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Several  de r iva t ives  of the l i t t l e -s tudied  pyridazino[4,5-b]quinoxaline he te rocyc l ic  sys tem,  
the s t ruc tu ra l  i s o m e r  of benzopteridine,  were  synthesized in o rde r  to study the i r  biological  
act ivi ty.  6 ,7-Dimethylqninoxal ine-2 ,3-dicarboxyl ic  acid and a number  of i ts  de r iva t ives  
were  also obtained. 

In r ecen t  y e a r s ,  the re  has  been intensive act ivi ty involving the synthes is  and invest igat ion of the b i -  
ological  (including aut i tamorigenic)  act iv i ty  in a number  of v i tamin  antagonis ts .  Benzopter id ines  (I), which 
can act  as  double antagonis ts  (of e i ther  r ibof lavin  or  folic acid [1, 2]), a r e  of g rea t  i n t e re s t  as an t imetabo-  
l i tes  of v i t amins  of the D group. 

The p r e sen t  pape r ,  which is  a continuation of the r e s e a r c h  begun in [3], is  devoted to the synthesis  
of de r iva t ives  of the pyridazino[4,5-b]quinoxaline he te rocyc l ic  s y s t e m  (II), which is  the s t ruc tura l  i s o m e r  
of benzopter idine with a pyr idaz ine  ring in place  of the pyr imidine  ring. This  method for  the modif icat ion 
of the benzopter idine molecule  was undertaken to compare  the biological  act iv i ty  of the compounds obtained 
with the s i m i l a r l y  cons t ruc ted  benzopter idine de r iva t ives  and a lso  to s ea rch  for  new compounds with ant i -  
v i tamin  and ant i tumorigenic  act ivi ty.  
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The f i r s t  two pyridazino[4,5-b]quinoxaline der iva t ives  - 1-phenylpyridazino[4,5-b]qninoxaline and 
1,4-diphenylpyridazino[4,5-b]quinoxaline - were  desc r ibed  in [4, 5]. We have synthesized some new de-  
r iva t ives  of this  he te rocyc l ic  sys tem,  p r i m a r i l y  because  of in te res t  in the poss ib i l i ty  of obtaining sub-  
s tances  containing a 1 ,4-dihydroxypyridazine  ring, since, according  to the l i t e ra tu re ,  many  compounds of 
this type have biological act ivi ty.  

In addition, i t  was of in te res t  to obtain such s t ruc tu ra l  i s o m e r s  of benzopteridine as 1 ,4-dihydroxy-  
6 ,7-dimethylpyridazino[4,5-b]qninoxal ine (IIb) and 1 ,4-diamino-6,7-dimethylpyr idazino[4,5-b]quinoxal ine  
(lid), s ince the biological ly impor tan t  benzopter idines  contain methyl  groups in the 6 and 7 posi t ions,  which 
is  e ssen t i a l  for  the manifes ta t ion  of physiological  act ivi ty.  However ,  the pyr imid ine  ring of compounds of 
this type contains amino or  hydroxy groups.  

The well-known abil i ty of  anhydrides  o r  e s t e r s  of o -d icarboxyl ic  acids  to fo rm compounds with 1,4- 
d ihydroxypyridazine  r ings  by reac t ion  with hydraz ine  hydra te  or  hydrazine  sa l t s  was used in the syntheses  
of the compounds of genera l  fo rmula  TL The s ta r t ing  m a t e r i a l s  in our  case  were  qu inoxa l ine -2 ,3 -d ica r -  
boxylic acid (Va) [6] and 6 ,7-d imethylqninoxal ine-2 ,3-d icarboxyl ic  acid (Vb). The la t t e r  was obtained for  
the f i r s t  t ime  in analogy with the method in [6] via  the scheme  
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2,3 ,6 ,7-Tet ramethylquinoxal ine  (HI) [7] r e ac t s  with benzaldehyde in the p r e s e n c e  of bor ic  acid to 
give 2 ,3-d is tyry l -6 ,7-d imethylquinoxal ine  (IV), which is oxidized by K~nO 4 in acetone to 6 ,7-d imethyl -  
qu inoxal ine-2 ,3-d icarboxyl ic  acid (Vb). 

A number  of der iva t ives  of Vb, which a re  n e c e s s a r y  as i n t e rmed ia t e s  in the synthesis  of substances  
of the genera l  fo rmula  ]3: (Table 1), were  obtained on the bas i s  of i ts  t r ans fo rma t ions .  

