
I N V E S T I G A T I O N  O F  H E T E R O C Y C L I C  Q U I N O N E S  

XX'VI.* OXIDATWE AMINATION OF 6-HYDROXYQUINOXALINES 

Y u .  S.  T s i z t n  a n d  S.  A .  C h e r n y a k  UDC 547.863.16:542.943'958.3:543.422.25 

The oxidat ive aminat ion  of 6-hydroxyquinoxal ines  was studied.  O-quinones of the quinoxaline 
s e r i e s  were  obtained for the f i r s t  t ime .  It is shown that the oxidat ion of 6-hydro~-quinoxal ine  

is aecompanied  by aminat ion  at C 2 and C 8. 

Continuing our study of the oxidat ion of he t e rocye l i c  phenols with oxygen in the p r e s e n c e  of a Cu 2+- 
s e e o n d a w  amine complex,  we inves t iga ted  6-hydroxyquinoxal ines ,  which a r e  in te res t ing  for two reasons .  
F i r s t  of all ,  they a r e  of i n t e re s t  because  quinoxal ines  [2. 3] and the i n t e rmed ia t e s  of oxidative a m i n a t i o n -  
5 .6-dihydroxyquinoxal ines  - a re  capable  of forming copper  eomplexes .  Second, it might have been expected 
that the 2-unsubst i tu ted  6-hydroxyquinoxal ines  would undergo aminat ion  not only at C 8 but, l ike 6-hydroxy-  
benzoth iazoles  [4] and 6-hydroxyquinazol ines  [5]. a l so  at C 2. 

The oxidat ion of unsubst i tuted 6-hydroxyquinoxal ine  (Ia) p roceeds  in the p r e s e n c e  of s e e o n d a w  a m i n e s  
(pyrrol tdine.  p ipe r id ine ,  or  morphol ine)  and ca ta ly t ic  amounts of copper  ace ta te .  A s to i eh iome t r i c  amount of 
o~ 'gen  (~2 moles)  is absorbed  during the reac t ion ,  and quinoxal ine-5 ,6-quinones  containing two s e e o n d a w  
amine res idues  (Ha-e) a r e  formed in good y ie lds .  According to the r e s u l t s  of t h i n - l a y e r  chromatography  (TLC), 
the r eac t ion  p roceeds  unambiguously  without the format ion  of s ide p roduc t s .  

In con t ras t  to quinoxaline In. the oxidation of 2 .3-d isubs t i tu ted  6-hydroxyquinoxal tnes  (Ib, c) is aeeom-  
panted by the fo rmat ion  of unidentif ied s ide  products ;  this  can be explained by assuming  the mechan i sm p r o -  
posed for amtnat ton of he t e roeyc l i e  quinones [4, 5]: 1 ,6-addi t ion of secondary  amines  to quinones IId-f  should 
!ead to lab i le  compounds that  a r e  incapable  of a roma t i za t i on  without c leavage of the C - C  bonds. In fact, 
qutnone IIf is quite rap id ly  conver ted  to a complex mix ture  of subs tances  under  the condit ions of oxidative 
aminat ion.  
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I a R=R'=H; b R=R'=CI-Ia: c R=P'=C6Hs: Ii a R=R"=NcCH=)4, R'=H. 
bR=R"=N(CHe)~, R'=H;c R=R"=N(CHaCH=)aO. R'=H; d R=R'=CH3, R"=N{CHeIs: 
e R=R'=CH> R"=N(CHeCH_-/aO: f R=R'=C~Hs, R"=N(CH~)s: I I Ia  R=R"=N(CH~}5. 

R'=H; bR=R"=X{CH..CH2)20, R'=H: cR=R'=C~Ha, R"=N(CH=)5 

Quinones II r e a c t  with o -phenylened iamine  to give yel low phenazine de r iva t ives  {IIIa-e). 

