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As part of our investigation of hindered rotation in amides”’5 we have
been interested in making NMR signal assignments for the N-substituents.
Examination of the literature reveals some published conflicts6 of chemical
shift assignments 1in tertiary amides and several apparent conflicts.5’7’8
Theoretical arguments for making resonances assignments in tertiary amides
appear to be inconclusivell and most experimental methods appear.not only
limited but tenuous as wellu’s’lz(vide infra). We have, therefore, utiliz-
ed the Nuclear Qverhauser Effect (NOE)13 for making resonance assignments
in a number of tertiary amides and thicamides. Our results, summarized 1in
the Table, serve to clarify several contradictions and shed light on the
validity of other experimental methods.

The upfield signals 1in diethylformamide, diethyl and diisopropyl
acetamide among others were assigned to the group cls to the carbonyl oxygen
by analogy with the assignments in dimethylformamide.lu’l5 Our decoupling
experiments on diethyl and diisopropylformamide in CDCl3 show the upfield
methyl to be associated with the downfileld methylene and the downfield methine
respectively and vice versa. In addition our NOE results on diethylformamide
require the upfield methylene to be cis to the formyl proton (and trans to the
carbonyl oxygen) in direct contradiction to previous assignments.9 We conclude

that resonance assignments of tertiary amides based only on chemical shift
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Resonance Assignments in Tertiary Amides Based on the NOE.

Compound Chemical Shift® of the N-substituent cis

to the carbonyl oxygen in:

Non-Aromatic Solvent Aromatic Solvent

-CH3  -CH; -CH -CH3 -CHp -CH
Dimethylformamide + -
Diethylformamide + - - -
Diisopropylformamide + - - -
Benzylmethylformamide + - - -
Dibenzylformamide - -
Dimethylthioforamide + -
Dibenzylthioformamide - -
Dimethylacetamideb + -
DiethylacetamideP + - - _
Benzylmethylacetamideb - - - -
DibenzylacetamideD - -

Dibenzylthioacetamideb - -

2-Methyl-3,5-dinitro-
N,N-dimethylbenzamide - -

2-Methyl-3,5-dinitro-
N,N-diethylbenzamide - - - -

3,5-Dinitro~-N,N-dibenzyl
benzamide - -

a) + stands for upfield; - stands for downfield.

b) The o position is dideuterated.

arguments are unreliable.l6

It has been shownl8 that in unsymmetrically substituted acetamides the

bulkier group preferentially occupies the position cis to the carbonyl oxygen;

1 21
thus the configuration of the major amide isomer is known. 9 Bedford et.al.

used N-ethyl-N-methylbenzamide in order to assign the N-ethyl resonances in
o-chloro-N,N-diethylbenzamide and concluded that the upfield methylene group
was cis to the carbonyl oxygen. Our NOE results on 2-methyl-3,5-dinitro-N,N-

diethylbenzamide,22 however, show the upfield methylene group to be trans to

the carbonyl oxygen, indicating that the assignment made by Bedford et.al.21

23

is incorrect. On the other hand, use of the same approach on o-fluoro-N-
cyclohexyl-N-methylbenzamide as a model for g—fluoro—N,N—dimethylbenzamide25

leads to results in agreement with those obtained from the NOE on 2-methyl-

5

3,5~dinitro-N,N-dimethylbenzamide. Resonance assignments based on steric

26

arguments may lead to erroneous results.
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Configuration assignments based on coupling constants have been made for

6,14,17,27

several formamides based on the assumption that the trans "allylic"

coupling constant is larger than the cig one. Resonance assignments in

dimethylformamide made on thls basls are in agreement with those obtained

12 and from the NOE;13 we have

28

from contact shifts of Nickel II complexes
found, however, that this assumption does not appear to be general. Results
obtained from benzyl formamides and benzyl thioformamide show the upfield

methylene resonances to be trans to the carbonyl oxygen. This signal,

however, 1s definitely broader than the downfield one, indicating a larger

coupling constant. Resgonances assignments based on the assumption that trans
16

1,3 eoupling 1s larger than cis may be unreliable.

Since the nmutual relaxation of geminal protons is efficlent 1t is not
likely that a NOE would be observed on methyl groups. Thus, no NOE would be
expected for acetamides. To sidestep the problem we have synthesized a,a-di-
deuteroacetamides which yielded NOEs on the order of 10% signal enhancement.

To our knowledge this is the flrst application of the technique.

In general, our results show that for tertiary amides in aromatic solvents
the signals associated with the N-substituent trans to the carbonyl oxygen are
upfield. No generalization can be made regarding the signal positions in non-

aromatic solvents.30
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