35m 1.37m 1.43 d (10.3)

6 1.41m, 1.58 m 1.38m, 1.51m 1.32m, 1.38 m 1.49m, 1.61m 1.51m, 1.58 m 1.48 m, 1.60 m 1.19-1.18 m, 1.49m
7 1.27 m, 1.54 m 1.22m, 1.49 m 1.12m, 1.93 m 1.28 m, 1.60 m 1.31m, 1.60 m 133 m, 1.60 m 1.18-1.17 m, 1.92 m
8 - - - - - - -

9 1.31m 1.24 dd (6.3, 3.0) 1.44 m 1.36 m 1.35m 1.40 m 1.44 t (14.1)

10 - - - - - - -

11 1.28 m, 1.56 m 1.03 m, 1.05 m 1.22m, 141 m 1.35m, 1.58 m 1.31m, 1.60 m 137 m, 1.52 m 1.20-1.19 m, 1.46 m
12 1.33m, 1.58 m 1.02m, 1.47 m 1.18 m, 1.69 m 1.55m, 1.60 m 1.51 m, 1.58 m 1.53m, 1.55m 1.16-1.14 m

13 1.67 m 1.61m 1.95m 1.75m 1.73m 1.70 m 1.97 d (3.6)

14 - - - - - - -

15 1.12m, 1.63 m 1.03m, 1.54 m 1.20m, 1.41 m 1.09 m, 1.66 m 1.13 m, 1.63 m 1.12m, 1.64 m 1.17-1.16 m, 1.42 d (3.3)
16 1.38m, 1.89m 1.81m, 1.88 m 1.73m, 1.77 m 1.80m, 1.90 m 1.63m, 1.66 m 141 m, 1.95m 1.75m

17 2.20m 2.11m 2.57m 221m 227 m 220 m 2.60 dt (9.2, 8.8)

18 098 s 091s 0.80s 1.02 s 1.02 s 1.01s 0.82s

19 0.84s 0.78 s 0.69 s 0.88 s 0.94 s 094 s 0.87 s

20 - - - - - - -

21a 471 brs 4.65 br s 484 s 475 br s 473 br s 472d(1.2) 486 s

b 4.76 br s 471 br s 488 s 4.73d (1.2) 4.78 br s 478 br s 488 s

22 2.04m, 2.32m 1.94m,2.15m 2.09m, 2.18 m 2.05m, 2.28 m 1.97 m, 2.09 m 1.95m, 2.06 m 1.95m,2.10m

23 1.58 m, 1.70 m 1.52 m, 1.60 m 1.49m, 1.69 m 1.44m, 1.78 m 1.25m, 1.61 m 1.60 m, 1.66 m 1.91 m, 2.04 m

24 3.47 dd (9.9, 2.4) 3.64 dd (9.0, 3.3) 2.65t (6.3) 3.28dd (10.8,1.5) 3.39dd (10.2,1.8) 2.75t(6.0) 5.08 m

25 - - - - - - -

26 136 s 1.18 s 123s 117 s 117 s 131s 1.66 s

27 1.10 s 1.04 s 1.18 s 1.14s 1.22s 1.28s 1.58 s

28 098 s 091s 099 s 0.96 s 1.08 s 1.08 s 0.76 s

29 0.77 s 0.71s 0.96 s 0.77 s 1.04 s 1.03 s 0.96 s

30 0.87 s 0.80s 1.08 s 091s 0.88 s 0.88 s 1.07 s

1 -

2 1.36s

3 127 s

25-OMe  3.23s

Assignments were based on HMQC, HMBC and COSY experiments.
2 Spectra were recorded in acetone-ds.
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Table 3
13C NMR (75 MHz, CDCl5) spectroscopic data of compounds 6-10, 12 and protosta-
20,24-dien-3-ol (¢ in ppm, multiplicities, J in Hz).

