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S p e c t r a l  S t u d i e s  Gn Some 2-Quinolones  

k1 . S . Masoud' 
Department  of  C h e m i s t r y , F a c u l t y  of S c i e n c e , A l e x a n d r i a  

U n i v e r s i t y  , A l e x a n d r i a ,  EGYPT 
Y.S.Mohammed,F.F.Abdel-Latif and E.M.A.Soliman 

Depar tment  of C h e m i s t r y , F a c u l t y  of S c i e n c e ,  i i i n i a  

U n i v e r s i t y ,  Minia ,  EGYPT 

S p e c t r a l  p r o p e r t i e s  of some 2-Quinolones  were i n v e s t i g a t e -  
IR and 'H NMR were a p p l i e d  t o  c h a r a c t e r i z e  t h e  l i g a n d s .  ed .  

The hydrogen bond p r o p e r t y  is of i m p o r t a n t  parameter  f o r  
c o n t r o l l i n g  t h e  b e h a v i o u r  of  t h e  compounds. The N-H, 0-H,  C=O, 
C-H,and C-N fundamenta l  f u n c t i o n a l  groups  a r e  c h a r a c t e r i z e d .  
The e l e c t r o n i c  t r a n s i t i o n s  are  a s s i g n e d .  The d a t a  a r e  e x p l a i n -  
ed  on t h e  bas i s  of molecular  s t r u c t u r e  and s u b s t i t u e n t s  
e f f e c t s .  The a c i d - b a s e  e q u i l i b r i a  and t h e  phenomena of  t a u t o -  
m e r i s m  f o r  t h e s e  compounds a r e  e x p l a i n e d  and d i s c u s s e d .  The 
a c i d  e x p o n e n t s  (pKOH and pKNH) are e v a l u a t e d .  

INTRODUCTION 

The q u i n o l i n e  n u c l e u s  h a s  l o n g  been  known t o  p l a y  a n  
i m p o r t a n t  role i n  t h e  f i e l d  of chemotherapy.  An i m p o r t a n t  
g r o u p  of q u i n o l i n e  compounds were i s o l a t e d  from P e n c i l l i a "  

and w e r e  found t o  e x h i b i t  a n t i b a c t e r i a l  a c t i v i t y  . The 
s t r u c t u r e  of t h e s e  compounds w a s  worked out  and e l u c i d a t e d  
t h r o u g h  s y n t h e s i s 4 '  t o  b e  4-phenyl-3-hydroxy-2-quinolone and 
4-(m-hydroxyphenyl)-3-hydroxy-2-quinolone. However, it is of 
i n t e r e s t  t o  t h r o u g h t  l i g h t  on t h e  s p e c t r a l  p r o p e r t i e s  of s u c h  
c l a s s  of compounds (4-substituted-3-hydroxy-2-quinolone). The 
s t u d i e s  were a c h i e v e d  from e l e c t r o n i c  s p e c t r a ,  i n f r a r e d  and 
'H NMR measurements .  The a c i d  e x p o n e n t s  (pKOH,pKNH) are aimed 
t o  b e  e v a l u a t e d .  The phenomena of  tau tomer ism is d i s c u s s e d .  

3 

* T o  whom c o r r e s p o n d a n c e  should  b e  a d d r e s e d .  
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370 MASOUD ET AL. 

EXPI3  I1 ZNTAL 
The ligands under investigation : 3-hydroxy-2-quinolone I, 

4 -methy 1-3 -hydroxy-2 -quinolone 11, 4-phenyl-3-hydroxy-2 -quino- 
lone 111, N-methyl-4-phenyl-3-hydroxy-2-quinolone IV. 
4-(p-nitrophenyl)-3-hydroxy-2-quinolone V, 4-(~-cholrophenyl) 
-3-hydroxy-2-quinolone VI, 4-(p-hydroxyphenyl)-3-hydroxy-2- 
quinolone V I I ,  4-(p-methoxyphenyl)-3-hydroxy-2-quinolone VIII, 
4-( 3,4 -dihydroxyphenyl) -3-hydroxy -2-quinolone I X ,  4-( 3 4- 
d imethoxypheny 1 ) -3 -hydroxy -2 -quin 01 one X , 4 - ( 2 5-d ihydr oxy - 
pheny1)-3-hydroxy-2-quinolone XI and 4-(2,5-dimethoxyphenyl) 
-3-hydroxy-2-quinolone XI1 were prepared by the method 
described by Elstert6 and developed by Mohammed eta1 . 
solvents used for measurements were of BDH grades. The uni- 
versa1 buffer solutions (pH 2-12) were prepared as usual . 
Shirr,adzu 400 spectrophotometer was used for recording the IR 
spectra over the range 4000-650 cm-' using lCBr disc. 

spectrophotometer. Beckman spectrophotometer model 26 was 
used for measuring the electronic spectra. 

