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The  r e a c t i o n  of a n t h r a n i l i c  a c i d  and m e t h o x y -  and  n i t r o - s u b s t i t u t e d  a n t h r a n i l i c  a c i d  wi th  p -  
t o l u e n e s u l f o n y l  c h l o r i d e  in  p y r i d i n e  was  i n v e s t i g a t e d .  A n t h r a n i l i c  a c i d  and  i t s  m e t h o x y -  
s u b s t i t u t e d  d e r i v a t i v e s  r e a c t  to g ive  the  c o r r e s p o n d i n g  2 - ( 2 - t o s y l a m i n o p h e n y l ) - 4 H - 3 , 1 -  
b e n z o x a z i n - 4 - o n e s  and  N , N ' - d i t o s y l d i a n t h r a n i l i d e s .  At  20~ 4 - n i t r o a n t h r a n i l i c  a c i d  g ives  
p r i m a r i l y  2 - ( 2 - a m i n o - 4 - n i t r o p h e n y l ) - 7 - n i t r o - 4 H - 3 , 1 - b e n z o x a z i n - 4 - o n e ,  whi le  i t s  t o s y l  d e -  
r i v a t i v e  i s  o b t a i n e d  a t  114 ~ The  p r o d u c t s  of the  r e a c t i o n  of 5 - n i t r o a n t h r a n i l i c  a c i d  wi th  p -  
t o l u e n e s u l f o n y l  c h l o r i d e  a r e  2 - n i t r o - l l H - p y r i d o [ 2 , 1 - b ] q u i n a z o l i n - l l - o n e  and 2 - ( 2 - a m i n o -  
5 - n i t r o p h e n y l ) - 6 - n i t r o - 4 H - 3 , 1 - b e n z o x a z i n - 4 - o n e .  The  y i e l d  of benzoxaz inone  g e n e r a l l y  i n -  
c r e a s e s  a s  the  t e m p e r a t u r e  i s  r a i s e d .  

We have  p r e v i o u s l y  shown [1] t ha t  2 - ( 2 - t o s y l a m i n o p h e n y l ) - 4 H - 3 , 1 - b e n z o x a z i n - 4 - o n e  a n d  N , N ' - d i -  
t o s y l d i a n t h r a n i l i d e  a r e  f o r m e d  in  the  r e a c t i o n  of  p - t o l u e n e s u l f o n y l  c h l o r i d e  wi th  a n t h r a n i l i c  a c i d  in  p y r i -  
d ine .  Cont inuing  ou r  s tudy  of t h i s  r e a c t i o n ,  we have  i n v e s t i g a t e d  the  e f f ec t  of t e m p e r a t u r e ,  r e a c t a n t  c o n -  
c e n t r a t i o n s ,  and  the  n a t u r e  and  p o s i t i o n  of the  s u b s t i t u e n t s  on the  y i e l d s  and  s t r u c t u r e s  of the  compounds  
o b t a i n e d  (Tab l e  1). 

I t  i s  a p p a r e n t  f r o m  the  da ta  in T a b l e  1 tha t  the  4 -  and  5 - m e t h o x y - s u b s t i t u t e d  a c i d s ,  l i ke  a n t h r a n i l i c  
ac id ,  r e a c t  to  g ive  the  c o r r e s p o n d i n g  b e n z o x a z i n o n e s  and  d i a n t h r a n i l i d e s .  H o w e v e r ,  in  the  c a s e  of 5 -  

T A B L E  1. Y i e l d s  of P r o d u c t s  of  the  R e a c t i o n  of A n t h r a n i l i c  A c i d  
and I t s  D e r i v a t i v e s  wi th  p - T o l u e n e s u l f o n y l  C h l o r i d e  in  P y r i d i n e *  

Expt. 
No. 

