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A brief account of the results on iion-planar clistortions around the nitrogen aturn 
in apeptide unit as studied by  N M R  in liquid crystal .solvents is given. The studies 
are cor?fined to simple model compounds namely, formamide, N-methyl formami& 
and its I3C and 15N isotopically enriched analogues and N-methyl acetamide. Under 
the ussumption of reasonable geometry and the neglect oJ the inzuences of mole- 
cular vibrations, it is observed that the nun-planar distortions around the nitrogen 
utom are nearly 10" f 5'. 
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The spatial arrangcment of atoms in the peptide unit (Cln-C'O-NH- 
Cae) is of great importance for studies connected with the conformation of 
polypeptides and proteins. In most of the work, itis generally believed 
that the peptide unit is rigidly planar, i.e., the six atoms namely CIa, C', 0, 
N, H and C," lie in one plane, though it has been realised that significant 
distortions from planarity in a peptide unit can occur, and hence theneces- 
sity of considering a non-planar peptide unit has been suggested [I]. Subse- 
quently, there has been a considerable interest to study non-planar distor- 
tions in model systems [2-61. In view of the great importance, the problem 
has been investigated theoretically using ah initio and semi-empirical mole- 
cular orbital approaches, and experimentally, using NMR spectroscopy of 
molecules dissolved in nematic liquid crystal solvents, and by X-ray crystal 
Structure analysis. It may be pointed out that the NMR studes are in the 
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liquid phase. 11 is the aim of t k  review to give a brief account of the 
NMR ~esults on &is problem. 

2. PRINCIPLES OF THE NMR METI~OD 

Though Il-e kasic prillciples involved in such studies have been dis- 
cussed earlier in this jourilal [7J and several monographs on the s~bje~t  aie 
available [8-111, still, in order Lo make this article self-contained, it may 
not be out of place to inention them briefly again. The hi@ resolution 
NMR spectra of nuclei (i, j )  with spin 5 in diamagnetic materials are 
influenced by chemical shifts (6ij), indirect spin-spin coupling conspats 
(J~~), and the direct couplings (Dij). Due to rapid random molecular 
motions, the average values of these parameters. proportional to the tracts 
of thcse second rank tensol-s, are the o m s  that influencc the spectra in 
isotropic ' media. On the one hand, such a situation simplfies the MR 
spectra; on the other, the inforinatioll about the anisotropy of thesc para. 
meters is lost in this averaging process. Of particular mention in this con. 
nection is the fact that the direct dipolar couplings, which are proportional 
to the inverse cube of the distances between interacting nuclei, vanish in 
isotropic media and hence the information about the internuclear distances 
carried by them is lost. However, in the nematic phase of liqsid crystals, 
the motion of dissolved molecules is anisotropic due to the inherent aniso- 
tropy of the solvent. This results in non-zero .values for tbe intramolecular 
direct dipolar couplings in such media and hence valuable information 
about il~ternuclear distances may be derived from the NMR spectra of the 
molecules dissolved thcrcin. The direct dipolar coupling Dij between nuclei 
i alld j is given by equation ( 2 .  :) 

where O i j  is the angle between the magnetic field direction and the axis 
connecting nuclci i and j separated by rtj and y is the magnetogyric ratio. 
The average is taken over intcr- and intra-molecular motion. If i and j 
belong to the same rigid part of the molecule, rij can be taken out of the 
angular brackets, since it is then constant. In such a casc, equation (2.1) 
reduces to (2.2) 

where Sij ddines the ' degree of order ' of the axis [ j .  It may be rnenlloned 
that the equation (2.2) neglects influences of all types of molecular vibrations 
and takes into account only the ' average ' molecular order. 



