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3-Amino de r iva t ives  of 9-alkyl  (benzy l ) -2-a ry l imidazo[1 ,2-a ]benz imidazo les ,  obtained by the 
reduct ion of the appropr ia te  3-ni t ro(ni t roso)  de r iva t ives ,  a re  e x t r e m e l y  unstable ,  and the 
imidazole  r ing opens read i ly  resul t ing  in convers ion  to 2- (a - ca rboxybenzy lamino)benz imid-  
azo les .  The reac t ion  apparent ly  p roceeds  through the in te rmedia te  fo rmat ion  of 2-(c~-cyano- 
benzylamino)benzimidazole ,  which is a t au tomer ic  fo rm of the 3-amino compound and can 
r e a c t  as such to f o r m  3-acy lamino  der iva t ives  and ani ls .  If  there  is a methyl  group in the 
3-pos i t ion  of the r ing,  the amine is  quite s table  and can be isola ted in f r ee  fo rm.  

As p rev ious ly  communica ted  in [2], the reduct ion of 3 -n i t ro (n i t roso ) -  and 3 - a r e n e a z o  de r iva t ives  of 
9 -methy l -2 -pheny l imidazo[1 ,2 -a ]benz imidazo le  (Ia) with stannous chloride in hydrochlor ic  acid r e su l t s  in 
the fo rmat ion  of an unstable  amine (IIa). The imidazole  r ing is opened during isolat ion f rom the tin c o m -  
plex, and 2 - (c~-ca rboxybenzy lamino) - l -me thy lbenz imidazo le  (IVa), the s t ruc tu re  of which was proved by 
m e a n s  of the IR s p e c t r a  and a number  of t r a n s f o r m a t i o n s ,  is fo rmed .  S imi la r  t r ans fo rma t ions  a re  ob-  
s e r v e d  for  the 3 -n i t roso  der iva t ive  of the 9-benzyl  compound (Ib). 
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I t  can be a s s um ed  that  amine I Ia  ex is t s  in this case  as a t au tomer ic  form,  viz . ,  n i t r i le  IIIa,  which is 
a quite s table  compound and is read i ly  obtained by the reac t ion  of 2 - a m i n o - l - a l k y l b e n z i m i d a z o l e  with benz-  
aldehyde, bisulf i te ,  and sodium cyanide.  The s t ruc tu re  of IIIa was conf i rmed  by the IR spec t roscop ic  data. 
The compound is r ead i ly  hydro lyzed  to acid IVa, and r eac t s  as the t au tomer ic  amine (IIa) with acet ic  an-  
hydr ide  and benzaldehyde to fo rm,  r e spec t ive ly ,  3 - a c e t a m i d o -  (V) and 3-benzyl ideneamino der iva t ives  {VI) 
of 9 -me thy l -2 -pheny l imidazo[1 ,2 -a ]benz imidazo le .  Thus,  the pecu l ia r  f o rm of r ing-cha in  t a u t o m e r i s m  p r e -  
viously  desc r ibed  in the imidazo[1 ,2-a]pyr id ine  s e r i e s  [3-5] (see scheme)  occurs  he re .  

The r ing is c leaved  in a different  manne r  in the reduct ion of 3-n i t ro  der iva t ive  Ia with sodium s t an -  
nite: the compound is  conver ted  to 1 -methy l -3 -ox iminophenacy lbenz imidazo lone  (~-monoxime)  through a 
s tep involving fo rma t ion  of a n i t roso  der iva t ive  [6]. 

The imidazo le  r ing is opened to f o r m  an amino acid (IV.c) in the reduct ion under  the indicated condi-  
t ions of 3 -n i t ro so -6 ,7 -d ime thy l -2 -pheny l -9 -e thy l imidazo [1 ,2 -a ]benz imidazo le  (VII). A product  of m o r e  p r o -  

* See [1] for  communica t ion  IV. 
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found cleavage (2-amino- l -methylbenzimidazole)  is obtained f rom 3-n i t roso-2 - (p -b romopheny l ) -9 -methy l -  
imidazo[1,2-a]benzimidazole  (VIII) on heating the tin complex with dilute alkali. However, the initially 
formed amine (IId) is somewhat m o r e  stable and can be isolated as the hydrochlor ide and picrate  if the r e -  
duction of the ni t roso compound is c a r r i ed  out with zinc dust in glacial  acetic acid. Similar  resul ts  are ob- 
served  in the reduction of 3 -n i t roso-9-bonzyl -2-phenyl imidazo  [1,2-a]benzimidazole (IX): the result ing am-  
ine can be isolated as the hydrochlor ide,  p i rc ra te ,  or  acetyl derivative (X). 

