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The cor responding  2 - (2 - fu ry l ) -  and 2 - [ 8 -  (2-furyl)vinyl] imidazo[4,5-b]phenazines were  ob- 
tained by the condensation of 2 ,3-diaminophenazine with fur fura l  and 2- fury lacro le in  and 
with the i r  5 -b romo  and 5-n i t ro  de r iva t ives .  The phenazines  we re  also synthes ized by the 
reac t ion  of 2-methyl imidazo[4 ,5-b]phenazine  with furfura l  and 5-brorno-  and 5-n i t ro fur fura l .  
The alkylation, acetylat ion,  and ni t ra t ion of the compounds obtained, as well  as r ep l acemen t  
of the halogen in the furan r ing by a n i t ro  group, w e r e  studied.  

Continuing our invest igat ion of 2-subst i tu ted  imidazole  s y s t e m s  containing a furan r ing [1-4], we set  
out to synthes ize  2-  (2-furyl) imidazo [4,5-b]phenazines (I) and 2-  ~ - (2-furyl)vinyl] imidazo [4,5-b]phenazines 
(iI). It  s e emed  of in te res t  to a sce r t a in  the conditions for  thei r  format ion  and to es tab l i sh  the effect  of the 
phenazine s y s t e m  in these  compounds on the reac t iv i t i e s  of the imidazole  and furan r ings .  

Compounds I and II we re  obtained by the react ion  of 2 ,3-diaminophenazine with the appropr ia te  a lde-  
hydes of the furan s e r i e s .  

~ C ~ .  C/f.. ~ " I 

H H 

I I I  I I  

l a  X=EI; Ib X~Br;  IC "X~N02; II a X = f l ;  l i b  X=Br;  I I c  X.=NO 2 

The condensat ion of 2 ,3-diaminophenazine  with furfura l ,  2 - fu ry lac ro le in ,  and the i r  5 -b romo and 5- 
n i t ro  de r iva t ives  was c a r r i e d  out under  the conditions of the Weidenhagen reac t ion  [2,5], and also by heating 
in d ime thy l fo rmamide  in the p r e s e n c e  of p iper id ine .  Compounds IIa and IIb were  a l te rna t ive ly  synthesized 
by the reac t ion  of 2-methyl imidazo[4 ,5-b]phenazine  with fur fura l  and 5 -b romofur fu ra l ,  r e spec t ive ly ,  by the 
method desc r ibed  in [2]. 

The fury l imidazophenazines  that we obtained are  s table ,  h igh-mel t ing  compounds that have s t rong 
luminescence  on i r rad ia t ion  with UV light.  Some of the i r  t r ans fo rma t ions  occur  different ly  f rom the t r a n s -  
fo rmat ions  of fury lbenzimidazoles  [1-4]. The methylat ion of Ia  and IIb with methyl  iodide in alcoholic a l -  
kal i  p roceeds  at the imidazole  r ing and r e s u l t s  in the format ion  of the cor responding  1 -methy l - subs t i tu t ed  
compounds (Id and IId). However ,  quaternizat ion at the ni t rogen a tom of the phenazine ring to fo rm m e t h -  
iodides occurs  as a r e su l t  of the action on Ia and IIb of d imethyl  sulfate  in n i t robenzene  or d ime thy l fo rm-  
amide with subsequent  t r ea tmen t  of the react ion  mix ture  with sa tu ra ted  po tass ium iodide solution. The 
s t r u c t u r e s  of these  methiodides  of Ia  and IIb were  proved by a l te rnat ive  synthes is  and were  conf i rmed by 
compar i son  of the UV s p e c t r a  with the UV spec t r a  of the methiodides  of Id and IId. 
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j ~ . , ~ N  H 2 ' N 

CH 3 CH 3 
IV 

l ~ e ~ i o d i d ~ "  l a n = O ,  X=H; l lb  n=L X=Br 

It is known that compounds that contain a furan ring direct ly  bonded to a vinyl grouping readi ly under-  
go electrophil ic substitution at the f ree  ~ position of the furan ring [3,4,6-8]. Compound IIa proved to be 
an exception to this principle.  It is not acetylated by acetic anhydride and is not ni t rated by a mixture of 
ni t r ic  acid and acetic anhydride in the ~ position of the furan r ing.  In the lat ter  case,  a mononitro product 
containing a ni tro group in the phenazine ring (iIe) is formed when the nitration is ca r r i ed  out by the method 
in [3]. 

