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The corresponding quinoxalines are formed by the react ion of arylhydrazones  of a - h y d r o x y -  
ketones with o-phenylenediamine in glacial  acetic acid. The basis  for the react ion is the 
ability of arylhydrazones  of a -hydroxycarbony l  compounds to undergo cleavage at the N - N  
bond in carboxylic  acid media to form an arylamine and an a-diketone monoimine.  

In connection with a study of the chemical  proper t ies  of the arylhydrazones  of a -hydroxycarbonyl  
compounds [1], severa l  of them were subjected to react ion with o-phenylenediamine in acetic acid. The 
arylamine and the corresponding quinoxaline were isolated as the react ion products,  and ammonia was de- 
tected in the react ion mixture .  To c a r r y  out the reaction,  equimolar  rat ios  of the reagents  were held in 
glacial acetic acid at a fixed tempera ture .  The instant at which the tempera ture  of the react ion mixture 
again becomes equal to the bath t empera tu re  after  reaching a maximum value served  as a sign of comple-  
tion of the react ion,  which proceeds  with a small  amount of heat evolution. After  removal  of the solvent, 
the react ion products were separa ted  by the usual methods.  The s tar t ing arylhydrazones ,  the react ion con-  
ditions, and the compounds obtained are presented in Table 1. 

The problem of the mechanism of this react ion can apparently be solved if one takes into account the 
ability of a ry lhydrazones  of a -hydroxyketones  to undergo cleavage at the N - N  bond in carboxylic  acid 
media to form an arylamine and an a-diketone monoimine (I) [1, 2]. In par t icular ,  if this sor t  of cleavage 
occurs  in the p resence  of a twofold excess  of arylhydrazine,  an osazone is formed [2]. An N - a c e t y l - a -  
iminoketone (iI) can be isolated when the cleavage is c a r r i ed  out in a mixture of acetic acid and acetic an- 
hydride.  In this react ion,  however,  the a- iminoketone  (I) obtained during the cleavage of the arylhydrazone 
and the ni t rogen analog of the a-d ike tone  react  with o-phenylenediamine to form a quinoxaline* (see [3]). 
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As seen f rom the data presented in Table 1, the ease with which the a-hydroxyketone  ary lhydrazones  
enter  into this react ion depends on the cha rac t e r  of the aryl  radical  of the hydrazine residue,  which can be 
followed in the case  of 2-hydroxycyclohexanone.  Thus, while the phenylhydrazone of this compound reac t s  

* The a - iminoca rbony l  compounds were ea r l i e r  identified as quinoxaline der ivat ives;  for  example, in the 
the rmolys i s  of some organic azides [4]. 
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TABLE 1. React ion of Arylhydrazones  of a -Hydroxyke tones  with o-Phenylenediamine 

Starting hydrazone 

2-Hydroxycyclohexanone phenyl-  
hydrazone 

2-Hydroxycyclohexanone p -n i t r o -  
phenylhydrazone 

2-Hydroxycyclohexanone 2 ,4-d in i t ro-  
phenylhydrazone (rap 152-153 ~ 

2-Hydroxycyclohexanone 2 ,4-d in i t ro-  
phenylhydrazone (rap 194-195 ~ 

Acetoin p-ni t rophenylhydr  azone 

Acetoin 2 ,4-dini t rophenylhydr  azone 

Max. temp.  of 
re action 
mixture ,  ~ 

40-  5O 

75- 80 

105-106 

104-105 

75- 80 

103-104 

105-107 

102-103 

React ion 
t ime,  

h 

15-20 

15-20 

20-25 

20-25 

15-20 

30-40 

10-15 

30-40 

2-Hydroxycyelopentanone p - n i t r o -  
phenylhydrazone 

Benzoin p-ni t rophenylhydrazone  

Reaction products* (yield, ~) 

1 ,2 ,3 ,4-Tetrahydrophenazine  (85) 
and aniline (70) 

1 ,2 ,3 ,4-Tet rahydrophenazine  (80) 
and p-ni t roani l ine  (60) 

1 ,2 ,3 ,4-Tet rahydrophenazine  (70) 
and 2,4-dini troanil ine (60) 