3-Amino-2,9-dimethyl imidazo[1 ,2-a]benzimidazole  (IIe) is the most  stable compound in this se r i es .  
It does not change on refluxing in dilute hydrochlor ic  acid but is readi ly diazotized. We could not establish 
the possibi l i ty of the convers ion of this amine to the tautomeric  cyano form;  on the other  hand, nitri le IIIe, 
obtained by synthesis  f rom 2-amino- l -methy lbenz imidazo le  and acetaldehyde, is converted by the action of 
p-ni t robenzaldehyde to anil XI, which is identical to the compound formed f rom the amino form (IIe). This 
observat ion makes  it possible to additionally establish that the amino group and, consequently, the nitro 
group in the s tar t ing compound are in the 3-posit ion of the r ing.  

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

2- (a -Carboxybenzy lamino) - l -me thy lbenz imidazo le  (IVa). Stannous chloride (6.5 g) was gradually 
added with mechanical  s t i r r ing  to a suspension of 2.3 g (0.01 mole) of 3-ni t ro  derivative Ia in 30 ml of con-  
cent ra ted  HC1, and the mixture  was refluxed until the red granules of the isoni t roso derivative [6] in the 
precipi ta te  vanished. The mixture  was then cooled, and the snow-white precipitate of the tin complex of the 
amine was f i l tered to give 4.16 g of product .  Found %: N 9.63. C16HI4N 4 �9 SnC14 �9 2HC1. Calculated% : N 
9.41. The action of a 10% solution of sodium hypochlori te on a hot alcohol solution of the complex gave a 
d a r k - r e d  azo compound which was chromatographed on aluminum oxide with ch loroform as the eluant to 
give a product with mp 276-278 ~ (from alcohol). The compound contained about 25% chlorine.  

The complex (1.5 g) was refluxed for 10 min in a mixture  of 40 ml of water  and 3 ml of alcohol, and 
the precipi ta te  of basic  tin sal ts  was f i l tered.  Cooling of the fi l trate precipi tated 0.75 g of the co lor less  
monohydrate  of the hydrochlor ide of IVa with mp 153 ~ (decomp., f rom a l coho l - e the r ) .  Found %: N 12.7. 
CtsHlsN302 " HC1 �9 H20. Calculated %: N 12.5. The product was dried in vacuo over P205 at 100 ~ and again 
analyzed. Found%:  N 13.2. ClsH~sN302 �9 HC1. Calcula ted%: N 13.2. IR spec t rum:  UC= O 1740 cm -1. At 
170-190 ~ the hydroehlor ide is decarboxylated to form a mixture of several  compounds, one of which was 
chromatographica l ly  identical to 1-methyl -2-benzylaminobenzimidazole  [7]. The free amino acid (IVa) p r e -  
cipitated f rom the hydrochlor ide  solution in dilute ammonium hydroxide after evaporation of the ammonia 
to give snow-white,  fine needles with mp 220 ~ (decomp., f rom water  or  50% aqueous alcohol). IR spect rum,  
c m - l :  UC= O 1665, p C _  O 1360, PNH 3330, VOH 2600. On heating with dilute alkali the compound is cleaved 
to 2 -amino- l -me thy lbenz imidazo le .  The action of 50~ hypochlori te converted IVa to an azo compound, 
which was chromatographed on A1203 with ch loroform as the eluant to give br ight -orange  needles with mp 
285-286 ~ (decomp., f rom alcohol), which were  identical to genuine 1,1' -d imethyl-2 ,2 '  -nzobenzimidazole  [8]. 
In e ther  solution IVa fo rms  an es te r  with diazomethane [2]. IR spect rum,  cm- t :  VC= 0 1746, VC_ O 1225, 

NH 3270. 

