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Evidence for the Symmetrical Nature of the
7-Norbornenyl Cation

Sir:

The cation derived from the solvolysis of anti-7-nor-
bornenyl tosylate (1) has been described as both a
symmetrical, highly delocalized species'’? (2) and as a
rapidly equilibrating pair of classical ions® (3). We now
report data which support the view that the acetolysis
of 1 produces the ion 2 and not the rapidly equilibrating
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ME AR e 4, pm v mtemal THS pair of ions represented by 3. Our position is based on
a study of the rates and products obtained from the
Figure 2. 100-MHz nmr spectrum of the ring protons of N,N"-di~  solvolysis of the series of p-nitrobenzoates, 4, 5, and 6.

-butylpiperazinium dichloride at pD <3. We have found that the increase in rate in going from

no methyl groups, to one methyl group, to two methyl
groups on the double bond represents a ‘‘cumulative
effect’” of the methyls and not a “statistical effect” (which
might be expected for the second methyl group if classical
equilibrating ions were formed).
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In this case, the parameter o ~ 1 + (k'y/k)[1 + (k,/
2kg)] may have an unobserved dependence on pD,
through k, (k, = 10*-10%sec™?!), and because the un-
known ratios k’n/k, and k,/kg are not necessarily small.
The possibility that Iy could be the rate-determining step
must be rejected here, because T = k'y/(kykg) would
become independent of the pD. In the unlikely event of
a primary Iy nitrogen inversion (with BD* and BD,** in
equatorial-axial chair conformations), the same equation
is obtained and the same remarks can be made.

We may then infer that our results are evidence—
however not yet sufficiently conclusive to exclude the
other alternatives—for a double consecutive Iyg-type
nitrogen inversion of the monocation with deuteron
transfer, whose rate constant has the value ky = 2k, =
3.10 x 103sec™®. This is 100 times smaller than that
obtained for P (2 x 10° sec™! at 44°®) for a supposed Iy
inversion (and the parameter o equal to 1).
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The p-nitrobenzoate 6 was prepared as shown below*
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Table I. Solvolysis Rates of anti-7-Hydroxynorbornene p-Nitrobenzoates in 70:30 Dioxane-Water
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kalks kalks AH*#, AS*,
Compound Ref Temp, °C Rate, sec™! 140° 140° kcal/mol eu
4 7 185 1.38 x 10~4
7 170 4.89 x 10-3
140.0 + 0.02 4.72 x 10~% 1 0.075 27.4 -17.3
(25)° 8.23 x 1012
5 160.0 + 0.02 (3.15 £ 0.01) x 10~#
150.0 + 0.02 (1.48 + 0.02) x 10+
140.0 + 0.02 (6.29 + 0.11) x 10~5 13.3 1 27.8 —~11.0
(25)° 8.99 x 10-11
6 140.0 + 0.02 (7.00 £ 0.03) x 10—+ 148 11.1 27.2 ~7.8
130.0 + 0.02 (2.67 £ 0.02) x 10~*
120.0 + 0.02 (1.23 £ 0.02) x 10-4
25)° 1.29 x 10-°

% Rates at 25° are extrapolated from higher temperatures.

starting with 7,7-dimethoxy-2,3-dimethylbicyclo[2.2.1}-
heptadiene (7). The monomethylated p-nitrobenzoate
5 was prepared from 2-methylbicyclo[2.2.1}hept-2-en-
anti-7-ol (12) which was synthesized via the reaction of
2-chlorobicyclo[2.2.1]hept-2-en-anti-7-ol (13) with excess
methyllithjum.®

HO, HO __H PNBO__ _H

Cl Hj CH,
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Table I lists the rates of solvolysis of 4, 5, and 6 in
70:30 dioxane-water (the rate for 4 at 170 and 185° had
previously been measured in 70:30 dioxane-water’). We
had shown earlier® that the reactions being studied in-
volved alkyl oxygen bond cleavage and not acyl oxygen
bond cleavage by demonstrating that the solvolysis of
the least reactive member of the series, 4, in methanol
(a solvent very similar to 70:30 dioxane-water in ionizing
power) gave only the corresponding methyl ether, 14,
with complete retention of stereochemistry.

CH;0_ H

14

Product analysis showed that in 70:30 dioxane-water
S gave exclusively 12 and 6 gave only 10. In the case
of 5 an 829/ yield of 12 was obtained after one half-life
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based on 509 reaction, while after ten half-lives a 64 %
yield of 12 was obtained. It was shown that 12 slowly
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decomposed under the reaction conditions. In contrast
10 was stable for prolonged periods under the conditions
of solvolysis. Thus, 6 gave a 999 yield of 10 after ten
half-lives.

