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The N-oxides  and N,N' -d ioxides  of methyl  de r iva t ives  of imidazo[4,5-b]quinoxaline and 
imidazo[4 ,5-b]pyraz ine  were  synthes ized.  The higher  r eac t iv i ty  of the 2 -methy l  group 
in the N-oxides  of 2-methyl imidazo[4,5-b]quinoxal ine  as c o m p a r e d  with the c o r r e s p o n d -  
ing unoxidized de r iva t ives  was demons t ra t ed .  

In a n u m b e r  of c a s e s ,  the oxidation of the ni t rogen a tom in N-he te rocyc l i c  compounds leads to the ap-  
pea rance  of biological  act ivi ty that  is  absent  in some unoxidized b a s e s .  Thus the high ant ibac ter ia l  act ivi ty  
of the N-oxides  of 2 - m e t h y l -  and 2,3-dimethylquinoxal ines and the cor responding  hydroxymethyl  de r iva t ives  
has been obse rved  [1,2]. In the p re sen t  paper  we desc r ibe  the synthes is  of the N-oxides  of methyl  d e r i v a -  
t ives  of imidazo[4,5-b]quinoxaline and imidazo[4 ,5-b]pyraz ine .  The N-oxides  of these  he te rocyc l ic  s y s t e m s  
have been unknown up until now. 

A mix tu re  of N-oxides and N,N' -d ioxides  of 2-methyl imidazo[4,5-b]quinoxal ine (II and III), with p r e -  
dominance of the f o r m e r ,  is fo rmed  in the oxidation of 1 -ace ty l -2-methyl imidazo[4 ,5-b]quinoxal ine  (I) with 
hydrogen peroxide in acet ic  acid (without heating).  When the reac t ion  is  c a r r i e d  out at 60-65~ with a so lu-  
tion of pe race t i c  acid in acet ic  acid as the oxidizing agent, the reac t ion  is  shifted to favor  the fo rmat ion  of 
the N,N' -d ioxide .  Moreove r ,  deacetylat ion of N l occurs  in both c a s e s .  The s t r u c t u r e s  of II and III were  
proved  by c leavage  Of the imidazole  ring bY heating in dilute m i n e r a l  acids) and isolat ion of 3 - a m i n o - 2 -  
hydroxyquinoxaline 4-oxide ffV) and 2-amino-3-hydroxyquinoxal ine  1,4-dioxide (V). Thus it was demon-  
s t r a t ed  that,  jus t  as in pur ine  der iva t ives ,  the n i t rogens  of the a roma t i c  diazine ring in imidazo[4 ,5-b] -  
quinoxaline a re  oxidized m o r e  read i ly  than the n i t rogen of the imidazole  r ing.  
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A mix tu re  of the N-oxide and N,N'-dioxide in a ra t io  of 2.7 : 1 is  fo rmed  in the oxidation of 2 -me thy l -  
imidazo[4 ,5-b]pyraz ine  (Via) with pe race t i c  acid solution. The oxidation of 5 ,6-d imethyl imidazo[4 ,5-b] -  
pyraz ine  (VIb) under  the same  conditions gives p r i m a r i l y  the N,N'-dioxide  of VIb; the cor responding  N- 
oxide is  i so la ted  in the pure  s ta te  only when VIb is  oxidized with hydrogen peroxide  in acet ic  acid.  
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The N-oxide  and N,N'--dioxide of imidazo[4 ,5-b]pyraz ine  can apparent ly  be ass igned the VII and VIII 
s t r u c t u r e s  in analogy with the N-oxides  of 2-methyl imidazo[4,5-b]quinoxal ine  desc r ibed  above.  

In con t r a s t  to 5 ,6 -d imethy l imidazo[4 ,5-b]pyraz ine  (VIb), its Nl-benzoyl  der iva t ive  {IX) is oxidized by 
pe race t i c  acid only to the N-oxide  (3:). 

