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The intramolecula~ azo-coupling of diazotized N-o-aminophenyl- 
imidazoles forms derivatives of abe new heterocyclic system of im- 

idazo[5, l-c]benzo-l, 2,4-triazine or, if positioll 5 of the imidazole 

ring is substituted, that of imidazo[l,2-c]benzo-l,2,4-triazinr This 

reaction is the first case of the azo-coupling of an imidazole ring in 

�9 e nonanionic form. The spectral characteristics and basicities of the 
compounds obtained have been studied. Quantum-mechanical calcu- 
lations by the MOH method have been performed. 

Elect rophi l ie  subs t i tu t ion  is one of t hemos t  complex 
quest ions of the chemis t ry  of imidazoles**.  It is known 
that the molecule  of imidazole (I, R = H) may,  acco rd -  
ing to the condit ions,  r e a c t  with an e lec t rophi l ic  agent 
in the fo rm of a cation, an anion, or  the base.  Thus,  
n i t ra t ion  and sulfonation in s t rongly acid media  take 
place with the par t ic ipa t ion  of the protonated form of 
imidazole  and exclus ively  in posi t ion 4(5) [4]. Deu te ra -  
tion and azo-coupl ing in an a lkal ine  medium lead p r i -  
m a r i l y  to 2-subs t i tu ted  imidazoles  and involve attack 
by the e lec t rophi l ie  agents on the imidazole anion. If, 
however,  pos i t ion  2 is occupied, 4(5)-or ienta t ion  is 
observed here,  as well. There is ex t remely  l i t t le 
informat ion  on e lee t rophi l ic  reac t ions  of the neut ra l  
molecule  of imidazole.  It is assumed [5] that b r o m i n a -  
t ion in organic  solvents ,  leading to 4 (5 ) -b romoimida-  
zole, takes place through the uncharged fo rm of im ida -  
zole. React ions  of this type apparent ly  also include the 
fo rmat ion  of 2-hydroxymethyl  der iva t ives  of imidazole 
by the reac t ion  of N-subs t i tu ted  imidazoles  with a 
number  of aldehydes. However, this reac t ion  is p rob -  
ably protophi l ie  in nature ,  i . e . ,  it depends on the 
acidity of a C- -H  bond of the subs t ra te .  The observed 
hydroxymethylat ion of 1-v inylbenzimidazole  at posi t ion 
2, for  which nucleophi l ie  react ions  are  cha rac t e r i s t i c  
appears  to conf i rm this.  The si tuat ion sketched is 
complicated s t i l l  fu r the r  by cases  in which imidazole  
reac t s  even in the form of an anion p redominan t ly  in 
posi t ion 2 (deuteration) [6, 7]. All this indicates  that 
the or ienta t ion  of e lec t rophi l ie  subst i tu t ion in the 
imidazole  s e r i e s  depends not only on the fo rm of the 
subs t ra te  but also on the na ture  of the reagent  and the 
mechanism of the reaction. In addition to this, it is 

*The s u b j e c t - m a t t e r  of the p r e sen t  paper  was p r e -  
sented at the II-nd Al l -Union  Conference on "The Chem-  
i s t ry  of F i v e - M e m b e r e d  Nitrogen Heteroeycles"  [1]. 

* *For  a l i s t  of the publ icat ions  on this quest ion up 
to 1964, see [2, 3]. Subsequently,  only r e f e r e n c e s  to 
more  recent  inves t iga t ions  are  given in the text. 

obvious that pos i t ions  2 and 4(5) in imidazole  differ 
f rom one another  in reac t iv i ty  only slightly. This is 
also ref lected in calculat ions  by the molecu la r  orbi tal  
method, which are  pa r t i a l ly  cont radic tory  and, m o r e -  
over ,  do not always cor re la t e  with the observed r e -  
activity. 

