
R E A C T I O N  O F  E S T E R S  OF f i , T - A C E T Y L E N I C  

W I T H  o - P H E N Y L E N E D I A M I N E *  

Yu.  S. A n d r e i c h i k o v  a n d  R.  F. S a r a e v a  

~-KETO A C I D S  

UDC 547.863.543.422.4 

The reac t ion  of e s t e r s  of fl ,T -ace ty lene ic  ~-keto  acids with o-phenylenediamine  (0 leads ,  in 
the ca se  of  e s t e r s  of aryle thynylglyoxyl ic  acids (I1) in an anhydrous solvent  solvent ,  to 2 - a r y l -  
e thynyl-3-quinoxalones  0ID. 2 -Phenacy l -3 -qu inoxa lones  (IV) a r e  fo rmed when III a r e  t r ea t ed  
with alcoholic alkali .  The reac t ion  of e s t e r s  of  alkylethynylglyoxylic  acids (V) with I leads to 
2- ( f l -oxoalkyl ) -3-quinoxalones  (VI). The s t r u c t u r e s  of III and VI were  conf i rmed  by the IR 
spec t r a .  

Compounds I and II r e a c t  in i sopropyl  alcohol to give 2 -a ry l -4 -ca rba lkoxybenzo[b ] -1 ,5 -d i azep ines  
(VII), a smal l  amount  of res inous  subs tances ,  and IV. To a s c e r t a i n  the m e c h a n i s m  of the format ion  of IV, 
we studied this reac t ion  in va r ious  solvents .  

When the reac t ion  is c a r r i e d  out in absolute  e ther ,  the ace ty lene  bond does not become  involved,  and 
the m a j o r  products  a r e  III. 
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III a Ar=CeHs; b Ar=p-Cii3C6H 4 

The IR spec t r a  of III contain a band at 2197 and 2220 c m  -I ,  which co r r e sponds  to the s t re tch ing  v i b r a -  
t ions of the ace ty lene  bond, but absorp t ion  bands due to a ketone carbonyl  group and a p r i m a r y  amine  group 
a re  absent .  

When III i s  heated with a 10% solution of aqueous alcoholic a lkal i ,  one obtains IV, wbach is  identical  
to the compound synthes ized  f r o m  methyl  benzoylpyruvate  and I. 

The ace ty lenic  bond in lII is  capable  of adding to nucleophilic reagents  under  re la t ive ly  s e v e r e  condi-  
t ions.  Thus the reac t ion  with excess  phenylhydrazine  gives phenylhydrazone IV. 

The addition of amines  is accompanied  by in t r amolecu la r  condensat ion to give 2 - a r y l p y r r o l o [ 2 , 3 - b ] -  
quinoxaline. 

The fo rmat ion  of a quinoxaline r ing in the reac t ion  of I and II in an aqueous organic  solvent  is a lways 
accompanied  by hydrat ion of the acetylenic  bond to give IV. 

Communication IX from the series "Chemistry of Esters of Keto Acids of the Acetylene Series." See [1] 
for communication VIII. 
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The bes t  r e su l t s  were  obtained in the case  of  70-7570 aqueous ethanol. The use  of  a so lven t  with a high-  
e r  pe rcen tage  of wa te r  lowers  the yields  of IV because  of a d e c r e a s e  in the solubil i ty of the subs tances .  

2-Alkyle thynyl-3-quinoxalones  cannot be obtained by reac t ion  of V with I even in nonaqueous solvents .  
The only reac t ion  products  a r e  VI, which a r e  fo rmed  as a r e su l t  of addition of the wa te r  genera ted  dur ing 
the cycl izat ion.  

The IR spec t ra  of these  compounds contain l ines  due to the s t re tching v ibra t ions  of  the araide c a r -  
bonyl group (1680 c m  -1) and the deformat ion  vibra t ions  of  the N - H  group (1580 era- l ) ,  but absorpt ion  c h a r a c -  
t e r i s t i c  for the s t re tch ing  v ibra t ions  of the acetylene bond is absent .  Compounds VI and IV have s im i l a r  IR 
spec t r a .  

EXPERIMENTAL 

The IR spectra in mineral oil were recorded with a UR-10 spectrophotoraeter with NaCI and Li F 
prisras. 

