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I. KINETICS OF THE CONDENSATION OF ACRIDINES 

WITH METHYI~SUBSTITUTED HETEROCYCLIC ALKIODIDES 
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The kinet ics  of the reac t ion  of acr id ine  hydrochlor ide  with the alkiodides of 2- and 4-picol ines,  
2- and 4-methylquinolines,  2-methylbenzothiazole .  and 1 ,2-d imethylbenzimidazole  in the 
p r e s e n c e  of a i r  oxygen were  invest igated.  It  is shown that  the reac t ion  is second- o rde r  ove r -  
all  and f i r s t  o rder  in each of the components  at a constant  oxygen concentrat ion.  The r e a c -  
t ion r a t e  constants  we re  calculated,  and a m e c h a n i s m  is p roposed  for  the reac t ion .  

In [1, 2] we desc r ibed  the reac t ion  of acr id ine  and i ts  sa l t s  with he te rocyc les  containing an act ive 
methyl  group. The reac t ion  p roceeds  in the p r e s e n c e  of a oxidizing agent  (sulfur or  a i r  oxygen) and gives 
9- acr id inylhet  e ry lme thanes .  

This  reac t ion  can fo rm a l l y  be  r e g a r d e d  as nucleophilic subst i tut ion of the hydride  ion. It  is  known 
that  subst i tut ion of the hydride  ion is r ea l i zed  in s t rongly  alkal ine media  (the Chichibabin react ion)  [3] or  
in the p r e s e n c e  of an oxidizing agent (including oxidation by the subs t r a t e  i tself)  [4]. 

In o rde r  to a s c e r t a i n  the m e c h a n i s m  of the reac t ion  desc r ibed  above, we inves t igated the k ine t ics  of 
the condensat ion of acr id ine  hydrochlor ide  with a s e r i e s  of alkiodides of me thy l - subs t i tu t ed  he t e rocyc le s  
in the p r e s e n c e  of a i r  oxygen in d ime thy l fo rmamide  (DMF). The reac t ion  of acr id ine  hydrochlor ide  (AHC) 
with 4-picol ine  methiodide (PMI) was studied in g r e a t e r  detail .  It  was es tab l i shed  that  the pyr idy lac r id iny l -  
methane  (PAM) fo rmed  as a r e su l t  of the reac t ion  is  oxidized fu r the r  to acr idone  (AC) under  the reac t ion  
condit ions.  
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The reac t ion  is compl ica ted  by s lower  pa r a l l e l  p r o c e s s e s  involving the oxidation of the s t a r t ing  AHC 
to acr idone  and se l f -condensa t ion  of the alkiodides to the co r respond ing  monomethyl idynecyanines :  these  
r eac t ions  p lay  an apprec iab le  ro le  in the p r e s e n c e  of a l a rge  excess  of a given reagent .  Side reac t ions  can 
be  d i s r e g a r d e d  when the component  r a t io  is eqnimolar .  

Oxidation p roceeds  through a i r  oxygen d isso lved  in the DMF. A i r  was bubbled through the reac t ion  
mix tu re  at a flow r a t e  of 15 cm3/min.  

The ra t e  constants  at 110-130~ were  m e a s u r e d .  The cour se  of the reac t ion  was moni to red  by spec -  
t ropho tome t ry .  

The kinet ic  curves ,  which were  t r ea t ed  by the in tegra l  method, sa t i s f ied  a s e c o n d - o r d e r  equation (Fig. 
1). We de te rmined  the pa r t i a l  o r d e r  with r e s p e c t  to AHC and PMI at  the s t a r t  of the reac t ion  [5]. 
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TABLE 1. Rate Constants for  the Condensation of AHC with Methyl- 
Substituted Heterocycl ic  Alkiodides * 

Reaction k �9 10 s, liter/mole �9 
Methyl substituted heterocycle temp., ~ sec 

4-Picoline methiodide 

2-Pieoline methiodide 

4-Pic61ine ethiodide 
4-Picbline isopropiodide 
Lepidine methiodide 
Qu|naldine methiodide 
2-Methylbenzothiazole mcthiodide 
1,2 -Dimethylbenzimid azole methiodide 

Acridine - -  base + 4-picoline methiodide 

110 
120 
130 
If0 
120 
130 
120 
120 
120 
120 
120 
120 

120 

0,345_+0,01 
0,50 _-_0,006 
0,77 _+0,01 
0,098_+0,004 
o, 132-+ 0,007 
0,176_0,005 
0,51 _+0,01 
0,47 _+0,01 
0,51 ___0,02 
0,25 +_0,02 
0,183--+0,003 
0,031 +-0,003 

0,062_+0,003 

*c 0 of acr idine = c 0 of methyl-subst i tu ted he terocycle  = 0.184 mole / l i t e r .  

C, 
mole/ / 
liter 

0,2 

0 ,I 6 ++/ 3~..r 

0,12 

0 K+,'- i r f i I 
2 4 6 S 10 t~ l l  

Fig. 1. Kinetic curves  of the buildup of- 
1) PAM: 2) AC: 3) overal l  curve:  4) de- 
pendence of 1/(c0-x)  on t (c0 AHC = 
c0 PMI = 0.184 mole / l i te r ) .  

~0 = K[AHC] n' [::PMI ]n,. 

The values determined in this manner  were. rgspectively,  
nl = 1.2 and n2 = 0.74 (Figs. 2 and 3). 

In the p resence  of a 10-40-fold excess  of PMI, the kinetic 
curves  of the consumption of AHC follow a f i r s t - o r d e r  equation. 

Car ry ing  out of the react ion in a la rge  excess of one of 
the components is impossible,  inasmuch as the ra tes  of the 
side react ions  become comparable  to the rate  of the p r i m a r y  
reaction,  and they cannot be taken into account. 

