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One- and Two-bond BC-"N Coupling Constants in Saturated Amides.
Absence of Three-bond Coupling on Rotational Averaging

By RoBErT L. LicHTER,* CARL G. FEHDER, PaTrICIA H. PaTTON, and Joun COMBES
(Department of Chemistry, Hunter College of the City University of New York, 695 Park Avenue, New York 10021)

and DoucLas E. DORMAN
(Bell Telephone Laboratories, Murrvay Hill, New Jersey 07974)

Summary One-bond carbon-nitrogen coupling constants
in amides vary over a narrow range, while two-bond
couplings show a much more pronounced structural
dependence; no three-bond values are observed.

CURRENT experimental! and theoretical? interest in coupling
constants to nuclei other than protons, and the possibility
that these may be applicable in elucidating peptide con-
formations,® prompt us to report our preliminary results on
a series of compounds chosen as precursors to structurally
rigid models.

The Table summarizes the resultst !Jqy remains essenti-
ally in the range expected for amides,* and agrees reasonably
well with values expected on the basis of the simple equation
proposed by Binsch and his co-workers® relating /oy to s
character. The slight increase with apparent strain at the
carbonyl substituent may reflect an associated increase in
the C,~C, orbital electronegativity, which would be expected

to increase !Jyy analogous to increases in 1] g in similar
bonding situations.® Values in cyclopropanecarboxamide
(6) and acrylamide (7) support this.

TaBLE. 13C-15N Coupling’constants’in amides
Compound  !Jcn/Hz 2Jcn/Hz
) 134 74
) 13-4 69
3) 14-0 7-8
(4) 14-3 8-2
(8) 14:5 80
6) 15-1 10-3
(7 15-0 90

Values of 2]y agree with those of acetamide (9-5 Hz)4
and propionamide (6-5 Hz)%, and with that (8-5 Hz) esti-
mated from 2], of acetone (16-1 Hz)” when corrected for
differences in magnetogyric ratios (yn/yc ca. 0-4) and
hybridization (Sy/S¢ = 1-32) in the two types of com-
pounds. It thus appears that common factors are likely to

1 13C spectra were determined in (CD,;),SO on a Varian XL-100 spectrometer modified for Fourier-transform operation; estimated

error +0:2 Hz.

The N-enriched compounds were synthesized by standard methods.
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influence both 2J¢; and 2]y in these types of compounds,
and on this basis a negative sign for 2o (hence a positive
reduced coupling) is predicted. The decrease with increas-
ing substitution at the a-carbon parallels the trend observed
in 2Joq in! a series of aldehydes,® which was attributed to
presumed electron-donating effects of the alkyl groups.
This seems unlikely, however, since the effect of the alkyl
groups on ¥C chemical shifts are interpretable in terms of
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electron withdrawal. Very recently, Maciel and his co-
workers® noted that steric effects may well influence values
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of Joe and this factor is likely to operate in the rigid bicyclic
systems. Moreover, the change from (6) to (7) suggests the
effect of the substituent cannot be associated entirely with
changes in the ¢ bond, and only a rough correlation exists
between 1] and 2Joy. In considering 2Jqy in (7), de-
creased amide nitrogen lone-pair delocalization into the
carbonyl group because of cross-conjugation of the latter
with the vinyl group might be expected to raise the AE
value within the framework of the average energy approxi-
mation to calculation of coupling constants, and lead to a
smaller absolute value. No appropriate data are available
for comparison.

That no three-bond couplings were observed might have
been expected on the basis of the small (1-2 Hz) value of
3Jxu in acetamide.® On the other hand, the calculations
of Bystrov and Solkam? predict average values of 3 [yg and
3Jax of —1-7 and —1-3 Hz, respectively. The former
value agrees reasonably well with the acetamide value, so it
is surprising that corresponding values for 3.y, which are
outside experimental resolution, were not observed.
Models indicate no conformational preferences which might
be expected to give rise to near-vanishing values. The
calculations assume only the Fermi contact mechanism,
and conceivably other spin-spin coupling mechanisms may
be important, e.g., spin—orbit and dipole-dipole interactions.
Alternatively, the parameters used may not be optimum
because of insufficient experimental data. Finally because
the compounds reported here are conformationally mobile
about the amide linkage, the possibility exists that in
appropriate rigid compounds measurable and geometrically
dependent values can be determined. Studies are in
progress to elucidate this point further.

We thank the C.U.N.Y. Faculty Research Award Pro-
gramme, the Research Corporation, and the American
Philosophical Society for financial support and the National
Science Foundation for an Undergraduate Research
Participation Grant (C.G.F. and J.C.). We thank Dr.
Bystrov for informing us of his calculations prior to publica-
tion.

(Received, 29th October 1973; Com. 1487.)

1E.g., C-P coupling: G. A. Gray and S. E. Cremer, J. Org. Chem., 1972, 37, 3470; C-C coupling: F. J. Weigert and J. D. Roberts,
J. Amer. Chem. Soc., 1972, 94, 6021; C-N coupling: R. L. Lichter, D. E. Dorman, and R. Wasylishen, J. Amer. Chem. Soc., in the press.
2 A. H. Cowley and W. D. White, J. Amer. Chem. Soc., 1969, 91, 1917; G. E. Maciel, J. W. McIver, jun., N. S. Ostlund, and J. A.

Pople, ibid., 1970, 92, 1, 11, 4151, 4497, 4506.

) 8 S. Karplus and M. Karplus, Proc. Nat. Acad. Sci. U.S.4., 1972, 69, 3204; J. A. Sogn, W. A. Gibbons, and E. W. Randall, Biochem-
istry, 1972, 12, 2100; V. Bystrov and V. Solkan, Izvest. Akad. Nauk. S.S.S.R., in the press; V. Bystrov, personal communication.

4 R. L. Lichter, Determ. Org. Struct. Phys. Methods, 1971, 4, 195.

® G. Binsch, J. B. Lambert, B. W. Roberts, and J. D. Roberts, J. Amer. Chem. Soc., 1964, 86, 5564.
8 E. Sackmann and H. Dreeskamp, Spectrochim. Acta, 1965, 21, 2005.

? H. Dreeskamp, K. Hildebrand, and G. Pfisterer, Mol. Phys., 1969, 17, 429,

8 O. Yamamoto, M. Watabe, and O. Kikuchi, Mol. Phys., 1969, 17, 249.

® K. D. Summerhays and G. E. Maciel, J. Amer. Chem. Soc., 1972, 94, 8348.



