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The m e c h a n i s m  of the aminoaryla t ion  of ac r id ines  in the p re sence  of sulfur  was invest igated.  
It  was es tab l i shed  that  the p r o c e s s  takes  place  in two s teps:  format ion  of an in te rmedia te  
a r y l a m i n e - a c r i d i n e  complex  and oxidat ive dehydrogenat ion of the complex  by sulfur .  The 
second s tep  probably  is accompl i shed  via  an ionic mechan i sm.  

We have prev ious ly  r epo r t ed  a new reac t ion  of ac r id ine  and i ts  sa l t s  leading to the format ion  of 
9 - (p - aminoa ry l ) ac r id ine s  in high yie lds  [1,2]. In this pape r  we examine  the m e c h a n i s m  of this react ion.  

The p roce s s  fo r  the p repara t ion  of aminoa ry l ac r id ines ,  c a r r i e d  out at 110-130 deg C in the p r e sen ce  
of sulfur ,  is accompanied  by hydrogen sulfide evolution, and in addition, a smal l  amount  of th ioacr id ine  (or 
N-a lky l th ioacr id ines  when qua te rna ry  sa l t s  a r e  used)  is detected in the react ion  m a s s  in some  cases .  

It might  be a s s um ed  that  the fo rmat ion  of 9 - (p -aminoa ry l ) ac r id ines  p roceeds  through a s tep  involving 
in t e rmed ia te  9 - m e r c a p t o - s u b s t i t u t e d  acr id ine .  Exper imen t s  indicated that  su l fur  does not thionate acr id ine  
and i ts  sa l t s  under  the reac t ion  conditions (110-130 deg). The fo rmat ion  in the react ion  mix tu re  of thio-  
ac r idones  can be explained by compet i t ive  sulfurat ion of the ac r id ines  at h igher  t e m p e r a t u r e s  [3]. The ap-  
pea rance  of th ioacr id ine  (or N-a lky l th ioacr idones)  in the reac t ion  mix tu re  at t e m p e r a t u r e  up to 160 deg can 
be detected only by spec t roscopy  (Fig. 1), while thionation of the ac r id ines  b e c o m e s  apparen t  at 180-190 
deg, and apprec iab le  amounts  of sulfurat ion products  can be i so la ted  along with the m a j o r  compounds.  

As seen f r o m  Fig. 1, ac r id ine  methiodide (AM) is not su l fura ted  at 110-130 deg, as conf i rmed  by the 
identical  c h a r a c t e r  of the absorpt ion bands in the v is ib le  port ion of the s p e c t r u m  of the s ta r t ing  AM and a 
mix tu re  of it with sulfur ,  held at  130 deg for  1 h. Apprec iab le  amounts  of N-methyl th ioacr idone  begin to 
f o r m  at 180-190 deg, as  evidenced by the appea rance  of an absorpt ion band s i m i l a r  to the absorpt ion band 
of pure  N-methy l th ioacr idone .  

F u r t h e r  study of the reac t ion  of ac r id ines  with a ry l amines  indicated that another  type of react ion 
occu r s  in the absence  of sulfur .  It was es tab l i shed  that  acr id ine  (as well as its sa l ts )  and a roma t i c  amines  
undergo a rapid  i n t e r m o l e c u l a r  reac t ion  at  r oom t e m p e r a t u r e  to f o r m  unstable  compounds which should be 
a s c r i b e d  to c h a r g e - t r a n s f e r  complexes  (CTC). The following exper imen ta l  data a r e  evidence for  this.  

1. When a r y l a m i n e  is added to a l c o h o l o r  d ime thy l fo rmamide  solutions of acr id ine  (or i ts  sal ts) ,  the 
co lo r  deepens .  In the p roce s s ,  a new absorpt ion band a p p e a r s  in the long-wave port ion of the spec t ru m 
(Fig. 2). This band is not detected in the s p ec t r a  of any of the s ta r t ing  components ,  and we have a sc r ibed  
it to the absorp t ion  a s soc ia t ed  with cha rge  t r a n s f e r  during the fo rmat ion  of a complex  [4]. 

2. As seen f r o m  Fig. 3, the complex  of AM with dimethylani l ine (DMA) in d ime thy l fo rmamide  d is -  
soc ia t e s  rapidly  to the s ta r t ing  components  when the solution is diluted, as evidenced by the d e c r e a s e  in 
the extinction and the shift  in the absorpt ion m a x i m u m  to the s h o r t - w a v e  side (i.e., s ta r t ing  compounds).  

