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R E S E A R C H  ON I M I D A Z O [ 1 , 2 - a ] B E N Z I M I D A Z O L E  D E R I V A T I V E S  

XV.* 2-ACYL-SUBSTITUTED IMIDAZO[1,2-a]BENZIMIDAZOLES 

Y u .  V .  K o s h e h i e n k o ,  G .  M.  S u v o r o v a ,  
a n d  A .  M.  S i m o n o v  

UDC 547.785.5.07 

2 -Acy l - subs t i tu t ed  3-methy l (phenyl ) -9-methy l imidazo[1 ,2-a ]benz imidazo les  were  synthesized by 
th ree  methods:  by the reac t ion  of a -h a lo  ketones with 3 - b e n z o y l - 2 - i m i n o - l - m e t h y l b e n z i m i -  
dazoline,  by react ion  of acet ic  anhydride or  acetyl  b romide  with 1 -me thy t -2 -phenacy l aminobenz -  
imidazole ,  andby acylat ion of 3-subst i tu ted  imidazo[1 ,2-a]benzimidazoles .  Some of the p rope r t i e s  
of the resu l t ing  2 -acy l - subs t i tu ted  compounds were  studied. 

The synthes is  of 2 -acy l - subs t i tu t ed  imidazo[1 ,2-a]benzimidazoles  (III) by heating 3 - b e n z o y l - 2 - i m i n o - 1 -  
methylbenzimidazol ine  (I) with a -ha l o  ketones in d imethy l fo rmamide  (DMF) at 80-90 ~ for 16-20 h was descr ibed  
in [2]. 

COC~fl s 

i N "  

e l t  3 

COC~H 5 
-HBr 

Br CII2COR ~ I ~ N  CH~ COR - ~ '~N---7" fcBd~ J H | h 

[ [ 
CH3 CH 3 

I1 a,  b I l ia,  b 

II, I I I a  R=Ctl3; b R=C6ti s 

As shown in the scheme  above,  the synthes is  of 2 - acy l  der iva t ives  of imidazo[1,2-a]benzimidazole  (lid 
p roceeds  through a step involving the format ion  of N-(acylmethyl ) imine  sal ts  (II). The la t ter  can be obtained by 
the action of a -ha lo  ketones on imine I in absolute DMF at room t e m p e r a t u r e .  Incorporat ion of the phenacyl 
grouping in the imino group was conf i rmed by convers ion  of hydrobromide Ilb to 1 -me thy t -2 -phenacy lamino-  
benzimidazole  (X) by t r e a t m e n t  with dilute sodium carbonate  solution. 

The IR s p e c t r a  of IIIa and IIIb contain a dist inct  v C =O band at 1619 and 1690 cm -1, r e spec t ive ly .  The 
s ignals  of protons of the COCH 3 and N - C H  a groups in the PMR spec t rum of 2 -acc ty l  der iva t ive  IIIa show up in 
the fo rm of s ingtets  with identical  Intensi t ies  at 2.1 and 3.77 ppm. The signal of the protons of the N-methyl  
group of 2-benzoyl  der iva t ive  IIIb is observed  at 3.7 ppm. In addition to the chief  reac t ion  products  III, thei r  
i s o m e r s  (VI), which hinder purif icat ion of the final product ,  a re  formed in 5-10% yield.  The format ion of 
i somer i c  3 -acy l  der iva t ives  of imidazo[1 ,2-a]benzimidazole  (VD is due to pa r t i a l  i somer iza t ion  of imine I [3] to 
2-benzamido  der iva t ive  IV during the reac t ion ;  the la t ter  on reac t ion  with c~-halo ketones undergoes qua te rn iza-  
tion at the r ing ni t rogen atom to give sa l t s  V, which a re  subsequently conver ted  to the previous ly  d e s c r i b e d  [4] 
VI. 

