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The influence of dehydrogenat ing dehydrat ing (deaminating) addit ives on the compos i t ion  
and yie ld  on the products  of the cycl iza t ion  of N-(f i -hydroxyethyl )ani l ine  and N , N ' - d i -  
phenyle thylenediamine has been  studied.  The c losure  of the indole and p y r r o l e  r ings  
takes  place through the dehydrat ion and deaminat ion ,  r e spec t ive ly ,  of the s ta r t ing  m a -  
t e r ia l  on oxide ca ta lys t s .  A reac t ion  scheme explaining the f o r m a t i o n  of all  the p rod -  
ucts obse rved  has  been suggested.  

We have shown p rev ious ly  [1] that the catalyt ic  eycl iza t ion  of N-(f i -hydroxyethyl )ani l ine  and N ,N ' -  
diphenylethylenediamine at 350-470~ takes place  with the fo rma t ion  of N-pheny lpyr ro le ,  indole, 1 - m e t h y l -  
indole, and 3-e thyl indole .  Alumina proved  to have sl ight and approx imate  equal ac t iv i t ies  in cycl iza t ion of 
the two s ta r t ing  m a t e r i a l s  (yield of indole 6% and of phenyl py r ro l e  10To), which can be  explained by  the 
poisoning of the su r f ace  of the ca t a lys t  by  the r eac t ion  products  wa t e r  and anil ine.  However ,  s i l ica  gel ,  
while being p rac t i ca l l y  inactive in the cycl izat ion of N-(f l -hydroxyethyl )ani l ine  (yield of indole 1-2T0) p roved  
to be  more  act ive  in the cycl iza t ion  of N,NT-diphenylethylenediamine (yield of indole 14.6%). 

It m a y  be a s s u m e d  that  the fo rma t ion  of the indole r ing takes  place through the dehydrat ion (or de -  
aminat ion,  as the case  m a y  be) of the initial  product ,  and also by  i ts  dehydrocycl iza t ion  [2, 3]: 

~ X~cH 2 

It 

X=OH, CsHaNH 

H 

In o rde r  to de t e rmine  the way in which cycl iza t ion takes  p lace ,  we have studied the influence of 
addit ives to the s i l i ca  gel and a lumina  on the yield of cycl iza t ion products .  Additions of dehydrogenat ing 
oxides (chromium oxide,  cadmium oxide) had an adve r se  effect  on the yie ld  of indole in all  c a s e s .  The 
yield of N-pheny lpy r ro l e  was also lower ,  as a ru le .  Apparent ly ,  the dehydrogenat ion of aniline de r iva t ives  
leads  not to b ieyc l ic  products  b u t t e  vinylanil ine or  unstable de r iva t ives  of it, which a r e  conver ted  into r e -  
sinous subs tances .  

* Fo r  Communicat ion L see  [1]. 
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Fig.  1. Influence of additives to s i l ica gel on the yield of the prod-  
ucts of the cycl izat ion of N,N,-diphenylethylenediamlne at 400-430~ 
1) indole; 2) N-phenylpyrro le ;  3) 1-methylindole;  4) 3-ethyllndoie.  

Additions of oxides catalyzing dehydrat ion-deaminat ion (alumina, thorium dioxide, z i rconium di- 
oxide) lead to an inc rease  in the total yield of cycl izat ion products ,  especia l ly  of indole (Fig. 1). The fact  
that the effect  of addit ives to a s i l i ca -ge l  support  is the g rea tes t  is possibly because  s i l ica  gel i tself  is 
only a re la t ive ly  inactive dehydrat ion and deamination catalyst .  (For  the same reason ,  it is less  subject  
to poisoning by a reac t ion  product  - aniline - than alumina). The optimum content of activating additives 
in the ca ta lys t  is 1-2%. A fu r the r  increase  in the amount of these  additives leads to the appearance of 3- 
ethylindole in the cata lysate  (Figs. 1 and 2). In the cycl izat ion of N,N'-diphenylethylenediamine on s i l ica  
gel above 410~ 1-methylindole appears .  All this ,  and also the qualitative composit ion of the gaseous p rod-  
ucts ,  suggests  the following scheme of convers ions :  
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Cyclization to fo rm indole takes  place through the in t ramolecula r  dehydrat ion or deamination of the s tar t ing 
ma te r i a l  by  reac t ions  (1) and (4). In t ramolecular  dehydrat ion (deamination) leads to the format ion  of N- 
phenylpyrro le  by direct ions  (2) and (5). As is well  known, an in te rmolecu la r  reac t ion  is found under mi lder  
conditions and an in t ramolecu la r  r eac t ion  under more  severe  conditions. In agreement  with this ,  in our 
exper iments  a more  m a r k e d  fall  with the t empera tu re  of the yield of N-phenylpyrrole  than of indole was 
found (Fig. 2); the format ion  of N,N'-diphenylpiperazine [route (3)] was observed  under considerable  mi lder  
conditions (about 350~ Product  II can also be subject  to convers ion in di rect ions  (6), (8), (9), and (10), 
as a r e su l t  of which 1-methylindole and 3-ethylindole may  be fo rmed .  Simultaneously with a r i s e  in the 
yield of alkylated indoles the yield of N-phenylpyrro le  fal ls  cons iderably  (Fig. 1). At the same t ime ,  no 
re la t ionship  of any kind is found between the yields of unsubsti tuted indole and its homologs.  This permi t s  
the assumption of the para l le l  format ion of alkylated indoles and N-phenylpyrro le  f rom product  II. 
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Fig. 2. Influence of the t e m p e r a t u r e  on the yield of the products  of the catalyt ic  cyc l i za -  
tion on a lumina  of N-(f l -hydroxyethyl)ani l ine  (a) and N,N' -d iphenyle thylenediamine  (b): 
1) indole; 2) N-pheny lpyr ro le ;  3) N,N ' -d iphenylp iperaz ine ;  4) 3-ethyl indole .  

