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The UV absorp t ion  s p e c t r a  of imidazo[4,  5-f]quinoline and i t s  qua t e rna ry  sa l t s  were  examined.  The causes  
of the  deve lopment  of l uminescence  in solut ions of the qua te rna ry  sa l t s  of imidazo[4,  5-f]quinoline were  
e lucidated.  

With the objec t  of s tudying in f u r t he r  de ta i l  the  p r o p e r t i e s  of imidazo[4,  5-f]quinoline,  caused  by the effect  of the 
n i t rogen  a tom of the  quinoline r ing  [1], i t s  UV absorp t ion  and luminescence  s p e c t r a  were  examined.  
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Fig.  I .  Absorpt ion  s p e c t r a  in methanol :  
(a) imidazoquinol ine  (In); (I0) 2 - m e t h y l -  
3-phenyl imidazoquinol ine  (Ie); (e) 3-  
benzyl imidazoquinol ine  (M); (d) 2, 3-  
d imethyl imidazoquinol ine  (]]3); (e) 2-  
me thy] -3 -pheny lnaph tho imidazo le  (If). 

The absorp t ion  of imidazo[4,  5- j ]quinol ine  (I) is  c h a r a c t e r i z e d  by the p r e s e n c e  of two in tense  m a x i m a  in the 
middle  u l t r av io l e t :  a shor twave  peak  (kmax =252, Ige  =4.82) and a l o n g . a v e  peak  (kmax =315 nm, l oge  =3.82) which 
subs tan t ia l ly  d i f fer  in width and in tensi ty .  The genera l  contour  of the curve  r e s e m b l e s  the absorp t ion  curve of 
naphtho[1, 2 -d ] imidazo le  (II) with the d i f fe rence  that the longwavc absorp t ion  band of I and of i ts  3 -subs t i tu ted  
d e r i v a t i v e s  has  a h igher  in tens i ty  (Fig. 1). The broad  longwave absorp t ion  band in the imidazo[4,  5-f]quinoline s e r i e s  
combines ,  a s  i t  we re ,  s e v e r a l  of the absorp t ion  m a x i m a  of naphthot[1, 2 -d ] imidazo te ,  is  apparen t ly  analogous to the 
B-band of benz imidazo te  [2],and p robab ly  in t roduces  the B-band analogous to the B--band of benz imidazo le .  

The sha rp  enhancement  of the in tens i ty  of the longwave band of imidazoquinol ine  compared  with the longwave 
absorp t ion  of II ind ica tes  that  i t  is  to a cons ide rab le  extent  due to the effect  of the quinoline N-atom.  A s i m i l a r  
i n c r e a s e  in in tens i ty  of the B-bands  on introducing a N-he te ro  a tom into an a roma t i c  hydroca rbon  has been obse rved  
p r e v ious ly  [3, 4]. Enhancement  of the in tens i ty  of the longwave absorp t ion  and i ts  ba thochromic  shif t  occurs  on 
subst i tu t ing  a CH of the  benzene  nucleus  in  benz imidazo le  by a n i t rogen  a tom [5]. In acid med ia  and in the qu a t e rna ry  

*For  pa r t  I, see  [6]. 
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sa l t s  (HI) the  longwave band of imidazoquinol ine  shows a s t rong  ba thochromic  shift  (~50 nm) (Fig. 2) which conf i rms  
i ts  c lose  connect ion with the  quinoline N-a tom,  s ince p rev ious ly  [6] i t  has  been shown that  protonat ion  in the 
imidazoquinol ine  s e r i e s  o c c u r s  at  the quinoline ring. A s i m i i a r  p i c tu re  of a ba thoehromie  shift  of the longwave band 

in acid  
N ~ H  

i x 
CH a 

III a R=H,  X = f :  b R=C6H s, X---C6HsS-Oa; c R=C6HsCH 2, X=C6HsS-O 3 

media  is  obse rved  in all  s i x - m e m b e r e d  n i t rogen  h e t e r o c y c l e s  with a s ingle he t e roa tom [7-12] .  Thus the longwave 
absorp t ion  of the imidazoquinol ines  is  a ~ *  t r ans i t i on  band of the conjugated bond s y s t e m  of the whole molecule  
modif ied  by the quinoline and imidazo le  he te ro  a toms.  
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Fig.  2. Absorpt ion  s p e c t r a  of the qua t e rna ry  
sa l t s  of imidazoquinol ine  and the f r ee  b a s e s  
in methanol :  (a) imidazoquinol ine  (la); (b) 
2, 3 -d imethy l imidazoquino l ine  (]b); (c) iodide 
of 6 -N-methy l imidzaoqu ino l ine  (Ilia); (d) 
benzenesul fonate  of 6 - N - m e t h y l - 3 - b e n z y l -  
imidazoquinole  (life); (e )benzenesul fonate  
of 6 -N-me thy l -3 -pheny l imidazoqu ino l ine  (IIIb). 

