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I s o m e r i c  2- (2-furyl )quinoxaHnes  or  3 - (2- fury l )qu inoxa l -2-ones  with a subst i tuent  in va r ious  
posi t ions  in the benzene r ing  a r e  f o rm ed  in the reac t ion  of 2- fury lg lyoxal  o r  2- furylglyoxyl ic  
acid with 6 - h y d r o x y -  o r  4 - n i t r o - l , 2 - d i a m i n o b e n z e n e .  The  s t ruc tu r e s  of the synthes ized i so -  
m e r s  we re  conf i rmed  by  PMR spec t roscopy  and the i r  dipole momen t s .  

We have  p rev ious ly  shown [1] that  a mix tu re  of i s o m e r i c  5 -hydroxy-  and 8 -hydroxy-2- (2 - fu ry l )qu inoxa l -  
ines is  f o rmed  as  a r e s u l t  of the condensat ion of 2- fury lg lyoxal  with 6 -hyd roxy - l , 2 -d i aminobenzene .  

In the p r e sen t  r e s e a r c h  we studied the condensat ion of 2- fury lg lyoxal  and 2-furylglyoxyl ic  acid and the i r  
de r iva t ives  with 6 -hyd roxy -  and 4 -n i t ro -1 ,2 -d iaminobenzene ,  In this  case  i somer i c  furylquinoxal ines  with a 
subst i tuent  in va r ious  posi t ions  of the benzene r ing a r e  fo rmed  in both neutra l  and acidic media .  
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On the bas i s  of the PMR s pec t r a  we es tabl i shed that  a mix tu re  of 6 -n i t ro -2- (2- fury l )qu inoxa l ine  (IV) and 
7-n i t ro -2- (2- fury l iqu inoxa l ine  (V) is  f o r m e d  as  a r e su l t  of the reac t ion  of 2- furylglyoxal  (I) with 4 - n i t r o - 1 , 2 -  
diaminobenzene (HI). 

Small  d i f fe rences  in the chemica l  shifts  of the 5-H and 8-H protons  a r e  obse rved  in the PMR spec t r a  of 
the i s o m e r s  (Table 1). Thus  the 5-H pro ton  of 6-ni t roquinoxal ine IV r e sona t e s  at s t ronge r  field than the 8-H 
proton of the second i s o m e r .  On the o ther  hand, the signal of the 8-H proton of ni troquinoxaline IV is  found at 
weake r  f ield than the cor responding  signal of the 5-H proton of 7-ni troquinoxaline V; th is  is  p robably  due to 
the anisot ropic  effect  of the fury1 group.  S imi lar  d i f fe rences  in the chemica l  shif ts  of the 5-H and 8-H pro tons  
of 6 - n i t r o -  and 7 -n i t ro -2 - (4 -b romopheny l ) -3 -me thy lqu inoxa l ines  [2] a r e  explained by the inductive ef fec ts  of 
the methyl  and phenyl groups .  

M e a s u r e m e n t  of the in tegra l  in tens i t ies  of the 5-H and 8-H protons  of quinoxalines IV and V enabled us  to 
es tab l i sh  the ra t io  of the i s o m e r s  in the "c rude"  reac t ion  products .  6 -Ni t ro  i s o m e r  IV (9570) is p r i m a r i l y  
f o rmed  when dioxane is  used as  the solvent ,  whe reas  p r i m a r i l y  the 7-n i t ro  i s o m e r  V (8570) is fo rmed  in 3 N 
hydrochlor ic  acid. The use  of 2- fury lg lyoxal  aldoxime (II) as the ~ - d i c a r b o n y l  component  leads  to the f o r m a -  
tion of a mix tu re  of i s o m e r s  IV and V in a ra t io  of 45 : 55. 

The posi t ion of the n i t ro  group is  also conf i rmed by a compar i son  of the exper imenta l ly  obtained dipole 
m o m e n t s  of i s o m e r s  IV and V (4.34 and 5.40 D, respect ive ly)  with the m o m e n t s  calculated v ia  a vec to r ia l  
scheme fo r  r o t a m e r s  A and B of 6 -n i t r o -  (A 4.40 D, B 4.40 D) and 7-n i t ro -2- (2- fu ry l )qu inoxa l ine  (A 3.70 D, 
B 4.85 D). 
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T A B L E  1. PMR Spec t r a  of 6 - N i t r o -  and 7 - N i t r o - 2 - ( 2 - f u r y l ) q u i n o x -  
a l ines  

I i r 3-II 5-ti 6-|I 7-I1 8-II 3'-II ,t'-I I 5'-II or or l'.-5' 3'- 5' 

