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2- (5-Br omo- 2-furyl)quinoxaline and 3-  (5 -b romo-  2- fury l ) -  2-quinoxalone were  obtained by the 
act ion of b romine  on the cor responding  quinoxaline de r iva t ives  and a lso  by condensation of 
o-phenylenediamine with, respec t ive ly ,  (5 -bromo-2- fury l )g lyoxa l  o r  (5 -b romo-2- fu ry l )g lyoxy l -  
ic acid e s t e r s .  

In a continuation of our  study of e lec t rophi l ic  substi tut ion in the c~-(2-furyl)quinoxaline s e r i e s  [1], we 
have accompl ished  the b romina t ion  of 2-(2-furyl)quinoxaline (I) and 3- (2- fury l ) -2-quinoxalone  (II). In both 
cases ,  the act ion of b romine ,  even when excess  amounts  of it a r e  present ,  leads only to monobromo d e r iv a -  
t ives  ]II and IV, in cont ras t  to nitration, which g ives  a dinitro der iva t ive  in the ease  of II [1]. The posit ion 
of the b romine  a tom in III and IV was proved by means  of the PMR spec t ra .  

The initial  fo rmat ion  of s table complexes  with bromine ,  which has  been noted [2] for  some quinoxa- 
l ines ,  does not occur  in the case  of I and II, fo r  sa l t s  ident ical  to the products  fo rmed  d i rec t ly  in the r e a c -  
tion of I and II, respec t ive ly ,  with b romine  a r e  obtained on t r ea tmen t  of ]II and IV with hydrobromic  acid in 
acetone.  Hydrobromides  III and IV a re  labile and a r e  conver ted  to b a s e s  on heating in aqueous acet ic  acid 
or  d ime thy l fo rmamide  (DMF). 
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The product  (HI) of the bromina t ion  of I p roved  to be identical  to that p r epa red  by condensation of o-  
phenylenediamine with (5 -bromo-2- fu ry l )g lyoxa l  (VII) [3]. 

We also synthes ized  3 - (5 -b romo-2- fu ry l ) -2 -qu inoxa lone  (IV) by condensation of o-phenylenediamine 
with the ethyl (V) and methylthio (VIII) e s t e r s  of (5 -bromo-2- fury l )g lyoxyl ic  acid. E s t e r  V was obtained by 
oxidation of 5 - b r o m o - 2 - b r o m o a c e t y l f u r a n  (VI) with se lenium dioxide in absolute alcohol, in analogy with the 
synthes is  of ethyl phenylglyoxylate [4]. Es t e r  VIII was obtained along with (5-bromo-2- fury l )g lyoxa l  by oxi- 
dation of 5 - b r o m o - 2 - b r o m o a c e t y l f u r a n  under  the conditions of the synthes is  of the methyl thio e s t e r s  of other  
substi tuted glyoxylic acids  [5]. 

Insti tute of Organic  Synthesis ,  Academy of ScienCes of the Latvian  SSR, Riga. T rans la t ed  f r o m  Khim- 
iya Geterots ik l icheskikh Soedinenii, No. 3, pp. 404-406, March,  1973. Original  a r t i c l e  submitted March  29, 
1972. 

�9 1975Plenum Publishing Corporation, 227 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 of  the publisher. A copy o f  this article is available from the publisher for $15.00. 

374 



EXP ERIM E NTA L 

The melting points were determined with a Miero-Heiztisch Bo~tius apparatus. Chromatography was 

carried out on Silufol UV254 plates in the following systems: i) benzene-ethyl acetate (i : i); 2) benzene- 
ethyl acetate (3 : i). The PMR spectra were obtained with a Perkin-Elmer R-12A spectrometer (60 MHz) 
with cyelohexane (6 1.44 ppm) as the internal standard. The IR spectra of hexachlorobutadiene (2000-4000 
and 1309-1500 ct"n -i)  and Nujoi (800-2000 cm -1) pas t e s  were  recorded  with a UR-20 spee t rophotometer .  The 
spec t r a  were  r eco rded  with a UV-2 spec t rophotomete r .  

