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In a classical piece of research, Doering andHoffmann(1) reported on 

the contribution of d-orbital resonance to the rate 

of methyl "onium" salts. Belated to that study are 

tions of Bestmann (2) who qualitatively pointed out 

of deuterium exchange" 

the recent investiga- 

the influence of sub- 

stituents on the acidity of the msthylene group adjacent to quaternary 

phosphorus. It is in this regard that we wish to report the dramatic rate 

enhancement (exchange of hydrogen by deuterium) produced by successive 

replacement of the methyl groups by phenyl substituents in a series of 

phosphonium salts. The results of this research are given in Table I. 
., 

A plot (figure 1) of these data (first four compounds in Table I) is 

revealing: a consistent rate increase of about twentyfold is achieved by 

the introduction of each phenyl group. There are a few reported examples 

in which the addititity of polar effects is apparent (3) and 

be numbered among them. (4) 

this study can 

The observed rate enhancement provides a measure of the ability of 

positively charged phosphorus to transmit inductive effects. In order to 

evaluate the influence of a substituent directlv attached to the reaction 
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TABLE1 

Rates of Exchange of Phosphonium Saltsa 

Salt k2(1. mole -1 -1 sec. ) 

at 25.0°C 

Rel. r*teC 

(CH3)4P+ 14 7.57 f .2 x 10 -6 1 

C6H5P('zi3)3+ Br- 1.30 ;t .05 x 10-4 23 

(C6H5)2'(Cg3) T Br- 1.82 zt .l X 1O-3 481 

(C6H5)3Pa3 +2 Br- 1.82 +G .07 X 1O-2 9640 

_________- ___-_____ _-_ 

(C6A5)3'C2H5+ Bi 1.69 j: .16 X lO-4 134 

a :Determined using the method and conditions described in 
ref. 1; however, n.m.r. spectroscopy was used to find the per- 
centage of deuterium incorporation. 

b Value calculated from the data in ref. 1. 

' Statistically corrected for the number of hydrogens avail- 
able for exchange. 

site, the rat; for triphenylethylphosphonium bromide was determined. In 

terms of figure 1, the rate of exchange of the ethyl derivative is equlva- 

lent to the hypothetical compound (C6H5) P(cH3) The rate decel- 
1.6 

2.4+ Br-. 

eration (&entyfold compared to the methyl analogue) due to the electron- 
, 

donating methyl group is indicative of the polar nature of the transition 
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FIGUIE I 

Lo& of the relative rate of exchange versus the nmber of 
phenyl substituents. 2: D 35. the SW of the pokz? substituent 
constants (T * (see ref. 3) zt the reactim centsr ( GP-CH3+X-) 
parallels the mmber of pheny: grcups and would also give a 
linear plot. 
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state. The (C;H5)3 g &2 / (C6H5)3 G %ICH3 ratio of 17 obtained by Sey- 

ferth (5) from trensylidation equ+librium studies is consistent with this 

View. 

Additional work in this and other heteroatomic systems (arsonium and 

sulfonium salts) are in progress. 
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