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The effect of the medium on the equil ibrium involved in proton t r an s f e r  via a hydrogen bond 
and dissociat ion Of ion pairs  in sys tems  composed of 4-methyl -7-aza indol ine  and acetic and 
t r i f luoroace t ic  acids was examined by means  of PMR and IR spectroscopy.  The position of the 
molecular  H complex ~ ion pair  equi l ibr ium depends on the p r o t o n - d o n o r - a c c e p t o r  p roper t ies  
of the solvent and is shifted to favor the ionic f o rm  in the o rde r  CH3CN< CH2C12< CDC13. A 
change in the d ie lec t r ic  constant of the medium affects  ma[uly the degree  of dissociat ion of the 
ion pairs .  

We have previously  studied the reac t ion  of 4-methyl -7-aza indol ine  
~ H  3 

6 2 

7 I t  

with acet ic  and t r i f luoroace t ic  acids in methylene chlor ide  [1]. The re la t ive  position of equi l ibr ia  (1)- (3) 

B + AH ~ B . . . H A  - ' - - "  B H . + . , A  - ~ B H  § § A-  

! 2 3 

was establ ished on the basis of a compara t ive  examination of the dependence of the chemical  shift of the proton 
of the pyridlne r ing in the position re la t ive  to the protonation center  (6-H) and the J56 s p i n - s p i n  coupling con-  
stant (SSCC) on the reagent  molar  r a t io  (CAH/CB) and the IR spec t ra  of solutions of the a m i n e - a c i d  sys tems  at 
1400-1800 cm - t .  It was shown that when CAH/C B _<1 in the amine-CF3COOH sys tem,  equil ibria  (1) and (2) a re  
shifted to favor H complexes  of the ion pair  type. Equil ibr ium (2) is observed  under the same conditions in 
the sys tem with CHsCOOH. 

In the presen t  r e s e a r c h  the same method was used to study the effect of the medium on the position of 
equi l ibr ia  (1)-(3) in these  sys tems .  For  this ,  we measu red  the PlVIR and IR spec t ra  of the a m i n e - a c i d  sys tems  
at various reagent  molar  ra t ios  in CDC13, CH2C12, CH3CN , CD3OD, and 80% CD3OD/D20. 

The r e su l t s  of the measuremen t s  showed that the AJss =f(CAH/CB) dependences for  the 4 -methy l -7 -  
aza indo l ine - t r i f luo roace t i c  acid sy s t em coincide in CDC13, CH2C12, and CH3CN (see Fig. 1, curve  a). Absorp-  
tion in the region of the vC =O vibrations of the molecular  fo rm of the acids (1750-1800 cm -1) is absent in the 
IF{ spec t ra  of an equimolax mixture  of the reagents  in these  media ('Fig. 2, curve  a), and the Vas band of the 
vibrat ions of the t r i f luoroace ta te  ton (1676 cm-1), the position and tateasi ty of which a re  c lose to those of the 
analogous band in the spec t ra  of the same sys tem measured  in CD3OD and 80% CD~OD/D20 appears .  Absorp-  
tion bands at ~ 1540, 1630, and 1650 cm -1, * which a r e  cha rac te r i s t i c  for  the protonated fo rm  of the he te rocyc le  