The S-values of different axes UI the molecule are interdependent and 
the average order of a rigid molecule is given by a synunetric and trace 
less matrix {S} with five independent elements. If X, Y and Z are the 
axes of a Ckrtesian coordinate system fixed within the mooecule and ex, e2, 
and Bz are the angles between these axes and the magnotic field direction, 
fie elements (Spq) of the S-matrix are given by equation (2.3) 

Spa = 4 (3  cos 8, cos 0, - a,,) (2.31 
where p, q = X, Y, Z and zpq - 1 for P = q and Sp4 = 0 for p # g. The 
matrix elements Spg are related to the S-values of an axis (S,) forming angles 
aza, ava and uza wlth the molecule fixed coordinate system according to 
eqvation (2.4), 

Sa = 'y cos upa . COS aga Spq. 
9.  a 

(2.4) 

By a suitable choice of molecular axes, the number of independent 
S-values necessary for the description of the orientation can be reduced 
from five to one, depending upon the symmetry of the molecule. If the 
molecule has a 3-fold or greatw axis of symmetry, its selection as the Z axis 
leaves S,, to be the only independent orientation parameter. If there are 
two perpendicular planes of symmetry in the molecule, both containing the 
Z-axis, with X and Y axes being in these planes, only two independent S- 
values are needed for the complete description of the molecular otientation. 
If the molecule possesses only one plane of symmetry, a selection of the 
Z-axis perpendicular to this plane leaves Ssx, Svy and Sxy as the only 
independent elements of the S-matrix. 

For the study of the spatial arrangement of atoms in a peptide unit, 
expressions for the dipolar couplings in terms of the geometrical and the 
order parameters are written. For an over-determined system, i.e., when 
the number of dipolar couplings exceeds that of the sum of the geometrical 
and the order parameters, the internal consistency of the dipolar couplinp 
is checked. For example, if all the geometrical parameters are known, 
the ' best-fit ' order piuameters using a suitable ' least-squares fit ' proce- 
dure (such as the SHAPE programme [18]) can be determined from the 
dipolar couplings by solving linear simultaneous equations, the number 
of which equals that of the different dipolar couplings. If the dipolar 
couplings are internally self-consistent with three S-values, a plane of 
symmetry in the molecule is indicated. On the other hand, if the results 
are self-consistent only with five order parameters, the molecule is non-planar. 
The plane of symmetry can be ' real ' or ' effective ' introduced by a rapid 
interconversion of eneigetically equivalent bent conformations. The 



angles of bend may be determined from the dipolar couplings as the addi. 
tional parameters. 

3. DESCRIPTIOX OF NOWPLANARITY 1N THE PBPTIDE UNIT 
The non-planar distortions a~ound  the nitrogen atom in a peptide unit 

are defined according to standard conventions by dihedral angles Am and 
8, [2]. w is the dihedral angle (GaC' NCSa) between the planes p CN 
and c'NC,Q. It is 0" for the cis and 180" for the trans peptide units. A,,, 
is the T~ariation in w (positive in the clockwise direction). 8, defines the 
dihedral angle bettteen the planes containing the atoms C'NC,a and C'NH 

in the clockwise direction when looking from C' towards N). It 
is 0" for the trans planar unit. 

It has been shown from qcantum chemical calculations on model corn- 
pound:. that there are significant non-planar distortions around the nitrogen 
atom. Further, it has been noticed that A w  and 8, are correlated approxi. 
mately through the relation 

6 N -  -- - 2 A w .  (3.1) 
Values f o ~  1 Aw 1 upto IS" and those of I @,I upto 30" are quite 
probable [3]. 

4. MODEL SYSTEMS STUDIED BY NMR 
The model systems studied so far by the NMR method and reported 

in the present review are the following: 
(a) 16N-enriched formamide in a lyotropic solvent [12]. 
(b) N-methyl formamide in lyotropic [13] and thermotropic solvents [Id]. 
(c)  N-methyl acetamide [I 51. 
(d) lSC and 16N isotopically enriched N-methyl formamide in a therma- 

tropic solvent [16]. 

