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The n i t r o s a t i o n  of 2- ,  3- ,  and 4 -hyd roxy indo l e s  was i nves t iga t ed .  The Beckmann r e a r r a n g e -  
men t  with opening of the py r id ine  r ing  to fo rm an th ran i l i c  ac ids  o r  t he i r  d e r i v a t i v e s  occu r s  
dur ing  the act ion of benzenesu l fony l  c h l o r i d e  in a lka l ine  m e d i a  on 3 - n i t r o s o - 4 - h y d r o x y c a r b o -  
s t y r i l s .  

The Beckmann r e a r r a n g e m e n t  with opening of the benzene r ing  to give ( 3 - c y a n o - 2 - p y r i d y l ) a c r y l i c  
ac ids  [2] occu r s  dur ing  the act ion of acy la t ing  agents  in a lka l ine  m e d i a  on 5 - n i t r o s o - 6 - h y d r o x y q u i n o l i n e s .  

The p o s s i b i l i t y  of the app l ica t ion  of th is  method  for the opening of h e t e r o a r o m a t i c  r i ngs  has  as yet  
r e c e i v e d  l i t t l e  s tudy.  It is  known only that  the fi - o x i m e s  of i sa t in  and subs t i tu ted  i s a t i n s  can be conve r t ed  
to the c o r r e s p o n d i n g  a n t h r a n i l o n i t r i l e s  by this  rou te .  In this  connect ion,  we c a r r i e d  out a s e r i e s  of e x p e r i -  
men t s  involving the syn thes i s  and Beckmann r e a r r a n g e m e n t  of compounds conta ining both hydroxy l  and 
n i t r o s o  g roups  in the py r id ine  r i ng .  

As mode l s  we in i t i a l ly  took 2 - m e t h y l - 4 - h y d r o x y i n d o l i n e  (i) and 4 - m e t h y l c a r b o s t y r i l  (II), in which e l e c -  
t r oph i l i c  subs t i tu t ion  at the 3 -pos i t ion  u sua l l y  p r o c e e d s  r e a d i l y  [3]. However ,  we found that  the n i t r o sa t i on  
of t he se  compounds  in both m i n e r a l  ac ids  and ace t i c  ac id  with an e qu imo le c u l a r  amount  o r  e x c e s s  of sod ium 
n i t r i t e  l eads  to the fo rma t ion  of r e s i n o u s  r e a c t i o n  p r o d u c t s .  In o r d e r  to d i r e c t  the e l e c t roph i l i c  a t t ack  at 
the 4 -pos i t ion ,  we syn thes i zed  3 - h y d r o x y - 2 - ( p - b r o m o p h e n y l ) q u i n o l i n e  {III), but th is  subs tance  could not a l so  
be c o n v e r t e d  to the  n e c e s s a r y  n i t r o so  d e r i v a t i v e  under  va r i ous  cond i t ions .  

We then dec ided  to u s e  4 - c a r b o x y c a r b o s t y r i l  (IV). It should,  however ,  be noted that  the d i r e c t  rou te  
to the syn thes i s  of compounds  of the IV type (the t a u t o m e r i c  fo rm of 2 ,4-d ihydroxyquinol ine)  f rom ani l ine  
and ma lon ic  ac id  o r  t h e i r  d e r i v a t i v e s  i s  u sua l ly  accompan ied  by the fo rma t ion  of a number  of s ide  p roduc t s ,  
p r i m a r i l y  the  c o r r e s p o n d i n g  p y r a n o c a r b o s t y r i l  [4,5]. We c a r r i e d  out the r e a c t i o n  of me thy lan i l ine  and d i -  
pheny lamine  with ma lon ic  e s t e r  by  hea t ing  them in Dowtherm [6], but a l m o s t  exc lus ive  fo rma t ion  of p y r a n o -  
c a r b o s t y r i l s  was found in both c a s e s .  However ,  we obtained 4 - h y d r o x y c a r b o s t y r i l  f rom ani l ine ,  ma lon ic  
ac id ,  and phosphorus  oxych lo r ide  in the p r e s e n c e  of naph tha lene  [7]. We s y n t h e s i z e d  1 - m e t h y l -  (V) and 1-  
p h e n y l - 4 - h y d r o x y c a r b o s t y r i l  (VI) f rom the a p p r o p r i a t e  an th ran i l i c  a c i d s .  

