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!Pwo deeariptlons have been used for the 

decarboxylation of $-lceto acldd: the first (I) ia 

a dipolar etruoture (l,Z?,3) while the second (II) 

implies synchronelty of all the bond makings and 

breakinge (4). Unfortunately, formulation I has been 

I II 

ueed rather looeely; it has not been deeighated 

epeoifioally a8 either a traneltion state or an inter- 

mediate. If it ie a transition state, bond chaugea 

further along the reaation coordinate should have no 

effeot on the reaotion rate. This ie inconeistent 

with the obeerved carboxyl lbC isotope effeot (5). 

If I is an intermediate preoeding the transition state, 

then at first eight there should be no deuterium isotope 
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effect in the reaction. However, if the pre- 

equilibrium is fast compared with the decarboxylation 

step, it is possible for the isotope effect in the 

equilibrium to be shown in the rate determining step 

(6). Accordingly, the observed deuterium and jLC 

kinetic isotope effects cannot clearly distinguish 

between the synchronous formulation II and the uni- 

molecular decomposition of the dlpolar intermediate I. 

In previous Papers it has been shown that the 

decarboxylation of By-unsaturated acids is a 

synchronous prbcess, III (7), which exhibits both 

deuterlum and carboxyl IbC /H. *. 

kinetic isotope effects (8). FH";' 
".O 

The Table compares our own 

data for the decarboxylation 

H,\~H_....-~=o 

2 

of some 2,2-aimethyl-+ III 

phenylbut-3-enolc acids with Swain's data for the 

structurally similar benzoglacetic acids (9). The 

deuterium isotope effeats are similar for both series, 

and the substituent effects are closely comparable. 

While rates measured at a single temperature should 

be treated with some reserve, the Table suggests-a 

close similarity of transition state for the two 

reactions. The data for By-unsaturated acids are 

sparse at present, but those comparisons available 

point in the same direction. For example a-dimethyl 
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Relative R&tee and Deuterium Isotope Ef'feieote In 

Deoarboxylation 

8ubetituent 

m-NO, 

P-cl 

H 

P-CR, 

P-O& 

Benzoylaoetio 
Acid0 I 

2, P-Dlmethyl-3-phony1 
but-3-enoio Aaids 

Relative Belattve 
Rate Rate 1 &a/&D 

0.29 0.30 

0.40 0.67 

1.00 

1.52 

2.25 

1.00 

1.97 

7.75 

acetoacetic acid decarboxylates at 4.5 times the rate 

of acetoacetlc acid (1); a-dimethylbut-3-enoic acid 

decarboxylates 5.6 times as fast as 

We have been able to determine 

deuterium kinetic isotope effect in 

Its parent acid (10). 

the nature of the 

fly-unsaturated 

acids. No deuterlum exchange was observable in acids 

recovered from the partial decarboxylation of the deutero 

By-unsaturated acids (a6 shown by the N.Y.R. spectrum). 

This ie in agreement with transition state III and 

rules out a pre-equilibrium in a formulation similar 

to I. The above comparisons strongly suggest that II 
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i; the better representation for the transition state 

i:~ the decarboxylation of f&keto acids. 

Hammett plots for both series of acids support 

conclusion that there is no great polarity in the 

tzansition state for either type. The discussion, 

together with a critical examination of the earlier 

a:*guments concerning the transition state in the 

the 

dqzcarboxylation of P-keto acids will be given elsewhere. 

&knowledaement, We are indebted to Messrs. Chas. 

P:?izer Ltd., Sandwich, Kent, for N.M.R. spectra. 
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