I The 

8 

The 
NNR spectra have been measured using a EN-360,60 Htiz NbX 

RESULTS AND DISCUSSION 
IR and 'H NMR spectra 

Table (1) collects the fundamental infrared bands with 
their assignments for the compounds under investigation. The 
stretching vibration of the hydroxyl group in position 3 of 
the qulnollne nucleus was found to have absorption bands 
(broad in most cases) lied between 3460-3250 cm-'. 
shifted from its normal position' for the free phenolic 
hydroxyl group to be at 3650 cm". 
the probable formation of a hydrogen bond in the form of 
chelate (intramolecular) or dimer (intermolecular) as fol lows:  

This is 

Such finding introduces 

c h e l a t e  D i m e r  

vibration bands one at 3655 0 - l  (strong) revealed to free 
phenolic -011 group while the other at 3460 cm-' (broad) was 
argued to hydrogen bonded hydroxyl group in position 3. It is 
hportant to add that the compounds which have dihydroxyphenyl 
substituents as IX and XI shoved broadness in the v(C-H) 
region, while their methoxy analogous X and X1I showed broad- 

The 4-(p-hydroxyphenyl)-3-hydroxy-I-quinolone showed two 
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372 MASOUD ET AL. 

ness i n  t h e  a l k y l  J(C-H) r e g i o n .  The n e x t  a b s o r p t i o n  band 

l o c a t e d  mainly between 3280-2850 cm- '  w a s  a rgued  t o  t h e  
s t r e t c h i n g  v i b r a t i o n s  of a r o m a t i c  (N-H,C-H) and a l i p h a t i c  C-H 

of b o t h  methyl  and methoxy s u b s t i t u e n t s .  The compounds VlI, 
IX and X shoved t h e i r  a r o m a t i c  -NH s t r e t c h i n g  v i b r a t i o n  
f requency  a t  3280 c m - l  ( s t r o n g ) ,  3220 c m - l  (medium) and 3200 

c m  ( s t r o n g )  r e s p e c t i v e l y ,  s h i f t e d  from t h e  no rma l  p o s i t i o n  
of t h e  f r e e  aromatic -NH which g i v e  r ise t o  t h e  p r o b a b l e  
format ion  of  c h e l a t e d  hydrogen bond w i t h  t h e  a d j a c e n t  c a r b o n y l  
group i n  p o s i t i o n  2. The s t r o n g  band of t h e  r e g i o n  (1665-  
1645 c m - l )  w a s  a s s i g n e d  t o  t h e  Q(C=O) o v e r l a p p e d  w i t h  U ( C = N )  

a t  (1665-1636 cm-l) p o s s i b l y  a r i s e s  due  t o  a h i g h  d e g r e e  of 
c o n j u g a t i o n  i n  t h e  ligands". The h i g h e r  f r e q u e n c y  (1665 cm-l) 
was observed  f o r  t h e  n i t r o  cornpound V owing t o  i n c r e a s i n g  t h e  
s i n g l e  bond c h a r a c t e r  of t h e  c a r b o n y l  g r o u p  a r i s e d  by t h e  
n e g a t i v e  mesomeric e f f e c t  of t h e  n i t r o  group.  Fur thermore ,  

i t  showed two a b s o r p t i o n  bands a t  1520 and 1 4 1 0  cm- '  which 
were r e v e a l e d  t o  t h e  a n t i s y m m e t r i c  and s y m m e t r i c  v i b r a t i o n s  of 
t h e  n i t r o  group r e s p e c t i v e l y .  The f r e q u e n c y  r e g i o n  from 
(1600-1400 cm- ' )  r e v e a l e d  t h e  fundamenta l  f r e q u e n c y  of t h e  
q u i n o l i n e  n u c l e u s  b e s i d e  t h e  phenyl  s u b s t i t u e n t .  The common 
band around 1570 c m - l  was due t o  t h e  -h'H d e f o r m a t i o n , s i n c e  
t h i s  band was a b s e n t  on m e t h y l a t i o n  (compound IV). The (C-H) 
d e f o r m a t i o n  of  b o t h  a l k y l  and methoxy g r o u p s  were observed  i n  
t h e  f r e q u e n c y  r e g i o n  (1400-13OG c m - l ) .  
(1300-1200 c m - l )  w a s  a s s i g n e d  t o  t h e  s t r e t c h i n g  v i b r a t i o n  of 
C - 0  o v e r l a p p e d  w i t h  C-N. It  was remarkable  t h a t  t h e  number 
of s p e c t r a l  bands  i n  such  r e g i o n  w a s  r e l a t e d  t o  some e x t e n t  
t o  t h e  number of hydroxy and methoxy g r o u p s  p r e s e n t  i n  t h e  
molecule .  For  example 4-(p-hydroxyphenyl)-3-hydroxy-2-quino- 
l o n e  VIJ gave  t h r e e  v i b r a t i o n  bands,  one a t  1215 cm- '  a s s i g n -  
ed t o  L, (C-N) and t h e  o t h e r  two a t  1264 and 1292 cm-' were 
due t o  3 ( C - O )  of t h e  two hydroxyl  groups .  The i n - p l a n e  C-H 

d e f o r m a t i o n  i n  t h e  frequency r a n g e  1100-1000 cm-' w a s  h i g h l y  
i n f l u e n c e d  by t h e  i n c o r p o r a t i o n  of a s u b s t i t u e n t  i n  p o s i t i o n  

