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Abstract-The 27OM,Hz NMR spectra of the major sterols of pumpkin seeds show that the configuration at C-24 
of 24-ethyl-Sex-cholesta-7,22,25-trien-3/?-ol and 24-ethyl-5cr-cholesta-7,25-dien-3@ol is 248, = (24s) whereas the 
a-spinasterol has the 24~ = (24s) configuration. 

INTRODUCTION 

The major sterols present in the seeds of Cucurbita pepo 
are 24-ethyL5a-cholesta-7,22,25-trien-3B_ol (la), 24-ethyl- 
5a-cholesta-7,25-dien-38_ol(2a) and 24-ethyl-5a-cholesta- 
7,22-dien-3p-01 (3a) [l-3]. A stereospecific synthesis of 
the two C-24 epimers of la showed the pumpkin sterol 
to possess the 248, = (24s) con6gurationS [4,5], unusual 
in higher plants [6]. 

The synthesis of 2a was not stereospecific [7] and 3a 
was referred to as a-spinasterol at the time for con- 
venience even though its configuration at C-24 was not 
known. It was also shown that la and 2a are biochemi- 
cally closely related whereas 3a seemed to lie on a differ- 
ent biosynthetic pathway [8]. 

24&=(24S)-(1o.b) 248, = (24S)-(2a.b) 

24a, = (24S)-(3a.b) 248, =(24S)-(4a,b) 
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Differentiation of 24-ethylcholesterol derivatives which 
are epimeric at C-24 is difficult by determination of their 
melting points, optical rotations or chromatographic be- 
havior [lo]. It has been recently shown, however, that 
this differentiation is possible by high field NMR spec- 
troscopy [11-143. We therefore used this method to 
determine the configurations of the pumpkin seed 
sterols. 

RE%JLTS AND DIXXJSSION 

Sterol preparations 

The acetates of the (24R)-and (24Qepimers of 1 were 
synthesized [4,5] and selectively hydrogenated over a 
soluble rhodium catalyst to yield a-spinasteryl (24S)@b) 
and chondrillasteryl(24R)-(3b) acetates respectively. The 
latter, in turn, was then hydrogenated over Raney nio 
kel[9] to give (24S)-@b). This, together with its 24~~ 
epimer schottenyl acetate (24R)-(4b) [P], was now com- 
pared to the product obtained by the hydrogenation of 
the C-25 double bond of the acetate of naturally occur- 
ring 2a. 

3B-Acetoxy-24-ethyl-5a-cholest~7~~5-trie~es (lb) 

Slight differences in the shifts of the C-21 and C-29 
methyl groups between the (24R)- and (24S)-epimers of 
lb had already been observed in their 1OOMHz speo 
tra[4]. These differences can be seen more readily in 
the 270MHz spectra of the two compounds (Table 1). 
The di!Exence of 0.01 ppm between the two methyl 
resonances appears as 2.7 mm on the chart of the 
270MHz spectrum and is threfore quite readily 
observed. The difference between the two epimers is even 
greater in the olefinic region. The distance between the 
C-22 and C-23 proton signals is 0.03 ppm (5.4 mm on 
the chart) greater for the (24R)- than for the (24S)-epimer. 

The spectra also showed that the synthetic (24R)- and 
(24s).(lb) were each free of the other epimer. As expected 
from previous evidence [4,5], the spectrum of the acetate 
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Table 1. 270 MNz NMR data* of (24R)- and (24,!+3~acetoxy-24-ethyl-5a-cholesta-7,25_ 

C-18 Cl9 C-29 c-21 C-27 G23 c-22 

3&Acetoxy-24-ethyl-Sar-cholesta-7,22,25- 
triene 

24a, = (24R)-(lb) SO.54 s 0.81 t 0.83 d 1.03 s 1.65 dd5.16 dd 5.27 
(8.0) (6.8) (broad) (7.5 and (8.0 and 

15.5) 15.5) 
24& = f24.Y)-(lb) s 0.54 s 0.81 t 0.84 d 1.02 s 1.65 f&i518 dd 5.26 

(7.5) (6.7) (broad) (cu 7 (cu 8 
and and 
15.7) 15.7) 

