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Slow Rotation of a Methyl Group

By J. EnGar ANDERsON* and Davip I. RawsoN
(Ralph Forster Laboratory of Organic Chemistry, University College, Gower Street, London WCIE 6RT)

Summary The n.m.r. spectrum of the CH, and CD,H
groups in (3) and (4) respectively is temperature-depen-
dent, indicating that the barrier to rotation of the methyl
group is 7-2 kcal mol~! at —131°.

It is fundamental to proton magnetic resonance spectro-
scopy that the three hydrogen atoms of a methyl group
have the same chemical shift. Although so far this has
been observed to be true, it should be so only if rotation of
the methyl group is fast on the n.m.r. time-scale, in practice

when the barrier to rotation is 4—6 kcal mol-1. Since the
highest recorded barrier! to methyl group rotation is §-8
kcal mol~tin 1,1,1-trichloroethane,? it is not surprising that
there is no record of hydrogens in a methyl group being
non-equivalent in the n.m.r.

From work on the effect of substituents on barriers to
rotation in substituted ethanes,® one might hope to devise a
molecule CH,-C(X,Y,Z), (1) in which rotation of the
methyl group is slow on the n.m.r. time scale. We have
noted several studies?:% which suggest that the barrier in (1)
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should be higher if X, Y, and Z are linked together in a
bridged molecule.

TFor a suitable molecule (1) the low-temperature spectrum
of the methyl group should be complex (either an A,B
spectrum if X = Y £ Z, or an ABC if X # Y 5£ Z £ X),
and for this reason we chose to look for a compound of the
type CD,H-C(X,Y,Z), (2). While the CD,H-signal might
be broadened or appear as a quintet at ambient tempera-
tures owing to hydrogen-deuterium coupling, rapid deuter-
ium quadrupolar relaxation at low temperatures should
result in decoupling of the deuterium, and the spectra in the
two cases above should then be a 2:1 doublet or a 1:1:1
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Ficure. 'H N.m.r. spectra at ca. —141° in dichlorofluoro-
methane—vinyl chloride solutions (3:1). (a) CHj region for (3);
(b) CD,H region for (4). The linewidth of the stronger signal in
(b) is 10-7 Hz, while that of Me,Si is 3-3 Hz in the same solution
at 100 MHz operating frequency.
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triplet respectively.®t We already know how to extract
kinetic data from such spectra.sP

On the basis of previous results,> we examined the n.m.r.
spectra of (3) and (4). At ambient temperatures (3) shows
a singlet for the methyl group while the CD,H-group of (4)
appears as a broadened singlet of linewidth 6:8 Hz, both at
8 2-5. These signals appear as 2: 1 doublets at ca. —141°,
(Figure). There are two staggered positions for a hydrogen
of a methyl group in (3) and (4) either between a phenyl ring
and a quinone ring or between two phenyl rings. The
former is twice as likely, explaining the appearance of these
doublets.

[o]

(3] X=H
(4) X =D

TFrom a comparison of calculated and experimental
spectra,?? the CD,H group in (4) is rotating about 30 times
per second at —131°, whence the barrier to rotation is 7-2
-+ 0-3 kcal mol~! at that temperature. It is to be expected
that the barrier will be similar in (3), and that it is par-
ticularly high owing to the three peri-interactions in an
eclipsed transition state.
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T As the temperature is lowered the correlation time for molecular tumbling increases and relaxation of the deuterium nuclei becomes

more rapid. Eventually decoupling of the hydrogen and deuterium spins takes place.®

In contrast slow tumbling of (1) should lead

to broader signals owing to more ready dipole-dipole relaxation of the hydrogen atoms.
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