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B-Secondary Deuterium Isotope Effects as a Measure of Charge Localization in
Carbonium Ion Reactions: the Existence of a Major Inconsistency in
Interpretation

By StuarT E. SCHEPPELE
(Department of Chemistry, Oklahoma State University, Stillwater, Oklahoma 74074)

Summary In contrast to published interpretations, the
solvolytic S-deuterium isotope effects for secondary and
tertiary norborn-2-yl derivatives are qualitatively incon-
sistent with anchimerically assisted solvolysis for exo-
secondary substrates.

THE small B-deuterium isotope effects for exo-norborn-2-yl
derivatives (I) have been adduced as evidence supporting
anchimerically assisted solvolysis of (I}, 7.e., charge dis-
persal on to C-1 and C-6.! The normal f-effects for endo-
norborn-2-yI! and exo- and endo-2-methyl? and -2-phenyl-
norbornyl® derivatives have been attributed to unassisted
solvolysis with normal transition state charge localization
at C-2.1-% Consequently, the delocalization of the incipient
positive charge by a 2-methyl and 2-phenyl group in the
transition state of these tertiary derivatives must be at
least as great as that by the 3-centred (C-1, C-2, C-6)
molecular orbital in the transition state of (I).

It is reported here that the S-effects for (I) are not satis-
factorily explained by non-classical charge delocalization
and, hence, the effects appear to be inconsistent with
anchimerically assisted solvolysis of (I).
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Hyperconjugation® and relief of non-bonded interactions®
have been suggested to be the origin of the force constant
change associated with the B-hydrogens in passing from the
reactant to transition state.® Although steric isotope

effects have been observed,” the available data%.® indicate
that hyperconjugation, when possible, is the dominant
factor.”!,2¢ TFor a Skl reaction, the ﬁ-effect is a function of
the magnitude of the positive charge at C,%¢ and the
dihedral angle, ¢, between the B-hydrogen and the incipient
p-orbital on C,,39:¢ e.g., for tertiary chlorides the B-effect
per D varies from 1-31—0-99 as ¢ is varied from 180(0)—
90°8¢ For large (small) values of ¢ the magnitude of
kg /kp for arenesulphonate solvolysis appears to be greater.5?

Dideuteriation at C-3 in exo-(I)(X = Br or O-SO,Ph,
OBs) results in a significantly reduced isotope effect (see
Table). The data for (Ib) and (Ic) show that the B-effect
in (Ia) results principally from the ex0-3-D. The B-effect for
[8,3-2H,]-(II), (IIa), is normal; similar isotope effects
are observed for (IIb) (ex0-3-D) and (IIc) (endo-3-D),
respectively.

For a transition state involving participation leading to a
non-classical carbonium ion, hyperconjugation should be

B-Deuterium isotope effiects in the solvolysis of mnorborn-2-yl

derivatives

X Yt Y? (ku/kp)3? Ref.
(Ia) Br D D 1-04¢, 1.02¢ la
(1a) OBs D D 1.014;°1.06, 1-11t:8; b

1-03b

(Ib) OBs D H 1-.11f; 1-07» 1c
(Ic) OBs H D 1.01;f1-01r lc
(Ila) Br D D 1.16;t 1-308.1 la
(IIb) OBs D H 119 1c
(I1c) OBs H D 112t 1c
(I11a) OPNB D D 1-3348. 2
(IVa) OPNB D D 1-3068 2
(Va) OPNB D D 1-188:k 3
(VIa) OPNB D D 1158k 3

8 Rate ratio with respect to the non-deuteriated compound,
e.g. (I)/(Ia): Pisotope effect per D unless otherwise specified;
¢ calcd. from polarimetric rate constants; ¢ calcd. from titri-
metric rate constants; €solvent HOAc; fsolvent 80%, aq.
EtOH; gkg/kp for 2 atoms of B-D; B solvent KOAc-HOAc;
t solvent aq. EtOH; ! solvent aq. acetone; k solvent aq. dioxan.
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more important for exo-3-H (¢ ca. 180°) than for endo-3-H
(¢ ca. 60°).1¢ For a transition state leading to a classical
ion both exo- and endo- 3-H are equally disposed towards
the incipient p-orbital on C, (¢ ca. 30°).1¢ The diminished
isotope effect for (Ib) over its expected value of ca. 1-18° to
1-31,%¢ the negligible effect for (Ic) together with the data
for (Ia) have been interpreted as supporting anchimeric
assistance to ionization.! Charge delocalization and the
unfavourable stereochemistry negates hyperconjugation for
the endo-3-H.1¢

