
S Y N T H E S I S  AND S T U D Y  O F  T H E  S T R U C T U R E  OF 

P Y R I D A  Z I N O  [ 4 , 5 - b ] Q U I N O X A L I N E  D E R I V A T I V E S  

T .  G. K o k s h a r o v a ,  L .  F .  L i p a t o v a ,  
V.  N. K o n y u k h o v ,  G.  N.  S m o t r i n a ,  
a n d  Z.  V~ P u s h k a r e v a  

SOME 

UDC 5 47.852.9 ' 863.07:5 41.62:5 43.422.4.6 

The s t ruc tures  of 1-oxo-4-hydroxypyridazino[4,5-b]quinoxaline and some of its methyl de-  
r ivatives were established by IR and UV spect roscopy.  

We have previously  [1, 2] described the derivatives of  the l i t t le-investigated pyridazino[4,5-b]-  
quinoxaline heterocycl ic  sys t em - 1-oxo-4-hydroxypyr idazino [4,5-b]quinoxaline (I) and 1-oxo-4-hydroxy-  
6,7-dimethylpyridazino[4,5-b]quinoxaline (II) - w h i c h  are potentially capable of l a c t i m - l a c t a m  tautomer ism 
with possible tautomeric  dioxo (Ia, IIa), oxo-hydroxy (I, II), and dihydroxy (Ib, lib) fo rms:  
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The structures of a number of compounds that contain a system of O-~C--NH--NH--C=O bonds 

were studied by means of physicochemical and, in particular, spectral methods [3, 4]. However, up until 
now there has been relatively little objective data that would provide the possibility of an unambiguous 
answer as to whether these different hydroxy derivatives exist in the crystalline state and in solutions in 
the form of any one of the tautomeric forms or as a mixture of them. 

The present communication is devoted to an examination of the state of the tautomeric equilibrium 
of I and some of its derivatives by means of the absorption spectra in the let and UV regions. 

To solve this problem, we obtained as model compounds that have various fixed tautomerie form 
the methyl derivatives of I: l-oxo-2-methyl-4-hydroxy- (III), 1-oxo-2-methyl-4-methoxy- (IV), 1,4-dioxo- 
2,3-di me thyl- (V) and l-oxo-4-methoxypyridazino [4,5 -b]quinoxaline (VI). 
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TABLE 1. Charac ter i s t ics  of the Absorption Bands of I-VI 

C o m p o u n d  "Vco, c m  " l  Vc= c and  Vc= N, c m ' l  vr~ ~, c m  "1 VOH, a m  " l  
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Fig. 1. UV spectra :  I) 1 -oxo-4-hydroxy-  
pyridazino [4,5-b]quinoxaline; II) 1 -oxo-4-  
hyd roxy-6,7-dime thytpyrid azino [4,5-b]- 
q uinoxaline; HI) 1-oxo-2-methyl -4-hyd  roxy-  
pyridazino[4,5-b]quinoxaline; IV) 1-oxo-2-  
methy l -4 -me thoxypyrid azino [4,5 -b]quinoxa- 
line; V) 1,4-dioxo-2,3-dimethylpyridazino[4r:  
5-b]quinoxaline; VI) 1 -oxo-4-methoxypy-  
ridazino [4, 5-b]quinoxatine o 
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The reaction of the anhydride of quinoxaline-2,3- 
dicarboxylic acid [5] with aqueous methylhydrazine in 
acetic acid gave a dark-vio le t  substance that was con- 
verted to a yellow crystal l ine  compound (III) af ter  r e -  
peated precipitat ion f rom dilute NaOH solution by the 
addition of concentrated hydrochloric  acid. 

An attempt to synthesize III f rom dimethyl quinoxa- 
l ine-2,3-dicarboxylate  and aqueous methylhydrazine and 
also f rom the anhydride of quinoxaline-2,3-dicarboxylic 
acid and methylhydrazine hydrochloride gave products of 
as yet  unestablished s t ruc ture .  