(a) 15N-enriched formamide in a lyotrupic solvent 
A PMR study of '5N-formamide (structure 1) oriented in the l~otro~ic 

(Structure 1) 
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nematic solvent formed by a mixture of 7 per cent sodium sulphate, 36 per 
cent sodium decyl sulphate, 7 per cent decauol and 50 per cent water by 
weight has been reported 1121. BY a mitable adjustment of thc pH of water 
used to preparc the solution, the exchange of the N H  proton was slowed 
down and all the 6 dipolar couplings between the four nuclei 1, 2,  3, 4 
were derived as given in Table I. The sex-consistency of the 6-dipolar 

was checked against 3 or 5 S-values depending upon whether the 
molecule is (i) planar due to rapid inversion through the nitrogen atom, 
or(ii)nonplanar such that the inversion is slow on the NMR time scale. 
rn case (i), 3 dipolar couplillgs were used to compute the thrce S-values 
"sing the lnicrowave data on the lnolecular geometry [17]. The 
remaining couplings were computed for comparison with their experimental 
values. All the 20 possibilities for such calculations were repeated. 
Very large deviations between the observed and the calculatcd D-values 
were thus found, e.g., calculated D,, was found to vary from -1 11.9 to 
to +35.5 Hz in these 20 calculations. 

Later on, we made the ' best-fit ' calculatioils of the three 5'-values 
from the 6 dipolar couplings using thc same microwave geometry. For 
such a purpose, a version of the SHAPE programme [IS] which was modi- 
fied so as to take iuto account the inversion through the nitrogen atom was 
used. In another calculation, we used the samc microwave data on bond 
lengths and bond angles and iterated upon thc three 5'-values and the two 
dihedral angles OCNH(1) and OCNH(2). Calculations were also under- 
taken using recent nlicrowave data [19]. The results are repvoduced in 
Table I. It is seen f?om the table that the r.m.s. error between the observeo 
and the calculated dipolar couplings is acceptable except for the case whtre 
only three S-values are iterated upon, for which it  is 1.7 Hz. Furthes- 
more, values of the dihedral angles OCNH(1) and OCNH(2) agree fairly 
well with the microwave data within the reported experimental error 
(& 5") of the dihedral angles [17]. 

(b) N-Methyl formamide in a thermotropic and a lyotropic solvenl 

The spectra are shown in figures 1 and 2 respectively together with 
the experimental details. 



58 C. L. KHETRAPAL AND S .  RAMAPRASAD 

NMR data on I5N fornmmide oiienfed in u lyotropic nematic phase 

Calculated values 
a___----- - 
Using the earlier bond length and bond Using recent 

angle data  [17] geometrical 
data [19] on 

para- Experimental bond length 
meters values and angles --- 

Iterations : 3 Ttel-ations : 3  Iterations on Iterations on 
S-vnlues S-values nnd 5 S-values 3 S-values 

two dihedral and two di. 
anglcs hedral angles 

OGNH (1) 7" 12.8" 7" 11.1" 

OGNH (2) 12" 7 . 3 "  12" 1 .2" 

*The indexing of the S-values corresponds to a Cartesian coordinate system in which 
tk ' effective ' plane of symrqetry is the . ~ x y  plane with x-axis along the G N  bond, 
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FIG. 1. Observed and  calculated PMR spectra of N-melllyl formamide dissolved in the 
nematic phase of 4-methoxybenzylidene-4-amino-a-methyl cinnamic acio n-propyl ester (A). 

Solute concenlralion: 16.7 mole per cent. 
Temperature: 30" C. 
Spectrometer frequency: 100 MHz. 
The calculated spectrum corresponds to the trans species. Some of the small lines in  the 

observed spectrum which do  not  appcar in  the calculated onc may arisc from the cis species. 

In the lyotropic solvent, the spectrum due to the cis species (stn~cture 2) 

T R A N S  
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FIG. 2. PMR spectrum of N-metlwl formamide oriented in the lyotropic phase fo~med 
by neutral deeylammonium sulphate, decanof, water and ammonium sulphate (B). 

Solute concentration: 2.5 per cent by weight. 
Temperature: 25' C. 
Spectrometer frequency: 360 MHz. 
The lines due to the cis species are marked (a). The upper trace (at lower field) is due to 

the formyl and the amide protons and the lower one arises from the methyl protons. 

could also be analysed in addition to that due to the predominant Irns 
species (structure 2).  However, in the thermotropic solvent, the spec. 
trum due to the trans species only could be analysed. Values of the dipolar 
couplings and the chemical shifts derived from the analyses are given in 
Table IT; the values of the indirect spin-spin coupling constants used were 
taken from the literature on the spectra in isotropic media [20] and are 
included in the table. Signs of the direct couplings in Table I1 are based 
on the assumption of the known signs of indirect spin-spin couplings. 

