
S T U D I E S  ON B E N Z O D I A Z I N E S  

XIV*.  OXIDATION OF T E T R A Z O L O [ 1 , 5 - a ] - A N D  s-TRIAZOLO[4,3-a]QUINOXALINES 

N.  G.  K o s h e l ' ,  E .  G.  K o v a l e v ,  UDC 547.863.1:542.943 
a n d  I .  Y a .  P o s t o v s k i i  

The oxidation of te t razolo[1 ,5-a]quinoxal ine  and its 7 ,8-dimethyl  der iva t ive  and of s -  
t r iazolo[4 ,3-a]quinoxal ine  has  given the cor responding  quinoxal in-4-ones .  A ca lcu la -  
t ion of the loca l iza t ion  ene rg ie s  has shown the r ad ica l  nature  of the a t tack  in posi t ion 4, 
and this has been  conf i rmed  by the r e s u l t s  of the oxidation of 4 - m e t h y l -  and 4-phenyl -  
quinoxalines.  

It is known that  quinoxal[ne N-oxide ,  like the N-ox ides  or  many other  he terocyl ic  compounds,  p o s s e s s e s  
physiological  ac t iv i ty  [2, 3]. In o rde r  to obtain N-oxides  of polycycl ie  compounds including the quinoxaline 
nucleus ,  we have p e r f o r m e d  the oxidation of te t razolo[1 ,5-a]quinoxal ine  (IVa) and its 7 ,8-dimethyl  de-  
r iva t ive  (IVd) with hydrogen peroxide  in glacial  acet ic  acid,  i .e . ,  under the conditions c u s t o m a r y  for  the 
p r e p a r a t i o n  of quinoxaline N-oxides  [4]. 

However ,  in p lace  of the expec ted  N-ox ides ,  in both cases  we isola ted  the cor responding  t e t r a z o l o -  
[1 ,5-a]quinoxal in-4-ones  (V and VI, scheme) .~  

The oxidation of IVa with po ta s s ium pe rmangana te  in an alakal ine medium also led to the quinoxali-  
nones V and VI, although it is known that  under these  conditions s imple  quinoxaline de r iva t ives  f o r m  
pyraz ined ica rboxy l i c  acids [7]. The oxidation of IVa with chromic  anhydride in dilute sulfur ic  and glacial  
acet ic  acids a lso  leads to the fo rma t ion  of the quinoxalinone V. 

For  c o m p a r i s o n ,  we c a r r i e d  out the oxidation of s - t r iazolo[4 ,3-a]qu[noxal ine  (VID under s i m i l a r  
conditions (hydrogen peroxide  in g lac ia l  acet ic  acid and po t a s s ium pe rmangana te  in an alkal[ne medium),  
and again ins tead of the N-oxide we obtained a quinoxalinone der iva t ive  - s - t r i azo lo [4 ,3 -a ]qu inoxa l in -4 -  
one (VIKa). 

It appeared  of i n t e re s t  to de te rmine  the m e c h a n i s m  of the oxidation reac t ion .  Our MO LCAO ca l -  
ulations in Hiickel 's  approximat ion  of the loca l iza t ion  ene rg i e s  with var ious  types of a t tack on di f ferent  
ca rbon  a toms show that  the oxidation of compounds IV and VII at posi t ion 4 is poss ib le  only as the r e -  
sult  of r ad ica l  or  nucleophil ic a t tack  on the ca rbon  a tom in posi t ion 4 (Table 1). If  i t  is cons ide red  that  
under  the oxidation conditions that  we adopted nucleophilic subst i tut ion is unlikely,  a r ad ica l  m e c h a n i s m  
for  the f o r m a t i o n  of the quinoxal in-4-ones  mus t  be assumed .  In the case  of s - t r iazo lo[4 ,3-a]quinoxal ine ,  
as  can be seen  f r o m  the r e s u l t s  of the calculat ion,  the local iza t ion energy  for  the a t tack of the C-1 carbon 
a tom is lower  than for  the a t tack  of the C-4 ca rbon  a tom.  However ,  the g r e a t e r  value of the f ree  valence 

* F o r  Communica t ion  XKI, see  [1]. 
The fo rma t ion  of quinoxalinones f r o m  quinoxaline compounds has  been  obse rved  p rev ious ly  [5, 6]. 
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TABLE 1. Calculated Values of Localization Energies  

