
Methyl 4,5-Dibromofuran-2-carboxylate. This ester was obtained by bromination of methyl furan- 
2-earboxylate in excess of AICI 3 without a solvent by the method in [2]. 

Samples of methyl 5-ehloro- [2], 5-bromo- [11], 4-bromo-, and 5-chloro-4-bromofuran-2-earboxy- 
late [2] were obtained from the corresponding aldehydes by oxidation with silver oxide and subsequent es- 
terfieation with methanol in the presence of sulfuric acid. 
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5 - A R Y L F U R A N - 2 , 3 - D I O N E S *  
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5-Arylfuran-2 ,3-diones  were  obtained by eyelization of aroylpyruvic  acids in the p r e s -  
ence of thionyl chloride.  It is shown that the f i ve -membered  r ing of 5 -a ry l fu ran-2 ,3 -  
diones is unstable and is cleaved under mild conditions under the influence of nucleo- 
philtc reagents .  

In contras t  to their  i somers ,  ex t remely  little study has been devoted to a ry l furan-2 ,3-d iones .  Only 
one study devoted to the synthesis  of 4-benzoyl-5-phenylfuran-2,3-dione f rom oxalyl chloride and diben-  
zoylmethane is known [1]. 

We have found that cyelization,  the products  of which are  5-ary l furan-2 ,3-d iones  (II), occurs  in the 
reac t ion  of aroylpyruvic  acids (I) with thionyl chloride (see Table 1). 

A band corresponding to the vibrations of the ethylene bond appears  in the IR spec t ra  of the cycl iza-  
tion products .  The charac te r i s t i c  band of the carbonyl group is shifted f rom 1625 (in the spec t ra  of the 
s tar t ing compounds) to 1713 em -1. The absorption band of the lactone grouping, in conformity with the 
l i te ra ture  data [2], is found at 1840 em -1. 

dO 
SOCI2 ~ - 0 ~ 0  p.RC~H4COCH2COCOOH - , ~p.RC6H 4 

1 II 

I, I I  R = H, CH3, CH30, Br, CI 

* Communication I f rom the se r ies  "Chemis t ry  of Oxalyl Derivat ives of Methyl Ketones." 
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TABLE i. 5-Arylfuran-2 ,3-diones  (II) 

I Empirical 
! mp, ~ ' formula 

l 
H 133--134 I CloH6Oa 
CH3 I31--132 ] CuHsOa 
CH30 134--135 CuHsO4 
C1 105--106 C,oHsC103 
Br 136 CLoHsBrQ 

Found, % 

C H 

68,6 3,7 
71,0 414 
64.8 4,0 
57.3 2,2 
4617 1.7 

Calculated, % 

Hal G H Hal 

68,9 3,4 
71,3 4,2 
64.7 3,9 

16,7 57i5 2,3 17,0 
31,4 47,0 1,9 31,6 

59 
95 
72 
84 
49 

,o e! 
4~5 

3qS 

2,5 

2 xx3 

Fig. 1. UV spect ra  in isooctane of 5 -a ry l fu ran-  
2,3-diones:  1) 5-phenylfuran-2,3-dione;  2) 5- 
(p-tolyl)furan-2,3-dione; 3) 5- (p-bromophenyl)- 
furan-2,3-dione;  4) 5-phenylfuran-2,3-dione (in 
alcohol). 

A singlet at 4.1 ppm corresponding to the =CH-proton and a group of signals centered at 9.15 ppm 
corresponding to the protons of the phenyl r ing are  present  in the PiVIR spectrum. 

The cyclization of I leads to a bathochromic shift of ~he long-wave maximum in isooctane f rom 310 
to 340 nm (Fig. t). However, the UV spec t rum of II in alcohol is identical to the spec t rum of I, and this 
constitutes evidence for r ing  opening under these conditions. 

The formation of the corresponding furan-2,3-dione was not observed in the case of mesi toylpyruvic 
acid, evidently because of the s te r ic  hindrance created by the o-methyl  groups. 

When II is heated above its melting point it undergoes decomposition with carbon monoxide evolution, 
and it also reac t s  with o-phenylenediamine to give 2-phenacyl-3-quinoxalone (III). 

H 

N CH2COC6H 5 

III 

C6HsNH ? 
II CsHsCO CH2COCONHC6H ~ 

Co 
o ~ N/C~H5 

V 

The react ion of K with aniline proceeds  with opening of the furan r ing to give aroylpyruvic  acid ami-  
des (IV). 

The react ion of II with phenyl isocyanate gives 3,6-diphenyl-3,4-dihydro-  1,3-oxazine-2,4-dione (V). 

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

The UV spect ra  of ethanol and dry hexane solutions of the compounds (10 -4 M) were recorded  with 
an St-4 spect rophotometer .  The IR spec t ra  of mineral  oil suspensions of the compounds were recorded  
with a UR-10 spec t rometer .  The PMR spect ra  of 10% solutions of the compounds in CDCI 3 were recorded  
with a JNM-C-60HL spec t romete r  with hexamethylidistloxane as the standard. 

