
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  

XX.* N-SUBSTITUTED 2-PHENYL-4-AMINOQUINAZOLINEQUINONES 

N .  B .  K a r p o v a  a n d  Y u .  S .  T s i z i n  UDC 547.728.2' 856:542.943 

Oxidation of 4 - subs t i tu ted  2-phenyl -6-hydroxyquinazo l ines  with oxygen in the p r e s e n c e  of 
a Cu 2 + -  seconda ry  amine  complex  gave N-subs t i tu ted  2 -pheny l -4 ,8 -d iaminoqu inazo l ine -5 ,6 -  
quinone s,  which f o r m  diquinazolino [6,5-d:8' ,  7' -b ] fu ran-  7, 8-quinone s on acid hydro lys i s .  

Within our plan for  the fu r the r  study of oxidative amination,  we c a r r i e d  out the oxidation of a s e r i e s  
of 2 -pheny l -6 -hydroxyquinazo l ines  (I) containing,  in the 4-posi t ion,  amino groups  with d i f ferent  degrees  of 
subst i tut ion.  The oxidation of I occurs  with a ca ta ly t ic  amount  of copper  aceta te  and g ives  quinones II 
(Table 1). In c o n t r a s t  to 4 -amino-6 -hydroxyqu ino l ines  [2], the oxidation of Ia is not accompanied  by  tying 
up of the copper  ions by the reac t ion  product .  This is poss ib ly  explained by weakening of the chelate  p rop -  
e r t i e s  of aminoquinone IIa as c o m p a r e d  with the quinoline analog under  the influence of the accep to r -n i t r o -  
gen a tom in the 3 posi t ion.  

Quinones containing ident ical  s econda ry  amine  r e s idues  in the 4 and 8 posi t ions ,  for  e x a m p l e , I I c  and 
IIe, can be obtained by oxidation of 2 -pheny l -4 -ch lo ro -6 -ace toxyqu inazo l ine  (II1) in the p resence  of an ex -  
cess  of the appropr ia t e  am i nes .  

R' 0 R' CI 

H O ' ~ j ~ N  0 ~ " ~  N C H 3 C O O ~ N  

NR~ 
I II I I I  

R'~'~N , ~  c~H5 O R" O NICH2) 5 

0 0 

IV V VI  

I :  R'-NH~; b R'=n-C4HgNH; C R'=N(CHa)2: (] R':N(CHIICH2)20; e R'-N(CH2) 5 

Quinones II a re  br ight ly  co lo red  subs tances  ( f rom light r ed  to d a r k - c h e r r y  red) that  a re  stable on 
s to rage  in the da rk .  The IR s p e c t r a  of the compounds contain c h a r a c t e r i s t i c  bands at 1500-1700 cm - l ,  
while the s p e c t r a  of IIa,b a lso  contain bands of NH s t re tch ing  v ib ra t ions .  The i r  or tho-quinoid s t ruc tu re  
is conf i rmed  by  the format ion  of phenazine de r iva t ives  IV by the ac t ionofo -pheny lened iamine .  Compounds 
II a re  read i ly  saponified to the co r respond ing  6-hydroxyquinazol ine-5 ,8-quinones  (V) by mi ld  alkaline 
hydro lys i s ;  V are  also capable  of giving phenazine de r iva t ives  (IVc) with o -phenylened iamine .  

The behav io r  of quinones II in acidic media  was studied in the case  of 2 -pheny l -4 ,8 -d ip ipe r id ino-  
quinazol ine-5,6-quinone (IIe). 2 -Pheny l -4 -p ipe r id ino -6 -me thoxyqu inazo l ine -5 ,8 -qu inone  (VI) is obtained 
when IIe is heated in methanol  in the p r e s ence  of concen t ra ted  sulfur ic  acid (compare  with [1]). Hydro ly-  
sis ofquinone He in a l c o h o l - 2  Nhydroch lo r i c  acid (refluxing for  30 min) gives a mix ture  f r o m  which 

*See [1] for  communica t ion  XIX. 
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Fig.  1. PMR s p e c t r u m  of 1 ,9-d ip iper id ino-  
3,11 -d iphenyl -5-hydroxydiquin  az olin o [6,5-d: 
8' ,  7 ' - b ] fu r an -  7,8-quinone (VII). 

