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The dependence  of  the chemica l  shif ts  of  the r ing  p ro tons  on the pH of the med ium fo r  a num-  
b e r  of  4 -hydroxyqu ino l ine  der iva t ives  was  s tudied by  m e a n s  of PMR s p e c t r o s c o p y .  The di-  
po l a r  and uncharged  hyd roxy  f o r m s  ex is t  in equi l ib r ium in aqueous solut ions .  The effect  of  
i n t r a m o l e c u l a r  h y d r o g e n  bonding on the c h a r a c t e r  of  the dependence of  the chemica l  shift  on 
the pH of the m e d i u m  in the case  of 3 - p i p e r i d i n o m e t h y l - 4 - h y d r o x y i s o q u i n o l i n e  was inves t i -  
gated.  The poss ib i l i t y  of the s e p a r a t e  p ro tona t ion  of  the r ing  n i t rogen  and the s i d e - c h a i n  n i -  
t rogen  in 3 - p i p e r t d i n o m e t h y l - 4 - h y d r o x y i s o q u i n o l i n e  was  es tab l i shed .  The d i s t r ibu t ion  of the 
~r -e lec t ron  dens i ty  in 4 -hydroxy i soqu ino l ine  is in good a g r e e m e n t  with its chemica l  behavior .  

In our  p rev ious  p a p e r  i l l ,  we s tudied the effect  of  the pH of the m e d i u m  on the posi t ion  of the PMR 
s igna ls  and on the d i s t r ibu t ion  of the 7r -e lec t ron  dens i ty  on the c a r b o n  a toms  ad jacen t  to the n i t rogen  a tom 
in 3 -hydroxyquino l ine  de r iva t ives .  It was  shown that,  in c o n t r a s t  to 3 - h y d r o x y p y r i d t n e s ,  in D20 , 3 - h y d r o x y -  
quinoline exis t s  p r a c t i c a l l y  comple te ly  in the f o r m  of a neu t ra l  mo lecu l e  and that  it behaves  l ike f l -naphthol  
in a m i n o m e t h y l a t t o n  r eac t i ons .  

At  the s a m e  t ime,  an inves t iga t ion  of e l ee t roph i l i c  subs t i tu t ion  r eac t i ons ,  p a r t i c u l a r l y  the a m t n o m e t h -  
y la t ion  of  4 -hydroxyqu ino l ine ,  has d e m o n s t r a t e d  that  this compound behaves  l ike 3 -hyd roxypyr id ine  d e r i v a -  
f ives [21. Hence,  one should  have expected  the ex i s tence  of  gene ra l  r e g u l a r i t i e s  in the behav io r  of these  

*See [1] f o r  c o m m u n i c a t i o n  I. 

TABLE 1. Chemical  Shifts (ppm) in the PiKE Spec t ra  of 4 - H y d r o x y -  
isoquinol ine Der iva t ives  * 

E 
o 
D 

I 4-Hydroxyisoquinoline 5,25 [ 4,331 4,21Jt t,45[ 3,90I 3,80 
II 2-Methyl-4-hydroxyiso-/ 5,1914,30 i 4,30 1,55 3,94 3,94 

quinoIinium iodide [ 5,04 IL 5,04 t,20 4,03 4,03 III 4-Methoxyisoquinoline 5,27[ 
IV 3-Piperidinomethyl-4- 5,28 i4,69 4,55 -- --  -- 

hydroxyisoquinoline 4,82 
V 3-Methyl-4-hydroxyiso- 5,12 quinoline 4,60 4,46 -- i - -  

i .  ~ [ I 

i ~)~a . ~  ~ ~ ~ .N~ groups E ~ 
o o  �9 

measured [ 
OCH3 0,33 

NCsHxo 0,00 
--0,50 

CH~ --I,05 

* The chemica l  shif ts  w e r e  m e a s u r e d  r e l a t ive  to dioxane.  
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Fig. 1. Dependence of the chemical  shif t  of the protons on the 
pH of the med ium for  I - I I I :  1) l - H ;  2) 3-H; 3) OCH 3. 

Fig. 2. Dependence of the chemical  shif t  of the r ing protons of 
4-hydroxyisoquinol ine on the dioxane concentra t ion in D20: 1) 
l -H ;  2) 3-H. 

TABLE 2. 7r-Elect ron Densi ty (qTr) on the 
C-1 and C-3 Atoms of 4-Hydroxyisoquinol ine 

Structure 

Cationic 
Neutral 
Di~ola~ 
Amonie 

C-I 

0,2185 
0,0760 
0,I4ll 
0,0005 

q~ 

C~3 

0,1374 
0,0321 
0,0722 

-0,0398 

compounds in med ia  with var ious  pH values.  We t h e r e -  
fore  inves t igated the dependence of the posi t ion of the 
PtV[R signals  of 4-hydroxyisoqulnol ine der iva t ives  on the 
pH (Table 1) and calcula ted the dis t r ibut ion ofthe v - e l e c -  
t ron  densi ty  in the neutra l ,  cationic,  and anionic s ta tes  
of the molecule  by means  of the Hiiekel LCAO 1rio method 
(Table 2). 

As in the case of 3-hydroxypyridines [3] and 3-hy- 
droxyquinolines [1], three  c h a r a c t e r i s t i c  reg ions ,  which 

should be  a sc r ibed ,  r e spec t ive ly ,  (in the d i rec t ion  of inc reas ing  pH) the cationic,  neut ra l ,  andanionic  fo rms  
of 4-hydroxyisoquinol ine ,  a re  r ead i ly  isola ted on the curve  of the dependence of the chemical  shifts  on the 
pH. 

