712

Resonances in N.m.r. Spectra

By J. RoNayNE and DubprLEYy H. WiLL1aAMS
(University Chemical Laboratory, Cambridge)

CHEMICAL COMMUNICATIONS

The Mechanism of Benzene-induced Solvent Shifts of Proton

SoLvENT shifts (A) of proton resonances induced
by benzene are usually defined by A = 8 —8cg,
p.p.m., where §’ is the chemical shift of a proton
in an ‘“inert” solvent (carbon tetrachloride,
chloroform, cyclohexane) or in the pure liquid,
and 8¢y, is the chemical shift for that proton in
benzene solution. The large range of A-values
(approximately —0-5 to +1-5 p.p.m.) observed
for protons attached to carbon atoms in organic
molecules has been widely interpreted® in terms
of stereospecific solvation by benzene of aromatic
or aliphatic solute molecules with shifts then
arising due to the anisotropy of benzene. Such
an interpretation seems reasonable in the light of
widely differing A-values observed for protons in
the same solute molecule.

To account for the signs of A-values observed
in a wide range of organic compounds, we formulate
the following generalizations, some of which
incorporate previously published ideas, but some
of which modify existing ideas or are new.

(i) Benzene will interact at electron-deficient
sites in the solute molecule.l¢

(ii) Dilution curves suggest that benzene-solute
interactions may occur in a transient 1:1
collision complex, but it is felt that phase
independent 1:1 associations may occur
at each electron-deficient site in the solute
molecule.

(iii) The orientation of benzene molecules is
caused by local dipole-induced dipole inter-
actions (it may be adequate in some cases
for purposes of prediction to consider only
the solute molecular dipole).

(iv) A benzene solvent molecule interacting
with the partial positive charge of a local
dipole will probably be orientated in a
nonplanar collision complex so that the
benzene ring lies as far as possible from the
negative end of the dipole.2

Our generalizations mainly modify existing
suggestions by considering the possible non-
planarity of collision complexes, the importance
of local dipoles, the occurrence of a number of
independent 1 : 1 associations, and also in applying
the principles to solutes in general. To support
the suggestions A-values (§'—8c,m, p-p-m.) are
given with a number of schematic illustrations
(I-——VI) and formulae (VII—XII) for a variety
of organic compounds; &’ is measured using dilute
solutions (< 2% w/w) in cyclohexane (I, V, VI)1a
deuterochloroform (II—IV), or carbon tetra-
chloride (VII—XII). The suggestions account for
the large positive A-values observed for the
protons of p-benzoquinone (I), which has no
molecular dipole.!® Different mechanisms for
benzene-aromatic solute and benzene-aliphatic
solute interactions would seem unlikely since the
carbonyl function induces shifts of similar sign
and magnitude in both aliphaticld and aromatic?
carbonyl compounds. The importance of local
dipoles in transient orientation of solvent is also
established by the additivity of solvent shiftstd
[for example, the angular methyl shifts in (IV)
are the sum of those found in (II) and (III),
indicating independent association at each carbonyl
group]. The generalizations rationalize the A-
values observed for NN-dimethylaniline (V) and
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nitrobenzene (VI),!3 and allowed us to predict
small or negative A-values for 2-H or 2-CH,
resonances in an alkylpyridine, but larger positive
values for 4-CH; resonances (see VII—IX).
Since the positive end of the pyrrole dipole is at

CH;(+- 0-24)

(—0-17) HsC CHz(—0-15)
ll I[
(+0-02) H N
H

(XII)

the nitrogen atom, negative A-values may be
anticipated for the B-hydrogens of (X) and (XI)
and for the 3- and 4-alkyl substituents of (XII),
exactly as observed.t

Benzene solvent shifts would therefore seem to
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have potential for indicating the direction of
local or molecular dipoles, as well as great utility
in structure elucidation.* The detailed ramifi-
cations of the proposals will be considered in a
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the present suggestions are consistent with the
results available for ketones,'d ocﬁ-unsaturated
ketones,® amides,»:¢ and wvarious substituted
cyclopropanes.”,8

subsequent full , but it is noteworthy that .
9 1H paper, but 1t 15 fatewortly Tha (Received, August 25th, 1966; Com. 627.)

* It is of course necessary to use hexadeuterobenzene when the benzene resonance would obscure solute resonances
of interest [as in (VII—XII)].
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