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ABSTRACT 

1H and lsC NMR s p e c t r a  a r e  reported for several 1 ,3-~yndylphenyl  u r e ~  Ana]ysis of  
the spectra yielded the chemical shifts The var:ations m the ehemmal shifts have been 
discussed m te~-Tns of  the molecular  conformat :ons  

~TRODUCTION 

Several studles have been reported concerning the relative ccnformer 
stability of urea demva~ives, m ~analy s!kylated ]ureas; there have been few 
report, s on the molecular c o n f o r m a t , o n  of aryktrea derivatives [I--4]. For 
1,3-disubstit~ated ureas, four planar conformers stabilized by exuensive 
delocsli~.ation can be %vritten (Fig. 1) The E_Z and Z~/;I rotaraers are equi- 
valent for identical s~abstltuents The E,E ro+.amer is generally excluded on 
static g-rounds The preferred confor~na~on for l..3-di~kylureas, with less 
bu]_k-ler nlkyl ~-oups zs the Z.Z-type [8, 4]. (3ahbov and co-workers [5, 6] 
studied the conformationa! isomerism of some 1,3-diphenyl t_hiourea denva- 
kives chlefly by infra_ved spec~oscopy. It was -.nferred that at room tempera- 
ture and in o_rganm so!venT~ ~he compounds participate in a "'complex equl- 
libnum" between several forms. We considered it interesting to study the 
IH and '3C INrMK spectra of some 1,3-pyr.dylphenylurea ~,stems~ whmh 
have biological relevance [7--9]. Further, patti;ally substituted ureas could 
be relevant models in understanding the static rigidity of polypep~des a_~d 
proteins [I0, II]. 

EXPERIMENTAL 

T h e  c o m p o u n d s  w e r e  p r e p a r e d  b y  t h e  f o l l o ~ n g  p r o c e d u r e  P h e n y l  ~ o -  
c y ~ n a t e  (1 M)  a n d  t h e  a p p r o p r i a t e  h e r a r o c y c l i c  ~ r n m e  ( I  M )  w e r e  t a k e n  in  
d!5" d l o x a n e  a n d  k e p t  a t  r o o m  t e m p e r a ~ u - e  fo ]  2 4  h .  _The c r y s t a l s  w h i c h  
s e p a r a t e d  w e r e  c o l l e c t e d  m~d w a s h e d  ~ d t h  i ce  c o ' d  d l o x a n e .  T h e  c o m p o u n d s  
w e r e  s p e c £ r o s c o p i c e l l y  p u r e .  T h e  c o m p o u n d s  i n c l u d e d  in  t h e  s ~ u d y  are  
R N H C O N H p h ( p h  = p h e n y l )  w h e r e -  
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Compound _~ M.p. (° C) 

(!) ~ 192--194 

(2) ~_.~w,.. ~ 233--235 

(3) ~ C H 3  178--180 

cH3 

(5) 198--200 

(6) H3C I ~ , ~  198--200 

(7) ~N ~ 230--232 

N/C~Nj-Pb ~N~'L~.N~'C~h/H 
I I I I 
H H H ph 

(a) Z,Z (b) Z,E 

O O 
H 

H ~.N/C.. Nj ph u ~.NIC...N/H 

N 

(c) E,Z (d) E.E 

Fig 1 Four configuration~ isomers of 1,3-pyndylphenylureas. 
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"H NM_~ s p e c t r a  w e r e  r e c o r d e d  a t  2 7 0  M H z  on  a B r u k e r W H  2 7 0  F o u r i e r  
T r a n s f o r m  s p e c t r o m e t e r ,  t o  w h i c h  is a t t a c h e d  a c o m p u t e r  w i t h  20  K m e m o r y .  
S o l u t i o n s  w e r e  m a d e  in CDC13 o r  DMSO-d6  c o n t a i n i n g  i %  T M S  as i n t e r n a l  
s t a n d a r d .  E x p e r i m e n t a l  p a r ~ r - e t e r s  u s e d  w e r e :  s p , ~ t r a l  w i d t h  4 0 0 0  Hz ,  pu l s e  
w i d t h  5 ;,s, a c q u i s i t i o n  ~ime 3 .0  s a n d  n u m b e r  o f  pu l se s  2 0 - - 8 0 .  

