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As was  shown e a r l i e r ,  the  r e v e r s i b l e  a d d i t i o n  of n i t r o - c o m p o u n d s  to a l d e h y d e s  is a conven ien t  m o d e l  
r e a c t i o n  fo r  i n v e s t i g a t i n g  p r o b l e m s  a s s o c i a t e d  both  with the  b a s i c i t y  of c a r b a n i o n s  wi th  r e s p e c t  to c a r b o n  
[1-5] and  with  the  a c i d i t y  of  a n u m b e r  of a l d e h y d e s  wi th  r e s p e c t  to c a r b a n i o n s  [51 

kl 
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Ra r e p r e s e n t s  a n i t r o a l c o h o l ;  A e is  the  c a r b a n i o n  of a n i t r o - c o m p o u n d ;  ROH ls the h y d r a t e d  f o r m  of the  

a l d e h y d e .  

We had e a r l i e r  s u g g e s t e d  tha t  the  w e a k n e s s  and s t r e n g t h  of a c i d s  and b a s e s  a r e  a c o n s e q u e n c e  not 
only  of the e l e c t r o n i c  e f f ec t s  of s u b s t i t u e n t s  in the m o l e c u l e s  of t h e s e  c o m p o u n d s ,  but  a l so  to a s u b s t a n t i a l  
d e g r e e  of  the  s t e r i c  i n t e r a c t i o n  b e t w e e n  the r e a c t i n g  a c i d s  and b a s e s  [5]. The  i n t e r a c t i o n  of c h l o r o a c e t a l -  
dehyde  wi th  n i t r o - c o m p o u n d s  is i n t e r e s t i n g  f r o m  th i s  s t andpo in t .  We should  expec t  that  c h t o r o a c e t a l d e h y d e  
wiU be  a s t r o n g e r  a c i d  than ,  fo r  e x a m p l e ,  a c e t a l d e h y d e ,  on a c c oun t  of  the induc t ive  e f fec t  of c h l o r i n e  [6]. 
F o r  th i s  r e a s o n ,  the  e q u i l i b r i u m  (1) fo r  c h l o r o a c e t a l d e h y d e  shou ld  be sh i f t ed  to the  le f t  in c o m p a r i s o n  with 
a c e t a l d e h y d e .  The  i n c r e a s e  in the  s i z e  of  the r a d i c a l  R as  we go f r o m  a c e t a l d e h y d e  to e h l . o r o a c e t a l d e h y d e  
shou ld  l e a d  to the  s a m e  e f fec t ,  which  is e q u i v a l e n t  to an i n c r e a s e  in the  s t r e n g t h  of the  ac id .  H o w e v e r ,  the  
induc t ive  and s t e r i c  e f f ec t s  of c h l o r i n e  shou ld  e x e r t  m u t u a l l y  c o m p e n s a t i n g  e f fec t s  on the d e c o m p o s i t i o n  
of V - c h l o r o - ~ - n i t r o a l c o h o l s .  On the one hand, we shou ld  expec t  a c e r t a i n  d e c e l e r a t i o n  of the r a t e  of d e -  
c o m p o s i t i o n  on accoun t  of  the  induc t ive  e f fec t  of  c h l o r i n e  [7]; on the  o t h e r  hand,  an i n c r e a s e  in the  vo lume  
of the g r o u p  in the  V - p o s i t i o n  ( for  CH s, E s =0; fo r  C1CH 2, E s = - 0 . 2 4  [8]) shou ld  l e a d  to an  i n c r e a s e  in the  
r a t e  of d e c o m p o s i t i o n  on accoun t  of  an i n c r e a s e  in the  s t e r i e  s t r e s s  in the  i n i t i a l  s t a t e  of the  n i t r o a l c o h o l  
(a c l o s e  ana logy  to th is  can  be found in the  i n c r e a s e  in the r a t e  of  d e c o m p o s i t i o n  of  Mann ich  b a s e s  a s  a r e -  
su l t  of s t e r i c  f a c t o r s  [9]). The c o r r e s p o n d e n c e  of  the t h e o r e t i c a l l y  e x p e c t e d  r e s u l t s  to the o b s e r v e d  r e -  
su i t s  in a s t u d y  of  the  r e v e r s i b l e  r e a c t i o n  of c h l o r o a c e t a l d e h y d e  with n i t r o - c o m p o u n d s  shou ld  a n s w e r  the  
q u e s t i o n  of how c o r r e c t  o u r  c o n c e p t s  of  the  i n t e r a c t i o n  of s t e r i c  and p o l a r  e f f ec t s  in the r e v e r s i b l e  r e a c -  
t ion  with a l d e h y d e s  and c a r b a n i o n s  a r e .  

