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On reac t ion  with halogens,  organol i th ium and o rganomagnes ium der iva t ives  of azoles  are 
conver t ed  into ha logenoazoles .  Halogen der iva t ives  of N-subst i tu ted  imidazoles ,  benz-  
imidazoles ,  and indazoles have been studied.  

We have previously  [1] e s tab l i shed  that  on react ion  with iodine 2-d ie thoxymethyl -5-1 i th iofuran  is con-  
ve r t ed  into 2 -d ie thoxymethy l -5 - iodofuran .  Continuing this work,  we have synthes ized  halogenoazoles  by 
the same method.  

Organol i th ium der iva t ives  of N-subs t i tu ted  imidazoles ,  benz imidazo les ,  and indazoles were  obtained 
by the meta l la t ion  reac t ion .  Under  the action of bu ty l -  and phenyl l i thiums,  1 -phenyl -  and 1 -me thoxyme thy l -  
benz imidazo les  give low yields of the 2-1ithio de r iva t ives ,  and the re fore  the cor responding  o r g a n o m a g n e s i -  
um compounds were  used .  In the p repa ra t ion  of the o rganomagnes ium der iva t ives  of 1 -phenyl -  and 1- 
methoxymethy lbenz imidazo les  the meta l la t ing  agent  se lec ted  was d ibutylmagnes tum,  which, unlike a lkyl -  
magnes ium hal ides  [2], is capable  of r ead i ly  meta l la t ing  N-subst i tu ted  benz imidazoles  in e the r .  Because 
of the instabi l i ty  of the u n s y m m e t r i c a l  o rganomagnes ium compounds [3] the reac t ion  led to the fo rmat ion  
of bis (1-phenylbenz imidazo l -2 -y l )  magne s ium and bis (1-methoxymethylbenz  imidazol -2-y l )  magnes ium.  This 
method also p e r m i t s  halogen to be in t roduced into halogen der iva t ives  of azoles  if the meta l la t ion  of the 
l a t t e r  is not compl ica ted  by other  p r o c e s s e s  such as the W u r t z - F i t t i g  reac t ion .  The r e su l t s  of the syn-  
thes i s  of  the ha logenoazoles  a r e  given in Table 1. 

Table 2 gives  the PMR s p e c t r a  of 1 -methy l imidazo le  (X), 1 -methy lbenz imidazo le  (XI), 2 - m e t h y l -  
indazole (XII), and compounds (I, IV, and VIII) .  The s p e c t r a  of (I) and (IV) lack the signal of 2-H,  and the 
spec t rum of (VIII) the signal  of 3-H.  

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

The PMR s p e c t r a  we re  taken on a Tes l a  BS 487 C s p e c t r o m e t e r  with a working f requency  of 80 MHz 
using TMS as the in ternal  s t andard  and CDC13 as the solvent .  

1-Methyl imidazole  [4], 1-phenyl imidazole  [5], 5 - c h l o r o - l - m e t h y l i m i d a z o l e  [6], 1 -me thy lbenz imid -  
azole [7], 1 -methoxymethy lbenz imidazo le  [8], 1-phenylbenzimidazole  [9], and 2 - m e t h y l -  and 2 -e thy l imid -  
azoles  [10] were  obtained by methods desc r ibed  in the l i t e ra tu re ,  as indicated.  

2 - I o d o - l - m e t h y l i m i d a z o l e  (I). In an a tmosphe re  of ni t rogen at  0~ 4.5 g (0.033 mole) of butyl b r o -  
mide in 8 ml  of e the r  was added over  45 rain to 0.45 g (0.065 g-a tom)  of comminuted  l i thium in 15 ml of 
e the r .  The mix tu re  was s t i r r e d  for another  15 rain, and then, at -15~ a solution of 1.5 g (0.018 mole) of 
1 -methy l imidazo le  in 10 ml  of e the r  was added over  40 min .  After  1 h, the mixture  was cooled to -78~ 
and a solution of 6 g (0.024 mole) of iodine in 60 ml  of e the r  was added. The t e m p e r a t u r e  was brought  up 
to that  of the room,  and then 10 ml  of water ,  5 ml  of sa tu ra ted  sodium sulfite solution, and 20 ml of 20~ 
hydrochlor ic  acid were  added. The hydrochlor ic  acid ex t r ac t  was made alkaline with 20~ caus t ic  soda 
solution, and the base  was ex t rac ted  with ch lo ro fo rm.  The ch lo ro fo rm solution was dr ied with sodium su l -  
fate,  and the solvent  was dis t i l led off. Compound (I) was purif ied by r ec rys t a l l i za t ion  f rom pe t ro leum e the r .  