In addi t ion to the s ignals  of methylene  groups  of p y r r o l i d i n e  r e s idues ,  the PMR spec t rum of quinone IIa 
contains two s ingle ts ,  one at 5.62 ppm, co r r e spond ing  to the pro tons  at tached to C7, and the o ther  at 7.83 ppm, 
which cannot be unambiguously ass igned  to the pro ton  at tached to e i the r  C a or  C 2. In ass igning  the s t ruc tu re  
of 2 ,8 -d i subs t i tu ted  quinoxalinequinones to quinones Ha-c,  we t he r e fo re  used only the analogy with other  qui-  
nones [4, 5] and the IR spec t ro scop i c  data as our ba s i s .  The IR s pe c t r a  of the quinones contain two bands of 

*See [1] for  communica t ion  XXV. 
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TABLE 1. Quinones  [I and P y r a z i n o [ 2 , 3 - a l p h e n a z i n e s  III 

C o m  - 

pound 

[ I n  

IIb 

IIc 

IId 

lie 

I I f  

I I I a  

IIIb 
IIl c 

mp, "C (dec.) 
LR spec- 
trum, 
cm -z 

Empirical 
form ula 

212--213 a 

210--211 b 

223--224 e 

161--162 d 

187--188 c 

191--192 e 

182--184 e 
318--319 e 
301--302 b 

Found, % Calculated 

C I I  N C H 

1675 
1610 
1679 
1622 
1680 
1633 
1699 
1606 
1701 
1626 
1704 
1623 

CI6HlsN402 

C~sH22N402 

C16HIsN404 

CmHjrN302 

CI4HIsN303 

C~H2,N302 

C24H2cNG 
C22H22N602 
C31H25Ns 

a 
b F r o m  b e n z e n e - h e p t a n e .  

F r o m  dioxane.  
c 
dFrOm wate r .  

F r o m  b e n z e n e - p e t r o l e u m  e ther .  
e 

F r o m  ethanol .  

18,5 6t,4 

17,0 66,2 

58.2 :::: 
61,5 

:::i  0,0 
20,9 t 
20,6 
14,7 

64,3 

66,{} 

57,9 

66,8 

61,5 

76,2 

6,1 

6.8 

5,5 

6,3 

5,5 

5,4 

9o Y i e l d ,  
N 9o 

33 

49 

5O 

19 

I l l  

25 

73 
66 
77 

ca rbony l  a b s o r p t i o n  at 1600-1700 cm -~ (Table 1). A c o m p a r i s o n  of the h i g h - f r e q u e n c y  ca rbony l  m a x i m a  shows 
that  the VCO band in the s p e c t r a  of qu inones  I Ia -c  is shif ted by 20-30 cm -1 to the l ong -wave  r eg ion  as c o m -  
p a r e d  with I Id-f .  This  shift  c an  be expla ined  by the m e s o m e r i c  effect  of the subs t i t uen t  a t tached to C~ (con- 
t r i b u t i o n  of f o r m  A). 

O -  O - 
I N 

N 0 / \  
A B 

F o r  c o n f i r m a t i o n  of the s t r u c t u r e s  of qu inones  I Ia -c ,  one of t hem (lie) was conve r t ed  to 2 , 6 - d i m o r p h o l i n o -  
q u i n o x a l i n e - 5 , 8 - q u i n o n e  (]-Vb), which was c o m p a r e d  with the ana logous  2 - u n s u b s t i t u t e d  quinone  IVc p r e v i o u s l y  
d e s c r i b e d  in  [6]. As expected,  the c a r b o n y l  m a x i m u m  in the s p e c t r u m  of qu inone  W b  is  found, due to the con-  
t r i b u t i o n  of f o r m  B, in  the h i g h e r - f r e q u e n c y  r e g i o n  (1667 cm -1) than  in the case  of qutnone  IVc (1693 cm-1).  
This  fact  s e r v e s  as an  i n d i r e c t  c o n f i r m a t i o n  of a m i n a t i o n  of qu inoxa l ine  Ia at C 2. 

