
INVESTIGATION OF QUINONES 

XXV.* NUCLEOPHILIC ADDITION OF HYDROGEN CHLORIDE 

AND AMINES TO NAPHTHO[2,3-a]PHENAZINE-8,13-DIONE 

M. V. Gorelik and T. Fo Bezrukova UDC 547.673'865.3 

The react ion of naphtho[2,3-a]phenazine-8,13-dione (I) with hydrogen chloride leads,  depend- 
ing on the solvent, to 2- or  6-chlorodihydroazines ,  which are converted to 2 ,6-dichloro de- 
r ivat ives af ter  oxidation and re t rea tment  with hydrogen chloride; the corresponding 6-amino-  
substituted naphthophenazinediones are formed by react ion with amines.  The direct ion of 
nucleoph[lic attack in these react ions is caused by the coordinated e l ec t ron-accep to r  effect 
of the per i -o r ien ted  oxygen atoms of the quinone grouping and the heterocycl ic  nitrogen and 
by intensified protonation with the closing of an in t ramolecular  hydrogen bond. 

We have previously [1] shown that the addition of benzenesulfinic acid to naphtho[2,3-a]phenazine-8,-  
13-dione (I) and its derivat ives proceeds  at one of the three react ion centers  - the carbon atom in the 2 
or  6 position and the oxygen atom in the 8 position. This paper  is devoted to react ions with nucleophilic 
agents such as hydrogen chloride and amines.  
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* See [7] for communicat ion XXIV. 
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The 6-ehloro  derivative IV and a small amount of 2 ,6-dichloro derivative VI are  formed when hy-  
drogen chloride is bubbled into a solution of naphthophenazlnedione I in acetic acid or  dioxane under ni- 
trogen with subsequent oxidation by nitric acid; 2-chloro  derivative V, which also contains 2,6-dichloro 
derivative VI, is formed when hydrogen chloride is bubbled into a solution of I in dlmethylformamide and 
on refluxing in hydrochlor ic  acid. When the experiments are  ca r r i ed  out in the presence  of a ir  oxygen, 
the yield of 2,6-dichloro derivative VI increases  to 40-45%, which is explained by the oxidation of d ihydro-  
azines II and III to the cor responding  azines, which in turn add a molecule of HC1. In fact, both 2- and 6- 
chloronaphthophenazinedione are  converted to 2,6-dichloro derivatives on t rea tment  with hydrogen chloride.  

The s t ruc tures  of the react ion products were established after  chromatographic  separat ion by c o m -  
parison with compounds synthesized by the eyclizatton of the cor responding  ehloro-subst i tu ted 1- (2-n i t ro-  
phenylamino)anthraquinones (see Table 1). This method was used to synthesize 2-, 3-, 6-, and 7-mono-  
ch lo ro-  and 2,6-dichloronaphthophenaztnediones.  The compounds were identified from the i rchromatograph ic  
behavior,  melting points, and IR spectra.  The absence of 2-chloro  derivative V in experiments  ca r r i ed  out 
in dtoxane and in acet ic  acid, of 6-chloro  derivative IV in experiments  c a r r i ed  out in water  and dimethyl-  
formamide,  and of 3- and 7-chloro  derivat ives  in both cases  was attested to by paper  chromatographic  data 
and by the IR spect ra  of the monochlore  derivative fraction isolated by Chromatography. The presence  of 
each of the i somers  can be detected on the background of the others with a sensi t ivi ty of 3-5% from the 
charac te r i s t ic  bands, especial ly in the region of the out-of-plane deformation vibrations of the C - H  bonds. 

