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SHORT STEP SYNTHESIS OF 4-FORMYLINWLE AND DERIVATIVES FROM 4-0X0-4.5.6.7- 

TElRNWODROINDOLE 

Naoto Ha tanaka ,  Nobuka Watanabe, and Masaka t su  ~ a t s u m o t o *  

Sagami Chemica l  R e s e a r c h  C e n t e r ,  Nishi-Ohnuma 4-4-1, S a g a m i h a m ,  Kanagawa 229, Japan  

A b s t r a c t  - The r e a c t i o n  of  4-ono-4,5,6,7-tetrahydroindole w i t h  umpolung a n i o n s  

p r o v i d e s  a new s h o r t  e f f i c i e n t  p r o c e d u r e  f o r  t h e  s y n t h e s i s  o f  4 - f o r m y l i n d o l e  

d e r i v a t i v e s .  

4 - S u b s t i t u t e d  i n d o l e s  c o n s t i t u t e  a major s e c t i o n  o f  i n d o l e  c h e m i s t r y  i n c l u d i n g  e r g o t  a l k a l o i d s , '  

a n d  h a v e  b e e n  d r a w i n g  much a t t e n t i o n  o f  s y n t h e t i c  o r g a n i c  c h e m i s t s .  M o s t  w i d e l y  e m p l o y e d  

i n t e r m e d i a t e  f o r  4 - s u b s t i t u t e d  i n d o l e  s y n t h e s i s  h a s  been 4 - f o r m y l i n d o l e  because c a r b o n  e x t e n t i o n  

w o u l d  b e  e a s y  on a l d e h ~ d e . ~  Among many  a t t e m p t s  o f  s y n t h e s i z i n g  4 - £ 0 r r n y l i n d o l e , ~ ~ ' ~ ,  

Koz ikowsk i ' s  method,3c which  employs  Le imgruber -Ba tcho  a p p r ~ a c h , ~  seems t o  be t h e  b e s t  so f a r  

a l t h o u g h  i t  i s  l e n g t h y  and f a i r l y  e x p e n s i v e  i n  t e r m s  of  t h e  s t a r t i n g  m a t e r i a l  and r e a g e n t s .  

We have been w o r k i n g  on a p r o j e c t  t o  p r e p a r e  a v a r i e t y  o f  4 - s u b s t i t u t e d  i n d o l e s  f rom v e r s a t i l e  

i n t e r m e d i a t e ,  4-0x0-4,5,6,7-tetrahydroindole s u c h  a s  1, w i t h  e n c o u r a g i n g  r e ~ u l t . ~  We wmh t o  

r e p o r t  h e r e  y e t  a n o t h e r  a p p l i c a t i o n  o f  o u r  m e t h o d o l o g y  t o w a r d  4 - s u b s t i t u t e d  i n d o l e s  from 1. 

S i n c e  c o m p o u n d  L h a s  a c o n v e n i e n t  h a n d l e  ( c a r b o n y l  g r o u p )  a t  4 - p o s i t i o n ,  we f i g u r e d  t h a t  

r e a c t i o n s  o f  1 w i t h  umpolung a n i o n s 6  w i l l  p r o v i d e  a c o n v e n i e n t  way t o  4 - f o r r n y l i n d o l e  d e r i v a t i v e s  

s u c h  a s  2. 

Umpolung Anion / - - -  
1 Ts - 

& 2 Ts 

- 
The f i r s t  umpolung a n i o n  source we c h o s e  w a s  MMTS ( m e t h y l  m e t h y l t h i o m e t h y l  s u l f o x i d e ) .  It h a s  

been known t o  p roduce  h y d r o x y a l d e h y d e s  w i t h  r e l a t i v e  ease.' The a n i o n  o f  MMTS was g e n e r a t e d  

w i t h  b u t y l l i t h i u m  i n  t e t r a h y d r o f u r a n  a t  - 78 'C a n d  i t  r e a c t e d  w i t h  4-0x0-1-(e-toluenesu1fonyl)- 

4,5,6,7-tetrahydroindole la (X = H) t o  p r o d u c e  an a d d u c t ,  4-hydrony-4-(I-methylsulfinyl-1- 

methylthio)methyl-l-(~-toluenesulfonyl)-4,5,6,7-tetrahydroindole & The a d d u c t  2 was o x i d i z e d  

and d e p r o t e c t e d  t o  4-formyl-I-(ptoluenesulfonyl)indole 2 by h e a t i n g  w i t h  c u p r i c  c h l o r i d e  i n  



aqueous methanol. 5-Chloro-4-oxo-l-(~-t01~ene~~1f0nyl)-4,5,6,7-tetrh~doindole @) (X = C1) 

was totally i n e r t  toward this anion. 

