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ORGANIC PREPARATIONS AND PROCEDURES JIJT. l 7 (  6 ) ,  391-399 (1985) 

5-SUBSTITUTED INDOLES v i a  SODIUll INDOLINE-2-SULFONATE , - 
A REEXAMINATION 

Henry F. Russe l l* ,  Brenda J. Harris, D a r r y l  B. Hood, 

E r r o l  G .  Thompson, Aldr iche  D. k'atkins and Robin D .  W i l l i a m s  

Department of Chemistry 
Johnson C. Smith U n i v e r s i t y  

C h a r l o t t e ,  N C  28216 

We have been s tudy ing  s y n t h e t i c  pathways t o  5 - s u b s t i t u t e d  ana logs  of 

Melatonin a p i n e a l  g l and  hormone which h a s  been i m p l i c a t e d l S 2  i n  many 

p h y s i o l o g i c a l  and psycho log ica l  problems. The f a c i l e  p r e p a r a t i o n  of t h e  

p recu r so r  5 - s u b s t i t u t e d  i n d o l e s  i s  of importance i n  i t s  own r i g h t  as many 

of t h e s e  compounds a r e  i n  c l i n i c a l  u se .3  The r e a c t i o n  pathway d iscussed  i s  

a major v a r i a t i o n  of t h e  "Indole-Indoline-Indole" s y n t h e t i c  sequence. I n  

1962, Thesinp, Semler and Pbhr4  desc r ibed  t h e  r e a c t i o n  of i n d o l e  ( I )  w i th  

aqueous e t h a n o l i c  sodium b i s u l f i t e  t o  produce sodium indol ine-2-su l fona te  

(11) .  

S03Na 

NaHS03 

S03Na A 
n 

a p H 4 '  

B 
I I1 I I1 

This  s a l t ,  be ing  a s u b s t i t u t e d  an i l ine ,  undergoes 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  para 

i n d o l e  undergoes s u b s t i t u t i o n  p r i m a r i l y  a t  t h e  3 - p o s i t i 0 n : ~  t r ea tmen t  w i th  

base r e g e n e r a t e s  t h e  s u b s t i t u t e d  indo le .  Although t h i s  r e a c t i o n  should be 

(5 -pos i t i on  of t h e  i n d o l e  r i n g )  t o  t h e  r i n g  n i t r o g e n  whereas 

t h e  bepinning of a powerful approach t o  t h e  5 - s u b s t i t u t e d  i n d o l e s ,  t h e  low 

repor t ed  y i e l d s ,  l a c k  of d e f i n i t i v e  c h a r a c t e r i z a t i o n  of t h e  i n t e r m e d i a t e s  

"1985 by Organic Preparations and Procedures Inc. 
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RUSSELL, HARRIS, HOOD, THOMPSON, WATKINS AND WILLIAMS 

and t h e  pauci ty  of r epor t ed  examples ( t h e  only subsequent reported use was 

a f a i l u r e )  ,6 l e d  us  t o  a d e t a i l e d  examination of t h e  sequence shown i n  

Scheme 1. 

Thesing reported obtaining I1 i n  68% y i e l d  but  presented no s p e c t r a l  

d a t a  o r  a n a l y t i c a l  evidence f o r  t h e  na tu re  of t h e  sal t  o t h e r  than l i m i t e d  

W curves,  

indole .  We have succeeded i n  showing t h a t  I1 is i s o l a t e d  as a monohydrate. 

In s t ead  of a s i n g l e  i n f r a r e d  band i n  t h e  amine region,  two r e l a t i v e l y  sharp 

-1 bands were observed, one a t  3290 c m  f o r  t h e  N-H s t r e t c h  and ano the r  a t  

3490 cm-l which w a s  assigned t o  the water of hydration. 

a n a l y s i s  of I1 confirms t h e  hydrate  formulation. 

