
BENZODIAZINES 

XII. QUINOXALONES BEARING METHYL GROUPS IN THE BENZENE RING* 

N. G. Koshel' and I. u Postovskii UDC 547.863.1 : 543.422.6 

Quinoxalones bear ing  methyl  groups in the benzene and pyraz ine  r ings have been synthesized.  
Methyl groups in the 6- and 7-posi t ions  cause  a shift  in the vC=O absorpt ion  band to lower  
f requenc ies ,  and reduce  the reac t iv i ty  of a methy l  group in the 3-posi t ion.  

Since the p r e s e n c e  of two o r tho -me thy l  groups in the i soal loxazine  moie ty  of the v i tamin  B 2 molecule  
and two such groups in the benz imidazole  moie ty  of the v i tamin  B12 molecule  have a cons iderab le  effect  on 
the physiologica l  act ivi ty of these  compounds [2, 3], it has been suggested that ,  as a resu l t  of s t e r i c  hin- 
d rance  f r o m  the adjacent  methyl  groups ,  the externa l  o r  in ternal  va lence  angles in the benzene r ing a re  
somewhat  inc reased ,  and that this is impor tan t  for  the specif ic  convers ion  of the methyl  groups in the o r -  
gan ism [3]. In addition, we mus t  take into account the i r  e l ec t ron -donor  influence, which is p robably  p rop-  
agated through the benzene r ing to the fused he te rocyc t i c  sys t em.  

To t e s t  this hypothesis  on model  compounds,  we synthes ized  6 ,7-d imethyl -  and 3 ,6 ,7 - t r imethy lqu in-  
oxalones (III and VII), which may  be cons idered  as s impl i f ied  f r agmen t s  of v i tamin  B 2. F o r  the p rope r t i e s  
of the o ther  quinoxalones I, II, IV, V, and VI, see  Table 1. 

I, II,  and III  were  obtained in good yields  f r o m  the cor responding  or tho-phenylenediamines  by reac t ion  
with ch loroace t ic  acid in the p r e s e n c e  of solid NaOH, followed by oxidation of the resu l t ing  te t rahydroquin-  
oxal ines with hydrogen peroxide .  Bet ter  yields were  obtained by this method than those obtained in [4], in 
which zinc dust was used as the condensing agent. Also our  method avoids the use  of the unstable glyoxylic 
acid which is no rm a l l y  used in such reac t ions  [5]. 

IV and VII, in which the methyl  group is located in the he te rocyc le ,  were  obtained in high yields by a 
sl ight modif icat ion of the method used in [6], by heating an aqueous solution of the cor responding  or tho-p  
phenylenediamine  and ace ty lenedicarboxyl ie  acid. The reac t ion  between 4 - m e t h y l - l , 2 - p h e n y l e n e d i a m i n e  
and ace ty lenedicarboxyl ic  acid gives two i s o m e r s ,  3 ,6-  and 3 ,7-d imethyl -2-quinoxa lones  (V and VI), which 
were  s e p a r a t e d  by taking advantange of the i r  different  solubi l i t ies  in water ,  and pur i f ied by sublimation.  
These  compounds were  identical  with those desc r ibed  in the l i t e r a tu r e  [7, 8], which were  obtained by other  
methods.  

We see  f r o m  the r e su l t s  given in Table  1, that the IR s p e c t r a  of all  the compounds show very  s t rong,  
b road  ca rbonyl  s t r e t ch ing  bands.  The introduction of one and two methyl  groups resu l t s  in a shift  of ~C=O 
toward lower  cm -1 va lues ,  indicating an i nc r e a se  in the bas ic i ty  of the carbonyl  group caused  by the e lec -  
t ron -donor  influence of these  subst i tuents ,  the effect  of a 7 -methyl  group being g r e a t e r  than that of a 6- 
methyl  group. It is in te res t ing  to reca l l  fo r  compar i son ,  that  a methyl  group in the 7-posi t ion in v i tamin  
B12 re su l t s  in h igher  act ivi ty  than one in the 6-posi t ion,  with the r e su l t  that r ibof lavin  is able to f o r m  d i -  
r ee f s .  This methyl  group can be oxidized to the acid,  and under  appropr i a t e  conditions it condenses  with p-  
chlorobenzaldehyde [3 ]. 

