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The ionization constants  of qua te rna ry  sa l t s  of hydroxy der iva t ives  of quinolinium and 
benzo[h]quinolinium ions co r r e l a t e  sa t i s fac to r i ly  ( r=0.99,  s =0 .07)wi th  the ~j constants  
ca lcula ted  by a modif ied F,M method.  Cor re la t ion  analys is  makes  it poss ib le  to a s sume  
that  the e Iec t ron  dis t r ibut ion in the benzene f r agments  of the invest igated cations is d e t e r -  
mined  by the e l ec t ros t a t i c  effect  of the quaternized ni t rogen a tom and di rec t  po la r  conjuga-  
t ion of the hydroxyl  group with it. 

Until now, sys t ema t i c  invest igat ions of the e lec t ron ic  in teract ions  in mo lecu le s  of a z a - a r o m a t i c  c o m -  
pounds [1] have not touched upon two- r ing  and t h r e e - r i n g  cat ions.  The p resen t  r e s e a r c h  was under taken 
to evaluate  the e lec t ron ic  ef fec ts  in the benzene f r agments  of hydroxy der iva t ives  of quinolinium and benzo-  
[h]quinolinium cations~ The subjects  of the invest igat ion were  qua te rna ry  sa l t s  I - IX,  of which V-IX were  
synthes ized  for  the f i r s t  t ime .  As poss ib le  azo components ,  V-IX a re  of in te res t  for  the p repa ra t ion  of 
wa te r - so lub le  azo dyes.  

I - IV V-IX 

The ionization constants  in aqueous solutions and the IR spec t r a  of KBr  pel le ts  were  m e a s u r e d  in 
o r d e r  to obtain the expe r imen ta l  c h a r a c t e r i s t i c s  of the re la t ive  e lec t ron  dis tr ibut ion in the cat ions of sa l t s  
I - IX.  In analyzing the r e su l t s  (Table 1), one should take into account the fact that  the pK a values  and the 
f requencies  of the s t re tch ing  v ibra t ions  of  the hydroxyl  group of sa l t s  I, IV-VI and IX a re  de te rmined  not 
only by e lec t ron ic  fac tors  but a lso  by s t e r i c  fac to rs .  The IR spec t r a l  data in this case  also depend on the 
t n t e rmo lecu l a r  in teract ions  in the solid phase .  

The ionization constants  of sa l t s  I -VIII  were  subjected to co r r e l a t i on  t r ea tmen t .  It init ially seemed  
poss ib le  to use  the F,M method for  the co r r e l a t i on  analys is  [2, 3]. However,  it was found that the qij con-  
s tants  of the r ing ni t rogen atom calcula ted by the D e w a r - G r i s d a l e  scheme did not follow the t rend  of the 
ionization cons tants .  Sa t i s fac tory  co r re l a t ion  was obtained by modif icat ion of the F, M method: by eva lu-  
ation of the field effect ,  as r e c o m m e n d e d  by Wells and Adcock for  subst i tuted naphthalenecarboxyl ic  acids 
[4], with al lowance for  the or ienta t ion of the substi tuent  re la t ive  to the bond of the reac t ion  cen te r  - the 
adjacent  carbon a tom.  
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T A B L E  ! .  Ion iza t ion  Cons tan ts ,  vOH , and E l e c t r o n i c  Effects  in I - I X  

x ~OH, cm-1 PKa 2~~ oU ajl Cj 
pound "~J ' % 

II5 
II 6 

IIt 7 
w 
V 

VI 
VII 7 

VIII 19 
IX* 

3310 
3263 
3300 

3060- sh 
3310 

3330, 3290 
3315 
3395 

3180-- sh 
3160 

6,40 
7,40 
5,95 
7,14 
7,03 
7,97 
7,54 
8,05 

0,89 
0,79 
0,89 
0,83 
0,79 
0,59 
0,59 
0,59 

--0,21 
0,0 

--0,30 
0,0 
0,0 
0,0 

--0,18 
0,0 

1,10 
0,79 
1,19 
0,83 
0,79 
O,59 
0,72 
0,59 

19,4 
0,0 

25,2 
0,0 
0,0 
0,0 

18,1 
0,0 

* We w e r e  unable  to obtain  the pK a value of  sa l t  IX with the n e c e s -  
s a r y  a c c u r a c y  in view of  the incons tancy  of  the opt ica l  dens i ty  of  so lu -  
t ions  of  IX at pH > 7.5 in the reg ion  of  the ana ly t i ca l  wave leng th  
(460 nm).  

