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UNUSUAL CLEAVAGE OF PHENACYL-SUBSTITUTED 

BENZIMIDAZOLIUM SALTS. SYNTHESIS 

OF 1,4-DIARYLIMIDAZOLES 

T. A. Kuz'menko, V. V. Kuz'menko, 
A. M. Simonov, M. S. Korobov, 
and S. A. Filippov 

UDC 547.785.5.07 

The action of a m m o n i u m  acetate in acet ic  acid on 1 -a lky l (a ra !ky l ) -3 -phenacy lbenz imidazo l ium 
bromides  leads,  in addition to the format ion  of a new imidazole  ring, to cleavage of the benz imi-  
dazole f ragment  of the molecule at the 1,2 bond to give 1 - a t k y l ( a r a l k y l ) a m i n o a r y l - 4 - a r y l i m i d a -  
zoles .  1 ,2 -Dimethy l -3 - (p -n i t rophenacy l )benz imidazo l ium bromide is converted under  s i m i l a r  
conditions to the cor responding  2-methy l imidazo le .  4 , 4 ' - D i m e t h y l - 2 , 2 ' - b i s ( p - n i t r o p h e n y l ) - l , l ' -  
d ipyr ro lo[1 ,2-a]benz imidazole  was isola ted as a side product  of this react ion.  

Up until recently the action of ammonium acetate in acetic acid on phenacyl-substituted salts of nitrogen 
heterocycles with unsubstituted p-carbon atoms had been studied only in the case of pyridine, quinoline, and 
isoquinoline. According to the data in [1], phenacylpyridinium bromide does not react with ammonium acetate 
when the compounds are heated in solution in acetic acid, whereas the corresponding quinolinium and isoquino- 
linium salts are converted under the indicated conditions to three-ring systems, viz., 4,5-dihydroimidazo- 
[l,2-a]quinoline and 5,10-dihydroimidazo[1,2-b]isoquinoline [2-5]. 

In the opinion of KrShnke and Zecher [I], the decreased reactivity of phenacylpyridinium bromide is due 
chiefly to the insufficient magnitude of the positive charge on the p-carbon atom of its cation. In this connection, 
it seemed expedient to investigate the action of ammonium acetate in acetic acid on phenacyl-substituted benzi- 
midazolium salts, the cations of which have higher electrophilicity as compared with salts of azines [6]. 

The starting 1-alkyl(aralkyl)-3-phenacylbenzimidazolium bromides (la-k) were obtained by a known method 
[7-9]. As a rule, the quaternization of l-alkyl(aralkyl)benzimidazoles by o)-bromoacetophenones takes place at 
20~ and prolonged refluxing of an alcohol solution of the components is necessary only for l-methyl-5-nitro- 
benzi midaz ole. 

The action of ammonium acetate on a solution of l-methyl-3-phenaeylbenzimidazolium bromide (la) in 
acetic acid initially gives rise to the development of a brown coloration, which is probably due to the formation 
of the anhydro base described in [8], after which it leads to a colorless low-melting compound that is resistant 
to the action of acids and alkalis. In analogy with [21, we did not exclude the possibility of the formation in this 
case of the known 9-methyl-2-phenyl-2,3-diliydroimidazo[l,2-a]benzimidazole (II) [i0]. However, a comparison 
of the melting points of the hydroehlorides of the compound obtained and II showed that they are not identical, 
although they do have the same elementary composition. 
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TABLE 1. 1 -Alky l -3 -phenacy lbenz imidazo l ium Bromides  (I) 

Corn- mp, ~ 
pound (alcohol) 

Ib 
lc 
Id 
le 
lh 
1i 
lj 
lk 

245 
195--197 
233--234 
223--224 
253--254 
238--240' 
235--236 
226--227 

Found, % 

C H B r  

58,9 5,0 23,0 
56,3 4,5 22,5 
52,3] 4,0 31,2 
51,3 3,4 21,0 
54,2 4,6 18,9 

] 50,5] 3,9 19,5 
] 45,3] 2,8 19,3 
I55,81 4,6 15,4 

Empirical 
form ula 

N 

8,0 ] C17HITBrN20 
7,8 CI7H~7BrN,202 
7,6 C16H14BrC1N~O 

11,6 C16HI4BrN30~ 
I0,3[ C19H2oBrNaQ 
10,0[ C~THmBrN304 
13,Ol CI6HmBrN405 
8,5 ] C24H~2BrN305 

