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Qua t e rna ry  sa l t s  of 9 -ac r id iny lhe t a ry lme thanes  were  obtained by condensat ion of acr idine  
with alkiodides of 2-  and 4 -me thy l  de r iva t ives  of ni t rogen he t e rocyc l e s  in the p re sence  of 
a i r  oxygen. A study of the s p e c t r a  of the ac r id iny lhe ta ry lme thanes  and t he i r  qua te rna ry  
sa l t s  and anhydro ba se s  indicates  t au tomer i c  t r a n s f e r  of the hydrogen a tom of the methylene 
group to the ni t rogen a tom of the acr idine  f ragment  in monoquatern ized  ac r id iny lhe t a ry l -  
methane s.  

In a continuation of our  r e s e a r c h  on the condensat ion of ac r id ines  with nncleophiles  in the p r e s e n c e  
of an oxidizing agent  [1], we have inves t iga ted  the reac t ion  of acr id ine  and acr id ine  hydrochlor ide  with 
alkiodides of  ni t rogen he t e rocyc l e s  containing a methy l  group in the 2- and 4-pos i t ions .  In d ime thy l fo rm-  
amide  (DMFA) in the  p r e s e n c e  of a i r  oxygen the condensat ion t akes  place at the methyl  group and gives 
ac r id iny lhe ta ry lmethane  de r iva t ive  s, for  example ,  
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When he te rocyc le s  with mos t  active methyl  groups (2- and 4-methylquinol ines)  are  used, side r e -  
act ions of  oxidation of the d ihe ta ry lmethane  der iva t ive  to an acr idone and se l f -condensa t ion  of the me th y l -  
quinolines to cyanines  a re  obse rved .  Oxidation can be avoided when the acr idine base  is used.  Condensa-  
t ion at less  act ive methyl  groups (2- and 4-p ico l ines  and 1 ,2-dimethylbenzimidazole)  is r ea l i zed  s u c c e s s -  
fully by using acr idine  hydrochlor ide .  Data on the synthes ized  compounds are  p resen ted  in Table  1. 

The monoquate rn ized  ac r id iny lhe ta ry lme thanes  (I-VI) a re  conver ted  by alkal i  to anhydro ba se s  IX-  
XI and XV-XVII (Table 2), which a re  c lose  analogs of u n s y m m e t r i c a l  cyanine dyes.  

The e lec t ron ic  s p e c t r a  of 9-subs t i tu ted  (amino, aminophenyl ,  hydroxyphenyl,  and aminos ty ry l  d e r i v -  
at ives)  were  inves t igated in detai l  in connection with the poss ib le  t au tomer i c  a m i n o - i m i n o  and o x o - h y d r o x y  
f o r m s  [2]. The re  a re  poss ib i l i t i e s  in 9 -ac r id iny lhe t a ry lme thanes  for  t a u t o m e r i s m  due to t r a n s f e r  of a 
hydrogen atom of the methylene  group s i tuated between two s t rong  accep to r s  to one of the ni t rogen a toms .  
This  sor t  of t a u t o m e r i s m  has been desc r ibed  in the diquinolylmethane s e r i e s  [3]. 

We made a compara t i ve  study of the e lec t ron ic  s p e c t r a  of the ac r id iny lhe ta ry lme thanes  obtained in 
[1] and of t h e i r  m onoqua t e rna ry  sa l t s  (I-VIII) and anhydro bases  (IX-XVII). As one should have expected,  
the methylene  group b r eaks  the conjugation chain in ac r id iny lhe ta ry lme thanes ,  disrupt ing the mutual  e l ec -  
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Fig. 1. Electronic spectra of 4-pyridinyl- 
9-acridinylmethane methiodide (I): 1) in 
water; 2) in dimethylformamide; 3) in 
ethanol; 4) in chloroform, 

t ronic  effects of the he teror ings .  The e lect ronic  spec t ra  
of the acr id inylhetarylmethanes  therefore  differ little 
from the spect rum of acridine and contain two absorption 
bands with maxima at 255 and 355-360 nm. At the same 
t ime,  the absorption of the introduced he teror ing  is 
masked by the more  intense absorption of acridine,  which 
is found in the same region. 