Naphthophenazinedione I and its chloro  derivatives react  readily with p r imary  and secondary amines.  
In s t ronger  bases  such as ptperidtne and eyclohexylamine,  quinone I reacts  even at room tempera ture  and 
in the absence of an acid catalyst .  The react ion proceeds  with aromatic  amines only in the presence  of 
proton acids. Naphthophenazinedione I and its 6-chloro  derivative (IV) are  converted to the same amino 
compound (VII) on t rea tment  with piperidine and heating with a mixture of aniline and aniline hydrochlor ide 
in dtoxane, while 2-chloro  derivative V and 2,6-dtchloro derivative VI are  converted to aminochloro de r iv -  
ative VIII. Consequently, the amine residue enters  the 6 position of the naphthophenaztnedione molecule 
under the indicated conditions. The absence of an NH vibrational band in the IR spec t ra  of the pipertdino 
and N-methyl-N-phenylamtno derivat ives is evidence tha taminocompounds  VII and VIII exist in the aztne 
form ra ther  than in the dihydroazine form. 

The direct ion of nucleophilic attack of the protonated anthraquinonepyrazine (I) molecule to the 2 
and 6 positions indicates the addition of a proton to the nitrogen atom in the a position of the anthraquinone 
ring (IX). It is known [2, 3] that the 2(7) position ts the mos t  active with respect  to nueleophilic attack in 
the phenazinium cation (X). Nucleophilic attack at the 3 and 7 positions should therefore  have been expected 
in the case of protonation of the ni t rogen atom in the 5 position of I. 

0..i i 4 O ~  

0 ~X X 0 X! 

The protonation of the nitrogen atom in  the pert  position relative to the CO group is energet ical ly  
more  favorable as a consequence of the closing of an in t ramolecular  hydrogen bond (IX). The formation 
of the la t ter  with the part icipation of the unshared pair  of the earbonyl oxygen atom intensifies its e lec t ron-  
acceptor  effect, thereby promoting nucleophilic attack to a g rea te r  degree in the 6 position and to a l e s s e r  
extent in the 4 position. 

Thus the capacity of anthraquinonepyrazlne I for nucleophilic addition react ions is a consequence of 
the coordinated effect of the heterocycl ie  nitrogen atom and the pe r i -o r ien ted  carbonyl  oxygen atom. P ro to -  
nation, which is accompanied by the formation of an in t ramolecular  hydrogen bond, intensifies this effect. 
The same factors  are responsible for nucleophilic addition to anthraquinonepyrtdtne (3:) [4, 5]. 

The role of the solvent, which is a decisive one that d i rects  the react ion to etthei: the 2 position or the 
6 position of naphthophenazinedione I, requires  additional study. It is possible that it consis ts  in re inforc ing 
or  weakening the in t ramolecular  hydrogen bond in cation IX as a function of whether the attack at the 6 po-  
sition is facilitated to a g rea t e r  or  l e s se r  extent. 
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The ac t iva t ing  e f f e c t  of proton acids  in nucleophi l ic  addit ions to condensed anthraquinone d e r i v a t i v e s  
that  contain  a n i t rogen  atom in the ~ pos i t ion  of the s i x - m e m b e r e d  a roma t i c  h e t e r o e y c l e  is a spec ia l  v a -  
r i e ty  of acid  c a t a l y s i s  in which the addi t ion of a proton,  owing to c los ing  of an i n t r a m o l e c u l a r  hydrogen 
bond, l eads  to r e in fo rcemen t  of the e l e c t r o n - a c c e p t o r  effect  of not jus t  one but of two he t e roa toms  s i m u l -  
taneously .  Th is  s o r t  of acid c a t a l y s i s  should a l so  occur  in other  c a s e s  when c los ing  of an i n t r a m o l e c u l a r  
hydrogen bond is poss ib l e  with the pa r t i c ipa t i on  of two he t e r oa t om s ,  each of which is conjugated with the 
r eac t ion  cen te r .  