4 of t h e  q u i n o l i n e  n u c l e u s .  The u n s u b s t i t u t e d  compound I 

gave n o  a b s o r p t i o n  bands i n  t h i s  r e g i o n  b u t ,  when a methyl  
g r o u p  was i n t r o d u c e d  i n  p o s i t i o n  4 (compound 11) t w o  s t r o n g  

bands  w e r e  borned a t  1072 and 1025 an- ' .  The , f requency r e g i o n  
from (1000-600 c m - l )  w a s  a s s i g n e d  t o  t h e  out -of -p lane  aromatic 
( C - H )  d e f o r m a t i o n  where a s t r o n g  band l i e d  between 770 and 
742 cm-I was a p p a r e n t  and c o u l d  b e  a t t r i b u t e d  t o  t h e  (C-H) 
d e f o r m a t i o n  of t h e  f o u r  a d j a c e n t  H atoms i n  t h e  b e n z o - r i n g  of 

-1 

The r e g i o n  from 
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SPECTRAL STUDIES OF SOME 2-QUINOLONES 31 3 

t h e  q u i n o l i n e  nucleus' ' .  
t h e  f r e q u e n c y  r a n g e  (950-928 cm- ' )  i n  a s t r o n g  f e a t u r e  p i n -  
p o i n t e d  t o  t h a t  t h e s e  compounds were p r o b a b l y  p r e s e n t  i n  an  
a s s o c i a t e d  p i c t u r e  t h r o u g h  hydrogen bond. Regard ing  t h e  
'H NPIR s p e c t r a  f o r  such  compounds, t h e  m u l t i p l e t  s i g n a l s  l i e d  
between 6.7-0.5 ppm were argued  t o  t h e  a r o m a t i c  p r o t o n s  f o r  
b o t h  t h e  q u i n o l i n e  sys tem and t h e  p h e n y l  s u b s t i t u e n t s .  The 
4-methyl  compound I1 gave  a s i n g l e t  s i g n a l  a t  6= 9.0 ppm 
a t t r i b u t e d  t o  t h e  aromatic -NH p r ~ t o n l ~ " ~ .  
w a s  s t r e n g t h e n e d  by  t h e  d i s a p p e a r a n c e  of such  s i g n a l  i n  t h e  
case of N-methyl compound IV, where a s i n g l e t  s i g n a l  w a s  
appeared  a t  s =  3.2 ppm due  t o  t h e  p r o t o n s  of t h e  N-CH3 

groupi3. 
p h e n y l )  IX showed a s i n g l e t  s i g n a l  of b r o a d n e s s  f e a t u r e  a t  
S =  9.5 and 9.0 ppm r e s p e c t i v e l y .  The d a t a  d e n o t e d  t o  t h e  

-NH s i g n a l  b e s i d e  t h e  p r o b a b l e  e x i s t e n c e  of h y d r o x y l i c  
hydrogen bonds where t h e i r  s i g n a l s  l o c a t e d  a t  t h e  same p o s i -  
t i o n  f o r  t h e  -lJH p r o t o n 1 4 .  
p - n i t r o  compound V appeared  a t  a lower f i e l d  of 12.6 ppm 
r e f l e c t i n g  t h e  d e s h i e l d i n g  e f f e c t  of t h e  n i t r o  group.  

The c h a r a c t e r i s t i c  band l o c a t e d  i n  

T h i s  c o n c l u s i o n  

The 4-(p-hydroxyphenyl)  VII and 4-(3,4-dihydroxy-  

The aromatic -NH s i g n a l  f o r  t h e  

E l e c t r o n i c  s p e c t r a l  s t u d i e s  

The u l t r v i o l e t  a b s o r p t i o n  s p e c t r a  of 4 x 10-514 o f  t h e  
q u i n o l i n e s  under  i n v e s t i g a t i o n  i n  d i o x a n e  s o l v e n t  e x h i b i t e d  
i n  most cases seven  a b s o r p t i o n  bands ,  t h e i r  p o s i t i o n  a l o n g  
w i t h  t h e i r  l o g €  v a l u e s  w e r e  c o l l e c t e d  i n  T a b l e  ( 2 ) .  The 
bands  were l o c a t e d  w i t h i n  t h e  wavelength  r a n g e s  221-225 , 
234-264 , 273-276 , 200-207 , 303-307 , 313-323 and 

327-336 nm. The f i r s t  f o u r  a b s o r p t i o n  bands  w e r e  p r o b a b l y  
due  t o  t h e  a l lowed 3-3  t y p e  e l e c t r o n i c  t r a n s i t i o n  a r i s i n g  
from t h e  loca l  e x c i t a t i o n  of t h e n - s y s t e m .  The n e x t  t h r e e  

