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XXV.* TAUTOMERIC AND COVALENT HYDRATION IN THE 

QUINAZOLINEQUINONE SERIE S 
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The tautomeric  fo rms  of 2-phenyl-4-hydroxy-8-piper id inoquinazol ine-5 ,6-quinone were  
determined quantitatively by means of UV spectroscopy.  It is shown that quinazolinequi- 
nones a re  not capable of covalent hydration. 

Information regarding the electronic spect ra  of quinazoline-5,6-quinones and quinazoline-5,8-quinones 
is absent in the l i terature.  
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It is well known that 4-quinolones and 4-quinazolones exist in the oxo fo rm [2]. However, some 4-  
quinolone-5,6-quinones [3] and 4-quinazolone-5,6-quinones [4] are  found p r imar i ly  in the hydroxy form 
stabilized by an in t ramolecular  hydrogen bond. A compar ison  of compounds I and II shows that the s t rength 
of the hydrogen bond depends substantial ly on the substituent attached to C 2 (compare the effect of substi tu-  
ents attached to C 2 on the carbonyl  frequency in the spec t ra  of quinoline-5,6-quinones [5]). Quinone II exists 
exclusively in hydroxy f rom IIb in both the solid state and in solutions owing to t r ansmiss ion  of the meso-  
m e r i t  effect of the piperidine residue attached to C 2 through the pyrimidine ring; this leads to an increase  
in the basici ty  of the C5=O oxygen atom and re in fo rcement  of the chelate hydrogen bond. In cont ras t  to II, 
the IR spec t rum of quinone I in the solid state at 1600-1800 cm -t contains three maxima; this consti tutes 
evidence in favor  of the oxo form [2, 4]. The group of bands at 3000 cm -1 cannot be unimbiguously assigned 
to associa ted vOH or  VNH bands, but deuteration of I confirms the quinazolone s t ruc ture  of the compound in 
the solid state, inasmuch as  the band at 1552 cm -I, which is re la ted to 6NH, undergoes a low-frequency 
shift, and ND bands appear  at 2176 and 2282 cm -I .  The IR spect rum of a ch loroform solution of I contains 
only two carbonyl  bands; this can be explained by predominance of the hydroxy form.  The addition of etha- 
nol leads to destruct ion of the in t ramolecular  hydrogen bond and to a shift in the equilibrium to favor  the 
oxo form,  the presence  of which is at tested to by the appearance of a third PC=O band at 1712 cm -I. 

The UV spect ra  of lII and IV have four principal  absorpt ion maxima (Table 1). Judging f rom the in- 
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T A B L E  1. A b s o r p t i o n  M a x i m a  in the  S p e c t r a  of  Q u i n a z o l i n e - 5 , 6 -  
quinones 
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* The  c o n c e n t r a t i o n  was  i n c r e a s e d  by a f a c t o r  of 10 in the  m e a s -  
u r e m e n t  of the  s p e c t r a .  

t e n s i t y  and  p o s i t i o n  in v a r i o u s  s o l v e n t s ,  b a n d s  1-3  a r e  due to Ir ~ 7r* t r a n s i t i o n s  [2, 6]. The  i n t r o d u c t i o n  
of a n  e l e c t r o n - d o n o r  s u b s t i t u e n t  a t  C 4 is a c c o m p a n i e d  b y  the  a p p e a r a n c e  of an  a d d i t i o n a l  a b s o r p t i o n  band 
(band 4) [6]. 

The  p r e s e n c e  of c a r b o n y l  g r o u p s  in q u i n a z o l i n e - 5 , 6 - q u i n o n e s  m a k e s  i t  p o s s i b l e  to o b s e r v e  s a t i s f a c -  
t o r i l y  d i s t i n g u i s h a b l e  s i n g l e t  np -~ 7r* t r a n s i t i o n s  due to  the  u n s h a r e d  e l e c t r o n  p a i r  of the  oxygen  a t o m  
(band 5). 

