
with mp 96-97 ~ Rf 0.32, and [~]D2~ 33'.4 • 0.3 ~ (c 5, DMF). Found: 51.7; H 4.5%. C16H1606S ~. Calculated: 
C 51.8; H 4.4%. 

Kinetic Control.  A mixture of 0.025 mole of the dialdehyde, 1.23 g (0.005 mole) of 3 - O - p - t o s y l - s n - g l y -  
cerol ,  5 g of anhydrous copper sulfate, and 100 ml of toluene was shaken for 6 h (the formation of the i somers  
was monitored by TLC), after which it was fil tered, and the solution was worked up as in the method involving 
thermodynamic control .  

Aldehyde Ia yielded 0.45 g of a mixture consist ing of 9570 cis i somer  IIa and 570 trans i somer  IIIa with mp 
88-95 ~ and [~]D2~ ~ (c 5, DMF). Recrysta l l iza t ion from 7570 ethanol gave pure IIa. 

Aldehyde Ic yielded 0.5 g of a mixture consist ing of 7570 cis i somer  IIc and 25% trans i somer  IIIe as an 
uncrystal l izable  oil with [a,]D2~ ~ (c 4.1, DMF). 

1. 
2. 

3. 
4. 
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B E H A V I O R  O F  2 - N I T R O S O - 4 - N I T R O P R O P I O P H E N O N E  

U N D E R  C O N D I T I O N S  OF C Y C L I Z A T I O N  TO H A L O A N T H B A N I L S  

S. S. M o c h a l o v ,  T .  P .  S u r i k o v a ,  
a n d  Y u .  S. S h a b a r o v  

UDC 547.786.3.07 

The cycl izat ion of 2-ni t roso-4-ni t ropropiophenone under the influence of hydrogen chloride pro-  
ceeds in a more  complex manner than in the cases  previoasly  described for other 4-substi tuted- 
2-ni t rosopr0piophenones:  three,  ra ther  than two, haloanthranils are  formed, and their formation 
is accompanied simultaneously by a number of redox t ransformat ions .  This fact is explained by 
a decrease  in the ability of the carbonyl  group in the investigated ketone to undergo protonation. 

It has been shown [1] that the formation of anthranils is pract ical ly  the only pathway in the react ion of 
triphenylphosphine with 4-substi tuted o-ni t rosoacylbenzenes .  A side product -2 -amino-4 -n i t rop rop iophenone  
( I I I ) -  is formed in appreciable quantities (~ 17%) along with 6-ni t ro-3-e thylanthrani l  (II) only in the case  of 
2-ni t roso-4-ni t ropropiophenone (I). This resul t  provided evidence that the presence  of a nitro group in the 
benzene ring of the start ing ni t roso ketone can have a substantial effect on the direction of the reaction.  

In the present  r e s e a r c h  we have studied the behavior of ni t roso ketone I when it is treated with hydrogen 
chloride in benzene under conditions for which the previously investigated o-ni t rosoacylbenzenes were readily 
converted to the correspondong 5- and 7-haloanthranits [2]. It was found that in this case  also the conversion 
of I proceeds in a more  coml~lex manner.  F i rs t ,  three haloanthranils,  ra ther  than two as previously shown for 
other o-ni t ro  ketones [2], are  formed; second, one observed simultaneous in termolecular  redoxt ransformat ions*  

*Similar react ions a re  also observed during the cyclizat ion of some nitroso ketones under the influence of 
hydrogen bromide in benzene and hydrogen chloride in methanol [3]. 

