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The react ion of indole with benzenediazonium chloride at pH values f rom 1 to 12 has been 
studied. The main product of the react ion at pH 6-12 is 3-phenylazoindole~ The coupling 
react ion is accompanied by the arylat ion of the indole and the format ion of 2-phenyl-3-  
phenylazoindole. The main product  of the react ion at pH 1-4 is 2,2-di(indol-31-yl)indoxyl. 

The azo coupling react ion in the indole se r i e s  has been studied comparat ively  little. It was shown in 
early investigations [1,2] that coupling takes place in position 3. Later ,  Binks and Ridd [3], studying the 
kinetics of the coupling of indole with diazonium salts ,  showed that the react ion of p-benzenediazonium sal ts  
with indole at pH 6.68 followed a f i r s t - o r d e r  equation, but la rge  deviations were  found in other cases .  The 
authors put forward  the hypothesis that the la t ter  a re  due to autocatalytic side react ions  with the par t ic ipa-  
tion of the diazonium ions which do not lead to the format ion of azo compounds. They were unable to isolate 
the byproducts ,  the format ion of which increased  at lower and higher pH values.  

In o rde r  to make a more  detailed study of the azo coupling reaction,  we have coupled indole with ben- 
zenediazonium chloride Over a wide range of pH values of the medium and at molar  ra t ios  of indole to ben- 
zenediazonium chloride of 1 : 1 and 1 : 2. It was found that when indole r eac t s  with benzenediazonium chlo- 
r ide a complex mixture  of substances is formed,  depending on the pH. 
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The main react ion at pH 7-8 is 3-phenylazoindole (I) (yield 60-70 ~). Compound I was charac te r i zed  by 
by its IR, UV, and PMR spect ra .  

The IR spec t rum of I contains, in addition to a s t rong nar row band at 3495 cm -1 (NH group) and the 
bands of a romat ic  C - C  and C - H  bonds (1450, 1260, and 750 cm-1), s t rong nar row absorption bands at 1100 
and 1400 cm -1. The f i r s t  of them is observed  for all 3-subst i tuted indoles [5]. Some r emarks  must  be 
made about the absorpt ion in the 1400 cm -I  region. There  is information in the l i t e ra ture  that the v ibra-  
tions of the azo group a re  found in the 1600-1400 cm -1 region. In a romat ic  azo compounds, the absorption 
is shifted in the low-frequency direction.  Thus, the absorption of the azo groups in azobenzenes is in the 
1450 cm -1 region [6]; the introduction of substituents possess ing  a strong conjugation effect (for example, 
a dialkylamino group) into the para  position to the azo group shifts the absorption into the 1403-1416 cm -1 
region [6]. 

*For Communication LI, see [14]. 
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The IR spec t r a  of the azo compounds that we obtained with the azo group in posit ion 3 [3-phenylazo-  
indole, 2-phenyl-3-phenylazoindole ,  2 -methyl -3-phenylazo indole ,  2- ( indol-3-yl ) -3-phenylazoindole]  each 
have  a ve ry  s t rong absorpt ion  band at 1400 cm -1. This band is poss ib ly  due to the s t re tching v ibra t ions  of 
the azo group, and the shift  into the low-frequency region as compared  with azo compounds of the benzene 
s e r i e s  is due to the effect  of conjugation of the azo group  with the indole r ing.  

The UV spec t rum of I shows a shif t  of the absorpt ion m a x i m u m  into the long-wave region (Xma x 362- 
366 nm).  

Apar t  f rom I, the reac t ion  of indole with benzenediazonium chloride gives r i s e  to 2 -phenyl -3-phenyl -  
azoindole (II) with a yield of 7-10 %. This s t ruc tu re  was conf i rmed  by e l emen ta ry  ana lys i s  and IR and UV 
spec t roscopy .  The IR spec t rum of II r e s e m b l e s  that of I, but the absorpt ion  band at 1100 c m  - I  is absent .  

Fo r  a final proof  of its s t ruc tu re ,  compound II was a lso  obtained f rom 2-phenylindole and benzenedi -  
azonium chlor ide.  The IR and UV s pec t r a  of the s amp le s  obtained f r o m  the reac t ion  products  and by inde- 
pendent synthes is  proved to be identical.  The melt ing point of a mix tu re  showed no depress ion .  

