
232 KHI:MIYA GETEROTSIKLICItESKIKH SOEDINENII 

SOME STRUCTURAL PROBLEMS AND THE VIBRATION SPECTRA OF A SERIES 
OF N-SUBSTITUTED ETHYLENIMINES 

R. R. Shagidul l in  and N. P. Grechk in  

Kh i miya  G e t e r o t s i k l i c h e s k i k h  Soedinen i i ,  Vol. 3, No. 2, pp. 305-307 ,  1967 

UDC 547.717:543.422.4.6 ' .543.424 

On a basis of comparison of Raman and IR absorption spectra, as 
well as measurements of intensities and degrees of depolarization of 
Raman lines, pulsation (breathing) vibrations of the ethylenimine 
ring -vsN<] in a series of N-substituted ethylenimines are identified. 
Alkyl substituents increase vsN<3as compared with ethylenimine, 
probably because of change in the hydridization of the electron 
clouds of the nitrogen due to sterie causes. The high values of 
vsN~for substituents capable of conjugation effects, is in accord 
with the hypothesis that the lone electron pair of the nitrogen 
participates in conjugation. Furthermore, when N enters into the 
composition of a 3-membered ring, the lone pair exhibits diminished 
capacity for delocalization. Ttle intensity of the Raman line VsN<] 
of N-phenylethylenimine is anomalously high, and the cause of 
this requires explaining. UV spectra are given. 

The s t r u c t u r e  of 3 - m e m b e r e d  r i n g s  con ta in ing  a 
h e r e t o  a tom is s t i l l  not  f ina l ly  s e t t l ed ,  though many  
of t h e i r  p r o p e r t i e s  have a l r e a d y  been  i n v e s t i g a t e d  and 
d i s c u s s e d  [1,2]. One of the p r o b l e m s  which has  not 
been  i n v e s t i g a t e d  i s  the a b i l i t y  of the e t h y l e n i m i n e  
r ing ,  l ike  the c y c l o p r o p a n e  r ing ,  to e n t e r  into con-  
juga t ion  with s u b s t i t u e n t s  a t  the N a tom.  In tha t  con-  
nec t ion  i n f o r m a t i o n  a v a i l a b l e  f rom the v i b r a t i o n  
s p e c t r a  i s  of i n t e r e s t .  However ,  only in the ea se  of 
e t h y l e n i m i n e  have d e t a i l e d  da ta  r e g a r d i n g  the l a t t e r  
been  pub l i shed  [3]. Cont inuing r e s e a r c h  in the f i e ld  
of e t h y l e n i m i n e  d e r i v a t i v e s ,  [4], we obta ined  R a m a n  
s p e c t r a  and a l so  IR and UV abso rp t i on  s p e c t r a ,  fo r  
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(II),C6Hs (111), CHACO (IV), C H 2 = C - - C - - ( V ) ,  a s  
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wel l  as  of the compounds  C~HsN(C2Hs) ~ (VI), el la  CON 
(C2H5) 2 (VII). I t  is  to be e x p e c t e d  tha t  the two p o s s i b l e  
v a r i a n t s  fo r  con juga t ion  of N - s u b s t i t u t e d  e t h y l e n i -  
m i n e s ,  tha t  i s  A,  the r i n g  i t s e l f  p a r t i c i p a t i n g  in con-  
juga t ion  and B the lone p a i r  on the n i t r o g e n  doing  so,  
wi l l  a f fec t  the c h a r a c t e r i s t i c  v i b r a t i o n s  of the 
e t h y l e n i m i n e  r ing .  In the f i r s t  c a s e  a p p r e c i a b l e  in-  
c r e a s e  in VsN<],intensity wi l l  be o b s e r v e d ,  and in 
the second  c a s e ,  e n h a n c e m e n t  of i t s  f r e q u e n c y  due to 
the N s t r i v i n g  for  sp  ~ h y b r i d i z a t i o n  to f a c i l i t a t e  con-  
juga t ion ,  and consequen t  i n c r e a s e  in r i ng  s t r a i n .  
The T a b l e  g i v e s  what  we ob ta ined  by  c o m p a r i n g  
R a m a n  and IR a b s o r p t i o n  s p e c t r a ,  m e a s u r e m e n t s  
of d e g r e e  of d e p o l a r i z a t i o n  and i n t e n s i t i e s  of R a m a n  

l i n e s  with f r e q u e n c y  VsN<~,as wel l  a s  the c h a r a c t e r i s -  
t i c s  of the v i b r a t i o n s  of the benzene  r i n g  and the 
~ O  group.  We note r e g a r d i n g  the ~sN<~of I, that  our  
da t a  a r e  in a g r e e m e n t  with [5]. A l so  given a r e  our  
a v e r a g e d  da ta  fo r  compounds  where  the s u b s t i t u e n t s  
on the N have vacan t  d - o r b i t a l s .  More  d e t a i l e d  r e -  
su l t s  for  the v i b r a t i o n s  s p e c t r a  wi l l  be pub l i shed  in 
o t h e r  c o m m u n i c a t i o n s .  

