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1H-2-Pheny l -  and 1-methy l -2 -phenyl imidazo[1 ,2 -a ]benz imidazo les  were  synthesized by the 
act ion of phenacyl  b romide  on 2 - am i no -  and 2 -methy laminobenz imidazo les  and subsequent 
cyel iza t ion of the resul t ing 1-phenacyl  de r iva t ives .  The reac t iv i t i e s  of the compounds ob- 
tained with r e s p e c t  to e lee t rophi l ic  subst i tut ion reac t ions  were  studied. I t  is shown that  
b romina t ion  p roceeds  in the 3 posi t ion of the imidazole  ring, while hydroxymethyla t ion p ro -  
ceeds  in the benzene ring of the he te rocyc le .  Calculat ions by the LCAO MO method within 
the r - e l e c t r o n  approximat ion  for  the 1H and 9H tau tomers  of 2-phenyl imidazo[1 ,2-a] -  
benzimidazole ,  which are  in complete  ag reemen t  with the expe r imen ta l  data, a re  p resen ted .  

The reac t iv i t i e s  of 9-subst i tu ted  imidazo[1 ,2-a]benzimidazoles  have been quite well studied [2-5], but 
there  is no informat ion  in the l i t e r a tu re  regard ing  the behav io r  of the t au tomer ic  1-subst i tuted compounds.  
The a im of the p re sen t  r e s e a r c h  was the p repa ra t ion  of 1-subst i tuted imidazo[1 ,2-a]benzimidazoles  and a 
study of the i r  behav ior  with r e spec t  to e lec t rophi l ic  agents .  

Since 2-phenyl imidazo[1 ,2-a]benzimidazoles  with an unsubsti tuted NH group (I) could not be obtained 
in good yield by debenzylat ion of 9 -benzyl -subs t i tu ted  I with sodium meta l  in liquid ammonia  [1], we worked 
out a method for  i ts  p r epa ra t ion  f rom 2-aminobenzimidazole .  Similar ly ,  we synthesized 1 -me thy l -2 -pheny l -  
imidazo[1 ,2-a]benzimidazole  (II) f rom 2-methy laminobenz imidazo le .  

The reac t ion  of phenaeyl b romide  with 2-aminobenzimidazole  in acetone in the cold gives a mix ture  
of 1 ,3-d iphenacyl -2- iminobenzimidazol ine  hydrobromide  (III) and 1-phenacy l -2-aminobenz imidazo le  hydro-  
b romide  (IV). 
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When a twofold excess  of phenacyl  b romide  is used, the yield of HI i nc rea se s  to 85-90Yo. Both of the 
compounds are  readi ly  cycl ized on refluxing with hydrochlor ic  acid to give 9 -phenacy l -2-phenyl imidazo[1 ,2-  
a]benzimidazole  (V) and I, r e spec t ive ly .  

*See [1] for  communica t ion  VII. 
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Alkylation of I with methyl  iodide in liquid ammonia  in the p resence  of sodium amide to give II gives 
unsa t i s fac to ry  yields  because  of the poor  solubility of the s ta r t ing  compound in this solvent.  

The reac t ion  of methylamine with 1 -benzy l -2 -eh lorobenz imidazo le  in alcohol (in an autoclave at 150~ 
for  18 h) gave 1-benzyl -2-methy laminobenz imidazo le ,  the debenzylat ion of which with sodium in liquid a m -  
monia  leads to 2-methylaminobenzimidazole  (VI), which could not be obtained di rec t ly  [6] f r o m  2-ch lo ro -  
benzimidazole  and methylamine  (only benzimidazolone was isolated).  Refluxing VI with phenacyl b romide  
in alcohol gives a quantitative yield of 2 -me thy lamino- l -phenacy lbenz imidazo le  (VIII) hydrobromide ,  which 
is cycl ized to II on refluxing in concentra ted  hydrochlor ic  acid [7]. 
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Compound II can also be obtained by dehydrogenation [8] of 1 -me thy l -2 -pheny l -2 ,3 -d ihydro imidazo-  
[1,2-a]benzimidazole [1] with active manganese  dioxide in ch lo ro form at 50-70 ~ for  15-20 h. 