Compound HI was used as the s tar t ing mater ia l  for 
the synthesis of IV. It is known that salts of l a c t i m -  
lactams are  capable of N- and O-alkylation, depending on 
the nature of the metal and reagent;  in this case ,  the so -  
dium salts are alkylated by alkyl halides p r imar i ly  at  the 
nitrogen atom, while the s i lver  salts are alkylated p r i -  
mar i ly  at oxygen. We isolated the s i lver  sal t  of III (IIIa) 
and found that heating it with methyl iodide in methanol 
gave IV. 

Compound V was synthesized by the react ion of the 
anhydride of quinoxaline-2,3-dicarboxylic acid with di-  
methylhydrazine hydrochloride [6]. 

Methoxy derivative VI was obtained by methylation of the monosi lver  sal t  of I {Via) with methyl io- 
dide by heating in methanol for 1 h~ 

IR S p e c t r a  

As seen f rom Table 1, the spec t rum of I contains an intense band of the s t re tching vibration of a c a r -  
bonyl group at 1660 cm -1. The presence  of carbonyl  absorption excludes the dihydroxy s t ructure  Ib for I, 
and thus dioxo fo rm Ia and the mixed oxo-hydroxy fo rm of I, which is formed during enolization of one c a r -  
bonyl group, remain  possible.  

A compar ison of the spec t ra  of I and its N,O-dimethyl derivative (IV) demonstrated the presence  of 
the band of a C --- O group in both compounds at 1660 cm -1. However,  in the spec t rum of N,N-dimethyl de-  
rivative V the mos t  intense band is that at 1690 cm -1, which attests to the presence  of a carbonyl group 
that has a shift in its frequency to shor te r  wavelengths; this indicates the absence of conjugation of the 
C --- O group with the ~ -e l ec t ron  sys tem of the heteror ing.  

Consequently, the presence  of a carbonyl absorption band at 1660 cm -1 in the spec t ra  of I and IV 
makes it possible to assume that the very  same sys tem of double bonds and an identical degree of conju- 
gation of the C = O group with the r ing double bonds are  presen t  in these compounds,  and this is possible 
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only if I has mixed oxo-hydroxy  s t ruc tu re  in the c r y s t a l l i n e  s ta te  and is 1 -oxo-4 -hydroxypyr idaz ino[4 ,5 -b ] -  
quinoxaline (I). If  I had the 1 ,4-dioxopyr idazino[4,5-b]quinoxal ine  s t r u c t u r e ,  the C = O frequency in i ts 
s p e c t r u m  should have been shifted by ~ 30 cm "1 to the shor t -wave  region .  

The s p e c t r u m  of N-methyl  de r iva t ive  III makes i t  poss ib le  to a s s e r t  that this compound is 1 -oxo-2 -  
methy l -4 -hydroxypyr idaz ino[4 ,5 -b ]qu inoxa l ine ,  s ince  i t  has a v C O  band at  ~ 1670 c m - l ;  this is c h a r a c t e r -  
i s t i c  fo r  the s y s t e m  of bonds in  a molecule  with the oxo-hydroxy  s t r u c t u r e ,  while the dioxo fo rm should 
have been c h a r a c t e r i z e d  by an intense carbonyl  band at  1690 cm -1. In this case ,  the d ihydroxy s t ruc tu re  
is  excluded both by the method of synthes is  and the p r e s e n c e  of a VCO band in the spec t rum.  In addit ion,  
many of the absorp t ion  bands in the s p e c t r a  of III and IV turn out to be c lose  to one another  or  coincident;  
this a l so  conf i rms  the mixed oxo-hydroxy  s t r u c t u r e  of III.  

The p r e s e n c e  of a C ---- O band in the s p e c t r u m  of O-methy l  de r iva t ive  VI a t  1660 cm -1 makes i t  p o s s i -  
ble to a s s e r t  that  it  has the 1-oxo-4-methoxypyr idaz ino[4 ,5-b]qu inoxa l ine  form.  In addit ion,  the s p e c t r u m  
of VI coincides  with the s p e c t r u m  of IV both with r e s p e c t  to the posi t ion of the carbonyl  band and with r e -  
spec t  to the pos i t ion  of all  of the o ther  bands; this a t t e s t s  to the oxo-hydroxy  s t ruc tu r e  of VI, 

Thus an examinat ion  of the tR s p e c t r a  of I and its var ious  methyl  de r iva t ives  makes  i t  poss ib le  to 
judge the s t r u c t u r e  of the molecule  even f rom the pos i t ion  of the carbonyl  band and to conclude that 1-oxo-  
4 -hydroxypyr idaz ino  [4,5-b]quinoxaline (I) and its methyl  de r iva t ives  (III, VI) ex i s t  in the oxo-hydroxy form 
in the c r y s t a l l i n e  s t a t e .  

