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INVESTIGATIONS IN THE FIELD OF BENZIMIDAZOLE DERIVATIVES 
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The bromination of 1, 3- dialkyl- 2-iminobenzimidazolines by the 
action of potassium bromate and hydrobromic acid leads via the per- 
bromides formed intermediately to 5(6)-monobromo derivatives and, 
further, to 5,8-dibromoimines. Under these conditionS, 1-alkyI-2- 
aminobenzimidazoles form mixtures of 5- and 6-monobromo-substi- 
tuted derivatives which, on further bromination, are converted into 
5, 6-dibromo and, under more severed conditions, into 4, 5, 6-tribromo 
derivatives. 

Continuing our study of e lee t rophi l ie  subst i tu t ion 
reac t ions  in the 2 -aminobenz imidazo les  [2], we have 
subjected their  1-alkyl  der iva t ives  (I) [3] and the p rod-  
ucts  of the a lkylat ion of the l a t t e r - - l , 3 - d i a l k y l - 2 -  
iminobenz imidazo l ines  (It) [4, 5] to b romina t ion  by the 
act ion of po tass ium bromate  on a solut ion of the amine  
(imine) sal t  in hydrobromic  acid. In this p roces s  prod-  
ucts  of the addition of b romine ,  pe rb romides  (cf. [6, 
7]), a re  f i r s t  formed,  and these change slowly at room 
t empe ra tu r e  and rapid ly  on being heated in water  or 
dilute acids into the 5 -bromo der iva t ives .  

In the b romina t ion  of IIa and rib the f i r s t  b romine  
atom en te r s  pos i t i on  5, as  is shown by the convers ion  
of III into Va and Vb, which we have obtained from VI 
and VII. Since the hydro lys i s  of Br - subs t i t u t ed  imines ,  
espec ia l ly  the 1, 3-diethyl  der iva t ives ,  takes place 
with very  grea t  difficulty, the t r ans i t ion  to the ben-  
z imidazolones  was effected via the stage of the exhaus-  
tive methylat ion of the imino group. 
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The int roduct ion of a second b romine  atom into IIIa 
and IIIb also takes place via  the stage of the fo rmat ion  
of pe rb romides  which, however,  a re  conver ted into 
the 5, 6 -d ibromo der iva t ives  (VIII) only on heating. 
The posi t ion of the second b romine  atom was d e t e r -  
mined  by conver t ing  one of these compounds (VIIIa) 
by hydrolys is  (the NH group having been prev ious ly  
alkylated) into a benzimidazolone  der ivat ive;  it proved 
to be ident ical  with the d ibromobenzimidazolone  (X) 

*For  par t  XX, see [1]. 

obtained f rom 1, 3 -d imethyl -5 ,  6 -d in i t robenz imidaz -  
clone (XI) (via XII-XIV) by the success ive  reduct ion of 
the ni t ro  group and r ep lacemen t  of the amino groups 
formed by b romine  us ing the Sandmeyer  reac t ion  (Ta-  
b les  1 and 2). 
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The monobromina t ion  of Ia fo rms  a pe rb romide  
which changes into XVa and XVTa even at room t em-  
pera tu re .  The alkylat ion of this mixture  leads to IIIa 
and, consequently,  it contains  only the 5- and 6- i so -  
me r s .  The individual  compounds were  isolated f rom 
the mix ture  by c rys ta l l i za t ion ,  and their  s t r u c t u r e w a s  
es tabl i shed by compar i son  with the subs tances  ob-  
tained by means  of the Sandmeyer  reac t ion  from 2, 5- 
and 2, 6 - d i a m i n o - l - m e t h y l b e n z i m i d a z o l e s  [10]. The 
b romina t ion  of Ib takes place s imi la r ly .  The mono-  
bromo der iva t ives  so obtained were  asc r ibed  to the 5- 
and 6-subs t i tu ted  s e r i e s  on the bas i s  of spec t ra l  data. 
As repor ted  prev ious ly  [11], the monochlor ina t ion  of 
2 -aminobenz imidazo le  under  the act ion of H202 and 
HC1 leads s i m i l a r l y  to 2 -amino-5 (6 ) - ch lo robenz imid -  
azole.  