In con t ras t  to 9 -methy l -2-phenyl imidazo[1 ,2-a ]benz imidazo le  [3, 4], II does not undergo such e l e c t r o -  
philic substi tution reac t ions  as ni t rosat ion,  azo coupling, formylat ion,  and acylation.  Hydroxymethylat ion 
p roceeds  with much more  difficulty (refluxlng in 40% formaldehyde solution) than for  the 9H t au tomer  [5]. 
The resul t ing hydroxymethyl  der ivat ive  is quite readi ly  oxidized to the aldehyde by active manganese  di- 
oxide. The posit ion of the fo rmyl  group can be es tab l i shed  on the bas i s  of the chemica l  t r ans fo rma t ions  
of the compound obtained. The methiodide,  which is not identical  to 9 - m e t h y l - 2 - p h e n y l - 3 - f o r m y l i m i d a z o -  
[1 ,2-a]benzimidazole  methiodide [3], is fo rmed  quite readi ly  by the action of methyl  iodide. Since benzoic 
acid was obtained in the oxidation of the aldehyde with alkaline po ta s s ium permangana te  solution, it can be 
a s sumed  that  hydroxymethyla t ion p roceeds  in the benzene r ing enter ing into the he terocycl ic  sys t em.  

The action of bromine  on II in ch lo ro fo rm readi ly  gives 1 - m e t h y l - 3 - b r o m o - 2 - p h e n y l i m i d a z o [ 1 , 2 - a ] -  
benzimtdazole  (VIE), the benzenesulfonate  and methiodide of which a re  identical  to the benzenesulfonate  and 
methiodide of 9-methyl imidazo[1 ,2-a]benzimidazole  [2 ] .  
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The bromine  in the compound obtained proved to be of low reac t iv i ty  in nucleophilic subst i tut ion r e a c -  
t ions.  It could not be replaced  by ni t ro and amino groups by heating with sodium ni t r i te  and, respec t ive ly ,  
diethylamine in d imethy l fo rmamide  (DMF). 

Calculation of both t au tomer ic  f o r m s  of imidazo[1 ,2-a]benzimidazole  by the Hiiekel LCAO MOmethod 
within the *r-electron approximat ion  showed that the g r e a t e s t  7r-electron density is in the 2 and 3 posit ion of 
9H-2-phenyl imidazo[1 ,2-a]benzimidazole .  This resul t  is in ag reemen t  with our  previous  exper imen ta l  data 
[2-5], which a t tes t  to the high reac t iv i ty  of the 3 posi t ion of 9-a lkyl imidazo[1 ,2-a]benzimidazoles  in e l e c t r o -  
philic substi tution reac t ions .  

The middle imidazole r ing in the 9H t au tomer  is a v - su rp lus  r ing and, consequently,  should have a 
tendency to e jec t  the superf luous 7r e lec t ron  into the condensed outer  imidazole  ring, which is also the mos t  

r - e l e c t r o n - e n r i c h e d  r ing (see [9]). In the case  o f  the 1H tau tomer ,  the outer  imidazole  r ing is a r - s u r p l u s  
ring, and eject ion of the superfluous ~ e lec t ron  into the benzimidazole  f r agment  of the molecule  should oc-  
cur.  As a resu l t  of this,  the e lec t ron  density in the 3 posit ion d e c r e a s e s  as compared  with the e lec t ron  den- 
sity of the 9H der iva t ive  by a fac tor  of a lmos t  two. This causes  a dec rease  in the reac t iv i ty  of the 1H tau-  
t o m e r  with r e spec t  to e lec t rophi l ic  substi tut ion reac t ions ;  this is in comple te  ag reemen t  with the exp e r i -  
mental  data p resen ted  above. 

