
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  

XI.* 2-QUINOLONOQUINONE S 

N.  B .  K a r p o v a  a n d  Y u .  S. T s i z i n  UDC 547.851.8'832.07 

A genera l  method for  the synthes is  of subst i tuted 8-amino-2-quino lono-5 ,6-quinones  by oxida-  
t ion with s imul taneous  aminat ion of 6 -hydroxy-2-quinolones  is desc r ibed .  The s tepwise 
course  of the p r o c e s s  and s eve ra l  p r o p e r t i e s  of the compounds obtained a r e  studied. 

2-Quinolonoquinone s a re  a t t rac t ing attention in connection with the s ea r ch  for  an t ima la r i a l s  [1,2] 
and an t icancer  p r epa ra t i ons  [3]. The synthes is  of seve ra l  2-quinolono-5,6-quinones  by oxidation of 6- 
hydroxy-2-quinolones  with ch romic  anhydride is descr ibed  in [2]. The method is not applicable to 6- 
hydroxy-2-quinolones  with labile subst i tuents  because  of the seve re  oxidation conditions.  An original  synth-  
es i s  of 6-hydroxy-2-quinolono-5 ,6-quinone was r ecen t ly  accompl i shed  [3], but only quinones which a re  tin- 
substi tuted in the 3 and 4 posi t ions  can be obtained via the p roposed  scheme.  

In this  communica t ion  we desc r ibe  the synthes is  of a number  of subst i tuted 2-quinolono-5,6-  and 
-5 ,8-quinones  using oxidative aminat ion of 6-hydroxy-2-quinolones  with oxygen in the p r e sence  of a Cu 2+-  
secondary  amine complex  [4, 5]. The use of this method has  made it poss ib le  to work  out a s imple  and 
un iversa l  method fo r  the synthes is  of substi tuted 2-quinolonoquinones.  The s ta r t ing  subs tances  we re  6- 
hydroxy-2-quinolones  with va r ious  subst i tuents  in the 3 and 4 posi t ions  (Ia-c) .  We have shown that the r e -  
action does not p roceed  in the p r e s e n c e  of catalyt ic  amounts  of cupr ic  ions; th is  is apparent ly  explained by 
compet i t ive  combining of the Cu 2+ ion with the s ta r t ing  compounds since the capaci ty  of 2-quinolones to 
give complexes  with the sa l t s  of heavy  meta l s  is  well known [6]. It was  found that  the op t imum amount of 
cupr ic  aceta te  for  the oxidation of Ia and Ib is 0.25 g -eq  pe r  mole of s ta r t ing  compound. The reac t ion  
p r o c e e d s  v e r y  v igorous ly  with 1 g - eq  p e r  mole ,  but the yield drops  due to r e s in  format ion .  The bes t  yield 
in the oxidation of Ic in the p r e s ence  of piper idine is  obtained with 0.5 g - eq  of cupr ic  aceta te  p e r  mole of 
compound,  but 1 g - eq  of copper  sal t  pe r  mole  of Ic must  be used for  the oxidation in the p r e sence  of m o r p h -  
oline. 

Hydroxyquinolones I a - c  a r e  oxidized in the p r e sence  of both piper idine  and morphol ine .  The ra te  and 
comple teness  of the reac t ion  depend on the ra t io  of the 6-hydroxyquinolone to the secondary  amine;  this  
should be no l e s s  than 1 : 6-1 : 8 for  the p repa ra t ion  of quinones Va, e, g, and h. The reac t ion  ra t e  for  the 
oxidation of Ia and b in the p r e s e n c e  of morphol ine  is  e x t r e m e l y  low. In con t ras t  to 4 - c h l o r o - 6 - h y d r o x y -  
quinolines [7], the chlor ine is not rep laced  by the secondary  amine res idue  during oxidation of Ib. This  is  
in good ag reemen t  with the wel l -known ine r tness  of chlorine in 4 -ch lo ro -2 -qu ino lones .  

