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Abstract-In the seeds of Cucurbita pepo three closely related 24-ethyl-A’-steryl glucosides were identified by 
hydrolytic studies and spectral analysis as spinasteryl+@ucopyranoside, the new 3-0-(B-@ucopyranosyl)-24/?- 
ethyl-Sacholesta-7,25(27)-dien-3/3-ol and the corresponding A =,25(2Qrienol. Except for its occurrence in cucumber 
seeds the latter is so far unknown as a natural product. 

INTRODUCTION 

The major sterols of the seeds of Cucurbira pep0 are 24/I- 
ethyl-5acholesta-7,25(27)dien-3~-ol(aglycone of la), 
24/&ethyl-5acholestaa-7,truns-22,25(27)-trien-3~-ol (ag- 
lycone of 2r) and the 24a-ethylsterol spinasterol (aglycone 
of 3a) [l-41. The configuration at C-24 was established by 
270 MHz H NMR spectroscopy [l] and further by 
stereospecitic synthesis of the corresponding two C-24 
epimers [l, 3, 41, recently confirmed by 13C NMR 
spectroscopy [S, 63. There has been no report on the 
occurence of glycosylated A’-sterols in pumpkin seeds. As 
part of an ongoing chemical and pharmacognostical 
analysis of Cucurbita pepo seeds [7-93 we now describe 
the identification of the three main steryl glycosides 
la-3a, which represent the b-Dglucopyranosides of the 
above-mentioned 24-ethyl-A’-sterols. Compound la is a 
new glycoside from natural sources, 2a has so far been 
detected with the aid of GLC only from the seeds of 
Cucumis sat&us [lo] and 3a (spinasteryl glucoside) is also 
reported for the first time from pumpkin seeds. 

RESULTS AND DISCUSSION 

In the course of an isolation procedure [7] the presence 
of the steryl glucosides la-% in the seeds of Cucurbita 
pepo was detected by TLC of an EtOAc percolate on silica 
gel using CHCl,-MeOH (85: 10) as eluant. This showed a 
purple-blue colouration with the Liebennann-Burchard 
reagent and a single spot at R, 0.52 on TLC. The fraction 
(95 mg) was isolated by column chromatography on silica 
gel. Acetylation gave a tetraacetate, whose ‘H NMR 
spectrum showed signals due to 18-Me (60.53, s), 1PMe 

*Part of the dissertation by M. Sauter, 1984, Freie 
Universitit Berlin. 
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(0.76, s) of A’-sterol [l], four methyls (each s, 1.95, 2.00, 
2.02, 2.05) of acetyls, the anomeric proton (4.62, d, J 
=8Hz)and6;,,-H(4.25,dd,J= 12and5Hz;4.1O,dd,J 
= 12 and 2.5 Hz) of the &@ucopyranosyl moiety. In the 
noise decoupled 13C NMR spectrum of the free A’-steryl 
glucosides, for which so far no data are given in the 
literature, six distinct signals were assigned to glucose, 
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Table 1. ‘“C NMR chemical shifts of C-20/C-29 
for steryl glucosides la, 2a and 3a (20.4 MHz; 
pyridined,; G/ppm; TMS as internal standard) 

Carbon 
No. la 2a 3a 

20 40.7 40.7 40.7 
21 18.8 22.0* 22.0* 
22 34.2 137.5 138.6 
23 29.8 130.6 129.9 
24 49.8 52.3 51.5 
25 148.4 148.6 32.2 
26 19.0 20.2 21.9* 
27 111.9 110.2 21.9’ 
28 26.7 25.8 25.8 
29 12.0 12.3 12.6 

*Assignments may be interchangeable. 
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indicating its @onfiguration (S 102.4) and the pyranose 
form [ 111. The placement of the glucosyl residue at C-3 of 
the aglycones followed from the observed downfield shift 
(7.5 ppm) of the C-3 signal and the highfield shifts (2.3 
resp. 3.9 ppm) of the C-2/C-4 signals relative to their 
corresponding shifts in 5acholestan-3&ol[ 111. Thus, the 
expected 6, values of the aglycone 78.0, 30.11352 are in 
agreement with the experimental values 78.7, 30.1/34.9, 
whereas 673.8, 26.0 and 35.1 would be expected for the 
corresponding 3a-yl-isomer [ 111. 

