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S T R U C T U R E  OF  3 - ( o - H Y D R O X Y P H E N Y L )  D E R I V A T I V E S  OF 

2 - Q U I N O X A L O N E  AND 2 - B E N Z O X A Z I N O N E  

Y u .  S. A n d r e i c h i k o v ,  L .  I .  V a r k e n t i n ,  
S. G.  P i t i r i m o v a ,  a n d  Y a .  M.  V i l e n c h i k  

UDC 547.863.16 : 543.422.4.6 

It is shown by IR and UV spec t roscopy  that the products  of the react ion of o-hydroxybenzoyl-  
fo rmic  acid with o-phenylenediamine and o-aminophenol  have the 3 - (cyc lohexa-3 ,5 -d ien-2-  
onylidene)quinoxalone s t ruc tu re  r a t h e r  than the 3-(o-hydroxyphenyl)-2-quinoxalone s t ruc ture .  
3- (o-Methoxyphenyl)-2-quinoxalone and 3- (o-methoxyphenyl)-  3 ,4-dihydro-2 H-benzo-1 ,4-oxa-  
z in -2-one  were  synthesized as model compounds. 

In 1909, F r i e s  [1], in an a t tempt  to obtain coumarophenazine,  c a r r i e d  out the condensation of coumar in-  
2,3-dione with o-phenylenediamine.  However,  the reac t ion  product  did not contain a furan ring. F r i e s  proposed 
the 3-(o-hydroxyphenyl) -2-quinoxalone  s t ruc tu re  fo r  the product .  

+ N H 2 . _  . 

t h e  same compound can be obtained by react ion of o--hydroxybenzoylformic acid with o-phenylenedia-  
mine. The IR spec t ra  of the F r i e s  compound were  investigated in 1973 [2]. It was observed  that the spec t rum 
does not contain the absorpt ion cha rac t e r i s t i c  fo r  the s t re tching vibrat ions of the OH group. Baner j i  and co-  
worke r s  [2] explaine d this by the fact  that the OH line is masked by mois ture  in the KBr  used to p r ep a re  pel le ts  
of the compound f o r  recording of the spec t ra .  

During a study of the products  of the reac t ion  of a roylpyruvic  acids with o-phenylenediamine by PMR 
spec t roscopy  it was es tabl ished that these compounds have the 3-phenacyl idene-2-quinoxalone s t ruc tu re  (I), in 
which there  is an in t ramolecu la r  hydrogen bond between the hydrogen of the NIt group of the quinoxaline ring 
and the oxygen of the carbonyl  function of the phenacylidene group.  

H H 

E I 
~...oJc-^r . . . .  

i [! 

Considering the tendency of the quinoxaoline ring to fo rm an exo ethylene bond, we assumed that the 
F r i e s  compound has s t ruc tu re  I I .  To prove the s t ruc tu re  of II we investigated the IR and UV spec t ra  of this 
compound, as well  as the spec t ra  of the products  of the reac t ion  of o-phenylenediamine (III) with benzoylformic  
(IV) and o-methoxybenzoyl formic  (V) acid e s t e r s .  

The long-wave absorpt ion maximum of 1I is found at 387 nm in the UV spec t ra  (Fig. 1), whereas  the co r -  
responding maximum in the spec t ra  of 3-phenyl-2-quinoxaolone (VI} and 3-(o-methoxy)phenyl-2-quinoxalone 
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Fig.  1. UV spec t ra :  1) 3-phenacyl-2-quinoxalone;  2) 3 - (cyc lo -  
hexa-3 ,5-d ien-2-onyl idene)-2-quinoxalone;  3) 3 -phenyl -2-qu inox-  
alone; 4) 3- (o-methoxyphenyl ) -2-quinoxalone .  