bands  c h a r a c t e r i z e d  by low i n t e n s i t y  were argued  t o  t h e  
f o r b i d d e n  n-Jf e l e c t r o n i c  t r a n s i t i o n  of an e l e c t r o n  from 
a l o n e  p a i r  o r b i t a l  of q u i n o l i n e  n i t r o g e n  or c a r b o n y l  oxygen 
t o  t h e  27 - o r b i t a l  of t h e  r i n g  system. The l o n g e s t  a b s o r p -  
t i o n  band f o r  t h e  N-methyl con:pound IV e x h i b i t e d  a b a t h o -  
chroniic s h i f t  r e g a r d  t o  t h e  p a r e n t  non m e t h y l a t e d  one 111. 
So one can  s a y  t h a t  n ie thyla t ion  l e a d s  t o  d e c r e a s e  t h e  number 
of r e s o n a t i n g  s t r u c t u r e s  p a r t i c i p a t i n g  i n  t h e  s t a b i l i z a t i o n  
of  t h e  The i n t e n s i t y  of t h e  e l e c t r o n i c  s p c c t r a l  
band w a s  g r e a t l y  i n f l u e n c e d  by i n t r o d u c i n g  a s u b s t i t u e n t  i n  
p o s i t i o n  4. T h i s  phenomenon w a s  a p p a r e n t  w i t h  r e s p e c t  t o  t h e  
f i r s t  a b s o r p t i o n  band of  t h e  3- n e l e c t r o n i c  t r a n s i t i o n  which 
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SPECTRAL STUDIES OF SOME 2-QUINOLONES 375 

l i e d  i n  t h e  wavelength  r a n g e  221-225 nm w i t h  l o g €  v a l u e s  i n  
t h e  r a n g e  3 6 , 7 5 0 - 4 3 , 7 5 0  . So  t h e  u n s u b s t i t u t e d  compound I 
gave  t h e  lowest a b s o r p t i o n  v a l u e  w h i l e  t h e  p - n i t r o p h e n y l  
s u b s t i t u e n t  gave  t h e  h i g h e s t  a b s o r p t i o n  v a l u e s  which may b e  
due t o  t h e  g r e a t e s t  d i s t a n c e  between t h e  h e t e r o - n i t r o g e n  and 
t h e  n i t r o  g r o u p  oxygen. I t  is a p p a r e n t  t h a t  t h e  area under  
a peak is a f u n c t i o n  of t h e  d i p o l e  s t r e n g t h  of t h e  chromophore 
and t h e r e f o r e  approximate ly  p r o p o r t i o n a l  t o  t h e  s q u a r e  of t h e  
d i s t a n c e  between t h e  ends  of t h e  a b s o r b i n g  system16.  
e x p l a i n e d  t h a t  t h e  p - n i t r o  compound V p r o b a b l y  e x i s t s  i n  t h e  
f ol 1 owing r e s on a t  i n g s t r u c t u r e  s : 

T h i s  

H 

E f f e c t  of p H  on t h e  e l e c t r o n i c  s p e c t r a  

The a b s o r p t i o n  - pH p r o f i l e  of 4 x lO-'K of 3-hydroxy 
-2-quinolone I a t  d i f f e r e n t  pH's ( 2 . 7 1 - 1 3 . 9 8 )  gave i n t e r e s t i n g  
o b s e r v a t i o n s .  I n  a c i d i c  t o  n e u t r a l  s o l u t i o n s  f i v e  a b s o r p t i o n  
bands  can e a s l y  t r a c e d  a t  2 1 7 , 2 7 5 , 3 0 4 , 3 1 5  and 3 3 0  nm. The 
f i r s t  band d u e  t o  3 - J l  t y p e  e l e c t r o n i c  t r a n s i t i o n  d e c r e a s e d  
i n  i n t e n s i t y  as  t h e  pH i n c r e a s e d  i n  c o n t r a s t  t o  t h a t  observed  
f o r  t h e  band a t  330 nm which shoved i n c r e a s i n g  i n  i n t e n s i t y  
w i t h  i n c r e a s i n g  pH. The former band a t  217 nm could  b e  
a s c r i h e d  t o  t h e  f o r m a t i o n  of a p r o t o n i z e d  s p e c i e s  where 
a p r o t o n  d e r i v e d  from t h e  medium t a k e s  a p o s i t i o n  on t h e  
c a r b o n y l  oxygen. The s p e c t r a  of t h i s  compound i n  b a s i c  solu- 
t i o n s  (pH> 9 . 4 5 )  gave  a new band a t  250 nm. Such band 
r e p r e s e n t e d  t h e  s h i f t  of t h e  t a u t o m e r i c  e q u i l i b r i a  towards  t h e  

en01 form i n  moderate  b a s i c  s o l u t i o n s .  Fur thermore ,  t h e  r e d  
s h i f t  of t h e  band a t  330 nm i n  a c i d i c  t o  n e u t r a l  s o l u t i o n s  t o  
b e  a t  3 4 0  nm i n  pH> 9 . 4 5  denoted  t o  t h e  i o n i z a t i o n  of  t h e  
hydroxyl  group i n  p o s i t i o n  3 .  This e q u i l i b r i u m  w a s  
r e p r e s e n t e d  as follows : 
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3 76 MASOUD ET AL. 

