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Amino derivatives of 4-hydroxyquinazoline quinones were  obtained by the oxidative amina-  
tion of 6-hydroxy-4-quinazolone and 2-phenyl-6-hydroxy-4-quinazolone.  The IR spec t ra  
established that 2,8-dipiperidino(dimorpbolino)-4-hydroxyquinazo!ine 5,6-quinone exists 
in the hydroxy form,  while 2-phenyl-4-hydroxy-8-piper idinoquinazol ine  5,6-quinone can 
exist in both the oxo and hydroxy forms.  

The use of oxidative amination for the synthesis of a new class of heteroeycl ic  quinones - quinazoline 
quinones - w a s  descr ibed in a previous communication [1]. It was shown that 2,8-diaminoquinazoline 5,6- 
quinones are  formed in the oxidation of 2-unsubstituted 6-hydroxyquinazolines with oxygen in the presence  + 
of Cu 2-secondary amine complexes.  The present  paper is devoted to a study of the oxidative amination of 
6-hydroxy-4-quinazolones and to the elucidation of the possibil i ty of amination in the 2 position in the ab- 
sence of substituents. 

It is known that 4-quinazolones exist in the oxo f o r m  [21. However, in analogy with the oxidation of 
6-hydroxy-4-quinolones [3], it can be expected that o-quinones in which the oxo form will be stabilizecl by a 
chelate hydrogen bond will be obtained from I and II. The oxidation of I and II proceeds  only with an equiva- 
lent amount of copper acetate,  which is explained by tying up of copper ions by the quinone formed {see [3]). 
The react ion ra te  depends on the basici ty  of the amine. Thus the oxidation of I in the presence  of morpholine 
proceeds much more  slowly and gives lower yields. To decompose the stable copper complex and isolate 
the free quinones, it is neces sa ry  to acidify the react ion mixture with a s t rong acid (for example, hydro-  
chloric acid). In the oxidation of I and II in the presence  of piperidine, 4 and 3 g-equivalents of oxygen, 
respect ively,  are  absorbed,  which speaks in favor of the amination of I in the 2 posit ion [11. In fact, 2,8- 
dipiperidino-4-hydroxyquinazoline 5,6-quinone (IIIa) and 2,8-dimorpholino-4-hydroxyquinazol ine 5,6-quinone 
(IIIb) are  obtained from I, while 2-phenyl-4-hydroxy-8-piper idinoquinazol ine  5,6-quinone (IIIc) is obtained 
f rom If. 

The o-quinoid structure of IIIa-c was confirmed by their conversion to substituted pyrimido[5,4-a]- 
phenazines (V). Quinones Ill have acidic properties: they are quite soluble in water in the presence of pip- 
eridine or morpholine, while Ilia and IKb are soluble in aqueous sodium bicarbonate solution. Mild alkaline 
hydrolysis of quinones III gives pyrimidine-ring-substituted 6-hydroxyquinazoline 5,8-quinones (VI). 

There is no doubt that, in accordance with our proposed scheme [i], the first step in the oxidative 
amination of 6-hydroxy-4-quinazolones is the formation of 8-amino-4-quinazolone 5,6-quinone. Amination 
in the 2 position in-the case of 6-hydroxyquinazolines is explained by the effect of the C 5 =O carbonyl group. 
Hindrance to nucleophilie attack in the 2 position of quinazoline 5,6-quinones under the influence of a elec- 
tron-donor substituent in the 4 position has been noted. This effect is not observed in the amination of 8- 
amino-4-quinazolone 5,6-quinone, since the latter exists as a chelate copper complex in the reaction me- 
dium and does not contain a free hydroxyl group in the 4 position. The chelate ring of VIII has a pseudo 
aromatic character, which leads to a coordinated electron-acceptor effect of the oxygen atoms attached to 

*See [11 for communicat ion XVII. 
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C 4 and C 5 and creates an electron deficit in the 
2 position. ~ds sort of assumption of the effect 
of the chelate complex is in agreement with the 
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in format ion  on the r e a c t i v i t i e s  of  o ther  che la te  
c o m p l e x e s  [4]. Nuc leoph l l i c  a t tack of the a m i n e  
is h indered  in the ox idat ion  of II probably  b e c a u s e  
of d e l o c a l i z a t i o n  of  the part ia l  p o s i t i v e  charge  
on C 2 owing to the p r e s e n c e  of a phenyl  group.  

