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Abstract-The structures of five new 4a-methylsterols isolated from the immature seeds of Phaseolus uulgaris have 
been shown to be 25-methylgramaterol, 24Z-ethyhdene-4a-methyl-Sa-cholest-8( 14)-en-3/I-ol, 24E- and 24Z- 
ethylidene-4a, 14a-dtmethyl-5a-cholest-8-en-3~-ol and 24Z-ethylidene-4a, 14a-dtmethy1-5a-cho1est-9(11)-en-3/3-o1. In 
addition, four known but uncommon 4c+methylsterols, 28-isocitrostadienol, 4a-methylfecosterol, 24Z-ethyhdene-4a- 
methylcholest-8-en-38-01, and 24-methylene-4cc, 14a-dimethyl-5cr-cholest-9(1 l)-en-3/I-01, together with several com- 
mon 4a-methylsterols were isolated from the seeds and identified 

INTRODUCTION 

Our recent study has shown that the tmmature seeds of 
Phaseolus vulgaris cv Kentucky Wonder contamed 24- 
methylene-25-methylcholest-5-en-3/I-ol (24-methylene- 
2Smethylcholesterol,7f) as one of the sterol constituents 
[l]. The structure of 7f is unusual because it possesses a 
tertiary butyl moiety m the stde chain. Moreover, detec- 
tion of 7f in the seeds of P. uulgans was of interest from 
the standpoint of structural correlation between sterols 
and brassmosteroids since the seeds have been demon- 
strated to contain 25-methyldohchosterone [(22R,23R)- 
2~,3cr,22,23-tetrahydroxy-25-methyl-5a-ergost-24(28)-en- 
6-one], a brassinosteroid possessmg a 24-methylene-25- 
methyl moiety in the stde chain, as one of the major 
brassinosterotds [2]. Thts paper describes an mvesttga- 
tion on the 4a-methylsterols, intermediates for (4- 
demethyl)sterol btosynthesis [3,4], whtch led to the tso- 
latton and characterization of a new 4a-methylsterol 
possessmg a 24-methylene-25-methyl-cholestane side 
chain, 25-methylgramtsterol (If), m addition to several 
other new and known 4a-methyl sterols 

RESULTS 

4a-Methylsterols were tsolated as the acetyl derivatives 
from P. vulgaris seeds by the procedure described in the 
Expertmental sectton. The compositton of the 4a-methyl- 
sterol fraction, and molecular ton peaks, mp, and RRt m 
GC and HPLC of the 15 4x-methylsterols Isolated and 
identified or newly characterized are gtven in Table 1. 
Composition of the 4u-methylsterol fraction was deter- 
mined based on the argentation TLC and GC data. 
Identificatton of the following eight 4a-methylsterols (see 
Table 1 for the name of compounds) was performed by 

comparison of the mp, chromatographtc (GC [S], HPLC 
and argenation TLC), MS and ‘H NMR data wtth those 
of authentic compounds as the acetates: la, lb, lc, Id, le, 
4b, 5b, and 6b The ‘HNMR signal assignments were 
performed by comparison with the literature data [6-91. 
Identification of two further known compounds, 2b and 
2d, for whtch reference specimens were unavailable, was 
performed by compartson of ‘H NMR [6,10,11] and 
mass spectral [l 11 data. The charactertzation of the five 
4u-methylsterols, If, 3d, 5d, 5e, and 6d, the natural 
occurrence of which has so far been unreported, is 
described below. 