The e l e c t r o n i c  s p e c t r a  of 4 x 4-methyl-3-hydroxy 
-2-quinolone IS i n  pH r a n g e  (2 .67 -8 .47 )  showed f i v e  c h a r a c t e r -  
i s t i c  a b s o r p t i o n  bands  a t  220,272,303,313 and 326 nm. I n  
s o l u t i o n s  w i t h  p H ' s  (9.65-11.611, t h e  t h r e e  bands  l o c a t e d  a t  
220,313 and 326 nm undergo  a ba thochromlc  s h i f t  t o  b e  a t  226, 
321 and 340 nm r e s p e c t i v e l y .  The t w o  bands  a t  212 and 303 nm 
were d i s a p p e a r e d  i n  s o l u t i o n s  of pH 9.65 w i t h  t h e  f o r m a t i o n  of 
a new a b s o r p t i o n  band a t  248 nm which showed a s t e a d y  i n c r e a s e  

i n  i n t e n s i t y  w i t h  t h e  increase of pH. The l o n g e r  wavelength  
band i n  t h e  s p e c t r a  of such  compound a t  340 nm goes  p a r a l l e l  
w i t h  compound I.  The p r e s e n c e  of w e l l  d e f i n e d  i s o b e s t i c  p o i n t s  
a t  265 and 320 nm e x p l a i n e d  t h e  presence of ana logous  e q u i -  
l i b r i a  t o  t h e  p r e v i o u s l y  d i s c u s s e d  compound I. S i m i l a r  t r e n d  
was observed  f o r  4 x 10-5b;  4-~henyl-3-hydroxy-2-quinolone III .Fig.  1, 
a t  d i f f e r e n t  pH's (2.55-12.02). Fur thermore ,  f o u r  i s o b e s t i c  
p o i n t s  were l o c a t e d  a t  230,244,214 and 320 nm. The f o r m a t i o n  
of an i s o b e s t i c  p o i n t  h a s  been t a k e n  a s  a proof  of t h e  e x i s t -  
ence of two and o n l y  two a b s o r b i n g  s p e c i e s  i n  a g i v e n  sys tem 
u s u a l l y  i n  e q u i l i b r i u m  w i t h  each  o t h e r l ' l .  
t h e s e  p o i n t s  could  e x p l a i n  t h e  e q u i l i b r i a  f o r  such  compound 
t o  proceed  i n  t h e  f o l l o w i n g  : 

The p r e s e n c e  of 
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It  was a p p a r e n t  t h a t  t h e  p h e n y l  g r o u p  i n  p o s i t i o n  4 

f a c i l i t a t e d  t h e  t r a c i n g  o f  s p e c i e s  ( i v )  compared t o  comp- 
onud I .  T h e  a s s u m p t i o n s  g i v e n  f o r  t h e  a a p e a r a n c e  of  t h e  new 
a b s o r p t i o n  band  a t  250. 248  and 252 nm i n  t h e  spectra  of  t h e  

compounds I, I1 a n d  I11 r e s p e c t i v e l y ,  t o  t h e  s h i f t  of t h e  
e q u i l i b r i a  t o w a r d s  t h e  e n o l  form were s t r e n g t h e n e d  on  s t u d y -  

i n g  t h e  e f f e c t  o f  p H  (2 .48 -11 .0 )  on t h e  e l e c t r o n i c  spectra  o f  

4 x 10-51.;, N-methyl-4-phenyl-3-hydroxy-2-quinolone IV ,Fig. 2, 
compound w a s  of  p u r e l y  k e t o - s t r u c t u r e .  T o  some e x t e n t ,  t h e  
non e x i s t e n c e  of  c lear  i s o b e s t i c  p o i n t s  on d e a l i n g  w i t h  t h e  
s p e c t r a  o f  4 x 4 - ( p - n i t r o p h e n y l )  -3 -hydroxy-2 -qu ino lone  V 
a t  d i f f e r e n t  pH's (2 .60-12.03)  i n t e r p r e t t e d  t h e  o v e r l a p p i n g  of  
t h e  d i f f e r e n t  a b s o r b i n g  species. 
4- ( p-hydroxypheny 1 ) -3 -hydroxy-2 - q u i n o l o n e  i n  s o l u t i o n s  b J i t h  

This 

The  spectra  of  4 x lO-'M 
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8.6 3 - 9.64 - 
10.25 

-I'.-'.,- 12.02 
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Wavelength in nm 

Figure  ( 2  ) : E f f e c t  of pH on t h e  e l e c t r o n i c  s p e c t r a  of 4 x I C J - ~ M  

N-Methy 1-4 -phcny 1-3 -hyA r nxy  -2-quinol one IV . 

pH rarige (2.61-8.12) showed s i x  maximal bands  a t  222,242,280, 
305,316 and 330 nm. A r e g u l a r  d e c r e a s e  i n  t h e  band i n t e n s i t y  
a t  222 nm w i t h  i n c r e a s i n g  pH W a b  observed .  The band a t  242 nm 
n o t  found i n  t h e  p r e v l a u s  compounds was argued  t o  s l i g h t  
c o n t r i b u t i o n  of t h e  e n o l  tau tomer  b e s i d e  t h e  p r o t o n i z e d  species. 
Such f i n d i n g  was r e i n f o r c e d  by t h e  s t r o n g  band l o c a t e d  a t  