9, 820d  0d  880d ilr  948  8 7 r d  - 18 sddt 825d r G8dd1680ddlS10  l �9 7,73dd6,83ddtS.lOdd ' 8.7 2.2 3,0 1,2 0,6 8,7 2,2 3.0 1,2 0.6 

T A B L E  2. PMR Spec t r a  of 3 - ( 2 - F u r y l ) q u i n o x a l - 2 - o n e s  

i ~ l  = Chemical shifts, 6, ppm I SSCC, J, Hz 
3-ti l i i l i 7 - 1 l  I+t, 1:+.. I.,.-,[ 5 . . , i  a-~ :~-716-717-,~13,_4,14,_5,13,_~, 

* 7,9Odd 
VIII 

IX 7,33dd 
X 8,52d 

XI 
XtII 8,59d 
XIV 

, I 
7.~0 rn 7,88 dd 6.77 dd 

6,75ddl7,31 ddl6,75 dd 7,77 dd 6,71 dd 
723dd 7,14dd -- 7,9Odd 6.8Odd 

-- 8,40 dd 7,49dd 7,89dd 6,82dd 
7,90 m 

-- 8.39dd749d 7,98d 782d 
7,97m I 17.89d [7,75 d 

8,05 dd 7,4 
7,97 dd[ -- 
8,06dd[ 8,~ 
8,07 dd] -- 

2-~ 7,0 3,0 1,4 0,5 
3,3 , 0,7 

2,1 8A 3,0 0,5 

87 _ 

"3 -  (2 -Fury l )  qu inoxa l -2 -one .  

S t e r e o s p e c i f i c i t y  of the r e a c t i o n  is  a l so  o b s e r v e d  in the case  of condensa t ions  in which 2 - fu ry lg lyoxy l i c  
ac id  (VI) is  u sed  a s  the c~-dicarbonyl  componen t .  Reac t ion  of VI with 6 - h y d r o x y - l , 2 - d i a m i n o b e n z e n e  (VII) 
give s a m i x t u r e  of 5 - h y d r o x y - 3 -  (2-furyl)  qu i noxa l -2 -one  (VIII) and 8 - h y d r o x y - 3 -  (2-furyl)  qu inoxa l -2 -one  (IX); 
p r i m a r i l y  5 -hyd roxyqu inoxa lone  VIII  (87%) is f o r m e d  in neu t ra l  med ia ,  and 8 -hydroxyqu inoxa lone  IX is the 
p r i m a r y  p r o d u c t  (75%) in ac id ic  med ia .  T h e s e  quinoxalones  have  d i f fe ren t  c h r o m a t o g r a p h i c  mobi l i t i e s  in a 
thin l a y e r .  One of  t hem,  name ly ,  5 - h y d r o x y  i s o m e r  VIII ,  in c o n t r a s t  to the 8 - h y d r o x y  i s o m e r ,  r e a c t s  with d i -  
va len t  c o p p e r  sa l t s  to g ive  a c om p l e x  conta in ing  two m o l e c u l e s  of the hydroxyquinoxa lone  and one coppe r  ion. 
We used  the complex ing  p r o p e r t i e s  of 5 -hydroxyqu inoxa lone  VIII  f o r  the sepa ra t ion  and e s t a b l i s h m e n t  of the 
s t r u c t u r e s  of the i s o m e r s .  
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Mixtu res  of i s o m e r i c  quinoxalones  X and XI and, r e s p e c t i v e l y ,  XII and XIV, which have  a n i t ro  g roup  in 
the benzene  r ing ,  w e r e  obtained by r e a c t i o n  of 2 - fu ry lg lyoxy l i c  acid (VI) o r  ethyl  5 - n i t r o - 2 - f u r y l g l y o x y l a t e  
(XII) with 4 - n i t r o - l , 2 - d i a m i n o b e n z e n e  (III). P r i m a r i l y  7-n i t roquinoxa lone  XI (90%) is f o r m e d  in the r eac t i on  
of keto ac id  VI with 4 - n i t r o - 1 , 2 - d i a m i n o b e n z e n e  in neu t ra l  med ia ,  w h e r e a s  p r i m a r i l y  the 6 - n i t r o  i s o m e r  X 
(70%) is  f o r m e d  in ac id ic  med ia .  In connec t ion  with the low solubi l i ty  of quinoxalones  XII and XIV, we w e r e  u n -  
a b l e t o  e s t ab l i sh  the  p r e c i s e  r a t io  of the i s o m e r s  in the mix tu r e  by m e a n s  of the PMR s p e c t r a .  The i so la ted  
6 - n i t r o - 3 - ( 5 - n i t r o - 2 - f u r y l ) q u i n o x a l - 2 - o n e  was  ident ica l  to the d in i t roquinoxalone  obta ined both by n i t ra t ion  of 
3 - ( 2 - f u r y l ) q u i n o x a l - 2 - o n e  with a n i t r a t ing  m ix tu r e  [3] and by n i t r a t ion  of an authentic  s ample  of 6 - n i t r o - 3 - ( 2 -  
furyl)  qu inoxa l -2 -one .  
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TABLE 3. 

