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13 ABSTRACT - NMR s p e c t r a  of "N-methyl ( 
( 1 3 C )  i n  i s o t r o p i c  a s  well as l i q u i d  c r y s t a l l i n e  nema- 
t i c  phases have been s tud ied .  
t u r a l  parameters a r e  der ived.  

C) formamide 

The NMR and t h e  s t r u c -  

In  cont inua t ion  with our  on t h e  s tudy  of  t h e  
amide p l a n a r i t y ,  w e  have r e c e n t l y  i n v e s t i g a t e d  t h e  NMR 
s p e c t r a  of 13C and 15N i s o t o p i c a l l y  enr iched  N-methyl forma- 
mide i n  t h e  i s o t r o p i c  as  well a s  i n  a nematic  phase. 
s p e c t r a  of t he  sample obtained from Merck, Sharp and Dohme 
of Canada i n d i c a t e  t h e  presence of  c i s  and t r a n s  15N-methyl 
(:$)-formamide 13C) , c i s  and t r a n s l 5 N - m =  formamide 
( C) and t r a n s  " N - m e t n  (l3C=amide with t r a n s  "N- 

The 

methyl ( 1 3 m r m a m i d e  ( 413 C) (S t ruc tu re  1 )  being p resen t  t o  

(S t ruc tu re  1) 
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I24 KHETRAPAL ET AL. 

t h e  major  e x t e n t .  The d e t a i l e d  a n a l y s e s  o f  t h e  s p e c t r a  
were performed o n l y  f o r  t h e  predominant s p e c i e s .  

The 13C and t h e  'H-NMR s p e c t r a  i n  t h e  n e a t  l i q u i d  
were r e c o r d e d  on t h e  Bruker  HX-90 and HX-270 NMR s p e c t r o -  
meters r e s p e c t i v e l y  and ana lysed  u s i n g  t h e  LAOCOONOR 
programme4 on an IBM-370 computer.  
meters a r e  g iven  i n  Tab le  1. 

Values o f  t h e  pa ra -  

i n  
f o  
d i  

S i g n s  o f  t h e  HH and t h e  I5NH i n d i r e c t  c o u p l i n  s ( J i . ' s )  
Tab le  1 were assumed from t h e  e a r l i e r  s t u d y  o f  "N-rne$hyl 

r m a m i d e . ' ~ ~  
r e c t l y  bonded 'H were assumed p o s i t i v e .  

The i n d i r e c t  coup l ings  between 13C and t h e  
The s i g n s  o f  t h e  

o t h e r  i n d i r e c t  coup l ings  could no t  be  de t e rmined .  However, 
a combinat ion o f  t h e s e  s t u d i e s  with t h o s e  i n  t h e  nematic  
s o l v e n t  t o g e t h e r  w i th  t h e  known geometry may throw some 
l i g h t  on the s i g n s  o f  t h e s e  coup l ing  c o n s t a n t s  

An a n a l y s i s  o f  t h e  PMR spectrum a t  270 MHz i n  t h e  
nem a t  i c phase of 4 -met hoxyb en zy 1 i den e 4 - amino- a me t h y  1 
c innamic  ac id -n -p ropy l  es te r  p r o v i d e s  v a l u e s  o f  t h e  pa ra -  
meters i n c l u d e d  i n  Tab le  1. During such an ana y s i s ,  t h e  
s i g n s  and t h e  magnitudes o f  t h e  i n d i r e c t  c o u p l i n g s  which 
were de te rmined  from t h e  spectrum i n  t h e  i s o t r o p i c  medium 
were used .  However, s i n c e  t h e  s i g n s  o f  t h e  i n d i r e c t  
c o u p l i n g s  514,  523 ,  J24 and J36 a r e  n o t  known, t h e  c o r r e s -  

4 ponding ( J i j  
d i p o l a r  c o u p l i n g s  a s  d e f i n e d  i n  t h e  LAOCOONOR programme ) 
a r e  r e p o r t e d  i n  Tab le  1 .  S i n c e  o n l y  t h e  p r o t o n  spectrum 
i n  a nemat i c  s o l v e n t  is a n a l y s e d ,  i t  i s  d i f f i c u l t  t o  l a b e l  
t h e  d i p o l a r  c o u p l i n g s  t o  p a r t i c u l a r  h e t e r o n u c l e i .  
v a l u e s  of t h e  d i p o l a r  c o u p l i n g s  g iven  i n  t h e  t a b l e  c o r r e s -  
pond t o  r e a s o n a b l e  bond l e n g t h s  and bond a n g l e s  i n  N-methyl 
f ormami de . 

