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p-Methyl -  and p-ha lo-subs t i tu ted  N-phenylethyleneimines  were  synthesized,  and the i r  s t ruc -  
tu res  were  conf i rmed by the i r  IR, UV, and PMR spect ra .  It was concluded that  the i n t ro -  
duction of the indicated subst i tuents  into the para  posit ion re la t ive  to the az i r id ine  ring in-  
c r e a se s  conjugation of the benzene and azi r id ine  rings as compared  with unsubsti tuted N- 
phenylethyleneimine.  

Numerous  l i t e r a tu re  data a t tes t  to the p resence  of a shift of the absorpt ion band in the UV spec t rum 
of N-phenylazi r id ine  as compared  with unsubsti tuted azir idine.  It has been concluded that the two rings 
a r e  conjugated. R e s e a r c h  [1] has been devoted to the spec t roscopic  invest igat ion of the conjugation of 
phenyl-subst i tu ted  az i r id ines .  X - r a y  diffraction studies [2] made in the case of N-(p-brornobenzoyl)e th-  
yleneimine conf i rmed delocal izat ion of the e lec t ron  pa i r  of the ni t rogen atom and an inc rease  in the p char -  
a c t e r  of the C - N  bond. 

We set  out to a sce r t a in  to what extent  the p r e sen ce  of different  para  substi tuents in N-phenylethyl-  
eneimines  affects  the magnitude of the conjugation of the a romat ic  and ethyleneimine r ings.  F o r  this, we 
invest igated the IR, UV, and PMR spec t ra  of p -me thy l -  and p-ha lo-subs t i tu ted  N-phenylethyleneimines .  
The p-subs t i tu ted  N-phenylethyleneimines  were  obtained by a general  scheme [3, 4]: 

p-RC6H4NH 2 ~ RCoH~NHCH2CH2OH ~ RC6H4NHCH2CH2Br ~ p-P, C6H4N ~ 
HBr 

I-V 

[-Y R=H,  CH 3, El, F, Br 

We were  unable to obtain N-(p-ni t rophenyl)e thyleneimine f rom N-(p-ni t rophenyl)ethanolamine by means  of 
this method. An a t tempt  to synthesize  N-(p-methoxyphenyl)ethyleneimine by cyclizat ion of N-(p-methoxy-  
phenyl)bromoethylamine was also unsuccessful ,  inasmuch as the react ion was accompanied by complete 
res in i f iea t ion of the s ta r t ing  compound.* 

The maxima of the absorpt ion bands of the UV spec t ra  of II-V a re  shifted by up to 20 nm as com- 
pared  with the spec t r a  of I (Table 1). This is  apparent ly  explained by expansion of the molecu la r  orbi ta ls  
when the p- l ike  e lec t rons  of the subst i tuent  (F, C1, Br) a r e  included in i t  o r  by hyperconjugation (CH3). In  
addition, the intensi t ies  of the maxima  of the absorpt ion bands of III-V a r e  1.5-2.5 t imes  g r e a t e r  than the 
cor responding  value for  I (Table 1). 

Thus the introduction of substi91ents into the pa ra  posit ion re la t ive  to the az i r id ine  r ing i nc rea se s  
the capacity of the unshared  pa i r  of the ni trogen atom of the l a t t e r  f o r  conjugation with the r - e l e c t r o n  sys -  

* In the course  of the r e s e a r c h  repor ted  in the p re sen t  paper  a communication regarding the synthesis  of 
the indicated compounds f rom the tosyla tes  of the appropr ia te  amino alcohols by cycl izat ion with sodium 
hydride  appeared  [5, 6]. 
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T A B L E  1. UV and  IR S p e c t r a  of  p - S u b s t i t u t e d  
1 1 - P h e n y l e t h y l e n e i m i n e s  

Com - R 
pound 

I !H 

llI 
iv  F 
V r 

I 

~max" nIn  
(lg e) 

236 (4,09) 3000 
250 (4,15) 30~ 
256 (4,45) 3005 
~7 (4,25) 3005 
245 (4,51) 3002 

IR spectrum, era. -1 (CC14) 

] 

v O 

3070 
3070 
3077 
3080 
3075 

1322 
1320 
1328 
1325 
1325 

817 
�9 837 

840 
850 
839 

1165 
1177 
1175 
1175 
1167 

1495 70~1:70 - -  
1520 1110 
1495 750 ~1100 
1508 715 [1098 
1490 737 11073 

T A B L E  2. I n t e n s i t i e s  of  the  UC_ C Ring  B a n d s  

Compound av~,/2, cm-I e, liter/ A. 10"s liter/ 
mole �9 cm mole ' cm 

I 
II 

III 
IV 
V 

10 
35 
15 
40 
20 

249 
143 
463 
397 
2t3 

10,8 
23,0 
17,8 
6i,5 
16,4 

tern of  the  b e n z e n e  r ing ,  a s  a r e s u l t  of  which  the d i f -  
f e r e n c e   tween the Nc 2cH,2 and N(C.,)2 groups de- 

c r e a s e s .  Thus  in  th i s  c a s e  one o b s e r v e s  a p a t t e r n  
t ha t  i s  j u s t  the  o p p o s i t e  of t ha t  p r e s e n t e d  in [1]. 

