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The synthes is  m~d an t imicrobia l  p r o p e r t i e s  of a new c l a s s  of he te rocyc l i c  quinones - quinazol ine-  
quinones - a re  desc r ibed  in the p r e s en t  pape r .  Compounds with high chemotherapeut ic  act ivi ty a re  known 
among aminonaphthoquinones [1-3]. It has  been obse rved  that  the bac t e r io s t a t i c  action i n c r e a s e s  on p a s s -  
ing f r o m  naphthoquinones to the cor responding  quinoline analogs [3]. A number  of amino de r iva t ives  of 
quinolinequinones d isplay  high an t ibac te r ia l  [4-6] and ant i tumorigenic  act ivi ty  [3,7,8]. Quinazolinequinones 
are 3 - a z a  analogs of quinolinequinones.  We the re fo re  supposed that compounds that  are  of i n t e r e s t  for  
chemothe rapy  might  be detected among them.  In addition, s ince the re  a re  subs tances  with high an t imic ro -  
bia l  act ivi ty  among the N-subs t i tu ted  2 -pheny l -4 -amino-6 -hydroxyqu inazo l ines  that  we have p rev ious ly  
synthes ized  [9], it was of i n t e re s t  to study the an t imicrob ia l  p rope r t i e s  of the quinones obtained f rom them.  

The l i t e r a tu r e  contains no data on the biological  act ivi ty  of quinazolinequinones except  for  a ment ion  
of the fact  that  unsubst i tuted quinazol ine-5,8-quinone,  which was f i r s t  obtained in 1970, does not supp re s s  
the growth of s taphylococci  and s t r ep tococc i  in concentra t ions  below 100 g g / m l  but d isplays  an t i tumor igen-  
ic act ion on s a r c o m a  :t80 at a concent ra t ion  of 8.4 m g / k g  [10]. 

The N-subs t i tu ted  8-aminoquinazol ine-5 ,6-quinones  (II) desc r ibed  in this pape r  were  synthes ized  by 
oxidative aminat ion of 6-hydroxyquinazol ines  (I) (Table 1). 
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Quinones II a re  d a r k - c h e r r y - r e d  c rys ta l l ine  subs tances  that a re  stable on s to rage  in the dark.  Two 
c h a r a c t e r i s t i c  ca rbonyl  m a x i m a  are  p re sen t  at 1600-1700 c m  -1 in the i r  IR spec t r a .  In addition, the s p e c t r a  
of quinones I Ia  (R' = NHCH 3) and IIb (R' = NHCsH 5) contain absorpt ion  bands at 3300 cm -1, which can  be 
a sc r ibed  to NH s t re tch ing  v ib ra t ions .  We have p rev ious ly  synthes ized  the subst i tuted quinazol ine-5 ,8-  
quinones (III) [11], while IV was obtained by reduct ive  acetyla t ion of 2-phenyl -4 ,8-d ip iper id inoquinazol ine-  
5,6 quinone (IIe). 

The action of the quinazolinequinones on the growth of a human type of tubercu los i s  baci l lus  {strain 
H 37 Rv),  G r a m - p o s i t i v e  cocc i  (s taphylococci ,  pneumococci ,  and s t reptococci )  and bacfl l i  {Bacillus 
an thrac is  and diphther ia  inducer),  G r a m - n e g a t i v e  baci l l i  (Escher ich ia  coli ,  Baci l lus  pyocyaneus,  P r o t e u s ,  
and typhus and dysen te ry  inducers) ,  and pathogenic fungi (candidosis inducers ,  m i c r o s p o r e s ,  and t r i ch o -  
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TABLE 1. 
quinones 

IR spect. 
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Comp. % ~ a n d  mp. 
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"C 
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C2oH2oN 40~ 

C2~Hz2N 40~ 

C21H2~N 40~ 
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C H N 

68,9~ 5,79 16,08 

73,6~ 5,44 13,65 

59,5~ 6,15 15,45 

55,91 5,53 15,40 
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phytes) was studied by means of two success ive  cul tures in a liquid medium. The Sutton medium was used 
in the exper iments  with the tuberculosis  bacil lus,  while Hottinger broth was used for the other bac ter ia ;  
the Saburo medium was employed for  the fungi. The method adopted in the Labora tory  of the Chemo-  
therapy of Infectious Diseases  and in the S. Ordzhonikidze All-Union Scient i f ic -Research  Pharmaceu t i ca l -  
Chemis t ry  Inst i tute [12] was used.  

It was found that none of the tes ted compounds depress  the growth of Gram-negat ive  bac te r ia  in con-  
centrat ions  of 200 # g / m l  and below or the growth of pathogenic fungi in concentrat ions of 1 m g / m l  and 
below. 