Solutions of these  CTC a r e  not  subject  to the fundamental  law of light absorpt ion.  This means  that  
the donor (ary lamine)  and accep t o r  (acridine o r  i ts  sa l t s )  molecu les  in addition to the CTC a re  absorb ing  
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Fig. 1. Absorpt ion s p e c t r a  in the v is ib le  region:  1) acr id ine  methiodide;  2) mix tu re  of acr id ine  
methiodide with sulfur ,  held at 130 ~ for  1 h; 3) mix tu re  of acr id ine  methiodide with sulfur ,  held 
at t 80  ~ for  1 h; 4) methyl th ioacr idone .  

Fig. 2+ Absorpt ion s p e c t r a  in the UV and vis ib le  regions  (alcohol): 1) acr id ine ;  2) acr id ine  
methiodide;  3) d imethylani l ine ;  4) equ imola r  mix tu re  of acr id ine  and dimethylani l ine;  5) equi- 
m o l a r  mix tu re  of acr id ine  methiodide and dimethylani l ine.  

Fig. 3. Absorpt ion s pec t r a  in the v is ib le  region (dilution of the acr id ine  m e t h i o d i d e - d i m e t h y l -  
anil ine complex  in d ime thy l fo rmamide) :  1) 7% complex  (0.185 m o l e / l i t e r ) ;  2) 5% complex  
(0.149 m o l e / l i t e r ) ;  3) 2.5% complex  (0.0745 m o l e / l i t e r ) ;  4) 1.25% complex  (0.0373 m o l e / l i t e r )  
(the s p e c t r a  were  obtained immedia t e ly  a f t e r  mixing of solutions of the components  at  0 ~ 

pa r t i c l e s .  A consequence of this is the appea rance  of quas i -au tonomic  regions  in the s p e c t r a  of such solu-  
tions (Fig. 2). 

3. Alcohol solut ions of the acr id ine  sa l t s  containing equ imolar  amounts  or  excess  a r y l a m i n e  a r e  de-  
co lor ized  by e ther .  In the p roce s s ,  the s ta r t ing  sa l t  is prec ip i ta ted ,  and the s ta r t ing  a r y l a m i n e  can be i so-  
lated f r o m  the solution. 

All of these  obse rva t ions  indicate the complex  c h a r a c t e r  of the compounds.  S imi la r  behav ior  of the 
CTC is noted in the s tudies of Andrews and Kiefer  [5]. In an unpublished work, Mason [6] indicates  the 
format ion  of a CTC between AM and DMA. 

The s t r u c t u r e  of such complexes  is of g r ea t  in te res t .  The assumpt ion  of the coordinat ing ro le  of the 
qua te rna ry  ni t rogen grouping in pyridine sa l t s  p rev ious ly  advanced by E m m e r t  et al. [7] s e e m s  unlikely to 
us in this case  s ince the complexes  tend to give not only qua te rna ry  sa l t s  but a lso  acr id ine  itself+ Data on 
the d i r ec t  bending of the a r o m a t i c  amine  with the r ing carbon a toms  [8] s e e m  m o r e  re l i ab le .  

We have noted that  complexing is not obse rved  when the 9 position of the ac r id ine  r ing is blocked by 
bulky subs t i tuents ;  for  example ,  9 -phenylacr id ine  methiodide does not f o r m  complexes  with arylamineSo 

On the ba s i s  of the above informat ion,  a s t r u c t u r e  cor responding  to fo rmula  can be ass igned  to the 
complex  fo rmed  between the acr id ine  sa l t  and a ry l amine .  

Thus the reac t ion  of ac r id ine  (and its sa l t s )  with a r y l a m i n e s  in the p r e s e n c e  of sulfur  can be r e p r e -  
sented as a two- s t ep  p roce s s :  1) format ion  of an i n t e rmo lecu l a r  complex  between the s t a r t ing  ac r id ine  
and a r y l a m i n e ;  2) convers ion  of complex  I to aminoa ry lac r id ine  under  the influence of sulfur .  
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T A B L E  1. E f fec t  of  Sul fur  on the  R e a c t i o n  of  A c r i d i n e  and I ts  Sa l t s  
wi th  A r y l a m i n e s  

Starting acridine 

Base 
MetModide 
Hydrochloride 

Reaction temp. 

