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9- (H)Alky l -2 ,3 -d ioxo -2 ,3 -d ihyd ro imidazo [1 ,2 - a ]benz i r a idazo l e s  were  syn thes ized  by the action 
of oxalyl  ch lo r ide  on 2 - a m i n o - l ( H ) a l k y l b e n z i m i d a z o l e s  and subsequent  cyc l i za t ion  of the r e s u l t -  
ing 2 - a m i n o - l - ( H ) a l k y l - 3 - c h l o r o o x a l y l b e n z i m i d a z o l i u m  ch lo r ides  in the p r e s e n c e  of t r i e t hy l -  
amine .  The behavior  of the synthes ized  benz imidazo les  with r e s p e c t  to the action of a lka l i s ,  
l i thium aluminum hydr ide ,  and e thy lmagnes ium bromide  was s tudied.  

In o r d e r  to obtain the p rev ious ly  undescr ibed  2,3-dioxo de r iva t ives  of imidazo[1 ,2 -a ]benz imidazo le ,  we 
subjec ted  1 - m e t h y l - 2 - o x a l y l a m i n o b e n z i m i d a z o l e  (I) and 1 - a l k y l - 2 - m e t h o x a l y l b e n z i m i d a z o l e s  (II) to cyc l i za t ion .  
At tempts  to eye l i ze  i by the act ion of va r ious  reagen ts  (acetic  anhydr ide ,  PCI3, POCI3, etc.) did not give pos i t ive  
r e s u l t s .  When 2 -me thoxa ly l amino  de r iva t i ve s  II a r e  heated to 240-250~ they spl i t  out an alcohol molecule  and 
a re  conver ted  to 9 - a l k y l - 2 , 3 - d i o x o - 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e s  (IV). However,  the y ie lds  of these  
compounds do not exceed 27% because  of pronounced r e s in i f i e a t i on  of the r eac t ion  mix ture .  

As in the ease  of monobasic  acid ch lo r ides  [1], the r ing  ni t rogen atom undergoes  a t tack during the r e a c -  
tion 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 s  with oxalyl  ch lo r ide  in acetone or dioxane in the cold to give 2 - a m i n o - 3 -  
e h l o r o o x a l y l - l - a l k y l b e n z i m i d a z o l i u m  ehIor ides  (ilI) in a lmos t  quant i ta t ive  y ie lds .  The absorp t ion  bands of two 
ea rbony l  groups show up at 1726-1753 and 1782-1812 cm -1 in the IN s p e c t r a  of m i n e r a l  oil  suspens ions  of 
ch lo r ides  III; the absorp t ion  band of an amino group is observed  at 3230-3495 cm -1. 
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When ch lo r ides  III a r e  re f luxed in dioxane in the p r e s e n c e  of t r i e thy lamine  or methy lmorphol ine  for 2 h, 
an imidazol ine  r ing  is formed to give 2 ,3-dioxo de r iva t ives  of imidazo[1 ,2 -a ]benz imidazo les  (IV). 

The I~ s p e c t r a  of IV contain two absorp t ion  bands of C =O groups at 1694-1705 and 1748-1767 cm -1. 
Since the o r d e r  of the C =O bond in the 3 pos i t ion  (1.884) is higher than in the 2 posi t ion (1.841), the band in the 
h ighe r - f r equency  reg ion  can be ass igned  to the v c(a) = O v ib ra t ions ,  and the absorp t ion  at lower f requency can 
be ass igned to the VC(2) O v ib ra t ions .  
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TAB LE 1. 2-A mino-l(H) alkyl-3-c hlorooxalylbenzimidazolium 
Chlorides (III and V) 

Corn - 
pound 

V 
I I l a  
IIIb 
I I Ic  
IIId 

H 
CHa 
C2Hs 
CH2C6Hs 
CH2CHaN(C2Hs)2 

mp, ~ 

225--227 (dec.) 
191--192 (dec.) 

160 (dec.) 
t54 (dec.) 
156 (dec.) 

