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With the object of searching for an economical  and technologically convenient method of prepar ing 
n-ni troacetophenone (I), a comparat ive  study was conducted of methods for prepar ing this compound by 
condensation of the ethyl e s t e r  of acetoacet ic  acid (II) and the acid chloride of n-ni t robenzoic  acid (III), and 
by the hydrolys is  of the resul tant  n-ni t robenzoyl  acetoacetate es ter  (IV) into the n-ni t robenzoyl  acetic es te r  
(V) with subsequent saponification and decarboxylat ion of the lat ter  into n-nitroacetophenone (I). 

According to data in the l i te ra ture ,  condensation of the acetoacetate  es te r  with the acid chloride of the 
acids is conducted in the presence  of metal l ic  sodium [1] or  magnesium [2] and in a medium of absolute 
ethyl alcohol, and in an analogous manner  the diethyl e s t e r  of malonic acid is condensed with the acid chlo-  
ride of n-ni t robenzoic  acid [3]. The disadvantages of the described methods are  the necess i ty  of using 
metal l ic  sodium or magnesium and the fact that the alcohol used must  be in an ext remely  anhydrous state. 
When an attempt was made to repeat  cer ta in  of the experiments  descr ibed in the l i terature  for prepar ing  
the e s t e r  IV it was impossible to reproduce the resul ts ,  and maximum yields of the es te r  IV obtained by 
us varied from 65-70% (according to data in the l i terature  [4] the yield was 90%). 

Having commenced to study the react ion,  an attempt was made f i rs t ly  to obtain the magnesium de r iva -  
tive of the acetoacetate  e s t e r  in a medium of liquid ammonia [5], af ter  which the ammonia was replaced by 
benzene, in which the condensation was conducted. The method was not very  suitable, f i rs t ly  on account of 
the difficulties associa ted  with the use of liquid ammonia  and secondly on account of the inadequate yield of 
the e s t e r  IV (not more  than 55%). 

Fur ther ,  a study was made of the possibi l i ty of conducting the condensation in an aqueous medium in 
the presence  of sodium hydroxide [6]. Compound II and a benzene solution of compound III were s imul ta-  
neously added dropwise to a concentrated aqueous solution of sodium hydroxide a t  a tempera ture  of approx-  
ima te ly l0~  the pH of the medium was approximately 11.0. The yield of compound IV with a m p  of 
54-55 ~ was equivalent to 40-50%.  Simultaneously n-ni t robenzoic  acid was isolated with a yield of approxi-  
mate ly  40~0. One might suggest  that in the heterogeneous medium the rates  of condensation and hydrolysis  
of the acid chloride III a re  a lmost  identical. In o rder  to inhibit hydrolysis ,  the condensation was conducted 
in a homogeneous medium, a solution of methanol with potassium hydroxide as the condensing agent. A 
decrease  in tempera ture  of the react ion led to a subsequent decrease  in rate of hydrolysis  of the acid chlo- 
ride of n-ni t robenzoic  acid. At --5 ~ in a methanolic solution of potassium hydroxide the condensation of 
acetoacetic ester with n-nitrobenzoyl chloride proceeds with a yield of 95% for the technical product and 
90-92~0 for the recrystallized substance with amp of 56 ~ 
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Hydrolysis of the n-nitrobenzoyl acetoacetate ester IV may be achieved by the action of ammonium 
chloride and ammonia in an aqueous medium or ammonia in an alcoholic medium with approximately the 
same yields. An advantage of the latter method is the possibility of conducting the condensation and hydro- 
lysis in one stage without extracting the intermediate product, IV. By heating the ethyl ester of n-nitroben- 
zoyl acetic acid, V, with a 20% solution of sulfuric acid n-nitroacetophenone was obtained with a yield of 90%. 

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

P r e p a r a t i o n  o f  n - N i t r o b e n z o y l  A c e t o a c e t a t e  E s t e r  ( I V ) .  

A.  In Liquid  A m m o n i a .  A 150 m l  v o l u m e  of l iquid  a m m o n i a  was  added  to a h e a t - i n s u l a t e d ,  t r i p l e -  
n e c k e d  f l a s k  p r o v i d e d  with  a s t i r r e r .  D u r i n g  s low a g i t a t i o n  2.5 g of m a g n e s i u m  f i l ings  w e r e  then added ,  
and f i n a l l y  13 g of the a c e t o a c e t a t e  e s t e r  w e r e  added  d r o p w i s e .  The m i x t u r e  was  s t i r r e d  for  1 hour ,  and 
the a m m o n i a  was  r e m o v e d  by  e v a p o r a t i o n  at  r o o m  t e m p e r a t u r e  and then v a c c u m .  A 20 m l  v o l u m e  of d r y  
be nzene  was  a d d e d  to the r e s i d u e  of the  m a g n e s i u m  d e r i v a t i v e  of  the a c e t o a c e t a t e  e s t e r ,  and  then  with  s t i r -  
ing  a t  r o o m  t e m p e r a t u r e  a s o l u t i o n  of 14 g of n - n i t r o b e n z o y l  c h l o r i d e  in 80 m l  of be nz e ne  was  added  d r o p -  
w i se .  The m i x t u r e  was  h e a t e d  fo r  1 hou r  a t  90 ~ coo led ,  and t r e a t e d  wi th  200 m l  of a 5% so lu t i on  of s u l f u r i c  
ac id .  The b e n z e n e  l a y e r  was  s e p a r a t e d  and d r i e d ,  the  s o l v e n t  was  r e m o v e d  by  d i s t i l l a t i o n ,  and the r e s i d u e  
was  r e c r y s t a l l i z e d .  The y i e l d  of the  e s t e r  IV was  15.5 g (55%), mp  53-55 ~ 

