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Products  of addition to both p r i m a r y  and secondary  amino groups  were  obtained by reac t ion  
of 2 -aminomethy le thy lene imine  with some ac ry l i c  acid de r iva t ives .  The s t r u c t u r e s  of the 
compounds obtained were  p roved  by means  of t he i r  IR and PMR s p e c t r a  and also by the i r  
subsequent  chemica l  t r a n s f o r m a t i o n s .  

Continuing our  invest igat ion of the c h e m i s t r y  of e thyleneimine [2, 3], we have studied the reac t ions  
of 2 -aminomethy le thy lene imine  (I) with compounds containing an act ivated c a r b o n - c a r b o n  double bond. 
In the p r e sen t  communica t ion  we p r e s e n t  the resu l t s  of s tudies of the reac t ion  of I with acry l ic  acid d e r i v a -  
t ives;  in future p a p e r s  we will c o r r e l a t e  the reac t ions  of 2 -aminomethy l - subs t i tu t ed  az i r id ines  with other  
unsa tura ted  compounds and dienophiles.  

The s t ruc tu re  of s t a r t i ng  azi r id ine  I is c h a r a c t e r i z e d  by the p r e sence  of two nucleophilic amino 
groups  that  d i f fer  substant ia l ly  in the i r  r eac t iv i t i e s  with r e s p e c t  to an act ivated C =C bond [4, 5]. The 
reac t ion  of I with ac ry l i c  acid de r iva t ives  I I a - c  via th ree  pr inc ipa l  pathways is fundamental ly  poss ible :  

C H z - - C H - - C H , - - N  H--CH~CH, X 

"~ .N /  . . . .  
II 

I I I  a-C 

, CH~--CH--CH.,--N H 2 
CH~--CH--CH~--NH~ - C H ~ = C H - X  "-.'N / " 
~ N  / " " - - ~ , ,  ' \CH~CH,X 

I 11 a-C IV a -e  

CH~--CH--CH.--N H --CHIC H 2 X 

~'Cfl :CH2X 

I I -V ,a X = C N :  b X = C O O % H a ;  C X = C O O C H  3 V a-C 

Quantitat ive analys is  by PMR spec t roscopy  and g a s - l i q u i d  ch romatography  (GLC) of the composi t ions  
of the products  of cyanoethylat ion of I o r  of the reac t ion  of the l a t t e r  with acry l ic  acid e s t e r s  makes  it 
poss ib le  to draw a conclusion regard ing  the p r e f e r a b l e n e s s  of one of the reac t ion  pathways as a function 
of the conditions under  which the reac t ion  is c a r r i e d  out. 

It was found that  a mix ture  of III, IV, and V in var ious  ra t ios  is fo rmed  in the reac t ion  of I with I I a -c  
in apro t ic  solvents  (benzene, toluene, xylene,  and chloroform);  when the reac t ion  is c a r r i e d  out in benzene,  
p r i m a r i l y  a mix ture  of III and IV is formed,  whereas  the chief  r eac t ion  product  is V when higher-boi l ing 
solvents  a re  used. 

*See [1] for  communica t ion  X. 
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TABLE i. 

Corn- 1 
pound I HSirans 

Ilia &aldt 
lllb 8.40 d 

lllc 8.41 d 

P a r a m e t e r s  of the PMR Spectra  of I I Ia -c  (in 10go CC14) 

~rans / 

H 
Chemical shifts. * r. ppm (ml. to te'trarnethylsilane) 

H'cis ],: J c,,:. ~-c.~ iJ i~-r ,: j x 

8.fi7d 7.lit ] 
8,74d ?:18t 

8,76 d 7.18 t 

J 

7,97m / 7,4---7;7m 

NIl 

5.92 (Clt,) q 
<52 t 16.2o -18.9o, 

*The following s p i n - s p i n  coupling constants  a re  obse rved  in the 

t h r e e - m e m b e r e d  ring: 2JHH ~ 0 Hz, aJH2Haci s =2.9 Hz, and aJH2Hatran s = 
5.5 Hz. 
?Abb revia t ions:  
quar te t .  

l ,c ....... T 
"trans Ucis CHCH2N J 

, ~ 'krans 

"7 ; ~ ' ~  " 6',: ppm 

Fig. 1. PMR spec t rum of IIIa.  