Calculated, % 

C H B r  N 

59,2 4,9 23,1 8,1 
56fi[ 4,7 22,2 7,8 
52,51 3,8 31,6 7,7 
51,11 3,7 21,2 11,2 
54,6 / 4,8 I9,1 10,0 
50,3] 3,9 19,7 10,3 

]45,6[ 3,1 19,0 13,3 
156,21 4,3 15,6 8,2 

Yield 
% 

87 
85 
90 
7l 
83 
91 
76 
80 

* This  is the combined percen tages  of B r  and C1. 

TABLE 2. 1 ,4 -Dia ry l imidazo les  ( I I I -a-k)  

C o m  - 

pound 

Ilia 
IIIb 
IIIc 
IIId 
IIIe 
IIIf 
IIIg 
IIIh 
IIIi 
IIIj 
IIIk 

mp,* ~ 

87--88 
129--130 
128--129 
149--150 
204--206 
167--168 
187--188 
159--160 
164--165 
251--252 
195--196 

I 
VNH , cm 

345O 
3430 
3440 
3230 
3200 
3330 
3320 
3380 
3390 
3445 
3420 

Found, % 

c H[N 

77,0 5,9 ]17,0 
77,8 6,5 [ 16,1 
73,0 6,0 ] 14,9 
67,9 5,0 15,0 
65,5 4,6 19,2 
58,7 4,5 13,0 

4,9 18,9 65,4 6,1 68,0 16,8 
63,1 5,0 [ 17,2 
56,4 4,0 20,5 
66,7 5,3 13,3 

I 

Empirical 
formula 

C16HmNs 
CI7HI7Na 
CITHITNaO 
CmHI4CINa 
CI6HI4N402 
C16H14BrN3 
C16HI4N40~ 
CmH2oN402 
C17HI6N403 
CmHmN~O4 
C24H~2N404 

Calculated, % 

c H N 

77,1 6,0 16,9 
77,6 6,4 16,0 
73,1 6,1 15,1 
67,7 4,9 14,8 
65,3 4,8 19,0 
58,5 4,3 12,8 
65,3 4,8 19,0 
67,9 6,0 16,7 
63,0 4,9 I 17,3 
56,5 20,7 
67,0 13,1 

* The compounds were  r ec rys t a l l i zed :  I I Ia -d  f r o m  octane, l l Ie - i  
f r o m  alcohol,  IIIj f r o m  aqueous DMF, and I1]k f r o m  b e n z e n e .  

Yie Id, 
% 

28 
17 
16 
36 
90 
29 
68 
51 
58 
9B 
38 

T A B L E  3. P M R  S p e c t r a  of  1 , 4 - D i a r y l i m i d a z o l e s  ( I I I a , d , f , h , j , k , l )  

Corn- Solvent Chemical shifts, ppm 
pound 

N - - C H 3  N--H aromatic protons 2-H 

Ilia 

l l ld 

IIIf 

llIh 

llIj 

IIIk 

III/ 

CDCI3 

CFzCOOH 
CDC13 

CF~COOH 
CDCIa 

CsDsN 

CFaCOOH 

CDCls 

CDCI3 

2,68 d (3H) 
2,68* s (3H) 
2,95 s (3M) 

2,7 d (3H) 
2,7* s (3H) 
2,92 s (3H) 
2,6 d (3H) 
2,6* s (3H) 

0,98 t (3H) 
3,0m (2H) 
0,98" t (3H) 
3,0 q (2H) 

2,59 s (3H) 

3,63 s (2H) 
3,63" s (2H) 

2,78 d (3H) 
2,78* s (3H) 

3,73. 

3,98 

5,3 

3,4 

4,3 

3,83 

7,25m (llH) 

7,2--7,6 m (10) 
6,6--7,5 m (10H) 
7,17--7,5 m (10H) 
7,17--7,5 m (9H) 
6,63--7,76 m (10H) 

.6,6 s (1H), 6,73 s (1H), 7,82-- 
8,05 m (6H) 

6,56d (1H), 7,25m (6H), 7,938 
(1H),8,0d (1H) 

6,3 d (IH), 6,75 d (1H), 6,95-- 
7,35 m (6H), 7,85 d (2H), 
8,17 d (2H) 

6,75--7,4m (SH), 7,75 d (2H), 
8,1 d (2H) 

8,778 

8,75 s 

8,50 s 

7,55 s 

* A f ie  r d e u t e  r a t i o n .  