CH3 SVSOCH~ SOMe CHO 
BuLi 

MeOH-H20 
( X =  H)  4 

T s fs reflux T s 
1 76.8 '10 - 3 5 9 . 0 %  2 - 

I 
- 

4 Ts - 
The second anion tried was b i s ( p h e n y l t h i o ) m e t h y ~ l i t h i u m . 8  The anion reacted with 4- 

oxoLetrahydroindole la (X = H) to produce an adduct, 4-bis(pheny1thia)methyl-4-hydrory-I-(1- 

roluenesulfony1)-4,5,6,7-tetrahydroindole I. The adduct? was treated withptoluenesulfonic 

acid in dichloromethane to give the dehydrated and rearranged product 6. The compound 6 was 

oxidized with cupric chloride in aqueous methanol to afford 4-formyl-1-(1-toluene- 

sulfonyl)indole 2. Reaction with 5-chloro-4-oxctetrahydroindole & (X = C1) produced the 

adduct, 5-chloro-4-bis(phenyIrhi~)mechyl-4-hydroxy-1-(~-t01uenesu1f0ny1)-4,5,6,7- 

tetrahydroindole 2. The adduct 12, however, could not be converted to the aldehyde 2. 

P h S  
P ~ S - S P ~  

x& -7:;:L.T. ' 
Ts ( X = H )  R.T .  T s 

1 - 5 - - 6 

I 
56.3 % 80.1 % 

/ 

P X =  ;"' 31.2 % 

P h S  
HO Gh--& 53.8 % 

T s T s  
7 - 2 - 
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T h e  t h i r d  u rnpo lung  was t h e  a n i o n  of  d i t h i a t ~ . ~  T h e  a n i o n  g e n e r a t e d  f r o m  d i t h i a n e  a n d  

b u t y l l i t h i u m  r e a c t e d  w i t h  4 - o x o t e t r a h y d r o i n d o l e  la (X = H) t o  p r o d u c e  t h e  a d d u c t ,  4 - ( 1 , 3 -  

dithian-2-yl)-4-hydroxy-l-(~-t01~ene~~lfoyl)-4,5,6,7-tetrhydroindole 5, i n  a good  y i e l d .  

A l t h o u g h  t h e  a d d u c t  5 was c o n v e r t e d  t o  a m i x t u r e  of d e h y d r a t e d  p r o d u c t s  2 a n d  10 ( 4  : I ) ,  t h e  

s u b s e q u e n t  o x i d a t i o n  w i t h  c u p r i c  c h l o r i d e  d i d  n o t  p roduce  any  a l d e h y d e  2. The r e a c t i o n  w i t h  5- 

c h l o r o  d e r i v a t i v e  fi (X = C1) a n d  5 - b r o m o  d e r i v a t i v e  & (X = Br) g a v e  t h e  a d d u c t  (X = C1) 

a n d  & (X = B r ) ,  r e s p e c t i v e l y .  T h e  5 - c h l o r o - a d d u c t  (X = C1) u n d e r  a c i d i c  c o n d i t i o n  ( 2 -  

t o l u e n e s u l f o n i c  a c i d  i n  benzene )  was s i m u l t a n e o u s l y  d e h y d r a t e d  a n d  d e h y d r o c h l o r i n a t e d t o  a 

p r o t e c t e d  4 - f o r r n y l i n d o l e  d e r i v a t i v e  12. T h e  5 - b r o m o - a d d u c t  (X = B r )  s p o n t a n e o u s l y  

e l i m i n a t e s  w a t e r  a n d  hydrogen  b r o m i d e  upon s t a n d i n g  t o  p roduce  12. 

BuLi 
- [  -78"- R.T. 

H3P04 - 
PhH 
R.T. 

97.5 % 

T h e  p r o t e c t i n g  g r o u p  on n i t r o g e n  ( 1 - t o l u e n e s u l f o n y l  group) was removed f r o m  4-(1,3-di thian-2-  

y1)-I-(1-toluenesulfony1)indole 2 by s a p o n i f i c a t i o n  w i t h  p o t a s s i u m  h y d r o x i d e  i n  m e t h a n o l  t o  

g i v e  4-(1,3-dithian-2-y1)indole 12. Once t h e  N - p r o t e c t i o n  is removed,  c a r b o n  e x t e n t i o n  r e a c t i o n  

s u c h  as  f o r m y l a t i o n 1 0  can be c o n d u c t e d  on  3 - p o s i t i o n  f o r  f u r t h e r  t r a n s f o r m a t i o n  k e e p i n g  4-formyl 

g r o u p  p r o t e c t e d .  The o t h e r  sequence of  d e p r o t e c t i a n  was a l s o  t r i e d .  F i r s t  t h e  d i t h i a n e  moiety 

o f  12 was c l e a v e d  ( c u p r i c  c h l o r i d e  a n d  c u p r i c  o x i d e  i n  a c e t o n e 1 ' )  t o  r e v e a l  t h e  a l d e h y d e  

p o r t i o n .  T h u s  p r o d u c e d  a l d e h y d e  2 was f u r t h e r  s a p o n i f i e d  t o  w i t h  p o t a s s i u m  h y d r o x i d e  i n  

m e t h a n o l  w i t h o u t  any  c o m p l i c a t i o n  s u c h  a s  C a n n i r z a r o  r e a c t i o n .  



