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ALTHOUGH long range spin=-spin coupling between benzylic
and ring protons (hereafter referred to merely as "benzylic
coupling®) in aromatic compounds has been investigated by a
number of workersl, there has so far been no attempt to
study the variation of this coupling with changes in 7 elec-
tron distribution. We wish to report here the results of
such a study on some methyl substituted aromatic compounds.
What prompted us most to undertake it was the realization
that it would furnish the background in which a reconsidera-
tion of the old and unsettled question of the Mills~-Nixon
Effect2 may be made.

As has been pointed out by Dewar3 the theoretical
treatment of McConnell4 for the m-contribution to the coup-

ling between aromatic protons may be applied to the case of
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710 Long range spin-spin coupling No.13

benzylie zsoupling if one of the Q terms of the equation* for
the coupling constant is siubstituted with the hyperfine
splitting constant for the fragment ,C - X, where X 1s the
benzylic carbon atom bearing protons. This means that
benzylic coupling should be proportional to the square of
the 7 bond order between the aromatic carbon atoms involved.
For all tae compounds used in this study X is a freely ro-
tating methyl group.

The data describing the nature of the methyl signals
of the 60 Mc PMR spectra+ of a mumber of methyl substituted
aromatic compounds are presented in Table 1. In most of
the cases wheré clear splitting is observed,the signals dis-
play fine structure and only the largest coupling is readily
estimated. In the monomethyl derivatives, the m-electron
distribution may be assumed, as a first approximation, to be
nearly the same as in the parent compounds. The methyl
signals of these compounds are clearly split in all cases
where an aromatic C-C bond connecting the methyl group to

an ortho proton has a large mobile bond order (p). The

*MewmmMwatMcwmmgManmmmsawmm
to carben atoms N and N' is given by the expression,

_ 2 2
J}’m, = (8Q)° pyy/h AE, where pyy, is the mobile bond

order between carbon atoms N and N', and AE is an average
electronic excitation energy. Q is the isotropic hyper-
fine splitting constant and g the Bohr magneton.

+The PMR spectra were obtained in carbon tetrachloride or
CDClg solution on an A-60 spectrometer.
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Table 1
l No. Compound Split~- Largest Band
ting of coupling width in
Me signal in ecps cps.
(+ve or (approx.)
-ve).
1 2-Methylnaphthalene + 0.7 2.0
2 1l-Methylnaphthalene + 0.7
3 1,2-Dimethylnaphthalene - 2.2
4 1-Methyl-7-isopropyl- - 1.4
naphthalene
5 1-Methyl-6-isopropyl- - 1.4
naphthalene
6 1,6-Dimethyl-4-ethyl~ -(1) 0.4 1.5
naphthalene +(86) 1.9
7 2-Methylanthracene + 0.8 2.6
8 1-Bromo-2=-methyl- - 1.2
naphthalene.
9 1l-Deutero-2-methyl- - 1.2
naphthalene.
10 2-Methylbenzanthrone + 0.5 2.0
11 4- " " + 0.6 1.9
12 10- * " - 2.0

methyl signals of 2-methylnaphthalene, 1~-bromo=-2-methyl-
naphthalene, l-deutero-2-methylnaphthalene and 2-methyl
anthracene are shown in FIG.1 (4,B,C and D respectively).
As may be expected from theory, the splitting observed for
2-methylnaphthalene disappears on substitution of the 1-

position with bromine or denterium and the methyl band

widt

lues for the 1-2 bonds of naphthalene and anthracene is

h is reduced. The well known difference in the p va-

reflected in the observed splittings (0.7 and 0.8 cps
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respectively) for their 2-methyl derivatives. The couplings

w
Qa
[3
N

i

NN

o IG.1
to the 3-positions are weaker and not well resolved. 1-
Methylnaphthalene also shows a similar methyl spectrum
although the band shape is somewhat different. The X-methyl
signals of l-methyl-7-isopropylnaphthalene, its 1,6 isomer
and 1,6-dimethyl-4-ethylnaphthalene are not so readily re-
solved, although the band width and shape indicate appre-
ciable coupling to the ortho protons. The splitting of the
R-methyl group of the last mentioned compound is only 0.4
eps. The additional substitution seems to have changed the

w-electron distribution appreciably. In agreement with
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expectation, the methyl signals of 1,2-dimethylnaphthalene
are not split; but the band widths for both are increased
and not decreased. This is attributable to the long range
coupling between the methyl protons themselves.

