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The ionization constants  of 4-quinolone,  p y r r o l o - ,  pyr  ido-,  and azepinoquinolines,  pyrido [2,3- 
d]pyrimidine,  and p y r r o l o - ,  pyr ido- ,  and azepino[2,3-b]pyr ido[2,3-d]pyr imidines  were  m e a -  
sured.  The effect  of the s ize  of the condensed sa tu ra ted  azahe te ro r ing  on the acidi t ies  and 
bas ic i t i e s  of the examined s y s t e m s  is d iscussed.  

A l a rge  number  of s tudies have been devoted to the p rob lem of the dependence of the p rope r t i e s  of cyclic  
s y s t e m s  on the r ing  s ize  [2]. The dif ference in the p rope r t i e s  of such compounds is de te rmined  by the r ing  
s t ra in ,  s t e r i c  f ac to r s ,  and var ious  polar  effects .  In 1930 Mills and Nixon [3] advanced a theore t ica l  subs tan t ia -  
tion of the i r  obse rved  exper imenta l  fact  of a change in the di rect ion of brominat ion  as a function of whether  the 
benzene r ing  is fused with a f ive-  or  s i x - m e m b e r e d  r i ng  [3]. Although the in terpre ta t ion  of these  authors  p r e s -  
ently can hardly  be  cons idered  to be s a t i s f ac to ry  [4], t he re  is no doubt about the effect  of the r ing  s ize  on the 
p rope r t i e s  of the molecules  (which has come to be known as the M i l l s -  Nixon effect). A ra t iona l  explanation of 
this phenomenon can be found in a number  of cases .  F r o m  this point of view the concept of I s t ra in ,  which has 
r ecen t ly  been extended to s y s t e m s  that  include m o r e  than one sp ~ a tom in the r i ng  [6], developed by Brown and 
coworkers  [5] is e x t r e m e l y  a t t rac t ive .  However ,  in many  cases  (for example ,  see  [7]) the in terpre ta t ion  of 
the r e s u l t s  also cu r ren t ly  being obtained is f raught  with difficult ies.  

The a im  of the p resen t  r e s e a r c h  was to m e a s u r e  the ionization constants  of der iva t ives  of 4-quinolone (I), 
p y r r o l o - ,  pyr ido- ,  and azepinoquinolines (H-IV), pyr ido[2 ,3-d]pyr tmidine  (V), and p y r r o l o - ,  pyr ido- ,  and aze -  
p ino[2,3-b]pyr ido[2,3-d]pyr imidines  (VI) and an examinat ion of the effect  of the s ize  of the condensed sa tu ra ted  
azahe t e ro r i ng  on the acidi t ies  and bas tc i t i e s  of the examined s y s t e m s .  
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n = 2 ;  IV, VII I  n = 3  

It is appa ren t  f r o m  the data p resen ted  in Table  1 that the effect  of subst i tuents  on the ionization constants  
co r r e sponds  to the expected effect:  The introduction of a chlor ine a tom in the benzene r i ng  lowers  the bas ic i ty  
by  ~ 0.5 of an o rde r  of magnitude and inc reases  the acidi ty  of the compounds by ~ 0.G of an o rde r  of magnitude.  
A ni t ro  group in the 6 posit ion of the quinoline r i ng  inc reases  the acidi ty even m o r e  (by ~ 1.5 o rde r s  of magni -  
tude), and r e p l a c e m e n t  of the benzene r ing  by a pyr imid ine  r ing  leads to the development of dist inct ly e x p r e s s e d  
acidic p rope r t i e s  in the co r respond ing  compounds (V-VIII, pK a ,,+ 6.6-7.7). 

The in te rpre ta t ion  of the dependence of the ionization constants  on the s ize  of the condensed sa tu ra ted  
r i ng  is cons ide rab ly  m o r e  complex.  