Fig.  2. UV spec t ra :  1) 3 - (cyc lohexa ,3 ,5 -d ien -2 -ony l idene ) -3 ,4 -  
dihydro-2 H-benzo-1 ,4 -oxaz  in-2-one;  2 ) 3-  (o-methoxyphenyl) - 3 ,4 -  
dihydro-2 H-benzo-  1 ,4-oxaz in-2-one .  

(VII), fo r  which the exis tence of a f o r m  with an exo bond is imposs ib le ,  is found at  362 and 350 rim. This sub- 
s tant ia l  shift  in the long-wave m a x i m u m  on pass ing  f r o m  II to 3- (o-methoxyphenyl ) -2-quinoxalone  (VII) is im-  
poss ib le  to explain if it is a s sumed  that the two products  have identically cons t ruc ted  he te rocycl ie  r ings ,  At 
the s ame  t ime,  the s imi l a r i t y  in the spec t r a l  cu rves  of I and II is explained by the fact  that t r a n s m i s s i o n  of the 
e lec t ronic  effects  occurs  via  s i m i l a r  chains.  The effect  of the a ry l  group of the side chain in I leads to a c e r -  
tain ba thochromic  shif t  of the long-wave absorpt ion  maximumo Thus the UV spec t r a  of the product  of the r e a c -  
tion of o -hydroxybenzoyl formic  acid (VIII) and III co r r e spond  to s t ruc tu re  II r a t h e r  than to the 3 - (o -hydroxy-  
phenyl)-2-quinoxalone s t ruc tu re .  The addition of f r o m  1 to 20 equivalents of sodium ethoxide to an alcohol so-  
lution of II does not lead to a change in the c h a r a c t e r  of the UV spec t rum.  Consequently,  II is not conver ted  to 
the o-hydroxy f o r m  under  the invest igated conditions. Evidence fo r  the s tabi l i ty  of the f o r m  with an exo ethyl-  
ene bond is also provided by the inability of II to undergo cycl izat ion to give the cor responding  benzofuroquin-  
oxalines;  the cor responding  3-phenacyl idene-2-quinoxalones  readi ly  f o r m  2-ary l furoquinoxal ines .  

The IR spec t rum  also co r re sponds  to s t ruc tu re  II. As we have a l ready  mentioned above,  the s p e c t r u m  
does not contain the absorp t ion  of a hydroxyl group but does contain bands at 1667 cm -1 (stretching v ibra t ions  
of an amide  carbonyl  group), 1600 cm -1 (aromatic  absorpt ion),  and 1573 cm -1. The la t t e r  band co r r e sponds  to 
the v ibra t ions  of the carbonyl  group of the cycloalkyl idene r ing  in the 2 posit ion.  This f requency does not c o r -  
respond to the absorpt ion  of the carbonyl  group in o-quinones.  Since II is the vinylog of an amide,  this carbonyl  
group more  likely has the c h a r a c t e r  of an amide  carbonyl  group r a t h e r  than the c h a r a c t e r  of the carbonyt  group 
in quinones. These compounds absorb  at  cons iderab ly  lower  f requenc ies  than the cor responding  o-quinones.  
Thus the carbonyl  group in 1 ,4 -d ihydro-4-pyr idone  absorbs  at 1548 cm -1 [3]. 

The IR and UV spec t r a  of the products  of the reac t ion  of o-aminophenol  (IX) with o -hydroxybenzoy l fo rmic  
acid (VIII) s imi l a r ly  conf i rm that this compound has s t ruc tu re  X. 

X 

The UV spec t r a  of the produets  of the reae t ion  of o-amtnophenol  with o -hydroxyber~oy l -  and o -methoxyben-  
zoy l fo rmic  acids a re  p re sen ted  in Fig. 2. As in the ease  of quinoxalone der iva t ives ,  a hypsochromic  shift  
(35 rim) of the long-wave absorp t ion  m ax i m um is obse rved  on pass ing  f rom the spec t rum of X to the s p e c t r u m  
of the cor responding  3 - (o -me thoxypheny l ) -3 ,4 -d ihyd ro -2H-benzo - l , 4 -oxaz in -2 -one  (XI). In this case  conver -  
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sion to the o -hydroxy  f o r m  does not occu r  when 1 to 20 equivalents  of sodium ethoxide a re  added to an alcohol 
solution of X. 