The 2-phenyl-3-phenylazoindole  is probably fo rmed  by the coupling of 2-phenylindole with benzenedi -  
azonium chloride,  s ince compound I does not r e a c t  with benzenediazonium chlor ide  under  the s a m e  condi- 
t ions.  Moreover ,  although we were  unable to i so la te  2-phenylindole,  t r a c e s  of it were  detected c h r o m a t o -  
graphical ly .  It may be a s s um ed  that during the reac t ion  the par t ia l  a ry la t ion  of the indole takes  place,  
a f te r  which the 2-phenylindole r e a c t s  with the diazonium cation. The amount  of II i n c r e a s e s  with a r i s e  in 
the pH, and a lso  with a r i s e  in the amount  of benzenediazonium chlor ide .  

In addition to compounds I and II we isola ted another  th ree  subs tances  in ve ry  smal l  amounts ,  two of 
which consis ted  of dark  yel low oils and the third of a white c rys ta l l ine  subs tance  with mp  200~ and a 
molecu la r  weight of 330. The i r  s t r u c t u r e s  havenot  yet  been de te rmined .  

The reac t ion  of indole with benzenediazonium chlor ide  at  ph 2-2.5 leads to the fo rmat ion  of a m o r e  
complex mix tu re  of subs tances .  In addition to the products  fo rmed  on coupling in an alkal ine medium,  
another  two subs tances  were  isolated.  One of them was a dark  yel low subs tance  with mp 162-163~ (yield 
5 %). E lemen ta ry  ana lys i s  and a molecu la r -we igh t  de te rmina t ion  (by the m a s s - s p e c t r o m e t r i c  method) 
made it poss ib le  to a s s u m e  it is a d imer  of indole containing a phenylazo group.  I ts  IR spec t rum contained 
absorpt ion  bands of an NIl group (3495 cm -1) and of an a roma t i c  s y s t e m  of bonds (1590, 1350, and 1260 
cm -~) and a band at 1400 cm -1. The UV s p e c t r u m  exhibited a shift  of the absorpt ion  into the long-wave 
region (Xma x 420 nm) apparent ly  due to the influence of the second indole r ing.  

On the bas i s  of these  facts ,  we a s s u m e  that the compound is 2- ( indol -3-y l ) -3-phenylazoindole  (HI), 
which was conf i rmed by the independent synthes is  of III f r o m  2-( indol-3-yl) indole  and benzenediazonium 
chlor ide.  

The main  reac t ion  product  (yield 60-70 %) was a ye l low-g reen  c rys t a l l i ne  subs tance  with mp  245~ 
The IR and UV s pec t r a  of this compound dif fered f r o m  those of the azo compounds.  The IR spec t rum r e -  
tained the absorp t ion  band of the NIt group of an indole r ing (3495 c m  -1 ) but the band at  1400 c m  - I  was 
absent  and new bands had appeared  at 3400, 3300, and 1680 c m  -1. The la t t e r  is c h a r a c t e r i s t i c  for  an oxo 
group conjugated with an a roma t i c  r ing containing an e lec t ron-donat ing  subst i tuent .  Thus, absorpt ion  bands 
of a carbonyl  group at 1680 c m  -~ a r e  obse rved  in indoxyls,  when the imino group  plays  the pa r t  of e l ec t ron -  
donating subst i tuent .  The absorpt ion  bands at  3400 and 3300 cm -1 may be due to the v ibra t ions  of the NH 
group of indoxyl [7]. 

The UV spec t rum,  r e sembl ing  the spec t r a  of indoxyls [7], has a ba thochromic  shif t  (Xmax 400 nm}, 
but the absorp t ion  in this region is fa i r ly  weak. 

According to e l emen ta ry  analys is ,  this substance  has the empi r i ca l  fo rmula  C24H171~30 and is (~, ~ -  
di(fi-indoxyl)indoxyl (IV). It has been obtained previously  by the oxidation of indole with peroxide  c o m -  
pounds [8], by the n i t rosa t ion  of indole, and by the reac t ion  of ~-(f l - indolyl) indoxyl  with indole [9]. In our 
case ,  n i t rosa t ion  was excluded, s ince  a f t e r  diazot izat ion the excess  of n i t rous  acid was e l iminated in the 
usual  way. 