S t rong absorp t ion  at  1500-1630 cm -1, which is re la ted  to the in -p lane  s t r e t ch ing  v ibra t ions  of the 
C --- C and C ---- N bonds of the r ings ,  is  c h a r a c t e r i s t i c  fo r  a l l  of the inves t iga ted  compounds o t t  is i n t e r e s t -  
ing to note that the s p e c t r u m  of IV, which has a genuine oxo-hydroxy  s t r u c t u r e ,  contains a band at  1540 cm -1 
which is absen t  in the s p e c t r u m  of dioxo fo rm V. Consequently,  for  the type of subs tances  that we s tudied,  
one can d i f fe ren t ia te  between the oxo-hydroxy  and dio• forms f rom the p r e s e n c e  o r  absence of the ind i -  
cated absorp t ion  band.  The band at  1530-1540 cm - i ,  which is p r e s e n t  in the s p e c t r a  of I, III, and VI, again 
conf i rms  that  these compounds have the oxo-hydroxy  s t ruc tu r e  in the solid s t a te .  

Thus an ana lys i s  of the pos i t ion  of the f requency of the carbonyl  absorp t ion  and of the ske le ta l  v i b r a -  
tions at  1600-1630 cm - t  makes  i t  poss ib l e  to d is t inguish  the oxo-hydroxy fo rm f rom the dioxo s t r uc tu r e .  

A study of the IR s p e c t r u m  of II demons t ra t ed  that  the introduct ion of two methyl  groups into the 
benzene r ing  of I affects  the p~ conjugation in the molecule ,  s ince the fo rm of the s p e c t r u m  at 800- 
1400 em -1 d i f fe r s  somewhat  f rom the s p e c t r u m  of I with r e s p e c t  to both the posi t ion of some absorpt ion  
bands and the i r  in tens i t ies  (the p r e s e n c e  o r  absence of a number  of bands and doubling o r ,  on the o ther  
hand, merg ing  of individual  bands).  However ,  the intense band of carbonyl  absorp t ion  at  1670 cm -1 and the 
pos i t ion  of the bands in the region  of the r ing  v ib ra t ions  co r re spond  to the oxo-hydroxy  s t ruc tu r e  of II, and 
i t  can thus be a s sumed  that  the oxo-hydroxy  s t ruc tu r e  is re ta ined in the c rys t a l l i ne  state when e l e c t r o n -  
donor subs t i tuents  a re  introduced into I. 

The s p e c t r a  of I - I I I  and VI in the h igh- f requency  reg ion  have a c h a r a c t e r i s t i c  fea ture  that cons is t s  of 
the fact  that the bands of the O - H  and N - H  groups are  shifted to the long-wave reg ion  as compared  with 
the bands of the f ree  O - H  and N - H  groups;  this means  that s t rong  i n t e r m o l e c u l a r  hydrogen bonds a re  
p r e s e n t  in the c r y s t a l l i n e  s t a t e .  Thus the s p e c t r u m  of t contains a broad  absorp t ion  band at  2850-3230 cm -1 
with s e v e r a l  max ima .  The band a t  3160 cm -1 can be ass igned to the s t r e t ch ing  v ibra t ions  of bonded N - H  
groups ,  s ince  a band at  3170 cm - I  is observed  in the s p e c t r u m  of VI, which has only an N - H  group.  The 
band a t  3230 cm - I  can be ass igned to the s t r e t ch ing  v ibra t ions  of the O - H  groups that pa r t i c ipa t e  in the 
format ion  of hydrogen bonds,  s ince there  is a band at  3330 cm - I  in the s p e c t r u m  of III, which has only an 
OH group.  