When our study had been completed,  there  appeared  a patent communica t ion  [10] regard ing  the r e a c -  
tion of 2-aminobenzimidazole  with phenacyl b romide  and the product ion of I and V. However,  the r e a ~ | 0 n  
e6nditions descr ibed  in the patent  a re  comple te ly  different  f r o m  those proposed  by us. 
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EXPERIMENTAL 

The IR spectra were recorded with a UR-20 spectrophotometer. The quantum-mechanical calcula- 
tions were made with the Streitwieser parameters via the method described in [9]. 

Reaction of 2-Aminobenzimidazole with Phenaey] Bromide. A 0.8-g (4 mmole) sample of phenaeyl 
bromide was added to a warm solution of 0.52 g (4 mmole) of 2-aminobenzimidazole in 15 ml of acetone, 
and the mlxture was stirred thoroughly until the bromide had dissolved completely. The solution was then 
allowed to stand. The next day, the resulting precipitate (1.12 g) was removed by filtration and washed with 
acetone. It proved to be a mixture of two substances, which were separated by treatment with boiling alco- 
hol. The insoluble portion of the precipitate [0.37 g (41~0 based on phenacyl bromide)], with nap 295 ~ (dee., 
from aqueous alcohol), was 1,3-diphenacyl-2-imhlobenzimidazoline hydrobromide (III). Found: C 61.2; 
H 4.5; Br 17.4; N 9.3<7o. C23HIgN302" HBr. Calculated: C 61.3; H 4.5; Br 17.7; N 9.30/0. 

The alcohol solution on cooling and on addition of ether yielded 0.74 g (560/0 based on phenacylbromide) 
of a white fibrous precipitate of 2-amino-l-phenacylbenzimidazole hydrobromide (IV) with mp 250 ~ (on in- 
troduction into the hot melting-point apparatus; from alcohol). Found: C 54.3; H 4.2; Br 23.9; N 12.5~0. 
CtsHI3N30. HBr. Calculated: C 54.2; H 4.2; Br 24.0; N 12.6~0. 

Compound III was also formed in 85-90% yield on reaction of 2-aminobenzimidazole with 2 moles of 

phenacyl bromide and in quantiative yield on refluxing 2-amino-l-phenacylbenzimidazole with an equiva- 
lent amount of phenacyl bromide. 

1,3-Diphenacyl-2-iminobenzimidazoline. This compound was obtained by treatment of III with am- 
monia. The large silky needles had mp 213 ~ (from alcohol). IR spectrum (in chloroform), cm-1: u 1650 
(C=O), 1712, 1620 (C=N), 3363 (CNH). Found: C 74.5; H 5.1; N 11.6~. C23HtgN302. Calculated: C 74.8; 
H 5.2; N II.4~0. 

9-Phenacyl-2-phenylimidazo[l,2-a]benzimidazole (V). A 0.9-g sample of III (the base form) was re- 
fluxed in 30 rnl of concentrated HCI for 2 h. The mixture was cooled, and the voluminous fibrousprecipi- 
tate was removed by filtration and washed with water and acetone to give 0.95 g (quantitative) of white silky 
needles with mp 265 ~ (from alcohol-water). Found: C 71.3; H 4.8; C; 9.0; N 10.8~ C25HlTN30"HCl. Cal- 
culated: C 71.2; H 4.7; C1 9.1; N 10.8%. 

Treatment of the resulting hydrochloride with ammonia in the cold for 1 h gave V, which was obtained 
as white needles (which yellowed slightly on heating in a desiccator) with mp 207-208 ~ (dec., from aqueous 
alcohol). Found: C 78.6; H 5.1; N 12.1~0. C23HITN30. Calculated: C 78.61 H 4.9; N 12.0~o. IR spectrum 
(in chloroform), cm-I: v 1712 (C=O), 1620 (C----N). 

