The Ethylenebenzenium Cation
Sir:

The observation that B-phenylethyl derivatives un-
dergo facile rearrangements in solution provided Cram?

with an early opportunity to propose the involvement
of bridged carbocation intermediates. Although the
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original (stereochemical) evidence demanding a bridged
intermediate was quickly strengthened by the kinetic
studies of Winstein and his collaborators? the proposal
was vigorously challenged by Brown,® who noted that
the observed stereochemistry as well as the kinetic rate
enhancements could easily be accounted for on the
basis of a rapidly equilibrating pair of openions. The
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experimental evidence against such an alternative
has mounted in the past decade* crowned recently by
the direct observation of the elusive ion in superacid
media.5 Even though the ion formed on solvolysis of
B-phenylethyl derivatives is now known to possess a
symmetric bridge structure® in its ground state, the
detailed nature of its structure remains a mystery.
Also unanswered is the extent to which open ethylene-
benzenium ions are involved in solvolysis.

In this communication we consider a straightforward
application of ab initio molecular orbital theory to the
description of a section of the CsHgt potential surface.
We shall be interested primarily in the predictions to
the theory concerning both the equilibrium structures
and relative stabilities of open and bridged forms
of ethylenebenzenium ions and in a comparison of
these results with related studies on the homoallyl-
cyclopropylcarbinyl” and benzenium-benzenonium?® sys-
tems.

Quantum mechanical methods have been described
in the preceding communication.” Because of the large
size of the molecules involved only a limited amount of
geometric optimization has been performed, and our
studies have been restricted to a minimal basis level.
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Considering initially the open forms of the ethylene-
benzenium ion (I-1V),? the theory predicts the orthog-
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onal perperndicular structure Il to be the most stable.
The orthogonal staggered (1) and planar perpendicular
(IV) forms are related to it by single bond rotations
without activation, while the planar staggered structure
III is unstable with respect to either of two single bond
torsions. More importantly, we find the orthogonal
perpendicular structure to collapse without activation
to a symmetric bridged ethylenebenzenium ion (V).%
This lack of stable open forms is entirely consistent
with the findings of our parallel study on the homoallyl-
cyclopropylcarbinyl system.

The (partially optimized!!) structure for symmetric
bridged ethylenebenzenium is striking in comparison
with those of cyclopropylcarbinyl” and benzenium.?
The predicted distortion of the cyclopropyl ring away
from threefold symmetry is nearly identical in both
cyclopropylcarbinyl and ethylenebenzenium (angles
C.C,C,’" of 537 and 54.4° and C,C, bond lengths of
1.609 and 1.598 A in the two molecules, respectively),
while the aromatic ring in benzenium is somewhat
more perturbed from sixfold symmetry (angle corre-
sponding to C;C,C;’ (in ethylenebenzenium) has
diminished to 110.9°) than we note here.

Table I presents theoretical STO-3G energies (relative
to bridged ethylenebenzenium) for the open and bridged
forms of the ethylenebenzenium. It is expected that
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HCICy) = 1.598 A HCCy) = 1.431 A

rHCCe') = 1.460 A .

HCiCy) = (1.400 A) r(CiCs) = (1.400 A)

HCH)) = (1.080 A) r(C;H;) = (1.080 A)

r(C4H4) = (1 .080 A) r(CsHs) = (1 .080 A)

LCCiC = 54.4° 2CCCs" = 115.8°

LCCCy = 122.1° £ CyCCs = (120.0°)

£CCsCy’ = (120.0°)

£LH;,CCp'12 = 158.2° £LH,CH,; = 115.7°

ZH,C,C, = 118.3° £LH,C,C; = (120.0°

ZH;CsC, = (120.0°)
Table I. Energy Data (kcal/mol)

Molecule STO-3G

Bridged ethylenebenzenium (V) 0
Orthogonal perpendicular ethylenebenzenium (II) 35.4
Orthogonal staggered ethylenebenzenium (I) 42.3
Planar perpendicular ethylenebenzenium (IV) 46.5
Planar staggered ethylenebenzenium (II1) 48.8

the relative energies of the open ions will be lowered
some 10-15 kcal/mol by further geometric optimization
and by extension of the basis function beyond mini-
mal.1® Itis notanticipated, however, that such an effect
will alter the stated conclusions.

In this and in the preceding communication’” we have
provided two examples of the interaction of an elec-
tron-deficient center with an area rich in density. The
similarity is striking and we believe extends well beyond
our present applications.
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Solvolysis of
trans-2,2-Dimethyl-3-(2'-methylpropenyl)cyclobutyl
Tosylate. Model Reactions Relevant to

Squalene Biosynthesis

Sir:

The reductive coupling of farnesyl pyrophosphate to
squalene (2) proceeds through the C-30 intermediate,

presqualene pyrophosphate,! the structure of which
(1, X = OPP) now seems firmly established.®? The
rearrangement pathway 1 — 3 (or equivalent delocal-
ized species) — 4, terminated by a stereospecific hydride
transfer from NADPH (Scheme I), has been sug-

Scheme I

gested!®280.¢4 a5 3 mechanism for the 1 — 2 trans-
formation.?

While this mechanism finds precedent in the re-
arrangements of cyclopropylcarbinyl compounds,® the
heterolytic reactions of trans-chrysanthemol derivatives
(1, R = CHj;) in solution lead principally to ring cleav-
age products.”® In order to determine whether the
subsequent steps in Scheme I would occur in the ab-
sence of enzymatic control, we have investigated the
reactions of the C-10 cyclobutyl tosylate, 6-OTs, a
potential precursor to cation 3 (R = CHj;).? The
corresponding Cj pyrophosphate has in fact been
proposed as an additional enzymic intermediate be-
tween presqualene pyrophosphate and squalene.® The
trans isomer was selected in view of the stereochemistry
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