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7 -Hydroxy- l - i s0qu ino lones ,  3 -methyl -7-hydroxyisoquinol ine ,  and 6-hydroxyisoquinol ine were  
synthes ized ,  and the i r  reac t ions ,  as well as the react ion  of 7-methoxyisoquinol ine-5 ,8-quinone,  
with amines  were  studied. The p rob l em of the t r a n s m i s s i o n  of the m e s o m e r i c  and inductive 
effects  of the quinone carbonyl  groups through the he te ror ing  and the i nc rea se  in the e l ec t ro -  
phi l ic i t ies  of the quinones upon chelate fo rmat ion  a r e  d iscussed.  

The oxidative aminat ion of 7-hydroxyisoquinol ine leads to 3 ,5-bis(dia lkylamino)isoquinol ine-7,8-quinones  
[2]. Amination at 3-C is not c h a r a c t e r i s t i c  for  isoquinolines but finds i ts  explanation within the f r a m e w o r k  of 
concepts  r egard ing  the t r a n s m i s s i o n  of the m e s o m e r i c  and inductive effects  of the quinone carbonyl  group 
through the he te ro r ing  [2,3]. Continuing our  study of this phenomenon,  we c a r r i e d  out the oxidative aminat ion 
of 7 -hydroxy- l - i soqu ino lones  I and IIo 7 -Hydroxy- l - i soqu ino lone  I was obtained by fusion of 7-hydroxyisoquin-  
oline with po tass ium hydroxide~ We used 4-methoxyhomophthal ic  acid,  synthesized by the recent ly  descr ibed  
method of a ry la t ion  of ace toace t ic  e s t e r  with 2 -b romo-5 -me thoxybenzo ic  acid and subsequent saponification 
and acid c leavage [4], for  the synthesis  of 3 -me thy l -7 -hyd roxy- l - i soqu ino lone  (II). Ethyl 3 - m e t h y l - 7 - m e t h -  
oxy i socoumar in -4 - ca rboxy l a t e  (III), the s t ruc tu re  of which was conf i rmed  by the resu l t s  of e l emen ta ry  analys is  
and the IR and PMR spec t roscop ic  data,  as well as by alkaline c leavage ,  was isola ted as  a side product  in 1570 
yield in the ary la t ion  react ion.  4-Methoxyhomophthal ic  acid was conver ted  by a known method [5, 6] to 3- 
m e t h y l - 7 - m e t h o x y - l - i s o q u i n o l o n e ,  which was demethyla ted  to hydroxyisoquinolone II by refluxing in 48~0 HBr.  