Th i s  work  was  devo t ed  to an i n v e s t i g a t i o n  of  1 - c h l o r o - 3 , 3 - d l n i t r o b u t a n o l - 2  (I) arid 1 - c h l o r o - 3 - n i t r o -  
3 - m e t h y l b u t a n o l - 2  (II). The s tudy  of  the  p o s i t i o n  of  e q u i l i b r i u m  (1) fo r  (II) and the r a t e  of d e c o m p o s i t i o n  
of (II) a t  high pH of the m e d i u m  is c o m p l i c a t e d  by  the h y d r o l y s i s  of c h l o r i n e  in c h l o r o a c e t a l d e h y d e  [10]. 
T h e r e f o r e ,  fo r  (II) we d e t e r m i n e d  only  the  o b s e r v e d  r a t e  of d e c o m p o s i t i o n  u n d e r  the  a c t i o n  of  h y d r o x y l  ions.  
The  da t a  o b t a i n e d  a r e  s u m m a r i z e d  in T a b l e  1, which  p r e s e n t s  fo r  c o m p a r i s o n  da ta  c h a r a c t e r i z i n g  the d e -  
c o m p o s i t i o n  of  n i t r o a l c o h o l s  f o r m e d  by  the c o n d e n s a t i o n  of a c e t a l d e h y d e  with d i n i t r o e t h a n e  and 2 - n i t r o -  
p r o p a n e  [4]. As can  be  s e e n  f r o m  the t ab l e  da ta ,  the  r e s u l t s  o b t a i n e d  c o r r e s p o n d  to t hose  expec t ed .  The  
r a t e s  of d e c o m p o s i t i o n  of the n i t r o - a l c o h o l s  (I) and  (III), (II), and (IV) a r e  p r a c t i c a l l y  i den t i ca l  wi th in  the  
l i m i t s  of  the  e x p e r i m e n t a l  e r r o r .  The r a t e s  of  f o r m a t i o n  (k_ 1) of the  a l c o h o l s  (I) and  (III) a r e  a l so  c l o s e ,  
Th i s  is undoub ted ly  a c o n s e q u e n c e  of the  mu tua l  c o m p e n s a t i o n  of the  s t e r i c  and  induc t ive  e f fec t s  of c h l o -  
r i ne  in the d e c o m p o s i t i o n  and f o r m a t i o n  of c o m p o u n d s  (I) and  (II). 
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T A B L E  1. K i n e t i c  P a r a m e t e r s  of the  D e c o m p o s i t i o n  and F o r m a t i o n  
of a N u m b e r  of N i t r o a l c o h o l s  in W a t e r  at  25 ~ and Ionic  S t rength  0.5 
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* The rate constant of the interaction of the carbanion of the nitro-compound with the 
aldehyde after a consideration of the degree of its hydration. 
$ It can be assumed with sufficient reliability that chloroacetaldehyde is almost entirely 
hydrated under the experimental conditions [11], K d = [C1CHzCHO]/[C1CH2CH (OH)z ] 
= 0.27. 

At  the  s a m e  t i m e ,  the  c o n s t a n t  of the e q u i l i b r i u m  (1) fo r  (I) is  g r e a t e r  than fo r  (III). P r e c i s e l y  th is  
e f fec t  shou ld  be  e x p e c t e d  on the b a s i s  of c o n c e p t s  of the  i n c r e a s e  in the  r i g i d i t y  of the C - a c i d  when e l e c t r o -  
n e g a t i v e  s u b s t i t u e n t s  a r e  i n t r o d u c e d  into i t s  m o l e c u l e .  

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

C h e m i c a l l y  p u r e  r e a g e n t s  w e r e  used .  The  w a t e r  was  r e d i s t i l l e d  twice  b e f o r e  u s e ,  the s e c o n d  t i m e  
in a s t r e a m  of n i t r o g e n .  The p u r i t y  of d i n i t r o e t h a n e  and 2 - n i t r o p r o p a n e  was  v e r i f i e d  g a s  c h r o m a t o g r a p h i -  
c a l l y  on a " P y e "  i n s t r u m e n t ,  with neopen ty l  g l y c o l  a d i p a t e  a s  the s t a t i o n a r y  phase .  G a s - l i q u i d  c h r o m a t o -  
g r a p h i c  a n a l y s i s  i n d i c a t e s  the  p r e s e n c e  of i m p u r i t i e s  in t h e s e  n i t r o - c o m p o u n d s ,  not e x c e e d i n g  5% of the  
t o t a l  amoun t  of  the  compound  in 2 - d i n i t r o e t h a n e  and in 2 - d i n i t r o p r o p a n e .  