One shou ld  b e a r  in  m i n d  tha t  the  r e d u c t i o n  in 
the  t r a n s i t i o n  e n e r g y  f o r  I I ' V  a s  c o m p a r e d  wi th  I i s  
p r o b a b l y  a s s o c i a t e d  wi th  a d e c r e a s e  in a n g l e  a b e -  
tween  the  a r o m a t i c  c a r b o n - n i t r o g e n  bond and the  
a x i s  of  the  o r b i t a l  of  the  u n s h a r e d  p a i r  of  the  n i t r o -  
gen  a t o m  ( for  I,  ~ ~ 118~ 

A d e c r e a s e  in  a n g l e  a f a c i l i t a t e s  i n t e r a c t i o n  of the  e l e c t r o n  p a i r  of  the  n i t r o g e n  a t o m  wi th  the  1r s y s -  
t e m  of  the  b e n z e n e  r ing ,  in t h i s  c a s e  i n c r e a s i n g  the  c o p l a n a r i t y  of  the  two r i n g s .  An  e l e c t r o n  d i f f r a c t i o n  
s t u d y  of  I showed  [7] t h a t  con juga t ion  be tween  the  e l e c t r o n  p a i r  of  n i t r o g e n  and  the  ~ s y s t e m  of  the  r i n g  i s  
r e a l i z e d  i f  the  p r o j e c t i o n  of  the  o r b i t a l  of  the  e l e c t r o n s  on the  a x i s  p e r p e n d i c u l a r  to the  p l a n e  of the  r i n g  i s  
m a x i m a l .  I t  i s  p o s s i b l e  t ha t  the  i n t e n s i f i c a t i o n  of  the  con juga t ion  of the  two r i n g s  in  I I -V  can a l s o  be e x -  
p l a i n e d  f r o m  th i s  p o i n t  of v iew.  

The  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  the  a s y m m e t r i c a l  s t r e t c h i n g  v i b r a t i o n s  of  the  m e t h y l e n e  g r o u p s  
a r e  h i g h e r  by 10 c m  -1 in  the  IR  s p e c t r a  of  I I - V ,  w h e r e a s  the  f r e q u e n c i e s  of  the  p e n d u l u m  d e f o r m a t i o n  v i -  
b r a t i o n s  of  t he  m e t h y l e n e  g roup  a r e  h i g h e r  by  ~ 20-30  c m  -1 than  the  c o r r e s p o n d i n g  v a l u e s  fo r  I .  

The  i n t e n s i t i e s  of  the  c h a r a c t e r i s t i c  bands  of the  C--.C s k e l e t a l  v i b r a t i o n s  of  the  be nz e ne  r i n g  a r e  
s h a r p l y  i n c r e a s e d  f o r  I I - V  a s  a c o n s e q u e n c e  of con juga t ion  be tween  the  be nz e ne  and  a z i r i d i n e  r i n g s .  In  
o r d e r  to  ob ta in  a q u a n t i t a t i v e  e v a l u a t i o n  o f  t h i s  e f f ec t ,  we  m e a s u r e d  the  m o l a r  i n t e g r a l  i n t e n s i t i e s  by  the  

m e t h o d  in  [8]: 

A=k'hvII~a" c: l  in . . . .  

In c o n f o r m i t y  wi th  the  i n t e g r a l  i n t e n s i t i e s  (Tab l e  2), p a r a  s u b s t i t a e n t s  in  the  be nz e ne  r i n g  a r e  a r -  
r a n g e d  in the  fo l l owing  o r d e r  wi th  r e s p e c t  to  t h e i r  c a p a c i t y  f o r  i n t e n s i f i c a t i o n  of con juga t ion :  F > CH 3 > 

C1 > B r .  

In the  f u t u r e  we hope  to  ob ta in  d a t a  on the  r o l e  of  the  i n d u c t i v e  e f f e c t  and  the  e f f ec t  of p a r a  s u b s f i t -  

uen t s  in  N - p h e n y l e t h y l e n e i m i n e s .  

E X P E R I M E N T A L  

The  m e l t i n g  p o i n t s  of  the  compounds  o b t a i n e d  in  th i s  r e s e a r c h  w e r e  d e t e r m i n e d  wi th  the  m i c r o -  
h e a t e r  s t a g e  of the  B o e t h i u s  s y s t e m .  The  UV s p e c t r a  of 10 -4 M s o l u t i o n s  in a c e t o n i t r i l e  a t  l a y e r  t h i c k -  
n e s s e s  of  0.5 and  1.0 c m  w e r e  o b t a i n e d  wi th  a S p e c o r d  s p e c t r o p h o t o m e t e r .  The  IR s p e c t r a  of  5 �9 10 -2 M 
s o l u t i o n s  in  CCl  4 and  ( for  p u r e  l iqu ids)  ( r i n g  c : : c  band) wi th  the  a i d  of  NaC1 and L i F  c u v e t t e s  4 -  and  6 -  
r am long  w e r e  o b t a i n e d  wi th  a UR-20  s p e c t r o m e t e r ;  the  s l i t  width  was  4 c m  -1. The  P M R  s p e c t r a  of 1070 
s o l u t i o n s  of the  compounds  w e r e  o b t a i n e d  wi th  a P e r k i n - E l m e r  R - 1 2 A  s p e c t r o m e t e r  (60 ~r wi th  t e t r a -  

m e t h y l s i l a n e  a s  the  i n t e r n a l  s t a n d a r d .  