* Chemical shifts in 6 @pm) in CDCls with TMS as an internal standard; s = singlet, d = doublet, dd = double doublet, 
t = triplet, the figures in parentheses give the coupling constants, J, in Hz 

Table 2. 270 MHz NMR data* of a-spinastery1 and ~ond~l~t~yi acetates 

C-18 c-19 c-29 C-26, G27 c-21 

a-Spinasteryl acetate 
24a, = (24@(3b) 

~~~1~~~1 acetate 
248, = (24R)-(3b) 

s 0.55 so.81 

SO.54 so.81 

f 0.81 
(6.5) 

t0.81 
(7.2) 

d 0.84d0.85 
(ca 7, 6.5) 

d 0.39, d 0.84 
(co 7, 6.5) 

d 1.03 
(6.6) 

d 1.03 
(6.5) 

* For conditions and signs see Table 1. 

Table 3. Melting points and optica1 rotations of a-s~~t~oi and ch~d~~tero1 and their acetates 

a-Spinaster 
24a, = (24S’)-(3~) 
-acetate (24,9j-(3#) 

~OndriIl~te~~ 
24Bp = wRk(w 
-acetate (24R)+b) 

from Cucurbita pepo lit. [15-171 synthetic 
mp Cab mp [aID mp [a]D 

171-173” -2.7 172-175” -3” 172-173” -2P 
186-187” -4.8O 185-1879 -so 187-189” - 5.2” 

168-169” - 2” 172-174” - 2.0” 
175-176 - 1.0” 182-184” -4.5” 

Table 4. 270 MHz NMR data* of schottenyl and d~hydr~on~~~~~l acetates 

C-18 Cl9 G26, C-27 G29 c-21 

Schottenyl acetate 
24a, = (24R)-(4b) so.53 SO.81 d 0.81. d 0.84 t 0.85 d 0.92 

Dihydrochondrillasteryl 
(7.1: 6.6) 

_~_ 
(6.5) (6.1) 

acetate 248, = (24$-(4b) 

* For conditions and signs see Table 1. 

so.53 SO.81 d 0.81, d 0.83 
(6.8, 7.0) 

t 0.85 

(7.41 
d 0.93 

(6.2) 

Table 5. Melting points and optical rotations of schottenol, dihydrochondr#asterol 
and their acetates 

free alcohob 
mp [aID 

acetates 
mp cai?D 

Schottenol [1,9] 
Dihydrochondrillasterol 

from (24R)_(3) 
from (2) 

151-152” 8.0” 160 7.4 

151-152” 5.8” 166-168” 5.5” 
152-153” 5.8” 166-167” 5.6” 
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of the naturally occurring triene (lb) was identical to 
that of the synthetic 24/I, = (24S)-(lb). 

3~-Acetoxy-24-ethyl-5ct-cholesta-7f2-di (3b) 

a-Spinasteryl acetate 24ar = (24S’)-(3b) prepared from 
stigmasterol[9] and the cc-spinasteryl acetate from 
Cucurbitu pepo seeds had identical 270 MHz NMR spew 
tra. As with the As*22 epimers, stigmasteryl acetate and 
poriferasteryl acetate [ 133, the NMR spectra of the A7,22 
epimers a-spinasteryl acetate and chondrillasteryl acetate 
248, = (24R)-@) show slight differences in the positions 
of the C-26 and C-27 doublets (Table 2). When compared 
to the invariant C-29 triplets, these give rise to siguifi- 
cantly different peak patterns. 

In contrast to the NMR spectra, the melting points 
and optical rotations of a-spinasterol and chondrillas- 
terol and their acetates are not significantly different 
(Table 3). The reported data for chondrillasteryl ace- 
tate [lS] should be revised. 

3/?-Acetoxy-24-ethyl-5cxbolest-7-enes (4b) 

The differences that can be seen in the 270 MHz NMR 
spectra of schottenyl acetate (24R)-(4b) and its epimer 
(24~(4b) are similar to those observed in the spectra 
of sitosteryl and clionasteryl acetates [13,14]. In 
(24~(4b) the C-21 doublet is 0.01 ppm downfield and 
one of the C-26$-27 doublets is 0.01 ppm upfield from 
those of the (24R)+b) epimer and the C-29 coupling 
constant is larger in the former. In addition, the coupling 
