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The c atalyti c cycl ization of N- (fl -hydroxyethyl)  aniline and N,N'-diphenylethyl  ene di-  
amine on oxide cata lysts  based  on alumina and s i l ica  gel and on act ivated carbon has 
been  studied in the t empera tu re  range f rom 300-500~ The following cycl izat ion p rod -  
ucts have been isolated and identified: N-phenylpyr ro le ,  indole,  N-methy l -  and 3- 
e thyl indoles ,  N,N'-diphenylpiperazine,  and N,N'-diphenylimidaz oline. 

A number  of a t tempts  at the catalyt ic  synthesis  of indole f r o m  or tho-  and N-subst i tuted anilines has 
been desc r ibed  in the l i t e r a tu re ,  fo r  example:  the cycl izat ion of N-(f i -hydroxyethyl)ani l ine [2], o -e thylan-  
iline [3, 4] and o-e thylni t robenzene [5]; the reac t ion  of aniline with acetylene has also been studied [6, 7]. 
In the majo r i ty  of the p r o c e s s e s  studied, indole is only one of the components of a complex mix ture  of 
products .  It is accompanied,  f requent ly  in predominat ing amount,  by p y r r o l e ,  p iperazine ,  and, pa r t i cu la r ly ,  
quinoline compounds.  In addition, considerable  res in i f ica t ion  takes place which shows the in te rmedia te  
format ion  of unsatura ted subs tances ,  especia l ly  vinylaniline [2, 7]. In the final account,  the synthet ic  indole 
obtained by the method desc r ibed  in the l i t e ra tu re  r equ i res  such laborious purif icat ion that it cannot com-  
pete with c oa l - t a r  indole. Consequently,  the question of the industr ia l  synthesis  of indole st i l l  r emains  
an urgent  one. We cons idered  it  des i rab le  to use for the c losure  of the  r ing react ions  taking place under 
mi lde r  conditions than, for  example ,  the dehydrocycl izat ion reac t ion ,  although, according to the l i t e r -  
a tu re ,  the la t te r  also gives sa t i s fac tory  yields of indole [3, 4]. 

We have studied the cycl izat ion of N-(f i -hydroxyethyl)ani l ine and of N,N'-diphenylethylenediamine on 
the oxides A120 ~ and SiO 2 (pure and with addition of oxides of chromium,  cadmium, nickel ,  t i tanium, thor ium,  
and zirconium) and on act ivated carbon.  

As a ru le ,  none of the s tar t ing mate r i a l  was r eco v e red .  The cata lysate  contained aniline and cyclic 
products ,  the composi t ions and l imiting t empera tu re s  of which are  shown in Table 1. 

All the products  were  isola ted and identified on the basis  of e l emen ta ry  analys is ,  melt ing point,  and 
UV, IR and PM_R spec t r a  (Table 2). 

EXPERIMENTAL 

N-(f l -Hydroxyethyl)ani l ine  was obtained by known method [8] and the following constants:  bp 140- 
141~ (1 ram); n]~ 1.5791; mp of the p ic ra te  124-125~ (from ethanol);  mp of the N-benzoyl der iva t ive  93- 
94~ which co r responds  to l i t e ra tu re  data [9]. 

* F o r  Communication XLIX, see [1]. 
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TAB LE 1. Composition of the Cyclization Products  

Starting 
material 

N-(B -Hydroxy- 
ethyl)aniline 

The same 

N,N '-Dipheny!- 
ethylenediamine 

The same 

Catalyst 

A1203 

Si0u 

AluOa 

AluOa + ThOu 

Si02 

SiO2+ThO2 

AG~2 activated 
carbon 

ThO~ on carbon 

CycHza- com- tion tem- 
perature, pound 

~ 

300--350 I 

350--400 II 
Ill 
IV 

350--450 

400--450 

420 

400--470 

400--450 

410--430 

410 I 

IiI 

I! 
I!l 

I 

II 
III 
V 

II 
IH 

IV 

VI 

Cyclization products " 