M. V. Lomonosor  Moscow State University.  N. I. Pirogov Second Moscow State Medical Institute. T rans -  
lated from Khimiya Geterotsiklicheskikh Soedinenii, No. 10, pp. 1334-1337, October,  1976. Original ar t icle  
submitted September 30, 1975. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, iV. Y. 10011. No part 
]of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or othe~vise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $7.50. 
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of - s tar t ing  n i t r o s o  compound I; th ird,  a d ipheny lamine  d e r i v a t i v e  is obtained - a phenomenon  that we  have not 
o b s e r v e d  p r e v i o u s l y  [1-3] during a study of the p r o p e r t i e s  of o - n i t r o s o a c y l b e n z e n e s .  
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The rat io  of the 5-  (Iv') and 7 - c h l o r o - 6 - n i t r o - 3 - e t h y ! a n t h r a n i l  (V) obtained on t r e a t m e n t  of ke tone  I with 
hydrogen c h l o r i d e  gas in b e n z e n e  was  found to be p r a c t i c a l l y  the s a m e  [4, 5] as in the c a s e  of the p r e v i o u s l y  
s tudied n i t r o s o  k e t o n e s  [2]. This  once  again p r o v i d e s  e v i d e n c e  that the e a s e  of  incorporat ion  of halogen in the 
7 pos i t ion  of the anthrani l  s y s t e m  in the r e a c t i o n  under c o n s i d e r a t i o n  depends p r i m a r i l y  on the v o l u m e  of  the 
halogen [3] and not on the s t r u c t u r e  of the s tar t ing  n i t r o s o a c y l b e n z e n e .  

A m e c h a n i s m  of the format ion  of the 5-  and 7 -ha loanthran i l s ,  which  inc ludes ,  as a f i r s t  s tep ,  protonat ion  
of the carbonyl  group of the s tar t ing  o - n i t r o s o  ke tone ,  was  p r o p o s e d  in our p r e c e d i n g  paper  [2]. It is obvious  
that, owing  to the ef fect  of the ni tro  group in the p a r s  pos i t ion ,  the abi l i ty  of the earbon), l  group in n i t r o s o  ke tone  
I to undergo  protonat ion b e c o m e s  c o m p a r a b l e  to that o b s e r v e d  for the n i t r o s o  group.  This  a l s o  leads  to the 
format ion  of 4 - c h l o r o - 6 - n i t r o - 3 - e t h y l a n t h r a n i l  (VI). 

C 2 H ~ ,  
i 

H + / . ~ . ~ "  C ~-0 

F' C H C! C2H~ �9 < .  , - o  % ,  . 
�9 " C\ 4" y->C,) +CI- ~ " ~  0 

- . "O-/"-~,~'L > ..-/ 

.... .o;. 

+H + 
+ 

- H  ; - H ~ O  
V I  

The format ion  of 6 - n i t r o - 3 - e t h y l a n t h r a n i l  (II) ev ident ly  o c c u r s  via the s a m e  s c h e m e  as  in the f o r m a t i o n  of 
unsubst i tuted  3 -e thy lanthran i l  f rom o - n i t r o s o p r o p i o p h e n o n e  [3] by i n t e r m o l e c u l a r  r e d i s t r i b u t i o n  of oxygen.  Our 
study of the trend of the c o n v e r s i o n  of I when it is heated in benzene  and when it is a l lowed to stand in the dark 
for a long t i m e  without heat ing,  as a r e s u h  of which anthrani l  iI, 2 , 4 -d in i t roprop iophenone  (VII), and 2 , 2 ' - d i p r o -  
p i o n y l - 4 , 4 ' - d i n i t r o a z o x y b e n z e n e  (VHI) w e r e  f o r m e d ,  c o n s t i t u t e s  e v i d e n c e  that the r e d o x  r e a c t i o n s  in this  c a s e  
a l s o  may p r o c e e d  independently  of the c o n v e r s i o n s  under the inf luence  of hydrogen chIor ide .  

The m e c h a n i s m  of the format ion  of 2,4,4'-trinitro-2'-propionyldiphenylamine (IX) is  not yet  su f f i c i ent ly  
c l e a r ,  although it has been r e l i a b l y  e s t a b l i s h e d  that the d ipheny lamine  d e r i v a t i v e s  may be obtained from a r o -  
matte  C - n i t r o s o  compounds  [4]. The fact that n i t roan i l ine  III was  i so la ted  f rom the r e a c t i o n  in r e l a t i v e l y  s m a l l  
amounts  may s e r v e  as an ind irec t  c o n f i r m a t i o n  of the format ion  of LX as a r e s u l t  of nuc leophi l i e  subst i tut ion  of 
the propionyl  group in s tar t ing  n i t r o s o  ketone  I under the inf luence  of subst i tuted ani l ine  III (as has been de -  
s c r i b e d  for p - n i t r o s o p h e n o l  and its a lkyl  e t h e r s  [4]) and its subsequent  oxidation to t r i n i t r o d i p h e n y l a m i n e  IN. 