constants of the C-26,C-27 doublets differ in the two 
epimers (Iable 4) and this, in conjunction with the above 
observations, gives significantly different patterns in the 
Me-region. The NMR spectrum of the hydrogenation 
product (4b) of 3/I-acetoxy-24-ethyl-%cholesta-7,25- 
diene (2b) was identical to that of dihydrochondrillasteryl 
acetate 24/I, = (24S)-(4b) and different from that of 
schottenyl acetate 24~ = (24R)-(4b). 

The corresponding melting points and optical 
rotations are given in Table 5. 

co?lc1usion 

As shown by the 270 MHz NMR spectra of their ace- 
tates, 24ethyl-5ar-cholesta-7,22,25-trien-3~-ol (la) and 
24-ethyl-5a-cholesta-7,25dien-3B_ol @a) from Cucurbita 
pep0 seeds both belong to the 248, series which is un- 
usual in higher plants, whereas the third sterol from these 
seeds, 24-ethyl-5a-cholesta-7,22-dien-3fl-o1 @a), is a-spin- 
asterol and belongs to the tir series. 

General. The NMR spectra were recorded on a Bruker WH 
270 under conditions given in the footnote of Table 1. The 
mps are corrected, the optical rotations were taken in CHCls 
at 22” and c = 1.00. The natural stcrols and their acetates 
were isolated according to 111. AU of the compounds gave 
asinglepeakonGLC.- -- 

a-Sninustervl acetate (24SH3h) from (24R)_(lb). 200mg 
(24R$(lb) in 40 ml C6H6 and ‘%l ml &OH were’ hydrogenated 
with 80 mg (PhsP)3RbC1 for 30 min and the residue chroma- 
tographed on AgNO,-Si gel. Crystals (151 mg) from heptane, 
data see Table 3. NMR see Table 2; in addition 8 503 (3H, 
s, MeCO), 4.6-4.8 (lH,m, C-3), 5.1-5.2 (lH, m, C-7). Identical 
in all respects with (24S)-@h) from stigmasterol[9]. 

a-Spinasterol. From (24Sj-(3b) by alkaline hydrolysis; crys- 
tals from heptane, data see Table 3. 

Chondrillasteryl acetate from (24S)-(lb). 200 mg (24S)-(lb) 
were hydrogenated and chromatographed as above; crystals 
(165 mg) from heptane, data see Table 3. NMR see Table 2, 
in addition signals as above. 

Chondrillustero~. From (24R)-(3b) by alkaline hydrolysis, 
data see Table 3. 

(24S)-3~hxtoxy-24-ethyl-5a-cholest-7-ee (24$0-(b) from 
(24RW3h). 5Oma (24Rb(3h) in 25 ml EtGAc were bvdro- 
genated for 1 day ‘with b.2’ml triethylamine and 1 g Raney 
nickel. The crude product was ozonized for 5 mitt in CHrCl, 
at 0” to destroy unreacted (ca 30%) chondrillasteryl acetate. 
Chromatography with petrol-Et,0 (99: 1) on Si gel gave pure 
(GLC) (24S)-@lr). Crystals (18mg) from heptane, data see 
Table 5. NMR see Table 4, in addition 6 2.03 (3H, s, MeCO), 
4.6-4.8 (IH, m, C-3), 5.1-5.2 (IH, m, C-7). 

(24S)-24-EthyJ-5a-cholest-7-en-3jl-oZ. From (24~(4h) by 
alkaline hydrolysis, data see Table 5. 

(24S)-(4b) from (24&o-(b). 15Omg natural (24s)(2b), with 
some 3&acetoxy-5a-stigma&a-7,24(28)-diene as impurity were 
hydrogenated in lOml C,H, and 10ml EtGH with 30mg 
(Ph,P),RhCl for 1 hr. Separation from the unreacted impurity 
was achieved by chromatography on AgNO,-Si gel with 
petrol-Et,0 (98 :2). Crystals (50 mg) of pu& (G-LC) (z4S)-(4b) 
from hentane. data see Table 5. NMR exactly as that of 
(24S)-@hj from (24R)-(3b). Alkaline hydrolysis g&e (245’)-(4a), 
identical in all respects with that above. 
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