*In some media the bands of the protonated he terocycles  at 1630-1650 cm -1 a re  overlapped by an intense band 
at 1676 cm -1. 
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Fig. 1. Dependence of A6 6 and AJ56 on the molar  reagent  ra t io  
in sys t ems  composed of 4-methyl -7-aza indol ine  and t r i f luoro-  
acet ic  (a) and acet ic  (b} acids in CDC13 (O), CH2C12 (E]), CH3CN 
(A), CDsOD (O), and 80% CDsOD (o). 
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Fig. 2. IR spec t ra  of sys tems  com-  
posed of 4-methyl -7-aza indol ine  and 
t r i f luoroace t ic  (a) and acetic (b) acids 
in CDC13 (1), CH2CI 2 (2), CH3CN (3), 
CD3OD (4), and 80% CDsOD (5) (the 
reagent  concentrat ion was 0.13 N[, the 
cuvette was cons t ruc ted  f rom CaF2, 
and the layer  thickness was 0.05 ram). 
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[1], a r e  s imul taneous ly  presen t .  A s imi l a r  pa t te rn  is a lso  obse rved  when CAH/C B < 1. It follows f r o m  these  
data that in CDC13 and CH3CN, as in CH2C12, equi l ibr ia  (1) and (2) in the amine-CF~COOH s y s t e m  a re  shif ted 
to the r ight  completely .  The sha rp  di f ferences  in the c h a r a c t e r  of the curves  for the chemica l  shift A6 6 = 
f(CAH/CB) (Fig. 1, cu rve  a) a r e  due to different posit ions of equi l ibr ium (3) in these  media.  An inc rease  in the 
contribution of dissociat ion leads to a dec rea se  in the di f ference between the obse rved  chemica l  shifts of 6-H 
in the a m i n e - a c i d  s y s t e m  and the value cha r ac t e r i s t i c  for  the solvated ion in a given solvent.  In conformi ty  
with th is ,  the depth of the min imum on the A~ 6=f(CAH/CB) curve ,  which co r re sponds  to the fo rmat ion  of an H 
complex  with proton t r a n s f e r ,  d e c r e a s e s  as the d ie lec t r ic  constant of the solvent inc reases .  In CDCI~ and 
CHIC12 (e =4.8 and 8.9) the dependences of the r e l a t ive  chemica l  shift  of 6-H on the reagent  molar  r a t io  co-  
incide when 0 < CAH/CB < 1. The shift of the min imum on the A6 6 =f(CAH/CB) curve  in ch lo ro fo rm in the r e -  
gion of l a rge  CAH/C B values as compared  with methylene chlor ide indicates an inc rease  in the r e l a t ive  p e r -  
centages of 2 : 1 complexes  of the BH + (AHA-) type as  the d ie lec t r ic  constant  of the solvent dec rea se s .  

'~ tBH~...A -) -----" BH-+..(AHA -) + B 

2 B H  § + 2 A -  

The p r e sence  in the IR s pec t r a  of an equimolar  mix tu re  of the reagen ts  of weak bands of the molecu la r  f o r m  
of the base  (~ 1590 and 1620 cm-~),  the re la t ive  intensi ty of which d e c r e a s e s  on pass ing  f r o m  solutions in 
CDC1 s to solutions in CH2C12, const i tutes  evidence for  the p r e sence  of equi l ibr ium (4) in these  media.  The s t a -  
bi l i ty of complexes  of the BH + (AHA-) type d e c r e a s e s  sharp ly  as the polar i ty  of the medium inc reases .  The 
absence  of bands of the molecu la r  f o r m  of the base  in the IR s p e c t r u m  of an equimolar  mix ture  of the reagen ts  
in ace toni t r i le  (~ =37.5) a t t es t s  to comple te  shift ing of equi l ibr ia  (4) to the left. In addition, the dependence 
for  the chemica l  shift of 6-H in this med ium (Fig. 1, cu rve  a) co r re sponds  to a cons iderable  shift  of equil ib- 
r i n m  (3) to favor  d issoc ia ted  ions in the neighborhood of an equimolar  reagent  ra t io .  