* See [1] for communication XIV. 
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CH2COR 

t l i 
CH a CH a CH 3 

IV va,b v t a , b  

V,VI a R=Clta ;  b R=C61i s 

In o rde r  to obtain 2 -acy l  der iva t ives  of imidazo[1,2-a]benzimidazole  without contaminat ion by the i so-  
mer i c  compounds,  we a t tempted to use  benzimidazole  der iva t ives  X, which contain an acylmethylamino group 
in the 2 posi t ion,  as the s t a r t ing  compound. For  the synthes is  of the la t te r ,  the sodium sal t  (VIII) of 2 - a c e t -  
a m i d o - l - m e t h y l b e n z i m i d a z o l e w a s  subjected to reac t ion  with c~-halo ketones,  and reac t ion  products  IX were  
subjected to reac t ion  with dilute hydrochloric  acid. 

} I t 
Eft z CH a CH a 

VII VIII IX&, b 

t 
CH 3 Ctt a 

• a ,  b xI a, b 

X, Xla  R = C H 3 ; b  R=C6H 5 

However ,  in the ca se  of N-aoe tonyl -subs t i tu ted  Ixa  closing of the irnidazole r ing to give 3 ,9 -d imethy l -  
imidazo[1 ,2-a]benzimidazole  (XIa) occurs  a f t e r  hydrolys is  of the aeetyl  group; we were  unable to isolate the 
in te rmedia te  hydrolys is  product  2 - ace t ony l amino - l -me thy lbenz imidazo l e  (Xa). Hydrolys is  of IXb in 15% hydro-  
chlor ic  acid leads to 1 -methy l -2 -phenacy taminobenz imidazo le  (Xb); it is conver ted  to 9 -me thy l -3 -pheny l -  
imidazo[1 ,2-a]benzimidazole  (XIb) only on prolonged heating in concentra ted  HC1. 

Thus in the p roce s s  of development  of methods for the synthes is  of 2 -acy lmethy lamino  der iva t ives  of 
benzimidazole  (X) we obtained 3-subst i tu ted  imidazo[1 ,2-a]benzimidazoles  (XD. The s t ruc tu re  of XI was con-  
f i rmed  by the PMR s pec t r a l  data.  Thus the PMR spec t rum of 3 ,9-d imethyl -subs t i tu ted  XIa contains two 
singlets  at 3.6 and 2.2 ppm, which co r re spond  to the signals of the protons  of the methyl  group in the 3 and 9 
posi t ions ; the s ignal  of the protons  of the methyl  group appea r s  as a s inglet  at 5 3.65 ppm An the spec t ru m of 
3-phenyl  der iva t ive  XIb. 

1 -Methy l -2 -phenacy laminobenz imidazo le  (Xb) subsequently undergoes acylat ion with acetyl  b romide ;  
COCH 3 
I r 

cH3coa  r ~ , ~ N \  .HB ~-~.~_.__N___~CH a 

CH~ CH a 

aCO)20 Xll XIIl ~ - ' ~ - ~ ' ~  _ 
X l  a 

I cocu 3 ]CnaCOO-  

X|V 

The hydrobromide  XII fo rmed  in this case  is conver ted  to 2 -benzoyl -3 ,9 -d imethy l imidazo[1 ,2-a ]benz imidazo le  
(XIII) when it is heated in DMF at 80-90 ~ for  20 h. 

If acet ic  acid in the p r e s ence  of sodium aceta te  is used instead of acety l  bromide  in the reac t ion  with Xb, 
a mix ture  of two compounds is obtained af ter  t r e a t m e n t  of the reac t ion  mixture  with sodium bicarbonate  solution. 
One of them,  which is fo rmed  in 32% yield,  was found to be 2-benzoyl  der iva t ive  XIII. The second compound (in 
40% yield) is 2 -ace ty l -3 ,9 -d imethy l imidazo[1 ,2 -a ]benz imidazo le  (XIV). 

The initially fo rmed  2-benzoyl  der iva t ive  (XIII) evidently undergoes pa r t i a l  t r ansacy la t ion  to give XIV on 
reac t ion  with acet ic  anhydride.  
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TABLE I. 

COITI - R 

pound 

Ilia COCHa 
IIIbxIa COC6H5 

XIb H 
XIII COC6H~ 
XIV COCHa. 