The oxidation of I with oxygen in the p r e s e n c e  of the Cu2+-piperidine complex leads to 1-hydroxy-3 ,5-  
dipiper idinoisoquinol ine-7,8-quinone (IV), Joe., both the quinone ring and the he t e ro r ing  a r e  aminated.  The 
reac t ion  goes to complet ion only in the p r e s e n c e  of an equivalent amount of copper  sa l t  because  of tying up of 
the sal t  in a chelate complex  of the V type~ Quinone IV exis ts  both in solution and in the solid s ta te  i n t h e  
hydroxy fo rm,  which is s tabi l ized by a s t rong in t r amolecu l a r  hydrogen bond, the p r e s e n c e  of which is con- 
f i rmed  by spec t roscop ic  data (in i ts  PMR spec t rum a broad  singlet  of a hydroxyl  pro ton  in found at ve ry  weak 
field at 13.7 ppm).  
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A l a r g e r  amount of oxygen (~ 2.8 m o l e s ,  see  [3]) is absorbed  in the oxidation of hydroxyisoquinolone II ,  
and a quinone identical  to IV is fo rmed.  According to the resu l t s  of th in - l aye r  ch romatography  (TLC),  no 
o ther  quinones a r e  p r e s e n t  in the reac t ion  mix ture .  Thus in addition to oxidation and aminat ion at 5-C,  the 
methyl  group is r ep laced  by a p iper id ine  residue;  this is cha r ac t e r i s t i c  for  quinones [7] and espec ia l ly  for  
quinazolinequinones [3]. In analogy with [3], it can be a s sumed  that act ivat ion of the methyl  group is achieved 
through the fo rmat ion  of an e l e c t r o n - a c c e p t o r  pseudoaromat ic  r ing that  develops during chelate bonding of the 
copper  by in t e rmed ia te  quinone V. It  s e em ed  of in te res t  to a sce r t a in  whether  the methyl  group would be r e -  
p laced when the reac t ion  product  is incapable of fo rming  this sor t  of chelate.  Fo r  th is ,  we oxidized 3-methyl -  
7-hydroxyisoquinol ine (VI), which was obtained f rom 3 - m e t h y l - 7 - m e t h o x y - l - i s o q u i n o l o n e  in th ree  s teps .  
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The oxidation of VI in the p r e s e n c e  of p iper id ine  p roceeds  with a catalyt ic  amount of copper  sal t ,  during 
which, accord ing  to the TLC data,  a mix tu re  of approx imate ly  equal amounts of t h ree  compounds is  formed;  
they were  sepa ra t ed  by ch romatography  on s i l ic ic  acid. One of the products  was 3- me thy l -5 -p ipe r id ino i soqu-  
inol ine-7,8-quinone (VII). I ts  s t ruc tu re  was conf i rmed  by the resu l t s  of e l emen ta ry  analys is  and IR and m a s s  
s p e c t r o m e t r y .  A m o l e c u l a r  ion peak  with m / e  256 is obse rved  in the m a s s  spec t rum of quinone VII; this is 
in a g r e e m e n t  with the value ca lcula ted  for  C15H16N202. The subsequent f ragmenta t ion  conf i rms  the p roposed  
s t ruc tu re .  The m a s s  spec t rum of quinone VII contains intense peaks  cor responding  to f r agmen t s  into which 
piperidinoquinones usual ly  b r e a k  down [8,9] under  the influence of e lec t ron  impact :  m / e  228 ( M -  CO), 200 
(M-- 2CO), 175 (M -- 2CO-- C -- CH), 227 (M-- 29), 213 (M- 43), and 84 [(CH2)sN+]. 
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The second quinone fo rmed  in the oxidation of phenol VI was identified as 3 ,5-dipiper idinoisoquinol ine-  
7,8-quinone (VIII), which was p rev ious ly  obtained in [2]. We were  unable to es tab l i sh  the s t ruc tu re  of the 
th i rd  compound (IX), since it was found to be e x t r e m e l y  labile  and underwent changes on s to rage .  

When the oxidation of VI was c a r r i e d  out with a s m a l l e r  amount of p iper id ine  (1.3 moles ) ,  ~ 50% of the 
s ta r t ing  compound r ema ined  in the reac t ion  mix tu re ,  and a mix tu re  consis t ing p r i m a r i l y  of quinone VII was 
formed.  An exper imen t  with moni tor ing  of the composi t ion of the react ion  mix tu re  by TLC showed that 
quinone VII is gradual ly  conver ted  to a mix tu re  of VIII and IX under  the conditions of oxidative amination.  
Thus the oxidation of hydroxyisoquinoline VI is also accompanied  by r ep l acemen t  of the methyl  group at 3-C 
but takes  p lace  m o r e  slowly than in the case  of cor responding  isoquinolone II. 
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The next step in the r e s e a r c h  was the study of the poss ib i l i ty  of aminat ion of the he te ro r ing  in isoquinol-  
ine-5 ,8-quinones .  Fo r  this we used 7-methoxyisoquinol ine-5 ,8-quinone (XI), which was p rev ious ly  obtained 
f r o m  7-methoxy-8-aminoisoquinol ine  (X) in th ree  s teps  in an overa l l  yield of 17% [10]. We found that the 
oxidation of amine X with po ta s s ium iminoxyldisulfonate makes  it poss ib le  to obtain quinone XI in one step in 

80% yield.  

