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When solut ions  of a ry lhyd razones  of a ldehydes  or ketones  a re  passed in 

aqueous  h y d r o x y l - c o n t a i n i n g  solvents  th rough  c a t i o n - e x c h a n g e r s  in 

the  H + fo rm at  t e m p e r a t u r e s  of  f rom 70 to 100 ~ C,  i t  is poss ible  to 

ob t a in  the  cor respond ing  indoles  in good  yieIds and  in  a fo rm not  r e -  

qu i r ing  fu r the r  pu r i f i c a t i on .  

In J apanese  pa tents  [1, 2] some y e a r s  ago, i n fo r -  
mat ion  was publ ished on the poss ib i l i t y  of the o c c u r -  
r enee  of the F i s c h e r  r e a r r a n g e m e n t w h e n p h e n y l h y d r a -  
zones a r e  boi led with cat ion exchangers .  We decided 
to a t tempt  to c a r r y  out this  r eac t ion  in a cont inuous 
sys t em,  which would make i t  poss ib le  to p e r f o r m  in 
i n d u s t r y  the cont inuous synthes i s  of these  b io logica l ly  
act ive s y s t e m s ,  which a re  e x t r e m e l y  i m p o r t a n t  for 
pharmacology .  It was found that  a ry lhyd razones  of 
even the mos t  act ive  ca rbonyl  compounds (cyelohex-  
anone) underwent  no change on being p a s s e d  through 
a column of ca t i on -exchange r  (H +' form)  at the o r d i -  
n a r y  t e m p e r a t u r e .  The r eac t ion  begins  to take p lace  
only at 50 ~ C, and the op t imum t e m p e r a t u r e  is  9 0 -  
100 ~ C. However,  i t  is  diff icul t  to achieve such a t e m -  
p e r a t u r e  in aqueous e thanol ic  solut ions  without the 
use of i n c r e a s e d  p r e s s u r e ,  and, in view of this ,  in 
the m a j o r i t y  of cases  we worked at a t e m p e r a t u r e  of 
70 ~ C. The use of aqueous ethanol ic  solut ions  con-  
s i de rab ly  f ac i l i t a t e s  the i so la t ion  of the indoles  ob- 

*For p a r t  III, see  [3]. 

ta ined,  and the use of aqueous so lu t ions  of ethylene 
glycol,  although it  enabled the t e m p e r a t u r e  to be r a i s e d  
to 100 ~ C, compl ica ted  the subsequent  i so la t ion  of the 
pure  indote.  

The bes t  r e su l t s  were  obta ined  onthe  Russ i an  cation 
exchanger  KU-2-8  (type A); the use  of Dowex 50 • 16, 
20/50 caused  an i r r e v e r s i b l e  darkening  of the ion-  
exchanger  because  of r e s i n  fo rmat ion .  The i o n - e x -  
changer  evident ly  also plays  the pa r t  of an adsorben t ,  
s ince the indole i so la ted  is d i rec t ly  of ana ly t ica l  pu r -  
ity and the by-p roduc t s  of the r eac t ion  fo rmed  and the 
r e s i n s  a r e  r e t a ined  in the column.  The opt imum t ime 
of contact  of the a ry lhydrazone  with the cat ion ex-  
changer  was 1 .5 -2  hr ,  a d e c r e a s e  in this t ime lead-  
ing to the pa r t i a l  i s s u e  of unchanged hydrazone  f rom 
the column arid an i n c r e a s e  to a fal l  in the yie ld  pe r  
uni t  t ime ,  although i t  caused  a lmos t  no addi t ional  
r e s i n  fo rmat ion .  The r eac t ion  takes place s i m i l a r l y  
both when a solut ion of a pure  a ry lhydrazone  andwhen  
an equ imola r  mix tu re  of an a ry lhyd raz ine  and a c a r -  
bonyl compound p rev ious ly  heated in ethanol to cause 
condensat ion  with the sepa ra t ion  of the wa te r  a re  used.  

