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Abstract-The sterol constituents of 32 seed and mature plant (leaves and stems, periaup of the fruit and roots) 
materials from the 12 genera of the family Cucurbitaceae were investigated, and 44 sterols were identified or newly 
characterized. The sterols found were those possessing the following 7 types of skeletons: saturated, and As-, A’-, A*-, 
A8(i4’- and 14a-methyl-A9” I)- unsaturated, and 14a-methyl-9/l,19cyclo skeletons, with the side chains of 24 
unsu~titut~, A”-, 24methyl-, 24-methyl-A’2-, 24methylene-, 24&hyl-, 24-ethyl-Af2-, 24-ethyl-A24”“-, 26 
ethylidene-, 24-ethyl-A25- and 24-ethy1-A’2*25 -substituted, 24-methylene-2%methylated and 24&dimethylated 
(24,24dimethyl-, 24,24dimethyl-A22- and 24,24-dimethyl-A2s-substituted) structures. The configurations at C-24 of 
the 24-alkylsterols were examined by high resolution ‘H NMR and 13C NMR spectroscopy. The 24-methyl- and 24 
ethylsterols lacking a A2’-bond examined (i.e. 24_methyl-, 24methyl-A 22- 24-ethyl- and 24-ethyl-A22-sterols) were 
shown to occur as the C-24 epimeric mixtures, or as a single diastereoisomer, either 24a- and 24g-epimer. The 24 
ethylsterols bearing a A’s-bond (i.e. 24-ethyl-A25- and 24-ethyl-A22~25 -sterols) were, on the other hand, composed of 
only 24&epimers. The possible biosynthetic sequences to the cucurbitaceous sterols are discussed. 

INTRODUCTION 

Plants of the family Cucurbitaceae contain 24-ethyl-A’- 
sterols, such as 24-ethylcholest-7enol (3f), 24 
ethyichol~~-7,22~ienol (3g), 24-ethylcholesta-7,25di- 
enol (3j) and 24-ethylcholesta-7,22,2S&enol (3k), as the 
major sterol components Cl-133 which constituted the 
characteristic feature of the plants of this family since the 
great majority of higher plants contain pr~o~nantly 
sterols bearing a A’-bond with a 24a-alkyl substituted side 
chain (24R if a saturated or A25-unsaturated side chain, 
24s if the AZ2 derivative) represented by sitosterol (24a- 
Zf) [14-161. The configuration at C-24 of 3j and 3k 
isolated from the seeds of Cucurbita pep0 was established 
as 248 by high resolution ‘H NMR spectroscopy [S] and 
further by stereospecific synthesis of the two C-24 epimers 
of 3k [ 17, 181, whereas 3g isolated from the seeds was 
shown to be the 24u-epimer, i.e. spinasterol (24c+3g), by 
‘HNMR spectroscopy [Sj. This constituted the first 
demonstration of the occurrence of 24+x- (24o-3g)and 24/l- 
(3j and 3k) ethylsterols in a higher plant which prompted 
us to undertake an extensive investigation of the sterol 
constituents of the plants of the Cucurbitaceae with 
special reference to the configurations at C-24 of 24 
alkylsterols. This paper summarizes our recent [19-311 
and present studies on the sterol constituents of 32 seed 
and mature plant materials from the 12 genera of 
Cucurbitaceae. 24Alkylsterols from the mature plants of 
C. pepo [8] and Ecbaflium efaterium [lo] and the seeds of 
C. muximo [ 12,131 have recently been studied 
stereochemically. 

*To whom correspondence should be addressed. 

RESULTS 

Table 1 lists the 32 seed and mature plant materials 
from the 12 genera Apodrurtheru (I), Benincusu (II), 
Cirrullais (HI, XXIX coccinerr (XXII), cucumis (IV, v, 
XXIII), Cucurbita (VI-IX), Gynostemma (XXIV), 
Lagenaria (X-XII, XXV), Luffa (XIII, XIV), Momordica 
(XV-XVII, XXVI, XXVII), Sechiffm (XXVIII, XXIX), 
Sicyos (XXX) and ~r~~s~f~s (XVIII-XX, XxX1, 
XxX11) of the family Cucurbitaceae investigated for the 
sterol constituents [19-313. Compositions of the sterol 
fractions determined for these plant materials were de- 
scribed previously [27, 28, 31). 

