
I N V E S T I G A T I O N  O F  H E T E R O C Y C L I C  Q U I N O N E S  

XIX.* SYNTHESIS AND PROPERTIES OF 2-PHENYL-4-  

METHOXYQ UINAZOLINE QUINONES 

Yu .  S. T s i z i n  a n d  N. B.  K a r p o v a  UDC 547:856' 864.07 

A number of substituted 2-phenyl-4-methoxyquinazoline quinones were synthesized from 
2-phenyl-4-methoxy-6-hydroxyquinazol ine  by oxidative amination. Two i somer ic  sub- 
stances,  to one of which an o-quinoid s t ructure  was assigned, were isolated in the prep-  
aration of 2-phenyl-4-m ethoxy-6-anilinoquinazoline 5,8 ~luinone. 

The application of oxidative amination to 6-hydroxyquinazolines makes a new class  of heterocycl ic  
quinones - quinazoline quinones [2] - accessible .  Within our plan to synthesize compounds containing 
s t ruc tura l  elements responsible for antibiotic activity [3], we obtained a number of ?-phenyl-4-n~ethoxy- 
6-aminoquinazoline 5,8-quinone derivatives (VII) and studied some propert ies  of 4-methoxyquinazoline 
quinones; in part icular ,  we made a qualitative est imate of the ease of nucleophilic attack at C 4. 

2-Phenyl-4-methoxy-6-hydroxyquinazol ine  (I) was oxidized with oxygen in the presence  of piperidine 
and cupric acetate to 2-phenyl-4-methoxy-8-piperidinoquinazol ine 5,6-quinone (II) in 82% yield. Compound 
II displays the usual proper t ies  of amino-o-quinones:  it forms 1-methoxy-3-phenyl-5-piper id inopyr imido-  
[5,4-a]phenazine (III) with o-phenylenediamine, undergoes reductive acetylation on reaction with zinc dust 
and acetic anhydride, and has two charac ter i s t ic  bands at 1600-1700 cm -t in its IR spectrum. It might 
have been expected that the carbonyl groups in quinone II, which have a pronounced effect on the dis tr ibu-  
tion of the electron density in the pyrimidine ring [2], facilitate nucleophilic attack at C 4. However, r e -  
placement of the methoxy group by piperidine does not occur  under either the oxidation conditions or  on 
prolonged refluxing of an alcohol solution of quinone II with piperidine. The methoxy group is not involved 
in the alkaline saponification of II, and 2~phenyl-4-methoxy-6-hydroxyquinazoline 5,8-quinone (V) is formed. 
Saponification of the methoxy group occurs  only under acid hydrolysis  conditions. It is known that 4 -meth-  
oxyquinazolines are  converted to 4-quinazolones by the action of acids [4]. We car r ied  out the acid hydrol-  
ysis  of quinones II and V, and, for comparison,  the hydrolysis  of the s tar t ing 6-hydroxyquinazoline (I). 
Monitoring with th in- layer  chromatography (TLC) on sil icic acid demonstrated that complete hydrolysis  
of I to 2-phenyl-6-hydroxy-4-quinazol ine occurs  only af ter  refluxing for 2 h in aqueous alcoholic hydro-  
chloric acid. Under these conditions, quinones II and V are also saponified, while 2 h are  required for the 
complete saponification of V. Heating of II in aqueous alcoholic hydrochlor ic  acid for 10 rain leads to a 
mixture of V and VI, f rom which the lat ter  quinone was isolated in ~50% yield. Thus the presence  of a 
quinoid ring is not reflected substantially in the react ivi ty of the 4 position of the quinazoline ring. 