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

React ion of Naphtho[2 ,3-a]phenazine-8 ,13-dione  (I) with Hydrogen Chlor ide .  A suspens ion  of 3.1 g 
(0.01 mole) of quinone [ in 60 ml of hydrochlor ic  acid  was ref luxed for  3 h and di luted with wa te r .  The 
blue p r ec ip i t a t e  of d ihydroaz ines  was r emoved  by f i l t r a t ion  and s t i r r e d  for  1 h with 2 ml of 58% ni t r ic  
acid in 40 ml  of acet ic  ac id .  The mix ture  was f i l t e r ed ,  d i s so lved  in dioxane,  and p a s s e d  through a l a y e r  
of anhydrous aluminum oxide to give 2.37 g of a mixture of azines. For reaction in an organic solvent, 
dry hydrogen chloride was bubbled through a solution of 0.01 mole of quinone I in 200 ml of dioxane or in 
150 ml of acetic acid at 100 ~ or in 120 ml of dimethylformamide at 45-50 ~ for 4-5 h. The mixture was 
cooled and diluted with water, and the product was removed by filtration, oxidized, and purified as de- 
scribed above to give 2~ g of a mixture of azines. 

A chloroform solution of the mixture was chromatographed on aluminum oxide with separation of 
2,6-diehloro derivative VI as the first zone, the monochloro derivative as the second zone, and starting 
quinone I as the third zone. In experiments carried out under nitrogen, 79% of the 2-chloro derivative (V), 
3% of the 2,6-dichloro derivative, (VI) and 2% of thestarting compound (based on the amount of quinone I 
used in the reaction) were isolated when dimethylformamide was the solvent while 70% of the 6-ehloro 
derivative /iV), 9% of the 2,6-dichloro derivative (VI), and 8% of the starting quinone were isolated from 
the reaction mixture when the solvent was dioxane. The yield of the 2,6-dichloro derivative (VI) increased 
to 40-45~ when the experiments were carried out in dioxane in the presence of air oxygen. About 50~0 of 
the starting quinone I was isolated along with chloro derivatives V and VI in experiments carried out in 
water. The absence of the 2-chloro derivative (V) in experiments carried out in acetic acid and dioxane 
was indicated by the absence, in the ~R spectra of the monochloro derivative fraction, of bands character- 
istie For Vat 785 (medium), 790 (weak~, 849 (strong), 1019 (weak), and 1438 (strong) cm -l,while the 
absence of the 6-chloro derivative (IV) in experiments carried out in water and dimethylformamide was 
indicated by the absence in the IR spectra of bands at 762 (strong) 1035 (weak), and 1260 (strong) cm -I. 
In both cases, the [R spectra did not contain bands characteristic for the 3-chloro derivative at 1205 (me- 
dium), 1295 (strong), and 1465 (medium) cm-I and for the 7-chloro derivative at 1045 (medium), 1080 
(strong), and 1500 (weak) cm -I. Compounds iV, V, and V[ were identified from the Rf values from paper 
chromatography, IR spectra, and melting points of mixed samples on comparison with azines synthesized 
by an alternative route (see Table i). The Rf values from chromatography of amixture of the azines on 
Whatman No. 1 paper in an a-bromonaphthalene-85% acetic acid system were as follows (substituent po- 
sition and Rf value with respect to the Rf value of unsubstituted quinone [ given): 7-Cl 0.71; 2-CI, 0.62; 
3-Cl 0.58; 6-Cl 0.47; 2,6-dichloro 0.24. 

2-Chloro-, 6-Chloro-, 7-Chloro-, and 2,6-Diehloronaphtho[2,3-a]phenazine-8,13-diones. A mixture 
of 2 g of the appropriate chloro derivative of 1-(2-nitrophenylamino)anthraquinone, 10 g of crystalline so- 
dium sulfide, and 50 ml of alcohol was refluxed for 1 h and diluted with water. A blue dihydroazine (1.5- 
1.6 g) separated and was oxidized as indicated above in the description of the reaction of naphthophenazine- 
dione [ with HC1 to give 85-90% of an azine (see Table 1); the 3-chloro derivative was synthesized according 

to the method in [6]. 