It i s  obvious that the op t imum condit ions for syn-  
thes is  wil l  be the use of aqueous ethanotic  solut ions  
at 100 ~ C with ex te rna l  p r e s s u r e  p reven t ing  the sol -  
ven t  f rom boil ing.  

We followed the course  of the reac t ion  by a spot 
t e s t  with E h r t i c h ' s  r eagen t .  The indoles  give spots 

Reac t ion  Condi t ions ,  Cons tan ts ,  and Yields of the Compounds Obtained 

Initial hydrazine 
Carbonyl 

compound Indole Solvent 
Cation- Reaction Yield, 

exchanger tempera- Mp, R, r 
lure, ~ % 

Phenylhydrazine 

Phenylhydrazine 

Phenylhydrazine 

Phenylhydrazine 

Phenylhydrazine 

o-Tolylhydrazine 

0~-Methylphenylhy- 
drazine 

Cyclohexanone 

Cyclohexanone 

Methyl ethyl ketone 

Methyl ethyl ketone 

Propionaldehyde 

Cyclohexanone 

Cyclohexanone 

1,2,3,4-Tetrahydrocarba- 
zole 

1,2,3,4-Tatrahydrocarba- 
zole 

2,3-Dimethylindole 

2,3-Dimethylindole 

3-Methylindole 

8-Methyl-l,2,3,4-tatrahy- 
drocarbazola 

N-Methyl-l,2,3,4-tetrahydro- 
�9 earbazole 

Water--ethanol 
(3 : I0) 

Water-ethanol 
(3 : I0) 

Water --ethanol 
(3 : 10) 

Water-ethylene glycol 
(1 : I0) 

Water-ethanol 
(3 : 10) 

Water-ethanol 
(3 : 10) 

Water-butanol- 
ethylene glycol (1 : l : 8) 

KU- 1 

KU -2 

KU-2 

KU -2 

KU -2 

KU -2 

KU-2 

70 

70 

70 

100 

70 

70 

lO0 

Ll6--117 0.65 

I16--I17 0.65 

i05- - I06  0.55 

I05---I05 [ 0,55 

93--95  0,74 

96--97 - -  

49--50 0.75 
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of  d i f f e r e n t  s h a d e s  of  b l u e ,  g r e e n ,  and  v i o l e t ,  and 

al l  the  a r y l h y d r a z o n e s  g ive  o r a n g e  s p o t s .  W h e r e  the  

r e a c t i o n  d id  n o t  go to  c o m p l e t i o n ,  the  i n d o l e s  o b t a i n e d  

w e r e  n o t  c o n t a m i n a t e d  w i t h  t he  i n i t i a l  a r y l h y d r a z o n e s  

s i n c e  the  l a t t e r  i s s u e  f r o m  the  c o l u m n  c o n s i d e r a b l y  

l a t e r  t h a n  t h e  i n d o l e s  p r o d u c e d .  

containing the indole was evaporated in vacuum in a current of nitro- 
gen, and the indole that separated out was filtered off with suction. 
Where solutions containing ethylene glycol were used, they were 
diluted with water three- to fourfold, and the indole was extracted 
with benzene. 

The reaction conditions, constants, and yields of the compounds 
obtained are given in the table. 

E X P E  RIM E N T A L  

The cation-exchanger in the H + form, previously Covered with 
aqueous ethanol, was charged into a glass colnmn 300 mm long and 
15 mm in internal diameter with a jacket heated via a thermostat. 
The column was filled with solvent and then, in a current of nitrogen, 
a solution containing 0.01 mole of the arylhydrazone in 30 ml of 
solvent (prepared by boiling the starting materials in a suitable solvent 
for half an hour) (see table) was added dropwise. The rate of passage 
was 0.4 ml/min, and the time of contact of the solution with the 
cation-exchanger about 1 hr 30 rain. After the addition of the solu- 
tion, the column was eluted with ethanol at the same rate. The issue 
of the indole from the column was followed by means of Ehrlich's 
reagent. The cation-exchanger was used repeatedly. The eluate 
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