The method that we developed in [3] was used to convert  II to VII. Quinone II gives 2-phenyl-4,6-  
dimethoxyquinazoline 5,8-quinone (IV) when it is heated in methanol in the presence  of concentrated sul-  
furic acid. The 6-methoxy group in quinone IV is readily replaced by an amine residue on react ion with 
p r imary  and secondary amines.  The react ion proceeds at room tempera ture  with piperidine, methylamine , 
and butylamine, but proceeds on heating with a weaker base - morpholine. A second quinone, which is 

* See [1] for communication X-VIII. 
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TABLE 1. N-Subs t i t u t ed  2 - P h e n y l - 4 - m e t h o x y - 6 - a m i n o q u i n a z o l i n e  

5,8-Q u inone  s* 

C o m -  
p o u n d  

VIIa 
VIIb 
Vllc 
VIld 
Vile 
VI.f 

TABLE 

mp, ~ (crystallization sol- 
vent) 

Empirical - c 
formula 

Found, % 
H 

I8G--I84' (benzene -hexane, 1 : 1) CeoHl�NaO3 
2i10'--2d 21 (benzene) C,sHITNsO4 
1,84--1i85 (alcohol - water, 1 : 1) CI�HtsNaOa 
262--264 (dioxane) i Cl6Hi~NaOa 
241--2~' (benzene) [ C~lHlsNaOa 
244--245 (chloroform - hexane, 2 : 1) ] C21HlsNaOa 

�9 ' I 

1 (continued) 

O8,9 5,6 
6,5,2 5,3 
67,5 5,7 
65,0 4,7 
70,6 4,4 
70,8 4,3 

C o m -  
p o u n d  

Vlla 

Vllb 

VIIc 

VlId 

VIIe 

VlIf 

Calc., %. 

C H 

C~8,8 5,5 

65,0 5,0 

67,8 5,4 

6,5,1 4,4 

79,7 4,2 

70,7 4,2 

12,0 

12,0 

I2,5 

i4,3 

11,8 

11,8 

IR spectrum at 3200- 
3600 and 1600-1700 
cm-1 

1,676 
163~2 (C=O) 
I684 
16215 (C=O) 
3358, 3250 b (Nt1) 
16182, 1635 (C--O) 
33,42 (NH) 
1686, 1650sh (C=O) 
3.336 (.NH) 
1093, 1633 (C=O) 
3612 vw 3356 (OH) 
1,575, (C=O), 1640: (C~N) 

12,2 
12,0 
12,2 
14,3 
11,6 
11,3 

UV spectrum, kma x, , ~ield, 
mm (log s) 

220 (4,38), 245 sh 14,12), 
3,i0, (4,3~), 350 (4,11) 
220 (4,33), 245 sh (4.12), 
303. (4,29), 36,0 (4,I6,) 
220 (4,31}, 253 sh (4,14), 
300 (4,36), 348 (4,26) 
220 (4,28), 258 sh :4,15), 
300 (4,33), 349 (4,25) 
220 (4,23), 257 (4,13), 
307 (4,17), 350 (4,03) 
220 (4,49), 283 (4,34), 
304 (4,36), 355 (4,23) 

80 

89 

45 

63 

18 

55 

* A b b r e v i a t i o n s :  b is broad,  sh is shou lde r ,  and vw is v e r y  weak.  

2 groups a 
V~cH% fO---CH~ 

. .  If I 
A/L c . - ~  Tm 

~ i  J , ,-- 
9,178,55 7,68 6,45 4,34 0 p p m  

1. CHC~a b 
2 groups t 

G~T~1~ /~ 

A_ 
CH-7 TMS 

t , -  
8y63 7,50 6,47 4~34 0 ppm 

Fig. I. PMR spectra in CDCI3: 
a) 2-phenyl-4-methoxy- 6- anilino- 
quinazoline 5,8-quinone (Vile); 
b) 2-phenyl'4-methoxy- 8-hydroxy- 
qu inazo l ine  5 ,6 -qu inone  6 - a n i l  
vIIf). 