The compound w a s  uns t ab le  toward h e a t  o r  water and r eve r t ed  t o  

The elemental  

The presence of water i n  t h e  c r y s t a l  la t t ice  and t h e  ready hydro lys i s  

of I1 back t o  indo le  wi th  no o t h e r  source of water p re sen t  was confirmed by 

an NMR study. 

t o  t h e  water of hydrat ion.  A series of s p e c t r a  performed on a s a m p l e  which 

w a s  allowed t o  remain i n  t h e  probe (about 35 ) over a 40 h r  per iod showed 

r a d i c a l  changes a f t e r  16 hrs .  Spec t r a  run a t  24, 32 and 40 h r s  demon- 

s t r a t e d  t h e  gradual  r eve r s ion  t o  indo le  with t h e  40 h r  spectrum being 

v i r t u a l l y  i d e n t i c a l  t o  that of i ndo le  in  DMSO-d6. 

comparison p l o t  of over 22 experimental  runs ,  a combination of  longer stir 

t i m e ,  less e thano l ,  more water and s l i g h t l y  increased b i s u l f i t e  usage 

r e s u l t e d  i n  y i e l d s  c o n s i s t e n t l y  g r e a t e r  than 97%. 

moles) p repa ra t ions  have a l l  given y i e l d s  of I1 i n  excess of 98%. 

The spectrum of I1 i n  DMSO-d6 shows a s i g n a l  a t  6 3 . 3 0  due 

0 

Based on a d e t a i l e d  

F ive  l a r g e r  s c a l e  (1-3 

The subsequent a c e t y l a t i o n  a l s o  proved t o  be an unexpected problem. 

The l i t e r a t u r e  procedure4 used the crude, w e t  product without p u r i f i c a t i o n  

and t h e r e  was no s p e c t r a l  o r  a n a l y t i c a l  da t a  about t he  exact  na tu re  of t he  

compound. We have i s o l a t e d  the  d ry  sodium 1-acetylindoline-2-sulfonate 

(111) as a white  s o l i d  which has  displayed a n  i n f r a r e d  band showing the  

presence of water even a f t e r  drying i n  vacuo a t  110'; t he  elemental  
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5-SUBSTITUTED INDOLES via SODIUM INDOLl"-2-SULdONATEE. A REEXAMINATION 

a n a l y s i s  confirmed i t  as a hemihydrate. 

r e a c t i o n  parameters and changes made based on t h e  information obtained 

r e s u l t e d  i n  an 85% y i e l d  of 111; l a r g e r  scale runs  averaged between 82-85%. 

These r e s u l t s  have meant correspondingly h ighe r  y i e l d s  of t h e  5 - subs t i t u t ed  

indo le s  shown i n  Scheme 2. 

Here aga in ,  a b r i e f  s tudy of t h e  

B 
I V a  (95%) 

I V C  (77%) 

' 2. OH-, A 

1. 2. HN03(fum) OH-, A > 02Nq 1. B r 2 ,  5' 
111 

H 
I IVd (90%) 

IVb (70%) I V e  (75%) 

While 5-bromoindole (IVa),  5-iodoindole (1%) and 5-cyanoindole (IVc) 

were obtained by r e l a t i v e l y  s imple procedures,  t h e  p repa ra t ion  of 5-nitro- 

i n d o l e  (IVd) and of 5-aminoindole (IVe) w a s  somewhat more complex. Four 

d i f f e r e n t ,  r e l a t i v e l y  s t anda rd  n i t r a t i o n  procedures gave y i e l d s  of only 

40%. 

b i l i t y  of 111 i n  t h e  r equ i r ed  so lven t .  Fuming n i t r i c  ac id  i n  g l a c i a l  

A new procedure by C r i v e l l o 7  f a i l e d  probably because of t h e  insolu-  

a c e t i c  a c i d ,  a t  t h e  f r e e z i n g  p o i n t  of acetic a c i d ,  proved t o  be s u p e r i o r  

f o r  t h e  n i t r a t i o n  of 111, a f fo rd ing  c o n s i s t e n t  y i e l d s  of 90%. 