1 - C h l o r o - 3 - n i t r o - 3 - m e t h y l b u t a n o l - 2 .  Th i s  was  p r o d u c e d  a c c o r d i n g  to the  s a m e  p r o c e d u r e  [12] a s  
the  p r o d u c t i o n  of  (IV), with a y i e l d  of 20%; bp 126-128 ~ ( t6 ram);  nD 2~ 1.4730. Found:  C 36.29,  36.41; H 
5.97, 5.99%. CsH10NO3C1. C a l c u l a t e d :  C 35.81; H 6.01%. IR s p e c t r u m  (in a th in  l aye r ) :  1545, 1350 c m  - i  
( n i t r o - g r o u p ) ,  3470 c m  -1 (hydroxy  group) .  

1 - C h l o r o - 3 , 3 - d i n i t r o b u t a n o l - 2 .  Th i s  was  p r o d u c e d  a c c o r d i n g  to the  p r o c e d u r e  for  the p roduc t i on  
of (III) in [13] wi th  a y i e l d  of 80%; bp 87 ~ (1 mm);  nD2~ 1.4850. Found:  C 24.43, 24.14; H 3.91, 3.82; C1 17.45,  
17.41%. C4H?N2OsC1. Ca l cu l a t ed :  C 24.18; H 3.53; C1 17.88%. IR s p e c t r u m  (in a th in  l aye r ) :  1580, 1325 
c m  -1 ( n i t r o - g r o u p ) ,  3500 c m  -~ (hyd roxy  group) .  

The k i n e t i c s  of  the  d e c o m p o s i t i o n  of (D and (II) was  s t u d i e d  s p e c t r o p h o t o m e t r i c a l l y  a c c o r d i n g  to the 
i n c r e a s e  in the  o p t i c a l  d e n s i t y  in the r e g i o n  of the a b s o r p t i o n  m a x i m a  of the  an ions  of 2 - n i t r o p r o p a n e  and 
d i n i t r o e t h a n e  [4, 13]. The  d e c o m p o s i t i o n  of (I) was s t u d i e d  in a c e t a t e  bu f f e r  s o l u t i o n s  at  pH 3 .90-4 .45 .  The 
d e c o m p o s i t i o n  of  (II) was s t u d i e d  in b o r a t e  bu f f e r  s o l u t i o n s  a t  pH 8 .70-9 .65 .  The n u m b e r  of m e a s u r e m e n t s  
was  equa l  to s ix  fo r  (II) and  (I). The  k i n e t i c  c u r v e s  of  the  d e c o m p o s i t i o n  of (I) and (II) obey  the p r i n c i p l e s  
of f i r s t - o r d e r  k i n e t i c s .  The da t a  ob t a ined  a r e  s u m m a r i z e d  in Tab le  1. 

The  e q u i l i b r i u m  of the  d e c o m p o s i t i o n  of (D into the  s t a r t i n g  m a t e r i a l s  was  s t ud i e d  s p e c t r o p h o t o m e t r i -  
c a l l y  in an a c e t a t e  b u f f e r  s o l u t i o n  at  pH 3.90 a c c o r d i n g  to the  p r o c e d u r e  of [2]. The va lue  ob t a ined  was  an 
a v e r a g e  of f ive  m e a s u r e m e n t s .  

C O N C L U S I O N S  

1. The d e c o m p o s i t i o n  of 1 - c h l o r o - 3 , 3 - d i n i t r o b u t a n o l - 2  and 1 - c h l o r o - 3 - n i t r o - 3 - m e t h y l b u t a n o l - 2  in 
w a t e r  a t  25 ~ with  an  ionic  s t r e n g t h  of 0.5 was s tud ied .  
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2. The e q u i l i b r i u m  cons t an t  of the d i s s o c i a t i o n  of 1 - c h l o r o - 3 , 3 - d i n i t r o b u t a n o l - 2  in  w a t e r  at 25 ~ was 

found. 
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