9-Methylimidazo[1,2-a] benzimidazole Derivatives 

R 

I 
Ci i  a 

R '  

mp, ~ (crystal- 
lization 
solvent) 

Empirical 
formula 

Found, % Cale., % ~- 

C6H5] 152 (octane) 
C6H5 [ 156 (octane) 

85 (petroleum 
CHa ether) 
C~H51 117--118 (octane) 
CHa 140--142 (acetone 
CH~ 177 (acetone) 

C~sH~sNaO 
C2~HlzNaO 
CIIHuNa 

C~6H~aNs 
1 C18HI~NaO 

ClaHlsNaO 

74,8 54 14,3 74,7 5~2 14,5 58 
78,314,8]12,217816 4,9 12,0 61 
71,2 6,1 22,5 71,3 6,0 22,7 52 

77,415,3 17,3177,7 5,3 17,0151 
[74,9 5,5]14,2174,7 5,2 14,5 58 
169,1 6~1 18,4 68,7 5,8 18,5 80 

2-Acyl-subst i tu ted XlII and XlV can also be obtained from 3,9-dimethylimidazo[1,2-a]benzimidazole 
(XIa). Brief  heating of the latter with excess  acetic anhydride in the presence  of sodium acetate gives XIV, 
whereas XIII is formed by the action of an equimolar amount of benzoyl chloride in the presence  of pyridine on 
XIa. 

Attempts to subject 3-phenyl derivative XIb to acylation by means of various acylating agents (acetic 
anhydride, benzoyl chloride,  etc.) did not give positive resul ts .  

The 2-ace ty l  derivatives (IIIa and XIV) of imidazo[1,2-a]benzimidazole are stable with respec t  to alkalis, 
but an acetyl group is split out on prolonged heating in dilute hydrochloric acid to give XIa and XIb, respect ively.  
2-Benzoyl  derivat ives IIIb and XIII are  distinguished by their  lower res i s tance  to acid hydrolysis;  the benzoyl 
group is split out even then they are dissolved in dilute hydrochloric acid in the cold. 

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

The Ill spec t ra  of mineral  oil suspensions of the compounds were recorded with a UR-20 spec t rometer .  
The PMR spect ra  of carbon te t rachlor ide  solutions were recorded with a Tes la  spec t romete r  (80 MHz) with 
hexamethyldisiloxane as the internal standard. The PMR spect rum of a chloroform solution of IIIa was also 
obtained. 

2-~fcetyl-9-methyl-3-phenyl imidazo[1,2-a]benzimidazole  (IIIa). A solution of 1.37 g (0.01 mole) of 
bromoanetone in 3 ml of DMF was added in portions with s t i r r ing  to a solution of 2.5 g (0.01 mole) of 3-benzoyl-  
2 - imino- l -methylbenz imidazol ine  (I) in 7 ml of f reshly distilled DMF, and the mixture was heated at 80 ~ for 20 
h. The solvent was removed by distillation at reduced p ressu re ,  and the resinous residue was treated with 3 
ml of water.  The aqueous mixture was neutralized careful ly with 22% ammonium hydroxide and extracted with 
chloroform.  The chloroform was removed by distillation, and the residue was purified with a chromatographic  
column filled with A1203 (elution with chloroform,  Rf 0.9) to give 1.7 g of IIIa. IR spectrum,  cm- l :  1619 (C =O). 

2-Benzoyl-9-methyl -3-phenyl imidazo[1 ,2-a]benzimidazole  (IIIb). This compound was s imilar ly  obtained 
by the action of phenacyl bromide on imine I, except that the eyclization was ca r r i ed  out at 80 ~ for 16 h. The 
mixture was careful ly  neutral ized with sodium bicarbonate.  Compound IIIb is extremely hygroscopic and has 
Rf 0.85. IR spectrum,  c m - i :  1690 (C =O). 