H 
H 
H 
H 

5-OCH3 
5-OCHa 
4-OCHa 
4-OCHs 
4-NO2 
4-NQ 
5-NO 2 
5-NO~ 

I 
2 
3 
4* 
5 
6 
7 
8 
9 

I0 
II 
12 

Temp., 
~ Va 

--30 08 
20 5 

1 1 4  89 
20 46 
20 23 

1 1 4  59 
20 45 

1 1 4  90 
20 

I14 
20 

l l 4  

Yield, % 
V I  

13 
47 
9 

20 
69 
38 
31 
2 

, Vl  II't" i v a  vb 

78 --  --  
3 
0 

19 --  --  

0 - -  - -  

t7 --  -- 
0 - -  - -  

- -  - -  26 
--  - -  68 

V I I  

m 

72 
29 

* See the  r e a c t i o n  s c h e m e .  
N - T o s y l a n t h r a n i l i c  ac id .  

$ The  e x p e r i m e n t  w a s  c a r r i e d  out  wi th  a t en fo ld  i n c r e a s e  in  the  
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methoxyanthrani l ic  acid the yield of benzoxazinone fai ls ,  while the yield of dianthranilide i nc reases .  
Ra is ing  the reac t ion  t e m p e r a t u r e  leads to an i nc r ea se  in the yield of benzoxazinone in all eases .  

The introduction of an e l e c t r o n - a c c e p t o r  subst i tuent  into the anthrani l ie  acid molecule  r e su l t s  in the 
format ion  of different  reac t ion  products .  In the ease  of 4-n i t roanthrani l ic  acid, p r i m a r i l y  2-(9 . -amino-4-  
n i t ropheny l ) -7 -n i t ro -4H-3 ,1 -benzoxaz in -4 -one  (Vb) is fo rmed  at  room t e m p e r a t u r e ,  while the c o r r e s p o n d -  
ing Va and 4 -n i t ro -N- (2 - tosy la rn ino-4 -n i t robenzoy l )an th ran i l i c  acid (IVa) a r e  fo rmed  in ref luxing pyridine.  

Tosy la ted  subs tances  a re  not fo rmed  at all  in the react ion  of p- toluenesulfonyl  chlor ide with 5 -h i -  
t roanthrani l ic  acid. The reac t ion  p roduc t s  a r e  the cor responding  Vb, the yield of which i n c r e a s e s  as the 
t e m p e r a t u r e  r i s e s ,  and 9 . -n i t r o - l lH-py r ido [2 ,1 -b ]qu inazo l in - l l - one  (VII). 
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p-Toluenesu l fonyl  chlor ide  r eac t s  v e r y  readi ly  with pyridine to give tosy lpyr id in ium chloride [2]. 
This  sa l t  r e a c t s  with ionized (under the influence of pyridine)  anthrani l ic  acid p r i m a r i l y  at the carboxyl  
group to give mixed  anhydride I. Evidence in favor  of this is the format ion  of only benzoylaniline during 
the reac t ion  of a mix tu re  of benzoic acid and aniline with p- toluensulfonyl  chloride in pyr id ine  in a ra t io  
of 1 : 1 : 2. This  exper imenta l  fact  can be explained only as a resu l t  of the react ion  of the ini t ia l ly f o rmed  
mixed  anhydride  of benzoic acid and p- to luene  sulfonic acid with aniline. It  is known that this sor t  of 
mixed anhydride gives only benzoyl de r iva t ives  with nucleophilic reagen ts  [3]. 

