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The action of alphatic, aromatic and heterocyclic aldehydes on 
triethyl-N-e~hyleniminosilane in the presence of water gives a-alkyl 

, /CH~ 
(aryl)-a-N-ethyleniminomethoxysilanes of the type RaSiOCHR Nq C~H~ 

(R = Et; R' = alkyl, aryl, furyl). Similarly dimethyldi-N-ethylenimi- 
f /CH2] 

soline and acetaldehyde give (CHa)2Si |OCHCHaN< x [ J2. A 
reaction mechanism is suggested. [ CHsJ 

Because  N - e t h y l e n i m i n o s i l a n e s  [1,2] have s t r a i n e d  
r ings  and conta in  a qui te  r e a c t i v e  S i -N  bond, they  
of fe r  many  p o s s i b i l i t i e s  of s y n t h e s i z i n g  compounds 
whose p r e p a r a t i o n  was p r e v i o u s l y  a t tended  with 
c o n s i d e r a b l e  d i f f icul ty .  E x a m p l e s  of this  a r e  the 
s y n t h e s i s  of e t h e r s  of h y d r o x y e t h y l e n i m i n o m e t h a n e s ,  
and a whole s e r i e s  of c a s e s  of anomalous  r e a c t i o n  
with a r o m a t i c  and h e t e r o c y c l i e  a ldehydes  [3,4]. 

We have i nves t i ga t ed  the r e a c t i o n  of N - e t h y l e n i -  
m i n o s i l a n e s  ( I )w i th  a l ipha t i c ,  a r o m a t i c ,  and h e t e r o -  
cyc l i c  a ldehydes ,  in the p r e s e n c e  of ca t a ly t i c  quan-  
t i t i e s  of wa t e r .  The r e a c t i o n  a lways  l eads  to the 
f o r m a t i o n  of ~ - N - e t h y l e n i m i n o a l k o x y s i l a n e s  R4-~Si 

O - - C H R ' - - N  1 where  n = 1, 2; R = alkyl ;  R '  = 
CH2/~ 

= a lky l ,  a r y l ,  fu ry l .  
At  p r e s e n t  i t  is  e s t a b l i s h e d  [3-5]  tha t  the p roduc t s  

of r e a c t i o n  of e t hy l en imine  with a l i pha t i c  a ldehydes  
a r e  not  oxazo l i d ine s ,  as  was p r e v i o u s l y  thought  
[6], but  addi t ion  p r o d u c t s  conta in ing  the a z i r i d i n e  
r ing ,  ~ - N - e t h y l e n i m i n o a l k a n o l s .  

However  it  has  been  found [7] (in c o n t r a d i c t i o n  
to [4]) that  benza ldehyde  and f u r f u r a l  give r e a c t i o n  
p roduc t s  d e r i v e d  f r o m  2 m o l e c u l e s  of e t hy l en imine  
and 1 m o l e c u l e  of a ldehyde ,  i . e . ,  (N-benzy l i dene - f l -  
a m i n o e t h y l ) e t h y l e n i m i n e  and ( N - f u r f u y l i d e n e - a -  
a m i n o e t h y l ) e t h y l e n i m i n e .  U n d e r  no condi t ions  was 
i t  p o s s i b l e  to ob ta in  the r e a c t i o n  p roduc t  f o r m e d  
f r o m  e q u i m o l e c u l a r  quan t i t i e s  of a ldehyde  and 
e t hy l en imine .  The au thors  of those  p a p e r  p r o p o s e d  
a r e a c t i o n  m e c h a n i s m .  

The r e a c t i o n  which  we i nves t i ga t ed ,  of t r i e t h y l - N -  
e t h y l e n e i m i n o s i l a n e  with benza ldehyde ,  gave,  fo r  
any r a t i o  of the r e a c t a n t s ,  t r i e t h y l - ~ - N - e t h y l e n -  
i m i n o b e n z y l o x y s f l a n e  (IIa). F u r f u r a l  r e a c t s  s i m i -  
l a r l y  with e t h y l e n i m i n e ,  to give IIb. 

