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The react ion of anthrapyridone and its derivatives with aliphatic, aromat ic ,  and heteroeycl ic  
amines,  alkalis, and cyanides gives the corresponding 1-substi tuted anthrapyridones.  

Anthrapyridone derivatives have long been used in the synthesis of dyes. However, the possibil i ty of 
di rect  nucleophilic substitution in the anthrapyridone se r ies  has not been known until now. We have found 
that the react ion of anthrapyridones with aliphatic amines and alkalis leads to the formation of the c o r r e -  
sponding 1-substi tuted anthrapyridones [1, 2]. 

Unsubstituted anthrapyridone and its X-methyl  derivative (I) react  with aliphatie amines in dimethyl-  
formamide  or  excess amine in the presence  of a copper  catalyst  (copper metal  or  copper salts) to give 1- 
alkylamino derivat ives (II) in yields of N90% based on the amount of converted star t ing compound. The 
degree of convers ion of an th rapyr idonesvar ies  over considerable limits as a function of the amine used. 
Thus, for example, the yields in the react ion of I with cyelohexylamine, n-hexylamine,  and piperidine, based 
on the amount of I introduced into the reaction, are  91, 63, and 10%, respect ively.  Increas ing the reaction 
t ime leads to resinif ication and does not increase  the yields. It is possible that the activity of the amines 
in this react ion is determined by the stabili ty and react ivi ty of the intermediately formed complexes of cop- 
per  with the amines.  In the absence of copper,  the react ion of anthrapyridones with aliphatic amines pro-  
ceeds slowly to give ext remely  low yields.  

Aromat ic  amines do not react  with anthrapyridones under the conditions descr ibed above. The r eac -  
tion can be real ized in the presence  of sodium amide. The increase  in the activity of the aromat ic  amines 
when sodium amide is added can be explained by the formation of sodium arylamides ,  which have high nu- 
cleophilic ity, 

The s t ruc ture  of II was proved by the preparat ion of identical 1-a lkylamino-  or  1-arylamino der iva-  
tives by the action of the appropria te  amines on 1-n i t ro-N-methylanthrapyr idone  (III) [3] and 1-eh loro-N-  
methylanthrapyridone (IV) [4]. 

The react ion of 6 -bromo-N-methy lan thrapyr idone  (V) with a romat ic  amines in the presence  of copper 
catalysts  proceeds smoothly to give good yields of 6-ary lamino derivat ives,  which makes it possible to use 
it extensively in industrial  synthesis .  In addition to substitution of the bromine atom by an alkylamino group 
(VD, the react ion of V with aromat ic  amines in the presence  of copper  also proceeds with the entry of an 
amine residue into the 1 position to give 1,6-di(alkylamino)-N-methylanthrapyridone (VH). In addition to 
VI and VII, t r aces  of 1-a lkylamino-N-methylanthrapyr idone  (II) a re  detected in the react ion products.  The 
formation of the lat ter  is caused by part ial  dehalogenation of s tar t ing compound V, which is ra ther  frequently 
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encountered when react ions  a r e  c a r r i ed  out under  s i m i l a r  conditions. Compounds VII a r e  identical  to 1,6- 
d i (a lky lamino) -N-methy lan thrapyr idones  obtained by the react ion  of a lkylamines  on 1 - n i t r o - 6 - b r o m o - N -  
methylan thrapyr idone  (VIII) [3]. 
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Dialkylamino der iva t ives  VII can also be obtained by the action of a lkylamines  on 6 -a lky lamino-N-  
methylan thrapyr idones  (VI). The la t t e r  a r e  obtained in high yields f rom V in the absence  of copper .  The 
combination of these  two reac t ions  makes  it poss ib le  to obtain 1 ,6-diamino der iva t ives  with var ious  sub-  
st i tuents  in the amino groups,  for  example ,  VIIc. Compounds VI, which contain var ious  amine  res idues ,  
were  obtained in o r d e r  to find substances  with high solubil i ty in organic media ,  for  example ,  in po lymer s ,  

The absorpt ion s pec t r a  of 1 -a lky lamino-  and 6-a lky laminoanthrapyr idones  (II, VI) each have two bands 
(for example ,  IIb, Xmax 340, 448 nm; VIb, hmax 345, 545 nm). In the spec t r a  of 1 ,6-d i (a lkylamino)anthra-  
pyr idones  (VII), the band in the near-lYv" region does not change its position, while two bands, which a r e  
s i m i l a r  in c h a r a c t e r  to the bands of II and VI but a r e  shifted to shor t  wavelengths (VIIb, kma x 340, 425, 
512 nm), appea r  in the v is ib le  region. 