T h e  P M R  s p e c t r u m  (CDC13) of  t h e  c o m p o u n d  t h a t  we  i s o l a t e d  d o e s  not  c o n t a i n  s i g n a l s  of  m e t h y l e n e  p r o -  

t ons ,  and t h e  s i g n a l  of  t h e  N -  CH 3 g r o u p  s h o w s  up  in  t h e  f o r m  of  a d o u b l e t  (2.68 p p m ,  J = 5 Hz) .  A b r o a d  s i g n a l  
of  t he  p r o t o n  of  t h e  NH g r o u p ,  w h i c h  v a n i s h e s  a f t e r  d e u t e r a t i o n  (the d o u b l e t  c o r r e s p o n d i n g  t o  t he  N - C H  3 g r o u p  

i s  c o n v e r t e d  t o  a s i n g l e t ) ,  i s  p r e s e n t  at  3 .73 p p m .  T h e  s i g n a l s  of  11 a r o m a t i c  p r o t o n s  a r e  found at 6 . 5 8 - 7 . 7 2  
ppm.  T h e  c h a r a c t e r i s t i c  f fo r  t he  i m i d a z o l i u m  c a t i o n  [11]) d e c o u p l i n g  of  t he  2 - H  p r o t o n  f r o m  the  a r o m a t i c  
m u l t i p l e  t o  w e a k  f i e l d  (8.77 pp m) o c c u r s  in  the  PIVIR s p e c t r u m  r e c o r d e d  i n  CF3COOH.  A d i s t i n c t  band  of  

s t r e t c h i n g  v i b r a t i o n s  o f  a n  NH g r o u p  a t  3450 c m  - I  i s  o b s e r v e d  in t h e  IR  s p e c t r u m  of  t h e  r e a c t i o n  p r o d u c t .  
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These  data make it  poss ib le  to conclude that the format ion  of a new imidazole  ring, which is accompanied 
by cleavage of the benzimidazole  f r agmen t  of the molecule  at  the 1,2 bond, which leads to 1 - (2 -me thy l amin o -  
phenyI ) -4-phenyl imidazole  (IIIa), occurs  under  the reac t ion  conditions. In our  opinion, the p r e c u r s o r  of im id a -  
zole IIIa is cycl ic  in te rmedia te  IV, which a r i s e s  as a resu l t  of the addition of the amino group of enamine V to 
the C = N  bond of the benz imidazo l ium cation. The ine r tness  of 1 ,3 -d imethy l -  and 1 -me thy l -3 - ace tony lbenz i -  
midazol ium sa l t s  to a m m o n i u m  ace ta te  const i tutes  indi rec t  evidence for  p r i m a r y  par t ic ipa t ion  of this i n t e r - .  
mediate  in the reac t ion  r a t h e r  than the product  of the addition of ammonia  to the # - c a r b o n  a tom of the h e r e t o -  
ring. 

Ra / C H g C O ~ R ,  " 

R a t T a N  

R 5 R ~ 
i a-k 

OH 3 
11 

Vm ~ IV 

R ~ R' 

Ill a -k 

I, III a RI=CH3, R2=Ra=R4=R~=R6=H;b RI=Ra=CHa, R==R4=R~=R6=H;c Rt=CHa, 
Ra=OCHs, R2=R4=R'~=R6=H; d R~=CHa, Ra=C1, R2=R4=RS=R6=H; e RI=CHa, 
Ra=NO2, R2=R4=RS=R~=H; f RI=CHa, R2=Ra=R4=RS=H, R~=Br; g RI=CHa, 
R2=Ra:R4=R~=H, R~=NO=; h R~=C=Hs, R==RS==H, Ra=R4=CHa, R6=NO2; 
i R~=CHa, Ra=OCHa, R==R4=R ~=H, Re=NO=; J Rt=CH3, R==R*=R a=:H, Ra=R~=NO2; 

