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The most important physicochemical characteristics (IR, NMR, and 
mass spectra, dipole moment, dissociation constant) of N-amino- 
ethylenimine (I) were studied. It was shown that in the molecule of 
(I) a p~r-interaetion between the unshared electron pair of the amino- 
group nitrogen and the electron system of the ethylenimine ring takes 
place. 

m e m b e r  he t e r oc yc l e  had not been  inves t iga ted  unt i l  

now among  e thy l en imine  de r iva t ives .  In o r d e r  to study 
the magn i tude  of such an i n t e r a c t i o n ,  we syn thes ized  
the N-  and the C - a m i n o  subs t i tu ted  a z i r i d i n e s .  

t e t r a r n e t h y l  s i lane 

I n a s m u c h  as two @ - h y b r i d  a tomic  o rb i t a l s  cannot  
fo rm be tween  them an angle of l e s s  than 90 ~ , the 
s t r u c t u r e  of t h r e e - m e m b e r  h e t e r o c y e l e s  has a unique  
c h a r a c t e r  [1]. The co r r e spond ing  l inked o rb i t a l s  a re  
not d i r ec t l y  o r i en ted  to each other ,  as is the case  in 
h e t e r o c y c l e s  with a l a r g e r  n u m b e r  of ca rbon  a toms;  
but f o r m s  bent ,  s o - c a l l e d  "banana"  l inkages  with a 
r e l a t i v e l y  m o r e  p ronounced  p - c h a r a c t e r  of the endo-  
o rb i t a l s ,  in d i s t i nc t ion  to the g r e a t e r  s - c h a r a c t e r  of 
the exo - l i nkages .  Due to the pecu l i a r  c h a r a c t e r  of the 
bent  l inkage,  there  is a b e t t e r  over lapp ing  with the 
ne ighbor ing  p - o r b i t a l s  of the subs t i t uen t s ,  if these  a re  
d i s t r i bu t ed  p a r a l l e l  to the he te rocyc le  p lane  and s y m -  
m e t r i c a l l y  with r e s p e c t  to the bent  l inkages  of the 
r ing .  

H 

H ,,o'L N 

,c, c ~ ~'-%~ / \ /  
~ C 

/ ?, 
H H 

N,,...-- H 

I \./ 
/ \  

H H 

2.0 D Q75 D 

Fig.  1. Vec tor  d i a g r a m  of the dipole m o -  
m e n t s  of c i s  and t r a n s  i s o m e r s  of N- 

amino  e thy len imine .  

Such a type of bond be tween  a subs t i tuen t  conta ining,  
for  ins tance ,  an u n s h a r e d  e l ec t ron  p a i r  and a t h r e e -  
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Fig.  2. PMR s p e c t r u m  of N - a m i -  
noe thy len imine .  

Th i s  pape r  p r e s e n t s  the r e s u l t s  of our  i nves t iga -  
t ion of N - a m i n o - e t h y l e n i m i n e  (D- 

To e s t a b l i s h  the pTr-interact ion be tween  the amino -  
group n i t r o g e n  and the az i r id ine  r ing ,  we d e t e r m i n e d  
the magni tude  of the dipole mome n t ,  d i s soc i a t i on  con-  
s tant ,  as wel l  as the IR and m a s s  spec t r a ,  and the 

NMR spe c t r a  of N - a m i n o  e thy len imine .  
The magni tude  of the m o l e c u l a r  exa l ta t ion  of (I) was 

except iona l ly  high. (Found: MRD: 17.40. Calcula ted  
MR D 16.6). This  phenomenon,  as wel l  as the 26 ~ in-  
c r e a s e  in the boi l ing point  when compared  with e thyl -  
enimine~ tes t i fy  to the p r e s e n c e  of a def ini te  l inkage 
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Fig,  3~ Mass  s p e c t r u m  of N - a m i n o e t h y l e n i m i n e .  
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be tween the u n s h a r e d  e l e c t r o n  p a i r  of the amino  group 
with the u n s a t u r a t e d  az i r i d ine  r ing .  However ,  he re  is  
ev ident  a m a r k e d  i n t e r m o l e c u l a r  inf luence  of the do- 
na t ing  p r o p e r t i e s  of the amino group of one molecu le  
on the az i r i d ine  r ing  of the other ,  and a lso  the p o s -  
s ib le  f o r m a t i o n  of an i n t e r m o l e c u l a r  hydrogen  bond. 