* See [1] for  communicat ion  XXVII. 
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TABLE 1. Ionization Constants of I -VIII  

C o m -  
pond* 

Ia  

Ila 
Ilia 
IVa 

I b 
tlb 

IIIb 
IVb 

Ic 
llc 

pK a (addition 
of a proton) 

5,49 +- 0,06 
5,60 +- 0,05 
5,31 +- 0,06 
4,97 _+ 0,06 
4,90+-0,04 
5,01 • 
4,67 +_ 0,06 
4,41 +_ 0,04 

pK a (detach- 
ment of a pro.. 
ton) 

1 1 , 9 2 - -  0,06 
12,55+--0,07 
12,65 +0,07 
12,70+-0,06 
11,40• 
11,68 +_0,07 
12,02+_ 0,08 
12,01 +-0,07 
10,28 +- 0,08 
l 0,4(~+- 0,07 

Cornpoun~ 

lIIc 
IVc 
Va 

Via 
Vlla 

VlIb 
VIlIb 

pK a (addition 
of a proton) 

pK a (detach- 
ment of a pro- 
ton) 

10,50 • 0,02 
10,51 • 
7,24_+ 0,03 
6.60+0,04 
7,56• 
7,54+ 0,05 
7,27+_o,o5 
7,58+_0,05 
7,68• 

* The pK a values of I - IV were  measured  in 70% aqueous dimethyl-  
fo rmamide  (DMF) and the pK a values of V-VIII were measured  in 
10% aqueous DMF. 

There  a re  data [7] that provide evidence for the appreciable effect of the s ize  of such a r ing  on the pK a 
values of the he terocycl ic  compounds. Thus the basic i t ies  of condensed quinolines (IX) increase  success ive ly  
as the s ize  of the condensed r ing  increases  f r o m  a fou r -membered  sys t em to a s ix -membered  sys tem (for com-  
parison,  the pK a value of 2,3-dimethylquinoline is 5.99) [7]. 

'~(~H2) n n = t  rt7..=4.-:5 

~"~, , , "~,  N.~  n = 2  i:K= =5.45 

IX  u = 3  p K,= = ~,L -." l 

This phenomenon has been explained [7] by the increased e lec t ron-accep te r  effect of small  r ings as compared  
with a s ix -membered  ring. It is also known that in a number of sys t ems ,  the protonation of which proceeds at 
the exocyclic O, N, and C atoms - in lae tams,  amidines,  and enamines - s ix -membered  compounds a re  the 
mos t  basic  sys tems ,  and f ive -membered  compounds a re  the least  basic sys tems  [8-12]. 

(~"2)~ [.  § (~..~)~ 

t I 
R R 

. = , 3 ; x = o N ~ c  / 

The interpretat ion of these data is based on the assumption of destabilization of the ionized fo rms  of these sys -  
tems in the case  of f ive-  and seven-membered  r ings  because of the additional s t ra in  that a r i ses  as the double 
bond migra tes  to the endocyelie posit ion. 

CH3 pK a PK a 

(c H 2 ) . - ~  Proton Proton 
detachment addition 

~..o~J-~. N//~O r t = [  8.92 ,,95 
H n=2 lO.17 1,94 

X 

Measurements  of the ionization constants of condensed 2-pyridones (X) show that the compound with a 
fiVe--membered r ing  has substantial ly grea ter  acidi ty than its s i x -membered  analog, whereas the basiei t ies of 

these compounds are  equal [7]. 

To explain these facts ,  Spinner and Yeoh [7] invoke the Mi l l e r -Nixon  effect (during which they also use 
the essential  features of the concept in [3]) and the concept of the greater  e lec t ron-accep te r  s trength (in this 
case  the smal le r  e lec t ron-donor  effect) of the f ive -membered  r ing  as compared  with the s ix -membered  ring. 

Two-r ing  sys tems  X have a cer ta in  s imi la r i ty  to the  sys tems  studied in the present  r e s e a r c h :  Thei r  
protonation also takes place at the exocyelic oxygen atom, * and a proton is detached f rom the nitrogen atom of 

the pyridine ring.  

