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The ionization constants  of 2 -R-4-qu inazo lones  (where R = H, CH3, phenyl,  N-pyr ro l id iny l ,  
o r  ~ -pyr idy l ) ,  and of 4 -R-2-qu inazo lones  (where R = H, phenyl,  and N-pyrro l id inyl ) ,  have 
been m e a s u r e d .  The po la rographic  reduction potentials  of the cor responding  2 - R - 4 - c h l o r o -  
quinazolines and 4 -R-2-ch lo roqu inazo l ines  have been determined.  A sa t i s f ac to ry  re la t ion  
between the El/2 of 2 -R-4-ch lo roqu inazo l ines  and the pKa for  the r emova l  of a p ro ton  f r o m  
2-R-4-qu inazo lones  has  been found. 

We have desc r ibed  in previous  communica t ions  [2, 3] the synthes is  and reac t ions  of some  2 ,4-d isub-  
st i tuted quinazolines.  In the course  of this work,  we repea ted ly  obse rved  d i f fe rences  in behavior  r e l a t ed  to 
the subst i tuents  in the 2-  and 4-posi t ions .  These  observa t ions  led us to examine in detail  the effects  of 
subst i tuents  in the quinazoline sys tem.  F o r  this purpose ,  we m e a s u r e d  the ionization constants  of the quin- 
azolones and the po la rograph ic  reduct ion potent ia ls  of the chloroquinazol ines .  The influence of the sub-  
s t i tuents ,  as r e la ted  to the i r  dono r - accep t o r  p r o p e r t i e s ,  is seen  with pa r t i cu l a r  c la r i ty  in the 4-quinazolone 
s e r i e s ,  which is dealt  with m o r e  fully than the cor responding  2-quinazolone s e r i e s  (in view of the difficulty 
of synthes iz ing  some  compounds of this se r i e s ) .  

In a s e r i e s  of 2 -R-4 -qu inazo lones ,  the subst i tuents  a r e  a r r anged  in the following o rde r  with r e s p e c t  
to the i r  effect  on proton e l iminat ion (in o rde r  of inc reas ing  acidity): N-pyr ro l id iny l ,  methyl ,  phenyl,  and 
y - p y r i d y l .  Theunsubst i tu ted  compound (R = H) occupies a posit ion between the methyl  and phenyl de r i v a -  
t ives .  C o m p a r i s o n  of the pK a values  (see Table  1) shows that ,  in the r e m o v a l  of a proton,  the N - p y r r o l i -  
dinyl group s tands out as a +M subst i tuent ,  methyl  as a +I ,  phenyl as a - I ,  and ~/-pyridyl as a - I  and p e r -  
haps  a - M  subst i tuent .  In the loss  of a proton f r o m  the 2-quinazolones ,  the effect  of subst i tuents  (N-py r ro -  
lidinyl and phenyl) on the pK a values  is s imi l a r .  

These  subst i tuents  have a somewhat  different  effect  on the addition of a proton. The pKa of 4-quin-  
azolone (proton addition) is 2.10, and of 2-phenyl -4-quinazolone  2.43, i .e . ,  h igher  than the pKa of the unsub-  
s t i tuted 4-quinazolone.  Thus the phenyl group he re  behaves  as a weak +M substi tuent .  The pKa of 2 - ~ -  
pyr idy l -4 -qu inazo lone  is 3.33, and of 2 -N-pyr ro l id iny l -4 -qu inazo lone ,  4.68. In these  cases ,  both the ni -  
t rogen  a tom of the quinazolone r ing,  and also the n i t rogen of the subst i tuents ,  can function as bas ic  cen te r s .  
The pK a values  of 2-quinazolone and of 4-phenyl -2-quinazolone  a re  1.34 and 1.87, r e spec t ive ly ,  and the 
values  for  4 -N-pyr ro l id iny l -2 -qu inazo lone  a r e  2.11 and 7.44. F r o m  the chemica l  p rope r t i e s  of 4 - N - p y r r o -  
l id inyl -2-quinazolone (it f o r m s  a sa l t  with acet ic  acid), we may  a s sume  that the pKa value of 7.44 r e l a t e s  
to the addition of a proton,  and the pKa of 2.11, to the addition of a second proton.  Thus,  the value of 7.44 
doubtless r e l a t e s  to the addition of a proton to the n i t rogen of the pyr ro l id ine  r ing,  while the value of 2.11 
r e f e r s  to protonat ion of the n i t rogen in the quinazolone ring. 

We c l ea r l y  see  the effects  of the subst i tuents  on the values  of the ha l f -wave  potentials  in the p o l a r -  
ographic  reduct ion  of the 2-  and 4-chloroquinazol ines .  The ehloroquinazol ines  were  obtained f r o m  the 
quinazolones [2, 4] by t r e a t m e n t  with phosphoryl  chlor ide  [5]. The he te rocyc le  in these  compounds has the 

* F o r  pa r t  XII, see  [1]. 
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Fig. 1. IR s p e c t r u m  of 4-quin-  
azolone inthe  1490-1700 em -1 
region.  

pyr imid ine  s t ruc tu re .  The re la t ive  abil i ty to undergo reduct ion depends 
on the value of the 6 + charge  on the carbon a tom bear ing  the chlorine 
a tom.  If the subst i tuents  a re  a r r anged  according  to the i r  abil i ty to 
move the reduct ive  potent ial  of the chloro compounds toward negat ive 
va lues ,  they have the following order :  ~/-pyridyl,  < phenyl < H < me th -  
yl < N-pyr ro l id iny l .  It is in teres t ing  that  the value of El/2 for  the 2 - R -  
4-chloroquinazol ines  c o r r e l a t e s  sa t i s fac to r i ly  with the value of the pK a 
for  the p r o c e s s  of proton r e m o v a l  f r o m  the 2 -R-4-qu inazo lones ,  the 
co r r e l a t i on  coeff icient  r being 0.93, with s c a t t e r  value s = 0.442. The 
c o r r e l a t i o n  between values of the pK a for  the 4-quinazolones (proton 
remova l )  and the ha l f -wave  potent ia ls  for  the 4-chloroquinazol ines  is 
expl icable  in t e r m s  of the r e m o v a l  of a proton f r o m  the quinazolones,  
and the addition of e l ec t rons ' i n  the po la rographic  reduct ion of the chloro 
compounds,  being in the final analysis  dependent on the value of the 5 + 
charge  on the fourth carbon a tom of the quinazoline ring. 