~l mp, "C 
3~ 

lV -- 

VtIlV 308--_3105 

IX 289--291 d 
X 333--334 e 

Xl 317--318 e 

XIII 323--325 e 

XIV 307--308 e 

C h a r a c t e r i s t i c s  of the Synthesized Compounds 

Found, % 
c IHI 

59,712,8 7,2 
59s 17,3 
62,9/3.7 t2,0 

62,8|3.3 I1.9 
56,2]2,9 16,0 

56.3t2,8 16,l 

47.6~I,7 18,2 

47,5tl,8 18,1, 

Empirical 
formula 

C;2H;NaOa 
CI2HTNaOa] 
Ct2HsN2Oa / 

C,2HsN=O3! 
Ct2HTN304 

CI2HrNaO4 

C:~H6N406 

CL2If~N406 

Calc., % UV spectra 

C IH I N 

30,0 L9 7,5 
50,0 L9 7,5 
53,2 3,5 -,  

63,2 ~,5 
56,C 2,7 

56,C .~,7 [6,3 

47,7 2,0 18,5 

475 2,0 18,5 

~'max, rlm [ lge 

316; 390 4,11; 3,90 
385 4,51 

27l; 375; 4,13; 4,43; 
390 sh 4,27 

271; 366 4,35; 3,56 
312; 380; 3,88; 4,02; 
400; 410 4,07; 3,92 

380; 400; 410 3,93; 4,00; 
3,92 

275; 330; 382 4,29; 4,21; 
4,29 

287; 352; 370: 4,04; 4,34; 
404; 415 sh 4,34; 4,43; 

4,32 

Yield %a 
AIB 

119' 90 90 

93 

92 90 

aTota l  y ie lds  of the i somer s :  A) when the condensat ion was c a r -  
r ied  out in dioxane; B) when the condensation was c a r r i e d  out in 
3 N hydrochlor ic  acid. b F r o m  dioxane~ CFrom dimethyl  sulfoxide. 
d F r o m  w a t e r ,  e F r o m  glac ia l  acet ic  acid. 

Thus the c h a r a c t e r  of the substi tuent  in the o-phenylenediamine ,  the nature  of the ~ -d i ca rbony l  compound, 
and the pH of the med ium affect  the d i rec t ion  of the condensation reac t ion .  

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

The UV s p e c t r a  of the compounds in a mix tu re  of solvents  consis t ing of 98 vol.  % ethanol and 2% d imethy l -  
f o r m a m i d e  (DMF) were  r eco rded  with a Specord UV-vis  spec t ropho tomete r .  The PMR s p e c t r a  of 5% solutions 
of the compounds in dimethylsulfoxide (DMSO) were  r eco rded  at 37~ with a P e r k i n - E l m e r  R-12A s p e c t r o m -  
e t e r  (60 MHz) with hexamethyld is i loxane  as  the in ternal  standard~ The dipole momen t s  in dioxane solutions 
were  r eco rded  at  25~ with a Dipol appara tus  by  the method in [4]. Our exper imenta l ly  de te rmined  dipole 
m o m e n t  of 6-ni t roquinoxal ine (4.08 D) was  used  fo r  the calculat ions of the dipole momen t s  by a vec to r i a l  
scheme;  the group m om en t  of the furan  r ing was  a s sumed  to be 0.71 D [5]. 

6 -Ni t ro -2- (2- fury l )qu inoxa l ine  (IV) and 7-Ni t ro-2- (2- fury l )quinoxal ine  (V) o A 1.24-g (0.01 mole) sample  
of 2- fury lg lyoxal  [6] was added to a solution of 1.53 g (0~ mole) of 4 - n i t r o - l , 2 - d i a m i n o b e n z e n e  in 20 ml  of 
dioxane o r20  ml  of 3 N hydrochlor ic  acid.  Af te r  1 h, the prec ip i ta ted  mix tu re  of i s o m e r s  IV and V was r e -  
moved by f i l t ra t ion.  