detec ted  in the f i l t r a t e  by TLC,  i s  f o rmed  along with the m a j o r  p r o d -  
uct  (which p r e c i p i t a t e s ) i n  the r e a c t i o n  of IV with m e t h y l a m i n e  and 
b u t y l a m i n e .  T r e a t m e n t  of IV with a lcohol ic  a m m o n i a  g ives  a m i x -  
t u re ,  f rom which ind iv idua l  s u b s t a n c e s  could not be i so la ted ;  TLC 
d e m o n s t r a t e d  the p r e s e n c e  of qu inone  V and a n o t h e r  t h r e e  m o r e  
po l a r  s u b s t a n c e s  with low Rf va lues .  I n t e r e s t i n g  r e s u l t s  w e r e  ob-  
t a ined  in the r e a c t i o n  of IV with an i l i ne .  The r e a c t i o n  does not p r o -  
ceed in m e t h a n o l  even  on heat ing .  B r i e f  re f lux ing  of IV in ace t ic  
ac id  with 20% excess  a n i l i ne  g ives  a m i x t u r e  of two s u b s t a n c e s  [VIIe 
and vIIf ,  by TLC with c h l o r o f o r m - m e t h a n o l  (20 : 1): Rf 0.45 and 
0.60, r e spec t i ve ly ] ,  which was s e p a r a t e d  c h r o m a t o g r a p h i c a l l y  on 
s i l i c i c  acid .  Heat ing  of IV in ace t ic  ac id  with 3 mo le  of a n i l i n e  g ives  
VIIf and t r a c e s  of VIIe. Compounds  VIIe and VIIf have c lose  m e l t i n g  
points  (241-243 and 243-245 ~ r e s p e c t i v e l y ) .  T h e i r  UV s p e c t r a  d i f fe r  
app rec i ab ly ,  and t h e i r  IR s p e c t r a ,  a l though they a r e  c lose ,  d i sp lay  
d i s t i nc t  d i f f e r ences  at  3300-3600 and 1600-1700 cm -1 (see Tab l e  1). 
The e l e m e n t a r y  a n a l y s e s  of the two s u b s t a n c e s  fit e m p i r i c a l  f o r m u l a  

C21H15N303, which c o r r e s p o n d s  to 2 - p h e n y l - 4 - m e t h o x y - 6 - a n i l i n o q u i n -  
azo l ine  5 ,8 -qu inone  (VIIe). Quinone  VIIf is g r a dua l l y  c o n v e r t e d  to 

VIIe on hea t ing  in ace t i c  acid ,  which is r e a d i l y  o b s e r v e d  by m e a n s  of TLC,  The product  of the c o n v e r s i o n  
of VIIf was i so l a t ed  by m e a n s  of p r e p a r a t i v e  TLC on s i l i c i c  ac id  and was ident i f ied  f rom the IR s p e c t r u m  
as VIIe. 

We a s s u m e d  that  t a u t o m e r i c  r e l a t i o n s h i p s  ex is t  be tween  the compounds  obta ined  and that  one of t hem 
has a p -qu ino i d  s t r u c t u r e ,  whi le  the o the r  has an  o -qu ino id  s t r u c t u r e  (VIIe and VIIf, see the s c h e m e  
below).  It is known that  a m i n o -  and hydroxyquinones  c a n  exis t  in  two t a u t o m e r i c  f o r m s  [5]. As a 
ru le ,  one i s o m e r  ex i s t s  in the so l id  s t a te .  A c o m m u n i c a t i o n  r e g a r d i n g  the i so l a t i on  of both t a u t o m e r s  
of h y d r o x y c a r b o s t y r y l  qu inone  a p p e a r e d  orgy r e c e n t l y  [6]; un fo r tuna t e ly ,  exhaus t ive  proof  of  the s t r u c -  
t u r e s  of the i s o m e r s  was not p r e s e n t e d  in  th is  p a p e r .  In the case  of VIIc-e ,  the o -qu ino id  f o r m  can  
be s t a b i l i z e d  through the f o r m a t i o n  of a che la te  hydrogen  bond.  In  the 6 - a n i l i n o q u i n o n e  t he r e  is an 
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additional possibility of stabil ization of the o-quinoid s t ruc ture  
group of the aniline residue with the heteroring 