C HO 

Acetone 
ref l ux is reflux 15 

H 

98.0 '10 2 - 71.0 % - 

We have established the general method to prepare the versatile intermediate, 4-formylindole and 

its protected form, from readily available 4-0~0-4,5,6,7-tetrahydroindole using urnpolung anions. 

Further use of this 4-0x0-4,5,6,7-tetrahydroindole is being actively investigated in our 

laboratories and will be reported in due course. 

4-Hydroxy-4-(l-methyIsulfinyl-l-methylthylthio~methyl-l-(p-toluenesulfonyl)-4,5,6,7-tetrahydro- 

indole m. To a solution of methyl methylthiomethyl sulfoxide (10.9 g, 88 mmol) in 

tetrahydrofuran (100 ml) under argon at - 78 'C was added 15 % butyllithium solution in hexane 

(56.3 ml, 88 mmol). After the mixture was stirred at - 78 'C for 1 h, 4-0x0-1-(p 

toluenesulfony1)-4,5,6,7-tetrahydroindole (la) (15.28 g, 53 mrnol) was added. The mixture was 

stirred at - 78 'C for 2 h and at room temperature for 2 h. The reaction was quenched with 

saturated aq. NH4C1 solution and extracted with ethyl acetate. The extract was washed with 

water and dried over MgS04. The solution was concentrated to a small volume and 4-hydroxy-&-(I- 

methylsulfinyl-l-methylthio)methyl-l-(~-tolunesulfonyl)-4,5,6,7-tetrhydrindole (2) (16.77 g, 

76.8 d )  was obtained as a crystaline solid. Hp 96 - 98 'C (colorless needles from ethyl acetate). 

NMR (CDC13) S 1.78 - 3.00 (m, 6H), 2.05 ( s ,  3H), 2.41 ( s ,  3H), 2.92 ( s ,  3H), 3.79 ( s ,  lH), 5.00 

- 5.40 (m, lH), 6.31 (d, J=3.8 Hz, lH), 7.13 - 7.43 (m, 3H) and 7.57 - 7.83 (m, 2H) ppm. IR 

(KBr) 3310, 1600, 1500, 1375 and 1177 cm-I. Mass (mlz, %) 379 (M+-18-16, 5 ) ,  333 (96), 331 

4-Formyl-I-(p-toluenesulfony1)indole m h  4-HHyrroxy4-(l-meth~1su1finyl-l-methylthio)methyl- 

1-(p-toluenesulfony1)indole 122. A mixture of 4-hydroxy-4-(l-methylsufinyl-l-methylthio)methyl- 

1-(2-toluenesulfony1)indole (3) (1.10 g, 2.7 mmo1)and C~Cl~(1.40 g, 10.4mmol) was heated under 
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r e f l u x  f o r  1  h. A f t e r  a d d i t i o n  o f  w a t e r  (1  m l ) ,  t h e  m i x t u r e  was  h e a t e d  unde r  r e f l u x  f o r  1  h. 

The mix tu re  was d i l u t e d  w i th  water  and e x t r a c t e d  w i th  dichloromethane.  The e x t r a c t  was f i l t e r e d  

on  a c e l i t e  pad, washed wi th  aq. NaHC03 s o l u t i o n  and d r i e d  over MgS04. The s o l v e n t  was removed 

and t h e  r e s i d u e  was ch roma tog raphed  on  a s i l i c a  g e l  column w i t h  d i c h l o r o m e t h a n e  t o  g i v e  4- 

formyl-l-(g-toluenesu1fonyl)indo1e (2) (470 mg, 59.0 %). Mp 143 - 144 'C ( c o l o r l e s s  p r i sms  from 

e t h e r  - d i c h l o r o m e t h a n e ) .  N M R  (CDC13) 6 2.30 ( s ,  3H), 7.19 (b road  d ,  J=8.1  Hz, ZH), 7.30 - 7.54 

(m, ZH), 7.60 - 7.85 (m, 4H), 8.26 ( b r o a d  d ,  J=8.1  Hz, 1H) a n d  10.16 (s ,  1H) ppm. I R  (KBr) 

1695,  1370,  1360,  1190, 1160, 1140,  1120,  775,  670,  635  and 565 cm-l. Mass ( m l z ,  %) 299  (M', 

38) ,  1 5 5  (48 ) ,  9 1  (1001, 65  (19). 

