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It is shown that hydrogen chloride catalyzes the replacement of 
halogen in the reaction of halogenoanthrapyridines with aromatic 

amines. Cupric acetate, in the presence of potassium acetate at 
80-120 ~ C, does not catalyze the replacement of halogen in these 
substances. The replacement of the arylamino residues in position 6 
of a number of 2, 6-diarylaminoanthrapyridines by alkylamine resi- 
dues under the action of aliphatic amines, was noted. 

We have p r e v i o u s l y  shown [1], that  2, 6 - d i c h l o r o -  
a n t h r a p y r i d i n e  f o r m s  2 - c h l o r o - 6 - a m i n o  d e r i v a t i v e s  
with a m i n e s  u n d e r m i l d  condi t ions  and 2, 6 - d i a m i n o -  
a n t h r a p y r i d i n e s  when the t e m p e r a t u r e  i s  r a i s e d  to 
180 ~ in the p r e s e n c e  of c o p p e r  compounds  and 
p o t a s s i u m  a c e t a t e .  The use  of the  c a t a l y t i c  p r o p e r -  
t i e s  of c o p p e r  compounds  and the add i t i on  of a c e t a t e  
as  an a c i d - b i n d i n g  agent  in the  a r y l a m i n a t i o n  of 2-  
c h l o r o a n t h r a p y r i d i n e  has  been  d e s c r i b e d  p r e v i o u s l y  
[2, 3]. L a t e r  [4] i t  was  shown, that  in aqueous  m e d i a  
the r a t e  of the exchange  of ha logen  f o r  an a r o m a t i c  
amine  r e s i d u e  in h e t e r o c y c l i c  compounds  r i s e s  with 
i n c r e a s i n g  H + c o n c e n t r a t i o n .  I t  was  a l so  shown that  
the p r e s e n c e  of s t r o n g  b a s e s  h i n d e r s  the r e p l a c e m e n t  
of ha logen  [5]. 

We s tud ied  the inf luence  of ac id i c  o r  b a s i c  agents  
and c o p p e r  s a l t s  in the r e a c t i o n  m e d i u m  on the r e -  
a c t i v i t y  of the c h l o r i n e  a t o m s  in 2, 6 - d i c h l o r o a n t h r a -  
p y r i d i n e  (I), 2 - c h l o r o - 6 - a n i l i n o a n t h r a p y r i d i n e  (II), and 
2- an i l i no -  6-  c h l o r o a n t h r a p y r i d i n e  (III). 
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All  e x p e r i m e n t s  w e r e  conducted  in an e x c e s s  of an i -  
l ine  at 76 -77  ~ C o v e r  3 h r  20 min .  In the  absence  
of a d d i t i v e s ,  t h r e e  s u b s t a n c e s  w e r e  f o r m e d  f r o m  
compound I under  t h e s e  condi t ions  : 2 - c h l o r o - 6 -  
a n i l i n o a n t h r a p y r i d i n e  (II), 2 - a n i l i n o - 6 - c h l o r o a n -  
t h r a p y r i d i n e  (III) and 2, 6 - d i a n i l i n o a n t h r a p y r i d i n e  (IV) 
in 92.2, 5.6, and 2.0% y i e l d s ,  r e s p e c t i v e l y .  Under  

* F o r  p a r t  V, s ee  [8]. 