The molecu la r  weight of the compound, de te rmined  by m a s s  s p e c t r o m e t r y ,  was 363, which c o r r e -  
sponds to 2,2-di( indol-3-yl) indoxyl .  The decomposi t ion of the molecule  is accompanied  by the split t ing 
out of a CHO + f ragment ,  which is cha r ac t e r i s t i c  for  compounds containing a carbonyl  group [10] and by 
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the formation of the ion C6Hsb/HC(Ind-3') 2 with m / e  334. Fur ther  degradation takes place with the fo rma-  
tion of the f ragments  having m / e  117, 116, and 115 which a re  charac te r i s t i c  for indole r ings.  

The reduction of IV with lithium aluminum hydride formed 2,3-di( indol-3 '-yl) indole (V), identical with 
the compound descr ibed by Witkop and Pat r ick  [8]. Thus, in the react ion of indole with benzenediazonium 
chloride in an acid medium the main react ion product is 2,2-di(indol-3W-yl)indoxyl (IV). The f i r s t  stage of 
the p rocess  is probably a coupling react ion.  In actual fact, when compound I was t reated with indole at pH 
1-2, IV was isolated, while under these conditions indole is converted into compound VI [11]. Fu r the rmore ,  
compound III, with a protected position 2, does not fo rm IV under those conditions. 

~ l . d . 3 '  ~.~/C.~--c.~ I"d3' 

H v \Nlt~ 
V Yl  

We have determined the limiting values of the pH at which the react ion between indole and benzenedi-  
azonium chloride goes in one direct ion o r  the other.  The react ion was followed by th in- layer  chromatog-  
raphy on alumina. The formation of the d imer ic  derivat ive HI begins at pH 5 and that of the substituted 
indoxyl IV at pH 4, their  amounts increas ing with a fall in the pH. At pH values g rea te r  than 5 only coup- 
ling products I and II a re  formed.  

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

The IR spec t ra  were taken on a UR-10 ins t rument  using CC14 solutions in the case of I, II, and III and 
mulls in paraffin oil for  compounds IV and V. The UV spect ra  were taken of ethanolic solutions on an SF- 
4A instrument .  The NMR spect ra  were taken on a JNM-4H-100 inst rument  with CDC13 as the solvent and 
TMS as the internal s tandard.  The mass  spec t ra  were taken on an MKh-1303 ins t rument  with the d i rec t  
introduction of the samples  into the ion source  (30-40 eV, 100-200~ 

The p resc r ibed  pH value of the medium was monitored by means of a type 2518/5 potentiometer.  

Reaction of Indole with Benzenediazonium Chloride. With s t i r r ing,  2.9 g (0.025 mole) of indole in 
10 ml of ethanol was poured onto ice in a beaker  for coupling. The suspension was diluted with water to 
200 ml, s ince otherwise,  when coupling was ca r r i ed  out in an acid medium, pronounced resinif icat ion took 
place. A solution of 0.025 moleofbenzenediazonium chloride obtained by the diazotization of f reshly  dis-  
tilled aniline by the usual method was added dropwise to the result ing suspension at 0-5~ over  2-3 hr.  
Simultaneously, a 20 % solution of sodium carbonate  was added to maintain the given pH value. After  the 
addition of the diazonium solution, the react ion mixture was s t i r red  for 6-7 hr,  and the precipi tate  that 
deposited was f i l tered off, washed with water,  and dried.  

For  qual i ta t iveanalys is ,  the react ion products were subjected to chromatography in a thin layer  of 
A1203 (here and below, activity grade  II) in the benzene-methanol  (10:1)  sys tem.  For  quantitative separa -  
tion, the react ion products  were chromatographed on columns of A1203 at a rat io of sorbent  to substance ~f 
30 :1 .  

A____~. Separation of 1 g of a Mixture of the Products  of the Reaction of Indole with Benzenediazonium 
Chloride at pH 7-8. A mixture of hexane and CC14 (1:1)  eluted a f i r s t  fraction (0.05 g) containing four sub- 
s tances.  The separat ion of this f ract ion on A1203 plates in the benzene-CC14 (1:1)  sys tem gave two yellow 
oily substances  with Rf  0.87 and 0.75 and a white crys ta l l ine  substance with Rf 0.9, mp 200~ mol.wt .  330 
[determined by mass  spec t rome t ry ;  the Rf  values a re  given for the benzene -me thano l  (10:1) system].  