4 - B i s ( p h e n y l t h i a ) m e t h y l - 4 - h y d r o x y - l - ( p - t o l u e n e s u l f o n y l ) - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e ~ .  To a 

s o l u t i o n  of bis(pheny1thio)methane (1.93g, 8.3 mmol) i n  t e t r ahyd ro fu ran  (60  ml) a t  - 78 O C  was 

added b u t y l l i t h i u m  i n  henane (1.50 M ,  5.53 m l ,  8.3 mmol) and t h e  mixture  was s t i r r e d  a t  - 78 OC 

f o r  1.5 h. The r e a c t i o n  was quenched w i t h  s a t u r a t e d  aq. NH4C1 s o l u t i o n  and e t h y l  a c e t a t e  was 

added.  The o r g a n i c  l a y e r  was s e p a r a t e d ,  washed w i t h  s a t u r a t e d  NaCl s o l u t i o n  a n d  d r i e d  o v e r  

MgS04. The so lven t  was removed and t h e  r e s i d u e  w a s  chromatographed on a s i l i c a  ge l  column with 

d i c h l o r o m e t h a n e - 1  % t r i e t h y l a m i n e  t o  g i v e  4-bis(pheny1thio)methyl-4-hydroxy-1-(ptoluene- 

sulfony1)-4,5,6,7-tetrahydroindole (i) (2.03 g,  56.3 %) (conversion 64.5 %) as v i s cous  a i l .  N M R  

(CDC13) 6 1.57 - 2.10 ( m ,  4H), 2.32 ( s ,  3H), 2.46 - 2.90 (m, ZH), 4.63 ( s ,  lH) ,  6.21 ( d ,  J=3.2 

Hz, IH), 6.87 - 7.39 ( m ,  13H) and 7.58 ( d ,  J=8.4 He, 2H) ppm. I R  (KBr) 3510 ,  1370,  1180, 1130, 

705,  5 9 0  a n d  540 cm-l.  Mass (mlz ,  %) 5 0 3  ( M + - H ~ O ) ,  394 (98 ) ,  284 (32 ) ,  239 (38 ) ,  206(26) ,  204 

(28 ) ,  130  (52 ) ,  110  (45) ,  91 (100)  a n d  77 (31). 

5 - P h e n y l t h i o - 4 - ( p h e n y 1 t h i o ) m e t h y l i d e n e - l - ( ~ - t 0 1 ~ e n e s ~ l f o n y l ) - 4 , 5 . 6 , 7 - t e t r a h y d r o i n d o l e ~ .  To a 

s o l u t i o n  of 4-bis(phenylthio)methyl-4-hydroxy-l-(ptoluenesulfonyl)-4,5,6,7-tetrhydroindole (2) 

(2.03 g,  3.89 mmol) i n  d ichloromethane  (50  ml) was added p t o l u e n e s u l f o n i c  a c i d  hyd ra t e  (100 mg) 

and t h e  m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  o v e r n i g h t .  The s o l u t i o n  was washed w i t h  

s a t u r a t e d  aq.  NaHC03 s o l u t i o n ,  s a t u r a t e d  aq.  NaCl s o l u t i o n  and d r i e d  over  MgS04. The s o l v e n t  

was removed and t h e  r e s idue  was chromatographed an a s i l i c a  g e l  column wi th  dichloromethane- 

hexane  ( 1 : l )  t o  g i v e  5-phenylthio-4-(phenylthio)methylidene-l-(g-toluenesulfonyl)-4,5,6,7- 

t e t r a h y d r o i n d o l e  (1 : l  E / Z  m i x t u r e ,  1.58 g ,  80.8 %) a s  v i s c o u s  o i l .  N M R  (CDC13) 6 1.65 - 2.30 

(m, ZH), 2.40 ( s ,  3H), 2.88 - 3.14 (m, ZH), 4.08 ( t ,  J=3.5 Hz, lH) ,  4.65 ( t ,  J=3.0  Hz, lH) ,  5.87 

s ,  lH) ,  6.38 ( s ,  lH) ,  6.35 (d ,  J=3.3 Hz, lH),  6.98 (d ,  J=3.6 Hz, lH) ,  7.05 - 7.63 (m, 12H) and 

7.70 ( d ,  J=8.4 Hz, 2H) ppm. I R  (KBr) 1375 ,  1180 ,  1130 ,  740 and 675  ern-'. Mass (mlz ,  %) 503 

(M', 1 7 ) ,  394 (100) .  284 (22) ,  239 ( 4 4 ) ,  206 (31 ) ,  204 ( 2 5 ) ,  1 3 0  (48 ) ,  9 1  (76)  and 7 7  (27) .  

