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ADDITION OF GRIGNARD REAGENTS TO STEROID EPOXIDES I. 
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In connection with our study of the action of lead 

tetraacetate on PB-hydroxysteroids (1) we were interested 

in the synthesis of 28-hydroxy-3a-methyl-so-cholestane (II). 

* This work was supported by a grant AM-O32?O-04 from the 
National Institutes of Health, Bethesda, Maryland. 
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in partial fulfillment of the requirements for the M.S. 
Degree, St. Mary's University, San Antonio, Texas. 
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In view of the known diaxial opening of 5a,6a-epoxides 

with methyl Grignard reagents (2), we anticipated that the 

addition of methylmagnesium iodide to 28,Y-epoxy-5a- 

cholestane (I) would give the desired compound II. 

. . 
llI,80% 

CrOJ 

I WsC03H / I C,H,CO,H 

However, when I was treated with methylmagnesium iodide 

under the usual conditions, the reaction took an unexpected 

course yielding an A-norsteroid in 80$ yield, besides other 

minor products. In no case were we able to obtain the 

desired 11, from the above reaction. 
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The main product 2a-(l'-hydroxyethyl)-A-nor-5a-cholestane 

(III)* consisted of a mixture of two epimeric secondary alcohols. 

One had m.p. 77-7g", a D25 + 31° (CHC13),V;fiEi 3440 m-l, and [I 
the other had m.p. 114.5-115.5', [aID + 100' (CHC13),1/zz 

3410 cm-l. Both the epimers upon oxidation with Jones reagent 

(3) gave the same ketone, 2a-acetyl-A-nor-5a-cholestane (V), 

m.p. 80-80.5O, a D28 + 4' (CHC13),U ,",i 1707 cm-'. The Cl 
structure of V follows from its elemental analysis, infrared and 

NMR spectral data and a study of other chemical reactions. The 

infrared spectrum of V showed an absorption at 1707 cm-l 

characteristic of a saturated ketone and the NMR spectrum** 

exhibited a peak at 2.15 ppm indicating the presence of an 

acetyl group. Baeyer-Villiger oxidation of V gave (gO$ yield) 

2a-acetoxy-A-nor-5a-cholestane (VI), m.p. 95-96', a I, Cl 26 + 1go 

(CW&), V zz; 1733 and 1240 cm-'. Hydrolysis of VI with 1N 

sodium hydroxide in 85% alcohol yielded the 2a-hydroxy-A-nor-5a- 

cholestane (VII), m.p. 155.5-156', [a]D26 + 24O (CHC13), 

v 2: 3300 and 1050 cm". The physical constants of our 

* Correct analyses were obtained for all new compounds. 

** ‘ie wish to thank Mr. Xlliam H. Storey, Jr., Southwest 
Research Institute, for the IWR Spectrum. The spectra 
were recorded on a Varian A-60 spectrometer on solutions 
in deuterochloroform with tetramethyl silane as internal 
standard. 
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compounds VI and VII are in agreement with those described by 

Shoppee and Sly (4). The configurations assigned by Shoppee 

and Sly for these compounds have been revised by Fuchs and 

Loewenthal (5), and this revision was subsequently confirmed 

by Dauben, et al (6). -- Baeyer-Villiger oxidation of an acetyl 

group to the corresponding acetate is known to proceed without 

Lnversion of configuration (7). Accordingly, the acetyl group 

in V must have the a configuration. Furthermore, isomerization 

of ketone V with sodium methoxide in methanol led to 2f+acetyl- 

A-nor-5u-cholestane (VIII), m.p. 67-68', [a]D26 + 18' (CHC13), 

v ZBG 1715 cm-l, agreeing with the one &scribed by Mousseron, 

et al (13). -- Oxidation of VIII with perbenzoic acid gave 

2$-acetoxy-A-nor-5a-cholestane (IX), m.p. 74-78', a D26 
C] 

+ 170 

(CDCl8),1/ ;G 1735 and 1242 cm". The infrared spectrum of IX 

was identical with that of an authentic sample kindly provided 

by Prof. Shoppee. Thus the assigned structure and configuration 

of V were confirmed. 

In addition to the A-norsteroid, we have also separated a 

tertiary hydroxy compound, Pa-methyl-28-hydroxy-5a-cholestane 

(IV) m.‘p. 148-149O, [a]d6 + 48O (cHC13),~ pg 3380 and 

102C cm-l in 15% yield. Its structure was established by direct 

comparison with an authentic sample , prepared by the reaction of 

methylmagnesium iodide with 2-keto-5a-cholestane. The axial 

configuration of the hydroxylgroup in IV was established by 



No.19 Addition of Grignard reagents to steroid epoxides - I 1121 

converting it to 2a-methyl-2f3,lg-oxido-5a-cholestane (X), 

m.p. 97-9g", [a]D28 + 16’ (CHC13),1) ii: 1023 cm" (ether 

linkage), by the action of lead tetraacetate and iodine in 

boiling benzene (9). In the NMR spectrum of X, the C-19 

methyl peak at 1 ppm was absent. Instead, a single peak at 

3.76 ppm appeared, indicating a pair of equivalent protons due 

to the C-19 methylene function (1). 

Xearrangement of the epoxides under the influence of 

magnesium halides is well known (10). Treatment of cyclo- 

hexene oxide with methylmagnesium iodide results in ring 

contraction and yields cyclopentylmethylcarbinol (11). Henry (12) 

noted that in some instances, epoxides are first isomerized in 

the presence of magnesium halides to the corresponding aldehydes 

or ketones which then react with Grignard reagents. 

In steroids, the addition of Grignard reagents has been 

investigated primarily with the 5,6-epoxides (2). The possibility 

of ring contraction in 5a,6a-epoxysteroids under the influence of 

magnesium halides was investigated by Turner (13), who found 

that no ring contraction occurred. Similarly in the case of 

4,5-epoxides no ring contraction was observed and normal addition 

of Grignard reagent took place (14). However, in another 

instance it was reported (15) that when a 11@,128-epoxysteroid 

was treated with methylmagnesium iodide, ring C was contracted 
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to a five-membered ring. A consideration of these results 

suggests that, if the epoxide ring is attached to a carbon 

atan which is part of a ring junction (as in 5,6-epoxysteroids) 

normal epoxide opening occurs under the action of Grignard 

reagents; whereas, with epoxides at other positions rearrange- 

ments are possible. For further evaluation of these trans- 

formations, we are currently investigating the action of 

Grignard reagents on epoxide functions located at various 

positions of the steroid nucleus. 
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