Position 6 7 8 9? 10 12 Protosta-20,24-
dien-3p-ol

1 39.0 39.1 313 391 399 395 32.88
2 29.7 274 337 267 341 341 29.11
3 790 79.0 2204 782 2183 218.1 79.33
4 39.1 389 471 387 474 474  39.15
5 559 559 47.1 56.0 553 584 47.66
6 183 183 201 18.1 196 197 18.57
7 355 354 341 353 347 347 3481
8 405 405 401 403 405 404  39.95
9 509 509 433 509 502 503 45.68
10 372 372 361 369 369 369 36.81
11 213 213 227 211 219 219 23.09
12 250 250 249 247 249 250 25.14
13 456 456 445 455 458 455 4452
14 495 495 505 492 494 494 50.67
15 314 314 333 311 315 313 3335
16 29.1 292 277 288 301 29.0 27.65
17 48.1 479 43.7 48.1 47.7 47.7 43.88
18 15.7 15.7 173 149 153 154 1748
19 16.2 162 233 15.5 160 160 2238
20 153.0 1524 151.0 152.7 152.7 151.8 152.04
21 107.5 107.8 109.6 107.0 107.7 107.9 108.78
22 313 314 353 310 313 309 3862
23 274 282 279 298 292 277 2730
24 76.4 82.8 64.2 77.9 78.3 64.2 12436
25 775  80.1 58,5 774 731 584 13143
26 208  26.1 249 242 232 249 2570
27 189 229 188 237 265 18.8 17.69
28 280 280 294 273 267 267 16.10
29 154 154 196 148 21.0 21.0 29.08
30 16.0 159 216 150 158 158 2198
1 106.5

2 28.6

3 26.9

25-OMe 49.0

Assignments were based on HMQC, HMBC and COSY experiments.
@ Spectra were recorded in acetone-dg.

oxymethine proton at 6 3.47 (H-24) with the carbons at § 18.9 (C-
27), 20.8 (C-26), 31.3 (C-22) and 77.5 (C-25), and of the methoxyl
group at ¢ 3.23 with the carbon at § 77.5 (C-25) suggested an OH
at C-24 and an OMe at C-25, respectively. The proton H-3 was as-
signed to be axially oriented from the small and large vicinal cou-
pling constants (J3ax2eq = 5.7 HZ, J3ax2ax = 11.4 Hz). Therefore, the
structure of 6 was established as 25-methoxy-50-dammar-20-en-
38,24-diol.

In order to investigate if compound 6 was an artefact derived
from either acid-catalyzed methanolysis at C-25 of an epoxide ring
of compound 11, or nucleophilic addition of methanol to com-
pound 13, an experiment was carried out mimicking the isolation

process as follows. Compounds 11 and 13 were dissolved sepa-
rately in CHCl3/MeOH (0.5:9.5, v/v), the solutions were mixed with
silica gel and stirred at RT for 5 days. Then the reaction mixtures
were concentrated and the residues subjected to '"H NMR measure-
ments. The spectra showed only those of compounds 11 or 13 with
none of 6. Therefore it is provisionally deduced that compound 6 is
a natural product from the plant.

The molecular formula of compound 7 was found to be
C33Hs603 ([M]* m/z 550.4224), by HREIMS. The 'H and >C NMR
spectra of 7 (Tables 2 and 3) were comparable to those of 6, except
that compound 7 showed the presence of an acetonide (isopropyl-
idene) group as indicated by two additional methyl signals in the
'H NMR spectrum at &y 1.27 (s, Me-3) and 1.36 (s, Me-2'). There
were also additional signals in the '>C NMR spectrum at d¢ 26.9
(C-3"), 28.6 (C-2') and 106.5 (C-1') instead of an OMe group as in
6, which allowed placement of an acetonide group unequivocally
at C-24 and C-25. Based on this evidence, the structure of 7 was
determined to be 3-hydroxy-50-dammar-20-en-24,25-acetonide.

