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4 - M e t h y l - l - p h e n y l i m i d a z o [ 5 , 1 - b ] b e n z i m i d a z o l e  (I-~) has  been syn thes ized .  It has been shown that 1 ,4 -d ime th -  
y l im idazo [5 ,1 -b ]benz imidazo l e  (I) and III r e a d i l y  undergo ace ty la t ion  and n i t rosa t ion  at  pos i t ion  3. The r e -  
ac t ion  of I and III with f o r m a l i n ,  l ike  the Mannich r eac t ion ,  l e ads  to the fo rma t ion  of methy leneb i s  de r i va t i ve s .  
The b romina t i on  of III with N - b r o m o s u c c i n i m i d e  f o r m s  the 3 -b romo  de r iva t i ve  of HI (X). 

As has  been shown p r e v i o u s l y  for  the ca se  of 4 - m e t h y l - 3 - p h e n y l i m i d a z o [ 5 , 1 - b ] b e n z i m i d a z o l e ,  d e r i v a t i v e s  of 4H- 
imidazo [5 ,1 -b ]benz imidazo le  r e a d i l y  undergo e l ec t roph i l i c  subs t i tu t ion  r eac t i ons  at  pos i t ion  1. It appea red  of i n t e r e s t  
to study the r e a c t i v i t y  of 1 -a lky l  and 1 - a r y l  subs t i tu ted  4H- imidazo [5 ,1 -b ]benz imidazo l e s  having no subs t i tuent  in p o s i -  
t ion 3 -  1 , 4 - d i m e t h y l -  (I) [2] and 4 - m e t h y l - l - p h e n y l - i m i d a z o [ 5 , 1 - b ] b e n z i m i d a z o l e  (IID. We syn thes i zed  the l a t t e r  in the 
fol lowing way: 

I I I 
CH 3 CH 3 C~ 3 

I I  I l l  

Just l ike I, compound I I I  is f a i r l y  unstable and acquires a blue colorat ion on standing in the l ight  in the presence 
of atmospheric oxygen. The st ructure of HI was shown by its IR, ~ ,  and PMR spectra. In the IR spectrum of IK there 
is no abso rp t ion  band of CO and NH groups ,  which a r e  p r e s e n t  in the IR s p e c t r u m  of the ini t ia l  compound (1D, and t h e r e  
is a s t rong  sp l i t  abso rp t ion  band at  1600-1620 cm -I  which is c h a r a c t e r i s t i c  for  such t r i c y c l i c  compounds.  I n t h e  UV 
s p e c t r u m  of IH (Fig.  1) t h e r e  is  a ba thochromic  shif t  of the long-wave  abso rp t ion  max imum by 28 nm as  c o m p a r e d  with 
the UV s p e c t r u m  of I [2] and an i n c r e a s e  in the in tens i ty  of absorp t ion  ove r  the whole s p e c t r u m .  In the PMR s p e c t r a  of 
compounds I and Il l ,  t h e r e  a r e  s igna l s  of the pro ton  at  C 3 in the fo rm of s ing le t s  a t  5 5.96 and 6.51 ppm, r e s p e c t i v e l y .  
The s igna ls  of the p ro tons  of the methyl  group on the n i t rogen  a tom in pos i t ion  4 a p p e a r  a t  3.04 and 3.47 ppm, r e s p e c -  
t ive ly .  
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*For  p a r t  IV, see  [1]. 
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Fig .  1. UV s p e c t r a  (in e th-  
anol): 1) 2 - b e n z o y l a m i n o -  
me thy l -  1- methylbenz  i m i d -  
azo le  (ID; 2) 4 - m e t h y l - 1 -  
phenyl imidazo[5 ,1-b]benz  i -  
m idazo le  (liD. 
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The acetylation of I and ItI with acetic anhydride in the presence of anhydrous sodium acetate gave high yields of 
3-acetyl- l ,4-dimethyl-  and 3-acetyl-4-methyl-l-phenylimidazo[5,1-b]benzimidazoles (IV and V, respectively). 