150--180 
t10--130 
110--120 

Reaction 
time, h 

3--5 
1,5--2 
1,5--2 

~ ! d ,  % 
in the absence inthe presence 

of sulfur of sulfur 

0 13 
5 91 

40 92 

T A B L E  2. Ef fec t  of  So lven t s  on the R e a c t i o n  of  A c r i d i n e  H y d r i o d i d e  
with D i m e t h y l a n i l i n e  in the  P r e s e n c e  of  Sul fur  ( r e a c t i o n  t i m e  1.5 h, 

Solvent 

p - X ylene 
Dioxane 
Butanol 
Dimethylformamide 
Nitrobenzene 

100 deg)  

Solvent: dipole 
moment. D 

0 
0.45 
1,66 
3,82 
3,99 

Temperaturd. 
at start of Yinldt ~o 
reaction 

No reaction 
No reaction 

98--I00 86 
87--88 93 
86--87 96 

T A B L E  3. A m i n o a r y l a t i o n  of  A c r i d i n e  and I ts  Sa l t s  with D i m e t h y l -  
a n i l i n e  in the  P r e s e n c e  of Sul fur  

Starting acridine 

~e droiodide 
ethiodide 

Ethiodide 
Base 

Reaction 
temp. 

120 
120 
120 
180 

Reachon time, atTemperaturestart of 

reaction * 

1,5 I 102 
1,5 104 
1,5 105 
5,5 170 

Yield, % 

98,7 
91,0 
88,0 
13,5 

*The s t a r t  of t he  r e a c t i o n  was  f i xed  f r o m  the  evo lu t ion  of  h y d r o g e n  
s u l f i d e ,  which  was  pumped  off f r o m  the  r e a c t i o n  v e s s e l  and p a s s e d  
t h rough  a l e a d  n i t r a t e  so lu t ion .  

Su l fu r  a c t s  a s  a d e h y d r o g e n a t i o n  a g e n t  in th i s  r e a c t i o n .  If  the  p r o c e s s  is  c a r r i e d  out  in the  a b s e n c e  
of s u l f u r ,  9 - ( p - a m i n o a r y l ) a c r i d i n e s  a r e  f o r m e d  in s m a l l  y i e l d s  o r  do no t  f o r m  a t  a l l  (Table  1). 

C o n s i d e r i n g  i t s  c o n v e r s i o n  to the  r e d u c e d  s t a t e  (S -2) in H2S , s u l f u r , p r o b a b l y  a c t s  a s  an ox idan t .  Hy-  
d r o g e n  su l f i de  can ,  of  c o u r s e ,  a l s o  f o r m  v ia  a h o m o l y t i c  m e c h s n i s m ,  but  the  fo l lowing  e x p e r i m e n t a l  f a c t s  
a r e  e v i d e n c e  in f a v o r  of  t he  ion ic  c h a r a c t e r  of the  r e a c t i o n .  

F i r s t ,  the  p r o c e s s  t a k e s  p l a c e  with h i g h e r  y i e l d s  in m o r e  p o l a r  s o l v e n t s  than in l e s s  p o l a r  s o l v e n t s .  
The  r e a c t i o n  i s  no t  o b s e r v e d  in n o n p o l a r  s o l v e n t s  (Tab le  2). 

Second,  r a d i c a l  i n h i b i t o r s ,  f o r  e x a m p l e ,  p h e n y l - ~ - n a p h t h y l a m i n e ,  do n o t  a f f ec t  the  r e a c t i o n  of a c r i -  
d i n e s  with a r y l a m i n e s  in the  p r e s e n c e  of  s u l f u r .  

T h i r d ,  no E P R  s i g n a l s  a r e  o b s e r v e d  in s a m p l e s  of the  r e a c t i o n  m a s s  t aken  a t  d i f f e r e n t  t i m e s  f r o m  
the  s t a r t  of  the  r e a c t i o n .  

The  l i t e r a t u r e  a l s o  c o n t a i n s  da t a  which i n d i c a t e  tha t  s u l f u r  h e t e r o l y t i c a l l y  a t t a c k s  u n s a t u r a t e d  s y s -  
t e m s  a t  t e m p e r a t u r e s  b e l o w  140 deg  [9]. 

In o r d e r  to s tudy  the  r e a c t i v i t y  of  the  v a r i o u s  a c r i d i n e s  we i n v e s t i g a t e d  the  h y d r o i o d i d e  and s e v e r a l  
a lky l  i o d i d e s .  In a g r e e m e n t  with the  c o n c e p t s  s e t  fo r th  r e g a r d i n g  the  m e c h a n i s m  of the  r e a c t i o n ,  we ob -  
s e r v e d  a q u a l i t a t i v e  c o r r e l a t i o n  be tween  the e l e c t r o n - d o n o r  c h a r a c t e r  of the  r e s i d u e  a t t a c h e d  to the  h e t e r o -  
atom (i.e., a positive charge on the carbon atom in the 9-position) and the reactivity of the compound char- 
acterized by the temperature at the start  of the reaction and the product yield (Table 3). 
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