Compound (8), with [M]* m/z 440.3647 (C3oH4502) by HREIMS,
exhibited a carbonyl functionality at 1702 cm ! in the IR spectrum.
The NMR spectroscopic data of 8 were comparable to those of
24(S),25-epoxy-50-dammar-20-dien-3-one (12) but 8 possessed a
tetracyclic protostane skeleton whereas that of 12 was a dammara-
ne. The two skeletons could be differentiated by comparison of the
carbon chemical shifts at C-1, C-5, C-9 and C-17 whose values of
the protostane were lower than those of the dammarane skeleton
by 5-10 ppm. Furthermore the carbon chemical shift at C-19 of the
protostane was higher than that of the dammarane skeleton by
6-8 ppm (Wu et al., 2005, 2006; Lodeiro et al., 2009; Mitsuguchi
et al., 2009). The carbon chemical shifts of 8 were in agreement
with those of protosta-20,24-dien-3$-ol (Wu et al., 2006). The 'H
NMR spectrum (Table 2) exhibited seven methyl singlets at ¢
0.69 (Me-19), 0.80 (Me-18), 0.96 (Me-29), 0.99 (Me-28), 1.08
(Me-30), 1.18 (Me-27) and 1.23 (Me-26) and two low field protons
at § 4.84 and 4.88 (each s, 2H-21). The latter indicated terminal
olefinic methylene protons which gave HMQC cross-peaks to the
carbon at 6 109.6. The presence of a trisubstituted epoxide ring
was shown by the resonance of an oxymethine proton at éy 2.65
(t, J=6.3Hz) and carbon resonances at dc 64.2 and 58.5. The
molecular formula C3oH430, was in agreement with a ketone and
an epoxide functionality, of which a keto carbon resonance was
evident at § 220.4. The HMBC spectrum placed the keto carbon
at C-3, from which the methyl protons at § 0.99 (Me-28) correlated
with the carbons at 6 19.6 (C-29), 47.1 (C-4), 47.1 (C-5) and 220.4
(C-3). The side-chain was placed at C-17 of the main skeleton from
the HMBC correlations of the methine proton at § 2.57 (m, H-17)
with the carbons at ¢ 27.7 (C-16), 35.3 (C-22), 44.5 (C-13), 50.5
(C-14), 109.6 (C-21) and 151.0 (C-20) and of the terminal olefinic
methylene protons at 6 4.84 and 4.88 (2H-21) with the carbons
at § 35.3 (C-22), 43.7 (C-17) and 151.0 (C-20). In addition, a dime-
thylepoxide ring was formed between C-24 and C-25 due to the

Fig. 4. Important NOESY cross-peaks of compound 8.
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chair-chair-chair like TS

chair-boat-chair like TS

2,3(S);22(S),23-diepoxysqualene (15)

I | cyclization

compounds 6, 7 and 9-14

11 ‘ cydlization

compound 8

Scheme 1. Plausible biosynthesis pathway of dammarane (6, 7, 9-14) and protostane (8) triterpenoids.

HMBC correlations of an epoxymethine proton at ¢ 2.65 (H-24)
with the carbons at § 24.9 (C-26), 27.9 (C-23), 35.3 (C-22) and
58.5 (C-25); in turn, the methyl protons at § 1.18 (Me-27) showed
correlations with the carbons at § 24.9 (C-26), 58.5 (C-25) and 64.2
(C-24).

The relative stereochemistry of 8 was determined from the re-
sults of a NOESY experiment (Fig. 4). The methine proton at ¢
2.07 (m, H-5) showed cross-peaks with the methyl protons at ¢
0.99 (Me-28) and 1.08 (Me-30), and the methine proton at § 1.95
(m, H-13) with the methyl protons at § 1.08 (Me-30) and 2.57
(H-17), hence suggesting that H-5, H-13, H-17, Me-30 and Me-28
were on the same face of the molecule. In addition, the cross-peaks
of the methyl protons at § 0.69 (Me-19) with the protons at 5 0.96

(Me-29) and 1.44 (H-9), of the methyl protons at § 0.80 (Me-18)
with the proton at § 1.44 (H-9) and the olefinic proton at 6 4.88
(Hp-21), and of the olefinic proton at 6 4.84 (H,-21) with the proton
at 6 2.09 (H-22) confirmed that H-9, Me-18, Me-19 and Me-29
were on the same face. These data suggested trans/syn/trans
arrangement for the A-B-C ring system. However, the stereochem-
istry of the epoxide at C-24 should be of a 24S configuration, the
same as in compound 12 (24S) by comparison of the carbon
chemical shifts at C-23 to C-27 (see Tables 2 and 3). So far only
24S epoxides have been isolated from A. odorata which could
be derived from 2,3(5);22(S),23-diepoxysqualene, 15 (Xu et al.,
2004; Cai et al., 2005b). Thus, 8 was deduced to be 24(S),25-
epoxy-5o-protost-20,25-dien-3-one.