Alkylaminoanthrapyr idones  II, VI, and VII have br ight  luminescence  in solutions (II has the max imu m 
luminescence  intensity) and a r e  sui table for  p rac t i ca l  use  as luminophores  [5]. 
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TABLE I .  Alkylamino Derivatives of N-Methylanthrapyridone 
o 
H 

( 

Jl f 
o R" 

Com- 
pound 

IIa 

Ilb 

IlC 

Id  

Via 

VIb 

VIc 

VId 

VI,e 

Vlla 

VIIb 

Vllc 

n-C4HgNH 

n-C6H,aNH 

C6HuNH 

(CH~)~N 

H 

H 

H 

H 

H 

n-C4HgNH 

n-C6HIaNH 

C61-InNH 

R' 

It 

H 

H 

H 

n-C4HgNH 

n-C6Ht3NH 

n-CIsHaTNH 

C6HItNH 

C6HsCH~NH 

n-C4HgNH 

n-C6HIaNH 

n-C6HlaNH 

Mp, ~ (erys- 
talli zation 
solvent)* 

122--123 
(eyclohexane: 

103--104 
(cyclohexane: 

182--t83 
(cyclohexane: 

211- -212  
(cyclohexane: 

~ll--21z 
(chloroform) 

194--195 
(white spirit) 

165--166 
chlorobenzene 

269--270 
(nitrobenzene 

233--234 
(white spirit) 

141--142 
(petroleum 

ether) 
88--89 

(petroleum 
emer) 
147--148 

(hexane) 

Empirical 
formula 

C2tH2oN2Ou 

=23H~N2Oz 

Z23H22N2Oz 

CmH2oN2Oz 

C~IH2oN20~ 

C23Hs'N202 

C~sH48N20~ 

C23H22N202 

C24HIsN202 

C25H2~N302 

C~gHsTN302 

C29H3sN302 

Found, % 

C H N 

76,5 6,8 g,O 

77,1 6,3 7,8 

76,8 56,81 , 
75,9' 8,5 

76,6 

74,3 

76,1] 

Calc., 

76,6 

77,1 

76,7 

75,9 

76,6 

74,4 

76,1 

~0 

H N 

--] 8,4 

6,71 7,8 

6,2] 7,8 

5,8I 8,1 

6,11 8,4 

6,71 7,8 

- - ,  5,3 

- - ,  7,8 

- - ,  7,6 

7,2]t0,4 

--~ 9,1 

7,7] 9,2 

* T h e  c r y s t a l s  of I Ia ,b  and VIIa,b were  cubic ,  whi le  those  of the r e -  
m a i n i n g  compounds  w e r e  need l e s .  

Heat ing  a s u s p e n s i o n  of N - m e t h y l a n t h r a p y r i d o n e  (I) in an aqueous  dioxane so lu t ion  of sod ium hydrox ide  
g ives  1 - h y d r o x y - N - m e t h y l a n t h r a p y r i d o n e  (IX). However ,  th is  r e a c t i o n  cannot  be a c c o m p l i s h e d  for  n i t r o g e n -  
u n s u b s t i t u t e d  a n t h r a p y r i d o n e .  The l a t t e r ,  in c o n t r a s t  to I, which has  a f ixed py r idone  s t r u c t u r e ,  d i s so lve s  
in  aqueous  dioxane so lu t ions  of a lka l i  to give {probably) enol  X, which cannot  r e a c t  with nuc l eoph i l e s .  C o m -  

0 0  
r 

II 
o 
x 

pound IX is identical to 1-hydroxy-N-methylanthrapyridone obtained by the action of alcoholic alkali on l- 
chloro-N-methylanthrapyridone (IV) [6]. 

