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Ni t rogen-subs t i tu ted  methyl  ~,-phenyl-~ ,hydraz inocro tona tes  fo rm methyl  3 -pheny l -2 -  
indolylaceta tes  or  methyl  2 -benzy l indo le -3 -ca rboxy la tes  in acid med ia .  The la t te r  r e -  
act  with polyphosphoric  acid to give benzo[b]carbazole  de r iva t ives ,  f rom which the c o r -  
responding 6,11-dioxobenzo[b]carbazoles  a r e  obtained by oxidation. 

F i s c h e r  indolyzation of the product  of the reac t ion  of ~ -pheny lace toace t i c  e s t e r  with N - m e t h y l - N -  
phenylhydrazine leads to ethyl 3 -phenyl -2- indoly lace ta te ,  but the s t ruc tu re  of the la t te r  has  not been proved  
[1]. In addition, methyl  2 -benzy l indo le -3 -ca rboxy la tes  [2] a re  obtained by the condensation of methyl  3/- 
phenyl-~ - aminoc ro tona te s  with p-benzoquinone under  the conditions of the Neni tzescu reac t ion ,  which can 
be cons ide red  to be a p roces s  s i m i l a r  to the format ion  of indoles via the F i s c h e r  reac t ion .  We have in-  
ves t iga ted  the cycl izat ion of n i t rogen-subs t i tu ted  methyl  7 -phenyl - f i  -hydraz inocro tona tes  (I-IID. * As in 
the IR s p e c t r a  of methyl  3/-phenyl-fl - (N-methy lamino)c ro tona te ,  absorpt ion bands at 3250-3260 c m  -~ (VNH), 
1660 c m  -I  (VC=O) , and 790 cm -1 r =CHR3) a r e  p resen t  in the IR spec t r a  of I and H, obtained by 
the reac t ion  of methyl  y - p h e n y l a c e t o a c e t a t e  with a s y m m e t r i c a l  methylphenyl -  and methy l (p -an i sy l )hydra -  
z ines .  Singlet s ignals  at 9.47 (NH) and 4.49 ppm (~-methyl idyne group) a re  obse rved  in the PIV[R s p e c t r u m  
of I .  The p resence  of a methylphenylhydrazine  grouping in I leads to magnet ic  nonequivalence of the p r o -  
tons of the y - m e t h y l e n e  group.  The signals  of the la t te r  a re  r e p r e s e n t e d  in the s p e c t r u m  in the fo rm of 
two doublets at 3.56 and 3.34 ppm, respec t ive ly ,  with a s p i n - s p i n  coupling constant  of 15 Hz. The position 
of the s ignals  of the protons  in the PMR s p e c t r u m  is  a conf i rmat ion  of the fact  that I - I I I  have hydraz ino-  
crotonic  e s t e r  s t r u c t u r e s .  The chemica l  shift  of the C H  2 group (~3.4 ppm) is due to the effect  of the ad-  
jacent  a romat i c  r ing .  If the l a t t e r  were  absent ,  i .e . ,  in i s o m e r i c  s t ruc tu re  A, the cor responding  shift  would 
be 2.2-2.4 ppm.  In addition, the posit ion of the signal  of the methyl idyne proton (~4.5 ppm) co r r e sponds  to 
the absence of an adjacent phenyl group, which would shift  it cons iderab ly  to the weak-f ie ld  region.  

According to the m e c h a n i s m  adopted for  the F i s che r  reac t ion  [3,4], I - I I I  should be conver ted  to 
methyl  2 -benzy l indo le -3 -ca rboxy la tes .  We have es tab l i shed  that,  depending on the conditions, the react ion  
gives different  indole de r iva t ives .  Thus methyl  3 -phenyl -2- indoly lace ta tes  (IV-VI) a re  obtained in 77-92% 
y ie ld  in the react ion  of sulfur ic  acid in methanol  with I - I I I  at r oom t e m p e r a t u r e .  Under these  condit ions,  
e s t e r s  of 2 -benzy l indo le -3-carboxyl ic  acid a re  apparent ly  fo rmed  in low yie lds .  One of them - VII - which 
we have p rev ious ly  obtained [2], could be isola ted f r o m  the mothe r  l iquor in 2~c yield.  The IR s p e c t r a  of 
IV-VI contain a band of the s t re tch ing  vibra t ions  of a carbonyl  group at 1740 c m  -1, which co r r e sponds  to 
the absorpt ion of the carbonyl  group of indolylacetic acid e s t e r s  [5]. Hydrolys is  of IV and subsequent  de -  
carboxyla t ion of the resu l t ing  acid (VIII) gives 1 ,2-d imethyl -3-phenyl indole  (IX), which is identical  to a 
sample  obtained by methyla t ion  of 2 -methyl -3-phenyl indole  [6]. Signals of the protons of two CH3 groups 
at 2.2 and 3.3 ppm are  obse rved  in the PMR spec t rum of IX. The format ion  of 3-phenylindole de r iva t ives  
ins tead of 2-benzylindole de r iva t ives  may  apparent ly  be explained by the convers ion  of I - I I I  to i somer i c  
compounds (A) during the reac t ion .  