Table 4
Inhibitory effects on NO production® of compounds 1-25.
Compounds % Inhibition at various concentrations (pM) 1Cs0 (UM)
0 1 3 10 30 100
1 0.0+5.0 - - 7.7+4.6 15.1+4.2 101.8+1.6" 38.1
2 0.0+5.0 - - 163+3.8 69.9+1.8" 99.1 +2.0>" 223
3 0.0+5.0 - - 82+3.6 16.4+£3.0 933+15" 41.3
4 0.0+5.0 - - 28.7+3.3" 61.02.0" 98.5+25" 20.4
5 0.0+5.0 - - 53.2+1.3" 80.5+2.9" 1015+ 1.1 7.9
6 0.0+6.8 - - 53.5+2.8" 83.0+1.5" 97.5+1.8>" 7.1
7 0.0+6.38 - - 426+5.1° 76209 87.1+1.3>" 11.7
8 0.0+4.2 - - 25.0+1.7" 359+1.4" 77.6+1.4" 53.2
9 0.0+6.8 - - 33.7+237 68.8+3.0" 101.8 1.5 16.8
10 0.0+6.8 - 46.2+26" 70.6+3.0" 90.4 3.2 101.8 2.9 3.1
11 0.0+1.8 - - 355+36" 79.1+3.4" 85.5 +4,5""" 14.2
12 0.0+6.8 - - 504 +1.3" 77.0+£3.4" 97.2 £0.6>" 9.1
13 0.0+6.8 - - 404277 553327 89.5+29" 17.9
14 0.0£5.0 - 37.5+2.7" 62.1+23" 80.1+4.3™ 97.5+2.1>" 5.5
15 00+1.8 - - 209+3.1° 55.1+3.7" 75.2 6.0 30.5
16 0.0+49 29.3+2.6 58.4+3.1" 92.3+45" 94.0 £ 4.0 945 +1.1>" 2.1
17 0.0+4.9 - - 444+20" 949+3.0" 97.5+2.3" 8.6
18 0.0+4.9 - - 14557 359+44" 66.8 +2.6™" 50.2
19 0.0+49 - - 43627 93.6+38" 99.7 +3.3" 9.3
20 0.0+49 - - -9.2+53 214+46 95.4 13> 42.3
21 00+49 222+1.8 489+24" 846+2.7" 100.0+4.4" 105.2 £ 0.8>" 3.0
22 00+1.8 - - 141+39 252+43" 83.4+21" 41.9
23 00+1.8 - - 36329 44.0+6.7" 73.8+4.8" 28.5
24 0.0+1.8 - - 363537 71.8+3.7" 94.5+34" 154
25 00+1.8 - - 22.6+7.6 72627 101.2£3.7°" 19.7
Indomethacin 0.0+4.2 - 155+ 1.7 364+23" 609+3.7" 104.5+1.7" 14.5

(-) = not determined
¢ Each value represents mean + SEM of four determinations.
b Cytotoxic effect was observed.

" Statistical significance, p < 0.05.

" Statistical significance, p < 0.01.
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Table 5

Inhibition of PGE, production® of compounds 5, 6, 10, 12, 14, 16, 17 and 21.
Compounds % Inhibition at various concentrations (pLM) 1C50 (UM)

0 3 10 30 100
5 0.0+23 - - - 27.8+12" >100
6 00+1.6 - - - 299+1.17 >100
10 0.0+23 - - - 193+1.0" >100
12 0.0+23 - - - 48.7+0.5" >100
14 0.0+23 - - - 495+14" >100
16 0.0+1.6 495+2.1" 57.0+0.2" 58.1+0.7" 59.5+0.3" 2.6
17 0.0+1.6 - 475+13" 50314 55205 23.0
21 0.0+1.6 - 465+1.8" 552+1.4" 582+0.8" 16.1
0 0.1 1 3

Indomethacin 0.0+2.0 38.4+04" 48.7+06" 52.7+0.2" 74.6+0.2" 0.4

(=) = not determined.
2 Each value represents mean + SEM of four determinations.
" Statistical significance, p < 0.01.