Unti l  now it has been  considered  that imidazole is 
incapable of coupling with diazonium salts  in the form 
of a neutra l  molecule  and, all  the more ,  in the form of 
the cation, s ince 1 -methy l -  and 1-phenyl imidazoles  do 
not r eac t  with the usual  diazonium sal ts .  We have ob- 
served reac t ions  fo rming  an exception to this rule.  
It has been found that the o - ( i m i d a z o l - l - y l ) b e n z e n e -  
diazonium sal ts  (IV) formed in the diazot izat ion of N- 
(o-aminophenyl) imidazoles  (III) readi ly  undergo in-  
t r a m o l e e u l a r  coupling in posi t ion 5 at pH 5-6 .  This 
leads to the format ion  of der iva t ives  of a new he te ro -  
a romat ic  sys tem-- imidazo[5 ,  1-e]benzo-1,  2, 4 - t r i az ine  
(V). If posi t ion 4(5) is occupied, azo-eoupl ing may be 
directed into posi t ion 2, as well. Thus, for example,  
compound VI gives, although with g rea te r  difficulty, 
the 4, 5 - te t ramethy lene  der ivat ive  of the i somer i c  
he teroeyel ie  sys tem imidazo[1, 2-c]benzo-1,  2, 4 - t r i -  
azine (VII). This reac t ion  does not take place in the 
benz imidazo le  se r ies .  
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-- = ~ / ~ N  - -  , ~L \~ , ]  br =ella, r'-- H; 
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Since in more  s t rongly  acid media  (pH 1-4), com-  
pounds V and VII are  not formed,  it may be assumed 
that the form of the diazonium sal t  not protonated in 
the imidazole r ing  takes par t  in the react ion.  
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Calcula t ions  that we have ca r r i ed  out by the MOH 
method (Diagram 1) show that in IVa, as in other  N-  
a ry l imidazo le s  [8], the ~r-electron densi ty in posi t ion 
5 is higher than in posi t ion 2 of the imidazole r ing.  
The energy of e lec t rophi l ic  local iza t ion in the d iazo-  
n ium sal t  for pos i t ions  2 and 5 also indicates  p r e f e r -  
ent ia l  5-subs t i tu t ion  (2.10 /3 0 and 1.95 fi 0, respect ively) .  
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Diagram 1. zc-Electronic dens i t ies ,  mobile  
bond o rde r s ,  and zr-electronic energ ies  of 
the ground s ta tes  of the o - ( i m i d a z o l - l - y l ) -  
benzenediazonium ion and the imidazo[5, 1-  
c]benzo-1,  2, 4 - t r i a z i n e  and imidazo[1, 2-c]- 
benzo-1 ,  2, 4 - t r i a z ine  molecules .  

At f i r s t  sight, it is not absolutely  c l ea rwhypos i t i ons  
5 and 2 in the imidazole  r ing  of compounds IV and VI 
a re  more  active with r e spec t  to the diazonium cation 
than, let us say, the cor responding  posi t ions  in 1- 
me thy l -  and 1-phenyl imidazoles .  S ince  the N- imidazole  
group is apparent ly  not a - E  subst i tu tent  capable of 
causing pronounced act ivat ion of the diazonium group 
[9], it appears  l ikely that the de te rmin ing  factor  for  
the occu r rence  of i n t r amolecu la r  azo-coupl ing  is the 
tendency to the fo rmat ion  of the new a romat ic  sys tem 
of imidazobenzot r iaz ine .  Calculat ions  pe r fo rmed  in 
accordance  with the fo rmula  

v i i  . . . . .  [ 7 ]  ~ .-, DEn=E:~ v o r  - E ~ l - p n e n y t i m i o a z o t e  -En =-, 

show that such cycl iza t ion is accompanied by a sub-  
s tant ia l  gain in energy: 1.064/3 o in the fo rmat ion  of 
Va and 1.078 /3o in the fo rmat ion  of VII. 

It is  an in te res t ing  fact that the na ture  of the sub-  
s t i tuent  (cf. IVc and IVd) in the phenyl group of the 
diazonium sal t  exer t s  no subs tant ia l  influence on the 
course  of this react ion.  Thus, the observed t r a n s -  

fo rmat ions  show that, in cont ras t  to the imidazole  
anion, the neut ra l  fo rm of the imidazole  r ing  takes 
pa r t  in the azo-eoupl ing reac t ion  at posi t ion 5; if, how- 
ever ,  the la t te r  is blocked, the reac t ion  may also take 
place at the C(2 ) atom. As is well known, the opposite 
phenomenon is  observed for the imidazole anion. 

Imidazobenzot r iaz ines  of types V and VII form 
yellow c rys ta l l ine  subs tances  with ex t remely  high m e l t -  
ing points .  They a re  spar ingly  soluble in water  and 
more  soluble in organic  solvents.  The imidazobenzo-  
t r i az ines  have a lower bas ic i ty  than the imidazoles .  
The pK a values  de te rmined  spec t rophotometr ica l ly  in 
water  at 20 ~ C for  Va and Vb are ,  respect ively ,  1.84 
and 2.66 (we were  unable to de te rmine  the pK a value 
of VII because i ts  UV spect rum in hydrochlor ic  acid 
solution changes with t ime) .  The mel t ing  points  of the 
p i c ra t e s  a re  lower than those of the f ree  bases ,  which 
is  probably  due to their  molecu la r ,  and not ionic,  
na ture .  