�9 It has been shown [13] that the te t raf luorobora te  salt  of IVa has the 1 -methy l -6 -hydroxy-2 ,3 ,4 ,5 - te t rahydro-  
azepino [2,3-b]quinolinium te t raf luorobora te  st-rueture, i.e., the site of protonation of IV is the oxygen atom of 

the carbonyl  group in the 6 position. 
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It follows f r o m  an examinat ion of the r e s u l t s  p resen ted  in Table  1 that the bas ic i t i es  of the invest igated 
compounds dec r ea s e  in the o rde r  II > I > I I I  > IV, i .e . ,  quinoline der iva t ives  condensed with a f i v e - m e m b e r e d  
r i ng  a r e  the most  bas ic  compounds,  and quinoline der iva t ives  condensed with a s e v e n - m e m b e r e d  r ing  axe the 
l eas t  bas ic  compounds.  Two- r i ng  s y s t e m s  I have the highest  acidi t ies  among the quinoline der iva t ives ,  and 
the rea f t e r  the acidi t ies  d e c r e a s e  in the o rder  5 > 6 ~ 7 as af tmction of the s ize  of the condensed sa tu ra ted  r ing.  
The o rde r  of acidi ty  of the t h r e e - r i n g  der iva t ives  is r e ta ined  for  the s e r i e s  of pyr idopyr imidine  der iva t ives ,  
i .e. ,  the pK a values  of the compounds with s ix -  and s e v e n - m e m b e r e d  r ings  a r e  c lose  to one another ,  and p y r -  
ro lopyr idopyr imid ine  Via is a substant ia l ly  s t ronger  acid (its acidi ty is even higher than the acidi ty  of two- r ing  
s y s t e m  Va). 

Proceeding  f r o m  genera l  cons idera t ions ,  during an examinat ion of the polar  effects  one should di rect  
g r ea t e r  attention to the final s ta tes  of the invest igated equi l ibr ia  (the protonated f o r m  and the anion), s ince 
t r a n s m i s s i o n  of these  effects  is m o r e  pronounced in the ionized form.  If one a s s u m e s  that conjugation of the 
ni t rogen a tom in the 2 posit ion of the quinoline or  pyr idopyr imid ine  s y s t e m  is r ea l i zed  most  fully in the ca se  
of a s i x - m e m b e r e d  sa tu ra ted  r ing ,  the above- indica ted  o rde r  of the change in the acidi t ies  in the t h r e e - r i n g  
s y s t e m s  can be in te rp re ted  by s t a r t ing  f r o m  the polar  effects .  
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In fact ,  anion A will be l e s s  destabi l ized,  the s m a l l e r  the degree  to whichthe  e l ec t ron-donor  effect  o f the  
th i rd  sa tu ra ted  r i n g  is exp re s sed ,  i .e . ,  pyr ro l ine  de r iva t ives  Ha, lib, IIc, and Via should have higher acidi t ies  
than piper idine der iva t ives  Il ia,  IIIb, IIIc,  and IIa. f l owere t ,  this  explanation does not answer  the question as 
to why two- r ing  compounds In, Ib, Ic,  and Va a r e  s t ronge r  acids than t h r e e - r i n g  s y s t e m s  with a condensed s ix-  
m e m b e r e d  r ing.  In addition, in the case  of an approach  of this type it r e m a i n s  unclear  why the bas ic i t i es  of 
f i v e - m e m b e r e d  compounds IIa and IIb a r e  actual ly  higher than the bas ic i t i es  of the i r  s i x - m e m b e r e d  analogs.  