Compound 

IV 

VII 

Form of 
attack* 

i u  

R 
E 

N u  

R 
E 

[Localization energies in ~ units for the attack of the 
following atoms 

C - t  C ~ 4  I C - 6  

2,083 
2,299 
2,514 

2,084 
2,303 
2,521 

I 2,347 
2,375 2,402 
2,362 
2,377 2,392 

�9 C ' 7  

2.547 
2,493 
2,439 

2,561 
2,502 
2,443 

C - 8  

2,431 
2,401 
2,492 

2.442 
2,459 
2,475 

2,160 
2,241 
2,322 

C ' 9  

2,265 
2,312 
2,358 

2,472 
2,42 l 
2,369 

* Nu = nucleophilic,  R = rad ica l ,  E = electrophil ic .  

index of the C-4 atom as compared  with that for  the C-1 atom that we calculated (0.451 and 0.437, r e s p e c -  
tively) permi t s  the assumption that the s- t r iazolo[4,3-a]quinoxal ine molecule reac t s  in a feebly polar ized 
form.  This can obviously explain the oxidation of compound VII at C-4, and not at C-1. 

~ . ~ . ~ . . N Y  R' POCla 

H 
I ~ e  

H 

tva,b -[~ ~ . n ~ ] ~  o 
V ~N ~ \~N 

I I 
V N = N  

I - IV  a I ( = R ' = H ;  b R = H ,  R'=Cl ia;  

R \  ~ , . .N~  /r'  r , , ,v.~.,~.. .~. R, 

r ~/~-';u'n'/"~'cl r/%";~'n"z~nu r -~ \  I~. ] . . . . .  "n" ".'n 
I I t 

I I  a - e  I I I  a - e  NH 2 R,,/C-~--N 
.~o~, vn-a-c 

r / '~ . - " -n /~n  r/~-~..~.n.%n I I 
I N----N R / C - - - N  

iv~a=r ,, 
Vii!  a - c  

it 

Ix n = n  w ~--~ 
c R = C H  3, R '~H;  d R R'-CH3; e R=H,  R'~CeH 5. 

VllaR=R'=R"-H;bR=R'=H,R'=CH3;CR=H,R'~R'=CH 3. V I I I a , , b R = R " = H ;  C R = H ,  R"=CH 3 

In o rder  to determine the type of mechanism of the given reac t ion  experimental ly ,  we oxidized model 
compounds containing methyl and phenyl groups in position 4. The choice of groups is explained by the fact 
that the methyl group usually takes par t  in radical  oxidation react ions  readi ly ,  while such react ions  are  
ex t remely  r a r e  for phenyl groups.  

In actual fact ,  the oxidation of 4-methyltetrazolo[1,5-a]quinoxaline (IVb) gave us te t razolo[1 ,5-a] -  
quinoxalin-4-one (V) as the oxidation product.  This substance could be fo rmed by the oxidation of the 
methyl group to a carboxy group, followed by decarboxylation and a radical  attack on the C-4 carbon atom 
of the resul t ing tetrazolo[1,5-a]quinoxaline.  Similar ly,  the oxidation of 4 -methy l - s - t r i azo lo[4 ,3-a ]qu inoxa-  
line (VIIb) gave the oxidation product VI~a. At the same t ime,  4-phenyltetrazolo[1,5-a]quinoxaltne (IVe) 
does not oxidize under the react ion conditions given. 

The high activity of a methyl group in position 4 must  be noted. This follows f rom the fact  that the 
oxidation of 4 ,7 ,8- t r imethyl te t r  azolo[ 1,5- a] quinoxaline (IVd) gave 7,8-dimethyl te t raz olo [ 1,5-a]quinoxalin-4- 
one (VI}, i .e. ,  only the 4-methyl  group underwent oxidation, while the other methyl groups remained  un- 
changed. The oxidation of 1 ,4-dimethyl-s- t r iazolo[4,3-a]quinoxal ine  (VIIc) gave a product with the 1-methyl 
group unaffected by oxidation, VIIIc. 

The IR spec t ra  of the initial quinoxalines and of the te t razolo[1,5-a]quinoxal in-4-ones obtained have 
been studied. The IR spec t rum of V has a very  s t rong band of the s t re tching vibrations e r a  earbonyl group 
split  into two VC= O bands at 1674 and 1723 cm -1. Methylation with dimethyl sulfate in an alkaline medium 
gave a product  the IR spec t rum of which retained the carbonyl  band (1682 cm-l) .  This shows that the meth-  
ylat ion reac t ion  takes place at the N-5 posit ion,  and the product has the s t ruc ture  IX. 