1,8 

3,78 

A 

8,g,3 ?'~ 6,0 II 
.Zl.aI.JL  
6 ~ ~ ~ ~ ~ ~ ' 1 o ppm 

Fig.  2. PMR s p e c t r u m  of 2 -pheny l -4 ,8 -  
dipiper idinoquinazol ine-5,6  -quinone (IIe). 

quinone Vc (Rf 0.2) was i so la ted  in a yield of about 70% 
along with a substance  with Rf  0.9. A substance  with Rf  
0.9 was obtained in 20-25% yield by heating IIe for  5 h in 
d i o x a n e - 4  Nhydroch lo r i c  acid (1 : 1). According to th in-  
l a y e r  ch roma tog raphy  (TLC), acid hydro lys i s  of quinone 
Vc under  these conditions gives s i m i l a r  r e su l t s .  

The ch romatograph ica l ly  pur i f ied substance  with 
Rf  0.9 was obtained as violet  c r y s t a l s  that  decomposed  
above 270 ~ . The IR s p e c t r u m  of the compound (in ch lo ro -  
form) contains bands at 3385 (OH), 1689 and 1650 (CO) 
cm -I (at 3353, 1685, and 1650 c m  -1 in the s p e c t r u m  of a 
mine ra l  oil suspension) .  Since this compound gives a 
b r igh t -ye l low phenazine der iva t ive  (VIII) on reac t ing  
with o-phenylenediamine ,  an or tho-quinoid s t ruc tu re  was 
ass igned  to it .  The p resence  of a phenolic hydroxyl  group 
is conf i rmed  by the chemica l  p rope r t i e s  of the compound. 
It is insoluble in aqueous alkali ,  only s l ight ly soluble in 
alcohol,  but quite soluble in alcoholic KOH and p r e -  
c ip i ta tes  when the solution is acidif ied.  The action of 
acet ic  anhydride gave an acetyl  der iva t ive ,  the IR s p e c -  
t r u m  of which does not contain absorpt ion at 3300-3600 
cm -~ but does contain a band at 1770 cm -1 (acetyl group).  

The m a x i m u m  peak in the m a s s  s p e c t r u m  of the substance  co r r e sponds  to the mo lecu l a r  ion (M ~) 
with m / e  636, while the intense peak  with m / e  318 co r r e sponds  to the doubly charged  m o l e c u l a r  ion (M243. 
The e l e m e n t a r y  ana lys i s  also co r r e sponds  s a t i s f ac to r i l y  to e m p i r i c a l  fo rmula  C38H32N604 (tool. wt. 
636.72). The r e l a t ive ly  weak peak with m / e  619 in the m a s s  s p e c t r u m  c o r r e s p o n d s  to de tachment  of a 
hydroxyl  group f rom the s ta r t ing  mo lecu l a r  ion. The more  intense peaks  with m / e  608 and 607 are  also 
fo rmed  f r o m  the molecu la r  ion as a r e su l t  of the loss  of 28 and 29 m a s s  units (CO and CHO). El iminat ion  
of these  pa r t i c l e s  (OH, CO, and CHO) is a c h a r a c t e r i s t i c  f ragmenta t ion  p roce s s  of phenols .  The f r agmen t  
peak with m / e  580 is explained by s inml taneous  expulsion f rom M + of two CO groups .  This p r o c e s s  is 
c h a r a c t e r i s t i c  for the f ragmenta t ion  of quinones [3]. The peak with m / e  559 is of only sl ight  in tensi ty  
and c o r r e s p o n d s  to de tachment  of a phenyl ion with m / e  77. The loss  of a piper idine r ad ica l  f rom M + is 
conf i rmed  by the p re sence  in the s pec t rum  of a me tas tab le  M* peak with m / e  481. This p roce s s  leads 
to s imul taneous  format ion  of f r agmen t s  with m / e  552 (M + -  84) and m / e  84. Thus the m a s s  spec t rum 
showed that  the substance  with Rf  0.9 is a d imer iza t ion  product ,  that it contains piperidine and phenyl 
res idues  and a phenolic hydroxyl  group,  and that it has a quinoid s t ruc tu r e .  