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

The UV s p e c t r a  of 2.5 �9 10 -5 M ethanol solut ions of the compounds were  r eco rded  with a Specord UV-Vis 
spec t ropho tome te r .  The IR s p e c t r a  of m i n e r a l  oil suspens ions  of the compounds were  r eco rded  with a UR-10 
s p e c t r o m e t e r .  

3 - (Cyc lohexa-3 ,5 -d ien-2-ony l idene) -2 -qu inoxa lone  0I). A total of 10 ml  of an alcohol solution of 0.54 g 
(5 mmole)  of III was  added to a solution of 0.83 g (5 mmole)  of VIII in 7 ml  of alcohol,  and the resul t ing yellow 
p rec ip i t a t e  was r emoved  by f i l t ra t ion  to give 0.83 g (70.4%) of a product  with mp 305-306~ (from acet ic  
acid) [2]. 

Ethyl o -Methoxybenzoy l fo rmate  (V). An e the r  solution of o -methoxypheny lmagnes ium bromide ,  obtained 
f r o m  3.4 g of magnes ium and 18.7 g of o -b romoan i so l e ,  was added dropwise  with s t i r r ing  to 15 g of diethyl 
oxala te  in 30 ml  of absolute  e ther .  At the end of the addition, the mix tu re  was s t i r r e d  at  room t e m p e r a t u r e  fo r  
1 h, a f t e r  which it was  decomposed  with 20% hydrochlor ic  acid. The e the r  l aye r  was washed success ive ly  with 
water ,  sodium bicarbonate ,  and w a t e r  and dr ied with MgSO 4. The e the r  was r emoved  by dist i l lat ion,  and the 
res idue  was vacuum f rac t iona ted  with col lect ion of the f rac t ion  with bp 183~ (15 mm) [4]. Found: C 63.8; 
H 5.8%. Calculated.. C 63.5; H 5.8%. 

3- (o-Methoxyphenyl ) -2-quinoxalone  (VII). A solution of 1,04 g (5 mmole)  of V and 0.54 g (5 mmole)  of 
III in 25 ml  of mes i ty l ene  was ref luxed fo r  1 h, a f t e r  which it was  cooled and worked up to give 0.6 g (47.6%) 
of p roduc t  with mp 236-237~ (from alcohol}. Found: C 69.2; H4.7; N ]1.]%. Calculated.. C 69.0; H 4.8; N 11.1%. 

3 -  (Cyc lohexa-3 ,5 -d ien-2-onyl idene) -3 ,4 -d ihydro-2  H - b e n z o - l , 4 - o x a z i n - 2 - o n e  (X). A mix tu re  of 0.83 g 
(5 mmole)  of VIII and 0.54 g (5 mmole)  of IX in 20 ml of mes i ty lene  was ref luxed fo r  2 h, a f t e r  which the so l -  
vent  was r emoved  to give 0.8 g (71.4%) of a product  with mp 195-196~ (from alcohol).  Found: C 70.4; H 3.7; 
N 6.2%. Calculated:  C 70.3; H 3.8; N 5.9%. 

3 - ( o - M e t h o x y p h e n y l ) - 3 , 4 - d i h y d r o - 2 H - b e n z o - l , 4 - o x a z i n - 2 - o n e  (XI). Mesi ty lene  (25 ml) was added to 
1.04 g (5 mmole)  of V and 0.54 g (5 mmole)  of IX, and the mix tu re  was ref luxed fo r  2 h. It was then cooled and 
worked  up to give 0.5 g (42.4%) of a p roduc t  with mp 142-143~ (from alcohol).  Found: C 71.3; H 4.3; N 5.8%. 
Calculated:  C 71.1; H 4.4; N 5.5%. 
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