~ C  iNq~IR s p e c t r a  w e r e  r e c o r d e d  on  t h e  same i n s t r u m e n t  epera~_ng at  
6 7 . 8 9  MH z .  B r o a d - b a n d  d e c o u p l e d  s p e c t r a  w e r e  r e c o r d e d  in t h e  usua l  w a y .  
E x p e r i m e n t a l  p a r a m e t e r s  e m p l o y e d  were :  spect~'al w i d t h  17 2 ~ 3  Hz ,  pu l se  
w i d t h  15  ~s, a c q u i s i t ; o n  t i m e  8 .0  s and  ntu-nber  o f  pu l ses  1 G r ~ - 4 0 0 .  *~C single 
f r e q u e n c y  F T  s p e c t r a  were_ r e c o r d e d  a d o p t i n g  =be g a t e d  d e c o u p l i n g  t ech -  
,~_ique. T h e  expe_r~nenta l  p a r a m e t e r s  w e r e  spec ,xa i  w~dth 6 0 4 2  Hz ,  pu l se  
w~d-~h 15  us ,  a c q u m i t i o n  t i m e  3 5 s and  n u m b e r  o f  pu l ses  6 0 0 0 - - 1 1  0 0 0 .  T h e  
c h e m i c a l  shLe-~s w e r e  m e a s u r e d  r e l a t ive  to  T M S  u m d  as an  Lnternal  s t a n d a r d  

RESULTS _%ND DISCUSSION 

T h e  c h e r m c ~  shi f t s  f o r  t h e  N - - H ,  a_D,1 a n d  a lky l  p r o t o n s  a t  a m b l e n t  t em-  
p e r a t u r e  m CDCI~ are  hst,-.d m T a b l e  1 T h e  ~ p e c ~ _ m  o f  a r e p r e s e n t a t ~ , e  
c o m p o u n d  (6)  LS sho,~L it. Fig. 2. T h e  s p e c t r u m  o f  (7)  shows  a single signal  
a t  8 . 6 7  p p m ,  m c o n t r a s t  to  all t h e  o t h e r  c o m p o u n d s  w h i c h  d i sp l ay  t%vo 
signals,  o n e  n e a r  8 . 5 - - 1 0 . 0  p p m  a n d  t h e  o t h e r  m the  r eg ion  ~ 1 2  0 p p m .  T, le 
e x i s t e n c e  o f  t.he l a t t e r  e x t r e m e  iow-f ,  e ld  mgna  suggests  t h e  p r e s e n c e  )f  
s*.rong m t r a m o l e c u l a r  h y d r o g e n  b o n d i n g  [12 ,  13]  L n s p e c ~ o n  o f  t he  r o t a m e r s  
m F~g. 1 s hows  t h a t  t h e  E,Z i s o m e r  o f  t h e  1 ,3 -p '~ ' r i dy lpkeny lu reas  possesses  
su i t ab le  g e o m e ~ y  f o r  t h e  f o r m a t i o n  o f  s t r o n g  i n t e r n a l  N - - H -  - - N  ( 2 - p y r i d i n e )  

y d r o g e n  b o n d i n g .  T h e  e x v r e m e  d o w n f i e l d  signal can  t h e n  be a ' ~ i b u t e d  ~o 
t h e  N - - H  g r o u p  in t h e  E co~Kigura t ion  a n d  t h e  o t h e r  signal in t h e  r e g i o n  
8 . 0 - - 1 0 . 0  p p m  t o  t h e  N - - H  g r o u p  m t h e  Z - c o n f i g u r a t i o n  o f  t h e  - - N H C O N H - -  
g r o u p  o f  t h e  E,Z i som er .  I t  is k n o w n  ~hat 1 ,3 -d~subs t l t u t ed  u r ea s  cmn f o r m  
i n t e r m o l e c u ! a r  N - - H - - - O  h y d r o g e n  b o n d s  [ 1 4 ] .  T h e  u p f i e l d  shiff~ o f  t h e  
N - - H  m t h e  Z - c o n f i g u r a t i o n  (b.%Iz) f o r  (3)  and  (6) cou ld  be  in t e , -p re t ed  as 
d u e  t o  s t e n c  i n f l u e n c e  o f  t h e  m e t h y l  g r o u p s  p r e v e n t i n g  ~ n t e r m o l e c u l a r  
h y c i r o g e n  b o n d i n g .  