The PMR s p e c t r u m  of the compound in t r i f luoroace t ic  acid is quite s imple  (Fig. 1). The mul t ip le t  
at 5 2.08 ppm shows that  the f l ,T-pro tons  of the two piperidine res idues  (12H) are  a lmos t  equivalent;  the 

protons of one piper idine res idue  show mul t ip le ts  at 3.81 (2H) and 4.08 (2H) ppm, while those of the 
second are  at  4.59 (4H) ppm (compare  with the PMR s p e c t r u m  of s t a r t ing  quinone IIe, Fig.  2). The two 
mul t ip le ts  at  7.77 and 8.21 ppm with an a r e a  ra t io  of about 6 : 5 c o r r e s p o n d  to the protons of two phenyl 
groups and another  single a rom a t i c  proton.  The PMR s p e c t r u m  of the acetate  of this compound in t r i -  
f luoroacet ic  acid shows,  in addition to the s ignals  of protons of piper idine (12H +2H + 2H + 4H) and 
phenyl (6H + 4H) r e s idues ,  the s ingle t  of a methyl  group of an aceta te  grouping at 2.74 ppm (3H) and an 
a roma t i c  proton a t  8.82 ppm (1H). The s ignal  of the a roma t i c  proton is shifted to weak field because  of 
the p resence  of an acetoxy group in the o-pos i t ion .  

On the bas i s  of the data p r e sen t ed  above,  the 1 ,9-d ip iper id ino-3 ,11-d iphenyl -5-hydroxydiquinazol -  
ino[6 ,5 -d :8 ' ,7 ' -b ] fu ran-7 ,8 -qu inone  s t ruc tu re  (VII) was ass igned  to the compound.  According to TLC, 
deeply colored products  with high R f  values  a r e  also fo rmed  in the acid hydro lys i s  of  the o ther  quino nes (II). 

Since quinone IIe is ini t ia l ly conver ted  to Vc on acid hydro lys i s ,  the fo rmat ion  of VII can be de-  
picted as indicated in the scheme on the following page.  

I t  is "known that  under  conditions of acid ca ta lys i s  2 -hydroxy- l ,4 -naph thoquinones  undergo a r e a c -  
tion of the crotonic  condensat ion type with aldehydes [4, 5]. It is e x t r e m e l y  l ikely that  the f i r s t  s tep in the 
fo rmat ion  of VII f r o m  Ve is a s i m i l a r  condensat ion,  in which a second molecule  of quinone en te r s  into the 
reac t ion  as the carbonyl  component .  
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I l e ~  V c 

Cell I - -  (CH2)sN~ ~, 1 
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c6.5 _, c0"5>=_. / _ _  __N 
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VII ~ VIII 

The known c a s e s  of d imer iza t ion  of hydroxyquinones lead to di f ferent  polycycl ic  s y s t e m s  [6, 7], 
while the d imer iza t ion  that  we detected is obse rved  here  for  the f i r s t  t ime .  

(c"~,N%~N~_.C N_ 
"C6H,, 

IX 

It  should be noted that  a l te rnat ive  s t ruc tu re  IX does not con t rad ic t  the data obtained in es tabl ishing 
s t ruc tu re  VII .  We cons ider  it  to be l ess  l ikely,  since it should be s t ra ined .  

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

The IR spec t r a  of m i ne ra l  oil suspens ions  were  r eco rded  with a UR-20 spec t ropho tome te r .  The 
P1VIR s p e c t r a  in deu te roch lo ro fo rm (quinone IIe) or  in t r i f luoroace t ic  acid (VII and i ts  acetate) were  r e -  
corded with a JNM-4H-100  s p e c t r o m e t e r  (100 MHz) with t e t ramethy l s i l ane  as the in terna l  s tandard .  The 
m a s s  s p e c t r u m  was r eco rded  with a Hitachi RMU-6D s p e c t r o m e t e r .  The reac t ions  were  moni tored  and 
the pur i t ies  of the quinones were  de te rmined  by TLC on s i l ic ic  acid with a c h l o r o f o r m - m e t h a n o l  (20 : 1) 
sy s t em;  b e n z e n e - e t h y l  aceta te  (1 : 1) was used for  phenazine VIII .  