The NH group in the imidazo[4,5-b]quinoxal ine and imidazo[4 ,5-b]pyraz ine  N-oxides  obtained has 
m o r e  acidic p r o p e r t i e s  than in the cor responding  unoxidized ba se s .  Thus VIHa, VIIIb, and III  a r e  soluble 
in aqueous solut ions of sodium b icarbona te  (with CO 2 l iberat ion) ,  while Via, VIb, and 2 -me thy l im ida zo -  
[4,5-b]quinoxaline a re  soluble only in a lka l i s .  

In a study of the r eac t iv i ty  of the methyl  group in N-oxides  II and III, it was shown that II and III con-  
dense with a roma t i c  aldehydes (par t icular ly  with benzaldehyde) in the p r e sence  of piper idine to give s ty ry l s  
XI and XII, and it was es tab l i shed  that the condensation of aldehydes with II o r  III p roceeds  under  m i ld e r  
conditions than with the cor responding  unoxidized base  {i). N-Oxide and N,N'-dioxide XI and XII were  also 
obtained by N-oxidat ion of s ty ry l  XIII.  The oxidation of the methyl  group in N-oxide II with se len ium di-  
oxide also p roceeds  m o r e  r ead i ly  than with I .  However ,  in both c a s e s ,  the cor responding  carbonyl  d e r i v a -  
t ives  we re  not obtained,  but unsubst i tuted imidazo[4,5-b]quinoxaline (XIV) or  its N-oxide {XV) was isolated.  
The r e su l t s  a re  evidence that  the methyl  group in I and II  is  oxidized to the read i ly  c leaved  carboxyl  group.  
The ease  of decarboxyla t ion  of imidazo[4 ,5-b]quinoxa l ine-2-carboxyl ic  acid and i ts  N-oxide is also con-  
f i rmed  by the fo rmat ion  of XIV and XV during the oxidation of s t y ry l s  XlII or  XI with po ta s s ium p e r m a n g a n -  
ate:  
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The s ta r t ing  imidazo[4,5-b]quinoxal ines  and imidazo[4 ,5-b]pyraz ines  were  synthes ized p r i m a r i l y  by 
known methods [3-5]. 2 -Methyl imidazo  [4,5-b]quinoxaline was obtained by deacetylat ion of I or  by conden-  
sat ion of 2 ,3-diaminoquinoxal ine with ace tamide .  

It  was shown that  2 ,3-diaminoquinoxal ine condenses  with d ime thy l fo rmamide  to give XIV. 

The N-ox ides  and N,N'-dioxides of imidazo  [4,5-b]quinoxalines and imidazo [4 ,5-b]pyrazines  did not 
d isplay  apprec iab le  an t ibac te r ia l  act ivi ty .  

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

2-Methyl imidazo[4,5-b]quinoxal ine 4-Oxide (II). A mix tu re  of 100 ml  of acet ic  acid, 22 ml  of 30~ 
hydrogen peroxide ,  and 44 ml  of acet ic  anhydride was held at 18-22 ~ for  18 h; 10 g (44 mmole)  of I was then 
added, and the mix tu re  was s t i r r e d  at 18-22 ~ for  7 days .  The solution was vacuum-evapora ted  (40-45 ~ to 
one fourth of its or ig inal  volume,  and the res idue  was t r i tu ra ted  with alcohol and f i l te red  to give 4.25 g 
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(48%) of II  with mp 273 ~ [dec., f r om aqueous d i rne thyl formamide (DMF)] and R f  0.69" (dark violet spot) .  
Found: C 59.8; H 3.9; N 28.1%. C10HsN40. Calculated:  C 60.0; H 4.0; N 28.07c. A d i f f i cu l t - to - sepa ra t e  
mix tu re  of II and III  was isolated f rom the f i l t ra te  af ter  the separa t ion  of II.  