Pyr id ine ,  as a nueleophilie agent, r e ac t s  with mixed  anhydride I or  i ts  tosyla ted  der iva t ive  to give 
sa l t s  I Ia  and IIb. Salt I Ia  acy la tes  the anthrani l ie  acid anion at  the carboxyl  group to give mixed  anhydride 
EIa.  In pyr id ine  this reac t ion  is  r e v e r s i b l e  in pyridine.  Under favorable  conditions, however ,  i n t r a m o -  
lecular  aeylat ion s i m i l a r  to that which occurs  for the anhydride of N-phenylanthrani l ic  acid [4] can occur.  
In this case  acid IVa is  formed.  The oecurence  of the reac t ion  through a step involving the format ion  of 
IVa is  con f i rmed  by the fact  that  IVa is fo rmed  in addition to Va and N- tosylanthrani l ic  acid in the reac t ion  
of insuff ic ient  p- to luenesul fonyl  chlor ide  with anthrani l ic  acid. Compound IVa is read i ly  conver ted  to Va 
under  the influence of tosy lpyr id in ium chloride in pyridine.  In fact ,  Va is  fo rmed  in quanti tat ive yield in 
the reac t ion  of N- tosyIan thran i ly lan thran i l ic  acid with p- toluenesulfonyl  chloride (1 : 1) in pyridine at room 
t e m p e r a t u r e .  Since the convers ion  of IVa to Va p roceeds  readi ly ,  the sharp  i nc rea se  in the yield of Va as  
the t e m p e r a t u r e  r i s e s  is  explained by the high probabi l i ty  of the convers ion  of IIIa  to IVa. 

Another  final p roduc t  of the reac t ion  of anthrani l ie  acid with p- toluenesulfonyl  chloride is  N,Nt-di - 
tosyldianthrani l ide  (VI), the folanation of which is  a s soc ia ted  with the convers ion  of sa l t  IIa. The follow- 
ing expe r imen ta l  fac ts  a r e  evidence for  this: the yield of VI d e c r e a s e s  apprec iab ly  when the amount of 
pyr id ine  is  i n c r e a s e d  by tenfold, and the yield of N- tosylanthrani l ic  acid i n c r e a s e s  s imul taneously;  N-  
tosy lanthrani l ic  acid is  conver ted  quant i ta t ively to VI in pyr id ine  under  the influence of p- toluenesulfonyl  
chloride.  
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V! 

Mixed anhydride IIIb, which gives Vb as  a resu l t  of a chain of t r ans fo rma t ions  s i m i I a r  to the t r a n s -  
fo rmat ions  of IIa, is  f o rm ed  in the reac t ion  of sa l t  IIb with the anion of anthrani l ic  acid. 
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The p r e d o m i n a n t o c c u r r e n c e  of the reac t ions  via  one or another  direct ion depends on the nature and 
posit ion of the substi tuent  in the anthrani l ic  acid. The i n c r e a s e d  bas ic i ty  of the amino group in 5 -me thoxy-  
anthrani l ic  acid i n c r e a s e s  the probabi l i ty  of the fo rmat ion  of sa l t  I I a  and the convers ion  of I Ia  to VI. 

The nitro group in 4-n i t roanthran i l ic  acid is  conjugated with the carboxyl  group. This  i n c r e a s e s  the 
p robabi l i ty  of the format ion  of I and, pa r t i cu la r ly ,  IIb. The nitro group, which has  a s t rong  negative in-  
ductive effect,  lowers  the bas ic i ty  of the ni t rogen of the amino group and, consequently,  h inders  the fo r -  
marion of IIa.  F o r  these  r easons ,  the reac t ion  of 4 -n i t roanthran i l ic  acid with p- toluenesulfonyl  chlor ide 
should p roceed  p r i m a r i l y  through sal t  IIb. In fact ,  the yield of the cor responding  Vb at r o o m  t e m p e r a t u r e  
is  90%. The cor responding  Va and IVa a r e  fo rmed  at 114 ~ in 51 and 42% yields,  respec t ive ly .  Thus,  4-  
n i t roanthrani l ic  acid r e a c t s  different ly  as a function of the t e m p e r a t u r e .  