In the de te rmina t ion  of the ionizat ion constants  of 
Va and Vb, the quest ion a rose  of the site of protonat ion 
of their  molecules .  The re su l t s  of MO calculat ions  
(Diagram 1) predic t  tha t th is  should be the pyridine N- 
atom of the imidazole  ring. This  is confirmed by the 
change in the pK a value on pass ing  f rom Va to its 5- 
me thy l  der iva t ive  (Vb) (ApK a = +0.82), which is equal 
to the change in pK a on pass ing  f rom imidazole  to 2-  
methyl imidazole  [10]. If the azo group were protonated,  
ApK a would, of course ,  be cons iderably  lower. 

In view of the possible  occur rence  of in t ramolecu la r  
azo-coupl ing in both posi t ions 2 and 5 of the imidazole 
r ing,  we found the d i rec t ion of cycl izat ion of compounds 
IV (a, e, d), on the bas i s  of an analys is  of their  e l ec -  
t ron ic  absorpt ion  spec t ra  (Table 1). All a t tempts  to 
obtain the i somer i c  imidazo[1, 2-c]benzo-1,  2, 4 - t r i -  
az ines  by the i n t r amolecu l a r  aryla t ion  of the 2-(o-  
halogenophenylazo)imidazoles  IX in n i t robenzene in 
the p re sence  of K2CO 3 and CuBr, in liquid ammonia  in 
the p re sence  of KNH 2, or in a melt  with sodium acetate 
were unsuccessfu l .  

The UV absorpt ion  spec t ra  of the imidazobenzot r i -  
az ines  cons is t  of four absorpt ion bands,  in the 220, 
245, 260, and 380 nm regions.  The long-wave absorp-  
tion band is the most  in te res t ing  for fur ther  discussion.  
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Diagram 2. v -E lec t ron ic  dens i t ies ,  mobi le  bond 
o rde r s ,  and energ ies  of the ETr~Tr. t r ans i t ions  for 
the f i r s t  excited s ta tes  of imidazobenzot r iaz ine  

molecules .  
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T a b l e  1 

U V  S p e c t r a  of  t h e  I m i d a z o b e n z o - 1 ,  2,  4 - t r i a z i n e s  

Com- 
pound Solvent  ~,, nm 8 

Va 

Vb 

V c  

Vd 

VII 

5 N H2SO4 
0.05 N NaOH 

Water 
Methanol 
Oetane~ 

5 N HpSO~ 
0.05 N NaOH 

Methanol 
5 N H2SO~ 

Methanol 
5 N H~SO~ 

Methanol 
5 N H2SO~ 

0,05 N NaOH 
Methanol 

220 244 265* 325 
221 242 258** 388 
222 240 262 385 
- -  244 261 378 
- -  233* 262 362 

217 245 270* 336 
- -  235 264 393 
- -  233 *~ 264 385 
- -  240 263 330 387 
- -  23l 252 343 400 
- -  233 277 337 

238 287 363 
218 249 289 380 
225 - -  260 395 
225 - -  262 385 

15700 16700 - -  6800 
18700 12700 10200 5280 
18200 13030 10520 5360 

- -  12200 10450 4700 
- -  10350 7520 3000 

17600 14600 - -  5780 
- -  12700 9430 5360 
- -  13460 10470 5530 

26060 6800 
- -  22400 19100 4800 
- -  14060 21380 5920 
- -  15200 20500 6270 

22600 15450 2800 12470 
30000 - -  8730 13100 
43500 - -  9100 16830 

3440 
4100 

*inflection 
**plateau 

S i n c e  t h e  e n e r g y  o f  t h e  f i r s t  e l e c t r o n i c  t r a n s i t i o n ,  E r ~ T r ,  

i s  p r a c t i c a l l y  t h e  s a m e  f o r  t h e  t w o  i s o m e r i c  i m i d a z o -  

b e n  z o t r i a z i n e s  ( D i a g r a m  2),  i t  m u s t  b e  e x p e c t e d  t h a t  t h e i r  

l o n g - w a v e  b a n d s  w i l l  b e  i n  a p p r o x i m a t e l y  t h e  s a m e  r e g i o n .  