F o r m a t i o n  of type  II compounds  can be a s c r i b e d  
to nuc l eoph i l i c  add i t ion  not  be ing  a lways  a c c o m -  
panied  by i n t r a m o l e c u l a r  p ro ton  m i g r a t i o n .  A n o t h e r  
add i t i on  m e c h a n i s m  is  p o s s i b l e ,  involv ing  f o r m a -  
t ion of a c y c l i c  t r a n s i t i o n  s t a t e ,  with change  in 
s t r u c t u r e  due to c y c l i c  t r a n s f e r  of e l e c t r o n s .  In 
the p r e s e n c e  of s i l a n o l  f o r m a t i o n  of such  a t r a n s i t i o n  

c omple x  i s  qui te  p r o b a b l e .  It would change  to II 
a c c o r d i n g  to equat ion 2, and not into p roduc t s  s i m i -  
l a r  in s t r u c t u r e  to that  r e p o r t e d  i s o l a t e d  [7]: 

CH 2 . /CH: ,  
]H2 (1) RaSiN ,dH + HOH RaSiOtl + HN\ 

l H2C~CH2 1 
rssio, +uN\l  + r , - c  ~-  H --* (2) 

CH 2 H 

R a S i - - O - - C H R ' - - d  H2 + H~O 

I'1 \CH 2 
R =C2H's; R'= a C6H 5, b fuffuryl c Me, d n-CsI% 
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IR s p e c t r u m  of IIe .  

W a t e r  ac ts  as  a c a t a l y s t ,  and s t a r t s  the r e a c t i o n ,  
f o r m i n g  s f l ano l  and e t h y l e n i m i n e  a c c o r d i n g  to 
equa t ion  1. P e r f e c t l y  anhydrous  I does  not r e a c t  
with a ldehyde .  In a l l  the e x p e r i m e n t s  which we 
c a r r i e d  out, we e s t a b l i s h e d  the p r e s e n c e  of w a t e r  
and the i n t e r m e d i a t e  f o r m a t i o n  of e thy l en imine .  

With  a l i pha t i c  a ldehydes  t h e r e  was ano the r  p o s -  
s i b l e  r e a c t i o n  m e c h a n i s m ,  f o r m a t i o n  of e t h y l e n -  
i m i n o c a r b i n o l  by  add i t ion  of e t h y l e n i m i n e  to a l d e -  
hyde ,  fo l lowed by condensa t ion  of the p roduc t  with 
s i l a n o h  

' CH 2 <:+ %- 

.oc. <i "2 
CH 2 CH2 

H o w e v e r  an a t t e m p t  to condense  e t h y l e n i m i n o -  
c a r b i n o l  with s i l a n o l  was u n s u c c e s s f u l ,  i nd ica t ing  
tha t  with a l i pha t i c  a ldehydes  1 and 2 a r e  the equa-  

t ions  for  the  r e a c t i o n .  
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When d i m e t h y l d i - N - e t h y l e n i m i n o s i l a n e  r e a c t e d  
with ace t a ldehyde  (mole r a t io  1:2), the so le  p roduc t  
was d ime thy lb i s  ( ~ - N - e t h y l e n i m i n o ) e t h o x y s i l a n e  
(III): 

H2C \ ? Ha /CH 2 

H2C / C~Ha CH 2 - 

.oC c . ,  c . =  
~ 'N--Cn--O--~i--o--c.--N( 

/ t I I kJ 
H2C CH 3 CH 3 CH 3 CH2 

Ill 

(4) 

The tab le  gives the p h y s i c a l  cons tan t s ,  ana ly t i c a l  
da ta ,  and y ie lds  of the II and III obta ined.  

The d e c r e a s e d  r e a c t i v i t y  of the c a r b o n y l  g roup  
when one p a s s e s  f r o m  a l ipha t i c  to a r o m a t i c  a ldehydes  
i s  r e f l e c t e d  in the  y i e l d s  of p r o d u c t s  obta ined  by r e a c t -  
ing  t h e m  with I. Thus in the c a s e  of  ace t a ldehyde ,  the 
y i e ld  of  IIc was  80%, whi le  benza ldehyde  gave about 
a 40% y ie ld  of IIa. The IR s p e c t r a  of II have bands  
at  1270 and 3070 cm -1, c h a r a c t e r i s t i c  of the  e t h y -  
l e n i m i n e  r ing,  and a l so  a band in the 1170 cm -1 
r eg ion ,  c o r r e s p o n d i n g  to the  S i - O - C  group.  The IR 
s p e c t r u m  of IIc is  r e p r o d u c e d  by way of e x a m p l e .  

EXPERIMENTAL 

The reaction products from I and aldehydes were obtained in the 
usual way. A 3-necked flask was fitted with a stirrer, condenser, and 
dropping funnel, and 0.05 mole triethyl-N-ethyleniminosilane plus 
a few drops of water made alkaline placed in it, then 0.05 mole of 
the appropriate aldehyde was dropped in with stirring and cooling. 
The mixture was refluxed gently (4-8 hr), then fractionally distilled. 
The reactions with benzaldehyde and furfural were run without cooling. 
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