95 mg of the A’-steryl glucoside fraction, consisting of la, 2a and 
3% 

From the mass spectra and the NMR spectra the 
fraction was assumed to be a mixture of 24-ethyl-A’- 
steryl+@ucopyranosides. Since the chromatographic 
separation of such closely related steryl glucosides was not 
possible and has not yet been reported, the steryl com- 
ponents were identified according to the method pre- 
viously described for this type of compound [ 121. Either 
careful acid hydrolysis or enzymatic cleavage with /3- 
glucosidase yielded Dglucose and a steryl mixture. The 
former was identical with Dglucose as regards TLC 
examination and enzymatic test with glucose oxidase. 
After acetylation of the latter sterols, it was suggested to 
be a mixture of three components by GLC examination. 
The peaks were assigned to the acetylated aglycones of la, 
2a and 3a by comparison with pure authentic samples in 
concordance with published data [5, 131 and the ratio of 
their content was determined as approximately 1: 3:2 
from the results of the GLC analysis. Preparative separ- 
ation of the acetate mixture was achieved by TLC on 
AgNOJ-silica gel, which showed three bands at R, 0.23, 
0.53 and 0.86. This afforded 24j3-ethyl-5acholesta- 
7,25(27)-dien-3/l-yl acetate (aglycone of la), 24j?-ethyl-5a- 
cholesta-7,truns-22,25(27)-trien-3fl-y1 acetate (aglycone of 
2a) and spinasteryl acetate with the 24aconfiguration 
(aglycone of 3a). The identity of these compounds, 
including the assignment of the configuration at C-24, was 
obtained by mmp examination, IR and ‘H NMR com- 
parison with authentic steryl acetates. Furthermore the 
experimental ’ 3C NMR shifts of the side chain carbons in 
la-3a were in good agreement with the described values 
of the corresponding aglycone acetates [S], as shown in 
Table 1. Summarizing all the data obtained, the main 
steryl glycosides of the seeds of Cucurbita pepo are la, 2a 
and 3a. 

Acid hydrolysis. Steryl gllscosides la-3a (35 mg) were hydro- 
lysed with CHCls-MeGH-HC137 % (42: 42: 16 = 1.65 N) under 
rellux for 1 hr. The resulting mixture was coned in uacuo after 
Hz0 had been added, and the residue was extracted with Et,O. 
The EtrO extract was washed with H,O, dried (MgSO,) and 
evaporated to dryness in UIICUO. The H,O layer on Et,0 
extraction was neutralized with Amberlite 4OOand evaporated to 
dryness in uacuo. The presence of Dglucose was shown by TLC at 
R, 0.35 in Me,CC&n-BuOH-Hz0 (50:40: 10) as well as by an 
enzymatic test with glucose ox&se (available from Fa. Roth, 
Karlsruhe) [9]. 

Enzymatic hydrolysis. To the aq. acetate buffer soln. (pH 5) of 
fraction la-30 (not completely soluble) &glucosidase was added, 
and the mixture kept at 37” for 2 days. Aglycones were extracted 
with EtOAc; on TLC the aq. layer showed a spot corresponding 
to that of glucose. 

Sterol analysis. The sterols obtained by acid hydrolysis were 
acetylated with Ac+pyridine (1: 1) in the usual manner. The 
steryl acetates were fractionated by TLC on AgNOa-silica gel [5] 
with CHQ. This gave the aglycone acetates of la (R, 0.53X 21 
(R, 0.23) and 3a (R, 0.85). Each steryl acetate was shown to be 
identical with the corresponding authentic samples by mmp 
(aglycone acetates of la, 2a, 3a: mp 155-158”; 168-171”; 
17@-172”), IR (KBr), ‘H NMR and GLC comparison with the 
A’-sterols obtained from the unsaponiliable lipids of C. pep0 
seeds. Further details can be obtained by us [7,9]. Furthermore, 
the steryl acetates were separated by GLC. The RR,s were 
(cholesteryl acetate = 1.00) 1.77 (aglycone of la), 1.61 (aglycone 
2r) and 1.58 (aglycone 31). The amounts of the different sterols 
were calculated from these GLC results. 

