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The structure of the compounds formed by the oxidative conversions 
of N-aminoethylenimine (I) was established by the application of IR 
spectrocopy, PMR, gas-liquid chromatography, and independent syn- 
theses. Basically the reaction proceeds with the formation of ethyl- 
ideneaminoethylenimine (II); in addition to this, bisaziridine, aeet- 
aldazine, and the hydrazone of acetaldehyde are also formed. 

Dur ing  efforts  to p r e p a r e  pu re  N - a m i n o e t h y l e n i -  
m ine  (I), we obse rved  that i ts  r ec t i f i ca t ion  in the 

(II) l eads  to the fo rma t ion  of a s e r i e s  of p roduc t s  
which a re  detec ted  in the mi x t u r e  fo rmed  by the oxida-  
t ive c o n v e r s i o n  of (I). 
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Fig.  1. C h r o m a t o g r a m  of the 
p roduc t s  of the oxidat ive  con-  
v e r s i o n  of N - a m i n o e t h y l e n i -  
m ine :  1) b i s a z i r i d i n e ;  2) e thy-  
l en imine ;  3) e thy l i deneamino -  
e thy len imine ;  4) ace ta ldaz ine ;  
5) a m i n o e t h y l e n i m i n e ;  6) a ce t -  

a ldehyde hydrazone .  

p r e s e n c e  of even t r a c e s  of a i r  was always accompa-  
n ied  by the f o r m a t i o n  of a s e r i e s  of by -p roduc t s .  Only 
by s epa ra t i ng  the mix tu r e  of by -p roduc t s  by p r e p a r a -  
t ive g a s - l i q u i d  ch roma tog raphy  was it poss ib l e  to 
ident ify them.  Th i s  induced us to s tudy the compos i -  
t ion  and s t r u c t u r e  of the p roduc t s  fo rmed  by the act ion 
of a i r  on (I), and also to inves t iga te  the m e c h a n i s m  of 
the oxidat ive c o n v e r s i o n  of N - a m i n o e t h y l e n i m i n e .  

The oxidat ive r eac t i on  of hydraz ine  and its d e r i v a -  
t ives  has been s tudied in detai l  and has  been  the sub-  
jec t  of n u m e r o u s  pape r s  publ i shed  in the cour se  of the 
las t  10 to 20 y e a r s  [1, 3]. N e v e r t h e l e s s  the re  has been 
unt i l  now no data on the oxidat ion of (I). 

To judge f rom the analogy of the oxidat ive r ea c t i ons  
of s y m m e t r i c a l l y  and u n s y m m e t r i c a l l y  subs t i tu ted  hy-  
d r az ine  a l r eady  s tudied [1, 2], it may  be a s s u m e d  that 
the f i r s t  oxidat ive  s tage of (I) in the p r e s e n c e  of a t -  
m o s p h e r i c  oxygen is the f o r m a t i o n  of a s y m m e t r i c a l l y  
subs t i tu ted  t e t r a z i n e  (II). A fu r t he r  decompos i t ion  of 

The oxidat ion of N - a m i n o e t h y l e n i m i n e  p roceeds  
except ional ly  smoothly .  Upon m e r e l y  s tanding in con-  
tact  with a i r  at room t e m p e r a t u r e ,  a deep - sea t ed  
chemica l  t r a n s f o r m a t i o n  takes place ,  ex te rna l ly  r e c -  
ognized by an in i t i a l ly  yel low co lo r  which c o m p a r a -  
t ive ly  quickly changes  to a d a r k - c i n n a m o n  hue, It should 
be r e m a r k e d  that when (I) is kept unde r  n i t rogen  in a 
h e r m e t i c a l l y  sea led  ampul ,  i t  wil l  r e m a i n  for  a long 
t ime  without apprec i ab le  change. 

