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XXVII.* CATALYSIS OF THE REACTION OF QUINOXALINE-5,8-QUINONES 

WITH AMINES BY COPPER IONS 

S. A .  C h e r n y a k  a n d  Y u .  S. T s i z i n  UDC547.863:542.97 

It ts shown that  copper  tons ca ta lyze  the aminat ton of 6-morpholino(piperidino)quinoline-  
5,8~qutnone with secondary  amines  at the C 2 a tom.  The role  of bidentate copper  complexes  
in this  p r o c e s s  is d iscussed .  

We have p rev ious ly  shown that quinol ine-5,6-quinones containing a secondary  amine res idue  not only in 
the quinoid ring (attached to C8) but also in the he terocycl ic  r ing (attached to C 2 [1]) a r e  fo rmed  in the oxidation 
of 6-hydroxyquinoltne with oxygen in the p r e s e n c e  of a Cu2+-secondary  amine  complex.  Moreover ,  it is known 
that  quinoxal ine-5,8-quinones r eac t  with p r i m a r y  and secondary  amines  in g lyme to give only 6-aminoquinoxal tne-  
5,8-quinones [2]. In the p re sen t  r e s e a r c h  we a sce r t a ined  the conditions under  which p-qutnoxalinequinones a r e  
capable  of undergoing aminat ion in the he te rocyc l ic  f r agmen t  of the molecule .  

Quinones V and VI, obtained by r ep l acemen t  of the methoxy group of quinone IV by a secondary  amine,  
were  used as the s ta r t ing  compounds.  Compound IV was synthesized f r o m  6-methoxyquinoxaltne (I) by nitration, 
reduct ion of the ni tro group,  and oxidation of the resul t ing aminoquinoxaline III with po t a s s ium iminoxyldisul-  
fonate [3]. 
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I-I l l  IV-VI VII -IX 

I R=H II R=N02, I11 R=NH~. IV R'=OCH~. VIX R'=~(CH,~CH~)~O 

Vt R =n;(CH~)~ VII R~=R-~=N(CH~CEI2)20 VIII R '=R:=~(CH~)~ IX R:=~'(CH~) s 

T r a c e s  of diaminoquinones a r e  not detected when qutnones V and VI a r e  heated with secondary  amines  
in methanol ,  benzene,  o r  d imethy l fo rmamide  [DMF]. However,  in the p r e s e n c e  of cata lyt ic  amounts  of copper  
sa l t s ,  quinones r eac t  with secondary  amines  at room t e m p e r a t u r e  to give diaminoquinones VII-IX in high yie lds .  
The s t ruc tu re  of VII-IX as 2,6-disubst i tuted quinoxal ine-5,8-qutnones was de te rmined  unambiguously,  s ince 
one of the subs tances  {VII) is identical to that p rev ious ly  obtained in [1]. 

In po l a r  solvents  such as methanol ,  ethanol, o r  DMF, aminat ion p roceeds  rapidly and goes to complet ion 
in the p r e s e n c e  of oxidizing agents .  Ai r  oxygen is usual ly sufficient,  but divalent copper  acts  as the oxidizing 
agent in an oxygen- f ree  medium.  In this case  a s to ich iomet r ic  amount of copper  sal t  cor responding  to the 
Cu2+~Cu  + t rans i t ion  is n e c e s s a r y  for  complet ion of the react ion.  The r e v e r s e  t r an s fo rma t ion  [4] is readi ly  
rea l ized  under  the influence of oxygen, and a catalyt ic  amount of copper  is sufficient.  

It should be noted that copper  ions ca ta lyze  only the reac t ion  with secondary  amines  - p r i m a r y  amines  
and ammonia  do not r eac t  under  these conditions. S imi lar  facts  [5, 6] have been noted in the case  of a number  
of benzo-  and naphthoquinones. 

*See [1] fo r  communica t ion  XXVI. 
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Fig. 1. IR s p e c t r a  of quinoxaline-  and qulnol ine-5,8-  
qulnones and t he i r  complexes  with CuC12: 1) 6-p iper id ino-  
qulnoxal ine-5,8-qulnones  (VI); 2) 6-piperidinoquinol ine-  
5,8-quinone; 3) complex  of 6-piper idinoquinoxal ine-5,8-  
quinone with CuC12 (X); 4) complex of 6-piperidinoquino- 
l lne-5 ,8-quinone with CuC12 (XI). 

Having a s sum ed  that the cata lyt ic  effect  of copper  is a ssoc ia ted  with complexing,  we obtained the c o m -  
plex of quinone VI with cuprous  chloride,  which, according  to the resu l t s  of e l emen ta ry  analys is  has a meta l  
to ligand ra t io  of 1 : 1. Taking into account  the high s tabi l i t ies  of chelate complexes  and the inc reased  e lec t ron  
densi ty on the C 8 = O carbonyl  oxygen (due to conjugation with the p iper id ine  res idue) ,  one should have expected 
the fo rma t ion  of a complex with s t ruc tu re  X. 