2- ( (~-Cyanobenzylamino)- l -methylbonzimidazole  (IIIa). A total of 2 ml [2.12 g (0.02 mole)] of benz-  
aldehyde, 2.08 g (0.02 mole) of f resh ly  prepared  dry sodium bisulfite [10], and 15 ml of water  was s t i r red  
for  0.5 h at 15-20 ~ 2.94 g (0.02 mole) of 1-methyl -2-aminobenzimidazole  was added, and the mixture was 
heated on a boi l ing-water  bath for 1 h. After  the solids had gone into solution, a saturated solution of 2 g 
(0.04 mole) of sodium cyanide was added dropwise,  and heating was continued for another 2-3 h. The next 
day, the precipi ta ted nitr i le was f i l tered to give 4.66 g (89%) of snow-white,  shiny needles with mp 187-188 ~ 
(decomp., f rom ethyl acetate) which were soluble on heating in alcohol. Found %: C 73.5; H 5.5; N 21.4. 
ClsHt4N 4. Calculated %: C 73.3; H 5.4; N 21.4. The valence vibrations of the C ~ N group in the IR spec -  
t rum of III are  displayed as a weak band at 2240 cm -1, while the NH valence vibrat ions are displayed at 
3155 cm -t . Saponification of IIIa with dilute hydrochlor ic  acid gave a quantitative yield of a compound with 
mp 153 ~ which was identical to the hydrochlor ide of IVa obtained by reductive cleavage of 3 -n i t roso- Ia .  
Compound IVa was obtained f rom the hydrochlor ide  and had mp 218-219 ~ . 
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3-Benzyl id ieneamino-9-methyl -2-phenyl imidazo  [1,2-a]benzimidazole (VI). A mixture of 0.26 g (1 
mmole) of IIIa and 0.12 g (1.2 mmole)  of benzaldehyde was heated to 130 ~ and held at this tempera ture  for  
5-7 rain. The melt  (which gave one spot on the th in- layer  chromatogram)  was cooled and t r i tura ted  with 
petroleum ether ,  and the resul t ing precipi ta te  was f i l tered and washed with petroleum ether  to give br ight -  
orange,  s t rongly electr i f iable,  silky needles.  Bands charac te r i s t i c  for IIIa have vanished in the IR spect rum 
of VI, and an intense VC_-- N band appears at 1632 cm -1. 

3-Acetamido-9-methyl -2-phenyl imidazo[1 ,2-a]benzimidazole  (V). This was obtained by the action of 
acetic anhydride on IIIa on heating the mixture  to the boiling point and was isolated as shiny color less  plates.  

1-Methyl-3-oximinophenacylbenzimidazolone (a-Monoxime).  A solution of sodium stannite (from 
0.47 g of SnC12 " 2H20 in 5 ml of 10% sodium hydroxide) was added to a suspension of 0.3 g of 3-n i t ro- In  in 
30 ml of ethanol, and the mixture  was refluxed for 4 h. The nitro compound dissolved, and tin salts  p r e -  
cipitated. The tin sal ts  were  fi l tered,  the f i l t rate was acidified with concentrated HC1 to pH 1, diluted with 
water ,  and the resul t ing precipi tate  was f i l tered to give 0.15 g of a product with mp 226-227 ~ (decomp., 
f rom alcohol). This product  did not depress  the melting point of the product of ring opening of the ni troso 
compound in alkali [6]. 

3 -Ni t roso-6 ,7 -d imethy l -2 -pheny l -9 -e thy l imidazo  [1,2-a]benzimidazole (VII). Glacial acetic acid (2-3 
ml) was added to an alcohol solution of 0.3 g (1 mmole) of Ic [1], followed by the dropwise addition of an 
aqueous solution of 0.07 g (1 mmole) of sodium nitri te to give dark-green ,  shiny needles which were  slightly 
soluble in alcohol, e ther ,  and acetone. 

2 - (~-Carboxybenzylamino) -5 ,6 -d imethy l - l -e thy lbenz imidazo le  (IVc). Derivative VII (0.8 g) was 
thoroughly ground with powdered tin, dilute hydrochlor ic  acid (20 ml of 3 : 1) was added, and the mixture was 
refluxed until complete decolorat ion of the red  oil. The solution was decanted, and the oil was t rea ted  with 
ethyl acetate;  the ethyl acetate was evaporated,  and the residue was refluxed for 5-10 rain with a small  
amount of dilute ammonium hydroxide and fi l tered.  The fi l trate was allowed to stand in air  until the odor 
of ammonia vanished, during which IVc precipi ta ted to give 0.57 g (70%) of a product with mp 242 ~ (decomp., 
f rom dilute acetic acid). Found%: C 70.3; H 6.5; N 13.1. CIgH21N30 2. Calcula ted%: C 70.6; H 6.5; N 13.0. 
IR spec t rum,  Cm-l :  VC_ O 1662, VC_ O 1349, UNH 3310, vOH 2620. 