It is seen from the magnitudes of the direct dipolar couplings given 
in Table II that the molecular orientation for the cis species is much lower 
than that in the trans. Furthermore, conditions of ' weak ' couph3 [a] 
are satisfied for the chemically shifted protons in the cis species and hence 
only the magnitudes of the corresponding (J $- 20)  could be derived from 
the spectrum. Moreover, Dxp in the cjs compound is so small that 
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minor errors in J,, may produce significant errors in Dl,. Due to these 
no attempt was made to  Study the conformation around the 

atom in the cis species. For the trans species in the lyotropic phase, 
though the condition of ' weak ' coupling is satisfied for protons 1 and 3, 
the values reported in the table correspond to those which give results consis- 
tent with studies in the thermotropic solvent. 

It may be mentioned that the chemical shifts (in ppm) of the CH and 
the CH, protons in the lyotropic and thermotropic solvents do not differ 
qpreciably for the trans species, and, even in the cir species, V ,  -- v, diffeis 
only by 0.16 ppm. On the other hand, the diKe~encc between chemical 
shifts of the NH proton in the thermotropic and the lyotropic solvent is 

Spectral parameters for N-methyl formarnide dissolved in tile nen7atic phase 
of (A) and in the lyotropic phuse (B). Numbering ($protons refers to thut 

given in structure 2 

Values (Hz) 
Parameters 

Thermotropic In lyotropic solvent 
solvent -- - ---- 

t rws  specics trans species cis species 

1.9 

-0.8 

4.9 

does not affect 

-376.96 

- 44.39 

- 36.35 

163.20 

l23.30t 

533. l o t  

1.9 

- 0.8 

4.9 

does not affect 

-28.79 

-13 76 

-51 .OO 

91 58 

57,93* 

1919.60* 

13.8 

- 0.8 

4.9 

does not affect 

- 1.565 

23.50 

16-70 

8.43 

48 .l4' 

1861.09" 

, .  . . . .-.- 
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nearly 1 ppm. This certainly is not due to the chemical shift anisotropy 
but is indicative of a weak molecular interaction either like the one in a 
pi complex between the NH proton and the pi electrons of the benzene 
ring [21] in the thermotropic solvent and/or as in a stronger hydrogen. 
bonded complex between the NH protons and the lyotropic phase. In 
absence of the data on the NH proton chemical shift for the cis species in a 
thermotropic solvent, it is difficult to rule O L I ~  one or the other of the above 
explanations. 

The results on the conformation around the nitrogen atom for the 
trans species in the thermotropic solvent are discussed below: 

The 4 direct dipolar I-IH couplings in N-Methyl foi mamide do not even 
provide the S-matrix if the molecule is 'rigidly ' non-planar. ~ f ,  on the 
other hand, the molecule possesses a plane of symmetry, only 3 direct 
couplings suffice to describe the molecular order. As in formamide, a 
known geometry for the molecule [17] shown in structure 2 together with 
the HCH bond angle and the CH bond lengths as 109.5" and 1.1 A res- 
pectively, were used to find out whether the 4 direct dipolar couplings are 
internally self-consistent. The 3 best-fit S-values were derived from the 
4 direct couplings using a version of the SHAPE program modified so as to 
include the rotation of the methyl group about the N-C bond. The 
following possibilities were considered: 

Case 1. A rigid planar conformation for the fragment H.CO.HN.C; 
and 

Case 2. Two energetically equivalent rapidly interconverting non- 
planar conformations. 

Case 1 : A rigid planar conformation.-In this case, the couplillg 
constants Dl, and D,, are influenced by the mode of rotation of the methyl 
group about the N-C bond. The following possibilities about the mode 
of rotation of the methyl group were considered: 

(a) A hindered rotation in a '3-fold ' potential such that one of the 
C-H bonds of the methyl group lies in the plane containing C', H (I), 0 
and N. In this case, both the possibilities, i.e., (1) when the methyl C-H 
bond in the plane is pointing away from the N-H bond (referred to as 
'staggered ' hereafter) or (2) it is towards the N-B bond (referred to as 
' eclipsed ' hereafter), were considered. 