4 -Formyl-1- (p- to luenesul fonyl ) indole  (2 )  f rom 5 - P h e n y l t h i o - 4 - ( p h e n y l t h i o ) m e t h Y 1 i d e n e - l - ( p -  



t o l u e n e s u l f o n y 1 ) - 4 , 5 , 6 , 7 - t e t r a h y d r a i n d o l e  (6). A mixture o f  5-phenylthio-4- 

(phenylthio)methylidene-l-(p-t01~ene~~lfnyl)-4,5,6,7-tetrahydroindole (6) (1:l E/Z, 500 mg, 

0.99 mmol), CuCIZ (300 mg, 2.23 mmol), methanol (2 ml), tetrahydrofuran (1 ml) and water (0.5 

ml) was stirred at 50 - 60 'C overnight. The mixture was diluted with dichloromethane and 

filtered. The solution was washed with water, aq. NaHC03 solution and dried over MgSOq. The 

solvent was removed and the residue was chromatographed on a silica gel column with 

dichloromethane to give 4-formyl-1-(p-toluenesulfony1)indole (2) (160 mg, 53.8 %). 

5-Chloro-4-bis(phenylthio)methyl-4-hydr0~y-l-(-tlueneslfnyl)-4,5,6,7-tetrhydroindle a. 
To a solution of bis(pheny1thio)methane (0.718 g, 3.09 mmol) in tetrahydrofuran (30 ml) at - 20 

- -30 'C was added butyllithium in hexane (1.50 M, 2.06 ml, 3.09 mrnol) and the mixture was 

stirred at the same temperature for 1 h. 5-Chloro-4-ono-l-(p-tol~enesulfonyl)-4,5,6,7- 

tetrahydroindole (&) (1.00 g, 3.09 mmol) was added and the mixture was stirred at - 20 - -30 'C 

for 2 h and at 0 - 5 'C f o r  2 h. The reaction was quenched with saturated aq. NH4C1 solution 

and ethyl acetate was added. The organic layer was separated, washed with saturated aq. NaCl 

solution and dried over MgS04. The solvent was removed and the residue was chromatographed on a 

silia gel column (activity 11) with dichloromethane-5 % hexane to give 5-chloro-4- 

bis(phenylthio)methyl-4-hydroxy-l-(p-t01~enesulfonyl)-4,5,6,7-tetrahydroindol (0.536 g, 31.2 %) 

(conversion 33.6 %). Mp 135 - 138 'C. NMR (CDC13) 6 2.03 - 2.68 (m, 2H), 2.40 ( s ,  3H), 2.68 - 

3.30 (m, 3H), 4.97 (dd, J=4.4 Hz, J=9.8 Hz, lH), 4.98 ( s ,  lH), 6.68 (d, J=3.5 Hz, IH), 6.83 - 

7.53 (m, 13H) and 7.66 (d, J=8.6 Hz, 2H) ppm. IR (KBr) 3540, 1365, 1185, 1140, 695 and 590 cm- 

l. Mass (mlz, %) 537 (M+-H~O, 2), 501 (4), 428 (47). 329 (100). 393 (79). 394 (38), 324 (76), 

284 (100). 232 (721, 218 (96), 204 (91), 155 (loo), 110 (loo), 109 (100). 91 (100) and 77 (60). 

Anal. Calcd for C28H26C1N03S3: C, 60.47: H, 4.71; N, 2.52; S, 17.30. Found: C, 60.14; H, 

4.56: N, 2.45; S, 17.40. 

4-(1,3-Dithian-2-~l)-4-h~dr0~y-l-(~-taluenesulfol)-4,5,6,7-tetrahdroindle m. To a 

solution of 1,3-dithiane (3.6 g, 30 mmol) in tetrahydrofuran (50 ml) at - 45 'C was added 15 % 

butyllithium in hexane (19.2 ml, 30 mmol) and the mixture was stirred at - 30 - - 40 OC for 3 h. 

4-0xo-l-(p-toluenesulfonyl)-4,5,6,7-tetrahydroindole (la) (7.0 g, 24 mmal) was added and the 

mixture was stirred at - 30 - - 40 OC for 2.5 h. The reaction was quenched with saturated aq. 

