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Abstract-Procesterol, a new steroidal hydroxy ketone, has been isolated from the fresh and undried flowers of 
Calotropls procera. The chemical and spectral studies identified it as a C-6, C-24 diepimer of stigmast-4-en-6/Gol-3-one. 

INTRODUCTION 

Calotropis procera R. Br. (Asclepiadaceae) grows widely 
m tropical regions of Asia and Africa. The milky juice of 
this plant is used by the natives of India as a purgative, 
while the flowers are considered digestive, stomachlc, 
tonic and useful in cough, asthma, catarrh and loss of 
appetite. The root bark is said to promote secretions and 
to be useful in treating skin diseases, enlargement of the 
abdominal viscera, intestinal worms, ascltes and anasarca 
Cl]. We have previously reported a new terpenold from 
this plant [Z] Following further studies on the fresh and 
undried flowers a new keto-sterol has been isolated 
and named as procesterol Its stereostructure has been 
elucidated as (24S)-24-ethyl-stlgmast-4-en-6a-ol-3-one, 
through chemical and spectral studies 

RESULTS AND DISCUSSION 

428.6654 corresponding to the molecular formula 
Cz9H4s02 (calcd 428.7010) The molecular ion peak was 
also confirmed by FD mass spectrometry [3]. The strong 
absorption band at 1675 and 1640 cm-’ in its IR 
spectrum revealed the presence of an @-unsaturated 
keto function and another band at 3575 cm-’ was due to 
hydroxyl absorption. The secondary nature of alcoholic 
group m 1 was shown by Its oxidation with Jones reagent 
to a dlketone la. The ‘HNMR spectrum showed the 
presence of 6-methyl groups out of which one was 
primary C60.847, 3H, t, J=7.3 Hz], three secondary 
CaO.905, 0.827, 0.847, 3 x 3H, d, J=6.3, 6 7 Hz] and two 
tertiary [S 1.397, 0 760, 2 x 3H, s]. Further signals were 
observed for vmyhc proton cS5.780, lH, d, J= 1.8 Hz] 
and the proton geminal to hydroxyl group Ca4.450, lH, 
Oct., J= 12 1, 4.7, 1.8 Hz]. The 13C NMR spectrum re- 
vealed 29 carbon atoms m the molecule. The multiplicity 
assignments were made by DEPT experiments [4] which 

Procesterol (1) crystallized from acetone, mp,. 167”, 
showed the presence of six methyl, 10 methylene and nme 

[a],+21.5”; Its HRMS gave a molecular ion peak at m/z 
methine carbon atoms. The quaternary carbon atoms 
were determined by subtracting DEPT spectra from 
broad band 13C NMR spectrum: 

*Author to whom correspondence should be addressed 
Procesterol showed m its mass spectrum promment 

[M-side chain]’ (m/z 287), [M-side chain-42]+ (m/z 
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956% 

1 R’ = nOH. pII RZ = (S)C,H, 

la RI = 0. R2 = (SI(‘2I15 

lb K’ = poti, ntt, R2 = L‘?)C2Li, 

245), and [M -side cham - 42 - H,O] + (m/z 227) The 
peaks at m/z 245 and 227, respectively, and a slgmficant 
peak at m/z 152 [M - side cham - 42 - 93]+ were charac- 
terlstlc of 3-keto-6-hydroxy-A4 steroid [.5] 

The mass spectrum revealed the presence of an ethyl 
group m the sldti chain and~posltlon 24 was asslgned to It 
on the basis of blogenetlc analogy as well as close 
slmlltintles in chemical’sfi~tfs of-the protons and.carbons of 
the side cham with related compounds Procesterol has, 
therefore, the same basic skeleton as stlgmast-4-en-68-ol- 
3-one (lb) In so far, however, as the two compounds and 
ttien’ oxid&on products di&r wld&y m meftmg point 
and optical rotation, the former IS evidently an eplmer of 
latter. 

The assignments of 13CNMR were made by com- 
paring the values with the published 13CNMR data of 
related sterols [6, 7] and confirmed by ‘H-13C hetero- 
nuclear chemical shift correlated spectrum (hetero 
COSY) [8]. The couplmg mteractlons were established 
through the 2D homonuclear ‘H--‘H chemical shift cor- 
relation measurements (COSY-45*), while the multlph- 
city of the overlappmg proton signals was determined 
from the 2D J-resolved spectrum 

