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Abstract-Two minor sterols isolated from Clerodendrum fragrans were identified as 24/l-methylcholesta-5,22E,25- 
trien-38-01 and 24a-ethyl-5a-cholest-22E-en-3p-ol of which the former has so far been detected only in a marine sponge. 
The other sterols identified in the plant were clerosterol, 22E-dehydroclerosterol and several other common sterols. 

INTRODUCTION 

Plants of the Cierodendrum species are known to contain 
24b-ethylcholesta-5,25-dien-3b-ol (If, clerosterol) and 
22E-dehydroclerosterol (lg), 24P-ethylsterols possessing 
a AZ’-bond, as the major sterols [l-3]. This constitutes 
the characteristic feature of this species since the great 
majority of higher plants contain 24a-alkylsterols (24R if 
a saturated or A25-unsaturated sterol, 24s if the AZ2 
derivative) which lack a A25-bond as the major sterols 
represented by 24a-ethylcholest-5-en-3/?-ol (24x-ld, 
sitosterol) [4]. Thus, we considered it worthwhile to 
undertake detailed analysis on the sterol constituents of 
Clerodendrum species. This paper describes the thorough 
investigation on the sterols of the leaves and stems of 
C.fragrans (Vent.) R. Br. which led to the isolation and 
identification of two very rare sterols, 24/?-methyl- 
cholesta-5,22E,25-trien-3/I-ol (Ic) and 24c(-ethyl-5c(- 
cholest-22E-en-3P-ol (24a-2e), in addition to 24c(-ld, lf, 
lg and several other sterols. 

RESULTS AND DISCUSSION 

Two sterols lc and 2e were isolated as the acetyl 
derivatives from C.frngrans by virtue of the procedure 
described in the Experimental section. The mass spectrum 
of lc-acetate showed [M - HOAc]+, the highest mass 
ion: at m/z 378 (C,,H,,) and other prominent 
fragmentation ions at m/z 363 [M - HOAc- Me]+, 282 
[_“,-,2cyi 2 (C-20,22 vinylic cleavage with 1 H transfef) 

255 [M -&HI5 (side chain)-HOAc] , 
253 (255 -iH)and 213 [M - C9H15 - C3H6 (part of ring 
D) -- HOAc]+ indicating that it was an acetate of a Czs- 
sterol with three double bonds, one of which was in the 
skeleton and the other two were in the Cg sidechain [5-71. 
Lack of an ion corresponding to the molecular ion 
suggests that the skeletal double bond was located at C-5 
[5], whereas the ion at m/z 282 indicates one of the two 
side chain double bonds was located at C-22 [7]. The 
‘H NMR spectrum (Table 1) of lc-acetate displayed the 
signals at 60.690 (3H, s, 18-H,), 1.020 (3H, s, 19-H,), 2.032 
(3H, s, 3B-OAc), 1.012 (3H, d, 21-H3), 4.60 (lH, m, 3a-H) 

and 5.37 (1 H, m, 6-H), which are characteristic for A5-3fi- 
yl acetate [2,7,8]. Other signals observed were a multiplet 
around 65.24 (2H), which can be assigned to the 22-H and 
23-H olefinic protons, and two broad singlets at 64.692 
and 4.707 (each lH), typical for a terminal methylene 
group [2, 7,8]. A doublet at 6 1.080, highly deshielded by 
its surrounding two double bonds, is due to the methyl 
protons at C-28. An isolated multiplet at 62.71 (lH), 
shifted considerably downfield, is attributed to the proton 
at C-24 which is located in a bis-allylic position. 
Irradiation of this multiplet collapsed the dublet at 6 1.080 
(28-Ha) into singlet, and also simplified the multiplet at 
6 5.24 (22-H, 23-H). Finally, a methyl singlet at 6 1.677 is 
ascribed to the allylic methyl protons at C-27 [2,7,8]. The 
stereochemistry at C-22 was established to be E (truns) 
since the 21-H3 doublet is displayed at 6 l.O&l.Ol when it 
occurs together with a E-AZ2 double bond, whereas a Z 
(cis) double bond shifts it to 60.94-0.95 [9]. From the 
foregoing, lc-acetate was regarded as 24-methylcholesta- 
5,22E,25-trien-3/3-yl acetate. Upon hydrolysis, the acetate 
gave free sterol lc ([Ml+, m/z 396; C28H440). The 
‘H NMR (Table 1) and MS data of lc agreed well with 
those of 24fi-methylcholesta-5,22E,25-trien-3fi-o1 cited in 
the literature [7], and hence lc was confirmed to be 24/% 
methylcholesta-5,22E,25-trien-3/I-01. The 24/?-con- 
figuration was supported from the ‘H NMR comparison 
(Table 1) of the hydrogenated lc-acetate, i.e., 24B-methyl- 
cholest-5-en-38-01 (24/3-lb, 24/I-methylcholesterol) ac- 
etate ([M - HOAc] +, m/z 382), with both of the C-24 
epimers of lb-acetate. 

