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THE REACTIVITY OF NONCOPLANAR DOUBLE BONDS
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We wish to call attention to an aspect of double bond reactivity and its relationship
-to-the -concept of. torsional strain.-. Nomplanarity.-in-an unsaturated-center may. be deliberately. ...
induced in two ways. On the one hand, the trans substituents may be linked by a short chain; the

best known example is trans-cyclooctene (l). On the other, relief of steric compression, as in

cis-di-t-butylethylene (2), can likewise produce a torsion about the double bond. In each of
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these cases there is an estimated strain energy of > 9 kcal/mol.1 To illustrate our point we
shall make use of Newman projections. We make an initial approximation that both carbon atoms in
a twisted double bond will retain sp2 hybridization. The appropriate representations are given

below (la, 2a):
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The pertinent observation is that in la and 2a the axes of the 2p atomic orbitals of
the pi bonds are not parallel, but are skewed relative to each other by an amount proportional to
the "twist" in the pi bond. We submit that in order to attain better pi overlap the carbon atoms
of the double bond will undergo modest rehybridization,2 with the incorporation of some s char-
acter into the "lobes" of the pi bond.2a This is exemplified (if exaggerated) in b and 2b, in
which the axes of the pi bonding atomic orbitals have been brought back into parallel, with at-
tendant adjustment in the position of the hydrogen atoms on the double bond. However, note a
characteristic difference in the two systems; in &9 the lobes on the same face of the double bond
are expanded,Za while in zk it is the lobes on opposite faces which are expanded. It follows
that there should be marked differences in the propensities of these systems to undergo chemical
reaction, in particular with respect to additions to the double bond. A system of the type Ab
will be relatively more susceptible to cis addition than to trans addition; the opposite will
hold true for 2b (trans rather than cis addition).

Experimental support of this hypothesis is not unambiguously available. One face of
the double bond of traps-cyclooctene (L) is sterically shielded; trans addition is thereby sup-
pressed. Furthermore, many trans additions proceed by way of bridged intermediates resulting
from an initial cis addition. Naturally, steric bulk at the reaction site in cis-di-t-butyl-

ethylene (%) will also shield the double bond from attacking reagents; hence, comparisons with
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less strained systems are uncertain.

However, we note that the chemistry of strained systems is comsistent with these sug-
2a, 3

gestions, In fact, we submit that these ideas have general applicability to alkene chem-
istry. For example, the strong tendency of cyclohexanes to adopt a chair conformation means

that with regard to additions cyclohexene4 will respond as in class 2a,b, above.

Consequently, while there may be little torsional strain in the double bond of cyclohexenes
(examination of recent X-ray crystallographic structures reveals six-membered ring C-C=C-C
torsional angles of 0.5-5"),5 the reaction paths leading to trans or cis addition might be ex-
pected to show a transition state differential amounting to several kcal/mol which could be at-
tributed to this source. Naturally, the effect of this phenomenon cannot be separated from
other aspects of double bond reactivity, but it should be recognized as a contributing factor in
appropriate systems, for both additions6 and eliminations.7

The generalized conclusion is that small ground state "torsions’ about a double bond
may be energetically inexpensive,8 but that they may produce sizeable relative effects in the
transition states corresponding to differeﬁt modes of reactivity, particularly when the acti-

vated complex resembles the alkene.9
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