2 - I o d o - l - p h e n y l i m i d a z o l e  (II) and 5 - c h l o r o - 2 - i o d o - l - m e t h y l i m i d a z o l e  (III) were  obtained s imi l a r l y .  
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TABLE I. R M +  X 2 = R X  + MX 

RX RM 
Solvent for 

x.~ mp of RX,*C crystallization 

I 
II 

III 

IV 
V 

VI 

VII 

VIII 

IX 

2 -Lithio- 1- methylimidazole 
2- Lithio- 1-phen)rlimidazole 
5-Chloro-2- lithm-1- methyl- 

imidazole 
2-Lithio-1 -methylbermimidazole 
2-Lithio-l-methylbenzimidazole 
Bis(1- methoxy methylbenzimld - 
azol-2-yl) magnesxum 

Bis(1-phenylbenzimidazol-2- 
y1) ma~nesium 

3 - Lithiff- 2- methylind azole 

2-Ethyl-3- lithioindazole 

Br2 
Is 

Br2 

Is 

I2 

I2 

88--89 
102--103 
104--105 

101--102 
1 1 4 - - 1 1 5  
67--68 

155--156 

150--151 

86--87 

Petroleum ether 
~enzene - hexane 
Petroleum ether 

Pet roieum ether 
Hexane 
Heptane 

Ethanol 

Benzene -- petroleum 
ether 

Benzene -- petroleum 
etne~ 

RX 

I 
II 

lql 
IV 
V 

VI 
VII 

VIII 
IX 

Empirical _ _  
formula 
of RX I c 

C4HsINs 23,4 2,5 
CgHTIN2 40,4' 2,5 
C4H4CIIN2 20,0 1,6 
CsHTBrN2 45,8 , 3,3 
CsHrIN~ 37,6 2,6 
CgHgBrN20 44,8 4,0 
CmHslN2 49,2 2,6 
CsHzINs 37,6 3,1 
CoHglN2 39,6 3,5 

Found, % 

H aalog. 

61,3 
47,0 
66,3 
37,5 
48,8 
33,2 
39,7 
49,6 
46,2 

13,3 
10,5 
11,5 
13,6 
11,2 
11,7 
8,5 

10,6 
10,2 

Calc., % 

c H ~alog. 

23,1 2,4 61,0 
40,0 2,6 47.0 
19,8 1,7 67,0 
45,5 3,4 37.8 
37,2 2,7 49,2 
44,8 3,8 33,1 
48,8 2,8 39.6 
37,2 2,7 49,2 
39,7 3,3 46,6 

~'ield,% 
N 

13,5 69 
I0,4 72 
l 1,6 54 
13,3 46 
10,9 52 
l l ,6  56 
8,7 62 

10,9 50 
10,4 39 

TABLE 2. PlVIR S p e c t r a  of N - S u b s t i t u t e d  A z o l e s  and T h e i r  Ha logen  
De r i v a t i v e  s * 

Compound 

X 
1 

XI 
IV 

XII 
VIII 

2-H 

7,35 

7,66 

Chemical shifts of the protons, ~, ppm 
[ 

3-H [ 4-H and5.H 

l 
--  6,82; 6,96 
--  7,00 

7,62 

N-CH~ 

3,57 
3,57 
3,58 
3,60 
3,95 
4,19 

* 2 - H ;  3 -H;  4 -H;  and 5-H a r e  the p r o t o n s  of  the f i v e - m e m b e r e d  
h e t e r o c y c l i c  r i n g .  