252 nm found in b a s i c  s o l u t i o n s .  T h i s  was s imply  i n t e r p r e t t -  
ed as due  t o  t h e  s h i f t  of t h e  t a u t o m e r i c  e q u i l i b r i a  towards  
t h e  e n o l  form. I n  t h e  pkl r a n g e  (9.76-12.02) t h e r e  was an 
a p p a r e n t  r e d  s h i f t  f o r  t h e  bands  formed i n  a c i d i c  and n r u t r a l  
s o l u t i o n s .  Such ba thochromic  s h i f t s  were d u e  t o  t h e  s t r o n g  
c o n t r i b u t i o n  of t h e  a n i o n i c  species w i t h  t h e i r  q u i n o n i d a l  
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s t r u c t u r e s  a r i s i n g  from t h e  h y d r o x y l  g r o u p  i n  p o s i t i o n  3 
b e s i d e  t h e  enol ic  s h i f t  of  t h e  2 - q u i n o l o n e  s y s t e m .  F u r t h e r -  
more, t h e r e  w a s  a n  a d d i t i o n a l  p h e n o x i d e  a n i o n  r e s u l t i n g  f r o m  
the  p -hydroxypheny l  s u b s t i t u e n t  i n  p o s i t i o n  4 of t h e  q u i n o l i n e  
n u c l e u s .  Such  f i n d i n g  r e f l e c t s  t h e  a p p e a r a n c e  o f  a n  absorp- 
t i o n  band  a t  280 nm w h i c h  became more i n t e n s e  w i t h  i n c r e a s i n g  
p H .  The  e l e c t r o n i c  s p e c t r a  of 4 x l O m 5 Y ,  4 - (p -me thoxypheng l )  
-3-hydroxy-2-quinolone at d i f f e r e n t  pli's (2 .60 -11 .90 )  showed 
t h e  f o l l o w i n g  o b s e r v a t i o n s  : I n  t h e  pH r a n g e  (2.60-8.32)  
s i x  maximal  b a n d s  were l o c a t e d  a t  223 ,240 ,280 ,304 ,316  and 
330 nm. I n  s o l u t i o n s  s t a r t i n g  w i t h  p H  = 9.47 a l l  t h e s e  b a n d s  
w e r e  r e d  s h i f t e d  t o  be a t  225 ,247 ,282 ,318 ,330  and  340  nm as 
t h e  p H  i n c r e a s e d .  T h i s  s u p p o r t e d  t h e  s tepwise a c i d - b a s e  
e q u i l i b r i a  for s u c h  compound w h i c h  j u s t i f i e d  by t h e  p r e s e n c e  

of  c lear  isobest ic  p o i n t s  a t  245 ,275 .and  320  nm. T h e  g e n e r a l  

view o f  t h e  a b s o r p t i o n - p H  p r o f i l e  f o r  4 x 10% of e a c h  
4 - ( 3 , 4 - d i h y d r o x y p h e n y l )  IX , 4 - ( 2 , 5 - d i h y d r o x y p h e n y l )  X I  and 
t h e i r  d i m e t h o x y  a n a l o g o u s  4 - ( 3 , 4 - d i m e t h o x y p h e n y l )  X , 4 - ( 2 , 5 -  
d i m e t h o x y p h e n y l )  XI1 i n d i c a t e d  t h a t  t h e  i o n i z a t i o n  p r o c e e d s  i n  
a s imilar  f a s i o n .  B o t h  t h e  d i h y d r o x y p h e n y l  compounds were 
h i g h l y  a f f e c t e d  by  t h e  s t r o n g  b a s i c  c o n d i t i o n s  p H  c . 1 2 .  Under  
s u c h  c o n d i t i o n s  t h e  c o l o u r  w a s  changed  f r o m  colourless t o  
f a i n t  y e l l o w  d e n o t i n g  t h a t  some s t r u c t u r a l  c h a n g e s  may be 
o c c u r e d .  Two s h a r p  isobest ic  p o i n t s  w e r e  l o c a t e d  a t  250  and 
320 nm f o r  t h e  3 , 4 - d i h y d r o x y p h e n y l  compound. However, s u c h  
f i n d i n g  w a s  n o t  c lear  i n  t h e  2 , 5 - d i h y d r o x y p h e n y l  compound. 
With r e g a r d e  t o  t h e i r  d ime thoxy  a n a l o g o u s  X and  XII, t he  most 
r e m a r k a b l e  o b s e r v a t i o n  w a s  t h e  p r e s e n c e  o f  t w o  s h a r p  i s o b e s t i c  
p o i n t s  a t  245,  322 nm and a t  242 , 320 nm f o r  t h e  3 ,4 -d ime thoxy  
X and 2 ,5 -d ime thoxy  X I 1  r e s p e c t i v e l y .  

d i f f  - e n t  d i e l e c t r i c  c o n s t a n t s  showed t h a t  t h e  b a n d s  of  n-n 
t y p e  e l e c t r o n i c  t r a n s i t i o n  i n  p r e s e n c e  of h y d r o g e n  b o n d i n g  
s o l v e n t s  ( e t h a n o l  a n d  m e t h a n o l )  d e p i c t e d  t h a t  associat ion o f  
t h e  s o l v e n t  m o l e c u l e s  w i t h  t h e  compounds p r o b a b l y  t a k e s  place 
t h r o u g h  hydrogen  bond  f o r m a t i o n .  The  b a n d s  a r i s e d  d u e  t o  

n-/T e l e c t r o n i c  t r a n s i t i o n  w e r e  s l i g h t l y  r e d  s h i f t e d  w i t h  
i n c r e a s i n g  t h e  d i e l e c t r i c  c o n s t a n t  o f  t h e  medium t o  be a p p a r e n t  

i n  t h e  DKF solvent  d e n o t i n g  t o  s t r o n g  s o l u t e - s o l v e n t  i n t e r -  
a c t ion la .  
a r e a s o n a b l e  d e g r e e  o f  c o r r e l a t i o n  w i t h  t h e  t r a n s i t i o n  e n e r g y  
b a s e d  on i t s  d i e l e c t r i c  c o n s t a n t .  The non l i n e a r  p l o t s  
o b t a i n e d  w i t h  o u r  l i g a n d s  come t o  t h e  c o n c l u s i o n  t h a t  s p e c i f i c  

x The spectral  d a t a  of  t h e  compounds i n  s o l v e n t s  w i t h  

+' 