The biosynthesis pathway of protostane and dammarane triter-
penes (Scheme 1) could be derived from the common 2,3(S);
22(S),23-diepoxysqualene (15) by two routes. Pathway I, cycliza-
tion via a chair/chair/chair conformation of the potential A/B/C ring
system resulted in a trans/anti/trans ring junction (A/B/C) (Xu
et al., 2004; Cai et al., 2005b) of a dammarane triterpene. In path-
way I, cyclization via a chair/boat/chair conformation of the po-
tential A/B/C ring system would result in a trans/syn/trans ring
junction (A/B/C) of a protostane triterpenoid, see Scheme 1.

The MeOH extract exhibited potent inhibitory activity against
LPS-induced NO production in RAW264.7 cell lines with an ICsq va-
lue of 5.2 pg/ml. Therefore all isolated compounds were evaluated
for their anti-NO activity and the results are shown in Table 4.
Compounds 16, 21 and 10 possessed potent activity with
ICs0=2.1, 3.0 and 3.1 pM, respectively, followed by compounds
14, 6, 5, 17, 19, 7 and 11 (ICso values ranging from 5.5 to
14.2 uM), all of which were stronger than that of a clinically used
drug (indomethacin ICso = 14.5 uM). The other compounds exhib-
ited moderate and mild activities. Structure-activity relationships
for anti-inflammatory activities of dolabellane diterpenes (1-5)
suggested that one oxygen atom in the molecule gave higher activ-
ity than two or three oxygen atoms as shown in compound 5
(ICs0=7.9 uM) vs. compounds 1, 2, 3 and 4 (ICs0=38.1, 22.3,
41.3 and 20.4 uM, respectively). As for the class of tetracyclic tri-
terpenes (6-14), the followings are proposed: (i) the keto group
at C-3 was necessary for increasing the activity: compounds 10,
12 and 14 were strongly active (ICso = 3.1, 9.1 and 5.5 puM, respec-
tively) whereas compounds 9, 11 and 13 with the hydroxyl at C-3
were less active (ICso=16.8, 14.2 and 17.9 uM, respectively). For
the aminopyrrolidines (17 and 18), compound 18 (ICso = 50.2 uM)
with the hydroxyl substituent in the molecule resulted in a drastic
decrease of the activity (17, ICso = 8.6 nM). Compounds 5, 6, 10, 12,
14, 16, 17 and 21 were also tested for their inhibitory effect on LPS-
induced PGE; release in RAW264.7 cells. The result showed that 16
possessed the most potent activity against PGE, release with an
ICsg value of 2.6 UM, whereas 17 and 21 exhibited moderate activ-
ity with ICsg values of 23.0 and 16.1 uM, respectively (Table 5).

3. Concluding remarks

The phytochemical investigation of A. odorata led to the isolation
of five new compounds: two dolabellane diterpenoids (1, 2), two
dammarane triterpenoids (6, 7) and a protostane triterpenoid (8),
along with twenty known compounds. It is noteworthy that com-
pound 8 has a tetracyclic protostane skeleton whereas that of 12
is a dammarane. The two skeletons could be differentiated by com-
parison of the carbon chemical shifts at C-1, C-5, C-9 and C-17
whose values of the protostane are lower than those of the

dammarane skeleton by about 5-10 ppm. Furthermore the carbon
chemical shift at C-19 of the protostane is higher than that of the
dammarane skeleton by about 6-8 ppm. The protostane was first
isolated from this species. All compounds were evaluated for inhib-
itory activities against lipopolysaccharide (LPS) induced nitric oxide
(NO) production in RAW264.7 cell lines. Compounds 5-7, 10-12,
14,16, 17, 19 and 21 possessed potent nitric oxide inhibitory activ-
ity with ICsq values ranging from 2.1 to 14.2 puM, better than that of
the positive control, indomethacin (ICsq = 14.5 pM). In addition,
compounds 16, 21 and 17 exhibited significant activity against
PGE, release with ICsq of 2.6, 16.1 and 23.0 1M, respectively.

