
H E T E R O C Y C L I C  Q U I N O N E S  

IX. SUBSTITUTED 4-AMINOQUINOLINEQUINONES* 

Y u .  So T s i z i n  a n d  M.  V.  R u b t s o v t  UDC 547.831.6'567 

Oxidation of subst i tuted 4 -amino-6 -hydroxyqu ina ld ines  and 4 -cb lo ro-6-hydrox iqu ina ld ine  
with oxygen in the p r e s e n c e  of Cu++-~ secondary  amine complexes  has yielded a new group 
of compounds,  subst i tuted 4-aminoquinol ine-5 ,6-qu inones .  The reac t ion  in te rmed ia te ,  4-  
chloroquinaldine-5,6-quinone,  has been p r e p a r e d  and oxidized. The ef fec ts  of subst i tuents  
on the cour se  of the oxidation have been examined,  and some  p r o p e r t i e s  of the compounds 
obtained have been inves t igated.  

A number  of 6 ,7-disubst i tu ted quinol ine-5,8-quinones  a re  known to p o s s e s s  valuable  an t ibac ter ia l ,  
antifungal,  and cy tos ta t ic  p r o p e r t i e s  [2,3]. Some N-subs t i tu ted  4-aminoquinol ines  also have high phys io -  
logical  act ivi ty.  Quinolinequinones p o s s e s s i n g  an amino group in the 4 posi t ion have not been desc r ibed  
in the l i t e r a tu re ,  although they a re  of in te res t  as potential  chemotherapeu t ic  agents .  The synthes is  of 
these  compounds by conventional  methods is  difficult .  

The object  of this work  to inves t iga te  the poss ib i l i ty  of obtaining subst i tuted 4-aminoquinol inequi-  
nones by oxidation of the cor responding  4 -amino-6 -hydroxyqu ino l ines  with oxygen in the p r e s e n c e  of 
C u + + - s e c o n d a r y  amine complexes  [4]. The s ta r t ing  m a t e r i a l s  we re  6-hydroxyquinaldines  bear ing  v a r i -  
ously subst i tuted amino groups  in the 4 posi t ion (V-VIII). Compounds V-VIII  were  obtained by known me th -  
ods f r o m  4-ch lo ro -6 -hydroxyqu ina ld ine  (HI), o r  by dimethyla t ion of the cor responding  methoxy de r iva t ives .  

The oxidation of V and VII p roceeded  readi ly  with cata lyt ic  amounts  of copper  aceta te ,  giving the 
co r respond ing  quinones IX and XI. Oxidation of VI and VIII, however,  p roceeded  only in the p r e s e n c e  of 
an equivalent  amount of copper  aceta te .  This  was not unexpected,  s ince we have p rev ious ly  shown [5] that 
when the reac t ion  product  binds copper  ions as chela tes ,  the oxidation r equ i r e s  equivalent amounts  of di-  
valent  copper .  In the oxidation of VI, the s ta r t ing  m a t e r i a l  i t se l f  i s  capable  of binding Cu ++ as  a complex,  
s ince it contains a fi-alanine res idue .  Since oxidation of VII occu r s  with a ca ta ly t ic  amount of copper ,  but  
oxidation of VIII does  not, it i s  suggested that s t e r i c  f a c to r s  a re  of cons iderable  impor t ance  in the f o r m a -  
tion of complexes  with quinones XI and XII. It should be noted that the veloci ty  and comple t enes s  of the 
oxidation depend to a cons iderab le  extent on the bas i c i ty  of the amine  used in the reac t ion  (see [4]). In 
the p r e s e n c e  of morphol ine  (pK a 8.7) oxidation of V and VII p roceeds  much m o r e  slowly than it does in the 
p r e s e n c e  of p iper id ine  ~K a 11.2), and VI is  oxidized only in the p r e sence  of p iper id ine .  