C a r b o s t y r i l s  IV, V, and VI a r e  r e a d i l y  n i t r o s a t e d  to  fo rm VII- IX,  r e s p e c t i v e l y .  Max ima  at  252 and 
340 nm a r e  o b s e r v e d  in the UV s p e c t r u m  of VII, which c h a r a c t e r i z e s  the o -qu inoneoxime  s t r u c t u r e  a p p a r e n t -  
ly  c h e l a t e d  a t  the  oxygen a tom in the 4 -pos i t i on .  In ac id  m e d i a  the absorp t ion  curve  changes  sha rp ly ,  which 
can be exp la ined  by the a p p e a r a n c e  of the o - n i t r o s o  f o r m .  The Introduct ion of a methyl  o r  phenyl g roup  to 
the n i t rogen  a tom (VIII and IX) l eads  to a shi f t  of the m a x i m a  to the long-wave  reg ion  with a c e r t a i n  i n c r e a s e  
in the ex t inc t ion .  

* Communica t ion  VII of the s e r i e s  "Ni t rosopheno l s  and T h e i r  R e a r r a n g e m e n t  P rodue t s . "  See [1] for  c o m -  
munica t ion  VI.  
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When VII- IX a r e  sub jec t ed  to the act ion of benzenesu l fonyl  ch lo r ide  in a lka l ine  med ia ,  the py r id ine  
r i ng  is opened to give the c o r r e s p o n d i n g  an th ran i l i c  a c i d s .  C h r o m a t o g r a p h y  of the r e a c t i o n  mix tu r e  d e m o n -  
s t r a t e d  tha t  N-acy la t ion  occur s  s i m u l t a n e o u s l y  wi th  the r e a r r a n g e m e n t .  Thus,  in s e v e r a l  e x p e r i m e n t s ,  the  
m a j o r  p roduc t  p roved  to be the N-phenylsu l fonyl  d e r i v a t i v e  of an th ran i l i c  ac id .  

The r e a r r a n g e m e n t  may  occur  a p r i o r i  with c l eavage  of the C2-C  3 bond (path A) or  C3-C  4 bond (path 
B). The  ava i lab le  da ta  do not make  it p o s s i b l e  to give a def in i te  answer  to the p r o b l e m ,  but in analogy with 
the r e a r r a n g e m o n t  of i sa t in  f i - o x i m e ,  in which the p r o c e s s  occur s  with c l eavage  of the C2-C  3 bond, we con -  
s i d e r  path  A to be the p r e f e r r e d  one.  The p o s s i b i l i t y  of in i t i a l  opening of the l a c t a m  r ing  cannot  be  e x -  
c luded f rom cons ide ra t i on ,  although this  should p roc e e d  c o n s i d e r a b l y  m o r e  s lowly .  

EXPERIMENTAL 

Chromatography on a loose layer (2 ram) of activity-II aluminum oxide was carried out to evaluate 

the course of the reaction and the purities of the compounds. A benzene-absolute ethanol system (9 : I) was 
used  for  I and II ,  e t h a n o l -  5% ammonium hydrox ide  (4 : 1) was u sed  fo r  IV-IX and r e a r r a n g e m e n t  p roduc t s  
VII and IX, and b e n z e n e - g l a c i a l  ace t i c  ac id  (20 : 3) was used  for  the r e a r r a n g e m e n t  p roduc t s  of VIII. The 
spo ts  we re  deve loped  with iodine v a p o r s .  The UV s p e c t r a  of 10 -4 M so lu t ions  were  r e c o r d e d  with  an S F - 4 A  
s p e c t r o p h o t o m e t e r .  

2 -Me thy l -4 -hyd roxyqu ino l i ne  (I). This  was obta ined  f rom ani l ine  and a c e t o a c e t i c  e s t e r  in b e n z e n e -  
g l ac i a l  ace t i c  ac id  wi th  subsequent  cyc l i za t ion  i m m e d i a t e l y  a f t e r  r e m o v a l  of the benzene  by d i s t i l l a t i on  and 
had mp 234-235 ~ (from wate r )  [8] and R f  0.5. UV s p e c t r u m :  Xmax,  nm {loge) ,  in 80~c eth~moh 234 (4.35), 
314 (4.00), 326 (3.97). 

4 - M e t h y l c a r b o s t y r i l  (II). This  was syn thes i zed  by the cyc l i za t ion  of a c e t o a c e t a n i l i d e  in c o n c e n t r a t e d  
H2SO 4 and had mp 221-222 ~ (from ethanol) [9] and R f  0.59. UV s p e c t r u m ,  ~ m a x ,  nm ( [oge) ,  in 80~ e thanol :  
226 (4.79), 268 (3.83), 324 (3.82). 

