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THE AMIDE PLANARITY AS STUDIED BY NMR OF ORIENTED 
MOLECULES - THE SPECTRUM OF N-METHYLACETAMIDE 

t S. l7AMAPRASAD* H.P. KELLERHALS**, A .C .  KUNWAR AND 
C.L. KHETRAPAL 
*Molecular Biophysics Uni t ,  Ind ian  I n s t i t u t e  of Science,  
Bangalore 560012, India .  

'Raman Reseaxch I n s t i t u t e ,  Bangalore 560006, Ind ia .  

f 

**Spectrospin AG-Fzllanden-Zurich, Switzer land.  

(Submitted f o r  p u b l i c a t i o n  A p r i l  28,  1976) 

The use  of t h e  technique of NMR spectroscopy of mole- 
cu le s  o r i e n t e d  i n  t h e  nematic  phase of l i q u i d  c r y s t a l s  f o r  
t he  s tudy  of t h e  ' p l a n a r i t y '  of t h e  t h r e e  bonds meetin 
the  n i t rogen  atom i n  a pep t ide  unit has  been suggested 
and app l i ed  t o  t h e  s imples t  member, namely, N-methyl fonna- 
mide. Such s t u d i e s  are of fundamental importance s i n c e  i n  
most of t h e  t h e o r e t i c a l  c a l c u l a t i o n s ,  a pep t ide  u n i t  is 
assumed t o  be completely p l ana r  whereas t h e  n e c e s s i t y  of 
cons ider ing  non-planar d i s t o r t i o n s  i n  such a u n i t  has  been 
poin ted  out .  For N-methyl f ormamide , us ing  reasonable va lues  
of t h e  bond l e n g t h s  and the  bond ang le s ,  i t  w a s  found t h a t  
t he  r e s u l t s  are c o n s i s t e n t  w i th  t h e  molecule having a p lane  
of symmetry which may arise,  e i t h e r  from the  H.CO.NH.C 
moiety of t h e  molecule be ing  r i g i d l y  p l ana r  o r  from a ' r a p i d  
inve r s ion '  through t h e  n i t rogen  atom. The r e s u l t s  suppor t  
t he  former i f  t h e r e  is a ' f r e e '  r o t a t i o n  of t he  CH3 group 
about t h e  N-CH3 bond. However, i f  t he  methyl group r o t a t i o n  
is hindered i n  a 3-fold p o t e n t i a l ,  t h e  r e s u l t s  are i n  b e t t e r  
agreement wi th  t h e  la t ter .  I n  t h i s  case the  conformations 
f o r  which a C-H bond of t h e  methyl group i s  ' s t agge red '  w i th  
r e spec t  t o  the N-H bond a r e  more favoured;  t h e  d i h e d r a l  ang le s  
AU and vH de f ined  accord ing  t o  t h e  s tandard  convention2 
g ive  t h e  nonplanar  d i s t o r t i o n s  about t h e  n i t rogen  atom. w 
is  t h e  d i h e d r a l  ang le  (C"CNC;) between the  p l anes  CYCN and 
C N C ~  ( f i g .  1). 
is t h e  v a r i a t i o n  i n  ( p o s i t i v e  i n  the  clockwise d i r e c t i o n ) .  
VH is  the  d i h e d r a l  a n g l e  (CYCNH) between t h e  p lanes  CYCN 
and CNH. 

f at 

It i s  I S ~ O  f o r  a trans p lana r  u n i t .  AU 

It is 0' f o r  a t r a n s  p l ana r  u n i t .  For N-methyl 
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RAMAPRASAD et al. 20 

Figure 1. Bond length (in 2) an bond angle data used. 
The four data correspond to those reported in 
the literature. 6-9 

0 formamide, a value of nearly 10 was estimated for  the 
dihedral angles Aw and vH under the assumption that they 
are equal in magnitude but opposite in sign.2 Furthermore, 
separate spectra due to the cis and the trans species could 
be observed and interpreted in N-methyl formamide3 whereas 
in N-methyl acetamide, the spectrum due to trans species 
alone was observed. 

higher member, namely, N-methyl acetamide oriented in the 
nematic phase of 4-methoxybenzylidene-4-amino-a-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. 4 

In the present note, we report NMR results on the next 
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AMIDE PLANARITY 2 1  

1 

I 

J I 
Figure  2. Observed and c a l c u l a t e d  PMX s p e c t r a  of N-methyl 

acetamide o r i e n t e d  i n  the  nematic phase of (A). 
S o l u t e  concen t r a t ion  = 9 mole %, probe tempera- 
t u r e  = 25 C ,  spectrometer  frequency = 360 MHz. 0 

V a l u e s  of t h e  de r ived  d i p o l a r  coupl ings  i n  Hz are: 
D12 = -174.3, D15 7 -227.5, D23  7 436.8, D25 = -48.1 and 
D56 = 419.5. 
as: J12 = 4 . 7 ,  J15 = -0.5 and 525 = 0 .3  and t h e  chemical 
s h i f t s  (Hz) as: V2 - V 
I n d i r e c t  coupl ings w i d i n  t h e  pro tons  of t h e  methyl grou s 
do no t  i n f luence  t h e  spectrum due t o  ' f u l l  equiva lence ' .  
E r ro r s  of t h e  coupl ing  c o n s t a n t s  were es t imated  as 0.1 Hz 
and those  of  t h e  chemical  s h i f t s  0.2 Hz. 