o R 

" ~ " " ~ ' ~ N / / ' k ' R  ~ ~N / xO ~ "~N / "~O 
11 I [ 
o R R 

IV a-c Y a, b Yl ~, b 

IV a R=N(CH2CH2)20, R'=OCHa: b R=R'=N(CH2CH:)20; c R=H, R' =N(CH2CIt:)20; 
V,VI a R=H; b R=CH3 

An a t t empt  was m a d e  to extend the oxidat ive  a m i n a t i o n  to oxo d e r i v a t i v e s  of qu inoxa l ine .  For  th is ,  Va 
and Via,  r e s p e c t i v e l y ,  w e r e  obta ined  by c o n d e n s a t i o n  of 3 ,4 -d i aminopheno l  with ethyl phenylg lyoxyla te  o r  d i -  
ethyl oxala te .  The f o r m a t i o n  of i s o m e r i c  3 - p h e n y l - 7 - h y d r o x y - 2 - q u i n o x a l o n e  is  p o s s i b l e  in  the  syn t he s i s  of 
qu inoxa lone  Va. The  s t r u c t u r e  of Va was  p roved  by i ts  c o n v e r s i o n  to methoxy  d e r i v a t i v e  Vb, which d i f fers  
f rom the i s o m e r i c  1 - m e t h y l - 3 - p h e n y l - 7 - m e t h o x y - 2 - q u i n o x a l o n e  [7]. Quinoxa l ined ione  Via, syn thes i zed  by 
the method  d e s c r i b e d  above,  cannot  be  pu r i f i ed ,  and it  was t h e r e f o r e  obta ined by acid h y d r o l y s i s  of 2 ,3 -d i -  
c h l o r o - 6 - m e t h o x y q u i n o x a l i n e ;  i ts  s t r u c t u r e  was c o n f i r m e d  by m e t h y l a t i o n  to the p r e v i o u s l y  de sc r i be d  Vlb [8]. 

Oxidat ion of Va and Via, as wel l  as 6 - h y d r o x y p h t h a l a z i n e - l , 4 - d i o n e  [9], occu r s  only in  the p r e s e n c e  of 
equ iva len t  amoun t s  of copper  ace ta t e  and leads  to a m i x t u r e  of un iden t i f i ed  p r oduc t s ;  in  our  opinion,  th is  is 

a s s o c i a t e d  with complex ing  with the p a r t i c i p a t i o n  o f - N H - C O -  groups .  
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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  oi 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 .  
The  PMR s p e c t r a  of d e u t e r o c h l o r o f o r m  so lu t i ons  of the  compounds  w e r e  r e c o r d e d  with  a V a r i a n  T - 6 0  s p e c -  
t r o m e t e r  with t e t r a m e t h y l s i l a n e  as  the  i n t e r n a l  s t a n d a r d .  The  fo l lowing a b b r e v i a t i o n s  w e r e  u s e d :  s is  s ing le t ,  
m is  m u l t i p l e t ,  and u m  is  u n r e s o l v e d  m u l t i p l e t .  The  c o u r s e  of the  r e a c t i o n s  was  m o n i t o r e d  by m e a n s  of TLC 
on Si lufol  p l a t e s  in a c h l o r o f o r m - m e t h a n o l  s y s t e m  (10 : 1). 

6 - H y d r o x y q u i n o x a l i n e s  (Ia, b) w e r e  ob ta ined  by the  me thod  in [10], and Ic was  ob ta ined  by the  me thod  in 
[11]. 

Oxida t ion  of 6 - H y d r o x y q u i n o x a l i n e  (Ia). A s u s p e n s i o n  of 0.73 g (5 m m o l e )  of qu inoxa l ine  Ia in a m i x t u r e  
of 20 m m o l e  of s e c o n d a r y  a m i n e  (J 0 m m o l e  in the  c a s e  of p y r r o l i d i n e ) .  6 m l  of me thano l ,  and 0.05 g of c o p p e r  
a c e t a t e  was  s t i r r e d  in an oxygen  a t m o s p h e r e .  The  r e a c t i o n  was  c a r r i e d  out unt i l  oxygen  a b s o r p t i o n  c e a s e d  
( f r o m  1.5 to 4 h). 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 i o n ,  washed  with  m e t h a n o l  and e t h e r ,  and d r i e d .  An 
add i t i ona l  amount  of quinone could  be  i s o l a t e d  f r o m  the  f i l t r a t e .  The da ta  on qu inones  I I a - c  a r e  p r e s e n t e d  in 
T a b l e  ] .  PMR s p e c t r u m  of I[a,  5. p p m :  2.05 um (p-CH2). 3.61 um (~-CH,),  5.63 s (7H), and 7.83 s (3H) with 
an i n t e n s i t y  r a t i o  of 8 : 8 : 1 : 1. 