We see f r o m  Table 1 that  the 2-quinazolones a r e  both weaker  
bases  and weaker  acids than the cor responding  4-quinazolones.  The 
i s o m e r i c  2(4)-quinazolones differ  in that ,  in the 4-quinazolones,  the 
C = O group is adjacent  to the benzene r ing and is conjugated with both 
the r ing  and the ni t rogen a tom,  while in the 2-quinazolones the oxygen 
a tom and the two ni t rogen a toms occupying the 1 and 3 posi t ions a r e  
next to one another  and f o r m  a r e sonance - s t ab i l i z ed  s y s t e m  with the 

par t ic ipa t ion  of both the ni t rogen a toms in the conjugation. This conjugation is p robably  a lso  the r eason  
fo r  the weakening of both the bas ic  and acidic p r o p e r t i e s  of the 2-quinazolones.  IR spec t roscopy  should be 
a method of definitely conf i rming  this.  Because  of the low solubil i ty of the quinazolones in the appropr ia t e  
organic  so lvents ,  the IR s p e c t r a  were  taken in the c rys ta l l ine  s ta te ,  and, t he r e fo re ,  in te rpre ta t ion  of the 
bands is only quali tat ive.  Neve r the l e s s ,  the absence  of bands in the 3600-3500 cm -1 region,  and the p r e s -  
ence in all  the compounds of a v e r y  s t rong,  broad band (at 1700-1650 cm -1) leaves  no doubt that all  the 
compounds,  in the c rys t a l l i ne  s ta te ,  p o s s e s s  to a g r e a t e r  or  l e s s e r  extent the po la r i zed  amide s t ruc tu re  
r a t h e r  than a hydroxy s t ruc tu re .  (In addition to this band, the s p e c t r u m  also shows both a high intensi ty 
amide  band at 1650 c m  -1, and a band due to the - C = N -  group at 1610-1590 e m  -l .  See Fig. 1.) The spec -  
t r u m  of 2-quinazolone shows a c l ea r  band at 3430 cm -1 which may  be ass igned to the f ree  NH group, which 
is not hydrogen bonded. Bands due to the bound NH group a re  a lso  p resen t .  Bands due to the f r ee  NH group 
a re  not seen  in 4-quinazolone,  i .e . ,  in the c r y s t a l s  of 4-quinazolone the molecu les  a re  assoc ia ted  through 
hydrogen bonds to a g r e a t e r  extent than in 2-quinazolone.  This is pe rhaps  connected with the g r e a t e r  degree  
of po lar iza t ion  of the amide  group in 4-quinazolone in compar i son  with 2-quinazolone.  This is also shown 
in the s p e c t r u m  of 4-quinazolone by the p r e s e n c e  of weak bands at 2700-2600 cm -1. S imi la r ,  but v e r y w e a k  
bands also appear  in the subst i tuted 2-quinazolones ,  indicating the po la r iz ing  effect  of the subst i tuents .  
Compar i son  of the IR data for  the quinazolones with the po la rographic  reduct ion potentials  for  the ch loro-  
quinazolines shows that ,  as expected,  the g r e a t e r  po lar iza t ion  of the C=O bond in 4-quinazolone,  compared  
with 2-quinazolone,  r e su l t s  in g r e a t e r  ease  of reduct ion of the 4 -ch loro  compound. 

The unusual effect  of the phenyl subst i tuent  of the ac id -base  p r o p e r t i e s  of both the quinazolone i so-  
m e r s  should be noted. In 2-phenyl -4-quinazolone  and 4-phenyl -2-quinazolone ,  both the acidic and the bas ic  
p r o p e r t i e s  a r e  i nc reased  in compar i son  with the cor responding  unsubsti tuted compounds.  The r eason  for  
the change in the d i rec t ion of the m e s o m e r i c  effect  is ,  apparen t ly ,  that  in the acid or the conjugate quin- 
azolone base ,  the e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of the quinazoline r ing a r e  substant ia l ly  increased .  

EXPERIMENTAL 

The pK a values of the quinazolones were measured spectrophotometrieally in aqueous solution at a 

concentration of 4.10 -5 M on an SF-4 spectrophotometer. The pK a values for unsubstituted 2- and 4-quin- 
azolones were obtained from the literature [6]. These compounds were used as checks. We see from Table 

1 that the agreement between our results and those given in the literature is fully satisfactory. 

Polarographic reduction of the ehloroquinazolines at the dropping mercury electrode was carried out 
in dimethylformamide solution, using tetr~ethylammonium iodide as the base, at a chloroquinazoline con- 
centration of 2 �9 10 -3 M relative to the mercury background. The polarogram was obtained on an LP-60 po- 

larograph. 
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The IR spectra  were taken on an IKS-14 spectrophotometer as pastes in Vaseline oil (NaC1 prisms),  
and in perfluorocarbon oils (LiF prisms). 
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