k RI=CH=C~I]5, R2=Rs=OCHa, Ra=R 4=H, R6=NO~ 

The introduct ion of subst i tuents  with var ious  e lec t ron ic  na tures  in the benzimidazole  and phenaeyl  f r a g -  
ments  of s t a r t ing  sa l t s  I a - j  does  not affect  the ove ra l l  pathway of the reac t ion  but has an apprec iab le  ef ibct  on 
the yields of the co r respond ing  imidazoles .  Thus, whereas  sa l t  Ia is conver ted  to imidazole  It:[a in 28% yield 
a f t e r  heat ing for  8 h, the yields of the cor responding  imidazoles  IIIb, c f r o m  sa l t s  that  contain donor  sub-  
s t i tuents  (CHa, OCH a) in the benzimidazole  r ing a r e  a lmos t  halved (see Table  2). On the o ther  hand, sa l ts  with 
a c c e p t o r  groups  (C1, NO 2) a r e  cons iderably  more  active than Ia. Thus 1 - m e t h y l - 5 - n i t r o - 3 - p h e n a c y l b e n z i m i d a -  
zo l ium bromide fie) is conver ted  a l m os t  comple te ly  to imidazole  ]IIe a f t e r  3 h. E l e c t r o n - a c e e p t o r  subst i tuents  
(NO2, Br) in the phenacyl  res idue p romote  an i nc rea se  in the reac t iv i ty  of sa l ts  I to a l e s s e r  extent (compare the 
yields of IIIe and IIIg). However,  the yields of reac t ion  products  range f r o m  40 to 60% even when donors  a re  
p resen t  in the benzimidazole  ring. The s t ruc tu r e s  of the imidazoles  obtained were  conf i rmed by means  of PMR 
and IR spec t ro scopy  (see Table 3). 

1 ,2 -Dimethy l -3 - (p -n i t rophenacy l )benz imidazo l ium bromide  (II) [9] is a l so  conver ted  to the cor responding  
2 - m e t h y l - l , 4 - d i a r T l i m i d a z o l e  (III) in 31% yield via  the scheme  p resen ted  above. However ,  in addition to the l a t -  
t e r ,  we obse rved  the fo rma t ion  of a deeply, colored h igh-mel t ing  product  WI) as a side product .  

Consider ing  the fact that  phenaeyl - subs t i tu ted  1 ,2-d ia tkylbenzimidazol ium sa l t s  a re  readi ly  converted to 
the co r respond ing  pyr ro lobenz imidazo les  by the act ion of bases  [9], one might have a s sumed  that  VI is a p r e -  
v icus ly  unknown der iva t ive  of this he te rocyc le .  In fact, a substance identical  to VI is fo rmed  in a lmos t  quanti-  
ta t ive  yield when a genuine sample  of 4- methy l -2 -  (p-ni t rophenyl)pyrrolo [1,2, -a] benz imidazole  is heated b r ie f ly  
in ace t ic  acid. The m a s s - s p e c t r o m e t r i c  de te rmina t ion  of the molecu la r  mass  of VI showed that i t  has a d imer i c  
s t ruc tu re .  Signals of ~ - p y r r o l e  protons [12] a re  absent  in the PMR s p e c t r u m  (CDC13) of the compound, which 
indicates  fusion of the f r agmen t s  at the 1,1' posit ions.  

CII~CO~ NO~ 

CH a t ~ r  ~Jt a \ CH a /2 

I l I I I  L Vl 

Since 4-methyl-2-phenyt-pyrrolo[1,2-a]benzimidazole is not d i~er ized when i t  is heated in acetic acid, one 
must probably include not only the high 7r-su~lus character of pyrro lobe~imidazoles but also the presence 
in the molecule of an eleetron-aeceptor mtro group, which ensures greater stabil i ty of the radical formed 
during the reaction, among the structural peculiarit ies that are responsible for the dimerization. 
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EXPERIMENTAL 

The IR spectra of mineral oil suspensions of the compounds were recorded with a UR-20 spectrometer. 
The PMR spectra were recorded with a Tesla BS-467 spectrometer with hexamethyldisiloxane as the internal 
standard. The mass spectrum was recorded with a Varian MAT-CH8 spectrometer. 