The couplmg mteractlon of 6-H revealed that the hydrox- 
yl group on this position has a- and equatonal onentation 
unlike p- and axial orientation of the same group m lb In 
1 the 6-/3H appeared as an octate showing axial-axial 
coupling with 7-r H (J = 12 1 Hz), axial-equatorial coup- 
lmg with 7-,0H (J = 4.7 Hz) and an allyhc couplmg with 4- 
H (J = 1.8 Hz) On the contrary, the different couplmg 
mteractlons, particularly the absence of couplmg between 
6x-H and 4-H, are characteristic for compounds of the 
type lb being ratlonahzed by slgmficant change in dlhe- 

dral angles [9]. The couplmg mteractlons of 6-,GH were 
also illustrated by COSY-45” which showed strong cross 
peaks of this proton with those of 4-H at 65 780,7-aH at 
81.310 and 7-,!lH at 6 1 342. Conclusive evidence for a- 

and equatorial orientation of hydroxyl group was pro- 
vided by NOE difference measurements Irradlatlon at 
64.450 (6-BH) resulted m a 9 8 1% NOE at 6 1 397 (19-H,) 
and 6.21% NOE at 61.420 (8-PH). The lrradlatlon at 
6 1.397 (19-H,) resulted in a 10 02% NOE at S4 450 (6- 
BH), 9 56% NOE at 5 1420 (8$H), 8.99% NOE at S 1980 
(2-H,), and 4 Y1s% NDEat 0 I 29~( I l-HZ) Finally Irradla- 
tlon at 6 1 420 (8-/IH) resulted m a 5 40% at 64 45 (h-PH) 
and 8.92% NOE at 61 397 (19-H,) 

The chemical shifts and coupling constants of varmus 
methyl groups m the side chain of 1 (except that of 21- 
methyl group) showed slight varlatlon from lb indicating 
difference m stereochemtstry of ethyl group at C-24 The S 
configuration m 1 was confirmed by comparison of 
chemical shifts of carbons and protons m 13C and 
‘H NMR spectra of 1 wrth a series of sterols havmg siml- 
lar configuratlon at C-24, particularly (24S)-24-ethyl 
cholest-5-en-3&ol and Sa-ponferastane [7, IO] The 
absolute structure of procesterol and Its oxldatlon pro- 
duct could, therefore, be assigned To the best of our 
knowledge this IS the first phytochemlcal report of sterol- 
dal hydroxy ketone eplmerlc at C-6 and C-24, and Its 
Isolation may be of chemotaxonomlc slgmficance 

EXPERIMENTAL 

General Mps uncorr ‘Hand 13C NMR TMS as mt ref The 

DEPT experunents were carried out with 845”. 90” and 135”. the 

quaternary carbons were determined by substration of these 

spectra from the broad band 13CNMR spectrum For NOE 

measurement, the sample wds frozen under hquld N, and 

degassed A lower decoupler power of maxlmum 0 2 W with 35 

attenuation m dbs wab used The pre-lrradlatlon time was 11 set 

which IS the sum of three delays as used m the NOE di%rence 

programme of Bruker The Impulse length of IOpsec wds mam- 
tarned’to avold’saturatlon Ilie xuCvS’Yl43- d’ata wdb acquired’ 

at 300 MHz with a sweep width of 4000 Hz (2K data pomts In 

wZ) and 2000 Hz (256t, values zero-filled to IK) m (0, The 

heteronuclear 2D ‘H-‘3Cchemlcal shift correlation experiments ___ 
were carned’out at JCRTMHZ with a sweep wldih ol^l%ZUHi 

(2K data pomt m (02) and 1024 Hz (256t, values zero-filled to 

2K) m o, In both 2D experiments a 2 set relaxation delay was 

used and 16 transients were performed for each I, value 

Plunt materral The flowers of C procvra were collected from 

the Karachi region and identified by the plant taxonomtsf 

Department of Botany, Umverstty of Karachi, where a voucher 

specimen has been deposlted 

Extractron and trolatwn. The freshly collected plant material 

(20 kg) was extracted with EtOH at room temp The gummy 
residue obtarned from the EtOH extract was partItIoned between 

CHCI, and H,O The hexane soluble portton of the CHCI, 

fraction was column chromatographed over sthcd gel The 

column was eluted with various solvent grddlents of mcreasmg 

polarltles The fractions eluted with hexane_CHCI, (3 2) was 
evapd under red pres and agam subjected to flash CC on slhca 