4. Experimental
4.1. General experimental procedures

Melting points were determined on a Fisher-Johns melting
point apparatus. Optical rotation [a]p values were determined with
a JASCO P-1020 polarimeter. IR spectra were measured with a
Perkin-Elmer FTS FT-IR spectrometer. UV spectra were measured
with a UV-160A spectrophotometer (Shimadzu) and principal
bands (/max) Were recorded as wavelengths (nm) and log ¢ in
CH;OH and CHCI; solutions. 'H and '>C NMR spectra were re-
corded using 300 MHz Bruker FTNMR Ultra Shield™ spectrometers
in either CDCl; or acetone-dg solution. Chemical shifts are recorded
in parts per million (8) with tetramethylsilane (TMS) as an internal
reference. Vacuum liquid chromatography (VLC) (Coll and Bowden,
1986) and column chromatography (CC) were carried out on silica
gel 60 Fys4 (Merck) and silica gel 100 (Merck), respectively.
Reversed phase (RP)-18 silica gel was used for reversed phase CC.
Precoated plates of silica gel 60 F»s4 and reversed-phase (RP-18
F»s4) were used for analytical purposes.

4.2. Plant material

Leaves of A. odorata were collected from Songkhla province,
southern part of Thailand in September 2008. Identification was
made by Assoc. Prof. Dr. Kitichate Sridith, Department of Biology,
Faculty of Science, Prince of Songkla University and a specimen
(No. OR53) was deposited at Prince of Songkla University
Herbarium.

4.3. Extraction and isolation

Ground-dried leaves (53.70 g) of A. odorata were extracted with
CH,Cl, and MeOH (each 2 x 2 L, for 3 days) successively at room
temperature and the solvent was evaporated under reduced
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pressure to afford CH,Cl, (23.50 g) and MeOH (5.23 g) extracts,
respectively.

The CH,Cl, extract (23.50 g) was subjected to VLC eluting with
n-hexane and with EtOAc and MeOH, of increasing polarity succes-
sively to give ten fractions (D1-D10). Fraction D2 (6.03 g) was sub-
jected use VLC eluting with n-hexane, CH,Cl, and acetone to afford
ten subfractions (D2a-D2j). Subfraction D2b (906.8 mg) was puri-
fied by CC with EtOAc-n-hexane (1:49, v/v) to give compounds
12 (60.1 mg), 5 (19.3mg) and 15 (30.0 mg). Subfraction D2d
(105.0 mg) was separated by CC with CH,Cl,-n-hexane (1:4, v/v)
to give compound 3 (2.5 mg). Subfraction D2f (106.8 mg) was puri-
fied by CC with acetone-n-hexane (1:9, v/v) to give compound 14
(3.1 mg). Subfraction D2h (859.3 mg) was purified by CC with ace-
tone-n-hexane (1:4, v/v) to give compound 2 (40.1 mg). Subfrac-
tion D2j (231.6 mg) was separated by CC with acetone-n-hexane
(3:17, v/v) to give compound 4 (8.5 mg). Fraction D3 (1.33 g) was
subjected to VLC using n-hexane and EtOAc of increasing polarity
as eluent to afford seven subfractions (D3a-D3 g) and compounds
8 (72mg), 13 (5.1mg) and 7 (10.0 mg). Subfraction D3c
(383.7 mg) was purified by CC with acetone-n-hexane (2:3, v/v)
to give compound 20 (2.5 mg). Subfraction D3f (20.6 mg) was sep-
arated by prep. TLC with EtOAc-CH,Cl, (1:9, v/v) to give compound
1 (5.0 mg). Fraction D4 (1.80 g) was subjected to CC with EtOAc-n-
hexane (1:9, v/v) to afford six subfractions (C4a-C4f) and com-
pound 12 (40.0 mg). Subfraction D4d (1.20 g) was separated by
CC with acetone-n-hexane (3:17, v/v) to give compound 11
(60.0 mg). Fraction D6 (175.7 mg) was subjected to CC with
MeOH-CH,Cl, (1:49, v/v) to afford seven subfractions (D6a-D6 g)
and compounds 19 (5.0 mg) and 9 (5.0 mg). Subfraction D6d
(120.3 mg) was purified by RP-18 CC with MeOH-H,0 (3:2, v/v)
to give compounds 25 (15.0 mg) and 10 (10.0 mg). Fraction D8
(859.3 mg) was subjected to CC with EtOAc-n-hexane (7:13, v/v)
to afford seven subfractions (D8a-D8 g) and to give compounds
23 (15.0 mg) and 24 (10.0 mg). Subfraction D8c (80.3 mg) was sep-
arated by CC with CH,Cl, to give compound 21 (30.5 mg). Subfrac-
tion D8e (50.2 mg) was purified by CC with CH,Cl, to give
compound 22 (4.0 mg). Fraction D10 (231.6 mg) was separated
by CC with acetone-n-hexane (3:7, v/v) to give compounds 16
(10.3 mg), 17 (30.1 mg) and 18 (15.6 mg).

