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Depending on the pH, 1 - (1 - indo l iny l ) -3 -a ry l t r i azenes  (I) or  5 -a ry lazo indol ines  ~II) a r e  
f o rmed  in the reac t ion  of indoline with a ry ld iazonium s a l t s .  In acid media ,  I a re  r e a r -  
ranged  to II.  The dehydrogenat ion of I or  II  with chlorani l  gives 5 -a ry lazo indo les .  

In developing our  r e s e a r c h  involving a study of azo compounds of the indole s e r i e s  [2, 3], we made 
an a t tempt  to synthes ize  the as yet  unknown 5-a ry lazo indo les  using the i ndo l ine - indo l e  method [4]. I t  i s  
known [5] that  2-methyHndol ine  f o r m s  t r i a z e n e s  with diazonium sal ts  in buffered ace ta te  solution, while 
coupling of 2-methyl indol ine  with diazosulfani l ic  acid gives two compounds of unes tabI ished  s t ruc tu re ,  
which a r e  conver ted  on reduct ion to the s ame  5 -amino-2-methy l indo l ine .  5 - (p -Su l fopheny lazo ) - l -me thy l -  
indoline has  been desc r ibed  [4]. 

II  H 

N~N--C6H4X-p 
I " 

We have found that indoline (the base  or  the hydroehloride)  r e a c t s  with diazonium sa l t s  at pH 5 to 
give s a t i s f a c t o r y  yields  of t r i a zenes  (I). A ce r ta in  amount of res in i f ica t ion  is  obse rved  in this case ,  but 
quite pure  subs tances  [according to t h i n - l a y e r  ch roma tog raphy  (TLC)] a r e  obtained when indoline hydro -  
chlor ide  is used. A 5-ary lazo indol ine  (II), a t r i azene  (I), and ve ry  sma l l  amounts  of unknown compounds 
a r c  f o r m e d  in s t rongly  acid media .  The reac t ion  p roceeds  ve ry  slowly and apparen t ly  depends on the 
c h a r a c t e r  of the subst i tuent  in the diazo compound. When benzenediazonium chloride is  used, the react ion  
is comple te  in about a week. Tr iazene  I is detected by TLC in the f i r s t  few days,  and it  can be i so la ted  by co l -  
umn chromatography. In some cases (X=CH~ and Cl), about a month is required for completion of the 
process, and we could not obtain the corresponding II (X=NO2, OCH3) from the indoline and diazotized p- 
nitroaniline and p-anisidine even after the mixture had stood for a month (I were isolated). Pronounced 
resinification occurs in acidic media. 

Compounds II are apparently the products of the rearrangement of diazoamino compounds I, as Bam- 
berger has already indicated [5], although he did not isolate the reaction products. In fact, l-(l-indolinyl)- 
3-phenyltriazene (I, X =H) in alcohol solution in the presence of hydrochloric acid is converted to 5-phe- 
nylazoindoline (l-I, X = H) at about the same rate as in the formation of II (X = H) from indoline and benzene- 
diazonium chloride. 

* See [1] for  communica t ion  I2CKVI. 
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TABLE 1. 
(II),, and 5-Arylazoindoles  (I/I) 