2-Amino-l-phenacylbenzimidazole. An excess amount of 22~ ammonium hydroxide was added to a 
hot aqueous alcohol solution of IV, and the solution was heated to the boiling point and allowed to stand. 
The precipitate that formed on cooling was removed by filtration and washed with water to give a quantita- 
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t i re  yield of large slightly c r e a m - c o l o r e d  needles (from alcohol). When a capi l lary containing the substance 
was introduced into the hot melting-point apparatus to determine its melting point, it melted at 225 ~ without 
decomposition, after  which the melt  began to crysta l l ize  and melted again only at N300 ~ Cyclization ap- 
parent ly  occur red  during melting. When a capi l lary  containing the substance was introduced into the cold 
apparatus and heated slowly, the substance gradually decomposed without melting (200-275~ Found: C 
72.0; H 5.5; N 17.0%. Cl~H13N30. Calculated: C 71.7; H 5.2; N 16.7%. IR spec t rum (in mineral  oil), cm- l :  
v 1695 (C = O), 3425 and 3325 (NH), 1555 (C=N). 

1H-2-Phenylimidazo[1,2-a]benzimidazole (I). A 0.3-g sample of IV was refluxed for 2 h with 10 ml 
of concentrated HC1, during which the solid changed but did not dissolve.  The mixture was cooled, and the 
solid was removed by fi l trat ion and washed with water .  It was then heated in alcohol in the presence of 
excess ammonia for  5 min to give 0.21 g (91.3~o) of large color less  c rys ta l s  with mp 310 ~ (from DMF) [1]. 
In determination of the melting point, the capi l lary containing the substance was introduced into the hot 
device at a tempera ture  ~ 20-30 ~ below the melting point. 

1-Benzyl-2-methylaminobenzimidazole .  An 80-ml sample of a saturated (in the cold) methanol solu- 
tion of methylamine,  which was obtained f rom 50 g of methylamine hydrochloride and 50 ml of methanol, 
was added to 10 g of 1-benzyl-2-chlorobenzimidazole  [11]. The mixture was s t i r red  and heated in an auto- 
clave at 150 ~ for  18 h. The solvent was removed,  and the residue was t r i tura ted  with water .  The white 
c rys ta l s  of 1-benzyl-2-methylaminobenzimidazole  were removed by fi l trat ion and washed twice on the 
f i l ter  with water  to give 9.6 g (98.5Y0) of a product  with mp 175 ~ (from aqueous alcohol). Found: C 75.7; 
H 6.4; N 17.7~0. C15HIsN 3. Calculated: C 75.9; H 6.4; N 17.7%. 

2-Methylaminobenzimidazole (IV). A 1.15-g (~50 mmole) sample of sodium metal was added in por- 
tions in the course of 1 h to a suspension of 3.6 g (15 mmole) of 1-benzyl-2-methylaminobenzimidazole in 
100-125 ml of liquid ammonia, and the dark-blue solution was stirred and held on a cooling bath for another 
1-1.5 h, after which 3 g of ammonium chloride was added carefully. The ammonia was evaporated, and the 
residue was treated with chloroform. The solid was treated with cold water, removed by filtration, and 
washed twice on the filter with water to give 1.6 g (71~) of large colorless plates with mp 193 ~ (fromwater). 
Found: C 65.2; H 6.4; N 28.6%. CsHsN 3. Calculated: C 65.3; H 6.2; N 28.5%. 

It is significant that a smaller amount of sodium and a stirring time less than 1 h lead to unsatisfac- 
tory results, since in this case debenzylation proceeds with lower yields, and a large amount of starting 
compound is recovered. 

