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Communications to the Editor 

Solvolysis of Optically Active 
1,2-Dimethyl-exo-2-norborny 1 /j-Nitrobenzoate. 
Evidence for Involvement of a Classical Carbonium Ion1 

Sir: 

Solvolysis of exo-2-norbornyl derivatives (Ia) evi
dently involves assisted ionization (fcA) leading directly 
to the symmetrical nonclassical ion Ha.2,3 The per
tinent evidence in this connection is (a) the only cap-
turable intermediate appears to be symmetrical21 and 
(b) the exo transition state for generation and capture of 
the carbonium ion is of lower energy than the endo 
transition state.4,6 

The situation is less clear for tertiary norbornyl sys
tems. An endo-2 electron-releasing substituent would 
be expected to increase ks more than /cA,7 and the point 
at which unassisted ionization takes over is an impor
tant unanswered question. On the basis of relative 
reactivities and exo-endo rate ratios it has been con
cluded that participation is unimportant in the 2-
methyl- and l,2-dimethyl-exo-2-norbornyl systems.60,8 

However, the evidence is indirect and of the type that 

has been shown9 to be misleading with regard to partici
pation in the exo-benzonorbornen-2-yl system.6a,c 

Additional evidence concerning the 1,2-dimethyl-
norbornyl system (Ib) is the interesting observation that 
addition of hydrogen chloride to l-methyl-2-methylene-
norbornane (IV) does not pass through a symmetrical 
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intermediate.10 However, this evidence is also indirect 
because it is not certain that addition and solvolysis in
volve the same intermediate(s). 

a,R=H 
D1R=CH3 

We now report direct evidence that ionization (alkyl 
oxygen cleavage) of l,2-dimethyl-exo-2-norbornyl p-
nitrobenzoate (Ib-OPNB) gives, at least in part, the 
asymmetric classical ion HIb. In this work we have 

investigated the rates and products of solvolysis of 
optically active Ib-OPNB in 90% (v/v) aqueous acetone 
and methanol. The resolution of the dimethylnor-
bornyl system (Ib) and determination of absolute con
figurations and rotations of Ib-OPNB and the solvolysis 
products will be reported elsewhere.11,12 Titrimetric 
(kt) and polarimetric (ka) rate constants are given in 
Table I. These data show that ion-pair return results 
in racemization of the unsolvolyzed ester, i.e., ka > kt. 
The titrimetric rate is first order in each solvent; how
ever, the polarimetric rate is not because initially formed 
active products undergo subsequent acid-catalyzed 
changes. The rate constant for first-order racemiza
tion of the unsolvolyzed ester, Acrac, was determined di
rectly from the activities of isolated samples of ester. 

In the presence of a slight excess of 2,6-lutidine (to 
neutralize the acid produced by solvolysis), the products 
are optically stable and the polarimetric rates are first 
order. The polarimetric experiments and product 
studies were carried out under these conditions. Evi-
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Table I. Rate Constants for Solvolysis (kt), Racemization (£rac), and Loss of Optical Activity (ka) of Ib-OPNB" 

Temp, 0C 104A:t, min"1 104fcrac,
6 min"1 104fca, min"1 ka/kt 

A. 90 % Aqueous Acetone 
78.45 7.42 ± 0.07c 3.1 ± 0.3 10.34 ± 0.02* 1.39 ± 0.02 

100.07 79.9 ± 0.6" 107.4 ± 1.3' 1.34 ± 0.02 

B. Methanol 
65.02 8.83 ± 0.07* 14.84 ± 0.01/ 1.68 ± 0.02 
78.48 46.0 ± 0.0« 74.8 ± 0.4/ 1.63 ± 0.01 

" Constants independent of substrate concentration over the range 0.02-0.10 M. b Determined directly from optical purity of isolated 
unsolvolyzed ester. c Average, and average deviation, of four independent kinetic experiments. d Solvent contained 0.15 M lutidine. ' Aver
age of two independent experiments. ! Solvent contained 0.04 M lutidine. 
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Table II. Rotations0 and Optical Purities (DP) of Solvolysis 
Products Derived from Optically Active Ib-PNB 

M30D, deg (OP, %) 

JtT - J^r + &+ & 
( + )-Ib-PNB ( - ) - Ib -OH (+)-IV V 

A. Aqueous Acetone,6 100.07° 
+ 13.1 (26)f -2.2<*(2.5) +16.6(16) - 3 . 9 
+ 37.5(75)' - 5 . 3 " ( 6 . 2 ) +49.9(47) - 1 0 . 9 

B. Methanol6, 78.48° 
+ 24.7(40)= +1 .06(3 .0 )" +25(24) - 5 . 3 

" Rotations are for chloroform solutions. * Solvent contained 
0.14 M 2,6-lutidine. c Average optical purity determined by multi
plying OP of starting ester by kt/ka.