Fig. 2. 

H~ C H~'HCH~CH'~CN NH 

Htrans cis 
CH2CN 

XCH~N 

/ H~ Hcis~ 

8 ; ,o <, ppm 

PMR s pec t rum  of IVa. 

The s t ruc tu re  of IVa was p roved  by the 
(GLC), and IR and PMR spec t roscopy .  

d is doublet, m is mult iplet ,  t is t r ip le t ,  and q is 

The d i rec t ion  of the reac t ion  changes substant ia l ly  if 
alcohols a re  used as the solvent .  In this case  I adds to I Ia -c  
to give I I I a -c  in 90-95% yields .  

The s t ruc tu r e s  of the reac t ion  products  were  proved 
by IR and PMR spec t roscopy .  

The PMR spec t rum of IIIa  (Fig. 1) is cha r ac t e r i z ed  by 
the p r e s e n c e  at s t rong field of a b road  singlet  of two NH p r o -  
tons with an averaged  chemica l  shift  because  of rapid  p ro ton  
exchange.  The s ignals  of resonance  absorp t ion  c o r r e s p o n d -  
ing to three  protons  of the azi r id ine  ring a re  seen  dist inctly.  
The cha rac t e r i s t i c  s p i n - s p i n  spl i t t ing makes  it poss ib le  to 
ass ign  the s ignals  at s t ronge r  field ff 8.67 ppm) to the p r o -  
ton in the cts posi t ion re la t ive  to the aminomethyl  grouping. 
The signals  at weake r  field at  8.31 and 7.95 ppm cor respond  
to the t r ans  protons  and the ring 2-CH protons .  A mult iplet  
of protons  of th ree  methylene groups in which a t r ip le t  of 
the AA'BB'  type at 7.14 ppm, which is re la ted  to the methylene 
group at tached to the exocycl ic  ni t rogen atom, is dis t inguish-  
able is obse rved  at 7.3-7.8 ppm.  The p a r a m e t e r s  of the PMR 
s p e c t r a  of I I Ia -c  a re  p re sen ted  in Table 1. 

The fo rmat ion  of a compound of the IV type is observed  
only in the cyanoethylat ion of I. Immedia te  mixing of s t a r t -  
ing I and II  at a t e m p e r a t u r e  no higher  than 0 ~ without a soI -  
vent is the opt imum condition for  the p r e p a r a t i o n  of IVa; the 
yield of IVa in this case  is 90%. 

r e su l t s  of e l e m e n t a r y  analys is ,  g a s - l i q u i d  ch romatography  

An intense band at 1600 cm - I  cor responding  to the deformat ion  vibra t ions  of a p r i m a r y  aminogroup  
is  obse rved  in the IR s pec t rum  of IVa in addition to the absorpt ion  bands c h a r a c t e r i s t i c  for  s t ruc tu re  IV. 

The PM:R s pec t rum  of IVa (Fig. 2) contains a s inglet  of the protons  of an amino group at 8.5 ppm.  
The cha rac t e r i s t i c  s ignals  of the protons  of the azir idine ring are  obse rved  at 8,4-8,8 ppm, and the mul t i -  
plet  at 7.1-7.9 ppm was ass igned to the absorp t ion  of the protons  of an aminomethylene grouping. The de-  
c r ea se  in the difference in the chemica l  shif ts  between the methylene groups in the NCH2CH2CN f ragment  
and the change in the c h a r a c t e r  of the s pec t rum in the region of resonance  absorpt ion  of the protons  of 
the azir idtne ring as compared  with the s p e c t r u m  of I l ia  unambiguously prove  s t ruc tu re  IVa. 

A side reac t ion  in the synthes is  of IV is the fo rma t ion  of V, which can  be obtained in quanti tat ive 
yield by immedia te  mixing of I with 2 moles  of II. 