2 - (N-Acety l -N-ace tonylamino) - l -methy lbenz imidazo le  (IXa). A solution of 5.1 g (27 mmole) of 2- 
ace tamido- l -methylbenz imidazole  (VII) [5] in 80 ml of toluene was added to a suspension of 0.62 g (0.027 g- 
atom) of finely ground sodium in 50 ml of absolute toluene, and the mixture was refluxed for 4 h. It was then 
cooled, and a solution of 3.8 g (28 mmole) of bromoacetone in 20 ml of toluene was added with vigorous s t i r r ing.  
The mixture was allowed to stand at room tempera ture  for 1 h, after which it was refluxed for 1 h. One-third 
the volume of the solvent was removed by distillation at reduced p ressure ,  and the residual  solution was fil- 
tered.  Three  volumes of petroleum ether were added to the fi l trate,  and the resul t ing precipi tate  was removed 
by filtration to give 3.9 g (60%) of color less  c rys ta l s  with mp 179-180 ~ (from acetone). IR spectrum, cm -l :  
1620 (C=O) and 1685 (C=O). Found: C 63.8; H 6.2; N 17.0%. Ci3H15N302 . Calculated: C 63.6; H 6.2; N 17.1%. 

2- (N-Acety l -N-phenacylamino)- l -methylbenz imidazole  (IXb). A 0.48-g (0.021 g-atom) sample of finely 
ground sodium in 30 ml of xylene was added to a solution of 4 g (21 mmole) of VII in 100 ml of absolute xylene, 
and the mixture was heated at 130 ~ for 4-5 h. It was then cooled, a solution of 4.4 g (22 mmole) of phenacyl 
bromide in 30 ml of xylene was added, and the mixture was refluxed for 2-3 h. The sodium bromide was 
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removed by filtration, two-thirds  of the volume of the solvent was removed by distillation at reduced p ressure ,  
and the product was isolated by the addition of petroleum ether.  Workup gave 4.5 g (69%) of color less  c rys t aR  
with mp 170 ~ (from alcohol). IR spect rum,  cm- l :  1679 (C=O, broad band). Found: C 70.0; H 5.3; N 13.8%. 
C18H17N302. Calculated: C 70.3; H 5.6; N 13.7%. 

2 -Phenacy lamino- l -methy lbenz imidazo le  (Xb). A solution of 0.92 g (0.03 mole) of IXb in 40 ml of 15% 
hydrochloric acid was refluxed for 5 h, after which it was boiled with activated charcoal .  It was then cooled, 
and the precipitated hydrochloride of Xb was removed by filtration, washed with ice water,  and dried at 100 ~ to 
give 0.63 g (70%) of color less  needles with mp 194-196 ~ (from water). Found: C 63.5; H 5.6; C1 11.4; N 13.6%. 
C16H16ClN30. Calculated: C 63.7; H 5.3; C1 11.7; N 13.9%. Base Xb was isolated from an aqueous solution of 
the hydrochloride of Xb by the action of 22% ammonium hydroxide. Workup gave color less  c rys ta l s  from 
alcohol with mp 140 ~ . IR spectrum, cm- i :  1683 (C =O) and 3400 (NH). Found: C 72.0; H 5.5; N 15.9%. 
C16H15N30. Calculated: C 72.4; H 5.7~ N 15.8%. 

3,9-Dimethylimidazo[1,2-a]benzimidazole (XIa). A solution of 0.98 g (4 mmole) of LYa in 25 ml of 10% 
hydrochloric acid was refluxed for 1 h, after which it was cooled and neutralized with 22% ammonium hydroxide. 
The l iberated oil was extracted with chloroform,  the solvent was removed by distillation, and the res idue was 
purified chromatographica l ly  on A1203 (elution with ether) to give 0.38 g of XIa. 

9-Methyl-3-phenyl imidazo[1,2-a]benzimidazole  (XIb). A solution of 4.9 g (16 mmole) of IXb in 70 ml of 
concentrated HC1 was refluxed for 4 h, after  which it was cooled and treated with an equal volume of water.  The 
mixture was neutralized with 22% ammonium hydroxide, and the precipitated yellowish-white c rys ta l s  (2.0 g) 
were removed by filtration. 

