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Importance of Hyperconjugation in Cyclopropylcarbinyl
Derivative Solvolyses!

Sir:
Professor Saul Winstein 2 suggested the possibility that
hyperconjugation and bridging were descriptions of a

single delocalization phenomenon involving little or
much movement of the hyperconjugated or bridging

group illustrated for propyl cation (eq 1). We adopted
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this preposal into the idea of vertical stabilization?®* of
such cations, assigning as limiting vertical stabilization
the cation having essentially the starting state geometry.
The calculations of Radom, et al.,5* indicate that I-
propyl cation has a structure closer to 1 than to 2.

Turning to more strained C-C bonds we found a very
large o—m conjugation effect in vertical ionization po-
tentials of, e.g., cyclopropylbenzene or homocubyl-
benzene, ® and suggested, in agreement with theoretical
calculations,” that the cyclopropyl, homocubyl, etc.,
groups supply electron density by o—7 conjugation
without significant bridging.

Olah and Liang® have compared the 3C nmr chemical
shifts in the rigid 3-nortricyclyl cation 3 with those of
open analogs such as 1-cyclopropyl ethyl cation 4 and
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(9) Although Olah and Liang® maintain that hyperconjugation and
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recent paper, deny this continuum for the neighboring mercury group.
They state that the ‘“S-mercury-substituted carbenium ions,” e.g., the
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should have a cmr chemical shift “similar to that of the sp? carbon in
isopropyl cation, i.e., ~—125 ppm.” This clearly does not recognize

have concluded that there is much less delocalization of
the cyclopropyl electrons in 3 than there is in 4. Be-
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cause 3 is presumably too rigid to rearrange to a bridged
structure, they suggest that this cation represents ‘‘a
limiting example of charge delocalization with minimal
nuclear movement,” i.e., vertical stabilization, and that
vertical stabilization is relatively unimportant in the
stabilization of 4.

Criticisms!® of the use of cmr chemical shifts for such
purposes suggest the investigation of other common
methods which relate more directly to stabilization of
transition states for solvolyses. These involve the ob-
servation of the effect of ring closure upon: (1) solvoly-
sis rates, (2) sensitivity to substituent, (3) ionization
potentials.

We first compare the effect upon rates themselves in
Table I. If, upon ring closure, the open chain com-

Table I. The Effect of Closing a Cyclopropane Ring on
Rates of Secondary Alkyl Tosylate Solvolyses
Structures
A B log kn/ka Ref
R X
X ~a b
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e For R = H. If R = alkyl this value probably increases to
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pound 6 were gaining some stabilization not available to
10, then the effect of ring closure should be larger for
5 — 6. It obviously is not. In fact, a comparison of
7 — 8 with 9 — 10 is definitive in this respect.

Let us compare the effect of ring closure upon sen-
sitivity to substituent. Peters and Brown!'.!* have

the delocalization of the MeHg~C ¢ bond in such geometry even though
we had conclusively demonstrated such delocalization to be almost as
effective as that of an amino group.®*
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localization in 3-nortricyclyl cations.
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tabulated the p values for the solvolyses of the com-
pounds shown below.

e O
oS,

o —5.27 —3.36
Ap 191
Y. Y
X X
CH, CH,
—4.65 —2.78
Ap 1.87

Again, the effect of closing the ring upon the p slope is
the same in the two systems.

We have also prepared olefins!31¢ related to 3 and 4
and determined the effects of ring closure upon ioniza-
tion potentials, 15—17

13 14
IP, 9.40" 872
AIP, 0.68
CH, CH;
11 12
9.18 8.92
AlP, 0.26 (~0.45 corrected)

The changes in ionization potential upon ring closure
are 0.68 eV for the rigid systems 13 — 14 and, after cor-
rection for two alkyl groups,!? about 0.45 eV for 11 —
12. These changes correspond pretty well with the
changes in solvolysis rates.

It is clear that these three probes, while not giving ac-
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broad (1 H), 1.5 m (6 H), 0.96 m (1 H); ir 3180, 3030, 2850, 1695 cm~!
(CCly). Other olefins, synthesized by standard procedures or pur-
chased, were identified with known structures by nmr after purification
by gas—liquid chromatography.
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curate quantitative agreement, indicate that the rigid
cyclopropyl carbinyl system is afforded at least as much
stabilization as is the free-rotating system, in contrast
to the conclusions based upon cmr spectra. ?2!

Finally, the calculations of Hehre and Hiberty’ indi-
cate that the parent cyclopropyl carbinyl cation is *‘bi-
sected” and that the slight movement in going from the
starting cyclopropane to the cation is in the opposite
direction to that leading to a bridged ion. This struc-
ture, according to our definitions® and according to
several theoretical and three experimental studies, is
stabilized by hyperconjugation (vertical stabilization) in
the usual sense and does not require the postulate of
bridging in the usual sense.?

(20) Although Olah and Westerman?! state, ‘“We cannot recollect, in
contrast to Brown, any suggestion that 13C nmr shifts could be used to
predict solvolytic rates and stabilities of carbocations or any reason why
they should,” Olah and Liangs had previously stated, “‘Both cmr and
pmr parameters showed that the secondary cation 1-H and the tertiary
cations 1-CH; and 1-CoHs are stabilized by charge delocalization the
degree of which, as anticipated, is greater in the former.” The discus-
sions in ref 8, typified by the sentence above, are almost entirely directed
at stabilization of cations. We agree with Brown and with ref 21 that
13C chemical shifts do not relate in any direct way to cation stabilities.
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(1973).

D. F. Eaton, T. G. Traylor*

Department of Chemistry, Revelle College
University of California, San Diego

La Jolla, California 92037

Received October 29, 1973

Reactions of Diazocyclopentadienes.
Structure of Halogen Substituted
Pentahaptocyclopentadienylrhodium Complexes

Sir:
Reaction of a diazoalkane with a transition metal
compound may result in (a) complex formation with

retention of the diazo group,! (b) insertion into metal
halogen, hydride, or alkyl bond,? or (c) carbene forma-

Preparation and

tion.? We report that the diazocyclopentadienes
(Ia,b) insert into halogen-bridged dirhodium species to
R
R
N,
R
R
Ia, R=C.H;
b, R=H

give new halo-substituted cyclopentadienyl complexes
IIa~e. Reaction 1 proceeds conveniently in benzene in
nitrogen atmosphere at room temperature. The re-
actions are complete within 24 hr and can be followed
by watching the disappearance of the band at 2060 cm~—!
due to the nitrogen group. The products are air stable
and range in color from yellow (Ila,b,e) to red (Ilc,d).
The ease with which these reactions produce halo-sub-
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