*Compound IH was introduced into the cycl izat ion reac t ion  without isolat ion and additional puri f icat ion.  
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It is known that polyphosphoric acid (PPA) brings about specific cyclization of phenylacetone phenyl- 
hydrazone [6,7], which leads not only to 2-methyl-3-phenyl indole  but also to 2-benzylindole,  We have found 
that 6 ,11-d ihydro- l l -oxobenzo[b]carbazole  derivat ives  (X-XII) are formed in the react ion of PPA with I-HI.  
The react ion probably proceeds  through a step involving formation of methyl 2-benzyl indole-3-carboxyla tes  
with subsequent in t ramolecular  cyclizat ion.  We also obtained XI f rom the reaction of 1 -me thy l -2 -benzy l -  
5-methoxyindole-3-carboxyl ic  acid [2] with PPA.  A signal f rom the protons of a methylene group is ob- 
served in the PMR spect rum of a chloroform solutica of XI at 3.50 ppm, while OH group absorption is ab-  
sent above 3000 cm -1 in the IIt spec t rum under these conditions, and an intense band is observed at 1635 
cm -~ (v C = O). These data constitute proof that benzocarbazoles  X-XII exist  in the oxo form. At the same 
time, the IR spect rum of a suspension of XI in mineral  oil contains an absorption band at 3250 cm -1 (vOH). 
In this connection, there is a basis for supposing that a phenomenon of the an th rone -an th rano l  t au tomer i sm 
(XI ~ B) type occurs  for der ivat ives  X-XII.  

In the absence of ca ta lys ts ,  the indolyzation of II at 190-200 ~ proceeds to give chiefly a 2-benzylindole 
derivat ive (VTT), and the 3-phenylindole derivat ive (V) is formed in a yield of only 1.8~ The co r r e spond-  
ing 6,11-dioxobenzo[b]carbazoles (XtTT-XV) are  obtained in the oxidation of X-XII with chromic  acid. 

c ~ 3 o ~ c o o c ,  3 R' ~ CH--COOCH~ R"-, / CN--C~H s-c'H2~ ] 
~ <  " ~ N - - N  ~ ~C  ,:C6H s 
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B X-XII I l I t - X V  f V - V i  

I, IV, X, Xlll t~Cl~I3; 17~=bt II, V, XI, XIV R=CH~; I~=O(:I-I3 
llI, VI, XlI, XV f7:Ct-12,C6tt5; I~i=H 

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

The IR spec t ra  of mineral  oil suspensions (and of a chloroform solution in the case of XI) of the sub-  
s tances were obtained with a P e r k i n - E l m e r  spect rophotometer .  The PMR spec t ra  of carbon te t rachlor ide  
solutions (I and IX) and ch loroform solutions (XI) were obtained with a JNM-4H-100 spec t romete r  with an 
operating frequency of 100 MHz on the 6 scale re lat ive to te t ramethyls i lane  or  hexamethyldisi loxane.  

Methyl v - P h e n y l - f l -  (N-methyl-N-phenylhydrazino)c,~otonate {I) An l l . 5 - g  (0.06 mole) sample of 
methyl  N-phenylacetoacetate  and 7.3 g (0.06 mole) of N-methyl-N-phenylhydrazine  were mixed, one drop 
of glacial  acetic acid was added, and the mixture was allowed to stand for 2-3 h. Workup gave 17 g (95.5%) 
of a product with mp 91-92 ~ (from methanol).  PMR spect rum,  ppm: N - C H  3 (2.66 s*),  V-CH 2 (3.41 q, J = 
15 Hz), COOCH 3 (3.55 s), o~-CH (4.49 s), 2C6H 5 (6.80 m, 7.10 s), NH (9.47 s). Found: C 72.9; H 7.0; N 9.4%. 
CISH20N202. Calculated: C 72.9; H 6.8; N 9.5%. 