3-Chloro-2'-nitro-, 4-Chloro-2'-nitro-, 5'-Chloro-2'-nitro-, and 3,5'-Dichloro-2'-nitrophenylarnino- 
anthraquinones.  A mix ture  of 1.25 g of 1-chloroanthraquinone ,  1 g of 5 - c h l o r o - 2 - n i t r o a n i l i n e ,  0.7 g of 
po ta s s ium ca rbona te ,  0.1 g of cupr ic  ace ta te ,  and 0.05 g of copper  powder  was s t i r r e d  for 3 h at  200-210 ~ 
in 7 ml of n i t robenzene .  When the mix tu re  was cooled,  1.68 g (86%) of 5 ' - c h l o r o - 2 ' - n i t r o p h e n y l a m i n o a n -  
thraquinone sepa ra ted .  3 -Ch lo ro -  and 3 ,5 ' - d i eh lo ro  de r iva t i ve s  of n i t rophenylaminoanthraquinone ,  r e s p e c -  
t ively ,  were  s i m i l a r l y  obtained f rom 1 -b romo-3 -ch lo roan th raqu inone  and 2 -n i t roan i l ine  and f rom 1 - b r o m o -  

3-chloroanthraquinone  and 5 - c h l o r o - 2 - n l t r o a n i l i n e .  

A 2.5 g sample  of 1 -amino-4 -ch lo roan th raqu inone  was added at 140 ~ to a m i x t u r e  of 10 g of o - n i t r o -  
ch lorobenzene ,  0.1 g of cupr ic  ace ta te ,  and 0.05 g of copper  powder ,  and the mix tu re  was heated rap id ly  to 
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210 ~ and maintained at this tempera ture  for 5 rain. It was then cooled and diluted with methanol. The 
precipitate was separated and chromatographed on anhydrous aluminum oxide to give 4 - c h l o r o - 2 ' - n i t r o -  
phenylaminoanthraquinone. Recrysta l l iza t ion from chlorobenzene or  acetic acid gave o range - r ed  or  red 
needles. 

6-Amino Derivatives of Naphtho[2,3-a]phenazine-8,13-dione (see Table 1). A solution of 0.001 mole 
of azine I, IV, V or  VI in 5 ml of piperidine or cyclohexylamine was refluxed for 2-3 rain, and the p rec ip -  
itate that formed when the mixture was cooled was separated,  dissolved in chloroform,  and ch romato -  
graphed; the violet zone of the amino derivative was eluted. No amino compound formed when axine I was 
heated in aniline at 150 ~ for 3 h. 

A solution of 0.001 mole of azine in 20 ml of dioxane was refluxed for  2-3 rain with 3 ml of aniline 
or N-methylaniline and 3 ml of 4% hydrochloric  acid. The dioxane solution was passed through aluminum 
oxide, and the violet zone of the amino derivative was eluted by chloroform.  Azine I did not change in the 
absence of acid. 

The amino derivat ives are  shiny, dark-violet  needles (from chlorobenzene),  or  f i laments (from chlo= 
roform) that are soluble in benzene and chloroform and insoluble in water.  Compounds VIIb, c, obtained 
from azine I, were identical to the compound obtained from azine IV, according to their  melt ing points and 
IR spectrai  VIIIa, b, obtained from azine V and from azine VI, were also identical. 

The IR spectra  of KBr pellets were recorded with a UR-10 spec t ropho tome te r .  

1, 
2. 
3. 
4. 
5. 
6. 
7. 

L I T E R A T U R E  C I T E D  

M. V. Gorelik and T. F. Bezrukova, Zh. Organ. Khim., 5, 1840 (1969). 
G. A. Swan and D. G. I. Felton, Pbenazines,  New Y o r k - L o n d o n  (1957). 
G. G. Dyadyusha and /~. A. Ponomareva ,  Ukr. Khim. Zh., 29, 1279 (1963). 
M. V. Gorelik, M. I. Evstratova,  and I. Ya. Koshcheva,  Zh. Organ. Khim., 1465 (1968). 
M. V. Gorelik a~d M. I. Evstratova,  Zh. Organ. Khim., 5, 758 (1969). 
F. Ullmann and O. Fodor,  Ann., 380, 324 (1911). 
M. V. Gorelik, O. S. Zhdamarov,  ]~. S. Levin, B. E. Zaitsev, and L. A. Chetkina, Zh. Organ. Khim., 
7, 1044 (1971). 

1076 