2 - I o d o - l - m e t h y l b e n z i m i d a z o l e  (V!. At  -78~  3.3 g (0.025 mole )  of 1 - m e t h y l b e n z i m i d a z o l e  in 30 m l  
of  to luene  was  a d d e d  o v e r  30 ra in  to the b u t y l l i t h i u m  ob ta ined  f r o m  0.5 g (0.072 g - a t o m )  of l i t h i u m  and 5 g 
(0.036 mole)  of bu ty l  b r o m i d e  in 30 m l  of e t h e r .  A f t e r  1 h, 6.4 g (0.025 mole)  of iod ine  in 65 m l  of e t h e r  
was  a d d e d .  The t e m p e r a t u r e  was  r a i s e d  to  20-25~ the unchanged  iod ine  was  e l i m i n a t e d  wi th  6 m l  of  a 
s a t u r a t e d  so lu t i on  of s o d i u m  su l f i t e ,  and  the compound  (V) was  i s o l a t e d  as  d e s c r i b e d  p r e v i o u s l y  [11]. 

2 - B r o m o - l - m e t h y l b e n z i m i d a z o l e  (IV). The s y n t h e s i s  was  p e r f o r m e d  as  in the p r e c e d i n g  c a s e  e x c e p t  
t ha t  the so lu t i on  of  iod ine  was  r e p l a c e d  by  a so lu t i on  of  the  c o r r e s p o n d i n g  a m o u n t  of  b r o m i n e  in 30 m l  of 

d i o x a n e .  

2 - B r o m o - l - m e t h o x y m e t h y l b e n z i m i d a z o l e  (VI). To the b u t y l m a g n e s i u m  b r o m i d e  o b t a i n e d  f r o m  1.3 g 
(0.054 g -a tom} of m a g n e s i u m  and 7.4 g (0.054 mole)  of  bu ty l  b r o m i d e  in 50 m l  of  e t h e r  was  added  10 m l  of 
d i o x a n e .  To the d i b u t y l m a g n e s i u m  so  f o r m e d  was  added  a so lu t i on  of 3.24 g (0.02 mole)  of 1 - m e t h o x y -  
m e t h y l b e n z i m i d a z o l e  in 5 m l  of  e t h e r ,  the m i x t u r e  was  b o i l e d  f o r  1 h,  and then  5.7 g (0.036 mole )  of b r o -  
m i n e  in  20 m l  o f d i o x a n e  was  a d d e d .  A f t e r  10 min ,  10 m l  of  a s a t u r a t e d  so lu t i on  of  s o d i u m  su l f i t e  and 30 m l  
of w a t e r  w e r e  added ,  and then  the aqueous  d ioxane  l a y e r  was  s e p a r a t e d  off and t r e a t e d  wi th  e t h e r .  C o m -  
pound (VI) was  i s o l a t e d  f r o m  the c o m b i n e d  e t h e r e a l  s o l u t i o n s  in the s a m e  w a y  as  (V). 

2 - I o d o - l - p h e n y l b e n z i m i d a z o l e  (VII). The m e t h o d  of s y n t h e s i s  was  s i m i l a r  to the p r e c e d i n g  c a s e .  
B i s ( 1 - p h e n y l b e n z i m i d a z o l - 2 - y l ) m a g n e s i u m  w a s  ob t a ined  f r o m  1.94 g (0.01 mole)  of 1 - p h e n y l b e n z i m i d a z o l e  
and was  t r e a t e d  wi th  4 .4  g (0.017 mole} of i od ine .  
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3-Iodo-2-methylindazole (VIII). 3-Lithio-2-methylindazole was obtained from 1.32 g (0.01 mole) of 
2-methylindazole [12] and was treated with 3.1 g (0.012 mole) of iodine in 30 ml of ether.  The unchanged 
iodine was eliminated with 3 ml of a saturated solution of sodium sulfite, the organic layer was separated 
off and washed with water, and the solvent was distilled off. The residue was dissolved in 10 ml of 20~ 
hydrochloric acid, and the solution was boiled with activated carbon and filtered, the filtrate was diluted 
with an equal volume of water,  and the (VIII) was precipitated with a 20~ solution of ammonia. 

3-Iodo-2-ethylindazole (IX) was synthesized in the same way. 
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