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Synthesis of N'-arylidenequinoxaline-2-carbohydrazides, 3-Benzyl-5-(quinoxalin-3-yl)-1,3,4-oxadiazole-2(3H)-thiones and 1-(2-Aryl-5-(quinoxalin-3-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanones
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Abstract: Ethyl quinoxaline-2-carboxylate (1), reacts with hydrazine to form Quinoxaline-2-carbohydrazide (2). This compound cyclised with CNBr to offerd 5-(Quinoxalin-3-yl)-1,3,4-oxadiazol-2-amine (3). Compound 3 then converted N'-arylidenequinoxaline-2-carbohydrazides (4a-f).  The hydrzides (4a-f) are cyclised to form 3-aryl-5-(quinoxalin-3-yl)-1,3,4-oxadiazole-2(3H)-thiones (5a-f) and 1-(2-Aryl-5-(quinoxalin-3-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanones (6a-f) by reacting with KOH/CS2 and Ac2O respectively.
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Introduction

Quinoxaline derivatives are an important class of nitrogencontaining heterocycles in medicinal chemistry1-3. For example, quinoxaline is a part of various antibiotics such as echinomycin, levomycin, and actinoleutin that are known to inhibit growth of gram positive bacteria2, and are active against various transplantable tumors3. Several kinds of synthetic routes toward quinoxalines have been developed, inclding the condensation of aryl-1,2-diamines with a 1,2-diketones4, Bi-catalyzed oxidative coupling of epoxides with ene-1,2-diamines5, heteroannulation of  nitroketene N,S-aryliminoacetals with POCl36, cyclization of α-arylimino oximes of α-dicarbonyl compounds7, and formation of α-hydroxy ketones via a tandem oxidation process using Pd(OAc)2 or RuCl2-(PPh3)3-TEMPO8 as well as MnO29.

Quinoxaline derivatives have been also reported to possess a wide variety of biological activities10-12. Notable among these are antioxidant, anti-inflammatory antimicrobial, anticancer and antihistamic activities. Drugs having nitrogen containing ring system13-15 are well known for their anti-inflammatory, antioxidant, antihistamic, antimicrobial, antidepressant, hypoglycemic, hypotensive, anticarcenogenic activities etc. 1,3,4-oxadiazoles are also known to have a broad spectrum of biological activities16-18. In addition there are some studies on electronic structures and thiol-thione tautomeric equilibrium of heterocyclic thione derivatives19-21. In view of the above facts, it was contemplated to design and synthesize some oxadiazolo quinoxaline derivatives.
Scheme I
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Ar = phenyl, 4-fluorophenyl, 2-fluorophenyl, 2-fluoro-4-methoxyphenyl, 4-hydroxyphenyl, 
3-hydroxy-4-methoxyphenyl.
Experimental
Melting points were measured in a Sulphuric acid bath and are uncorrected. The IR spectra were recorded on Brucher-IFS-66 FTIR instrument. NMR spectra were recorded on Varian Gemini 200 M Hz instrument using tetramethylsilane as an internal standard in CDCl3. Chemical shifts are expressed in ppm. The purity of the compounds was checked by TLC and spots were visualized in iodine vapour.

Quinoxaline-2-carbohydrazide (2)

To a solution of ethyl quinoxaline-2-carboxylate (1), (0.01 mole) in methanol (15mL) was added 99% hydrazine hydrate (0.05 mole) and refluxed for about 5 hr, reaction was monitored by TLC. After disappearance of starting material reaction mass was cooled to room temperature, and filtered the solid.
1H NMR in DMSO-d6: 4.72 (brs, 2H), 7.97 (m, 2H), 8.17 (m, 2H), 9.42 (s, 1H), 10.27 (brs, 1H);

Mass: m/z 189 (M+1); C9H8N4O; C, 56.44; H, 3.38; N, 30.77;
5-(Quinoxalin-3-yl)-1,3,4-oxadiazol-2-amine (3)
To a solution of quinoxaline-2-carbohydrazide, (0.01 mole) in methanol (15mL) was added CNBr (0.01 mole) and refluxed for about 4 hr, reaction was monitored by TLC. After disappearance of starting material reaction mass was cooled to room temperature, and filtered the solid.

1H NMR in DMSO-d6: 7.73 (brs, 2H), 7.93 (m, 2H), 8.15 (m, 2H), 9.47 (s, 1H); 

Mass: m/z 214 (M+1); C10H7N5O; C, 57.34; H, 4.32; N, 33.75;

N'-arylidenequinoxaline-2-carbohydrazides (4a-f)
To a solution of quinoxaline-2-carbohydrazide (0.01 mole) in ethanol (60 ml), aldehyde (0.011 mole) and a few drops of glacial acetic acid were added and the mixture refluxed for 10 hours. It was then cooled concentrated and poured into crushed ice and filtered. The solid thus obtained was purified by recrystallization from ethanol.