The nitrosation of I and III with sodium nitrite in acetic acid led to the formation of 1,4-dimethyl-3-nitroso- and 
4-methyl-3-nitroso-l-phenylimidazo[5,1-b]benzimidazotes (VI and VII, respectively). 

CIl*~ / 2 CH 3 CH 3 R' 

~ C I I : ~  I, IV.MI ,  V I I I ;  R = C ~ I i  I I I  ~ . ' ,VI I , IX,  X; I~'=COCH3 IV, V, R'=NO V I ,V I  ; 

We attempted to obtain the 3-hydroxymethyl derivative of compound I. However, when compound I was heated with 
formalin in water, a compound the analysis of which corresponded to bis(1,4-dimethylimidazo[5,1-b]benzimidazol-3-yl)- 
methane (VIID was obtained. We isolated the same compound in an attempt to obtain a Mannich base by treating I with 
an aqueous solution of dimethylamine and formalin both at room temperature and with cooling. The attempted hydroxy- 
methylation of IlI in an excess of formalin also took place with the formation of a methylenebis derivative (IX). 

The bromination of III with N-bromosuccinimide under the conditions described for the preparation of 3-bromo- 
imidazo[5,1-b]pyridine [3] led to the formation of 3-bromo-4-methyl-l-phenylimidazo[5,1-b]benzimidazole (X), which 
is extremely unstable in the air. 

The structures of the 3-substituted compounds I and III obtained were confirmed by their PMR spectra (Fig. 2). 
The PMR spectra of compounds W-VII, IX, and X lacked the signal of a proton at C 3. This shows that the substituent in 
these compounds is present in position 3. In the PMR spectra* of IV and V, signals of the protons of the acetyl group 
appeared (at 6 2.52 and 2.67 ppm, respectively), and the spectrum of IX showed the signal of the protons of a methylene 
group (at 6 4.66 ppm). 
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Fig. 2. PMR spectra (in CDC13): 1) 4- 
methyl-l-phenyl[5,1-b]benzimidazole 
(IID; 2) 3-acetyl -4-methyl- l -phenyl-  
imidazo[5,1-b]benzimidazole (V); 3) 
4- methyl-3-ni troso-l-phenyli  midazo- 
[5,1-b]benzimidazole (VII) (internal 
standard; tetramethylsilane). 

2-Benzoylaminomethyl-l-methylbenzimidazole (ID. A carefully st i rred mixture of t0.98 g (0.09 mole) of freshly 
distilled N-methyl-o-phenylenediamine and 18.65 g (0.09 mole) of ethyl hippurate [4] was heated with stirring in a current 

*The PMR spectra were taken on a JNM-4-H-100 instrument at a working frequency of 100 MHz. The authors express 
their deep gratitude to G. N. Syrova of the Physical Chemistry Laboratory of VNIKhFI [Ordzhonikidze All-Union Chem- 
ical and Pharmaceutical  Scientific-Research Institute] for taking the PMR spectra. 
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of n i t rogen  a t  180-200~ for  3 hr .  Then it was lef t  to cool  to room t e m p e r a t u r e  (whereupon it g r adua l ly  sol idif ied)  and 
was t r i t u r a t e d  with abso lu te  e t h e r  o r  was t r e a t e d  with a s m a l l  amount  of hot ethanol .  The p r e c i p i t a t e  a f t e r  cool ing was 
f i l t e r e d  off, g iving 14.76 g (61.9%) of II, a white c r y s t a l l i n e  subs tance  with mp 194.5-196~ ( f rom methanol) r e a d i l y  s o l -  
uble  in hot e thanol ,  and insoluble  in wa t e r .  IR s p e c t r u m  (in para f f in  oil): ~NH 3250; vCO 1655 cm -1. UV s p e c t r u m  (in 
ethanol) ,  ~max,  nm (log s 225 (4.26)*, 270 (3.80), 278 (3.95), 284 (3.89). Found %: C 72.4; H 5.6; N 15.5. C16HIsN30. 
Ca lcu la ted  %: C 72.4; H 5.7; N 15.8. 