The c a t a l y t i c  r educ t ion  of IVd8" seems u s e f u l  f o r  only r e l a t i v e l y  

small (1-20 g) q u a n t i t i e s  of n i t r o  compound. Since approximately 500 g 

w a s  r equ i r ed  f o r  f u t u r e  work, a number of s tandard,  a c i d i c  r educ t ion  

procedures a p p l i c a b l e  t o  l a r g e r  s c a l e  r e a c t i o n s  were inves t iga t ed ;  however, 

t hese  gave only poor t o  moderate y i e l d s .  

reduced y i e l d s  may be d imer i za t ion  and t r i m e r i z a t i o n  of t h e  r e l a t i v e l y  

A p o s s i b l e  reason f o r  t hese  
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RUSSELL, H A R R I S ,  HOOD, THOMPSON, WATKINS AND WILLIAMS 

e l ec t ron - r i ch  aminoindole product a t  t h e  2- and 3-posi t ions.  

circumvent t h i s  p o s s i b i l i t y  we i n v e s t i g a t e d  r educ t ion  under b a s i c  condi- 

I n  o rde r  t o  

t i o n s  and found t h a t  t h e  use  of sodium h y d r o s u l f i t e  i n  1 N sodium hydroxide 

w a s  t h e  most successful"  and r e s u l t e d  in  r ep roduc ib le  y i e l d s  of over 75% 

on a 0.4 mole scale. 

Table 1 t o  those  of Thesing e t  a l .4  and t o  those  of t h e  b e s t  composite 

The o v e r a l l  r e s u l t s  of ou r  work are compared i n  

l i t e r a t u r e  r e s u l t s  s t a r t i n g  from indo l ine .  

Table 1. Overall Y ie lds  from S t a r t i n g  Indo l ine  o r  Indole  

Nethod 5-Bromo 5-Iodo 5-Cyano 5-Nitro 5-Amino 

From I n d o l i n e  34% 30% 2 8% 50% 41% 

48% 40% 28% 26% 21% Thesing 

Present  work 80% 57% 62% 74% 57% 

4 

Our r e s u l t s  suggest t h a t  t h i s  sequence should be of major considera- 

t i o n  f o r  t h e  p repa ra t ion  of 5 - subs t i t u t ed  indo le s .  To ou r  knowledge t h e r e  

have been no r e p o r t s  of t h e  b i s u l f i t e  r e a c t i o n  w i t h  i n d o l e s  s u b s t i t u t e d  a t  

t h e  1, 2 and/or 3 p o s i t i o n s  and t h e s e  p o t e n t i a l l y  s i g n i f i c a n t  r e a c t i o n s  are 

c u r r e n t l y  under i n v e s t i g a t i o n  i n  our  l abora to ry .  

EXPERIMENTAL SECTION 

Melting p o i n t s  w e r e  obtained on a Thomas-Hoover Unimelt apparatus  and are 
co r rec t ed .  I n f r a r e d  s p e c t r a  were recorded on a Perkin-Elmer 710B spectro-  
photometer and t h e  NMR s p e c t r a  on a Hitachi/Perkin-Elmer R-21B instrument  
using TMS as i n t e r n a l  r e fe rence  with chemical s h i f t s  expressed i n  ppm. 
Analyses were performed by A t l a n t i c  Hicrolab,  Inc . ,  A t l an ta ,  GA. 

3.- To a s o l u t i o n  of 23.4 g of 

sodium b i d u l f i t e  (59% as SO2) i n  80 m l  of water w a s  poured s lowly,  with 

s t i r r i n g ,  a s o l u t i o n  o f  1 1 . 7  g (0 .1  mole) of i n d o l e  i n  25 m l  of e thano l .  

The r e s u l t i n g  yel lowish mixture  w a s  s t i r r e d  f o r  20 h r s  a t  room temperature 

and passed through va r ious  co lo r  changes. 

s l u r r y  w a s  f i l t e r e d  by suc t ion ;  t h e  s o l i d  w a s  t hen  washed with 25 m l  of 

methanol, two 50 m l  po r t ions  of e t h e r  and a i r  d r i e d  t o  y i e l d  23.7 g (98%) 

The f i n a l  t h i c k ,  s l i g h t l y  green 
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5-SUBSTITUTED INDOLES SODIUM INlXlLINE-2-SULFONATE. A FZZXAMINATION 

of wh i t e  s o l i d  which decomposed between 340 and 360'; IR(I(Br): 

(OH), 3290 c m  

'H NMR(MS0-d ) 6 3.2(2HY d, J = 7 Hz, C-3), 3.4(broad s ,  H20 peak) ,  4 . 4  

(lH, t ,  J = 7 Hz, C-2), 5.8(1HY broad s ,  N-H), 6.2-7.0(4HY m y  Ar-H). 

