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Considerable attention has been given in the last few years

to the meckhanism of the Cope Rearrangements. Bxperimental

(1)(2)

results have been extemsively reviewed sy and theoretical

interpretations have been suggested, dased on ordital syamesries

(4)

”
or on s Huokel N,0. perturbation treaitment o The two theors

tical sreatments agree in predicting the chair form of the tram

sition state to de more stadle than the dost form for l,5-hexa-

dienes, The result is ia line with previous experiments on
3,4-41-othylhoxl-1,5—d10n0(5).

Both methods of caloculation seem to have been devieed for
qualitative work, without any attempt to obtain quantitative
information on the geometry of the transition state, and
without inoclusion of possible steric influences.

A aifferent approach is here suggested, which is an exteantion
of the metbod of computation of conformational energies suo~

(1

oessfully applied by loadriok-on(s) and Widberg to oycloal

(3)
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kanes. The variation of energy of a molecule along the reso-
tion path is caloulated as the sum of the following terms
bond angle bending strain, torsional sirain, steric repulsion,
x-delooalisation, compression of ¢ Ybonds in the conjugated
parts of the moleocule, making and rupture of a ¢ Ydond. The
details of the oaloulation are now driefly summarised, for

1,5~hexadiene, ss an example

Caloulations are performed at different degrees of advancement
of the reaction (a), baving defined a as the degree of brea-

king of the 03-04 bond, Hybridisation at oarbon atoms 1 , 3 ,

4 and 6 is supposed to ohange along the reaction path from

lpa to .ps or vige-~ve .

The variation of the amount of s orbital in the hydrids is
assumed linear in a .

Hybridisstion at atoms 2 and 5 remains unchanged (lpz) $ C, or
c. symmetry is also preserved along the obair-like or boat-=like
transition stats reactions, respectively. The geometry at each
stage is defined by the following parameters 1@ ‘1,2 ’ d2’3 ’ d2,5 N
13" N d6,1 cardon~carbon interatomiec distances, and the dihe~

dral angles 191 and ﬁg between the axis of looal atomio ternp
ry symmetry at cl and cs respeoctively and the axis of the
p-ordital at 02 s a8 1llustred in FI0, 1
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Visualisation of '91 and ﬁg anglesy the arrows

indicate a p (at 02) or quasi-p (at C, snd 03)

1
orbitsl . Por a = 0.5 , ’1 = p, = 104.0°

3
These parameters are not independent and can be expressed as
functions of three of them ( 01 » 65 N dz 5) using empiriocal
1
relationships between bond-distances and bond-ordsr s bond-oxr

der and effective gvo;};g(9)

at each a, the energy with respeot to 191 » {B s and dz 5 by
1 4

« It 3s then possidle to minimise ,

machine computation and to find the activation energy and ot
(the degree of advancement at the transition state). The results

are as follows 1

* * - :

a A48 (Xoal/mole) 191 9, 45,5 (4)
ohair 0.5 30,5 + T.5° 2.7
boat 0.5 33.6 +13.5° 2.5

(The plus sign means inward rotation of the ternary axis).

Aotivation energy values are of the right order of magnitude
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(see (2)), and in the right order, their difference being about
554 of an approximate experimental value, 5.7 loal/nolo.(z) for
the difference of activation free energy. Ths assumption that
AS* is adbout the same for the two arrangements has been justi
fied by our results of entropy calculation. The method has been
extended to oconsider more complex moleoules and used to evaluate
the rate enhancement of the Cope rearrangement obtained whem one
or two phenyl groups are donded at C_ and C, or when a strained

3 4
ring 4is welded on the 03-0 bond .

The calculation of the goon:try of the tramsition state allows
an evaluation of the activation and reaction entropies by using
statistiocal mechaniocs toohniqu--(lo). For ois-1,2-divinyloyoclo-
butane the experimental value is known, As* = =11.7 e.u. at
358ex(13)

state path, gives A8F = 10 ewu. at 423°K ,

while cur calculation, along the boat-like transition
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