
CONDENSED AND BONDED QUINOXALINES 

V.* SYNTHESIS OF PYRAZOLO[3,4-b]QUINOXALINES 

V. D. Romanenko and S. I. B u r m i s t r o v  UDC 547.863.1'779'821.07 

2-Chloro-3- fo rmylqu inoxa l ine  was synthes ized f r o m  2-chloro-3-methylquinoxal ine  by the 
Kr6hnke method,  and the p r o p e r t i e s  of i ts  phenylhydrazone were  studied. It was found that 
2 -Y-3- fo rmylqu inoxa] ines  display an anomalously  low react iv i ty  as compared  with 2-Y- 
benzoylquinoxalines (Y = H, OH, C1) in the synthes is  of pyrazolo[3,4-b]quinoxal ines .  

The cycl iza t ion  of some quinoxaline der iva t ives  by the action of excess  phenylhydrazine in the p r e s -  
ence of acid ca ta lys t s  to pyrazolo[3,4-b]quinoxal ines  ( , , f lavazoles")has  been descr ibed  in [2-4]. It has been  
assumed  [4] that f l avazoles  a re  fo rmed  by ring closing of the p r e c u r s o r  phenylhydrazones .  

In the p re sen t  r e s e a r c h  we have studied the cycl iza t ion of 2 -Y-3- fo rmylqu inoxa l ines  and 2 -Y-benzoy l -  
quinoxalines,  where  Y = OH, CI, to f lavazoles .  
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2-Chloro-3- formylqu inoxa l ine  was synthes ized f r o m  2-chloro-3-methylquinoxal ine  via the scheme 
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We were  unable to obtain H by oxidation of XIV with se lenium dioxide under conditions s i m i l a r  to those 
used  for  the synthes is  of 2-formylquinoxal ine  [5] and 2-hydroxy-3- formylquinoxa l ine  [6]. The p re sence  
of an aldehyde group in the IR s p e c t r u m  of H is conf i rmed  by bands at 1735 (vC__-o)and 2885 cm -1 (~CO-H)-  
In accordance  with the data in [7], the band of C - C 1  s t re tching v ibra t ions  in the spec t r a  of XIV, XV, XVI, 
and II is displayed as intense absorp t ion  at, r espec t ive ly ,  1048, 1050, 1052, and 1060 cm -1. The s t ruc tu re  
of II is a lso conf i rmed  by chemica l  means  - oxidation to the known 2-ch loroquinoxa l ine-3-carboxyl ic  acid. 

The ~ N - H b a n d  usually obse rved  in the spec t r a  of phenylhydrazones  is absent  in the IR s p e c t r u m  of 
2 -ch lo ro -3- fo rmylqu inoxa l ine  phenylhydrazone (Vb). Never the less ,  the intense absorp t ion  at 1052 cm -1, 
the resu l t s  of e l e m e n t a r y  ana lys t s ,  and the de te rmina t ion  of the m o l e c u l a r  weight const i tuted evidence 
that  the C - C 1  bond remained  unaffected in the molecule ,  and the composi t ion  of the compound co r r e sponds  

*See [1] fo r  communica t ion  IV. 
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to Vb. Compound Vb proved to be completely inert  under the conditions used for the convers ion of 2-Y-3-  
aroylquinoxalines to flavazoles [4]. Prolonged refluxing of Vb in acetic acid or  e thano l -pyr id ine  invariably 
led to the start ing compound. Under more  severe  conditions, when Vb was refluxed in alcohol in the p r e s -  
ence of sodium alkoxide or  when it was heated at 180~ in hexamethylphosphoric tr iamide, the degree of 
convers ion to a flavazole was negligibly small .* At the same time, II and Vb are readily converted to 1H- 
pyrazolo[3,4-b]quinoxaline (VIIa) after  br ief  heating in alcohol with excess  hydrazine hydrate.  The fo rma-  
tion of a pyrazole ring in this case is conf i rmed by the disappearance of vC-C1 absorption near  1050 cm -1 
and by the appearance of broad associated VN-H bands in the high-frequency region. 

In our subsequent studies, we compared the proper t ies  of 2-formylquinoxaline phenylhydrazone {IVb), 
2-hydroxy-3-formylquinoxal ine phenylhydrazone (VIb), and Vb. According to the data in [2], IVb is con-  
verted in 70% yield to VIIb af ter  refluxing for 24 h with excess  phenylhydrazine in P r O H - H C I .  The cycl iza-  
tion of VIb was not investigated, but our experiments  showed that its behavior  is s imi lar  to that of Vb. For  
comparison,  we point out that 2-(p-anisoyl)quinoxaline is converted to the corresponding flavazole [4] in the 
same yield as in the case of IVb after  refluxing for 3 h in C2H5OH-HC1 with excess  phenylhydrazine.  