gel Elutlon was carrled out with gradients of mcreasmg polarity 

usmg a mixture of hexane-Et,0 The eluate obtamed from 

hexane-Et,0 (9.11) ylelded a gummy resrdue which was finally 

punfied by repeated crystalhzatlon from Me,CO to afford 

procesterol (1) (yield 87mg), mp 167 , [01]o+21 5’ (CHCI,. 
c 021 71, IR ~~~$3575 (OH), 1675 (C=O). 1640 (C=C) and 880 
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cm-’ (=CH). HRMS: M+ 428.6654 (C29H4802); EIMS. m/z (rel. 
mt.) 428 [&H,sO,]+ (15), 413 &,H4s02-Me]+ (23), 410 
[C29H4802-HZO]t (18), 287 [C2sH,,0,-C,,H,, (entIre 
substituent at C-17)]+ (32), 269 [C29H4802-C1,,HZ1-H20]+ 
(2% 245 CC,,H,,G2-&,H2, -421+ (43), 227 l&H.&2 
-C,,H,,-42-H,O]+ (45), 152 [C29H,,0,-C,,H,,-42 
-931’ (lOO), ‘HNMR: (CDCI,) 65780 (d, 5=1.8 Hz, 4-H), 
4.450(0ct.J,,>,~=12.1 Hz,J,~,~~=~.~Hz,J~~,~=~.~H~,~B-H), 
1379 (s, 19-H,), 0905 (d, J=6.3 Hz, 21-H,), 0847 (t, J=7.3 Hz, 
29-H,), 0 827 (d, J = 6.7 Hz, 27-H& 0.803 (d, J = 6.7 Hz, 26-H), 
0760 (s, 18-H); 13CNMR (CDCl,) 638.66 (C-l), 34.31 (C-2), 
200.30 (C-3), 126 59 (C-4), 168.43 (C-5), 73.36 (C-6), 37.17 (C-7), 
45.93 (C-8), 53.72 (C-9), 38.08 (C-lo), 21.04 (C-11), 39.68 (C-12), 
42 59 (C-13), 56.79 (C-14), 24.32(C-15), 28.22(C-16), 56.16 (C-17), 
11.92 (C-18), 19.84 (C-19), 36 28 (C-20), 18.78 (C-21), 33.99 (C-22), 
26.43 (C-23), 46.11 (C-24), 29.01 (C-25), 19.09 (C-26), 19.59 (C-27), 
23.16 (C-28), 12.30 (C-29). 

Oxldatlon ofprocesterol. Procesterol(1) (20 mg) was dissolved 
m Me&O (40 ml) and treated with Jones reagent (6 ml). The 
reactlon mixture with stirred at room temp. till the reactlon was 
completed (TLC momtormg). Usual work-up and repeated 
crystalhzatlon from C,H,-HOAc (1: 1) provided la. (9 87 mg), 
mp. 98”; [alo + 72”, (CDCI,, c 0.17), IR v,,, 1680 (C=O), 1605 (C 
=C), and 860 cm-’ (=CH); HRMS: M+ 426.3511 (CZPH4602); 
‘HNMR (CDCI,) 66098 (s, 4-H), 1.18 (s, 19-H,), 0906 (d, J 

= 6.3 Hz, 21-H,), 0.847 (t. J = 7 3 Hz, 29-H,),0.827 (d, J = 6.7 Hz, 
27-H,), 0.804 (d, J = 6.7 Hz, 26-H,), 0.771 (s, 18-H,). 

REFERENCES 

1. Dymock, W. (1883) A Pharmacographia In&a Vol. 3, p 270. 
Zam, Karachi. 

2. Khan, A. Q., Ahmed, Z., Kazmi, S N. H. and Malik, A. 
(1988) J. Nut. Prod 51, 925. 

3. Rose, M. E and Johnstone, R A. W. (1987) Mass Spectro- 
metryfor Chemrsts and Biochemists, p.135. CambrIdge Um- 
verslty Press, Cambridge. 

4. Shoolery, J N. (1984) J. Nut. Prod. 47, 226. 
5. Audler, H., Fetlzon, M and Voelter, W. (1964) Bull. Sot. 

Chrm. Fr. 415. 
6. Holland, H. L., Dlakow, P. R. P. and Taylor, G J. (1978) 

Can. J. Chem. 56, 3121. 
7. Wright, J. L. C., McInnes, A. G., Shnmzu, S., Srmth, D. G, 

Walter, J A., Idler, D. and Khahl, W. (1978) Can. J Chem. 
56, 1898. 

8. Rahman, A. (1986) Nuclear Magnetrc Resonance, p. 262. 
Sprmger, New York. 

9. Tori, K. and Kunyama, K. (1963) Chem. Ind 14, 1525. 
10. Rubmstein, I Goad, L. J., Clague, A D. H. and Mulhelrn, 

L. J., (1976) Phytochemutry 15, 195. 

Phyrochemrstry, Vol 28, No 10, pp 
Prmted m Great Bntam 

2861-2863, 1989 0031-9422/89 $300+000 
Pergamon Press plc 

FORMATION 
7 
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hydroxycadalene; oxidation, sdlca gel. 

Abstract-The sesquiterpene j-naphthol, 7-hydroxycadalene, found inter alia in the heartwood of a number of Ulmus 
spp., undergoes oxidation on silica gel to mansonone C, one of several related sesquiterpene ortho-quinones produced 
in some Ulmus spp. in response to certain stresses. The reaction, which appears to involve oxygen adsorbed on the silica 
gel, proceeds under an argon atmosphere and is dramatically retarded m the absence of light. 

INTRODUCTION 

Mansonones, a group of related sesquiterpene ortho- 
quinones originally isolated from the West African tree 
Mansonia altusrma Chev. [ 141, were observed to accu- 

*Author to whom correspondence should be addressed. 

mulate in the sapwood of Ulmus americana and other elm 
species in response to infection by Ceratocystis ulmi, or 
other stresses [S-S]. Some of these compounds, including 
mansonone C, 1, as well as possible biosynthetic precur- 
sors such as 7-hydroxycadalene, 2, occur constitutively in 
the heartwood of several Urnus species [9-l 11. 

Mansonones C and E (3) have been prepared syn- 
thetically [9, 12-141, the former independently in two 


