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Hindered Rotation about C-N Bonds: Equilibration of Diastereomeric

Rotational Isomers
By W. E. BEnTz, L. D. COLEBROOK,*} and J. R. FEHLNER
(Department of Chemistry, University of Rochester, Rochester, New York 14627)
and A. Rosowsky
(Childven’s Cancer Research Foundation, Inc., Boston, Massachusetts 02115)

Summary The equilibration of diastereomeric rotational
isomers of 4,6-diamino-1,2-dihydro-2-methyl-1-(o-tolyl)-
s-triazine hydrochloride (I), and 5-methyl-3-x-naphthyl-
2-thiohydantoin (II) has been followed by integration of
their n.m.r. spectra, and the activation parameters for
hindered rotation about C-N bonds have been calculated.

IF a compound exhibits atropisomerism! and also contains
an asymmetric centre, the rotational isomers are diastereo-
mers and have different physical properties. Provided
that the barrier to rotation is sufficiently high it should be
possible to separate the rotational isomers by standard
procedures for the separation of the components of a
mixture. We now report two compounds in which the
magnitude of the energy barrier is such as to allow rotational
isomers (as enantiomeric pairs) to be investigated by n.m.r.
spectrometric techniques.

relative intensities of the 2-methyl doublets of the pre-
dominant isomer (§ 1-762, J 6-1 Hz) and its rotamer (8
1-578, J 6-1 Hz) by repeated integration of the 100 MHz
n.m.r. spectrum. At equilibrium, the concentration ratio
of these isomers was 1-64 :1-00, respectively. The rate of
conversion of the initially predominant isomer of (II) in
pyridine into the equilibrium ratio (1-00 : 1-18) was measured
over the range 24—78° by repeated integration of the over-
lapping 5-methyl doublets of the two forms, the initially
predominant form absorbing at § 1-505 (J 7-0 Hz) and its
rotamer at § 1:575 (J 7-0 Hz).

Activation parameters for the forward and reverse
reactions (Table) reveal considerable steric restriction to
rotation in these compounds. The rotational barriers are
comparable to those reported for many highly hindered
2,2’-substituted biphenyls.4 High conformational stability
resulting from hindered rotation about an aryl C-N bond

Activation parameters at 298K for equilibration of diastereomeric rotational isomers

E,° Log 4 AHte AGte ASta

(= A 2356 4 1-3 12-13 4 0-90 22-9 24-4 — 50
B 2354+ 13 12-35 + 0-90 22-9 24-1 — 40

(Imr A 21-1 + 04 9-56 4+ 0-28 20-5 256 —16-8
B 211 + 04 9-48 4 0-28 20-5 257 —17-2

& Obtained by analysis of the rate of equilibration in trifluoroacetic acid of the more preferred isomer.
b Obtained by analysis of the rate of equilibration in pyridine of the less preferred isomer.

¢ kcal. mole-1.
4 Entropy units.
Error limits quoted are standard deviations.

Normal work-up procedures after synthesis yielded
predominantly one of the rotational isomers of 4,6-di-
amino-1,2-dihydro-2-methyl-1-(o-tolyl)-s-triazine hydro-
chloride? (I), and 5-methyl-3-a-naphthyl-2-thiohydantoin3®
(IT). Recrystallization of (I) from ethanol yielded an
isomeric mixture containing about 889, of the thermo-
dynamically preferred isomer, whereas recrystallization of
(II) from ethanol yielded a mixture containing about 87%,
of the thermodynamically less stable isomer.

The equilibration of the initially predominant isomer of
(I) in trifluoroacetic acid was followed over the temperature
range 22-5—52° by measuring the rate of change in the
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has also been observed in a number of ortho-substituted
N-acyl-N-alkyl derivatives of aniline and 1-naphthylamine.®
At present, the significance of the difference between the
activation entropies of (I) and (II) is not clear, but solvent
effects may contribute. A similar range of activation
entropies has been found for hindered biphenyls.*

The deviation of the equilibrium constants from unity is
influenced by the distance of the asymmetric centre from
the torsional centre of the molecule, being greater in (I) in
which the C-2 substituents must make a direct contribution
to the interference between the two portions of the molecule.
It is interesting that the more distant asymmetric centre in
(II) can significantly influence the conformations of the
naphthyl group. This suggests that the hetero-ring or a
solvation shell is distorted by the asymmetric centre in the
conformational ground state.
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