Oxidation of N-Substi tuted 2 -Pheny l -4 -amino-6 -hydroxyqu inazo l ines  (Ia-e) .  A 10-mmole sample  of 
I [8] was introduced into a solution of 0.01 g of copper  aceta te  in a mix ture  of 15 ml of methanol  and 60 
mmole  of secondary  amine,  and the mixture  was s t i r r e d  in an oxygen a tmosphe re  until gas  absorpt ion 
ceased .  The prec ip i ta te  was r e m o v e d  by f i l t ra t ion,  washed with alcohol and e ther ,  and c rys t a l l i zed  
(Table 1). 

Oxidation of 2 -Pheny l -4 -ch lo ro -6 -ace toxyqu inazo l ine  (III). A 3.0-g (10 mmole)  sample  of III [8] was 
added to a solution of 1 g (5 mmole)  of copper  aceta te  in a mixture  of 15 ml  of methanol  and 6 g (70 mmole)  
of piper idine [or 3.6 g (78 mmole)  of d imethylamine] ,  and the suspension was s t i r r e d  in an oxygen a t -  
mosphere  until  gas absorpt ion ceased  (about 3 h). The mix ture  was f i l te red  to r e m o v e  a smal l  amount  of 
solid, and the f i l t ra te  was cooled to 5 ~ acidified with 4 N HC1, and ex t r ac t ed  with ch lo ro fo rm (three t imes  
with 30 ml  al iquots) .  The ch lo ro fo rm e x t r a c t  was  washed with wafe r  (three t imes  with 10-ml samples ) ,  
dr ied  with sodium sulfate,  and vacuum evapora ted .  The res idue  was then c rys t a l l i zed  (Table 1). 

3 -Pheny lpyr imido  [5,4-~]phenazines (IVa-c).  A 0.26-g (2.4 mmole)  sample  of o-phenylenediamine  
was added to a hot solution of 2 mmole  of quinone IIa (or IIe, Vc) in 5-10 ml  of a mixture  of alcohol and 
acet ic  acid (1:1) ,  and the mix ture  was ref luxed for  10 rain and allowed to stand for  2 h. The prec ip i ta te  
was then r emoved  by f i l t ra t ion .  If no prec ip i ta te  fo rmed ,  the mix tu re  was diluted with wafe r  and ne u t r a l -  
ized with ammonia .  The prec ip i ta te  was separa ted ,  dr ied,  and c rys t a l l i zed .  All of the phenazines were  
yellow crys ta l l ine  subs tances  (Table 1). 

Alkaline Saponification of Quinones II.  A solution of 1.2 g (30 mmole)  of sodium hydroxide in 15 ml  
of w a t e r  was added to a suspension of 3.75 mmole  of quinone I Ia  (or IIc, IIe) in 30 ml  of alcohol,  and the 
mix tu re  was s t i r r e d  at 20 ~ for  2 h.  The s ta r t ing  quinone d isso lved  init ial ly,  and the sodium sa l t  of the 
hydroxyquinone then prec ip i ta ted  gradual ly .  The suspension was acidified with 10 ml  of 4 N HC1, and the 
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prec ip i t a t ed  6-hydroxyquinazol ine-5 ,8-quinones  (Va,c,e) were  r e m o v e d  by f i l t ra t ion,  washed with wate r ,  
dr ied,  and c r y s t a l l i z e d  (Table 1). 