T h e  e l e c t r o n i c  s p e c t r u m  of  H d i f f e r s  f r o m  the  s p e c t r a  of  HI and IV. A s t r o n g  i n t r a m o l e c u l a r  h y d r o -  
g e n  bond l e a d s  to t he  f o r m a t i o n  of a q u a s i - a r o m a t i c  r i ng ,  a s  a r e s u l t  of which  a s t r o n g  b a t h o c h r o m i c  sh i f t  
of  the  p r i n c i p a l  ~r -~ ~ * bands  is  o b s e r v e d .  M o r e o v e r ,  band 3 c o m p l e t e l y  m a s k s  the  o t h e r  l o w - i n t e n s i t y  
t r a n s i t i o n s .  

The  UV a b s o r p t i o n  s p e c t r a  of  s o l u t i o n s  of  I in c h l o r o f o r m ,  d ioxane ,  and  c y c l o h e x a n e - c h l o r o f o r m  
(9 : 1) a r e  s i m i l a r  to  the  s p e c t r u m  of m o d e l  c o m p o u n d  IV; t h i s  is  due to  the  e x i s t e n c e  of  the  q u i n a z o l i n e -  
quinone  in the  h y d r o x y  f o r m .  H o w e v e r ,  on ly  two bands  tha t  c h a r a c t e r i z e  the  a l l o w e d  v --* 7r * t r a n s i t i o n  a r e  
p r e s e n t  in t he  s p e c t r u m  of an  e thano l  s o l u t i o n  of L T h e i r  p o s i t i o n  and i n t e n s i t y  p r o v i d e  e v i d e n c e  fo r  changes  
in  the  s y s t e m  of c o n j u g a t e d  bonds  t h r o u g h  the  p y r i m i d i n e  r i ng  and  c o n f i r m  the  p r e v i o u s l y  d r a w n  c o n c l u s i o n  
r e g a r d i n g  the  e x i s t e n c e  of  I in t he  oxo f o r m .  An  i s o p i e s t i c  p o i n t  a t  296 n m  is  o b s e r v e d  fo r  the  s p e c t r a  of I 
in c h l o r o f o r m - e t h a n o l  m i x t u r e s .  It w a s  shown by  a known m e t h o d  [7] tha t ,  depending  on the  p e r c e n t a g e  
o f  e t h a n o l  in c h l o r o f o r m  , the  a m o u n t  of h y d r o x y  f o r m  Ib p r e s e n t  in a 3 �9 10 -5 M s o l u t i o n  a t  24 ~ is a s  fo l lows :  
0(96},5 (92), 10 (81) ,20 (68) ,40 (48), 60 (29) ,and  80 ( 6 ) [ v o l u m e p e r c e n t o f e t h a n o l  ( p e r c e n t  of  the  h y d r o x y f o r m } ,  
a v e r a g e  0f two p a r a l l e l  m e a s u r e m e n t s ] .  The  r e s u l t s  o b t a i n e d  c o r r e l a t e  w e U w i t h  r e s p e c t  to the  IR s p e c t r a .  

Q u i n a z o l i n e s  a r e  h y d r a t e d  a t  the  C4-----N3 bond in a c i d i c  m e d i a ,  and  th i s  c a u s e s  a h y p s o c h r o m i c  sh i f t  of 
t he  l o n g - w a v e  m a x i m u m  in the  UV s p e c t r u m  [8]. The  i n t r o d u c t i o n  of  e l e c t r o n - a c c e p t o r  s u b s t i t u e n t s  into 
t he  5 - 8  p o s i t i o n s  l e a d s  to  an  i n c r e a s e  in the  d e g r e e  of h y d r a t i o n  [9]. 
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T A B L E  2. UV S p e c t r a  of 6 - H y d r o x y q u i n a z o l i n e s  (V,VI) and Qui -  
n a z o l i n e - 5 , 8 - q u i n o n e s  (VII-X) 
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Fig. i. UV spectra of 2-phenyl-6- 
hydroxyquinazoline in water (I) and 
in 0.05 N HC1 (2) and  of 2 - p b e n y l -  
6 - h y d r o x y q  u i n a z a l i n e - 5 , 8  -qu  inone 
in w a t e r  (3) and in 0.05 N HCI (4). 