Oxida t ion  of 2 , 3 - D i s u b s t i t u t e d  6 - H y d r o x y q u i n o x a l i n e s  (Ib, c). A 5 - m m o l e  s a m p l e  of Ib o r  Ic was  ox id ized  
by the  me thod  u sed  to ox id i ze  qu inoxa l ine  Ia,  but  0.5 g (2.5 m m o l e )  of c o p p e r  a c e t a t e  was  used  in the  c a s e  of 
Ib, w h e r e a s  i n i t i a l l y  0.1 g and then  0.15 g of c o p p e r  a c e t a t e  a f t e r  1 h w e r e  used  in  the  c a s e  of tc .  At the  end 
of oxygen  a b s o r p t i o n ,  50 m l  of c h l o r o f o r m  was  added to the  r e a c t i o n  m i x t u r e ,  and the  s o l u t i o n  was washed  
s u c c e s s i v e l y  wi th  w a t e r ,  200 m l  of 1~. 3 - c h e l a t o n e  so lu t ion ,  w a t e r ,  and d r i e d  with Na_~SO4. The so lven t  was 
r e m o v e d  by d i s t i l l a t i o n ,  and the r e s i d u e  was  c h r o m a t o g r a p h e d  with  a co lumn  f i l l ed  with s i l i c i c  ac id  with e lu -  
t ion  of t he  qu inones  wi th  c h l o r o f o r m -  m e t h a n o l  (100 : 1). Data on qu inones  I I d - f  a r e  p r e s e n t e d  in Tab le  1. 
PMR s p e c t r u m  of IId, 5. p p m :  1.86 um (/3,~/-CH2) , 2.68 s (-CH3) , 3.81 um (c~-CI~I2) , a n d 5 . 9 8 i s  (7H) wi th  a n i n t e n -  
s i t y  r a t i o  of 6 : 6 : 4 : 1. 

P y r a z i n o [ 2 , 3 - a ] p h e n a z i n e s  ( I Ia -c ,  T a b l e  1). A 20~c e x c e s s  of o - p h e n y l e n e d i a m i n e  was  added to a hot 
s o l u t i o n  of quinone  IIc (or IIf) in e thanol  (in the  c a s e  of quinone  IIb the  r e a c t i o n  was  c a r r i e d  out in the  p r e s e n c e  
of a c e t i c  ac id) ,  and the  m i x t u r e  was r e f l u x e d  fo r  10 ra in .  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  
(a p r e c i p i t a t e  of p h e n a z i n e  IIIa  f o r m e d  when the  r e a c t i o n  m i x t u r e  was  e lu ted  with wa te r ) ,  washed  with e thanol ,  
and d r i e d .  

2 - M o r p h o l i n o - 6 - m e t h o x y q u i n o x a l i n e - 5 , 8 - q u i n o n e  (l~Ta). A s u s p e n s i o n  of 1.65 g (5 m m o l e )  of quinone 
Ilc in 10 ml  of m e t h a n o l  con ta in ing  0.55 g (15 m m o l e )  of H01 was  r e f luxed  for  15 rain.  a f t e r  which it was cooled ,  
and 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  to g ive  0.8 g (58~) of r e d  c r y s t a l s ,  with mp 259-260 ~ 
(dec..  f r o m  ethanol) ,  tha t  w e r e  qui te  so lub l e  in c h l o r o f o r m  and a c e t i c  ac id  and only s l i g h t l y  so lub le  in benzene  
and d ioxane .  IR s p e c t r u m ,  c m - l :  1678, 1659, and 1609. Found:  C 56.5; H 4.7; N 15.1%. Ct3H13N304, C a l c u -  
l a t ed  C 56.7; H 4.8; N 15 .3~.  

2 , 6 - D i m o r p h o l i n o q u i n o x a l i n e - 5 , 8 - q u i n o n e  (Wb). A 1 .1-g  (12.5 m m o l e )  s a m p l e  of m o r p h o l i n e  was  added 
to a s u s p e n s i o n  of 0.63 g (2.5 m m o l e )  of quinone  IVa in 100 ml  of e thanol ,  and the  m i x t u r e  was s t i r r e d  at r oom 
t e m p e r a t u r e  fo r  16 h. It was  then  a l lowed  to s tand  for  2 days .  The c o m p l e t i o n  of the  r e a c t i o n  was judged 
f r o m  a n e g a t i v e  t e s t  with c y a n o a c e t i c  e s t e r  [12]. 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 i o n ,  washed  w i t h e t h a -  
nol and e the r ,  and d r i e d  to g ive  0.64 g (76~) of o r a n g e  c r y s t a l s ,  with mp 238-239 ~ [dec . ,  f r o m  d i m e t h y l f o r m -  
a m i d e  (DMF)], tha t  w e r e  qui te  so lub l e  in c h l o r o f o r m  and a c e t i c  ac id  but  s l i g h t l y  so lub l e  in d ioxane ,  e t h y l a c e -  
ra te ,  and w a t e r .  IR s p e c t r u m ,  c m ~ :  1667, 1642. Found:  C 58.4; H 5.8; N 17.3~.  Cl~H18N40 ~. C a l c u l a t e d :  
C 58.2; H 5.5; N 17.0~.  