T h e  E , Z  r o t a m e r  f o r  1 , 3 - p ~ n d y l p h e n y l  u r ea s  is a p p a r e n t / y  s t ab i l i zed  b y  
t h e  i n ~ a m o l e c u l a r  h y d r o g e n  b o n d i n g .  F u r t h e r  s u p p o r t  in f a v o u r  o f  th i s  
s t r u c ~ r e  c o m e s  f r o m  t h e  va lues  o [ t h e  c h e m i c a l  sh i f t s  o f  t he  p y n d y l  p r o t o n s  
h s t e d  m T a b l e  1. T h u s ,  t h e  large u p f m l d  sh~_ft o f  t h e  H-3 p r o t o n  o f  t h e  
p y r i d y l  g r o u p  is n o t e d  wh i l e  t h e  chem_mal shift, s o f  t h e  o t h e r  p r o t o n s  a_re 
c o m p a r a b l e  wl~h ~he c o ~ e s p o n d L n g  ones  in SLrnple 2 - s u b ~ t t u t e d  p y n d i n e s  
[15] 

O w i n g  t o  t h e  p o o r  so lubLhty  o f  c o m p o u n d s  12) and  (7) ,  t h e i r  ~aC N M R  
s p e c t r a  c o u l d  n o t  be o b t a i n e d  T h e  r e m a i n i n g  c o m p o u n d s  w e r e  a p p r e c ! a b l y  
so lub le  in DMSO-d6 and  t h e ~  ~3C s p e c t r a  w e r e  r e c o r d e d  T h e  ~ C  c h e m i c a l  
sh , f t s  are  also a ~ e m b l e d  in T a b l e  I .  T h e  ass lgnment~  o f  t h e  Lnd /v ldu~  c a r b o n  
r e s o n a n c e s  au~e based  on  t h e  s ~ n a l  pat ten- ,  o b t a i n e d  w i t h  c o m p l e ~  p r o t o n  
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F,g 2. 2H NMR spec t rum of  (6) *n CDC!~ ,_n t.he N--H and aromatac regior.~ 

d e c o u p h n g  ve:~-us t h o s e  o b t a i n e d  in  tkne p r o t o n - d e c o u p l e d  s p e c t r a  m e a s u r e d  
u s i n g  g a t e d  d e c o u p b m g  [ 1 6 ,  1 7 ]  T h e  c h e m i c a l  s h i f t s  f o r  t h e  C - - 2  a n d  C - - 6  
(ortho t o  t h e  h e t e r o c y c [ i c  n i t r o g e n }  f o r  t h e  p y n d } , l  n n g  a r e  s h i f t e d  u p f i e l d  
r e l a ~ v e  t o  t h e  a n a l o g o u s  o n e s  m su-nple  2 - s u b s t i t u t e d  p y n d u ~ e s  [ 1 8 ]  d u e  t o  
t h e  i n c r e a s e d  m e s o m e n c  i n t e_ rac t l on  o f  t h e  t h i o u r e ~ d e  n i t r o g e n  l o n e  p a i r  w i t h  
t h e  E - p y n d y l  r i ng .  T h i s  a r i s e s  c o n s e q u e n t  t o  t h e  f o n m a % i o n  o f  i n t e r n a l  
N - - H - - - N ( p y )  h y d r o g e n  b o n d i n g  T h e  r e m a i n i n g  p y n d m e  c a r b o n s  s h o w  
s m a l l e r  l o w f i e l d  s h u ~ -  T h e  ~ C  c h e m i c a l  s h i f t s  o f  t/ae f o u r  m a g n e t i c a l l y  n o n -  
e q t u - a l e n ~  c a r b o n  a t o m s  o f  ~_e p h e n y l  rung w e r e  c l e a r l y  d i s t i n g u i s h a b l e  f r o m  
p e a k s  d u e  t o  t h e  c a r b o n s  o f  t h e  p y r i d i n e  r i n g  m_ e a c h  s p e c t r u m  o n  t h e  ba s i s  
of the~ intensi:ies and constancy of the values of fne chemlcad shifts in each 
spectrum [!6]. Further, that ~he carbon atom a~igned to the quaterna~mj 
carbon is not bonded to hyd_rogen is sho~ by the 9ff-resonance spectra 
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