The fourth substance is 2-phenylindole, since when it was chromatographed with an authentic sample 
of 2-phenylindole on A1203 plates in various sys tems  [benzene-methanol  (10:1);  h e x a n e - e t h e r  (1 :1 ) ]  they 
had the same R values of 0 7, 0.19, and 0.35; on observat ion in ul t raviolet  light they had the same blue 7 
f luorescence;  and on t rea tment  with Ehr l ich ' s  reagent  they gave the same  violet colorat ion.  

Fur ther  elution with CC14 gave 0.07 g of 2-phenyl-3-phenylazoindole (II). Benzene eluted 0.6 g of 3- 
phenylazoindole (I)~ 

B_.z.. Separa t ion  of 3 g of the Mixture of Products  of the Reaction of Indole with Benzenediazonium 
Chloride at pH 2-2~ A mixture  of hexane and CC14 eluted 0.03 g of a f i r s t  f ract ion identical with that 
isolated in the separat ion of the products of the coupling react ion at pH 7-8. 
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TABLE 1. Charac te r i s t i c s  of  the Compounds Synthesized. 

r~ 

o 

It  

II 

Ill 

IV 

mp, "C 

134--135 

165--166 

165,5---166 

245 

Solvent for 
crystallization R f* 

CC14 [0,46 

Petroleum ether~ 0,67 
benzene (8 : 2) l 

Heptane ~ 0,38 

Benzene--etha- t 0,38 
nol (6 : 2) j 

Empirica] 
formula 

CI4HnNS 

C2oHt6Ns 

C22H,6N4 

C24HIzN30 

[ Found, % 

C H N 

76,0 5,1 19,( 

80,6 5,3 13,g 

78,4 4,9 i6,8 

79,3 4,8 11,7 

Calculated, UV spectrum 
~o 

C It N Xmax 

76,r 5,0 19,0 2~S; 
36~--366 

80,8 5,1 14,1 3~-~}4 

78,6 4,8 16,7 42~310;4~____ 

262; 79,2 4,7 11,5 280~-~O84; 

*Thin l aye r  ch romatography  on AIzO 3 in the b e n z e n e - m e t h a n o l  
(10:1) s y s t e m .  

PMR s p e c t r u m  of 3-phenylazoindole:  6 10.02 ppm (signal of the 
proton of an imino group) and doublet  at 5 7.1 ppm (signal of the 
a - p r o t o n  of an indole r ing).  

log s 

4,08 
4,4 
4,37 
4,33 

4,34 
4,14 
4,21 
4,23 
3,58 

Carbon t e t rach lo r ide  eluted 0.015 g of II, benzene 0.09 g of I, b e n z e n e - c h l o r o f o r m  (3:1)  0.15 g of 
III, and ch lo ro fo rm 1.8 g of IV. The reac t ion  products  isolated a r e  cha rac t e r i zed  in Table  1. 

2 -Phenyl -3-phenylazoindole  (II). A solution of 2.29 g (0.012 mole)  of 2-phenylindole [12] in 25 ml of 
glacia l  acet ic  acid was added with s t i r r ing  and cooling to 0~ to a solution of 10 g of NaOH in 300 ml  of 
water .  The resul t ing  suspension was added over  2-3 hr  at 0-2~ to a solution of 0.0125 mole  of benzene-  
diazonium chloride,  and the mix tu re  was s t i r r ed  at  the s a m e  t e m p e r a t u r e  and pH 6.5-7 for  5-6 hr .  

The prec ip i ta te  fo rmed  was f i l te red  off, washed with water ,  and dried.  Weight 2.9 g, mp 166-167~ 
[from pe t ro leum e t h e r - b e n z e n e  (8 : 2)], which co r re sponds  with l i t e r a tu r e  data [2]. 

2 - ( Indol -3-y l ) -3-phenylazoindole  (II1). With s t i r r i ng  at  a t e m p e r a t u r e  of 0-1~ a solution of ben-  
zenediazonium chlor ide  p r e p a r e d  by the diazot izat ion of 0.005 mole  of anil ine was brought  to pH 7-7.5 by 
means  of 20 % sodium carbona te  solution, and then a solution of 1.1 g (0.005 mole)  of biindolyl [13] was 
added dropwise  over  1 hr .  The reac t ion  mix tu re  was s t i r r ed  at  0-5~ pH 7, for  6 hr .  The prec ip i ta te  was 
worked up in the the usual  way, giving 1.6 g (72.2 %) of crude product.  The subs tance  was purif ied chro-  
matographica l ly  (AlzO a, benzene),  mp 165-166~ (from heptane) .  