3 - H y d r o x y - 2 - ( p - b r o m o p h e n y l ) c i n c h o n i n i c  Acid .  The min imum amount  of a solut ion of 8.5 g (0.21 
mole)  of sod ium hydrox ide  in 27.5 ml  of w a t e r  was added to a suspens ion  of 7.35 g (0.05 mole)  of i s a t in  in 
60 ml  of w a t e r .  A solut ion of 9.08 g (0 .035  mole)  of p - b r o m o p h e n a c y l  ace ta t e  [11] in 50 ml  of hot e thanol  
and the r e m a i n i n g  por t ion  of the sodium hydrox ide  solut ion w e r e  added to the r e su l t i ng  so lu t ion .  The m i x -  
tu re  was re f luxed  for  3 h and a l lowed to s tand  ove rn igh t .  It was then di lu ted  with 130 ml  of w a t e r  and f i l -  
t e r e d .  Concen t r a t ed  h y d r o c h l o r i c  ac id  (16.5 ml)  and 5.5 ml  of g l a c i a l  ace t i c  ac id  w e r e  added to the f i l t r a t e  
with thorough s t i r r i n g ,  and the m i x t u r e  was a l lowed to s tand overnight  at  r oom t e m p e r a t u r e .  The p r e c i p i -  
ta te  was co l l ec t ed  on a l a r g e - d i a m e t e r  Buchner  funnel,  washed  with four  5 - m l  por t ions  of co ld  wa te r ,  and 
t r a n s f e r r e d  to a f l ask  with 150 ml  of w a t e r .  The p r e c i p i t a t e  was d i s s o l v e d  by the addi t ion of 4.5 ml  of 25% 
ammonium hydrox ide ,  and the und i s so lved  m a t e r i a l  was r e m o v e d  by f i l t r a t i on .  A to ta l  of 10 ml  of 6 N 
ace t i c  ac id  was added to the f i l t r a t e ,  and the m i x t u r e  was a l lowed to s tand at r o o m  t e m p e r a t u r e  for  1-2 h. 
The p r e c i p i t a t e  was  r e m o v e d  by  suc t ion  f i l t r a t i on ,  washed  four t i m e s  with 8 - m l  po r t ions  of  w a t e r ,  and d r i e d  
f i r s t  a t  r o o m  t e m p e r a t u r e  and then at  600 to give 6.4 g (50~c) of a d a r k - y e l l o w  powder  with mp  217-218 ~ (dec., 
f rom ethanol)  and R f  0.35 [e thanol -25% ammonium h y d r o x i d e - w a t e r  ( 2 : 1 : 2 ) ]  that  was so lub le  in hot d i -  
m e t h y l f o r m a m i d e  and s l igh t ly  so lub le  in hot e thanol .  Found %: N 3.8, 3.9; Br  23.4, 23:6. Ct6H~0BrNO S. 
Ca lcu la t ed  %: N 4.1; Br  23.2. 

3 - H y d r o x y - 2 - ( p - b r o m o p h e n y l ) q u i n o l i n e  (III). A solut ion of 6.4 g (0.02 mole)  of 3 - h y d r o x y - 2 - ( p -  
b romophenyl )c inchonin ic  ac id  in 20 ml  of boi l ing d ime thy l  succ ina t e  was added  in po r t ions  With s t i r r i n g  in 
2-3 rain,  and the m i x t u r e  was re f luxed  unt i l  C 02 evolut ion c e a s e d  and the m i x t u r e  was c o m p l e t e l y  homogen-  
i zed .  The mix tu r e  was then cooled ,  and 40 ml  of d ie thyl  e t h e r  was added.  The p r e c i p i t a t e  was r e m o v e d  by 
f i l t r a t ion  and washed  on the f i l t e r  with e the r  to give 3.0 g (50%7 of a p roduc t  with mp  249.5-250 ~ (from 
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xylene) .  The product  was a l igh t -co lo red  powder with Rf_ 0.55 [ be nz e ne - a bso l u t e  ethanol (15 : 1)] that was 
soluble  in hot to luene and ethanol and s l ight ly soluble in hot water .  UV spec t rum,  k m a x ,  nm (log a ), in 80~ 
ethanol:  226 (4.87), 232 (4.69), 240 (4.41), 256 (4.53), 295 (3.92), 342 (4.03). Found ~ :  N 4.4, 4.5; Br 26.4, 
26.6. r Ca l cu l a t ed%:  N 4.7; Br  26.6. 