To es tabl i sh  its s t r u c t u r e  we synthes ized  the model  compound 6-piperidinoquinol ine-5,8-quinone,  which 
reac ted  with CuC12 to give a complex  a lso  having an 1 : 1 composi t ion.  A study of the IR spec t r a  of the ligands 
and the complexes  made  it poss ib le  to a s s ign  s t r u c t u r e s  X and XI to the la t t e r .  
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The IR spec t rum  of quinone VI contains two bands of carbonyl  absorpt ion  at 1689 (C 5 =O) and 1635 cm -1 
(C 8 = O); the l a t t e r  is shifted to the long-wave region under  the influence of the p iper td ine  res idue  [1]. As ex-  
pected [7], complexing g ives  r i s e  to a fu r the r  dec r ea se  in the C8=O frequency (by 22 cm-~); however,  the C s =O 
frequency,  on the o ther  hand, is inc reased  by 14 cm -1 owing to the development  of an accep to r  chelate ring. 
S imi lar  changes in the carbonyl  f requencies  a r e  a lso  observed  in the case  of the model  compound, in which 
the fo rma t ion  of a chelate  ring is poss ib l e  only with the par t ic ipa t ion  of the C 8 = O carbonyl  group. 

The copper  ion in the complex with quinones V or  VI gives r i se  to a dec r ea se  in the  e lec t ron  densi ty on 
C 2 and the reby  faci l i ta tes  nucleophilic a t tack at this posi t ion.  

The reac t ion  of complex X with p iper id ine  p roceeds  very  vigorously,  since r ep l acemen t  of quinone VI 
by i ts  coppe r  complex  is equivalent to the use  of an equ imola r  amount  of coopper  salt ,  which leads to a sharp 
i nc r ea se  in the reac t ion  ra te .  

The copper  chela tes  of quinones VII- IX cannot be  isolated; this const i tu tes  evidence for  t he i r  lower  s ta -  
b i l i t ies  as compa r ed  with the complexes  of quinones V or  Vii This  di f ference shows up graphical ly  when chlo-  
r o f o r m  solutions of th.e quinones a r e  shaken with an aqueous CuCI 2 solution. The aqueous l a y e r  is decolor ized 
with quinones V and VI, whereas  it  re ta ins  its blue co lor  with quinones VII-IX. In conclusion, it should be noted 
that the descr ibed  scheme  fo r  the par t ic ipa t ion  of  copper  i n  the aminat ion reac t ion  is approximate ,  s ince the 
p r e s e n c e  in the reac t ion  mix tu re  of excess  secondary  amine,  which can  give copper  complexes  and, toge ther  
with qulnones, complexes  with mixed l igands,  was d i s rega rded .  
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EXPERIMENTA L 

The IR spectra of mineral oil suspensions of the compounds were recorded with a UR-20 spectrometer. 
The PMR spectra of deur solutions were recorded with a Varian T-60 spectrometer with tetra- 
methylsilane as the internal standard; the following abbreviations were used: s is singlet, and um is unre- 
solved multiplet. The course of the reactions and the purity of the products were monitored by means of thin- 
layer chromatography (TLC) on Silufol plates in an ethyl acetate-acetone system (3 : I). 

6-Methoxyquinoxaline (1). A 30-ml sample of an 80% hydrazine hydrate solution was added in the course 
of an hour with stirring at 40 ~ to a solution of 33.6 g (0.2 mole) of 3-nitro-4-aminoanisole in 200 ml of metha- 
nol, after which the mixture was stirred at 40 ~ for another 30 rain and on a water bath for 1 h. The catalyst 
was then removed by fUtration, the filtrate was vacuum evaporated to 70 ml, and 140 ml of water, 53.2 g (0.2 
mole) of the bisulfite derivative of glyoxal, and 30 g (0.36 mole) of sodium acetate were added to the solution. 
The mixture was heated on a water bath for 3 h, after which it was cooled and treated with 100 ml of a 2 N 
sodium hydroxide solution. The resulting precipitate was removed by filtration, washed with water, and dried 
to give 22.5 g (70~o) of a product with mp 54 ~ Vacuum distillation at 158-160 ~ (20 ram) gave 19.5 g (60.5~) of 
colorless crystals with mp 59-60 ~ [bp 128 ~ (7 ram) and mp 60 ~ [8]]. IR spectrum, cm-1:1618 and 1500 (atom.). 