Methyl T-Phenyl - f l - [N-methy l -N-(p-an i sy l )hydraz ino]c ro tona te  (II). This compound was obtained in 
quantitative yield under s imi la r  conditions and had mp 114-115 ~ (from methanol).  Found: C 69.9; H 6.6; 
N 8.5%. C19H22N203. Calculated:  C 69.9; H 6.8; N 8.6%. 

Methyl 1-Methyl-3-phenyl-2- indolylaceta te  (IV). A solution of 6 ml of concentrated sulfuric acid in 
60 mI of methanol was added dropwise with s t i r r ing  at room tempera tu re  to 9.6 g (0.032 mole) of I, and 
the reaction mass  was allowed to stand for 1 h. It was then cooled with ice, and the resul t ing precipitate 
was removed  by filtration, washed with water ,  and dried to give 8.3 g (92.2%) of a product with mp 100- 
101 ~ (from methanol).  Found: C 77.5; H 6.2; N 5.0%. C18H17NO 2. Calculated: C 77.41 H 6.1; N 5.0%. 

Methyl 1-Methyl -3-phenyl -5-methoxy-2- indoly lace ta te  (V) and Methyl 1-Methyl-2-benzyl-5-meth-4_ 
oxyindole-3-carboxyla te  (VII). A. The reaction was ca r r i ed  out under the conditions used in the synthesis  
of IV to give 77% of V with mp 121-122 ~ (from methanol).  Found: C 74.0; H 6.3; N 4.77c. C19H19NO 3. Cal -  
culated: C 73.8; H 6.2; N 4.5%. 

*Abbreviat ions:  s is singlet, q is quartet ,  and m is multiplet.  

975 



The mothe r  l iquor af ter  the separa t ion  of V was t r ea t ed  with wate r ,  and the resul t ing  res inous  m a s s  
began to c rys t a l l i ze  on cooling to give 2.1% of VII with mp 135-136 ~ (from methanol) .  This  product  did not 
dep re s s  the mel t ing point of a sample  of methyl  1 - m e t h y l - 2 - b e n z y l - 5 - m e t h o x y i n d o l e - 3 - c a r b o x y l a t e  that 
we p rev ious ly  obtained in [2]. 

B_~. A 6-g sample  of II  was heated on a Woods me ta l  bath  at 190-200 ~ until the evolution of ammonia  
bubbles ceased  (3-5 rain).  The res idue  in the f lask  was cooled and s t i r r e d  with a sma l l  amount of m e t h -  
anol.  The resu l t ing  c r y s t a l s  we re  r e m o v e d  by f i l t ra t ion,  washed with methanol ,  and dr ied  to give 2.1 g 
(37%) of a mix tu re  of V and VII, which, according to gas- l iqu id  ch roma tog raphy  (GLC), * contained 1.83% V 
and 97.8% VII.  

Methyl 1 -Benzy l -3 -pheny l -2 - indo ly lace ta t e  (VI). A 1.92-g (0.01 mole) sample  of methyl  7 - p h e n y l -  
ace toace ta te  and 1.98 g (0.01 mole) of N-benzy l -N-pheny lhydraz ine  were  mixed,  and 1 drop  of glacia l  
acet ic  acid was added. The methyl  7 - p h e n y l - ~ -  (N-benzyl-N-phenylhydrazino)crotonate  (iII), which s e p a -  
ra ted  as an oil, was dr ied  by azeot ropic  dist i l lat ion of the wa te r  with benzene .  The  benzene was r emo v ed  
by  dist i l lat ion,  and a solution of 1.2 ml  of concent ra ted  sulfur ic  acid in 12 ml  of methanol  was added to the 
res idue  in the f lask .  The resul t ing  VI, which sepa ra t ed  as an oil, began to c ry s t a l l i z e  on cooling to give 
2.9 g (83%) of a product  with mp 99-100 ~ (from methanol) .  Found: C 81.0; H 6.0; N 3.6%. C24H21NO ~. Ca l -  
culated:  C 81.1; H 6.0; N 3.9%. 