Among the plant materials listed in Table 1, the 12 plant 
materials were subjected in this study for further sterol 
isolation, and the following sterols (see Table 2 for the 
name of sterols), as shown in parentheses, from individual 
plant materials were isolated and identified: I (3f, 3g), IV 
(3c, 3f ), VI (2g,3e, 3f, 3g), VII (3c, 3f ), X (Zf), XIII (2g). 
XX (2g, 3f ), XXII (2c, 24a- and 248-26 2f, 2g, Zj, Zl, SC, 3f, 
3g), XXIV (Ic, k, 2d, 2g 3d, 3j, 3k), XXVII (3f, 3g, 4g), 
XXX (3c, 3d,3f, 3g) and XXX1 (3f, 3g). Identification of 
these sterols was performed based on the chromato- 
graphic (GC, HPLC, and argentation TLC) and MS data, 
and moreover by the high resolution ‘H or “C NMR 
data, in a similar way as described previously [277. 
Determination of the configurations at C-24 and the 
estimation of the relative proportions of diastereoisomers 
of C-24 epimeric mixtures of the 24-alkylsterols isolated 
were performed mostly by ‘H NMR spectroscopy 
[27,32] of which results were shown in Table 3 together 
with our previous results [ 1923,25,27-291. Isolation of 
2~methyl~hol~~nol (fc, mixture of C-24 epimers) from 
XXIV, 24a- and 24/l-methylcholesta-5,22dienol (zd) 
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Table 1. Cwurbitacau plant materials investigated for stcrol constituents 

Cucurbitaceac Rcferenax 

Seeds 
I* 
II 
111 
IV* 
V 
VP 
VIP 
VII1 
IX 
X* 
XI. 
XII 
x111* 
XIV 
xv 
XVI 
XVII 
XVIII 
XIX 
xx* 
Mature plant 
XXI 
XXII. 
XXIII 
XXIV’ 

xxv 
XXVI 
XXVII* 
xxv111 
XXIX 

xxx* 
XXXI’ 

xxx11 

Apadanthera u&data Gray 
Benincasa cerijka Savi (wax gourd) 
Cimdlus battich For&l (watermelon) 
Cucw& mrlo L. (melon) 
c. satfull. L. (cucumber) 
Cucwbila dfgitata 
C. foetidissima HBK (baffalo gourd) 
C. maxima Duschcsoc (squash) 
c. pep0 L. (pumpkin) 
benaria leucantha Rusby 
L. kwcmh Rusby va Gourdu Makido (bottle gourd) 
L. leucantha Rusby var. depressa Makino 
Lug0 acutangula Roxb. 
L. cyliadrica Rocm. (sponge gourd) 
Monwrdica &rant& L. (haham pear) 
hf. charanlia L. var. Pace1 Crantz 
M. cachinchinensis Spreng 
lMchosunrhes Anquina L. (sepcnt cucumber) 
T. cucvmrroides Maxim. (snake gourd) 
T. japonica Re@ 

tissues 
Citrulluc butt&h (aerial parts) 
Coccinea grandis Voigt (ivy gourd)t 
cucumi.l SatiuiAl (aaial parts) 
Gynostemma pentaphyllum Makino (aerial parts) 
Lqenaria leucuntha var. depressa (pcrkarp) 
Momardica charantia (aerial parts) 
M. cochinchinensis (aerial parts) 
Sechium edule SW. (chayotc) (aerial parts) 
S. edule (pcricarp) 
Sicyvs ~gu&ms L. (bur cucumber) (aerial parts) 
Trichosanthes diaica (roots) 
T. japonica (roots) 

WI 
c27, w 
C2Z 281 
WI 
[24, 25, 27.281 
CW 
CW 
[26-281 
[26-281 
C19,2Q 281 
122 281 
WI 
1281 
C19,W 
CW 
WI 
cm 
cw 
WI 
~27.281 

127,281 
PI 
[ 27-291 
C28,28, W 
PI 
W 
cw 
WI 
WI 
c311 
VI 
I% 281 

l Investigated further in this study. 
tThis was crroncously indicated as ‘seed material’ in ref. [28]. 

from XXII and XXIV, and 24-methylene-25- 
methylcholest-5cnol (21) from XXII, in this study, con- 
stituted the first instance of their isolation from cucurbi- 
taceous plants, and the ‘H NMR data of these sterols and 
sterol 4g were given in Table 4 for which signal assign- 
ments were performed by comparison with literature data 
[8, 27, 32-351. 