T A B L E  2. Synthes ized  Compounds  
Corn- Quamrn- Yield dur- I 

ization ing quate~rn4 mp, ~C Empirical formula* 
pound time, rain ization, -1~ 

VII 
VIII 

IX 
X 

XI 

I 
II 

III  
IV 
V 180 

VI 60 
10 
30 

120 

75 
90 
85 
96 
50 
601" 
65~ 

175--177 
176--178 
206--207 
155--156 
204--205 (dec.) 
228--230 (dec.) 
247--250 (dec.) 
201--202 (dec.) 

235 (dec.) 
205 
27O 

CmHmC1NOs 
CIoHmCIN05 
CmHioClNOs 
CloHmClNOs 
CI4HI~,CINOs 
C14H12CINOs 
C14Hl=CINOs 
CI4HI2C1NO5 
CI4H12C1NO5 
C~aHgNO 
C~sHgNO 

The  compos i t i ons  of I - I X  w e r e  c o n f i r m e d  by de t e rmina t ion  of the 
C1 content ,  w h e r e a s  the compos i t i ons  of  X and XI were  c o n f i r m e d  
by the d e t e r m i n a t i o n  of  the C, H and N content .  
~The y ie lds  of  hydroxy  de r iva t i ve s  dur ing  alkal ine fusions  a re  
indicated .  

The p r o p o s e d  me thod  r e d u c e s  to the following.  

1) In the gene ra l  c a se ,  the ~ij cons tan t s  a re  ca lcu la ted  f r o m  Eq. (1) 

cos 0 _ 3In  .;. (1) 

where  F and M a r e  p a r a m e t e r s  tha t  c h a r a c t e r i z e  the field and conjugat ion e f fec t s ,  r e s p e c t i v e l y  [2]; ~ij is 
the a t o m - a t o m  po l a r i z a b i l i t y  in the h y d r o c a r b o n  analog of the unsubs t i tu ted  h e t e r o c y c l i c  cat ion [5]; R is 

~D 
the length of  the s e gm e n t  connec t ing  the NI o r  C i a t o m s  with the middle  of  the C i j - O  bond; and 0 is the 

acute  angle be tween the line connec t ing  the N~ (Ci) a toms  with the middle  of  the C j - O  bond and this  bond.* 

2} The r e l a t ive  e l e c t r o n  dens i ty  in the j - t h  pos i t ion  is c h a r a c t e r i z e d  by the magni tude  of the (rj c o n -  
s tant ,  which is found f rom the d i f fe rence  be tween the ~lj cons tan t  of the qua t e rn i zed  n i t rogen  a tom and the 
~jl cons tan t  of  the hyd roxy l  group:  ~j = c q j - ~ j l .  

3) The crij cons tan t  is ca lcu la ted  without a l lowance fo r  the conjugat ion  ef fec t  f rom the equat ion 

u =9.85 cosf) 

where  9.85 is the value of  the F p a r a m e t e r  of  the qua t e rn i zed  n i t rogen  a tom.  It is found f rom Eq. (1) with 
the  aid of the eft and CY cons tan t s  of  the n i t rogen  atom in the pyr id in ium ca t ion  [6]. 