1 ,2 ,3 ,4-Tetrahydrophenazine  (65) 
and 2,4-dini troanil ine (55) 

2,3-Dimethylquinoxaline (80) and 
p-ni t roani l ine  (80) 

2,3-Dimethylquinoxaline (35) and 
2,4-dini t roani l ine (40) 

2 ,3-Trimethylquinoxal ine  (70) and 
p-ni t roani l ine  (60) 

2,3-Diphenylquinoxaline (70) and 
p-ni t roani l ine (85) 

*Aniline and p-ni t roani l ine  were  isolated as the N-acetyl  der iva t ives .  

with o-phenylenediamine at room t empera tu re ,  the p-ni t rophenylhydrazone requi res  heating to 70 ~ while 
the 2 ,4-dini t rophenylhydrazone,  r ega rd l e s s  of which of the two modificat ions [1] is used in the reaction,  r e -  
acts at a sufficient ra te  only at 100 ~ A s imi l a r  r egu la r i ty  was also observed  in the cleavage of the same 
compounds in a mixture  of acetic acid and acet ic  anhydride and resul ted  in the format ion of 2 -ace tamido-2 -  
cyclohexenone 0II) and the cor responding  ary lamine .  However,  in this case  the low-melt ing form of 2- 
hydroxycyclohexanone 2 ,4-dini t rophenylhydrazone was more  reac t ive  than the high-mel t ing form [1]. 

The yields of the quinoxalines also depend on the c h a r a c t e r  of the aryl  radica l ,  as indicated by expe r i -  
ments  with the a ry lhydrazones  of 2-hydroxycyclohexanone and, especia l ly ,  acetoin.  In a p repara t ive  r e -  
spect ,  it is expedient  to use the p-ni t rophenylhydrazones  of the s tar t ing compounds (which is natural  when 
the a -hydroxyke tones  are  more  access ib le  than the cor responding  o~-diketones). The p-n i t rophenylhydraz-  
ones more  suff icient ly reac t ive ,  and the reac t ion  products  are  isolated more  s imply and comple te ly  than in 
the case  of phenyl-  and 2 ,4-dini t rophenylhydrazones  af ter  p r e l imina ry  acetylat ion of the p-ni t roani l ine 
fo rmed  with acetic anhydride.  In conclusion, it should be noted that the investigated react ion is apparently 
genera l  for  the a ry lhydrazones  of a -hydroxyca rbony l  compounds. 

EXPERIMENTAL 

Acetoin p-Nitrophenylhydrazone. A mixture of 15.3 g (0.1 mole) of p-nitrophenylhydrazine and 9.0 

rnl (0.102 mole) of acetoin in I00 ml of methanol was stirred at 60 ~ until a solution formed. The solution 

was cooled carefully to prevent the formation of an emulsion and diluted with an equal volume of water. 

After 10-12 h, the hydrazone was filtered, washed with water, and dried in a vacuum desiccator over sulfur- 

ic acid to give 90-95% of yellow crystals with mp 125-127 ~ (from toluene at I00 ~ which were soluble in 
most organic solvents and almost insoluble in ether. Found ~: C 54.0; H 6.2; N 18.9. C10HI3N303. Calcu- 
lated%: C 53.7; H 5.9; N18.8. 

Acetoin 2,4-Dinitrophenylhydrazone. A total of 9.0 ml (about 0.102 mole) of acetoin was added care- 

fully (boiling over is possible) to a refluxing suspension of 19.8 g (0.I mole) of 2,4-dinitrophenylhydrazine 

in 200 ml of anhydrous ethyl acetate. The resulting solution was vacuum evaporated to about one third of 

its initial volume and held at 0 ~ for 10-12 h. The hydrazone was filtered, washed with ether (14.5 g were 

obtained), and the filtrate was evaporated almost to dryness. The residue was stirred with ether, and 8-9 g 
of the hydrazone was separated. The overall yield of orange crystals with mp 109-110 ~ (from methanol) 