The s t r u c t u r e s  of al l  of the compounds  w e r e  c o n f i r m e d  by the data f rom the I!R and PMR s p e c t r a  ( see  
Table  1) and a l so  by a l t e r n a t i v e  s y n t h e s i s  of s o m e  of them ( see  the s c h e m e  p r e s e n t e d  above) .  

The r e s u l t s  m a k e  it p o s s i b l e  to a s s u m e  that when a n i tro  group is introduced in the 4 pos i t ion  of the ben-  
z e n e  r ing  of 2 - n i t r o s o p r o p i o p h e n o n e  the abi l i ty  of the lat ter  to undergo protonat ion at the earbony l  group is r e -  
dueed.  For  this  r e a s o n ,  f i r s t ,  not only 5-  and 7 - e h l o r o a n t h r a n i l s  IV and V but a l so  4 - subs t i tu t ed  i s o m e r  VI are  
f o r m e d  in the r e a c t i o n ,  and, s econd ,  c y c l i z a t i o n  to anthrani ls  is  s l o w e d  down, and the independent ly  o c c u r r i n g  
r e d o x  t r a n s f o r m a t i o n s  a l so  begin to play a subs tant ia l  r o l e .  
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T A B L E  1. P M R ' S p e c t r a  of the  Compounds  Obta ined  

Corn- Chemical shifts, 5, ppm I, Hz 
aromatic }rotons 

pound p /o J 
CHa [ CH2 3-II 3 ' -H 4-H 4 '-H 5-H 6-II 6 ' -H 7-H 

IV 1t, 152 q, 3,21 --  
V t, 11481 q, 3,16 --  

t ,  1,44 q, 3,39 --  
VI t,l,21Iq, 2,75 d,8,84 VII 

/ 

VIII t(6H),~ui*(4H), d,8,0g 
1,12 | 2,88 I 

IX? t(3H),|q (2H), .d, 9,0{ 
I,I1 | 2,92 

D 

d, 7,92 

s, 8,41 

s, 7,6( 
d,7,0{ 

dd 
8,67 

dd 
8,38 

s, 8,41 

d.T,a 
d,7,5{ 

.dd 
8,46 

dd 
8,86 

- -  m 

7,4~ 

8,9~ d, 8,56 

8,2{ s, 3,41 

s, 7,88 --  ] - -  

_-,_(-/ 
- -  1 ~ 8  ~ 2 , 2  

* A s y m m e t r i c a l  qu in te t  (qui) was f o r m e d  by s u p e r i m p o s i t i o n  of the  
s i g n a l  [ q u a r t e t  (q)] of one m e t h y l e n e  g roup  of the  e thyl  r e s i d u e  on 
the  c o r r e s p o n d i n g  s i g n a l  f r o m  the  o the r .  
t The  s i g n a l  of  the  p r o t o n  of the  NH group  of IX is a b r o a d  s i ng l e t  
(1H) at  5.57 ppm.  

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

The  IR s p e c t r a  of m i n e r a l  oi l  and h e x a c h l o r o b u t a d i e n e  s u s p e n s i o n s  of the  compounds  w e r e  r e c o r d e d  with  
a UR-20  s p e c t r o m e t e r .  The  PMR s p e c t r a  of CCl l ,  CH2C12, CDaCOCD3, and CD3SOCD 3 so lu t ions  of the compounds  
w e r e  r e c o r d e d  with a JNM H-60 s p e c t r o m e t e r  (60 MHz) with h e x a m e t h y l d i s i l o x a n e  as  the  i n t e r n a l  s t a n d a r d .  The  
m o l e c u l a r  we igh t s  w e r e  d e t e r m i n e d  m a s s  s p e c t r o m e t r i c a l l y  with a V a r i a n - M A T - 1 1 1  s p e c t r o m e t e r  with an 
i on i z ing  v o k a g e  of 80 eV. 