It s e e m e d  of i n t e r e s t  to e s t a b l i s h  whe ther  
4 - h y d r o x y q u i n a z o l i n e  quinones e x i s t  in the hydroxy  
f o r m  (III) or  in the oxo f o r m  (IV). For  th is ,  w e  
m a d e  a c o m p a r a t i v e  s tudy of the carbonyl  ab-  
s o r p t i o n  in the IR s p e c t r a  of quinones  IH and p r e -  
v i o u s l y  obtained quinones  (VII) [1], which  do not 
conta in  subs t i tuents  in the 4 p o s i t i o n  (see  Table 1). 

Quinones VIIa and VIIc each  have t w o m a x -  
i m a  at 1600-1700  c m  -1, in both the so l id  s ta te  
and in c h l o r o f o r m  so lu t ions .  The l o w - f r e q u e n c y  
m a x i m a  can be a s s i g n e d  to C~=O, s i n c e  it can 
be e x p e c t e d  that they are  sh i f ted  due to the con-  
tr ibut ion of s t r u c t u r e  A. The h i g h - f r e q u e n c y  
m a x i m u m  of VIIa is sh i f ted  by 19 c m  -1 as c o m -  
pared with  VIIc,  wh ich  ind ica tes  t r a n s f e r  of the 
m e s o m e r i e  e f f ec t  through the p y r i m i d i n e  r ing 
and an apprec iab le  contr ibut ion  of s t r u c t u r e  B 
to the f i r s t  compound.  

0 O 

o-~-  " \ . ~  o~/%N + 

I 

A B 

In comparison with the spectra of Vlla, the 
spectra of quinones Illa and Bib display a pro- 
nounced shift of the high-frequency bands of the 
carbonyl absorption to the long-wave region, and 
only one broad band centered at ~ 1620 cm -I is 
observed in the spectrum of a chloroform solu- 
tion. This reduction in the frequency ~s explained 
by the formation of a chelate hydrogen bond. 

A different pattern is noted for IIIc. The 
spectra of a mineral-oil suspension and of a chlo- 
roform solution differ markedly (Table 1 and Fig. 
I), which indicates a change in the structure of 
the compound. If it is a~sumed that the quinone 

exists in oxo form IVc in the solid state but pri- 
marily in the hydroxy form IIIc in chloroform 

solution, the strong absorption at 1710 cm -i in 

mineral oil can be assigned to C 4=O. The ex- 
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Fig. 1. IR spec t ra  of 2-phenyl-4-  
hydroxy-  8-piperidinoquinazole 5,6- 
quinone 0lIc): 1) in mineral  oil; 2) 
in chloroform;  3) in c h l o r o f o r m -  
20% alcohol; 4) copper complex (IX) 
in mineral  oil. 

istence of an equilibrium that is shifted to favor the hydroxy form 
in chloroform is confirmed by the fact that the spec t rum of IIlc, 
like that of Vilc, does not change substantially when tr iethylamine 
is added to the solution. However, in chloroform containing 20% 
ethanol, IIIc, in contrast  to Ilia, displays a s t rong band at 1715 
cm -1, since a proton-donor  solvent (alcohol) shifts the equilibrium 
to favor oxo form IVc. The weak absorption in the region of the 
s tretching vibrations of the OH and NH groups does not make it 
possible to make the assignments  of the bands in this region for 
I I la-c  in the solid state and in solutions. 

A shift in the frequencies of the carbonyl absorption to the 
shor t -wave region is usually noted on passing f rom chloroform 
solutions to dioxane solutions [3, 5]. The I1R spec t rum of quinone 
Ilia in dioxane is subject to this principle,  while one broad band, 
which is anomalously shifted to the long-wave region, is observed 
for the remaining quinones in dioxane. 
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I R=H; I1 R=C6Hs; HI Vii a R=NR,'2= N(CH2)5; b R=NR~=N(C|I2CH2)20;C R=CGils NR~N(CHj~ 

The reac t ion  of copper acetate with qulnone IKc gave its copper complex (IX). The carbonyl band at 
1710 cm -1 that is re lated toC4=O is absent in the IR spec t rum of this compound in mineral  off. 

