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5 - B r o m o -  and 5 -methoxy-3-e thy lan th ran i l s ,  respec t ive ly ,  were  obtained by cycl izat ion of o- 
n i t rosopropiophenone under the influence of hydrogen b romide  in benzene and hydrogen chlo- 
r ide in methanol .  In these  reac t ions ,  the s ta r t ing  n i t roso  ketone undergoes  redox t r a n s f o r m a -  
t ions that a lso  p roceed  readi ly  in an iner t  solvent  in the absence  of any cycl izing reagents .  

There  have been previous  r epo r t s  of the synthes is  of var ious  anthrani ls  by cycl iza t ion of substi tuted 
o -n i t rosoacy lbenzenes  under  the influence of zinc in glacia l  acet ic  acid [1], t r iphenylphosphine [2], and dry 
hydrogen chlor ide in benzene [3]. It was noted that in the l a t t e r  case  the introduction of a halogen atom in 
the 5 o r  7 pos i t ion  of the resul t ing  anthrani l ic  s y s t e m  is a lways observed .  

In  [3] it was a s sumed  that  the convers ion  to an anthrani l  p roceeds  through a step involving the format ion  
of benzenonium ions of the A and B type:  

C~H~ Coil 5 

, 

ii/§ 

l A B 

"The l a t t e r  on adding a nucleophile (chloride ion) gave hexadiene chloro der iva t ives ,  which were  conver ted 
to the co r respond ing  anthrani ls  under  the reac t ion  conditions.  

Using hydrogen b romide  in benzene and hydrogen chlor ide in methanol  as the cycl izing agents we hoped. 
f i r s t  of all, to show the genera l  c h a r a c t e r  of this method for  the synthes is  of subst i tuted anthranils ,  and, sec -  
ond, to obtain additional p roof  for  a p r o c e s s  occur r ing  via the pathway proposed  above. 
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It was  found tha t  only  5 - b r o m o - 3 - e t h y l a n t h r a n i l  (iI) is  f o r m e d  on t r e a t m e n t  of 2 - n i t r o s 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  b r o m i d e  gas  in  benzene ;  the  7 - b r o m o - s u b s t i t u t e d  a n t h r a n i l  was  not d e t e c t e d  in  t he  r e a c t i o n  
p r o d u c t s .  

02 0 COC.2H3 

u 39% , ,  9% ,v s% v 2% vl 5% v m  ~2% 

In add i t i on  to  a n t h r a n l l  II, we i s o l a t e d  f ive o t h e r  s u b s t a n c e s  - 3 - e t h y l a n t h r a n l l  (Ill), 2 - n i t r o p r o p i o p h e n o n e  (I-V), 
2 , 2 ' - d i p r o p i o n y l a z o x y b e n z e n e  (V), 2 - a m i n o p r o p i o p h e n o n e  (VI), and 2 - a m i n o - 5 - b r o m o p r o p i o p h e n o n e  (VII) in  the  
h y d r o b r o m i d e  (VIII) f o r m .  

The  fac t  tha t  an a p p r e c i a b l e  amoun t  of 7 - h a l o - s u b s t i t u t e d  a n t h r a n i l  was  not f o r m e d  i n t h i s  c a s e  (whereas  
it was  f o r m e d  when  h y d r o g e n  c h l o r i d e  was  u sed  f o r  the  c y c l i z a t i o n )  m a y  be exp l a ined  by  s t e r i c  h i n d r a n c e  a s -  
s o c i a t e d  with  the  l a r g e  v o l u m e  of the  i n t r o d u c e d  (ion B) s u b s t i t u e n t  - the  b r o m i n e  a tom.  

3 - E t h y l a n t h r a n i l  (III) and 2 - n l t r o p r o p i o p h e n o n e  0-V) a r e .  in a l l  l i ke l ihood ,  f o r m e d  t h rough  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 .  E v i d e n c e  in f a v o r  of t h i s  a s s u m p t i o n  is the  fact  t ha t  in an o x y g e n - f r e e  m e d i u m  and 
in the  a b s e n c e  of a c y c l i z i n g  agent ,  s t a r t i n g  n i t r o s o  ke tone  I gave  the  s a m e  r e a c t i o n  p r o d u c t s  ([II-VI) both in 
the  l igh t  and in the  d a r k  when it  was  h e a t e d  to  60 ~ in b e n z e n e .  