Thus acid Vb is  conver ted  to anhydride VIb on heating in acet ic  anhydride.  When it  i s  heated in 
methanol  sa tu ra ted  with d ry  hydrogen chloride,  i t  f o rms  dimethyl  e s t e r  VIIb. The l a t t e r  is  conver ted  to 
the diamide of 6 ,7-d imethylquinoxal ine-2 ,3-d icarboxyl ic  acid (VIU) when i t  is d issolved in methanol  and 
the solution is  sa tu ra ted  with dry ammonia .  Amide VIII f o r m s  the dini tr i le  of 6 ,7-dimethylquinoxal ine-  
2 ,3-d iearboxyl ic  acid (IX) on b r i e f  heating with thionyl chlor ide in d imethyI formamide .  

The synthes is  of IIa,  b was accompl i shed  via  the scheme 

O 
R ' [ / ~  N~/~ COOH (CHaCO)20 

va, b Yl a, b 
I 

\ 
r ' rr  n-'Tc~176 n.~-n.~..2o 

Vlla, b 
a R=H; b R=CH 3 

NH2~-ND 2" 2 HCI Ila,~ b ~ H+ ] 

o- 

r -..-~-">~ n-.~'l"~n § 
I" II I 1 "N~Hs - 

r ~r H 
li 
0 

As seen f r o m  the above scheme,  we obtained II by seve ra l  methods.  When acid Va is  heated in ace -  
t ic  anhydride,  it is  conver ted  to anhydride Via [8], which r eac t s  with hydraz ine  hydra te  to give 1,4-dihy-  
droxypyridazino[4,5-b]quinoxal ine (]:[a) in a yield of only 29%. 

I t  i s  known [9] that  side reac t ions  a r e  a lmos t  comple te ly  supp re s sed  in s t rongly  acidic aqueous so -  
lutions in the condensation of anhydrides of o-dicarboxylic acids with hydrazine. In fact, the yield of TTa 
was raised to 45% in the reaction of Via with hydrazine hydrochloride. 

Compound IIa was also synthesized from the dimethyl ester of quinoxaline-2,3-dicarbexylic acid 
(VIIa) [I0] and hydrazine hydrate. The salt of Ha, initially formed with hydrazine, gives IIa in 66% yield 
on acidification with acetic or hydrochloric acids. 

It is apparent from the above results that the best method for the synthesis of 1,4-dihydroxypyrida- 
zino[4,5-b]quinoxaline is the condensation of the dimethyl ester of quinoxaline-2,3-dicarboxylic acid with 
hydrazine hydrate. The identical character of the samples of IIa obtained by the various methods was con- 
firmed by IR spectroscopy. 

1,4-Dihydroxy-6,7-dimethylpyridazino[4,5-b]quinoxaiine (lib) was simiiariy synthesized from VIb 
and VIIb, respectively, and hydrazine hydrate. The identical character of the samples of Itb obtained by 
the two methods was also confirmed by IR spectroscopy. 

1,4-Diaminopyridazino [4,5-b]quinoxaiine (IIc) and 1,4-diamino-6~7-dimethyipyridazino [4,5-b]quinox- 
aline (lid) were obtained by the reaction of the dinitrile of quinoxaline-2,3-diearboxylie acid [ii] and the 
dinitrile of 6,7-dimethylquinoxaline-2,3-dicarboxylic acid (IX), respectively, with hydrazine hydrate in 
methanol at room temperature: 
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c R=H: dR=CH a 

The physicat constants,  yields,  and resul ts  of e lementary analysis  of the pyridazino[4,5-b]quinoxa- 
line derivatives obtained are presented in Table 2. 

EXPERIMENTAL 

2,3-Distyryl-6,7-dimethylquinoxaline (IV). A mixture of 5.2 g (2.8 mmole) of 2,2,6,7-tetramethyl- 
quinoxaline, 30 ml (280 mmole) of benzaldehyde, and 0.6 g of boric acid was heated at 200-210~ for 30 rnin 
with removal of the liberated water by distillation. At the end of the reaction, the melt was poured into 
cold alcohol, and the mixture was refluxed for 15-20 rain and cooled to precipitate a yellow substance. 