As a l r eady  stated,  due to the e x t r a o r d i n a r i l y  easy 
oxidat ion of (I), i ts pur i f i ca t ion  or  i ts  s epa ra t ion  f rom 
the m i x t u r e s  fo rmed  unde r  the act ion of oxygen may be 
achieved only by the complete  exc lus ion  of all  contact  
with a i r ,  p r e f e r a b l y  by ana ly t ica l  and p r e p a r a t i v e  gas -  
l iquid chromatography .  The ch romatograph ic  ana lys i s  
of the m i x t u r e  of products  fo rmed  by the oxidat ion of 
(I) ind ica tes  that t h i s  mix tu re  is made up of 8 compo-  
nen t s  (Fig.  1), among which the mos t  abundant  is (I). 
Effor ts  to s epa ra t e  (I) by r ec t i f i ca t ion  in a s t r e a m  of 
a rgon  in a h igh ly-e f f ic ien t  co lumn (80-85 theore t i ca l  
p la tes)  led to the se lec t ion  of a f r ac t ion  boi l ing at 81 -  
82 ~ C, in a quant i ty  not exceeding 5% of the batch.  As 
may  be seen  f rom Fig.  2, this  f r ac t ion  conta ins  both 
compounds 3 and 5. The r e l a t ive  content  of compo-  
nent  5 is 70%. The m a i n  por t ion  (Fig.  3) is col lec ted  
at 84-87  ~ and cons i s t s  chiefly of component  3. Thus ,  
by rec t i fy ing  the oxidat ion products  of (I), the p e r c e n t -  
age of 5 d e c r e a s e s ,  while the r e l a t ive  content  of 3 in -  
c r e a s e s .  The r ec t i f i ca t ion  of this  s ame  mi x tu r e  on 
sol id alkal i  leads  to the appea rance  in the h igh-bo i l ing  
f r ac t ion  (bp 94-105  ~ of new produc ts ,  and the i r  i den -  
t i f i ca t ion  wil l  be the subjec t  of a s epa ra t e  paper .  

We succeeded  in s epa ra t ing  by p r e p a r a t i v e  g a s - l i q -  
uid ch romatography  the f r ac t ion  boi l ing at 84-87  ~ , and 
obtained 3 of i ts  components  in pure  form.  The e le -  
m e n t a r y  ana ly s i s  of 3, the appearance  of an absorp t ion  
band at 1650 cm -1 in i ts  IR s p e c t r u m  (an i nd i r ec t  proof  
of the p r e s e n c e  of C-----N), as well  as i ts  PMR s p e c t r u m  
allow us to a s s u m e  that 3 is  e t hy l i deneaminoe thy l en i -  
mine .  

H2C\ 
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This may be r igorous ly  conf i rmed by the independent 
synthesis  of (II) f rom (I) and acetaldehyde. 

[/N--N~CH--CH3 CHiC + H2N--N'x, 1CH 2 --H20 H2C 

A compar i son  of the gas- l iquid chromatographic ,  the 
IR spec t ra  and the PMR spec t ra  data of compound 3, 
separa ted  f rom the mixture  of products  obtained by 
the oxidation of (I), with the p roper t i e s  of compound 
II, obtained by independent synthesis ,  fully conf i rms 
its identity with the compound of s t ruc tu re  (II). 

By studying the PMR spec t rum of (II), it was e s -  
tablished that the CH3-doublet (8 .1-8.4 ppm) and 
CI-t== quartet  (2.26 ppm; JH-H 5.3 Hz) signals belong 
t o t h e f r a g m e n t  CH3CH ==. Thus,  for  instance,  inthe ace -  
taldazine molecule  the corresponding chemical  shifts 
amounta l so to8 .08  and 21.7 ppm~ The PMR spec t rum 
signal of the protons in the ethylenimine ring of mole -  
cule (II) is r epresen ted  by a complex AA'BB' type 
mult iplet  and is par t ly  overlapped by the CH3-protons 
doublet. The cen te rs  of the two multiplet  f rac t ions  are  
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Fig. 2. Chromatogram of the frac- 

tion 81-82~ 3) ethylideneamino- 
ethylenimine; 4) acetaldazine; 

5) N-aminoethylenimine. 

foundat8.33 and 8.15 ppm. The mean position of the 
resonance absorption of the ethylenimine ring, as 
known from its PMR spectrum, is found in the region 
characteristic for ethylenimine with a high-frequency 
inversion of the heteroatom (8.4-7o0 ppm). To the 
presence of a double bond at the nitrogen atom of the 
side chain of (If) is due to the possibility of delocaliza- 
tion of the heteroatom electrons. Therefore, inversion 
transitions in (II) should be sufficiently rapid already 

at room temperature. It may be assumed that the com- 
plex multiplet of the ethylenimine ring (II) protons owe 
their origin not to a difference between cis- trans-pro- 

tons, as in slow inversion, but to the nonequivalence of 
the vicinal protons, linked with an anisotropic bond 
N~C in the syn- or the anti-isomer of (II). The final 
choice between these two possibilities (slow inversion 
or anisotropic N-~-C bond in the syn- or the anti-iso- 
mer) was achieved by a further complete analysis of 
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the PMR spec t rum with the help of e lect ronic  comput-  
e r s .  