In [3,9], it was found that a halogen atom in the furan ring of 2-(5-halo-2-furyl )benzimidazoles  is 
readi ly  replaced by a ni tro group by the action of metal  n i t r i tes  in glacial  acetic acid. Under these condi-  
tions, IIb also smoothly exchanges a bromine atom for a ni t ro  group to form IIf, which is the acetate of the 
N,N'-dioxide of Tic: 

O 
t 

C 
~ ~ " + r 1 6 2  

H f  

The proper t ies  of the compounds obtained are presented in Table 1. 

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

2-Methylimidazo[4,5-b]phenazine (iII). A mixture of 10.5 g (0.05 mole) of 2,3-diaminophenazine and 
300 ml of glacial  acetic acid was refluxed for 12 h and cooled. The da rk - r ed  solution was neutral ized with 
10% sodium hydroxide solution to pH 7. The precipi tate  was removed by fi l tration and crys ta l l ized  from 
methanol or ethanol to give 4.8 g (41%) of golden-brown c rys ta l s  with mp g rea te r  than 400 ~ Found: C 71.9; 
H 4.4; N 23.7%. CI4HIoN 4. Calculated: C 71.8; H 4.6; N 23.9%. 

Methiodide of 2,3-Diaminophenazine (IV). A mixture of 1 g (0.005 mole) of 2,3-diaminophenazine, 
4.24 ml  of dimethyl sulfate, and 20 ml of dimethylformamide was heated at 100 ~ for 10 rain. The mixture 
was cooled, and 15 ml of water  was added. The precipitate was removed by filtration and t rea ted  with 10 
ml of sa turated potassium iodide solution. Crystal l izat ion f rom dimethylformamide gave dark-violet  c r y s -  
tals with mp grea te r  than 400 ~ Found: N 12.9%. CIsHI3IN40. Calculated: N 13.1%. 

2-(2-Furyl) imidazo[4,5-b]phenazine (Ia). A) A mixture of 2.10 g (0.01 mole) of 2,3-diaminophenazine, 
1.15 g (0.012 mole) of furfural ,  40 ml  of dimethylformamide,  and 2 to 3 drops of piperidine was refluxed for 
1 h and allowed to stand overnight.  The precipitate was removed by filtration, washed with d imethyl form-  
amide, and rec rys ta l l i zed  from ethanol. 

Compounds Ic and IIa,c,d were  s imi la r ly  obtained, and the methiodides of Ia and IIb were obtained by 
al ternat ive synthesis .  

B) A solution of 4 g (0.02 mole) of cupric acetate in 50 ml of water  was added to a solution of 2.1 g 
(0.01 mole) of 2,3-diaminophenazine in 400 ml of ethanol, 1.44 g (0.015 mole) of furfural  in 15 ml of ethanol 
was ~tdded, and the mixture was refluxed for 2 h and allowed to stand overnight.  The precipitate of the cop-  
per  salt  of the react ion product  was removed by fil tration and suspended in 50 ml of 60% ethanol. A strong 
jet  of hydrogen sulfide was bubbled into the suspension for 2 h. The excess hydrogen sulfide was removed 
by heating, the precipitate of cupric sulfide was removed by filtration, and the fi l trate was evaporated to 
half its volume and diluted with water .  The c rys ta l s  of Ia were  removed by fil tration. 

Compounds Ib and IIb were s imi lar ly  obtained. 

1-Methyl-2-(2-furyl) - imtdazo[4,5-b]phenazine ([d). A 0.28 g (0.001 mole) sample of Ia was dissolved 
in 50 ml of ethanol, and a solution of 0,11 g (0.001 mole) of potassium hydroxide in 5 ml of ethanol and 0.28 
g (0.002 mole) of methyl iodide were added. The mixture was refluxed for  3 h, and the potassium iodide 
was removed by filtration. The fil trate was cooled to 10 ~ the precipitate was separated,  and Id was c r y s -  
tallized from alcohol. 

Compound IId was s imi lar ly  obtained by methylation of IIa~ 
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The methiodides  of Id and IId were  obtained by refluxing benzene solutions of these  compounds with a 
twofold excess  of methy l  iodide.  

The UV s p e c t r a  of methanol  solutions were  r eco rded  w i t h a n S F - 4 a  spec t ropho tomete r .  
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