The mass spectrum of If-acetate showed [M]’ at m/z 
468 (C,zH,20,) accompanied with fragmentation ions at 
m/z 453 [M - Me] +, 393 [M - Me - HOAc] +, and 327 
[M-C,,H,, (side chant) -2H]+ mdicatmg that it was 
an acetate of a C,, 4a-methylsterol wtth two double 
bonds, one of which was m the C,, side chain and the 
other m the rmg system [ 12,131. The presence of a further 
ton at m/z 370 [M-C,H,, (part of stde cham)-lH]+, 
due to a McLafferty rearrangement involving cleavage of 
the C-22, C-23 bond wtth one H transfer from C-20, 
suggested that the side chain double bond was located at 
C-24 [12-141. The ‘H NMR spectrum of If-acetate show- 
ed signals due to the side cham protons at 6 0.969 (3H, d, J 
=6.4 Hz, 21-H,), 1.059 (9H, s, 26-H,, 27-H,, 29-H,), and 
4.661 (lH,d, J=l.O Hz) and 4.837 (lH, s) (28-H,), m 
addition to those arising from the 3/?-acetoxy-4a-methyl- 
A’ Sa-steroid skeleton [6] (Table 2). The ‘H NMR spec- 
tral signals for the stde chain protons were almost con- 
sistent wtth those of ‘If-acetate [l, 151 (Table 2) and its 
A’-isomer, 24-methylene-25-methyl-5a-cholest-7-en-3~- 
01 acetate [ 161, and hence, If was considered to have the 
structure 24-methylene-4c(,25-dimethyl-5a-cholest-7-en- 
3p-01 (25-methylgramisterol or 24-methylene-25- 
methyllophenol) 
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Table 1 Composltlon, the molecular Ion [Ml’, mp and chromtographlc data of the 4a-methylsterols from Phaseolus halyards seeds 

Acetate 

4x-Methylsterol* 
[Ml+ RR, RRt 

CornpositIon W) MP (“) (GC)t (HPLC)t 

la 24cc-Methyllophenol (4a, 24wdlmethylcholest-7-enol) 

lb Gramlsterol (24-methylenelophenol) 

Ic 24a-Ethyllophenol 

Id Cltrostadlenol (24Z-ethyhdenelophenol) 

le 28-lsoatrostadlenol (24E-ethyhdenelophenol) 

If 25-Methylgramlsterol (24-methylene-2%methyllophenol) 

2b 4wMethylfecosterol (24~methylene-4wmethylcolest-8-enol) 

2d 24Z-Ethyhdene-4a-methylcholest-X-enol 
3d 24Z-Ethyhdene-4a-methylcholest-8( 14)-enol 

4b Cycloeucalenol (24-methylene-98, 19-cycle-4a, 14a-dlmethylcholes- 

tanol) 
5b Obtuslfohol (24-methylene-4a, 14a-dlmethylcholest-8-enol) 

Sd 24Z-Ethyhdene-4a. 14a-dlmethylcholest-Ekeno 

Se 24E-Ethyhdene-4a, 14a-drmethylcholest-8-enol 
6b 24-Methylene-4a, 14a-dlmethylcholest-9( 1 I j-enol 

6d 24Z-Ethyhdene-4a, 14a-dlmethylcholest-9(1 I)-en-3fl-ol 

Others, umdentdied 

*All 4a-methylsterols possess the 3/J-hydroxy-5a-steroid structure 

tRR, were expressed relative to cholesterol acetate 

0.9 456 140-141 1 72 
56 454 137-138 1 79 
63 470 156- 157 2 10 

22 2 468 146-148 240 
09 468 138-141 229 
03 468 137-140 2 20 
40 454 111-l 13 I 58 
33 468 13G-132 2 13 
31 468 116-117 203 

62 468 110-112 1 77 096 
276 468 Ill-113 1 49 084 

61 482 1 97 108 
23 482 188 108 
08 468 105-107 1 69 0.84 
30 482 125-127 2 25 1 07 
74 _. 

