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The cyclization of secondary and tertiary aryl(~-halogenoallyl)amines 
into 2-methylindoles on heating in orthophosphoric or l~olyphosphoric 
acid has been studied. Cyclization of N,N-di(B-bromoallyl)-p-tolu- 
idines in polyphosphorie acid forms 1-(3-bromoallyl)-2, 5-dimethyl- 
indole and 2,5-dimethylindole. The probable mechanism of the re- 
arrangement in the formation of the indole ring is put forward. 

A method for obtaining 2-methylindoles by heating 
aryl (3-chloroal ly l )amines  with anhydrous hydrofluoric 
acid under p r e s su re  has been described in the patent 
l i tera ture  [1]. Experiments  that we have performed 
have shown that 2-alkylindoles can be obtained by heat- 
ing aryl(f i-halogenoallyl)amines with orthophosphoric 
or polyphosphoric acid at atmospheric p res su re :  

Heating N-(/3-chloroallyl)anil ine (Ia)with 85% ortho- 

phosphoric acid at 175-180 ~ C for 1.5 hr led to 2- 
methylindole (IIIa) with a yield of 65-75%. Even bet ter  
resul ts  were obtained by using anhydrous orthophos- 
phoric acid and also by using poiyphosphoric acid (the 
yields of Ilia were 73 and 82%, respectively).  

In the cyctization of the N-(fi-halogenoallyl) der iv-  
atives of p-toluidine (Ib, f ib) ,  p-anis idine (Ie), and 
3-naphthylamine (Id), again the main products were 
2-methylindoles (IIIb), their yields depending on the 
substi tuent in the nucleus and being almost independent 
of the nature of the halogen in the initial  compound. 

k~,~NICH 2 ~J-~N,~ I=-CH 3 
i 
R' R' 

I X~CI: II X=Br I l l  

a R= H, R '~H;  b R=CH a, R'=H: c R=OCHo,R'=H; 

d R = f l - n a p h t h y l a m i n e  R'=II;  e R~H, R'=CH~ 

There is no information in the l i te ra ture  on the 
cyclization of a lkyl-(3-halogenoal lyl)amines and there-  
fore we have studied the possibi l i ty of extending this 
method to the cyclization of t e r t i a ry  arylamines .  When 
the N-methyl-N-(f l -halogenoal lyl)ani l ines  Ie and IIe 
were heated with polyphosphoric acid under conditions 
identical with those for the cyclization of secondary 
amines,  1,2-dimethylindole (IIIe) was obtained with a 
yield of 72-74%. 

Thus, both secondary and te r t ia ry  aryl (halogenoallyl) 
amines,  on being heated with orthophosphoric or poly- 
phosphoric acid, form not the 3-methylindole der iva-  
tives that might have been expected, but 2-methylindole 
derivat ives.  Such a closure of the ring is poss ib le  
only after an appropriate rea r rangement  of the carbon 
atoms in the side chain. We assume that the formation 
of indoles from aryl(halogenoallyl)amines may take 
place by the following mechanism:  

~ N2 C H 3 

H H H \  mbCH) 

I iV V 

CH2OPO3H 2 CHOP03H 2 

VI VIm" 

~ , , , .~ -  N / C  H\C H ~ CH s 

VI I I  i l ia  

The conversion of I into III takes place only in the 
presence of acids. When a compound I was heated in 
ethylene glycol or diethyleneglycol, no formation of 
indoles took place, as was shown chromatographically. 
It is possible that the catalytic action of acids is due 
to the protonation of the double bond of the halogenoallyl 
group. As a resul t ,  the positive charge appears on the 
f l-atom (IV). The nitrogen atom, being more basic,  
can be protonated more readily than the double bond. 
However, the salt  of a weak base so formed readily 
dissociates with the formation of the initial  compounds 
at a higher temperature .  

It has been established exper imenta l ly  that the 
copious evolution of hydrogen halide begins at a tem- 
pera ture  as low as 150 ~ C, while the maximum yield 
of 2-methylindoles is obtained at 175-180 ~ C. It is not 
excluded that with a large excess of phosphoric acid 
and a high temperature  the replacement  of halogen by 
a phosphoric acid residue takes place (IV-VI; X = 
= OPO3H2). This does not essent ia l ly  change the mech-  
anism of the reaction. 

The formation of an ethyleneimmonium ring is also 
possible (V). The cleavage of compound V at a C--N 
bond gives compound VI. 

In the scheme shown, all the stages apart from the 
last are revers ib le .  In this case,  the formation of 2- 
methylindole can be explained by the fact that the 
cation VIII is more active in electrophilic attack than 
the cation IV. In the case of the cation IV, the cycliza- 
tion process  may also be hindered by s ter ic  factors.  