Thus it has been established that quinone IIIc, in contrast  to IIla and IIIb, exists in the oxo form in the 
solid state. This is apparently explained by the lower s trength of the in t ramoleeular  hydrogen bond in IlIc. 
It is known that the s t rength of a hydrogen bond is proport ional  to the basiei ty of the carbonyl group [6]. The 
spectra l  data a re  evidence in favor of an appreciable contribution of form B for 2-aminoquinazoline 5,6- 
quinones, and the negative charge on the oxygen attached to C 5 is g rea te r  in IIIa and IIIb than in IIIc;  this also 
explains the great  s trength of the int ramoleeular  hydrogen bond of these qulnones. 

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

The IR spec t ra  of mineral-oil  suspensions were recorded  with a UR-20 speetrophotometer .  The data 
presented in Table 1 re la t ive  to the spec t ra  of solutions were  obtained with chloroform solutions (c 0.01 
m o l e / l i t e r ,  cuvette thickness 0.6 mm) and dioxane solutions (c 0. 005 m o l e / l i t e r ,  cuvette thickness 0.6 ram). 

6-Hydroxy-4-quinazolone.  (I). This compound Was obtained in 94% yield by demethylation of 6-methoxy-  
4-quinazolone with 48% hydrobromic  acid and had mp 339-341 ~ (from alcohol) (rap 340-345 ~ [7]). IR spec-  
t rum (cm-1): 3555 s (OH), 3275 sh, 3170 s (NH), 1673 s (C=O). 

2,8-Dipiperidino-4-hydroxyquinazoline 5,6-Qutnone (IIIa). An-0.81 g (5 mmole) sample of I was added 
to a solution of 0.5 g (2.5 mmole) of cupric acetate in a mixture of 4 ml (40 mmole) of piperidine and 6 ml 
of methanol, and the suspension was s t i r r ed  under oxygen. After 3 h, 230 ml of 02 had been absorbed (the 
calculated value is 224 m]). The react ion mixture was cooled to 5 ~ acidified with 12 ml of 4 N hydrochlor ic  
acid, and extracted with 50 ml of chloroform. The chloroform extract  was washed with three 30~ml aliquots 
of water ,  dried with sodium sulfate, and vacuum evaporated to give 1.28 g (75%) of violet crys ta ls  that were 
quite soluble in alcohol and chloroform,  Moderately soluble in dioxane and benzene, and insoluble in ether 
and petroleum ether and melted at 193-194 ~ (from benzene). Found: C 63.1; H 6.5; N 15.8%. C18H22N403. 
Calculated: C 63.1; H 6.5; N 16.3%. 
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1-Hydroxy-3,5-dipiperidin0pyrimido[5,4-a]phenaztne (Va). This compound was obtained as yellow 
crys ta ls  with mp 239-240 ~ (from dioxane) f rom IIIa and o-phenylenediamine as described in [1]. Found: N 
20.3; 20.6%. C24H26N60. Calculated: N 20.3%. 

2,8-Dimorpholino-4-hydroxyquinazoline5,6-Quinone (IIIb). This compound was obtained by oxidation 
of 0.81 g (5 mmole) of I in the presence  of morpholine as in the prepara t ion of Ilia. After 7 h, 180 ml of O 2 
had been absorbed (the calculated value is 224 ml). The da rk - red  crysta ls  [0.86 g (49%)] had mp 212-214 ~ 
[from ch lo ro fo rm-hep tane  (6 : 1)] and were moderate ly  soluble in chloroform and alcohol, slightly soluble 
in ethyl acetate and benzene, and insoluble in ether and petroleum ether. Found: C 55.7; H 5.1; N 16.2%. 
Ci6HIsN405. Calculated. ~ C 55.5; H 5.2; N 16.2%. 

2-Phenyl-6-hydroxy-4-quinazolone (If). This compound was obtained by demethylation of 2-phenyl- 
6-methoxy-4-quinazolone with 75% sulfuric acid [8]. IR spectrum (em-1): 2600-3400 s, b (OH bond), 3180w, 
(NH), 1660 s (C =O). 

