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Abstract—Dosble bood isomerization of stigmasierol ((245)-

other) followed by ozonization aad removal of the ring A-protecting growp yiclded
$-¢a-20-0a¢. The isomerization products of fucosterol

aadrost-$-ea-17-cnc aad 38

5.22-diea-38-ol) with N-lithioethy-

-hydroxyprega- -
$,24(28)B-dicn-38-0) sad 23,24-bissorchols-5.20-diea-38-0l are also reported.

production of important
38-hydroxyandrost-S-eo-17-one (1a) and Jp-hydroxy-
progn-S-en-20cac (pregnenolene; 2a) in view of the
dramatic shift’ in availability of starting materials from
steroidal sapogenins to plant sterols such as stigmasterol
(7a).

Amm'mmmmam

our experiments since it is widely distributed in nature,
especially in soybeans, and has been utilized as a starting
material™* for several steroidal bormones. During our
preliminary i jodine in benzene, potassium-
t-hmuicmbl&)" J-aminopropylamide in
1,3-diaminopropane® (KAPA) were not found to be
eflective for isomerizing the side chain of stigmasterol
(or its acetate). The only reactive system was N-lithio-
cthylenediamine in excess cthylenodiamine as solveat.
The reaction was carried out with free stigmasterol (7a)
and its i-Me derivative (79), and in both cases roughly
the same distribution of side chain double bond isomers

was encountered, indicating that the reagent does oot
affect the A® double bond. To coafirm this result, choles-
terol was subjected to the same reaction conditions with
LEDA/EDA and was totally recovered.

Most of the reaction products of stigmasterol with the
base gave the same or very similar retention times on gic.
However, the components could be separated and
graphy (hpic) using a reversed phase column. For this
purpose the mixture was applied to the hpic column and
eariched mixtures were obtained. These mixtures were
rcpawdlymbjeaedtohplcmnontoobumm
compounds. Reaction products were characterized by
NMR and mass spectrometry and by their gic and bpic
retention time comparisons in the case of known com-
pounds. As can be seen from Tabie 1, which contains the
gas and hpic retention times as well as the yields of the
various products, we were able to demonstrate the
mdmwmmnnam{mthe
two (Sa and 9s) encountered by the Indian group.® As
can be noted from Tabie 1, the gas chromatographic
retention times of stigmasta-5,17(20)-dien-38-01 (8a),
stigmasta-5.20(22)-dien-38-0l (9a) and stigmast-S-en-38-
ol (12a) are very close and they give a broad peak as a
mixture, upecuﬂywbenm)ectedmmorccowenmled

Stmuh-S,B—dwo-Jﬂd (16a) has recently’’ been
isolated from the sponge Calix nicaaencis and stigmasta-
5,24-dien-38-0l (11a) bhas been encountered among dou-
blcbondmmnonpmdmuoflwoctcmlwcmcmth
jodine in benzene.” The 100 MHz NMR spectrum of the
Iatter (11a) gives a singlet signal at 1.63 ppm (6H) cor-
responding to the C-26 and C-27 methyls while a
360 MHz NMR spectrum affords better resolution with
two 3H sbsorptions at 1.625 and 1.629 ppm. As expec-
1ed'*'? the mass spectrum of 11a shows a base peak at
miz 314 due to a McLafferty rearrangement (11a—+m/z
314) typical of 24-alky}-A>-steroids. The Indian authors®
mentioned that stigmasta-5,17(20)-dien-38-0l (8a) also
bas such an m/z 314 McLafferty rearrangement peak of
appreciable (349) intensity. In our hands the same com-
pound purified by hpic shows only a very weak (4%
intensity) peak at m/z 314 and we ascribe this difference
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Compound GLC HPLC Ylold’b
ret.time® ret.time® A
(min) (min)
Stigmasta-5,17(20)-dien-38-01 (2) PLIY 3 36.3 2%
Stigmasta-%,20(22)-dien-38-01 (Sa) 18,8 36.7 23
Stigmasta-5,23-dien-38-01 (10a) 12.8 87.% 13
Stigmasta-5,2¢-dien-38-0l (1lla) 16.0 “w.u 18
Stigmasterol (7a) 12.6 50.4 9
Stigmast-S-en-38-0l (12a) 18,7 4.6 e

. Chromatogrepbic conditions are giveo in the Dxperimentsl section.