The shortwave absorption band I (kmax =250 nm) is probably also a ~ ~*band, since it differs in character 
from the "imidazole" band of benzimidazole situated in the same region of the spectrum [2]. Since salt formation at 
thu quinoline nitrogen sharply reduces the basicity of the imidazole ring (the pKa of the iodide of 6-N- 
methylimidazoquinoline is 1.86 according to our results), a hypsochromie shift would be expected for the imidazole 
band of imidazoquinoline in acid media and in the quaternary salts, as occurs for the 5-nitrobenzimidazoles [12-14], 
whereas the absorption at 250-255 nm in acid solutions and in the quaternary salts shows a marked bathochromic 
shift. Intense absorption in this region is characteristic for other trieyclic aromatic hydrocarbons and their aza 

analogs [3]. 

Attention is  drawn to the l a rge  ba thochromic  shift  of the longwave band in the s p e c t r a  of the qua te rna ry  sa l t s  
compared  with the absorp t ion  of the f r ee  base ,  but in the imidazo[4,  5-f]quinoline s e r i e s  th is  quest ion has  not been 
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cons ide red  p rev ious ly .  In a pape r  by E. Spinner [15] a ba thochromic  shift  in the s p e c t r a  of pyr id ine  sa l t s  is  
explained on the b a s i s  of an assumpt ion  of e l ec t ron  mig ra t ion  (for the N-*  V t rans i t ion)  towards  the r ing  ni t rogen 
atom (or group N+H). We a s s u m e  it  is  pos s ib l e  to apply s i m i l a r  i deas  to explain the cause  of the ba thochromic  shift  in 
the s p e c t r a  of imidazoquinol ine  q u a t e r n a r y  s a l t s .  

It i s  known that  the  pro ton  donor  and pro ton  a c c e p t o r  p r o p e r t i e s  of molecu les  of quite d i f ferent  compounds can 
a l t e r  under  the ac t ion of l ight  [16-23] .  In luminescence  s tudies  in the ac r id ine  and quinoline s e r i e s  i t  was also noted 
that the luminescence  y ie ld  and the luminescence  and absorp t ion  s p e c t r a ,  depended on the pH of the medium,  in which 
the molecu le  i s  in the ionized o r  unionized s ta te  [22, 24-27] .  I nc rea se  of the d i f fe rence  in the  pKa constants  of the 
ground and exci ted  s t a t e s  on i nc r ea s ing  the  d i e l e c t r i c  cons tant  of the solvent ,  which i s  o b s e r v e d  fo r  5, 6 -  
benzoquinol ine,  c lo se ly  s i m i l a r  in  s t r u c t u r e  to I, ind ica tes  that  a p o l a r  envi ronment  f a c i l i t a t e s  the t r ans i t i on  of 
exc i ted  mo lecu l e s  into po la  r ,  m o r e  pro ton  accep to r  f o r m s ,  which a lso  affects  the  shif t  of the equi l ib r ium toward  the 
cat ionic  fo rm of the subs tance  [23]. 

Since an i n c r e a s e  in the va lues  of the ba thochromie  shi f ts  in the s p e c t r a  of the ca t ions  of quinoline, 5, 6- 
benzoquinol ine,  and a c r i d i n e  is  o b s e r v e d  toge ther  with an i n c r e a s e  in the  proton accep to r  p r o p e r t i e s  of these  
compounds in the  exc i t ed  s t a te ,  then it may  be  a s sume d  tha t  in a number  of imidazo[4,  5-f]quinothles  t h e r e  also o c c u r s  
an i n c r e a s e  in b a s i c i t y  in the exc i t ed  s t a t e  of the  molecu le .  A reduc t ion  of the exci ta t ion  energy in the  cat ion of 
imidazoquinot ine  is  expla ined by  the fact  that  the  pos i t ive ly  cha rged  n i t rogen a tom p r o m o t e s  a shif t  of e l ec t ron  charge  
in the s ame  d i r ec t ion  as does absorp t ion  of a photon. 