B. In Aqueous  Med ium.  A 20 g q u a n t i t y  of a c e t o a c e t a t e  e s t e r  and a so lu t i on  of 30 g of n - n i t r o b e n z o y l  
c h l o r i d e  in  15 m l  b e n z e n e  w e r e  s i m u l t a n e o u s l y  added  d r o p w i s e  o v e r  a two hour  p e r i o d  f r o m  two d r o p p i n g  
funne l s  in to  80 m l  of a 15% s o l u t i o n  of s o d i u m  h y d r o x i d e  coo l ed  to 0 ~ The m i x t u r e  was  s t i r r e d  fo r  a f u r -  
t h e r  2 h at  r o o m  t e m p e r a t u r e ,  a f t e r  which  a so lu t i on  of h y d r o c h l o r i c  a c id  was  a d d e d  unt i i  the pH va lue  was  
a d j u s t e d  to 2.0. The m i x t u r e  was  twice  e x t r a c t e d  with  b e n z e n e ,  the o r g a n i c  l a y e r  was  d r i e d ,  the s o l v e n t  
was  r e m o v e d  by  d i s t i l l a t i o n  on a w a t e r  ba th ,  and the r e s i d u e  was  r e c r y s t a l l i z e d  f rom a l coho l .  The y i e l d  of 
e s t e r  IV was  21 g (50%), and the c r y s t a l s  had a m p  of 54-55 ~ 

C. In Methano l .  A 30.6 g quan t i t y  of a c e t o a c e t a t e  e s t e r  was  a d d e d  d r o p w i s e  o v e r  a 1 5 - m i n u t e  p e r i o d  
to a s o l u t i o n  of 11.2 g p o t a s s i u m  h y d r o x i d e  in 160 m l  m e t h a n o l  coo l ed  to - 5  ~ At  the s a m e  t e m p e r a t u r e  a 
s o l u t i o n  of 37 g of n - n i t r o b e n z o y l  c h l o r i d e  in 100 m l  be nz e ne  was  added  to the above  m i x t u r e  o v e r  a o n e - h o u r  
p e r i o d .  The  m i x t u r e  was  s t i r r e d  fo r  a f u r t h e r  10 h o u r s ,  a f t e r  which  the t e m p e r a t u r e  was  a l l ow e d  to r i s e  to 
r o o m  t e m p e r a t u r e .  A 200 m l  vo lume  of w a t e r  was  added ,  the r e a c t i o n  m i x t u r e  was  a c i d i f i e d  to pH 2.0, the 
be nzene  l a y e r  was  s e p a r a t e d ,  the  w a t e r  l a y e r  was  twice  e x t r a c t e d  with  b e n z e n e ,  and the be nz e ne  e x t r a c t s  
w e r e  c o m b i n e d  and d r i e d ,  and the b e n z e n e  was  r e m o v e d  by  d i s t i l l a t i o n  on a w a t e r  ba th .  The  r e s i d u e  was  
r e c r y s t a l l i z e d  f r o m  30 m l  of e thy l  a l c o h o l .  The y i e l d  of the  e s t e r  IV was  55 g (96%), mp 55-56 ~ 

P r e p a r a t i o n  o f  n - N i t r o b e n z o y l  A c e t i c  E s t e r  ( V ) .  

A. In Aqueous  Med ium.  A 50 g quan t i t y  of f r e s h l y - g r o u n d  n - n i t r o b e n z o y l  a c e t o a c e t a t e  e s t e r  IV was  
added  with  s t i r r i n g  to a s o l u t i o n  of  32 g of  a m m o n i u m  c h l o r i d e  and 10 m l  of a 25% s o l u t i o n  of a m m o n i a  in 
400 m l  w a t e r .  The m i x t u r e  was  s u b s e q u e n t l y  s t i r r e d  fo r  s e v e r a l  m i n u t e s  in o r d e r  to a c h i e v e  c o m p l e t e  
d i s p e r s i o n ,  and i t  was  then  h e a t e d  in a w a t e r  ba th  to 40 ~ and r a p i d l y  coo led  to 10% when c r y s t a l l i z a t i o n  
c o m m e n c e d .  Yie ld  of e s t e r  V 36 g (85%), mp 75 ~ (from a lcoho l ) .  

B. In Methano l .  A m i x t u r e  of 30 g e s t e r  IV 30 m l  m e t h y l  a l c o h o l  and 30 ml  c o n c e n t r a t e d  a m m o n i a  
was  hea t ed  fo r  3 h o u r s  in a r e f l u x  c o n d e n s e r .  On c oo l i ng  the m i x t u r e  to 0 ~ c r y s t a l s  of n - n i t r o b e n z o y l  a c e -  
t a t e  e s t e r  V s e p a r a t e d  out.  Yie ld ,  22 g (87%), m p  74-75 ~ 

A m i x t u r e  of 50 g n - n i t r o b e n z o y l  a c e t a t e  e s t e r  V and 130 ml  of a 20% s o l u t i o n  of s u l f u r i c  a c i d  was  
s t i r r e d  a t  100 ~ f o r  one h o u r ,  and 30 m l  of c o n c e n t r a t e d  s u l f u r i c  a c i d  was  added  d r o p w i s e  f r o m  a d r o p p i n g  
funnel .  The m i x t u r e  was  s t i r r e d  d u r i n g  h e a t i n g  f o r  a f u r t h e r  4 h o u r s ,  500 m l  w a t e r  was  added ,  and then the 
m i x t u r e  was  coo l ed  and the s e p a r a t e d  c r y s t a l s  of n - n i t r o a c e t o p h e n o n e  w e r e  r e c r y s t a l l i z e d  f r o m  a l c o h o l .  
Yie ld ,  32 g (92%), mp  79-80  ~ 
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