Br 

XV, XV[ R - XVI! R XVIJI R 
XV 53oromo der ivat ive  , XVI 6 - b r o m o  d e r i v a t i v e  

XV-XVIII a R = C H 3 ;  b R = % H  5 

By means  of the method descr ibed  above two b r o -  
mine  atqms can be introduced into the molecule  of Ia 
or Ib. Under these condit ions,  5, 6-d ibromo de r iva -  
t ives a re  formed,  as has been es tabl ished by their  
convers ion  on alkylat ion into VIII. Thus, on halogen-  
ation, as in other  e lee t rophi l ie  subst i tu t ion reac t ions  
in the 2 -aminobenz imidazo le  se r i e s ,  posi t ion 5 and 6 
are  the most  reac t ive  [1, 2] (Table 3). 

Under more  severe  condit ions (excess of po tass ium 
bromate ,  prolonged heating), t r i b romina t ed  amines  
(XVIIIa and XVIIIb) a re  formed;  it was imposs ib le  to 
effect this t r ans fo rma t ion  for the 1, 2 -d ia lky l imines .  
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T a b l e  1 

B r o m o  D e r i v a t i v e s  o f  1 , 3 - D i a l k y l - s u b s t i t u t e d  2 - I m i n o b e n z i m i d a z o l o n e s  

Com- 
pound 

I I I  at 

111b** 

V I I l a  

V l l l t  

Solvent 
for 

crystal- 
lization 

Empirical 
formula C 

Found, % 

H Br 

Calculated, % 

N C N 

17.55 45.02 

15.67 49.27 

13.22 33.89 

Mp, 
~ 

122" Aqueous 
ethanol (2 : 1) 

116,5--117 Petroleum 
ether 

207--208 Benzene- 
petroleum 

ether (1 : 

127 - -128"  Aqueous 
ethanol (1 : 1~" 

CgHIoBrN3 45.25 

iCuH~4BrNa 49.41 

C~H~BrzN3 34.03 

C.H~sBr2Nz 37 87 
L 

4.31 33.46 

5.21 30_23 

2.95 50.28 

3.72 45:87 12.39i38.07 

h 

* After prolonged drying of the substance at 60-70~ or in vacuum over P2Os. 
** The compound was obtained with the assistance of  V. I. Stupishina. 

i 
4.20 33,28117.50 

5 26 29 80115 67 

2.84 50.10 13 17 

3.77 46.05 12.11 

"6 

78 

80 

85 

79 

T a b l e  2 

D e r i v a t i v e s  o f  1 , 3 - D i a l k y l b e n z i m i d a z o l o n e s  

Math- 

Corn- i~eii~ " pound 

VI a 
VI I  b 
Vb c 

XII  d 
XI I I  c 
XIV b 

X c 

Mp, ~ ] Solvent for crys- I 
[ tallization 

136 Aqueous ethanol 
286--288 Alcohols 
133--134 Aqueous ethanol 
321--322 [ Acetic acid 
262--262 ! Ethanol 
209--210 Carbon tetrachloride 

248 i Benzene-petroleum 
/ ether 

CIIHI~NsOs 17.87 17.87 
Cn l t l sNaO 'HC11  14.27 14.67 
CHH~sBrN20 I 10.48 10.41 
C~HIoN~Os I 25.23 25.22 
CgHsBrNsOs ! 14.76 14.69 
C~HjoBrN30 16.63 16.41 

C~HsBr~N20 8.77 i 8.75 
/ 

I 

N , ~  

Empirical calcu- Yield 
formula found lated % 

56 
86 
75 
80 
84 
71 

83 

a Alkylation of 5-nitrobenzimidazolone with ethyl iodide in an ethanolic solution of alkali, b Reduc- 
tion of the nitro compound with tin and conc HCh the hydrochloride of VII was isolated after the pre- 
cipitation of the tin with hydrogen sulfide, while the amine XIV was extracted with ethanol after the 
decomposition of the complex salt with alkali, e Diazotization of the amine in dil HCI at 0 ~ C and addi- 
tion of the diazonium solution to a mixture of 3 moles of  cuprous bromide and cone HCI heated to 70 ~ C. 
The diazotization of the amine XII was carried out in conc HCI using an excess of sodium nitrite, d Partial 
reduction with sodium disulfide in aqueous ethanolic solution. 
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Table 3 

Bromine Derivatives of l-Alkyl-2-Aminobenzimidazoles 

531 

Com- 
pound 

XVa 

XVI a 

XVb 

XVI b 

XVI: 

XVlIbi 

XVIl la i  

XVIIIb 

Mp, o C 

244 

270 

196 

224 225 

247--247.5 

215--216 

337--338 

298--299 

Solvent  for  crys- 
ta l l iza t ion  

Water  

Aqueous  e thano l  
(3:2) 

