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PREVIOUS ~ tud ie s l -~  of the reaction of dihalogeno- 
carbenes with steroid olefins have shown that non- 
activated double bonds, other than in ring A, fail 
to give addition, except in the case of difluoro- 
carbene which surprisingly added 18 to the A5- 

position.1 Both dichloro- and dibromo-carbenes 
were inert in reactions with A5-steroids bearing a 
1 OP-methyl group, although a-attack occurred with 
6,7-dienes,2 and 18-attack with 3,5-dienes.l These 
results seemed to preclude the general applica- 
bility of dichloro- and dibromo-carbene additions 
to more hindered positions either in steroids or 
other molecules. 

We have found that use of phenyl(triha1ogeno)- 
mercury precursors4 results in effective addition to 
the highly hindered A7-position6 as well as to 6-sub- 
stituted A5-olefinsJ and the A6-position. In  a 
typical experiment cholest-7-en-3~-yl benzoate 
(3.3 mmoles) and the mercurial (50 mmoles) were 
heated for 2 hr. a t  156" in glyme (70 ml.) in a 
sealed tube. Standard workup gave the dichloro- 
adduct (1a)t (50%, m.p. 181-182.5", [a],  - 39"). 
Similarly, the difluoro-adduct (Ib) (830,/,, m.p. 
125-126", [a],  + 11') was obtained by using 
sodium chlorodifluoroacetate.1,6 The 7a, 8a-assign- 
ment to (Ia) was confirmed by sodium-ammonia 
reduction to (11) which was identical with 
authentic material synthesized stereospecifically7 
by Simmons-Smith additiona to the 7-ene-3/3,6a- 
diol 3-acetate (III) ,g followed by oxidation to (IV), 
hTolff-Kishner reduction, and benzoylation. The 
stereochemistry of (Ib) is confirmed by the 
appearance of an unsplit C- 19 methyl signal in the 
n.m.r. spectrum a t  0.95 p.p.m. 

These results, seemingly in conflict with /3-attack1 
a t  A5, are best explained by axial attack of the 
reagent via a t  least a partially charged transition- 
state.1° A similar proposal has been made for 
cyanonitrene attack.11 With A7-olefins this occurs 
with formation of an axial 7a-bond and positive 
charge a t  the tertiary C-8 position. With the 
inore nucleophilic 6-methyl-A5-olefin (V), dichloro- 
carbene clearly gives an adduct, m.p. 158-159', 

[a],  - 12", which we assigned structure (VI) on 
the basis of its n.m.r. spectrum.: Under these 

a; X=C1 
b;  X = F  

(111) ( IV)  

(i) Simmons-Smith addition: (ii) Jones oxidation ; 
(iii) Wolff-Kishner reduction ; (iv) PhCOC1. 

sealed tube-mercurial ' conditions, cholesteryl ben- 
zoate fails to give addition, but the allylic insertion 
products (VIIIa), m.p. 215-217", [a],  - 70°, and 
(VIIIb), m.p. 238--242") [a],  - 57" could be 

BzO F h H g c x 3 , : , ~ c H x 2  

(VIII) 
a;  X=C1 
b ;  X=Br 

t Satisfactory analyses were obtained for all new compounds. 
1 The a-stereochemistry is assigned on the basis of the chemical shift of the C-19 methyl group which is at either 

1-15 or 1.226, the other sharp singlet being due to the 6-methyl group. Using a Zurcher value of + 18 c./sec. for a 6a, 
6cc dichlorocyclopropyl group (derived in our laboratories from a study of compounds similar to those of Nazer2), one 
predicts a chemical shift of 6 1.22. 
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isolated along with recovered starting material.§ 
The low-field n.m.r. region of (VIIIa) shows 
aromatic protons and three one-proton bands a t  
6.12, 5.77, and 4-66 p.p.m., assigned respectively 
to the 7a-dichloromethyl proton, the C-6 proton, 
and the C-3 proton. The position and stereo- 
chemistry of attack were shown by zinc-dust 
reduction of both (VIIIa) and (VIIIb) to 

'icc-methylcholest-5-en-3/3-yl benzoate, and con- 
version with lithium aluminium hydride into 7a- 
methylcholesterol, which was identical with an 
authentic sample. 

We thank the National Institutes of Health for 
financial support and Dr. G. A. Thompson for an 
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3 The insertion is stereospecific into the 7a-bond. No attempt has been made to  maximize yields (20-40%), though 
this appears to  be an attractive route to  biologically interesting 7ct-steroids. 

L. H. Knox, E. Velarde, S. Berger, D. Cuadriello, P. W. Landis, and A. Cross, J .  Amer .  Chein. SOC., 1963,85, 1851. 
M. Z. Nazer, J .  Org. Chem., 1965,30, 1737. 
G. Tarzia, N. H. Dyson, J. T. Harrison, J .  A. Edwards, and J. A. Fried, Steroids, 1967, 9, 387; A. J. Birch and 

G. S. R. Subba Rao, Tetrahedron Suppl., 1966, No. 7, 391; G. Stork, M. Nussim, and B. August, Tetrahedron SuppZ., 
1966, KO. 105; C. Beard, I. T. Harrison, L. Kirkham, and J. H. Fried, Tetrahedyon Lettevs, 1966, 3287; P. Hodge, J. A. 
Edwards, and J.  H. Fried, ibid., p. 5175. 

D. Seyferth, J .  31. Burlitch, R. J. Minasz, J. Y-P. Mui, H. D. Simmons, jun., A. J. H. Treiber, and S. R. Dowd, 
J .  Amer. Chem. SOC., 1965, 87, 4259. 

H. J.  E. Loewenthal, Tetrahedron, 1959, 6,  269. 
J. M. BirchaIl, G. W. Cross, and R. N. Haszeldine, PYOG. Chem. SOC., 1960, 81. 

7 W. G. Dauben and G. H. Berezin, J .  Amer .  Chem. SOC., 1963,85, 468. 
H. Laurent, H. Miiller, and R. Wiechert, Chem. Eer., 1966,99, 3836. 
S. H. Burstein and H. J. Ringold, J .  Amer .  C h e w  SOC., 1967, 89, 4722. 

lo Ref. 2'7 in ref. 1 and ref. 40 in ref. 2. 
l1 R.  31. Scribner, Abstracts of Papers, 155th American Chemical Society National Meeting, San Francisco, April 

1968, No. P. 144. 