In o r d e r  to conf i rm the s t r u c t u r e s  of Ill and IV we obtained der iva t ives  of the l a t t e r  with s eve ra l  

carbonyl  compounds:  
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I l i a  ~ R--CHO 
R N 9 

CH2CH2CN 

VI at C 

I r a  - R--CHO ~ CH,,--CH--CH2--N=CH--R 

~CH~CH2CN 

vH a. b 

a R~CH~; b R~p-CH3CaH4: C R = p-CH3OC6H 4 

Thus, 2-subst i tu ted3-cyanoethyl-1 ,3-diazobicyclo[3 .1 .0]hexanes ,  which are member s  of the new hetero-  
cyclic sys tem that we previously descr ibed in [1], were obtained by react ion of Ilia with anisaldehyde or  
acetaldehyde. The s t ruc tures  of these compounds were proved by the complete s imi lar i ty  between thei r  
PMR spec t ra  and the PMR spec t ra  of the previously  obtained representa t ive  of this c lass  of substances 
and by the presence  of additional singlets at 5.3-5.4 ppm for  VIe and of multiplets at 6.7 ppm for  Via. Addi- 
tion products  of the IV type reac t  with aldehydes to give Schiff bases .  The IR spec t ra  of VIIa, b contain 
intense absorption bands of a C =N bond at 1650 cm - i .  In addition, the PMR spect ra  of VIIa, b contain the 
signal of the absorpt ion of the CH=N fragment  at weak field at 1.98 ppm and a multiplet of the AA'BB'  type 
of the protons of the phenyl ring at 2.52 and 2.98 ppm for  VIIb, 

We thank I. V. Dipan for  determinat ion of the IR spectra .  

EXPERIME NTA L 

The IR spectra of Nujol suspensions of the compounds were recorded with a UR-20 spectrometer 
(with NaCI, NaBr, and LiF prisms). The PMR spectra at 20 ~ were recorded with a Perkin-ElmerR-12A 
spectrometer (60 MHz) at 20 ~ with tetramethylsilane as the internal standard. The compositions of the 
reaction products were analyzed with an AGK-6 gas-liquid chromatograph at a thermostat temperature 
of 160 ~ and a vaporization temperature of 220 ~ The carrier-gas (helium) flow rate was 50 ml/min, the 
stationary phase was 20~ Apiezon M on Chromosorb P, and the column length was 3 m. 

2-Methylene- (fl-cyanoethylamino)ethyleneimine (Ilia), 2-Methylene- (fl-carbethoxyethylamino)ethylene- 
imine (IIIb), and 2-Methylene-(fl-carbomethoxyethylamino)ethyleneimine (flit). A 0.l-mole sample of II 
was added to 8.1 ml (0.I mole) of I in I00 ml of ethanol with cooling (to 15-18 ~ and stirring, after which 
the mixture was held at room temperature for 3 h. The solvent was then evaporated, and the oily residue 
was vacuum fractionated (see Table 2). 

2-Aminomethyl-l- (fl-cyanoethyl)ethyleneimine (IVa). A 5.3-g (0.I mole) sample of acrylonitrile was 
added with cooling (to o ~ and stirring to 8.1 ml (0.i mole) of I, after which the mixture was held at room 
temperature for 3 h. The product was isolated by vacuum distillation (see Table 2). 

2-Methylene- (fl-cyanoethylamino)-i- (fl-cyanoethyl)ethyleneimine (Va), 2-Methylene- (/%carbethoxy- 
ethylamino)-I- (fl-carbethoxyethyl)ethyleneimine (Vb), and 2-Methylene- (fl-carbomethoxyethylamino)-1- 
(fl-carbomethoxyethyl)ethyleneimine (Vc). A 0.2-mole sample of II was added at 15-18 ~ to an 8.l-ml (0.I 
mole) sample of I in 50 ml of ethanol, after which the mixture was held at room temperature for 3 h. The 
solvent was then evaporated, and Va-c were isolated by vacuum distillation (see Table 2). 