A c o m p a r i s o n  of the  UV s p e c t r a  of 6 - h y d r o x y q u i n a z o l i n e s  V 
and VI and q u i n a z o l i n e q u i n o n e s  V I I - X  in n e u t r a l  and a c i d i c  m e d i a  
(Table  2 and F i g .  1) s h o w s  t ha t  6 - h y d r o x y q u i n a z o l i n e  (V) [10] and  
2 - p h e n y l - d - h y d r o x y q u i n a z e l i n e  Wt), which  a r e  u n h y d r a t e d  iu neu-  
t r a l  so lu t ion ,  add  w a t e r  du r ing  p r o t o u a t i o n .  In c o n t r a s t  to t hem,  
q u i n a z o l i n e q u i n o n e s  VI I - IX  do not  d i s p l a y  the  c h a n g e s  ta the  IJv 
s p e c t r a  t ha t  a r e  c h a r a c t e r i s t i c  f o r  c o v a l e n t  h y d r a t i o n  on p a s s i n g  
f r o m  n e u t r a l  to a c i d  s o l u t i o n s .  

The  UV s p e c t r a  of VII and  VIII  in n e u t r a l  and a l k a l i n e  m e d i a  
do not  d i f f e r ,  and  t h e y  c o n s e q u e n t l y  ca lmot  be  h y d r a t e d  in the  f o r m  
of n e u t r a l  m o l e c u l e s .  The  h y p s o c h r o m i c  sh i f t  of the  l o n g - w a v e  
m a x i m u m  in a c i d i c  m e d i a  of V, VII,  and  VIII  of 14 nm is  a p p a r e n t l y  
e x p l a i n e d  by  the  t a u t o m e r i c  c o n v e r s i o n s  XI ~- XII, i n a s m u c h  a s  th i s  
e q u i l i b r i u m  de pe nds  on the  pH of the  m e d i u m .  The  UV s p e c t r u m  of 
IX. which  is  i n c a p a b l e  of  ~ a u t o m e r t c  ~ r a n s f o r m a t i o n s ,  does  not 
change  on p a s s i n g  f r o m  n e u t r a l  to a c i d  so lu t i ons ,  
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The  f ac t  t ha t  the  s p e c t r a  of VII  and VIII  in n e u t r a l  s o l u t i o n  do not  d i f f e r  f r o m  the  s p e c t r a  of  IX and X 
a l s o  c o n s t i t u t e s  e v i d e n c e  in f a v o r  of the  e x i s t e n c e  of the  XI ~- XII e q u i l i b r i u m .  Compound  X w a s  u s e d  a s  
the  s t a n d a r d ,  i n a s m u c h  a s  i t  is  known tha t  i t  is  not  h y d r a t e d  a t  the  C4=N ~ bond.  

Thus quinazolinequinones VII-IX are incapable of covalent hydration, This probably depends on steric 
and polar effects leading to migration of the eleetrophilic center of quinazoline-5,6-quinones from C 4 to 
c 2 [ii. 

The authors thank Dr. Armarego of the Australian National University in Canberra for his valuable 
comments during discussion of problems associated with covalent hydration. 