1 34 

097 

1 54 

I21 

1.21 

1 14 

091 

113 

1 10 

Side chams ( R ) 

a(2401 b ~(24~) 

d (24z) e(24k) 
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The mass spectrum of 3d-acetate showed [M]’ at m/z 
468 (&H,,OJ accompanied with the fragmentation 
ions at m/z 453 [M-Me]+, 393 [M-Me-HOAc]+, 
370 [M -C,HIJ (part of side chain) - lH]+, and 327 [M 
-C,,H,, (side chain) - 2H]+ suggesting that it was an 
acetate of a C,, 4a-methylsterol with two double bonds, 
one of which was m the rmg system and the other was at 
C-24 m the C,, side chain [12-141 The ‘HNMR spec- 
trum of 3d-acetate showed the side chain ‘H signals 
almost consistent with those of Id-acetate (Table 2) indi- 
cating that it possesses 24Z-ethylidene-cholestane side 
chain. The ‘H NMR spectral signals for the skeletal 
protons at 60 728 (s, 19-H,), 0.841 (s, 18-H,), 0.849 (3H, d, 
J=6.6 Hz, 30-H,), 2.050 (s, 3B-OAc), and 4.415 (lH, dt, J 
= 4 4, 10.4 Hz, 3a-H) were almost indistinguishable from 
those of authentic A*(‘4)-4a-methylsterol acetate, 3a- 
acetate (Table2), and thus, 3d-was regarded to have the 
structure 24Z-ethylidene-4a-methyl-See-cholest-8(14)-en- 
3/?-01. 

The mass spectrum of 5d-acetate showed [M]’ at m/z 
482 (C,,H,,O,) accompanied with the fragmentation 
ions at m/z 467 [M-Me]+, 407 [M-Me-HOAc]+, 
384 [M -C,H, j (part of side chain) - lH]+, 369 (m/z 384 
-Me), and 341[M -C,,H,, (side chain) -2H]+ sugges- 
ting that it was an acetate of C, I 4u-methylsterol with two 
double bonds, one of which was m the skeleton and the 
other was at C-24 m the C,, side chain [12- 141 Further 
ions at m/z 301 [M-ring D] + and 287 (m/z 301 - CH,) 
suggested the presence of a 14a-methyl group [17]. The 
‘H NMR spectrum of Sd-acetate displayed signals due to 
the side chain protons at 60.926 (3H, d, J=6.6 Hz, 21- 
H3), 0.980 (6H, d, J = 7 1 Hz, 26-H,, 27-H,), 1.593 (3H, t, J 
=6.6 Hz, 29-H,), 2.834 (IH, sept, J=6.9 Hz, 25-H), and 
5.124 (lH, 4, J = 6.6 Hz, 28-H), m addition to the signals 
arising from the 3/?-acetoxy-4a, 14a-dimethyl-As Sa-ster- 
oid skeleton which were almost consistent with those of 
Sb-acetate (Table 2). The ‘HNMR signals for the side 
chain protons of Sd-acetate were mdlstinguishable from 
those of 24Z-ethyliene-5a-lanost-8-en-3~-ol acetate [lS] 
and very similar to those of Id-acetate (Table 2), and 
hence, 5d was considered to have the structure 24Z- 
ethyhdene-4a, 14a-dimethyl-5a-cholest-8-en-3~-ol. The 
mass spectral data of Se-acetate were indistinguishable 
from those of Sd-acetate. While the ‘H NMR spectrum of 
Se-acetate showed the signals arising from the skeletal 
protons consistent with those of 5d-acetate (Table 2), it 
showed the signals due to the side chain protons at 6 0.969 
(3H, d, J=6.6 Hz, 29-H,), 2.202 (lH, sept, J=6.8 Hz, 25- 
H), and 5 124 (lH, 4, 5=6 6 Hz, 28-H), which were 
indistinguishable from those of 24E-ethylidene-Sa-lanost- 
8-en-3fi-ol acetate [lS] and very similar to those of le- 
acetate (Table 2). Thus, 5e was considered to be the 24E- 
isomer of 5d, i e. 24E-ethyhdene-4u, 14a-dimethyl-5a- 
cholest-8-en-3j-ol. 