The oxidation of 4 -ch lo ro-6-hydroxyquina ld ine  (III) was inves t igated fu r the r .  The use of p iper id ine  
led to the fo rma t ion  of the quinone XIII in good yield, but use  of morphol ine  gave the quinone IX in lower  
y ie ld .  We explain this  as follows. According to the a s sumed  s tepwise  cou r se  of the reac t ion  [4,6], the 
quinone IV must  be f o r m e d  as  an in t e rmed ia t e  in the oxidation of III .  The carbonyl  group i n c r e a s e s  the 
labi l i ty  of the halogen in IV so much that, despi te  the mild  reac t ion  conditions,  nucleophilic subst i tut ion 
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o c c u r s  at C a. In 4 -ch loroquino l ines ,  a s imi lar  reac t ion  o c c u r s  
only on heating. In order  to conf irm these  assumpt ions ,  c o m -  
pound IV was  prepared,  and i t s  behavior  under the oxidations 
condit ions  was  examined~ Nitration of Ill, fo l lowed by reduc-  
tion, gave 4 - c h l o r o - 5 - a m i n o - 6 - h y d r o x y q u i n a l d i n e  (II), which 
w a s  oxidized by c h r o m i c  acid to IV. The haloquinone IV was  
a somewhat  unstable,  deep-v io le t  crys ta l l ine  compound, which 
decomposed  on standing. The few known quinol ine-5 ,6 -quinones  
are  a l so  ex treme ly  unstable  [7,8]. The quinone XIII w a s  ob- 
tained in good yie ld by oxidation of IV in the p r e s e n c e  of pi-  
peridine and a catalyt ic  amount of copper acetate,  indicating 
the advantage of the format ion  of IV as  an intermediate  in the 
oxidation of Ill. 

The diaminoquinones  IX-XIII are crysta l l ine  compounds  
of varying shades  of red.  They are  stable in the dark. The 
grea ter  stabil i ty of the 8 -d ia lky laminoquino l ine -5 ,6 -quinones  
compared  with the other quino l ine-5 ,6 -quinones  i s  explained 
by the fact that these  compounds,  being vinyl amides ,  p o s s e s s  
a much  lower  oxidation potential ,  and the 8-posi t ion,  at w h i c h  
condensat ion reac t ions  can take place,  i s  occupied by the ami -  
no group. 

The IR spectra  of the quinones IX-XIII conf irm their  s t ruc -  
tures  (see Table 1). The spec trum of the chloroquinone IV 
shows  two strong m a x i m a  in the region of the carbonyl  ab- 
sorption,  at 1705 and 1683 c m - l .  The substantial  shift to -  
ward shorter  wave lengths  i s  caused  by the negative  inductive 
effect  of the chlor ine  atom. 

The quinones IX-XIII are  readi ly  hydrolyzed.  Acid or  a l k a -  
l ine hydrolys i s  of XIII g ives  4 -p iper id ino-6-hydroxyquinald ine-  
5 ,8-quinone (XV). Hydrolyt ic  f i s s ion  of the p iper id ineres idue  in 
the 4 -pos i t ion  i s  not observed .  4 -Amino-6 -hydroxyqu ino l ine -  
5 ,8-quinone i s  readi ly  obtained in this  way.  It i s  in teres t ing  
that the d iaminoquinones  IX-XIII give  phenazine der ivat ives  
with o -phenylenediamine  only in the p r e s e n c e  of acet ic  acid.  

NO 2 CI NH 2 CI 0 El 
i t 0 .  

II IV CH3 
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J~ "CH 3 \ C H ~  
Ill V-VIII R' IX-XI|I  

t 
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XIV R =N(CH2)5 ; 
XVI R--OH 

vl  I~=NHCH2CH2COOH ; XR=NHCH2CH2COOH! R'=N(CH2)5; 
VII R=NHCH2CH2COOCH3; XIR=NHCH2CH2COOCH3, R ,=N(CH2CH2)20  ; 

ViII R=NH2; XIIR=NH2,  R'--N(CH2)~; 
Xlll  R = R ' -  N(CH2) 5 

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

4-CMoro-6-hydroxyquinald ine  (III). A solut ion of 40 g 
(0.19 mole)  of 4 - ch loro -6 -methoxyqu ina ld ine  [9] in a mixture  
of 200 ml  of conc.  H2SO ~ and 114 ml  of water  was  boi led for 
5 hr, and the mixture  w a s  then cooled,  diluted with 800 ml  of 
water ,  and made bas ic ,  with cool ing and st irr ing,  by adding 
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25% NH 3. The p rec ip i t a t e  was f i l t e red  off, washed with water ,  dried,  and r e c r y s t a l l i z e d  f r o m  isobutanol  
to give 28.4 g (76%) of c o l o r l e s s  c r y s t a l s  which were  read i ly  soluble in acet ic  acid, but spar ing ly  soluble 
in methanol ,  ethanol, dioxane, acetone, and ethyl aceta te ,  and insoluble in hexane, ch lo roform,  and wate r .  
mp 210-212 ~ C (decomp, f r o m  isobutanol) .  Found, %" C 62.1;  H 3.9; C1 18.2; N 7.4. Calculated f o r  
Ct0HsC1NO , %: C 62.0; H 4.2; C1 18.3; N 7.2. Acetate+ mp 148-149 ~ C (from alcohol}. Found, ~o: N 6.0. 
Calcula ted for  Ct2Hi0C1NO2, %: N 5.9. 