11 d Rotation is [a]m
3ei. 

e Optical activity of methyl ether. 

dently lutidine has no important effect on the rate or 
nature of solvolysis because ka (lutidine present) cor
responds to kt + kmc (lutidine absent). 

Solvolysis of Ib-OPNB in 90% acetone containing 
0.14 M lutidine at 100° gives about 11% Ib-OH, 35% 
l-methyl-2-methylenenorbornane (IV), and 54% 1,2-
dimethyl-2-norbornene (V). Methanolysis at 78.5° 
gives about 37% Ib-OCH3, 26% IV, and 37% V.13 

Unlike the parent norbornyl system (Ia),2,3 optically 
active substrate gives active products. 

For substrates that undergo simultaneous racemiza-
tion and solvolysis the average optical purity for com
plete solvolysis is kjka times the initial value.14 Initial 
rotations and average optical purities of samples of 
(+)-Ib-OPNB used in the product studies are shown in 
Table II together with rotations and optical purities of 
the products derived from these samples.12 

The two experiments in part A of the table show that 
Ib-OH and the exocyclic olefin IV are formed with about 
9 and 63 % retention of configuration, respectively (the 
absolute rotation of V has not been established). Con
trol experiments with 180-labeled ester showed that 
Ib-OH results from alkyl oxygen cleavage. The re
sults for methanolysis are similar; the ether, Ib-OCH3, 
and olefin IV are formed with 8 and 60% retention of 
optical activity, respectively. 

These results show that ionization of Ib-OPNB gives 
an asymmetric carbonium ion. It should be noted that 
in each solvent the elimination product is about seven 
times more active than the substitution product, which 
means that they are derived from different intermediates. 
A possible interpretation is that most, or all, of the 
olefin is derived from an initially formed asymmetric 
ion pair15 and that racemization of the dissociated ion 
IHb competes with solvent capture. In this case 
ionization is at least 60% unassisted. Alternatively, 
active olefin may result from a parallel elimination re
action superimposed on the carbonium ion process, in 
which case unassisted ionization could be as low as 10%. 
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Skell and W. L. Hall, ibid., 85, 2851 (1963), for similar interpretations. 
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On the Norbornyl and 1,2-DimethylnorbornyI Cations1 

Sir: 

The preceding communication reports that solvolysis 
of optically active l,2-dimethyl-exo-2-norbornyl p-ni-
trobenzoate, unlike the parent norbornyl system,2 gives 
active products. Thus, unassisted ionization to give 
the classical ion is involved in the tertiary system. We 
now report a comparison of the difference in (a) exo and 
enclo transition-state energies, (b) reactivity ratios (ki/fa), 
and (c) partition ratios (k^jk^) for the acid-catalyzed 
exo <=± endo equilibration of norbornanol (R5OH) and 
dimethylnorbornanol (R1OH) in 80% (v/v) dioxane. 

R R R
 OH 

exo-RsOH, R = H endo-RsOH, R = H 
exo-RtOH, R = CH3 endo-RtOH, R = CH3 

The method is the same as has been applied to other 
systems3 and involves comparing rates (and activation 
parameters) of three reactions associated with the equili
bration. These are loss of optical activity (eq 1) and 
the forward and reverse reactions for equilibration (eq 
2). 

Ka 

active exo-ROH — > inactive products (1) 

ki.,„ 

exo-ROH ~~^~*~ endo-ROH (2) 

Reactions were followed by methods described ear
lier3 and ki_exo and k-x.eni0 were determined from the rate 
constant for irreversible equilibration (eq 3; k{ = 
î-cxo + î-«i<fo) and the equilibrium constant for eq 2 

(A-Sq = ki.^o/ki.enno). In both systems, A"eq and k{ were 
the same for the two isomers. 

A'i 

exo- or endo-ROH —>• equilibrium mixture (3) 

Rate constants for reactions 1 and 2 are presented in 
Table I. Both are cleanly pseudo first order and rates 
are proportional to acid concentration over the range 
0.01-0.23 M. The constants in the table have been 
normalized for [HClO4] = 1 M (i.e., fcobsd/[HC104]) and 
most are averages of several independent determina
tions for two acid concentrations. The ionic strength 
was constant, [HClO4] + [LiClO4] = 0.232 M, and 
solvent (containing acid and salt) from the same batch 
was used for the two systems. 

In the norbornyl system ka measures the rate of gen
eration of the symmetrical norbornyl cation (Rs

+), and 
thus ka = k\. For the tertiary system ka probably does 
not measure total ionization because in a similar aque
ous solvent the dimethylnorbornyl cation (R t

+) is gen
erated and captured with about 9% survival of activity.4 
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