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On acid- t rea tment ,  (3-ketosulfoxides having pyr ro le ,  thiophene 

and indo le  n u c l e i  were converted t o  indo les ,  benzothiophenes 

and ca rbazo les ,  r e s p e c t i v e l y ,  through in t r amolecu la r  nucleo- 

p h i l i c  s u b s t i t u t i o n .  

In  previous  papers  we repor t ed  t h e  ac id-cata lyzed c y c l i z a t i o n  of p-keto- 

s u l f ~ x i d e s  having e l e c t r o n - r i c h  aromatic n u c l e i  t o  naphthalene and phenan- 

th rene  d e r i v a t i v e s .  We now wish t o  r e p o r t  a f u r t h e r  work designed t o  

extend t h e  u t i l i t y  of t h e  c y c l i z a t i o n  r e a c t i o n  f o r  a new syn thes i s  of con- 

densed he te rocyc les  such a s  indo le ,  benzothiophene and carbazole  d e r i v a t i v e s  

On hea t ing  under r e f l u x  with p- to luenesulfonic  ac id  i n  te t rahydrofuran f o r  

1 h r ,  1 cyc l i zed  e a s i l y  t o  3 i n  good y i e l d .  The use  o f  methanol and e thanol  

a s  a s o l v e n t ,  i n s t e a d  of t e t r ahydro fu ran ,  gave aromatized indo les  4 and 5, 

r e s p e c t i v e l y .  S i m i l a r l y ,  compound 2, r e a d i l y  synthes ized from 1 and phenyl- 

i socyanate ,  gave a 4 - subs t i tu t ed  indo le  6 i n  h igh  y i e l d .  The r e s u l t s  a r e  

summarized i n  Table I .  



4 ,  M e ,  R'=H - 
5, e E t ,  R'=H - 
6 ,  FFH, R1=ENHC6H5 - 

Table I .  Cycl izat ion of 1 and 2 t o  indole  de r iva t ives  

compd acid  solvent  product4 y ie ld (%)  mp0c 

1 - TsOH THE - 3 63 139-141 

1 TsOH MeOH 4 80 164-166 5 
- - 
1 TsOH E t O H  5 72 136-137 

5 
- - 
2 - TsOH i-PrOH - 6 9 1 106-108 

Under s i m i l a r  condi t ions ,  (5-ketosulfoxides having thiophene nuc le i  (L, !, 
9 and 17) gave t h e  corresponding benzothiophene d e r i v a t i v e s  (Table 111, - - 
though t h e  y i e l d s  were lower than those  of indole  de r iva t ives  (Table I )  i n  

a l l  cases.  The r e s u l t s ,  together  with t h e  f a i l u r e  of t h e  cyc l i za t ion  of 

furan p-ketosulfoxide, i n d i c a t e  t h a t  t h e  product y i e l d s  r e f l e c t  t h e  reac-  

t i v i t i e s  of pyr ro le ,  thiophene and fu ran  nuc le i  toward t h e  e l e c t r o p h i l i c  

species .  
*. .. 

Indole (3-ketosulfoxides (19-21) -- gave s i m i l a r l y  carbazole d e r i v a t i v e s  i n  

good y i e l d s  (Table 111). Tryptophan d e r i v a t i v e  22, a s  wel l  a s  thiophene 

amino acid  d e r i v a t i v e  17, under t h e  aromatization condi t ions  gave an oxazole 



Table 1 1 .  Cycl i za t ion  o f  thiophene g-ketosul foxides  t o  benzothiophenes 

compd ac id  so lven t  product4 y i e l d ( % )  . mp°C 

7 - CF3C02H 'gH6 - 10 

7 - TsOH MeCN 11 - 
12 - 

15 - 
7 - CC13C02H MeCN-MeOH - 13 

8 - TsOH 'gH6 - 14 

9 - TsOH 'gH6 - 16 

17 - TsOH MeCN 18 - 



Table 111. Cyclization of indole 0-ketosulfoxides to carbazoles 

compd acid solvent product4 yield(%) mp°C 

19 - TsOH 

20 - TsOH 

19 - TsOH 

19 - TsOH 

19 - TsOH 

21 - TSOH 

22 - TsOH 

30 - .  TsOH 

'InF 23 - 
THF 24 - 
dioxane 25 - 
acetone-Me0H 26 - 
acetone-Et0H 27 - 
MeCN 2 8 - 
MeCN 29 - 
MeCN 31 - 

82 

60 

54 

47 

40 

40 

80 

trace 



d e r i v a t i v e  2. Isot ryptophan d e r i v a t i v e  30 gave an isomeric  oxazole 3, 

though i n  ve ry  poor  y i e l d .  

I t  i s  be l i eved  t h a t  formation of 2 ,3 -d i subs t i tu t ed  indo les  by e l e c t r o -  

p h i l i c  s u b s t i t u t i o n  i n  3 - s u b s t i t u t e d  indo les  involves  i n i t i a l  formation of 

3 , 3 - d i s u b s t i t u t e d  indolenines ,  followed by rearrangement, r a t h e r  than d i r e c t  

s u b s t i t u t i o n  a t  t h e  ~ - ~ o s i t i o n . ~  This may a l s o  be t h e  mechanism i n  t h e  

c y c l i z a t i o n  of p-ketosul foxides ,  because we r e c e n t l y  i s o l a t e d  an i n i t i a l l y  

formed indo len ine  a s  an in t r amolecu la r  t r app ing  product,  of which w i l l  

r e p o r t  soon. 

There a r e  many u s e f u l  s y n t h e t i c  methods of condensed he te rocyc les  such a s  

indo les  and benzothiophenes, which c o n s i s t  of bu i ld ing  up of p y r r o l e  and 

thiophene r i n g s ,  no t  benzene r i n g .  Nevertheless t h e  c y c l i z a t i o n  of (3-keto- 

su i fox ides  presented h e r e  may provide a  p o t e n t i a l  new method i n  t h e  a rea  of 

h e t e r o c y c l i c  chemistry f o r  t h e  following reasons .  1) The s t a r t i n g  mater- 

i a l s ,  P-ketosul foxides ,  a r e  e a s i l y  synthes ized from t h e  corresponding e s t e r s  

and dimsyl sodium.1° 2) Two types  of compounds, c y c l i c  6-ketosul f ides  (3 ,  - 

10, 3 and 4) and aromatized compounds a r e  obta ined s e p a r a t e l y  by t h e  - 
choice  of t h e  r e a c t i o n  condi t ions .  3) Since  t h i s  s y n t h e t i c  method is  

cha rac te r i zed  wi th  regard  t o  bu i ld ing  up of phenyl nucleus d i f f e r e n t  from 

t h e  conventional methods, it is f a c i l i t a t e d  t o  in t roduce c e r t a i n  s u b s t i t u -  

e n t s  on t h e  phenyl nucleus,  because they can be introduced p r i o r  t o  cyc l i -  

za t ion ;  e .  g . ,  syntheses  of 5, 14 and - 16. 

Fur the r  s y n t h e t i c  a p p l i c a t i o n  of t h i s  r eac t ion  i s  i n  progress .  
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