5-Aryl furan-2 ,3-diones  (II). A 0.176-mole sample of thionyl chloride was added with s t i r r ing  to 
0.088 mole of benzoylpyruvic acid dissolved in 30 ml of dry benzene, after which the mixture was heated 
for 5 h on a water  bath while maintaining the tempera ture  within the f laska t  65-70 ~ The mixture was then 
cooled, and the resul t ing  yellow crystal l ine precipitate was removed by fi l trat ion and reerys ta l l i zed  f rom 
toluene. 
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2-Phenacyl -3-quinoxalone  (III). A solution of 0.01 mole of o-phenylenediamine in 50 ml of dry ben-  
zene was added to 0.01 mole of 5-phenyl furan '2 ,3-d[one  in 200 ml  of dry  benzene,  a f ter  which the mixture  
was allowed to stand for s eve ra l  hours .  The resu l t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion to give 1.9 g 
(75%) of a yellow crys ta l l ine  substance with mp 267-268 ~ (from ethanol). Found: N 10.50%. C16H12N902. 
Calculated: N 10.60%. 

No mel t ing-point  depress ion  was obse rved  for a mix ture  of  the above product  with 2 -phenacy l -3 -qu i -  
noxalone obtained f r o m  o-phenylenediam[ne and methyl  benzoylpyruvate .  

t3enzoylpyruvic Acid Phenylamide (IV). A solution of 0.011 mole of aniline in 15 ml Of dry  benzene 
was added to a solution of 0.011 mole of 5-phenylfuran-2 ,3-dione  in 150 ml  of dry benzene,  af ter  which the 
solvent was r e m o v e d  to give 2.9 g (94.7%) of a product  with m p l l 8  ~ (from toluene). Found: N 5.41%. C~6 " 
H13NO 3. Calculated: N 5.24%. No mel t ing-point  depress ion  was obse rved  for  a mixture  of the above p r o -  
duct with benzoylpyruvic  acid phenylamide obtained f r o m  methyl  phenyloxamate  and acetophenone in the 
p r e sence  of sodium methoxtde.  

3 ,6 -Dipheny l -3 ,4 -d ihydro- l ,3 -oxaz ine -2 ,4 -d ione  (V). A 0.044-mole sample  of phenyl tsocyanate was 
added to a solution of 0.011 mole  of 5-phenylfuran-2 ,3-dione in 150 ml  of dry  benzene,  a f ter  which the mix-  
ture  was heated at 80 ~ for 2 h. The resu l t ing  prec ip i ta te  was r e m o v e d  by f i l t ra t ion to give 2.18 g (72%) of 
a product  with mp 237-238? (from ethanol). Found: N 5.41%. CI~HllNO 3. Calculated~* N 5.27%. 

1~ 
2. 
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R E S E A R C H  ON V I N Y L  E S T E R S  O F  T H E  F U R A N  S E R I E S  

XH*.  REACTIONOF VINYL ESTERS OF FURANCARBOXYLIC ACIDS 

WITH AIMINES AND AZOLES 

Yu .  A.  M a n s u r o v ,  G. G.  S k v o r t s o v a ,  
a n d  V. K.  V o r o n o v  

UDC 547.725'77:542.951.1 

The reac t ion  of vinyl e s t e r s  of fu ran -2 -ca rboxy l i c ,  5 -b romofu ran -2 -ca rboxy l i c ,  and t r a u s -  
f l - (2 - fu ry l )ac ry l i c  acids with al ipbat ic ,  a roma t i c ,  and he te rocyc l tc  amines  was investigated.  
It was es tab l i shed  that azoles  add to the double bond of the vinyloxy group of the e s t e r  in con- 
fo rmi ty  with the Markownikoff ru le .  ~ -  (1-Azolyl)ethyl e s t e r s  of the fu r an -2 -ca rboxy l i c  and 
/3- (2-furyl)acryl ic  acids were  synthesized.  Acylat ion of the amines  takes  place  during the 
reac t ion  of vinyl e s t e r s  of the furan s e r i e s  with diethylamine,  aniline,  p-vinyloxyani l ine ,  m o r -  
pholine,  and piper idine .  

The synthesis  of e s t e r s  containing an azole r ing  or another  cycl ic  amine f r agmen t  in addition to a 
furan r ing  s e e m s  of in te res t  for  the p r e p a r a t i o n  of subs tances  with biological  act iv i ty  and complexing p r o p -  
e r t i e s .  The reac t ions  of vinyl e s t e r s  of acids of the furan s e r i e s  with amines  have not been studied. 

*See [1] for communicat ion  XI. 

l.vkutsk Insti tute of Organic Chemis t ry ,  Siberian Branch of the Academy of Sciences Of the USSR. 
Trans la t ed  f r o m  Khimiya Getero ts tk l ichskikh  Soedinenii, No. 11, pp. 1471-1475, November ,  1975. Original 
a r t i c le  submit ted April  25, 197~, rev is ion  submit ted  Oc tober  29, 1974. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

1254 