Anal. Calcd f o r  C H NNa03S-H20: 

S, 13.40. Found: C, 40.20; H,  4.21; N ,  5.83; N a y  9.58; S, 13.44 

Sodium 1-Acetylindoline-2-sulfonate Hemihydrate ( I I I ) . -  A s l u r r y  of 23.9 g 

(0.1 mole) of t h e  s a l t  I1 i n  150 m l  of a c e t i c  anhydride w a s  heated t o  70° 

3490 cm-l 

group);  
-1 (NH), 1255, 1210, 1175, 1060 and 1035 cm-l(al1 SO 

3 

6 

C ,  40.17; H,  4.21; N ,  5.86; N a y  9.61; 8 6  

and w a s  maintained a t  t h i s  temperature  f o r  2 h r s  w i th  s t i r r i n g .  The temp- 

e r a t u r e  w a s  then r a i s e d  t o  90' f o r  0.5 h r  during which t i m e  t h e  very t h i c k  

s l u r r y  slowly thinned and turned a p a l e  t a n  c o l o r .  The r e a c t i o n  mixture 

w a s  cooled t o  20' and t h e  s o l i d  w a s  c o l l e c t e d .  

with t h r e e  40 m l  p o r t i o n s  of e t h e r  and a i r -d r i ed  overnight .  

a t  l l O o  (oven) gave 22.8 g (83%) of white  powder which decomposed above 

300'; IR(KBr): 3700-3150 cm-l(H20) 1660 cm-l(C=O), 1275, 1220(sh) , 1205 

and 1050 cm-'(all SO3 group);  'H NMR(Uniso1): 6 2.7(3HY s-CH ), 3.65(2HY 

d, J = 6 Hz, C-3), 5.5(1H, t ,  J = 6 Hz, C-2), 7.2-7.5(3H, m, Ar-H), 

8.0(1H, m y  C-7). 

- Anal. Ca lcd fo r  C H NNaO4S*%H20: C,  44.12; H ,  4.11; N ,  5.14; N a y  8.44; 

S, 11.77. Found: C ,  44.13; H,  4.11; N,  5.14; N a y  8.41; S ,  11.79 

5-Bromoindole (IVa).- A s o l u t i o n  of 240 g (0.88 mole) of I11 i n  1100 m l  of 

water w a s  cooled t o  0-5 . To t h i s  w a s  added, dropwise w i t h  s t i r r i n g ,  155 g 

(0.97 mole) of bromine a t  such a rate as t o  keep t h e  temperature below 5 . 
Afte r  t h e  a d d i t i o n  was complete, t h e  deep orange s l u r r y  w a s  s t i r r e d  at, 0' 

f o r  1 h r  and allowed t o  w a r m  t o  room temperature over a 1 h r  pe r iod .  The 

The f i l t e r  cake w a s  washed 

Fur the r  drying 

1 3 

10 10 

0 

0 

s o l u t i o n  w a s  d i l u t e d  wi th  1.5 1. of water and sodium b i s u l f i t e  w a s  added t o  

e l imina te  any excess  bromine. To t h e  now f a i n t  yellow r e a c t i o n  w a s  added 

150 g of s o l i d  sodium hydroxide and r e f l u x  w a s  continued overnight(20 h r s ) .  

The mixture  w a s  cooled t o  loo,  t h e  s o l i d  w a s  c o l l e c t e d  and washed with 
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RUSSELL, HARRIS, HOOD, THOMPSON, WATKJNS AND WILLIN?$ 

t h r e e  500 m l  po r t ions  of cold water and d r i e d  overnight  at  70' t o  g i v e  

159.5 g (92%) of t a n  c r y s t a l s ,  mp. 88-90', lit4" 90-91O; i ts  i n f r a r e d  spec- 

trum was i d e n t i c a l  t o  t h a t  of an  a u t h e n t i c  sample (Aldrich,  mp. 90-92'). 

An a d d i t i o n a l  10.5 g (0.054 mole) of t a n  product,  mp. 87-89', w a s  obtained 

by e t h e r  e x t r a c t i o n  of t h e  f i l t r a t e ,  thus making t h e  t o t a l  y i e l d  98%. 