The mass spectrum of Ze-acetate showed [M] + at m/z 
456, corresponding to C31H5202r accompanied with 
fragmentation ions at m/z 441 [M-Me]+, 396 [M 
-HOAc]+ and 315 [M-CIoH19 (side chain)-2H]+ 
indicating that it was an acetate of a C2g-sterol with one 
double bond in the Cl0 side chain [S, 61. Other ions at m/z 
413 [M - C3H7 (allylic cleavage of the terminal isopropyl 
group)]+, 353 (413 - HOAc) and 344 [M - &HI6 (C-20, 
22 vinylic cleavage with 1H transfer)]+ suggest that the 
side chain double bond was located at C-22 [5, lo]. The 
‘H NMR spectrum (Table 1) of Ze-acetate showed signals 
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arising from 3/I-acetoxy-5x-skeleton C60.665 (3H, s, 18- 
H3). 0.819 (3H, s, 19-H& 2.019 (3H, s, 3fl-OAc) and 4.68 
(lH, m, 3x-H)] [l l] and those from 24-ethyl-A” side 
chain [Sl.O05 (3H, d, 21-H& 0.844 (3H, d, 26-H& 0.792 
(3H, d, 27-H& 0.801 (3H, t, 29-H& 5.005 (lH, dd, 22-H) 
and 5.145 (lH, dd, 23-H)] [8,12]. The side chain proton 
signals were closely correlated with those of 24c(-ethyl- 
cholesta-5,22E-dien-3j?-o1(24a-le, stigmasterol) acetate 
(Table l), but differed from those of its 24b-epimer (24p- 
Ie-acetate), especially in the chemical shift of 29-H3 signal 
[S], which made it possible to determine the configuration 
at C-24 of Ze-acetate to be CL. Thus, 2e was 24a-ethyl-5a- 
cholest-22E-en-3P-ol (24x-2e). The 24~ stereochemistry 
was supported from the following evidence. Hydro- 
genation of te-acetate afforded 24a-ethyl-5c(- 
cholestan-3/I-ol (24a-2d) acetate ([Ml’, m/z 458). The 
‘H NMR data of the side chain proton signals of 24a-2d- 
acetate were closely correlated with those of 24a-ld- 
acetate (Table 1) but differed enough for differentiation 
from those of its 24/I-epimer [S]. 

In addition to the above, six sterols were isolated as the 
acetyl derivatives from C.fragrans which were identified 
as the acetates of cholesterol (la), a mixture of 24a- and 
24/I-lb (24a:24p = 7:3), Id, le, If and lg. Identification 
of these sterols was performed based on the GC, ‘H NMR 
[8] and MS data with the exception of la-acetate which 
was identified by GC and MS. Composition of C.fragrans 
sterols was determined on the basis of argentation TLC, 
GC and ‘H NMR data as the acetyl derivatives as follows: 
la (0.7 “/,), 24a-lb (1.1%) 24/3-lb (0.4x), lc (248) (2.3 %), 
24z-ld (1.8 “/,), 24x-le (6.4x), If (248) (17.3 %), lg (248) 
(67.6 “/,) and 24u-2e (2.4 “/,). 