The  basic  p r o p e r t y  o f  t h e  s o l v e n t  l e a d s  t o  
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obtained 

IV R--C6H5 8.8 8.8 8.8*-0.3 4.2 3.9 4.1*-0.1 260 

R.-CH3 8.1 8.1 - 3.7 3.1 4.1tO.0 330 

X I  R-2.5(OHl2- - - 5.05 - 210 

256 'gH5 8 . 3  
10.0 - R. H 

8.1 S.3*O.l - 330 
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assoc ia t ion  occured  between t h e  s o l u t e  and t h e  s o l v e n t  
i n d e p e n d e n t  on t h e  wavelength  of measurements. 

381 

E v a l u a t i o n  of t h e  a c i d  e x p o n e n t s  ( P K ~ ; ~ , P K , ~ ~ )  

The a c i d  exponents  were d e t e r m i n e d  u s i n g  
d i f f e r e n t  s p e c t r o p h o t o m e t r i c  methods (half-height ' ' ,  modi f ied  
l i m i t i n g  absorbance2' and Col le te r ' '  ). 

t h e  v a l u e s  o b t a i n e d  a t  d i f f e r e n t  wavelengths .  
of 3-hydroxy-2-quinolone was found t o  b e  8.70 h i g h e r  t h a n  t h e  

v a l u e 2 2  for 3-hydroxy q u i n o l i n e  (b.06). T h i s  was e x g l a i n e d  
b a s e d  on t h e  p r o b a b i l i t y  of  hydrogen bond f o r m a t i o n  be tween 
t h e  h y d r o x y l i c  p r o t o n  and t h e  a d j a c e n t  c a r b o n y l  oxygen. The 
r e l a t i v e  a c i d i t y  of t h e  p - n i t r o  cos2ound V (8.0) was due  t c  
t h e  s t r o n g  a t t r a c t i n g  p r o p e r t y  of t h e  n i t r o  g r o u p  by  i t s  (-1, 
-M) e f f e c t s ,  l e a d i n g  t o  enhance t h e  p r o t o n  d i s p l a c e m e n t .  The 
l i g a n d s  w i t h  e l e c t r o n  d o n a t i n g  s u b s t i t u e n t s  ( 4-methyl 11 , 
p K a  = 9.1 ; p-hydroxyphenyl VII , pKa = 9.2 ; p-methoxy- 
p h e n y l  VIII , pKa = 9.4 ) showed a d e c r e a s e  i n  t h e  l i b e r a t i o n  
of t h e  -OH p r o t o n .  
v a l u e s  w i t h  n e a r l y  t h e  same magnitude 8.3 and 8.1 a t  A = 256 
and A =  330 nm r e s p e c t i v e l y .  
A =  240 nm a n o t h e r  pKa v a l u e  was o b t a i n e d  ( 9 . 3 )  d e n o t i n g  t h e  

T a b l e  ( 3 )  col lects  
The pKa v a l u e  

The p - n i t r o  compound V gave  two p K a , s  

When t h e  d a t a  w e r e  p l o t t e d  a t  

p r o b a b l e  e x i s t e n c e  of o t h e r  i i c i d i c  s p e c i e s .  The g-hydroxy- 
phenyl  compound V I I  gave two pK ' s  v a l u e s  9.0 and 1 0 . 9  a t  

h = 240 nm. The pK2 was assumed t o  t h e  d i s s o c i a t i o n  of t h e  

The pK1 v a l u e  
-OH g r o u p  i n  t h e  phenyl  s u b s t i t u e n t .  The 3,4-dihydroxy comp- 
ound IX s h a r e d  two pK ' s  v a l u e s  9.1 and 9.8 . 
was i n d e p e n d e n t  on t h e  wavelength  of measurements end t h e  p K 2  

w a s  s t r o n g l y  comparable  t o  c a t e c h 0 1 ~ ~ .  
d ihydroxy X I  gave  two pKa's v a l u e s  ( 8 . 2  0.1 and 1C 0.05). 