F i r s t  and f o r e m o s t  the da ta  in the tab le  make  i t  
p o s s i b l e  to e s t a b l i s h  the r a i s i n g  of VsN<~on p a s s i n g  
f rom e t h y l e n i m i n e  i t s e l f  (1210 cm - I  [3]) to N - a l k y l  
subs t i t u t ed  ones ,  d e s p i t e  the weight ing  of the s u b s t i -  
tuent  in so doing. Ev iden t ly  one of the r e a s o n s  fo r  
th is  i s  the i n c r e a s e d  s c h a r a c t e r  of the e l e c t r o n s  
f o r m i n g  bonds  as  a r e s u l t  of change in the c o r r e -  
sponding ang les  t h rough  s t e r i c  i n t e r a c t i o n  of an 
a lky l  g roup  with hyd rogen  of the C--H bonds in the 
r ing .  F u r t h e r  i n c r e a s e  in VsN<]for s u b s t i t u e n t s  
capab le  of conjugat ion  e f fec t s  (III, IV, V, Si, P),  in 
a g r e e m e n t  with the PMR s p e c t r a  da t a  [1], s p e a k s  in 
f a v o r  of v a r i a n t  A, i . e .  of i n t e r a c t i o n  of the  lone p a i r  
of the n i t rogen  with 7r e l e c t r o n s  o r  vacan t  d - o r b i t a l s .  
I t  is  t rue  tha t  the i n t ens i t y  of the R a m a n  l ine  VsN< ~ 
of III i s ,  for  e x a m p l e ,  g r e a t e r  by one p o w e r  of  ten  
than fo r  the r e s t  of them,  ju s t  as  if t h e r e  w e r e  con-  
s i d e r a b l e  conjuga t ion  of the two r i ngs .  Aga in  th i s  
fac t  r e q u i r e s  exp lana t ion .  The i n t e n s i t i e s  of the l i ne s  
of the benzene  r i n g  in compound III and VI a l so  in-  
d i ca t e  the p r e s e n c e  of conjugat ion  e f fec t s  Vc-~_ O 
for  VII,  and obv ious ly  th i s  is  connec ted  with the 
l o w e r  a b i l i t y  of the lone p a i r  of e l e c t r o n s  of the 
n i t r o g e n  in the 3 - m e m b e r e d  r ing  to unde rgo  r e s o n a n c e  
i n t e r a c t i on .  Such a conc lus ion  fo l lows f rom the UV 
s p e c t r a ,  whe re  ~max for  IV i s  sh i f ted  h y p s o c h r o m i c a l -  
ly  t o w a r d s  a l ower  va lue ,  than kma x fo r  VII, away  
f r o m  the o r d i n a r y  va lue  for  s a t u r a t e d  c a r b o n y l  c o m -  
pounds.  The UV s p e c t r a  of III and VI ind ica te  the 
s a m e  thing,  as  was  men t ioned  p r e v i o u s l y  [7]. I and 
II have a b s o r p t i o n  m a x i m a  s o m e w h e r e  in the 200 m~ 
reg ion ,  but  only the  longwave d e s c e n d i n g  b r a n c h e s  
of t hem could  be o b s e r v e d .  

A l l  the  compounds  i n v e s t i g a t e d  were  l iqu ids  u n d e r  
o r d i n a r y  cond i t ions ,  and we re  p r e p a r e d  by  known 
me thods .  

The a u t h o r s  thank Vo T. A l e k s a n y a n ,  s e n i o r  r e -  
s e a r c h  a s i s t a n t  of the s p e c t r o s c o p y  l a b o r a t o r y ,  who 
a s s e m b l e d  s i m i l a r  da ta ,  and p a r t i c i p a t e d  in the 
d i s c u s s i o n  of ou r  r e s u l t s .  
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S p e c t r o s c o p i c  C h a r a c t e r i s t i c s  

N - S u b s t i t u t e d  E t h y l e n i m i n e s *  

C o m -  

pound 

I 
II 

IIl  
IV 
V 

--~SiN <~ 
O 

> P N < I  
S 
II 

> P N  <3 
> PN <2 
> A s N  <3 

III 

VI 

IV 
V 

VII 

Raman ,  
IR, c m - '  c m - '  

v,N 

1,27~6s 1270 
125!5 s 1253 
1321s 1317 
1334s 1337 
1354s 
1~89s 1'280 

1275s 1275 

1265s 1~65 
1256s 1255 
IB35s 1235 

~C6H 5 
996w I000 

1600s 1697 

993w 996 
1592s 1595 

~C=O 
1700s 16,96 
1686s 
185~s t640 

J~ �9 10 -2  

280 
32O 

1900 
170 

;;0 

350 

380 
350 
310 

1600 
1900 

1700 
2500 

570 

330 

0.1 
0.I 
0,2 

0,1 

0.2 

0.1 
0,1 
0.I 

0.1 
0.7 

0.1 
0.8 

*The Raman spectrograms were obtained with an 
ISP-51 and a FEB-1. The total intensity per g mole- 
cule of substance was calculated using the equation 
J~ M = (J.oMnZ)/d [6]; the slit width was 0.03 mm at 
the inlet and 0.30 mm at the outlet; the relative 
error was of the order of 20%. The degree of depola- 
rization of the Raman lines was determined using 
tubes of polaroid film in conjunction with a calibration 
plot. Accuracy upto 0.1. s = strong, w = weak 



234 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

Ig s 

4. 

, i 

!L~ '~i 1 
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UV absorp t ion  spec t r a  of N- 
subs t i tu ted  e thy l en imines  (in n -  
hexane, concen t ra t ion  10 -2 to 
10 -3 M, SP-500 i n s t r ume n t ,  
Unicam).  See text for  fu r the r  
in fo rmat ion  r ega rd ing  n u m b e r -  

ing of the compounds.  
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