b The yislds were calculated roughly by GLC and HPLC analysis.
the aix listed compounds 11% of less polar i{mpurities were also isoclated.
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Use of N-lithioethylenediamine in sterol side chains
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to some impurity (such as stigmasta-S.24-dien-38-ol
which has a base peak at m/z 314) in the specimen of the

Indian group.
Ozonization was used for the of the dou-
ble bonds in the side chain, the A’-38-hydroxy system

being via the i-methyl ether () prior to
LED. A double bond isomerization. Analysis of the
reaction mixture by high resolution gc/MS demonstrated
the presence of 1d (M* 302.21748, CxHyO2), 26 (M*
330.25582, CsHj402), 130 (M* 344.26850, CHO2), 140
(M 358.28439, CyHwO,), 15 (M* 400.33137, C17HeiO2)
and 120 (M* 428.39523, CyHsyO) which showed that
compomds..ﬁ.?b.lﬁ.llbmdmmpmwutu

mmmmmumdwlhpWomc
acid in dioxane-water to obtain A’-38-hydroxy com-
pounds. The major reaction products were identified by
combined gas chromatographic and mass spectrometric
comparison with suthestic samples.

Fucosterol (4a) was also subjected to a double bond

isomerization with LEDA/EDA under the same con- -

ditions used for stigmasterol (7a). Stigmasta-5,23-dien-
380l (16a), stigmasta-524-dien-38-0l (lla) were
obmadabumhmw&uuwnlmdm
$,25-dien-38-0l (16a). Other imvestigators, using fucos-
terol acetate and iodine in benzene reported” the same
side chain rearrangement products.

As a further example 23,24-bisnorchola-5,20-dien-38-ol
(17a) (obtained from 38-hydroxypregn-S-en-20-one (2a)
by Wittig condensation) was subjected to double bood
migration using LEDA/EDA. Equilibrium was reached in
two bours, the A"-derivative (23,24-bisnorchola-$,17(20)-
dica-38-0l) (18a) being formed as the major product with
some starting material and an unidentified compound.

In summary, ous results coafirm eartier®® observations
that base-catalyzed isomerization of steroids with un-
saturated side chains offers a route to the most highly
substituted olefin, but other less substituted double bond

isomers are invariably also present.
EXPERIMENTAL
Mmmmummm

mwm"wmmm«mux
1.5m); pecking materinl: 3% OV-25 op 100-120 mesh GCQ
(Applied Sci., Inc.); oven temp. for stigmastorol and fucosterol

Sﬂ.Cmiu-ndhmc
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Low rosolution gc/MS: Varisa MAT-44 gc/MS systeam oquip-
with a spiral gless coloma (L7mm id. x2m), pecking

T

/ — IJ

m/z 314

material: 3 OV-17 on GCQ (Apptied Sci., Inc.), oven temp.:
220-20" (programmed temp., S*/mia, program delay: § min).
High-resolution gc/MS: Hewlett-Packard 7610A gas chroma-
tograph equipped with a “U™ shaped giass column (2 mm id. x
3 m), packing material: 3% OV-17 on GOQ and interfaced with a
Varian MAT 711 double focusing mass spectrometer comnected
to a PDP-11 computer for data acquisition and reduction, temp.:
220-265° (programmed temp., 6/min, program delay: $ min).
NMR spectra: Bruker HXS 360 MHz NMR spectrometer and
Varian Associates HA-100 NMR spectrometer equipped with a
NTCFT-1180 computer for Fourier Transform process and data
scquisition or 8 Varian Associates T-60 NMR spectrometer. Shift
values are given int ppm (8) with TMS as internal refereace.
M.ps: Thomas-Hoover “Uni-Mek” capiliry m.p. apperatms,

lencdiamine (prepared

lesediamine, 90-100°, Ny) 0.5. sterol was added (100-120°, N,.
30401 for stigmasterol (7). stigmasterol i-methyl ether (TH)
and fucosterol (4a); 20 for 23.24-bisnorchola-$,20-dies-38-0l
(170). The final mixture was cooled, poured isto wce-water
(25 ml), extracted with ether (20 ml X 3), the organic layer washed
with 10% HClaq, IMNM&NM.W.&‘
the ether removed by evaporatioa wader reduced pressure. The
products were subjected L] w ;k smalysis, hpic scpara-
tion and crystallization as iadicated

