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Ion-pair return associated with solvolysis (alkyl-
oxygen cleavage) of optically active benzhydryl2 and
cx-phenylethylig—nitrobenzoates (reaction 1) results in
randomization of the ester carboxyl oxygen atoms (reaction
2) and racemization of the unsolvolyzed substrate (reaction
3). These transformations are first order and the last

2s4
two are intramolecular,

k
ROCOCgH,NOz 55 ROH + HOCOCeH,NO; (1)
Kk
ROC¥OCaH,NO, 225, R¥0C*OCeH,NO2 (2)
krac
(4 or 1) ~ROCOCeH4NO, —=== 5 (d1)-ROCOCH,NO> (3)

Indications that ggg correspondssto total ion pair
return have been presented elsewhere. Thus, evidently
FS& + kt is the rate constant for total ionization and
kgg/kt ;s the ratio of ion-pair return to solvolysis.

Racemization associated with return is measured by krac3

the rest of the return (gsg - krac) proceeds with
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preservation of configuration.

k  +k

ROCOCeH(NOz zf_l_k____f_:___z ION PAIR INTERMEDIATE(S)
1

Ix
PRODUCTS

We reported recentlyz that ion-pair return associated
with solvolysis of p-chlorobenzhydryl p-nitrobenzoate results
in substantial racemization. For example, in 90% acetone at
100°, kﬂ/k}l (equivalent- to ki/kz) = 2.5 and kEg/kgg = 0.38;
i.e., return results in 38% racemization. Similar results
have been observed for solvolysis of p-methylbenzhydryl

(kss/kt = 3.,2; krac/ggg = 0.37) and «-anisylethyl p-

nitroberelzoate (kzq./ki = 2.25 kypo/Keg
at 80°.

= 0.53) in 90% acetone

‘We now report the first example in which the stereo-
chemistry of ion pair return (i.e., % racemization) has been
determined for a tertiary system in which the anion returns
to the original carbon atom. In this work polarimetric (ku )
titrimetric (kt) and oxygen-equilib:ation (ng) first-order
rate constants have been determined for solvolysis of 2-
phenyl-2-butyl p-nitrobenzoate (I) in 80% and 90% aqueous
acetone. Solvolysis products have also been exemined and
relative configurations (and optical purities) of reactant
and product established.

The pertinent kinetic date are presented in Table I.

In all cases excellent first-order behavior was observed

and rate constants were reproducible. (+)-2-Phenyl-2-butyl
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L
p-nitrobenzoate, [CX]%u’S + 56.7° (80% acetone), +57.9°
(CHzC1l»), derived from active alcohol,7 was used in the
polarimetric experiments and product studies. The (+)-
ester was related to (-)-alcohol,[c(]gu‘5 -13.8° (CH2Clz),
by reduction with LiAlH,. Values of FES for ether-0'2-
and carbonyl-0'8.labeled ester were indistinguishable and

total 0*®-contents remained constant throughout the reaction.

TABLE I
Rate Constants for Solvolysis (kt)’ Oxygen Equilibration
(k ) and Change of Optical Activity (k,) Associated with
Solvolysis of 2- Phenyl-2-butyl p-Nitrobenzoate at 78. 6°

b 90% Acefgnec 80% AcefoneC
Rate Constant 10° hr. 10% nr.
K 1.013 + 0.003 8.59 + 0.04
k, 0.967 +.0.001 8.19 + 0.03
k;i 0.581 + 0.007% 4.00 + 0.08°
Kopof 0.046 + 0.019 0.%0 + 0.17

a) Initial concentrations were about 0.03 M. b) Average
(and average deviation) of constants for two independent
kinetic experiments. c) Compositions based on volumes of
pure components at 25° prior to mixing. Solvent from the
same batch was used for all of the determinations.

d) Average (and average deviation) of three integrated
constants for a single kinetic experiment. e) Initial
concentrations 0.04 and 0.06 M. f) Equal to kg - kt;3
uncertainties estimated from limiting values of ky™

and kt‘

These data provide significant information concerning

the chemical and stereochemical behavior of the lon-pair

*Satisfactory elemental analysis obtained for racemic and
optically active ester.
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intermediate(s) (II)* and reveal interesting differences
betﬁeen this and the secondary systems mentioned above.
Specifically, in 90% acetone kES/kE is 0.60 (cf., 2.2 - 3.2
for the secondary systems) and return proceeds with 96 t 2%
retention (IIa) and y ¥ 2% inversion (IIb), i.e., 8t ug
racemization. In 80% acetone kgg/kg = 0.49 and return
results in 10 % 44 racemization. Thus, return involves much
less racemization than in the gecondary systems (38 to 53%

. 2
racemization in 90% acetone).

Catey B C2"'5 ]

CHg-CLOPNB — (Cetic®
{

(:F13

I II

The greater stereospecificity in the tertiary system may
result from the greater distance (IIb) separating the anion
from the opposite side <f the cation; or what amounts'to the
same thing, a higher barrier for rotation of the cation with

2b
* Evidence has been presented that two intermediates are
involved in the p-chlorobenzhydryl system; one that returns
with complete refention and one that returns with partial
racemization. In the present case we have no evidence on
this point except that the racemization suggests that two
intermediates may be involved.
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respect to the anion. A conformational factor may also be
involved. In II the ethyl group, and to a smaller extent
the methyl group, can be arranged so that one side of the ion
is less hindered for bonding than fhe other. Milcroscopic
reversibility suggests this may be the favored conformation
for ionization. In this case if return or capture 1s faster
than conformational equilibration retention would be favored.
From the second-order constant for exchange between I
and added C!*-labeled p-nitrobenzoic acid--10% x (1. mole™*
hr.”*) = 0.72 and 0.34 for 80% and 90% acetone (78.6°),
respectively--the amount of exchange between I and accumulating
acid can be determined for any stage of the solvolysis.‘
Solvolysis in 90% acetone for 143 hrs. (56% equilibration and
~6% racemization) results in 1% exchange. In 80% acetone
exchange is even slower relative to ion-pailr return. The intra-
molecularity of equilibration and racemization and the
solvent effects on the rates are consistent with the view
that these transformations result from ion-pair return.
Solvolysis of I gives T0% substitution (2-phenyl-2-butanol)
and 30% elimination (phenylbutenes) in 80% acetone and 31%
substitution and 69% elimination in 90% acetone. The alcohol
formed in 80% acetone is 20% as optically pure (retention of
configuration) as the average optical purity® of the substrate.
In 90% acetone solvolysis proceeds with 38% excess retention.
Control experiments showed that solvolysis involves >99%
alkyl-oxygen cleavage and the alcohol is optically stable
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under these conditions. The amount of retention is 3-4
times greater than in the p-chlorobenzhydryl system (e.g.,
10% retention in 90% acetone).za In striking contrast
methanolysis of 2-phenyl-2-butyl acid phthalate results in
12% excess 1nvers:|.on.9 We presume that the unexpectedly
high level of retention results from s combination of
conformational factors (vide supra) and the proximity of the

28
anion in the intermediate.
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