The anomalously low react ivi ty of 2-formylquinoxalines in the synthesis of f lavazoles is manifested 
when they are compared under comparable conditions with 2-chloro-3-benzoylquinoxal ine (XI) and 2-hy-  
droxy-3-benzoylquinoxaline (XIT). For  XI, the phenylhydrazone cannot be isolated, but refluxing XI for 3 h 
in ethanol with excess  phenylhydrazine gives a high yield of 1,3-diphenylpyrazolo[3,4-b]quinoxaline (VIIIb); 
XII initially forms a phenylhydrazone (XIIT), which is converted to a flavazole after  br ief  refluxing inacet ic  
acid. The s t ructure  of intermediate XIII is confirmed by compar ison  of it with the substance obtained by 
azo coupling of 2-hydroxy-3-benzylquinoxaline with benzenediazonium salt.  

The assumption regarding the existence of 2-formylquinoxaline phenylhydrazones in the stable syn 
configuration, which hinders closing of the pyrazole ring, should be rejected,  since Messmer  and Sziman 
[9] converted 2-methyl -  3-ace tylquinoxaline phenylhydraz one to 3,4-dimethyl-  1-phenyl- 1,2,3-triazolo[ 1, 5-a]-  
quinoxalinium bromide by the action of N-bromosuccinimide.  The occurrence  of oxidative cycl izat ion of 
this type for 2-formylquinoxaline phenylhydrazones under the influence of bromine is probably the reason 
that the la t ter  do not show a positive qualitative reaction for a phenylhydrazone group based on cleavage 
of the N - N H A r  group by bromine and subsequent detection of diazonium coupling with 2-naphthol (on paper) 
[10]. It is interesting that 2-hydroxy-3-benzoylquinoxaline phenylhydrazone, which is readily cycl ized to 
a flavazole, gives a positive qualitative react ion for the phenylhydrazone grouping. 

In view of the difficulties that ar ise  in explaining the proper t ies  of 2-formylquinoxaline phenylhydra- 
zones, we considered the following (B and C) as possible i somer ic  s t ruc tures :  
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For  VIb, with an absorption maximum in the visible region at 460 nm, B and C were previously [11] 

considered as possible s t ructures ,  since a s t rong ias compared with the absorption maxima of a - N - a c e t y l -  
and a-N-methylphenylhydrazones)  bathochromic shift was observed.  The PMR spec t ra  of Vb and VIb make 
it possible to exclude s t ructure  C because of the absence of proton signals f rom a C H  2 group. The chemi-  
ca] shifts f rom the protons of the C -  N and N - H  groups in the spec t rum of benzal phenylhydrazone are 
found at, respect ively,  6 7.93 and 10.66 ppm. For  Vb and V I b  we were unable to observe signals of C--H 
protons, and the chemical  shift f rom the CH= N protons is masked by the signals of aromat ic  protons.  

Analysis of the electronic absorption spec t ra  of IVb, Vb, and VIb confi rms the existence of i m i n o -  
enamine tau tomer i sm (A ~:B). The absorption maxima of Vb and VIb in the visible region are close (450 
and 460 nm, respectively),  while IVb is considerably more  weakly colored (~max 415 rim); in conformity 
with this, it is necessa ry  to assume that enamine s t ructure  B is p re fe r r ed  for  Vb and VIb, while imino 
s t ructure  A is p re fe r red  for IVb. This is in agreement  with the increase  in the absorption intensity at 
~260 nm in the UV spec t rum of IVb, which is assumed to be charac te r i s t i c  for  phenylhydrazones [12]. 

It is interest ing to note that, in contras t  to the spec t rum of Vb, the TR spec t rum of IVb contains a 
V N ' H b a n d  as a doublet at 3240 and 3200 cm -1, which is shifted to 3275 cm -1 in the spec t rum of 2- formyl-  

/ 

* Data that contradict  ours are presented by Sauer and Henseke in [8]. 
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quinoxaline 2,4,6- t r ini t rophenylhydrazone.  An intense band at 3130 cm -1, which is apparently related to the 
VN- H vibrat ions,  is present  in the spec t rum of Ve on the background of the aromat ic  absorption. 

