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It has been found that arylhydrazones of carbonyl compounds smoothly 
undergo rearrangement into the corresponding indoles under the action 
of strong alkylating agents such as benzyl chloride, allyl bromide, 
and dimethyl sulfate in boiling methanol. The use of arylhydrazines 
substituted at the a-nitrogen atom leads to the formation of N-sub- 
situted indoles; However, where a hydrazine of the type of ArNHNHz 
is used, a mixture of the corresponding indole and of the indole sub- 
stituted on the nitrogen atom by the radical of the alkylating com- 
pound is formed. 

The condens ing  agents  used in the F i s c h e r  indole  
syn thes i s  a r e  ma in ly  compounds  with an ac id ic  na tu r e - -  

m i n e r a l  [1, 2] and o rgan i c  [3,4] ac ids  and me ta l  ch lo-  
r i de s  [5, 6]. T h e r e  a r e  i so l a t ed  i t e m s  of i n fo rma t ion  
on the conve r s ion  of a r y l h y d r a z o n e s  into indoles  under  
the ac t ion  of o r g a n o m a g n e s i u m  compounds  [7] and boron  
t r i f l u o r i d e  [8]. F u r t h e r m o r e ,  c a s e s  have  b e e n d e s c r i b e d  
in which the f o r m a t i o n  of indoles  f r o m  a r y l h y d r a z o n e s  

takes  p lace  under  the ac t ion  of a lka l ine  condens ing  agents  
[8] or  in the absence  of any ca t a lys t s  wha t eve r  [9, 10]. 

T h e r e  a r e  two p a p e r s  on the use  as condens ing  agent  of 
a c a t i o n - e x c h a n g e r  in a s t a t i ona ry  s y s t e m  [11, 12]. 

Deve lop ing  our  work  on a new syn thes i s  of t r yp t a -  
m ines  [13], we have  found that  a r y l h y d r a z o n e s  can be 
a lkyla ted  at  the f i -n i t rogen  a tom with subsequen t  r e -  
a r r a n g e m e n t  into indoles .  

We p ropose  this as a p r e p a r a t i v e  method  fo r  the 
syn thes i s  of v a r i o u s  indole s y s t e m s .  The m o s t  ac t ive  
a lkyta t ing  a g e n t s - - b e n z y l  ch lo r ide ,  a l ly l  b r o m i d e ,  
and d ime thy l  s u l f a t e - - a r e  used  as condens ing  agents .  
When the r eac t i on  is  c a r r i e d  out with h y d r a z o n e s  ob-  
ta ined f r o m  m]sym-a lky lpheny lhyd raz ine ,  the t - n i t r o -  

gen a tom is a ikyla ted .  The q u a t e r n a r y  a m m o n i u m  

sa l t  (II) o r  the t a u t o m e r i c  v i n y l h y d r a z i n e  hyd roch io -  
r i d e  (Ill) f o r m e d  is  r e a r r a n g e d  in the m a n n e r  of the 
R o b i n s o n - S u v o r o v  r e a c t i o n  with the f o r m a t i o n  of the 
c o r r e s p o n d i n g  indole r ing  (IV) and t h e  l i be ra t ion  of 
the corresponding amine. 
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* F o r  p a r t  II, s ee  [17]. 

When the r eac t i on  is  c a r r i e d  out with a r y l h y d r a -  
zones having the --NH--N~--- grouping,  the two n i t rogen  
a toms of the phenylhydrazone  a r e  a lkylated to d i f fe ren t  
extents ,  which leads  to the fo rma t ion  of a m i x tu r e  of 
N-subs t i tu t ed  (V) and N-unsubs t i tu ted  (VI) indoles .  
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The r e a c t i o n  takes  p lace  with s i m i l a r  s u c c e s s  in 
the act ion of a lkyla t ing  agents  on both the pure  a r y l -  

hydrazone  and on the un iso la ted  a r y l h y d r a z o n e  f o r m e d  

by boi l ing  an a r y l h y d r a z i n e  with a carbonyl  compound 

in ethanol .  

EXPE RIM E NTAL 

N-Methyl-l, 2, 3, 4-tetrahydrocarbazole. A, A mixture of 2.44 g 
(0.02 mole) of a-methylphenylhydrazine and 1.96 g (0.02 mole) of 
cyclohexanone in 20 ml of ethanol was heated to the boil for 20 rain. 
Then 2.53 g (0.02 mole) of benzyl chloride in 15 mlofaqueousethalrol 
(1 : 5) was added. The reaction mixture was boiled under reflux for 
4 hr, after which the ethanol was distilled off and the residue was 
treated with a mixture of 40 ml of water and 35 ml of benzene, After 
drying, the benzene extract was distilled in vacuum to give 3.3 g 
(90%) of N-methyltetrahydrocarbazote with bp 156 ~ C (5 ram), mp 
50-52" C (from petroleum ether) [142 R/0.75, dirty green spot*. 