In con t ra s t  to i soquinol ine-7 ,8-quinones ,  p-quinone XI r eac t s  with morphol ine  or  pyr ro l id ine  to give only 
the usual  p roducts  of substi tut ion of the methoxy group (XII and XIII) without aminat ion at 3-C. According to 
the TLC data,  quinones XII and XIII a re  not aminated  in the he te ro r ing  e i the r  when they a r e  heated in alcohol 
with excess  s t rong base  of this  type o r  a s t rong base  such as  pyr ro l id ine  (pKa 11.27) o r  under  the conditions 
of oxidative aminat ion.  Not only the p r e s e n c e  of a C8=O bond but also the par t ic ipa t ion  of the carbonyl  oxygen 
a tom in the fo rmat ion  of a chelate complex,  which i n c r e a s e s  the e lec t rophi l ic i ty  of 3-C,  a re  evidently neces -  
s a r y  fo r  aminat ion at 3-C.  The chelate  may  be of e i ther  the V type o r  of the l e s s  s table  XIV type,  in which the 
complex  is fo rmed  with the par t ic ipa t ion  of both quinone carbonyl  groups.  

To conf i rm the r ea s ons  for  the t r a n s m i s s i o n  of the effect  of the carbonyl  groups of quinones through the 
he t e ro r ing  we c a r r i e d  out the oxidative aminat ion of 6-hydroxyisoquinol ine.  Isoquinol ine-5,6-quinones a re  not 
desc r ibed  in the l i t e r a tu re .  We supposed that they should be aminated  in the he te rocyc l ic  r ing,  s ince the m e s o -  
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m e r i c  effect of the C5=O bond is not t ransmi t ted  to 3-C, and the C 6 = O bond is conjugated with the amine 
residue attached to 8-Co As we assumed,  only 8-morpholino(piperidino)isoquinoline-5,6-quinones (XV and 
XVI) are  formed as a resul t  of the react ion of 6-hydroxyisoquinoline with morpholine (or piperidine). 

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

Monitoring of the course  of the react ions and the pur i ty  of the products  was accomplished by TLC on 
Silufol p la tes  in a m e t h a n o l - c h l o r o f o r m  s y s t e m  (1-107. The IR spec t ra  of KBr pellets  of the compounds were 
r e c o r d e d  with a UR-20 spec t rome te r . .  The PMR spect ra  were recorded  with Varian T-60 and Hitachi R-20 
spec t romete r s  with te t ramethyls i lane as the internal standard. The mass  spect ra  were recorded  with a 
Varian CH-6 spec t romete r  at an ionization chamber  tempera ture  of 180" and an ionizing voltage of 70 eV. 

7-Hydroxy- l -quinolone  (I). A mixture of 3.8 g (26 mmole) of 7-hydroxyisoquinoline [2] and 26 g of 
f reshly  fused and pulver ized potass ium hydroxide was heated in a s ta in less -s tee l  crucible  at 230 ~ for  4 h with 
per iodic  s t i r r ing.  It was then cooled and t rea ted  with 100 ml of water ,  and the result ing solution was neutral-  
ized with acetic acid. The precipi ta te  was separated and dissolved in 50 ml of 3% NaOH solution, the solution 
was t reated with charcoal ,  and the compound was reprecipi ta ted with acetic acid. Recrysta l l iza t ion f rom 
aqueous methanol containing charcoal  gave 1.05 g (25%) of color less  c rys ta l s  with mp 315-316 ~ IR spectrum: 
3170 br  (associated OH) and 1662 cm -1 (CO). Found: C 67.1; H 4.6; N 8.5%. C~HTNO 2. Calculated: C 67.1; 
H 4.4; N 8.7%~ 

