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Recently3 we have exanined 3,3,5,5-tetramethylcyclo-~
hexanone (I) and bicyclo[3.2.ljoctanone-3 (II) as models for
the operation of the Reflex Erfect.4 As a continuation of
this investigaﬁion we were interested in the solvolysis of
the tosylates derived from I and II. Accordingly, we have
prepared exo-3 and endo-3-bicyclo[3.2.1]loctyl tosylates (III
and IV) and 3,3,5,5-tetramethylcyclohexyl tosylate (V) and

studied their acetolyses.5 The kinetic data are assembled
in Table 1.
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TABLE 1

Acetolysis Rates of Constrained Cyclohexyl p-Toluene~

sulfonates
Tosylate Temp.,°C k,, sec.”) AH kcal. 4S e.u.
Exo-3-Bieyelo-  25.0% 4.87 x 1027  25.6 -2.4
[3.2.10ctyl 50.0  9.71 x 1079
(1I1I1) 70.0 1,07 x 10_4
90.0 7.71 x 10
Endo-3-Bicyclo- gg.g‘ 5.32 x %8:2 22.8 -6.2
.201 Oc 1 . - P 4
Caestioew 70.0  8.87 x 10+
90.0 5.52 x 10
3,3,5,5-Tetra-  25.0% 8.59 x 1078 27.4 1.0
methylcyclo- 50.0 3.27 x 10
hexyl (V) 70.0 3.96 x 10_7
90.0 3.55 x 10
8calculated
rates

However, in order to evaluate the observed rate con-
stants, knowledge of the ground state conformations of the
tosylates is required. The steric effect of the ethane
bridge and the two pairs of geminal methyl groups could gen-
erate boat-~formed cyclohexane moieties, especially in the
case of IV and V.

As can be seen from Table 2, the chemical shifts and
vicinal coupling constants of the tertiary carbinyl proton
K in the alcohols corresponding to III - IV, viz., IIla -

6

Va, are invarisnt with temperature. Moreover, the mul-
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TABLE 2

Chemical Shifts and Coupling Conmstants of Substituted

Cyclohexanols, 0° - 120°6

Compound Signal due to Proton K

IIla Septuplet at 225 c.p.s.
Jaa = 10.5, Jae = 6.0 c.p.s.
IVa Quintuplet at 237 c.p.s.

Jea / Jee == 3,0 c.p.8.

Va Triplet of Triplets at 228 c.p.s.
Jaa = 11.25, Jae = 4.25 c.p.s.

tiplicities indicate that the cyclohexane moiety is locked
firmly in the chair conformation. Therefore, by extension,
the tosylate configurations in III - V are as depicted.

The acetolysis rate at 25° of tetramethylcyclohexyl to-
sylate (V) is about the same as that of cyclohexyl tosylate
(v1).” Both 3-endo and 3-exo-bicyclo[3.2.1]octyl tosylate
are one hundred, and ten times faster respectively than VI.
Both these rate enhancements are quantitatively compatible
with steric acceleration due to the ethane bridge.8

It is especially significant that the endo tosylate IV
acetolyses faster than the exo (III) by a factor of ten.
Brown has proposed that the rate of solvolysis of 6X0-2-nor-
bornyl p-bromobenzenesulfonate is 'normal', whereas that of

the endo isomer is uncommonly slow due to "steric hindrance
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to 1onization".9 Since models and the n.m.r. data indicate
that III and IV resemble geometrically exo- and endo-2-nor-
bornyl tosylate, it would appear that the aforementioned pro-
posal, if true,must constitute a special case, as it clearly
does not apply to the order of the difference in rate demon-
strated by exo- and endo~3-bicyclo[3.2.1]octyl tosylates
(III and IV).
Analysis
from the acetolysis of III, IV and V is particularly infor-

10 of the composition of the products formed

mative (Fig. 1).11 The formation of endo as well as exo-

IIT (exo) —> 35.8 00.0 64,29 OAc
IV (endo) —> 44,0 34,5 21.5%

/ OAc
V——— 82,2 17.8%

‘Figure 1. Products formed from ITI, IV and V on acetolysisll

acetates from the endo tosylate (IV) indicates that there may

12 Never-

be some degree of solvolytic epimerization of IV.
theless, the predominance of the exo acetate undoubtedly ori-
ginates from the backside attack of solvent on IV.]'3 It is

remarkable that in the case of the exo tosylate (III) the
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substituted product is exclusively the endo acetate. Brown
has attributed the predominant formation of exo product on
8olvolysis of exo-2-norbornyl p-bromobenzenesulfonate to
“steric hindrence to endo substitution".”’1*  mhis inter-
pretation is at variance with the stereochemical result of
the solvolysis of exo-3-bicyclo(3.2.1]Joctyl tosylate (III),
the endo side of which appears to be just as hindered as
that of the 2-norbornyl system.
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Holness, J. Amer. Chem. Soc., 77, 5562 (1955)).

The axial tosylate group in IV experieances steric in-

teraction with the ethane bridge of an estimated 5.0
kcal./mole (cf. the 1,3~-diaxial methyrhydroxyl interac-
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their n.m.r. spectra and by comparison with suthentic
compounds.

For product analysis, the tosylates were acetolysed at
90° for about 20 half-lives.

IV may dissociate to an intimate ion pair which could
suffer internal return to its exo isomer, III. Alter-
natively, IV could undergo SN2 attack by free tosylate
ion to form III. These possibllities are under in-
vestigation.

There is no doubt that the solvolysis of 'normal' sec-
ondary sulfonates proceeds by solvent attack in an SK2
type process. (H. Weiner and R. A. Sneen, J. Amer.
Chem. Soc., 87, 287, 292 (1965)).
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