4 - M e t h y l - l - p h e n y l i m i d a z o [ 5 , 1 - b ] b e n z i m i d a z o l e  (HI). A suspens ion  of 6.7 g {25.3 mM) of II in 80 ml of anhydrous  
to luene  and 18.9 ml of phosphorus  oxych lo r ide  was boi led  unti l  the evolut ion of hydrogen ch lo r ide  ceased .  The r e s idue  
a f t e r  the toluene and the e x c e s s  of POC13 had been d i s t i l l ed  off in vacuum was t r e a t e d  with sodium b ica rbona te  solut ion 
and e x t r a c t e d  with c h l o r o f o r m .  The e x t r a c t  was washed with s a tu r a t ed  NaCI solut ion and d r i e d  with anhydrous  K2CO 3. 
The r e s i d u e  a f t e r  the so lvent  had been evapo ra t ed  off in vacuum (5.83 g) was d i s t i l l ed .  Bp 219-221~ (0.25 mm). This  
gave  2.53 g (40.5%) of HI in the fo rm of a yel low v i scous  o i ly  subs tance  which i m m e d i a t e l y  c r y s t a l l i z e d ;  mp 117-118.5~ 
The subs tance  is r e a d i l y  so luble  in e thanol ,  ch lo ro fo rm,  and ethyl  ace ta te ,  somewhat  l e s s  r e a d i l y  in benzene and e ther ,  
and insoluble  in wa te r .  On s tanding in the a i r  and in the l ight ,  it a c q u i r e s  a blue color .  UV s p e c t r u m  (in e thanol) ,Xma x, 
nm (log e): 230 (4.17)*, 250 (4.02)*, 280 (4.00), 352 (4.16). PMR s p e c t r u m  (in CDC13), 5, ppm: s ing le t s  3.47 (N-CH3),  
6.51 (H3). Found %: C 77.9; H 5,1; N 16.7. C16HI3N ~. Ca lcu la ted  %: C 77.7; H 5.3; N 17.0. P i c r a t e ,  l ight  yel low c r y s -  
t a l s ,  decomp,  p. 220-221.5~ ( f rom ethanol) .  Found %: C 55.7; H 3.4; N 17.5. CI6H13N 3" C6H3N30. Calcu la ted  %: C 55.5; 
H 3.4; N 17.6. 

3 - A c e t y l - l , 4 - d i m e t h y l i m i d a z o [ 5 , ! - b ] b e n z i m i d a z o l e  (IV). A mix ture  of 0.7 g (3.78 raM) of 1 , 4 - d i m e t h y l i m i d a z o -  
[5 ,1 -b]benz imidazo le  (I) [2], 0.81 ml  (8.6 raM) of ace t i c  anhydr ide ,  and 0.81 g (9.87 mM) of anhydrous  sod -  
ium ace ta t e  was bo i led  for  3 hr .  The e x c e s s  of ace t i c  anhydr ide  was d i s t i l l ed  off in vacuum and the r e s idue  was t r i t u r -  
a ted  with wa te r .  This  gave 0.72 g (84%) of IV in the fo rm of a l ight  pink c r y s t a l l i n e  subs tance  with mp 223.5-225.5~ 
{long needles  f rom abso lu te  ethanol) .  The subs tance  is r e a d i l y  soluble  in c h l o r o f o r m  and is insoluble in wa te r .  IR 
s p e c t r u m  (in pa ra f f in  oil),  ~CO 1634 cm - l .  UV s p e c t r u m  (in ethanol) ,  Xmax, nm (log e); 214 (4.34), 224 (4.33), 242 (3.95)*, 
303 (4.12), 332 (4.44). PMR s p e c t r u m  (in CDC13), 6, ppm: s ing le t s  2.52 (COCH~), 2.71 (CH3) and 4.19 (N-CH~).  Found%: 
C 68.9; H 5.7; N 18.3. CI3H13N30. Ca lcu la ted  %: C 68.7; H 5.8; N 18.5. 

