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The a c i d - b a s e  p r o p e r t i e s  of 10 de r iva t ives  of 2 ,2 ' -d iqu ino ly l ,  as well  as quinoline and 5 ,6 -benzo-  
quinoline,  were  studied by spec t ropho tomet ry .  It was es tab l i shed  that  the protonat ion constants  
of the s y s t e m s  c o r r e l a t e  with the r e g u l a r i t i e s  due to the I and M effects  of the subs t i tuents .  

The r e s u l t s  of a study of the a c i d - b a s e  equi l ib r ia  of some bonded he te rocyc l i c  s y s t e m s  r e p r e s e n t i n g  a 
group of complexing  agents of the 2 ,2 ' -d iqu ino ly l  s e r i e s  a re  p resen ted  in the p re sen t  paper .  The study of the 
pro to ly t ic  equ i l ib r i a  of he te rocyc l i c  s y s t e m s  seems  n e c e s s a r y ,  f i r s t ,  in connection with the absence of p ro tona -  
tion constants  of III-XII (Table 1) in the l i t e r a t u r e  and, second,  for the es tab l i shment  of the r e g u l a r i t i e s  in the 
change in the pK values  of the bases  of this  s e r i e s  as a function of va r ious  fac to rs .  

The equi l ib r ium cons tants  of the ionizat ion p r o c e s s e s  were  de te rmined  in 60 wt~ ethanol,  s ince  the in- 
ves t iga ted  compounds a r e  only s l ight ly  soluble  in water .  We obtained the pK values  of quinoline and 5 ,6-benzo-  
quinoline at the same  solvent  concent ra t ions .  A buf fe r less  spec t ropho tomet r i c  method [1] was used for the in- 
ves t iga t ion  with a hydrochlor ic  acid solution with a p r e c i s e l y  es tab l i shed  concentra t ion  as the oxonium ion 

donor.  The equation 

B§  § a IK~=pK, 

(BH:) 
0". 

(B)(H =) 

was used for the ca lcula t ion  of the protonat ion constants  (~) and the pK 1 values of the bases .  Since the m e a s u r e -  
ments were  made at ionic s t rength  [<10 -4, it may be assumed  that the constants  a r e  the the rmodynamic  va lues .  

Typ ica l  absorpt ion  spec t r a  of protonated (BH +) and deprotonated (]3) p a r t i c l e s  a r e  p resen ted  in Fig .  1. 
Intense absorp t ion  of both fo rms  is observed  at 270-290 nm, and hypsoehromie  and ba thoehromic  shifts  a re  
c h a r a c t e r i s t i c  for Xma x of BH +. When the solut ion is acidif ied,  the long-wave maximum of the absorpt ion  band 
of BH + is shifted without an app rec i ab l e  change in intensi ty.  The bathoehromie shift  of Xma x of the BH + p a r t i -  
c le  r e l a t i v e  to ]3 r e a c h e s  60 nm. The p re sence  in the s p e c t r a  of one or two i sobes t io  points makes it poss ib le  
to a s sume  two-component  c h a r a c t e r  of the invest igated s y s t e m s ;  this is also conf i rmed by the r e s u l t s  of a 
study of the dependence of the opt ica l  c h a r a c t e r i s t i c s  of solut ions of the bases  on the acidi ty  of the medium. 
The typ ica l  dependences of the opt ica l  densi ty on the hydrochlor ic  acid concentra t ion  ( - l o g  CHC1 = pH) is p r e -  
sented in Fig .  2, f rom which i t  is seen that the re  a r e  only two ]3 and ]3H + p a r t i c l e s  at pH 0-6, despi te  the p r e s -  

ence of s e v e r a l  poss ib l e  protonat ion c e n t e r s .  

It is known that  the bas ic  p r o p e r t i e s  of quinoline a r e  due to the f ree  pa i r  of 7: e l ec t rons  of the ni t rogen 
atom, which a r e  s i tuated in the or thogonal  plane and do not pa r t i c ipa t e  in a romat i za t ion  of the r ing.  By com-  
pa r ing  the pK l values  of quinoline I and 5,6-benzoquinol ine II it can be concluded that annelation in the 5,6 p o s i -  
tion of benzene p r a c t i c a l l y  does not change the bas ic  p r o p e r t i e s  of the r ing  he teroa tom (Table 1). A d e c r e a s e  
in the bas ic  p r o p e r t i e s  and a co r re spond ing  inc rea se  in the acid p r o p e r t i e s  a r e  observed  on pass ing  to bonded 
sys t ems  (for example ,  III and IV). It is poss ib l e  that  this  phenomenon is due to the effect of the second ni t rogen 
atom, which d i sp lays  - I  and- -M effects ,  as well  as to the t h r e e - d i m e n s i o n a l  s t r uc tu r e  of the molecules .  These  
data con t rad ic t  the conclusions  drawn on the bas is  of computat ional  methods [2], accord ing  to which the d i s -  
t r ibut ion of the 7r-electron dens i t ies  in the s t ruc tu r e  is such that the quinoline r ings  behave in an isola ted  man-  
ner  f rom one another ,  and the subst i tuents  in one r ing  do not affect the chemica l  p r o p e r t i e s  of the second r ing.  
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T A B L E  1. P r i n c i p a l  P r o p e r t i e s  of I -XII  