Similar  intermediates  can be formed in the reaction 
of 3-ary laminoketones  with phosphoric acids. Conse- 
quently, we studied the t ransformat ion of acetonyl-p- 
toluidine (IX) when it was heated with polyphosphoric 
acid. The react ion of IX with polyphosphoric acid took 
place with grea te r  difficulty than those of Ib and IIb. 
Only after IX had been heated with a large excess of 
polyphosphoric acid at 190-195 ~ C for 1 hr was IIIb 
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i so la ted  f rom the reac t ion  mixture  with a yield of 45 %. 
Since under s i m i l a r  conditions (at 175" C), Ib and 

l ib a re  conver ted into alkyl indoles  while IX is not so 
converted,  i t  could be assumed that the hydrogen 
hal ide formed during the reac t ion  plays  an impor tant  
pa r t  in the cyel iza t ion  of the a ry l ( f i -ha logenoa l ly l ) -  
amines in pclyphosphoric  acid.  In o rde r  to check this ,  
we c a r r i e d  out the reac t ion  of ace tonyl -p- to lu id ine  
with polyphosphoric  acid in the p resence  of sodium 
chlor ide .  The vigorous evolution of hydrogen chlor ide  
began at a t e m p e r a t u r e  as low as 118" C. In spite  of 
this ,  the r e su l t s  obtained were  the same as in the 
exper iment  without sodium chlor ide .  It follows f rom 
this that the main ro le  in the format ion  of the a lkyl-  
indoles in this reac t ion  is p layed by the polyphosphoric  
acid i tse l f .  

Thus, i t  has been shown that, in con t ras t  to the 
mechanism proposed  p rev ious ly  [3 - ]0 ] ,  the cycl izat ion 
of ace tonyla ry lamines  can also take place  in the  absence 
of sa l t s  on fore ign  a ry lamines .  

The mechanism of the reac t ion  can be explained in 
a s i m i l a r  manner  to that given above: 

N/CH 2 ~ ~ , j . . N / C %  ~ IV IX=OPO~H2) andsoon 
H H 

IX X 

This r e a r r angemen t  mechanism is poss ib le  only 
when the ni t rogen atom is suff iciently bas ic .  Other-  
wise  the format ion  of the e thyleneimmonium r ing would 
be inhibited and so, consequently,  would be the r e -  
a r rangement .  An invest igat ion of the reac t ion  of ben- 
zenesulfonamide der iva t ives  of aryl ( /3-halogenoal ly l ) -  
amines with polyphosphorie  acid showed that the p r e s -  
ence of the s t rongly  e l ec t ron -a t t r ac t ing  benzenesul -  
fonyl group in these compounds complete ly  e l iminates  
the poss ib i l i ty  of cyel izat ion to 2-methyl indoles .  F o r  
example ,  when N- (13-bromoal lyl ) -p- toluenebenzenesul-  
fonamide was heated with polyphosphorie  acid at 185" 
C, no reac t ion  took p lace ,  while at higher t e m p e r a -  
tures  (200-205 ~ C) decomposi t ion occur red .  

We were  in t e res t ed  in studying the poss ib i l i ty  of the 
cycl izat ion of aryldi ( /3-halogenoal ly l )amines .  The p r e s -  
ence of a second halogenoal lyl  group cons iderab ly  

lowers  the bas ic i ty  of an aromat ic  amine and it could 
the re fo re  be expected a p r i o r i  that the cycl izat ion 
reac t ion  of the aryldi( /3-halogenoal lyl)amines would 
take place with g r e a t e r  difficulty than that of arylmono 
(/3-halogenoallyl)amines.  The reac t ion  of N,N-di( /3-  
b romoal ly l ) -p - to lu id ine  (XI) with polyphosphoric  acid 
began at 175 ~ C. Two compounds were  obtained: 1-(/3- 
br  omo al lyl ) -  2, 5-dimethyl indole  (XII) and 2, 5 -d imethyl -  
indole (IIIb). At 180 ~ C, the main product  was com- 
pound XH. At a higher  t empera tu re  (190-198 ~ C) the 
spl i t t ing off of one /3-bromoallyl  group took place with 
the format ion  of the indole IIlb. 

I 
CHeEBr =CH 2 

Xl Xll 

As is well  known, at high t e m p e r a t u r e s  alkylindoles 
spontaneously undergo the migra t ion  of alkyl  groups 
in the f i v e - m e m b e r e d  ring. Consequently, to de te r -  
mine the s t ruc ture  of the /3-bromoal lyl  der iva t ive  
obtained by the cycl izat ion of XI we studied the IR 
s p e c t r a  of synthesized indoles and re l a t ed  compounds. 
The absence of the band of a s t re tching  vibra t ion  in 
the 3300-3500 cm -1 region showed that af ter  cyc l i za -  
tion one f i -b romoa l ly l  grouping remained  attached to 
the ni t rogen atom. 

It was es tabl i shed  chromatographica l ly  that the 
spli t t ing out of the ~ -b romoa l ly l  group takes place  
af ter  the format ion of the indole r ing.  

