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Proximity Effects2 The Stereochemistry of the Lithium-Ammonia 
Reduction of Cyclic Styrenoid Systems containing a Neighbowring 

Carboxylic Acid Group 
By U. I<. GHATAK, J. CHAKRAVARTY, A. I<. BANERJEE, and N. 12. CHATTERJEE 

(Drpcrrtiizr~zt of Ovgnnic Chenzistiy, Imlimi Association for the Ctiltiration of Scieitce, Jndavpur,  Calcitttn-32, 
I d i n )  

ALKALI METAL-AMMONIA reduction of cyclic 
styrenoid systems has been widely used in steroid 
syntheses.? In most cases3 such reduction results 
in the most stable of the possible stereoisomers. To 
rationalise these stereocheniical results, Smith4 
recently advanced an important mechanistic 
postulation, based on the considerations of con- 
forinational and steric approach factors controlling 
the protonation of the intermediate dianions and 
monoanions resulting from styrenoid systems by the 
addition of electrons from the metal5 and stepwise 
additions of proton from ammonia. 

Recently6 we reported that the reduction of the 
styrenoid bond of the unsaturated acid (I) with 
an excess o f  lithium in liquid ammonia in the 
presence o f  ammonium chloride followed a re- 
markable stereospecific path, and afforded a single 
stereoisomeric acid (II),' in excellent yield. IYc 
have now observed that under similar reduction 
condition the unsaturated acid (111)6 gave the 
saturated acids (IV),s 1n.p. 187-188"; h,,,(EtOH) 
261 (log E 3-00?), 266 (log E 3-05), and 273 xnp 
(log E 3.014); and (V), n1.y. 202-203"; A,,, (EtOH) 
260 (log E 2-05), 266 (log E 3-07), and 273 nip (log E 
3.05); in 5300 and 23:; yields respectively after 
separation through fractional crystallisation. The 
mechanistic implication of these results not only 
are nicely accommodated by consideration of the 
intermediate stages involved in the styrenoid bond 
reduction, following arguments similar to those of 
S r~ i i th ,~  but also explain the unique stereocheniical 
control of a neighbouring asymmetric centre 
containing an anionic group. Accordingly, of the 
possible dianions (VI) and (VII), (carboxyl group 
evidently converted into carboxylate anion), 
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resulting froni the addition of two electrons4 to the reduction9 of (111) niay be rationalised by con- 
styrenoid bond in the acid (I), the dianion (VI), sidering the intermediate monoanions (X) and 
having the axial carboxylate ion practically over- (XI). In this case cis-acid (IV) represents the 
lapping the anionic centre a t  C-10, is energetically major product of the reduction, arising from the 
unfavoured and thus can be reasonably excluded anion (X), which is favoured both by conforma- 
from further consideration. The protonation a t  
the more basic homobenzylic position at  C-5 in the 
dianion (VII) may give rise to two possible final protonation step. 
monoanions (VIII) and (IX). The entire product 
in this reduction in fact appears to originate froni 
protonation at  C-10 in the monoanion (VIII), 

tional1° and steric approach factors, over the anion 
(XI), giving rise to thc frniis-acid (V) through the 
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favoured by conforxnational factors over the anion 
{ IX). Similarly, the stereocheinical course in the 
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