3 - A c e t y l - 4 - m e t h y l - l - p h e n y l i m i d a z o [ 5 , 1 - b ] b e n z i m i d a z o l e  (V). This  was obta ined in a s i m i l a r  manner  to IV with 
a y ie ld  of 89% (1.26 g) f rom 1.21 g (4,9 raM)of  III and 10 ml of ace t i c  anhydr ide  in the p r e s e n c e  of 1 g of anhydrous  s o d -  
ium ace ta t e .  C r e a m - c o l o r e d  c r y s t a l s  with mp 247-249~ {from ethanol) ,  r e a d i l y  soluble  in ch lo ro fo rm.  IR s p e c t r u m  
(in pa ra f f in  oil):  ~CO 1642 cm -1. UV s p e c t r u m  (in ethanol) ,  Xmax, nm (log e): 225 (4.28), 329 (4.54). PMR s p e c t r u m  
(in CDC13), 6, ppm:  s ing le t s  2.67 (COCH3), 4.30 (N-CH3).  Found%:  C 75.0; H 5.4; N 14.8. CIsHIsN30. Calcula ted  %:" 
C 74.7; H 5.2; N 14.5. 

1 , 4 - D i m e t h y l - 3 - n i t r o s o i m i d a z o [ 5 , 1 - b ] b e n z i m i d a z o l e  (VI). With cooling and s t i r r i n g ,  0.5 g (7.25 raM) of sodium 
n i t r i t e  was added to a suspens ion  of 0.94 g (5.06raM) of I in 10 ml of ace t i c  ac id ,  and the mix ture  was s t i r r e d  at  room 
t e m p e r a t u r e  for  15 min and pou red  into 15 ml of ice wa te r .  Af t e r  2-3  hr ,  l u s t r o u s  c r y s t a l s  depos i ted ,  which we re  
f i l t e r e d  off and washed with cold wa te r .  This  gave 0.31 g (28.8%) of VI in the fo rm of c o l o r l e s s  needles  with mp 125.5- 
126.5~ ( f rom water)~ r e a d i l y  so luble  in ethanol ,  ch lo ro fo rm,  and hot wa te r .  UV s p e c t r u m  (in ethanol) ,  ~-max, nm, (log 
~), 228 (4.04)*, 294 (4.21). PMR s p e c t r u m  (in CD3OD), 5, ppm:  s ing le t s  2.71 (CH3), 4.14 (N-CH3).  Found %: C 61.6; 
H 4.8; N 25.9. ClIH10N40. Ca lcu la ted  %: C 61.7; H 4.7; N 26.2. 

4 - M e t h y l - 3 - n i t r o s o - l - p h e n y l i m i d a z o [ 5 , 1 - b ] b e n z i m i d a z o l e  (VII). This  was obtained in a s i m i l a r  manner  to VI. 
Yield 75.2%. Yellow c r y s t a l s  with mp 148-151~ (from l ig ro in ) ,  insoluble  in wa te r  and ethanol ,  r e a d i l y  soluble  in c h l o r o -  
fo rm.  UV s p e c t r u m  (in ethanol) ,  Xma x, nm (log ~): 238 (4.30), 259 (4.29), 283 (4.29). PMR s p e c t r u m  (in CDC13), ' 5, 
ppm,  4.18 (N-CH3,  s ingle t ) .  Found %: C 69.3; H 4.2; N 20.3. Ci6Hi2N40. Calcula ted  %: C 69.5; H 4.4; N 20.3. 