The s p e c t r u m  of II a lso has a broad absorp t ion  band due to the s t r e t ch ing  v ibra t ions  of bonded O - H  
and N--H groups ,  but  it  is  shifted to the h igh- f requency  s ide  (the s t r e t ch ing  v ibra t ions  of the bonded N - H  
groups a r e  found at  3180 cm -1, while those of the O - H  groups are  found at  3335 cm-1).  

A study of the IR s p e c t r a  of solut ions  in which the hydrogen bonds a re  weakened and the subs tances  
may have a s t r uc tu r e  that c o r r e s p o n d s  to the other  poss ib le  t au tomer ic  fo rms  proved  to be imposs ib le  b e -  
cause  of the ve ry  low so lubi l i ty  of the invest igated compounds in solvents  that a re  sui table  for  the study 
of IR s p e c t r a .  
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UV S p e c t r a  

The s p e c t r u m  of I (Fig.  1) contains th ree  bands with ~max 245, 294, and 322 am.  This same  s y s t e m  
of bands is p r e s e n t  in the s p e c t r u m  of III (~max 246,305,  and 322 nm); the band a t  294 nm in the s p e c t r u m  
of I expe r i ences  a s m a l l  ba thochromic  shif t  to 305 rim. Absorp t ion  a t  250, 283, 293,325 and 250, 284, 
296, and 322 nm, r e s p e c t i v e l y ,  is c h a r a c t e r i s t i c  for  the s p e c t r a  of IV and VI. 

The band at  294-305 nm in the spec t r a  of I and III is  sp l i t  into two bands in the s p e c t r a  of IV and VI 
with max ima  a t  283-284 and 293-294 nm (although i t  is pos s ib l e  that  they merge  in o ther  so lvents) .  

The s p e c t r u m  of II has the same s y s t e m  of bands as in the s p e c t r u m  of I with ~max 256, 298, and 
325 nm, although i t  should be noted that there  is a sma l l  ba thochromic  shi f t  of a l l  of the s p e c t r a l  bands .  

Only two absorp t ion  bands with ~max 254 and 330 nm appea r  in the s p e c t r u m  of V, a compound with a 
r ig id ly  fixed dioxo s t r u c t u r e ,  and these bands a re  ba thochromica l ly  shifted as compared  with the c o r r e -  
sponding bands in the s p e c t r u m  of IV, a compound with a fixed oxo-hydroxy s t r u c t u r e .  In addit ion,  an ab-  
so rp t ion  min imum at 286 nm is observed  instead of a max imum in the s p e c t r u m  of V a t  280-300 nm. 

The s i m i l a r i t y  between the e l ec t ron ic  s p e c t r a  of I - IV and VI is  c l e a r l y  seen  when they a r e  compared ,  
and this indica tes  that they have the oxo-hydroxy  s t r u c t u r e  and a l so  indica tes  the subs tan t ia l  d i f ference  in 
the posi t ion of the bands f rom the s p e c t r u m  of V, which ex is t s  in the dioxo form.  

Thus a study of the e l ec t ron ic  s p e c t r a  has conf i rmed the conclusions that we drew in our examinat ion 
of the IR s p e c t r a  - compounds I, II,  IV, and VI ex i s t  in the mixed oxo-hydroxy form in both the c ry s t a l l i ne  
s ta te  and in solut ion.  The methods that  we used to inves t iga te  these compounds did not show the p r e s e n c e  
of any o ther  t au tomer ic  fo rm.  

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

The IR s p e c t r a  of KBr pe l l e t s  of the compounds were  r ecorded  with a UR-20 s pe c t r opho t e m e te r .  
The IR s p e c t r a  of pe r f l uo rohydroca rbon  pas t e s  of HI and VI at  2800-3600 cm-1 were  r ecorded  with a UR- 
10 s p e c t r o p h o t o m e ~ r .  

The UV s p e c t r a  of alcohol  solut ions (5 . 10 -4 to 1 o 10 -~ M) of the compounds ( layer  th ickness  0.5 cm) 
were  r eco rded  with a VSU-1 spec t ropho tom e t e r .  