Consequently. it can be assumed that under the conditions 
of zero  o rder  with respec t  to the oxidizing agent the react ion 
is second order  o v e r a l l -  f i rs t  o rder  with respec t  to acridine 
and f i rs t  o rder  with respec t  to the methyl-subst i tuted hetero-  
cycle.  The cer ta in  understatement  in the order  with respect  
to PMI is apparently explained by the effect of the d is regarded 
sel f -condensat ion side react ion.  

The second-o rde r  ra te  constants were  calculated graphical ly.  The calculation was made by the meth-  
od of least  squares,  and the cor re la t ion  coefficients were  0.97-0.99 (Table 1). 

The reac t ion  rate  constant inc reases  on pass ing f rom acridine to its hydrochlor ide by a factor  of 
eight, i.e., the react ion ra te  depends on the magnitude of 6(+) on C-9 of acridine.  The order  of change in 
the ra te  constants in the se r ies  of he te roeyc les  is in agreement  with the lability of the protons of the methyl 
groups f rom data on deuter ium exchange [6. 7]. The dependence of the rate  constant of the investigated r e -  
action on the pK a values of the protons of the methyl groups at tests  to the nucleophilie cha rac te r  of the 
methyl-subst i tu ted  heterocyele  in this react ion.  

The resul ts  of the kinetic investigations indicate that: a) the react ion is heterolytic,  the methyl -sub-  
sti tuted he terocycle  acts  as the nucleophilic par tner ,  and the acr idinium compounds act as the electrophil ie 
pa r tne r :  b) both reagents  par t ic ipate  in the ra te - l imi t ing  step of the p rocess .  

Considering the l i t e ra ture  data on aromat ic  nucleophilic substitution [4, 8] and taking into account the 
cha rac te r i s t i c  (for acridine) ability to add nucleophiles at the 9 posit ion to give products  with the acridan 
s t ruc tu re  [9-11], the following react ion mechanism can be proposed:  

CH3 H CH+'--~'~+N--CH_ l- C ! t 2 - - ~ +  N--C H I-  

+ k I O~ 

14 CI -  I - ~ - ~  + H+ + CI-  ~ + H2 0 
CH 3 'H 
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Fig. 2. D_ependence of log w0 on log c0 AHC for c0 PMI = 0.184 mole / l i t e r  
and e0 AHC = 0.184. 0.092, 0.0368, 0.0184, and 0.0123 mole / l i t e r .  

Fig. 3. Dependence of log w0 on log c0 PMI for  c0 AHC = 0.184 mole / l i t e r  
and c0 PMI = 0.184. 0.092, 0.0368, and 0.0184 mole / l i t e r .  

The express ion for the react ion ra te  is writ ten as follows: 

KIK2 
w [AHC] [PMI] 

K - I + K 2  

when k_ 1 << kx. kob s = kl, while when k_l >> k2. kob s = k2keq. 

The formation of an intermediate  was not observed chemically,  chromatographical ly ,  or  by means of 
UV spect roscopy.  The presence  in a number  of cases  of an induction period, the duration of which increases  
as the reagent  concentrat ion decreases  and the react ion t empera tu re  decreases ,  speaks in favor of its for-  
mation. The equilibrium in the f i rs t  step is probably shifted almost  completely to favor the s tar t ing ma-  
ter ia ls ,  and the addition product  therefore  cannot be detected. 

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

The charac te r i s t i c s  of the qua ternary  salts  and their  anhydro bases  a re  presented in [2]. 

Acridine Hydrochloride.  Chemically pure  grade acridine hydrochlor ide was converted to the base 
and crys ta l l ized  f rom ethanol three to four t imes to give a product with mp 110-111 ~ Hydrogen chloride 
was passed  through a solution of this pure acridine in benzene, and the precipi ta ted hydrochlor ide was c r y s -  
tal l ized two to three  t imes f rom ethanol and dried at 110 ~ 

Methyl-Substituted Heteroeycl ic  Alldodides. The alkiodides used for  this study had pur i ty  c r i t e r i a  
that were in good agreement  with the l i te ra ture  data [12, 13]. 

Dimethylformamide.  The DMF was dried with P205 and vacuum distilled over P20~. 

Method Used to Make the Kinetic Measurements .  Weighed samples of the reagents  were dissolved in 
10 ml of DMF, and the solutions were placed in a thermostat ,  the t empera tu re  in which was maintained with 
an accuracy  of • ~ The solutions were  held at the react ion t empera tu re  for 10 min after  which a i r  was 
bubbled in; the flow rate  of the air  was monitored by means of a sys tem including a monostat  and a mano- 
me te r  and was maintained at 15 cm3/min. Under these conditions the react ion proceeds  in the kinet ieregion.  

The analysis  was pe r fo rmed  by selection of samples:  PAM was analyzed as the anhydro base. A 0.1- 
ml sample was diluted with a f reshly  p repared  alcohol solution of NaOH (e = 1 0  - 2  mole / l i t e r  or, in the case  
of the methylquinolines, 5" 10 -4 mole / l i te r ) ,  during which the quaternary  salts  of the diheterylmethanes 
were converted to the anhydro bases  a lmost  instantaneously and quantitatively [2], The result ing solution 
was then subjected to spec t rophotometry  with an SF-4  spect rophotometer .  The initial acridine concentra-  
t ion was determined f rom the optical density at 376-378 nm (shoulder) or 355 nm (maximum). The anhydro 
base concentrat ion was determined f rom the absorption in the visible region of the spectrum, while the 
acridine concentrat ion was determined f rom the optical density at 400 nm. 
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