The case of the three methylbenzanthrones studied
provides a clear illustration of the bond order dependence
of benzylic coupling. The molecular orbital calculations

of Goodwin5 give the following bond orders for benzanthrone.

The methyl spectra of 4-, 10- and 2-methylbenzanthrones are
shown in FIG.2 (4,B and C respectively). Whereas the first
of these compounds gives a clean doublet methyl absorption
with a coupling of 0.3 cps, the second gives an unsplit
signal. The behaviour of the third is intermediate and the
corresponding coupling is about 0.5 ecps. It is readily
seen that the nature of the methyl signals reflects the
different extents of "fixation" or localization of the w
bonds in the three rings.

rom the foregoing discussion the tollowing con-
clusion may be drawn regarding the NMR absorption or a
methyl group on an aromatic ring having protons in both
ortho positions. When 1t is flanked by bonds whose p va-

lues are comparatively small and not very differeant from
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each other, no spiitting is expected for its resonance

IZcps

FIG.2
under the conditions of resolution obtaining. On the
other hand, when there is considerable difference between
the p values or when the p values are both quite large
(as 1s indicated in the case of mesitylenela), clear
splitting should be obtainable. However, since the mag-
nitudes of the splitting lie close to the limit of reso-
lution of the instrument used, slight distortions of the
signal often make it unobservable and the absence of
splitting cannot, by itself, be takea to imply abseace of
apprecilable benzylic coupling.
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A re-examination of the question of the fixation of
T bonds in indane and tetralin may be made in the light of
this conclusion. The methyl spectrum of S-methylindane,
prepared by a route6 known to give a pure product, is
shown in FIG.2(D). The signal is a doublet with a sepa-
ration of about 0.5 cps, indicating an appreciable dif-
ference between the 4-5 and 5-8 bonds. The fixation can
be as postulated by Mills and Hixon or in the opposite
sense as has been considered likely from the theoretical
study of Longuet-Higgins and Coulson7. The second of
these alternatives is shown to be correct by the fact
that the methyl band widths for 6-deutero-5-methylindane
and 5,5'~-dimethyl-6,6"'~diindanyl are nearly the same as
for 5-methylindane (2.2 cps). That the w-electron dis-
tributions in indane and tetralin are different is con-
firmed by chemical shift values. Whereas the S-protons
of both 5-methyl- and S-acetyl-indanes absorb at higher
fields than the 4-protons (A4, .==0.08 ppm), the 5- and
7-protons of G-acetyltetralin have nearly the same che-
mical shift. The higher shielding at the 6-position in
the first two derivatives is apparently a property of
the indane ring system. The change from an electron
donating to an electron withdrawing substituent does not
alter the relative absorption positions of the aromatic
protons. In this counection, it is interesting to note
that the width of the main band in the absorption spec-

trum of the aromatic protons of indane is about 3.4 cps,
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while the corresponding figures for tetralin and g-xylene
are only 1.4 and 1.1 cps respectively. The chemical shift
difference between the A and B pairs of these Asz systems
is larger for the former than for the latter two. In con-
trast to the behaviour of 5-methylindane, the resonance of
the 6-methyl group of 1,5-dimethyl-4-isopropyltetralin shows
no tendency to split. The NMR data are consistent with the
accepted notion that there is little or no bond fixation in
tetralin.

For indene J17 has been reported to be 0.5 cps8
while Jl8 for acenaphthene is 1.5 cpss. It would therefore
appear that bond fixation of the same type as in indane is
present in indene also.

Mere detailed studies of the Mills-iixon Effect

and also benzylic coupling are in progress.
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