Empirical Fcur 
formula ] Cl 

C~HrCI2NaO2 27,7 
C,ottgCI2NaO~ 26,1 
C.HnC1.,NaO2 I 24,9 
C.~H!aCI.,NaO-2 o0 7 
CisH20Cl2N4Oe 20',1 

d,% 

N 

16.0 
15,1 
14.4 
12.0 
15,3 

Calc., % 

27,3 16,1 
25,9115,3 
24,6 I 14,5 
20.3 12.0 
19,8 15.6 

d 

99 
56 
65 
78 
82 

N H - U n s u b s t i t u t e d  2 , 3 - d i o x o - 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  (VI), for  which the  fo l lowing t a u t o -  
m e r i c  f o r m s  a r e  p o s s i b l e ,  was  ob ta ined  by the  a c t i o n  of oxa ly l  c h l o r i d e  on 2 - a m i n o b e n z i m i d a z o l e  in the  p r e s -  
ence  of t r i e t h y l a m i n e :  

N N O N 0 

It It 

Yl  A Vl B Yl C 

To a s c e r t a i n  the  s t r u c t u r e  of th i s  compound  we r e c o r d e d  the IR s p e c t r a  of VI, We ,  and 1 - b e n z y l - 2 , 3 -  
d i o x o - 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  (VII); the  l a t t e r  was ob ta ined  by r e a c t i o n  of e q u i m o l a r  amoun t s  
of 2 - b e n z y l a m i n o b e n z i m i d a z o l e  with oxa ly l  c h l o r i d e  in the  p r e s e n c e  of t r i e t h y l a m i n e .  

The  Itl s p e c t r a  of IVc and VII,  in which t a u t o m e r i s m  is i m p o s s i b l e ,  con ta in  two bands  at  1705 and 1758 
(Wc) and at  1764 and 1799 c m  -1 (VII). Bands  at  1690 and 3329 c m  -1, which can  be a s s i g n e d  to the  s t r e t c h i n g  
v i b r a t i o n s  of the  C =O and OH g r o u p s ,  r e s p e c t i v e l y ,  a r e  o b s e r v e d  in the s p e c t r u m  of Vi.  It can  t h e r e f o r e  be 
a s s u m e d  tha t  2 , 3 - d i o x o - 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  e x i s t s  in the  c r y s t a l l i n e  s t a t e  in the  fo rm of 
enol  ( l ac t im)  f o r m  VIC. 

I m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  2 , 3 - d i o x o  d e r i v a t i v e s  IV a r e  r e l a t i v e l y  r e s i s t a n t  to the  ac t ion  of a c i d s  and 
a l k a l i s  in the  co ld ,  but  when IVa is  r e f l u x e d  with  20% s o d i u m  hyd rox ide  so lu t ion ,  i t s  i m i d a z o l i n e  r i ng  is c l e a v e d .  
1 - M e t h y l - 2 - o x a l o a m i n o b e n z i m i d a z o l e  (I) was  i s o l a t e d  a f t e r  a c i d i f i c a t i o n  of the  so lu t ion  to pH 3-4 .  When IVa,c 
a r e  t r e a t e d  with l i t h ium a l u m i n u m  h y d r i d e  in e t h e r ,  both  c a r b o n y l  g roups  unde rgo  r e d u c t i o n  to g ive  9 - a l k y l - 2 , 3 -  
d i h y d r o x y - 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e s  (VIII). The  r e a c t i o n  of IVc with e t h y l m a g n e s i u m  b r o m i d e  
in t e t r a h y d r o f u r a n  (THF) l e a d s  to  9 - b e n z y l - 2 , 3 - d i h y d r o x y - 2 , 3 - d i e t h y l - 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  
(ix). 