T h i s  i s  a c t u a l l y  t h e  c a s e .  S o m e  i n c r e a s e  in  i n t e n s i t y  a n d  a 

b a t h o c h r o m i c  s h i f t  ( ~ 7  n m  i n  m e t h a n o l )  o f  t h i s  a b s o r p t i o n  

b a n d  f o r  VI I  a s  c o m p a r e d  w i t h  V a  m a y  b e  d u e  to  t h e  e l e c -  

t r o n - d o n a t i n g  e f f e c t  of  t h e  t e t r a m e t h y l e n e  g r o u p i n g .  

A c o n s i d e r a t i o n  of  t h e  f i r s t  e x c i t e d  s t a t e  of  t h e  

m o l e c u l e s  of  i m i d a z o - [ 5 ,  1 - e ] b e n z o - 1 ,  2,  4 - t r i a z i n e  a n d  

o f  i m i d a z o [ 1 ,  2 c ] b e n z o - 1 ,  2, 4 - t r i a z i n e  s h o w s  t h a t  t h e  

7r~Tr* e l e c t r o n i c  t r a n s i t i o n  c o r r e s p o n d i n g  to  t h e  l o n g -  

w a v e  b a n d  of  t h e s e  c o m p o u n d s  i s  c o n n e c t e d  b a s i c a l l y  

w i t h  a t r a n s f e r  of  e l e c t r o n  d e n s i t y  f r o m  t h e  i m i d a z o l e  

r i n g  t o  t h e  a z o  g r o u p .  I n  a l l  t h e  i m i d a z o [ 5 ,  1 - c ] b e n z o -  

1, 2, 4 - t r i a z i n e s ,  t h e  f o r m a t i o n  o f  a c a t i o n  i s  a c c o m -  

p a n i e d  b y  a m a r k e d  h y p s o c h r o m i c  s h i f t  o f  t h e  t o n g -  

w a v e  a b s o r p t i o n  b a n d  (Va ,  53 r im;  V b ,  49 n m ;  V d ,  27 n m ) * .  

In  c o m p o u n d  VII ,  t h e  t r a n s i t i o n  f r o m  t h e  n e u t r a l  

m o l e c u l e  to  t h e  c a t i o n  i s  a c c o m p a n i e d  b y  a c o n s i d e r a b l y  

l o w e r  h y p s o c h r o m i c  s h i f t  (15 n m ) .  T h e  o b s e r v e d  d i f -  

f e r e n c e  c a n  b e  e x p l a i n e d  b y  t h e  f a c t  t h a t  in  t h e  c a t i o n  

of  i m i d a z o [ 5 ,  1 - c ] - b e n z q - 1 ,  2, 4 - t r i a z i n e  t h e  r e s u l t a n t  

e l e c t r o n i c  v e c t o r  of  t h e  l o n g - w a v e  7 r ~ r *  t r a n s i t i o n  a n d  

t h e  v e c t o r  d i r e c t e d  to  t h e  q u a t e r n a r y  n i t r o g e n  a t o m ,  

c o u n t e r a c t i n g  t h i s  t r a n s i t i o n ,  a r e  s u b t r a c t e d  f r o m  o n e  

a n o t h e r  m o r e  e f f e c t i v e l y  t h a n  in  t h e  c a t i o n  of  i m i d a z o -  

[1,  2 - e ] b e n z o - 1 ,  2, 4 - t r t a z i n e  ( D i a g r a m  3). 

D i a g r a m  3. A p p r o x i m a t e  i n t e r -  

a c t i o n  o f  t h e  v e c t o r  o f  t h e  f i r s t  

e l e c t r o n i c  t r a n s i t i o n  a n d  t h e  

e l e c t r i c  v e c t o r  o f  t h e  -=i~H g r o u p  

i n  t h e  c a t i o n s  o f  t h e  i s o m e r i c  

i m i d a z o b e n z o - 1 ,  2, 4 - t r i a z i n e s .  

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

Quantum-mechanical  calculations. All calculations by the MO LC AO 
method were performed in the sirople Ht~ckeI approximation. The follow- 
ing magnitudes of the Coulomb and resonance integrals were taken[11]: 

a (C) = ~z~ [3 (C=C) = ~ (N~N) ~ [5 (C~:N) = l~~ 
a ( - - N = )  ~ ceq-0,5B~ 5 (C--N) =08~ ~ 

In the calculation of the dfazoniuro cation, the parameters recom- 
mended by Schuster and Polansky [12] were taken for the diazonium 
group C(l )-N(z)~N(s):  

{::~N2-- 1~0 A_ 0.81~0; CZNa = (Z0~_ 

+ 0.@0; ~%_%=~0; ~%_G=1.@0. 

