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A b s t r a c t  - New convers ion o f  i n d o l e s  t o  q u i n o l i n e s  !& t h e  N -C 
1 2  

f i s s i o n  us ing  s i n g l e t  oxygen r e a c t i o n  was i n v e s t i g a t e d  s t a r t i n g  

from indole-3-acet ic  a c i d s  and indole-3-acetaldehydes.  Dye-induced 

photo-oxidat ion of indole-3-acetaldehyde d e r i v a t i v e s  ( A x  and At1 
fo l lowed by t r ea tmen t s  wi th  dimethyl s u l f i d e  and then a c e t i c  a c i d  

produced 4 - fomyl -  and 4-acetylquinol ines  (&? and 2x1, r e s p e c t i v e l y .  

Some q u i n o l i n e  a l k a l o i d s  a r e  known t o  be b iosynthes ized from indo le  a l k a l o i d s .  

Namely camptothecin i s  de r ived  through t h e  f i s s i o n  of C2-C3 bond of indo le  a lka -  

lo ids '  [ type  ( a )  f i s s i o n ] ,  while t h e  c leavage of the N1-C2 bond [ type  ( b )  f i s s i o n 1  

l e a d s  qu in ine   alkaloid^.^ Suggestion of t h e  important  r o l e  of molecular oxygen i n  

t h e  above o x i d a t i v e  c leavage had promoted extens ive  s t u d i e s  of t h e  r e a c t i o n  o f  

indo les ,  i nc lud ing  t ryptophan,  wi th  molecular  Thus qu ino l ine  d e r i v a t i v e s  

were prepared from i n d o l e s  by t h e  type  ( a )  f i s s i o n  us ing  oxygen m o l e ~ u l e . ~  Recently 

we syn thes ized  (+)-camptothecin  ) + t h e  photo-oxygenation of t h e  i n d o l e  d e r i v a -  

t i v e  , fo l lowed by t h e  b a s i c  t r ea tmen t  of t h e  r e s u l t i n g  keto-amide (4 )  t o  t h e  

quinolone ( 2 )  .5  On t h e  o t h e r  hand t h e  format ion of q u i n o l i n e s  through t h e  type  (b )  

f i s s i o n  wi th  molecular  oxygen h a s  n o t  been repor ted .= In tend ing  a  d u p l i c a t i o n  of 

t h e  hypo thes i s  i n  t h e  b iogenes i s  of qu in ine2 ,  we  examined photo-oxygenation of 

indole-3-acet ic  a c i d  and indole-3-acetaldehyde d e r i v a t i v e s .  



When E-benzylindole-3-acetic a c i d  ( a ) ,  mp 152 - 153•‹C (lit .7 mp 148'CI, prepared i n  
8  

98 % y ie ld  by t h e  r e a c t i o n  of indole-3-acet ic  a c i d  w i t h  benzyl bromide i n  t h e  pre-  

sence  of t w o  e q u i v a l e n t  of sodium hydr ide  i n  dimethylformamide, was i r r a d i a t e d  a t  

O'C for 3  h  wi th  200 W halogen lamp i n  t h e  presence  of 1 mM Rose Bengal i n  methanol 

under oxygen atmosphere, a format ion of s i n g l e  product  w a s  observed on t l c  a n a y l s i s .  

The product, which was assumed t o  be t h e  t r i c y c l i c  hydroperoxide ; R = H I ,  was 

t r e a t e d ,  w i thou t  i s o l a t i o n ,  w i th  d imethyl  s u l f i d e  f o r  2  h  t o  g ive  t h e  hydroxy-lact-  

one (8)' i n  96.2 % y i e l d  from 2 a f t e r  p u r i f i c a t i o n  us ing  s i l i c a  g e l  column chromato- 

graphy. Similarly,~-benzy1-2-methylindole-3-acetic a c i d  ( 6 ) .  mp 174 - 176*C, pre- 

pared from 2-methylindole-3-acetic acid1' was conver ted  i n t o  t h e  corresponding 

lac tone (x) 11, mp 157 - 158'C. i n  q u a n t i t a t i v e  y i e l d .  