H C2H 5 
,d~.__ N----k-o. LdA,, , c~.~M~., , .~N- - - - ,C"  o. ~ ~"~- -N c~.~c=o 

. ' - .  --Oil 

I H I c2n5 I 
R CH2C6H5 GH2C6H5 

Ylll IX 

TABLE 2. 2 - M e t h o x a l y l a m i n o - l - R - b e n z i m i d a z o l e s  (II) and 2 ,3 -  
D i o x o - 9 - R - 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e s  (IV and VI) 

o e~ 
E 
o 
k) 

IIa 

IIk 

IIc 

VI 

IVa 
IVb 

IVc 

IVd 

CHs 

C2H5 

CHaC6Hs 

H 

CHa 
C2Hs 

CH2C6Hs 

CH2CH2N (C2Hs)2 

l 
I Found, % Calc. ,  % Yield,% 

I m p , ' C ( c r y s t a l -  Empirical 1. ] , - -  
I lizationsolvent) formula I I [ ~ 

193 (dec.,  aque- CIIHuNaOa 56,3 4,4 18,1 56,6 4,7 18,0 96 75 

ou~ aloohol, C,=H,3~O~ 78,1/52/173/S83 ~3/1701 90 8O 218 (dec.,  aqueG 
ous alcohol) 

l~3-19~deo..a~, alcohol> ! ~,~,~N~O~ /6~8[~5/I3q660 4,  / 1~6 / ~ 70 

295 (alcohol) CmHTNsOe /59,8 3,6/21,0/29,713.5/20,9/ 90 25 

alcohol) / L " / / .~coho1,'72-173 , ~,o~,,N30~ V"..14'1t1~'0 69.~1~.0/..1~,1 66 '~0 
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W h e r e a s  d i h y d r o x y  d e r i v a t i v e s  VIII  a r e  qu i te  s t a b l e  compound_s, d i h y d r o x y  d e r i v a t i v e  IX is d e c o m p o s e d  to 
2 - a m i n o - l - b e n z y l  b e n z i m i d a z o l e  and d i p r o p i o n y l  (3 ,4 -hexaned ione )  when it is hea ted  in d ioxane  or  o the r  s o l -  
v e n t s ;  the  f o r m a t i o n  of d i p r o p i o n y l  was c o n f i r m e d  by i ts  c o n v e r s i o n  to d i e t h y l g l y o x i m e  [2]. 

E X P E R I M E N T A l ,  

The  IR s p e c t r a  of m i n e r a l  o i l  s u s p e n s i o n s  of the  compounds  w e r e  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  
Q u a n t u m - c h e m i c a l  c a l c u l a t i o n s  w e r e  c a r r i e d  out by the  Hiickel  M e  method with the P u l l m a n  p a r a m e t e r s  [3]. 
The  m o l e c u l a r  weight  of IVa was d e t e r m i n e d  c r y o s c o p i c a l l y  in n i t r o b e n z e n e .  

2 - A m i n o - l - a l k y l - 3 - c h l o r o o x a l y l b e n z i m i d a z o l i u m  C h l o r i d e s  (III). A s u s p e n s i o n  of 2 m m o l e  of 2 - a m i n o - 1 -  
a l k y l b e n z i m i d a z o l e  in 20 ml  of a b s o l u t e  a c e t o n e  was  added  in p o r t i o n s  to a so lu t ion  of 0.51 g (4 mmole )  of oxa ly l  
c h l o r i d e  in 10 ml  of a ce tone  at 15-20 ~ A f t e r  1 h, the  r e s u l t i n g  p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t i o n  and washed  
wi th  ace tone  and e t h e r  ( see  T a b l e  1). 

2 - A m i n o - l H - 2 - c h l o r o o x a l y l b e n z i m i d a z o l i u m  C h l o r i d e  (V). Th i s  compound  was  ob ta ined  by the method  
d e s c r i b e d  above  by t r e a t m e n t  of 2 - a m i n o b e n z i m i d a z o i e  wi th  an e q u i m o l a r  amount  of o x a l y l  c h l o r i d e .  