4-Methoxyhomophthalic Acid. A) A 14.5-g (0.33 mole) sample of a 55% emulsion of sodium hydride in 
mineral oil was added in portions with stirring at < 40 ~ to 90 ml (0.7 mole) of acetoacetic ester, after which 
29 g (0.125 mole) of 2-bromo-5-methoxybenzoic acid [11] mixed with 2.0 g (0.007 mole) of Cu2Br 2 was added, 
and the mixture was stirred at 80 ~ for 2 h. It was then cooled to room temperature and treated with 180 ml 
of water and 80 ml of ether. The ether layer was separated, and the aqueous layer was acidified with 20% 
H2SO 4. The liberated oil was extracted with ether, the ether and excess acetoacetic ester were removed by 
vacuum distillation, and the residue (~ 38 g) was treated with a solution of 20 g of NaOH in 180 ml of water. 
A large portion of the residue dissolved whenthe mixture was heated, and the insoluble portion began to 
solidify on standing. After 1 h, the crystalline precipitate of side product Ill [5.0 g (15%7] was separated, and 

the filtrate was acidified with hydrochloric acid. The precipitated 4-methoxyhomophthalic acid was removed 
by filtration, washed with water, and dried to give 18.5 g (67%) of a product with mp 180-182 ~ (mp 185-186 ~ [12]). 

The alkali-insoluble precipitate was ethyl 3-methyl-7-methoxyisocoumarin-4-carboxylate (IIl) with mp 
83-84 ~ (from alcohol). IR spectrum: 1710 (isocoumarin CO), 1723 (ester CO), 897, 881,870, 840, and 785 
cm-lo PMR spectrum: 1.43 (CH3, t, 3H), 2.40 (C-CH3, s, 3H), 3.85 (OCH3, s, 3H), 4.43 (OCH2, q, 2H), 7.20 
(6-H, q, liD, 7.53 (5-H, d, J = 2.9 Hz, liD, 7.65 (4-H, d, J = 8.7 Hz, lid ppm (see [13]). Found: C 64.1; H 
5~ C14H1405. Calculated: C 64.1; H 5.4%. 

]3) A suspension of 0.5 g of ester Ill was refluxed for I h in 15 ml of 15% NaOH solution until a trans- 
parent solution formed, after which the solution was cooled and acidified with HCI, and the precipitate was 
removed by filtration, washed with water, and dried to give 0.35 g (87%) of a substance identical to the 4- 
methoxyhomophthalic acid obtained by method A. 

3-Methyl-7-methoxy-l-isoquinolone. This compound was obtained by conversion of 4-methoxyhom0- 
phthalic acid to 4-acetyl-7-methoxyisochroman-l,3-dione by the method in [5]. The latter was converted, 
without purification, to 3-methyl-7-methoxy-l-isoquinolone by the method in [6] by the action of ammonium 
ammonium hydroxide. Workup gave a product with mp 213-215 ~ (rap 214-215 ~ [6]) in 56% yield. 

3-Methyl-7-hydroxy-l-isoquinolone (II). A solution of 1089 g (i0 mmole) of 3-methyl-7-methoxyl-1- 
isoquinolone in 20 ml of 48% HBr was refluxed for 6 h, after which it was cooled and diluted with 40 ml of 
water. After 1 h, the precipitate was separated, washed with water, and dried to give 1.70 g (96%) of colorless 
plates with mp 320 ~ (dec., from aqueous acetic acid). IR spectrum: 3250 br (associated OH) and 1660 cm -i 

(CO). Found: C 68.1; H 5.3; N 8.3%. CIoHsN02. Calculated: C 68.6; H 5.2; N 8.0%. 