The patent literature [7] contains data on the possibility of the direct eyanation of I (without indica- 
tions of the structure of the reaction product). On the basis of the information set forth above, it seemed 
most likely that the Mtrile group enters the 1 position. This was confirmed by obtaining identical com- 
pounds XI by direct cyanation of I, by substitution of the chlorine atom in IV by a cyano group, and by the 
action of sodium cyanide on N-chloroaeetyl-l-methylaminoanthraquinone (XII) [8]. 

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

The a b s o r p t i o n  s p e c t r a  of c h l o r o f o r m  so lu t ions  were  r e c o r d e d  with an S F - 4  s p e c t r o p h o t o m e t e r .  The 
compounds  were  iden t i f i ed  f rom m i x e d - m e l t i n g - p o i n t  d e t e r m i n a t i o n s  and IR s p e c t r a .  Anhydrous  a l u m i n u m  
oxide was u s e d  for  the c h r o m a t o g r a p h y .  
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1-Cyclohexylamino-N-methylanthrapyr idone (IIc). A mixture  of 1 g of I, 10 ml of cyclohexylamine,  
15 ml of dimethylformamide,  and 0.1 g of copper powder was refluxed for 4 h, and 60 ml of 8% hydrochlor ic  
acid was added. The result ing precipitate was removed by filtration, washed with water,  dried, and chro-  
matographed on A1203 (benzene) to give 1.21 g (91%) of IIc (Table 1). 

1-n-Hexylamino-N-methylanthrapyr idone (IIb). A) This compound was obtained under s imi la r  condi- 
tions: the precipitate was isolated and extracted with hot cyclohexane to dissolve IIb. (The residue from 
the extraction was unchanged I.) The yield af ter  chromatographic  purification was 87% based on the amount 
of converted I (63% based on the amount of I introduced into the reaction). 

B) A mixture of 0.6 g of III and 5 ml of n-hexylamine was refluxed for 1 h and t reated with 8% hydro-  
chloric  acid to give 91% IIb. 

1-Piper id ino-N-methylanthrapyr idone (IId). This compound was obtained in90% yield (based on con- 
verted I; 10% based on the amount of I used) by method A for the preparat ion of IIb. 

1-n-Hexylaminoanthrapyridone.  This compound was obtained from anthrapyridone by method A used 
for the preparat ion of IIb. Hot acetone was used for the extraction to give 92% (based on the converted 
anthrapyridone) of large,  bright-yellow needles with mp 166-167 ~ (from aqueous acetic acid). Found: C 
76.0; H 6.3; N 8.2%. C22H22N202. Calculated: C 76.3; H 6.4; N 8.1%. 

1-(p-Toluidino)-N-methylanthrapyridone.  A mixture of I g of I, 10 g of p-toluidine, 15 ml of dimethyl-  
formamide,  0.5 g of sodium amide, and 0.25 g of cupric acetate was s t i r red  at 155 ~ for  4 h, cooled to 100 ~ 
and diluted with 8% hydrochlor ic  acid. The precipitate was removed by filtration, washed with water,  and 
dried. An orange zone (chloroform) was isolated from the mixture of products by chromatography on A1203. 
The eluate was evaporated, and the residue was dissolved in benzene. The benzene solution was diluted 
with petroleum ether, and the precipitated c rys ta l s  (prisms,  mp 238-239 ~ were removedby filtration to give 
0.24 g (17%) of 1-(p-toluidino)-N-methylanthrapyridone,  which was identical to the compound obtained from 
IV and p-toluidine and had a melting point in agreement  with the reported value [3]. 

Reaction of V with Aliphatic Amines.  A) In the Absence of Copper.  A mixture of 1 g of V and 10 ml 
of n-hexylamine was refluxed for 6 h and diluted with 5-8% hydrochlor ic  acid. The precipitate was removed 
by filtration, dried, and chromatographed on A120 3 (chloroform) to give 0.94 g (89%) of VIb. Compounds 
VIa,d-e were s imi la r ly  obtained in 75-95% yields by the action of n-butylamine,  n-octadecylamine,  and ben- 
zylamine on V at 120-130 ~ The reaction with n-butylamine was car r ied  out in a sealed ampul. In the prep-  
aration of VIc, the reaction mass  was diluted with benzene and t r ans fe r r ed  to a column filled with A1203; n-  
octadecylamine was eIuted with benzene, while VIc was eluted with chloroform (Table 1). 