N'-benzylidenequinoxaline-2-carbohydrazide (4a)
1H NMR in CDCl3: 7.45 (m, 3H), 7.87 (m, 4H), 8.16 (dd, 1H), 8.22 (dd, 1H), 8.46 (s, 1H), 9.78 (s, 1H), 10.88 (brs, 1H); Mass: m/z 277 (M+1); C16H12N4O; C, 70.25; H, 5.38; N, 21.28;
N'-(4-fluorobenzylidene)quinoxaline-2-carbohydrazide (4b)
1H NMR in CDCl3: 7.45(m, 2H), 7.88 (m, 4H), 8.18 (dd, 1H), 8.23 (dd, 1H), 8.44 (s, 1H), 9.78 (s, 1H), 10.78 (brs, 1H); Mass: m/z 295 (M+1); C16H11FN4O; C, 65.30; H, 3.77; F, 6.46; N, 19.04; O, 5.44
N'-(2-fluorobenzylidene)quinoxaline-2-carbohydrazide (4c)

1H NMR in CDCl3: 7.43 (m, 2H), 7.82 (m, 4H), 8.12 (dd, 1H), 8.22 (dd,1H), 8.42 (s, 1H), 9.76 (s, 1H), 10.80 (brs, 1H); Mass: m/z 295 (M+1); C16H11FN4O; C, 65.30; H, 3.77; F, 6.46; N, 19.04; 
N'-(2-fluoro-4-methoxybenzylidene)quinoxaline-2-carbohydrazide (4d)

1H NMR in CDCl3: 3.74 (s, 3H), 7.44 (m, 2H), 7.81 (m, 3H), 8.13 (dd, 1H), 8.22 (dd, 1H), 8.43 (s, 1H), 9.80 (s, 1H), 10.82 (brs, 1H); Mass: m/z 325 (M+1); C17H13FN4O2; C, 63.56; H, 3.44; N, 16.28
N'-(4-hydroxybenzylidene)quinoxaline-2-carbohydrazide (4e)

1H NMR in CDCl3: 7.35 (m, 3H), 7.81 (m, 3H), 8.13 (dd, 1H), 8.25 (dd, 1H), 8.45 (dd, 1H), 8.25 (dd, 1H), 8.45 (s, 1H), 9.78 (s, 1H), 10.85 (brs, 2H); Mass: m/z 293 (M+1); C16H12N4O2; C, 66.75; H, 5.24; N, 18.17 
N'-(3-hydroxy-4-methoxybenzylidene)quinoxaline-2-carbohydrazide (4f)

1H NMR in CDCl3: 3.80(s, 3H), 7.38 (m, 3H), 7.80 (m, 3H), 8.15 (dd, 1H), 8.24 (dd, 1H), 8.43 (s, 1H), 9.75 (s, 1H), 10.80 (brs, 2H); C17H14N4O3; C, 64.55; H, 5.81; N, 16.38
3-Aryl-5-(quinoxalin-3-yl)-1,3,4-oxadiazole-2(3H)-thiones (5a-f) 
To a solution of N'-benzylidenequinoxaline-2-carbohydrazide (0.01 mole) in EtOH, KOH (0.01 mole) and CS2 were added and refluxed for overnight. It was then cooled concentrated and poured into crushed ice and filtered. The solid thus obtained was purified by recrystallization from ethanol.

3-benzyl-5-(quinoxalin-3-yl)-1,3,4-oxadiazole-2(3H)-thione (5a)
1H NMR in DMSO-d6: 5.62(s, 2H), 7.25 (m, 5H), 7.85 (m, 2H), 8.22 (dd, 1H), 9.80 (s, 1H); Mass: m/z 321 (M+1)
3-(4-fluorobenzyl)-5-(quinoxalin-3-yl)-1,3,4-oxadiazole-2(3H)-thione (5b)

1H NMR in DMSO-d6: 5.64 (s, 2H), 7.26 (m, 4H), 7.85 (m, 2H),  8.24 (dd, 1H), 9.82 (s, 1H); Mass: m/z 339 (M+1)
3-(2-fluorobenzyl)-5-(quinoxalin-3-yl)-1,3,4-oxadiazole-2(3H)-thione (5c)

1H NMR in DMSO-d6: 5.58 (s, 2H), 7.24 (m, 4H), 7.80 (m, 2H), 8.23 (dd, 1H), 9.82 (s, 1H); Mass: m/z 339 (M+1)

3-(2-fluoro-4-methoxybenzyl)-5-(quinoxalin-3-yl)-1,3,4-oxadiazole-2(3H)-thione (5d)

1H NMR in DMSO-d6: 3.82 (s, 3H), 5.61 (s, 2H), 7.30 (m, 3H), 7.85 (m, 2H), 8.24 (dd, 1H), 9.80 (s, 1H); Mass: m/z 369 (M+1)
3-(4-hydroxybenzyl)-5-(quinoxalin-3-yl)-1,3,4-oxadiazole-2(3H)-thione (5e)