2-Methyl imidazo[4,5-b]quinoxal ine 4,9-Dioxide (III). A mix tu re  of 200 ml  of CH3COOH , 44 rnl of 30% 
hydrogen peroxide ,  and 88 ml  of acetic anhydride was held at 18-22 ~ for  18 h; 20 g (88 mmole)  of I was 
added, and the mix tu re  was heated with s t i r r i ng  at 60-65 ~ for  20 h. The react ion  mix tu re  was worked up 
as in the preceding exper imen t  to give 6.75 g (35%) of III with mp 259 ~ (dec .), which was purif ied by i so l a -  
tion of the c rys ta l l ine  sodium sa l t  and subsequent  neut ra l iza t ion  of an aqueous solution of it. Found: C 
55.5; H 3.6; N 25.9%. CIoHsN402. CalcuIated:  C 55.7; H 3.7; N 25.9%. The product  had Rf  0.34 (green 
spot) .  A d i f f i cu l t - to - sepa ra t e  mix tu re  of I I  and III  was isola ted af ter  separa t ion  of III f r o m  the reac t ion  
solution.  

Convers ion of II and III to 3-Amino-2-hydroxyquinoxal ine  4-Oxide (IV) and 2 -Amino-3-hydroxyqu in-  
oxaline 1,4-Dioxide W). A. A suspension of 0.5 g (2.5 mmole)  of II in 10 ml  of 2.5 N hydrochlor ic  acid was 
heated at 100 ~ for  1 h. The solution was t r ea t ed  with act ivated charcoa l  and neu t ra l i zed  with ammonia  to 
give 0.33 g (75%) of IV with mp 313 ~ (dec.). The IR spec t rum,  the melt ing point, Rf  value (0.47, violet  spot), 
and color  reac t ion  with FeC13 (blue-green) were  in complete  ag reemen t  with the c h a r a c t e r i s t i c s  of a sample  
of IV obtained via the method in [6]. 

B. The reac t ion  with III was c a r r i e d  out similarly. .  0.5 g (2.3 mmole)  of III gave 0.37 g (83%) of V, 
which was identical  with r e s p e c t  to its mel t ing point [307 ~ (dec .)], IR spec t rum,  Rf  value (0.18, violet  spot), 
and color  reac t ion  with FeC13 (brown) to V obtained by the method in [6]. 

N-Oxidation of 2-Methyl imidazo[4 ,5-b]pyraz ine  (Via). A 0.4-g sample  of anhydrous CH3COONa , 0.01 
g of Na4P~OT, and 0.72 g (5.4 mmole)  of Via were  added succes s ive ly  to 2.6 ml  of an 8.5% solution of p e r -  
acet ic  acid in acet ic  acid, and the mix tu re  was s t i r r ed  at 55-60 ~ for  21 h. The prec ip i ta te  was r emoved  by 
f i l t ra t ion,  and e ther  was added to the f i l t ra te  to prec ip i ta te  an additional amount of a mix tu re  of reac t ion  
p roduc t s .  The combined p rec ip i t a t e s  were  c rys t a l l i zed  f r o m  aqueous alcohol to give 0.19 g (21%) of 2-  
methyl imidazo[4 ,5-b]pyraz ine  4,7-dioxide (VIIIa) with mp 273-273.5 ~ Found, C 43.4; H 3.8; N 33.9%. 
C6H6N402, Calculated:  C 43.4; H 3.6; N 33.7~c. PMR spec t rum T {D20)- s inglet  at 1.48 ppm (2-CH 3 group), 
s inglet  at 7.06 ppm (pyrazine r ing protons) .  

The solution remain ing  af ter  the r ec rys t a l l i za t ion  of VIIIa  was evapora ted  to d ryness ,  and the res idue  
was suspended in CHC13 and applied to a column filled with 12 g of s i l i ca  gel .  Acetone eluted 0.47 g (58.2%) 
of VIIa;  VIIa did not me l t  up to 300 ~ (it was pur i f ied by c rys ta l l i za t ion  f r o m  aqueous alcohol).  Found. C 
48.5; H 4.0; N 37.2%. C6H6N40. Calculated,  C 47.9; H 4.0; N 37.3%. PMR spec t rum (in D20), s inglet  at 
1.48 ppm (2-CH 3 group),  s inglet  at 7.05 ppm (pyrazine r ing protons) .  