* T h e  lengths  o f  the C - C ,  N - C ,  and C - O  bonds  a re  denoted by 1 and were  a s s u m e d  to be 1.40 ~ [3]. All  
of  the d i s t ances  were  m e a s u r e d  in uni ts  of  3 l .  
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4) The e lec t ronic  in teract ion of the hydroxyl  group with the ni trogen atom is cha rac t e r i zed  by the 
ajl constant calculated from Eq. (1). The FOtt (- 0.45) and MOH (8.49) p a r a m e t e r s  n ece s sa ry  for  this were 
found from Eq. (1) by means  of the e lec t rophi l ic  a m and ap constants of the hydroxyl  group [7, 8]. The con- 
stant is de termined pr incipal ly  by the MOHTrjl value in Eq. (1) and the re fo re  cha rac t e r i zes  the d i rec t  polar  
conjugation of the hydroxyl  group with the quaternized ni trogen atom. Considering that d i rect  polar  con- 
jugation is manifes ted  prac t ica l ly  only in those cations whose molecules  can be depicted in the form of the 
corresponding resonance s t ruc tu res  (for example,  for  the cation of salt HI), the ~jI constants were calcu-  
lated only for  the cations of salts  I, III, and VII. 

r ! 
Ctl 3 CH 3 

The resu l t s  of the calculat ion are p resen ted  in Table 1. The pK a value of salts T-VII co r re l a t e  sar is-  
fac tor i ly  ( r=0.99,  s =0.07) with the corresponding ~ constants .  

The resul ts  obtained in this study make it possible to assume that the e lec t ron  distr ibution in the 
benzene f ragments  of the cations under  considerat ion is determined pr incipal ly  by the e lec t ros ta t i c  effect  
of the quaternized ni trogen atom. In the cations of salts T, TTI, and VII, one should also take into account 
the considerable  di rect  polar  conjugation of the hydroxyl  group with the ring ni trogen atom. 

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

The IR spec t ra  of KBr pel lets  of the compounds were recorded  with a UR-20 spec t rome te r ,  The pK a 
values were de te rmined  spee t rophotomet r ica l ly  in water  with an SF-4 spec t rophotometer  and a pH-340 
p H - m e t e r  at J 0.03 and 25 ~0.1 ~ 

Salts I-IV (Table 2) were obtained from aqueous solutions of the corresponding methiodides [9] by 
means  of pe reh lo r ic  acid. Salts T-TII were  c rys ta l l i zed  from alcohol, whereas  salt  IV was purif ied by r e -  
precipi ta t ion from alcohol solution by the addition of e ther .  The synthesis  of V-IX consisted in the p r e -  
parat ion of benzo[h]quinolinesulfonic acids f rom o~-aminonaphthalenesulfonic acids via the Skraup react ion 
[10] and subsequent alkaline fusion of the sulfonic acids and quaternizat ion of the hydroxybenzo[h]quinolines 
isolated as a resul t  of alkaline fusion [10]. The 6- and 7-hydroxybenzo[h]quinolines wree purif ied by eh roma-  
tography of alcohol solutions of them with a column filled with A120 3 and subsequent c rys ta l l iza t ion  f rom 
alcohol.  8-Hydroxybenzo[h]quinoline (X) was c rys ta l l i zed  from benzene.  9-Hydroxybenzo[h]quinoline (XI) 
was purif ied by chromatography,  as in the case  of the 6- and 7-hydroxyisomers ,  and was c rys ta l l i zed  f rom 
chlorobenzene (Table 2). The 10-hydroxy i s o m e r  was ex t rac ted  from the alkaline mel t  with hexane. 

Qua te rnary  Salts V-IX (Table 2). These  compounds were obtained by heating a mixture  of 9.75 g 
(0.05 mole) of the hydroxybenzo[h]quin01ine and 55.8 g (0.3 mole) of methyl  p-toluenesulfonate at 120-130 ~ 
a f te r  which the react ion mixture  was t r ea ted  with 15 ml of alcohol and 100 ml  of e ther ,  the l ibera ted  N- 
methylhydroxy[h]quinolinium toluenesulfonate was dissolved in water,  and the perch lora te  salts  were p r e -  
cipitated by the addition of perch lor ic  acid. 
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