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The t r ans fo rma t ions  that occur  during the reduct ion of 1 - (o -n i t ropheay l ) -2 - fo rmyl imidazo le  
with sodium hydrosulf i te  in the p re sence  of ammonia  were  studied. The 4 -amino  de r iva t ives  
of imidazo[1,2-a]quinoxaline and the bisulf i te  de r iva t ives  of 1- ( o - a m i n o p h e n y l ) - 2 - f o m y l i m i d -  
azole a r e  fo rmed  along with the prev ious ly  descr ibed  imidazo[1,2-a]quinoxaline.  4 -Amino im-  
idazo[1,2-a]quinoxaline was a lso  obtained by a l te rna t ive  synthes is  by aminat ion of imidazo-  
[1,2-a]quinoxatine with sodium amide in dimethylani l ine.  The m a j o r  product  of the t r a n s f o r -  
ma t ion  is 4 ,4 ' -b is imidazo[1 ,2-a]quinoxaly l  when the reac t ion  is c a r r i e d  out in xylene. 

As p rev ious ly  demons t ra t ed  [1], the amine (II) that is in te rmedia te ly  fo rmed  in the reduction of 1-(o- 
n i t rophenyI ) -2 - fo rmyl imidazo le  with sodium hydrosulf i te  in ammon ium hydroxide via  the methodin  [2] unde r -  
goes  cycl iza t ion to f o r m  imidazo[1,2-a]quinoxaline (III).,  
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A subsequent  study of this  reac t ion  demons t ra t ed  that  a cons iderable  amount of the bisulfi te compound 
of aldehyde II, which r e m a i n s  d issolved in the aqueous solution, is f o rmed  along with III. Acidif icat ion of 
this  solution with hydrochlor ic  acid and subsequent  refltuxing and alkal inizat ion leads  to the isolat ion of an 
addit ional amount of III; the yield of the l a t t e r  can be r a i sed  to 90% in this way. The yield of HI d e c r e a s e s  
to 50% when I is reduced with sodium hydrosul i i te  in the absence  of ammonia .  

A third product  of the t r an s fo rm a t i on  is 4-aminoimidazo[1 ,2-a]quinoxal ine  (V). I ts  fo rmat ion  is ap-  
pa ren t ly  due to the cycl izat ion of aldimine IV, which is obtaine d by the reduct ion of I in the p r e sence  of a m -  
monia,  with subsequent dehydrogenat ion of the t r an s fo rma t ion  products .  The s t ruc tu re  of amine V was e s -  
tabl ished on the bas i s  of the IR spect rum;  it was conf i rmed by the fo rmat ion  of an identical  product  in the 
aminat ion  of III in dimethylanil ine.  It  should be noted that the expected 4 -me thy lamino  der iva t ive  is not 
f o rmed  when ammonia  is  rep laced  by methylamine ,  and only III  can be isolated f r o m  the reac t ion  mix ture  
in a yield of ~ 50%. 

* The only known r ep re sen t a t i ve s  of this he te roeycl ic  s y s t e m  a r e  the 1,2-dihydro de r iva t ives  obtained by the 
i somer i za t i on  of 2-az i r id ino-3-methoxy(or iodo)quinoxal ine  [3]. 
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The product ion of V f r o m  aldimine  IV also demons t r a t e s  that  the amino group en te r s  the 4 posi t ion in 
the aminat ion  of III. This  obse rva t ion  is in conformi ty  with the resu l t s  of quan tum-chemica l  calculat ions b y  
the ttiickel MO method, accord ing  to which the m a x i m u m  effect ive posi t ive charge  in the imidazo[1,2-a]quin-  
oxalinc molecule  is concent ra ted  in the 4 position; a t tack  by nucleophilic reagents  should a lso  apparen t ly  be  
d i rec ted  there .  
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A high-mel t ing  compound, to which the 4 ,4 , -b is imidazo[1 ,2-a]quinoxalyl  (VI) s t ruc tu re  should be a s -  
c r ibed  on the ba s i s  of the analyt ica l  resul t s ,  IR spec t rum,  and molecu la r -we igh t  determinat ion,  is f o r m e d  
in addition to V in the reac t ion  of sodium amide with IT[ in xylene.  S imi la r  d imer iza t ion  reac t ions  a re  a lso  
obse rved  during the act ion of nucleophil ic reagents  on compounds of the benzimidazole  [4] and phenanthr i -  
dine [5] s e r i e s .  

Hydroxylat ion does not occur  and profound des t ruc t ion  of III is observed  when III is fused with po tas -  
s ium hydroxide under  the conditions prev ious ly  desc r ibed  in [6, 7]. 

