NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY:
ABNORMAL SPLITTING OF ETHYL GROUPS DUE TO
MOLECULAR ASYMMETRY, III

By

GEORGE M. WHITESIDES, FRED KAPLAN, K. NAGARAJAN, AND
JOHN D. ROBERTS

Gates and Crellin Laboratories of Chemistry, California Institute of Technology

Reprinted from the Proceedings of the NATIONAL ACADEMY OF SCIENCES
Vol. 48, No. 7, pp. 1112-1114. July, 1962.



Reprinted from the Proceedings of the NATI0NAL ACADEMY OF SCIENCES
Vol. 48, No. 7, pp. 1112-1114. July, 1962.

NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY: ABNORMAL
SPLITTING OF ETHYL GROUPS DUE TO MOLECULAR
ASYMMETRY, III*

By GEORGE M. WHITESIDES, FRED KAPLAN, K. NagaraJay, anp Jouy D.
ROBERTS

GATES AND CRELLIN LABORATORIES OF CHEMISTRY,T CALIFORNIA INSTITUTE OF TECHNOLOGY
Communicated May 11, 1962

The protons of a methylene group removed by one or more bonds from a center of
molecular asymmetry may be magnetically nonequivalent and display AB-type nu-
clear magnetic resonance (n.m.r.) spectra.!=* It has been suggested that the chem-
ical shift between the two methylene protons arises from unequal populations
of the possible rotational conformations.> However, even assuming equal popula-
tions and rapid interconversion of the three conformers I, IL. and III, H, and H,
are always distinet and identifiable. since no two conformers are identical except
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for interchange of H, and H,>® This “intrinsic asymmetry”’ of the methylene
group might also be the cause of the observed magnetic nonequivalence of the
methylene protons.

The n.m.r. spectrum of the —O—CH.— protons of cyclopropylmethylcarbinyl
ethyl ether IV (Fig. 1) is of the AB type (split by the methyl protons) and results
from proximity of a center of molecular asymmetry to the methylene protons. To
investigate the possibility that the difference in chemical shift between these methyl-
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ene protons arises from an intrinsic asymmetry depending only on the symmetry:
characteristics of the molecule, we have examined the n.m.r. spectrum of cyclo-
propylmethylcarbinyl methyl-d; ether (V).” Substitution of a deuteromethyl
group for the ethyl group of IV would be expected to eliminate any conformational
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Fi¢. l.—Nuclear magnetic resonance spectra of the methylene protons of cyclopropyl-
methylearbinyl methyl-d, ether and cyclopropylmethylcarbinyl ethyl ether at 60 Mc/sec.
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Fig. 2.—Methine and methylene proton resonances of 2-chloro-4-ethyl-3-phenyl-
cyclobut-2-enone in carbon tetrachloride at 60 Mc/sec with tetramethylsilane (0 cps) as ex
ternal standard. The values of coupling constants to the methine proton at the 4-position-
are [Ja¢| = 6.9cpsand |Jax| = 4.3 cps.

preference of the methylene protons with respect to the asymmetric center; hence.
observation of an AB-type methylene spectrum for V would be evidence for an
observable chemical shift arising from intrinsic asymmetry in the molecule.

After account is taken of coupling between the protons and deuterium, which has
a nuclear spin of 1, the methylene resonance of V is clearly A, (Fig. 1). The mag-
netic equivalence of these methylene protons of V appears to us as strongly sug-
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gestive that conformational preference is the factor responsible for the magnetic
nonequivalence of the methylene protons of IV.

Further support for this conclusion is provided by the n.m.r. spectrum of the sub-
stituted cyclobutenone VI (Fig. 2). The resonance centered on 113 cps is of the
methylene protons of the ethyl group of this compound and is the rather complicated
AB part of an ABC;X system. The resonance of the methine proton at the 4-posi-
tion of the cyclobutene ring is centered on 233 cps and is split into two equally
intense doublets, rather than a 1:2:1 triplet. This splitting is most simply ex-
plained as the result of unequal coupling between the methine proton and the two
adjacent methylene protons, arising from a preference for a conformation for the
molecule in which the methine proton is trans to one methylene proton and gauche
to the other.
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