(id-Acetate showed [MI’ at m/z 482 (C&Hs402) ac- 
companied by the prominent fragmentation ions at m/z 
467,407,384,369,341,301, and 287 in the mass spectrum, 
analogous to those of 5d- and 5e-acetates described 
above, suggesting that 6d also was a C3 1 4a-methylsterol 
with a methyl group at C-14 and two double bonds, one 
of which was in the skeleton and the other was at C-24 m 
the C,, side chain [12-14, 173. The ‘HNMR spectrum of 
U-acetate showed signals arising from the skeletal pro- 
tons at SO.658 (s, 18-H,), 0 748 (s, 32-H,), 0.845 (3H, d, J 
=6.3 Hz, 30-H& 1.006 (s, 19-H,), 2.053 (s, 3b-OAc), 
4.366(1H,dt,J=50,10.8Hz,3a-H),and5303(1H,m,11- 

H), in addition to those due to a 24Z-ethylidene side 
chain. The skeletal proton signals were consistent with 
those of Qb-acetate possessing a 3/?-acetoxy-4a, 14~ 
dimethyl-A 9(11) Sa-steroid skeleton, and hence, 6d was 
regarded to be 24Z-ethyhdene-4a, 14cr-dimethyl-5a- 
cholest-9( 1 l)-en-38-01 

DISCUSSION 

We have identified or newly characterized the fifteen 
4u-methylsterols isolated from the immature seeds of 
Phaseolus oulgaris m this study (Table 1). Among them, 
five 4c+methylsterols, lf, 3d, 5d, 5e, and 6d, were new 4a- 
methylsterols from natural sources. On the other hand, 
the other four 4a-methylsterols, le, 2b, 2d, and 6b, have so 
far been reported to occur only m a few restricted higher 
plants, for example, le m rlcebran oil, some species of 
Solanaceae, and olive oil [19], 2b and 2d in suspension 
cultures of bramble cells [ 111, and 6b in banana peel and 
olive 011 [19]. Although two 24-alkyl-A7-4a- 
methylsterols, la (245) and lc (24Ej), are known to present 
as the minor 4a-methylsterols in several higher plants 
[19,20], this study seems to be one of the rare cases 
[19.21] where the configuration at C-24 of these com- 
pounds was unambiguously determined. The remaining 
four 4a-methylsterols, Id, 5b, lb, and 4b, of which the first 
two were the most abundant 4a-methylsterols of P. 
vulgaris seeds (Table l), are known to be the most com- 
mon and dominant 4a-methylsterols in the great majority 
of higher plants [3,19,21,22]. 

The occurrence of If in P. uulgarts seeds is of interest 
from the structural as well as the biogenetic point of view 
concerning sterols and brassinosteroids since it has re- 
cently been demonstrated that the seeds contam 24- 
methylene-25-methylcholesterol (7f) [I] and 25-meth- 
yldolicohosterone [2], both of which possess a 24- 
methylene-25-methyl moiety in the side chain. 4-De- 
methyl sterols are blosyntheslzed via 4cc-methylsterols as 
intermediates [3,4], and taking this into account, the 4a- 
methylsterol If might be expected to be an intermediate 
of the biosynthesis of 7f in P. vulgaris seeds. Moreover, If 
and 7f are considered to be closely correlated to the 
biosynthesis of 25-methyldohchosterone. 

Although A 8(14)-4a-methylsteroIs are reported to con- 
stitute the dominant 4u-methylsterols of an oyster [23], 
the occurrence of this type of 4a-methyl sterol in higher 
plants is rare. 4a-Methyl-Sa-cholest-8( 14)-en-3j?-01, detec- 
ted m several species of Solanaceae [19], might be the 
only A8’14)-4a-methylsterol so far been detected in higher 
plants, and this study seems to be the second instance for 
the detection of this type of compound, 1. e 3d, in a higher 
plant. A 8(14)-Sterols have been suggested as intermediates 
arising during sterol blosynthesls as a consequence of the 
C-14 demethylation [21,24-J, and hence, the co-occur- 
rence of 3d with Id, 2d, and 56 in P. uulgaris seeds may 
imply that the biosynthetic pathway of sterols m this 
study proceeds m the followmg way: 5d+3d+2d-+ld. 