The MeOH extract (5.23 g) was partitioned in EtOAc and a solu-
ble material was obtained (3.10 g) which was subjected to VLC
eluting with n-hexane, EtOAc and MeOH of increasing polarity suc-
cessively to give eight fractions (M1-MS8). Fraction M3 (118.0 mg)
was separated by CC with acetone-n-hexane (1:4, v/v) to give com-
pound 6 (15.0 mg). Fraction M4 (85.2 mg) was recrystallized from
acetone to give compound 9 (20.0 mg). Fraction M6 (105.9 mg)
was recrystallized from acetone to give compound 10 (50.0 mg).

4.3.1. (1R,3S,7E,11S,12R)-3-Hydroperoxydolabella-4(16),7-dien-18-ol
(1)

Viscous oil; []3’ +17.0 (c 0.12 in CHCls); IR (neat) vpax: 3434
(0-H), 2959 (C-H) cm™'; HREIMS: m/z [M]* 322.2492 (calcd for
Co0H3405, 322.2499); For '-H NMR (CDCls, 300 MHz) and '3C
NMR (CDCls, 75 MHz) spectroscopic data, see Table 1.

4.3.2. (1R,3E,7R,8R,11S,12R)-7,8-Epoxydolabella-3-en-18-ol (2)

Viscous oil; [¢]5 —47.4 (c 0.25 in CHCl3); IR (neat) vpax: 3430
(0-H), 2963 (C-H) cm™'; HREIMS: m/z [M]* 306.2553 (calcd for
C20H5405, 306.2559 For '-H NMR (CDCls, 300 MHz) and '*C NMR
(CDCls, 75 MHz) spectroscopic data, see Table 1.

4.3.3. 25-Methoxy-50-dammar-20-en-3,24-diol (6)

Viscous oil; [0J3 + 35.5 (c 0.30 in CHCls); IR (neat) vpay: 3433
(0-H), 2931 (C-H) cm™'; HREIMS: m/z [M]* 474.4070 (calcd for
C31Hs405, 474.4073); For '-H NMR (CDCls;, 300 MHz) and '3C
NMR (CDCls, 75 MHz) spectroscopic data, see Table 3.

4.3.4. 3B-Hydroxy-50-dammar-20-en-24,25-acetonide (7)

Viscous oil; [oc]?] +22.7 (c 0.50 in CHCI3); IR (neat) vmax: 3432
(0-H), 2945 (C-H) cm™'; HREIMS: m/z [M]* 500.4224 (calcd for
C33Hs5605, 500.4229); For '-H NMR (CDCls, 300 MHz) and '3C
NMR (CDCl3, 75 MHz) spectroscopic data, see Table 3.

