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KINETICS OF THE CIS-TRANS ISOMERISATION OF CYCLOPROPANES

COMPARISON BETWEEN CAPTO-DATIVE AND DI-CAPTO RADICAL STABILISATION]’2
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Summary : Capto-dative (ecd) (¢ = CN, d = OR, SR, NR2) campared to di-capto substitution
(c = CN, ¢' = COOR) was found to be more efficient in lowering the activation

energy of cis—trans isamerisation of cyclopropanes.

Since the formulation of the concept of capto-dative (cd) radical stabili-

4
'5'6, based on

sation 3 we have published our first quantitative evaluations
cis-trans isomerisation of cyclopropanes : we reported that lc isomerises rea-
dily at 50°C with a very low activation energy (=26.9Kcal/mole). In this paper
cd substitution is extended to amino- and methoxy nitrile and compared to di-

capto substitution.

la X = OCH,

b = ¢ X 5_+_ X 2a X = S—f—
c =S¢
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cd-Substitution stabilises particularly well the di-radical transition

7 . , .
state of the isomerisation process.
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d = SR, OR, NR ¢ = CN, COOR
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The effect of a methoxy

couple with a nitrile,

contrast two geminal acceptor groups

(in la)

is comparable to

or of a morpholine group (in 2b), i

(CN and COOCH3 in le) stabilise

tion state to a lesser extent.

The kinetic data for the cis-trans
la-e and 2a-b were determined in two different solvents8
sented in tables I and II.
and nitrobenzene or xylene-D10 and CD

ter in the transition state7a

SOLVENT : cDClg

R VAV | (1a)
& 1a

NC CN

10

[::Lﬁgffx,ﬂs"+" Ub)
&y -

NC CN

In both series
the game activation
these systems. This

report Indeed if

The resul

No solvent polarity effect was detected using CDC1

CN respectively. Any zwitteri

3
can thus be excluded.

VAV

—_—
& 7, N “
N\
NC N X CN
cis trans
E (Kcal/mole) E (Kcal/mole)
> t _1 t +c¢C -1
(Ac-+t sec ) (At4>c sec )
24.1 + 0.4 24.2 i.O.S
(6.1 x 1019 (1.0 x 10'°)
27.0 + 0.4 26.7 + 0.7
(6.3 x 10°°) (7.2 x 10°%)
26.9 + 1.0 26.9 + 1.1
(1.1 x 1013) (1.1 x 1012)
28.2 + 1.5 29.4 i}l.l
(4.2 x 10'% (4.2 x 109
31.7 + 0.8 31.7 + 0.7
(3.2 x 1013) (1.2 x 1012)
TABLE 1

energy ;

is in full agreement with X-ray analysis

the c¢cis > trans and trans = cis isomerisations

steric factors appear not to be predom

and

steric factors of X in la to le were important,

sequence of activation enexrgies could be expected.

that of SR groups (in lc and 2a).

n the cd-
In

the transi-

isomerisation of two sets of compounds

ts are pre-

3

onic charac-

K=[cis]/[trans]
(T °c)®

7
(58-110)

5.3
(37 - 64)

10
(50-95)

4.6
(100-138)

4.8
(118-150)

have nearly
inant in
our previous

a different
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The kinetic results suggest a similar stabilisation for cd radicals
@/OCH3 ®,5Ph @/Ph
R - C\ and R - C\ , and for the R - C radical.
CN CN CN

Although chlorine is a poor donor and the least efficient radical stabilising

substituent considered here, the activation energy for 1d (¢ = CN, d = C1)

is still lower than for di-capto substitution (lg , ¢ = CN, c¢c'= COOCH3).

From the data for 2a and 2b (Table II) we can conclude that t-butyl thio
and morpholine substituents in a cd couple afford a similar degree of stabili-

sation in the diradical transition state.

<
{
|
éf,

%N ?X
cis trans
SOLVENT : xylene-D10 Ea (Kcal/mole) E (Kcal/mole) K=[cisl/[trans]
c >t -1 t >c 1 9
(AC Ly sec ) (At 5 o Sec ) (rec)

[::L~12§f»5 —+ 2 34.3 + 0.8 34.0 + 1.9 3.6

%, 13 12

TN (1.0 x 10*7) (2.1 x 1077) (155-187)

N N\
q;;l\lfﬁz’N 0 (2b) 34.2 + 0.1 34.1 + 0.1 1.9
| — - - =

(1.4 x 1013) (6.0 x 10°%) (150-187)

TABLE 11

The correlation between radical stabilisation energies by substituent

effect and the activation energies of cyclopropane geometrical isomerisation

; 2,7 . . .
is already established ’". However, small variations of 1-2 Kcal/mole in the

activation energies by changing only one substituent X out of three or four
could be justified by differences in the ground state energies ; but there is

;

no obvious reason to expect ground state destabilisation of four or of seven

Kcal/mole replacing the ester group of le, by a chlorine 1d or a methoxy !la.

In conclusion our results indicate the following order of radical stabi-

lisation 3 .
d-C-CN >» Ph-C-CN >C1—C—CN>-ROOC—E-CN> Ph—%—H d = OR, SR, NR2
i i I i
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This sequence does not correspond to the simple additivity of individual capaci-
12 . S ; X
ties of substituents to stabilise an adjacent radical and underlines the impor-

tance of the c¢d effect.

In quantitative terms the comparison of the Ea's for 1,1,2,2-tetramethyl-
cyclopropane (Ea = 54.4 Kcal/mole)13 and of bis-cd substituted cyclopropanes la
and lc (Ea=24-27 Kcal/mole) permits the estimation of 14-15 Kcal/mole for the
cd radical stabilisation energy, which is even higher than for diphenyl substi-

tution (cf. 1,2-Di(p-cyanophenyl)-1,2~diphenylcyclopropane Ea = 30.4 Kcal/moles).
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