It is worth noting that although the side chain methyl 
signals are the usual criteria for differentiating the C-24 
epimers of 24-ethyl-AZ2-sterol [8,27,32,33], the 22-H and 
23-H olefinic signals can also be used to support the 
assignment since a difference was observed in the chemical 
shift of the olefinic signals between the C-24 epimers of 4g, 
i.e. 24acpimer, d 5.021 and 5.157 (each 1H); 24&epimer. 
65.026 and 5.163 (each 1H). Analogously, the differenti- 
ation of the C-24 epimers of the 24-methyl-A2L-sterol 
could be supported by the 22-H and 23-H olefinic signals 
since 24a-2d displayed the multiplet signals centered at 
65.16 whereas the 24@pimer showed them at 65.18 
(Table 4). 

DlSCUSSlON 

Sterol occurrence 

Through our recent. [ 19-313 and present studies, 44 
sterols were identified or newly characterized in the 
Cucurbitaceae as listed in Table 2 together with their 
chromatographic data (GC, HPLC and argentation 
TLC). Among these sterols, the A’-sterols (3c-3k) were 
found to be the major sterols of most of the Cucurbitaaae 
investigated which were accompanied by small amounts 
of the sterols with saturated (lc, If, lg) and As-(Za-2% 
2iiZk) and As-(4g, 4j, 4k) skeletons [21,27,28]. The 24- 
ethyl-A7*zz-(3g), A’*“-(3j) and A7~22~25-(3L) sterols con- 
stituted the predominant sterols for the seed materials, 
whereas the 24-ethyl-A’-sterol(3f and 3g) were the major 
ones for the mature plant tissues [27,28]. Several new or 
uncommon sterols as described below were detected in the 
following Cucurbitaceae as the minor or trace con- 
stituents: 24-methylene-25-methylcholest-7-enol (31) in 
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Tabk 2. Chromatographic data of some sterols found in the Cucurbitaceae 

SteroP 
R&t 

GC HPLC &,t 

lc(24a) 
lc(24B) 
ll(24a) 
lg(240 
2a 
2b 
W24a) 
k(248) 
W24N 
W248) 
k 
2f (26) 
2f(248) 
G(24cr) 
W248) 
Zi(24Z) 
2i 
2k 
21 
Jc(24N 
~~(248) 
W24a) 
36(248) 
3e 
3C (26) 

Jf(248) 
3t7(24@ 

z(248) 
31(24E) 
31(24Z) 

Y 
3k 
31 
3m 
30 
30 
4P(2C) 
41(248) 
4i 
4k 

W24a) 
6e 

7f (24a) 

24a-Methykhokstanol (campestanol) 
24/I-Methykholatanol 
24a-Ethykhokstanol 
2Y-Ethylchokst-22cnol 
Chokst-Scnol (choksterol) 
Choleata-5.24dienol (desmosterol) 
24c+Methylchokst-S-enol (campeaterol) 
24/l-Methykhokst-Scnol 
24a-Mcthylchoksta-5,22dienol 
248-Mcthykhoksta-5,22dienol (brassicasterol) 
24Methylenechokst-Stnol 
24a-Ethykholest-S-enol (sitosterol) 
24/7-Ethylcholcst-S-enol (clionasterol) 
24a-Ethykhoksta-5.22dienol (stigmasterol) 
24/SEthykholesta-5.22dienol (poriferasterol) 
24Z-Ethylidenecholct-5cnol (isofucosterol) 
248-Ethykhoksta-5J5dienol (clerosterol) 
24/I-Ethylchoksta-5,22,25-trienol 
24-Methykne-25-methykholst-5cnol 
24a-Methylchokst-7cnol (stellasterol) 
24B-Methykhokst-7col 
24a-Mcthylchoksta-7.22dienol 
24jSMethylcholata-7J2dienol 
24-Mctbylcnecholest-7cnol (episterol) 
24a-Ethylcholest-7-01 
24/I-Ethykhokst-7cnol 
24a-Ethylcholesta-7J2dienol (spinaxterol) 
24/l-Ethykhoksta-7.22dienol (chondrillasterol) 
24-Ethylcholesta-7,24(25)dienol (peposterol) 
24E-Ethylidenechokst-7cnol (isoavenasterol) 
24Z-Ethylidenechokst-7cnol (aveuasterol) 
24j?-Ethylchok&7,25dienol 
24/.?-Ethylcholata-7,22,2Strienol 
24-Mcthylcne.-25-methylcholest-7cIlol 
24,24-Dimcthylchokst-7-01 
24,24-Dimethylchoksta-7,22dienol 
24,24-Dimethylcholcsta-7,25dienol 
24a-Ethylchoksta-8,22dicnol 
24/l-Ethylchoksta-8,22dienol 
24/7-Ethylcholata-8,25dienol 
24/l-Ethykholesta-8,22,25-trienol 
24+Ethykhoksta-8( 14b22dienol 
l~-Methyl-24-methykne-9j?,l9qclocholestanol 

