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Abstract-- Condensation o f  1,3-cyclohexanedione w i t h  chlonoacetaldehyde 

fo l l owed  by dehydra t ion  gave 4-0x0-4,5,6,7-tetrahydmbenzofuran i n  a good 

y i e l d .  The te t rahydrobenzofuran was q u a n t i t a t i v e l y  converted i n t o  4-0x0- 

4,5,6,7-tetrahydmindoles. 

The synthon us ing  4-0x0-4,5,6,7-tetrahydmindole (1) as a key i n te rmed ia te  possesses a 

p o t e n t i a l i t y  app l i cab le  f o r  the  synthes is  o f  a v a r i e t y  o f  4 - subs t i t u ted  indo les . '  A successful 

r ep resen ta t i ve  i s  the  synthes is  o f  an ar rhy thmic  agent, p i n d o l o l  (31, which i s  p r a c t i c a l l y  

prepared f m m  t h e  t e t r a h y d m i n d o l e  1 through 4-hydmxy indo le  (2).  2 

The i n d o l e  1 has been synthes ized by condensation o f  1,3-cyclohexanedione (4) w i t h  amino- 

3 acetaldehyde d i e t h y l  ace ta l  o r  w i t h  oxoiminoglyoxa14 w i t h  low e f f i c i e n c y .  The more p r a c t i c a l  

method known so f a r  i s  t rans format ion  of the  endocyc l ic  oxygen atom to the n i t r o g e n  i n  4-0x0- 

4,5,6,7-tetrahydrobenzofuran skeleton. To a t t a i n  t h e  ammonolysis o f  the  furan, a c t i v a t i o n  o f  

the f u ran  r i n g  has been thought  t o  be requ i red .  S t e t t e r  synthesized a f u r a n  c a r b o x y l i c  a c i d  5 

as a precursor  o f  1 f rom t h e  dione 4 and expensive bmmopyruvic a c i d  es te r .5  On the o t h e r  hand, 

T o r i i  e l e c t r o l y z e d  4 together  w i t h  a l a r g e  excess o f  e t h y l  v i n y l  e t h e r  t o  y i e l d  an ethoxyhexa- 

hydmbenzofuran 6, which was transformed i n t o  1 i n  a moderate t o t a l  y i e l d .  
6 



We r e p o r t  here t h a t  4-0x0-4,5,6,7-tetrahydrobenzofuran (2)  i s ,  w i thou t  any spec ia l  a c t i v a t i o n ,  

q u a n t i t a t i v e l y  converted i n t o  the indo le  1, and t h a t  the furan 2 i s  convenient ly sysnthesized 

poss ib le  t h a t  the a c i d i t y  o f  the reac t ion  system inf luences the balance descr ibed above. I n  

by the condensation o f  the d i m e  4 w i t h  inexpensive chlomacetaldehyde ( I ) .  7 

The condensation o f  4 w i t h  1 proceeded i n  the presence of a  base i n  water t o  y i e l d  a  hydmxy- 

furan !,'which was dehydrated i n t o  the des i red furan q thermal ly  o r  by a c i d  c a t a l y s i s  i n  a  

q u a n t i t a t i v e  y i e l d .  The furan 2 was p repara t i ve l y  obtained w i thou t  i s o l a t i o n  o f  8 i n  the  

procedure descr ibed above. The reac t ion  o f f !  w i t h  1 was s i g n i f i c a n t l y  af fected by the a c i d i t y  

of the aqueous s o l u t i o n  regardless o f  the base used. As shown i n  the  f i gu re ,  t he  condensation 

fac t ,  under s t m n g  a c i d i c  o r  bas ic  condi t ions,  the  reac t ion  o f f !  w i t h  1 gave, i n  a d d i t i o n  t o  5, 
a considerable amount o f  un iden t i f i ed  2: l  adducts, o f  which mass spectrum showed the parent 

peak a t  m/z 248 (2  x  Q + 1 - HCl - H20). 

must be c a r r i e d  o u t  under near l y  neu t ra l  condi t ions 
75. 

t o  a t t a i n  the optimum y i e l d  o f  2. The y i e l d  of 

9 was fu r the r  improved by dev is ing  a d d i t i o n  o f  - 
the reagents t o  the reac t ion  system as descr ibed - < 50. 
i n  the experimental sect ion. L 
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a f f o r d i n g  8 and the  d i s s o c i a t i o n  r a t e  forming pH 

monomeric I might  s i g n i f i c a n t l y  a f fec t  the The pH dependence o f  

condensation o f  4 w i t h  I 
eff ic iency of the react ion.  I t  i s  enough 
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Next, we examined the transformation of the furan 9 i n t o  the indole 1. When the furan 9 was 

heated w i t h  amnonia i n  aqueous ethanol a t  150°C. the indo le  1 was produced i n  a 96% y i e l d .  I n  

t h i s  ammonolysis, aqueous ethanol gave b e t t e r  r e s u l t s  than absolute ethanol o r  methanol as the 

so lvent  used. As shown i n  the scheme, s i m i l a r  reac t ion  o f  9 w i t h  primary amines, methylamine, 

ethylamine, a l ly lamine,  and benzylamine, afforded the corresponding 1 -subs t i tu ted  indoles, 10, 
11, 11, and 12, respect ive ly .  

