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The Cope Rearrangement — a Reaction with a Manifold Mechanism ? [1] *

Rudolf Wehrli **, Daniel Bellus ***, Hans-Jiirgen Hansen **** and Hans Schmid **

Institute of Organic Chemistry, University of Zurich

Summary

For the Cope rearrangement of hexa-1,5-dienes (cf. 1) to isomeric
forms (cf.1’), more mechanisms are at one’s disposal than was
hitherto accepted. Depending on the choise of the structure, the
kind of substituents of the Cope system or on the reaction con-
ditions, most of the thinkable mechanisms can be defined. Two-
step Cope processes are characterized by dissociation and re-
combination or by the intervention of diradicals or zwitterions
as intermediates. Concerted processes can occur via the “classi-
cal” pericyclic (aromatic) or via a diradicaloid transition state.
Whereas the unsubstituted hexa-1,5-diene and its derivatives
with conjugative substituents in positions 1,3,4 or 6 follow the
pericyclic route, systems with radical stabilizing substituents in
positions 2,5 prefer to react via the diradicaloid pathway. Thus,
hexa-1,5-dienes represent, from a mechanistical standpoint, quite
ductile systems.

1. The Mechanisms as Border-Line Cases

The Cope rearrangement of hexa-1,5-dienes (1=1";
scheme 1) and the Claisen rearrangement of 3-oxa-
hexa-1,5-dienes (allyl vinyl ethers) to y,d-unsaturated
carbonyl compounds, in general, are regarded as typical
examples of orbital-symmetry controlled sigmatropic
reactions [2]. In principle, however, the following
mechanistic borderline cases can be discussed for trans-
formations of type 1= 1".

* Received June 11, 1976
** Dipl.-Chem. R. Wehrli and Prof. Dr. H. Schmid, Organisch-
chemisches Institut der Universitat Ziirich, Ramistrasse 76,
CH-8001 Ziirich. — Correspondence to Prof. Dr.H. Schmid
*x* Dr, D. Bellus, Zentrale Forschungslaboratorien, Ciba-
Geigy AG, CH-4002 Basel

**%% Prof, Dr.H.-J.Hansen, Institut de chimie organique de

I’Université de Fribourg, Pérolles, CH-1700 Fribourg

Scheme 1
2 2
3N A 3@'
4(;6 ‘ a6
5 5
1 1

1. Two-Step Processes

These processes are characterized by the intervention
of distinct, eventually short-living intermediates.

1.1. Homolytic or heterolytic cleavage of the central
o-bond of the Cope or Claisen system, followed by re-
combination of the radical-like or ionic fragments
whereby (3,3), (1,3) or (1,1) products can result (cf.
[3,4]). Unimolecular versions of the homolytic mecha-
nism are well known from suitably bridged systems.
The thermal isomerization of cyclobutane derivative 2
to the methylene-cyclohexene 4, which occurs via the
diallyl diradical 3 (scheme 2), may serve as an example
(see [5] and literature cited therein).

Scheme 2
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A pseudo-intramolecular mechanism, via radical
geminates, is followed by the aromatic photo-Claisen
rearrangement (cf. [6]).

1.2. Intramolecular [2 + 2]cycloaddition to give bi-
cyclo [2.2.0]hexane derivatives 5§ which undergo cyclo-
reversion with inclusion of the original ¢-bond of the
Cope system (see scheme 3) [7].
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An approximately parallel orientation of the o-orbitals of
the bond to be broken (2,3 or 5,6) and of the p-orbitals at the
radical-like centres is only present in these structures. The
situation is quite similar in ionic fragmentations. See: C. A.
Grob and P. W. Schiess: Angew.Chem. 79 (1967) 1;

ibid. Int. Ed. 6 (1967) 1;

C.A.Grob: Angew.Chem. 81 (1969) 543;

ibid. Int. Ed. 8 (1969) 535.

This statement is supported by the observation that com-
pounds with bicyclo [2.2.0]hexane subunits the diradical
form of which is fixed in the B-conformation by ring annel-
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lation are thermally stable (cf. [56]). However, the strained
[2.2.2]-propellanes are opened already at room temperature
(cf. [57)).

G.0.Schenck and R. Steinmetz: Chem.Ber. 96 (1963) 520,
W.G. Dauben and D.L.Whalen: Tetrahedron Letters /966,
3743;

P.E. Eaton and K. Nyi: J. Amer.chem.Soc. 93 (1971) 2786;
W. Dittmar, G. Heinrichs, A.Steigel, T.Troll and J. Sauer:
Tetrahedron Letters 71970, 1623.

G.Ginsburg: Propellanes, Verlag Chemie GmbH, Weinheim
1975.