On the bas i s  of a compar i son  of the chemical  shifts  of the protons of 4-hydroxyisoquinol ine (I) (Fig. 
1 and Table 1) with the shif ts  of the cor responding  protons  of its methiodide (II), which has a fixed dipolar  
s t ruc tu re  above pH 6, and of 4-methoxyisoquinol ine  (Ill), which is not at all capable  of dissociat ion,  we dem-  
ons t ra ted  the poss ib i l i ty  of the p r e s e n c e  of a dipolar  fo rm in aqueous media .  The re l iabi l i ty  of this conclu- 
s ion is conf i rmed by an analys is  of the UV s p e c t r a  of 4-hydroxyisoquinol ine [4]. 

A study of the behav ior  of the PMR signals  of 4-hydroxytsoqulnol ine  at  var ious  dioxane concentrat ions 
in wa te r  (Fig. 2) shows that the changes in the chemical  shif t  amount  to 0.33 and 0.46 ppm for  the 1-H and 
3-H pro tons ,  r e spec t ive ly .  As in the case  of 3 -hydroxypyr id ine ,  a shif t  of the PMR signals  to s t ronge r  field 
is obse rved  as the dioxane concentra t ion  is reduced,  and a sha rp  shif t  se ts  in at concentrat ions below 25 
mole  %. 

A s i m i l a r  shif t  of the absorp t ion  bands of the UV s p e c t r a  was also obse rved  in [4], in which it was 
es tab l i shed  that 70% of the 4-hydroxyisoquinol ine is in the dipolar  f o r m  in D20. 

Thus the following four fo rms  a re  poss ib le  for  4-hydroxyisoquinol ine  de r iva t ives ,  depending on the 
pH of the medium:  a) cationic,  b) neut ra l ,  c) dipolar ,  and d) anionic: 

OH Oil 0 - 0 -  
1 I _ 1 I 

a b c d 

1439 



0,0 4.0 8.0 12,0 p / /  

Fig. 3. Dependence of the 
chemical shift of the p ro -  
tons on the pH of the me-  
dium for IV and V: I) l-H; 
2) CH3; 3) NCsHI0. 

As one should have expected, the presence  of intramolecular  hydro-  
gen bonding in the case of 4-hydroxyisoquinoline has a substantial effect 
on the nature of the dependence of the chemical shift on the pH. This is 
par t icu lar ly  apparent f rom a compar ison of the dependences of 3-methyl-  
4-hydroxyisoquinoline (V) and 3-piperidinomethyl-4-hydroxyisoquinoline 
(IV) (Figs. 3a and 3b, respectively).  Thus, in the case of IV, conversion 
to the neutral state occurs  at much higher pH (6.5) than for V (3.5),inwhich 
in t ramolecular  hydrogen bonding is absent. A decrease  in the acidic prop-  
ert ies of the hydroxy proton due to hydrogen bonding also res  ults in the fact  
that the convers ion to the anionic state in the case of IV occurs  at higher 
pH (,~10.5) than in the case of V (,~ 9.5). 

The small  changes in the chemical  shifts for all of the 4-hydroxyiso-  
quinoline derivatives (~0.15 ppm) on convers ion from the neutral states 
(b and c) to the anionic state (d) are  possibly associated with a substantial 
contribution of form c to the equilibrium. The ring protons experience the 
grea tes t  changes on passing to acidic media. Thus, for 4-hydroxyisoquino- 
line itself, the changes in the chemical shift amount to 0.92 and 0.55 ppm 
for  1-H and 3-H, respect ively.  The shift in 1-H for V is 0.52 ppm, while 
the shift in 1-H for IV is 0.88 ppm toward the weak field side. 

Two plateaus at pH 6.5-3.0 and f rom 2.0 and below are observed on 
the curve for 3-piperidinomethyl-4-hydroxyisoquinol ine (Fig. 3). As in the 

case of 4-dimethylaminomethyl-3-hydroxyquinol ine [1], protonation at two centers - the ring nitrogen and 
the s ide-chain  n i t r o g e n -  is possible for this compound. However, by virtue of the difficulties indicated in 
[1], the establ ishment  of the site of p r i m a r y  protonation requi res  additional investigations. 

We also made a compar ison of the chemical shifts of the 1-H and 3-H protons of 4-hydroxyisoquino- 
line with the ~ charges on the carbon atoms adjacent to the ni trogen atom in media with various pH values 
(Table 2). The e lectron density on the carbon atoms of the pyridine ring increases  in the order  C 3 > C 1 for 
all of the investigated forms of the state of the molecule. Transit ion f rom acidic media to neutral and alka- 
line media  is associa ted  with an increase  in the e lectron density on the carbon atoms. As in the case of 3- 
hydroxyquinoline, the charge distribution found in 4-hydroxyisoquinoline is in agreement  with the chemical 
behavior  of this compound in electrophil ic  substitution react ions.  Aminomethylation proceeds mos t  s u c c e s s -  
fully in alkaline media. Calculation of the anion of 4-hydroxyisoquinoline demonstrates  that the most  r e -  
active position is the 3 position of the pyridine ring of 4-hydroxyisoquinoline. This is in agreement  also 
with the P1V[R chemical shifts of 4-hydroxyisoquinoline (Table 1). 

E X P E  RIIV[E N T A L  

The chemical shifts were  measured  with an HA-100 spec t romete r  with dioxane as the internal s tan-  
dard. The method used to prepare  the samples is presented in [1]. The 7r-electron densities were calcu-  
lated by the Hiiekel LCAO MO method. 
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