Methyl Es te r  of IVc. This was obtained by the action of an e ther  solution of diazomethane on a suspen-  
sion of IVc in alcohol. The oil remaining after  evaporation c rys ta l l ized  in a vacuum des icca tor  over P205 
to give 75% of fine, s t rongly electr i f iable  needles with mp 136 ~ (from hexane). Found %: C 71.3; H 6.7; N 
12.5. C20H23N302. Calculated ~c: C 71.2; H 6.9; N 12.5. IR spect rum,  c m - l :  vC~_ O 1750, v c _  O 1220, VNH 
3220. 

3-Ni t roso-2- (p-bromophenyl ) -9-methyl imidazo[1 ,2-a]benz imidazole  (VIII). A solution of 0.5 g (7.5 
mmole) of sodium nitr i te in 3 ml of water  was added dropwise to a hot solution of 1.63 g (5 mmole) of Id in 
20 ml of ethanol and 10 ml of glacial  acetic acid, and the mixture was heated at 70-80 ~ for 15-20 rain. The 
mixture  was cooled, and the b r igh t -g reen  precipi tate  of VIII was f i l tered and washed with water  and alcohol. 

A tin complex was formed in the reduction of VIII with stannous chloride in hydrochlor ic  acid and was 
heated with excess  5-10% NaOH and extracted with hot benzene.  After  evaporat ion of the benzene, the r e s i -  
due was refluxed with acetone and f i l tered,  and the acetone was evaporated to give a product with mp 200- 
201 ~ (from alcohol). The compound was identical to an authentic sample of 1-methyl -2-aminobenzimidazole .  

3 -Amino-2- (p-bromophenyl ) -9-methyl imidazo[1 ,2-a]benz imidazole  (IId). A suspension of 1 g of VIII 
in 10 ml of glacial  acetic acid was shaken with zinc dust at room tempera tu re  until the solution was c o m -  
pletely decolor ized (2-2.5 h). The excess  zinc dust and zinc salts were f i l tered and washed on the fi l ter  
with glacial  acetic acid, and severa l  drops of concentrated H2SO 4 w e r e  added to the f i l trate.  After 30-40 
rain the resul t ing precipi ta te  was f i l tered and washed with acetic acid. A suspension of it in water  was made 
alkaline with 22% ammonium hydroxide,  and the amine was extracted with ch loroform.  The amine was un-  
stable,  and the solution rapidly turned red.  For  this reason,  concentrated HC1 was added immediately to it, 
and the resul t ing precipi ta ted hydrochior ide of IId was f i l tered and washed with acetone to give co lor less ,  
f ibrous,  s t rongly electr if iable needles.  

3 -Ni t roso-9-benzyl -2-phenyl imidazo[1 ,2-a]benz imidazole  (IX). This was obtained in the same way as 
3 -n i t roso- Ia  [6] as shiny, da rk -g reen  plates.  Trea tment  of IX with concentra ted HC1 gave a red hydrochlo-  
r ide of IX with mp 194-195 ~ Found %: N 14.5. C22HIsN40 �9 HC1. Calculated %: N 14.4. 
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2- Imino - l -benzy l -3 -ox iminophenacy lbenz imidazo l ine .  The hydrochlor ide  of IX was readi ly  hydrolyzed 
with m o i s t  a i r  to 2 - imino - l -benzy l -3 -hydrox iminophenacy lbenz imidazo l ine  hydrochlor ide  [6] as co lo r l e s s  
p r i s m s  with m p  199-200 ~ (from alcohol).  Found%: N 13.6. C22H18N402 �9 HC1. Calcu la ted%:  N 13.8. The 
c r y s t a l  hydra te  of the base  was i so la ted  by means  of ammonia  f rom the hydrochlor ide  as pa le-yel low plates  
with m p  117.5 ~ (from alcohol).  Found %: C 70.0; H 5.1. C22HIsN402  " t~2H20. Calcula ted %: C 69.6; H 5.1. 
The compound was uns table  and was conver ted  to IX during drying.  

3 -Amino-9 -benzy l -2 -pheny l imidazo[1 ,2 -a ]benz imidazo le  (IIb). This  was obtained in the s ame  way as 
IId with the d i f fe rence  that  the prec ip i ta te  (ZnSQ) resul t ing  a f te r  acidif ication of the acet ic  acid solution 
with concen t ra ted  H 2 S O  4 w a s  immed ia t e ly  f i l tered;  the amine sulfate  gradual ly  c rys t a l l i zed  out f rom the 
m o t h e r  l iquor  and was f i l t e red  a f te r  1 h. The p ic ra t e  of Jib was obtained by the addition of an alcohol ic  so lu -  
tion of p ic r i c  acid to an aqueous alcohol suspens ion of the sulfate  and heat ing the mix tu re .  