Azoxy  compound  V c a n  be f o r m e d  by d e o x t d a t i o n  of the  d i m e r  of 2 - n i t r o s o p r o p i o p h e n o a e  (I). which is  
p r e s e n t  in the  r e a c t i o n  m i x t u r e  as  a r e s u l t  of the  e q u i l i b r i u m  

Ar-- '~O 
2 A r - - N = O ~ A r - - N - - N - - A r . - - ~  IV + V 

O O 

It is  not p o s s i b l e  to  s t a t e  anyth ing  def in i t e  as  to how 2 - a m i n o p r o p i o p h e n o n e  (VI) i s  f o r m e d  in the  r e a c t i o n ,  
s ince  the  m a n n e r  in which  th i s  s o r t  of r e d u c t i o n  could  o c c u r  is  not ye t  c l e a r .  

Tt was  found tha t  2 - a m i a o - 5 - b r o m o p r o p i o p h e n o n e  (VII) is  the  p r o d u c t  of subse que n t  r e d u c t i o n  of unsub -  
s t i t u t ed  a n t h r a n i l  III u n d e r  the  in f luence  of h y d r o g e n  b r o m i d e .  

C o n f i r m a t i o n  of th i s  was  ob ta ined  by t r e a t m e n t  of 3 - e t h y l a n t h r a n i l  (iII) with h y d r o g e n  b r o m i d e  u n d e r  the  
r e a c t i o n  c o n d i t i o n s .  As  a r e s u l t  we i s o l a t e d  b r o m o a n i l i n e  VII and, in add i t i on  to it, in a l l  l i k e l i hood  the  p r o d -  
uct of i t s  subsequen t  t r a n s f o r m a t i o n -  1 - ( 5 - b r o m o - 2 - a m i n o p h e n y l ) - l - b r o m o p r o p e n e  (IX); b r o m o a n t h r a n i l  H 
was  not changed  when it was  t r e a t e d  s i m i l a r l y .  One cannot  exc lude  the  p o s s i b i l i t y  tha t  the  c o n v e r s i o n  of 3-  
e t h y l a n t h r a n i l  ( l id  to  the  c o r r e s p o n d i n g  an i l ine  m a y  p r o c e e d  v ia  the  fo l lowing s c h e m e :  

O O O I 
1 "t 1! H ,' -H~' ;  +H § HBr Br C ~ C H - - C H 3  

.. ll+~_ ~'C2 H~ ~ " - ' ~ ' ~ r ~ C ' C ~  H5 "C2  H.5 Vll 

IX  

The c y e l i z a t i o n  of ! in  me thano l  du r ing  cont inuous  bubbl ing  of h y d r o g e n  c h l o r i d e  th rough  the  m i x t u r e  gave  
a m i x t u r e  of ~ - m e t h o x y - 3 - e t h y l a n t h r a n i l  (X) and 5- and 7 - e h l o r o - 3 - e t h y l a n t h r a n i l s  (X[ and XII). In add i t i on  to 
t h e s e  compounds ,  as  in the  c a s e  d e s c r i b e d  above,  we a l so  found I I I -VI  in  the  r e a c t i o n  p r o d u c t s .  

A s s u m i n g  tha t  the  f o r m a t i o n  of c o n s i d e r a b l e  amoun t s  of c h l o r o a n t h r a n i l s  XI and XII i s  due to the  high 
c o n c e n t r a t i o n  of h y d r o g e n  c h l o r i d e  in the  r e a c t i o n  m i x t u r e ,  we c a r r i e d  out the  r e a c t i o n  with a c o n s i d e r a b l y  
s m a l l e r  amoun t  of h y d r o g e n  ha l i de .  It was  found tha t  in th i s  c a s e  the  f o r m a t i o n  of 5 - m e t h o x y - 3 - e t h y l a n t h r a n i l  
(X) is  s lowed  down m a r k e d l y  (the c o l o r  of the  n i t r o s o  ke tone  v a n i s h e d  only a f t e r  48 h), and s u b s t a n c e s  f o r m e d  
as  a r e s u l t  of r e d o x  c o n v e r s i o n  of s t a r t i n g  n i t r o s o  compound  I beg in  to p r e d o m i n a t e  in the  r e a c t i o n  p r o d u c t s ;  
a n t h r a n i l  X was  i s o l a t e d  in only 11~ y i e l d .  