2 - (5 -Bromo-2- fu ry l )qu inoxa l ine  (tlI). A solution of 1.02 g (20 mmole)  of b romine  in 5 ml  of glacial  
acet ic  acid was added dropwise  with v igorous  s t i r r ing  to a solution of 3.92 g (20 mmole)  of I in 100 ml  of 
the same  solvent, a f t e r  which s t i r r ing  was continued for  2 h. The precipi ta ted  hydrobromide  of base  III was 
r e m o v e d  by f i l t ra t ion and washed with acet ic  acid and ether  to give 6 g (85%) of orange c rys t a l s  with mp 
183-184 ~ (dee,). Found~ C 40.4; H 2,2; Br  44.4; N %9%. C12H7BrNzO" HBr: Calculated:  C 40.5; H 2.3; Br  44,8; 
N 7.9%. Crys ta l l iza t ion  of the hydrobrom[de f r o m  hot aqueous acet ic  acid gave yellow c rys t a l s  of base  III 
with mp 123-124 ~ (identical to the compound p r epa red  through (5-bromo-2- fury l )g lyoxa l  [3]) and Rf  0.79 
(sys tem 1). UV spec t rum  (in alcohol), ~'max, nm (log s): 220 (4.58, 268 (4.46), 288 (4.57), 370 (4.49). I~ 
spec t rum (5% solution in acetone): 6 7.44 and 6.75 ppm (doublets, 3-H and 4-H of the furan ring, J = 3 . 6  Hz), 
9.23, 8.04, and 7.76 ppm (3-I-I, 5-H and 8-~-I, and 7-H, respec t ive ly ,  of the quinoxaline ring). Found: C 52.1; 
H 2.6; Br  29.3; N 10.1%. C12HTBrN~O. Calculated: C 52.3; H 2.6; Br  29.1; N 10.2%. 

3 - (5 -Bromo-2 - fu rv l ) -2 -qu inoxa lone  ~ A__ Compound II was brominated  in the fo rm of a suspen-  
sion via  the method descr ibed  above to give an a lmost  quanti tat ive yield of the hydrobromide  of IV as orange 
needles  with mp 248-249 ~ Recrys ta l l i za t ion  f r o m  glacial  ace t ic  a c i d - e t h e r  gave a product with mp 254- 
256 ~ (dec.). Found: Br  42.8; N 7.8%. C12H~BrN202 -HBr.  Calculated: Br  43.0; N 7.5%. A 0.87-g sample  
of the hydrobromide  was dissolved in 10% sodium hydroxide solution, and base  IV was precipi ta ted by acidi-  
f icat ion with acet ic  acid. The prec ip i ta te  was removed  by f i l t ra t ion  and washed with water  to give 0.51 g 
(75%) of yellow c rys t a l s  with mp 268-269 ~ (dec., f r o m  aqueous acet ic  acid). Compound IV was also obtained 
f r o m  i ts  hydrobromide  by di rec t  r ec rys t a l l i z a t i on  f r o m  D M F - w a t e r .  The compound had Rf  0.61 (sys tem 1). 
UV spectrum_ (in a solution made up of 2 vol. % DMF and 98 vol .~  alcohol), kmax,  mn (log s): 380 (4.64), 
400 (4.50); ;kml n 275 (3.68). PMR s pec t rum  (in te t rahydrohlran) :  5 7.82 and 6.89 ppm (doublets, 3-H and 
4-H of the furan ring, J : 3 . 5  Hz), 7.48 ppm (unresolved A2B 2 multiplet ,  5-H, 6-H, 7-H, and 8-H of the quin- 
oxaline ring).  Found: C 49.4; H 2.3; Br  28.0; N 9.5%. Ci2HTBrN~O2~ Calculated: C 49.5; H 2.4; Br  27.5; 

N 9.6%. 