EXPERIMENTAL 

The investigated substances were previously synthesized in [4]. The IR spectra of mineral-oil sus- 

pensions and  s o l u t i o n s  in c h l o r o f o r m  and  in a 10% s o l u t i o n  of c h l o r o f o r m  in e thano l  ( s a m p l e  c o n c e n t r a t i o n  
0.1 m o l e / l i t e r ,  cuve t t e  t h i c k n e s s  0.6 ram) w e r e  r e c o r d e d  with  a UR-Z0 s p e c t r o m e t e r .  Compounds  I and  II 
w e r e  d e u t e r a t e d  by  m e a n s  of  1320 f o r  7 d a y s  wi th  p e r i o d i c  r e m o v a l  o f  the  h e a v y  w a t e r  in vacuo  and a d d i t i o n  
o f  new p o r t i o n s .  T h e  UV s p e c t r a  w e r e  m e a s u r e d  w i th  a S p e e o r d  U V - v i s  s p e e t r o p h o t o m e t e r .  
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Measurement  of the Percen tages  of the Hydroxy~Form of I. The solution concentrat ion was 3 �9 10 -5 M. 
The measuremen t s  were  made at 311 nrn (the absorpt ion maximum of the hydroxy form).  On the basis of the 
]1% spec t ra l  data, it was a s sumed  that the extinction of the substance in ethanol cor responds  only to the oxo 
fo rm and that the extinction in ch loroform cor responds  only to the hydroxy form; the formula  for  the ca lcu-  
lation therefore  was in the fo rm 

(e--80 ). I00 
9o 0fthehydr~ form - ~h-eo 

where ~ is the extinction of the substance in c h l o r o f o r m - e t h a n o l ,  8 o is the extinction of the substance in 
ethanol, and 8 h is the extinction of the substance in chloroform.  

The percentage of the hydroxy fo rm in ch loroform was de te rmined  f rom the extinction of model com-  
pound IV at the absorpt ion maximum (311 nm). The rat io of the extinction of IV and I in chloroform and in 
c h l o r o f o r m - e y c l o h e x a n e  (I_ : 9) was 1,46 at this wavelength. The extinction for  100% of the hydroxy form 
was calculated f rom these data. 

The covalent hydration of 6-hydroxyquinazolines and quinazoline-5,8-quinones was detected f rom the 
change in the UV spect ra  of samples  in a l c o h o l - w a t e r  (1 : 1) and in a l c o h o l - 0 . 1  N hydrochlor ic  acid (1 : 1) 
because  of the inadequate solubilit ies of the substances in water  (3 �9 10 -5 M). P re l iminary  experiments  
showed that the spec t ra  of 6-hydroxyquinazoline in water  and in 50% alcohol a re  pract ical ly  the same.  The 
UV spect ra  of VII and VIII in a l c o h o l .  0.1 N sodium hydroxide (1 : 1) were recorded;  under these conditions, 
IX and X were  saponifie d. 

LITERATURE CITED 

i. Yu. S. Tsizin, Khim. Geterotsikl. Soedin., 1253 (1974). 
2. Katritsky (editor), Physical Methods in Heterocyelie Chemistry, Academic Press (1974)o 
3. M.E. Pudel' and Yu. S. Tsizin, Khim. Geterotsikl. Soedin., 1112 (1970). 
4. Yu. S. Tsizin, N. B. Karpova, and I. E. Shumakovieh, Khim. Geterotsikl. Soedin., 836 (1972). 
5. Yu. S. Tsizin, Khim. Geterotsikl. Soedin., 1700 (1973). 
6. A. Stern and K. Timmons, Electronic Absorption Spectroscopy in Organic Chemistry [Russian trans- 

lation], Mir, Moscow (1974), pp. 130, 131. 
7. O.V. Sverdlova, Electronic Spectra in Organic Chemistry [in Russian], Khimiya, Leningrad (1973), 

p. 178. 
8. A. Albert and W. L. F. Armarego, Advances in Heterocyclie Chem., 4, 1 (1965). 
9. W.L.F. Armarego and J. T. Smith, J. Chem. Soe., B, 449 (1967). 

i0. W.L.F. Armarego, J. Chem. Soc., 561 (1962). 

1374 