2D. . )  v a l u e s  (where D i . l s  a re  t h e  d i r e c t  
I J  

The 

The d i r e c t  d i p o l a r  c o u p l i n g s  D d 6 ,  DS6 and D67.provide 
t h e  HCH bond a n g l e  and t h e  a n g l e  which t h e  l i n e  j o i n i n g  
n u c l e i  5 and 6 makes w i t h  t h e  bond connec t ing  t h e  n u c l e i  
4 and 5 ( S t r u c t u r e  l ) ,  i r r e s p e c t i v e  o f  whether  t h e  t h r e e  
bonds mee t ing  at  t h e  n i t r o g e n  atom l i e  i n  one p l a n e  o r  n o t .  
N e g l e c t i n g  t h e  i n f l u e n c e  o f  m o l e c u l a r  v i b r a t i o n s  and u s i n g  
t h e  s t a n d a r d  e q u a t i o n s ,  t h e s e  v a l u e s  a r e  determined a t  
108.5' and 30.7'. 

A p r e l i m i n a r y  i n t e r p r e t a t i o n  of t h e  v a r i o u s  d i r e c t  
d i p o l a r  c o u p l i n g s  i n d i c a t e s  s i g n i f i c a n t  non-p lana r  d i s -  
t o r t i o n s  around t h e  n i t r o g e n  atom p rov ided  i n f l u e n c e s  o f  
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ORIENTED N-METHYL FORMAMIDE 125 

%able 1 

S p e c t r a l  paraPeterB in 
[J i j 'B a r e  the i n d i r e c t  Bpin-.pin coupl i rge  betwe- n w h i  i 
m d  1, 
a r e  t h e  o h m i c a 3  BhiftB] 

15~-"th,1 ( ' 3 ~ )  f o r u l l i d e  ( ' 3 ~ )  

v Di, 'B a r e  the d i r e c t  d i p o l a r  C O u p l i n g B  and (-d1 - 

'H a d  "C e c t r a  i n  the  

P a r a m t a r  N u c  (as) P a r u o  ter  Value (HI) 

Pm BpOCtlUB in t h e  m a a t l o  
iBOtl?OpfC ph.lre p h u r  

512 1.91 D12 - 346.1 

- 112.4 J13 191.65 

'14 t 5.17 ('14 + 2Dt4) - 23.2 

'15 - 15.56 Dl 5 26.2 

'16 - 0.94 Dl 6 - 31.2 

'23 2 3.94 (523 + 2D23) - 258.6 

'24 2 2.19 ('24 + 2D24) - 32.3 
136.1 

Dl 3 

D2 5 - 93.46 '25 
'26 4.83 D26 - 33.1 

D34 J34 t 1.43 W 

D35 '35 W 

O45 '45 W 

'46 137.83 D46 11.1 

f 13.84 

'36 ,+ 3.81 (J36 + 2036) - 37.2 
2 10.51 

' 5 6  0.97 '56 9.65 

'67 112.9 D67 DOBS n o t  
influence 

92  - vl=  14.69 v 2  -y  240.4 

+6 - $llts 1463.15 3 6  - \3lm 1424.4 

$ 4  - 9 3  v 4 - 4  3 3143 f 

=cannot b e  d e t e r n i n e d  from t h e  PHR spcctlum 
#at 22.63 Hlis .. a t  270 KEs; 
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I26 KHETRAPAL ET AL. 

m o l e c u l a r  v i b r a t i o n s  a r e  n e g l e c t e d .  The d i h e d r a l  a n g l e s  
H ( l ) - C  (3)-N-H ( 2 )  and H (  1) - C  (3) -N-C (4) d e s c r i b i n g  t h e  
non-p lana r  d i s t o r t i o n s  around t h e  n i t r o g e n  atom, d e f i n e d  
a c c o r d i n g  t o  t h e  s t a n d a r d  conven t ions8  have been e z t i m a t e d  
t o  d i f f e r  by 11 + 4' from t h e  v a l u e s  of 0' and 180 
comp 1 e t e 1 y p 1 anaF  con f i gu ra  t i o n .  

f o r  a 

We a r e  g r a t e f u l  t o  P r o f e s s o r  G . N .  Ramachandran f o r  
s u g g e s t i n g  t h e  problem and t a k i n g  keen i n t e r e s t  i n  t h e  
p r o g r e s s  o f  t h i s  work. P a r t i a l  f i n a n c i a l  s u p p o r t  of  t h e  
N a t i o n a l  I n s t i t u t e s  of  Hea l th  (USA) unde r  Grant No. 
USPHS-11493 i s  g r a t e f u l l y  acknowledged. 
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