the condi t ions  g iven,  the r a t e  of t r a n s f o r m a t i o n  of 
i s o m e r s  II and III  into the  d i s u b s t i t u t e d  compound 
IV was  s m a l l ,  a l though s i gn i f i c a n t l y  g r e a t e r  f o r  
i s o m e r  III.  I t  is  i n t e r e s t i n g  to note that ,  with n - h e x y l -  
a m i n e  the r e a c t i o n  p r o c e e d s  m o r e  s e l e c t i v e l y  and the 
amounts  of the p r o d u c t s  a r e  98 .6 ,  0 .55 and 0 . 2 ~ ,  
r e s p e c t i v e l y .  P o s s i b l e  c a u s e s  of th is  s e l e c t i v i t y  wi l l  
be  d i s c u s s e d  be low.  When h y d r o g e n  c h l o r i d e  is  i n t r o -  
duced into the r e a c t i o n  in the f o r m  of an i l ine  h y d r o -  
c h l o r i d e ,  a s h a r p  change is  noted in the r a t i o  of the 
r a t e s  of exchange  of ha logen  a t o m s  (in the r e a c t i o n  
p r o d u c t s ,  the  amounts  of II ,  III  and IV a r e  65 .0 ,  
16.0  and 18.2% r e s p e c t i v e l y ) .  The i n c r e a s e d  quan-  
t i ty  of the m o n o s u b s t i t u t e d  compound III i s  exp la ined  
by  the a c t i v i t y  of the 2 - c h l o r o  a tom in the g iven  con-  
d i t i ons .  The r a t i o  of the i s o m e r s  II  and III  changed 
in the  p r e s e n c e  of a c id  f r o m  1 6 . 5 : 1  to 4 : 1 .  The 
v igo rous  f o r m a t i o n  of IV is  a l so  a consequence  of 
the ac t i va t i on  of ha logen  in the m o n o s u b s t i t u t e d  c o m -  
pounds II and III. A r y l a m i n a t i o n  of the i s o m e r s  in 
the p r e s e n c e  of a c i d s  showed tha t  in th is  c a s e  the 
d e g r e e  of t r a n s f o r m a t i o n  of i s o m e r  III  is  s i gn i f i c an t l y  
h i g h e r  than that  of II .  However ,  the r e l a t i v e  i n c r e a s e  
in v e l o c i t y  of the r e a c t i o n  of i s o m e r  II is  g r e a t e r  than 
fo r  i s o m e r  HI; with ac id  c a t a l y s i s  II f o r m s  10 t i m e s  
m o r e  of the d i s u b s t i t u t e d  compound IV and i s o m e r  
III  only  3 t i m e s  m o r e .  I t  could be  a s s u m e d  that  with 
a r i s e  in the r e a c t i o n  t e m p e r a t u r e  t o g e t h e r  with the 
use  of ac id  i t  i s  p o s s i b l e  to ach ieve  a m o r e  c o m p l e t e  
t r a n s f o r m a t i o n  of II  into IV. In ac tua l  fac t  up to 92% 
IV was  ob ta ined  at  120 ~ C in the  p r e s e n c e  of h y d r o g e n  
c h l o r i d e  in the s a m e  t i m e .  

A g e n e r a l  exp lana t ion  was  g iven  [4] of a s i m i l a r  
phenomenon  with h e t e r o c y c l i c  compounds~ The p r o -  
tonat ion  of h e t e r o c y c l i c  n i t r o g e n  g ives  a p o s i t i v e  
c h a r g e  to the e n t i r e  m o l e c u l e .  Hence the ac t iva t ion  
e n e r g y  in the nuc leoph i l i c  r e a c t i o n  with the amine  is  
l o w e r e d .  N a tu r a l l y ,  the g r e a t e s t  e f fec t  is  to be  e x -  
pec ted  f o r  the n e a r e s t  c a r b o n  a tom and f o r  the ha logen  
a tom a t t ached  to i t .  Ac tua l ly ,  as  shown above ,  the 
2 - c h l o r o  a tom in 2, 6 - d i c h l o r o a n t h r a p y r i d i n e  is  the 
m o r e  h igh ly  a c t i v a t e d  and the r e l a t i v e  m o b i l i t y  of the 
ha logen  in i s o m e r  II i n c r e a s e s  to a g r e a t e r  ex tent  than 
in i s o m e r  III. However ,  p r o t o n i c  c a t a l y s i s  a p p a r e n t l y  
o c c u r s  in t h e s e  c a s e s  w h e r e  the e q u i l i b r i u m  

H e t e r o c y c l e  �9 H +, �9 a m i n e  �9 H + 

does  not  sh i f t  fu l ly  in the  d i r e c t i o n  of the amine ,  i . e .  
w h e r e  the b a s i c i t i e s  of the r e a c t a n t s  a r e  c o m p a r a b l e .  
I t  was  shown [4], that  ac id  c a t a l y s i s  ex tends  only to 
a r o m a t i c  a m i n e s  and m o r p h o l i n e .  L a t e r ,  an i n c r e a s e  
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Reaction of Halogen Derivatives of Anthrapyridine 

6 
7 
8 
9 

10 
1l 
12 

Starting 
compound 

1 2,6-Dichloroanthra- 
2 pyridine (I) 

3 2-Chloro-6-aniliooan- 
4 thrapyridine 
5 (II) 

2-Anilino-6-chloran- 
thrapyridine 
(lid 

i Reae- Reac- 
[ tion I t i o n  

[ teo~p., / time,hr 

L 
I 

HCI, ]CHaCOOK , 
mole* ] mole* 

77 3.33 
77 3.33 4 

77 3.33 -- 
77 3.33 
77 3.33 4 
77 3.33 4 

3,33 
120 3.5 4 
120 3.5 - -  

77 3.33 
77 3.33 6 
77 3.33 - -  

*Per 1 mole of halogen derivative. 

with Aniline 

in ra te  constant  for  the reac t ion  of 2 -ch loropyr id ine  
with morphol ine  (pK 5.6) during the reac t ion  was 
found ( l ibera t ion  of HC1) while in the use of p iper id ine  
(pK 2.8) i t  r emained  constant  [6]. 