N-Oxidation of 5 ,6-Dimethyl imidazo[4 ,5-b]pyraz ine  (VIb). A. A 0.7-g sample  of anhydrous CH3COONa , 
0.01 g of Na4P2OT, and 2 g (13 mmole)  of VIb were  added success ive ly  to 45 ml  of a solution of pe race t i c  
acid (10%), and the mix ture  was s t i r r e d  at 60-65 ~ for  6 h. The mix tu re  was then worked up as in the p r e -  
ceding exper imen t  to give 1.15 g (477c) of VIIIb with mp  272 ~ (from wate r ,  dec.) .  Found: C 42.1; H 5.3%. 
C7HsN402 �9 H20. Calculated:  C 42.4; H 5.1%. 

B. A 1 .3-g  (8.8 mmole)  sample  of VIb in a mix tu re  of 50 ml  of glacia l  acet ic  acid and 5 m l  of 30% 
hydrogen peroxide was s t i r r e d  at 75-80 ~ for 9 h. The solution was evapora ted  to one fourth of i ts  or iginal  
volume and t r ea t ed  with m e t h a n o l - e t h e r  to give 1.03 g of a mix tu re  of VIIb and VIIIb. Severa l  c r y s t a l l i z a -  
t ions f rom aqueous alcohol gave 0.5 g (35%) of VIIb with mp 272.5-273 ~ (dec.). Found; C 51.6; H 4.9; N 
34.3%. CTHsN30. Calculated;  C 51.2; H 4.9; N 34.2%. 

1 -Benzy l -5 ,6 -d imethy l imidazo[4 ,5 -b]pyraz ine  (IX). The po tass ium sa l t  of VIb was obtained f r o m  1 g 
(6.8 mmole)  of VIb, 0.55 g (10 mmole)  of KOH, and 4 ml  of anhydrous alcohol and was placed in 15 ml  of 
anhydrous d ime thy l fo rmamide  and added to a solution of 0.9 ml  (8 mmole)  of benzyl  chlor ide .  The mix ture  
was s t i r r e d  at 22 ~ for  1 h, and the po tass ium chloride fo rmed  was sepa ra t ed  by f i l t ra t ion.  The f i l t ra te  was 

*All  of the compounds were  ch romatographed  with n-butyl  a lcohol -5% acetic  acid (1 : 1) on Leningrad 
Fac to ry  No. 2 pape r .  The spots  we re  developed in UV light.  
T The PMR s p e c t r a  we re  r e c o r d e d  with a JNM-4H-100 s p e c t r o m e t e r ,  and the shif ts  a re  p resen ted  on the 5 
sca l e .  The in terna l  s t andard  for  the s p e c t r a  of compounds in D20 was t e r t - bu ty l  alcohol [5 (CH3) 1.26 ppm], 
while t e t ramethy l s i l ane  was the in ternal  s tandard  for the s p e c t r a  of compounds in CDC13. 
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evaporated to dryness ,  and the residue was t rea ted  with ether to precipitate 1.17 g (73%) of IX with mp 146- 
147.5 ~ (from m e t h a n o l - e t h e r ) .  Found: C 71.0; H 6.1; N 23.6~c. C14HI4N 4. Calculated: C 70.6; H 5.9; N 
23.3%. PMR spec t rum (CDC13): slightly split singlet at 2.62 ppm (5- and 6-CH 3 groups), singlet at 5.40 
ppm (benzyl CH2) , and singlet at 8.10 ppm (It2). 