Compound I is conver ted  into V via  a s e r i e s  of s teps  [4]. In o r d e r  to elucidate the ro le  played by cop-  
p e r  ions and amine ,  we obtained all the a s s u med  in te rmed ia tes  (H-IV) and examined the i r  behavior  under  
the reac t ion  condit ions.  5 ,6 -Dihydroxy-4-methy l -2 -qu ino lone  (IIa) was  obtained by reduct ion of I l ia with 
hydraz ine  hydra te ;  this is cons iderab ly  s i m p l e r  than catalyt ic  hydrogenat ion [2]. Secondary amines  added 
spontaneously to quinones III; with morphol ine  the sl ightly soluble compounds IVa and IVb fo rmed  and p r e -  
cipi tated,  while the m o r e  soluble p iper id ine  adduets a re  oxidized by a i r  oxygen to the cor responding  quin- 
ones.  The exper imenta l  r e s u l t s  on the oxidation of 6 -hydroxy-2-quino lones  and a number  of in te rmedia te  

*For  Communicat ion X, see [10]. 
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compounds (Table 1) indicated that:  1) the f i r s t  step - ortho hydroxylat ion - is r a t e  l imit ing;  2) convers ion  
of in t e rmed ia tes  II and ]1I to the cor responding  quinones p roceeds  with the catalyt ic  amount of cupr ic  ace -  
ta te ,  while IV is  conver ted  even in the absence  of copper  salt ;  3) i n t e rmed ia t e s  I I - IV are  conver ted  to quin- 
ones V with a s m a l l e r  excess  of secondary  amine as  well  as in the p r e s e n c e  of p r i m a r y  amines  (methyl-  

amine) .  

R" OH R" O R" 

H H It 
H a m a ,b  

m-c . i / 
R" 

OH R" 0 R" 0 R" , ~  

~:~ 0 I H 
R 0 

~va,b va-h vI a,b vii 
I a R'= II R"=CHa;b R'=n-C~H~, R"=CI: C R'=n'C,~Hg' R" =OH; l I  a R'=H, R"=CH3; I I I  a R'=H, 
R,,=CH3; b R,=n,.C~Hg, R , , = C l ;  IVaR=N(CH2CH2)20, R'=H, R"=Cli3; b R=N(CH2CH2)20' 
r '  =/$,C4H9; r "= CI , V a R = N(CH2) 5, R' = H, R" = CHa; b R =N(CH2CH2)~ O, R'=H, R"=CH3; 

f R_N(CH2C~2)~O, R'= n-C4H 9, R"=CI; g R=N(CH2)s' R ' = n ' u 4 r 1 9 '  ' =  ; = 2 2 e 
, R' = n-C4Hg, R " =  OH 

A product  whose s t ruc tu re  was not es tab i i shed  is fo rmed  along with quinone Vdwhen IIIa is  oxidized in the 
p r e s e n c e  of methylamine .  We have shown that aniline does not add to quinones III under  the reac t ion  condi-  
t ions ,  while benzaldehyde fo rmat ion  and r e s in  fo rmat ion  a re  observed  in the p r e s e n c e  of benzylamine .  In 
this connection, it is  in te res t ing  to note that the a t t empts  of Holmes  et al .  [2] to isolate  a product  f r o m  the 
reac t ion  of quinone IIIa  with ammonia  were  unsuccessfu l .  

Quinones V a re  read i ly  soluble in weak aqueous solutions of b ica rbona tes  and amines  and a re  p r e -  
e ipi ta ted on acidif icat ion.  While the acidic p r o p e r t i e s  of Vg and Vh a re  due to the p r e sence  of a hydroxyl  
group at the C 4 a tom [8], the acidic p r o p e r t i e s  of Va-Vf  a r e  due to the ease  of fo rmat ion  of a r e s o n a n e e -  

s tabi l ized anion: 

O R" O-  R" 
O ii I 

N N 

The morphol ine  salt  of quinone Vb was isolated in the solid s ta te .  Since quinones Va- f  a re  s t ronge r  acids 
than carbonic  acid (pK a 6.4), their  acid ionization constants  a r e  at l eas t  four  o r d e r s  of magnitude l a r g e r  
than that of 2-quinolone (pK a > 11) [9]. Quinones V a re  r ead i ly  saponified to 6 -hydroxy-2-qu ino lono-5 ,8 -  

�9 quinones (VI) by dilute alkali .  The two-s tep  p r o c e s s  for  convers ion  of 6 -hydroxy-2-quinolones  to 6- 
hydroxy-2-quinolono-5 ,8-quinones  is a convenient method for  obtaining these compounds.  