4 -Ch lo ro -5 -n i t ro -6 -hydroxyqu ina ld ine  (I). To a solution of 10 g (53 mmole)  of HI in 100 ml  of conc. 
H2SO 4 was  added,with s t i r r ing  at 0 ~ C during 5 min,  5.7 g (56 mmole)  of p o t a s s i u m  n i t ra te .  The reac t ion  
mix tu re  was s t i r r e d  for  1 hr  30 min,  the t e m p e r a t u r e  r i s ing  gradual ly  to 20 ~ C, and the mix tu re  was  poured 
into 1 l i ter  of water .  The p rec ip i t a te  was f i l te red  off, d issolved in 250 ml  of 1 N NaOH, t r ea t ed  with charcoa l ,  
and acidif ied with acet ic  acid. The product  which sepa ra t ed  was isolated,  washed with water ,  and dr ied  to 
give 9.8 g (79~) of yel low c rys t a l s ,  mp 198-200 ~ C (decomp, f r o m  isobutanol) .  Found, %: C1 15.0; N 11.6. 
Calculated for  Ct0H?CIN203, %: C1 14.8; N 11.7. 

4 -Ch lo ro -5 -amino -6 -hydroxyqu ina ld ine  (iI). A suspens ion of 3.0 g (12.5 mmole)  of I in 36 ml  of i s o -  
butanol was  hydrogenated in the p r e s e n c e  Of 1.0 g of Raney nickel at 20 ~ C and a tmosphe r i c  p r e s s u r e .  Aft-  
e r  3 m o l e s  (840 ml) of H 2 had been taken up, the mix tu re  was heated to d i sso lve  the prec ip i ta te ,  the ca t a -  
lys t  f i l t e red  off and washed on the f i l t e r  with 10 ml  hot isobutanol,  and 6 ml  of 20% alcoholic HC1 was added to the 
combined f i l t r a t e  and washings .  The p rec ip i t a t ed  hydrochlor ide  was  f i l t e red  off a f t e r  cooling, washed with 
e ther ,  and dr ied  to give 2.7 g (87%) of red c r y s t a l s  which were  modera t e ly  soluble in water ,  acet ic  acid, 
and methanol ,  but spar ingly  soluble in ethanol and ch loroform,  and insoluble  in e the r  and hexane, mp 
above320 ~ (decomp). Found, % : C1 28.5. Calcula ted fo r  C10HgC1N20.HCI, %: C1 28.9. The f r e e  base  
was obtained by t r ea tmen t  of an aqueous solution of the hydrochlor ide  with ammonia ,  as  a b r igh t -ye l low 
solid, mp 162-163 ~ C. Found, %: C1 14.5; N 11.5. Calculated fo r  CIoHsC1N20.2H20 , %: C1 14.5; N 11.9. 

4-Chloroquina ld ine-5 ,6-quinone  (IV). This  was obtained by oxidation of II  with p o t a s s i u m  d ichromate  
in I-t2SO4, as  in [10], in 23% yield.  Deep-vio le t ,  ac icu la r  c ry s t a l s ,  read i ly  soluble in ch lo roform,  acet ic  
acid, methanol ,  and ethanol,  but insoluble in water ,  e ther ,  and hexane. The compound decomposed  on 
standing into subs tances  with much  lower  R f  va lues .  Mp above 320 ~ C (decomp, f r o m  1 : 3 c h l o r o f o r m - h e x -  
ane mix ture ) .  Found, %: C1 17.2; N 6.6. Calcula ted fo r  Ct0H6C1NO2, %: CI 17.1; N 6.7. 

4-1VIorpholino-6-hydroxyquinaldine (V). A solution of 12.9 g (50 mmole)  of 4 - ( N - m o r p h o l i n o ) - 6 - m e t h -  
oxyquinaldine [11] in 60 ml  of 48% HBr was boiled for  6 hr, then cooled and made bas ic  with 10% NH 3. The 
v i scous  p rec ip i t a t e  was t r a n s f e r r e d  into 40 ml  of alcohol,  the mix tu re  was brought to the boil, cooled, and 
the p rec ip i t a t e  was  f i l t e red  off, washed  wi thwate r ,  and dr ied  to give 8.3 g (68%) of c o l o r l e s s  c r y s t a l s , m p  
278-280 ~ C (decomp, f r o m  alcohol), which were  read i ly  soluble in acet ic  acid, mode ra t e ly  soluble in me th -  
anol and ethanol,  and insoluble in e ther ,  acetone,  and benzene.  Found, %: C 68.5; H 6.4; N 11.7. Ca lcu-  
lated for  C14H16N202, ~ :  C 68.8; H 6.6; N 11.5. 