~ zH5 

t C~OH,HC'~'O ~ _ C " ~ O /  -,- m (2%) + tv (4%)  �9 v ( 4 % )  . vt 

X 

x - X l l  

x x=5-ocN~(3~%): xt x=s-cl(12%); xll x=7-c1(2%) 

It should  be noted tha t  even  in  th i s  e a s e ,  the  r a t i o  of the  a moun t s  of c h l o r o a n t h r a n i l s  XI and XII and m e t h o x y -  
a n t h r a n i l  X was  p r a c t i c a l l y  the  s a m e  as  in  the  c a s e  d e s c r i b e d  above .  
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TABLE 1. PMR Spec t ra  of the Compounds  Obtained 

Chemical shifts, 5, ppm* 
Corn - I ] , H z  

-~ortho Jmeta 

-- s, 5.95 - -  [ 

pound CH3 CH., OCII3 NH., C=CH- 
a r o m a t i c  protons 

t 
11 ~. 1.41 q|  d. - - [  ddl dl 8,2 [ I 3,11 7,48 I ] 7,2-i 7,04 

VI ~t,l,10 q. dd. dt, I dr. ] dd, 9 2 

VII t , l , l l  2,792'82q' -- s, 6,14 -. 7,60 7,52d, 6,34_ ] 7,12 7,06dd, I 6, 3 5 1  d',647 9 j 2 

IX d.1,82 -- [s. 6,15[q, 5,I4] d, dd. I -- [ d. 9 2 
I t 6,t8 7,18 I ] 7,86 

6.37 6 81 7,24 
!t.:,07 s.% 7/s. ,751 - Id .  - dd. ld .  

2,82 %96 I 6.72 t 6,38 

*On the 6 sca le .  Abbrev ia t ions :  t is t r ip le t ,  d is doublet,  q is q u a r -  
tet ,  s is s inglet ,  dd is doublet  of doublets ,  and dt is doublet of t r i p l e t s .  

Reduct ion  of an thran i l s  II and X gave,  r e spec t ive ly ,  5 - b r o m o - 2 - a m i n o - ( V I I )  and 5 - m e t h o x y - 2 - a m i n o p r o p i o -  
phenone (XIII). 

Thus 5 - b r o m o -  and 5 - m e t h o x y - 3 - e t h y l a n t h r a n i l s  (II, X) can  be obtained f r o m  2 -n i t ro soprop iophenone  (I), 
but the y ie lds  of r e a c t i o n  p r o d u c t s  in this  c a s e  a r e  cons ide rab ly  l o w e r  than in the cyc l i za t i on  of n i t roso  ke tones  
under  the inf luence of hyd rogen  ch lor ide  in benzene  [3]. whe re  cyc l i za t ion  p r o c e e d s  quite rap id ly  and side p r o -  
c e s s e s  a re  s u p p r e s s e d  to a cons ide rab l e  degree .  

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

The PMR s p e c t r a  of CCI 4 solut ions  of the compounds  w e r e  obtained with a JNM H-60 s p e c t r o m e t e r  with 
hexamethy ld i s i loxane  as the in ternal  s t andard .  