1-Benzyl-5 ,6-dimethyl imidazo[4 ,5-b]pyrazine  N-Oxide (X). A 1-g (4.2 mmole) sample of IX was 
oxidized with a solution of 1.35 ml of 30% hydrogen peroxide in 13.5 ml of acetic acid (3 h at 75-80~ after  
which the same amounts of acetic acid and hydrogen peroxide were added, and the mixture was heated for 
another 12 h. This operation was repeated (heating for 7 h). The reaction solution was vacuum-evaporated 
(at 40-45 ~ to a smal l  volume and t rea ted  with m e t h a n o l - e t h e r  to give 0.61 g (57~ of X with mp 220-221 ~ 
(from methanol).  Found: C 66.5; H 5.3; N 22.0%. C14Ht4N40. Calculated: C 66.1; H 5.6; N 22.0%, PMR 
spect rum {CDC13): singlets at 2.65 and 2.60 ppm (5- and 6-CH 3 groups), singlet at 5.42 ppm (benzyl Ctt2) , 
and singlet at 7.97 ppm (H2). 

2-Styrylimidazo[4,5-b]quinoxaline 4-Oxide (XI). A. A 1.3-g (4.8 mmole) sample of XIII was added to 
30 ml of 10~c solution of peracet ic  acid that had been previously s t i r red  with 0.45 g of anhydrous 
CH3COONa and 0.01 g of Na4P2OT, and the mixture was heated at 50-55 ~ for 20 h to give 0.37 g (2~c) of XIII 
with mp 258 ~ (dec., f rom CH3COOH ) and R f  0.64 (light green spot). Found: C 70.5; H 4.5; N 19.1~c. 
C17Hi2N40. Calculated:  C 70.8; H 4.2; N 19.4%. 

B B_.. A mixture o f  0.25 g (1.2 mmole) of II, 1.25 ml of benzaldehyde, and 0.13 ml of piperidine was 
heated at 110 ~ for  5 h to give 0.25 g (70%) of XI with mp 258~ the product was identical to the XI obtained 
by the oxidation of XIII (see the preceding experiment) .  

2-Styrylimidazo[4,5-b]quinoxaline 4,9-Dioxide (XII). A. Compound XIII [1.6 g (5.9 mmole)] was 
oxidized with a solution of 10% peracet ic  acid (45 ml plus 0.6 g of anhydrous CH3COONa plus 0.01 g of 
Na4P2OT) at 65-70 ~ for 29 h to give 1.2 g (6~c) of XII with mp 253 ~ (dec., f rom acetic acid) and Rf  0.30 
(dark yellow spot). Found: C 66.9; H 4.2; N 18.5%. C17Ht2N402. Calculated: C 67.1; H 4.0; N 18.4%. 

B____. A suspension of 0.25 g (1.1 mmole) of III in 1.25 ml of benzaldehyde and 0.13 ml of piperidine 
was heated at 110 ~ for 8 h to give 0.2 g (57%) of XII with mp 253 ~ The product was identical to the XII ob- 
tained by the oxidation of XIII (see the preceding experiment) .  

2-(o-Hydroxystyryl) imidazo[4,5-b]quinoxal ine {XVII). A mixture of 1 g (4.4 mmole) of I, 1.5 ml of 
sal icylaldehyde,  and 0.5 ml of piperidine was heated at 160-165 ~ for 3 h to give 1.15 g (90%) of XVII with 
mp 253.5 ~ (dec.). The product  was insoluble in the usual organic solvents and was purified by repeated 
t rea tment  with boiling acetic acid. Found: C 70.5; H 4.3; N 19,4~c. C17Ht2N40. Calculated: C 70.8; H 4.2; 
N 19.4~c. 

2-(o-Hydroxystyryl) imidazo[4,5-b]quinoxal ine 4-Oxide (XVIII). A mixture of 0.7 g (3.5 mmole) of II, 
3.5 ml of salicylaldehyde, and 0.35 ml of piperidine was heated at 100-110 ~ for 3 h to give 0.68 g (64~c) of 
XVIII with mp 343 ~ (dec.). The product was purified by the method used to purify XVII. Found: C 66.9; 
H 4.3; N 18.~c.  CiTHI2N402. Calculated: C 67.1; H 4.0; N 18.4%. 