4 - ( f l -Carboxye thy lamino) -6 -hydroxyqu ina ld ine  (VI). A mix tu re  of 10 g (0.052 mole) of III, 10 g (0.112 
mole) of fl-alanine, and 40 g of phenol was  heated at 160-165 ~ C with s t i r r i ng  for  1 hr.  The phenol was r e -  
moved  by s t eam dist i l lat ion,  and the res idue  was  f i l t e red  off, washed with water ,  and dr ied  to give 8.2 g of 
VI. The f i l t r a te  and washings  were  made bas ic  with ammonia ,  ex t rac ted  with 3 x 30 ml  of e ther ,  and ac id-  
if ied with acet ic  acid to give a fu r the r  1.5 g of VI. Yield 9.7 g Ut%) of a f inely c rys ta l l ine ,  c o l o r l e s s  solid, 
spar ing ly  soluble in mos t  organic  so lvents  and in wa te r .  Nip 318-319 ~ C (decomp, f r o m  1 : 1 acet ic  acid-  
wa t e r  mixture) .  Found, %: C 57.3; H 6.1; N 10.2. Calculated for  Ci3H14N203 - 1.5H20 , %: C 57.1; H 6.3; 
N 10.2. 

4 - ( f l -Methoxycarbonyle thy lamino) -6-hydroxyquina ld ine  (VII). A mix tu re  of 3.0 g (11 mmole)  of VI 
and 30 ml  of 10% methanol ic  HC1 was heated at the boil for  6 hr, the c r y s t a l s  which sepa ra ted  on cooling 
were  f i l t e red  off, washed with ether ,  and dr ied to give 2.7 g (75%) of c o l o r l e s s  c r y s t a l s ,  mp 222-223 ~ C 
(decomp, f r o m  methanol) .  Found, %: C 54.5; H 6.1; C1 11.I;  N 8.7. Calculated for  Ct4Ht6N203-HC1. CH3OH , 
%: C 54.8; H 6.4; C1 10.8; N 8.5. 

4 -Amino-6-hydroxyquina ld ine  (VIII). A solution of 4.0 g (21 mmole)  of 4 -amino-6 -methoxyqu ina ld ine  
[12] in 20 ml  of 48% HBr  was  boiled fo r  6 hr, cooled, and the p rec ip i t a t e  was f i l t e red  off, washed wi the ther ,  
and dr ied to give 4.95 g (91%) of c o l o r l e s s  c r y s t a l s  which were  read i ly  soluble in water ,  methano! , ,and 
ethanol, and insoluble in acetone and e ther .  Nip 315 ~ C (deeomp, f r o m  1 : 2 a l c o h o l - e t h e r  mixture) .  Found, 
%: Br  31.2; N 11.1. Calcula ted for  Ct0H10N20.HBr, %: Br  31.3; N 11.0. The f r ee  base  was obtained by 
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t r ea t ing  an aqueous solution of the hydrobromide  with NH3. Yie ld  96%, ac icu la r  c ry s t a l s ,  mp 105-107 ~ C 
(decomp, f r o m  water ,  a i r - d r i e d ) .  Found, %: C 45.9; H 7.8; N 10.9. Calculated for  CIoHIoN20- 5H20 , %: 
C 45.4; H 7.6; N 10.6. 

Oxidation of I I I -VII I  (general  method).  A 15 m m o l e  quantity of the compound to be oxidized was ad-  
ded to a solution of copper  aceta te  (see table  1) in a mix ture  of 30 ml  of methanol  and 60 m m o l e  of the 
secondary  amine (piperidine or morphol ine) ,  and the mix tu re  s t i r r e d  in an a tmosphe re  of oxygen until no 
fu r the r  uptake of gas  occu r red .  The r eac t ion  mix tu re  was diluted with wa te r  (60 ml),  acidified with 2 N 
HC1, and ex t rac ted  with 4 • 40 ml  of ch lo ro fo rm.  The ch lo ro fo rm ex t rac t  was  washed with water ,  dr ied 
over  Na2SO 4, concent ra ted  in vacuo to a vo lume of 20 ml,  and 100 ml  of p e t r o l e u m  ether  was added. The 
p rec ip i t a t e  was  f i l t e red  off, and d r ied  in a vacuum des i cca to r .  In the oxidation of IV, 1 mmole  of c o m -  
pound was used.  Compounds I X - X I ] / w e r e  c rys ta l l ine  solids,  soluble in c M o r o f o r m  and alcohols,  spar ingly  
soluble in e ther ,  and insoluble  in hexane.  Reerys ta l l i za t ion  of the quinones IX and XI-XII'I was  c a r r i e d  
out using alcohol,  and fo r  X a 2 : 1 a lcoho l -wate r  mix ture  was used.  Quinones IX and X were  modera t e ly  
soluble in wate r .  The r e s u l t s  a re  given in Table 1. 