2 -Phenyl -4-p iper id in .o -6-methoxyquinazo! ine-5 ,8 -qu inone  (VI). A 1.0-g (2.5 mmole)  s ample  of quin- 
one IIe was ref luxed for  40 min in a mix tu re  of 10 ml  of methanol  and 0.5 ml  of concent ra ted  sulfur ic  acid, 
during which the red  co lor  of the solution changed to orange .  The mix ture  was cooled,  t r e a t ed  with 30 ml  
of ch lo ro fo rm,  washed  with wa te r  to neut ra l i ty ,  dr ied with sodium sulfate,  and vacuum evapora t ed .  The 
res idue  was ch rom a t og raphed  with a column fil led with s i l ic ic  acid (3 by 20 cm) with elution with c h l o r o -  
fo rm to give 0.56 g (64%) of orange c r y s t a l s ,  with mp 200-201 ~ (from b e n z e n e - h e p t a n e ) ,  that  were  m o d e r -  
a te ly  soluble in alcohol,  dioxane, benzene,  and c h l o r o f o r m  and insoluble in e the r  and pe t ro l eum e the r .  
Found,%: C 68.7; H 5.6; N 12.3. C20HigN303. Calculated,%: C 68.8; H 5.5; N 12.3. IR spec t rum:  1670, 
1610, 1554, 1530 c m  - l .  

1 ,9-Dip iper id ino-3 ,11-d iphenyl -5-hydroxydiquinazol ino  [6,5-d: 8' ,  7' - b ] fu ran -  7, 8-quinone (VII). A 3.6- 
g (8.8 mmole)  sample  of quinone lie was hea ted  at 80-90 ~ for  5 h in a mix ture  of 26 ml  of 4 N HC1 and 26 
ml  of dioxane.  The prec ip i ta te  was r e m o v e d  by f i l t ra t ion,  washed s u c c e s s i v e l y  with wa te r  (to pH 7), me th -  
anol, and e ther ;  dr ied ,  and ch rom a t og raphed  with a column filled with s i l ie ic  acid (3 by 30 cm) with e lu -  
tion with c h l o r o f o r m - b e n z e n e  (2 : 3) to give 0.6 g (21%) of v io le t  c r y s t a l s  with mp 336-340 ~ (fluctuates 
f r o m  270~ the product  was only s l ight ly soluble in m o s t  organic  so lven ts .  Found,Z: C 71.3; H 4.9; N 
13.4. C38H32•604 . Calculated,%: C 71.7; H 5.1; N 13.2. 

Acetate  of VII.  A mix tu re  of 150 mg (0.23 mmole)  of quinone VII, 24 ml  of pyr idine,  10 ml  of acet ic  
anhydride,  and 6 ml  of acet ic  acid was s t i r r e d  at 60 ~ for  4 h. Acetic  acid (20 ml) was added to the m i x -  
tu re ,  a f t e r  which it  was vacuum evapo ra t ed  to 10 ml,  and the resu l t ing  prec ip i ta te  was sepa ra ted ,  washed 
with e the r ,  and vacuum dr ied  ove r  P205 and paraf f in  a t  50 ~ to give 150 mg (94%) of l igh t -v io le t  c r y s t a l s  
with mp 219-220~ the product  was m o d e r a t e l y  soluble in ch lo ro fo rm,  acet ic  acid, and d i m e t h y l f o r m a m -  
ide.  Found,%: C 70.9; H 5.1; N 12.6. C40H34N605. Calculated,%: C 71.1; H 4.9; N 12.4. IR s p e c t r u m :  
1770 (OOCCH3) , 1685, 1655 (C ----- O) cm -1. PMR spec t rum:  s ignals  at  5 2 . 0 6  (12It), 2.74 (3H, singlet) ,  
3.80 (2H), 4.14 (2H), 4.60 (4H), 7.80 (6H), 8.20 (4H), 8.82 ppm (1H, s inglet) .  

Phenazine Der iva t ive  VIII.  A solution of 50 mg (0.078 mmole)  of quinone VII in a mix tu re  of 8 ml  
of dioxane and 8 ml  of acet ic  acid containing 90 mg (0.82 mmole)  of o-phenylenediamine  was ref luxed for  
30 min and then vacuum evapora t ed  to d rynes s .  The res idue  was ch roma tog raphed  with a column fi l led 
with s i l ic ic  acid (2 by 15 cm) with elution with benzene to give 50 mg of yellow c r y s t a l s  with mp 314-316 ~ 
( f rom dioxane).  Found,~:  C 72.5; H 5.7; N 14.3. C44H36NsO2 �9 C4H80 ~. Calculated,%: C 72.3; H 5.6; N 
14.1. 
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