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The subsequent ring opening of II by the chloride,
however, cannot simply be predicted on the basis of
the electronic effects underlying the Markovnikov
rule. In the case of alkyl substituents apparently
little or no partial charge is developed on the carbon
atoms involved in intermediate II. Therefore, steric
factors control the formation of products II1. This is
particularly surprising in view of the poor nucleophilic-
ity of the chloride ion. With electronically more
biased substrates, such as styrene, electronic effects
become increasingly important in II, thus affording
Markovnikov productsIV.

Further data substantiating the above mechanistic
conclusions, defining the scope of this reaction and
the nature of the rearrangement, will be presented in
a full paper.
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Steric and Electrocyclic Control of Cyclopropyl
Tosylate Solvolysis Rates
Sir:

Carbonium ion reactions of cyclopropyl derivatives
generally lead to allyl rather than to cyclopropyl
products.t? The cyclopropyl cation (I) must have a
high propensity toward rearrangement to the more stable
allyl cation (III). Despite the slow rate of acetolysis of
cyclopropyl tosylate,? which masks the presence of
anchimeric assistance,?® it appears likely that the ioni-
zation and ring-opening processes are concerted.?5
The solvolysis transition state resembles II (or III)
rather than I, with considerable charge delocalization
to C-2 and C-3 and away from C-1.4% Carbonium
ion stabilizing substituents produce abnormally small
rate enhancements when substituted for hydrogen at
C-1 in cyclopropyl derivatives,>® but substantial rate
accelerations result from attachment at C-2 or C-3.4%
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Woodward and Hoffmann predicted that electro-
cyclic opening of cyclopropyl cation I to allyl cation III
should be stereospecific and ‘“disrotatory,” i.e., groups
in I cis at C-2 and C-3 should rotate toward or away
from one another in proceeding to III.” The direction
of disrotatory opening should further depend on the
stereochemical disposition of the leaving group, in the
manner shown below,” as also has been suggested by
DePuy.5
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The implications of these predlctlons with regard to
solvolysis rates of cyclopropyl derivatives are definite.
If ring opening and ionization are simultaneous, VI
should react faster than IV. In VI the cis-methyl
groups would move apart, relieving strain, while in
IV they would move closer together, increasing strain.
If ionization precedes ring opening and a cyclopropyl!
cation intermediate intervenes, then there should be
little difference in the solvolysis rates of IV and VI.
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Extension of these ideas to the bicyclic series leads to
predictions the reverse of those in monocyclic systems.
Compounds with endo configurations, as in the nor-
caryl derivative VIII, should react rapidly by a con-
certed mechanism because the cis-allylic configuration
IX is favored in a ring structure. By contrast, trans
opening (such as X to XI) is impossible, at least with
rings with common size, and unassisted solvolysis
through classical-type transition states might be antic-
ipated for exo isomers X.

Experimental results partially verifying these pre-
dictions have been published recently.®* DePuy and
co-workers have found trans-2-phenylcyclopropyl tos-
ylate to acetolyze 15 times faster than the cis isomer.?
The norcaryl derivative XII was reported qualitatively
to be very unreactive under the same conditions.?
Cristol, Sequeira, and DePuy® showed that acetolysis
of VIII (X = Cl) was at least 180 times faster than X
(X = CI). The rate of X (X = CI) was too slow to be
measured under these conditions, and no comparison
could be made with cyclopropyl itself, for the acetoly-
sis rate of cyclopropyl chloride was not determined.
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Table 1. Relative Acetolysis Rates of Cyclopropyl Tosylates
Rel Calcd Rel
rate at rates at rate at
Cyclopropy! tosylates? 100° 100° 150°
1 Parent 1.00 1 1.0¢
2 exo-7-Norcary! (X, 1.7 0.9
X = 0Ts)
3 endo-7-Norcary! (VIIIL, 19,000 5,100
X = OTs)
4  2-cis-3-cis-Dimethyl 1.7 4.0
v, X = OTs)
5 2-trans-3-trans-Di- 41,000 22,000 18,000
mathyl(VI, X = OTs)
6 2-cis-3-trans-Di- 490 570 260
methyl
7 2,2.Dimethyl 470 570 330
8 2,2,3-cis-Trimethy! 120 80
9 2,2,3-rrans-Trimethyl 48,000 175,000
10 2,2,3,3-Tetrarnethyl 8,050 38,000 5,500
o Seetext. bk = 3.89 X 108sec™l, <k = 7.76 X 1078 sec~1,

Both these rate coustants calculated from data of Roberts and
Chambers.

extends these observations; data from ten compounds
are summarized in Table I. The exo compound X
(X = OTs) reacts slowly, about as fast as cyclopropyl
tosylate and 11,000 times less rapidly than its endo
isomer VIII (X = OTs). Nevertheless, we do not
regard this result to be necessarily an unambiguous
confirmation of the Woodward-Hoffmann predictions
for in certain instances bicyclic compounds give anom-
alous results. For example, 9-exo-bicyclo[7.1.0lnonyl
tosylate solvolyzes considerably faster than its endo
isomer, behavior opposite that of VIII and X. A
full account of these peculiarities and their explanation
will be reported subsequently. The monocyclic tos-
ylates (Table I) are free from these difficulties.