The other details of the calculations are expounded in the paper of 
Staab et el. [7]. 

The solution of the secular determinants were obtained on a "Minsk- 
12" electronic computer.* 

Measurement of pK a values. The ionization constants were measured 
at 20 ~ C in thepH range 1.8-2.4 for Va and 2.0-3.5 for Vb at analytical 
wavelengths of 326 and 330 rim, respectively. As the spectrum of the 
neutral molecules we took the spectrum of V in 0.05 N NaOH solution 
and as the spectrum of the cations its spectrum in 5 N HRSO 4 solution. 
The accuracy of the measurements was :~0.05 pK a unit. 

1-(o-Nitrophenyl)tetrahydrobenzimidazole (X). A mixture of equi- 
molecular amounts of tetrahydrobenzimidazole, o-chloronltrobenzene, 
and sodium acetate  was heated at 1% ~ C in the presence of a catalytic 
amount of cuprous bromide for 8 hr. After cooling, the mel t  was treated 
with chloroform and the insoluble residue was separated off. The com- 
pound X formed, together with the unchanged tetrahydrobenzimidazole, 
was extracted from ~ e  filtrate with 10% HC1. After neutralization with 
aqueous ammonia ,  the oil that had separated out was dissolved in chlo- 
reform, and the solution was passed through a column of alumina. The 
first fraction was collected. After the elimination of the solvent, the 
reaction product was purified by recrystallization. 

1-(o-Nltrophcnyl)lmtdazoles (IIa-c) were obtained by the direct 
arylation of iroidazole with o-halogenonitrobenzenes by the procedure 
described previously [la] (Table 2). 

l-(o-Aminophenyl)imidazoles (Ilia-c). Dilute HCI (I: i) (20% excess) 
was added in portions to a mixture of the appropriate compound II with 
a small  (10-15~ excess of powdered tin. The mixture was heated for 

*I t  i s  d i f f i c u l t  to c o m e  to  a n y  k i n d  o f  c o n c l u s i o n  o n  

t h e  n a t u r e  o f  t h e  s h i f t  of  t h e  l o n g - w a v e  b a n d  f o r  V c .  

*The calculations were performed with the participation of E. Maly- 
sheen, RGU (Rostov-on-Don State University) Computing Center, to 
whom the authors express ~e l r  deep gratitude. 
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Com- 
pound 

T a b l e  2 

N -  ( o - N i t r o p h e n y l ) - a n d  N -  ( o - A m i n o p h e n y l ) i m i d a z o l e  s 

Mp, ~ 

1-Arylimidazoles (solvent for Empirical 
crystalliza- formula C H N C 

tion) 

- -  - -  22.37 - -  I Ia  l-(o-Nitrophenyl)- 99--100 CgHTNaO2~ 
imidazole (benzene)* 

l ib  2-Methyl-I- q8--89 C~0HgN302 58.95 4.31 20.521 59.11 

(o-nitrophenyl)- (carbon 54 52 4 45 19 l 1 54 79 imidazole tetrachlo- 
ride)** 

IIc 1-p-Methyl-o- 97--99 C10HgNzOz . , . ' . 

nitrophenyl- (aqueous 52.89 4.11 27.02 52.94 imidazole ethanol) 
Illd 1-(o-Amino-p- 218 (ethanol) CgHsN40~ 

nitrophenyl)- 
imidazole 

Ilia 1-(o-Aminophenyl)- 106 (heptane) CgH~,N3 i67,771 5 53]',26 56, 57,9C 

imidazole . 6.30 24.66 39.34 IIIb 1-(o-Aminophenyl)- 135--136 Cl0HuNa 68 96 I 
2-methyl- (water) 
imidazole 

l l lc  1-(o-Amino-P-imidazolemethoxyphenyl). 113 (water)CtoHnN30 ii.341 55,9259 2126.3913'5634.41~ 

1-(o-Nitrophenyl)- 103.5--i04,5 C~3H:~N~O2 . . . .  
tetrahydroben- (petroleum 
zimidazole ether) 

[ 1-(o-Aminophenyl)-i tetrahydroben- (petroleum126"5--128 CI~H,~N~ /73.09~ 7.06 19.41 73,21 

zimidazole ether) 

*According to the literature [81, 98-99 ~ C. 
**According to the literatare [ 18 ], 88-89 ~ C. 