3 -Acety l -2-phenacyl imino- l -methylbenz imidazol ine  hydrobromide (XII). A 0.5-g (4 mmole) sample of 
acetyl bromide in 5 ml of acetone was added in portions to a solution of 0.5 g (2 mmole) of Xb in 30 ml of 
acetone. After 5 rain, the resul t ing precipi ta te  was removed by filtration, washed with acetone and ether ,  and 
vacuum dried over P205 to give 0.61 g (78%) of yellowish-white c rys ta l s  with mp 214-215 ~ Found: Br 20.3; 
N 10.9%. C18H18BrN302. Calculated: Br 20.6; N 10.8%. 

2-Acetyl -3 ,9-dimethyl imidazo[1,2-a]benzimidazole  (XIV). A 0.16-g (2 mmole) sample of ground anhydrous 
sodium acetate was added to a solution of 0.18 g (1 mmole) of XIa in 3 ml of acetic anhydride, and the mixture 
was refluxed for 3.5 h. It was then cooled, diluted with two volumes of water,  and neutralized with sodium bi- 
carbonate.  The l iberated oil was extracted with chloroform,  and the chloroform extract  was dried with sodium 
sulfate. The solvent was removed by distillation, and the product was purified with a chromatographic  column 
filled with A1203 by elution with c h l o r o f o r m - e t h e r  (1 : 1) to give 0.18 g of XIV. IR spect rum,  cm - l :  1624 (C = O). 

2-Benzoyl-3 ,9-dimethyl imidazo[1,2-a]benzimidazole  (XIII). A) A mixture of 0.18 g (1 mmole) of XIa and 
0.14 g (1 mmole) of benzoyl chloride was dissolved in 1 ml of pyridinc,  and the mixture was heated at 110-120 ~ 
for 10 min. It was then cooled, washed with 1 ml of water ,  and extracted with ether.  The ether extract  was 
dried with magnesium sulfate, the e ther  was removed by distillation, and the residue was crysta l l ized from 
acetone to give 0.17 g of XIII. IR spectrum,  cm- l :  1710 (C=O)o 

B) A 0.78-g (2 mmole) sample of hydrobromide XII was heated in 5 ml of freshly distilled DMF at 80-90 ~ 
for 20 h, after which the solvent was removed by distillation, and the residue was t r i turated with hexane and 
crys ta l l ized  from acetone to give 0.3 g (50%) of XIII. 

The proper t ies  of III, XI, XIII, and XIV are presented in Table 1. 

Reaction of 1-Methyl-2-phenacylaminobenzimidazole  (Xb) with Acetic Anhydride. A 0.8-g sample of fused 
sodium acetate was added to a solution of 0.27 g (1 mmole) of Xb in 6 ml of f reshly distilled acetic anhydride, 
and the mixture was poured over  ice. The aqueous mixture was neutralized with sodium bicarbonate,  during 
which it was neces sa ry  to cool the mixture thoroughly to avoid resinffication. The mixture was extracted with 
chloroform,  the solvent was removed by distillation, and the residue was passed through a chromatographic  
column filled with A1203. Elution with c h l o r o f o r m - e t h e r  (1 : 1) gave fractions with Rf 0.9 and 0.7. The f i rs t  
f ract ion yielded 0.09 g (32%) of XIII, and the second fraction gave 0.09 g (40%) of XIV. 

i. 

2. 

3. 
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1,2,4-TRIAZINE AND TRIAZOLE DERIVATIVES 

FROM ~-KETO ACIDS AND THIOSEMICARBAZIDES 

E .  A.  R u s a k o v , *  A.  B .  T o m e h i n ,  
K .  N.  Z e l e n i n ,  A .  E .  D r a b k i n ,  
a n d  N.  P .  S a m o i l e n k o  

UDC 547.873 

Thiosemica rbaz ides  of 2-hydroxyphenylglyoxylic  acid, which, depending on the conditions, undergo 
cycl izat ion to in t e rconver t ib l e  5 - (2 -hyd roxypheny l ) -6 -oxo - l , 2 ,4 - t r i a z ine -3 - th iones  or  (2-hydroxy-  
benzoyl ) -A2-1 ,2 ,4 - t r i azo l ine-5- th iones ,  a re  fo rmed  by the action of th iosemica rbaz ide  and its 
homologs on coumarindione.  The th iosemica rbazones  of 2-hydroxyphenylglyoxlyic  and other  2-  
subst i tuted phenylglyoxylic acids undergo cycl izat ion to 6 - (2 -hyd roxypheny l ) -5 -oxo - l , 2 , 4 - t r i -  
az ine-3- th iones .  