It was previously  [3] noted in the case of 2-hydroxy-3-quinoxalyl  1,2,3-tr ihydroxypropyl  ketone that 
the presence  of a polyhydroxyalkyl chain promotes  its cyclizat ion to a flavazole. It must be concluded that 
this conclusion is more  general  in charac te r :  the presence  of a substituent (R) attached to the carbon atom 
of the carbonyl group has a decisive effect on the ease of format ion of a pyrazole  ring, while the nature of 
the substituting group (Y) is of secondary  importance and may vary over  an unusually wide range (see [4]). 

EXPERIMENTAL 

The IR spectra of KBr pellets were recorded with a UR-20 spectrometer. The UV spectra of ethanol 
solutions (10-4-10 -5 mole/liter) were recorded with an SF-4 spectrometer. The PMR spectra were obtained 
with a Varian A-60A spectrometer from pyridine solutions with hexamethyldisiloxane as the internal stan- 
dard. The absorption spectra in the visible region were measured with an SF-10 spectrophotometer. 

2-Formylquinoxaline (1) and 2-Hydroxy-3--formylquinoxaline (III). These compounds were synthesized 
by the methods in [5, 6]. The melting points of the phenylhydrazones obtained from them were in agree- 

ment with the literature values [14, II]. 

2-Chloro-3-methylquinoxaline (}{IV). A mixture of 16.0 g (0.1 mole) of 2-hydroxy-3-methylquinoxa- 
line and 150 rnl of phosphorus oxychloride was refluxed gently for 60-80 rain until all of the solid had dis- 
solved. The bulk of the phosphorus oxychloride was then removed by distillation in vacuo (with a water 
aspirator), and the residue was cooled and added in portions to ice. The aqueous mixture was filtered to 
remove resinous impurities, and the filtrate was treated with ammonia (to neutrality) to precipitate XIV. 
The resulting light-brown substance was placed in a distilling flask and steam-distilled. The yie|d of pure 
substance with mp 85-86 ~ (rap 79-81 ~ [15]) was 17 g (96~0). Found: Cl 19.7; N 15.6~ CgH7CIN 2. Calcu- 
lated: Cl 19.8; N 15.770. UV spectrum: Xmax, nm (log ~): 238 (4.45), 320 (3.88), and 328 (3.81). 

N-(2-Chloro-3-quinoxalymethyl)pyridinium Iodide (X-V). A 17.9-g (0.1 mole) sample of XIV was dis- 
solved in 40 ml of dry pyridine, and 25.4 g (0.I mole) of iodine was dissolved in 30 ml of pyridine. The 
solutions were mixed and held at 80 ~ for 3 h. The mixture was cooled, and the resulting crystalline sub- 
stance was removed by filtration and washed on the filter with a small amount of pyridine to give 28.7 g 
(7570) of light-brown needles with mp 213-214 ~ (from pyridine). Found: C 42.7; H 2.7; N 10.470. C14HIICIN 3. 

Calculated: C 43.8; H 2.9; N 10.970. 

2-Chloro-3-formylquinoxaline p-Dimethylaminophenylnitrone (XVl). A 38.4-g (0.1 mole) sample of 
XV was added to 250 ml of methanol to which a solution of 14 g (0.I mole) of potassium acetate in 200 ml 
of water had been previously added. The mixture was stirred vigorously, and 15 g (0.1 mole) of p-nitro- 
sodimethylaniline in 150 ml of methanol was added to it. The mixture was then stirred for another 10-15 
rain, after which the reaction mass was allowed to stand at room temperature for 5-6 h. It was thencooled, 
and the resulting dark-red needles were removed by filtration and washed thoroughly on the filter with a 
large amount of water to give 20.5 g (6370) of a product with mp 124-125 ~ (from aqueous alcohol). Found: 

C 62.7; H 5.2; Cl 10.770. C~THIsCIN40. Calculated: C 62.5; H 4.6; Cl 10.9%. UV spectrum: ~max, nm 
(log ~): 242 (4.49), 315 (4.16). 

2-Chloro-3-formylquinoxaline (If). A 3.27-g (0.01 mole) sample of XVI was added to 50 ml of 1 N 
hydrochloric acid, and the mixture was stirred vigorously for 5-10 rain. The aldehyde crystallized as 
shiny plates. Workup gave 1.43 g of a product with mp 153-154 ~ (from aqueous alcohol). The product can 
also be purified by sublimation at 120-130 ~ (i0 ram). Found: Cl 18.5; N 14.5%. C~HsCIN20. Calculated: 
Cl 18.5; N 14.570. UV spectrum: ~max, nm (log~): 242 (4.52), 322 (3.95), 330 (3.88). IR spectrum, cm-l: 
1060 (C-C1), 1735 (C=O) ,2885  (CO-H).  