time, min 

Fig~ 3~ Chromatogram of the frac- 

tion 84-87~ 2) ethylenimine; 

3) ethylideneaminoethylenimine; 
4) acetaldazine; 5) N-aminoethyl- 
enimine; 6) acetaldehyde hydra- 

z o n e ,  

Besides identifying product 3, which proved to be 
ethylideneaminoethylenimine, we were also able to 

establish the structure of the remaining components 
of the mixture formed by the oxidative decomposition 

of (1), as shown in the chromatograph (Fig. I). They 

were: 1-bisaziridine, 2-ethylenimine, 3-ethylidene- 
aminoethylenimine, 4-acetaldazine, 5-N-aminoethyl- 
enimine-6-hydrazone of acetaldehyde. As constantly 

occurring impurities, we also detected small quanti- 
ties of nitrogen, ammonia, and hydrazine. 

To judge from the identified products of the oxida- 
tive decomposition of N-aminoethylenimine, the me- 
chanism of this reaction may evidently be conceived as 

t 216 
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Fig. 4o PMR spectrum of ethylideneamino- 
ethylenimine. 

a complete  radical  react ion,  initiated by the radica ls  
fo rmed  by the decomposit ion of (II): 

H2C\ . C H2 

2 

I --N2 

.CH2 

It is quite possible that the ethylenimine radical 
(IV) rearranges itself to form radical (V), according 
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to  t h e  s c h e m e :  

/CH2 
�9 N \ I H 2  ~-~- �9 N=CHCH3 V 

T h e  r e c o m b i n a t i o n  of r a d i c a l s  (IV) and  (V) and  t h e i r  

r e a c t i o n  w i t h  t he  o r i g i n a l  N - a m i n o e t h y l e n i m i n e  e x -  

p l a i n s  t h e  f o r m a t i o n  of p r o j e c t s  1, 2, 3, 4, a n d  5, d e -  

t e c t e d  b y  g a s - l i q u i d  c h r o m a t o g r a p h y  ( F i g .  1). 

H2C\ / CH2 
t / N - - N = N - N \ I  
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CHsCH=Iq + �9 N=CHCH3 --+ CHa-CH3=N-N=CHCH3. 

.CH2 .CH2 
CH3CH=N §  JCH2--~  CH;~CH= N - N ( c I  H_o 

c.:,CH= nq ICH - 

CHaCH =Iq+ - NH2 - - - ~  CH,~CH= N-- NH2 
�9 N I ' I ~ + N H 2 ~  NH2NHz. 

EXPERIMENTAL 

The separation of (II) from the reaction mixture was achieved on a 
preparative chromatography apparatus PGK-3, using an automatic 
fraction collector. The stationary phase E-301 amounted to 257o on 
modified INZ-600, fraction 0.5-0.25 mm. The column was 8 m long 

and 18 mm in diameter. The detector was of the flame-ionization 

type in a bypass to the collector. Carrier gas was nitrogen. Volume 

flow was 600 cm 3/rain; thermostat temperature 80 ~ C; vaporization 

temperature 120 ~ C. 
The identification of the compounds separated by preparative 

chromatography was carried out on a Tsvet-1 chromatograph. Detec- 
tor-catharometer. The stationary phase was 2g% of E-301. PEG-1200, 
10%; polyethylenimine M-1200 on 545 celite, 157o; and also adjacent 
columns. Thermostat temperature 80~ evaporation temperature 120~ 
J 250 mA; carrier gas, helium. Volume flow, 46.6 cm~/min. 

Ethylideneaminoethylenimine (II) was synthesized by a method to 
be described later. Bp 87*; d~ ~ 0.8749; N~ 1.4410. Found, 7o: C 66.80; 
N 33.50; H 9.45; MR D 25.432. Calculated for C4NzH8, %: C 87.10; 
N 33.75; H 9.55; MR D 25.28. 

The physical constants of the other identified products i, 2, 4, and 
6 correspond to those found in the literature. The IR spectra were re- 
corded in a UR-10 spectrophotometer. 
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