1 -Methy l -3 -pheny l -2 - indo ly lace t i c  Acid (VIII). A 5.6-g (0.02 mole) sample  of IV was added to fused 
po tass ium hydroxide obtained by heat ing 11.2 g (0.2 mole)  of po ta s s ium hydroxide with 2 ml  of wa te r  to 
150 ~ The mel t  was s t i r r e d  at 150-170 ~ for  5-7 rain until  the evolution of gas  bubbles ceased .  The me l t  
was then cooled and d isso lved  in 50 ml  of dis t i l led wa te r .  The solution was f i l te red ,  and the f i l t ra te  was 
acidified with acet ic  acid.  The resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion,  washed with wate r ,  and 
dr ied  to give 4.9 g (98.4%) of a product  with mp 140-141 ~ (from aqueous acetone) (rap 142 ~ [1]). Found: C 
77.3; H 5.6; N 5.3%. CI~HI~NO 2. Calculated:  C 77.0; H 5.7; N 5.3%. 

1 ,2-Dimethyl -3-phenyl indole  {IX). A. A 0.6-g (2.5 mmole)  sample  of VIII was heated on a Woods 
me ta l  bath at 165-170 ~ in a f lask equipped with an a i r  condenser  with a Bunsen valve until  the evolution of 
carbon dioxide bubbles  ceased .  The resul t ing oily liquid (IX) c rys t a l l i zed  on cooling to give 0.5 g (94.3%) 
of a product  with mp 111-112 ~ (from methanol)  (rap 111-112.5 ~ [8]). Found: C 87.0; H 6.9; N 6.3%. 
ClsHlsN. Calculated:  C 86.8; H 6.8; N 6.3qc 

B_B_, A hot solution of 2 g (0.05 mole)  of po tass ium hydroxide in 1 ml  of wa te r  was added all at once to 
a solution of 2 g (0.01 mole)  of 2 -methyl -3-phenyl indole  [6] in acetone,  and the mix tu re  was s t i r r e d  for  45 
rain.  Dimethyl  sulfate  [1.9 ml  (0.02 mole)] was then added to the reac t ion  solution in the cour se  of 5 rain, 
and the mix tu re  was s t i r r e d  at r oom t e m p e r a t u r e  for  45 rain. The mix tu re  was poured into water ,  and the 
resul t ing prec ip i ta te  was r em oved  by f i l t ra t ion,  washed with wate r ,  and dried to give 2.1 g (95.5%) of a 
product  with mp  111-112 ~ {from methanol) .  This  product  did not dep re s s  the mel t ing point of the product  
obtained by method A. 

6 ,11 -Dihyd ro -5 -me thy l - l l - oxobenzo [b ]ca rbazo l e  (X). A 40-g (0.035 mole) sample  of I was added at 
r o o m  t e m p e r a t u r e  to 400 g of polyphosphoric  acid [9], and the mix tu re  was s t i r r e d  at 50-60 ~ for 1 h. The 
reac t ion  m a s s  was then cooled and poured with s t i r r ing  over  ice.  The resul t ing  prec ip i ta te  was r emo v ed  
by f i l t ra t ion,  washed with sa tu ra ted  sodium bicarbonate  solution and wate r ,  and dr ied to give 14.5 g (43.4%) 
of a substance  which, a f ter  r ee rys t a l l i za t ion  f r o m  m e t h a n o l - e t h y l  aceta te  (1 : 1), had mp 189-190.5 ~ (dec .) 
and R f  0.62. T Found: C 82.7; H 5.2; N 5.7~c. C17II13NO. Calculated:  C 82.6; H 5.3; N 5.7%. 

*The composi t ion of the react ion  product  was studied with a JGC-810 gas - l iqu id  ch roma tog raph .  The 0.5- 
m long column had a c r o s s  section of 3 ram.  The s t a t ionary  phase  was 1% OV-17 and 1% SE-30 on C h r o m o -  
sorb  W. The column t e m p e r a t u r e  was 197 ~ and the c a r r i e r  gas  (helium) flow ra te  was ~60 m l / m i n .  In-  
dividual s amp le s  of V and VII that we had prev ious ly  obtained were  used  as r e f e r e n c e s  for  the identification 
of the ch romatographed  peaks .  The percen tage  of V and VII was de te rmined  by means  of a Chromalog-2  
e lec t ronic  in t eg ra to r .  
T The benzocarbazo le  de r iva t ives  (X-XII) we re  ch romatographed  under  the same conditions: the adsorbent  
was Silufol UV-254, the elution was accompl ished  with b e n z e n e - m e t h a n o l  (9 : l ) , and  the spots were  de -  
veloped with iodine vapo r s .  