(b) A hindered rotation in a ' 6-fold ' potential such that one G H  
boqd of the methyl group is in the plane of symmetry as described above, 
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This is equivalent to having both the ' eclipsed ' and the 'staggered ' con- 
figurations with equal probability. 

(c) A free rotation of thc methyl group. 

In all these calculations, the methyl group itself was considered ~igid, 
and influences of all types of molecular vibrations on the dipolar couphlgs 
were neglected. values of the ' best-fit ' parameters obtained using the 
'SHAPE' programme are given in Table 111. Errors of the S-dues were 
estimated to bc 0.0003 in each case, using the errors of the observed D- 
values. The 'r.m.s. error ' given in Table 111 is the 'weighted root mean 
square error ' between thc observed and the ' best-fit ' calculated D-values 
using the modified ' SHAPE ' programme, where all the coupling constants 
were given equal weights. 

It was found that there is no significant difference between the '6- 
fold ' and the 'free rotation ' cases and hence they are included in the same 
column in Table 111. 

'Best-fit' parameters obtained with the help of the modijied 'SHAPE' 
programme ,for N-methyl formamide oriented in the nematic phase of (A). 

Numbering of the protons refers to that given in structure 2 

Parameler ' eclipsed ' ' staggered ' ' 6-fold ' or 
' free rotation ' 

* Refers to the Carteaan coordinate system where fhe x and y axes lie in the plane of the 
sVmmetry with x-axis as the N-C axis. The S-values are calculated usipg a +stance betyep 
the methyl protons equal to 1.78 A, 
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Table 111 shows that the coupling constant Dl, is the one which is most 
signifcantly influenced by the mode of rotation of the methyl group, ~t is 
also seen from the table that the magnitude of this coupling consta~~t is 
larger than the observed value (Table 11) for the 'eclipsed ' and sm& 
for the ' staggered '. It is, therefore, logical to expect the values for the 
' &fold ' or ' free rotation ' cases (which contain both the ' 3-fold cases 
considered) to be closer to those observed. It is actually found to be so, as 
seen from Table 111. The r.m.s. error of about 0.2 Hz for the *&fold 1 

or the 'free rotation ' cases seems to support the assumption of the plane 
of symmetry in the molecule. Table 111 also shows that the data are strongly 
dependent upon the mode of rotation of the methyl group. The r,m,s. 
errors of 1.09 and 1 -41 Hz obtained for ihe ' eclipsed ' and the ' staggered ' 
cases are certainly outside the experimental errors. 

Case 2 : Two energetically equivalent rapidly interconverting non-pImar 
conformations.-A conformation of this type, where the nlolecular reorien. 
tation is slower than the rate of interconversion, also needs three S-values 
to describe the molecular order. Let us assume that b, = - 2 ~ ~ .  In 
such a case, three S-values and an independent dihedral angle are to be 
determined from the four. dipolar coupling constant.. One, therefore, 
normally expects a ' perfect-fit ' between the observed and the 'best&' 
calculated dipolar coupling constants. It was actually f0un.d to be so for 
the various modes of rotations of the methyl group discussed in case 1, 
except for the ' eclipsed ' case, for which the minimum r.m.s. error between 
the observed and calculated dipolar couplings was obtained for the 'planar' 
structure. The resulting S-values and the dihedral angles are given in 
Table IV for the various possibilities considered, except for the 'eclipsed* 
case for which the values given in Table III are valid. In this case also, 
no significant differences were observed for the ' free rotation ' and the 
' 6-fold ' cases and hence the data for these are given in the same column 
in Table IV. 