2-Methylamino-l-phenacylbenzimidazole. A solution of 0.45 g (3 mmole) of VI and 0.6 g (3 mmole) 
of phenacyl bromide in 5 ml of alcohol was refluxed for 2.5 h. The mixture was then cooled, ether was 
added, and the precipitated hydrobromide (VIII) was removed by filtration. The yield was quantitative. 
The compound was isolated as a crystal hydrate with one molecule of water. The snow-white silkyneedles 
had mp 164 ~ (dec., from alcohol-ether). Found: Br 21.9; N 11.3%, C16HIsN30" HBr- H20. Calculated: 
Br 21.9; N 11.5%. 

Treatment of VII [sic] with ammonia gave snow-white needles of the base with mp 169-170 ~ (from 
aqueous alcohol). Found: C 72.5; H 5.4; N 16.0~. CI6HIsN30. Calculated: C 72.4; H 5.7; N 15.8a~. 

1-Methyl-2-phenylimidazo[1,2-a]benzimidazole (l-i). A. A mixture of 0.4 g of VII (in the base form) 
and 10 ml of concentrated HC1 was refluxed for 2 h. The solution was cooled, neutralized with 22~ am- 
monium hydroxide, and extracted with chloroform. The extract was evaporated to give 0.37 g of II as white 
crystals with rap 127 ~ (from aqueous alcohol). The yield was quantitative. Found: C 77.8; H 5.4; N 16.8%. 
CI6HI3N 3. Calculated: C 77.7; H 5.3; N 17.0~. 

B. This compound was also obtained by the method in [7]. A 7-g sample of 2-chloro-l-phenacylbenz- 
imidazole in a methanol solution of methylamine, obtained by saturation of 50 ml of methanol with methyl- 
amine (from 50 g of CH3NH 2 �9 HCI), was heated in an autoclave at 150 ~ for 7 h. The solution was cooled and 
evaporated, and the II was purified by chromatography with a column filled with A1203 (elution with chloro- 
form) to give 5.5 g (88~ of white crystals, identical to those obtained by method A. The hydrochloride 
was obtained as shiny snow-white prisms with mp 243 ~ (dec., from alcohol-ether). (mp 238-240 ~ [7]). 

3-Bromo-l-methyl-2-phenylimidazo[1,2-a]benzimidazole (VIII). This compound was formed as the 
hydrobromide in quantitative yield by the action of an equivalent amount of bromine on a solution of II in 
chloroform at room temperature. The shiny white plates had mp 259 ~ (dee., from alcohol). Found: C 47.4; 
H 3.4; Br 39.1; N 10.4~0. Ci6HI2BrN 3" HBr. Calculated: C 47.2; H 3.2; Br 39.3; N 10.3~ The base of the 
bromo derivarivewas isolated by treatment of the hydrobromide with ammonia to give colorless needles 
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with mp 205 ~ (from alcohol).  Found: C 59.2; H 4.0; Br  24.2; N 12.970. C16H12BrN 3. Calculated:  C 58.9; 
H 3.7; Br  24.5; N 12.9~. 

3 -Bromo- l , 9 -d i m e t hy l -2 -pheny l i m i daz o [1 , 2 - a ]benz imidazo l i um Benzenesulfonate .  This compound 
was obtained in 87% yield by fusing VIII with a twofold amount of methyl  benzenesulfonate  at 80 ~ for  5 min.  
The mel t  was t r i t u ra t ed  with acetone to give a white solid with mp 227 ~ No mel t ing-poin t  depress ion  was 
obse rved  for  a mix ture  of this product  with the benzenesulfonate  obtained f r o m  the 9-methyl  der ivat ive  [5]. 

3 -Bromo- l , 9 -d i m e t hy l -2 -pheny l i m i dazo [1 , 2 - a ]benz imidazo l i um Methiodide. This compound was ob- 
tained by the act ion of a sa tu ra ted  aqueous solution of po ta s s ium iodide on a hot alcohol solution of IX. The 
s t rongly e l ec t r i ca l ly  charged  silky needles  had mp 265 ~ (dec., f r o m  90% aqueous alcohol).  This compound 
was also identical  to that obtained f r o m  the 9 -methy l  der iva t ive .  Found: C 43.7; H 3.5; Br, I 44.4; N 9.070. 
C17H15BrIN 3. Calculated:  C 43.6; H 3.2; Br, I 44.2; N 9.070. 