All the tetrazolo[1,5-a]quinoxalines exist  in the stable te t razole  fo rm and are not converted into the 
azide fo rm even in t r i f luoroaeet ic  acid, unlike the te t razo lo  compounds of the quinazoline se r i e s  [8]. 
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The initial  t e t razolo[1 ,5-a]quinoxal ines  (IV) were  synthes ized  f r o m  the quinoxal in-2-ones  I. These  
w e r e  conver ted  by r eac t ion  with phosphorus  oxychlor ide into the 2 -ch lor ides  II which, by r eac t i on  with 
hydraz ine  hydra te ,  gave the hydraz ines  HI. T r e a t m e n t  of the hydraz ines  with sodium ni t r i te  in acet ic  acid 
gave the te t razolo[1 ,5-a]quinoxal ines  IV*.  The s - t r iazo lo[4 ,3-a]quinoxal ines  VII were  obtained by  the r e -  
act ion of the hydrazinoquinoxal ines  III  with acet ic  anhydride or o r thofo rmic  e s t e r  [10]. 

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

Compounds I ,  l la ,  b ,  e ,  m a t  b ,  e ,  IVa, b ,  e,  and VII we re  obtained by publ ished methods [9-11], and 
the i r  m p ' s  c o r r e s p o n d e d  to those  given in the l i t e r a t u r e .  

2 -Chlo ro -3 ,6 ,7 - t r ime thy lqu inoxa l ine  (lid). A mix tu r e  of 4.5 g (0.024 mole) of 3 ,6 ,7- t r imethylquinoxa-  
l in -2-one  (Id), 40 ml  of phosphorus  oxychlor ide ,  and 30 ml  ofdioxane was  heated in the wa te r  bath  for  3 h, 
cooled,  and poured  onto i ce ,  and the p rec ip i t a t e  was washed with wa te r .  The yield of I I  was 4 g (80%), mp 
142-143~ a l m o s t  c o l o r l e s s  needles  f r o m  ethanol.  Found, %: C 64.17; H 5.21; N 15.89; C1 17.18. 
CllHllC1N 2. Calculated,  %: C 63.93; H 5.36; N 15.5; C1 17.15. 

2 -Chloro-6 ,7-d imethy lqu inoxa l ine  (lic). This was obtained f rom 6,7-dimethylquinoxal in-2-one (Ic) 
in a s i m i l a r  m a n n e r  to IId with a y ie ld  of 75%. mp 91-92~ Color less  p r i s m s  f rom ethanol.  Found, %: 
C 62.34; H 4.90; N 14.52; C1 18.67. CIoH9C1N 2. Calculated,  %: C 62.30; H 4.71; N 14.54; C1 18.41. 

2 -Hydraz ino-3 ,6 ,7 - t r ime thy lqu inoxa l ine  (IEd). A mix tu re  of 0.35 g of lid, 0.3 ml  of hydraz ine  hy-  
d r a t e ,  and 5 m l  of ethanol was  boi led in the wa te r  bath for  3 h and cooled,  and the product  was f i l t e red  off 
and washed  with ethanol.  The yie ld  of ZIId was 0.25 g (71.5%), mp 210-211~ orange p r i s m s  f r o m  ethanol.  
Found, %: C 65.71; H 7.01; N 28.14. Cl~H14N 4. Calculated,  %: C 65.32; H 6.98; N 27.70. 

4 ,7 ,8 -Tr ime thy l t e t r azo lo [ ! ,5 -a ]qu inoxa l ine  (IVd). a) An ice -coo led  solution of 0.16 g (8 mmoles)  of 
EId in 5 ml  of g lac ia l  acet ic  acid was t r e a t e d  at 10~ with a solution of an equ imola r  amount of sodium 
ni t r i te  in 1 ml  of w a t e r ,  and the m i x t u r e  was kept at r o o m  t e m p e r a t u r e  fo r  20 rain, a f te r  which the product  
was f i l t e red  off and washed  with wa te r .  They ie ld  of IVd was 0.15 g (88%), mp 207-208~ co lo r l e s s  needles  
f r o m  acetone.  Found, %: C 62.41; H 5.21; N 33.29. CilHI1N 5. Calculated,  %: C 61.95; H 5.20; N 32.85. 

b) To a heated solution of 0.5 g (0.025 mole) of IId in 10 ml  of  d ime thy l fo rmamide  was added 0.25 g 
of sodium azide and 1 ml of w a t e r  to d i sso lve  the azide.  The mix tu re  was boi led for  6 h and cooled,  and 
the produc t  was  f i l t e r ed  off and c ry s t a l l i z ed  f r o m  acetone.  Yield 0.4 g (77%), co lo r l e s s  needles ,  mp 207- 
208~ This product  gave no depress ion  of the mel t ing point with the compound obtained by  method (a). 

7 ,8-Dimethyl te t razolo[1 ,5-a]quinoxal ine  (IVc). This was obtained f r o m  lic and sodium azide in di -  
m e t h y l f o r m a m i d e  in a s i m i l a r  m anne r  to IVd with a yield of 70%, mp  209-210~ co lo r l e s s  p r i s m s  f rom 
d ime thy l fo rmamide .  Found, %: C 60.49; H 4.55; N 35.18. C10H~N 5. Calculated,  %: C 60.28; H 4.54; 
N 35.16. 