NH4C1 and most of tetrahydrofuan was removed. The aqueous residue was extracted with ethyl 

acetate. The extract was washed with saturated aq. NaCl and dried over MgS04. The solvent was 

removed and the residue was chromatographed on a silica gel column with dichloromethane to give 

4-(1,3-dithian-2-yl)-4-hydroxy-l-(~-toluenesu1fonyl)-4,5,6,7-tetrahydroindo1e (8). Mp 132 - 133 
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'C (~olorless plates from ethyl acetate). NMR (CDC13) 6 1.52 - 3.12 (m, 12H), 2.39 ( s ,  3H), 

2.50 (s. lH), 4.53 (s, lH), 6.40 (dl J=3.6 Hz, lH), 7.12 - 7.34 (m, 3H) and 7.50 - 7.72 (m, 2H) 

ppm. IR (KBr) 3550, 1600 and 1498 c K 1 .  Mass ( m i = ,  %) 290 (100) and 91 (42). Anal. ~alcd 

for Cl9HZ3NO3S3: C, 55.72; H, 5.66; N, 3.42; S, 23.48. Found: C, 55.98; H, 5.84; N, 3.16; S, 

23.56. 

4-(1,3-Dithian-2-ylidene)-l-(p-toluenesulfonyl)-4,5,6,7-tetrahvdroindole 4-(1,3-Dithian- 

2 - T I ) - I - ( 0 - t o l u e n e s u I f o n y 1 ) - 6 . 7 - d i h y d r o i n d o l e  110). A solution of 4-(1.3-dithian-2-y1)-4- 

hydroxy-l-(p-toluenesulfonyl)-4,5,6,7-tetrahydroindole (8) in benzene (12 ml) was stirred with 

phosphoric acid (1.2 ml) at room temperature. The mixture was warmed to 80 'C for several 

minutes and stirred again at room temperature for 1 h. The mixture was poured onto aq. NaHC03 

solution and extracted with ethyl acetate. The extract was washed with saturated NaCl solution 

and dried over MgS04. The solvent was removed and the residue was chromatographed on a silica 

gel column with ethyl acetate-hexane to give a 79:21 mixture o f  4-(1,3-dithia-2-y1idene)l-(1- 

toluenesulfony1)-4,5,6,7-tetrahydroindole (2) and 4-(1,3-dithia-2-yl)-l-(~-toluenes~1fonyl)-6,7- 

dihydroindole (10) (1.11 g, 97.5 %). 

4-(1,3-Dithian-2-ylidene)-l-(pEt~1~ene~~lfonyl)-4,5,6,7-tethydroindol (2): Mp 171 - 172 T. 

NMR (CDC13) 6 1.60 - 1.94 (m, ZH), 1.94 - 2.27 (m, 2H), 2.38 ( s ,  3H), 2.45 - 2.66 ( m ,  2H), 2.66 

- 3.12 (m, 6H), 7.10 - 7.34 (m, 4H) and 7.56 - 7.74 (m, 2H). IR (KBr) 1596, 1490 and 1373 c K 1 .  

Mass (m/z, %) 391 (M', 42) and 236 (100). Anal. Calcd for C19H21N02S3: C. 58.28; H, 5.41; N, 

3.58; S,  24.56. Found: C, 58.47; H,5.51; N, 3.63; S, 24.60. 

4-(1,3-Dithian-2-yl)-l-(p-t01~ene~u1fonyl)-6,7-dihydroindole (10): Mp 145 - 145.5 OC. NMR 

(CDC13) 6 1.40 - 3.20 ( m ,  10 H), 2.38 ( s ,  3H), 4.82 ( s ,  lH), 5.79 (t, J=4.6 Hz, lH), 6.46 (d, 

J=3.6 Hz, lH), 7.06 - 7.34 ( m ,  3H) and 7.58 - 7.74 (m, 2H) ppm. IR (KBr) 1600 and 1360 c K 1 .  

Mass (m/z ,  %) 391 (M+, loo), 330 (34), 284 (34). 162 (40), 130 (60) and 91 (82). Anal. Calcd 

for C19H21N02S3: C, 58.28; H, 5.41: N, 3.58: S, 24.56. Found: C, 58.48: H, 5.57; N, 3.27; S,  

24.51. 

5 - C h l o r o - 4 - ( l , 3 - d i t h i a n - 2 - y l ) - 4 - h v d r o x y - l - ( p - t o l u e n e s u l f o n v l ) - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e ~ .  