All of the quinones desc r ibed  in th is  p a p e r  exhibit c h a r a c t e r i s t i c  bands in the carbonyl  absorp t ion  r e -  
gion of the i r  IR s pec t r a  and were  cha r ac t e r i z ed  in the f o r m  of s table phenazines  (Table 2). 

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

4-Methy l -6 -hydroxy-2-qu ino lone  CIa) and 3 ,n -Bu ty l -4 - ch lo ro -6 -hyd roxy -2 -qu ino lone  (Ib), These  
compounds were  obtained by demethyla t ion  of the cor responding  6-methoxy-2-qu ino lones  with sulfuric  acid 
v ia  the method in [8]. Compound Ia was  obtained in 78% yield and had mp 314-316 ~ while Ib was  obtained 
in 98% yield and had mp 214-216 ~ [2]. 

3 -n-Buty l -4 ,6 -d ihydroxy-2-qu ino lone  Cic). A solution of 20 g (75 mmole)  of 3 - n - b u t y l - 4 - h y d r o x y - 6 -  
methoxy-2-quinolone  [2] in a mix tu re  of 150 ml  of 48% HBr and 50 ml of glacial  ace t ic  acid was ref luxed 
fo r  6 h. Water  (300 ml) w a s  then added with cooling and the mix tu re  was neu t ra l i zed  with 40% sodium 
hydroxide.  The resul t ing  p rec ip i t a te  was separa ted ,  washed with wa te r ,  and r e c r y s t a l l i z e d  f r o m  230 ml  of 
30% alcohol to give 16.7 g (88.5%) of a c rys ta l l ine ,  co lo r l e s s  substance that was  soluble in alcohol,  me than -  
ol, and dioxane, and insoluble in benzene,  pe t ro l eum e ther ,  and wa te r ,  and had rap 234-236 ~ Found %: C 
66.7; H 6.5; N 5.9. CI3HIsNO 3. Calculated %: C 66.9; H 6.5; N 6.0. 
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TABLE 2. 

Comp. R' 

H 

VIle H 

VIId H 

VII,e n-C4H9 

VII g n-C4H~ 

Vllh n-C4H9 

VIii H 

VIIj n-C4H9 

Phenazine s (VII) 
.D 

R" R 

CH3 N (CH:)5 

CH8 N(CH~CH2)20 

CHs N(CHs)2 

CH3 NHCHs 

CI N (CH2) 

OH N(CH~)5 

OH N(CH2CH2)20 

CH~ OH 

CI OH 

mP t Reaction medium (solvent) mpirical formula 

Acetic acid 

Alcohol 

Acetic acid 

Acetic acid 

Acetic acid 

Acetic acid- 
alcohol (2 : I) 

Alcohol 

Acetic acid- 
water 

Acetic acid 

2~7--268 
(alcohol) 
206--296 
(alcohol) 
236--2"2;7 
(acetone) 
300 er (al~o~oi) 
202- -203  
(alcohol) 
245---2,~7 
(acetone) 

265--26'7 
(benzene) 

>34o 
301 -- 392 
(acetic 
acid) 