1H NMR in DMSO-d6: 5.60 (s, 2H), 7.28 (m, 4H), 7.80 (m, 2H), 8.25 (dd, 1H), 9.02 (brs, 1H), 9.80 (s, 1H); Mass: m/z 337 (M+1)
3-(3-hydroxy-4-methoxybenzyl)-5-(quinoxalin-3-yl)-1,3,4-oxadiazole-2(3H)-thione (5f)

1H NMR in DMSO-d6: 3.81 (s, 3H), 5.62 (s, 2H), 7.29 (m, 3H), 7.79 (m, 2H), 8.22 (dd, 1H), 9.13 (brs, 1H), 9.82 (s, 1H); Mass: m/z 367 (M+1)
1-(2-Aryl-5-(quinoxalin-3-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanones (6a-f)

The solution of N'-benzylidenequinoxaline-2-carbohydrazide (0.01 mole) and Acetic anhydride (0.01 mole) were refluxed for overnight. It was then cooled concentrated and poured into crushed ice and filtered. The solid thus obtained was purified by recrystallization from ethanol.

1-(2-Phenyl-5-(quinoxalin-3-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanones (6a)

1H NMR in CDCl3: 2.41 (s, 3H), 6.62 (s, 1H), 7.23 (m, 2H), 7.42 (m, 2H), 7.52 (m, 1H), 7.85 (m, 2H), 8.22 (m, 2H), 9.45 (s, 1H); Mass: m/z 319 (M+1)
1-(2-(4-fluorophenyl)-5-(quinoxalin-3-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanones (6b)

1H NMR in CDCl3: 2.40 (s, 3H), 6.60 (s, 1H), 7.24 (m, 2H), 7.43 (m, 2H), 7.65 (m, 2H), 8.22 (m, 2H), 8.45 (s, 1H); Mass: m/z 337 (M+1)
1-(2-(2-fluorophenyl)-5-(quinoxalin-3-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanones (6c)

1H NMR in CDCl3: 2.42 (s, 3H), 6.61 (s, 1H), 7.25 (m, 2H), 7.44 (m, 2H), 7.64 (m, 2H), 8.23 (m, 2H), 9.40 (s, 1H); Mass: m/z 337 (M+1)
1-(2-(2-fluoro-4-methoxyphenyl)-5-(quinoxalin-3-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanones (6d)

1H NMR in CDCl3: 2.39 (s, 3H), 3.78 (s, 3H), 6.60 (s, 1H), 7.13 (m, 2H), 7.44 (m, 2H), 7.65 (m, 2H), 8.22 (m, 1H), 9.39 (s, 1H); Mass: m/z 367 (M+1)
1-(2-(4-hydroxyphenyl)-5-(quinoxalin-3-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanones (6e)

1H NMR in CDCl3: 2.40 (s, 3H), 6.61 (s, 1H), 7.12 (m, 2H), 7.45 (m, 2H), 7.65 (m, 3H), 8.25 (m, 2H), 9.42 (s, 1H); Mass: m/z 335 (M+1)
1-(2-(3-hydroxy-4-methoxyphenyl)-5-(quinoxalin-3-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanones (6f)
1H NMR in CDCl3: 2.40 (s, 3H), 3.86 (s, 3H), 6.59 (s, 1H), 7.13 (m, 2H), 7.44 (m, 2H), 7.66 (m, 2H), 8.26 (m, 2H), 9.45 (s, 1H); Mass: m/z 365 (M+1)
Table 1: Characterization data of compounds (5a-e), (7a-e) and (9a-e)


Compd                 R*                     

Yield                m.p.                      
Mol.               

                                                       

(%)                   (oC)                      
formula   

 5a       phenyl                        


69                       222                     C17H12N4OS
 5b       4-fluorophenyl                


71                       222                     C17H11FN4OS
   5c
2-fluorophenyl                                     73                       203                     C17H11FN4OS


  5d 
2-fluoro-4-methoxyphenyl     

78                       210                     C18H13FN4O2S
  5e 
4-hydroxyphenyl                   

79                       245                     C17H12N4O2S
  5f       3-hydroxy-4-methoxyphenyl  

71                       260                     C18H14N4O3S
 6a       phenyl                                 


68                       225                     C18H14N4O2

 6b      4-fluorophenyl                 


81                        232                    C18H13FN4O2
   6c
2-fluorophenyl                    

72                        250                    C18H13FN4O2
  6d 
2-fluoro-4-methoxyphenyl     

75                       222                      C19H15FN4O3
  6e 
4-hydroxyphenyl                 

75                       278                     C18H14N4O3
  6f       3-hydroxy-4-methoxyphenyl 

 68                       242                    C19H16N4O4
Conclusions 

We have developed an efficient protocol synthesis of new 3-benzyl-5-(quinoxalin-3-yl)-1,3,4-oxadiazole-2(3H)-thiones (5a-f) and 1-(2-Aryl-5-(quinoxalin-3-yl)-1,3,4-oxadiazol-3(2H)-yl)ethanones (6a-f). Operational 
simplicity, cleaner reaction, easer work-up and are environmentally co-friendly reactions. Moreover quinoxaline derivatives are used as pharmaceutical drugs.
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