This substance was removed by filtration and washed with alcohol. The compound thus obtained was suf- 
ficiently pure for use in the subsequent reactions without additional purification. 

6,7-Dimethylquinoxaline-2,3-dicarboxylic Acid (Vb). A 1.2 g (80 mmole) sample of finely pulverized 
KMnO 4 was added in small portions with stirring to an ice-cooled suspension of 0.36 g (i mmole) of IV in 
20 ml of acetone. After all of the KMnO 4 had been added, the reaction mass was stirred with ice cooling 
for 2 h and filtered. The solid on the filter was treated with hot water and filtered. The filtrate was 
cooled and acidified with concentrated hydrochloric acid to pH 1-2 to give an abundant precipitate of a 
mixture of acid Vb and benzoic acid. The MnO 2 was treated several times until only slight turbidity ap- 
peared on acidification. After the acids were isolated, they were removed by filtration and washed with 
ether to remove benzoic acid. The residue (acid Vb) was obtained as slightly yellow needles, which were 
crystallized from water and dried in vacuo over P205 at 144 ~ 

6,7-Dimethylquinoxaline-2,3-dicarboxylic Acid Anhydride (VIb). A 0.5 g (2 mmole) sample of Vb 
was added to i0 ml of refluxing acetic anhydride, and the mixture was refluxed until the solid had dis- 
solved completely. The solution was cooled to precipitate light-brown needles of VIb. 

Dimethyl 6,7-Dimethylquinoxaline-2,3-dicarboxylate (VIIb). Dry hydrogen chloride was passed in 
the course of 3 rain into 50 ml of methanol, 2 g (8 mmole) of Vb was added, and the mixture was heated for 
2 h. The methanol was evaporated to two-thirds of the original volume, and the mixture was neutralized 
with saturated sodium bicarbonate solution. The resulting precipitate was removed by filtration. 

6,7-Dimethylquinoxaline-2,3-dicarboxaxnide (VIII). Dry ammonia was passed in the course of 2 h 
into a solution of 2.1 g (77 mmole) of VIIb in 200 ml of methanol. The resulting precipitate was removed 
by filtration to give the colorless, crystalline diamide. 

2,3-Dicyano-6,7-dimethylquinoxaline (IX). A 2.7 ml sample of thionyl chloride was added to a sus- 
pension of 1.3 g (53 mmole) of VIII in 24 ml of dimethylformamide, and the mixture was heated for 1 h. 
The reaction mass was poured over ice, and the aqueous mixture was neutralized with sodium bicarbonate 
and extracted repeatedly with ether. The ether extracts were dried with calcium chloride, and the ether 
was removed by distillation. 

1,4-Dihydroxypyridazino[4,5-b]quinoxaline (IIa). A) A mixture of 0.7 g (4 mmole) of Via, 0.32 ml of 
hydrazine hydrate, and 2.1 ml of glacial acetic acid was heated for 30 rain on a water bath and cooled. The 
resulting IIa was removed by filtration and washed with water and alcohol to give 29~o of a light-yellow 
crystalline substance that was insoluble in water and most organic solvents but soluble in dilute alkali. 

B) A solution of 0.25 ml of hydrazine hydrate in 1 ml of water was cooled in an ice bath, and 1 ml of 
concentrated hydrochloric acid was added. The solution was heated to the boiling point with stirring, and 
1 g (5 mmole) of Via was added. The mixture was refluxed for 2 h, cooled, and filtered. The solid was 
washed with water and alcohol to give IIa in 45% yield. 

C) A 1.5 g (6.4 mmole) sample of Via was dissolved with stirring and heating in 50 ml of methanol, 
and 3 ml of hydrazine hydrate was added in portions. The reaction mass was then heated and stirred for 
1 h to give a red-brown precipitate of the salt of IIa and hydrazine. The mixture was cooled, and the salt 
was removed by filtration and dissolved in hot water. The solution was acidified with acetic or hydrochlo- 
ric acid, and the precipitate was removed by filtration and washed with water to give IIa in 66% yield. 