No. [ Compound kan' nm pK~ 
I 

I 
II 

IiI 
IV 
V 

VI 
VII 

VIII 

IX 

X 

X1 

XII 

Quinoline 
[ 5,6-Benzoquinoline 
l 2,2'-Diquinotyl 
I 5,6-Benzo-2,2'-diquinolyl 
i 4-Anilino-2,2' -diquinol~l 

4-1-Naphthyl )amino'2.2 -diquinolyl 
2-(4-Phenyl-i-quinolyt)-5,6-benz5- 

1 quinoline 
2-(2-Quinolyl)-5,6-benzocinchoninic 

acid N,N' -dietl/ylamide 
t 2-(4-Phenyl-l-quinoIyl)-5,6-benzo- 
I oinchonihic acid N,N'-diethylamide 
2.(2-Quinotyl)-5,6-betazocinchoninic 

acid anilide 
Isoamyl 2-(2-quinolyl)-5,6-ben zocin- 

choninate 
ilsoamyl 2-(4-phenyl-2-quinolyl)cin- 

choninate 

330 
370 
375 
390 

360--395 

390 

400 

400 

410 

395 

(2,41 +-0,03) �9 t0 a 
(2,28• �9 I0 a 
(l,56• �9 t0 ~ 
(I,92• �9 10 ~ 
(3,20-0,1) �9 104 
(1,64• . 104 
(0,99--+0,02) �9 I02 

(2,76+-0,02), 10 ~ 

(1,20• �9 101 

(3,79• 10 ~ 

( 1,75• 10 t 

I 23-+0.04) - 101 

3.38 
3,36 
2,19 
;2,28 
4,50 
4,21 
1,99 

'1,42 

1,08 

1.58 

1,24 

1,09 
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Fig. 1 Fig. 2 

Fig .  1. A b s o r p t i o n  c u r v e s  of benzoqu ino l ine  VII:  1) B f o r m ;  
2) BH f o r m  (VH c o n c e n t r a t i o n  1 - 10 -5 m o l e / l i t e r ) .  

F ig .  2. Dependence  of the  op t i c a l  de ns i t y  of an e thano l  s o l u -  
t ion of IX on the  ~ - d r o c h l o r i c  ac id  c o n c e n t r a t i o n  i n  60% 
e thano l  (IX c o n c e n t r a t i o n  1 �9 10 -5 m o l e / l i t e r ) .  

1 0,1 OF02 r ~ 

Upon c o m p a r i s o n  of the  e f fec t  of s t r u c t u r a l  c ha nge s  on the  a c i d - b a s e  p r o p e r t i e s  of the  s y s t e m s  it  is  s een  
tha t  the  i n t r o d u c t i o n  of an N H - A r  g roup  in the  4 p o s i t i o n  of the  qu ino l ine  r i n g  (V, VI) l e a d s  to an a p p r e c i a b l e  
i n c r e a s e  in the  pK 1 va lue .  S ince  the  n i t r o g e n  a tom in a r o m a t i c  a m i n e s  has  w e a k e r  b a s i c  p r o p e r t i e s ,  the  p r o t o n  
adds  to the  n i t r o g e n  a tom of the  h e t e r o c y c l i c  r i n g .  Th is  is  c o n f i r m e d  to a c e r t a i n  d e g r e e  by the  d e c r e a s e  in the  
b a s i c  p r o p e r t i e s  of  the  n i t r o g e n  a tom on c o m p a r i s o n  of the  pK v a l u e s  of a n i l i ne  (4.58) and d i p h e n y l a m i n e  (0.9) in 
w a t e r .  The  e l e c t r o n - d o n o r  a b i l i t y  of the  N H - A r  g roups  of IV-VI  is due to the  a b i l i t y  of the  u n s h a r e d  p a i r  of 
e l e c t r o n s  to p a r t i c i p a t e  in con juga t ion  with  the  101r-e lec t ron  s y s t e m  of the  qu ino t ine  r i n g  v i a  a con juga t ion  
m e c h a n i s m  and an induc t ive  m e c h a n i s m  [3]. In e v a l u a t i n g  the ef fec t  of the  pheny l  g roup ,  it  may  be noted tha t  i t  
does  not l ead  to an a p p r e c i a b l e  change  in the  pK 1 v a l u e s  of the  i n v e s t i g a t e d  s y s t e m s  (VII, IX, and XII).  The  

