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The Absolute Stereochemistry of H-D Exchange in Benzyl Methyl

Sulphoxide.

The Orgin of the Kinetic Nonequivalence of the

Methylene Protons

By SaurL WoLFE and A. Rauk

(Department of Chemistry, Queen’s University, Kingston, Ontario, Canada)

DiMETHYL SULPHOXIDE! and benzyl methyl
sulphoxide? undergo ready hydrogen—deuterium
exchange in D,O-NaOD. The methylene hydro-
gens of benzyl methyl sulphoxide exchange at
unequal rates,? a result which implies the inter-
vention of asymmetric carbanions. In contrast
to this work, the results of previous exchange
studies* have led to the conclusions that «-
sulphinyl carbanions are not readily formed* and
are not asymmetric.® Since the previous studies,
for solubility reasons, were conducted in mixed
solvents or nonaqueous media, it appears that
the structure and stability of «-sulphinyl
carbanions are strongly influenced by the nature
of the solvent. A knowledge of the details of
the exchange in D,0 is clearly needed before the
relationship between solvent and mechanism can
be discussed, and it seemed desirable to try to
clarify the stereochemistry of hydrogen exchange
in benzyl methyl sulphoxide.

Treatment of (S)-benzyl methyl sulphoxide®
(I; conformationally a, b, or ¢) [a]p, —54° (chloro-
form), +496° (ethanol), +133° (D,0), with
1M-NaOD-D,O until slightly more than one of
the methylene hydrogens had exchanged, and
oxidation (H,0, in HOAc) of the resulting
o-deuteriobenzyl methyl sulphoxide (II) gave

(+4-)-o-deuteriobenzyl methyl
[etlp 0-92° (¢, 3 in CHCl,).

The initial rotation of (I) in 1M-NaOD-D,0
is 4127°; the rotation of (II) in the same medium
is +128° The rotation of the ax-dideuterio-
compound is 4 125° and that of the pentadeuterio-
compound is 4122°. Hence there is no loss of
asymmetry at sulphur associated with H-D
exchange® The conversion of (I) into (III)
represents the transfer of asymmetry from sulphur
to carbon, and provides direct evidence for the
intermediacy of asymmetric carbanions.

The reduction of benzaldehyde with (—)-di-
isopinocampheyldeuterioborane?8 gave (S)-(+)-a-
deuteriobenzyl alcohol® (IV) [a], 0:47° (¢, 10 in
CHCl,) (309% optically purel®). Tosylation of
(IV), followed by reaction with CH,SNa, gave
(R)-a-deuteriobenzyl methyl sulphide (V) which
was oxidized (H,0, in HOAc) to (R)-x-deuterio-
benzyl methyl sulphone (VI) [a], —0:30° (¢, 5
in CHCIl,).

This sequence of reactions establishes that the
configuration at carbon in (II) is (S), i.e., that,
considering (a), (b), and (¢), H, is preferentially
exchanged.

Neglecting solvation effects, the calculated
dipole moments of (a), (b), and (c) are: (a): 3-84;

sulphone  (III)
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(®): 3-08; (c): 2-29p. [Parameters used:! bond
lengths: S-O, 1:47; S-CH, 1-82; S$-C,-C,,
1-525; aromatic C-C, 1-395A; bond angles:
CH,-S-O = C,-S-0, 107°; CH,;-S-C,, 100°;
S-Cy—C,;, 109°28’.). Since the observed dipole
moment is 3:-86p (benzene, dioxan),? it appears
that (a) is the predominant conformation in these
solvents. The lower dipole moment of p-chloro-
benzyl methyl sulphoxide (3-66p in benzene?) is
consistent with this conclusion. Simple con-
formational considerations, taken together with
the dipole moment and the result of extended
HMO calculations,? indicate that (¢) is un-
important both in the ground state and in the
transition state for the exchange.

These conclusions do not necessarily hold in
NaOD-D,0, but the situation in this medium
can be handled through an analysis of the n.m.r.
spectrum. On the assumptions that (i) the lone
pair of electrons on the sulphur atom has a
shielding effect on a proton which is anticoplanar?®
and (ii) the shielding effect on the S-O bond is
greater for the proton which is gauche than for
the proton which is anticoplanar, it is concluded
that in (a¢) H, is at lower field, and in (b) Hjy is at
lower field. It is assumed that the anisotropic
effect of the S=0O double bond!! is similar to that
of a carbonyl group. [The effect of a multiple
bond on the chemical shift of a proton has been
discussed recently by Bhacca and Williams.
A study of the temperature- and solvent-
dependence of the n.m.r. spectrum of benzyl
methyl sulphoxide, which we will publish shortly,
has revealed that the energy barrier to free
rotation is low, and that the chemical-shift
difference between the methylene protons depends
only on the relative populations of (a), (b), and
()]

Since the proton at lower field is exchanged
first,2 and this proton is H,, then the preferential
exchange must occur in conformation (a).

It was concluded earlier that the g-sulphinyl
carbanion is nearly flat.2 This requires a transition
state for abstraction of H, in which the Hy-C_—
phenyl angle increases to nearly 120° and the
phenyl begins to interact with one of the other
groups. These interactions are expected to
increase in the order: lons pair < oxygen <
methyl, and it is clear that the explanation of the
kinetic difference between H, and Hy cannot
ignore these steric effects. In addition, three
kinds of electrostatic effects can be discerned
which might affect the exchange results: (i) the
carbanion is generated trans to the lone pair on
the sulphur; (ii) a deuteroxide ion is directed to
a hydrogen which is frans to the polar S-O
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bond ;¥ (iii) a solvated deuteroxide ion is directed
via hydrogen bonding to a hydrogen which is
gauche to oxygen and to the lone pair on sulphur.2¢
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Suppose that, despite the n.m.r. analysis given
above, H, is abstracted from (b); it would then
have to be argued that the repulsion between the
incipient carbanion and the lone pair controls the
stereochemistry of the exchange since in (b) the
steric retardation is greater for abstraction of H,
than for Hz. But Hy of () should then exchange
equally readily since the resulting carbanion is in
the same electronic environment and there would
be little or no kinetic difference between H, and
Hjz'? Since this is not in accord with the experi-
mental facts, the conformation from which H,
is abstracted cannot be (). All of the data,
therefore, point to the abstraction of H, from (a).
This is not the result of a steric effect, however,
since there would then be little or no rate difference
between H, of (a) and Hy of ().27

We conclude that an electrostatic effect is
responsible for the kinetic nonequivalence of the
methylene protons and that an g-sulphinyl
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carbanion is generated preferentially in NaOD-D,O on the bisector of the oxygen-sulphur-lone pair
by the abstraction of a proton which is situated angle.
(Recetved, August 31st, 1966; Com. 643.)
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