249 



T A B L E  1. 
Acid  

Com- 
pound 

V, b 
VI 

VII b 
VIII 

IX 

Der iva t i ve s  of 6 , 7 -D ime thy lqu inoxa l i ne -2 ,3 -d i ca rboxy l i c  

Mp, ~ 
Empirical 
formula 

211--213 a / C=6H22N~ 
180--182~,c1 Q,~HIoN~O4 
248--250 a ~ CI~HsN2Oa 
118--I209 / C~4HI4NsO4 
286--288 c C12H12N402 
192--194~ CmHaN4 

Found, % 

C H 

86,0 6,2 
58,8 4,5 
63,4 3,7 
61,4 5,4 
59,3 5,4 
69,2 3,6 

aFrom ethanol, bwith decomposition. 
tic anhydride, eFrom methanol. 

Calc., % 

N C H 

7.7" 86,2 6,t 
10,9 58,5 4,1 
12,7 I 63,2 3,5 
I0,5 I 61,7 5,3 
23,2 59,0 5,0 
27,0 69,2 3,9 

Yield, 

N % 

7,7 70 
1t,4 88 
12,3 61 
10,2 44 
22,9 65 
26,9 66 

CFrom water, dFrom a c e -  

TABLE 2. 

Com- 
pound R 

Py r idaz  ino [4,5-b] quinoxal ine D e r i v a t i v e s  (II) 

Mp, ~ 

II a H OH 
I I b H II: c H C OH NH2 
IId CHa NI-I2 

aFrom dimethylformamide. 
CFrom water. 

Empirical 
formula 

Found, ~. _ _  _ _ _ ~ _ ~  Yield, 
% 

>300 a 
>300 D 

280--282 c 
>300 c 

I 
CIoH6N402 
CI2H10N402 
CmHsN6 
C~2HmN6 

55,9 2.9 26,2 
59,3 4,1 23,3 

59,7 

56,1 (2,8 26,1 
59,1 4,1 23,1 
56,6 37 -- 
59,9 510 

66 
67 
20 
45 

b F r o m  aqueous d i m e t h y l f o r m a m i d e .  

1 ,4 -Dihydroxy-6 ,7 -d ime thy lpyr idaz ino[4 ,5 -b ]q t t inoxa l ine  (IIb). A) A mix tu re  of 0.4 g (1.75 mmole)  of 
VIb, 7 ml  of h y d r a z i n e  hydra te ,  and 13 ml  of g lac ia l  ace t ic  ac id  was  hea ted  on a wate r  bath for  40 rain and 
cooled.  The resu l t ing  p rec ip i t a t e  was  r e m o v e d  by f i l t ra t ion  and washed  with wa te r  and a lcohol  to give 50% 
of l ib  as  a l ight -ye l low,  c rys t a l l i ne  subs tance  that  was  insoluble  in wa te r  and m o s t  o rgan ic  solvents .  

B) A 0.51 g (1.85 mmole )  sample  of  VIIb was  d i s so lved  with s t i r r i n g  and heat ing in 20 m[  of  m e t h -  
anol,  and 1 ml  of  hyd raz ine  hydra t e  was  added in por t ions .  The r eac t i on  m a s s  was  s t i r r e d  and hea ted  fo r  
2 h to give a r e d - b r o w n  p rec ip i t a t e  of the sa l t  of IIb and hydraz ine .  The mix tu re  was  cooled,  and the sal t  
was  r e m o v e d  by f i l t ra t ion  and d i s so lved  in hot water .  The solution was  ac idi f ied  with ace t ic  o r  h y d r o c h l o -  
r ic  acid,  and the resu l t ing  p rec ip i t a t e  was  r e m o v e d  by f i l t ra t ion  and washed  with wa te r  to ~ v e  IIb in 65% 
yield.  

1 ,4 -Diamino-6 ,7 -d ime thy lpy r idaz ino [4 ,5 -b ]qu inoxa l ine  (IId). An 11 ml  sample  of hyd raz ine  hydra te  
was  added with s t i r r i n g  at r o o m  t e m p e r a t u r e  to a solut ion of 0.3 g (1.4 mmole)  of IX in 80 ml  of methanol .  
A p r ec ip i t a t e  a p p e a r e d  in a sho r t  t ime.  The r eac t i on  mix tu r e  was  s t i r r e d  for  24 h, and the p rec ip i t a t e  
was  r e m o v e d  by f i l t ra t ion .  

1 ,4 -Diaminopyr idaz ino[4 ,5 -b ]qu inoxa l ine  (IIc). This  compound was  s i m i l a r l y  obtained by the method  
used  to p r e p a r e  IId. 
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