With r e s p e c t  to cat ions of the B type an examinat ion of the polar  effects  should lead to the r e v e r s e  pat-  
t e rn :  The high degree  of conjugation of the unshared  e lec t ron  pair  of the ni t rogen a tom in the case  of the s ix-  
m e m b e r e d  r i ng  should ensure  the highest  s tabi l izat ion in this s e r i e s  of cat ions and, cor respondingly ,  the 
highest  bas ic i t i es  of piperidinoquinoline de r iva t ives  IIIa,  b. The explanation of the data obtained on the bas i s  
of an examinat ion only of the e lec t ronic  effects  is consequent ly  inadequate. 

In this connection, we made an a t tempt  to examine the obse rved  changes in the ionization constants  f r o m  
the point of view of the poss ib i l i ty  of solvation of the anionic and cationic cen te r s  of A and B as  a fanct ionof  the 
s ize  of the sa tu ra ted  azahe te ror ing .  It appea r s  that the degree  of ef fec t iveness  of solvation in this case  should 
be de te rmined  to a g rea t e r  extent by the s t e r i c  effect than by the polar  effect.  

The l i t e r a tu r e  contains data that  show that the f i v e - m e m b e r e d  r i ng  in compounds of the XI type shields 
the 1 and 4 posi t ions of the pyridine r i n g  to a substant ia l ly  l e s s e r  extent than the s i x - m e m b e r e d  r ing,  which in 
turn  c r e a t e s  somewhat  l e s s  s t e r i c  hindrance to a t tack at these  posi t ions than the s e v e n - m e m b e r e d  r ing  [14]. 
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If these  data a r e  applied to the s y s t e m s  under invest igat ion in this paper ,  it becomes  poss ib le  to explain 
all  of the r e su l t s  obtained. 

Let us examine the r e s u l t s  of m e a s u r e m e n t  of the bas ic i t i es .  In the case  of IIa s t e r i c  hindrance to so lva-  
tion is a min imum,  and this f a c t o r  turns  out to be m o r e  impor tant  than the e lec t ronic  effect.  Hence n a  has the 
m a x i m u m  bas i c i ty  of all  the r e m a i n i n g  r e p r e s e n t a t i v e s  of this s e r i e s .  In the case  of s e v e n - m e m b e r e d  IVa the 
s t e r i e  and polar  effects  act  in the s a m e  di rec t ion and cause  a dec rea se  in its ba s i c i t y  as compa red  with p iper [ -  
dine analog IIIa. 

The compar i son  of the data obtained for  chloro de r iva t ives  11o, ]110, IIIb, and IVb is comple te ly  analogous. 
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In examining the acidities of quinollne derivatives I-IV one should bear in mind that the negative charge 
in the anion is concentrated to the greatest extent on the oxygen atom of A and that the possibility of solvation 
of precisely this atom plays a principal role. It is clear that the steric hindrance to solvation is expressed to 
a lesser  extent in two-ring systems Ia-c and compounds with a five-membered ring (Ha-c}. In conformity with 
this, the former are the strongest acids in the series of compounds I-IV, followed by If, while the acidities of 
substances with piperidine (]IIa-c) and hexahydroazepine (IVa-c) rings are close to one another. 

As we have already pointed out (see also Table 1), the strongest acid among pyrido[2,3-d]pyrimidine de- 
rivatives V-VIII is pyrrolino[2~3-b]pyrido[2,3-d]pyrimidine Via. This phenomenon is evidently due to the fact 
that the presence of an electron-acceptor pyrimidine ring gives r ise  to a substantial increase in the role of the 
polar effect as compared with the solvation effect. In the case of Via these effects act in the same direction 
(see above), and this also determines its increased acidity as compared with two-ring systems Va, b, six- 
membered systems VIIa, b, and seven-membered analogs VIIIa, b. 

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

Compounds I-VIII were previously described in [1, 13, 15, 16]. The dissociation constants were deter- 
mined by potentiometric titration by means of a PHM-26 pH meter (Radiometer, Denmark) with glass (G 2222) 
and calomel electrodes. The pH meter was adjusted by means of aqueous buffer solutions. 
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