B. A 13.4-g (50 mrnole) sample of VI was added to a solution of 5.85 g (50 mmole) of selenium diox- 
ide in 50 ml  of absolute  alcohol, and the mix tu re  was s t i r r ed  and refluxed for  9 h. The se lenium was r e -  
moved by f i l t rat ion,  and the f i l t r a t e  was vacuum-evapora ted .  A solution of 1 g (10 mmole)  of o-phenylene-  
diamine in 20 m t  of alcohol was added to 1/~ 0 of the volume of the crude ethyl (5 -bromo-2- fury l )g lyoxyla te  
(V), and the mix tu re  was heated on a wa te r  bath for  30 rain. It was  then diluted with wa te r  to p rec ip i ta te  
0.97 g (67%, based on VI) of IV with mp 268-269 ~ (dec., f r om DMF--water )  and R_f 0.61 (sys tem 1). 

C. A mix tu re  of 0.10 g (0.4 mm~ole) of VIII and 0.44 g (0.44 mmole)  of o-phenylenediamine in 3 ml  
of alcoh----oI was  heated to the boiling point and diluted with water ,  and the prec ip i ta te  was removed  by f i l t r a -  
tion to give 0.11 g (94%) of yellow f lakes  with mp 268-269 ~ (dec.) and Rf 0.61 (sys tem 1). 

Methyl (5 -Bromo-2- fu ry l )g lyoxy la te  (VIII) and (5 -Bromo-2- fury l )g lyoxa l  (VII). A mix tu re  of 5.4 g 
(0.02 mole) of f resh ly  p r e p a r e d  [3] VI and 20 ml  (0.3 mole) of dimethyl  sulfoxide was held at - 4 0  to - 5 0  ~ 
fo r  2 h and then at room t e m p e r a t u r e  for  24 h. It was then poured over  ice (100 g) and wate r  (50 ml), and 
the prec ip i ta ted  VIII was r emoved  by f i l t rat ion,  washed with water ,  and dried to give 1.95 g (39%) of yellow 
needles  with mp 93-94 ~ (from dilute alcohol) and Rf  0.80 (sys tem 2, b lack spot). UV spec t rum (in alcohol): 
h.ma x 318 nm, log e 4.45. IR spec t rum,  cm- l :  3160 and 3150 (VCH of the furan ring), 2940 (vCtt3as), 2867 

( ,cHs) ,  1682 and 1665 (inflection, ketone vCO and vCO-S), 1450 (6Ct t : s ) ,  1360 (6cH3s), and 1300 (CH3-S).  
PM1R spec t rum (in acetone): 6 2.32 ppm (CH3), 6.47 and 7.64 ppm (doublets, 3-H and 4-H of the furan ring). 
Found: Br  32.1; S 12.6%. CTHhBrO3S. Calculated: B r  32.1; S 12.9%. 

Glyoxal VII, which was p resen t  in the f i l t ra te  along with t r a c e s  of VIII [Rf 0.74 and 0.80 (sys tem 2)], 
was  conver ted  to 2 - (5 -b romo-2- fu ry l )qu inoxa l ine  (llI) by addition of 4.75 g (40 mmole)  of o-phenylenedi-  
amine  in 100 m l  of wate r .  The p rec ip i t a t e  was r emoved  by f i l t rat ion,  washed with hot water ,  and dried to 
give 2.7 g of III [49%, based on VI, contaminated with 5-10~0 IV (according to TLC and the PMR spectrum)] .  
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Compound III was washed out of 0.4 g 0f this mixture  by t rea tment  with 20 ml of alcohol to give 0.01 g of 
undissolved IV with Rf 0.6t (system 1). T rea tmen t  of the f i l t ra te  with charcoal  and evaporation gave 0.27 g 
of res idual  III with mp 121-123 ~ and Rf 0.79 (system 1). 
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