The nitro group in 5-n i t roanthrani l ic  acid is  conjugated with the amino group, and this marked ly  
hinders  the format ion  of I Ia  and shif ts  the reac t ion  to favor  the format ion  of IIb. The o c c u r r e n c e  of the r e -  
action p r e c i s e l y  through sal t  IIb is conf i rmed  by the ve ry  fact  of the fo rmat ion  of 2 - n i t r o - l l H - p y r i d o [ 2 , 1 -  
b ]qu inazo l in - l l -one  (VII), and the high yield of VII a t t es t s  to the ease  of fo rmat ion  of sa l t  lIb. Compound 
Vb is  fo rmed  in addition to VII. The yield of Vb i n c r e a s e s  at 114 ~ while the yield of VII dec reases .  This  
once again conf i rms  that Vb is  fo rmed  through lIb. 
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I t  i s  apparen t  f rom the reac t ion  scheme  p resen ted  above that,  i f  the reac t ion  p roceeds  through a 
step involving the fo rmat ion  of sa l t  IIb, untosylated amine Vb is  obtained. In pr inciple ,  the poss ib i l i ty  of 
the convers ion  of Vb to Va under the influence ofp- to lueaesu l fonyl  chlor ide is  not excluded. However,  a t -  
t empt s  to tosyla te  n i t ro - subs t i tu ted  amines  Vb under the conditions of the fo rmat ion  of this amine do not 
give posi t ive  resul t s .  It  follows f rom this fact  and f rom the fact that  Vb is  absent  in those  cases  when Va 
and VI a r e  f o r m e d  that  the fo rmat ion  of di f ferent  reac t ion  products  is  explained by the exis tence  of two 
reac t ion  paths .  

EXPERIMENTAL 

General Method for Carrying Out the Reaction of Anthranilic Acids withp-Tolue.nesulfonyl Chloride. 
A solution of 0.04 mole of p-toluenesulfonyl chloride in i0 ml of pyridine was added with stirring to a so- 
lution of 0,02 mole of anthranilic acid in i0 ml of absolute pyridine. The mixture was stirred for another 
hour and was then carefully made alkaline at room temperature with aqueous sodium bicarbonate solution. 
The precipitate (A) was removed by filtration. Acidification of the filtrate with concentrated HC[ precipi- 
tated B. 

In experiments 1-8, i0 (see Table i) precipitate A was treated with 80 ml of 2 N NaOH in the course 
of i-2 rain on a boiling-water bath (until the yellow-green luminescence vanished). In this case, benzoxa- 
zinone V hydrolyzed to N-tosylanthranilylanthranilic acid, while dianthranilide VI remained unchanged. It 
was removed by filtration to give N,N'-ditosyldianthranilide, N,N'-ditosyl-4,4'-dimethoxydianthranilide [mp 
259.5 ~ (from acetic acid). Found: C 59.5; H 4.5; N 4.3%. C30H26N2OsS 2. Calculated: C 59.4; H 4.3; N4.6%] 
and N,N'-ditosyl-5,5'-dimethoxydianthranilide [mp 239 ~ (from acetic acid). Found: C 59.5; H 4.4; N 4.5%. 
C30H26N2OsS 2. Calculated: C 59.4; H 4.3; N 4.6%]. The yield of benzoxazinone Va was judged from the 
amount of N-(N-tosylanthranilyl)anthranilic acid, N-(N-tosyl-4-methoxyanthranilyl)-4-methoxyanthranilic 

acid Imp 247.5 ~ (from acetic acid). Found: C 58.3; H 4.7; N 5.9%. C23H22N2OTS. Calculated: C 58.7; H 
4.7; N 5.9%]~ N-(N-tosyl-5-methoxyanthranilyl)-5-methoxyanthranilie acid [mp 209 ~ (from acetic acid). 
Found: C 58.6; H 4.7; N 5.9%. C23H22N2OTS. Calculated: C 58.7; H 4.7; N 5.9%] or N-(N-tosyl-4-nitro- 
anthranilyl)-4-nitroanthranilic acid [mp 197.5 ~ (from acetic acid). Found: C 50.2; H 3.2; N 11.2%. 
C21HI6NtOgS. Calculated: C 50.4; H 3.2; N 11.2%]. 