Found, % Calculated, % Yield, 

H N % 

!22.21 - -  8 5  

4.46 20.68 51 

4.14 9, 7 46 

3.95 27.40 33 

5.70 26,40 85 

6.40 24.261 90, 
I 

5,86 22,31 66 

5,39 17.28 37 

7.09 19,70 87 

I 

Com- 
pound 

Wa 

Vb 

Vc 

Vd 

VII 

T a b l e  3 

I m i d a z o b e n z o - 1 ,  2 , 4 - t r i a z i n e s  

Mp, ~ 

210--211.5 
229--230 
251--252 
194--195 
226--229 

Empirical 
formula 

CgH6Ni 
CloHsN4 
CIoHsN40 
CgHsNsO2 
CIaHmN4 

Found, % 

C H 

63.16 3,45 
64.971 4.20 
59.64 3.96 
50.45 2.64 
69.30 5.50 ' 

Calculated, % 

N C H 

i 
33.00 [ 63.52 3.55 
30.551 65.21] 4,38 
28.29 59,99 it 4.03 
32,22 50.24 2,34 
24,671 69,62 5.39 

I 
Yield, 

N % 
] 
I 

32.931 70 
30,42 85 
27,99 [ 67 
32.55 59 
24.98 39 

! 



C H E M I S T R Y  OF H E T E R O C Y C L I C  C O M P O U N D S  687 

30 tuin. The cooled solution was diluted twofold with water, and 

hydrogen sulfide was passed through it until the tin sulfides had been 
completely precipitated. The filtrate from the precipitate was neu- 
tralized with 40% caustic soda solution and the amine formed was 
filtered off (Table 2). 

1-(o-Nittophenyl)benzimidazole was obtained by the arylation of 
benzimidazole with o-chloronitrobenzene [14]. Mp 80-81 ~ C (ac- 
cording to the literature [15], mp 82.5 ~ C). 

1-(o-Aminophenyl)benzimidazole was obtained by the reduction of 
1-(o-nitrophenyi)benzimidazole with tin in hydrochloric acid. Mp 
112-114 ~ C (according to the literature [15], mp 114-115 ~ C). 

1-(o-Atuino-p-nitrophenyl)imidazole (IIId). A suspension of 1.17 g 
(0.005 mole) of 1-(2,4-dinitrophenyl)imidazole [15] in 10 ml of 
ethanol was added in portions to 5 ml of a boiling aqueous solution 
of 0.63 g (0.006 mole) of sodium disulfide. Heating was continued 
for 5 hr and then the reaction mixture was poured into water and the 
precipitate was filtered off and dissolved in chloroform. This solution 
was passed through a column of alumina and the second fraction was 
collected (the first fraction was unreduced 1-(2,4-dinitrophenyl)- 
imidazole). 

ImidazoberLzo-1, 2,4-ttiazines (V, VII). With stirring, an aqueous 
solution of 0.01 mole of sodium nitrite was added dropwise to a solution 
of 0.01 tuole of 1-(o-amtnophenyl)imidazote in 15 ml of dil HCL (1: 1) 
cooled to 0 ~ C. Stirring was continued for 1.5 hr, the temperature of 
the mixture being kept at 0-5 ~ C, and then it was slowly neutralized 
with a saturated aqueous solution of sodium carbonate. The precipitate 
that deposited was filtered off, dried in vacuum over P205, and purified 
first by chromatography on alumina (the fraction fluorescing in UV 
light was collected) and then by recrystallization from ethanol. 

2-(o-Chlorophenyl)azoimidazole (IXa). This was obtained by cou- 
plingimidazolewithano~chlorobenzenediazonium salt [17] with a 
yield of 56%. Orange needles with mp 196.5 ~ C (decomp.). Found, %: 
C 52.87; H 8.50; C1 17.22. Calculated for C~H~C1N 4, %: C 52.31; 
H 3.41; Cl 17.16. 

2-(o-Bromophenyl)azoimidazole (IXb) was obtained similarly with 
a yield of 61%. Golden orange plates with mp 202-203 ~ C (decomp.) 
(from aqueous ethanoi). Found, %: C 43.09; ff 2.79; N 22.50; Br 31.64. 
Calculated for CgHzBrN 4, %: C 43.05; H 2.81; N 22.31; Br 31.S3. 
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