Co-occurrence of two 24E-ethylidene-4a-methyl- 
sterols, le and 5e, m the 4u-methylsterol fraction, and 
fucosterol (24.Gethylidenecholesterol, 7e) in the 4-de- 
methyl sterol fraction [l], m P. vulgar-is seeds might 
suggest the presence of the 24Eethylidene route of sterol 
biosynthesis via 5e and le to afford 7e in the seeds. Two 
A9(“)-4a, 14a-dimethylsterols, 6b and 6d, have been 
detected m P. uulgaris seeds in this study, and one 
possible origin of these 4a-methylsterols IS the A9”“- 
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Table 2 ‘H NMR data of the acetates of the 4a-methylsterols from Phaseolus 

18-H, 19-H, (J) 30-H, 32-H, 21-H, 26-H, 27-H, 28-H, 

Acet- (s) orl9-H, (d) (7) (d) (d) (6) or 28-H, 

ate 

29-H, 
(d or I) 

Q Mi(X 1). 

I. 59 I.(7 1.). 
1~ 574 (7 2) 

1 059(s) 

I. 59 ?(.4.6)_ 

1. 179 (6 6). 

I. 5’?4(.4.8)_ 

1 057 (s) 

ft 776@.6 6). 

4659(.1 5)t 

4716(IH,.r) 

4 66l(l.O)Z 

4 837(1H,s) 
4&Y&!.!_ ch+ 

4 714;1,‘:; 

4.665(.1_7)j_ 

4718(1H,s) 

4.66% (.I_ 6).$ 

4716(1H,s) 

4.4fA(t 5); 

4717(1H,s) 

4661(1 I)$ 

4833(08) 

4 852(.6 6). n 8Jq.7 I.). 

I. 0.24.(.6 8). 

1 030(6.8) 
tl838(.6 81. CL 8.t7 (.&A.). 

n 978(.6&7 t). 

0 980(6 X) 

09X3(68) 

1 059 (6H, s) 

0,525 0.829 
0.5.3-J 0.84.1. 

0 542 0 843 

asss(.zq. 
0.853(6. !_)_ 

0 853 (4 4) 

- 0. P26.(5.A). 
- 0.951(.4.4). 

0995(5?) 

0544 0842 0853(64) 

1 n?&ir q\ 
._.w_ .:..“’ ;. 

1031 (68) 
0 9?8(6H~,? !) 

0 SO? (6 3) 

0 867 (6 3) 
QWfi(4.6). 

0 977 (7 7) 

I. Q27 (.6 6). 

1 032 (6 6) 

l.tLZ% (6 6). 

1 031(7 1) 
0.98Q.(rjHJ !_!_ 

4 %ft(.6&7 I_). 

1. W&.6 8). 

1031(68) 
@ 980(.6HJ B). 

1 057(4H,s) 

- 0%55(6” -4 
-- 0.929(6 3) 

0.84.9(.4.4). 

4d 
7f 

0.45.8. 1006 

0688 1 021 

0.845.(.4.0). 0.74X. 0.909 (-6 5). 

-- 0 964 (6 6) 