976 



TABLE I. 6,11-Dioxobenzo [b ]carbazole  Der iva t ive  s 

o 

I I[ 
R o 

Comp R ~' mp, "C Empirical 
formula 

Found, % ] Calc., % 

XIII 
XIV 
XV 

CH3 I H I 211--212 
CH3 I OCH3] 257.5--258.5 

CH2C~H5 i H 178 5--1795 

C~THnNO~ 
CIsH,a,NO3 
C23H,sNO= 

78,1[ 4,3 ]5,4 78,2 4,2 
74,2[4,6 4,9 74,2 4,5 
�9 81,8] 4,4 4,1 81,9 4,5 

5,4 
4.8 
4,2 

I Yield, 
%" 

50 
62 
35,7 

* F r o m  glac ia l  acet ic  acid.  

6 , 1 1 - D i h y d r o - 5 - m e t h y l - 2 - m e t h o x y - l l - o x o b e n z o [ b ] c a r b a z o l e  (XI). A. C ompound XI was obtained 
f r o m  II under  the conditicms of the synthes is  of X, during which the reac t ion  mix tu re  was s t i r r e d  at r o o m  
t e m p e r a t u r e  f o r  2 h. The yield of  product  with mp 169-171 ~ [from ethyl a c e t a t e - g l a c i a l  acet ic  acid (3 : 1), 
in a sea led  capi l lary]  and R f  0.48 was 44%, Found: C 78.0; H 5.7; N 5.1%. CIsH15NO2, Calculated:  C 
78.0; H 5.5; N 5.1%, 

B. A 1.5-g (5 mmole)  sample  of 1 - m e t h y l - 2 - b e n z y l - 5 - m e t h o x y i n d o l e - 3 ' c a r S o x y l i c  acid [2] was added 
to 80 g of polyphosphoric  acid, and the mix tu re  was s t i r r e d  at room t e m p e r a t u r e  for  5 h and allowed to 
stand overnight .  I t  was then cooled and diluted with wate r ,  and the resu l t ing  prec ip i ta te  was r emoved  by 
f i l t ra t ion,  washed with wate r ,  and dr ied .  I t  was then dissolved by heating in the min imum amount of dioxane, 
a sa tu ra ted  sodium b icarbona te  solution was added, and the mix tu re  was heated a lmost  to the boiling point. 
I t  was then cooled and diluted with th ree  to four  volumes of water ,  and the prec ip i ta te  was r emoved  by  f i l -  
t ra t ion ,  washed with wate r ,  and dr ied to give 1.3 g (95%) of a product  with mp 169-171 ~ [in a sea led  cap i l -  
l a ry ,  f rom ethyl a c e t a t e - g l a c i a l  acet ic  acid (3 : 1)] and R f  0.48. Found: C 77.9; H 5.7; N 5.1%. ClsH15NO 2. 
Calculated:  C 78.0; H 5.5; N 5.1%. 

6 ,11 -Dihyd ro -5 -benzy l - l l - oxobenzo [b ]ca rbazo l e  (XII). This compound was obtained in 35.6% yield 
under  the conditions of the synthes is  of X and had mp 172-174 ~ ~n a sea led  capi l la ry ,  f rom ethyl acetate)  
and Rf  0.65. Found: C 85.8; H 5.1; N 4.4%. C23H17NO. Calculated:  C 85.4; H 5.3; N 4.3~.  

6 ,11-Dioxobenzo[b]carbazoles  (XIII-XV). Chromic  acid (6 g of chromic  anhydride in 6 ml  of water)  
was added to a suspension of 15 m m o l e  of benzo[b]carbazoles  X-XII  in 120 ml  of g lac ia l  acet ic  acid while 
maintaining the t e m p e r a t u r e  of the reac t ion  mix tu re  at ~15 ~ . The mix tu re  was s t i r r e d  at 50 ~ for  2 h and 
cooled.  The prec ip i ta te  was r e m o v e d  by f i l t ra t ion,  washed with wate r ,  and dr ied .  Dilution of the mothe r  
l iquor with wa t e r  gave  an additional amount of XIII-XV. Data on the physical  constants  and yields of XII I -  
XV are  p resen ted  in Table  1. 
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