R e a c t i o n  of 2 - N i t r o s o - 4 - n i t r o p r o p i o p h e n o n e  (I) wi th  H y d r o g e n  C h l o r i d e  in Benzene .  A s t r e a m  of d r y  
h y d r o g e n  c h l o r i d e  was  bubbled  with  s t i r r i n g  in the  c o u r s e  of 2 h into a s u s p e n s i o n  of 5 g (0.024 mole)  of n i t r o  
n i t r o s o  ke tone  I [5] and 100 ml  of d r y  benzene ,  a f t e r  which  the be nz e ne  so lu t ion  was  washed  to n e u t r a l i t y  with 
w a t e r  and d r i e d  with  m a g n e s i u m  su l f a t e .  The  so lve n t  was r e m o v e d  by v a c u u m  d i s t i l l a t i o n  at  30-35 ~ , and the  
r e s i d u e  (5.25 g) was  c h r o m a t o g r a p h e d  on p l a t e s  wi th  a th in  l a y e r  of a c t i v i t y  II a l u m i n u m  oxide  in an e t h e r -  
p e t r o l e u m  e t h e r  (40-70 ~ s y s t e m  (1 : 3)* to g ive  the  fo l lowing  c o m p o u n d s .  E lu t ion  gave  0.22 g (4%) of 4 - c h l o r o -  
6 - n i t r o - 3 - e t h y l a n t h r a n i l  (VI) with mp 102-103 ~ Found :  C 47.4;  H 3.0; N 12.2%. M 226. CgHTC1N20 ~. C a l c u -  
l a t ed :  C 47.7;  H 3.1; N 12.4%; M 226. A l s o  ob ta ined  was 1.01 g (22%) of 6 - n i t r o - 3 - e t h y l a n t h r a n i l  (II) with mp 
53 ~ and 1.2 (22%) of 5 - c h l o r o - 6 - n i t r o - 3 - e t h y l a n t h r a n i l  (IV) with mp 78-79 ~ Found:  C 47.5:  H 3.0%; M 226. 
CsHTCIN203. C a l c u l a t e d :  C 47.7;  H 3o1%; M 226. 7 - C h l o r o - 6 - n i t r o - 3 - e t h y l a n t h r a n i l  (V), 0.27 g (5%), mp 80-  
81 ~ . Found :  C 47.5;  H 2.9%; M 226. C9HTCIN203. C a l c u l a t e d :  C 47.7;  H 3.1%; M 226; 2 - A m i n o - 4 - n i t r o p r o -  
p iophenone  (III), 0.1 g, mp 124 ~ [1]; 2 , 4 - d i n i t r o p r o p i o p h e n o n e  (VII), 0.21 g (4%), mp 75-76% IR s p e c t r u m :  1695 
c m  -1 (C=O) .  Found :  C 48.0;  H 3.4%. C9H8N205. C a l c u l a t e d :  C 48.2;  H 3.6%. Al so  ob ta ined  was 2 , 2 ' - d i p r o -  
pionyl-5,5'-dinitroazoxybenzene (VIII), [0.34 g (7%)] with mp 138 ~ Found :  C 53.7; H 4.1%. C18H16NtOT. C a l c u -  
l a t ed :  C 54.0; H 4.0%. A l s o  ob ta ined  was 0.48 g (11%) of  2 , 4 , 5 ' - t r i n i t r o - 2 ' - p r o p i o n y l d i p h e n y l a m i n e  {IX) with 
mp 184-185 ~ . IR s p e c t r u m :  1705 (C=O) and 1360, 1545 c m  - i  (NO2). Found:  C 49.9;  H 3.2%; M 359. 

CtsH12N407. C a l c u l a t e d :  C 50.0; H 3.3%; M 360. 