The data for (IIa), (IIb) (ex0-3-D), and (IIc) (endo-3-D)
are consistent with solvolysis without participation.! In
agreement with this conclusion are the similar B-effects for
solvolysis of ¢is-2-D (ca. 1-15) and trans-2-D (ca. 1-19)
cyclopentyl toluene-p-sulphonates.® Further support for
this conclusion has been deduced from the B-effects for
(I11), (IV), (V), and (VI) (X = O-CO- CgH,-NO,-p,0PNB)
which indicate for these tertiary substrates solvolysis
without participation and charge development at C-2 in the
transition state of similar magnitude to that for (II).2:3
The 2-phenylnorbornyl cation (VII) is indicated by n.m.r.
analysis to be classical and possess charge dispersal and
stabilization similar to that for the l-phenylcyclopentyl
and 1-phenylcyclohexyl cations.’® The reduced B-effects
for (Va) and (VIa) are consistent with decreased hyper-
conjugation resulting from charge dispersal on to the
aromatic ring.%e

However, this interpretation of the data in the Table
contains a major inconsistency. Replacement of the C-2
hydrogen in the non-classical transition state for (I) by a
2-methyl or 2-phenyl group provides sufficient stabilization
either significantly to reduce or to negate bridging. Con-
sequently, to compensate for the loss in bridging in the
solvolytic transition state for these tertiary derivatives, the
dispersal of positive charge from C-2 on to either the methyl
group via induction and hyperconjugation or phenyl via
conjugation must be at least as great as charge delocaliza-
tion on to C-1 and C-6 in the transition state for (I). Assum-
ing anchimerically assisted ionization for (I), B-effects in the
solvolysis of the tertiary substrates would have been pre-
dicted a priori to be similar to, if not smaller than, those of
(Ia; X = Br or OBs). This prediction is in direct contrast
to the experimental results and the previous conclusions
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drawn from these results. Charge density at C-2 in the
transition states of (III) and (IV) is indicated as normals.®
and similar to that for (II) (anchimerically unassisted
solvolysis). Furthermore, the B-effects for (III)—(VI)
compared to (II) suggest that a 2-methyl or 2-phenyl
substituent has a negligible or small effect on the reactant-
like : product-like character of the transition state leading
to a classical norbornyl cation. Possible effects of steric
hindrance to hyperconjugative release,¢ steric crowding of
the C-3 hydrogens,¢ or possible variations in the dihedral
angles in the transition states for the present compounds
could afford an adequate explanation of these inconsisten-
cies. Unfortunately such effects cannot be quantified at
present. However, the isotope effects and the n.m.r. data
for (VII) are qualitatively consistent with ‘‘normal”’
solvolytic transition states for (II)—(VI). Alternatively,
the S-effect for (I) does not appear to be consistent, at least
qualitatively, with either the non-classical or classical
theories.

An explanation for the S-effect for (I) and the other
compounds in the Table must also account for the differ-
ences in deuterium isotope effects at C-2%11 and C-62
between (I) and (II) and at C-6 between (I) and 1,2-di-
methyl-exo-norborn-2-yl p-nitrobenzoate,!s data which have
been interpreted as substantiating anchimerically assisted
solvolysis for (I).1-3,11-13

The available data indicate a difference in the force
constant(s) change associated with the hydrogens at C-2,
C-3, and C-6 accompanying conversion of (I) and (II) into
their transition states. A precise calculation of these
force field changes which would deduce the bonding in the
transition states for (I) and (II) and, hence, resolve the
problem of the solvolysis mechanism of (I)1* is at present
impossible. The uncertainty in the qualitative interpreta-
tion of the B-effects in the Table may possibly bear on the
interpretation of the deuterium isotope efiects at other
positions. Consequently, additional isotope effect data are
required to provide a detailed explanation for these results,
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