Reac t ion  of 2 -Ni t rosoprop iophenone  (I) with Hydrogen  Bromide  in Benzene .  A s t r e a m  of hydrogen  b r o m i d e  
gas  was  bubbled with s t i r r i n g  in the c o u r s e  of 45 rain into a suspens ion  of 5 g (0.031 mole)  of 2 - n i t r o s o p r o p i o -  
phenone (I) and 150 ml  of d ry  benzene ,  a f t e r  which the m i x t u r e  was s t i r r e d  for  1 h, and the resu l t ing  p rec ip i t a t e  
was r emoved  by f i l t ra t ion ,  washed with e ther ,  and dr ied  to give 1.8 g (22,~) of 2 - p r o p i o n y l - 4 - b r o m o a n i l i n e  (VII) 
h y d r o b r o m i d e .  The f i l t r a te  was washed with w a t e r  to neutra l i ty ,  d r ied  with m a g n e s i u m  sulfate,  and evapora ted .  
and the r e s idue  was  c h r o m a t o g r a p h e d  with a co lumn  filled with ac t iv i ty  II a luminum oxide in an e t h e r - p e t r o l e u m  
e ther  (40-70 ~ s y s t e m  (1 :3) .  The fol lowing compounds  w e r e  eluted s u c c e s s i v e l y :  0.3 g (9~) of 3 -e thy lan thran i l  
(III), with n~ 1.5672 [1]; 2.5 g (39%) of 5 - b r o m o - 3 - e t h y l a n t h r a n i l  ([I),* with n~ 1.5721. Found:  C47.7;  H 3.4~.  
CgHsBrNO. Ca lcu la ted :  C 47.8; H 3.5~; 0.23 g (5~) of 2 -aminoprop iophenone  (VI), with mp 45-46 ~ (the hyd ro -  
ch lor ide  h a d m p 1 8 9  ~ [4]); 0.45 g (8~0) of 2 -n i t rop rop iophenone  (IV) with n~  1.5420, Found: C 60.2; H 5.0%. 
CgHgNO 3. Ca lcu la ted :  C 60.3; H 5.0~; and 0.1 g (2~) of 2 ,2 ' - d ip rop iony l azoxybenzene  (V) with nap 73-74 ~ ffrom 
alcohol) .  PMR spec t rum,  6, ppm:  1.07 t (6H); two qua r t e t s  (5H) f r o m  ethyl g roups  cen t e r ed  at 2.77; 7 .06-7.73 
m (7H); and an ArH mul t ip le t  (1H) at 7 .80-8.12.  Found:  C 69.5; H 5o7~. C18H18N203. Ca lcu la ted :  C 69.7; H 5.8~.  

Reac t ion  of 2 -Ni t rosoprop iophenone  (I) with Hydrogen  Chlor ide  in Methanol .  Methanol  (200 ml) was sa tu -  
ra ted  with hyd rogen  ch lor ide  gas  for  15 rain, a f t e r  which 5 g (0.031 mole)  of n i t ro so  ketone I was  added to the 
r e su l t ing  solution,  and the m i x t u r e  was s t i r r e d  until the solid had d isso lved  comple te ly  (~ 3 h). The solut ion 
was poured  into 200 ml  of water ,  and the o rgan ic  p r o d u c t s  w e r e  ex t rac ted  with e the r .  The e the r  ex t r ac t s  w e r e  
washed to neu t ra l i ty  with wate r ,  d r ied  with m a g n e s i u m  sulfate ,  and evapora ted .  The r e s idue  was c h r o m a t o g r a p h e d  
as desc r ibed  above to give,  s u c c e s s i v e l y  0.8 g (14~) of 5- (XI) and 7 - c h l o r o - 3 - e t h y l a n t h r a n i l s  (XII) (identified 
by p h y s i o c h e m i c a l  me thods  with authentic s a m p le s  [3]); 2.1 g (39~) of 5 - m e t h o x y - 3 - e t h y l a n t h r a n i l  (X),t with 
n~ 1.5633. Found:  C 67.6; H 6.2%. Cl0HllNO 2. Ca lcu la ted :  C 67.8; H 6.2~; 0.13 g (~3~0) of 2 - a m i n o p r o p i o -  
phenone (VI); 0.21 g (4%) of 2 -n i t rop rop iophenone  (l-V); and 0.4 g (8~0) of 2 ,2 ' - d ip rop iony l azoxybenzene  (V). 

T r a n s f o r m a t i o n s  of 2 -Ni t rosoprop iophenone  (I) in Methanol  with a Lower  Concen t r a t i on  of Hydrogen  Chlo-  
r ide .  A s t r e a m  of hydrogen  was  bubbled into a suspens ion  of 5 g (0.031 mole)  of n i t roso  ketone I in 200 ml of 
methanol  fo r  1 rain, a f t e r  which the mix tu re  was s t i r r e d  fo r  48 h. The methanol  was  then r e m o v e d  by dis t i l la t ion,  