was 85-90%. The product was soluble in most organic solvents and almost insoluble in ether and carbon 
tetraehloride. Found %: C 45.0; H 4.6; N 21.0. CIoHI2N405. Calculated ~: C 44.8; H 4.5; N 20.9. 
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2-Hydroxyeyclopentanone p-Nitrophenylhydrazone (see [5]). A mixture of 11.9 g (0.1 mole) of 2-  
chlorocyclopentanone [6] and 11.0 g (about 0.55 mole) of barium carbonate in 50 ml of water  was refluxed 
until carbon dioxide evolution ceased (1.5-2 h). A solution of 18.90 g (0.1 mole) of p-ni t rophenylhydrazine 
hydrochlor ide in 150 ml of water  was added to the f i l tered solution containing 2-hydroxycyclopentanone.  
The precipi ta ted hydrazone was fi l tered,  washed with water  until it gave a neutral  react ion to Congo, and 
dr ied in a vacuum des icca tor  over sulfuric acid to give 85-90% of orange c rys ta l s  with mp 194-195 ~ (from 
acetonitr i le ,  1 : 20). The product was soluble in hot ethanol and ethyl acetate and almost  insoluble in ether .  
Found %: C 56.4; H 5.6; N 17.9. CllH13N303. Calculated %: C 56.2; H 5.6; N 17.9. 

Reaction of a -Hydroxyketone  Arylhydrazones  with o-Phenylenediamine.  A mixture of 0.01 mole of 
the arylhydrazone and 0.01 mole of o-phenylenediamine in 15 ml of glacial acetic acid was held under the 
conditions indicated in Table 1. The p-ni t rophenylhydrazones  of 2-hydroxycyclohexanone and acetoin gave 
as side products  about 0.1-0.2 g of the corresponding osazone,  which should be removed by fi l tration. The 
acetic acid was removed  by vacuum distillation (7-10 ram); the bath tempera ture  at the end of the dis t i l la-  
tion should not exceed 60-65 ~ , since otherwise considerable losses  of ammonia and aniline are  possible.  
The residue is then t rea ted  as follows. In the case of 2-hydroxycyclohexanone phenylhydrazone, the residue 
was s t i r r ed  with 10 ml of acetic anhydride, the solution was vacuum evaporated after 1 h (toward the end 
on a boi l ing-water  bath), and 1,2,3,4-tetrahydrophenazine was extracted with boiling hexane. After  evapora -  
tion of the hexane extracts  to dryness ,  the crysta l l ine  residue was t r i tura ted  with 10-15 ml of water ,  and 
the te t rahydrophenazine was separated,  washed with water ,  and dried.  The hexane-insoluble residue was 
t r i tu ra ted  with 3-5 ml of ice water  to isolate the acetanilide. The acetamide can be isolated after evapora-  
tion of the aqueous f i l t ra tes .  

In the case  of p-ni t rophenylhydrazones ,  the residue was also t rea ted  with acetic anhydride, the p :  
ni troacetanil ide thus formed was separated,  and the fi l trate was evaporated as descr ibed above. The r e s i -  
due was s t i r r ed  with 25-30 ml of ether ,  the p-ni t roacetani l ide  was additionally fil tered, the precipi tate  was 
washed thoroughly with ether,  and the fi l trate was vacuum evaporated.  To isolate the 2,3-diphenylquinoxal- 
ine, the residue obtained was immediately  c rys ta l l ized  f rom ethanol. In the formation of 1 ,2 ,3 ,4- te t ra -  
hydrophenazine,  2,3-dimethyl  quinoxaline, and 2,3-tr imethylenequinoxaline,  these compounds are extr  acted 
with boiling hexane, and the solutions are handled as descr ibed above. Both p-ni troacetani l ide fract ions 
were washed with water  and dried.  Acetamide was isolated from the aqueous f i l t ra tes .  In the case  of 2,4- 
dini trophenylhydrazones of 2-hydroxycyclohexanone and acetoin, the quinoxalines were extracted with hex-  
ane after evaporat ion of the acetic acid solution, and the residue was t r i tura ted  with 5 ml of ethanol to i so-  
late 2,4-dinitroanil ine.  All of the quinoxalines except 2,3-diphenylquinoxaline were purified by vacuum sub-  
l imation (85-90 ~ 0.1 ram). The isolated quinoxalines were identical to those synthesized by the condensa-  
tion of o-phenylenediamine with the appropriate a -d ike tones  in acetic acid (identification by mixed-mel t ing 
point determination) [7-10]. 
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