Table  1 

Data of the D e t e r m i n a t i o n  of the 
Dipole  Moment  

No. o f  i 
mea~ [ ~ a 
sure- 
m e n t  ' 

] 

1 ~[ 0.0'~ 2.3,i}~,'4, 1.2545 
2 ', 0.010553 2,3(18B 1.45[12 

: _,3,~o{~ 1.2671 3 0 . 0 { 2 0 7 8  9 ' <~,~ 
4 I 0,0054!03 2,99!,'2 1 2355 

The p e c u l i a r i t i e s  of (I), as a l r eady  indicated,  are  
due to the p r e s e n c e  of a n i t r o g e n - n i t r o g e n  bond, in 
which each atom p o s s e s s e s  an u n s h a r e d  e l ec t ron  pa i r  
capable  of pTr-interact ion and of en te r ing  into a coor -  
d ina t ion  bond. In fact  the bonding of the u n s h a r e d  e lec -  
t ron  p a i r  of the a m i n o - g r o u p  n i t r ogen  atom with the 

e l e c t r o n  s y s t e m  of the he te rocyc le  b r ings  forth only a 
r e l a t i v e l y  s m a l l  r i s e  in the bas i c i ty  of the l a t t e r  in 
c o m p a r i s o n  with e thy len imine  [2,5],  as is evident  
f rom the c h a r a c t e r  of po t en t iome t r i c  t i t r a t i on  cu rves  
of a 0.1 N aqueous solut ion of (I) with 0.1 N HC1 (at 
20 ~ in a n i t r ogen  a tmosphere ) ,  in which (I) behaves  as 
an o r d i n a r y  weak base .  F r o m  the data it follows that 
the pK a of the ( I ) - ion is n u m e r i c a l l y  8 22~ An i n c r e a s e  
in the e l e c t r o n  dens i ty  in the e thy len imine  r ing  at the 
expense  of the a l r eady  ment ioned  i n t e r ac t i on  leads  
also to an ins ign i f i can t  change in the dipole m o m e n t  
(p = 1.49 D) when compared  with e thy len imine  [6]. The 
l a t t e r  was d e t e r m i n e d  by m e a s u r i n g  the d i e l ec t r i c  
cons tan t s  of di lute  so lu t ions  of (I) in benzene  at 20 ~ in 
a n i t rogen  med ium.  Table  I p r e s e n t s  the data em-  
ployed in the ca lcu la t ion  of the dipole m o m e n t  of (I). 

The ave rage  value  of the dipole momen t  obtained 
with the help of a v e c t o r i a l  d i ag r am amounts  to 1.37 D, 
c o n f i r m i n g  the e x p e r i m e n t a l l y  found value of P for I. 

The p ro ton  magne t i c  r e s o n a n c e  s p e c t r u m  at a f r e -  
quency of 40 Mc at r oom t e m p e r a t u r e  is a AA'BB'  type 
mul t ip l e t  of the p ro tons  of the e thy l in imine  r ing,  cha r -  
a c t e r i s t i c  of N-subs t i t u t ed  e thy l en imines  with a slow 
i n v e r s i o n  f r equency  of the he t e roa tom and also a 
s l ight  b roaden ing  of the s ing le t  of the amino -g roup  
p ro tons .  

The ave rage  pos i t ion  of the r e s o n a n c e  absorp t ion  of 
the r ing  p ro tons  in  (I) {8.56 ppm) t e s t i f i e s  to a de f i -  
n i te  lower ing  of the e l ec t ron  dens i ty  of the r ing  when 
compared  with that of the unsubs t i tu ted  e thy len imine ,  
which is bound with a g r e a t e r  J - e f f ec t  of the NH2-group 
when compared  with the hydrogen  atom. 

Neve r the l e s s ,  the slow i n v e r s i o n  of the n i t r ogen  
atom in (I) shows that the de loca l iza t ion  of the unsha red  
p a i r  and the consequent  f o rma t ion  of a plane t r a n s i t i o n -  
al s ta te  that would fac i l i t a te  the i n v e r s i o n  t r a n s i t i o n  of 
the n i t r o g e n  does not  take place.  This  p r o c e s s  is r e n -  
de red  di f f icul t  by the p r e f e r e n t i a l  shift  of the p -  

e l e c t r o n s  of the a m i n o - g r o u p  n i t rogen  atom toward 
the e thy len imine  r ing .  The chemica l  shift of the a m i -  
no -g roup  protons  in (I) (T = 6.16) is somewhat  s m a l l e r  
than in the pheny lhydraz ine  molecule ,  and this  ind i -  
r ec t l y  c o n f i r m s  the lower ing  of the e l ec t ron  dens i ty  of 
the a m i n o - g r o u p  n i t rogen  atom. 