2 - M e t h o x a l 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  (IIa).  A) A so lu t ion  of 1.47 g (0.01 mole)  of 2 - 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  in 3.7 g (31 mmole )  of d i m e t h y l  oxa l a t e  was  r e f l u x e d  for  5 h, a f t e r  which  it was coo led  and t r i -  
t u r a t e d  with e t h e r .  The  so l id  m a t e r i a l  was r e m o v e d  by f i l t r a t i o n ,  and the p r e c e d i n g  o p e r a t i o n  was  r e p e a t e d  
t h r e e  t i m e s .  The  p roduc t  was washed  with e t h e r  and d r i e d  at 100 ~ to g ive  2.2 g of IIa.  1tt s p e c t r u m ,  c m - l :  
1660, 1710 (C=O) ,  3310 (NH). 

B) A m i x t u r e  of 1.47 g (0.01 mole)  of 2 - 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  and 1.18 g (0.01 mole)  of d i m e t h y l  
o x a l a t e  in 25 ml  of g l a c i a l  ace t i c  ac id  was r e f l u x e d  for  3 h, a f t e r  which  the p r e c i p i t a t e  was r e m o v e d  by f i l t r a -  
t ion and washed  s u c c e s s i v e l y  with a c e t i c  ac id  and i ce  w a t e r  to g ive  1.7 g of IIa.  

2 - M e t h o x a l y l a m i n o - l - e t h y l b e n z i m i d a z o I e  (IIb) and l - B e n z y l - 2 - m e t h o x a l y l a m i n o b e n z i m i d a z o l e  (IIc) .  T h e s e  
compounds  w e r e  ob ta ined  by m e t h o d s  A and B above .  

2,3-Dioxo-9-methyl-2,3-dihydroimidazo[1,2-a]benzimidazole (Yv'a). A) A so Iu t ion  of 1.47 g (10 mmole )  of 
2 - 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  in 50 ml of a b s o l u t e  d ioxane  was added in the c o u r s e  of 25 rain to a so lu t i on  of 
1.9 g (15 mmole )  of o x a l y l  c h l o r i d e  in 25 ml  of d ioxane  at 15-20 ~ A f t e r  1 h, the  m i x t u r e  was hea ted  to 60-70 ~ 
a so lu t ion  of 6 . I  g (30 mmole )  of d r y  t r i e t h y l a m i n e  in 10 ml of d ioxane  was added ,  and the m i x t u r e  was r e f l u x e d  
for  30 min.  The  t r i e t h y l a m i n e  h y d r o c h l o r i d e  was  r e m o v e d  f r o m  the  hot so lu t i on  by f i l t r a t i o n ,  and the f i l t r a t e  
was a l lowed to s tand  at  r o o m  t e m p e r a t u r e  for  10-12 h. The  r e s u l t i n g  p r e c i p i t a t e  was r e m o v e d  by f i l t r a t i o n ,  
washed  with d ioxane  and hot w a t e r ,  and d r i e d  to g ive  1.8 g of W a .  Found :  M 207. C a l c u l a t e d :  M 201. IR 
s p e c t r u m ,  c m  -1:  1694, 1748 (C =O) .  

B) A 0 . 9 3 - g  (2 mmole )  s a m p l e  of 2 - m e t h o x a l 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  (IIa) was heated at  240-250 ~ 
for  8 h, a f t e r  which  the m e l t  was d i s s o l v e d  in c h l f o r o f o r m  and p u r i f i e d  by c h r o m a t o g r a p h y  on a l u m i n u m  oxide 
with  e lu t ion  by a c e t o n e - c h l o r o f o r m  (1 : 1) to g ive  0.2 g of IVa. 

2,3-Dioxo-2,3-dihydroimidazo[1,2-a]benzimidazole (VI). Th is  compound  was s i m i l a r l y  ob ta ined  (method 
A), excep t  that  2 - a m i n o b e n z i m i d a z o i e  was t r e a t e d  with an e q u i m o l a r  amount  of oxa ly l  c h l o r i d e .  IR s p e c t r u m ,  
c m - l :  1690 (C=O) ,  3329 (OH). 