*Chromatography was carried out on rapid chromatographic paper 
of the VolodarsMi mill impregnated with dimethylformamide in the 
benzene system. The revealing agent was a hydrochloric acid solution 
of p-dimethylaminobenzaldehyde in butanol. With each indole the 
reagent gives a characteristic coloration differing from the others, 
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8. N-Methyltetrahydrocarbazole was obtained similarly except 
that dimethyl sulfate was used instead of benzyl chloride as the con- 
densing agent. After the reaction mixture had been boiled for 2 hours 
the yield was 70%o, 

1, 3-Dlmethylindole. This was obtained similarly from 0.01 mole 
of propionaldehyde, 0.01 mole of c~-methylphenylhydrazine, and 
0.01 mole of benzyl chloride. Yield 85%, bp 118-125 ~ C (10 ram); 
R:f 0.85, lilac spot. Notate, mp 144-145 ~ C (from ether) [15]. 

N-Benzyl-l, 2, 3, 4-tetrahydrocarbazole. This was obtained simi- 
larly from 0.01 mole of c~-benzylphenylhydrazine, 0,01 mole of 
cyclohexanone, and 0,01 mole of benzyl chloride with a yield of 
66%, bp 235-240 ~ C (10 ram), mp 49-50 ~ C (from petroleum ether); 
Rf 0.73, light blue spot. Found, %: C 8%21, 87.09; H 7.2'/, '/.20. 
Calculated for CIgH~t, %: C 87.31; H 7.32 [19]. ' 

N-Benzyl-2-methyllndole. This was obtained similarly from 0.01 
mole of a-benzylphenylhydrazine, ' 0.01 mole of acetone, and 0.01 
mole of benzyl chloride. Yield 77%, viscous oil with bp: 206-210 ~ C 
(18 ram). Found, %: C 87.02, 86,91; H %05, 6.97; N 6.23, 6.18. 
Calculated for CIsHIsN %: C 86.83, H 6.83{ N 6.33 [18]. 

1,2-DtmethyltryptophoL This was obtained similarly from 0.02 
mole of a-methylphenylhydrazine, 0.02 mole of acetopropyl alcohol 
and 0.02 mole of benzyl chloride. The reac'don mixture was boiled 
for 6 hr. Yield 60% bp 186-190 ~ C (6 mm), 210" C (19 mm);P.:f 0.74, 
red-violet spot. Found, %: N 7.34, 7.28. Calculated for ClzHI~NO, 
%o: N 7.44. 

N-Benzyl-2,8-dtmethyllndole. This was obtained similarly from 
0.01 mole of a-benzylphenylhydrazine, 0.01 of methyl ethyl ketone, 
and 0.01 mole of allyl bromide. Yield 62%, bp 200-205 ~ C (10 ram), 
bp 60-61 ~ C (from petroleum ether); Rf 0.72, dark blue spot. Found, 
%o: N 6.12, 6.03. Calculated for ClTH17N, %: 5.91. 

2, 3-Dimethylindole and N-benzyl-2, 8-dimethylindole, A mixture 
of 0.1 mole of phenylhydrazine and 0.1 mole of methyl ethyl ketone 
was boiled under reflux in 250 ml of ethanol for an hour. Then 0.1 
mole of benzyl chloride and 25 ml of water were added, and the 
reaction mixture was boiled for another 8 hr. After the solvent had 
been distilled off, the residue was dissolved in a mixture of 150 ml 
of benzene and 100 ml of water, and the benzene layer was washed 
with water (3 x 50 mE). After the benzene extract had been dried, 
the benzene was driven off and the residue was distilled in vacuum 
to give 2.59 g (25%0) of 2, 3-dimethytindole with bp 165-170 ~ C(t3 ram), 
mp 105-107 ~ C (fro m aqueous methanol); Rf 0.55, gray-blue spot: 
picrate, mp 155-156 ~ C (from ether) [5]; and 15.3 g (65%) of N- 
benzyl-2, 3-dimethylindole with bp 210-214 ~ C (from petroleum 
ether), melting without depression in admixture with authentic N- 
benzyl-2, 3-dimethylindole with bp 210-214 ~ C (12 ram), mp 60- 
61 ~ C (from petroleum ether), melting without depression in  admixture 
with authentic N-benzyI-2, 3-dimethyliudole; Rf 0.72, dark blue 
spot. 

I, 2, a, 4-Tettahydrocarbazole and N-benzyl-1, 2, 3, 4-tetrahydre- 
eatbazole. Similarly, phenylhydrazine, cyclohexanone, and benzyI 
chloride gave 5.8 g (34%) of 1,2,3,4-tetrahydrecarbazole with mp 
115-117 ~ C (from petroleum either) [5], R3~ 0.65, light green spot; 
picrate, mp131-183~ C (from ethanol); and 12.45 g (48%) of N-benzyl- 
1, 2, 3, 4-tetrahydrocarbazole with bp 236-250 ~ C (12 mm), mp 49- 
50 ~ C (from petroleum ether), melting without depression in admixture 
with authentic N-benzyltetratiydrocarbaz01e. 

3-Ethyl-2-propylindole and N-benzyl-3-ethyl-2-propylindole. 
Similarly, phenylhydrazine, dlpropyl ketone, and benzyl chloride 
yielded 5.12 g (27%) of 3-ethyl-2-propylindole with bp 185-190 ~ C 
(10 mm), mp 129-130 ~ C (from petroleum ether) [16], Rf 0.66, blue- 
green spot; and 12.4 g (45%) of N-benzyl-3-ethyl-2-propylindole with 
bp 215-220 ~ C (10 ram), Rf 0.700 blue-lilac spot. Found, %: N 5,14, 
5.12. Calculated for C20H2aN, %: N 5.05. 
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