
I N V E S T I G A T I O N  OF Q U I N O N E S  

XXVIII.* REACTION OF NAPHTttO[2,3-f]QUINOXALINE- 

7,12-DIONES WITH BENZENESULFURIC ACID 

M. V.  G o r e l i k  a n d  T .  F .  B a z r u k o v a  UDC 547.673' 863.5 

Naphtho[2,3-f]quinoxaline-7,12-diones add a molecule  of benzenesulfinic acid to give 5- 
phenylsulfonyl-7,12-dihydroxynaphtho[2,3-f]quinoxalines.  The la t te r  a re  oxidized to 5- 
phenylsulfonyl-subst i tuted quinones, which add a molecule  of benzenesulf inic acid to the 
oxygen atoms of the quinone grouping to give the OT-benzenesulfonate of 5-phenylsulfonyl-  
7,12-dihydroxynaphtho[2,3-f]quinoxaline.  The protonated fo rm  of naphtho[2,3-f]quinoxa- 
l ine-7,12-dione,  which is s tabi l ized by an in t ramolecu la r  hydrogen bond, as conf i rmed by 
the anomalously  high bas ic i ty  of angular  naphtho[2,3-f]quinoxaline-7,12-dione as compared  
with its l inear  i somer ,  which is iner t  in reac t ions  with benzenesulfinic acid, undergoes 
react ion.  

It has been establ ished [2, 3] that naphtho[2,3-a]phenazine-8,13-diones  {I) add nucleophilic agents to 
the carbon  atoms in the 2-  and 6-posi t ions,  but also add benzenesulfinic acid to the oxygen a tom .of the c a r -  
bonyl group in the 8-posit ion. Nucleophilic addition to the s imples t  anthraquinone der ivat ive  containing an 
angular  condensed pyrazine  r i n g -  naphtho[2,3-f]quinoxaline-7,12-diones ( I I ) -  should be studied. 
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I l a  R=H; b R=COOC2Hs; c R=C6Hs; I I I  a R=H; b R~CH 3 

The only known compound of this s e r i e s  is the 2 ,3-d icarbe thoxy der ivat ive (IIb) [4]. We also ob- 
tained IIa and IIc by reac t ion  of 1,2-diaminonanthraquinone with glyoxal and benzil .  F o r  comparison,  we 
also synthesized l inear  naptho[2,3-g]quinoxaline-7,12-diones (III). 

As a rule,  anthraquinone der iva t ives  do not undergo nucleophilic addition. However, anthraquinone 
pyraz ines  TT a re  conver ted  to 5-phenylsulfonyl-subst i tu ted hydroquinones IV when they a re  heated with ben- 
zenesulf inic acid in acet ic  acid o r  dioxane for  s eve ra l  minutes.  The absorpt ion band of a quinone carbonyl  
group at 1670-1690 cm -1 is absent  in the IR spec t ra  of these compounds, and a band of vibrat ions of a hy-  
droxyl  group appears  at 3200-3500 cm -1. Oxidation of hydroquinones IV with f e r r i c  chlor ide gives 5- 
phenylsulfonyl-subst i tuted quinones (V), the posit ion of the substi tuent in which is proved by a l ternat ive  
synthesis  f rom 3-phenylsul fonyl - l ,2-d iaminoanthraquinone  [5] and the appropr ia te  ~ -d ica rbony l  compound. 

* See [1] fo r  communicat ion XXVIL 
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Quinones Va,b add ano the r  molecule  of benzenesulf inie  acid to give benzenesulfonate  e s t e r s  VL Iden- 
t i ca l  subs tances  w e r e  obtained by acylat ion of hydroquinones IV with benzenesulfonyl  chlor ide .  In addition 
to bands of v ibra t ions  of the S ~ G  bond of the sulfone group at  1160 cm -I ,  the IR spec t r a  of these  compounds 
contain the band at 1195 c m  -I  that  is c h a r a c t e r i s t i c  fo r  the VSO v ibra t ions  in sulfonate [6]. At the s a m e  
t ime,  the spec t r a  do not contain absorp t ion  bands of the carbonyl  g roups  of anthraquinone and OH group ab-  
so rp t ion  at 3100-3600 c m  -I .  The l a t t e r  c i r c u m s t a n c e  is explained by tying up of the OH group in a s t rong 
i n t r amo lecu l a r  hydrogen bond and indicates that  the e s t e r  grouping is a t tached to the oxygen a tom f a r t h e r  
away f r o m  the he te ro r ing .  