Type I 

poV.ud 

I H 

I 

I 

II 

II 

II 

II1 

l lI  

III El 

1-(1- Indol inyl ) -3-ary l t r iazenes  (I), 5-Arylazoindol ines  

UV spectra 
x Mp, "C 

niTl 
Ig g 

4,16 
3,96 
4,41 
4,12 
4,00 
4,23 
4,04 
3,99 
4,33 
3,90 
4,30 
3,93 
4,37 

3,98 
4,38 
4,17 
4,10 
4,17 
4,15 
4,23 
4,16 

Empirical Found. qo 
formula 

C H N 

CI4H.3N~ 75,3 6,0 18,8 

C 4 H aN402 62,8 4,5 20,7 

C15H15N.~O 71,3~ 6,0 16,3 
C14HIaNa 75,51 5,7 19,0 

C~sHIsN3 75,91 6,2 17,8 

C.H,2CINa c 65.41 4,G 16,6 

C14H,IN3 76,0I 5,0 19,0 

CIsHI3N3 76,61 5,9 18,0 

Ct4HtoCIN3 f 35,8] 3,9 16,3 

a 
74--76 

NO2 171---172 b 

OCH3 90--9l b' , 

H 7,9 a 

CH3 135--136 b 

C1 157 b 

H 129 b 

CH~ 169,5 b 

148 e 

Calc. ,% ~ 

C H N 

75,3 5,8 188/46 

62,6 4,5 20,9 62 

71,1 5,9 16,2145 
75,3 5,8 18,8125 

75,9 6,3 17,7122 

65,2! 4,7 16,3121 
76,(] 4,9 19,0160 d 

76,C 5,5 17,9151 

65,8 3,9 16,4150 

I11 NO, 224--226 b 4,27 5,2 " 4,15 C,4H,0N402 33.0] 4,0 21,2 63,1 3,7 21,0119 

11] DCH: 138--138,5 b 4,24 
�9 4,28 CtsH~aNaO 71,51 5,3 I6,5 71,7 i 16,7120 

a F r o m p e t r o l e u m  ether ,  b F r o m b e n z e n e .  CFound: CI 13.4%. Cal-  
culated: C1 ~3.8%. dBy method A; the yield by method B was 22%. 
e F r o m  pet roleum e t h e r - b e n z e n e  (2: 1). fFound: CI 14.1%. Cal-  
culated: CI 13.9%. 
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Fig. 1. ~ spectra of 1-(1- in- 
dol inyl)-3-phenyl t r iazene (I), 5- 
phenylazoindoline (12), and 5-phe-  
nylazoindole (J_II). 

The dehydrogenation of II (X =H, CH3, CI) with chloranil  gave 
5-arylazoindoles  (rrr). After  t r ea tment  o f I  (X=H) with an equi- 
mo la r  amount of chloranil ,  we unexpectedly isolated 5-phenyl-  
azoindole (III, X =H). Compounds I (X =NO 2, OCH~) reac t  s imi la r ly  
with chloranil .  5-Phenylazoindoline is obtained f rom I (X =H) in 
the p r e sen ce  of small  amounts of chloranil .  The convers ion of 
t r i azenes  to 5-arylazoindoles  apparent ly occurs  in two steps - r e -  
a r rangement ,  probably catalyzed by te t raehlorohydroquinone,  and 
dehydrogenation. 

The UV spec t ra  of I- lI l  a re  p resen ted  in Fig. 1. In cont ras t  
to the spec t ra  of 1I and 13I, the absorpt ion band at 3400 cm -1 (VNH) 
is absent in the IR spec t rum of I. The PMR spec t rum of II (X = H) 
contains two t r ip le ts  at 3.06 and 3.63 ppm with J= 3.5 Hz {methyl- 
ene group protons),  In the PMR spect rum of I (X=H), these t r i p -  
lets a re  shifted somewhat (3.18 and 4.21 ppm, with J=3.5  Hz). 
They a re  not p resen t  in the PMR spec t rum of Ill, but two doublets 
appear  at 6.62 and 7.31 ppm with J = l . 5  Hz (the ~ andfl protons  of 
the pyr ro le  ring, respect ively) .  

EXPERIMENTAL 

The IR spec t ra  of minera l  oil suspensions were  r eco rded  
with UR-10 and UR-20 spec t romete r s .  The UV spec t ra  of ethanol 
solutions were  r eco rded  with an SF-4A spec t romete r .  The PIVIR 
spec t ra  of CDCI s and CD3OD solutions were  r eco rded  with a JNM 
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4H-100 s p e c t r o m e t e r  with t e t r ame thy! s i l ane  as the in ternal  s tandard.  Activi ty II a luminum oxide was 
used  for  column and t h in - l aye r  chromatography .  

1 - (1- Indo[ inyD-3-phenyl t r iazene  (I, X =H). A solution of 5.65 g (0.05 mole) of indoline in 125 ml  of 
absolute e ther  was sa tu ra ted  with dry  hydrogen chlor ide for  1 h. The p rec ip i t a te  was r emoved  by suction 
f i l t ra t ion,  washed  with e ther ,  and dried. Aniline [4.65 g (0.05 mole)] was dissolved in a mix tu re  of 5 ml  of 
concent ra ted  hydrochlor ic  acid and 35 ml  of water ,  the solution was cooled to 0 ~ and 3.45 g (0.05 mole) of 
sodium ni t r i te  in 10 ml  of wa te r  was added with s t i r r ing  to the solution. The excess  ni t rous  acid was de-  
composed  with urea ,  and the diazonium solution was f i l tered,  t r ea t ed  with sodium ace ta te  to pH 5, and a l -  
lowed to stand at 0 ~ fo r  0.5-1 h. Powdered  indoline hydrochlor ide  was then added in smal l  por t ions  with 
constant  s t i r r ing  in the cour se  of 0.5-1 h, and the mix tu re  was then s t i r r e d  for  another  2 h. The solid m a -  
t e r i a l  was r emov ed  by f i l t rat ion,  dried,  and eh roma tog raphed  with elution of the yellow zone (with p e t r o -  
l eum ether) .  The yield and c h a r a c t e r i s t i c s  of the reac t ion  product  a r e  given in Table  1. This  method was 
a lso  used to obtain I (X = NO2, OCH3). 