On the bas i s  of m e a s u r e m e n t s  of the PMR and IR s p e c t r a  of the 4 - m e t h y l - 7 - a z a i n d o l i n e - a c e t i c  acid 
s y s t e m  in CDC13, CH2C12, CH3CN , and CD~OD (Figs. lb  and 2b), we examined the effect of the medium on the 
position of the molecu]ar  H c o m p l e x ~ i o n  pa i r  equi l ibr ium (2). The cha rac t e r  of the dependence for  the chem-  
ical shifts  of 6-H (Fig. 1, cu rve  b) changes substant ia l ly  in the indicated s e r i e s  of solvents .  On pass ing f r o m  
CH2C12 to CDC13, the depth of the min imum on the A~ 6 =f(CAH/CB) curve  inc reases  substant ial ly.  The r e l a t ive  
A~ 6 and AJ~6 values in the case  of an equimolar  reagent  ra t io  in CDC13 indicate a shift in equi l ibr ium (2) to 
favor  an H complex  of the ion pa i r  type. This is conf i rmed  by an inc rease  in the re la t ive  intensity of the bands 
of the ionic f o r m  (1543 and 1671 c m  -1) in the IR s p e c t r u m  of an equimolar  mix tu re  of amine and acet ic  acid in 
this medium as compared  with CH2C12 (Fig. 2, cu rve  b). The obse rved  effect provides  evidence that it is not the 
po la r i ty  of the solvent that affects  the posit ion of equi l ibr ium (2) to a grea t  degree ,  but r a t he r  its abil i ty to 
f o r m  H bonds with the r eagen t s  as a proton donor or  acceptor .  On the bas i s  of data f r o m  the IR spec t r a  of 
al iphatic  a m i n e - c a r b o x y l i c  acid s y s t e m s  it has been shown [2, 3] that the molecu la r  complex~-[on pair  equil i-  
b r i u m  is shifted to the r ight  as the pro ton-donor  p rope r t i e s  of the solvents inc rease .  Solvation of the a m i n e -  
acid molecu la r  complex  by protonated solvent molecules  (HX) with the format ion  of a H bond leads to a shift of 
the e lec t ron  density f r o m  the oxygen a tom of the carbonyl  group of the acid and, as a consequence,  fac i l i ta tes  
t r a n s f e r  of a proton f r o m  the acid to the amine:  

~N...H_O_CC...HX _----- /NH'"O'~"C~R'+ _/.O..,HX 

The formation of H bonds between molecules of the proton-aoceptor solvents and the hydroxyl group of the 
acid should lead to destabi l izat ion of the a m i n e - a c i d  molecu la r  complex  and should fac i l i ta te  its d issocia t ion to 
the s t a r t ing  components ,  i .e . ,  it should p romote  a shift of equi l ibr ium (1) to the left. On the other  hand, the ef-  
fects  of solvation of the protonated amine  in such media  should fac i l i ta te  d issocia t ion of the H complexes  of the 
ion pa i r  type to ions: 

lfR" YR' 
~ .s~_o_~c~ R ~ ,\+i _/.o ),~,...o=~" 