Water  

Aqueous  e thano l  
(2:1) 

Aqueous  e thanol  
(1:1)* 

Aqueous ethanol 
(l:1)* 

Aqueous pyridine 
(1:1) 

Aqueous  pyr id ine  
( 1 : 1 )  

Empir ica l  
fo rmula  

C8HsBpNa 

CaHsBrNs 

CsH,0BrNa 

CsHl0BrNa 

CsHTBr~N3 

C~HgBrzNa 

CsH~Br,Na 

CgHsBraNa 

Found ,  % 

C t l  

42.73 3.64 

42.63 ' 3.76 

44.73 4.31 

44.66 4.30 

31.49 2.25 

34.33 2.70 

25.42 1.85 

97 35 i 2,22 
I 

Br N 

35.32 18.16 

34.75 18,64 
I 

32.96 r 17.55 

33.56 17,70 

52.38 

50.14 

62.00 

59.81 

C a l c u l a t e d , %  

I 
C ! t l  Br 

I 

42.50 3.57 35.34 i 

42.50 3.57 35.3tl 

45.02 4.20 33.28 l 

45.02 4.20 33.28 I 

31.5l i 2 ,31 52.40 ] 

33,89 2,84 50. I0 [ 
I 

25.03 1.57 62,45 

27,16 2.03 60.25 

I 

13,99 

12.95 

I 1.06 

10,82 

*The amine  isolated f rom the reac t ion  mix ture  was first purif ied by washing out  the impur i t ies  boil ing wate r .  
** The yield ob ta ined  in the  b romina t ion  o f  the  amine  I is shown. 

18.59 / 

i8.59 j 

19.50/t 

1750 l 

13.78 

13.17 

10.95 

10.56 

Yield 
% 

93 

81 

77** 

74** 

6I**  

57** 

kmax,  nm (log e)  

293 (4.02) 

257 (3.95); 294--6 (4.01) 

293 (3.98) 

257 (3,92); 295--6 (3.97) 

Since in an acid medium the amines  and [mines  are 
present  in the form of cat ions of s i m i l a r  structure,  
this  dif ference in propert ies  must ,  apparently,  be e x -  
plained by the s creen i ng  of pos i t ions  4 and 7 of the 
imines  by the alkyl  groups on the N-atoms .  On this  
b as i s  it may be a s s u m e d  that in the brominat ion of 
XVII the third atom enters  posi t ion 4, s ince  attack 
in posi t ion 7 is  s t e r i e a l l y  hindered.  

The N-e thy l - subs t i tu ted  amines  ( imines)  brominate  
with somewhat  greater  diff iculty than their methyl  
analogs.  For the N-ethyl - subst i tuted  amines ,  the con-  
v e r s i o n  of the perbromides  into the bromo derivat ive  
requires  prolonged heating. The brominat ion of IIa at 
20 ~ C leads to the formation not only of the mo n o-  
substituted der ivat ive  but a l so  of some  amount of the 
dibromo der ivat ive ,  which i s  not the case  for IIb. 

We also obtained IIIa and IIIb, and X by the r e a c -  
tion o f  b r o m i n e  o n  I I  i n  c h l o r o f o r m * .  T h i s  r e a c t i o n  

t a k e s  p l a c e  w i t h  l o w  y i e l d s .  

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

Synthesis of the monobrominated  amines and imines.  A solution of 
10 mM of the amine  ( imine)  in 10 -15  ml  of conc HBr (d 1.4), pre- 
pared with hea t ing ,  was cooled to 20 -23  ~ C (in the case of IIa,  to 

3 - 5  ~ C) and, with stirring, a solution of 0.56 g (3.3 raM) of potassium 
bromide in the m i n i m u m  amount  of water  was slowly added. Then the 

mixture  was slowly heated** in the water  bath,  the water  in the bath 
being brought to the boi l ,  and was kept there unt i l  it had undergone 
decolorat ion.  Then it  was cooled,  and the p rec ip i t a te  was f i l tered off 
and dissolved in hot  water,  and the base was prec ip i ta ted  with ammo-  
nia (amines)  or cone NaOH ( i m i n e s ) .  

