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The s t r u c t u r e s  of p -hydroxys ty ry lpyr id ines  and a number  of the i r  new qua te rnary  sa l t s  were  
studied by means  of e lec t ron ic  absorpt ion s p e c t r a .  The r e v e r s e  t r ans fo rma t ion  of the sa l t s  
to the cor responding  quinonoid compounds was examined as a hmction of the pH of the m e d i -  
um,  and the equi l ibr ium constants  were  de te rmined .  

We have p rev ious ly  noted during a study of the p rope r t i e s  of s t e r i ca l ly  hindered hyd roxys ty ry lpy r i -  
dines that this c l a s s  of compounds is an e x t r e m e l y  interes t ing subject  for  d ive r se  phys icochemica l  inves t iga -  
t ions [1]. In pa r t i cu la r ,  our  attention was drawn to the poss ibi l i ty  of equi l ibr ium phenol -quinonoid  t r a n s -  
fo rmat ions  of p -hydroxys ty ry lpyr id ines  as the pH of the medium changes;  these  t r ans fo rma t ions  have been 
prev ious ly  studied in the case  of s t e r i c a l l y  hindered phenols [2]. The t rans i t ion of the a romat ic  s y s t e m  of 
bonds to a quinonoid s y s t em ,  which is often accompanied by proto t ropic  shifts  with the format ion of t au t -  
o m e r i c  oxo f o r m s  [3], is in turn c h a r a c t e r i s t i c  for var ious  de r iva t ives  of 2-  and 4-hydroxypyr id ine .  In this 
connection, i t  s eemed  of in te res t  to study the effect  of bulky subst i tuents  in the phenol r ing and the ethylene 
br idge (as f ac to r s  that  de te rmine  the spat ia l  orientat ion of the individual groups  in the molecule)  on these  
so r t s  of ac id -base  t r ans fo rma t ions  of qua te rna ry  sa l t s  of p -hydroxys ty ry lpyr id ines .  

Fo r  this ,  we synthes ized a s e r i e s  of s t e r i ca l ly  hindered p -hydroxys ty ry lpyr id ines  [1], thei r  me th -  
iodides,  and, f rom them,  the cor responding  quinones (Table 1). 

In studying the absorpt ion s p e c t r a  of p -hydroxys ty ry lpyr id ines  and the i r  qua te rnary  sa l t s  we found 
that  a cons iderab le  ba thochromic  shift  of the ma jo r  absorpt ion band is c h a r a c t e r i s t i c  for  the qua te rnary  
sa l t s ,  and subst i tuents  in the phenol r ing and in the ethylene br idge have different  effects  on the convers ion  
of the a romat i c  s y s t em  to a quinonoid s y s t e m .  Bulky alkyl subst i tuents  in the o-posi t ion of the phenol r ing 
induce a sma l l  ba thochromic  shif tof  the ma jo r  band of the ~ ,v * t rans i t ions ,  while the introduction of an 
alkyl subst i tuent  into the ethylene br idge  leads to a hypsochromic  shift  and a dec r ea se  in intensity,  which 
indicates  disruption of the p lanar i ty  of the molecule  [4] and a dec r ea se  in the resonance  interact ion of the 
phenol and pyridine r ings .  The absorpt ion spec t r a  of p -hydroxys ty ry lpyr id ines  and the i r  qua te rnary  sa l t s  
in alkaline media  have a number  of pecu l ia r i t i e s .  In this case ,  one pa r t i cu l a r ly  notes  the substant ia l  effect  
of bulky alkyl  subst i tuents  in the o-posi t ion of the phenol r ing on the position of the absorpt ion band and also 
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Fig.  1. Absorpt ion s p e c t r a  of 2 - ( 3 , 5 - d i - t e r t -  
bufy l -4 -hydroxys ty ry l )pyr id ine  and i ts  quinon- 
oid compound as a function of the pH of the 
medium.  1) pH = 7; 2) p H =  8.48; 3) p H = 8 . 8 5 ;  
4) pH = 9.05;  5) pH = 9.25; 6) pH = 9.3;  7) pH = 
9.56;  8) pH = 12 .5 .  
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Fig.  2. Dependence of the constants  of the 
phenol -qu inc~oid  t r an s fo rm a t i ons  on the s t r u c -  
tu re  of the hydroxys tyry lpyr id ine  methiodides :  
1) 4-  {3,5-di- ter t -butyl-4-1~ydroxy-f l -phenyls tyryl}-  
pyridine methiodide;  2) 4-  ( 3 , 5 -d i - t e r t - bu t y l -4 -hy -  
d roxy- f l -methy ls ty ry l )pyr id ine  methiodide;  3)4- 
(3 ,5 -d i - t e r t -bu ty l -4 -hydroxys ty ry l )pyr id ine  meth io -  
d ide; 4 ) 2-  (3,5 -d i-  te r t -buty1-4 -hydroxys  tyryl  )pyri  - 
dine methiodide;  5) 4 - (4 -hyd roxy- f l -me thy l s ty ry l ) -  
pyridine methiodide; 6) 2 - (4-hydroxys tyry l )pyr id ine  
methiodide;  7) 4 - (4-hydroxys tyry l )pyr id ine  me th -  
iodide. 