Thus,  compounds  II behave like quinonazines I in r eac t ions  with benzenesulf inic  acid. The dif ference 
cons i s t s  in the fac t  that  C-addi t ion  in the case  of quinonazines II is accompan ied  by reduct ion of the qui- 
none grouping,  as  c o m p a r e d  with reduct ion  of the azine grouping in the ca se  of quinonazines I. This  is ex-  
plained by the g r e a t e r  energe t i c  s tabi l i ty  of the N,N'-dihYdrophenazine s t r u c t u r e  as compa red  with the N,N' -  
dihydroquinoxaline s t ruc tu re .  

Nei ther  quinoxalinediones nor  l inea r  naphthoquinoxalinediones HI r e a c t  under  these  conditions with 
benzenesulf in ic  acid.  The r eac t ion  of quinones II and V with sodium benzenesulf inate  does not proceed  in 
the absence  of prot ic  ac ids .  Consequently,  the protonated f o r m  of naphtho[2,3-f]quinoxaline-7,12-dione,  in 
which the f o r m a t i o n  of an i n t r amolecu l a r  hydrogen bond (VII) is poss ible ,  undergoes  nucleophilic a t tack.  A 
c o m p a r i s o n  of the ionization cons tants  of i s omer i c  quinones IIa and IIIa conf i rm the exis tence  of VII. Angu- 
l a r  pyraz inoanthraquinone 1-In (PKa 8.0) is at  l e a s t  t h ree  o r d e r s  of magni tude m o r e  basic  than l inear  i s o m e r  
Ilia (pKa < 5.0). The i nc r ea s e  in the bas i c i ty  of quinone IIIa is due to s tabi l iza t ion of cat ion VII due to a 
gain  in ene rgy  on closing of the chela te  r ing.  
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Protonat ion  with closing of an i n t r a m o l e c u l a r  hydrogen bond ac t iva tes  the molecule ,  intensifying the 
coord ina ted  e l e c t r o n - a c c e p t o r  effect  of the p e r i - o r i e n t e d  ni t rogen a toms  of the he te ror ing  and the oxygen 
a tom of the ca rbonyl  group,  an effect  which is t r a n s m i t t e d  along the conjugation chain to the posi t ions that 
undergo nucleophilic a t tack.  In this r e spec t ,  an thraquinonepyraz ines  lI a r e  s i m i l a r  to anthraquinonepyr i -  
dine VIII  [7, 8]. One should expect  a s i m i l a r  m e c h a n i s m  of ac t ivat ion in nucleophilic addition reac t ions  in 
al l  c a se s  in which the n i t rogen  a tom of a condensed s i x - m e m b e r e d  a roma t i c  he te ror ing  is in the per i  pos i -  
t ion re la t ive  to the ea rbonyl  group  of the anthraquinone.  

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

The IR s p e c t r a  of KBr  pel le ts  of the compounds were  m e a s u r e d  with a UR-20 s p e c t r o m e t e r .  The 
ionization constants  w e r e  de t e rmined  by po ten t iomet ry  by the method desc r ibed  in [9]. The authors  thank 
B. A. Koro lev  for  m e a s u r i n g  the pK a values .  

Naphtho[2,3-f]quinoxal ine-7,12-diones (II and V) (Table 1)~ A 0 .015-mole  sample  of the appropr ia t e  
~ - d i c a r b o n y l  compound was added to a suspens ion  of 0.01 mole  of 1 ,2-diaminoanthraquinone or  3 -pheny l -  
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Naphtho [2,3-f]quinoxaline Derivat ives  

C o m -  

p o u n d  

IIa 

Ilc 

IVa 

IVb 

lVc 

Va 

Vb 
! 

Vc 

Via 

V l b  

TABLE 1. 

CnH~2N204S 

C2sH2oN2OsS 3,6 

C36H=oN204S 73,8 3,5 

C28H~3N2OsS2 -- " 

C~H2sN2OmS2 ] 59,7 i 3,7 
I I 

(acetic acid) 

(isobutanol) 
294--295 

(chloroform) 
235--236 
(alcohoD 
300--302 
(dioxane) 
276--271.5 

(acetic acid) 
199,5--200,5 

(alcohol) 

5,7i6,,  i ,  4,o 
5,2! 5,6 73,6 4,0 

J ) J 
69 i 79: -- -- 

5,, 571618 37 
491 5'6 ! ' l  , ' , i73,9 3,6 

I 
5,3 i i,6:, -- i -- 

3,9 9,5 59,5 3,8 

7,0 

5,l 

5,0 5,8 

7,0 8,0] 20* 
[ I 

5,1 i 5,9 77* 

8 9  

i 

* F r o m  3-phenylsulfonyl- l ,2-diaminoanthraquinone.  
'f By react ion of quinone V with benzenesulfinic acid. 

su l fony l - l ,2 -d iaminoan th raqu inone in30ml  of alcohol, and the mixture was refluxed for  5 h. It was then 
cooled, and the precipi tated H or  V was removed  by f i l t rat ion and purified by column chromatography  on 
A120 a with elution by ch loroform and subsequent crysta l l izat ion.  Quinones IIc and Vc were  obtained s imi -  
la r ly  in 15 ml  of acet ic  acid. 