5-Nitro-6-methoxyquinoxaltne (If). A 7.6-g (0.075 mole) sample of powdered potassium nitrate was added 
with stirring at room temperature in the course of 45 rain to a solution of 10 g (0.06 mole) of 6-methoxyquin- 
oxaline in 100 ml of concentrated sulfuric acid. At the end of the addition, the mixture was stirred for another 
hour, after which it was poured over 1 kg of ice. The resulting precipitate was removed by filtration, washed 
with water, and dried to give 9.8 g (79~o) of pale-yellow crystals with mp 207-208 ~ (from benzene). IR spec- 
trum, cm-l: 1536 and 1310 (NO2). Found: N 20.3%. CgHTN303. Calculated: N 20.5%. 

5-Amino-6-methoxyquinoxaline (Ill) Hydrochloride. A suspension of 3.7 g (0.185 mole) of II in 35 ml of 
methanol was hydrogenated in the presence of 0.1 g of Raney nickel at room temperature and standard pressure. 
After hydrogen absorption ceased, the mixture was heated to 50 ~ and filtered. The filtrate was cooled and 
treated with a methanol solution of HCI up to pH 2, and the mixture was vacuum evaporated to dryness. The 
residue was triturated with 5 ml of methanl, and the solid material was removed by filtration, washed with 
methanol and ether, and dried to give 2.6 g (71~o) of colorless crystals with mp > 360 ~ (from methanol). IR 
spectrum, cm-l: 3270 (NH); 1644, 1576, 1530, and 1505 (atom.). Found: CI 17.1~. CgHgN30.HCI. Calculated: 
CI 16.8~ 5-Amino-6-methoxyquinoxaline benzoate had rap 155-156 ~ (from benzene). IR spectrum, cm-l: 3203 
(NH); 1639 (C=O) and 1610 (arom.). Found: N 15.1~0. CIsHI3N302. Calculated: N 15.2~ 

6-Methoxyquinoxaline-5,8-quinone (IV). A solution of 0.42 g (2 mmole) of the hydrochloride of Ill in 30 
ml of water was added with stirring at room temperature in the course of 1 h to a solution of 1.33 g (4.4 mmole) 
of potassium iminoxyldisulfonate [9] and 1.2 g (10 mmole) of NaH2PO 4 in I00 ml of water, and the mixture was 
allowed to stand overnight. It was then saturated with NaCI, and the quinone was extracted with chloroform 
(six 30-ml portions). The combined extracts were washed with a saturated NaCI solution and dried with so- 
dium sulfate. The solvent was removed by distillation, the residue was triturated with acetone, and the solid 
material was removed by filtration to give 0.25 g (6570) of pale-yellow crystals with mp 235-236 ~ (dec., from 
water); the product was moderately soluble in water and chloroform. IR spectrum, cm-i: 1698, 1657 (C =O); 
1603, 1567, and 1530 (arom.). Found: C 56.8; H 3.5; N 14.4~o. CgH6N203. Calculated: C 56.9; H 3.2; N 14.7~0. 
In con t ra s t  to m o s t  of the o ther  quinones, IV gave a posi t ive  Craven  tes t  [10] (green r a t h e r  than blue).  

6-Morpholinoquinoxal ine-5,8-quinone (V). A suspens ion of 0.38 g (2 mmole)  of quinone IV in a mix tu re  
of 5 ml  of ethanol and 0.54 ml  (6 mmole)  o fmorphol ine  was refluxed for  1 h, a f t e r  which it was cooled, and the 
solid m a t e r i a l  was removed  by f i l t rat ion,  washed  With methanol  and ether ,  and dr ied to give 0.42 g (86%) of 
b r i g h t - r e d  c r y s t a l s  with mp 220-221 ~ (dec., f r o m  glyme) .  IR spec t rum,  c m - l :  1693, 1640 (C =O); 1578, 1550 
(arom.) (see [2]). 

6-Piperidinoquinoxaline-5,8-quinone (VI). This compound was obtained from 2 mmole of quinone IV and 
6 mmole of piperidine by the method used to prepare qulnone V, except that the reaction mixture was stirred 
at 40-50 ~ Workup gave bright-red crystals, with mp 170-171 ~ (dec., from benzene), in 78~0 yield; the product 
was quite soluble in chloroform, moderately soluble in benzene, and only slightly soluble in water and ether. 
IR spectrum, era-l: 1689, 1633 (C =O); 1582, 1560 (arom.). PMR spectrum, 6, ppm: 1.76 um (fl,~/-CH2); 3.65 
um (~-CH2); 6.18 s (TH); 8.85 urn (2H, 3H), with an intensity ratio of 6:4 : 1 : 2. Found: C 64.4; H 5.5; N 17.5~o. 
CI3HI3N302. Calculated: C 64.2; II 5.4; N 17.3%. 