The reac t ion  between cr-keto acids and th iosemica rbaz ide  der iva t ives  lies at the foundation of s e v e r a l  
s chemes  for the synthes is  of he terocycl ic  s t ruc tu re s .  One of the unexplored pathways may cons i s t  in p r i o r  
condensat ion at the carboxyl  group to give the co r respond ing  th iosemica rbaz ides  of ~-ke to  acids and the i r  sub-  
sequent cycl iza t ion to 1 ,2 ,4- t r iaz ine  and t r i azo le  der iva t ives .  Because of the high activi ty of the carbonyl  group 

{ / + R N H N R C S N R ~ ,  ~ I ~r . Lk.j'j 
NRnR csnr~ C s - ~ s  

0 t l  l a - e  OH 0 0 tl 0 ;~....N ..N... R 
Im-e [ 

N O H -  I l l a - e  R 

'NN ouL> 
/ A  :,,,,,o?: �9 

,>" ~ . (  '~ 2,4-DNPH o 

o,, /'~'-x o i l / ' ~ n  
R" N : R/N 

' 1 
R' R' 

V I V a  - e  

~ / o  - -  L {,,rcsxR~ - '~)~Q. ' - . ,  s 
' I l 

X COOH X COOH X ; ' 
0 ~ - N  N \  R 

H 

V I - X I  ' ; I I - X V l l  a ,  b 

I a R = R ' = R " - H ,  b R = R " = H ,  R '=CHa.  c R - R ' = H ,  R"=CHa.  d R-CHa ,  R ' = R " - I I .  
e R=p-C4Hg. R ' = R " = H :  II a R = R ' = R " = H ,  b R = R " = H .  R'=CHa.  c R = R ' = H ,  
R " = C H a . d  R=CH3, R ' = R " = H ,  e R=n-C4Hg. R ' = R ' = H :  i l I a  R = R ' = H .  b R = H ,  
R '=CHa,  d R=CHa. R ' = H ,  e R=;z-C4Hg, R ' = H :  IV a R = R ' = H ,  e R=n-C~Hg. R ' = H :  
V R = R ' = H :  VI X = H .  a R ' = R " = H ,  b R'=CH,~. R " = H ,  r R ' = H ,  R"=CHa;  VII X=OH,  
a R ' = R " = H ,  b R '=CHa,  R " = H ;  VIII  X=NHa, a R ' = H ;  IX X=Br ,  a R ' = R " = H ,  b 
R '=CHa,  R " = H ;  X X=NO2, a R ' = R ' = H . b  R'=CHa,  R " = H .  e R ' = H .  R"='CHa: Xt 
X=COOH,  a R ' = R " = H .  b R'=CHa,  R " = H ,  c R ' = H .  R"=CHa;  XII X=H, a R = H ,  b 
R '=CHa;  XlII  X=OH,  a R ' = H ,  b R '=CHa:  XIV X=NH2. a R ' = H ;  XV X=Br .  b R '=CH,c  

XVIX=NO2.  a R ' = H . b  R ' = C H a ; X V I I X = C O O H .  a R ' = H ,  b R ' = C H a  

* Deceased .  

S. M. Kirov Mil i tary Medical  Academy,  Leningrad.  Trans la ted  f rom Khimiya Geterots ik l icheskikh 
Soedinenii, No. 1, pp, 116-121, January ,  1977. Original  a r t ic le  submit ted May 6, 1976.  

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part [ 
of this publication may be reproduced, stored in a retrieval systeml or transmitted, in any form or by any means, electronic, mechanical, photocopying, I 
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $ 7.50. j 

98 