l-Hydroxy-3,5-dipiperidinoisoquinoline-7,8-quinone (IV). A) A 0.81-g (5 mmole) sample of I was added 
to a solution of 0.54 g (2.7 mmole) of copper acetate in a mixture of 4 ml (40 mmole) of piperidine and 5 ml of 
methanol, and the mixture was stirred in an oxygen atmosphere. After 5.5 h, 235 ml (I0 mmole) of 02 had been 
absorbed. The mixture was cooled to 0 ~ and acidified with 3.5 ml of concentrated HCI in 5 ml of water, 40 ml 
of water was added, and the mixture was extracted with three 25-mi portions of chloroform. The chloroform 
solution was washed with water, dried with Na2SO4, and evaporated to a small volume. Quinone IV was isolated 
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chromatograph ica l ly  with a column (18 by 180 mm) fi l led with s i l ic ic  acid.  Workup gave 0.70 g (41%) of red 
ac i cu l a r  c r y s t a l s  with mp 220-221 ~ ( f rom ethyl acetate) .  IR spec t rum:  1650, 1610 (CO), 1578, 1538 cm -1 
(C = N, C = C). Found: C 67.0; H 7.1; N 12.3%. ClsH2~N303. Calculated: C 66.8; H 6.8; N 12.3%. 

t3) A 0.88-g (5 mmole)  s a m p l e  of hydroxy- l - i soqu ino lone  II was oxidized and worked up as  in the p r e p -  
a ra t ion  of I. Af ter  1.5 h, 320 ml  (14 mmole)  of 02 had been absorbed.  Workup gave 0.75 g (44%) of a substance 
that ,  accord ing  to i t s  IR s p e c t r u m ,  the r e su l t s  of TLC,  and i ts  mel t ing  point ,  was ident ical  to the produc t  ob-  
tained by method A. PMR spec t rum:  1.77 ( f l ,y -CH2,  unreso lved  mul t ip le t ,  12H), 3.20 (c~-CH2, unreso lved  
mul t ip le t ,  4H), 3.80 (~'-CH2, unreso lved  mul t ip le t ,  4H), 5.9 (6-H, s ,  1H), 6.50 (4-H, s ,  1H), and 13.7 ppm (OH, 
s ,  1H). Found: C 67.1; H 6.6; N 12.3%. C19Hz3NsO 3. Calculated: C 66.8; H 6.8; N 12.3%. 

3-Methyl -7-hydroxyisoquinol ine  {VI). A solution of 3.0 g of 3 -me thy l -7 -me thoxy i soqu ino l ine  [6] in 20 m l  
of 48% HBr was ref luxed fo r  6 h, a f t e r  which it was  cooled and neut ra l izedwi th  10% ammon ium hydroxide.  The 
p rec ip i t a t e  was r em oved  by f i l t ra t ion,  washed with wa te r ,  and dried to give 2.5 g (90%) of c o l o r l e s s  c r y s t a l s  
with mp 252-255 ~ ( f rom aqueous alcohol). IR spec t rum:  2500-3100 cm -1 b r  (OH). Found: C 74.7; H 5.7; N 
8.6%. C10HsNO. Calculated: C 75.4; H 5.7; N 8.8%. 

Oxidation of 3-Methyl -7-hydroxyisoquinol ine  (VI). A solution of 0.32 g (2 mmole)  of VI and 0.1 g (0.5 
mmole)  of copper  ace ta te  in a m i x t u r e  of 0.8 ml  (8 mmole)  of p iper id ine  and 3 ml  of methanol  was s t i r r ed  in 
an oxygen a t m o s p h e r e  for  1.5 h, during which 130 ml  (5.8 mmole)  of 02 was absorbed.  Chloroform (30 ml) 
was added to the reac t ion  mix tu re ,  and the resul t ing  solution was washed with wa te r  and dr ied with Na2SO 4. 
According to the TLC data,  the ch lo ro fo rm solution contained th ree  subs tances :  IX (Rf 0.58), VII (Rf 0.72), 
and VIII (Rf 0.82). The qninones were  sepa ra t ed  with a column filled with 30 g of s i l ic ic  acid (elution with 
ethyl acetate) .  The o r d e r  of e m e r g e n c e  of the qninones f rom the column differed f rom the o r d e r  obse rved  
in the case  of TLC in a m e t h a n o l - c h l o r o f o r m  sys t em.  Workup up the f i r s t  f rac t ion  yielded 150 mg of dark-  
r ed  c r y s t a l s  of quinone IX with mp 140 ~ (dec.). IR spec t rum:  1714, 1697, 1629 (CO), 1578, and 1533 cm -1 
(C = N, C = C). Workup of the second f rac t ion  gave 126 m g  (19%) of quinone VIII. This product  was identical  
to a genuine sample  [2] of 3 ,5-dipiper idinoisoquinol ine-7,8-qninone with r e spec t  to i ts  mel t ing  point ,  IR spec-  
t r u m ,  and Rf value.  Workup of the th i rd  f~action yielded 120 mg  (23%) of o r a n g e - r e d  c ry s t a l s  of qninone VII 
with mp 128-130% IR spec t rum:  1694, 1633 (CO), 1591, 1577, and 1536 cm -1 (C = N, C = C). Found: C 70.2; 
H 6.2; N 10.9%. C15HI6N202. calcula ted:  C 76.3; H 6.3; N 11.0%. 