3 - P h e n y l - 6 - h y d r o x y - 2 - q u i n o x a l o n e  (-Vz). A s u s p e n s i o n  of 15.4 g (0~1 mole )  of 3 - n i t r o - 4 - a m i n o p h e n o l  
in 150 ml  of m e t h a n o l  was  h y d r o g e n a t e d  in the  p r e s e n c e  of a n i cke l  c a t a l y s t .  At the  end of the  r educ t ion ,  17.8 
g (0.1 mole)  of e thyl  p h e n y l g l y o x y l a t e  was  added to the  m i x t u r e ,  and the  so lu t ion  was  f i l t e r e d  to r e m o v e  the  
c a t a l y s t .  The  f i l t r a t e  was  r e f luxed  fo r  3 h, a f t e r w h i c h i t  was e v a p o r a t e d  to 75 ml ,  and 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  to g ive  5.2 g (23~) of ye l l ow  c r y s t a l s ,  with mp 286-287 ~ (from ethanol) ,  that  w e r e  
qu i t e  so lub l e  in e thano l  but  only s l i g h t l y  s o l u b l e  in w a t e r .  IR s p e c t r u m ,  c m - l :  3110 (br) and 1660. Found:  
C 70.7; tt  4.3; N 11.8~ C14H10N20, ~. C a l c u l a t e d :  C 70.6; H 4.2; N 11.8~.  

6 - H y d r o x y q u i n o x a l i n e - 2 , 3 - d i o n e  (Via). A s u s p e n s i o n  of 5 g (22 m m o l e )  of 2 , 3 - d [ e h l o r o - 6 - m e t h o x y q u i n -  
oxa l i ne  [8] in  a m i x t u r e  of 30 ml  of c o n c e n t r a t e d  HBr  and 20 m l  of a ce t i c  a n h y d r i d e  was  r e f luxed  fo r  6 h. The 
compound  i n i t i a l l y  d i s s o l v e d ,  a f t e r  which  a cop ious  amount  of p r e c i p i t a t e  f o r m e d .  The m i x t u r e  was d i lu ted  
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with 200 ml of water, and the precipi tate  was removed by fi l tration and dried to give 4 g (92%) of pale-yel low 
crys ta l s  with mp> 360% The product was soluble in most  organic solvents and crysta l l ized from DMF. [R 
spectrum, c m - l :  3000-3400 (br) and 1600-1700 (br). Found: C 51.1; H 3.4; N 14.8*/c. CsH6N203" 1,/2H20. Cal- 
culated: C 5].3; H 3.8; N 15.0~. 

~-Methyl-3-phenyl-6-methoxy-2-quinoxalone (Vb). A 2-ml sample of dimethyl sulfate was added drop- 
wise with vigorous s t i r r ing  to a warm solution of 0.4 g (1.7 mmole) of Va in 8 ml of 2 N NaOH solution, af ter  
which the mixture was heated on a boi l ing-water  bath for 10 rain. The r~sultlng precipi tate  was removed by 
filtration, washed with water,  and dried to give 0.2 g (45%) of Vb. IR spectrum, cm-~: 1640. Recrystal l izat ion 
of the product  f rom ethanol gave yellow c rys ta l s  with mp 153-154 ~ Found: C 72.2; H 5.3; N 10.49. C16Hi4N202o 
Calculated: C 72.2; H 5.3; N 10.5~. 

1,4-Dimethyl-6-methoxyquinoxal ine-2,3-dione (VIb). Dimethyl sulfate (11.0 ml) was added dropwise 
with vigorous s t i r r ing  to a solution of 2 g (11 mmole) of Via in 70 ml of 2 N NaOH solution, after  which the 
mixture was heated on a boi l ing-water  bath for 10 rain. It was then cooled and t reated with 30 g of sodium 
acetate, and the result ing white precipi ta te  was removed by filtration, washed with water,  and dried to give 
color less  c rys ta ls ,  with mp 182-183 ~ (from ethanol) [8], that were moderate ly  soluble in water  and ethanol. 
IR spectrum: 1675 (br) and 1614 cm -i. Found: N 13.1~. CIIHI2N203. Calculated: N 12.7~c. 
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