Te t razo lo[1 ,5-a ]qu inoxa l in -4-one  (V). a) A solution of 5 m m o I e s  of IVa or IVb in 20 ml  of glacia l  
ace t ic  acid was  t r e a t ed  with 4 ml  of 30% hydrogen peroxide  and the mix ture  was kept at 50~ for  16 h and 
cooled,  and the produc t  was  f i l t e red  off and washed  with wa te r .  Yield 44-50%, mp 284-285~ (according 
to the l i t e r a t u r e  [11], 288~ c o l o r l e s s  e longated p r i s m s  f r o m  d ime thy l fo rmamide .  Found, %: C 51.35; 
H 2.77; N 37.95. CsHhN50. Calculated,  %: C 51.34; H 2.67; N 37.73. 

b) With s t i r r i ng  and heat ing in the boi l ing wa te r  bath,  9.5 g (0.06 mole) of KMnO 4 was added in smal l  
por t ions  to a suspens ion  of 0.01 mole  of IVa or  IVb in 20 ml  of 2 N NaOH, and the mix tu re  was kept at the 
s a m e  t e m p e r a t u r e  fo r  1 h,  by  which t i m e  it has  become comple te ly  deco lor ized ,  and was then f i l te red ,  
and the manganese  dioxide was  t r e a t e d  with hot wa te r ;  the combined f i l t r a t e s  were  cooled and acidified 
with acet ic  acid to pH 5, and the p rec ip i t a t e  that  deposi ted was f i l t e red  off and washed with wa te r .  Yield 
0.5 g (27T0). F r o m  an analys is  and a mixed  melt ing point,  the product  was identical  with the V obtained by 
method (a). 

c) With heat ing,  0.92 g (5 rnmoles)  of IVb was d isso lved  in 10 ml  of g lac ia l  acet ic  acid and 3.3 g 
(0.033 mole) of ch romic  anhydride was added in po r t ions ,  a f t e r  which the mix ture  was kept at 80~ for  
1 h and poured into cold wa te r ,  and the product  was f i l t e red  off and washed  with wa te r .  Yield 0.65 g (70%). 
It was  ident ical  with the compound obtained by  methods (a) and (b). 

* Compounds IV were  a lso  obtained by  the r eac t i on  of the chlor ides  1I with sodium azide.  
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7,8-Dimethyltetrazolo[1,5-a]quinoxalin-4-one (VI). This was obtained by the oxidation of IVc or 
IVd in a s imilar  manner to V with hydrogen peroxide in glacial acetic acid with a yield of 57-60 %, mp 
289-290~ colorless needles f rom dimethylformamide. Found, %: C 55.58; H 4.32; N 33.04. C10HgN50. 
Calculated, %: C 55.81; H 4.22; N 32.54. 

s-Triazolo[4,3-a]quinoxalin-4-ones (VHIa, b). These were obtained by the general method, VIIa,b 
being oxidized with potassium permanganate in 2 N NaOH with a yield of 30-35% or with hydrogen per-  
oxide in glacial acetic acid with a yield of 64.3%; mp >350~ colorless needles from dimethylformamide. 
Found, %: C 58.23; H 3.46; N 29.99. CgH~N40. Calculated, %: C 58.06; H 3.25; N 30.09. 

1-Methyl-s-triazolo[4,3-a]quinoxalin-4-one (VIIIc). This was obtained by the oxidation of VIIc with 
potassium permanganate in 2 N NaOH with a yield of 44%, mp > 350~ colorless plates from dimethyl- 
formamide. Found, %: C 59.45; H 4.04; N 28.10. C10HsN40. Calculated, %: C 59.99; H 4.03; N 27.99. 

5-Methyltetrazolo[1,5-a]quinoxalin-4-one (IX). With heating, 0.47 g (2.5 mmoles) of V was dissolved 
in 10 ml of 2 N NaOH, the solution was cooled to 50~ 1 ml of dimethyl sulfate was added, the mixture was 
shaken for 15 min, and the precipitate that had deposited was fi l tered off and washed with water. Yield 
0.3 g (55%), mp 234-235~ colorless elongated prisms from xylene. Found, %: C 53.95; H 3.76; N 34.67. 
CgHTNsO. Calculated, %: C 53.73; H 3.51; N 34.81. 

In the MO LCAO calculation we used Pullman's parameters  [12, 13]. The solution of the secular de- 
terminants was performed on a BESM-4 computer.  
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