We have noted the absence of acid ca t a lys i s  in the 
reac t ion  with n-hexylamine:  even at 120 ~ C only t r a c e s  
of 2, 6 -d ihexylaminoanthrapyr id ine  are  fo rmed .  

On the bas i s  of these ideas i t  is  a lso  easy  to under -  
stand the high d i rec t iona l  se lec t iv i ty  of the reac t ion  of 
2, 6 -d ich lo roan th rapyr id ine  with hexylamine,  f o r m -  
ing 10 t imes  l ess  of the type IH i s o m e r  than in the 
reac t ion  with anil ine.  

If the reac t ion  of the d ichlor ide  I with anil ine is 
pe r fo rmed  in the p resence  of po tass ium aceta te ,  an 
acid-binding agent, a ce r ta in  lowering of the yields  
of III and IV is observed .  

It has a lso  been shown that at 80-120 ~ , where acid 
ca ta lys i s  is  p a r t i c u l a r l y  energet ic ,  cupr ic  acetate  
does not have a s ignif icant  ca ta ly t ic  influence on the 
format ion  of the disubst i tu ted compound (see table,  
exp. 6, 7,9,  12). 

The r e su l t s  obtained enable the r ep lacemen t  of 
halogen by an amine res idue  to be d i rec ted  toward 
the format ion  of one of the de r iva t ives .  2 -Chloro-  
6 -a ry l aminoan th rapyr id ines  a re  p r e p a r e d  by r e -  
acting 2, 6 -d ich lo roan th rapyr id ine  with an amine in 
the p re sence  of an acid-binding agent. In the a ry l -  
amination of 2 - c h l o r o - 6 - a r y l  (a lky l ) -aminoanthrapyr -  
idines the use of hydrogen chloride p e r m i t s  the 

reac t ion  to be pe r fo rmed  smoothly at t empe ra tu r e s  
-< 130 ~ The rep lacement  of the chlor ine atom in 
posi t ion 2 by an alkylamino group is not cata lyzed 
by hydrogen chlor ide  and proceeds  at t e m p e r a t u r e s  
> 200 ~ C without addi t ives .  

A study of the reac t ion  of 2 - e h l o r o - 6 - a r y l a m i n o -  
an thrapyr id ines  with al iphatic amines showed that 
both chlor ine  and ary lamino  groups a re  rep laced  by 
res idues  of al iphat ic  amines forming 2, 6 -d ia lky lamino-  
an th rapyr id ines .  More deta i led study of this reac t ion  
showed that t:, ansaminat ion of 2, 6 -d ia ry laminoan th ra -  
pyr id ines  is observed  in those cases  where the b a s i c -  
i ty of the amine being introduced (in the pa r t i cu l a r  
example,  aliphatic) is g r e a t e r  than that of the d i s -  
placed (aromatic)  amine,  while the subst i tuent  in 
posi t ion 6 undergoes t r ansamina t ion  exc lus ive ly  and 
the a ry l amine  res idue  in posi t ion 2 is comple teIy  
unaffected. It is  in te res t ing  to note that  an analogous 

m 
2 

2 

7 

7 

Reaction products, 

'(CH3COO)2Cu, 
mole* 

[l 
I 

-- 192.2 
I 65.0 
I 

- -  i 99.4 
- -  194.0 
- -  197.5 

0.05 93.7 
0.05 99.0 

- -  i 6.5 
0.05 98.8 

0~5 

Ill IV 

5.6 2.0 
16.0 18.2 

<0.3 
"~,1 1.0 
- -  2,9 
- -  2.9 
- -  Traces 

91.5 
<0.3 

87.7 12.3 
65.0 34.0 
88.0 12,0 

transamination effect is found in derivatives of 6- 
aminobenzoanthrone, which has a s imilar structure 
to anthrapyridine [7]. 