* F o r  pa r t  XI, see  [1]. 
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T A B L E  1. Some  A b s o r p t i o n  F r e q u e n c i e s  of Qu inoxa lones ,  R e c i p r o p -  
r o c a l  C e n t i m e t e r s  

C o m -  
p o u n d  F o r m u l a  Vc = o CHarom C~ N 
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1699 V strong, 1682 "broad '~ 

1682 v strong 

1679 v strong 

1671 medium, 
broad 

1673 v strong, 
broad 

1665 v strong, 
broad 

1660 v strong, 
broad 

1642 strong, 
sharp 

1692 strong, 
sharp 

1626 medium 

161l weak 

1624 medium 

1624 medium 

1628 medium, 
broad 

1615 } 
1582 weak 

1546 medium 

t543 weak 

1570 medium, 
sharp 

1568 medium, 
sharp 

1561 medium, 
sharp 

1558 strong. 
sharp 

The in f luence  of  the  m e t h y l  g r o u p s  in the  b e n z e n e  r i n g  a t t a c h e d  to the  h e t e r o c y c l e  is  a l s o  m a n i f e s t e d  
in a r e d u c t i o n  in the  r e a c t i v i t y  of the m e t h y l  g roup  in the  3 - p o s i t i o n .  Th is  i s  a p p a r e n t l y  due to a r e d u c t i o n  
in the  e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of the  h e t e r o c y c l e ,  and to  a , ~ - c o n j u g a t i o n  of the  g roup  (N(4) = C(3)-CH3), 
which  is  o b s e r v e d  in the r e a c t i o n  with  d i a z o n i u m  s a l t s .  Whi le  IV r e a c t s  s m o o t h l y  wi th  p h e n y l d i a z o n i u m  
c h l o r i d e  to g ive  an azo  dye  [8], VII  r e a c t s  wi th  the  m o r e  r e a c t i v e  p - n i t r o p h e n y l d i a z o n i u m  c h l o r i d e  to g ive  
the  c o r r e s p o n d i n g  h y d r a z o n e .  

The  r e s u l t s  show tha t ,  in t h e s e  c o m p o u n d s ,  the  e l e c t r o n - d o n o r  e f f ec t  of  the  m e t h y l  g roup  is  t r a n s -  
m i t t e d  t h r o u g h  the b e n z e n e  r i n g  to the  h e t e r o c y c l i c  s y s t e m .  This  s u g g e s t s  tha t  th i s  e f f ec t ,  t o g e t h e r  wi th  
the  p o s s i b l e  e f f ec t s  of  the  o r t h o - m e t h y l  g r o u p s ,  shou ld  be  t a k e n  into account  in the  r e a c t i o n s  of  v i t a m i n s  

B 2 and BI2 wi th  a s u b s t r a t e .  

EXPERIMENTAL 

6,7-Dimethyl-2-quinoxalone (III). A mixture of 2.07 g (0.015 mole) of 4,5-diamino-o-xylene, 1.5 g 
(0.015 mole) of chloroacetic acid, and 1.2 g (0.03 mole) of solid NaOH was ground thoroughly in a mortar. 
The mixture was placed inn flask and heated gently until the reaction commenced. Heat was liberated and 
foaming occurred, and after I0 rain, the mixture solidified. The melt was treated with 20 ml of hot alcohol 
with the addition of activated charcoal, filtered, and cooled. The precipitate of 6,7-dimethyltetrahydro-2- 
quinoxalone (yellow plates, nap 173-175 ~ C, 1.6 g) was filtered off and placed in a flask. To this were added 
I0 ml of 2-N NaOH and 1.5 ml of 30% hydrogen peroxide, and the mixture was heated on a water bath for 1 
hr. After cooling, 2-N HCI was added to pH 4, and precipitated Ill was filtered off to give 1.3 g of product 
(50% calculated on starting diamine). Purification by sublimation gave almost colorless, long needles, mp 
291-292 ~ C (lit [i0], nap 292-293 ~ C). Found, %: C 69.06; H 5.74; N 16.55. Calculated for CIoHIoN20, %: 
C 68.95; H 5.79; N 16.08. 