To a solution of 1,3-dithiane (144 mg, 1.2 mmol) in tetrahydrofuran (10 ml) at - 25 "C was added 

butyllithium in hexane (1.50 M, 0.80 ml, 1.2 mmol) and stirred at - 20 - - 30 'C for 30 min. To 

the solution at - 30 OC was added 5-chloro-4-oxo-l-(~-to1uenesulfonyl)-4,5,6,7-tetrahydroindole 

(&) (324mg, 1 mmol) and tetrahydrofuran (5 ml). The mixture was stirred at - 30 - 0 'C f o r  2 h 

and at 0 'C for 2 h. The reaction was quenched with saturated aq. NH4CS solution and ethyl 

acetate (50 ml) was added. The organic layer was separated, washed with saturated aq. NaCl 

solution and dried over MgS04. The solvent was removed and the residue was chromatographed on a 



silica gel column (activity 11) with dichloromethane-hexane to give 5-chloro-4-(1,3-dithian-2- 

yl)-4-hydroxy-l-(pt01~enesulfonyl)-4,5,6,7-tetrahydroindole (u) (296 mg, 66.7 %) (conversion 

78.4 %). Mp 60 - 65 'C (dec.). NMR (CDCI3) 6 1.94 - 2.51 (m ,  4H), 2.53 - 3.04 (m, 6H), 2.39 

( s ,  3H), 4.54 ( s ,  2H), 4.77 (dd, J~4.5 Hz, J=7.5 Hz, lH), 6.76 (d, J=4.0 Hz, 1H). 7.16 - 7.40 

(m ,  3H) and 7.61 (broad d, J=8.4 Hz, 2H) ppm. IR (KBr) 1370, 1180, 1130, 705, 680 and  585 cK1. 

Mass (mle, %) 389 (M+-HC~-H~O, 15), 388 (58), 324 (33), 315 (72), 160 (76). 155 (42), 133 (28), 

119 (35), 91 (100) and 89 (27). Anal. Calcd for C19H22C1N03S3: C, 51.39: H, 4.99; Cl, 7.98; 

N, 3.15; S, 21.66. Found: C, 51.34; H, 5.18: C1, 8.10: N, 2.93; S,  21.51. 

4-(1,3-Dithian-2-yl)-l-(p-t01~enesu1fonyl)indole (12) from 5-Chloro-4-(1,3-dithian-2-y1)-4- 

h y d r o x v - l - ( p - t o l u e n e ~ ~ 1 f 0 n y l ) - 4 , 5 , 6 . 7 - t e t r h d r i n d o l  (Ilb). A solution of 5-chloro-4-(1,3- 

dithian-2-yl)-4-hydraxy-l-(E-t~1~ene~~lfonyl)-4,5,6,7-tetrhydroindole (436 mg, 0.98 mmol) and 

ptoluenesulfonic acid (50 mg, 0.26 mmol) in benzene (20 ml) was heated under reflux for 30 min. 

The solvent was removed and the residue was chromatographed on a silica gel column to give 4- 

(1,3-dithian-2-yl)-l-(~-t01~ene~~fonyl)indle (268 m g ,  70.1 %). Mp 105 - 106 'C (colorless 

leaflets from CC14). NMR (CDC13) 6 1.78 - 2.17 (m, 2H), 2.26 ( s ,  3H), 2.65 - 3.27 (m, 4H), 5.43 

(s, lH), 6.97 (d, J=3.6 Hz, lH), 7.05 - 7.44 ( m ,  2H), 7.23 (d, J=8.3 Hz, IH), 7.56 (d, J=3.6 Hz, 

lH), 7.74 (d, J=3.6 Hz, 1H) and 7.83 - 7.98 ( m ,  1H) ppm. IR (KBr) 1600, 1420, 1375, 1365, 1180, 

1130, 780, 680 and 595 cC1. Mass (m/z, %) 389 (M', 70), 315 (85), 160 (loo), 159 (35), 155 

(33), 133 (31), 91 (75) and 89 (31). Anal. Calcd for C19H19N02S3: C, 58.58; H, 4.92: N, 3.60; 

S, 24.69. Found: C, 58.49; H, 5.09; N, 3.55; S, 24.65. 

5-Bromo-4-(1,3-dithian-2-yl)-4-hydr0~~-l-~-toluenesulfonyl)-4,5,6,7-tetrhydroindle(Ilc). To 

a solution of 1,3-dithiane (144 mg, 1.2 mmol) in tetrahydrofuran (10 ml) at - 30 'C was added 

butyllithium in hexane (1.50 M, 0.80 mmol, 1.2 mmol) and the mixture was stirred at - 20 - -30 

'C for 1.5 h. 5 - B r o m o - 4 - o x o - l - ( ~ - t 0 1 ~ e n e ~ ~ 1 £ 0 n y 1 ) - 4 . 5 . t h y d d 1  (l&) (368 mg, 1.0 

mmol) was added and the mixture was  stirred at - 78 'C - room temperature for 17 h. The 

reaction was quenched with saturated aq. NH4C1 solution and dichloromethane (50 ml) was added. 

