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The previously unknown 2-alkyl-subst i tu ted 1,3-diazabicyclo[3.1.0]hexanes are formed as 
the ma jo r  products in the react ions of C-aminomethylethyleneimine with aldehydes and 
ketones.  Their  s t ruc tu res  were proved by IR and PMR spect roscopy.  

Continuing our study of the react ions of ethyleneimine and its der ivat ives  with aliphatic aldehydes 
and ketones [1], we have synthesized 2-alkyl-subst i tu ted 1,3-diazabicyclo[3.1.0]hexanes (III), which are  
representa t ives  of a new he terocycl ic  sys tem consist ing of condensed t h r e e - m e m b e r e d  and f ive -membered  
r ings having a ni t rogen atom in common.  

H 

--C" ~CH 2 :>C=: O H2N'(~H2 R \  N 
�9 + ~ R ' / I  I 

, HN~..  C tl ~H?O N ~ C H  
C ~  CH 2 
I i l l a - e  

I I I&R=R,=CH3;bR=CI t3 ,  R'=H; B R=C2H!,, 
R '=H;  dR=C~H 5, R'=CH~; e R = R ' = H  

We found that the corresponding Ill der ivat ives  are formed in almost  quantitative yield by the r e a c -  
tion of C-aminomethylethyleneimine (I) with a group of aliphatic aldehydes and ketones in the absence of 
ca ta lys ts  at room tempera tu re .  Analysis of the react ion mixture by means of gas- l iquid  chromatography 
indicates the presence  of only two components - I I I  and water .  P repa ra t ive  isolation of III was a c c o m -  
plished by vacuum distillation of the react ion mixture after  it was dried over  calcium hydride.  

Derivat ives  Ill are  co lor less ,  mobile (R' = H, R = CH~) or  r a the r  viscous (R = C2H5, R' = CH 3) liquids 
with the cha rac te r i s t i c  odor of higher  aliphatic amines.  The physicochemical  constants  of HI are  p r e -  
sented in Table 1. 

The s t ruc tu res  of the compounds were proved by means  of the i r  IR (Table 2) and PMR spect ra  
(Table 3). 

TABLE 1 

Illcl C2Hs 
Illd C~3 
I Ie  

~" bp (mm) d"~ riD=~ C, Found Calculated 
O/o lH,~ iN, O/o l MR C,o/o IH, % IN, % I MR 

CHH3 34--35 (5) 
39 (2) 

H 54--55 (9) 
37--38 (5) chH  60--6l (20) 

0,9586 1,4729 63,72 10,49 24,61 31,92 64,25 
0,9742 1,4824 61,13 9,59 28,54 27,96 61,86] 
0,9637 1,4760/63,42111,01 [26,01 ]32.02164,25 ] 
0,9261 1,4754 65,15 10,96 22,15 37,90 65,70 I 
0,9974 1,4800157,26 t 9,18133,0923,10y ,3, 

10,70 25,05 32,81 
9,25128,86128,37 

10,70125,05132,81 
11,10 22,20/38,81 
9,52 33,33 23,92 
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T A B L E  2. C h a r a c t e r i s t i c  F r e q u e n c i e s  of III  

H 
R~c~N~cH 2 
R,/ I • 

CH 2 

IlLa IHh IIIC IIId Ine Assignment 

3275 
3050 

3021 
1462 
1381 
1221 

983 
850 

3265 
3053 

3021 
1473 
1392 
1219 

986 
858 

3260 3260 
3054 3053 

3025 3025 
1472 1483 
1388 1390 
1210 1210 

980 984 
833 860 

3080 
3060 

3028 
1465 
1373 
1220 

980 
860 

~NH 
~'CH~ ~ . ,  

The same 
Scissors vibrations of imide ring CH z groups 
v of the imide ring 

Pendulum vibrations of imide ring CH2groups 
~as ~H2\ N 

CH~ / 

T A B L E  3. C h e m i c a l  Shif ts  in  the  P M R  S p e c t r a  of 30% Solu t ions  of 
I I I  in  CC14 

Chemical shifts, , ppm 

Comp He H~ NH N(RR')N 

IIla 
IIIb 
II]c 
IIld 

9,0 
9.0 
9,0 
9,0 

8,8 
8,8 
8,7 
8,7 

Ha NCH2 

7,85 7,07 
7,85 7,15 
7,85 7,15 
7,9 7,12 

7,73 
7,8 
7,57 
7,94 

8,91 ; 8,86 
CH3:9,01 ; 8,89" H: 6,23 
CH3CH2:9,01 ~ H 6,43 
CHa: 8,94 

* In the  endo  and exo i s o m e r s ,  r e s p e c t i v e l y .  