*Ftgures m parentheses denote couphng constants (J values) as for d, t, q, and sept stgnals, whereas half-wtdth 

tAuthenttc compounds 

flH and d 

lanostene compound, 24-methylene-5cc-lanost-9( 1 l)-en- 
3/?-01, the occurrence of which was shown m the 4, 4- 
dtmethylsterol fractton of the seeds (unpublished results). 
The A9c1 ‘I-4a, lrla-drmethylsterols can lead to A9(’ “-14~ 
methylsterols through enzymatic demethylatton at C-4 
and the presence of this type of sterol IS known m some 
higher plants [ 19,251 It IS worth notmg that whereas the 
4c.q 24-drmethylsterol la Isolated from P uulgarts seeds m 
thts study was shown to possess a 24u-methyl configur- 
anon, 24-methylcholesterol rsolated from the seeds has 
been demonstrated to be a mtxture of C-24 epimers, 
campesterol(24c() and 22-dthydrobrasstcasteroi (248) Cl] 
This suggests that the formatton of the 24/S-methylsterol 
occurs during the later stage of sterol biosynthests, I e at 
the 4-demethylsterol level 

acetates of the followmg 4a-methylsterols were used as the 

reference specimens la, lb, 4b, and Jb 1241, lc [ZO], Id and le 
[27], 3a [28], 6b [29], and 7f [ 1,151 The 24E- and 24.2~Isomers 

of 24-ethyhdene-4a-methylsterols showed the same mob&y m 

the HPLC under the condittons used, and hence, the separation 

of these isomers from each other was performed by the argent- 

atton TLC (cf [27]) (The separatmn factor for 24E-/242- 

isomers was cu 1 14) 

Isolarron of 4a-methylsterols Immature seeds of P culyarrs 

(136kg) were homogemzed and extracted x 3 with excess 
MeOH The combmed extract was reduced to the aq phase tn 

uucuo, and then subjected to solvent parttttonmg between CHCI, 

and H,O The CHCI, fraction was coned and parttttoned further 

between hexane and 85% MeOH. and the hexane fractton 

atforded an otl(8OOg) after evapn A portton (87 g) of the 011 was 

saponified by reflux with 5% KOH m 80% EtOH The un- 

sapomfiable hptd (10 2g) extracted with hexane was chromato- 

graphed on sthca gel (3OOg), eluted wrth a mtxture of hexane and 

CH,CI, (1 1) m which the eluate was collected m 20ml each 

fractton The fracttons 145-165 correspondmg to ila-methyl- 

sterol (the elutton was momtored by TLC on precoated sthca get) 
was acetylated, and the acetate fractron (147 mg) was subjected to 

argentatton TLC which afforded four bands (referred to as bands 

14 m the order of polarity, beginning with the least polar) The 

least polar fractton (11 mg) from band 1 (R, 0 74-0.82) was a 
mtxture mainly constttuted of the acetates of la and lc Band 2 

(R, 0 31-0.41) gave d mixture (13 mg) contamed the acetates of 

EXPERIMENTAL 

Crystalhzattons were performed m MeOH Mp, uncorr 

Argentatton TLC. silica gel-AgNO, (4.1) developed x3 wtth 

CCl,-CHICI, (5 1). HPLC Altex Ultrasphere ODS column 

(Beckman Altex, 5 p, 25 cm x 10 mm id), MeOH-H,O (98 2) as 

mobtle phase (flow rate, 4ml/mm) GC OV-17 SCOT glass 

capillary column (30m x 0 3 mm I d ). column temp 255” RR, on 

HPLC and GC expressed relative to cholesterol acetate EIMS 
(70 eV). probe; ‘H NMR 400 MHz, CDCI,, TMS as mt stan- 

dard, acetylatton Ac,O-pyrtdme at room temp overnight The 
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uuIgarls seeds (400 MHz, CDCI,, TMS as mt. standard)* 

3/GOAc 3a-H 7-H 11-H 25-H 28-H 

(s) W) or 6-H(m) (m) (sept ) (4) 

2 050 

2051 

2052 

2.053 

2.054 

2 053 

2 055 

2053 

2048 

2.050 

2.054 

2 050 

2.050 

2.050 

2.052 

2.053 

2.032 

4.404(3.8,11.0) 

4.404(3.9,10.7) 

4 404(3.9,10 7) 
4.404(44,11.0) 

4 406(3 9JO.8) 

4 405 (3.9JO.7) 

4.375 (5.OJl.2) 