The organic layer w a s  separated, washed with water, saturated aq. NaCl solution and dried over 

MgS04. The solvent was removed and the residue was chromatographed on a silica gel column with 

dichloromethane-ethyl acetate (100:l) to give 5-bromo-4-(1,3-dithian-2-y1)-4-hydroxy-l-(~- 

toluenesulfany1)-4,5,6,7-tetrahydroindole (Ilc) (146 mg, 29.9 %) as viscous oil. NMR (CDC13) 6 

1.61 - 2.17 (m, ZH), 2.23 - 2.50 (m, 2H), 2.39 ( s ,  3H), 2.56 - 3.17 (m, 6H), 4.53 ( s ,  lH), 4.98 

(dd, J=7.2 Hz, J=4.5 Hz, lH), 6.75 (d, J=3.6 Hz, lH), 7.17 (d, J=3.6 Hz, lH), 7.24 (d, J=8.1 Hz, 

2H), 7.59 (d, J=8.1 Hz. 1H) ppm. 
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4-(1,3-Dithian-2-yl)-l-(p-t01~ene~~1f0nvl)indole (12) from 5-Bramo-4-(1,3-dithian-2-yl)-l-(p- 

toluenesufony1)-4,5,6,7-tetrahydroindole (Ilc). 5-Brom0-4-(1,3-dithian-2-yl)-4-hydroxy-4,5,6,7- 

tetrahydroindole (&) decomposed spontaneously upon standing and purification of the residue on 

a silica gel column produced 4-(1,3-dithian-2-yl)-l-(~-t01~ene~~1f0nylidole ( (103 mg, 88.3 

a.  
4-(1,3-Dithian-2-~1)indole a. A mixture of 4-(1,3-dithian-2-yl)-l-(~-toluenes~lfanyl)indole 

(12) (1.00 g, 2.57 mmol) and NaOH (0.308 g, 7.70 mmol) in methanol (50 ml) was heated under 

relux overnight. The reaction was quenched with saturated aq. NH4C1 solution and methanol was 

removed. The residue was extracted with ethyl acetate (100 ml). The extract was washed with 

saturated aq. NaCl solution and dried over MgS04. The solvent was removed and the residue was 

chromatographed on a silica gel column with dichloromethane-hexane to give 4-(1.3-dithian-2- 

y1)indole (12) (0.542 g, 89.7 %). Mp 131.0 - 131.4 'C (colorless leaflets from toluene - 

hexane). NMR (CDC13) 6 1.92 - 2.40 (m, 2H), 2.82 - 3.37 ( m ,  4H), 5.67 ( s ,  lH), 6.83 - 6.96 (m, 

IH), 7.11 - 7.50 (m, 4H) and 8.25 (br s ,  1H) ppm. IR ( K B r )  3260, 1500, 1415, 1355, 1280, 758 

and 502 cm-l. Mass (mlz, %) 235 (M', 62) and 161 (100). Anal. Calcd for CI2Hl3NS2: C, 61.24; 

H, 5.57; N, 5.95: S, 27.25. Found: C, 61.43: H, 5.61; N, 5.93; S, 27.15. 

4-Formvl-1-(p-toluenesulfony1)indole fram 4-(1.3-Dithian-2-"1)-I-(p-toluenesulfonv1)indole 

. A mixture of 4-(1,3-dithian-2-yl)-l-(~-t01~ene~~lfony1)indo1e (182 mg, 0.47 mmol), CuO 

(450 mg, 5.6 mmol) and CuC12 (1.51 g, 11.2 mmol) in acetone (20 ml) was heated under reflux for 

1.5 h. Dichloromethane was added and the mixture was filtered on a Celite pad. The solvent was 

removed and the residue was chromatographed on a silica gel column with dichloromethane to give 

4-formyl-l-(~-toluenesu1fonyl)indo1e (3 (137 mg, 98.0 2). 

4-Farmylindale m. A mixture of 4-formyl-I-@-toluenesulfony1)indole (3 (0.503 g, 2.19 mmol) 

and NaOH (0.257 g, 6.42 mmol) in methanol (30 ml) was heated under reflux overnight. The 

reaction was quenched with saturated aq. NH4C1 solution and methanol was removed. The residue 

was extracted with ethyl acetate (40 ml). The extract was washed with saturated NaCl solution 

and dried over MgS04. The solvent was removed and the residue was chromatographed an a silica 

gel column with dichloromethane-hexane to give 4-formylindole a (0.226 g, 71.0 %). Mp 140 'C 

(pale yellow plates from ether - dichloromethane). NMR (CDC13) 6 7.16 - 7.80 ( m ,  5H), 8.50 

(broad s, 1H) and 10.26 (s ,  1H) ppm. IR (KBr) 3250, 1672, 1351, 1119, 759 and 698 cm-l. Mass 

(mlz, %) 145 (M+, loo), 116 (77) and 89 (37). 
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