2-Phenyl-4-hydroxy-8-piperidinoquinazoline 5,6-Qulnone (I]Ic). This compound [0.4 g (24%)] was ob- 
tained by oxidation of 1.19 g (5 mmole) of II in the presence of piperidine as in the preparation of Ilia. After 
3 h, 170 ml of O 2 had been absorbed (the calculated value is 167 ml). The brown crystals with mp 260 ~ (dec., 
from chloroform-heptane (2 .~ i)] were moderately soluble in chloroform, dioxane, benzene, and alcohol, and 
insoluble in petroleum ether and ether. Found: C 67.9; H 4.9; N 12.6%. CI9HI?N303. Calculated: C 68.0; 
H 5.1; N 12.6%. Recrystallization from alcohol gave a substance with mp 261 ~ (dec.). Found: C 66.0; H 5.7; 
N 11.2%. C-19HITN303" C2H5OH. Calculated: C 66.1; H 6.0; N 11.0%. 

l-Hydroxy-3-phenyl-5-piperidinopyrimido[5,4-a]phenazine (Vc). This compound was obtained in the 
same way as Va as orange crystals with mp 258-260 ~ (from benzene). Found." N 17.4%. C25H21NsO. Calcu- 
lated: N 17.2%. 

2-Piperidino-4,6-dihydroxyquinazoline 5,8-Quinone (Via). A solution of 0.5 g (12.5 mmole) of NaOH 
in 4 ml of water  was added to a suspension of 1.06 g (3.1 mmole) of IIIa in 15 ml of alcohol, and the mixture 
was s t i r red  at room tempera ture  for 2 h, during which the color of the suspension changed f rom red to b r i ck-  
brown. The react ion mixture was cooled to 5 ~ and acidified with 10.0 ml of 2 N hydrochlor ic  acid. After 
1 h, the precipitate was  removed by filtration, washed with alcohol and ether,  and dried to give 0.41 g (48%) 
of orange crys ta ls  with mp 260 ~ (dec., f rom dioxane) that were modera te ly  soluble in alcohol, dioxane, and 
water ,  and insoluble in chloroform,  benzene, ether,  and petroleum ether. Found: C 56.8; H 5.2; N 15.1%. 
C15Hi3N304. Calculated: C 56.7; H 4.8; N 15,2%. IR spec t rum (em-t): 3262 s (OH bond), 1691 s, 1633 sh 
(C =O). 

2-Phenyl-4,6-dihydroxyquinazoline 5,8-Quinone (Vie). This compound was obtained in 47% yield by 
saponification of IIIc as in the preparat ion of Via. The l ight-yellow crys ta ls  decomposed above 240 ~ (from 
dioxane) and were moderate ly  soluble in methanol and dioxane, and insoluble in chloroform,  benzene, ether,  
and petroleum ether. Found: C 61.0; H 4.3; N 7.8%. C14HsN204" C4H802. Calculated: C 60.7; H 4.5; N7.9%. 
IR spec t rum (era-l): 3100 s, b (OH bond), 1692 s, 1655 w, 1630 m (C=O). 

Copper Complex of 2-Phenyl-4-hydroxy-8-piper idinoquinazol ine  5,6-Quinone (ix). A solution of 0.4 g 
(2 mmole) of cupric acetate in 10 m_l of alcohol was added to a solution of 0.2 g (0.58 mmole) of IIIc in 20 ml 
of chloroform,  and the mixture was s t i r r ed  at 20 ~ for 10 min and washed three t imes with 20-ml portions of 
water ,  during which a precipitate formed f rom the a l c o h o l - c h l o r o f o r m  solution. The precipitate was r e -  
moved by filtration, washed with water ,  and dried over  P205 to give 0.11 g (51%) of a black substance that 
did not change on heating up to 350 ~ and was moderate ly  soluble in alcohol and chloroform. Found: C 58.2; 
H 5.0; Cu 7.7; N 11.4%. C~sH32CuN60 G" 3H20. Calculated: C 58.2; H 4.9; Cu 8.1; N 10.7%. IR spectrum 
(era-l): 3470 s, b (H20) , 1655 sh (H20) 1625 s, b (C=O). 
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