Isolation of the isomeric  XV and XVL A) Three grams of a mix -  
ture of XVa and XVIa was t rea ted with 300 ml  of boi l ing water,  the 
hot  solution was f i l tered,  and the insoluble residue was recrys ta l l ized  

from aqueous ethanol  (3 : 2). The substance (0.9 g) consisted of XVIa, 

s ince i t  was iden t ica l  with the substance obtained from 2, 6-d iamino-1-  
me thy lbenz imidazo le  by the Sandmeyer reaction*. 

The aqueous mother solution was evaporated and the residue was 
crys ta l l ized  from toluene,  giving another 0 .3 -0 .4  g of impure XVIa. 

The toluene was dis t i l led from the mother solution to ha l f  bulk, and 

from this residue petroleum ether precipi ta ted  XVa, which was re- 
c rys ta l l ized  from water.  Yield 0.5 g. The compound was iden t ica l  
with that  obtained from 2, 5 - d i a m i n o - l - m e t h y l b e n z i m i d a z o l e  by the 
Sandmeyer react ion.  

B) A mixture  of isomeric  XVb and XVIb (3.8 g) was recrys ta l l ized 
from 50 ml  of aqueous ethanol  (5 : 1). On reerys ta l l iza t ion  from aque- 
ous ethanol ,  1.2 g of XVIb deposited. The aqueous e thanol ic  mother 

solution was evaporated and the residue was t reated as described in (A); 
after repeated crys ta l l iza t ion  from water,  0 .6-0 .7  g of XVb was ob- 

ta ined.  

The indiv idual i ty  of the compounds obtained was checked by chro- 
matographing them on plates coated with a thin layer of a lumina  in 

the solvent system c h l o r o f o r m - a c e t o n e - e t h a n o l  (1 : 2 : 0.2)**. 
The 5, 6-dibromo derivat ives of the amines  (XVIIa, b) and of the 

imines  (VllIa ,  b) were obtained in a s imi la r  manner  to the monobromo 
derivatives using 0.66 mole  of KBrO z. The react ion was carried out in 
di l  HBr (2 : 1). 

Passage from 2- iminobenz imidazo l ines  to benzimidazolones .  The 
methyla t ion  and hydrolysis of I l ia ,  IIIb, and VIII were carried out in 
two stages,  s ince under the act ion of even a large excess of me thy l -  
benzenesulfonate  (MBS)the N- monomethyl  der iva t ive  is formed predom- 

inantly.  Compounds I l ia ,  l i Ib,  and Vil la  were heated with 2 moles of 
MBS at 80-100 ~ C for ' l  hr. The me l t  was tr i turated with ether,  heated 
with 20% NaOH solution in the water bath for 10 -15  rain unt i l  the 

smel l  of m e t h y l a m i n e  had disappeared and the mixture  was extracted 
with hot benzene.  The extracts  were shaken with dil  (1 : 1) HBr, and 

from the acid ext rac t  concentrated a lka l i  prec ip i ta ted  the bases. After 
drying, the substances were again fused with MBS at 100-120 ~ C, the 
m e l t  was t reated as described above,  the benzene extracts  were com- 
bined, the benzene was dis t i l led off, and the residue was crysta l l ized 

from aqueous ethanol .  Yield 53 -56%.  The Va, Vb, and X formed 

* T h e s e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  w i t h  t h e  p a r -  

t i c i p a t i o n  o f  V.  I .  S t u p i s h i n a .  

**In the brominat ion of Ia, the react ion mixture  was not hea ted  but 
was le f t  overnight  at room temperature .  

* When 3 moles of cuprous bromide was used, the yield amounted to 
7o-8o%. 

**This system of solvents was used for the chromatography of all the 

other brominated amines and imines .  
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were identical with the compounds obtained by independent synthesis 
(Table 2). 

1-Alkyl-2-amino-4, S, 6-tribromobenzimidazoles (XVIIIa, b). A 
mixture of 10 mM of I and 200 ml of dil (2:1) HBr was heated to 35- 
40" C, and 50 mM of finely ground potassium bromate was added over 
2-3 hr. Then the mixture was heated very slowly (6-7 hr) to 90-95% 
C and was kept there until the yellow color had disappeared. The salt 
was filtered off, washed with hot water, and triturated with ammonia, 
and the base was treated with 30-40 ml of boiling ethanol. The insol- 
uble residue, the tribromo derivative, was recrystallized from aqueous 
pyridine. 

The alkylation of the bromo derivatives with alkyl iodides was 
carried out as described previously [4, 5]. The yields were about 90%. 
The tribromosubstituted amines do not alkylate under these conditions. 
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