The n i t ro sa t ion  was c a r r i e d  out in acet ic  acid with equ imolar  and double amounts  of sodium n i t r i t e  at 
2-3 ~ but no n i t r o so  der iva t ive  could be detected in the course  of the reac t ion .  Only the s ta r t ing  compound 
was i sola ted  af ter  s t i r r i n g  for 3 h. 

4 -Hydroxyca rbos ty r i l  (IV). A mix tu re  of 4.8 g (0.05 mole) of ani l ine ,  7.8 g (0.075 mole) of malonic  
acid, 17 g of phosphorus oxychloride,  and 6 g of naphthalene was heated at 95-100 ~ for 20 rain.  It was then 
decomposed with wa te r  and made alkal ine  to pH 10. The undisso lved  m a t e r i a l  was removed  by f i l t ra t ion,  
and the f i l t ra te  was acidif ied to pH 3. A rapidly  moving impur i ty ,  which was lost  af ter  two r e c r y s t a l l i z a -  
t ions f rom g lac ia l  acet ic  acid,  was seen dur ing  chromatography  of the isola ted product .  The yield of prod-  
uct  with mp > 300 ~ [7] was 2.8 g (35%). The l igh t -co lored  powder was soluble in hot ethanol and hot g lacia l  
acet ic  acid and s l ight ly soluble in hot wa te r .  R f  0.65. UV spec t rum,  A max,  nm (log e) ,  in 80~ ethanol:  
226 (4.89), 282 (3.78), 300 (3.84). 

1 - M e t h y l - 4 - h y d r o x y c a r b o s t y r i l  (V). A mix tu re  of 13.7 g (0.09 mole) of N-methy lan th ran i l i c  acid, 
40.8 ml  (0.4 mole) of acet ic  anhydride ,  and 50 ml  of g lacia l  acet ic  acid was heated on a me ta l  bath at 140- 
150 ~ for about 6 h. The solut ion was cooled, 20~ sodium hydroxide solution was added unti l  the mix ture  was 
a lka l ine ,  and the mix tu re  was ref luxed for 2 h. Acidif icat ion with acetic acid to pH 3 gave 7.5 g (48~) of a 
product  with mp 268-269 ~ (from 50~ ethanol) [12] as a l ight-yel low,  ac i cu la r  powder that was quite soluble 
in hot ethanol,  soluble in hot dioxane,  and s l ight ly  soluble in hot water .  R f  0.65. UV spec t rum,  k max,  n m  
( loge) ,  in 80% ethanol:  224 (4.58), 230 (4.51), 274 (3.85), 282 (3.88), 312 (3.83). 

1 - P h e n y l - 4 - h y d r o x y c a r b o s t y r i l  (VI). A mix tu re  of 19.17 g (0.09 mole) of N-phenylan thran i l i c  acid, 
40.8 ml  (0.4 mole) of acet ic  anhydride ,  and 50 ml  of glacial  acet ic  acid was heated at 165 ~ for about 12 h. 
The mix tu re  was cooled, 'and 20% sodium hydroxide was added unti l  the mix tu re  gave an alkal ine reac t ion .  
It was then ref luxed for 2 h. Acidif icat ion with acet ic  acid gave 14.2 g (66%) of a product  with mp 292 ~ (from 
d imethyl formamide)  [13]. The l igh t -co lo red  powder was soluble in hot ethanol and hot xylene and insoluble  
in wa te r .  R f  0.73. UV spec t rum,  Amax,  n m  (log ~), in 80~ ethanol:  234 (4.58), 283 (3.99), 306 (3.96). 

3 - N i t r o s o - 4 - h y d r o x y c a r b o s t y r f l  (VII). A total  of 7.2 ml  of dilute hydrochlor ic  acid (1 : 1) was added 
in 15 rain to a cooled (to 3-4 ~ solution obtained f rom 1.61 g (0.01 mole) of IV and 0.42 g (0.015 mole) of 
sodium hydroxide in 60 ml  of water  and 0.865 g (0.012 mole) of sodium n i t r i t e ,  and the mix tu re  was s t i r r e d  
for 1 h and worked up to give 1.7 g (89%) of a r ed -o range  powder with mp 205-206 ~ (dec., f rom glacia l  acet ic  
acid) [13] that  was soluble in hot ethanol ,  hot dioxane, and hot acetone.  R f  0.25. UV spec t rum,  k m a x ,  nm 
(log e ) ,  in 80% ethanol:  228 (4.22), 240 (4.08), 252 (4.23), 340 (4.12). 