Several  prepara t ions  displayed bacter i0s ta t ic  action against Gram-posi t ive  bac te r ia  and the tubercu-  
losis  bacil lus.  The resu l t s  of these experiments  are presented in Table 2, f rom which it is seen that two 
of the five compounds of the quinazoline-S,6-quinone group (IIa and IIe) r e t a rd  the growth of Gram-posi t ive  
bac ter ia ,  of which staphylococcus and the diphtheria and the anthrax bacilli  are m o r e  sensit ive than 
s t reptococcus  and pneumococcus.  The activity of lie can be ra ted  as high, while that of I Ia is  no more than 
modera te .  Both of these prepara t ions  have considerable  tuberculostat ic  action, and the minimum bac te r io -  
static concentrat ion (MBC) is 1.56-6.25 /~g/ml, but only in media  without se rum.  One's  attention is 
d i rected to the fact  that the introduction of a piperidine residue into the 4 position sharply increases  the 
activity as compared  with the corresponding methylamino and (to an even g rea te r  degree) phenylamino 
der ivat ives .  At the same t ime, of the 4-subst i tuted 2-phenyl-6-hydroxyquinazol ines,  the most  active are 
those with a phenylamino group in the 4 position [9]. This enables us to conclude that the mechanism of 
the bacter ios ta t ic  action of the quinazoline-5,6-quinones differs f rom that of the corresponding 6-hydroxy-  
quinazolines.  

It has been observed that some highly active quinolinequinones can be converted to the diacetates of 
hydroquinones that are just as active [3]. This is apparently an exceptional charac te r i s t i c ,  since the r e -  
ductive acetylation of highly active quinone IIe gives diacetate IV, which does not display antimicrobial  
proper t ies  in any of the tested objects.  
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Of the seven compounds of the quinazol ine-5,8-quinone group (III), five (IIIc-IIIg) displayed weak 
act ivi ty  against  s e v e r a l  G r a m - p o s i t i v e  b a c t e r i a .  In this case ,  pneumococeus  proved to be the mos t  s e n s i -  
t ive m i c r o o r g a n i s m ,  and this dis t inguishes  the s p e c t r u m  of act ion of the quinazol ine-5,8-quinones f rom 
that  of quinazol ine-5 ,6-quinones .  One of the p repa ra t ions  (IIIe) d isplayed modera t e  tuberculos ta t ic  act ivi ty 
in tes t ing  in a med ium without s e r u m  (MBC 6.25 ~ g / m l ) .  This  effect  was absent  in expe r imen t s  in which a 
s e r u m  medium was used.  F r o m  the co r re l a t ions  between the s t ruc tu re  and action, one mus t  note the pos i -  
t ive effect  of a piper idine res idue  in the 4 or  6 posi t ion.  

The mos t  act ive compound (He) did not display chemotherapeu t ic  action in t e s t s  on mice  infected with 
G r a m - p o s i t i v e  bac t e r i a .  The an t ibac te r ia l  p r o p e r t i e s  of the inves t iga ted  quinazolinequinones a re  p r i m a r i l y  
of theore t i ca l  i n t e re s t .  They  at tes t  to the fact  that the s ea r ch  for  new an t imicrob ia l  p repa ra t ions  in the 
quinazol ine-5 ,6-  and 5,8-quinone s e r i e s  holds p r o m i s e .  

EXPERIMENTAL 

Oxidation of N-Subst i tuted 2 -Pheny l -4 -amino-6 -hydroxyqu inazo l ines  (Ia-c) .  A 10-mmole  sample  of 
the quinazoline was introduced into a solution of 0.02 g of copper  acetate  and 60 mmole  of secondary  amine 
in 15 ml  of methanol ,  and the mix tu re  was s t i r r e d  under  oxygen until gas absorpt ion  ceased  ( f rom 3 to 6 h, 
depending on the bas i c i ty  of the secondary  amine) .  In the case  of quinone IId, 120 mmole  of morphol ine  was 
used.  The resu l t ing  prec ip i ta te  was r emoved  by f i l t rat ion,  washed with alcohol and e ther ,  and r e c r y s t a l l i z e d  
f r o m  benzene (for quinones IIa,b),  ethyl aceta te  (IIc), or dioxane (IId). The yields and physical  constants  of 
the quinones a re  p re sen ted  in Table  1. 

2 -Phenyl -4 ,8-d ip iper id ino-5 ,6-d iace toxyquinazol ine  (IV). A mix ture  of 0.4 g of IIe, 25 ml  of acetic 
anhydride,  2 ml  of pyridine,  and 2 g of zinc dust was refltLxed for  10 min,  during which the solution became  
c o l o r l e s s .  The mix tu re  was cooled, the zinc dust was r emoved  by f i l t ra t ion,  and the f i l t ra te  was vacuum 
evapora ted  to d ry nes s .  The res idue  was ex t rac ted  with hot acetone, and the ex t rac t  was vacuum evapora ted  
to give 0.3 g (63%) of :IV with rap 227-228 ~ [from ethyl a c e t a t e - h e p t a n e  (1:1)] .  Found ~c: C 69.01; H 6.60; 
N 11.37. C28H32N404+, Calcula ted  ~c: C 68.83; H 6.60; N 11.09, 
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