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CAPTO-DATIVE SUBSTITUENT EFFECT ON THE CIS-TRANS ISOMERISATION 

OF CYCLOPROPANES'. 
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Summary.Very low activation energies were found for the cis-trans isomerisa- 

tion of capto-datively substituted cyclopropanes. 

It has been shown that the activation energy for the cis-trans isomerisation of cyclo- 

propanes is considerably decreased by substituents able to stabilise a diradical transition 
2 

state [or an intermediate diradicall . In order to get more information as to the magnitude 

of the capto-dative [cdl substituent effect 
3 
on the stabilisation of free radicals, the 

geometrical isomerisation of the following four cyclopropanes was investigated. 

NC CN 

I 

In the case of I, II and III, the kinetics 
4 can already be followed at temperatures 

low as 50'. In contrast, IV does not isomerise at temperatures up to 220'. and even then, 

it decomposes without isomerisation. 

The rate constants for the forward an reverse reaction kinetics : the integrates 

expression is the usual one 
5 : 

ln[[AK-Bl/(AoK-Boll = [kc t + kt clt I 

where A and B are the %ages of the cis and trans isomers at any given time of the reaction 

respectively and A0 and So, the respective starting %ages. The equilibrium constants 
k 

[K = c.t 

kt.c 
I were measured for each temperature. The values of the slope [kt c+ kc t1 were , 

determined by the least-squares treatment of the kinetic data. The unimportance of the 

solvent polarity was checked for I, excluding any ionic reaction. 
6 

Those results are 

presented in Table 1. 
69 

as 
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Table 1 

K = 10 (independent of the temperature1 

Solvent E 
A x 10-ll[sec-'l E [Kcal.mol -'I 

cis + trans trans + c-is cis + trai?s trans + cis 

COC13 4.6 103.5 8.07 26.8 26.7 

0°C' 34.0 28.0 410.0 27.9 26.2 

The relative unimportance of the steric factors are shown in Table 2. where the activa- 

tion energies for the isomerisation of I and II in COC13 are compared. 

Table 2 

Ea [Kcal.mol-'1 
cis + trans trans -+ cis 

26.8 26.7 

25.3 25.6 

Table 3 shows the Arrhenius parameters for the isomeration of III, and the equilibrium 

constants measured at 5 different temperatures. 

Table 3 

wS+ & ’ ;; 3.59 

NC CN 4.26 

4.51 64 

5.09 57 

5.63 49 

A x IO-l4 Ea[Kcal.mol -I1 

cis + trans trans + cis cis + trans trans + cis 

0.27 1.01 26.6 28.6 

Solvent : COC13 
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The results, together with some of the literature data are summarised in table 4. 

Table 4 

Eat Kcal.mol-’ 1 Rerercnce 

65.1 7 

NC&CN 47.0 

NC CN 

(III) 27.6 * this work 

33.5 8 

26.8 ’ this work 

25.5 + this work 

at 22CPC decompor i t ion 

without isomerisation 

5 

this work 

x Average value between Ea and E 
cis + trans atrans + cis' 

It is worthwhile to note the very low activation energies reported in table 4, for I, II 

and III, and the absence of isomerisation of IV at temperatures up to 220°C. Since we have 

good reasons to believe that the mechanism is a biradical one 
5.6 , all those results are in 

.nSR 
good agreement with the fact that a captodatively substituted radical [-C-CR1 is better sta- 

bilised than a radical centered on a carbon atom carrying two accepting groups C-C,, l /C02CH3 I. 

Other types of cyclopropanes are being investigated in order to be able to generalise the 

Icdlstabilisation effect. Those results will be discussed in a later paper, together with 

the synthesis of the new cyclopropanes. 
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