
HETEROCYCLES, Vol. 6, No. 8, 1977 

SYNTHESIS OF N-SUBSTITUTED ISOQUINOLONES 

MODEL FOR THE BIOSYNTHESIS OF ISOQUINOLONE ALKALOIDS 
* 

SpnzL R~$!M$wa4, Uih-Lt Bwi?r?i!;~apmt, K$I;$ H?i;it;?;n, 

and Yodhathai Thebtaranonth ........ c=========== 

Department of Chemistry, Facu l ty  of Science, Mahidol Un ivers i ty ,  

Rama V I  Road, Bangkok 4, Thai land 

Reactions o f  enamine intermediate (11) der ived from 

1-benzyl i soqu ino l  i n e  de r i va t i ve  ( I )  w i t h  cuprous 

chlor ideloxygen o r  s i n g l e t  oxygen gave isoquinolone 

de r i va t i ve  (111). The i m p l i c a t i o n  of the  reac t i on  

of enamine intermediate w i t h  s i n g l e t  oxygen t o  the  

b iosynthesis o f  isoquinolone a l k a l o i d  i s  discussed. 

1 The isoquinolones are  u s u a l l y  synthesized by the  ox ida t i on  of t he  

i soqu ino l i ne  s a l t  w i t h  potassium fe r r i c yan ide  o r  ox i da t i on  o f  the  t e t r a -  

2 hydroisoquinol ine de r i va t i ve  w i t h  potassium permanganate i n  acetone. 

However, by these methods low y i e l d s  of isoquinolones are  usua l l y  obtained. 

We wish t o  r epo r t  t he  synthesis o f  N-subst i tu ted isoquinolones by the  

ox ida t i on  of the  corresponding N-subst i tu ted 1-benzyl isoquinol ine s a l t s  

and our devised synthesis a lso  gives the  i n s i g h t  i n t o  the b iosynthesis o f  

the  isoquinolone a lka lo ids .  

Our approach took the  advantages o f  the  known r e a c t i v i t y  o f  l -benzyl -  

i soqu ino l i ne  s a l t  ( I )  which e x i s t s  i n  the  enamine form i n  the  a l k a l i n e  

3 s o l u t i o n  together  w i t h  the  cuprous chlor ide-cata lysed ox ida t i on  of enamine 

4 w i t h  oxygen, where t he  double bond was cleaved t o  the  corresponding amide 

and carbonyl compounds. 



a )  R = Me- 

b) R = Ph-CH2- 

C )  R = (Me) -C=CH-CH2- 2 

Reaction of N-methylpapaverinium iodide ( I a ,  X=I) with aqueous sodium 

hydroxide solution gave the  corresponding enamine ( I I a )  which was extracted 

with benzene. Treatment of the  benzene solution with cuprous chloride together 

with continuous flow of stream of oxygen in to  the  solut ion,  the yellow solution 

changed to colourless solution and the  cuprous chloride changed t o  green cupric 

s a l t .  The mixture was f i l t e r e d  through c e l i t e  and the  benzene solution was 

evaporated t o  dryness, the  products were then separated and shown t o  be the 

isoquinolone ( I I I a ,  80% y ie ld )  and veratraldehyde (60% y ie ld ) .  Similarly, 

5 N-benzylpapaverinium bromide (Ib,X=Br) was converted t o  the  corresponding 
6 isoquinolone ( I I Ib )  i n  80% yie ld  and N-3,3-dimethylallylpapaverinium bromide 

7 

8 gave the isoquinolone ( I I I c )  i n  18% yie ld .  

N-Methyl-3,4-dihydroisoquinolone, f o r  example, compound (IV) i s  a lso  a 

natural product, and, therefore,  t o  extend our investigation we decided t o  
9 study the oxidation of N-methyl-3,4-di hydropapaverinium iodide ( V ) .  Cuprous 

chloride-catalysed oxygenation of the enamine derived from compound (V) gave 

10 t h e  expected isoquinolone (IV) in 10% yie ld .  
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11 S ing le t  oxygen has been shown t o  r eac t  w i t h  many fun t iona l  groups. 

Late ly ,  increasing i n t e r e s t  has been focussed on the reac t i on  of enamine 12 

w i t h  s i n g l e t  oxygen, t h i s  specia l  i n t e r e s t  has been s t imu la ted  by the  possi- 

b l e  i m p l i c a t i o n  o f  t he  reac t i on  of t h i s  type i n  b i o l o g i c a l  systems. We have 

a l s o  inves t iga ted  the  reac t i on  of s i n g l e t  oxygen w i t h  enamine der ived from 

N-subst i tu ted 1-benzyl isoquinol ine de r i va t i ve .  The p h o t o l y t i c  ox i da t i on  o f  

te t rahydro isoqu ino l ines  t o  the  corresponding isoquinolones and aromatic 

13 aldehydes has been prev ious ly  repor ted  . 
The reac t i on  was s imply c a r r i e d  ou t  by passing stream of oxygen i n t o  

a methanolic so lu t i on  o f  N-subst i tu ted I -benzy l i soqu ino l ine  de r i va t i ves  ( l a ,  

b,c and V )  conta in ing sodium methoxide and a photosens i t i ze r  (Rose bengal),  

the  mix tu re  was then i r r a d i a t e d  w i t h  a tungsten lamp a t  room temperature, 

by t h i s  method, the  isoquinolones (IIIa,b,c and IY)  were success fu l l y  
\ 

synthesized ( %  y i e l d s :  45, 61, 23 and 69 f o r  compounds I I Ia ,b,c and I V ) .  

The co-octurrence14 o f  isoquinolone w i t h  t he  corresponding l -benzyl -  

i soqu ino l i ne  lends support t o  the proposal t h a t  t he  isoquinolone i s  the 

ox ida t i on  product  o f  1-benzyl isoquinol ine. The most convinc ing c i rcumstan t ia l  



evidence i s  the  i s o l a t i o n  o f  b a l ~ c h i s t a n a m i n e ' ~ ~ ( ~ 1 )  from Berber is  ba luch i -  

-. Th is  compound was thought t o  der ive  f rom oxyacanthine which was 

a l s o  i s o l a t e d  from the  same p lan t .  

The mechanist ic d e t a i l  o f  the  kn oxida t i on  of 1-benzyl isoquinol ine 

t o  isoquinolone remains unknown. From our  study, i t  i s  very l i k e l y  t h a t  our  

devised method fol lowed what happeced i n  nature i .e. t he  ox ida t i on  passed 

through the  enamine and amino-dioxetane in te rmed ia te  ( V I I )  which cou ld  then 

f r a g m q t  t o  the  corresponding isoquinolone and carbonyl mo ie t ies .  
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