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The effect  of the posit ion and number  of methyl  groups  in a s e r i e s  of mono-  and d imethyl -  
pyr id ines  on the low-f requency  spec t rum of an acoust ic  wave pass ing through the liquid 
was studied. Evaluation of the cor re la t ion  of the changes in the "nonl inear i ty  p a r a m e t e r "  
with the ionization constants  (pK a ) demons t ra t ed  that  the nonlinear p r o p e r t i e s  of mono-  
and dimethylpyr id ines ,  like the ionization constants ,  c o r r e l a t e  with their  s t r u c t u r e s  and 
co r r e spond  to the known dependences on the inductive and m e s o m e r i c  effects  of subs t i tu-  
ents,  which de te rmine  their  r eac t iv i t i e s .  

The cu r ren t ly  adopted s t ruc tu ra l  fo rmula  of the pyridine r ing sa t i s fac to r i ly  explains the c h a r a c t e r -  
is t ic  p rope r t i e s  of pyridine der iva t ives ,  which a re  s o m e t i m e s  united [1] under the genera l  concept  of 
" a roma t i c i ty"  of the 3 posit ion in the pyridine r ing and the "anomalous"  behavior  of the 2 and 4 (a and 7) 
posi t ions.  F o r  methylpyr id ines ,  this is e x p r e s s e d  in the act ivi ty  of the hydrogens  of the methyl  groups  of 
~ -  and T-p ico l ines  and the re la t ive  ine r tness  of f l-picoline.  The enumera t ed  p r o p e r t i e s  a r e  in a g r e e m e n t  
With the mode rn  theory  of organic  c h e m i s t r y  if  i t  i s  taken into account  that  the he t e roa tom in pyridine has 
an act ivat ing effect  on nucleophilic substi tution in the 2 and 4 posi t ions.  This  effect  is  a l so  re ta ined  in 
methy lpyr id ines  due to the fact  that  the dipole m o m e n t  caused  by the e lec t ron  pair  of the ni t rogen a tom in-  
duces dipole m o m e n t s  (although cons iderab ly  smal le r )  in the adjacent  bonds. These  induction (+I) and 
m e s o m e r i c  (+M) effects  affect  the reac t iv i ty  of the methylpyr id ine  molecule  [2]; this i s  espec ia l ly  g raph-  
ica l ly  displayed on compar i son  of the ionization constants  (pK a) of methylpyr id ines  [3]. It  i s  known [3, 4] 
that  the ni t rogen a tom in a he te rocyc l ic  r ing changes i ts  bas ic i ty  as a function of the posit ion and number  
of methyl  subst i tuents .  This  m a k e s  i t  poss ib le  to use  the pK a to es tab l i sh  the s t r u c t u r e s  of methylpyr id ines .  

The change in the nonlinear p r o p e r t i e s  in homologous s e r i e s  of n -a lkanes  and the effect  of the p r e s -  
ence of a double bond and OH and SH groups  in mo lecu l e s  of the inves t iga ted  compounds on the spec t r a  of 
the molecu la r  i so s t ruc tu r e  were  prev ious ly  inves t igated [5] by means  of acoust ic  spec t r a .  The nonl inear -  
i ty (i .e. ,  the nonlinear equation of state) of liquids can be de te rmined  f rom the r e s u l t s  of an invest igat ion 
of the spect~_,_m of the acoust ic  wave taken onby the  liquid. The nonl inear i ty  p a r a m e t e r  (N), whieh is  the ra t io  of 
the acoust ic  power  of the second ha rmonic  [ (P2)ac] in the spec t rum of the wave taken on to the power  of the 
f i r s t  ha rmonic  [(Pl)ac], en te r s  into the exponent of this equation and c h a r a c t e r i z e s  the nonlinear e las t ic i ty  
of the liquid. The p roposed  method for  the evaluation of changes in N in the inves t iga ted  group of c o m -  
pounds is  based on m e a s u r e m e n t  of the re la t ive  change in (P2)ac for  a constant  (Pl)ac- In connection with 
the f i r s t  posi t ive  r e s u l t s  [5], i t  s eemed  expedient  to examine the posi t ions  se t  forth above in the case  of 
the link between the s t r u c t u r e s  and nonlinear acoust ic  p rope r t i e s  of methylpyr id ines  and also to evaluate  
the co r re l a t ion  of the re la t ive  changes in N and pK a for  the indicated s e r i e s  of compounds.  

Bashk i r  Branch,  Insti tute of Chemis t ry ,  Academy of Sciences of the USSR, Ufa. T rans l a t ed  f r o m  
Khimiya Getero ts ik l ichesk ikh  Soedinenii, No.  3, pp. 356-358, March,  1973. Original  a r t i c le  submit ted 
F e b r u a r y  23, 1972. 

�9 19 75 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

330 



TABLE 1 .  Nonlinearity P a r a m e t e r s  
(N and pKa) of Methylpyridines 

Corn- N (rel. 
pound Name units) pK. 

I 
II 

III 
IV 
V 

V1 
VII 

Pyridine 
c(-Picoline 
/3 -picoline 
7 -picoline 
2,3=Lutidifie 
2,4-Lutidine 
2,6 -Lutidine 

1 ,~0 
1,135 
1,079 
1,149 
1,263 
1,270 
1,28! 