Oxidation of I and II with Selenium Dioxide. A._=. A mixture of 0.5 g (2.3 mmole) of I and 0.26 g of 
SeO 2 in 5 ml of piperidine was refluxed for 5 h. The solid mater ia l  was removed by fil tration, and the solu-  
tion was vacuum-evaporated to d ryness .  The residue was dissolved in 2.5 N NaOH, and the solution was 
f i l tered.  The f i l t rate  was neutra l ized with hydrochlor ic  acid and salted out with sodium chloride to give 
0.28 g (75%) of imidazo[4,5-b]quinoxaline (XiV) with mp 285-286 ~ (from water);  the product was identical 
to XIV obtained by the method in [3] with respec t  to its melting point and Rf  value (0.73, violet spot). 

_B. A mixture of 2 g (10 mmole) of II and 1.2 g of SeO 2 in 20 ml of piperidine was refluxed for 1.5 h. 
The solid mate r ia l  was removed by fil tration and t rea ted  with aqueous NaHCO 3. The react ion solution was 
vacuum-evaporated to dryness ,  and the residue was also t reated with NaHCO 3. The combined alkaline 
solutions were neutral ized with hydrochlor ic  acid and salted out with sodium chloride to give 0.93 g (50gc) 
of XV with mp 260.5 ~ (dec., f rom acetic acid) and Rf  0.56 (dark violet spot). Found: C 57.7; H 3.4; N 
30.0%. CgHGN40. Calculated:  C 58.0; H 4.2; N 30.1~. 

Oxidation of Styryls XIII and XI with Po tass ium Permangana te .  A. Aqueous KMnO 4 was added to a 
suspension of  1 g (3.7 mmole) of XIII [4] in 200 ml of acetone at 20 ~ un~l the permanganate  was no longer 
decolor ized.  The mixture was fi l tered,  and the solid was extracted severa l  t imes with water (heated to 
40~ The wash waters  and solution were combined and vacuum-evaporated at 35-40 ~ to a small  volume. 
The solution was neutra l ized with hydrochlor ic  acid and salted out with NaC1. The precipitate was removed 
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by f i l t ra t ion to give 0.32 g (51%) of XIV with mp 285-286 ~ (from water) ;  the product was identical  to the 
XIV obtained via  the method in [3] and to that isolated f rom the oxidation of I with se lenium dioxide (see 
above).  

B.  A 1-g (3.5 mmole)  sample  of XI was s i m i l a r l y  oxidized to give 0.28 g (43%) of XV with mp 260 ~ 
(dec.); the product  was identical  to the XV isolated f r o m  the oxidation of II with se len ium dioxide (see above). 

React ion of 2,3-Diaminoquinoxaline with Dimethy l fo rmamide .  A suspension of 1.5 g (9.4 mmole)  of 
2,3-diaminoquinoxaline in 30 ml  of d imethy l fo rmamide  was ref luxed for 10 h, and the resu l t ing  solution 
was vacuum-evapora ted  to d rynes s .  The res idue  was t r ea t ed  with 2.5 N NaOH. The alkaline solution was 
neu t ra l i zed  and sal ted out with sodium chloride to give 1.2 g (75%) of XIV; the product  was identical  to the 
XIV obtained by the oxidation of I with se lenium dioxide and to that  obtained by the oxidation of XIII with 
po tass ium permangana te  (see above).  

2-Methyl imidazo[4,5-b]quinoxal ine.  A mix tu re  of 0.8 g (5 mmole)  of 2,3-diaminoquinoxaline and 0.89 
g (15 mmole)  of ace~amide was heated at 160-165 ~ for 5 h. The solid mel t  was t r i t u ra t ed  with 2.5 N NaOH, 
and the mix tu re  was neu t ra l i zed  and sal ted out to give 0.53 g (58%) of 2-methyl imidazo[4,5-b]quinoxal ine  
with mp  322 ~ and Rf  0.78 (rose spot) .  The product  was identical  to the compound obtained by the method in 
[3]. 
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