the absence of a solvent polar i ty  effect  on the position 
of the bands and the magnitude of thei r  in tens i t ies .  
These  pecu l ia r i t i es  are  apparent ly  due to the p re sence  
of phenol -quinonoid  t r ans fo rma t ions ,  which was con-  
f i rmed  by the spec t r a l  cha r ac t e r i s t i c s  of fixed quinonoid 
s t ruc tu r e s  B, which were  obtained by t r e a t m e n t  of the 
cor responding  qua te rna ry  sa l t s  with ammonia .  

For  a quantitative evaluation of the effect  of 
s t e r i c  fac tors  on this p roce s s ,  we used  a s p e c t r o -  
photometr ic  method,  by means  of which we examined 
the equi l ibr ium between the quinonoid and a romat ic  
s y s t e m s  of bonds in the ca se  of the r e v e r s e  t r a n s -  
format ion  of var ious  methiodides  of hyd roxys ty ry l -  
pyr idines  to the cor responding  quinonoid compounds as 
a function of the pH of the medium.  

The absorpt ion spec t r a  of 2 - ( 3 , 5 - d i - t e r t - b u t y l -  
4 -hydroxys tyry l )pyr id ine  at var ious  pH values a re  
p resen ted  in Fig.  1. As seen f rom Fig.  1, the p r e s -  
ence of one absorp t ion  band (of the 1r ,Tr * t rans i t ions) ,  
the intensi ty of which fal ls  as the pH of the medium 
r i s e s ,  is c h a r a c t e r i s t i c  for neut ra l  solutions of the 
qua te rnary  sa l t s .  The intensi ty  of the absorpt ion band 
of the quinones i n c r e a s e s  s imul taneous ly  with an in-  
c r e a s e  in the alkalinity,  and the solution gradual ly  b e -  
comes  intensely red .  In this case ,  the absorpt ion  
s p e c t r a  a r e  c h a r a c t e r i z e d  by the p r e sence  of a d i s -  
t inctly e x p r e s s e d  i sosbes t ic  point, which indicates  the 
b inary  c h a r a c t e r  of the s y s t e m  and makes  it poss ib le  
to de te rmine  the equi l ibr ium constants  'of the p h e n o l -  
quinonoid t r ans fo rma t ion .  