As sugges ted  by Kohl rauseh  and Rei tz ,  and a f te r -  
ward  by Thompson,  H a r r i s ,  and Cave [7-10],  the 
dev ia t ion  of the o sc i l l a t o r y  spe c t r a  of e thy len imine  
f r o m  the osc i l l a t i on  types allows some  c o m p a r i s o n s  
with the r e s u l t s  of our  inves t iga t ions  of the I R - s p e c t r a  
and the combina t ion  d i s p e r s i o n  spe c t r a  of (I), as well  
as a se l ec t ion  of the c h a r a c t e r i s t i c  f r e que nc i e s  c o r r e -  

sponding to these  osc i l l a t ions .  
The p r e s e n c e  of i n c r e a s e d  f r e que nc i e s  of the CH- 

va lence  v ib ra t ions  3005, 3080 em - i ,  when compared  
with those at 2800-2980 cm -1 in a l iphat ic  amines ,  
shows the s t r a i n e d  condi t ion of the r ing  of (I), which 
also c h a r a c t e r i z e s  o ther  t h r e e - m e m b e r  r ings .  The 
de f o r ma t i on  v ib r a t i ons  of the r ing  of (I) in the 1230 and 
the 825 cm -1 r eg ions  are  somewhat  h igher  when com-  
pa red  with those of e thy len imine  (1210, 857 cm-J) .  If 

the shift A,'s ~ N  in the vibrational spectra of N-alkyl 
CH 2 

substituted ethylenimines testifies to a significant 
change in the hybridization of the electron clouds of 
nitrogen due to the steric effects of the alkyl groups 
[11], such an insignificant shift of the mentioned fre- 
quencies may be explained by the participation in the 
union of the unshared electron pair of the amino-group 
nitrogen with the electron system of the heterocycle. 

Table 2 

F u n d a m e n t a l  F r e q u e n c i e s  in 
the Osc i l l a to ry  Spec t rum of 

N - A m i n o e t h y l e n i m i n e  

Osci l l a t ion  t y p e  

CH-valence 

C H 2 - d e f o r m a t i o n  
CH2-bending  
Ring d e f o r m a t i o n  

CH2- twis t ing  
NH2-valence  

s y m m e t r i c a l  
a n t i s y m m e t r i c a l  

N H 2 - d e f o r m a t i o n  
- N - N - v a l e n c e  

Nte r t i a ry -va lence  

cm-I  

8005 
30,80 
1455 
1120 
1230 
825 

1032 
3320 
3750 
3180 
1608 
1120 
1070 
925  

Supp lemen ta ry  conc lus ions  as to the s t r u c t u r e  of 
(I) may be drawn f rom m a s s  spect roscopy~ M e a s u r e -  
me n t s  made at va r ious  potent ia l s  c l e a r l y  i l l u s t r a t e  
the r e l a t ive  content  of the m a i n  pos i t ive  ions in the 
m a s s  s p e c t r u m  of (I). The g r e a t e s t  i n t e r e s t  is  a t tached 
to C2HTN2 +, C2H6N2 +, C2H~N2 + ( m / e  = 59, 58, 57), 
which r e t a i n  the cyclic  s t r u c t u r e  of (I), as wel l  as to 
the ions C2HsN +, C2H4 + ( m / e  = 43,42).  The i r  p r e s e n c e  
ind ica tes  the ease  with which e thy len imine  ions a re  
fo rmed  by the e l imina t ion  of the NH 2 group~ 

In a fol lowing paper  we shal l  publ i sh  the r e s u l t s  of 
the mos t  impor tan t  chemica l  c onve r s i ons  of (I). 
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EXPERIMENTAL 

N-Aminoethyl~nlmlne (I). Obtained by a method modified by us 
[12]. The synthesis will be described later on. (1) was separated in a 

PGK-3 preparative chromatograph. It is a colorless liquid with a char- 
acteristic ammoniacal odor. Bp. 82-83~ n 2~ 1.45453; n2c ~ 1.45178; 

n~1.46120; d42~ 0.9030. Found, %: C 41.30; N 48.00; H 10.55. Cal- 
culated for C2H6N2, %: C 41.50; N 48.10; H 10.3. 
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