Stigmests-S,17(20)-dien-38 -0l (t). . 105-107 (it° mp
98-100M; MS: m/z 412 (M, 24%), 397(1!). 379(!0). 300 (26), 299
(100), 281 (22), 271 (3), 230 (18), 175 (10), 159 (11), 157 (11), 147
(19, 145 (1), 133 (19), 131 (10), 123 (12), 121 (38), 119 (21), 109
(14), 107 (29), 105 (19), 97 (20), 95 (55), 93 (20), 91 (18), 85 (11), &3
@), 81 25), 1 (15), 71 (14), 69 (46), 67 (14); NMR: 0.77 (s, 3H,
C-18 Me), 0.99 (s, 3H, C-19 Me), 1.68 (s, 3H, =C-CH,, C-21 Me),
345 (m, 1H, CH-OH), 531 (d, I1H, =<CH).

Stigmasta-5,23-dien-38-0l (0a), m.p. 149-151°; MS: m/z 412
(M, 49%), 369 (14), 351 (19), 314 (31), 301 (11), 300 (24), 299 (14),
281 (10), 273 (12), 272 (19), 271 (36), 256 (11), 255 (49), 229 (14),
215 (11), 213 21), 199 (10), 161 (17), 159 (36), 151 (15), 149 (11),
147 (27), 145 (33), 137 (11), 135 (18), 133 (37), 131 (16), 123 (29),
121 21), 119 (23), 117 (10), 110 (12), 109 (25), 107 (34), 103 (30), 97
(49), 96 (12), 93 (40), 93 (32), 91 (28), 83 (64), 82 (14), 81 (59), ™®
(28). 77 (10), 71 (12), 69 (34), 67 (31), 57 (19), 55 (100), 43 (32), 4!
(39); NMR: 0.656 (s, 3H, C-18 Me), 1.009 (s, 3H, C-19 Me),
0.788-0.851 (OH, C-21, C-26 and C-27 Me's), 1.011 (t, 3H, J 4.1,
C-29 Me), 3.52 (m, 1H, CH-OH), 5.08 (1, 1H. J 6.3, CH-CH=C),
534 (4, IH, <CH).

Stigmaste-5 U-dien-38-0l (119), m.p. 125-127: MS: m/z 412
(M°, 15%), 315 (27), 314 (100), 300 (12), 299 (31), 296 (14), 281
@0, 272 (12), 211 (26), 285 (10), 21 (12), 229 (27, 213 (20), 211
(14), 199 (10), 173 (11), 161 (19), 159 (22), 158 (13), 157 (1)), 17
(16), 145 (29), 143 (11), 135 (14), 133 (33), 131 (16), 123 (1), 121
(19), 120 (12), 119 (22), 110 (12), 109 (19), 107 (29), 105 (28), 97
(48), 95 (32), 93 (26), 91 (4), B3 (22), 82 (14), 81 (38), ™ (M), 9
(1), 67 (29), 57 (13), 55 (92), 43 (21), 41 (36); NMR: 0.681 (s, 3H,
C-18 Me), 1.008 (s, 3H, C-19 Me), 0.929-1.01 (6H, C-21 and C-29
:'si. 1625 aad 1.629 (two singlets, IH each, C-26 and C-27

s,

7 was prepared by treating Ta
mmﬂheloyddthem 'ollowed
h preseace of ashyd. KO

was subjected to isomerization X
mmumnx-mwm.mma
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by direct go-MS determinations.
3a,5-Cyclo-68-methoxyendrosten-1T-ome (1), M* 302.21748

(2, Cnliny), 288.20107 (10, C costaminstion

by

(100, C\ HyO3), 244.18267 (11, C1yH,0), 145.10109 (16, Cy,Hyy),
137.09348 (11, CoH,y0), 131.08602 (14, Ciulyy), 123.00019 (18,
CeH1;0), 121.10107 (13, CoH,y), 120.09442 (13, Col1a), 119.00666
(17, CoH,), 107.06869 (27, CeHyy), 10507021 (33, CoHy).
3a,5-Cyclo 48 -methoxypregnane-20-one (B): M* 33025582
(12, CnHy0n), 3523371 (16, CnHuO), 2022990 (2,
CnHw0), 271520130 (35, CuHpOy), 19.11796 (11, CuHii),
145.10012 (13, Cy; Hy), 133.10211 (12, CyHp), 121.10068 (10,
CoHyy), 119.08566 (16, CoeHyy), 107.0065 (21, C4H,y), 105.07066

(30, CeHy).