The p K 1  v a l u e  was due  t o  t h e  i o n i z a t i o n  of  t h e  h y d r o x y l i c  
p r o t o n  i n  p o s i t i o n  3 of t h e  q u i n o l i n e  sys tem,  w h i l e  t h e  pK2 
w a s  r e l a t e d  t o  t h e  hydroxyl  of t h e  p h e n o l i c  s u b s t i t u e n t  . 
The c o r r e l a t i o n  of t h e  pKa v e r s u s  t h e  s u b s t i t u e n t  c o n s t a n t  C X  
or t h e  p o l a r  s u b s t i t u e n t  c o n s t a n t  6 XC6H4 f o r  t h e  
s u b s t i t u t e d  phenyl)-3-hydroxy-2-quinolones gave  s t r a i g h t  l i n e s  
w i t h  a s l o p e  amounting t o  1.13 % 0.02  d e n o t i n g  t h a t  t h e  
e l e c t r o n i c  c h a r a c t e r  of t h e  s u b s t i t u e n t  w a s  a matter of impor- 
t a n c e  f o r  i t s  b e h a v i o u r .  
i n v e s t i g a t i o n  l i e d  between 3.8-5.1 . The a f f i n i t y  of 2-  and 
4-hydroxy q u i n o l i n e 2 2  f o r  p r o t o n s  (pK,,) w a s  s imi la r  t o  t h e i r  
N-methyl ( k e t o  form)  and far from t h e i r  0-methyl  ( e n o l  form) .  

Our d a t a  r e f l e c t e d  t h e  e f f e c t  of t h e  p r e s e n c e  o f  a hydroxy 

Hovever, t h e  2,5-  

24 . 

c 
4-(mono- 

The p%'s of  t h e  l i g a n d s  under  
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group in the position 3 of the quinoline nucleus adjacent to 
the carbonyl in position 2 in shifting the tautomeric equil- 
ihria towards the enol form to be near to the value of 3.17 
given for 2-methoxy quinoline. The effect of the substituent 
on the reactivity of the hetero-nitrogen bras satisfactory. 
The slope of the p% versus ( 6 X , 6 -  X C6H4) relationship gave 
a value of 0.8 . 

* 

REFER EKC E S  

1- A.Bracken,A.Pocker and H.Raistrick, Bi0chem.J.' 51, 
587 (1954). 

2 - J.H.Birkinshaw,N. Luckner , Y. S.Moharnmed, K. 1;othes and 
C.E.Stickincs, Biochem.J., 89, 196 (1963). 

I 0 0  

3- D.Gottieb and P.D.Shabr Antibiotics 11, Biosynthcsis 
Springer-verlag 1:ew York Inc. I .lo5 (1967). 

4- Y.S.lloharnroed and N.Luckner, Tetrahedron Lett., 28, 

1953(1963). 

5- P:.Luckner and Y.S.F;ohammed, Tetrahedron Lett., 29, 
1987 (1964). 

6- E.Eistert, Ber.,69,1234(1963). 

7- Y.S.I-'ohamrned,A.N.Gohar,F.F.Abdel-Latif and M.Z.A.Badr, 
Pie Pharmazle, 312, 40 (1985). 

8- T.S.Britton, Hydrogen ions, Chapman and Hall Ltd. (1955). 

9- J.P.Fhillips and L.L.Merritt, J.Arn.Chem.Soc.,71, 3984 
(1949). ; H.Hoyer, Z.Elect.Chim.,49 , 97 (1973). ; 
J.C.Evans, Spectrochirn.Acta, 16 , 1382 (1960). 

10- R.Battistuzzi and G.Peyrone1, Spectrochim.Acta, 36A, 
511 (1980). 

11- D.J.Cook,R.S.Yunghans,T.R.Moore and B.E.Hoogenboom, J.Am. 
Chern.Soc., 22 , 211 (1957). 

12- F.A Snavely and S.Un, J.Org.Chem.,46,(13),2766 (1981). 

13- G.R.Evanega and D.L.F&iny, J.Org.Chem., 35,(6).1757(1970); 
U.Thewalt,D.Neugebauer and B.Lippert, Inorg.Chem.,23, 
1713 (1984). 

14- G.Grethe,V.Toome,H.L.Lee,M.Uskokovic and A . B r o s s i ,  J.Org. 
Chem., 3 3  , (21,504 (1968). 

15- R.D.Brown and F.N.Lehey, Austr.J.Sci.Res.,A3,615 (1950). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



SPECTRAL STUDIES OF SOME 2-QUINOLONES 383 

16- 

17- 

18- 

19- 

20 - 
21- 
22- 
2 3- 
24 - 
25- 

R.B.Turner and D.Voitle, J.Am.Chem.Soc.,73,1403 (1951). 

b:.D.Cohen and E.Fisher, J.Chem.Soc., 3044 (1962). 

H.S.Gold,C.E.Rechsteiner and R.P.Buck, Anal.Chem.,48, 
1540 (1967). 

M.S.I.Iasoud,~.I.:.Salern and l:.A.El-Henawi, Synth.React.Inorg. 
Met.-0rg.Chem. ,11,577 (1981). 
A.A.14uk and l.i.B.Pravico,Analyt.Chim.Acta, 45,534 (1969). 
J.C.Colleter, Ann.Chim.,5,491 (1951). 
A.Albert and J.N.Phillips, J.Chem.SOc.,l294 (1956). 
t:.S.Masoud and S.S.Haggag, Indian J.Chem.,ZlA, 323 (1982). 
F.G.Brodwel1 and G.D.Cooper, J.hm.Chem.Soc.,74,1058(1952). 
D.H.NcDania1 and H.C.Brown, J.Orq.Chem.,23,420 (1956). ; 
A.S.Shawali and D.I:.Atahou, Can.J.Chem.,54,3260 (1976). 

Date Received: 03/01/88 
Date Accepted: 04/05/88 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