N(CH2) 5 

(viii) through conjugation of the phenyl 

0 OCH 3 

I II I11 V I I f  

O O C H ~  O ~ ~  O OH 

cu3o . ~ N  no ~,N 

O O 0 O 
VII a - c  IV V Yl 

a R--N(CH2)5; b R~N(CH2CH2)20 ; C R=HNC4Hg-n ; d R=NHGH3; C R=NHCsH 5 

The PMR spectra  (Fig. 1) of VIIe and VIIf were recorded to establish their  s t ruc tures .  Both sub- 
stances display singlets that correspond to the protons of the methoxy group and protons attached to C 7 as 
well as multiplets at 7.6 and 8.6 ppm that correspond to the protons of the aniline residue and the phenyl 
group attached to C 2. In addition, the PMR spectrum of VIIe has a signal at 9.17 ppm, which can be assigned 
to the proton attached to the nitrogen atom of the aniline residue,  which confirms the p-quinoid s t ruc ture  of 
Vile. The signal f rom the S-OH proton of VIIf is situated at 7-7.5 ppm [7] and is overlapped by a multiplet 
from the phenyl protons.  With this sor t  of interpretat ion of the PMR spectra,  the bands in the IR spect ra  
of these compounds can be assigned as indicated in Table 1. The IR spectrum of VIIf contains bands of the 
stretching vibrations of free and associated OH groups, just as in the case of 8-hydroxyquinoline and its 
derivatives [8]. 

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

The PMR spectra  of deuteroehloroform solutions of the compounds were obtained with an RS-60 
spec t romete r  (60 MHz)with tetramethylsilane(TMS) as the internal standard. The UV spect ra  of alcohol 
solutions were recorded  with a UnicamSP 800 spectrophotometer .  The IR spect ra  of mineral-oi l  suspen- 
sions were obtained with a UR-20 spectrophotometer .  Monitoring of the course  of the reactions and de ter -  
mination of the purity of the substances were accomplished by th{n-layer chromatography (TLC) on silicic 
acid with c h l o r o f o r m - m e t h a n o l  (20 : 1) (the c h l o r o f o r m - m e t h a n o l  rat io for V and VI was 2 : 1). The color-  
less  substances were developed in iodine vapors  or  in UV light. 

2-Phenyl-4-methoxy-6-hydroxyquinazol ine  (I). A 2-g (6.7 mmole) sample of 2 -pheny l -4 -ch lo ro -6-  
acetoxyquinazoline [9] was added to a solution of sodium methoxide obtained from 0.46 g (0.02 g-atom) of 
sodium and 20 ml of methanol, and the mixture was refluxed for 2 h, diluted with 100 ml of water, t reated 
with charcoal ,  and neutral ized with acetic acid. The precipitate was removed by filtration, washed with 
water,  and dried to give 1.3 g (77%) of a color less  substance that was quite soluble in methanol, acetone, 
alcohol, and ethyl acetate, moderate ly  soluble in benzene, and insoluble in petroleum ether,  and ha d m p  
219-220 ~ [from ethyl ace t a t e -hep tane  (1 : 2)]. Found: C 71.8; H 4.8; N 11.3%. CisHi2N202 . Calculated: 
C 71.4; H 4.8; N 11.1%. 

2-Phenyl-4-methoxy-8-piper idinoquinazol ine  5,6-quinone (II). A 1.26-g (5 mlnole) sample of I was 
oxidized with oxygen in methanol in the presence  of 20 mmole  of piperidine and 0.05 g of cupric acetate 
via the method descr ibed in [2] to give 1.38 g (79%) of red c rys ta l s  that were quite soluble in alcohol, ace-  
tone, chloroform,  dioxane, and ethyl acetate,  moderably soluble in methanol and benzene, and slightly so l :  
uble in ether,  and had mp 192-193 ~ (dec., from benzene). IR spectrum, cm-l :  1688, 1624 (C =O). UV spec-  
t rum,  kmax, nm (log ~): 220 (4.36), 272 (4.23), 308 (4.27), 360 (4.10). Found: C 69.1; H 5.4; N 12.0%. 
C20H19N303. Calculated: C 68.8; H 5.5; N 12.0%. 