3 - N i t r o s o - l - m e t h y l - 4 - h y d r o x y c a r b o s t y r i l  (VIII). A solut ion of 1.04 g (0.015 mole) of sodium n i t r i t e  
in 10 ml  of water  was added to a cooled (to 3-4 ~ solution of 2.41 g (0.013 mole) of V in 120 ml  of glacial  
acet ic  acid and 50 ml  of d is t i l led  water  in 25 rain, the mix tu re  was s t i r r e d  for 1 h, and worked up to give 
2.5 g (94%) of an orange powder with mp 212-213 ~ (dec., f rom ethanol) [15] that was soluble in hot dioxane 
and hot g lac ia l  acet ic  acid;  Rf  0.27. UV spec t rum,  ~ m a x ,  n m  (loge) ,  in 80~ ethanol:  226 (4.23), 256 (4.34), 
340 (4.23). 

3 - N i t r o s o - l - p h e n y l - 4 - h y d r o x y c a r b o s t y r i l  (IX). This compound [4.5 g (85~)] was s i m i l a r l y  obtained 
f rom 4.74 g (0.02 mole) of VI, 0.84 g (0.03 mole) of sodium hydroxide in 35 ml  of d is t i l led  water ,  and 1.73 g 
(0.024 mole) of sodium n i t r i t e  by the addition of 15.6 ml  of dilute (1 : 1) hydrochlor ic  acid.  The orange pow- 
der  had mp 197-198 ~ (dec., f rom glacia l  acet ic  acid) and was soluble in hot ethanol,  hot acetone,  and hot d i -  
oxane.  R f  0.51. UV spec t rum,  Amax,  nm ( loge) ,  in 80~c ethanol:  224 (4.43), 228 (4.43), 254 (4.32), 340 
(4.15) FoundS: N 10.3, 10.3. C15H101N203 . Ca lcu la t ed%:  N 10.5. 

R e a r r a n g e m e n t  of VII. A mix tu r e  of 1.4 g (0.0075 mole) of VII, 1.15 ml  (0.009 mole) of be nz e ne su l -  
fonyl chloride,  and 50 ml  of acetone was s t i r r e d  and heated to the boil ing point.  Heating was discont inued,  
and a solut ion of 1.02 g of sodium hydroxide in 10.2 ml  of water  was added caut ious ly  in por t ions .  The m i x -  
tu re  was then ref luxed for 10 rain,  cooled to room t e m p e r a t u r e ,  and neu t r a l i zed  with 12~ hydrochlor ic  acid 
to pH 7. The acetone was evapora ted  on a water  bath.  Anthran i l i c  acid and its phenylsulfonyl  der iva t ive  
were  detected in the reac t ion  mix tu re  by chromatography;  f rom the R f  values ,  f luorescence  in UV light, and 
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color in iodine vapors, these were identical to reference spots obtained by another route [15]. The solution 
was acidified to pH 3, and 1 g of potassium bicarbonate and 20 mi of water were added to the filtered pre-  
cipitate. The material  was decolorized by refluxing with activated charcoal,  the mixture was filtered, and 
the product was reprecipitated with 12% hydrochloric acid to give 0.3 g (15%) of N-phenylsulfonylanthranilic 
acid with mp 212-213 ~ [16] and Rf 0.63, which was identical to an authentic sample. 

Rearrangement of VIII. As in the rearrangement  of VII, 4.75 g (0.023 mole) of VIII, 3.85 ml (0.03 
mole) of benzenesulfonyl chloride, 100 ml of acetone, and 3.4 g of sodium hydroxide in 34 ml of water were 
allowed to react .  According to chromatography, the major product in the reaction mixture was one for 
which the Rf value (0.73) and fluorescence in UV light coincided with that observed for a genuine sample of 
N-methylanthranilic acid [17]. Reprecipitation gave 1.5 g (4.3%) of N-methylanthranilic acid with mp 177-178 ~ 
(after two recrystall izations from ethanol); Rf 0.74. The N-phenylsulfonyl derivative had mp 180-181 ~ (from 
glacial acetic acid) and Rf 0.64. 

Rearrangement of Nitroso Compound IX. This was carr ied out as in the rearrangement  of VII from 
3.99 g (0.015 mole) of VI, 2.31 ml (0.018 mole) of benzenesulfonyl chloride, 60 ml of acetone, and 2.04 g of 
sodium hydroxide in 20.4 ml of water.  The chief compound detected by chromatography was N-phenyl- 
anthranilic acid [18]. The yield of product with mp 183 ~ (from cyclohexane) and Rf 0.61 was 2.5 g (78%). 
This product did not depress the melting point of a genuine sample. 
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