2-Methyl-3-cyanoethyl-l,3-diazabicyclo[3.1.0]hexane (Via). A 0.05-mole sample of acetaldehyde was 
added to 6.25 ml (0.05 mole) of Ilia in 50 ml of ethanol. The method used to carry out the synthesis was 

TABLE 2. Physicochemical  Charac te r i s t i cs  of I IIa-c ,  IVa, and Va-c  

Com- 
pound 

I l ia  
IIIb 
IIIC 
IV a 
va 
vb 
\;c 

bp, ~ 
(2 ram) 

129--130 
120 

115--117 
127--129 
142--141 
140--142 
138--140 

nD~0 

1,4850 
1,4660 
1,4648 
1,4780 
1,4680 
1.4580 
1,4560 

i Empirical Found, % Calc,, % 
t formula c ! H H 

C6HuN3 
CsH~6N~O~ 
CvHI4N20~ 
CsHuN3 
CgHI4N4 
CI3H24N204 
CuHmN204 

57,4 8,4 
55,7 9,5 
53.4 8.5 
57,5 8,9 
61,4 8,0 
57,5 8,4 
54,1 83 

N C 

33,7 57,6 
16,0 55.8 
17,5 53,3 
33;5 57,6 
30,5 61,3 
10,1 57,3 
11,5 54,0 

8,8 
9,3 
8,7 
8,8 
7,9 
8,8 
8,2 

33,6 
15,9 
17,7 
33,6 
30,7 
I0,2 
11,5, 
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similar to that described in [3]. Workup gave a product with bp 108-110 ~ (2 ram) and n~ 1.4832 in 90% 
yield. IR spectrum, cm-l: 2260 (CN) and 3010 and 3060 (NI) [sic]. Found: C 63.4; H 8.7; N 27.6~ 
CsH13N 3. Calculated: C 63.5; H 8.6; N 27.8%. 

2-{p-Methoxyphenyl)-3-cyanoethyl-l,3-diazabicyclo[3.1.0]hexane {VIc). A 6.5-g (0.05 mole) sample 
of anisaldehyde was added to 6.25 ml (0.05 mole) of IIIa in 50 ml  of ethanol, after which the mixture was 
refluxed for 2 h. It was then dried over calcium hydride, the solvent was evaporated, and the residue was 
vacuum fractionated to give a product with bp 170-172 ~ (2 ram) and n}~ 1.4952 in 85% yield. IR spectrum, 
cm-t: 2260 (CN), 3020, 3080 (N-I) [sic]. Found: C 69.3; H 7.2; N 16.9%. CI4HITN30. Calculated: C 69.1; 
H 7.2; N 17.2%. 

2-Ethylideneaminomethyl-l-(fl-cyanoethyl)ethyleneimine (VIIa). A 0.05-mole sample of acetaldehyde 
was added with stirring and cooling to 10-15Q to 6.25 ml (0.05 mole) of IVa in 50 ml of alcohol, after which 
the mixture was allowed to stand for 2 h. It was then dried over calcium hydride and vacuum distilled to 

22 1.4739 in 85% yield. IR spectrum, cm-l: 1670 (C = N) and give a product with bp 110-112 ~ (2 ram) and n D 
2250 (C = N). PMR spectrum, 7, ppm (in CC14): 2.45 (quartet, CH=N), 8.1 (doublet, CH3), 6.4-7.2 (multi- 
plet, CH2N=), 7.48 and 7.58 (AA'BB' system, multiplet, NCH2CH2CN), 8.48 (multiplet, C2H), and 8.65 and 
8.37 (two doublets, C3H2). Found: C 63.1; N 9.0; N 27.9%. CsHI3N 3. Calculated: C 63.2; H 8.6; N 27.8%. 

2- {p-Methylbenzylidene)aminomethyl- 1- {fl-cyanoethyl)ethyleneimine (VIIb). This compound, with 
bp 160-162 ~ (2 ram) and n~ 1.4786, was similarly obtained in 90% yield from IVa and p-methylbenzalde- 
hyde. IR spectrum, cm-l: 1660 (C =N) and 2260 (C-- N). PMR spectrum, 7, ppm (in CC14): 1.97 (singlet, 
CH=), 2.53 and 2.97 (AA'BB' system, multiplet, C6H4), 7.73 (singlet, CH3), 6.2-7.0 (multiplet, CH2N =), 7.53 
and 7.68 (AA'BB', multiplet,-NCH2CH2CN), 8.4 (multiplet, C2H), and 8.74 and 8.37 (two doublets, C3H2). 
Found: C 74.2; H 7.8; N 18.4~. C14H17N3. Calculated: C 74.0; H 7.5; N 18.4~. 
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