The e lec t ron sys tem of the entire molecule in the 
anhydro bases is conjugated, and two new bands c h a r -  
ac ter i s t ic  for this sys tem ar ise  at 280-320 and 500-600 
nm. The maxima experience a hyposchromic shift when 
the acceptor  c h a r a c t e r  of the substituent of the nitrogen 
of the he teror ing  increases  (IX-XIV) on passing from 
pyr idyl -  to quinolinylacridinylmethines (IX, and XVI, XV 
and XVII). T rans fe r  of the e lec t ron  density to the acridine 
f ragment  of the molecule probably occurs  in the excited 
state in IX-XVII, and the introduction of acceptor  subst i -  
tuents that hinder this sort  of t r ans f e r  also causes  the 
observed hypsochromic  shift. 

The spec t ra  of the monoquaternary  salts of acr id inylhetarylmethanes  contain two new (as compared 
with the acridine compounds) absorption bands that are charac te r i s t i c  for the completely conjugated s y s -  
t em of the anhydro bases  (see Tables 1 and 2). The t ransi t ion f rom 2- to 4 - i s o m e r s  of pyridine and benzo 
annelation of the pyridine r ing cause a bathochromic shift of the maxima of both bands. An increase  in the 
polar i ty  of the solvent leads to a hypsochromic  shift of the maxima,  while in water  and acetic acid these 
bands are absent (Fig. 1). 

The presence  of these absorption bands in the e lect ronic  spect rum is probably associa ted with tauto-  
mer ic  t r ans f e r  of a hydrogen atom of the methylene group to the ni trogen atom of the acridine residue to 
give a conjugated sys tem (resonance stabil ization of the tau tomer ic  s t ructure  promotes  this sor t  of tauto-  
m e r i c  t ransi t ion) .  For  example, for  I, 

CH 3 

@,- 
~H3 ~H3 

�9 �9 
I II 

CN CH 

H H 

I 

The possibi l i ty of this t ransi t ion is absent in acetic acid, in which both heteroatoms are in the am-  
monium form,  and the spect rum does not contain absorption bands in the regions corresponding to the con-  
jugated s t ruc ture .  The tautomer ie  equil ibrium in water  is shifted to the left, apparently due to the fo rma-  
tion of s t rong hydrogen bonds with the nitrogen atom of the acridine fragment .  The IR spect ra  of I - I I I  r e -  
corded in chloroform also provide evidence in favor of t au tomer i sm.  A distinct absorption band in the 
region of N - H  bond vibrations (3450 cm -1) is observed in these spectra .  

EXPERIMENTAL 

The UV spect ra  of 10-4-5 �9 10 -5 mo le / l i t e r  solutions were recorded  with SF-4 and SF-4A spec t ro-  
photometers .  The IR spec t ra  of saturated solutions of the compounds in ch lor form were measured  with a 
UR-20 spec t romete r .  

Condensation with Alkiodides of 2- and 4-Picol ines  and 1,2-Dimethylbenzimidazole.  Air  was bubbled 
through a solution of 20 mmole  of acridine hydrochlor ide and 40 mmole of the alkiodide in 10-20 ml of DMFA 
at 120 ~ for  6 h (at 135 ~ in the case of 1,2-dimethylbenzimidazole) .  The mixture was then cooled, and the 
result ing precipitate was removed by fi l trat ion and refluxed with 50 ml of water.  The aqueous mixture 
was fil tered, and the acridone was collected on the f i l ter ,  Sodium carbonate was added to the filtrate up 
to pH 10-12, and the resul t ing precipitate was removed by fi l trat ion and crys ta l l ized.  

Condensation with Methiodides of 2- and 4-Methylquinolines and 2-Methylbenzothiazole.  Air  was 
bubbled through a solution of 20 mmole  of acridine and 20 mmole of the methiodide in 10-20 ml of DMFA 
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at 120 ~ for 4 h (at 110 ~ in the case of lepidine). At the end of the p rocess ,  the DMFAwas evaporated in a 
s t r eam of a i r  at the react ion t empera tu re ,  and the residue was refluxed with 50 ml of acetone. The acetone 
mixture was cooled, and the resul t ing precipi ta te  was removed by fi l t rat ion and crys ta l l ized  from ethanol. 
Compounds VI and VII were c rys ta l l i zed  fract ional ly to free them from the side products  of the cyanine 
condensation. 

Anhydro Bases  of the Quate rnary  Salts of Acr td inylhe ta ry lmethanes  (IX-XI, XV, and XVI). A cooled 
aqueous solution or  suspension of I -VI was t rea ted  with 10% NaOH solution until the pH was 10-12. The 
anhydro bases were isolated quantitatively as a res inous mass ,  which gradually began to crys ta l l ize .  The 
solid was removed by fi l trat ion and c rys ta l l i zed  from ethanol. 
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