B i s ( 1 , 4 - d i m e t h y l i m i d a z o [ 5 , 1 - b ] b e n z i m i d a z o l - 3 - y l ) m e t h a n e  (VIII). A) A suspens ion  of 0.28 g (1.51m__M) of I in 12 
ml of w a t e r  was hea ted  to the boi l ,  and 0.3 ml (3raM) of 30% fo rma l in  was added.  The oi ly  subs tance  g radua l ly  d i s a p -  
p e a r e d  and a p r e c i p i t a t e  fo rmed .  The r e a c t i o n  mix ture  was heated for  30 min, and cooled,  and the p r e c i p i t a t e  was 
f i l t e r e d  off. This  gave 0.26 g (90%) of VIII, a c r e a m - c o l o r e d  c r y s t a l l i n e  subs tance  with mp 201-203~ (elongated nee -  
d l e s f r o m  a2 : 1 mix tu re  of ethanol  and wate r ) .  The subs tance  is soluble  in ethanol ,  benzene,  and ethyl ace ta te ,  and is 
insoluble  in wa te r .  On s tanding in the a i r  and in the l ight  it  a c q u i r e s  a pink co lor .  Found %: C 72.3; H 5.9; N 21.8. 
C23H22~T 6. Ca lcu la ted  %: C 72.2; H 5.8; N 21.9. 

*Inflect ion.  Subsequent ly ,  inf lec t ions  in the UV s p e c t r a  wil l  be denoted by*. 
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B) With s t i r r i ng  and cooling, 0.32 ml (2.85 raM) of a 40% aqueous solution of dimethylamine and 0.38 ml (3.8 raM) 
of 30% formalin were  added to a suspension of 0.46 g (2.48 raM) of I in 0.25 ml of absolute ethanol, whereupon the I d i s -  
solved completely and a prec ip i ta te  deposited (when the formal in  was added at room tempera ture ,  the react ion mixture 
became warm). The react ion mixture was left at room tempera tu re  for 24 hr. It was then cooled and the prec ip i ta te  
was f i l te red off. This gave 0.36 g (75.6%) of a substance identical with the mater ia l  obtained by method (A). 

Bis(4-methyl - l -phenyl imidazo[5 ,1-b]benzimidazol -3-yl )methane  (IX). With s t i r r ing  at  room tempera tu re ,  a so lu-  
t ion of 0.2 g (0.8 raM) of III in 4 ml of ethanol was added slowly, dropwise,  to 6.4 ml (3.2 raM) of 15% formalin,  and the 
mixture was s t i r r ed  for 3 hr  (whereupon a prec ip i ta te  gradual ly  deposited) and was left for 12 hr.  The prec ip i ta te  was 
f i l tered off, washed with water ,  and dried.  This gave 0.18 g (87.7%) of IX in the form of yellowish c rys ta l s  with mp 
249.5-252~ (from butanol). The substance is soluble in hot chloroform and is insoluble in water  and lower alcohols.  
In the light and in the p resence  of a tmospher ic  oxygen, it becomes cr imson.  PMR spectrum (in CDCIa), 5, ppm: singlets  
3.82 (N-CH3) , 4.62 (CH2). Found %: C 77.9; H 5.1; N 16.3. C33H26N 6. Calculated %: C 78.2; H 5.2; N 16.6. 

3 -Bromo-4-methyl - l -phenyl imidazo[5 ,1-b]benz imidazole  (X). With s t i r r ing ,  0.22 g (1.2 raM) of N-bromosucc in-  
imide was added to a solution of 0.27 g (1.1raM) of HI in 20 ml of anhydrous carbon te t rachlor ide .  The mixture was 
boiled for  2 hr and f i l te red ,  the f i l t ra te  was evaporated in vacuum, and the residue (0.17 g) (46.2%) was c rys ta l l i zed  from 
ether .  This gave 0.09 g (24%) of X, a pink c rys ta l l ine  substance with mp 152-154~ (from absolute ether) .  The substance 
is read i ly  soluble in ethanol, benzene, and chloroform. On standing in the a i r  and in the light,  it  becomes green.  Eth- 
anolic and chloroform solutions a lso  rapidly  acquire  a green  colorat ion.  Found %: C 58.9; H 3.7; N 12.6; Br  24.4. 
Ci6H12N3Br. Calculated %: C 58.9; H 3.7; N 12.9; Br 24.5. 
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