3,6-Dimethyl-2-quinoxalone (V) and3,7-Dimethyl-2-quinoxalone (VI). To 13.3 g (0.i mole) of 3,4- 
diaminotoluene dissolved in 20 ml of hot water was added at 85-90 ~ C a solution of 11.4 g (0.i mole) of 
acetylenedicarboxylic acid in 50 ml of water. A vigorous evolution of CO 2 took place, and a copius precip- 
itate separated. After boiling for 30 rain, the hot mixture was filtered, and the solid (V) was washed with 
a small amount of hot water to give 12.5 g (63.7%), mp 205-208 ~ C. Purification by sublimation gave color- 
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l e s s  needles ,  with a constant  mp of 209-210 ~ C ( r e fe rence  [7] gives a mp of 220 ~ C, r e f e r r i n g  to a mix tu re  
of i somers ) .  Found, %: C 69.11; H 6.01; N 16.40. Calculated fo r  CIoH10N20, %: C 68.95; H 5.79; N 16.08. 

The f i l t ra te ,  a f t e r  separa t ion  of V, was ex t rac ted  with ch loroform.  The ch lo ro fo rm ex t rac t  was 
t r ea t ed  with 2-N NaOH, the alkaline l aye r  was s epa ra t ed  and cooled, and the solid which sepa ra t ed  was 
f i l t e red  off (0.5 g), mp 225-230 ~ C (mixture of V and VI). The f i l t ra te  was acidif ied to pH 4, and the p r e -  
cipi tate  of VI was f i l te red  off, washed with wate r ,  dr ied,  and pur i f ied by subl imat ion giving 0.6 g of nea r ly  
co lo r l e s s  needles ,  mp 238-239 ~ C ( l i t e ra tu re  [8] mp 238 ~ C). Over  all  yield 69%. Found, %: C 68.56; H 5.84; 
N 16.23. Calculated for  C10H~0N20 , %: C 68.95; H 5.79; N 16.08. 

3 ,6 ,7 -Tr ime thy l -2 -qu inoxa lone  (VII). To 13.8 g (0.1 mole) of 4 ,5 -d i amino-o -xy lene  dissolved in 400 
ml  of hot wa t e r  was added at 80-85 ~ C an equ imolecu la r  amount of ace ty lenedicarboxyl ic  acid in 30 ml  of 
water .  The r eac t ion  mix tu re  foamed,  CO 2 being evolved,  and a solid separa ted ,  it was f i l t e red  off a f t e r  
boiling fo r  30 rain, washed with water ,  and dried to give 15 g (80%), mp 278-279 ~ C, co lo r l e s s  needles  f r o m  
d imethy l fo rmamide .  Found, %: C 70.46; H 6.56; N 15.04. Calculated for  CllHi2N20 , %: C 70.24; H 6.43; 
N 14.98. 

6 ,7 -Dimethy l -2 -qu inoxa lone-3-a ldehyde  p-Ni t rophenylhydrazone  (VIII). A 0.57-g (0.003 mole) quan- 
t i ty of VII was d isso lved  in 40 ml  of glacial  ace t ic  acid,  and p-n i t rophenyld iazonium chlor ide ,  obtained in 
the usual way f r o m  0.42 g (0.003 mole) of p -n i t roan i l ine ,  was added with cooling. After  the mix tu re  had 
been allowed to stand overnight  in the r e f r i g e r a t o r ,  it was f i l te red ,  and the solid was washed with wa te r  and 
r e c r y s t a l l i z e d  f r o m  a l a rge  volume of d ime thy l fo rmamide  to give 0.8 g (77%) of orange needles ,  mp above 
350 ~ C. Found, %: C 60.72; H 4.64; N 20.95. Calcula ted fo r  C~THIsN~O3, ~0: C 60.53; H 4.51; N 20.76. 
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