i n t r o d u c t i o n  in the  4 p o s i t i o n  of the  qu ino l ine  r i n g  of -c< #~ "~ g r o u p s ,  which  have  an e l e c t r o n - a c c e p t o r  e f fec t  ( - M  

ef fec t ) ,  g ives  r i s e  to  a c o n s i d e r a b l e  i n c r e a s e  in the pK I v a l u e  to  1.24 in the  c a s e  of e s t e r  XI. A s i m i l a r  p a t t e r n  

is  o b s e r v e d  when CsHs-and  -c  ~~ s u b s t i t u e n t s  a r e  p r e s e n t  in d i f f e r e n t  r i n g s .  It i s  p o s s i b l e  tha t  e l e c t r o n s  a r e  

sh i f t ed  f r o m  the  r i n g  to the  s u b s t i t u e n t  as  a r e s u l t  of con juga t ion  of the h e t e r o a r o m a t i e  r i n g  and the c a r b o n y l  
g roup ,  and th i s  a l so  g ives  r i s e  to a d e c r e a s e  in the  b a s i c  p r o p e r t i e s .  One should  a l so  t ake  into accoun t  the  f ac t  
tha t  the  d i h e d r a l  ang le  be tween  the r i n g s  i n c r e a s e s  when bulky  s u b s t i t u e n t s  a r e  i n t r o d u c e d ,  and th i s  undoubtedly  
a f fec t s  the  d e g r e e  of  con juga t ion  of the  s y s t e m  as  a whole .  

Thus  the  n u m b e r  of r i n g s ,  the  c h a r a c t e r  of  the  s u b s t i t u e n t s ,  the  n u m b e r  of s u b s t i t u e n t s ,  and s t e r i c  e f f ec t s  
have a c o n s i d e r a b l e  e f f ec t  on the  a c i d - b a s e  p r o p e r t i e s  of qu ino l ine  s t r u c t u r e s .  

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

The i n v e s t i g a t e d  c o m p o u n d s  w e r e  ob t a ined  by the  m e t h o d s  in [4, 5]. T h e  qu ino l ine  was  d i s t i l l e d  and s t o r e d  
in a n i t r o g e n  a t m o s p h e r e .  The  s p e c t r o p h o t o m e t r i c  m e a s u r e m e n t s  w e r e  m a d e  with  an S F - 4 A  s p e c t r o p h o t o m e t e r .  
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Twice-dist i l led water was used. The hydrochloric  acid concentrat ion was established by means of 4-amino-  
pyridine [8]. The ethanol was purified by the method in [6], and the concentrat ions of the alcohol solutions were 
established with a pycnometer .  The general  method for the investigation was as follows. The necessary  con-  
centrat ions of the solvent and the investigated compounds were created in a volumetr ic  flask. The absorption 
spec t ra  of the protonated and deprotonated part icle  were recorded,  and the analytical wavelength (kan) was 
determined [7]. The optical densities at kan were determined for solutions containing various amounts of 
hydrochloric acid. The molar  absorption coefficients for the par t ic les  were determined from the ]3ouguer-  
L a m b e r t - B e e r  law, and the o and pK values were calculated f rom the formula presented above. The data were 
t reated s tat is t ical ly by the usual method [9] with fixed reliabil i ty c~=0.95 for no less than seven experiments.  
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MASS SPECTROMETRIC STUDY OF 2-AZAFLUORENES 
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The fragmentat ion of 2-azaf tuorene and its methyl-  and phenyl-substituted derivatives was studied. 
It is shown that ejection of an RCN fragment  (R = CH3, C6H 5) by the molecular  ions leads to a more 
intense peak if R is in the 3 position of the azafluorene ring~ It was established that, in contras t  
to the dissociat ive ionization of fluorene, all of the ions of which are formed from the (M - H) + 
fragment ,  the fragmentat ion of 2-azaf luorene and its derivative also takes place from the molecu-  
lar  ion. Randomization of the deuterium atoms attached to C 9 with the remaining hydrogen atoms 
was observed.  

The mass spec t ra l  behavior of many c lasses  of nitrogen-containing heterocyclic compounds is current ly  
being studied quite adequately [t ,  2]. However, the dissociat ive ionization of 2-azaf luorenes has not been p re -  
viously examined in the l i terature,  although the fragmentation of fluorene, the hydrocarbon analog of the com-  
pounds studied in the present  r e sea rch ,  has been subjected to a quite detailed study [3, 4]. 

The present  paper is devoted to the establishment of the fundamental regular i t ies  in the fragmention of 
2-azaf luorenes  under the influence of electron impact, to the study of the dependence of their dissociative 
ionization on the position and charac te r  of the substituents in the pyridine and benzene rings of the molecules of 
these substances,  and to an examination of the problem of exchange of hydrogen and deuterium atoms in the 
molecular  ion of 9,9- D2-2-azafluorene~ 
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