B) In the Presence  of Copper. A mixture of 10 g of V, 40 ml of n-butylamine, 0.5 g of cupric acetate, 
and 0.3 g of copper powder was refluxed for 10 h, diluted with 150 ml of 8% hydrochlor ic  acid, and allowed 
to stand for  the formation of a crysta l l ine  precipitate.  The precipitate was removed by filtration, washed 
with 8% hydrochlor ic  acid and water,  and dried. The result ing mixture of products was separated by chro-  
matography on A1203: the orange zone was eluted with chlorobenzene,  while the reddish zone (1.8 g of Via) 
was eluted with chloroform.  According to paper chromatography (Whatman paper  impregnated with a 10% 
solution of ~-bvomonaphthalene with elution with a saturated solution of ~-bromonaphthalene in 75% acetic 
acid), the orange zone (3.3 g) was VIIa with Ha as an impurity (obtained from III in analogy with lib). A 
mixture  of products of the same composition was obtained by the reaction of V with n-hexylamine.  

1 ,6-Di(n-butylamino)-N-methylanthrapyridone (VIIa). A mixture of 0.8 g of VIII imP 346-347 ~ (333- 
334 ~ [3])] and 7 ml of n-butylamine was heated at 160 ~ for 4 h in a sealed ampul and t rea ted  with 5% hydro-  
chloric  acid. The result ing mixture was extracted with chloroform and chromatographed on AI~O 3 (chloro- 
form). The eluate was evaporated, and the residue was dissolved in refluxing petroleum ether, from which 
0.4 g (45%) of charac te r i s t i c  cubic c rys ta l s  of VIIa precipitated.  Compound VIIb was s imi lar ly  obtained in 
66% yield as o range- red  cubes. 

1-Cyclohexylamino-6-n-hexylamino-N-methylanthrapyr idone  (VIIb). A mixture of 0.7 g of VIb, 4 ml 
of cyclohexylamine, 10 ml of dimethylformamide,  and 0.2 g of copper powder was refluxed for  4:5 h and 
diluted with 5% hydrochlor ic  acid. The precipi tate  was removed by filtration and washed with water,  dried, 
and chromatographed on A120 3 (chloroform) to give 0.6 g (55%) of Vlic. 

1-Hydroxy-N-methylanthrapyr idone (IX). A total of 5 ml  of a 40% solution of sodium hydroxide was 
added to a refluxing mixture of 1 g of I, 50 ml of dioxane, and 50 ml of water .  Immediately af ter  the addi- 
tion of the alkali, the color  of the react ion mixture changed from yellow to orange- red ,  which indicated the 
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fo rmat ion  of the sodium salt  of IX. The mix tu re  was cooled and f i l tered,  and the solid was ext rac ted  sev-  
e r a l  t imes  with warm 2% sodium hydroxide solution. The f i l t ra tes  were  combined and acidified with hydro-  
chlor ic  acid, and the prec ip i ta te  was r emoved  by f i l t rat ion,  washed, and dried to give 0.6 g (54%) of IX with 
mp 299-300 ~ (dec., f rom acet ic  acid).  The product  was identical  to IX obtained f rom IV via the method in 
[6]. According to [6], this compound has  mp 280% 

1-Cyano-N-methy lan th rapyr idone  (XI). A mix tu re  of 0.5 g of IV, 0.25 g of sodium cyanide, and 10 ml  
of ethylene glycol was s t i r r e d  at 100 ~ for  2.5 h and diluted with water .  The prec ip i ta te  was removed  by f i l -  
t ra t ion ,  washed, and dried to give 0.5 g (97%) of XI with mp 315-316 ~ (from d imethyl formamide) ,  which was 
identical  to the subs tances  obtained by the d i rec t  cyanation of I and by the action of sodium cyanide on XII 
via the methods in [7, 8]. 
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