(24-methyknepollinastanol) 
Ma-Methyl-24azthylcholest-9( I I)-enol 

1.33 
1.33 
1.65 
1.45 
I.00 
1.21 
1.31 
I.31 
1.14 
I.14 
1.35 
1.63 
1.63 
1.43 
1.14 
1.81 
1.64 
1.52 
1.68 
I.55 
1.55 
1.36 
1.36 
1.61 
1.94 
1.93 
1.70 
1.71 
2.31 
2.04 
2.15 
1.95 
1.80 
1.98 
2.02 
1.66 
2.00 
1.54 
1.54 
1.74 
I.63 
1.49 
1.62 

1.11 
I.11 
1.37 
- 

1.00 
- 

1.07 
1.07 
0.86 
0.91 
0.80 
1.18 
I.18 
1.04 
1.04 
1.00 
0.86 
0.80 
0.97 
1.07 
1.07 
0.86 
0.91 
0.80 
1.18 
1.18 
1.04 
1.04 
1.02 
0.98 
1.00 
0.88 
0.76 
0.85 
1.22 
0.91 
0.84 
0.95 
0.95 
0.80 
0.69 
0.93 
0.98 

I.18 
1.18 
1.18 
1.18 
1.00 
0.60 
1.00 
I.00 
0.65 
0.65 
0.18 
I.00 
1.00 
0.96 
0.96 
0.53 
0.36 
0.14 
0.12 
I.00 
1.00 
0.63 
0.63 
0.16 
I.00 
1.00 
0.95 
0.95 
0.64 
0.53 
0.53 
0.41 
0.14 
0.18 
0.94 
0.65 
0.27 
0.89 
0.89 
0.40 
0.18 
1.00 
0.39 

1.82 0.88 0.89 

*All ste-rols have a hydroxyl group at C-38. All sterols, with the exception of A”-unsaturated sterols, are 5u- 
sterols. All C22-C23 double bonds are WMS (E) oriented. 

t RR, on GC and HPLC, and &-values on argentation TLC were measured for the acetyl derivatives and 
were expressed relative to 28 acetate. 

XXX [31], 24,24dimclhykholest-7-enol (3m), 24,24- 
dimethylcholesta-7,22dienol (3n) and 24,24-di- 
methylcholesta-7,25dienol (30) in XXIV [30], 24a 
ethykholesta-8(14),22dienol (24~50) [28] and 24-meth- 
ylenepollinastanol (6e) and 14a-methyl-24a-ethykholest- 
9( 1 I)-en01 (24a-7f) [29] in XXIII. 

Although four 24-ethyLA’-sterols, i.e. 24a- and 24/%4g, 
4j and 4k. were detected in the Cucurbitaceae, the 

occurrence in nature of A’-sterols (lacking a Cmethyl 
group) is quite rare, and they so far have been detected 
only in some lower organisms [la 15. 36-383. The 
structures of two 24-methylene-25-methylsterols 21 and 
3I, of which the former has hitherto been detected in some 
Cruciferae plants [3S], and three 24,24-dimethylated 
stcrols 3m. 3~ and 30 are unusual because they contain an 
acy&c, quatemary carbon in the side chain. Only some 
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Table 3. Relative proportions of C-24 epimers of some 24-alkylsterols from the Cucurbitaceae estimated by t H and i’C NMR* 