Examination of the rate data listed in Table I shows
that at 140° the introduction of one methyl group gave a
rate acceleration of 13.3 in comparison to the rate of 4.
The introduction of the second methyl group caused a
rate increase of 11.1 for 6 relative to 5. These rate
changes clearly represent a “cumulative” effect of the
added methyl groups. If classical equilibrating ions had
been formed in the solvolysis of 4, 5, and 6, we would
have expected a rate increase in the rate of solvolysis of
5 relative to 4 due to the increased stability of the ini-
tially formed tertiary cation 15. However, since 6
would be expected to give 17, a tertiary ion very similar
to 15, the second methyl group would be expected to have
relatively little effect on the rate of solvolysis of 6 relative
to § if rapidly equilibrating classical ions were being
produced in these solvolyses.

Bartlett and Sargent have discussed in detail the cumu-
lative effect of methyl substitution on solvolysis rates®
and have noted several types of reactions,®~! all of
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which are believed to occur through the intermediacy
of symmetrical transition states.®~!? In contrast, re-
actions such as the acid-catalyzed hydration of olefins,
which are believed to occur via the formation of un-
symmetrical, classical carbonium ion intermediates, do
not show a cumulative effect of methyl substitution on
the rate of reaction. For instance, whereas isobutylene
undergoes acid-catalyzed hydration ca. 10° times faster
than propene, 2-methyl-2-butene undergoes hydration
slower than isobutylene and trans-2-butene undergoes
hydration slower than propene.®*® It should be noted
that the addition of the methyl group to the other end
of the double bond has a rate-retarding effect in these
reactions.

On the basis of the considerations discussed above we
feel that our data on the solvolysis of 4, 5, and 6 are
most consistent with the formation of a symmetrical,
delocalized 7-norbornenyl cation.
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Selective Neutral Acylations
Sir:

To examine their acylating ability several new cyclic
N-acylimides were prepared by standard methods and
characterized by analytical and nmr data: 3-acetyl-,
3-benzoyl- and 3-p-tosyl-1,5,5-trimethylhydantoin; 1-
acetyl-3-methyl- and 1,3-diacetyl-2,4,5-imidazolidinetri-
one. Acylation experiments of different types of alco-
hols, phenols, and amines indicated that 3-acetyl-1,5,5-
trimethylhydantoin (Ac-TMH; 1) is the most promising.

A simple procedure to prepare Ac-TMH is as follows:
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a solution of 1,5,5-trimethylhydantoin® (0.01 mol) in
acetic anhydride (9 ml) is refluxed during 1.5 hr; re-
moval of acetic acid and excess anhydride in vacuo fol-
lowed by crystallization from ethyl acetate-hexane fur-
nishes Ac-TMH (89 % yield), mp 126-127°.2

A typical acetylation is: 2-naphthol (0.001 mol) in
anhydrous acetonitrile (1 ml) and Ac-TMH (0.001 mol)
are heated 12 hr at 80°; removal of the solvent and
washing with water® give in quantitative yield 2-naphthyl
acetate, identified by mixture melting point. Other dry
solvents (benzonitrile, dioxane, chloroform, benzene,
and ¢-butyl alcohol) are also suitable for this reaction.

Competition experiments provided interesting results
as illustrated by the following example: 2-naphthol
(0.001 mol) and 2-octanol (0.001 mol) were dissolved in
benzonitrile (1 ml), Ac-TMH (0.00025 mol) was added,
and the solution was heated at 80° for 12 hr; the nmr
spectrum showed that the reaction was complete* and
that practically only the phenolic acetate (8 2.33 ppm)
was formed. This and similar results suggested that
Ac-TMH may be useful for the selective acetylation under
neutral conditions of the phenolic function in the presence
of the alcoholic group.

Reaction of p-hydroxybenzyl alcohol with an equi-
molecular amount of Ac-TMH in acetonitrile at 80° for
12 hr produces, according to nmr measurements, a mix-
ture of the phenolic (91%) and alcoholic (9 %) mono-
acetates and 1,5,5-trimethylhydantoin (1009,). Under
the same conditions acetic anhydride leads to the phenolic
and alcoholic monoacetates and the diacetate derivative
in a ratio 3:1:2 and 169, recovery of p-hydroxybenzyl
alcohol.

The selectivity of Ac-TMH is further illustrated by the
monoacetylation of 17B-estradiol. The nmr spectrum
(in CDCl,) of the crude reaction product washed with
water® shows a sharp peak of the phenolic acetate at
82.27 ppm; the absence of absorption in the region at
8 4.7 ppm (H o to an acetoxy group) demonstrates that
the alcoholic hydroxyl is not acylated.”> Besides, thin-
layer chromatography indicates that the crude product
is essentially estradiol 3-acetate containing estradiol as
an impurity. Column chromatography on Florisil with
benzene-acetone mixtures followed by recrystallization
from ethyl acetate-hexane affords in 609 yield estradiol
3-acetate, mp 136-139° (lit.°® mp 136.5-137.5°).

The nmr spectrum of the mixture from the reaction of
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