A ba thochromic  shif t  of the absorp t ion  in the s p e c t r a  of qua t e rna ry  s a l t s  i s  a precondi t ion  fo r  the development  
of  l u m i n e s c e n c e  in view of the  approach  of the  absorp t ion  towards  the  v i s i b l e  region .  In fac t  the qua t e rna ry  sa t t s  of 
imidazoquinol ine  a r e  c h a r a c t e r i z e d  by  in tense  luminescence  (Fig.  3). The luminescence  s p e c t r a  of methanot  so lu t ions  
p o s s e s s  a s ingle  high in tens i ty  max imum in the  20,150-20,600 cm -1 (458-496 nm) region.  The luminescence  in tens i ty  
no t iceably  f a l l s  when subs t i tu ten ts  a r e  not p r e s e n t  at pos i t ion 3 of the imidazo le  r ing.  
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Fig,  3. Luminescence  s p e c t r a  of the qua t e rna ry  
sa l t s  of imidazoquinol ine  in methanol :  (a) 
iodide of 6 -N-methy l imidazoqu ino l ine  (IIIa); (b) 
benzenesul fonate  of 6 - N - m e t h y l - 3 - p h e n y l i m i d a z o -  
qulnotine (IIIb); (c) benzene sutfonate  of 6 -N- rne thy l -  

3 -benzy l imidazoquino l ine  (IIIc). 

The deve lopment  of luminescence  in III can be  explained in the following way. 

The in tense  long, r ave  abso rp t ion  of the imidazoquinot ines ,  due to a ~ ~ ,~* t r ans i t ion ,  is  not accompanied  by  
l uminescence  in consequence  of a t r an s i t i on  f rom the exci ted  ~,~* leve l  to the n~ *, with a subsequent  r ad i a t i on l e s s  
t r ans i t i on  to the  ground s ta te .  It is  known that  on n --~ ~* exci ta t ion  in s i x - m e m b e r e d  n i t rogen  he t e roxye l e s  a change 
occur s  in the type of hybr id iza t ion  of the N-he te ro  atom. If the o r b i t a l s  of the n i t rogen a tom a r e  approx ima te ly  
Sp 2 hybr id ized ,  then in the exci ted  s ta te  an i n c r e a s e  in the  S - c h a r a c t e r  of the o rb i t a l  of each of the n i t rogen  5-bonds  
occu r s  due to  a d e c r e a s e  in the  S - c h a r a c t e r  of the  o r b i t a l s  of the  unsha red  p a i r  of e l ec t rons  [28]. The change in 
c h a r a c t e r  of the  n i t rogen  G-bonds is  obse rved ,  the S - c h a r a c t e r  of the  o rb i t a l  of each of these  or-bonds i n c r e a s e s ,  the  
CNC angle i n c r e a s e s , a n d  the p ropo r t i on  of S - c h a r a c t e r  of the o rb i tMs  of the n i t rogen  unshared  e l ec t rons ,  fo rming  

the d o n o r - - a c c e p t o r  bond, is  d e c r e a s e d .  
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This analogy in the processes of n-- ~* excitation and complex formation of six-membered heterocycles indicates 
that the principal cause of radiationless loss of energy is a change in the type of hybridization of the N-hetero atom in 
the n~* state. 

During i r r a d i a t i o n  of the qua t e rna ry  sa l t ,  absorp t ion  of energy  is  excluded owing to a change in hybr id iza t ion  of 
the N-he te ro  a tom,  s ince  in the qua t e rna ry  s ta te  the  l a t t e r  has  app rox ima te ly  the  s a m e  hybr id iza t ion  as  in the exci ted  
s ta te .  In addit ion an i r r e v e r s i b l e  lo s s  of energ5 r i s  excluded on a change of hybr id iza t ion  type of the N-he te ro  atom, 
which b r ings  about deve lopment  of l uminescence .  

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

The e l ec t ron i c  absorp t ion  s p e c t r a  of methanol  so lu t ions  at concen t ra t ions  1 . 1 - 1 . 8 -  10 -5 M were  m e a s u r e d  on an 
SF-4A spec t ropho tome te r .  

The l uminescence  s p e c t r a  were  m e a s u r e d  at T 293 ~ K on a ISP-51 s p e c t r o g r a p h  with a F E P  at tachment .  The 
r e l a t ive  in tens i ty  was m e a s u r e d  with r e s p e c t  to a s t andard  luminophor  "aquo-blue ."  The de ta i l s  of the method a re  
d e s c r i b e d  in r e f e r e n c e  [30]. 
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