The f r ee  amine was obtained by the action of sodium aceta te  on a suspension of the sulfate  in water ,  
but it changed rap id ly .  The action of alcoholic HC1 conver ted  it to hydrochlor ide  of Hb as snow-white,  s i lky 
needles .  

The 3-acetarn ido der iva t ive  (X) was obtained as silky, shiny needles  by b r i e f  refluxing of Hb with 
acet ic  anhydride.  

3 -Amino-2 ,9 -d imethy l imidazo[1 ,2 -a ]benz imidazo le  (IIe). The reduct ion of 3 -n i t ro - I e  was c a r r i e d  out 
with s tannous chlor ide  in alcoholic HC1 via the method proposed  in [10] for  1 -n i t ro -3 -pheny l imidazo[5 ,1 -b ] -  
benzothiazole  to give 61.6% of snow-white sca les  which darkened slightly during drying and had mp 192o5 ~ 
(from benzene) .  Found %: N 27.8. CllH12N 4. Calcula ted  %: N 28.0. IR spec t rum,  c m - i :  ~NH 3380, 3487; 
6NH 2 1643, VC_ N 1280, vC._~ N 2143 (see [11]). 

Refluxing IIe with dilute hydrochlor ic  acid gave the dihydrochlor ide  of He as a c ry s t a l  monohydra te ;  
the ye l lowish-whi te ,  fine needles  los t  wa t e r  at 110-120 ~ . 

3 - (p-Ni t robenzyl ideneamino)-2 ,9-d imethyl imidazo[1 ,2- -a]benzimidazole  (XI). This  was obtained in 
78.2% yield by ref luxing an alcohol solution of IIe  with p-n i t robenzaldehyde .  The product  was d a r k - o r a n g e  
need les .  An ident ical  subs tance  was fo rmed  by refiuxing an alcohol solution of ni t r i le  IIIe with p - n i t r o b e n z -  
aldehyde.  

3 - (2 -Hydroxynaphthy lazo) -2 ,9 -d imethy l imidazo  [1,2-a ] benz imidazole .  The diazoninm solution, ob-  
ta ined in the usual  way f r o m  0.15 g (0.75 mmole )  of IIe,  was poured into an alkaline solution of 0.11 g (0.75 
mmole )  of fl -naphthol .  The p rec ip i t a te  was ch roma tog raphed  with a column fil led with a luminum oxide with 
c h l o r o f o r m  as  the eluant to give 0.2 g (75%) of dark  c h e r r y - r e d  needles  with mp  235-236 ~ (from alcohol). 
Found %: C 71.1; H 5.0; N 19.8. C21HITNsO. Calculated %: C 71.0; H 4.8; N 19.7. 

2 - ( ~ - C y a n o e t h y l 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  (IIIe). This  was obtained, l ike IIIa,  f rom 2.94 g (0.02 
mole)  of aceta ldehyde.  The viscous  oil obtained was ex t rac ted  with ch lo ro fo rm.  The res idue  a f t e r  e v a p o r a -  
t ion of the c h l o r o f o r m  was washed with ethyl aceta te  and r e c r y s t a l l i z e d  f rom a smal l  amount of benzene to 
give 1.6 g (40%) of snow-white ,  fine needles  with mp  139-140 ~ Found %: N 28.0, 27.9. CllH12N 4. Ca lcu -  
l a t ed% :  N 28.0. IR spec t rum:  VC~ N 2230 c m  - l .  

2 - (o l -Ca rboxye thy lamino) - l -me thy lbenz imidazo le  (IVe). Compound IIIe (0.40 g) was ref luxed for  2 h 
with 4 ml  of aqueous HC1 (1:1) .  The mix tu re  was then allowed to stand to prec ip i ta te  the hydrochlor ide  of 
IVe as 0.41 g (80%) of snow-white needles  with mp  237-238 ~ (decomp.,  f r o m  a l c o h o l - e t h e r ) .  Found %: C 
51.7; H 5.7; N 16.5; C1 13o4. CllHt3N302 �9 HC1. Calcula ted  %: C 51.7; H 5.5; N 16.4; C1 13.9. The hy d ro -  
chlor ide  was v e r y  hygroscopic  and read i ly  f o rmed  a monohyd r a t e .  

The IR s p e c t r a  of m i n e r a l  oil suspens ions  were  obtained with a UR-20 s p e c t r o m e t e r .  
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