5-Iodoindole (IVb).- To a s o l u t i o n  of 1 4 . 1  g (0.052 mole) of I11 and 10 g 

(0.06 mole) of potassium iod ide  i n  60 m l  of water, cooled t o  0-5', w a s  

added dropwise over  a 1 h r  per iod i o d i n e  monochloride (24.4 g, 7.6 m l ,  

0.15 mole); t h e  temperature w a s  maintained below 5 . The deep maroon 

s l u r r y  was allowed t o  warm t o  room temperature,  poured i n t o  200 m l  of water 

w i t h  s t i r r i n g ,  t h e  f l a s k  r in sed  wi th  50 m l  of water and a s m a l l  amount of 

sodium b i s i l f i t e  added t o  des t roy  any excess  iod ine .  The f a i n t  yellow 

s o l u t i o n  w a s  n e u t r a l i z e d  with 20% sodium hydroxide,  6 g of s o l i d  sodium 

hydroxide was added and t h e  mixture r e f luxed  overnight  (20 h r s ) .  

t i o n  mixture  w a s  cooled t o  10 , t h e  s o l i d  c o l l e c t e d  and washed w i t h  t h r e e  

25 m l  p o r t i o n s  of ice water and a i r  d r i e d  overnight  t o  g i v e  8.1 g (65%) of 

t a n  s o l i d ,  mp. 97-100°, l it4y6 99-102'; IR(KBr): 3430 cm 

5-Cyanoindole (IVc).- A mixture of 168.0 g (0.86 mole) of IVa, 650 m l  of 

N-methylpyrrolidinone and 120 g (1.35 moles) of cuprous cyanide were bo i l ed  

under r e f l u x  (200') f o r  18 h r s .  

r e a c t i o n  mixture  was poured i n t o  2 1. of ice water, s t i r r e d  €o r  0.5 h r  and 

c o l l e c t e d .  The f i l t e r  cake w a s  s l u r r i e d  i n  3 1. of 20% aqueous ammonia, 

f i l t e r e d  through s i n t e r e d  g l a s s ,  washed w i t h  f i v e  100 m l  p o r t i o n s  of 20% 

aqueous ammonia u n t i l  t h e  washings were a f a i n t  b l u e  and then  washed wi th  

500 m l  of ice  w a t e r .  

t ed  continuously wi th  hot  chloroform (Soxhlet)  f o r  20 h r s .  

evaporated t o  g ive  95.3 g (78%) o f  t a n  s o l i d ,  mp. 104-106°, l it4" 107'. 

The i n f r a r e d  spectrum w a s  i d e n t i c a l  t o  t h a t  of an a u t h e n t i c  sample 

(Aldrich,  mp. 106-108°). 

0 

The reac- 

0 

-1 (N-H). 

After cool ing t o  room temperature t h e  

The cake w a s  d r i e d  and t h e  crude product w a s  ex t r ac -  

The so lven t  w a s  
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5-SUBSTITUTED INDOLES via SODIUM INDOLINE-2-SULFONATE:. A FUIEXAMINATION 

5-Nitroindole (IVd).- Compound I11 (272.0 g ,  1.0 mole) w a s  d i s so lved  i n  

2 1. of g l a c i a l  acet ic  a c i d  with s t i r r i n g  and cooled t o  12-15'. Fuming 

n i t r i c  a c i d  (190 m l ,  90%, 2.4 mole) was added dropwise over about 1 h r  with 

t h e  temperature r i d i n g  between 12 and 15'. 

(1500 g) and a t o t a l  of 1600 g of s o l i d  sodium hydroxide were added i n  por- 

t i o n s  wi th  t h e  temperature s lowly r i s i n g  t o  65-70'. 

yel low s l u r r y  thickened considerably a f t e r  s t i r r i n g  overnight  (20 h r s ) .  

Co l l ec t ion ,  washing wi th  two 200 m l  p o r t i o n s  of ice  water and drying gave 

145.5 g (90%) of a yellow s o l i d ,  mp. 134-137', l i t  The i n f r a r e d  

spectrum w a s  i d e n t i c a l  t o  t h a t  of an a u t h e n t i c  sample (Aldrich,  mp. 134-7'), 

5-Aminoindole (We).- The i d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n  of t h i s  com- 

pound i s  complicated by r e l a t i v e l y  f a c i l e  a i r  ox ida t ion  when i n  s o l u t i o n .  