9 
- 
Subst i tu ted 1,3-dione such as dimedone 14 a lso  gave the corresponding indo le  15 by the use of 

the reac t ion  sequence presented here. Typical procedures t o  prepare the 4-0x0-4,5,6,7- 

te t rahydro indoles are described i n  the fo l l ow ing  experimental sect ion. 

EXPERIMENTAL 

Condensation of 1,3-cyclohexanedione (4) w i t h  chloroacetaldehyde (1) Chloroacetaldehyde (1) 

(40% aqueous so lu t ion,  2 mL) was added i n t o  an aqueous s o l u t i o n  o f  1,3-cyclohexanedione (4) 

(1.12 g), o f  which a c i d i t y  was c o n t r o l l e d  by add i t i on  o f  2N-NaOH. A f t e r  s t i r r i n g  the reac t ion  

mixture f o r  2 h a t  room temperature, e thy l  acetate (10 mL) and conc. H2S04 (0.5-1 mL) were 

added. The organic l a y e r  was analyzed by GLC(interna1 standard:pdimethoxybenzene, column: 

SE30, 1.2 m, temperature: 130°C). The r e s u l t s  were shown i n  the f igure. 

4-0x0-4,5,6,7-tetrahydmbenzofuran (9) The aldehyde 1 (40% so lu t ion ,  20 mL) and NaHC03 

(10.0 g) was added i n t o  water (80 mL) a t  0-5°C. To t h i s  mixture, an aqueous s o l u t i o n  o f  1,3- 

cyclohexanedione (4) (11.2 9/90 mL) was added drop by d m p  (0.4 mL/min) w i t h  s t i r r i n g .  A f t e r  

the addi t ion,  the reac t ion  mixture was f u r t h e r  s t i r r e d  overn ight  a t  room temperature. Through 

the react ion,  the a c i d i t y  of the so lu t ion  was w i t h i n  pH 6-9. To the mix ture e t h y l  acetate 

(ca. 100 mL) was added, and the r e s u l t i n g  so lu t ion  was a c i d i f i e d  (pH 1 )  and was s t i r r e d  f o r  l h .  

The organic l a y e r  was separated, washed w i t h  aqueous K2C03 so lu t ion,  d r ied  over MgS04, and 

concentrated. The residue was d i s t i l l e d  t o  give 4-0x0-4,5,6,7-tetrahydrobenzofuran (9) (10.3g, 

76% y i e l d )  as a co lo r less  o i l  (bp 66"C/1 t o r r ) ( ~ i t . ~  bp 115-118°C/16 t o r r ) .  

4-0x0-4,5,6,7-tetrahydroindole (1) A s o l u t i o n  o f  the furan (2) (1.0 g) and aqueous amnonia 

(29%. 7 mL) i n  ethanol (3 mL) was heated i n  a sealed tube a t  150°C (bath temperature) f o r  12 h. 

The react ion mix ture was concentrated and the residue was chromatographed on s i l i c a  gel (Wako 

C-200). E l u t i o n  w i t h  acetone-ethyl acetate gave 4-0x0-4,5,6,7-tetrahydroindole (1) (950 mg, 

96% y i e l d )  as co lo r less  c rys ta l s ,  which was r e c r y s t a l l i z e d  from water t o  y i e l d  co lo r less  



l e a f l e t s ,  mp 188 - 190°C ( l i t . 5 a  mp 188 - 190PC). NMR ( i n  acetone-d6): 6 1.90-2.48 (m,4H), 
1 2.82 (t,J=7,OHz,2H), 6.37 and 6.74 (two t,J=2.5Hz,ZH), and 10.3 (m,lH)ppm. IR (KBr): 1620cm- . 

Mass (m/z,%): 135(~+,83) ,  107 (82),  and 79 (100).  

l-Benzyl-4-oxo-4,5,6,7-tetrahydroindole (13) A s o l u t i o n  o f  t h e  furan 9 (850 mg) and benzyl-  

amine (2.00 g) i n  20% aqueous ethanol  (5 mL) was heated i n  a sea led tube a t  145-150°C f o r  12 h. 

The r e a c t i o n  m ix tu re  was poured i n t o  water  and e x t r a c t e d  w i t h  CH2C12. The CH2ClZ s o l u t i o n  was 

d r i e d  over  MgS04, concentrated, and chromatographed on s i l i c a  ge l .  E l u t i o n  w i t h  CH2C12-ethyl 

ace ta te  (10 : l )  af forded 1-benzyl-4-0x0-4,5,6,7-tetrahydroindole (13) (1.21 g, 96% y i e l d )  as 

1 c o l o r l e s s  needles (from to luene)  me l ted  a t  80-81.3 "C ( L i t .  mp 80-81.5'C). NMR ( i n  CDC13): 6 

1.84-2.36 (m,4H), 2.55 (t,J=6.5Hz,2H), 4.98 (s,2H), 6.35 and 6.46 (two d, J=3Hz,2H), and 6.88- 

7.34(m,5H)ppm. IR (KBr):  1640cm-l. Mass (m/z,%): 225 (~+ ,53 ) ,  197 (43),  91 ( l oo ) ,  and 65 (20).  
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