Table IV shows that, for the two rapidly interconverting bent confor- 
mations of N-methyl formamide, the NMR results are in conformity, 
provided the dihedral angle A w  is less than 10". The value of g w  infact 
varies from 3" to 8' depending upon the mode of rotation of the methyl 
group. An error of about 5" is estimated for the value of Ao given in 
Table IV. It may be emphasized that more definite and reliable infor- 
mation on the conformation of N-methyl formamide is expected to be 
derived from the isotopically enriched (1% and 1W) species as discussed in 
section (d). 
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TABLB IV 

'Best $t' parameters for N-methyl formamide 
considering two rapidly interconverting confgurations 

as described in ' case 2 ' in the text 

Using the data given in structure 2 
Paralnetcv - 

' staggered ' ' &fold ' or 
' free rotation ' 

l! (in degrees) 8.3  3 . 2  

a Refers to the Cartesian coordinate system whe~e the axes x and y lie in the 'effective' plane 
of symmetry [containing atoms C', H (I), 0, N]. The x-axis is alorg the axis of rotation of the 
methyl group in a 'rigid-planar ' configuration as in case I .  The S-values arecalculated using 
the scaling distance of 1.78 8, between the protons of the methyl aoup. 

(c) %Methyl acetamide.-The PMR spectrum of N-methyl acetamide 
is shown in Fig. 3. Values of the NMR parameters derived from the 
analysis of the spectrum are given jn Table V. 

The proton NMR spectrum of N-methyl acetamide provides 5 distinct 
HH direct couplings which were used to study the planarity of the peptide 
unit as discussed for N-methyl formamide. The standard bond length 
and the bond angle data 122-251 are given in Fig. 4 (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. Data 3 correspond to the X-ray results on 
N-methyl acetamide with N-H bond length equal to 1.00 A and the 1 CNH 
= 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 A and the HCH bond angle was given the tetrahedral value (109 .4S0). 
In order to obtain an estimate of the errors due to uncertainty in the geometri- 
cal data, the computations were carried out using all the four data given 



FIG. 3. Observed and calculated PMR spectra of N-methyl acetamide orientcdin thenematic 
phase of (A). 

Solute concentration: 9 mole per cent 
Temperature: 25'6. 
Spectrometer frequency: 360 MHz. 

purumeters &rived from the analysis of the PMA spec~rlrr~~ of N-methyl 
acetamide oriented in the nematic phase of (A).  Numbering of the protons 

refers to that given in Fig. 3 

Uoupling constants (Hz) Ohemical 
shifts (Hz) 

Nuclear pair ( i d )  , . 
Indirect (J,,) Direct dipolar (Dij) v, - va 



in Fig. 4. As in N-nlethyl formamide, the following possibilities were 
considered : 

(a) Free rotation of tlxc mcthyl groups. 

(b) Rotations of the incthyl groups hindcred in 3-fold potentials such 
that the methyl groups (CsaH, and C,.H,) are ' staggered ' or ' eclipsed ' 
about the N-H or the C=O bonds respectively. The methyl groups 
themselves were assumed rigid and no coupled motion between the two 
methyl groups was considered. 

The mininuln r.m.s. error between the observed and the cdlculated d i p o h  
couplings was obtaincd when the dihedral angles were 10 & 4" depending 

the geometrical data for the peptide unit. 

(d) I3C and I5N isotoyicnllj~ en11~iclzed N-rnefhyl for~iuunde in thernzo- 
t q i c  solvent. 111 this case (structure 3), the isotropic lH and llC NMR 

spectl-a were also analysed 111 addition to  the PMR spectrum in a nematic 
solvent. The analysis of the spectra in the isotropic media was essential 
since some of the indirect spin-spin couplings could only be determined 
from such spectra. The various spectra of a sample from Merck, Sharp 
and Dohme of Canada are shown in Figs. 5-8. 



FIG. 4. Bond length (in A) and bond angle data used for N-n1ethyl acetamide, The four 
data corrcspond to those reported in the literature. 122-251. 

FIG. 5. PMR spectra of the formyl and the amide protons of lJC and "N isotopicalh. 
enriched N-methyl forrnam;de at  270 MHz. The calculated spectrum is for the tram species 
ofl'N-methyl ("C) formanlide ('"C). Thc group of lines marked (A) arises from the cis rps ies  
o f " & n e t h ~ l  ( I T )  formamide ( I T ) .  B and C are due to the rrans and the cis reswtiveb 
which do not have I"C at  the formyl carbon. 

calculated spectra both in the isotropic and the nematic solvcnts are shown 
only for them. Values of the derived parameters are given in Table VI. 