5 d i s t i n c t  HH d i r e c t  coupl ings  which have been used t o  s tudy 

The i n d i r e c t  coupl ings (Hz) were determined 

= 1598.0 and V5 - V1 = 1878.3. 

YO 

The pro ton  NMR spectrum of N-methyl acetamide provides  
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RAMAPRASAD e t  a l .  22 

t h e  p l a n a r i t y  of t h e  pep t ide  u n i t  i n  N-methyl acetamide. 
The procedure involves  a checking of t h e  i n t e r n a l  consis tency 
of t h e  d i p o l a r  coupl ings assuming t h e  known geometry and 
d e r i v i n g  t h e  ' b e s t  f i t '  va lues  of t h e  elements of t h e  order  
ma t r ix  (S) w i th  t h e  h e l p  of a ' l ea s t - squa re - f i t '  p r ~ c e d u r e . ~  
In f luences  of molecular  v i b r a t i o n s  w e r e  neglected.  

The bond l eng th  and the  bond ang le  d a t a  f o r  t he  pept ide  

6 
unit6-' are given i n  F igure  1 (da ta  1 t o  4 ) .  
t o  t h e  s tandard  Pauling-Corey geometry of  t h e  pep t ide  u n i t .  
Data 2 g ive  t h e  average va lues  from some recent  X-ray and 
neut ron  d i f f r a c t i o n  s t u d i e s  on s e v e r a l  pept ides .  Data 3 
correspond t o  t h e  X-ray r e s u l t s  on N-methyl acetamide8 wi th  
N-H bond l e n  t h  equa l  t o  1.00 8 and t h e  

n o t  very  accu ra t e  are given i n  d a t a  4 .  The C-H bond l eng th  
w a s  assumed as 1.10 8 andothe HCH bond ang le  w a s  given t h e  
t e t r a h e d r a l  va lue  (109.48 ). In o rde r  t o  o b t a i n  an estimate 
of t h e  e r r o r s  due t o  u n c e r t a i n t y  i n  t h e  geometr ical  d a t a ,  
t he  computations were c a r r i e d  o u t  us ing  a l l  the  four  d a t a  
g iven  i n  F igure  1. 

a r a p i d  inve r s ion  through the  n i t rogen  atom, only  3 S-values 
have t o  be der ived  from t h e  5 HH d i r e c t  d i p o l a r  coupl ings 
provided t h e  molecular  geometry and t h e  modes of r o t a t i o n  
of t h e  methyl groups about  t h e  N-C$ and t h e  C-Cy bonds are 
known. I n  view of t h e  l a c k  of t h e  p r e c i s e  knowledge of t he  
b a r r i e r  t o  r o t a t i o n  of t h e  methyl group i n  t h i s  case, the  
fo l lowing  p o s s i b i l i t i e s  were cons idered .  

Data 1 r e f e r  

CNH = 123' (Paulihg- 
Corey va lues  % ) . The e l e c t r o n  d i f f r a c t i o n  values9 which are 

I f  t h e  pep t ide  u n i t  i s  r i g i d l y  p l a n a r  o r  when t h e r e  is 

a )  Free  r o t a t i o n  of t h e  methyl groups 
b )  Rota t ions  of  t h e  methyl groups hindered i n  3-fold 

p o t e n t i a l s  such t h a t  t h e  methyl groups (CSH? and 
CyFi3) a r e  ' s t agge red '  o r  ' e c l i p s e d '  about t h e  N-H 
o r  t h e  C=O bonds r e s p e c t i v e l y .  The methyl groups 
themselves w e r e  assumed r i g i d  and no coupled 
motion between t h e  two methyl  groups w a s  considered.  

The minimum r . m . s .  e r r o r  between the observed and t h e  
c a l c u l a t e d  d i p o l a r  coupl ings  w a s  ob ta ined  when t h e  d ihedra l  
ang le s  were 10  t 4' depending upon t h e  geometr ical  d a t a  f o r  
t h e  pep t ide  u n i t .  

It may be e m  has i zed  t h a t  i n v e s t i g a t i o n s  on t h e  i so to -  
p i c a l l y  enr iched  E3C and I 5 N  s p e c i e s  w i l l  provide more con- 
c l u s i v e  r e s u l t s  s i n c e  t h e  system would then  be w e l l  over- 
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AMIDE PLANARITY 23 

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. 
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