7-Methoxy-8-aminoisoquinol ine  (X). A 1-g  sample  of Raney nickel  was added to a suspens ion of 11.0 g 
(0.054 mole) of 7 -methoxy-8-n i t ro i soquino l ine  [14] in 80 ml  of ethanol,  a f t e r  which 11 ml  (0.19 mole) of 85% 
hydraz ine  hydra te  was added dropwise  with s t i r r i ng  at 60 ~ in the cour se  of 30 rain. The mix tu r e  was then 
ref luxed for  1 h, a f t e r  which it was t r e a t ed  with charcoal  and f i l te red  hot. The f i l t ra te  was diluted with 550 
ml  of w a r m  wate r ,  and the mix tu re  was cooled. The p rec ip i t a t ed  c rys t a l s  were  sepa ra ted ,  dr ied,  and r e -  
c rys t a l l i zed  f r o m  benzene to give 7.1 g (76%) of a product  with rap 152-154 ~ (rap 153-155 ~ [10]). 

7-Methoxyisoquinol ine-5,8-quinone (XI). A solution of 1.50 g (8.6 mmole)  of amine  X in 70 ml  of 
methanol  was added a t  20 ~ with s t i r r ing  in the cour se  of 30 rain to a solution of 5.0 g (18.7 mmole)  of po tas -  
s ium iminoxyldisulfonate  and 3.3 g (24 mmole)  of NaH2PO 4 - H20 in 200 m l  of water .  A l ight-yel low prec ip i t a te  
began to fo rm immedia t e ly .  The reac t ion  mix tu re  was s t i r r e d  for  4 h and was then allowed to stand overnight  
at 20~176 The prec ip i t a ted  quinone XI was sepa ra ted ,  washed with wate r ,  dr ied,  and r ec ry s t a l l i z ed  f rom meth-  
anol to give 1.30 g (80%) of a product  with mp 215-216 ~ (dec.). (mp 215-216 ~ [10]). IR spec t rum:  1678, 1652 
(CO), 1600, 1582, and 1562 cm -1 (C = N, C = C). 

7-Morphol inoisoquinol ine-5,8-quinone (XII). A 0 .3 -ml  (3.3 mmole)  sample  of morphol ine  was added to a 
suspens ion of 0.19 g (1 mmole)  of quinone XI in 16 ml  of absolute alcohol,  and the mix tu re  was ref luxed for  
1.5 h. It wash then cooled, and the p rec ip i t a t e  was separa ted ,  washed with alcohol,  and dr ied to give 0.17 g 
(70%) of r ed  c r y s t a l s  with mp 160-161 ~ (rap 158-160 ~ [10]). IR spec t rum:  1674, 1640 (CO), 1585, and 1564 
em -1 ( C = N ,  C =  C). 