N - p h e n y l e t h y l e n e i m i n e  (I) and  N - ( p - t o l y l ) e t h y l e n e i m i n e  (II) w e r e  o b t a i n e d  by the  m e t h o d  in  [4], and  
N - ( p - f l u o r o p h e n y l ) e t h y l e n e i m i n e  was  o b t a i n e d  by the  m e t h o d  in [9]. 
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N-(p-Chlorophenyl)ethanolamine. A mixture of 255 g (2 mole) of p-ehloroaniline and 80.5 g (t mole) 
of ethylene chlorohydrin was heated in an autoclave at 135 ~ for  14 h, af ter  which it was made alkaline with 
t0% NaOH solution and extracted with 300 ml of ether~ The extracts  were dried, the ether  was removed 
by distillation, and the residue was vacuum distilled to give a product with mp 153-154 ~ (3ram) in 44% 
yield. Found: C 56.0; tt 6.1; N 7.9%. CsH10C1NO. Calculated: C 56.0; H 5.8; N 8.2%~ 

Ns(P-Chlorophenyl)bromoethylamine Hydrobromide. A 126-g (0.74 mole) sample of N-phenylethanol- 
amine was mixed (with cooling) with 300 ~1 (5.5 mote) of 48% ITBr, af ter  which the mixture was distilled 
with successive collection of 82 , 31, 26, 13, 11, and 7 ml of distillate. The mixture was boiled for another 
3 h, and 109 ml of HBr was removed by distillation. The residue began to crystal l ize when the mixture 
was cooled, and the solid was recrysta l l ized from absolute ethanol to give a product with mp 148-149 ~ in 
71% yield. Found: C 31.1; H 3.4; N 4.7~0. CsH10Br2C1N. Calculated: C 30~ H 3.2; N 4.4%. 

N-(p-Chlorophenyl)ethyleneimine (IID. A solution of 94.5 g (0.3 mole) of N-(p-chlorophenyl)bromo- 
ethylamLue in 120 mt of water and 80 ml of 95% ethanol was added dropwise to a heated (50 ~ solution) of 
115 ml of6N NaOH and 300 mI of ethanol, af ter  which the mixture was heated at 85 ~ for  1 h. A total of 220 
ml of ethanol was removed by distillation, and the residue was extracted with 300 ml of ether.  The ex- 
t racts  were dried, the ether  was removed by distillation, and the residue was dried with anhydrous sodium 
sulfate and distilled to give a product with bp 84-85 ~ (8 ram) and nD 1S 1.5701 in 45% yield. Found: C 63.0; 
H 5.4; C1 23.2; N 9.12%. CsHsCIN. Calculated: C 62.6; H 5.2; Cl 23.1; N 9.1%. PMR spectrum: ring CH 2 
8.05 ppm (4H), C6H 4 2.95 and 3.24 ppm (4H). 

N-(p-Bromophenyl)ethanotamine. The yield of this compound with bp 160-161 ~ (1.4 ram) and mp 71-  
73 ~ was 42%. Found: C 63.8; H 7.9; N 8.4%. CsH1sNO 2. Calculated: C 63.7; H 7.8; N 8.4%. 

N~(p-Bromophenyl) bromoethylamine Hydrobromide. This compound was obtained as a viscous oil in 
87% yield by a method similar  to that used to prepare  the p-chloro isomer .  This crude product was used 
to obtain V. " 

N-(p-Bromophenyl)ethyleneimine (V). This compound, with bp 100 ~ (7 ram) and nD 2~ 1.5950, was ob- 
tained in 35% yield. Found: C 48.0; H 4.2; Br 39.6; N 7.3%. CsHsBrN. Calculated: C 48.5; H 4.1; Br 40.3; 
N 7.1%. PMR spectrum: ring CH 2 8.07 ppm (4H), C~tt 4 2.82 and 3.30 ppm (4H). 

N-(p-lVIethoxyphenyl)ethanolamine. Thiscompound, with bp 171-172 ~ (5 ram) and nD 2~ 1.5749, was 
obtained in 30% yield. Found: C 63.8; H 7.9; N 8.4%. Cgttl3NO 2. Calculated: C 63.7; H 7.8; N 8.4%. 

N-(p-Methoxyphenyl)bromoethylamine Hydrobromide. This compound, with mp 165-166 ~ was ob- 
tained in 87.3% yield. Found: C 34.9; H 4.2; N 4.7%. CiH~Br2NO. Calculated: C 34.8; H 4.2; N 4.5%. 
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