Copper Complex of Quinone VI (X). A total of 2 ml of a saturated methanol solution of cupric chloride 
(0.15 g/ml) was added to a warm solution of 0.24 g (1 mmole) of 6-piperidtnoquinoxaline-5,8-quinone in 3 ml 
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of methanol,  and the resul t ing prec ip i ta te  was removed by fi l trat ion,  washed with warm methanol and ether ,  
and dried to give 0.36 g (95%) of b r igh t - red  c rys t a l s  with mp 177-178~ the product  was only slightly soluble 
in wate r  and most  organic solvents.  IR spect rum,  cm- l :  1703, 1613 (C =O); 1561, 1533 (arom.). Found: C 
41.1; H 4.3; N 10.1~ C117.5~.  ClsHi3N302"CuC12. Calculated: C 41.5; H 3.5; N 11.1~ C118.8%. 

Copper  Complex of 6-Piperidinoquinol ine-5,8-qutnone (XI). This compound was obtained as in the p re -  
ceding exper iment  f rom 6-piperidtnoqutnoline-5,8-quinone [11]. Workup gave red c rys t a l s  with mp 175-176 ~ 
in 83% yield; the product  was only slightly soluble in mos t  organic solvents and water .  IR spectrum,  cm- l :  
1696, 1618 (C=O); 1533 (atom.).  Found: C 44.9; H 4.0; N 18.0; C1 I7.9~o. CI4H14N202.CuC12. Calculated: C 
44,8; H 3.5; N 17.5; C118.9qo. 

2,6-Dimorpholinoquinoxaline-5,8-quinone (VII). A suspension of 0.36 g (1.5 mmole) of qutnone V in a 
mix ture  of 3 ml of methanol,  0.54 ml (6 mmole)  of morpholtne,  and 0.05 mmole  of cupric acetate  o r  chloride,  
was s t i r r e d  in an oxygen a tmosphere  until gas absorpt ion ceased  (less than 1 h). The prec ip i ta te  was removed 
by f i l t rat ion,  washed with methanol and e ther ,  and dried to give 0.41 g (82~ of b r igh t - red  c rys t a l s  with mp 
238-239 ~ (dec., f rom DMF). The product  was identical to the compound obtained in [1]. 

2,6-Dipiperidtnoquinoxaline-5,8-quinone {VIII). This compound was obtained by reac t ion  of quinone VI 
with pipertdine,  as in the p repara t ion  of quinone VII. Workup gave b r igh t - red  c rys ta l s  with mp 215-216 ~ (dec., 
f rom aqueous ethanol) in 65~ yield; the product  was quite soluble in ch loroform,  modera te ly  soluble in alcohol, 
and only slightly soluble in wate r  and e ther .  IR spect rum,  cm- i :  1664, 1618 (C =O); 1570, 1517 (atom.).  Found: 
C 66.0; H 6.5; N 17.0%. C18H22N402. Calculated: C 66.2; H 6.8; N 17.2~o. 

2-1~ {IX). This compound was obtained by react ion of 
quinone V with piperidtne,  as in the p repara t ion  of quinone VII. Workup gave b r igh t - red  c rys ta l s  with mp 229- 
230 ~ (dec., f rom dtoxane) in 70~o yield.  IR spect rum,  cm-1: 1664, 1641 (C =O); 1559, 1515 (arom.)o Found: 
C 62.1; H 6.2; N 17.3~ C17H20N403. Calculated: C 62.2; H 6.1; N 17.1~. 

React ion of Complex X with Ptper idine.  A 0.3-ml (3 mmole)  sample of piperidine was added to a suspen- 
sion of 0.57 g (1.5 mmole)  of complex X in 3 ml of methanol,  and the mixture  was cooled and s t i r r ed  in an oxy- 
gen a tmosphere  until gas absorpt ion ceased  (~10 rain). It was then dissolved in ch loroform,  and the ch loroform 
solution was washed with 3% acetic acid and wate r  and dried with MgSO 4. The solvent was removed by dist i l la-  
tion, and the res idue was c rys ta l l i zed  twice f rom aqueous ethanol to give 0.2 g (42e/0) of b r igh t - red  c rys ta l s  with 
mp 215-216 +. The product  was identical  to qutnone VIII. 

Amtnation of Qutnone VI in the Absence of Oxygen. A solution of 0.37 g (1.5 mmole)  of quinone VI in a 
mix ture  of 3 ml of DMF, 0.6 ml (6 mmole)  of piperidine,  and 0.6 g (3 mmole) of cupric acetate  was s t i r r ed  in a 
s t r eam of ni t rogen fo r  1 h, a f te r  which it was dissolved in 60 ml of ch loroform and the solution was washed 
success ive ly  with water ,  1% HC1, and water .  The ch loroform solution was dried with Na2SO4, the solvent was 
removed by vacuum distil lation, and the res idue  was c rys ta l l i zed  f rom aqueous ethanol to give 0.3 g (60~/o) of 
b r igh t - r ed  c rys t a l s  with mp 215-216 ~ The product  was identical to quinone VIII. 
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