7-Pyrro l id inoisoquinol ine-5 ,8-quinone  (XIII). A 0.42 ml  (5 mmole)  sample  of pyr ro l id ine  was added to 
a suspension of 0.19 g (1 mmole)  of quinone XI in 5 m l  of absolute  alcohol,  and the mix tu r e  was s t i r r e d  fo r  
30 rain~ The reac t ion  mix tu re  becam e  red immedia te ly ,  and a voluminous prec ip i ta te  began to form.  The 
reac t ion  product  was r emoved  by f i l t ra t ion,  washed with i ml  of alcohol ,  and dried to give 0.21 g (92%) of red  
ac icu la r  c ry s t a l s  with mp 199-2010 (dec.). IR spec t rum:  1680, 1620 (CO), 1588, and 1565 cm - I  (C = N, C = C). 
Found: C 68.3; H 5.1; N 12.6%. CI3H12N202. Calculated: C 68.4; H 5.3; N 12.3%. 

6-Methoxyisoquinoline.  A mix tu re  of 3.5 g (21 mmole)  of 6 -methoxy- l ,2 ,3 ,4 - t e t r ahydro i soqu ino l ine  
[15], 3.0 g of 10% Pd on carl~on, and 15 m l  of naphthalene was s t i r r e d  and heated at 200-205 ~ for  2 h, a f t e r  which it 
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was cooled and the solid mass  was dissolved in e ther .  The catalyst  was removed  by f i l t rat ion,  and the e ther  
solution was ex t rac ted  with three  10-ml port ions of 3 N HC1 solution. The aqueous solution was ext rac ted  
with e ther  and made alkaline with 20% NaOH solution~ The prec ip i ta ted  6-methoxyisoquinoline was ext rac ted  
with e ther ,  the e ther  solution was dried with KOH, the e ther  was removed  by disti l lation, and the residue was 
f ract ionated to give 2.0 g (59%) of a product  with bp 132-135 ~ (5 mm).  The hydrochlor ide  had mp 214-216 ~ 
(rap 216 ~ [16]). 

6-Hydroxyisoquinoline. This compound was obtained in 66% yield by demethylation of 6-methoxyiso' 
quinoline by refluxing with 48% HBr~ as in the case of VI. The colorless crystals had mp 218-220 ~ (dec.) Imp 
220 ~ (dec.) [17]]. 

8-Morpholinoisoquinoline-5,6-quinone (XV). A solution of 0.29 g (2 mmole) of 6-hydroxyisoquinoline and 
0.01 g (0.05 mmole) of copper acetate in a mixture of 0.4 m] (4.4 mmole) of morpholine and 2.5 ml of methanol 
was stirred in an oxygen atmosphere until gas absorption ceased (2 h). Chloroform (30 ml) was added to the 
reaction mixture~ and the resulting solution was washed with water and 2~c acetic acid solution and dried with 
Na2SO 4. The chloroform was removed by vacuum distillation, and the residue was crystallized by" trituration 
with alcohol to give 0.21 g (43%) of red crystals with mp 160-162 ~ (from alcohol). IR spectrum: 1707, 1645 
(CO), 1593, 1577, and 1540 cm -I (C = N, C = C). PMR spectrum: 3.25-3.68 (N-CH2, unresolved multiplet, 
4H), 3.68-4.08 (O-- CH2, unresolved multiplet, 4H), 6.03 (7-H, s, 1H), 7.68- 8.08 (4H, unresolved multiplet, 1H), 
and 8.30-9.35 ppm (l-H, 3-H~ unresolved multiplet~ 2H). Found: C 63.8; H 5.1; N 11.3~. CI3HI2N203. Calc- 
ulated: C 63.9; H 5.0; N 11.5%o 

8-Piperidinoisoquinoline-5,6-quinone (XVI). The method used to prepare XV was employed to obtain 
this compound from 0.29 g (2 mmole) of 6-hydroxyisoquinoline in the presence of 8 mmole of piperidine. 
Quinone XVI was isolated by chromatography on silicic acid [elution with methanol-chloroform (1:20)]. Work- 
up gave 0.20 g (41%) of dark-red crystals with mp 137-138 ~ IR spectrum: 1705, 1629 (CO), 1588, 1574, and 
1536 cm -I (C = N, C = C). Found: C 68.9; G 5.9; N 11.7~ CI4HI4N202. Calculated: C 69.4; H 5.8; N 11.6%. 
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