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

Th in - l aye r  chromatography in a lumina  of ac t iv i ty  grade !i was 

used to moni tor  the react ion and to de te rmine  the puri ty  of the prod-  

acts. The following solvent systems were used: A) b e n z e n e - n - h e x a n e  

(1 : 1); B) benzene; iodine was used as the reveal ing agent ,  

Cye l iza t ion  of a ry l (~-ha logenoal ly l )amines .  A m i x t u r e o f o n e  pa r tby  

weight of the amine  [11] and two parts by weight  of polyphosphoric 

acid obtained from 11.8 g of 85% orthophosphoric acid and 5.7 g of 

PzO5 was heated a t  175-186"  C under the conditions given in the table.  
The cooled mass was neutral ized with 10% sodium carbonate  solution 
and ext rac ted  with dichloroethane or chloroform. The ex t rac t  was dried 

with magnes ium sulfate ,  the solvent was driven off,  and the 2 - m e t h y l -  
indole  was distil led in vacuum.  

Cyc l i za t ion  o f  N-ace tony l -p - to lu id ine .  A mixture  of 0.4 g of  N- 

ace tony l -p - to lu id ine  [10] and 1,4 g cf  polyphosphoric acid was heated 

Cyclizat ion Conditions, Yield, and Constants of the Indoles 
Synthesized 

Ini t ia l  compounds 

N-(~3-Ch lot oallyl) aniline 
N-0LChlor oallyl) aniline 
N-(13-Chloro al!y l)aniline 
N-(~-Chloroallyl)-p-toluidine 
N-(~-Chloroallyi)-p-anisidine 
N-(~-Chloroallyl)-~-naphthylamine 
N-(~- Br omoallyi) aniline 
bL(~-Bromoallyll-p-toluidine 
N-(~-Chlor oallyl)-N-met hylaniline 
N-03-q3romoallyl)-N-met hylaniline 

Time of 
heating, 

hr 

1 , h a  
lb  
1 
0,75 
1,2 
1,9 
0.75 
1 
1.5 
1.5 

Com- 
pound 

obtained 

I l i a  
lI]a 
I l ia  
l l Ib  
tIIe 
llId 
lIIa 
l l lb  
I 
I 

Mp, ~ 

59--61 c 
59--61c 
59--61c 

I13,5--I15d 
fiS.5--89.5e 

f 
59--61 c 

i13,5--!15d 
55--56.3~ 
55--56.3 g 

Yield, 
% 

69 
73 
82 
86 
27 
65 
79 
84 
70 
72 

aH~ating with 85% phosphoric acid. bHeating with anhydrous orthophosphoric acid. CMp 61 ~ C 
[12]. Mp 114-115~ C [ 13|.  eMp 89_90~ C [90]. fBp 196_200o C (8.5 rnm); accorfling to the litera_ 
ture [ l ], bp 205-210 ~ C (I0 ram); gMp 56 ~ C [ 151. 
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at 190-195" C for 1 hr. After cooling, the reaction mixture was neu- 
tralized with 10% sodium carbonate solution and extracted with ben- 
zene. The extract was dried with magnesium sulfate, treated with 
activated carbon, and passed through a column of alumina. The eluant 
was benzene. This gave 0..162 g (45%) of 2, 5-dimethylindole with mp 
113.5-115" C, R] 0.5 ! (system A). 

Reaction of N,N-di(~5-bromoallyl)-p-toluidine with polyphosphoric 
acid. a) A mixture of 6 g of N,N-di(~-bromoallyl)-p-toluidine [16] 
and polyphosphorie acid was heated at 176-180" C for 2 hr. The absence 
of the starting material was checked by chromatography. After cooling 
and treatment with 10% sodium carbonate solution, the mass was 
extracted with benzene. The extract was dried with magnesium sulfate 
and after the bulk of the solvent had been distilled off it was passed 
through a column of alumina with benzene as eluant. This gave 1.7 g 
(37%) of 1-(B-bromoallyl)-2,5-dimethylindole with mp 61-63" C, Rf 
0.8 (system A), R] 0.92 (system t3). Found, %: Br 31.1, 31.0; N 5.37, 
5.30. Calculated for Ct3H14BrN, %: Br 30.7; N 5.37. The substance 
dissolves readily in acetone, ethanol, ether, and chloroform, and 
crystallizes from methanol and petroleum ether. 

b) A mixture of 6 g of N, N-di(~-bromoallyl)-p-toluidiae and 20 g 
of polyphosphoric acid was heated at 175-180" C for 2 hr and then at 
196-198" C for 2 hr. The mixture was cooled, treated with 10% so- 
dium carbonate solution, and extracted with n-hexane. The extract 
was dried with magnesium sulfate and the solvent was distilled off. 
This gave IIIb (28%) with mp 113.5-115" C (from ligroin), R] 0.84 
(system A). A mixture with authentic 2,5-dimethylindole gave no 
depression of the melting point. 
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