Reaction of t h e  l a c t o n e  (8) wi th  a mixture of 10 % hydroch lo r i c  a c i d  and methanol 
1 2  1 : 1 V/V) a t  room temperature  f o r  10 h  produced i n  68.3 % y i e l d  t h e  e s t e r  (&&I , 

whose UV spectrum (MeOH), hmax nm (E) 249 (9,338) and 286 (2 ,886) ,  i n d i c a t e d  t h e  

2-oxindole s t r u c t u r e 1 3 .  This  compound would be formed by methanolys is  o f  8 and 

dehydration.  On t h e  o t h e r  hand, t h e  same t r ea tmen t  of f o r  12 h  a f f o r d e d  t h e  

methy e t h e r  (&,&)14 i n  71.3 % y i e l d ,  which would be gained by methanolys is ,  dehydra- 

t i o n  and a  success ive  SN2' type r e a c t i o n .  React ion of 8 with  10 % methanol ic  

potassium hydroxide a t  room temperature  f o r  12 h  caused t h e  hydro lys i s  o f  t h e  

l ac tone  and success ive  rearrangement4a g i v i n g  t h e  ca rhoxy l i c  a c i d  (A$) l5 i n  96.7 % 

y i e l d .  The W spectrum (MeOH) of t h e  corresponding methyl e s t e r  ( & $  l6 der ived  

from ,&& , hmax nm ( E )  233 (21,4431, 258 (6,495) and 400 ( 3 , 0 9 0 ) ,  c l e a n l y  suggested  

t h e  3-oxindole s t r u c t u r e . 1 3  A l l  a t t empts  f o r  t h e  convers ion o f  t h e  t r i c y c l i c  

l ac tones  ( R  and x )  t o  q u i n o l i n e  d e r i v a t i v e s  r e s u l t e d  i n  f a i l u r e .  

it$ R-H 1%) 
l g '  R=" 

The photo-oxidation was then t e s t e d  on indole-3-acetaldehydes (&+, ,&z and & & I ,  which 

were obta ined from t h e  corresponding a c i d s  by r educ t ion  with diisobutylaluminum 

hydride a t  - 78-C i n  90.8, 75.0 and 83.9 8 y i e l d ,  r e s p e c t i v e l y .  On t h e  dye-induced 

photo-oxidation followed by t h e  r e a c t i o n  wi th  diemthyl s u l f i d e ,  2-benzyl-2-methyl- 

indole-3-acetaldehyde ( )  fu rn i shed  t h e  s e p a r a b l e  1 : 1 mixture  of two epimers 

(&$I7 and ( & @ I 8  i n  81.5 % y i e l d .  Acidic  t r ea tmen t  of t h e  l a c t o l s  (,&2 and ,&k) gave 

i n t r a c t a b l e  p o l a r  products .  F i n a l l y  t h e  d e s i r e d  t r ans fo rmat ion  o f  i n d o l e  de r iva -  

t i v e s  to q u i n o l i n e s  by t h e  Nl-C1 f i s s i o n  was achieved s t a r t i n g  from t h e  x-unsubst i -  

t u t e d  aldehydes (,&x and , + & I .  
The aldehydes (&x and ,&R) were s u b j e c t e d  t o  t h e  photo-oxygenation f o r  3  h  followed 

by t rea tment  wl th  dimethyl s u l f i d e  f o r  2  h .  ~ f t e r  evapora t ion  of t h e  s o l v e n t  and 

reagents ,  t h e  crude products  were r e a c t e d ,  r e s p e c t i v e l y ,  w i th  a mixture  of a c e t i c  
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a c i d  - te t rahydrofuran-water  ( 3  : 2 : 2 v/v) a t  room temperature  f o r  10 h .  4- 

Formylquinoline I and 4 -ace ty lqu ino l ine  (JQI  were ob ta ined  i n  16.3 % and 62.6 % 
y i e l d ,  r e s p e c t i v e l y .  The l a t t e r  p roduc t  ($8) was cha rac te r i zed  a s  p i c r a t e ,  mp 

165 - 170PC (decomp.1 I l i t . 1 9  mp 165 - 170'C (decamp.) 1 .  

I i R I  R=Me I Z Q I  R=Me 
Appl ica t ion of t h e  above biomimetic convers ion t o  the s y n t h e s i s  of qu in ine  a l k a l o i d s  

i s  t h e  nex t  s u b j e c t .  
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