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Origin of the Stereoselectivity in Salt-free Wittig Reactions 

By J. D. THACKER, MYUNG-HWAN WHANGBO,* and JON BORDNER 
(Department of Chemistry, North Carolina State University, Raleigh, North Carolina 27650) 

Summary The stereoselectivity of salt-free Wittig re- 
actions is discussed in terms of a new mechanism in which 
the stereoselectivity arises from cleavage of the trans- 
oxaphosphetan as opposed to the formation of the 
cis-oxaphosphetan. 

IN recent years a number of papers have been published 
concerned with the Wittig reaction.192 The stereoselect- 
ivity observed in salt-free Wittig reactions of non-stabilized 
ylides is often explained in terms of initial co-ordination of 
carbonyl oxygen with phosphorus3 or (n2a + n2s) cyclo- 
addition4 of ylide and carbonyl n-bonds. These mechan- 
isms attribute the stereoselectivity to the formation of the 
cis-oxaphosphetan, which is believed to produce the cis- 
olefin. This retention of stereochemistry from oxaphos- 
phetsn to olefin is supported by the available experimental 
evidence.596 However, this evidence derives from Wittig 

the case, it should be the trans-oxaphosphetan that leads to 
the cis-olefin in salt-free Wittig reactions of non-stabilized 
ylides . 

trans-Oxaphosphetans would be thermodynamically more 
stable than the cis-isomers on steric grounds and should 
dominate if the formation of oxaphosphetan is reversible. 
Even if the formation of oxaphosphetan is not reversible in 
the salt-free Wittig reactions of non-stabilized ylides, i t  is 
quite probable that formation of trans-oxaphosphetan 
would predominate. Since non-stabilized ylides exhibit 
significant carbanion but not n-bond character,g the 
incipient stage of the Wittig reaction would involve the 
bond formation between ylide and carbonyl carbon atoms 
as in a typical nucleophilic attack on carbonyl carbon. 
Then consideration of charge separation and steric hindrance 
shows the formation of trans-oxaphosphetan to be more 
likely,3 which would lead to cis-olefin via anti-elimination. 

reactions where salt is present and thus may not be applic- 
able to salt-free Wittig reactions. The decomposition of 

T.his would imply that the rotation about the C-C bond 
in (2a) or (2b) is easier than either the inversion of the 
carbanion centre or the C-0 bond cleavage, which appears 
reasonable.l0S1l A t  high temperature, inversion of the 
carbanion centre in (2) may account for the diminished 
stereoselectivity.6 In the case of strongly stabilized ylides 
the resulting carbanion centre would be planar (3) because 
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the oxaphosphetan (1) is likely to be a stepwise process in 
which the cleavage of the P-C bond is advanced in com- 
parison with that of the C-0 bond,7 leading to the possibility 
of the carbanion-like intermediate (2a) and its rotamer (2b). 
Then as in the case of Elcb elimination,8 the cleavage of the 
G O  bond may favour syn-elimination in the presence of 
salt but anti-eiiminationin the absence of salt, If this is 

( 3 )  
of the conjugation provided by the stabilizing substituent, 
so that there is no syn-anti dichotomy, and trans-olefin 
would result from elimination of phosphine oxide without 
rotation about the G C  bond. 

We have explored a possible consequence of the stepwise 
decomposition of oxaph~sphetans~ and found the present 
mechanism to be consistent with the available experimental 
evidence. 
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