5-Phenylazoindol ine  (ll, X =H). P owde red  indoline hydrochlor ide  [5.65 g (0.05 mole)] was added at pH 2 
with constant  s t i r r ing  to a diazonium solution p r e p a r e d  f r o m  4.65 g (0.05 mole)  of anil ine in 100 ml  of wa te r  
and 10 ml  of hydrochlor ic  acid and 3.45 g (0.05 mole) of sodium ni t r i te .  A t r a n s p a r e n t  solution fo rmed  
init ial ly,  but a p rec ip i t a te  appea red  a f t e r  15-20 rain. The reac t ion  mix tu re  was s t i r r e d  for  70 h. The p r e -  
c ipi ta te  was d isso lved  in 200 ml  of alcohol,  and the solution was f i l te red  to r emove  the undissolved p o r -  
tion, neu t r a l i z ed  with a lcohol ic  sodium hydroxide solution, diluted with 500 ml  of water ,  and ex t rac ted  with 
th ree  70 ml  por t ions  of e ther .  The ex t r ac t  was dried,  the e ther  was r e m o v e d  by dist i l lat ion,  and the r e s i -  
due was eh romatographed  with elution of the yellow zone (with pe t ro l eum ether) .  This  method was a lso  
used  to obtain II fiK = CH3, C1) [with elution with pe t ro l eum e t h e r - b e n z e n e  (3 : 1)] (see Table  1). 

R e a r r a n g e m e n t  of 1 - (1- Indol iny l ) -3-phenyl t r iazene  to 5-Phenyl -azoindol ine .  A. A solution of 0.5 g 
(2 mmole)  of I iX=H) in 10 ml  of ethanol was mixed  with 10 ml  of 18% hydrochlor ic  acid at 0 ~ and the 
mix tu re  was held at this  t e m p e r a t u r e  for 7 days,  a f t e r  which i t  was poured  over  ice and neu t ra l i zed  with 
ammon ium hydroxide.  The p rec ip i t a te  was r emoved  b:~ f i l t ra t ion and chromatographed  with elution by p e -  
t r o l e u m  e ther  to give 0.10 g (20%) of 5-phenylazoindoline with mp  79 ~ This  product  did not dep re s s  the 
mel t ing  point of a genuine sample .  

B. A mix tu re  of 0.5 g (2 mmole)  o f I  (X=H) and 0.05 g (0.2 rn_mole) of chlorani l  in 50 ml  of p -xy lene  
was heated  on an oil bath at  110-115 ~ for  3 h. The xylene was r emoved  by dist i l lat ion,  and the res idue  was 
t r e a t ed  with 10% sodium hydroxide solution. The mix tu re  was suction f i l tered,  and the solid was c h r o m a -  
tographed  to give 0.10 g (20%) of 5-phenylazoindoline with mp 79 ~ This  product  did not d e p r e s s  the m e l t -  
ing point of a genuine sample .  

5-Phenylazoindole  (Ill, X=H) .  A. A mix tu re  of 0.50 g (2 mmole)  of 5-phenylazoindoline and 0.62 g 
(2.5 mmole)  of chlorani l  in 25 ml  of p -xy lene  was ref luxed on an oil bath for  5 h. '  The mix tu r e  was t r ea t ed  
as in the method desc r ibed  above, and the yel low zone was ch romatographed  with pe t ro l eum e t h e r - b e n -  
zene (2 : 1). The yield and c h a r a c t e r i s t i c s  of the product  a r e  p r e sen t ed  in Table  1. This  method was a lso  
used  to obtain indoles Il i  (X=CH3, C1). 

B. A mix tu re  of 2.23 g (10 mmole)  of 1 - (1- indol iny l ) -3-phenyl t r iazene  and 2.46 g (10 mmole)  of 
chlorani l  in 100 ml  of xylene was heated  on an oil bath at 110-115 ~ fo r  2 h, at 150 ~ fo r  5 rain, and again at 
110-115 ~ for  2 h. The p rec ip i t a t e  was t r e a t ed  with alkali  and chromatographed .  This  method was a lso  
used to obtain indoles Il l  (X=NO2, OCH3). 
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