1 -Oxo-2 -me thy l -4 -hydroxypyr idaz ino[4 ,5 -b ]qu inoxa l ine  (III). A mix ture  of 2 g (0.01 mole) of the an-  
hydr ide  of qu inoxa l ine -2 ,3 -d i ca rboxy l i c  ac id ,  30 ml of aeef ic  ac id ,  and 60 ml of aqueous methylhydraz ine  
was ref iuxed for  1 h to give 0.9 g (40%) of a c h e r r y - r e d  p r e c i p i t a t e ,  which was conver ted to b r igh t -ye l low 
c r y s t a l s  with mp 300 ~ a f te r  repea ted  p rec ip i t a t i on  f rom a dilute NaOH solut ion by the addi t ion of concen-  
t ra ted  HC1. Found: C 57.6; H 3.5; N 25.0~. CllH8N402. Calcula ted:  C 57.9; H 3.5; N 24.6~. 

1 -Oxo-2-methy l -4 -methoxypyr idaz ino[4 ,5 -b ]qu inoxaHne  (IV). A 0.23-g (0o001 mole) sample  of III 
and 0.17 g (0.001 mole) of s i l v e r  n i t ra te  in 3 ml of wa te r  were  added with s t i r r i n g  to a solut ion of 0.056 g 
(0~ mole) of KOH in 2 ml of w a t e r ,  and the r e su l t i ng  p r ec ip i t a t e  was removed by f i l t ra t ion ,  washed suc -  
c e s s i v e l y  with wa te r ,  a lcohol ,  and acetone,  and dr ied  to give 0.33 g of s i l v e r  s a l t  IIIa.  A 0.33 g sample  of 
IIIa was heated with 1 ml of methyl  iodide in 10 m[ of methanol  for  1 ho The mix tu re  was f i l t e red ,  and the 
so lvent  was removed f rom the f i l t r a t e  to give 0.1 g (4170) of a yel low subs tance  with mp 240 ~ (from heptane).  
Found: C 59.0; H 4.1; N 23.4%. C12H10N~O2 . Calcula ted:  C 59.5; H 4.2; N 23.1%. 

1 ,4 -Dioxo-2 ,3-d imethy lpyr idaz ino[4 ,5 -b]qu inoxa l ine  (V). A mix ture  of 2 g (0.01 mole) of the anhy-  
d r ide  of qu inoxa l ine -2 ,3 -d i ca rboxy l i c  acid and 1.5 g (0.01 mole) of d ime thy lhydraz ine  hydroch lo r ide  in 25 
ml of wa te r  was ref luxed with s t i r r i n g  for  3 h, a f t e r  which i t  was neut ra l ized  with p o t a s s i u m  carbonate  
and ex t rac ted  with ch lo ro fo rm.  The e x t r a c t  was d r i ed  with po t a s s ium ca rbona te ,  and the ch lo ro fo rm was 
removed by d i s t i l l a t i on  to give 0.17 g (7.3%) of V with mp 198 ~ ( f rom heptane).  Found: C 59.2; H 4.1; 
N 22.9%. C12Hi0N402 . Calcula ted:  C 59.5; H 4.2; N 23.1%. 

1-Oxo-4-methoxypyr idaz ino[4 ,5-b]qu inoxa l ine  (VI). A 0 .5-g  (2.3 mmole) sample  of I and 0.4 g (2.3 
mmole) of s i l v e r  n i t r a te  in 3 ml of w a t e r  were  added with s t i r r i n g  to a solut ion of 0.13 g (2.3 mmole) of 
KOH in 4 ml of wa te r ,  and the p r ec ip i t a t e  was removed  by f i l t r a t ion ,  washed s uc c e s s i ve l y  with w a t e r ,  a l -  
cohol, and ace tone ,  and d r i ed  to give 0.75 g of s i l v e r  s a l t  Via.  A mix ture  of 0.75 g of Via and 1 ml of 
methyl  iodide in 30 ml of methanol  was heated for  1 h, a f te r  which i t  was f i l t e r ed .  The solvent  was r e -  
moved f rom the f i l t r a t e  by d i s t i l l a t i on  to give 0.15 g (30~) of a yel low res idue  with mp 200 ~ ( f rom heptane).  
Found: C 57~ H 3.4; N 25.0%. CllHsN402. Calcula ted:  C 57.9; H 3.5; N 24.6~. 
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