EX PE RIMENTAL 

Deserlpt[on of a typical experiment. A mixture of 0.01 mole of 

chloroanthrapyridine and 0.22 mole of aniline with or without the 

appropriate additives was thermostatted at 80 ~ C in a glycerol bath 

and stirred for the determined period. The reaction mixture waspoured 

into a sufficient quantity of hot water to dissolve the aniline. The 

residue was f i l tered off, washed several  t imes  with hot  water,  and 

dr ied.  The dry residue was dissolved in to luene  and chromatographed  

on a l u m i n i u m  oxide.  The m o b i l e  orange zone  ( 2 - c h l o r o - 6 - a n i l i n o -  

anthrapyr id ine)  was e lu ted  wi th  to luene  and the  cr imson zone  (the 

d isubs t imted  d e r i v a t i v e  IV and the orange 2 - a n i l i n o - 6 - e h l o r o a n -  

tbxapyridine were e lu ted  with d ich lo roe thane  or chloroform.  The 

addi t ion  of e thanol  to the chloroform improved the e lu t ion  of the 

la t t e r .  The e lua tes  were concen t ra ted  in vacuo to 8 - 6  ml ,  d i lu ted  

with pe t ro leum ether ,  and lef t  to c rys ta l l i ze .  All  these substances 
were p rac t i ca l l y  insoluble  in p e ~ o l e u m  ether .  They were f i l tered,  

dried and weighed (accuracy 0.01 g). 
2-Anflino-6-n-hexylaminoanthrapyridtne. 2.07 g (0.005 mole) of 

2, 6 -d i an i l i noan th rapy r id ine  and 20 m l  of n - h e x y l a m i n e  were hea ted  

in a sealed tube a t  228 ~ C for 8 hr. The reac t ion  mix tu r e  was cooled  

and d i lu ted  with an excess of 8% hydrochlor ic  ac id .  The p rec ip i t a t e  

was ex t rac ted  with chloroform,  and the ex t rac t  was washed with 

severa l  portions of water,  fol lowed by sodium ca rbona te  solut ion and 

more  water.  The ex t r ac t  was evapora ted  on a s t e a m - b a t h  and the 

residue r ec rys t a l l i zed  from e thanol .  Yie ld  1 .68  g (78.7%) of 2 - a n -  

i l i n o - 6 - n - h e x y l a m i n o a n t S x a p y r i d i n e ,  mp 129-130  ~ C. The mixed  

m e l t i n g  point  with an au then t ic  spec imen ,  (rap ]29 -130  ~ C) was 

undepressed. Thei r  UV specrxa in the 275-600  nm region were iden-  
t i ca l .  

2 - p - T o l u i d i n o - 6 - c y e l o h e x y l a m i n o a n t h r a p y r i d i n e .  a) 2 g of (I) and 

16 m l  of c y c l o h e x y l a m i n e  were stirred at  70 ~ C for 4 hr and then 

poured into d i lu te  hydrochlor ic  ac id .  The p r ec ip i t a t e  was f i l tered off. 

Yie ld  2 .38  g (99%) of 2 - c h l o r o - 6 - c y c l o h e x y l a m i n o a n t h r a p y r i d i n e ,  

mp  213 .4 -214 .6  ~ C (from propanol) .  Found, %: C1 9.84, 9.76; N 7.80, 

7.89. Ca lcu la t ed  for CzzH19C1N20 , %: C1 9.77; N 7.72. 1.0 g of the 

l a t t e r ,  10 g of p - t o l u i d i n e  and 5 g of p - t o i u i d i n e  hydroehlor ide  were 
stirred at 128-130  ~ C over 4 hr, d i lu te  HC1 was added,  the mix tu re  was 

f i l t e red ,  and the residue was washed with water ,  2% a m m o n i a  solut ion 

and more  water .  The  p r ec ip i t a t e  was chromatographed  on a l u m i n u m  
oxide  in chloroform.  Yie ld  1 .12  g (94%) of 2 - p - t o l u i d i n o - 6 - c y c l o -  

hexy l aminoan th r apy r id ine ,  mp  225 .4 -226 .2  ~ C (from propanol).  

b) 0 . 5  g of 2, 6 - d i - p - t o l u i d i n o a n t h r a p y r i d i n e  and 10 m l  of c y c l o -  

h e x y l a m i n e  were hea ted  in a sealed tube  at  275 ~ C for 8 hr. After 

the addi t ion  of d i l u t e  HCt, the p rec ip i t a t e  was f i l te red  off and washed 
with water  and d i l u t e  a m m o n i a  solution.  Yie ld  0 .48  g (98%) of a 
product  which was free from start ing m a t e r i a l  (on a chromatogram) .  

It  was pur i f ied  by chromatography  on a l u m i n u m  oxide  in to luene  
and r ee rys t a l l i z ed  from propanol  to g i v e  2 - p - t o l u i d i n o - 6 - c y c l o h e x y l -  
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aminoanthrapyridine, mp 223.6-224.8" C. Mixed melting point of 
samples produced by the two methods 225.0-226.0"C. 
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