2-Phenylethynyl-3-quinoxalone (VIII). A. A solution of 2.02 g 0.01 raole) of ethyl phenylethynyl- 
glyoxylate in 25 ml  of absolute  e ther  was added dropwise  with s t i r r ing  to a solution of 1.08 g (0.01 mole) of 
I in 50 ral of absolute  e ther .  After  2 h at 20 ~ the reac t ion  mix tu re  was f i l tered to give 1.68 g (6870) of yel low 
p r i s m s  of VII with rap 207-208 ~ (from nitroraethane).  Found: N 11.170. C16ttl0N20. Calculated:  N 11.470. 

]3. S imi lar ly ,  1.6 g (6570) of  VII was obtained f rom 2.16 g (0.01 mole) of  i sopropyl  pheuylethynylgly-  
oxylate  (VIII). 

2 - (p-Tosyle thynyl ) -3-quinoxalone  (IX). S imi lar ly ,  0.98 g (3870) of  yel low needles  of IX with rap 209- 
210 ~ (from nitroraethane) was obtained f r o m  2.3 g (0.01 raole) of i sopropyl  p- tolyle thynylglyoxylate .  Found: 
N 11.170. C17H12N20. Calculated:  N 10.870. 

2 -Phenacyl -3-quinoxa lone  (IV). A mix tu re  of 0.25 g (1 raraole) of VII and a tenfold excess  of 1070 aque -  
ous alcoholic a lkal i  was heated for  2 h, a f t e r  which the cooled ra ixture  was poured into 50 ml  of water .  The 
aqueous mix tu re  was acidified with H2SO 4 (1:4) and f i l te red  to give 0.22 g (83%) of IV. No mel t ing-poin t  de -  
p r e s s i o n  was obse rved  for a mix tu re  of this product  with IV obtained f r o m  methyl  benzoylpyruvate  (X) and 
I [2]. 

2 -Phenacyl -3-quinoxalone  Phenylhydrazone.  A mix tu re  of 0.3 g (1.4 raraole) of VII and 12.5 ml of  
phenylhydrazine was heated at  140-150 ~ for  3 h, a f t e r  which the cooled mix tu re  was poured into 200 ml  of  
2070 acet ic  acid. The acid m i x t u r e  was f i l tered to give 0.47 g (9570) of a c rys ta l l ine  subs tance ,  which was 
identical  to the 2-phenacyl -3-quinoxalonephenylhydrazone  obtained f rom IV. 

Reaction of Isopropyl  Phenylethynylglyoxylate (VIII) with o-Phenylenediara ine  in 7070 Ethanol. A so lu-  
t ion of 1.08 g (0.01 mole) of I in 20 ml  of 70% ethanol was added dropwise  with s t i r r ing  to 2.16 g (0.01 mole) 
of VITI in20ra l  of 70% ethanol. The mix tu re  was allowed to stand for  24 h at r oom t e m p e r a t u r e ,  a f t e r  which 
it  was f i l te red  to give 2.0 g (7570) of yel low needles  of IV with rap 269-270 ~ (from glacia l  acet ic  acid). No 
mel t ing-point  depress ion  was obse rved  for  a mix tu re  of this product  with IV obtained f r o m  X and I. 

1 - (2 ' -Quinoxa lon-3-y l ) -2 -hexanone  (XI). A solution of 5.4 g (0.05 mole) of  I in 200 ml  of absolute d i -  
ethyl e ther  was added with s t i r r i ng  to a solution of 9.8 g ~.05 mole) of i sopropyl  butylethynylglyoxylate  
in 25 ml of the s a m e  solvent.  The mix tu re  was then allowed to stand at  r o o m  t e m p e r a t u r e  for  96 h, a f t e r  
which it was f i l te red  to give 7.93 g (6570) of yellow needles of XI with rap 217.5-218 ~ (from nitroraethane).  
Found: N 11.4%. C14HI6N20. Calculated:  N 11.370. 

! - (2 ' -Qu inoxa lon -3 -y l ) -2 -oc t anone  (XII). S imilar ly ,  2.11 g (3870) of  yellow needles  of XII with nap 197- 
198 ~ (from nftroraethane) was obtained f r o m  4:48 g (0.02 mole) of i sopropyl  hexylethynylgiyoxylate  and 2.16 
g (0.02 mole) of I. Found: N 10.2%. C16t120N202. Calculated:  N 10.1%. 

1- (2 ' -Quinoxalon-3-y l ) -2-nonanone  (XIID. S imi la r ly ,  0.39 g (27%) of yellow needles  of XIII with rap 
191.5-192.5 ~ (from nitroraethane) was obtained f r o m  1.19 g (5 mmole)  of i sopropyl  heptylethynylglyoxylate  
and 0.56 g (5 raraole) of  I. Found: N 9.7%. C17t122N20 2. Calculated: N 9.870. 
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