Side chain 
Ring system 
Configuration at C-24 

24Me(c) 24Me-A=(d) 24Et(f) 
A”(I) 

24Et-A”(g) 
A’(2) A’(3) A’(2) A’(3) A’(1) As(2) A’(3) A5(2) A’(3) A’(4) 

a:/7 a:fi a:/J a:/I U:p 2:/I a:/3 a:g a:/3 a:8 a:/3 

Seeds 

It 
II (refs. [25. 273) 
III (ref. [22]) 
IVt 
V (ref. [273) 
VI 
vr1t 

VIII (ref. [273) 
IX (ref. [27]) 
x (ref. [20]) 
XI (ref. [22J) 
x111t 
XIV (ref. [19]) 
XIX (ref. [21]) 
XX (ref. [27]) 

Malure plant tissues 
XXI (ref. [27]) 
xx11t 
XXIII (ref. [27]) 
XXIV (ref. [273) 

xxv11t 

xxxt 

xxx1t 

XXX11 (ref. [23]) 

8:2 

7:3 
7:3 

7:3t 8:2t 

2:8 8:2 

8:2 

713 8:2 

8:2 

8:2 

8:2 

713 

8:2 2~8 

8~2 8~2 

8:2 2:8t 4167 

8:2 4:ti 

8:2 

6:4$ 

8:2 

9: 1% 7:3$ 

lo:o 

lo:o 

7:3$ 

9:1$ 
1o:ot 

lO:o$ 
4:6$ 3:7t 

9:1: 
8:2 9> 1: 

9:1: 9:1: 

1:9 

2~8 
7:3 
8:2$ 

IO:@ 

8:2$ 3:7$ 4:6 

lo:o 7:3 

lo:o 
6:4$ 
5:52 

9:1$ lo:o 
9:1$ 
0: 10 
5:5 

8~2 

0: lO$ 

0: lot 

9:1$ 
lo:o 
lo:o 

1 < 9$ 

6:4: 
9:l 

7:3$ 

1<9: 
O:lW 0:lO 

0: 10 

713 

8:2: 

l 3j and 3k isolated from II [27J 111[22], V [ZTJ, VIII [273, XI [22], XXII [273 and XXIV were shown to be 24/3+mers on the 
basis of the ‘“C NMR data. Compounds 2j, 2k, 41 and 4k isolated from V [27], and 4 isolated from XXII also were shown to be 24/I- 
epimers on the basis of the ‘HNMR data. Compounds 5) [28] and 71[29] isolated from XXIII were shown to bt 24a-epimers. 

tExamined and estimated in this study. 
$E-stimatc based on the i3C NMR data. All others were based on the ‘H NMR data. 

Table 4. ‘H NMR chemical shifts (CDC13)* 

Sterol origin 
Substitucnt 18-H, 19-H, 21-H, 26-H, 27-H, 

at C-3 (s) (s) (d) (d) (d) 

1ct XXIV OAc 

2dS 

W 

(24s) 

XXIV OH (24x) 

XXIV OH (248) 

21 IV OAc 

4g XXVII OAc (248) 

48 IX (ref. [27-J) OAc (24x) 

0.893 

(6.4) 
0.646 0.815 

0.901 

(6.6) 
1.002 

0.693 1.011 (6.7) 
0.694 1.011 1.012 

(6.7) 
0.687 1.021 0.963 

(6.4) 
0.621 0.964 1.031 

(6.7) 
0.624 0.963 1.029 

(6.6) 

0.848 0.800 

(6.7) (7.6) 

0.854 0.780 

(6.8) (7.7) 
0.836 0.819 

(6.7) (7.3) 
0.835 0.819 

(6.3) (6.7) 
1.057 

(s) 
(::y 0.792 

(6.4) 
0.847 0.799 

(6.6) (5.9) 

l Chamiral shifts given in 6 values from TMS; figures in parentheses denote coupling constants 

multiplet signals. 

t Mixture of C-24 epimers. 