Our results (Table I) fully confirm the Woodward-
Hoffmann predictions for cyclopropyl cation opening
and provide additional evidence for the concerted
nature of cyclopropyl solvolyses. The all-cis com-
pound IV solvolyzes 4500 times slower than its epimer
VI at 150°. Similarly in the 2,2,3-trimethylcyclopropyl
series the cis isomer is appreciably slower than the
trans. It is important to realize, however, that the
Woodward-Hoffmann predictions do not, in them-
selves, provide a method for the quantitative analysis of
these results. We present here the outline of a possible
interpretation based on a consideration of electronic
and steric factors in ground and transition states.
Among the many assumptions implicit in this rough
treatment is that the reaction has proceeded substan-
tially toward the open allyl cation (as III) in the transi-
tion state and that the electrocyclic opening process is
highly specific.

1. Electronic Factor. The rate enhancements re-
corded in Table I due to alkyl substitution are chiefly
electronic in origin. For the dimethyl compounds
4-7 (Table I) a factor of 5000 rate increase due to the
greater stabilization provided the protoallylic transi-
tion state during ionization is assumed. This factor,
about 70/methyl (70.72 = 5000), is of reasonable magni-
tude for the additional stabilization provided by methyl
in a highly delocalized transition state.?

2. Steric Factors. The extra ground-state strains
due to nonbonded interactions between substituents on

(10) Cf. R. A. Sneen, J, Am. Chem. Soc., 80, 3977, 3982 (1958).
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the same side of a cyclopropane ring are estimated to
be the following: two methyls, 1.1 kcal/mole;!t
two methyls and a tosyl group, 1.7 kcal/mole; one
methyl and a tosylate, negligible strain. The extra
nonbonded strains in the transition states are estimated
from the best models available: two methyls in the
“interior” of the allyl cation (as in V), 7.6 kcal/mole
(model: 1,8-dimethylnaphthalene);!? one methyl in
the “interior” (e.g., V with one methyl replaced by
hydrogen), 1.6 kcal/mole (model: 1-methylnaphtha-
lene);'? no strain in VII.

Using these steric and electronic factors the rates of
compounds 4-10 (Table I) can be calculated. At
100°, assuming entropy differences to be negligible,
1.7-kcal/mole strain difference between ground and
transition state is equal to a power of ten in rate. The
general formula for the calculations is simple: rate
relative to cyclopropyl tosylate = electronic factor due
to alkyl substituents X 10[(ground state — transition state strains,
in kcal/mole)/l.’l]' For 4’ 5000 X 10UL7-7.8)/171 =1_7; for
5, 5000 X 10W.1-0/171 = 22.000; for 6 and 7, 5000 X
1000-68/171 = 570, The same scheme is “‘successful”
with 8, assuming that the third methyl group contributes
an additional electronic factor of 70: 5000 X 70 X
10U 7=79/171 = 120, With 9, the agreement between
calculation and experimental values is poorer than with
4-8: 5000 x 70 X 10M.1-18/171 = 175,000. With 10,
50002 (four methyls) X 10128-7.8/171 = 38000, an even
larger discrepancy is observed. Perhaps the additional
methyl groups do not contribute electronically to a con-
stant extent and a leveling effect is responsible for the
deviations of the tri- and tetramethyl derivatives 9 and
10. Alternatively, a buttressing effect may be operating
or the neglect of entropy may be introducing error. The
approach is crude, the assumptions are many, but
the over-all success (Table I) is surprisingly good.

The importance of the interpretation presented here is
not the degree of agreement of calculation with experi-
ment, but the reasonableness of the approach and the
verification of the soundness of the basic mechanistic
assumptions made. If the degree of Woodward-
Hoffmann electrocyclic selectivity were small, and if
there were not considerable progress toward the allyl
cation in the cyclopropyl tosylate solvolysis transition
state, then the wide variations in rate (Table I) would
not have been found.
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