2 , 3 - D i o x o - 9 - e t h y l - 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  (Wb). A) The  method  used  to p r e p a r e  IVa was 
used  to ob ta in  th i s  compound  f rom 2 - a m i n o - l - e t h y l b e n z i m i d a z o l e ,  but the  r e a c t i o n  p r o d u c t  was i s o l a t e d  f rom 
the r e a c t i o n  so lu t ion  by the addi t ion  of w a t e r .  IR s p e c t r u m ,  c m - t :  1700, 1760 (C -= O). 

B) A 0 .86 -g  (3 mmole )  s a m p l e  of 2 - m e t h o x y a I y l a m i n o - l - e t h y l b e n z i m i d a z o l e  (IIb) was  hea ted  at 180-200 ~ 
for  5 h, a f t e r  which the me l t  was t r i t u r a t e d  with e t h e r  and p u r i f i e d  on a l u m i n u m  oxide (e lut ion with c h l o r o f o r m )  
to g ive  0.2 g of IVb. 

2,3-Dioxo-9-benzyl-2,3-dihydroimidazo[1,2-a]benzimidazole (We) .  A) The  method  used  to p r e p a r e  Wb 
was used  to ob ta in  th i s  compound ,  excep t  that  the  r e a c t i o n  p r o d u c t  was p i : ec ip i t a t ed  f r o m  the f i l t r a t e  by the 
add i t ion  o f h e x a n e .  [R s p e c t r u m ,  c t n - l :  1705, 1758 (C=O) .  

B) Th i s  compound  was ob ta ined  f rom IIc by the method used  to p r e p a r e  IVb. 

2,3-Dioxo-9-diethylaminoethyl-2,3-dihydroimidazo[1,2-albenzimidazole (IVd).. Th is  compound  was ob-  
t a i ned  by the method  used  to s y n t h e s i z e  IVc (method  A). IR s p e c t r u m ,  c m - l :  1703, 1767 (C=O) .  

The  p r o p e r t i e s  of II, W,  and VI a r e  p r e s e n t e d  in T a b l e  2. 
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1 - B e n z y l - 2 , 3 - d i o x o - 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  (VII). A solut ion of 0.67 g (3 mmole) of 2- 
benzy laminobenz imidazo le  [4] in 50 ml of dioxane was added to a solut ion of 0.57 g (4.5 mmole) of oxalyl  
ch lo r ide  in 25 ml of dioxane p rev ious ly  cooled to 10-15 ~ and the m i x t u r e  was al lowed to stand at room t e m p e r a -  
tu re  for  i h. It was then heated to 60-70 ~ and t r e a t e d  with 0.91 g (9 mmole)  of t r i e thy l amine ,  a f te r  which the 
mix ture  was ref luxed for  10 h. It was then cooled,  and the p rec ip i t a t ed  t r i e t hy l amine  hydroch lor ide  was r e -  
moved by f i l t ra t ion .  The solvent  was r emoved  from the f i l t r a t e  by vacuum d i s t i l l a t ion ,  and the oi ly r e s i due  was 
t r i t u r a t e d  with hexane to give 0.48 g (58%) of pa l e -ye l low c r y s t a l s  with mp 110 ~ (from octane).  IR spec t rum,  
c m - l :  1764, 1799 (C=O).  Found: C 69.1; H 4.2; N 15.5%. C16HllN302. Calcu la ted :  C 69.3; H 4.0; N 15.1%. 