4375(49,11.0) 
4 413(4.4,10.8) 

4.415 (4 4JO.4) 

4510(44,104) 

4 379 (4.9,ll.O) 

4.380(4.9,10 7) 

4.380(4 9,lO 7) 

4 368(4.9,10.7) 

4.366(5.0,10.8) 

4 602 (m,2.5) 

- - 
- 2381(68) 

5 176(9 4) 

5.176(10) 

5.177(10) 

- 
2.831(6 9) 

- 2 201(6.8) 

- 
5 NN(7.0) 

5 185(6 8) 

5 181(10) 

- 2.233 (6 8) 

- 

- 
5 376(10) 

- 2.237(6.6) 

- 2.236 (6.6) 

- 2.834(6.9) 
- 2 202 (6.8) 

5.302(11) 2.236(6.8) 

5.303(11) 2.833 (6.5) 

5.109 (6.6) 
- 

5.1141(6 6) 

- 

5 124(6.6) 

5.186(6.6) 

5.115(6.8) 
- 

( W,J values as for multiplet signals. 

3d, Sd, and Se Band 3 (R, 024.31) yielded a mixture (52mg) of 

the acetates of Id, le, 26, 4b, and 5b. Band 4 (R, 0 07-O 21) 

afforded a mixture (27 mg) of the acetates of lb, lf, 2b, !5d, and 6b. 
Isolation of the acetates of mdlvldua14a-methylsterols from each 

fraction was performed by the combmatlon of argentatlon TLC 

and HPLC The MS data of the acetates of le, lf, 2b, 2d, 3d, Sd, 6b, 
and 6d isolated from P uulgans seeds m this study are as follows. 

(The MS data sac&ate were very smular to those of ?d- 

acetate and, hence, these were omitted from below ) 

28-lsocttrostadtenol (le) acetate. MS m/z (rel mt.): 468 4012 

[M]’ (12, C,zH,,O,, requires 468.3964), 453 (lo), 393 (9), 370 

(66), 355 (5), 327 (lOO), 310(8), 302 (5), 295 (5), 287 (4), 269 (19), 267 

(9), 243 (9), 242 (5), 241 (9), 227 (22), 215 (8), 213 (6) 

25-Methylgramrsterol (If) acetate. MS m/z (rel. int.): 468 3945 

[M]’ (9, &HSZ02), 453.3666 (13, CJ1H4902). 408.3708 (2, 

C,,H,s), 393.3568 (4, C29H43), 370.2821 (49, C,,H,,O,), 

356 2664 (9, C,,H,,O,), 341.2513 (4, C,,H,,O,), 327.2285 (97, 

C H 0 ) 310.2617 (4, &H&, 302.2198 (6, C,,H,,O,), 22 31 2r 
2952486 (4, r&H,,), 287.2039 (5, C19H2,02), 269.2219 (12, 

C&H,,), 267.2115 (9, C,,H,,), 241.1945 (13, C1sHzs), 227.1829 

(18, Cl,Hzs), 215 1839 (6, ‘&Hz,), 213 1690 (6, &Hz,), 
43.0545 (C,H,O,) and 43.0175 (C&H,) (100) 

4a-Methylfecosterol (2b) acetate MS m/z (rel mt.) 454.3802 

[M]’ (80, C,,HsoO,, reqmres 454.3808), 439 (28), 394 (lo), 379 

(14), 353 (7), 342 (3), 327 (19), 313 (5), 302 (4), 295 (4), 287 (4), 269 
(8), 253 (6), 243 (14), 241(26), 227 (30), 225 (12), 215 (7), 213 (1 l), 55 

