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The use of the technique of NMR spectroscopy of mole-
cules oriented in the nematic phase of liquid crystals for
the study of the 'planarity' of the three bonds meetin% at
the nitrogen atom in a peptide unit has been suggested
and applied to the simplest member, namely, N-methyl forma-
mide. Such studies are of fundamental importance since in
most of the theoretical calculations, a peptide unit is
assumed to be completely planar whereas the necessity of
considering non-planar distortions in such a unit has been
pointed out. For N-methyl formamide, using reasonablevalues
of the bond lengths and the bond angles, it was found that
the results are consistent with the molecule having a plane
of symmetry which may arise, either from the H.CO.NH.C
moiety of the molecule being rigidly planar or from a 'rapid
inversion' through the nitrogen atom. The results support
the former if there is a 'free' rotation of the CH4 group
about the N-CHj bond. However, if the methyl group rotation
is hindered in a 3-fold potential, the results are in better
agreement with the latter. 1In this case the conformations
for which a C-H bond of the methyl group is 'staggered' with
respect to the N-H bond are more favoured; the dihedral angles
Aw and vy defined according to the standard convention
give the nonplanar distortions about the nitrogen atom. w
is the dihedral angle (CQCNCu) between the planes C%CN and
CNCZ (fig. 1). It is 186 for a trans planar unit. Aw
is the variation in (positive in the clockwise direction).
vy is the dihedral angle (CaCNH) between the planes C%CN
and CNH. It is 0° for a trans planar unit. For N-methyl

19



Downloaded by [Tomsk State University of Control Systems and Radio] at 05:51 23 February 2013

RAMAPRASAD et al. 20

H(6) H(6)
[ [
(5m———'d? Wit ()4 ——C
o ./ »:\ H(1)
W\ 114 123 “\ 1165 R
o 2
C ”2/; CAt29
/// ) \<? /// méy -
H(2) &
° /C‘?/ o o H2)
L P
(@H (CTN
H(3 H(3)

H(6)
a [

(SH—C
A H(t) (534 —C5
SNis e 97 A HD
- |43/; T\ no 4
N c\w&/’
121'9\: \N
5 ne A~
o x—HE@) / % 2
/]2 G ng/H
(HH’ /
H(3) (4»(/
H(3)

Figure 1. Bond length (in X) and bond angle data used.
The four data correspond to those reported in
the literature.®”

formamide, a value of nearly 10° was estimated for the
dihedral angles Aw and Vg under the assumption that they
are equal in magnitude but opposite in sign. Furthermore,
separate spectra due to the cis and the trans species could
be observed and interpreted in N-methyl formamide-~ whereas
in N-methyl acetamide, the spectrum due to tramns species
alone was observed.

In the present note, we report NMR results on the next
higher member, namely, N-methyl acetamide oriented in the
nematic phase of 4-methoxybenzylidene-4-amino-o-methyl
cinnamic acid-n-propyl ester (A). The PMR spectrum (fig. 2)
was recorded on a Bruker-360 Fourier Transform spectro-
meter and analysed with the help of the LAOCOONOR pro-
gramme.
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Figure 2. Observed and calculated PMR spectra of N-methyl
acetamide oriented in the nematic phase of (A).
Solute concentration = 9 mole 7, probe tempera-
ture = ZSOC, spectrometer frequency = 360 MHz,

Values of the derived dipolar couplings in Hz are:
Dlz —174.3, DlS = -227.5, D23 = 436.8, DZS = -48.1 and
D56 = 419.5. The indirect couplings (Hz) were determined
as: Jiy = 4.7, Jq5 = -0.5 and Jyg5 = 0.3 and the chemical
shifts (Hz) as: Vy =V = 1598.0 and Vg = Vy = 1878.3.
Indirect couplings wit%in the protons of the methyl groups
do not influence the spectrum due to 'full equivalence'.
Errors of the coupling constants were estimated as 0.1 Hz
and those of the chemical shifts 0.2 Hz.

The proton NMR spectrum of N-methyl acetamide provides
5 distinct HH direct couplings which have been used to study
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the planarity of the peptide unit in N-methyl acetamide.

The procedure involves a checking of the internal consistency
of the dipolar couplings assuming the known geometry and
deriving the 'best fit' values of the elements of the order
matrix (S) with the help of a 'least-square-fit' procedure.
Influences of molecular vibrations were neglected.

The bond length and the bond angle data for the peptide
unit””” are given in Figure 1 (data 1 to 4). Data 1 refer
to the standard Pauling-Corey geometry of the peptide unit.
Data 2 give the average values from some recent X-ray and
neutron diffraction studies on several peptides.7 Data 3
correspond to the X-ray results on N-methyl acetamlde with
N-H bond length equal to 1.00 % and the &' cNE = 123° (Pauling—
Corey values The electron diffraction values? which are
not very accurate are given in data 4. The C-H bond length
was assumed as 1.10 & and the HCH bond angle was given the
tetrahedral value (109. 48 Y. In order to obtain an estimate
of the errors due to uncertainty in the geometrical data,
the computations were carried out using all the four data
given in Figure 1.

If the peptide unit is rigidly planar or when there is
a rapid inversion through the nitrogen atom, only 3 S-values
have to be derived from the 5 HH direct dipolar couplings
provided the molecular geometry and the modes of rotation
of the methyl groups about the N—C% and the C-C% bonds are
known. In view of the lack of the precise knowledge of the
barrier to rotation of the methyl group in this case, the
following possibilities were considered.

a) Free rotation of the methyl groups

b) Rotations of the methyl groups hindered in 3-fold
potentials such that the methyl groups (CYHY and
c§u%) are 'staggered' or 'eclipsed' about the N-H
or the C=0 bonds respectively. The methyl groups
themselves were assumed rigid and no coupled
motion between the two methyl groups was considered.

The minimum r.m.s. error between the observed and the
calculated dlpolar couplings was obtained when the dihedral
angles were 10 * 4° depending upon the geometrical data for
the peptide unit.

It may be emghas1zed that investigations on the isoto-
pically enriched 3¢ and 1N species will provide more con-
clusive results since the system would then be well over-
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determined and assumptions on the molecular geometry would
not be necessary. It would also be possible to derive re~
liable information on the mode of rotation of the methyl
groups.

The authors are grateful to Professor G.N. Ramachandran
for suggesting the problem and for many helpful discussions.

References

1. Khetrapal, C.L., Kunwar, A.C., Easwaran, K.R.K.,
Pramana Supplement 1, 483 (1975).

2. Ramachandran, G.N., Lakshminarayanan, A.V. and Kolaskar,
A.S., Biochim. Biophys. Acta 303, 8 (1973) and the
references therein.

3. Ramaprasad, S., Kunwar, A.C. and Khetrapal, C.L.
(unpublished).

4, Diehl, P., Khetrapal, C.L. and Kellerhals, H.P., Mol.
Phys. 15, 333 (1968).

5. Diehl, P., Henrichs, P.M. and Niederberger, W., Mol.
Phys, 20, 139 (1971).

6. Pauling, L. and Corey, R.B., Proc. Natl. Acad. Sci
U.S. 37, 235 (1951).

7. Ramachandran, G.N., Kolaskar, A.S., Ramakrishnan, C.
and Sasisekharan, V., Biochim. Biophys. Acta 359, 298
(1974).

8. Katz, J.L. and Post, B., Acta Cryst. 13, 624 (1960).

9. Kitano, M., Fukuyama, T. and Kuchitsu, K., Bull. Chem.
Soc. Japan 46, 384 (1973).

10. Woodman, C.M., Mol. Phys. 13, 365 (1967).