2-Chloroquinoxal ine-3-carboxyl ic  Acid. An aqueous solution of potass ium permanganate was added 
dropwise to 0.96 g (0.005 mole) of II in 20 ml of acetone until decolorizat ion ceased.  The mixture was then  
diluted with water  and extracted with e ther  to give 0.83 g (8070) of a substance with mp 145-147~ c rys ta l l i za -  
tion f rom water  gave a product  with mp 151-152 ~ (rap 146-147 ~ [5]). Found: C1 16.9; N 13.5~0. CgHsC1N202. 
Calculated: C1 17.00; N 13.470. IR spectrum, cm- l :  1045 (C-C1), 1710 (C =O). 

1H-I>yrazolo[3,4-b]quinoxaline (VII). A mixture of 0.86 g (0.005 mole) of II and 20 ml of ethanol was 
refluxed with a fivefold excess  of hydrazine hydrate in 20 ml of water  for  30 rain. It was then cooled to 
give 0.6 g (7170) of a crys ta l l ine  substance, which was purified by crysta l l iza t ion f rom aqueous dioxane to 
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give a product  with rap 283.5-284.5 ~ (rap 281-282~ Found: C 63.4; H 3.8~. C~HsN 4. Calculated: C 63.5; 
H 3.6%. 

2-Chloro-3- formylquinoxa l ine  Phenylhydrazone (Vb). Aqueous alcohol solutions of 0.86 g (0.005 mole) 
of II and 0.5 ml of phenylhydrazine were  mixed,  and the mixture  was heated for  2-3 rnin on a wa te r  bath. 
The mixture  was then f i l te red  to give orange needles  of Vb with rap 163-164 ~ (from aqueous alcohol). The 
yield was a lmos t  quanti tat ive.  Found: C1 12.6; N 20.1%. C~sHllC1N a. Calculated: C1 12.5; N 19.8 ~ Elec-  
t ronic  spec t rum:  ~ max '  nm (log e): 240 (4.43), 318 (3.98), 450 (4.33). 

2 -Chloro-3- formylquinoxal ine  4-Nit rophenylhydrazone (Vc). This compound was obtained by mixing 
solutions of equivalent  amounts  of II and 4-ni t rophenylhydrazine  in acet ic  acid. The yield of orange c r y s -  
ta ls  with rap 289-290 ~ (from CH3COOH-DMF ) was a lmos t  quanti tat ive.  Found: C1 10.5; N 20.8~c. C15H10N502. 
Calculated: Cl 10.8; N 21.4~. 

2-Chloro-3- formylquinoxal ine  2,4-Dini t rophenylhydrazone (Vd). This compound was s imi l a r ly  ob- 
tained f r o m  II and 2 ,4-dini t rophenylhydrazine.  The yield of yellow c r y s t a l s  with mp 275-277 ~ (from 
CH~COOH--DMF) was a lmos t  quanti tat ive.  Found: C1 9.3; N22 .1~ .  CtsHsC1N604. Calculated: CI 9.5; 
N 22.5%. 

2-Chloro-3- formylquinoxal ine  2 ,4 ,6-Tr in i t rophenylhydrazone  (Ve). This compound was s imi l a r ly  ob- 
tained f r o m  It and 2 ,4 ,6- t r in i t rophenylhydrazine .  The yield of yel low c r y s t a l s  with mp 267-270 ~ was a lmos t  
quanti tat ive.  Found: C1 8.7; N23 .0~ .  ClsHsC1N706. Calculated: C1 8.5; N 23.5%. 

2-Chloro-3- formylquinoxal ine  N-Acetylphenylhydrazone.  A 0.28-g (0.001 mole) sample  of Vb was 
refluxed for  1 h in 10 ml of acet ic  anhydride.  Cooling of the mixture  gave 0.27 g (85%) of yel low c r y s t a l s  
of the acetyl  der ivat ive  with rap 216-218 ~ (from alcohol). Found: C1 10.8; N 17.1~c. C17H13C1N40. Calcu-  
lated: C1 10.9; N 17.3~. IR spec t rum,  era- l :  1060 (C-C1),  1690 (C = O). 