Behavior  of 3-Phenylazoindole  toward Benzenediazonium Chloride. A solution of 2.21 g of 3-phenyl -  
azoindole in 10 ml of ethanol was t r ea ted  by the method desc r ibed  above with a solution of benzenediazonium 
chloride obtained f r o m  0.01 mole  of anil ine.  After  the end of the react ion,  2.3 g of a c rys ta l l ine  subs tance  
was isolated.  When it was ch romatographed  on pla tes  of a lumina in the b e n z e n e - m e t h a n o l  (10:1)  sys t em,  
only the initial  3-phenylazoindole (Rf 0.46) was detected.  

React ion of 3-Phenylazoindole  with Indole. A solution of 2 g of 3-phenylazoindole in 20 ml of ethanol 
was t r ea ted  with 30 ml of water  and 4 ml of conc HClo The mix tu re  was cooled to 0~ and 1.1 g of indole in 
10 ml  of ethanol was added dropwise .  The dark  red  prec ip i ta te  fo rmed  was f i l te red  off, washed with water ,  
and dried.  Weight 2.5 g. After  ch romatography  on alumina,  1.4 g of 3-phenylazoindole (with benzene as the 
eluent) and 0.6 g of a ye l low-green  c rys ta l l ine  subs tance  with mp  245~ [from b e n z e n e - e t h a n o l  (6 : 2), ob-  
tained with ch lo ro fo rm as the eluent] were  isolated.  The IR and UV spec t r a  of the subs tance  with mp  245~ 
and of IV coincided. The melt ing point of a mix tu re  of the two subs tances  a lso  showed no depress ion .  

Reduction of 2 ,2-Di( indol-3 ' -yl) indoxyl  (IV). With s t i r r ing  in a c u r r e n t  of dry ni t rogen,  0.42 g of 
l i thium a luminum hydride was added in smal l  port ions to 1.5 ml of absolute  e ther .  Over 30 min, 0.8 g of 
IV in 56 ml  of t e t rahydrofuran  was added to the resul t ing suspension.  The mix tu re  was boiled for  6 hr ,  
a f te r  which it was cooled and 10 ml of water  was added in smal l  por t ions;  then it was s t i r r e d  for  an hour 
and f i l t e red .  The t e t r ahydrofu ran  was dis t i l led off in a cu r r en t  of ni t rogen,  the product  was ex t rac ted  with 
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three 20-ml portions of benzene, and the combined extracts were dried with sodium sulfate and were then 
treated with 200 ml of petroleum ether. A pale yellow precipitate (0.7 g) of 2,3-di(indol-3'-yl)indole (V) 
deposited. 

The substance was purified by chromatography (A1203, benzene). This gave 0~ g of colorless c rys -  
tals with mp 152-156~ (after repeated reprecipitation from benzene with petroleum ether); according to 
the l i tera ture  [8]; 150-156~ Found, %: C 83.3; H 5.2; N 12.3; tool. wt. 347 (mass spectrometrically)~ 
Found for C24I-I17N3, ~: C 83.0; H 4.9; N12.1; mol. wt. 347. 

Reaction of 2-(Indol-3-yl)-3-phenylazoindole (III) with Indole. A solution of 1.5 g of III in 20 ml of 
ethanol was treated with 30 ml of water and 4 ml of conc HCI.. The mixture was cooled to 0~ and then 0.6 
g of indole in 5 ml of ethanol was added to it in drops and st irr ing was performed for 6 hr.  The precipitate 
formed (1.8 g) was separated off, washed with water, and dried. On chromatographic separation on plates 
of A1203 in the benzene-  methanol (10 : 1) system, indole with Rf 0.42, 2- (indol-3-yl)-3-phenylazoindole 
(III) with Rf 0.38, and the t r i m e r  VI with Rf 0.37 were detected. 

The authors express their thanks to V. I. Zaretskii and K. F. Turchin for assistance in the interpre-  
tation of the PMR and mass spectra.  
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