Signs of the HH and the 15NH indirect couplings (Jijls) in Table VI 
were assulued from the earlier study on 15N-methyl formamide. The indirect 
couplings between 18C and the directly bonded 1H were assumedpositive. The 
signs of the other indirect couplings could not be determined. Homer, 
a combination of these studies with those in the nematic solvent togem 
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,. -- -- -- GO HZ---, 

FIG. 6. PMR speclra of the methyl protons of and lEN isotopic-ally enriched N-methyl 
fo~mamide at 270 MHz. The calculated spectrum is for the t m s  species of "N-methyl (Wr)  
formamide (IT). The A group of lines arises from the corresponding cis species. B and C are 
due to ths trans ana the cis species respectively which do not have lac at the methyl carbon. 

FIG. 7. 13C-NMR spectra of the methyl carbon in  W- and 16N-iaotopically enriched species 
of N-methyl formamide a t  22.~53 M&,  he calculated spectrum is for the trans species. The 
sPemm due to the corresponding cis species is marked A. 

J.1.S.c.-7 
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FIG. 8. "GNMR spectra of the formy1 calbon in 13C ilnd 1sN-i60topically enriched 
N-methyl formamide a t  22.63 MHz. The calculated spectrum is for the trans species. The 
spectrum due to the cis species is marked A. 

with the known geometry may throw soinc light on rhe signs of these coupling 
constants. 

During the analysis of the PMR spectlum in the ncmatic phase, the signs 
and the magnitudes of the indirect couplings which were determined from 
the spectrum in the isotropic medium were used. However, since the 
signs of the indirect couplings J,,, J,,, J24 and J3:,, are not known, the coires- 
ponding (Jij -+ 2Dii) values are reported in Table Vf. Since only the 
proton spectrum in a nematic solvent is analysed, it is difficult to label the 
dipolar couplings to particular heteronuclei. The values of the dipolar 
couplings given in the table correspond to reasonable bond len& and 
bond angles in N-methyl formamide. 

The direct dipolar coup!ings D,,, D5, and D,, provide the HCH bond 
angle and the angle which the line joining nuclei 5 and 6 makes with the 



1H and 13G spcctra in the iso- PMR sp-ctrilm in  tlle netnaiic phase 
tropic phase 

Parameter Val.~ie (Hz) Parameter Value (Hz) 

JG: Docs not Ds, 112.9 
intluenc- 

v2 - vl** 14.69 vI - vl** 240-4 

v6- vl** 1463.2 vti - vl** 1424.4 

* cannot bc determined from the PMR spectrum. 

** at 270 MHz; t at 22.63 MHz. 

bond connecting nuclci 4 and 5 (stiucture 3), irrespective of whether the 
three bonds meeting at the nitrogen atom lie in one pl'me or not. Neglecting 



FKG. 9 .  Observed and calculated PMR spccira of '"C- and 'W-isotopically enriched 
Nmethyl formamide oriented in the nematic phase of 4-mclhoxybenzylidene-4-amino-a-methyl 
cinnamic aeifl-n-propyl esler. The calculated spectrum is due lo t ram species of lnN-methyl, 
('SC) formamide ('"C). The lines marked A do not bclong t o  these species. 

Solule concentration: 15 mole per cent. 
Tempcratore: 30'C. 
Spectrometer frequency: 270 MHz. 

the influence of molecular vibrations and using the standardequaliot~s [S], 
these values are determined as 108.5" and 30.7". 

In this case, only a preliminary interpretation of the various direct 
dipolar cbuplings has yet been made. Only the ' free rotation ' of the 
methyl group has been considered. The results indicate signficant non- 
planar distortions around the nitrogen atom provided influences of mob 
cular vibrabons are neglected. The dihedral angles n w  and 8, describw 
the non-planar distortions around the nitrogen atom in this case have been 
found to be of opposite signs and their magnitudes were determined as 
11 i 5" and 20 f 5" respectively. 

It may be concluded that the NMR results in all the cases, namely, 
formamide, N-methyl formamide, N-methyl acetamide are consistent 
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among themselves as also with theoretical studies. They. indicate ,signi? 
ficant non-planar distortions around the nitrogen atom in a peptihe unit. 
It may be emphasized that the NMR results neglect all influelices of. mole- 

. . calar vibrations and assume certain bond lengths. . . . 
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