(loo) 
24Z-Ethylidene&-methyl-5a-cholest-8-en-3b-oI (2d) acetate 

MS m/z (rel mt ) 468.3971 [M]’ (38, C3zH5z02), 453 (13), 422 

(2), 408 (3), 393 (8), 370 (9X 341 (l), 327 (9), 302 (2), 295 (3), 287 (2), 

269 (5), 255 (2), 253 (2), 243 (9), 241 (6), 227 (16), 213 (4), 55 (100). 
24Z-Ethylldene-4a-methyl-5a-cholest-8(14)-en-3~-o~ (3d) 

acetate. MS m/z (rel. mt.) 468.4003 [M]’ (80, C,,H,,O,), 

453.3754 (24, C31H4902), 408.3348 (8, C3,H,s), 393.3552 (9, 

CzgH,,), 370.2841 (18, &H3s02), 356 2719 (4, CZ4HJ602), 

327.2319 (13, Cz&,O,), 302 2212 (5, C20H3002), 295 2418 (2, 

Cz&,), 287.1989 (4, CIgH,,O,), 269.2258 (8, &Hz,), 
267.2123 (3, &Hz,), 255.2109 (2, C19H2,), 2432115 (15, 

&Hz,), 241 1969 (12, C,,H,,), 227.1806 (20, C,,H,,), 

215 1846 (4, &Hz,), 213 1668 (3, C16,Hz1), 55.0541 (100, 

C,H,). 
24Z-Ethyhdene-4a,l4a-dlmethyl-5a-cholest-8-efl-3~-o~ (Sd) 

acetate. MS m/z (rel mt.) 482.4137 [M]’ (27, C33H5402, 

requires 482 4121), 467.3871 (57, C,,H,,O,), 439.3550 (3, 

CJ%&‘z), 422.3911 (1, C,,H,,), 4073616 (17, &,Hd,), 
384 2990 (5, C,,H,,Oz), 369 2778 (11, &H,,O,), 341.2470 (1, 

Cz3HJW, 3092616 (10, ‘&3H&, 301.2217 (6, C2,,Hz902), 
287.1962 (9, C19H2,02), 283.2384 (3, Cz1H3,), 281.2272 (1, 

C21Hzg)r 275 1981 (8, C,,H,,O,), 2692287 (9, &Hz,), 
241.1999 (9, &Hz,), 227 1803 (9, C17H2J, 55 0542 (100, C,H,) 

24-Methylene-4a,14a-dimethyl-Sa-cholest-9(ll)-en-3B-ol (6b) 

acetate MS m/z (rel. mt.): 468 3943 [M]’ (14, C,,H,,O,), 453 

(36), 425 (l9), 393 (18), 383 (7), 369 (7), 341 (70), 309 (8), 301 (lo), 

299 (5), 287 (13), 275 (9), 241 (13), 227 (ll), 215 (12), 43 (100). 
24Z-Ethyl~dene-4cr,14a-drmethyl-5a-lnnost-9(ll)-en-3~-ol (&I) 

acetate MS m/z (rel mt ): 482 4129 [M]’ (9, C H 0 ) 33 54 z, 
467.3919 (16, C,zH,,O,), 439.3536 (4, C&H4,02), 407 3644 (11, 

C,,H,,), 384.3008 (53, C H 0 ) 369.2799 (14, C,,H,,O,), 26 40 2, 
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3412454 (34, C,,H,,O,), 328 2396 (4, C,,H,,O,), 325 2981 (3, 

%H3,)r 316.2445 (4, C21H,,0,), 3092590 (13, CZ3H,,), 
3022202 (27, C,,H,,O,), 301 2155 (29, C H 0 ) 3002100 20 29 2 ) 
(10, C,,H,,OZ), 299 1997 (19, C20H2702). 287 1988 (6, 

C,,H,,%), 275 1987 (7, C H 0 ) 274 1926 (7, C,,H,,O*), 1s 27 2 3 
2692250 (4, C,,H,,), 2562184 (3, C,,H,,), 253 1949 (2, 

C,,H,,), 241 1959 (27, C,,H,,), 227 1845 (8. C,,H,,), 215 1846 
(9, C,eHZ3)> 550543 (100, C,H,) 
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