1-Benzyl-4,7-dimethoxy-3- (p-nitrophenacyl)benzimidazolium Bromide (Ik). A solution of 2.68 g (0.01 
mole) of l-benzyl-4,7-dimethoxybenzimidazole [13] and 2.43 g (0.01 mole ) of p-nitrophenacyl bromide in 30 ml 
of acetone was allowed to stand at 20 ~ C for 8 h, after which the precipitate was removed by :filtration and washed 
with acetone.  Salts Ib-d,  h, i (Table 1) were  s i m i l a r l y  obtained. 

1 -Methy l -5 -n i t ro -3 -Phenacy lbenz imidazo l ium Bromides  (Ie, j). These  compounds were  formed by heating 
equ imo la r  amounts  of 1 -me thy l -5 -n i t robenz imidazo le  and the cor responding  phenacyl  b romides  in alcohol for  
6h .  

1 - (2-Mefhylaminophenyl ) -4-phenyl imidazole  (IIIa): A solution of 3.31 g (0.01 mole) of 1 - m e t h y l - 3 - p h e n a -  
cy lbenz imidazol ium bromide  (In) [7] and 6.16 g (0.08 mole) of a m m o n i u m  ace ta te  in 10 ml of g lac ia l  ace t ic  acid 
was ref luxed for  8 h, a f t e r  which the mixture  was cooled and poured into 30 ml  of water .  The aqueous mixture  
was neutra l ized with sodium bicarbonate  and ex t rac ted  with benzene. The ex t rac t  was chromatographed  with a 
column filled with A1203 by elution with benzene.  Evapora t ion  of the solvent  gave a v iscous  oil that  began to 
c rys t a l l i ze  in a vacuum d e s i c c a t o r  ove r  P205. Data on IHa, as well  as  I I Ib-d,  f- i ,  k, which were  s i m i l a r l y  ob-  
tained, a re  p resen ted  in Table  2. 

IIIa Hydrochloride: .  The hydrochlor ide  was obtained by t r e a t m e n t  of a benzene solution of IIIa with gaseous  
HCL The co lo r l e s s  needles  had mp 218-220~ (f rom water) .  Found: C 67.5; H 5.4; C1 12.5; N 14.6%. C!~HIsN 3" 
HC1. Calculated: C 67.3; H 5.6; C1 12.4; N 14.7%. 

1 - (2 -Methy lamino-5 -n i t ropheny l ) -4 -pheny l imidazo le  (tIIe). A solution of 3.76 g (0.01 mole) of sa l t  Ie and 
6.16 g (0.08 mole) of am m on i um  ace ta te  in 10 ml  of g lac ia l  ace t ic  acid was ref luxed fo r  3 h, a f t e r  which it was 
cooled, and the prec ip i ta te  was r emoved  by f i l t ra t ion to give 2.2 g of product.  Dilution of the mother  l iquor with 
wa t e r  gave an addit ional  0.45 g of p rec ip i ta te  for  an ove ra l l  yield of 2.65 g (Table 2). 

Imidazole  IIIj was s i m i l a r l y  obtained, but the heating t ime  was 2 h. 

React ion of 1 ,2 -Dime thy l -3 -  (p-ni t rophenacYl)benzimidazol ium Bromide  (II) with Amm0nium Aeetate  in 
Acet ic  Acid. A solution of 3.89 g (0.01 mole) of sa l t  II and 6.16 g (0.08 mole) of a m m o n i u m  aceta te  in 10 ml  of 
glacia l  ace t ic  ac id  was refluxed for  5 h, a f t e r  which it  was cooled, and the prec ip i ta ted  d i m e r  VI was r emoved  
by f i l t ra t ion to give 0.35 g (12%) of shiny da rk -v io l e t  c ry s t a l s  with mp 298~ (from a l coho l -DMF) .  Found: C 
70.5; H 4.2; N 14.6%; M + (by m a s s  spec t roscopy)  580. C34H24N604. Calculated:  C 70.3; H 4.1; N 14.5%. PMR 
spectrum (CDCI3): 7.9 (2H, d, J=8 Hz, 3H"): 7.45 (2H~ d, J =8 Hz, 2H"), 6.63-7.0 (4H, m, 5, 6, 7, 8H), and 6.0 
ppm (IH, s, 3H). The filtrate was neutralized with 22% NH4OH , and the resulting dark-green precipitate was 
removed by filtration, washed with water, and purified by chromatography with a column filled with AI203 (elu- 
tion with benzene). The yield of imidazole IIIl was 0.7 g (31%). The yellow prisms had mp 197-198~ (from al- 
cohol). Found: C 66.0; II 5.4; N 18.1%. C17HI6N402. Calculated: C 66.2; H 5.2; N 18.2%. 