In accordance  with the equation of the depen-  
dence of the concentrat ion of the sa l t  f o rm on the pH 
of the medium in coordinates  of pH and - log(DAs B / 
s  - 1), we obtained s t ra igh t  l ines with a slope of 
one for  all  of the invest igated qua te rna ry  sa l t s  of the 
hydroxys ty ry lpyr id ines  (Fig. 2), while the segments  
cut out by the line on the axis of a b s c i s s a s  co r r e spond  
to the pK a values  and a re  p resen ted  in Table  1. As 
seen f rom Table  1, the equi l ibr ium constants  that  
c h a r a c t e r i z e  the convers ion  of the hydroxy fo rm of p-  
hydroxys ty ry lpyr id ines  to the oxo fo rm a re  an o rde r  
of magnitude higher  for  s t e r i ca l ly  hindered s t y r y l p y r -  
idines with b u l k y  alkyl subst i tuents  in the o-posi t ion,  

and the introduction of R" subst i tuents  does not d e c r e a s e  this d i f fe rence .  A s im i l a r  effect  of a sha rp  in-  
c r e a s e  in the tendency of the t rans i t ion of s t e r i ca l ly  hindered 4-hydroxy-3 ,5-d ia lky lbenza ldehydes  f rom the 

p h e n o l  f o r m  to the quinonoid f o r m  as com pa r ed  with unsubsti tuted 4-hydroxybenzaldehyde is known [5]. 

In our case ,  this  is  apparent ly  assoc ia ted  with a change in the direct ion of protonation.  I t  is wel l -  
known that  in amides ,  pyr idones ,  and s i m i l a r  compounds,  in which there  is conjugation of the carbonyl  and 
amino groups ,  the s t ronge r  nucleophilic cen te r  is the carbonyl  oxygen atom, at which protonation or  addi-  
tion of different  e lec t rophi l ic  agents occurs .  Protonat ion occurs  s i m i l a r l y  at the oxygen a tom in quinones 
that  do not have bulky subst i tuents  in the o-posi t ion.  However,  the r ing ni t rogen a tom of the pyridine ring 
is  protonated in shielded quinones B, which also is respons ib le  for  the substant ia l  i nc rea se  in bas ic i ty  that  
we obse rved .  

The pK a values  found m a y  se rve  as the c h a r a c t e r i s t i c  of the bas ic i ty  of the qua te rna ry  sa l t s  of p -  
hydroxys ty ry lpyr id ines :  s t e r i c a l l y  hindered quinones B a re  the m o s t  bas ic ,  while unsubst i tuted p -hydroxy-  
pyr id inium sa l t s  A have the m a x i m u m  acidity.  
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EXPERIMENTAL 

Quaternary Salts of p-Hydroxystyrylpyridines. The quaternary salts of pyridine derivatives (ob- 
tained from freshly distilled a- and T-picoline, 4-ethylpyridine, 4-benzylpyridine, and methyl iodide) 
were condensed with an equivalent amount of 3,5-di-tert-butyl-4-hydroxybenzaldehyde in absolute butanol 
with a catalytic amount of piperidine via the method in [6]. The characteristics of the salts are presented 
in Table I. The corresponding quinones were obtained by heating an alcohol solution of the quaternary salt 
of the p-hydroxystyrylpyridine (0.3 g) in 50 ml of alcohol with 30 ml of ammonium hydroxide in a stream 
of NH 3 for 30 rain. The precipitate was removed by filtration, washed with water, dried, and crystallized 
from isopropyl alcohol. Data on the fixed structures are presented in Table I. 

Equilibrium Constants. The concentrations of the quinonoid and salt forms of the reverse trans- 
formation as a function of the pH of the media were determined from the optical density of these forms 
with an SF-4a spectrophotometer in standard 0.99-cm-thiek cuvettes at 22 • 0.5 ~ Aqueous solutions of the 
quaternary salts of the p-hydroxystyrylpyridines were prepared and diluted with a borate buffer with a 
fixed pH to a working concentration of 5 �9 10 -5 M. A weighed sample of the quaternary salt was taken prior 
to each experiment and diluted to the necessary concentration before the measurements. The equilibrium 
constants of the reaction A ~- B were found on the basis of measurements of the absorption densities of the 
salt and quinonoid forms atvarious pH values of the media by a graphical method in coordinates of pH and 

-log (DACB/r B - I) (Fig. 2). 
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