*We w e r e  unable to es tab l i sh  the c h a r a c t e r i s t i c  boi l ing point  because  this  compound underwent  r e s in i f i ca t ion  
during dis t i l la t ion .  
tWe w e r e  unable to  es tab l i sh  the c h a r a c t e r i s t i c  boi l ing point  because  this compound underwent  r e s in i f i ca t ion  
on dis t i l la t ion.  
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and the residue was t rea ted  with 50 ml of water and extracted three t imes with 40-ml port ions of ether.  The 
ether extracts  were washed with water,  dried with magnesium sulfate, and evaporated, and the residue was 
chromatographed as descr ibed above to give, successively,  0.22 g (4%) of a mixture of 5- and 7 -ch lo ro -3 -  
ethylanthranils (XI, XII), 0.3 g (9~) of 3-ethylanthranil  (III), 0.6 g (ll~c) of 5-methoxy-3-ethylanthrani l  (X), 
1.4 g (26~) of 2-nitropropiophenone (iV), 0.4 g (8~) of 2,2T-dipropionylazoxybenzene (V), and t r aces  of 2-amino-  

propiophenone WI). 

Convers ion of 2-Nitrosopropiophenone (I) in Benzene at 60 ~ in the D a r k . . 4  2-g (0.012 mole) sample of 
ni troso compound I and 50 ml of absolute benzene were placed in a l ight-protected flask, after  which the air  
was evacuated from the mixture  severa l  t imes (three to four t imes) under a vacuum of 1-2 ram, and the flask 
was filled with argon. The contents of the flask were heated to 60 ~ and maintained at this t empera ture  for 1 h, 
after  which the solvent was evaporated, and the residue was chromatographed on plates in a thin layer  of ac-  
tivity II aluminum oxide in an e ther -pe t ro leum ether  (40-70 ~ sys tem (1 : 3)to give 0.1 g (5.5~) of 3-ethylanthra-  
nil (III), 0.1 g {4.5%) of 2-nitropropiophenone (IV), 0.2 g (11~) of 2-aminopropiophenone (VI), and 0.27 g (14%) 
of 2,2 ' -dipropionylazoxybenzene (V). 

Reaction of 3-Ethylanthranil  (III) with Hydrogen Bromide.  A s t ream of hydrogen bromide was bubbled 
into a solution of 0.5 g (0.0034 mole) of 3-ethylanthranil  ([H) in 30 ml of absolute benzene for 2 h, after  which 
the mixture was poured into 100 ml of water .  The aqueous mixture  was neutralized with 2 N sodium carbonate 
solution and extracted with three 30-ml port ions of ether.  The extract  was washed twice with water,  dried 
with magnesium sulfate, and evaporated, and the residue was chromatographed in a thin l ayer  of activity II 
aluminum oxide in the sys tem indicated above to give 0.24 g (31~) of 5-bromo-2-aminopropiophenone (VII), 
with mp 76-77 ~ Found: C 47.1; H 4o2~. C~H~0BrNO. Calculated: C 47.4; H 4.4~; and 0.18 g (18~c) of 1-(5- 
b romo-2-aminopheny l ) - l -b romopropene  (IX) with mp 106-107 ~ Found: C 36.9; H 3.2~. CgHgBr2N. Calcu- 
lated: C 37.1; H 3.1~c. 

Reduction of 5-Bromo-3-e thylan thran i l  (iI). A solution of 1 g (0.0045 mole) of 5-bromo-3-e thylanthrani l  
(iI) in 4.5 ml of ethanol was added to 1.8 g (0.032 mole) of reduced iron in 11.8 ml of glacial acetic acid, and 
the mixture was s t i r red  at 40-50 ~ for 1 h~ It was then poured into 50 ml of water,  and the aqueous mixture 
was neutralized with a saturated sodium carbonate solution and extracted with three 20-ml port ions of ether. 
The ether  extracts  were combined, washed with water,  dried with magnesium sulfate, and evaporated, and the 
residue was chromatographed in a thin layer  of activity I[ aluminum oxide in an e ther -pe t ro leum ether (40-70 ~ 
system (1 : 3) to give 0.8~ g (81~) of 5-bromo-2-aminopropiophenone (Vii) with mp 76-77 ~ 

Reduction of 5-Methoxy-3-ethylanthrani l  {X). Reduction of 0.8 g (0.0045 mole) of X by the method in the 
preceding experiment gave 0.64 g (79~) of 5-methoxy-2-aminopropiophenone (XIII) with mp 66 ~ Found: C 66.9; 
H 7.1'~c. C10H13NO2. Calculated: C 67.0; H 7.3~. 
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