4.4,-Dimethyl-2,2'-bis(p-nitrophenyl)-I l'-dipyrrolo[l,2-a]benzimidazole (VI). A solution of 0.29 g (I 
mmole)' of 4-methyl-2-(p-nitrophenyl)pyrrolo[1,2-a]benzirnidazole [9] in 5 ml of glacial acetic acid was refluxed 
for 40 min, and the precipitate was removed by filtration and washed with water to give 0.27 g (90%) of a product 
that was identical to dimer VI described in the preceding experiment with respect to its physicochemical proper- 

tie s. 
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INVESTIGATION OF THE ELECTROPHILIC 

OF 5-HYDROXYPYRI MIDINE 

S. B. Gashev and L. D. Smirnov 

REACTIONS 

UDC 547. 854' 855 

The possibility of the electrophilic substitution of various positions of the 5-hydroxypyrimidine 
ring in a weakly basic medium is demonstrated in the case of aminomethylation and diazo 

coupling. It was found that the ortho positions of 5-hydroxypyrimid~ne are more reactive than 
the para position with respect to the hydroxy group. 

Electrophilic substitution reactions have not yet been described for 5-hydroxypyrimidine. In addition, it 
has been reported that 5-hydroxypyrimidine cannot undergo electrophilie substitution because of its low stability 
in acidic media. 

We have previously demonstrated the possibility of electrophilic substitution of the 5-hydroxypyrimidine 
ring in the case of the aminomethylation and diazo coupling of 4, 6-dimethyl-5-hydroxypyrimidine, which were 
carried out in alkaline media [I]. 

In this connection, it seemed of interest to extend the indicated reactions to unsubstituted 5-hydroxy- 
pyrimidine and in this way to ascertain the relative reactivities of the various positions of the hydroxypyrimidine 
ring. 

It is known that the aminomethylation of phenol takes place initially in the ortho positions and subsequently 
in the para position [2]. In addition, an aza analog of phenol - 3-hydroxypyridine - is aminomethylated in only 
one ortho position and subsequently in the para position, and this made it possible to conclude that the ortho 
positions in the hydroxypyridine ring are not equivalent [3]. 

In the case of 5-hydroxypyrimidine, the structure of which, in contrast to 3-hydroxypyridine, is distin- 
wished by its symmetry, one might have expected an orientation in aminomethylation similar to that in phenol. 

We confirmed this assumption during an experimental study of the aminemethylation of 5-hydroxypyrimi- 
dine, which was carried out with N,N,N',N'-tetramethylmethylenediamine as the aminomethylating agent. When 
it was heated with 5-hydroxypyrimidine, the starting compound gradually passed into solution, which, depending 
on the treatment time, contained a mixture of mono- and bis (dimethylaminomethyl) derivatives in various ratios. 
The individual Mannich bases were isolated by chromatography. Since they were uncrystallizable liquids, they 
were identified and analyzed in the form of the hydroehlorides, which proved to be rather hygroscopic. 

Morpholinomethyl derivatives of 5-hydroxypyrimidine were obtained by the method in [4] by reflmxing with 
the calculated amounts of morpholine and paraformaldehyde in chlorobenzene in the presence of triethylamine. 

The PMR spectrum of the starting 5-hydroxypyrimidine consists of two singlets belonging to the protons 
in the 2 and 4(6) positions of the pyrimidine ring with an integral intensity ratio of 1 : 2. In the spectrum of 
monoaminomethyl derivative I, however, the intensity of the 4-H signal is half the intensity of the signal ob- 
served for the starting compound, and the appearance of a signal of a CH 2 group and signals of the aliphatic part 
of the amine in the form of a singlet (dimethylamine) or two multiplets (morpholine) ts observed. 
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