1-Methoxy-3-phenyl-5-piperidinopyrimido[5,4-a]phenazine (III). This compound was obtained as 
yellow crys ta l s  with mp 216-217 ~ (from ethyl acetate) via the method in [2] from II. Found: C 73.9; H 5.4; 
N 16.6%. C26H23NsO. Calculated: C 74.1; H 5.5; N 16.6%. 
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2-Phenyl-4-methoxy-5,6-diacetoxy-8-piperidinoquinazoline. A mixture of 0.35 g (i mmole) of If, 
25 ml of acetic anhydride, 2 ml of pyridine, and 2 g of zinc dust was refluxed for 10 min, during which the 
solution became colorless. The reaction mixture was cooled, the zinc dust was removed by filtration, and 
the filtrate was vacuum-evaporatedto dryness. The residue was extracted with dioxane, and water was 
added to the extract until crystallization commenced to give 0.4 g (92%) of light-yellow crystals with mp 
187-189 ~ (from aqueous di~)xane) that were quite soluble in alcohol, slightly soluble in.benzene, and insol- 
uble in water. IR spectrum, cm-l: 1756 (C =O). Found: C 66.1; H 6.1; N 9.7%. C24H26N305. Calculated: 
C 66.0; H 6.0; N 9.6%. 

2-Phenyl,4-methoxy-6-hydroxyquinazoline 5,8-quinone (V). A solution of 0.4 g (10 mmole) of sodium 
hydroxide in 2 ml of water was added to a suspension of 0.7 g (2 mmole) of II in 10 ml of alcohol, and the 
mixture was stirred at 20 ~ for 1.5 h and neutralized with 3 ml of 4 N hydrochloric acid. The precipitate 
was separated, washed with water, and dried to give 0.47 g (83%) of yellow crystals that were quite soluble 
in acetone, ethyl acetate, chloroform, di0xane , moderately soluble in benzene, and had mp 201-203 ~ (from 
benzene). IR spect rum,  era-l: 3170 s (associated OH), 1690, 1643 (C =O). Found: C 64.3; H 4.1; N 10.1%. 
CisHi0N204. Calculated: C 64.1; H 3.7; N 9.9%. 

Saponification of 2-Phenyl -4-methoxy-6-hydroxyquinazol ine  (I). A 0.018-g (0.07 mmole) sample of I 
was refluxed in a mixture of 0.08 ml of 4 N hydrochlor ic  acid and 0.5 ml of methanol. After  2 h (as moni-  
toried by TLC every  20 rain), I (Rf 0.7) was conferred to 2-phenyl-6-hydroxy-4-quinazoloue [1] (Rf 0.5). 

2-Phenyl-4,6-dihydroxyquinazol ine 5,8-quinone (VI). A) A suspension of 0.7 g (2 mmole) of II in a 
mixture  of 8 ml of methanol and 2 ml of 4 N hydrochlor ic  acid was refluxed for 10 rain. The substance 
initially dissolved, and a precipitate formed after  5 rain. The suspension was cooled, and the precipitate 
(a mixture of quinones V and VI) was separated.  Quinone V was extracted with 40 ml of hot benzene. The 
benzene solution contained V [Rf 0.8 in c h l o r o f o r m - m e t h a n o l  (2: 1)]. The insoluble portion was removed 
by fil tration and dried to give 0.24 g (46%) of'VI as light-yellow c rys ta l s  that were modera te ly  soluble in 
methanol, alcohol, acetone, and dioxane, and insoluble in benzene and chloroform, and had Rf 0.5. After 
recrystallization from dioxane, the product decomposed above 240 ~ and was identical (with respect to the 
IR spectra and Rf values) to the substance obtained in [i]. IR spectrum, cm-1:3100 b (associated OH), 
1692, 1655, 1630 (C =O). Found: C 61.0; H 4.3%. CI4HsN304. Calculated: C 60.7; H 4.5%. 