In experiment 9 precipitate A contained only 2-(2-amino-4-nitrophenyl)-7-nitro-4H-3,l-benzoxazin- 
4-one (Vb) with mp 298 ~ (from dioxane). Found: C 51 4; H 2.4; N 17.4%. CItHsN406. Calculated: C 5!.2; 
H 2.5; N 17 1%. The N-tosyl derivative of Va had mp 251.5 ~ (from pyridine). Found: C 52.2; H 3 0; N 
11.3%. C21H~4N4OsS. Calculated: C 52.3; H 2.9; N 11.6%. 
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In expe r imen t s  11 and 12 p rec ip i t a t e  A was t r e a t ed  with hot dichloroethane.  The insoluble port ion 
was 2 - ( 2 - a m i n o - 5 - n i t r o p h e n y l ) - 6 - n i t r o - 4 H - 3 , 1 - b e n z o x a z i n - 4 - o n e  with mp 290 ~ ( f rom acet ic  acid). Found: 
C 51.2; H 2.8; N 17.1%. C14HsN406. Calculated: C 51.2; H 2.5; N 17.1%. The dichloroethane ex t rac t  was 
vacuum-evapora ted ,  and the res idue  was d isso lved  in 20 ml  of pyridine.  The pyridine solution was in t ro -  
duced into a column filled with aluminum oxide and eluted with acetone. The residue after evaporation of 
the acetone was crystallized from acetic anhydride to give 2-nitro-llH-pyrido[2,l-b]quinazolin-ll-one 
(VII) with mp 265.5 ~ . Found: C 60.2; H 2.8; N 17.2%. CI2H~N303. Calculated: C 59.8; H 2.9; N 17.4%. 

Precipitate B was a mixture of the corresponding N-tosyl- and N-tosylanthranilylanthranilic acids. 
N-Tosylanthranilic acid was converted to the acid chloride on refluxing with i0 ml of thionyl chloride for 
30 rain, while N-tosylanthranilylanthranilie acid was converted to the corresponding benzoxazinone (Va). 
The excess thionyl chloride was removed by vacuum distillation, and the residue was treated with satu- 
rated sodium bicarbonate solution. The yield of N-tosylanthranilylanthranilic acid was judged from the 
amount of insoluble precipitate (benzoxazinone Va). 

This method was used to obtain 2-(2-tosylamino-4-methoxyphenyl)- 7-methoxy-4H-3, i- benzoxazin- 
4-one [mp 257.5 ~ (from acetic acid). Found: C 61.0; H 4.4; N 6.2%. C23H20N206S. Calculated: C 61.0; 
H 4.5; N 6.2%], 2-(2-tosylamino-5-methoxyphenyl)-6-methoxy-4H-3,l-benzoxazin-4-one [mp 216 ~ (from 
acetic acid}. Found" C 61.1; H 4.5; N 6.2%] and 2-(2-tosylamino-5-nitrophenyl)-6-nitro-4H-3,l-benzoxa- 
zin-4-one (see above for the characteristics). Acidification of the sodium carbonate filtrate yielded N- 
tosylanthranilic, N-tosyl-5-methoxyanthranilic [mp 186 ~ (from 50% acetic acid). Found: C 56.0; H 4.9; 
N 4.5%. CIsHIsNOsS. Calculated: C 56.1; H 4.7; N 4.4%], N-tosyl-4-methoxyanthranilic [mp 224 ~ (from 
50% alcohol}. Found: C 56.0; H 4.7; N 4.4%. CIsHIsNOsS. Calculated: C 56.1; H 4.7; N 4.4%] or N-tosyl- 
4-nitroanthranilic acid [mp 226.5 ~ (from dioxane). Found: C 50.1; H 3.4; N 8.4%. CI4H~2N206S. Calcu- 
lated: C 50.0; H 3.6; N 8.3%]. 

In the case of 4-nitroanthranilic acid (reaction at room temperature), a portion of the acid remained 
unchanged, and in order to remove it the precipitate that formed on pouring the reaction mass into water 
was first treated with concentrated HCI. 

Because of the limited solubility of 4- and 5-nitroanthranilic acids at room temperature, 50 ml of 
pyridine was used to dissolve them. 
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