The  P M R  s p e c t r a  of  the  c o m p o u n d s  i n d i c a t e  tha t  t h e y  have  s t r u c t u r e  HI. T h e y  c on t a in  the  p r o t o n  s i g -  
n a l s  of the  h e t e r o r i n g  at  7 .8 -9 .0  p p m ,  wh ich  a r e  c h a r a c t e r i s t i c  fo r  C - s u b s t i t u t e d  a z i r i d i n e s .  The  r e s o n a n c e  
of  the  N - m e t h y l e n e  p r o t o n s  (~ = 7.1 ppm) i s  e x t r e m e l y  c h a r a c t e r i s t i c  fo r  i m i d a z o l i d i n e  d e r i v a t i v e s  [2]. 

An a n a l y s i s  of the  P M R  s p e c t r a  m a k e s  i t  p o s s i b l e  to  conc lude  tha t  III ,  wh ich  have  b i c y c l i c  s t r u c t u r e s ,  
h a v e ,  l ike  1 - a z o b i c y c l o [ 3 . 1 . 0 ] h e x a n e  d e r i v a t i v e s  [3], su f f i c i e n t  c o n f o r m a t i o n a l  r i g i d i t y .  The  s p e c t r u m  of  
2 , 2 - d i m e t h y l - l , 3 - d i a z a b i c y c l o [ 3 . 1 . 0 ] h e x a n e  at  r o o m  t e m p e r a t u r e  c o n t a i n s  s e p a r a t e  s i g n a l s  f o r  the  p r o t o n s  
of  the  endo (8.91 ppm)  and exo (8.86 ppm) m e t h y l  g r o u p s .  C o n s e q u e n t l y ,  one m i g h t  e x p e c t  tha t  the  p r o d u c t s  
of c o n d e n s a t i o n  wi th  a l d e h y d e s  o r  u n s y m m e t r i c a l  k e t o n e s  m a y  be  a m i x t u r e  of the  endo and exo i s o m e r s .  

Hr He 

i f s  N 
It 

endo exo 

In  f a c t ,  t he  P M R  s p e c t r u m  of I I Ib  c o n t a i n s  two t y p e s  of  m e t h y l  p r o t o n s  (9.01 p p m  and 8.89 ppm) ,  d e -  
s p i t e  the  f ac t  t ha t  the  p u r i t y  of  t he  c o m p o u n d  was  p r o v e d  c h r o m a t o g r a p h i c a l l y .  Th i s  m e a n s  tha t  I I Ib  i s  a 
m i x t u r e  (1 : 3) of  endo and exo i s o m e r s .  

The  m e c h a n i s m  of the  c y c l i z a t i o n  i s  a p p a r e n t l y  a s  fo l l ows .  An a z o m e t h i n e  d e r i v a t i v e  f o r m s  i n i t i a l l y  
and then ,  as  a r e s u l t  of add i t i on  to  the  ac t i ve  C = N  bond of the  i m i n o  g r o u p ,  i s  c o n v e r t e d  to  HI.  
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EXPERIMENTAL 

The IR spectra were obtained with an IKS-14 spectrograph, while the PMR spectra were obtained with 
a YaMR-5535 TsLA spectrometer (40 MHz). The chromatograms were obtained with a Tsvet-I gas-liquid 
chromatograph. The chromatography conditions were as follows: the stationary phase was PEG-1500 (20%) 
and KOH (0.1%) on Zeolite-545, the column length was 2 m, the detector was a flow meter, the column tem- 
perature was 150 ~ the vaporizer temperature was 190 ~ I = 150 mA, and the gas carrier was helium with a 
flow rate of 5.1 liter/h. 

2-Alkyl-Substituted 1,3-Diazabicyclo[3.1.0]hexane. A solution of 0.05 mole of the appropriate carbonyl 
compound was added to a solution of 0.05 mole of I in 50 rnl of absolute alcohol. The reaction proceeds exo- 
thermically, and the reaction mixture was therefore cooled with water. The course of the reaction was 
monitored by means of gas-liquid chromatography. When the reaction was complete, the mixture was dried 
over calcium hydride, filtered, and vacuum distilled. The purity of the fraction selected was analyzed with 
a gas-liquid chromatograph. 
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