B) A suspension of 0.28 g (I mmole) of V was refluxed in a mixture of 4 ml of methanol and 1 ml of 
4 N hydrochloric acid for 2 h. The mixture was cooled, and the precipitate was removed by filtration and 
worked up as described in method A to give 0.24 g (88%) of product. 

2-Phenyl-4,6-dimethoxyquinazoline 5,8-Quinone (IV). A l-g (2.86 mmole)sample of II in a mixture of 
i0 ml of methanol and 0.5 ml of concentrated sulfuric acid was refluxed for I0 rain and cooled. The result- 
ingprecipitate was separated, washedwith 5 ml of methanol and 5 ml of ether, and dried to give 0.6 g (71~) of 
yellow crystals with mp 275-277 ~ (dec., from dioxane) that were quite soluble in ~hloroform and dioxane 
and moderately soluble in methanol and ethyl acetate. II~ spectrum, era-i: 1690, 1653 (C =O). Found: 
C 64.7; H 4.4; N 9.3%. CI6HI2N204. Calculated: C 64.8; H 4.1; N 9.4%. 

N-Substituted 2-Phenyl-4-methoxy-6-aminoquinazoline 5,8-Quinones (VIIa-d). A mixture of 3 mmole 
of IV, 9 mrnole of amine (6 mmole in the case of butylamine), and 20 ml of methanol was stirred at 20 ~ (un- 
der reflux in the case of morpholine) until the mixture no longer gave the color reaction for methoxyquin- 
ones with cyanoacetic ester and ammonia [I0], The precipitate was separated, washed with methanol and 
ether, dried, and recrystallized. Quinones VII are red or dark-red crystals that are moderately soluble 
in alcohol, chloroform, and benzene, and insoluble in ether and petroleum ether. Quinone VIId was insol- 
uble in alcohol and benzene and moderately soluble in chloroform and dioxane. The characteristics of the 
compounds obtained are presented in Table i. 

Reaction of IV with Aniline. A) A mixture of 0.90 g (3 mmole) of IV and 0.3 ml (3.6 mmole) of aniline 
in 30 ml of acetic acid was refhLxed until it no longer gave a reaction for IV (~30 rain), and it was then 
evaporated in vacuo to dryness. The residue was chromatographed with a column (2.5 by 30 cm) filled 
with silicic acid with elution initially with 200 ml of benzene followed by 200 ml of chloroform. The ben- 
zene eluate was evaporated to give 0.5 g (55%) of VIii with mp 243-245 ~ [from chloroform-hexane (2 : I)] 
and Rf 0.60. The chloroform eluate yielded 0.20 g (18%) of Vile with mp 241-143 ~ (from benzene) and Rf 
0.45 (see Table I). 
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B) A 0.27-g (0.9 mmole) sample of IV and 0.25 ml (2.7 mmole) of aniline in 9 ml of acetic acid were 
refluxed for 40 rain, and the mixture was cooled and diluted with 50 ml of water.  The precipi tate  was 
separated,  washed with water,  and dried to give 0.25 g (78%) of VIIf with Rf 0.60. 

Conversion of Quinone VIIf to VIIe. A solution of 0.02 g of VIIf in 1 ml of acetic acid was refluxed 
for 2 h and cooled. Chloroform (10 ml) was added, and the chloroform solution was washed with water  
until it was neutral  (twice with 5-ml portions).  It was then dried with sodium sulfate and evaporated. The 
residue (a mixture of quinones VIIf and VIIe) was subjected to prepara t ive  chromatography on a loose layer  
of silicic acid with elution with c h l o r o f o r m - m e t h a n o l  (20 : 1) to give 0.005 g of a substance with Rf 0.45 
that was identical to VHe according to the IX spectra .  
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