C21H20N40 

C20H,sN40~ 

C,sH,~N40 

CITHj4N40 

C~H~C1N40 

C~4H26N402 

C23H24N40a 

2,6HIIN302 �9 H~O 

C19HIsCIN30~ 

4-Methyl-5 ,6-dihydroxy-2-quinolone (Ha). A suspension of 1.0 g (5.7 mmole) of IIIa [1] in 40 ml of 
2% aqueous hydrazine hydrate was heated on a water  bath, during which the quinone dissolved and a l ight-  
yellow precipi ta te  formed.  After 10 rain the react ion m a s s  was cooled, and the result ing precipitate was 
f i l tered and washed wi thwa te r ,  alcohol, and ether to give 0.8 g (80%) of l ight-yellow c rys ta l s  that were 
modera te ly  soluble in methanol,  alcohol, and water ,  slightly soluble in acetone and acetic acid, and insol-  
uble in ch loroform and ether.  The substance was oxidized in air  anddecomposeda t  about 280 ~ (crystals  ob- 
tained f rom water  in the presence  of sodium hydrosulfite).  Found %: C 60.5; H 5.8; N 7.2%. C10HgNO 3 �9 
H20. Calculated %: C 60.3; H 5.9; N 7.4. The acetate of this product had mp 282-283 ~ (from alcohol) [2]. 

4-Methyl -5 ,6-d ihydroxy-8-morphol ino-2-quinolone  (IVa). Morpholine [0.5 ml (6.3 mmole)] was added 
with s t i r r ing  under nitrogen to a suspension of 1.0 g (5.7 mmole) of IIIa in 20 ml of methanol at 20-22 ~ The 
quinone dissolved and a precipi tate  immediately  began to form.  After 1.5 h the precipitate was fi l tered,  
washed with methanol and ether ,  and dried to give 1.3 g (93%) of a product  which decomposed at 238-239 ~ 
(from alcohol). The substance was stable under ni trogen in the dark. Found %: C 60.8; H 6.2; N 9.7. 
CI4B16N204. Calculated %: C 60.9; H 5.8; N 10.1. The acetate had nap 186-187 ~ (from alcohol). Found %: 
C 60.4; H 5.5; N 7.9. CIsIt20N20 O Calculated %: C 60.4; H 5.1; N 7.8. 

3 -n-Buty l -4-ch loro-5 ,6-d ihydroxy-8-morphol ino-2-qu ino lone  (IVb). This was obtained in 69% yield 
f rom IIIb in a manner  s imi lar  to that used to obtain IVa and had mp 243-244 ~ (decomp., f rom alcohol). 
Found %: C 57.7; H 6.1; C1 10.0; N 8.0. C16H22C1N204. Calculated %: C 57.9; H 6.0; C1 10.1; N 7.9. 

General Method for the Oxidation of I-IV. The compound to be oxidized (10 mmole) was introduced 
into a solution of cupric acetate in a mixture of 15 ml of methanol and the amine (Table 1), and the mixture 
was s t i r red  under oxygen until gas absorption ceased.  The react ion m a s s  was t reated according to one of 
the following methods.  A. (for Va-e).  Water  (100 ml) was added, the unchanged start ing substance was r e -  
moved by fi l tration, and the f i l t rate was cooled to 5 ~ and neutral ized with 10% acetic acid. The precipi tate  
was fi l tered,  washed with water ,  and t r ans fe r red  into 11 mmole of the appropr ia te  amine in 60 ml of water .  
The mixture was then t reated with charcoal  and precipi tated with 10% acetic acid. 

B. (for Vf-h). The mixture was acidified at 5 ~ with 4 N HC1 and extracted with ch loroform (three 30- 
ml portions).  The extract  was washed with water  until a neutral  react ion was obtained, dried with sodium 
sulfate, and evaporated in vacuo. The residue was rec rys ta l l i zed  f rom an appropriate  solvent. 

Quinones V are red or  da rk - red ,  crysta l l ine  substances that are  soluble in alcohol and acetic acid 
and also in aqueous solutions of secondary  amines and bicarbonate,  modera te ly  soluble in acetone, ch loro-  
fo rm,  and ethyl acetate ,  slightly soluble in water  and benzene, and insoluble in ether and petroleum ether.  
They gradual ly  decompose in solution and on standing in light (Table 1). 