5,22 
5,94 
5,65 
6.03 
6,58 
6,65 
6,75 

The following compounds were investigated: pyridine 
(I), 2-methylpyridine (II), 3-methylpyridine (III), 4 -methy l -  
pyridine (IV), 2,3-dimethylpyridine (V), 2,4-dimethylpyridine 
(VI) I and 2,6-dimethylpyridine (VII). The changes in the non- 
l inear proper t ies  of the methylpyridines were determined 
f rom the intensity of (P~)ac in the acoustic wave spectrum 
relat ive to the intensity of (P2)ac in pyridine. The exper i -  
mental pKa and N values (in relative units) for all of the in- 
dicated compounds are  presented in Table 1. The empir ical  
corre la t ion  coefficient (r = 0.893) was calculated for the data 
in Table 1 to evaluate the corre la t ion between the pK a and N. 

The existence of a correla t ion,  even though it is not ent i re ly sa t is factory in this case, is, in our opinion, a 
cer ta in  experimental  basis for the possibil i ty of using the resul ts  of measurements  of nonlinear elast ici ty 
proper t ies  for the determination of the number and position of CH 3 groups in methylpyridines,  since it is 
present ly  supposed [3] that the ionization constants of methylpyridines cor re la te  with their s t ructures  and 
cor respond  to the known dependences on the inductive and mesomer ic  effects of substituenis. 

The react iv i t ies  of CH 3 groups in the 2 and 4 positions are  expressed  in the fact that the hydrogen 
atoms of these groups reac t  with aldehydes and ni troso compounds. A methyl  group in the 3 position does 
not have this proper ty .  This anomalous behavior is also in agreement  with the change in N and pKa in III. 
The problem of the relat ive react ivi t ies  of CH 3 groups in the 2 and 4 positions has received little study. 
However, a study of the kinetics of deuter ium exchange in the methyl groups of i somer ic  methyl -N-a lkyl -  
pyridinium ions has shown that a CH 3 group in the 2 position is more  active than one in the 4 position [6]. 
This is in agreement  with the theory of nonlinear proper t ies  of condensed sys tems  [7], if it is  taken into 
account that the pK a values cha rac te r i ze  the relat ive tendency for the addition of a proton. Considering 
that the energy  of the bond of a proton with the molecule in compounds that have strong acidic proper t ies  
is weaker,  it can be assumed that these compounds a re  less "rigid ~ (lower N values), and that compounds 
that are  inclined to add a proton are  more  "rigid";  i .e. ,  their nonlinear elast ici ty is greater .  

The absolute values of the ~nonlinearity pa rame te r "  of lutidines are  higher than the nonlinear e las -  
t icity of picolines (see Table 1); this is also in agreement  with the increase  in the basieity in V, VI, and 
VII. However, in view of the absence of normalizat ion of the resul ts  of measurements  of (Pz)ac for acous-  
tic r es i s t ances ,  the change in N in the lutidine se r ies  is within the range of experimental  e r ro r .  One can 
only note the fact  that the differences in the nonlinear elast ici ty proper t ies  of the investigated lutidines 
are  just  as smal l  as the change in their pKa values. 

Thus the experimental  resu l t s  of an investigation of the change in the nonlinear elast ici ty proper t ies  
as a function of the number and position of the CH 3 groups in mono-  and dimethylpyridines show that the 
"nonlinearity pa rame te r , "  like the ionization constants (PKa),correlates  with the s t ruc tures  and c o r r e -  
sponds to the regular i t ies  of the inductive and mesomer i c  effects of substituents. 

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

Chromatographical ly  pure substances were used for the analyses.  The determinat ions were accom-  
plished by gas-l iquid chromatography (GLC) with a UKh-2 chromatograph with a 3 -m  long column packed 
with polyethylene glycol adipate (12~0) on Cellite 545 (80-100 mesh fraction) at 140-200 ~ with a nitrogen 
flow rate  of 45 ml /min .  The column was packed with SKTV (10%) on Cellite 545 in the case of II, III, and 
VII. 

The spectrophotometr ie  determinat ions of the pK a values ware made with an SF-4A spec t rometer  
f rom aqueous solutions (1 .10-s -4  �9 10 -3 M). The mean-square  e r r o r  in each determination did not exceed 
0.03 pKa units. 

The apparatus  and method for the measurements  of the change in the nnonlinearity pa ramete r"  of 
the liquids were  examined in [8]. The liquid to be investigated was poured into an l l - c m  3 glass chamber.  
The tempera ture  in the chamber  was maintained at 20 + 0.05 ~ by means of an u l t ra thermosta t .  The sound 
wave (f= 3 kHz) was introduced into the liquid f rom a magnetost r ic t ive  t r ans fo rmer  through an acoustic 
exponential t r ans fo rmer .  A TsTS-19 p iezoceramic  was used as the rece iver .  The spect rum of the picked- 
up signal was analyzed with a spect ra l  analyzer  - an SK4-13 mil l ivol tmeter .  The mean-square  e r r o r  in 
each determinat ion of the absolute value of the nnonlinearity pa rame te r "  did not exceed 0.025 N units. 
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