This study has, thus, demonstrated the occurrence of 
two very rare sterols, lc and 24a-2e, in addition to several 
other sterols in C.fragrans. Sterol lc has heretofore been 
reported to occur only in a marine sponge, Pseudoaxinella 
lunachatra [7], and this study seems to be the first instance 

for its detection in a plant. Although sterol 2e (245) has 
previously been detected in three plants: Bupleurum 
falcatum [ 131, Dictyostelium discoideum [ 141 and 
Lycopersicon esculentum [15], this study is considered to 
be the first case of its unambiguous characterization 
including the determination of the stereochemistry at 
C-24. 

EXPERIMENTAL 

Mp: uncorr. Argentation TLC: silica gel-AgNO, (4:l) de- 

veloped x 3 with CCL-CH,Cl, (5: 1); HPLC: I: Partisil5 ODS-2 

column (Whatman; 25 cm x 10 mm id.) or 11: Altex Ultrasphere 

ODS column (Beckman; 5 pm; 25 cm x 10 mm i.d), MeOH as 

mobile phase (flow rate, 4 ml/min) in both systems; GC: OV-17 

SCOT glass capillary column (30 m x 0.3 mm id.), column temp. 

260‘. RR, on HPLC and GC expressed relative to cholesterol (la) 

acetate. EIMS (70 eV): probe; ‘H NMR: 400 MHz, CDC13, TMS 

as int. standard; Acetylation: Ac,O-pyridine at room temp. 

overnight; Hydrolyses: 5 ‘>< KOH in EtOH at room temp. 

overnight; Hydrogenation: EtOH over pre-reduced PtOa at 

atoms. pressure and temp. overnight. The acetates of following 

sterols: la, a mixture of 24a- and 24fi-lb, 24~ and 24/I-ld, 24a- 

and 24jLle, lf, lg and Zd, were used as the reference specimens 

[8, 121. Leaves and stems of C.fiagrans were collected locally in 

India. 
Isolation ofsterols. Air-dried and powdered leaves and stems 

(950 g) of C.fragrans were extracted with MeOH in a Soxhlet 

extractor for 48 hr. After removal of the solvent, extracted lipid 

(70 g) was treated with cold MelCO. The Me,CO soluble part 

(37 g) was refluxed with 5% KOH in EtOH for 2 hr and then 

extracted with Et20 which gave unsaponifiable lipid (11.0 g). CC 

of the unsaponifiable lipid on silica gel (200 g) [hexane (1.3 l), 

hexane-Et20 (9: 1, 1 I), hexaneEtZO (6: 1, 1 I), hexane_EtOAc 
(4:1, 11) and then MeOH (1.51) as eluants] gave the sterol 

mixture (810 mg) [eluted with hexane_EtOAc (6: l)]. (The 

elution was monitored by TLC on precoated silica gel.) This was 



acetyiated. and the acetate mixture (X43 my) v.as subjected to 

argentation TLC to give four bands (referred to as bands 1 4 in 
the order or polarity, beginning with the least pnlarj. The least 

polar fraction (17 5 mgll‘rom band I (K, 0.70 0.781wasa mixture 

which on further argentation TLC‘ atiorded two irnction\ 

fraction 1A (2.5 mg) I’rom the less polar band and lractron iB 

(4 i mg) from the more polar band. Fraction IA was 24s(-Ze- 

acetate Fraction IB was a mixture ot three components lrom 

which was isolated the acetates ol‘ la. I b [(‘-?-I eplmerlL. mlxturs) 

and 24a-ld by HPLC. The !ractlons l’rom band 2 CA’,, 0 6i 21.70) 

and 3 (K, 0.41 0 5). on turther argentation TLC.. ga\c 24z-Ie- 

acetate (30.1 mg)and If-acetate IXY X mgl. respectliel) ,I Jr;lct~oil 

(215.4mg) from the most polar band 4 IK, 0 I4 O.ji I ws a 
mixture 01 two steryl acetate\. and :t portInn (YO mg) of this 

ii-actjon was subjected to l_tI’LC gi\mg Ic-,%rrari~ (I.0 rn&?j ad 
Ig-acetate (48.X mgj 
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