2-Hydroxy-3-benzylquinoxal ine  (IX). A mixture  of 14.8 g (0.1 mole) of phenylpyruvic  acid and 11.9 g 
(0.11 mole) of o-phenylenediamine in 200 ml of propyl  alcohol was heated on a bo i l ing-water  bath for  30 
rain, a f te r  which it was cooled, and the prec ip i ta te  was removed  by f i l t ra t ion and washed thoroughly on the 
f i l t e r  with a large amount of wa te r  to give 18.4 g (78%) of a product  with rap 194-197 ~ (mp 196 ~ [13]). Found: 
N 11.7%. C15H12N20. Calculated: N 11.9~. 

2-Hydroxy-3-benzoylquinoxal ine  (XII). This compound was obtained in 70% yield by oxidation of IX 
with chromic  anhydride by the method descr ibed  in [4]. The co lo r l e s s  c r y s t a l s  had mp 255-258 ~ Found: 
N 9.9%. C15H10N202. Calculated: N 11.2~/0. IR spec t rum,  cm-~: 1685 (lactam CO), 1710 (C=O) ,  2850-3050 
(NtI, OH). 

2-Hydroxy-3-benzoylquinoxal ine  Phenylhydrazone (XIII). A. F r o m  2-Hydroxy-3-benzoylquinoxal ine  
(XII). A 1.00-,g (0.004 mole) sample  of XII was refluxed for  2 h with a fivefold excess  of phenylhydrazine 
in 40 ml of methanol  containing 0.1 ml  of concentra ted hydrochlor ic  acid. The mix ture  was cooled to p r e -  
cipitate 1.30 g (96%) of red c ry s t a l s  of XIII with rap 248-250 ~ (from alcohol).  Found: N 16.4~. C21H16N40. 
Calculated: N 16.5~. IR spec t rum,  cm- l :  1690 (C=O) ,  2800-3200 (NH, OH). 

B. F r o m  2-Hydroxy-3-benzylquinoxal ine  (IX). A 4.73-g (0.02 mole) sample  of IX was dissolved in 
250 ml  of acet ic  acid, and an equivalent  amount of a solution of benzenediazonium sulfate in 20 ml of con-  
cent ra ted  hydrochlor ic  acid was added with v igorous  s t i r r ing  at 5-7 ~ . S t i r r ing  was continued for  another  
3 h, a f t e r  which the mix ture  was allowed to stand in a r e f r i g e r a t o r  overnight .  The red-v io le t  p rec ip i ta te  
was r emoved  by f i l t ra t ion and purif ied by crystall-]Zati~on f r o m  alcohol to give 3.4 g (50%) of a product  with 
mp 248-250 ~ The substance was identical  to that obtained f r o m  XII and phenylhydrazine.  

2-Chloro-3-benzylquinoxal ine  (X). This compound was obtained in 88% yield f r o m  IX by the method 
descr ibed  above. The co lo r l e s s  c ry s t a l s  had mp 86-88 ~ (from alcohol). Found: C1 13.8; N 11.2~0. 
C15HllC1N2. Calculated: C1 13.9; N ll.0~c. 

2-Chloro-3-benzoylquinoxal ine  (XI). This compound, with mp 138-141 ~ (from methanol),  was obtained 
in 55% yield by the method in [4]. Found: C1 13.2; N 10.4%. Cl~HgClN20. Calculated: C1 13.2; N 10.4%. 
IR spec t rum,  cm- l :  1060 (C-C1),  1680 (C----O). 

1,3-Diphenylpyrazolo[3,4-b]quinoxaline (VIIIb). A .  F rom2-Ch lo ro -3 -benzoy lqu inoxa l i ue .  A 2.69-g 
(0.01 mole) sample  of XI was refluxed in 20 ml of ethanol with a threefold excess  of phenylhydrazine for  
3 h. The mixture  was cooled, and the prec ip i ta te  was removed  by f i l t ra t ion and purif ied by c rys ta l l i za t ion  
f r o m  acet ic  acid to give 2.2 g (68%) of product .  The mel t ing point and IR s p e c t r u m  of the product  wei~e 
identical  to those repor ted  in [3]. 
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B__ From 2-Hydroxy-3-benzoylquinoxaline Phenylhydrazone.  A 0.34-g (0.001mole)sample of XIII was 
refluxed in 20 ml of acetic acid for  1 h, af ter  which the mixture was cooled to give 0.19 g (60~0) of VIIIb. 
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