4.3.5. 24(S),25-Epoxy-5a-protost-20,25-dien-3-one (8)

Viscous oil; [¢]3 + 80.9 (c 0.43 in CHCl3); IR (neat) vmax: 2925
(C-H), 1702 (C=0) cm™!; HREIMS: m/z [M]" 440.3647 (calcd for
C30Hag05, 440.3649); For '-H NMR (CDCls;, 300 MHz) and '3C
NMR (CDCls, 75 MHz) spectroscopic data, see Table 3.

4.4. Anti-inflammatory activity assay

4.4.1. Inhibitory effects of compounds on NO production from
RAW264.7 cells

Inhibitory effects on NO production by murine macrophage-
like RAW264.7 cells were evaluated using a method modified
from that previously reported (Banskota et al., 2003). Briefly, the
RAW264.7 cell line [purchased from Cell Lines Service (CLS)]
was cultured in Rosewell Park Memorial Institute (RPMI) medium
supplemented with 0.1% NaHCO3; and 2 mM glutamine, penicillin
G (100 units/ml), streptomycin (100 pg/ml) and 10% fetal calf ser-
um (FCS). The cells were harvested with EDTA and diluted to a
suspension in a fresh medium. The cells were seeded in 96-well
plates with 1 x 10° cells/jwell and allowed to adhere for 1h at
37°C in a humidified atmosphere containing 5% CO,. Then the
medium was replaced with a fresh medium containing 100 pg/
ml of LPS together with the test samples at various concentrations
(3-100 uM) and incubated for 48 h. NO production was deter-
mined by measuring the accumulation of nitrite in the culture
supernatant using the Griess reagent. Cytotoxicity was deter-
mined using the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) colorimetric method. Briefly, after
48 h incubation with the test samples, MTT solution (10 pl,
5 mg/ml in phosphate buffered saline (PBS)) was added to the
wells. After 4 h further incubation, the medium was removed
and i-PrOH containing 0.04 M HCI was added to dissolve the for-
mazan produced in the cells. The absorbance of the formazan
solution was measured with a microplate reader at 570 nm. The
test compounds were considered to be cytotoxic when the absor-
bance of the sample-treated group was less than 80% of that of the
control (vehicle-treated) group. Indomethacin (an NSAID) was
used as a positive control. The stock solution of each test sample
was dissolved in DMSO, and the solution was added to the RPMI
medium (final DMSO concn. is 1%). Inhibition (%) was calculated
using the following equation and ICsy values were determined
graphically (n = 4):
Inhibition (%) = % x 100 (1)
A—C: NO,~ concentration (uM) [A: LPS (+), sample (—); B: LPS (+),
sample (+); C: LPS (-), sample (-)].

4.4.2. Inhibitory effects of compounds on LPS-induced PGE, release
from RAW264.7 cells

The mouse macrophage cell line (RAW264.7 cells) was pur-
chased from Cell Lines Services (CLS). The cells were grown and
maintained in RPMI-1640 medium supplemented with 0.1% NaH-
CO3 and 2 mM glutamine, penicillin G (100 U/ml), streptomycin
(100 pg/ml) and 10% FBS in culture flasks at 37 °C, 5% CO,, in a fully
humidified incubator. The cells were harvested with 0.25% tryp-
sin-EDTA and re-suspended in a fresh medium. Cell counts were
measured using a standard trypan blue cell counting technique.
The cell concentration was adjusted to 1 x 10° cells/ml in the same
medium. Cells suspension 100 pl were seeded in a 96-well plate
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and incubated for 1 h at 37 °C. The medium was replaced with LPS
in RPMI-1640 (100 pg/ml) which is the triggering agent for PGE,
production. Then the test samples at various concentrations
(3-100 uM) were dispensed into the wells. The cells were
incubated for 48 h at the same condition. The supernatant was
transferred into a 96-well ELISA plate and then PGE, concentra-
tions were determined using commercial ELISA kits according to
the manufacturer’s instructions. The absorbance at 450 nm was
recorded using a microplate reader (Bio-Tek instruments, Inc.).

4.5. Statistical analysis

The results were expressed as mean + standard error of means
(S.E.M) of four determinations at each concentration for each sam-
ple. The ICsq values were calculated using Microsoft Excel. Statisti-
cal significance was calculated by one-way analysis of variance
(ANOVA), followed by Dunnett’s test.
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