Since ace toni t r i le  can par t i c ipa te  in the format ion  of H bonds with the reagent  only as a proton accep tor ,  one 
should have expected a shift  in equi l ibr ia  (1) and (2) to the left in this solvent as compared  with ch lo ro fo rm and 
methylene chloride.  In fact ,  bands of ~C =O vibra t ions  of an acid bonded to the solvent (1757 and 1736 cm- i ) ,  
the v C =O band of an a m i n e - a c i d  molecu la r  complex  (1712 cm- i ) ,  and the band of a carboxyla te  ion (1670 c m  -1) 
a r e  obse rved  in the IR s p e c t r u m  of the a m i n e - a c e t i c  acid s y s t e m  in CH3CN in the ca se  of an equimolar  r eagen t  
r a t io  (Fig. 2, cu rve  b). Bands of both the molecu la r  f o r m  (1492, 1590, and 1620 c m  -1) and the ionic f o r m  (1535 
and 1631 c m  -1) of the he te rocyc le  a r e  obse rved  s imul taneously .  The re la t ive  intensi t ies  of the bands of the t o o -  
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l ecu la r  and ionic f o r m s  of the acid and amine  co r r e spond  to a cons iderab le  shift of equi l ibr ia  (1) and (2) to tJae 
left  in CH3CN as c o m p a r e d  with solutions in CDC13 and CHzC12. A compar i son  of the dependence of the p a r a m -  
e t e r s  of the PMR spec t r a  on the a m i n e - a c i d  mo la r  r a t io  in these  media  (Fig. 1, cu rve  b) leads to a simi~-ar 
conclusion. The AJ56 value for  an equimolar  r eagen t  r a t io  in CH3CN cor re sponds  to the p r e s e n c e  of ~70-80% 
of the molecu la r  f o r m  in the s y s t e m ,  whereas  the reac t ion  involving proton t r a n s f e r  is shifted to the r ight  by 
m o r e  than 50% in CH2C12 and CDC13 under the s a m e  conditions. The obse rved  shift  in equi l ibr ium (2) in the 
o rde r  CH3CN < CH2C12 < CDC13 makes  it poss ib le  to conclude that ch lo ro fo rm par t i c ipa tes  in the a c i d - b a s e  
in terac t ion  as an ac t ive  proton donor and that it is a medium that has s t rong  ionizing and weak d issocia t ing  
abi l i t ies .  This  r e su l t  is in a g r e e m e n t  with the data in [4]. Acetoni t r i le ,  on the other  hand, affects  the s y s t e m  
of equi l ibr ia  of the protolyt ic  r eac t ion  as a weakly ionizing and s t rongly d issocia t ing  solvent.  The c h a r a c t e r  
of the curve  for the chemica l  shift  of 6-H of the a m i n e - a c e t i c  acid s y s t e m  does not make it poss ib le  to d i s r e -  
gard  the contr ibution of equi l ibr ium (3) in this medium even at low acid concentra t ions .  

In methanol  (e =33.6) the c h a r a c t e r  of the dependence of the p a r a m e t e r s  of the PMR s p e c t r a  on the 
a m i n e - a c i d  mola r  r a t io  In s y s t e m s  with acet ic  acid and t r i f luoroace t ic  acid (Figs. l a  and lb) co r r e sponds  to 
the s imp le  protolyt[c  equi l ibr ium 

B + AH ----- BH + + A- 

In both s y s t e m s  the changes in the chemica l  shift  of the r ing  ~ - H  a tom a re  propor t iona l  to the amount of added 
acid. A l inear  dependence over  the ent i re  r ange  of changes in these  p a r a m e t e r s  is obse rved  between the A ~ 6 
and AJ~6 values .  Bands of acid ~'C =O vibra t ions  (1713 cm -1) and ace ta te  ions Vas v ibra t ions  (1571 e m  -1) of 
comparab le  intensi ty a r e  p resen t  in the IR s p e c t r u m  of an equimolar  mix ture  of amine and acet ic  acid In CD3OD 
(Fig. 2, cu rve  b). On pass ing  f r o m  methanol  to aqueous methanol  the r e l a t ive  intensity of the bonds of the ionic 
f o r m  i n c r e a s e s ,  and this indicates  a shift  of the protolyt ic  equi l ibr ium to the r ight .  A compar i son  of the Js6 
values and the in tensi t ies  of the bands of the molecu la r  and ionic f o r m s  in the IR spec t r a  shows that the ioniza-  
tion reac t ion  is shifted to the r ight  as compared  with methanol  in ch lo ro fo rm and methylene chlor ide  in the 
case  of an equimolar  r eagen t  ra t io .  This co r re sponds  to the apprec iab le  inc rease  in the re la t ive  s t rength  of 
the acids and the base  in p ro ton-donor  media  with low die lec t r ic  constants .  

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

The PMR s p e c t r a  of the invest igated s y s t e m s  were  measu red  with a C-60 HL s p e c t r o m e t e r  at a base  
concentra t ion of 0.3 M and at var ious  acid concentra t ions .  Te t r ame thy l s i l ane  was used as the internal  s tandard.  
The IR s p e c t r a  of solutions of the ac id -amine  s y s t e m s  w e r e  m e a s u r e d  with a tUerk in -E lmer  457 s p e c t r o m e t e r .  
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