S imi la r ly ,  quinoxalones VIII-XIV were  obtained f r o m  2-furylglyoxyl ic  acid [7] o r  ethyl e s t e r  of 5 -n i t r o -  
2- furylglyoxyl ic  acid [8] and o-phenylenes  Iff and IV (Table 3). 

Separat ion of I s o m e r s  VIH and IX. A solution of 1.0 g of copper  ace ta te  in 20 ml  of alcohol was added 
to a solution of 1.14 g of the m i x t u r e s  of i s o m e r s  obtained in dioxane in 20 ml  of DMF, and the prec ip i ta ted  
copper  complex  of 5-hydroxy i s o m e r  VIII was  r emoved  by f i l t ra t ion.  The yield was 0.92 g. Found: C 55.3; 
H 2.7; N 10.4%. C24HI4CUN406. Calculated: C 55.7; H 2.7; N 10.8%. The f i l t r a te  was diluted with 50 ml  of 
wate r ,  and p rec ip i t a ted  i s o m e r  IX was removed  by f i l t ra t ion.  The yield was  0.1 g. A 0.5-g sample  of the 
copper  complex  was  decomposed  with 10 ml  of concent ra ted  hydrochlor ic  acid,  the solution was diluted with 
wate r ,  and the prec ip i ta ted  5-hydroxyquinoxalone VIII was r emoved  by f i l t ra t ion.  The yield was  0.35 g. 

6 -N i t ro -3 - (5 -n i t r o -2 - fu ry l )qu i noxa l -2 -on e  (XIII). This  compound was obtained in 38% yield by ni t ra t ion 
of 6 -n i t ro -3 - (2 - fu ry l )qu inoxa l -2 -one  in sulfuric  acid by the method in [3]. 
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E F F E C T  O F  S T R U C T U R A L  F A C T O R S  ON T H E  R E V E R S I B L E  

1 , 5 - D I K E T O N E  -- H Y D R O X Y D I H Y D R O P Y R A N  C O N V E R S I O N *  
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L .  M.  E r e m e e v a ,  Vo A.  K a m i n s k i i ,  
a n d  M. N .  T i l i c h e n k o  
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It  is  shown that  6-bicyclanones  with f i v e - m e m b e r e d  r ings have l e s s  of a tendency to undergo 
conver s ion  to cyc lohemiace ta l s  than the analogous compounds with s i x - m e m b e r e d  r ings .  

The r e v e r s i b l e  convers ion  of a 1,5-diketone (A) to a hydroxydihydropyran  (B) has  been prev ious ly  e s t ab -  
l i shed in the case  of a ry l idenedicyclohexanones  [2] ~ 

A B 

In o r d e r  to f u r t he r  inves t iga te  this  convers ion  we synthes ized 1 ,5-diketones  I -VII  and examined the 
f o r m s  in which they exis t  in the solid phase  and in solutions and a lso  c a r r i e d  out some reac t ions  with them.  

Diketones  I and II we re  synthesized by condensat ion,  r e spec t ive ly ,  of cyclopentanone and cyclohexanone 
with 2 - d i m e t h y l a m i n o m e t h y l - 1 - t e t r a l o n e ,  and diketones I I I -V were  synthesized by the addition of cyclopenta-  
none, cyclohexanone,  and 2 , 2 - d i m e t h y l t e t r a h y d r o - 4 - p y r o n e  to benzyl idenete t ra lone .  

R 

I-IV 

C6H5 O ~  

I R=H, n=l;  11 R=II, n~,2: Ill R,-C,;II,~, n~l; IV R=C6Hs, n = 2  

F o r  the synthes is  of diketones VI and VII we used the addition of cyclopentanone and cyclohexanone to 
2 ,5-dibenzyl idenecyclopentanone.  Diketone VI was also obtained by d imer iza t ion  of 2-benzyl idenecyclopenta-  
none under  the influence of alkali .  Diketone VII was p rev ious ly  desc r ibed  by one of us  and Kharchenko [3], and 
we modif ied the method fo r  i ts  synthes is  only somewhat .  The s t ruc tu r e s  of the diketones follow f r o m  the me th -  
od by which they w e r e  synthes ized and a r e  in a g r e e m e n t  with the analyt ical  data .  We cons ide r  s t ruc tu re  Va 
fo r  the product  of addition of d imethy l t e t r ahydropyrone  to benzyl idenete t ra lone  unlikely,  s ince par t ic ipat ion of 
a s t e r i ca l ly  h indered methylene  group in the Michael  reac t ion  is requi red  fo r  its fo rmat ion .  

*Communica t ion  XXVIII f r o m  the s e r i e s  WReactions of 1 ,5-Diketones.  w See [1] for  communica t ion  XXV]~. 
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