$Determined at 400 MHZ others were determined at 250 MHz. 
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sterols from marine sponges C39-413, and tetracyclic 
triterpenoids from Neolitsea species (Lauraceae) [42,43] 
and from Gyrinops walla (Thyme-) [44] are known 
to possess side chains with the quaternary centre at C-24 
or C-25. A8”*‘-Sterols are known to be formed from A’- 
sterols by isomerization under certain chemical con- 
ditions [22]. 24a-Ethyl-A8~‘4~*22-sterol (24u-!!g) thus de- 
tected in XXIII [28] was, however, considered not to be 
an artefact formed from its A’-isomer (3g) since 3g 
occurred as the C-24 epimeric mixture in XXIII (Table 3). 
We have further detected two 14c+methylsterols, 6e and 
24a-7f. in XXIII as the minor sterols [29]; the occurrence 
of such sterols is not very common. Other examples of 
l4a-methylsterols are those possessing A9” *)-[4S, 461, 
S/? 19cyclo-A9” “-[47], 9/?,19cyclo- [48-511 and A8- [49, 
52: 533 skeletons. The occurrence of 24/?-methyl-A”- 
sterols with side chain p was not confirmed in this study 
although sterols 2p and 3p have been detected in 
Cucurbita maxima seeds [ 12, I33 and the presence of these 
sterols is highly probable in our cucurbitaceous plant 
materials. 

Configurations at C-24 of 24-alkylsterols 

Table 3 shows the configurations at C-24 and the 
relative proportions of the C-24 epimers of the 24- 
alkylsterols lacking a A “-bond of the Cucurbitaceae 
examinedby ‘HNMRand ‘%NMRspectroscopyinthis 
and in our recent studies [19-23, 25, 27-291. All of the 
sterols with a 24-methyl (c) and 24-methyl-AZ2 (d) side 
chains were shown to be mixtures of 24a- and 24ficpimers 
in which the 24aepimers were mostly predominant in the 
cases of 24-methylsterols (lc, 2c, 3~). The coexistence of 
C-24 epimers and the predominance of the 24a-epimers in 
24-methyl-A5-sterols (2c) were consistent with those for 
2c found in many higher plants [8, IS, 54,551, whereas the 
predominance of the 24bcpimers as for 24-methyl-A5.22- 
sterols (2d) was closely correlated to that of 26 found in 
some Cruciferae species [34, 563. The co-occurrence of 

of some sterols isolated from Cucurbitaceae 

both 241~ and 24f3cpimers was observed further in the 24- 
ethylsterols possessing As-(2f) and A’-(3f) skeletons, and, 
moreover in the 24ethyld22-sterols bearing A’-(tg), A’- 
(3g) and A8-(4g) skeletons. As with these 24-ethyl sub- 
stituted sterols, some were found as a single dias- 
tereoisomer, either 24a- or 24ficpimer. 

Sterol biogenesis 

The A8- and A8”4’-sterols, formed as a consequence of 
the C-14 demethylation step from 14a-methylsterols, play 
a role as biosynthetic intermediates for A’-sterols which 
are then metabolized to other sterols through the 
sequence A’ + A ‘*’ .+ As [14, 151. Taking into account 
this and that A5- and A’-sterols are the component sterols 
of Cucurbitaccae species, it is highly probable that the A8- 
and A8”4)-sterols detected in our study are metabolized 
(at the C-4, C-14 demethylated sterol level) into other 
sterols in the Cucurbitaceae. 

EJased on the considerations of sterol biogenesis and the 
present detection of alkylsterols. the possible biosynthetic 
pathways to 24a- and 24/Lalkylsterols [8, 15, 57-593 and 
to 24-methylene-25-methyl- and 24,24-dimethylsterols 
[39,41] can be postulated, as shown in Fig. 2. The 24/L 
methylsterols with side chain 24/I-c are considered to be 
formed via 24/?-methyld2s-sterols with side chain p [ 15, 
57-593. The 24B-methyl-A22-steroIs with side chain 24/T-d 
may arise from those with 24/?-c by dehydrogenation 
analogous to the 24acthyl pathway as described below. 
The 24a-methyl pathway leading to sterols with side chain 
24a-c, through those with side chain q, has already been 
discussed [8, 15, 57, 593. The detection of further 24u- 
methyld22-sterols with side chain 24a-d may be ex- 
plained by the presence of a 24a-c + 24a-d dehydroge- 
nation route analogous to the 24acthyl pathway. The 
24aethyl pathway, through side chain k, and the 24a- 
ethyl pathway (24Z-i --, h + 24a-g + 24u-g) have been 
proposed already for tracheophyte sterols [8, 15,581. The 
presence of additional sterols with side chain 24/Y-f may 