Naphtho[2,3-g]quinoxaline-7,12-diones (Ill). Quinones IIIa,b were  synthesized like quinones II by heat-  
ing 2,3-diaminoanthraquinone with glyoxal  o r  diacetyl  in alcohol, respect ively .  Quinone IIIa, with mp 299- 
300 ~ (from chlorobenzene),  was obtained in 80% yield. Found, %: C 73.7; H 3.1; N 11.0. C16H8N202, Cal-  
culated, %: C 73.8; H 3.1; N 10.8. Quinone lIIb, with mp 279-280 ~ (from alcohol), was obtained in 73% yield, 
Found, %: C 74.8; H 4.2; N 9.9. C18H12N202. Calculated, %: C 75.0; H 4.2; N 9.7. 

5-Phenylsulfonyl-7,12-dihydroxynaphtho[2,3-f]quinoxalines (IV). A solution of 3 mmole  of sodium 
benzenesulfinate in 5 ml of acet ic  acid was added to a solution of 2 mmole  of quinone II in 30-40 ml of boil-  
ing acet ic  acid in a ni trogen a tmosphere ,  and the mixture was refluxed for 2 min. It was then cooled, and 
the d a r k - r e d  c rys ta l s  of hydroquinone IV were  separa ted  (Table 1). Hydroquinone IVa (70%) was s imi la r ly  
obtained f rom quinone IIa but in dioxane with the use of benzenesulfinic acid. Quinone lIa remains  un- 
changed when the reaction is carried out in dioxane with sodium benzenesulfinate. 

The unchanged quinone (96%) was isolated after refluxing naptho[2,3-g]quinoxaline-8,13-dione (IIIa) 
with benzenesulfinic acid in acetic acid. A mixture of 0.52 g (4 mmole) of quinoxaline and 0.71 g (5 mmole) 
of benzenesulfinic acid was heated for 5 rain in 6 ml of refluxing acetic acid, after which the mixture was 
poured into 25 ml of water, and 5 ml of saturated oxalic acid solution was added. Long colorless needles 
of the quinoxaline oxalate (90%) with mp 170 ~ (decomp.,) (mp169 ~ [10]), the IR spectrum of which was identical 
to that of a genuine sample, were isolated. 

5-PhenY!S.ulfonylnaphtho[2,3-f]quinoxaline-7,12-diones (V). A solution of 2 mmole of hydroquinone 
IVc in acet ic  acid was mixed with 5 ml of 40% fe r r i c  chloride, and the mixture was refluxed for  2-3 rain. 
Heating was continued while water  was added until c rys ta l l iza t ion  began. The mixture was then cooled, and 
yellow c rys t a l s  of quinone V (82-87%) were  removed  by filtration; according to a mixed-mel t ing-point  de- 
t e rmina t ion  and the IR spectra ,  this product  was identical to the product  obtained by condensation of 3- 
phenylsulfonyl- l ,2-diaminoanthraquinone with glyoxal (va), diethyl diketosuccinate (Vb), or  benzil  (Vc), r e -  
spect ively (Table 1). 

OT-Benzenesulfonate Es t e r s  of 5-Phenylsulfonyl-7,12-dihydroxynaphtho[2,3-f]quinoxalines (Via,b). 
A) A mixture  of 1 mmole  of quinone Va or  Vb, 2 mmole  of sodium benzenesulfinate,  and 15 ml of acetic 
acid was refluxed for  2 min, af ter  which it was diluted with water ,  and the resul t ing precipitate of mono-  
es te r  Via o r  Vib, respect ively ,  was separated;  the products  were  c rys ta l l i zed  f rom alcohol o r  acet ic  acid 
were  obtained as orange needles (Table 1). 
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B) Benzenesulfonyl chloride (2 mmole) was added to a solution of 1 mmole of hydroquinone IVa or  
IVb in 4 ml of pyridine, and the mixture was heated up to the boiling point, cooled, and diluted with water. 
The resulting precipitate was removed by filtration and recrystal l ized.  Substances that were identical to 
the compounds obtained by method A with respect  to mixed melting point determinations and IR spectra 
were isolated in yields of 78-81%. 
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