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Summary: The Wittig reaction of benzaldehyde with isopropylidenetriphenyl- 
phosphorane was suggested to proceed via a single electron transfer 
mechanism on the basis of 14C kinetic isotope effect and substituent effect 
experiments. 

The mechanism of the Wittig reaction has been a matter of interest for 

many years.2 It is now recognized that the mechanistic details are 

strongly dependent on the structure of the reactants and the reaction 

conditions and that oxaphosphetane 2 is the only detectable intermediate in 

the reaction of nonstabilized ylides (eq 1).3-5 The oxaphosphetane- 

formation step in eq 1 is of particular importance since the preferential 

cis-olefin formation usually observed for nonstabilized ylides has been 

attributed to the stereochemistry of the initially formed oxaphosphetane. 

Here we wish to report that 2a (R1=R2=Me, R3=Ph) forms via a single 

electron transfer (SET) mechanism in the reaction of benzaldehyde with 

nonstabilized ylide la (R1=R2=Me). 
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It has been shown that the formation of 2 from benzaldehyde and non- 

stabilized ylides is fast even at -78 'C while the rate of decomposition of 

the intermediate to olefin is slow at -25 oC.4 This suggests the possibil- 

ity that kinetic isotope effect (KIE) and substituent effects for the 

initial oxaphosphetane-formation step can be measured under suitably 

selected conditions. Thus, we determined the carbonyl carbon KIE and the 

substituent effects for the reaction of benzaldehyde and la to give 2a by 

the competition experiments in THF under Li salt-free conditions at 0 oC.6t7 

The material balance of the reaction was found excellent (lOl+l%) by 'H NMR. 
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Figure 1. Substituent effects in the oxaphosphetane formation between 

benzaldehyde and la. 

General procedures to determine the KIE and the substituent effects were 

the same as reported previously.a 

The observed 14C KIE for benzaldehyde-z-14C was near unity (i2&/i4& = 

1.003+0.002); this indicates the absence of bonding change at the carbonyl 

carbon on going from the reactant to the rate-determining transition state 

of the oxaphosphetane-formation step. The Hammett plot9 (Figure 1) showed 

a small p value and no steric rate retardation due to ortho substituents. 

These results are similar to those for the reactions of MeLiab and allyl- 

MgBrll which were concluded previously to proceed via a rate-determining 

SET mechanism, and suggest that the Wittig reaction also goes through the 

SET mechanism.12 

In order to examine the electron-donor ability of ylides, enone 

isomerization experiments were carried out. To a THF solution of a ylide 

(0.1 M, M = mol dmS3, 0.1 mmol) was added a solution of cis-2,2,6,6- 

tetramethylhept-4-en-3-one (0.1 M, 0.05 mmol) containing diphenylether 

(internal standard). After usual workup, the extent of cis-trans 

isomerization was determined by GLC (OVI, 2 m). The results (Table 1) 

clearly indicate that considerable enone isomerization occurred for 

nonstabilized ylide la. The high degree of isomerization for la suggests 

the high electron-donor ability of the nonstabilized ylide.13 In contrast, 

little or no isomerization was observed for semistabilized and stabilized 

ylides (lb and lc). Since the reduction potential of benzaldehyde is less 
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Table 1. Cis-Trans Isomerization during the Reaction of cis Enone with 

various ylides in THF at 0 "c 

ylide reaction time 

min 

%cis 

enone 

%trans 

enone 

Ph3P=CMe2 (la) 15 86.1 13.9 

60 33.2 66.8 

Ph3P=CHPh (lb) 15 98.2 1.8 

0 
Ph3P 3 

60 96.7 3.3 

(lc) 15 97.1 2.9 

0 60 98.4 1.6 

Blank 98.5 1.5 

5 The Wittig product was not detected. %Enone was normalized: 100% = %cis 

enone + %trans enone. 

negative (sed = -1.84 V vs. SCE) than that of cis-enone (-2.28 V) these 

results are compatible with the SET mechanism of the Wittig reaction of 

benzaldehyde with la-l6 

It has been shown that the Wittig reaction of nonstabilized ylides 

with an aldehyde tends to give thermodynamically less stable cis olefin 

(when R1=H in eq 1) while stabilized ylides yield trans olefin.2 The 

origin of the preferential cis-olefin formation for nonstabilized ylides 

has been a matter of great interest and several rationalizations have been 

presented.2,3,14,15,17 Since recent studies have indicated that the stere- 

ochemistry of 2 is retained during the decomposition to olefin,4cr18 the 

origin of the preferential formation of cis-2 for nonstabilized ylides is a 

critical mechanistic problem in the Wittig reaction. The present KIE and 

substituent effect results are important in that they suggest that the 

oxaphosphetane-formation step is not a direct cycloaddition as usually 

assumed but a reaction between the radical cation of the ylide and the 

radical anion of the aldehyde. It is obvious that further investigation is 

desired to clarify the mechanistic problem. 
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