3a,5-Cycio-68-maethoxy-23 24-bisaorcholen-2-¢  (1B), M*
344.26850 (25, CnHe02), 329.25163 (45, ColixyO), 31325211 (4,
Cnlix0), 31224301 (83, CuHyO), 2972757 (16, CuHaO),
20921552 (100, CiyHaOy), 206.23067 (22, CulinO), 253.19776
(11, CuHys), 29.17847 (11, CreHn), 2117433 (15, CuHnO),
18714768 (11, CiHy), 173.1336 (16, CpHp), 163.11452 (11,
CuHy0), 161.1322 (28, CpHp), 160.12586 (15, CnHuw.
199.11747 (25, CuHy), 15709916 (12, CHn), 147.11685 (28,
CiHus), 146.10909 (13, C,H,0, 14510170 (21, CiyHu), 135.1111S
(4, CH,00), 13709605 (23, CoH1y0), 135.11573 (14, CreHus),
1350797 (13, CH,0), 134.10823 (14, CuHiy), 133.09962 (33,
CiwH1), 1207993 (20, Col10), 121.10088 (52, CoH 1), 12009422
(@2, CHyp), 11900607 (37, CoHu), 10809000 (16, CeHu),
10700619 (65, CoHy)), 10607753 (20, CeHuw), 10506925 (64,

3a,5-Cyclo-68-methoxy-24-norcholen -23-el (M4a), M
315828439 (3, Calin0y), 343.25068 (16, CnHyyOy), 32626313 (28,
CoHy0), IU.218 (30, CyHywOn), 30.2835 (45, Culin0y),
296.21231 (10, CuHat0y), 32.18459 (11, C Hy0), 161.13151 20,
CuHn), 199.11910 (26, CiaH,s), 157.10042 (11, CoHy), 147.11748
(19, CyHy), 143.00928 (13, CyHy), 137.096%4 (13, CH1y0),
136.09027 (38, C,H/0), 131.08360 (17, CyoHly), 13097 (8,
CoH1,0), 121.10257 (26, Coli1y), 120.09284 (20, CoH1y), 119.08466
8, CHy), 11707062 (16, CsHy), 10809406 (13, CeHn).
107.08589 (34, CoHyy), 10607637 (10, CeHy), 10507066 (10,
CeH,), 43.01866 (160, C,H,0).

3a,5-Cyclo-68-methoxy-26-norcholestan-24-0ne  (19), M°*
400.33137 (70, CnHo/0y), 386.30960 (14, CrHaOr—probably dee
to coatamination by 15a), 353.2767 (17, CxHy/O), 34627510 (19,
Culs), M5.20034 (93, CpHyOw), 31325207 (12, CaHynO),
285.22355 (13, Culin0), 25521192 (44, Ciulin), 229.18834 (18,
Crla), 228.1847 (15, CirHad), 214.16828 (18, CoHn), 213.16158
(40, CyHy), 185.13321 (29, CyHp), 173.1464 (26, CysHn),
19.11509 (44, CpHyy), 15700039 (25, CuHu), K1.11753 (),
CnHus), 14509883 (47, C,Huw), 19.11120 27, CiH,0),
135.11670 (30, CyHys), 133.10149 (28, CoHyy), 131.00688 (23,
Cliyy), 12206209 (2, CH,:0), 120.09134 (15, Colir2), 119.00267
(33, ColHi), 11807573 (12, GHw), 1170051 (2, CHy,
113.09544 (44, CrH,0), 109.10040 (30, CoHya), 108.09381 (24,
Co.:.ln). 107.08506 (66, CoH,y), 106.07830 (15, Coliw), 105.00029

To obtaim the A’-38-hydroxy alcohols, the ozonization mixture
(25 mg) was dissolved in 10mi of dioxane-water (8:2) with 4 mg

;
N&
H

-

é

st

133 (36), 132 (14), 131 OO, 129 (19), 123
120 (29), 119 (49), 118 (14, 117 29), 19 (3),
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tance (Grasts No. GM-06340 aad Grasts from the
Nationsl Scicace Foundation (GP 281Q and CHE-77488)0) for
wee of a 100 MHz NMR a3 woll a8 grests from the