An a t tempt  to synthes ize  the i s o m e r i c  (with r e s p e c t  to IH)* imidazo[5,1-a]quinoxaline (in analogy with 
the p repa ra t ion  of phenanthridine [8, 9]) by cycl iza t ion of 1- (o- formylaminophenyl) imidazole  (VII) was un-  
successfu l .  Only deformyla t ion  occu r s  when VII is heated with polyphosphoric  acid or  zinc chloride.  The 
yie ld  of f r ee  amine r eaches  100%. The negative r e su l t  is  apparen t ly  due to deact ivat ion of the imidazole  
r ing of VII as  a consequence of protonat ion  o r  oomplexing.  

E XPERIME NTA L 

Imidazo[l,2-a]quinoxaline (IT[). A 2.17-g (i0 mmole) sample of I was suspended in 15 ml of water and 
3 ml of 22% ammonium hydroxide, and 6.6 g (30 mmole) of Na2S204 �9 2H20 was added in portions. On comple- 
tion of the spontaneous heating, the mixture was heated on a boiling-water bath for 30 rain and allowed to 
stand overnight. The precipitate (I g) was removed by filtration and washed with water. The filtrate, which 
contained the bisulfite compound of I~ was ref[uxed with I0 ml of hydrochloric acid for i0 rain, and the pre- 
cipitated sulfur was removed by filtration. The filtrate was neutralized with 22% anunoninm hydroxide and 
ex t rac ted  with ch lo ro fo rm.  R em ova l  of the solvent  by dis t i l la t ion gave another  0.6 g of a c rys ta l l ine  s u b -  
s tance.  The p rec ip i t a t e s  obtained were  d isso lved  in ch loroform,  and the ch lo ro fo rm solution was c h r o m a t -  
ographed on a luminum oxide. The f i r s t  f rac t ion  with mp 124 ~ [1.50 g (92%)] was III, while the second f r a c -  
tion with mp 210 ~ [0.05 g (3%)] was 4-aminoimidazo[1 ,2-a]quinoxal ine  (V). 

4-Aminoimidazo[1 ,2-a]quinoxal ine  .(V). A 0.97-g (25 mmole)  sample  of f inely ground sodium amide  
in 10 ml  of anhydrous  dimethylani l ine was added to 0.85 g (5 mmole)  of IT[. The mix tu re  was heated with 
s t i r r ing  to 180 ~ and then held at this  t e m p e r a t u r e  fo r  ~ 1 h, during which 60 ml  (50%)of hydrogenwasevo lved .  
The mix tu re  was  cooled, 10 ml  of w a t e r  was added, and the prec ip i ta te  that fo rmed  a f t e r  1 h was r emoved  
by f i l t ra t ion,  washed with pe t ro l eum ether ,  and ex t rac ted  with hot ch lo ro fo rm in a Soxhlet appara tus .  The 
yie ld  of c rude  V was  0.40 g (44%). The co lo r l e s s  needles  had mp 209-210 ~ (from alcohol). Found: C 65.2; 
H 4.4; N30.5%. Ci0HsN 4. Calculated:  C 65.2; H4.4 ;  N30.4%. IR spec t rum:  Vas 3520, Vs 3410, 5 1 6 2 8 c m  - i  
(NH2). Compound V fo rm ed  an ace ty l  der iva t ive  with acet ic  anhydride.  The co lo r l e s s  needles  had mp 248 ~ 
(from water) .  

4 ,4 ' -Bis imidazo[1 ,2-a ]qu inoxa ly t  (VI). A 0.85-g (5 mmole)  sample  of III  was  subjected to reac t ion  
with sodium amide  in 10 ml  of xylene a t  150 ~ via the method desc r ibed  above.  Cooling of the hot ch lo ro fo rm 
solution p rec ip i t a ted  0.10 g (11~0) of amine  V. Evapora t ion  of the f i l t ra te  and c rys ta l l i za t ion  of the residue 
f r o m  d ime thy l fo rmamide  gave 0.40 g (46%) of bis  der iva t ive  VI as  Color less  needles  that  were  only sl ightly 

*Ring c losure  should p roceed  at the 5 posi t ion in a g r e e m e n t  with the r e su l t s  of Hiickel MO calculat ions (see 
[lOl). 
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soluble in the usual  organic solvents and melted above 360 ~ Found: C 71.5; H 3.6; N 25.0%. M 324. C20H12N6. 
Calculated: C 71.4; H 3.6; N 25.0~0. M 336. 

1-(o-Formylaminophenyl) imidazole  (VII). This compound was obtained in 92% yield by formylat ion of 
1-(o-aminophenyl) imidazole [10] with fo rmic  acid in benzene by the method in [11]. The co lor less  p r i sms  
had mp 201-202 ~ (from water}. Found: C 64.0; H 5.0; N 22.8%. C10H9I~I30. Calculated: C 64.2; H 4.8; N 22.5%. 

Exper iments  on the Hydroxylat ion of III. No react ion occur red  when III was heated to 320 ~ with fused 
powdered potass ium hydroxide.  Violent evolution of gaseous products  that burn with a smoky f lame occurs  
above this t empera ture .  Judging f rom the chromatogram,  the melt  contains a d i f f icu l t - to-separa te  mixture  
of t ransformat ion  products.  
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