The free 24-ethyl-A’-sterols are typical for the seeds of 
some Cucurbitaceae [ 141, whereas reports of glucosylated 
A’-sterols are very rare [15], except for spinasteryl 
glucoside [4, 123. Possibly this also may be due to the 
difficult chromatographic separation of this type of 
glycosides. The significance of this awaits further investi- 
gation in other genera of the Cucurbitaceae. 

EXPERIMENTAL 

The origin of the seeds of Cucurbita pepo L. convar. citrullinina 
I. GREB. var. styriaca I. GREB. was reported previously [S]. 
GLC was carried out on an OV-1701 SCOT glass capillary 
column (15m xO.25mm, isothermal 240°, FID det., He at 
35 cm/set, split ratio 30: 1). 

Isolation. Dried and ground seeds (3 kg) of C. pep0 were 
percolated with petrol (5 I.), CH3C12 (5 1) (1.45 kg pumpkin seed 
oil [7]) and EtOAc (5 I.). The residue (5.7 g) after removal of 
EtOAc in umuo was washed with n-hexane and partitioned 
between MeOHCH2Cl,-Hz0 (40:40: 10). After evaporation of 
the organic phase (2.5 g residue) further purification by CC on 
silica gel using CH#&-n-hexane-MeOH (49: 50: 1) yielded 

The identification of the three components was verified by the 
following spectral analysis of the fraction of free and acetylated 
glucosides. W (la-3a) I=” nm: 210. EIMS (lb-3b) 8OeV, 
m/z (ret. int.): 742 [Ml]’ (4.5), 740 [M2]+ (2), 700 [M, 
-COCHl]+ (2), 698 [MI -COCH2]+ (1.5X 601 [M,,, -side 

chain]+ (7), 559 [601 -COCHz]+ (3.5), 454 (2), 412 [M: -glut. 
ac.](7),410[M+,-gluc.ac.l(8),397[412-Me]+ (11),395[410 
-Me]+ (28), 331 [glut. tetraac.]+ (81), 273 [410-side chain]+ 
(lo), 271 [331 -HOAc]+ (34), 139 [side&in]+ (12), 137 [side 
chain]+ (51x43 (100). ‘H NMR (assignment by comparison with 
published data for aglycones [14]) (250 MI-Ix, shifts in DMSO- 
d, for la-3a/CDCI, for lb-3b) la/lb: 63.55/3.54 (lH, m, H-3), 
5.11/5.18 (lH, m, H-7). 0.49/0.51 (s, 18-Me),0.74/0.76 (3H,s, H- 
19), 0.92/0.90 (d, 21-Me), 1.53/1.55 (s, 26-Me), 4.70/4.69 (dd, 27- 
CH& 0.78/0.82 (t. 29-Me). 2a/2b: 63.55/3.54 (IH, m, H-3), 
5.1 l/5.18 (lH, m, H-7). 0.51/0.53 (s, 18-Me), 0.74/0.76 (3H, s, H- 
19), l.OO/l.Ol (d, 21-Me), 5.1%5.23/5.18-5.23 (dd, H-22/23), 
1.61/1.63 (s, 26_Me), 4.70/4.69 (dd, 27-CH& 0.79 (t, 29-Me). 
3a/3b:3.55/3.54(1H,~H-3),5.11/5.18(1H,m,H-7),0.51/0.53(s, 
18-Me), 0.74/0.76 (3H, s, H-19), l.OO/l.Ol (d, 21-Me), 
5.19-5.23/5.18-5.23 (dd, H-22/23), 0.85/0.85 (br s, 26-Me), 
0.80/0.80 (br s, 27-Me), 0.78 (t, 2%Me). Glucosyl-H (la-3a) 
64.90/4.94 (2H, d, J = 5.1 Hz, lH,d, J = 5.5 Hz, 2’-, 3’-, 4’-OH), 
4.44 (lH, t, J = 5.1 Hz, 6’-OH); (DMSO& + CF, COOD): 4.22 
(lH, d, J = 7.7 Hz, H-l’), 2.92 (lH, dd, J = 7.7 and 9 Hz, H-2’), 
3.2-3.08 (3H, m, H-3’, 4’, S), 3.65 (lH, br d, J = 10.3 Hz, H+Y1), 
3.45 (lH, dd, J = 10.3 and 6 Hz, H-6’t). Glucosyl-H (lb-3b): 
64.6O(lH,d.J = 8Hz,H-1’),494(1H,dd,J = 8and9Hx,H-2’), 
5.19(1H,dd, J=9and9.5Hz,H-3’),5.lO(lH,dd,J=9.5and 
9.7 Hz, H-4’), 3.68 (lH, m, H-5’), 4.25 (lH, dd, J = 12 and 4.8 Hz, 
H-6’,), 4.10 (lH, dd, J = 12 and 2.5 Hz, H-6’,), 1.95, 2.00, 2.02, 
2.05 (each 3H, s, OAc). ‘% NMR of la-Jo (20.4 MHz, pyridine- 
d,): seeTable 1, except: 626.1 (C-l), 30.1 (C-2), 78.7 (C-3), 34.9 (C- 