Ox ida t ion  of 2 - N i t r o s o - 4 - n i t r o p r o p i o p h e n o n e  (i). A 0 . 5 - g  (0.0024 mole)  s a m p l e  of n i t r o s o  ke tone  I was 
added  in p o r t i o n s  with s t i r r i n g  at  20 ~ to 5 ml  of n i t r i c  ac id  (sp.  g r .  1.4). A f t e r  15-20  min,  the  m i x t u r e  was 
p o u r e d  into 80 ml  of w a t e r ,  and the  o r g a n i c  p r o d u c t s  w e r e  e x t r a c t e d  with two 2 0 - m l  p o r t i o n s  of e t h e r .  The  
e t h e r  e x t r a c t s  w e r e  washed  with w a t e r  and d r i e d  with c a l c i u m  c h l o r i d e .  The  so lve n t  was r e m o v e d ,  and the 
r e s i d u e  was  c h r o m a t o g r a p h e d  on a p l a t e  in  a th in  l a y e r  of a l u m i n u m  oxide as  d e s c r i b e d  above  to g ive  0.41 g 
(76%) of 2 , 4 - d i n i t r o p r o p i o p h e n o n e  (VII) with mp 75-76 ~ No m e l t i n g - p o i n t  d e p r e s s i o n  was o b s e r v e d  fo r  a m i x -  
t u r e  of th i s  p r o d u c t  with the  s a m p l e  ob ta ined  in the p r e c e d i n g  e x p e r i m e n t .  

Reduc t i on  of 2 - N i t r o s o - 4 - n i t r o p r o p i o p h e n o n e  (I). A m i x t u r e  of 0.2 g (0o001 mole)  of n i t r o s o  ke tone  I, 0.5 g 
of r e d u c e d  i ron ,  and 3 ml  of  g l a c i a l  ace t i c  a c id  was hea ted  to  60-65 ~ and s t i r r e d  at th is  t e m p e r a t u r e  for  7-10 
min~ a f t e r  which  i t  was p o u r e d  into 50 ml  of w a t e r .  The  o rga n i c  p r o d u c t s  w e r e  e x t r a c t e d  with two 1 5 - m l  p o r -  
t ions  of  e t h e r ,  and the e x t r a c t  was washed  with w a t e r  and d r i e d  with m a g n e s i u m  su l f a t e .  The  so lven t  was e v a p -  
o r a t e d ,  and the r e s i d u e  was c h r o m a t o g r a p h e d  as  d e s c r i b e d  above  to give 0.11 g (59%) of 2 - a m i n o - 4 - n i t r o p r o -  

* Compounds  II  and IV w e r e  not  s e p a r a t e d  by th i s  e luen t ;  they  w e r e  s e p a r a t e d  into ind iv idua l  s a m p l e s  by r e p e a t e d  

e lu t ion  with p e t r o l e u m  e t h e r  (40-70~ 
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p iophenone  ( l iD,  wi th  mp 123 ~ [ t ] ,  and 0.03 g (15%) of 2 , 2 ' - d i p r o p i o n y l - 5 , 5 ' - d i n i t r o a z o x y b e n z e n e  (VIII), wi th  mp 
138 ~ . No m e l t i n g - p o i n t  d e p r e s s i o n  was o b s e r v e d  fo r  m i x t u r e s  of both  c o m p o u n d s  with s a m p l e s  p r e v i o u s l y  ob -  

t a i ned .  

R e d u c t i o n  of 6 - N i t r o - 3 - e t h y l a n t h r a n i l  (II). A so lu t i on  of 0.75 g (0.004 mole)  of a n t h r a n i l  II in 5 ml  of 
e thano l  was added to i g of r e d u c e d  i r o n  in 10 ml  of g l a c i a l  a ce t i c  ac id ,  and the  m i x t u r e  was hea ted  with s t i r r i n g  
to 60 ~ It was  m a i n t a i n e d  a t  t h i s  t e m p e r a t u r e  for  10-12 ra in ,  a f t e r  which it was  p o u r e d  into 100 ml  of w a t e r .  
The  r e d u c t i o n  p r o d u c t s  w e r e  e x t r a c t e d  with two 3 0 - m l  p o r t i o n s  of e t h e r ,  and the e x t r a c t  was  washed  with w a t e r  
and d r i e d  with c a l c i u m  c h l o r i d e .  The  s o l v e n t  was  e v a p o r a t e d ,  and the  r e s i d u e  was  c h r o m a t o g r a p h e d  as  d e s c r i b e d  
above  to g ive  0.67 g (88%) of 2 - a m i n o - 4 - n i t r o p r o p i o p h e n o n e  (III) with mp 124 ~ 