1 ,5-Di(p iper id ino) -3-methylpyr ido[3 ,2-a]phenaz ine  (XIV). To a hot solution of 0.68 g (2 mmole)  of 
XIII in a mix tu re  of 10 ml of alcohol and 1 ml  of acet ic  acid was  added 0.25 g (2.3 mmole)  of o -phenylene-  
diamine,  and the solution was  boiled for  10 rain. After  2 hr, the reac t ion  mix tu re  was made bas ic  with10% 
ammonia ; the  p rec ip i t a t e  was f i l t e red  off, dr ied,  and r e c r y s t a l l i z e d  f r o m  dioxane to give 0.42 g (51%) of 
yel low c r y s t a l s ,  mp 209-210 ~ C, read i ly  soluble in acet ic  acid, methanol ,  ethanol, ch loroform,  and benzene,  
spar ingly  soluble in e ther  and hexane, and insoluble in wa te r .  Found, %: C 76.3; H 7.2; N 17.0. Calculated 
fo r  C26H29Ns, %: C 75.9; H 7.1; N 17.0. 

4 -Pyr id ino-6 -hydroxyqu ina ld ine -5 ,8 -qu inone  (XV). A) To a suspens ion of 3.4 g (10 mmole)  of XIII 
in 15 ml  of dioxane was added 15 ml  of 10% HC1, and the mix tu re  was heated at 80 ~ C with s t i r r ing  for  10 
min.  After 1 hr, the p rec ip i t a te  was  isolated,  washed with acetone and e ther ,  and r e c r y s t a l l i z e d  f r o m  wa-  
t e r  to give 1.8 g (5770) of red c r y s t a l s ,  mp 192-194" C {from water) ,  read i ly  soluble in acet ic  acid, me th -  
anol, and water ,  m o d e r a t e l y  soluble in ethanol, spar ingly  soluble in ch loroform,  acetone,benzene,  and di-  
oxane, and insoluble in e ther  and hexane.  Found, ~ :  C 56.5; H 6.3; N 8.7. Calculated fo r  CtsH16N203- 
2.5H20 , %: C 56.8; H 6.7; N 8.8. 

B) A 3.4 g (10 mmole)  quantity of XIII was  boiled with a solution of 1.4 g (25 mmole)  of KOH in 25 
ml  of 9070 ethanol fo r  5 min.  The reac t ion  mix tu re  was cooled, acidified with 5-N HC1, and the p rec ip i ta te  
f i l t e red  off and r e c r y s t a l l i z e d  f r o m  wa te r  to give 1.45 g (46%) of m a t e r i a l  which was  identical  by TLC and 
mixed  mp with that obtained in A) above. Both s amples  gave the phenazine XVI with o-phenylenediamine .  

1 -P ipe r id ino -3 -me thy l -5 -hydroxypyr ido [3 ,2 -a ]phenaz ine  (XVI). Obtained in the s ame  way as XIV 
f r o m  0.63 g (2 mmole)  of XV in alcohol.  Yield 0.53 g (77%), yellow c rys t a l s ,  read i ly  soluble in acet ic  ac-  
id, ch lo roform,  and benzene,  modera t e ly  soluble in methanol ,  ethanol, acetone,  and ethyl aceta te ,  spa r ing-  
ly soluble in e the r  and hexane, and insoluble in wa te r .  Mp 197-198 ~ C (from heptane).  Found, %: C 73.6; 
H 5.8; N 15.8. Calculated for  C21H20N40, %: C 73.2; H 5.8; N 16.3. 

All the compounds w e r e  dr ied  in a vacuum des i cca to r  ove r  ca l c ium chloride and paraff in;  except ions 
a re  ment ioned in the text .  IR s pec t r a  were  taken on a UR-10 spec t ropho tomete r  as  suspens ions  in Vasel ine 
oil.  The p r o g r e s s  of the r eac t ions  and the pur i ty  of the quinones were  de te rmined  by thin l aye r  c h r o m a -  
tography on s i l ie ic  acid, using a m e t h a n o l - c h l o r o f o r m  mix tu re  (1 : 20). The R f v a l u e s  (IV> XIII > XI > IX > 
XII> X> XV) were  as  expected f r o m  the po la r i ty  of the compounds.  
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