Morpholine Salt of 4-Methyl-8-morphol ino-2-quinolone-5 ,6-quinone.  Compound Vb [0.54 g (2 mmole) ] 
was suspended in 7 ml of methanol containing 0.45 g (6 mmole) of morpholine at 20-22 ~ Compound Vb d is -  
solved at f i rs t ,  and then a precipi tate  formed while the solution was s t i r red ;  this was fi l tered,  washed with 
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alcohol and ether,  and dried to give 0.28 g of red crystals .  An additional 0.26 g of product was obtained by 
evaporation of the filtrate in vacuo to half its original volume and precipitation with ether.  The total yield 
of product was 0.54 g (80%). It had mp 143-144 ~ (from alcohol) and was obtained in the form of red c rys -  
tals that were quite soluble in water and alcohol, moderately soluble in methanol, slightly soluble in benz- 
ene, and insoluble in ether.  Found %: C 59.9; H 6.0; N 12.0. Ct4Ht4N204 �9 C4HgNO. Calculated %: C 59.8; 
H 6.4; N 11.6. IR spectrum, cm-l:  1605 (s), 1625 (s). 

4-Methyl-6-hydroxy-2-quinolone-5,8-quinone (Via). A solution of 0.88 g (22 mmole) of sodium 
hydroxide in 10 ml of water was added to 2.7 g (10 mmole) of Va (or an equivalent amount of Vb orVc) and 
the mixture was boiled for 5 min. The reaction mass was then cooled and acidified to pH 4 with 4 N HC1. 
The precipitate was filtered, washed with water,  and dried to give 1.6 g (68%) of product. To purify it, the 
substance was dissolved in excess aqueous sodium bicarbonate, treated with charcoal,  and precipitated with 
4 N HC1 to give a yellow substance with rap > 350 ~ (from water) that was soluble in dimethylformamide, 
slightly soluble in water,  alcohol, acetic acid, and dioxane, and insoluble in chloroform. Found %: C 58.8; 
H 3.8; N 6.8. Ct0HTNO 4. Calculated %: C 58.5; H 3.5; N 6.8. IR spectrum, cm ' t :  1540 (s), 1600 (shoulder), 
1625 (s), 1680 (shoulder), 3270 (s). UV spectrum (in alcohol): ~max 228,320 nm (log e 4.06, 4.12). 

3-n-Butyl-4-chloro-6-hydroxy-2-quinolone-5,8-quinone (Vib). This was obtained in 85% yield from 
Ve or Vf in a manner similar to that used to obtain Via. It was anorange, crystalline substance with mp 
242-243 ~ (from acetic acid) that was moderately soluble in alcohol and acetic acid, and insoluble in chloro- 
form, benzene, and ether.  Found %: N 5.0; C1 12.3. C13Hi2C1NO 4. Calculated %: N 5.0; C1 12.5. IR spec- 
trum, cm-i:  1530 (m), 1584 (s), 1631 (s), 1675 (shoulder), 3250 (s). UV spectrum: ~max 255,325 nm 
(log e 4.10, 4.24). 

General Method for Obtaining Phenazines (VII). o-Phenylenediamine (3 mmole) was added to a hot 
solution of 2 mmole of the quinone (V or Vib) in 10-15 ml of alcohol (or acetic acid), the solution was r e -  
fluxed for 5-10 min, cooled, and the precipitate was fi l tered after 2 h. If a precipitate did not form, the 
solution was evaporated in vacuo and the residue was r ec rys t a l l i zed .  The yields were 60-90%. All of the 
phenazines were yellow, crystalline substance s. 

To obtain phenazine VIii, 0.2 g (1 mmole) of Via was dissolved by heating in 3 ml of 5% sodium bi- 
carbonate, and 10 ml of acetic acid and 0.12 g (1.1 mmole) of o-phenylenediamine were added rapidly to the 
hot solution. The precipitate resulting on cooling was filtered, washed with water ,a lcohol  and ether~ and 
dried to give a reddish-orange substance that was insoluble in water  and slightly soluble in most organic 
solvents. The results  are presented in Table 2. The s t ructures  of compounds VII were confirmedbythe re-  
sults of elementary analysis. 

All of the compounds were dried over P205 and paraffin in vacuo at 50 ~ The course of the reactions 
and the purity of the compounds were monitored by means of TLC on silica gel in a chloroform-methanol  
system (20:1). The IR spectra were obtained in mineral oil mulls with a UR-20 spectrophotometer.  The 
UV spectra in alcohol were obtained with an SF-4 spectrophotometer.  
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