Numerous l i t e r a t u r e  mps. range from 126 t o  135 . 8y9'11 The melt ing po in t  

of t h e  Aldrich material is 131-135'. 

Water (2500 m l ) ,  crushed ice  

The r e s u l t i n g  t h i n ,  

4 140-141'. 

A. With Iron/HCl i n  Ethanol.- A s o l u t i o n  of 8.1 g (0.05 mole) of IVd 

w a s  d i s so lved  i n  500 m l  of e thano l  (minimum requ i r ed )  a t  55-60'. I ron  pow- 

d e r  (6.2 g, 0.11 mole) w a s  added with vigorous s t i r r i n g  and 3 m l  of conc. 

hydrochlor ic  a c i d  was added c a u t i o u s l y  over  a 15 min. per iod.  

w a s  allowed t o  s t ir  f o r  4 h r s  a t  78-80°. 

cake washed wi th  50 m l  of ho t  e thanol .  The so lven t  w a s  evaporated on a 

r o t a r y  evaporator  t o  g i v e  3.2 g (49%) of brown s o l i d ,  mp. 128-132'. 

(KBr) spectrum showed N-H bands at 3400, 3340 and 3200 cm-I  but  t h e  com- 

pound w a s  obviously impure. 

This  mixture  

It was f i l t e r e d  hot  and t h e  black 

The I R  

B. With I ron /Ace t i c  Acid.- Glacial acetic a c i d  (75 m l )  w a s  added t o  

8.1 g (0.05 mole) of IVd and t h e  mixture  heated t o  60'. 

6.9 g ,  0.12 mole) w a s  added i n  s m a l l  increments ove r  a pe r iod  of 45 min and 

t h e  mixture v igo rous ly  s t i r r e d  a t  60 f o r  1 h r .  The r e a c t i o n  mixture  was 

cooled t o  room temperature and made a l k a l i n e  wi th  20% sodium hydroxide. 

The r e s u l t i n g  g reen i sh  s l u r r y  w a s  f i l t e r e d  (very slow) and t h e  f i l t r a t e  

I r o n  powder 
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e x t r a c t e d  w i t h  three 100 m l  po r t ions  of e the r .  

(sodium s u l f a t e )  and evaporated t o  y i e l d  3.5 g (40%) of l i g h t  pu rp le  s o l i d ,  

mp. 128-132'. 

The extracts were d r i e d  

The i n f r a r e d  spectrum matched t h a t  of an au then t i c  sample. 

C. With Sodium Hydrosu1fite.- A s o l u t i o n  of 8.1 g (0.05 mole) of IVd i n  

200 m l  of e thano l  w a s  heated t o  55' with s t i r r i n g  a f t e r  1 N sodium hyd- 

roxide (200 ml) had been added. A s o l u t i o n  of 43.5 g (0.25 mole) of 

sodium h y d r o s u l f i t e  i n  200 m l  of 1 N sodium hydroxide was added dropwise 

over a per iod of 15 min and t h e  r e s u l t i n g  mixture allowed t o  s t ir  f o r  24 h r  

a t  80'. The r e a c t i o n  was f i l t e r e d  ho t ,  concentrated and t h e  p r e c i p i t a t e  i n  

t h e  cooled, aqueous po r t ion  f i l t e r e d  and d r i ed  t o  g ive  3.3 g (0.025 mole) 

of pale  v i o l e t  s o l i d ,  mp. 128-130'. Ex t r ac t ion  of t h e  f i l t r a t e  w i th  t h r e e  

100 m l  po r t ions  of e t h e r ,  drying and evaporation of t h e  combined e x t r a c t s  

gave an a d d i t i o n a l  1 .7  g (0.013 mole) of s l i g h t l y  darker  purple  c r y s t a l s ,  

mp. 129-132'. The i n f r a r e d  s p e c t r a  of t h e  above f r a c t i o n s  w e r e  i d e n t i c a l  

t o  t h a t  of an a u t h e n t i c  sample (Aldrich) .  This r e p r e s e n t s  a t o t a l  y i e l d  of 

76%. A r epea t  of th i s  procedure on a 0.4 mole scale gave a 78% y i e l d .  
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