name yie!d,* 
Wto~o 

N ~'-Diphonyl- 
piperazme 
Nnfhenylpy rrole 

e 
-Ethylindole 

N .Phenylpyrrole 
Indple 

N -Phenylpyrrole 
Indole 

' N,N'-Diphenyl - 
pipe~azme 

N-Phenylpyrrole 
Indole 
1 -Methylindole 

N -Phenylpyrrole 
Indole 
1 -Me~hylind01e 
a-gthylmdole 

N,N'-Diphenyl- 
imidazolidine 

N ,N'-Diphemyl- 
piperazine 

10,0 

!4,0 
6,8 

11,1 

c~e#m 
2,0 

!02 
7,6 

4,0 

8,5 
14,6 
5,0 

7,0 
20,0 
4,5 
5.0 

12,5 

!62 

* Calculated on the substance passed.  

N,N'-Diphenylethylenediamine was obtained by our modification of Bennett ' s  method [10], mp 63~ 
mp of the diacetyl  derivat ive 158~ which cor responds  to l i te ra ture  data [11]. The e lementa ry  analysis 
and IN spec t ra  of the product  i tself  and of its diacetyl derivative cor respond to the composit ion and spec-  
t r a  of the requi red  compound. 

Pe r fo rmance  of the Exper iments .  The experiments  were  pe r fo rmed  in a f low-through catalytic ap- 
paratus  with an inclined furnace.  The diameter  of the tube was 35 mm.  The bulk volume of the catalyst  
was 150 ml.  The t empera tu re  was measured  by means of a thermocouple located within the layer  of 
cata lys t .  The star t ing ma te r i a l  in the form of a benzene solution (ratio of the weight of the substance to 
that of benzene 1:3)  was~ added uniformly to the cata lyst  tube by means of an automatic doser .  The space 
velocity was var ied  f r o m  6.5 �9 10 -4 to 13.0 �9 10 -4 mo le /ml  �9 h. Nitrogen or  carbon dioxide (at a ra te  of 
8 l i te rs /h)  was used as the c a r r i e r  gas.  The catalysate  was collected in a water  r ece ive r  and the  gaseous 
products  passed  into a gasomete r  (at a tmospher ic  p ressure ) .  

Isolation and Identification of the Reaction Products .  The catalysate  obtained was dissolved in a 
two- to threefold amount o f  benzene and was washed free f rom aniline with dilute sulfuric acid, The 
benzene solution containing the tndole and pyr ro le  compounds was dried with magnesium sulfate; the r e ,  
sidue af ter  the benzene had been driven off was vacuum-dis t i l led to free it f rom res inous impuri t ies .  
The f rac t ion col lected at 55-100~ (1 mm) was separa ted  in a column of alumina for  chromatography of 
activi ty grade II (the resu l t s  of the separat ion are given in Table 3). When their  amount in the catalysate  
was m o r e  than 15%, the N,N'-diphenylethylenediamine and N,N'-diphenylpiperazine were  isolated by the 
r ec rys ta l l i za t ion  f r o m  50% ethanol of the mixture of react ion products washed free f rom amines.  When 
they were  present  in sma l l e r  amounts ,  the two substances were ext rac ted  f rom the still residue after  vacu-  
um dist i l lat ion of the cycl izat ion products  by crys ta l l iza t ion  f r o m  ethanol or acetone. N,N'-Diphenyl-  
[midazolidine was ext rac ted  f rom the cata lysate  with methanol and purified by rec rys t a l l i z a t i on  f rom 
methanol.  
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TABLE 3. Chromatographic  Separation of the Cyelization Products  
on Alumina* 

E1uent system 

Petroleum ether (light) 
Petroleum ether-diethyl ether 

(10:1) 
Petroleum ether-diethyl ether 

(8:1) 
Petroleum ether-diethyl ether 

(from 5'.1 to 2:1) 

Component 
eluted 

N-phenylpyrrole 
Oily product 

8 -Ethylindole 

Indole 

Content of the 
component in the 
fraction, wt., % 

39,1 
4,3 

17,3 

30,4 

R] 

0.363 
0,655 

0.500 

0,820 

* 2.3 g of the substance was subjected to separat ion.  
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