2 , 3 - D i h y d r o x y - 9 - m e t h y l - 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  (VIIIa). A suspension of 1.0 g (5 mmole) 
of IVa in 50 ml of e ther  was added to a solut ion of 0.5 g (0.01 mole) of l i thium aluminum hydride in 50 ml of 
absolute  e ther ,  and the mix tu re  was ref luxed for 4 h. It was then cooled and t r ea t ed  with 4-5 ml of water ,  and 
the e ther  l aye r  was s epa ra t ed .  Compound VIIIa was ex t rac ted  f rom the aqueous l aye r  with ch lo ro fo rm.  The 
c h l o r o f o r m  ex t r ac t  was dr ied  with magnes ium sulfa te ,  the solvent was removed  by d i s t i l l a t ion ,  and the r e s idue  
was c r y s t a l l i z e d  f rom alcohol  to give 0.6 g (60%) of c o l o r l e s s  needles  with mp 235-236 ~ IR spec t rum,  c m - l :  
3130-3490 (OH). Found: C 58.1; H 5.7; N 20.2%. C10HllN302. Calcu la ted :  C 58.5; H 5.4; N 20.5~. 

9 - B e n z y l - 2 , 3 - d i h y d r o x y - 2 , 3 - d i h y d r o i m i d a z o [ l ~ 2 - a ] b e n z i m i d a z o l e  (VIIIb}. This compound was s i m i l a r l y  
obtained in 70% yie ld  as c o l o r l e s s  c r y s t a l s  with mp 184 ~ (from alcohol).  I~ spec t rum,  cm -1: 3100-3370 (OH). 

Found: C 68.6; H 5.2; N 14.5%. CtsHlsN302. Calcu la ted :  C 68.3; H 5.4; N 14.9%. 

9 -Benzy l -2~3 -d ihyd roxy -2 ,3 -d i e thy l -2 ,3 -d ihyd ro imidazo [1 ,2 - a ]benz imidazo l e  (IX). A solution of 0.83 g 
(3 mmole) of IVc in 10 ml of t e t r ahydro fu ran  (THF) was added with s t i r r i n g  in the cour se  of 15 rain to e thyl-  
magnes ium b romide  obtained from 0.18 g (7 g-a tom) of magnes ium and 1.4 g (7 mmole) of ethyl b romide  in 8 
ml of e ther ,  and the mix tu re  was ref luxed for 1 h. It was then cooled and t r ea ted  with 2 ml of water  and 2 ml 
of s a tu ra t ed  ammonium ch lo r ide  solution~ The l aye r s  were  s epa ra t ed ,  and the organic l aye r  was dr ied  with 
magnes ium sulfa te  and vacuum d i s t i l l ed ,  and the oily r e s idue  was ref luxed with hexane. The insoluble m a t e r i a l  
was r emoved  by f i l t r a t ion  to give 0.8 g (52%) of c o l o r l e s s  c r y s t a l s  with mp 112 ~ (from c h l o r o f o r m - p e t r o l e u m  
ether) .  IR spec t rum,  c m - l :  3300-3380 (OH). Found: C 70.9; H 6.5; N 12.3,~. C20H23N302. Calcula ted:  C 71.2: 
H 6.9; N 12.5%. 

1-Methy l -2 -oxa loaminobenz imidazo l e  (I). A) A solution of 0.5 g (3 mmole) of 2 - a m i n o - l - m e t h y l b e n z i m i d -  
azole  and 0.27 g (3 mmole) of oxalic acid in 15 mI of alcohol  was refluxed for 3 h, af ter  which it was cooled,  and 
the r e su l t ing  p r ec ip i t a t e  was r emoved  by f i l t ra t ion  and washed with alcohol and e ther  to give 0.5 g (68%) of a 
product  with mp 205 ~ (dec., f rom alcohol).  Found: C 54.4; H 4.0: N 19.5%. C~0H9N303. Calcula ted:  C 54.8: 
H 4.1; N 19.2%. 

B) A 0.4-g  (2 mmole) sample  of IVa was ref luxed for 10 rain with 5 ml of 20% sodium hydroixde solution,  
a f te r  which the mix ture  was acidif ied with 10% hydrochlor ic  acid to give 0.3 g (72%) of a subs tance  with mp 
205 ~ (dec.). No mel t ing point dep re s s ion  was observed  for a mix ture  of this  product  with a sample  obtained b3 
method A. 
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