28-H, 
(d) 

29-H, 

(I) 
3@-OAc 

(s) 
k-H 6-H 
(m) (m) 

22-H 
(dd) 

23-H 

(dd) 

0.770 
(7.0) 
0.910 
(7.3) 
0.912 
(7.1) 
4.660 

(1Y d. 1.2) 
4.834 
(1H. s) 

- 

- 

2.018 4.70 - (25) 
3.52 5.35 - 
(23) (10) 
3.52 5.35 - - 
(23) (10) 

1.057 2.032 4.62 5.38 
(s) (25) (9) 

0.812 
(7.3) 

0.805 
(7.3) 

2.026 

2.029 

4.70 
(26) 

4.70 
(26) 

- 

- 

5.16) 
0% 10) 

5.18 
(m. 14) 

5.026 5.163 
(8.2, 15.3) (8.2, 15.3) 

5.021 5.157 
(8.2, 15.3) (8.2, 15.3) 

(J values) as for doublet and triplet signals, whereas half-width (IV,,,) values as for 
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a b e 

. ..& ..& ..A ..& ..A 
f h i I 

..& ..*. ..* ..yy ..* 
k I m n 0 

Fig. 1. Structures of sterols found in the Cucurbitaceae. All A”double bonds are tr~s (15). 

suggest the presence of an alternative pathway, j + 24/l-f 
+ 24/l-g, which is one of the possible sequences to 24fi- 
ethylsterols in algae [ 15, 573. The most plausible sequen- 
ces to 24-methylene-25-methylsterols with side chain I and 
24,2Mimethyl-Az5-sterols with side chain o are via 
biomethylation at C-25 and C-24, respectively, of 24- 
methyl-A24’2s’- sterols with side chain q [39, 413. 
Operation of the hydrogenation-dehydrogenation route 
(o + m + II), analogous to one of the two proposed routes 
to the 24fl-ethyl pathway, may afford the 24,24dimethyl- 
sterols with side chains m and subsequently q . 

EXPERIMENTAL 

Argentation TLC (Si gel-AgNOJ, 4: I) was developed with 
CCl&HICll (5: 1). HPLC was carried out on a Partisil 5 ODS- 

2 column (Whatman; 25 cm x IO mm i.d.) with MeOH as a 
mobile phase (flow rate, 4 ml/min) which was monitored by an RI 
detector. GC on OV- I7 SCOT glass capillary column (30 m 
x 0.3 mm i.d., column temp. 260”) was under the conditions 

already described [60]. RR, on HPLC and GC and &-values on 
argentation TLC of the sterol acetates were expressed relative to 
choksterol (2a) acetate. EI-MS (70 eV) were recorded by means 
of a probe injection. ‘H (250 or 400 MHz) and “C (62.9 MHz) 
NMR spectra were determined in CD& with TMS as internal 
standard. 

Originsofthe 12cucurbitaceous plant materials (I, IV, VI, VII, 
VIII, X, XIII, XX, XXII, XXIV, XXVII, XXX and XxX1; see 
Tabk 1 for the n~~9 of plant materials) were described 
previously [27, 28, 311. Sterol isolation from the above plant 
materials was performed in the same way as has been described 
previously [273. The following sterols: Ic, 2c, zb Zf, 2% 2i, 3e, 36 
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3f, 3g. 31,Jk and 4j [27] and 21[35] (see Tabk 2 for tbe names of 
sterols), were used as the rcferencx specimens. The ‘H NMR and 
“C NMR spectra for the sterols identified in this study, with the 
exception for those listed in Tabk 4, were almost indistinguis- 
hable from those of the corresponding sterols described pre- 
viously [273. Determination of the configurations at C-24 and the 
estimation of the relative proportions of diastereoisomers of C- 
24 epimeric mixtures of the 24-alkylstcrols were performed by 
‘H NMR and, in some case-s, by 13C NMR spectroscopy in the 
same way as previously described [27]. Estimation of the relative 
proportions of the C-24 epimers of 24-methyld5~‘2-steroI (2d) 
also was performed by the ‘HNMR data prior to separation 
from each other by HPLC. 
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