Fig.  3. Influence of additions of NiO to a WhO2-S[O 2 ca t a lys t  (5% of ThO2) on the yield of 
products  of the cycl izat ion of N,N' -d iphenyle thylenediamine  at 400-430~ 1) indole; 2) 
N-pheny lpyr ro le ;  3} N-methyl indole ;  4) 3-ethyl indole.  

In actual  fac t ,  3-ethyl indole  was found in the products  of the cycl iza t ion  of N-(f i -hydroxyethyl )ani l ine  
on a lumina and of N,N ' -d iphenyle thylenediamine  on s i l ica  gel with additions of a lumina (above 2%) and of 
tho r ium dioxide (above 10%). As is well  known, e lec t rophi l ic  r e a r r a n g e m e n t s  a re  ca ta lyzed  by  ac ids ;  a lum-  
ina is an acid ca ta lys t  which is act ive  in var ious  i somer i za t ion  r eac t ions .  Thor ium dioxide is a l so  known 
as a ca ta lys t  of a lkylat ion in the a rom a t i c  nucleus [4, 5]. 

The influence of additions of nickel  oxide to a mixed  ThO2/SiO 2 ca ta lys t  is shown in Fig. 3. While 
reducing the yie ld  of indole somewhat ,  smal l  amounts (0.25-0.5%) of nickel  oxide m o r e  c o n s i d e r a b l y l o w e r  
the yield of the byproducts  of the cycl izat ion p roce s s  - main ly  1-methyl indole  and then 3-indole - which is 
apparen t ly  due to the dealkylat ing act ion of the meta l l i c  nickel  f o r m e d  through the reduct ion of the r eac t ion  
produc ts .  According to the ca lcula t ions ,  the c leavage  of C a l - N a r  bond takes  place f i r s t  and that of the 
C a l - C a r  bond (El2 > Ell; El2 - EI~ = 15.5 kca l /mole ) .  * A s i m i l a r  sequence of bond c leavage  was found 
in spec ia l ly  s e t -up  expe r imen t s  on the dealkylat ion of indole homologs  under the action of hydrogen on 
nickel .  The introduct ion of nickel addit ives into the ca ta lys t  d e c r e a s e d  r e s i n  fo rma t ion  and inc rea sed  the 
pur i ty  of the cycl iza t ion  produc ts .  Obviously,  on nickel  the res inous  subs tances  a r e  decomposed  to f o r m  
methane  under the action of the hydrogen l ibe ra ted  in the main  r eac t ion  and a lso  as a r e s u l t  of r eac t ions  
with the ca rbon  dioxide used as c a r r i e r  gas.  

All the convers ions  shown in the scheme  apa r t  f r o m  di rec t ions  (7) and, in pa r t ,  (2) and (3) take place 
on the sur face  of the oxide ca t a lys t s ,  s ince the products  to which these  r eac t ions  lead a re  not f o rmed  by 
ca ta lys i s  on ca rbon  (the produc t  of this r eac t ion  is N,N'-diphenyl imidazol idLae) .  Convers ions  in d i rec t ions  
(2) and (3) m a y  also take place  on carbon.  The pyrol i t ic  decompos i t ion  of the s t a r t ing  m a t e r i a l s  was not 
obse rved  below 5O0~ Above 500~ the par t ia l  carboniza t ion  of the s ta r t ing  m a t e r i a l s  and the i r  subsequent  
t r a n s f o r m a t i o n  on the carbon l i be ra t ed  take place.  
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* A mean value of Qcal _Nar between QC =Nat and QC - Nal was taken by analogy with the corresponding 

values of the energies of the C- C bond. The values of the energies were taken from the literature [6]. 
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