C o n v e r s i o n  of 2 - N i t r o s o - 4 - n i t r o p r o p i o p h e n o n e  (I) in Be nz e ne  in the  A b s e n c e  of H v d r o g e n  C h l o r i d e .  A 
s o l u t i o n  of 0.1 g (0.0005 mole)  of n i t r o s o  ke tone  I in 20 ml  of  d r y  be nz e ne  was a l lowed  to s tand  in the  d a r k  fo r  
4-5 d a y s ,  a f t e r  which the s o l v e n t  was e v a p o r a t e d  to a v o l u m e  of 1 ml .  The  r e s u l t i n g  p r e c i p i t a t e  [the s t a r t i n g  
n i t r o s o  ke tone ,  0.065 g (65%), mp 101 ~ [4] was r e m o v e d  by f i l t r a t i o n ,  and the  r e s i d u e  was c h r o m a t o g r a p h e d  with  
s t a n d a r d s  in a thin l a y e r  of a l u m i n u m  ox ide  in an  e t h e r - p e t r o l e u m  (40-70 ~ s y s t e m  (1 : 3). A c c o r d i n g  to t he  
TLC da ta ,  the  r e a c t i o n  m i x t u r e  con ta ined  6 - n i t r o - 3 - e t h y l a n t h r a n i l  (II), 2 - a m i n o - 4 - n i t r o p r o p i o p h e n o n e  (IIl),  2 ,4 -  
d i n i t r o p r o p i o p h e n o n e  (VII), and 2 , 2 ' - d i p r o p i o n y l - 5 , 5 ' - d i n i t r o a z o x y b e n z e n e  (VIII). 
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2 - A r y l b e n z o x a z o l e s  w e r e  ob ta ined  by hea t ing  c o p p e r  c o m p l e x e s  of o - n i t r o s o p h e n o l s  with a r o m a -  
t ic  a l d e h y d e s  in t e t r a l i n .  

In [1] we showed that  b e n z o x a z o l e s  can  be s u c c e s s f u l l y  ob ta ined  by hea t ing  o - n i t r o p h e n o l s  with a r o m a t i c  
a l d e h y d e s  in t e t r a l i n .  In th is  r e s e a r c h  i t  was a l so  noted that  a - n i t r o s o - f i - n a p h t h o l  a l s o  u n d e r g o e s  a s i m i l a r  
r e a c t i o n .  

The  a i m  of the  p r e s e n t  r e s e a r c h  was to s tudy  the r e a c t i o n  of a r o m a t i c  a l d e h y d e s  with o - n i t r o s o p h e n o l s .  
The l a t t e r  a r e  u n s t a b l e  and a r e  i s o l a t e d  p r i m a r i l y  in the f o r m  of c o p p e r  c o m p l e x e s  [2]. We e s t a b l i s h e d  tha t  the  
c o r r e s p o n d i n g  2 - a r y l b e n z o x a z o l e s  a r e  f o r m e d  in up to 56% y i e l d s  (Tab le  1) when t h e s e  c o m u l e x e s  a r e  hea ted  
with a r o m a t i c  a l d e h y d e s  in t e t r a l i n  with s i m u l t a n e o u s  r e m o v a l  of the l i b e r a t e d  w a t e r  by d i s t i l l a t i o n .  Since  
benzo ic  a c i d s  a r e  d e t e c t e d  in the  r e a c t i o n  p r o d u c t s ,  it may  be as  sumed  that  the  r e a c t i o n  p r o c e e d s  v ia  the  fo l lowing  
s c h e m e :  

S i b e r i a n  T e c h n o l o g i c a l  Ins t i tu t e ,  K r a s n o y a r s k .  L e n s o v e t  T e c h n o l o g i c a l  I n s t i t u t e .  T r a n s l a t e d  f r o m K h i m i y a  
G e t e r o t s i k l i c h e s k i k h S o e d i n e n i i ,  No. 10, pp.  1338-1339,  O c t o b e r ,  1976. O r i g i n a l  a r t i c l e  s u b m i t t e d  N o v e m b e r  3, 
1975. 
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