Hydroxymethy l - l -me thy l -2 -pheny l imidazo [1 ,2 -a ]benz imidazo le .  A suspens ion  of 0.5 g (2 mmole)  of 
II in 7 ml of 4070 formaldehyde  solution was refluxed for  2 h. The s ta r t ing  compound was conver ted  to an 
oil, which gradual ly  began to c rys t a l l i ze .  The mixture  was cooled, and the solid was r emoved  by f i l t rat ion,  
washed with water ,  and dried in a des i cca to r  at 110 ~ to give 0.53 g (95.770) of white needles  with mp 211 ~ 
(from alcohol). IR s p e c t r u m  (in mine ra l  oil), c m - l :  v 3135 (OH, broad),  1055, 1380 (6OH C - O ) .  IR spec -  
t r u m  (in ch loroform) ,  cm-~: v 3610 (OH), 1045, 1270 (6OH C - O )  [12]. Found: C 73.3; H 5.4; N 15.170. 
C17H15N30. Calculated:  C 73.6; H 5.4; N 15.170. 

F o r m y l - l - m e t h y l - 2 - p h e n y l i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e .  A 6-g sample  of act ivated manganese  di-  
oxide [13] was added to a s t i r r e d  solution of 0.6 g of the hydroxymethyl  der ivat ive  in 25 ml  of dry ch lo ro-  
form,  and s t i r r ing  was then continued until oxidation was complete  (as followed by chromatography) .  After  
20-30 rain, a dist inct  yel low spot (A120 3, elution with CHC13, development  with iodine, R f  0.78), which 
e m e r g e s  above the s ta r t ing  compound (l:tf 0.44), appeared  on the c h r o m a t o g r a m .  At the end of the react ion,  
the manganese  dioxide was removed  by f i l t ra t ion and washed on the f i l t e r  with ch lo ro fo rm.  The ch loro-  
f o r m  solution was evapora ted  to give a quanti tat ive yield (0.58 g) of the aldehyde. The compound was i so-  
la ted as the c ry s t a l  hydrate  with mp 133 ~ On drying at 70-80 ~ the c r y s t a l s  lost  wa te r  and were  conver ted  
f r o m  large  co lo r l e s s  needles  to a slightly yel lowish finely c rys ta l l ine  ma t e r i a l  with mp 160 ~ (from alcohol). 
IR s p e c t r u m  (in ch loroform) ,  cm- l :  v 1665 (C=O), 1638 (C=N), Found: C 74.2; H 4.8; N 15.570. C17H13N30. 
Calculated:  C 74.2; H 4.8; N 15.370. 

2 ,4-Dini t rophenylhydrazone.  This was obtained as d a r k - r e d  silky needles  with mp 274 ~ (from DMF). 
Found: N 21.570. C23Ht7N704. Calculated:  N 21.570. 

The methiodide was fo rmed  in 8770 yield by refluxing (for 4 h) an alcohol solution of the fo rmyl  de-  
r ivat ive  with excess  methyl  iodide. The snow-white needles  had 233 ~ (dec., f r om alcohol).  Melt ing-point  
depress ion  (210-212 ~ was observed  fo r  a mix ture  of this product  with 9 - m e t h y l - 2 - p h e n y l - 3 - f o r m y l i m i d a z o -  
[1 ,2-a]benzimidazole  methiodide.  Found: N 10.170. C~sHIoIN30. Calculated:  N 10.170. 

Oxidation of the fo rmyl  der iva t ive  with po t a s s ium permangana te  in alkaline media  p roceeded  readi ly  
and gave benzoic  acid with mp 122 ~ in 6670 yield.  
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