_ -- _ 4), 40.4 (C-5), 29.9 (C-6), 117.9 (C-7), 139.7 (C-8), 49.8 (C-S), 34.9 
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(C-lo), 21.9 (C-11), 39.8 (C-12), 43.6 (C-13), 55.4 (C-14), 23.5 (C- 
15), 28.2 (1a)and 28.8 (2a/3a) (C-16), 56.4 (C-17), 12.3 (C-18), 13.1 
(C-19), 40.7 (C-20). Glucosyl-C: 102.4 (C-l’), 75.4 (C-2’), 78.3 (C- 
3’), 72.0 (C-4’), 77.4 (C-S), 63.1 (C-6’). 

6. 

7. 
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Abstract-A new furostanol glucuronide and three known glycosides, SL-0, aspidistrin and methyl proto-aspidistrin, 
were isolated from the fresh immature berries of Solanum iyracum. The structure of the new compound was 
characterized as 26-0-~-~glucopyranosyl-(22~,2SR~3~,22,26-trihyrost-5-ene 3-O-a-L-rhamnopyranosyl-(1 
+ 2)-[fi-~glucopyranosyl-(1 + 3)]-&Dglucuronopyranoside. 

INTRODUCTION RESULTS AND DISCUSSION 

It was previously reported that a furostanol @L-O), a 
spirostanol (SLl) and two steroidal alkaloid glycosides 
(SLc, SLd) were obtained from the stems of Solanum 
lyratum Thunb. and their structures were elucidated [ 1,2]. 
Our continuing study of the fresh immature berries of this 
plant has led to the isolation of a new steroidal glucu- 
ronide (l), which was a major component (ca 2.8 %), along 
with three known glycosides, SLO [l], aspidistrin [3] and 
methyl proto-aspidistrin [S]. This paper deals with the 
structural elucidation of compound 1. 

Compound 1, an amorphous powder, [a],,- 61.4”, 
showed strong absorptions in the IR spectrum due to a 
carboxyl group (1600 cm-‘) and a hydroxyl group 
(3400 cm- ‘), but not for a spiroketal function [S, 6] and it 
was positive to the Ehrlich reagent [7], suggesting a 
furostanol glycoside structure. Enzymic hydrolysis with 
almond emulsin gave a spirostanol glycoside (2) and D 
glucose. Compound 2, colourless needles, mp ) 300”, 
[a],- 83.4”, showed absorptions due to a carboxyl group 
(1600 cm- ‘) and a characteristic spiroketal ring (920,900, 
865cm-‘) in the IR spectrum, and in the FD mass 
spectrum the peak at m/z 937 originated from [M + K]+. 
Acid hydrolysis of compound 2 yielded diosgenin to- 
gether with rhamnose, glucose and glucuronic acid. T’he 
EI mass spectrum of the acetate of 2 showed the peaks 

*Part 6 in the series “Studies on the Constituents of Solonurn 
Plants”. For Part 5 see ref. [2]. 


