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Abstract - The preparation and properties of a series of 2- and.3-halo- 
indoles and 2,3-dihaloindoles are described, and the mechanism of halo- 

genation of 3-halo substituted indoles is briefly discussed. 

Halogenation in indole systems and the chemistry of the resulting haloindoles have been of interest 

for some time.' However, despite the amount of activity in this area, there is a noticeable lack 

of spectral data reported for the simple haloindoles. Recent discoveries of such compounds as 
2 

natural constituents of marine organisms further emphasizes the need for the establishment of 

spectral parameters, especially 13c nmr parameters, for reference purposes. Several years ago, in 

order to make structure assignments of tri- and tetrahalo substituted indoles isolated from a 

marine alga,3 we undertook the preparation and spectral characterization of a series of 2- and 3- 

halo- and 2,3-dihaloindoles. 

3-Chloro-, 3-bromo-, and 3-iodoindole were prepared (Scheme I) by literature procedures with some 

modifications (see Experimental). These compounds are of very limited stability and cannot be 

stored for more than a few days without some decomposition occurring. 2-Chloro- and 2-bromoindole 

are less stable still. powers4 reported the synthesis of the former compound with phosphorus oxy- 

chloride through the Vilsmeyer salt. We have found that this method can be used for the synthesis 

of 2-bromoindale as well (Scheme 11) if the reaction is carried out at low temperatures in the 

presence of an acid trap. Yields are poor in both syntheses. 

Scheme I 



The 2,3-dihalaindoles d i sp l ay  g r e a t e r  s t a b i l i t y  i f  a t  l e a s t  one of t h e  halogens i s  chlor ine .  

Chlor ina t ion  of indole  o r  3-chloroindole w i th  s u l f u r y l  ch lo r ide  produces 2,3-dichloroindole.  Simi- 

l a r l y ,  3-bromb-2-chloroindole may be prepared by s u l f u r y l  ch lo r ide  t rea tment  of 3-bromoindole 

(Scheme I ) .  This  reagent ,  f i r s t  used by Maszara and   or go^ f o r  indole  ch lo r ina t i ons ,  a f fo rds  good 

y i e l d s  and c lean  r eac t i ons  i n  t h e s e  simple cases. An a l t e r n a t e  rou t e  t o  3-bromo-2-chloroindole, 

used f o r  t h e  v e r i f i c a t i o n  of s t r u c t u r e ,  i s  shown i n  Scheme 11. The 2-posit ion of 3-bromoindole and 

3-chloroindole can be brominated, a l s o  i n  good y i e l d ,  wi th  elemental  bromine (Scheme I ) .  

Scheme I1 

The assignment of halogen s u b s t i t u t i o n  i n  t h e  mixed halo compounds becomes a t r i v i a l  t a s k  wi th  13c 
nmr, but would be most d i f f i c u l t  without t h i s  spec t roscopic  t oo l .  Table I conta ins  t h e  13c assign- 

ments f o r  the  mono- and d iha lo indoles  prepared here  i n  comparison wi th  indole  i t s e l f .  The 3-carbon 

is t h e  most up f i e ld  s i g n a l  i n  t h e  spectrum and is e a s i l y  recognized.  Subs t i t u r ion  a t  t h i s  pos i t i on  

by ch lo r ine  creates a small  downfield s h i f t  (3.7 ppm), whi le  s u b s t i t u t i o n  by bromine o r  iodine ,  as 

expected,  l e ads  t o  l a r g e  up f i e ld  s h i f t s  (11.2 and 45.3 ppm re spec t i ve ly ) .  On t h e  o the r  hand, 

ch lo r ine  a t  t h e  2-pos i t ion  l e a d s  t o  a small  up f i e ld  s h i f t  of t h e  3-carbon (2 .1  ppm), while a 2- 

bromo s u b s t i t u e n t  creates a dova f i e ld  s h i f t  of t h e  same magnitude (2.1 ppm) f o r  C-3. Observed 6- 

va lues  fo r  t h i s  carbon i n  t h e  2 ,3-d isubs t i tu ted  d e r i v a t i v e s  agree  q u i t e  we l l  wi th  those  predic ted  

from t h e  monosubstiruced compounds. 

TWO other  carbon s i g n a l s  are sys t ema t i ca l l y  a f f ec t ed  by t h e  pos i t i on  and n a t u r e  of t h e  halogen sub- 

s t i t v e n t  i n  t h e  py r ro l e  r i ng .  With a 2-halo s u b s t i t u e n t ,  C-4 absorbs near 6 120 ppm. With a 3- 

ch loro  s u b s t i t u e n t ,  t h i s  carbon s i g n a l  s h i f t s  t o  6 118 ppm, w i th  a 3-bromo s u b s t i t u e n r ,  t o  6 119 

ppm, and with a 3-iodo s u b s t i t u e n t ,  t o  6 128 ppm. Simi lar  s h i f t s  are observed f o r  t h e  3a carbon 

which absorbs near 6 125 ppm wi th  a 3-chloro group, near 6 127 ppm wi th  a 3-bromo group, and a t  6 

129.5 ppm with a 3-iodo group. 

The i n f r a r ed  spec t r a  f o r  t h e  va r ious  isomers are very s imi l a r  f o r  t h e  same s u b s t i t u t i o n  types ,  but  

s u b t l e  d i f f e r ences  a re  noted i f  one does a c a r e f u l  comparison. One band which may have d i agnos t i c  

va lue  is a sharp ,  weak one which occurs a t  650 ern-' when a 3-chloro group i s  present  and a t  630- 

635 m - l  when a 3-bramo (or 3-iodo) group i s  present .  

The mechanism of the  halogenation of i ndo l e s  a t  t h e  3-posit ion is assumed t o  be a simple e l ec t ro -  

p h i l i c  s u b s t i t u t i o n  r eac t i on .  I n  t h e  present  work, when t h e  3-posit ion is blocked, t h e  incoming 

halogen goes t o  t h e  2-posit ion.  Seve ra l  mechanisms may b e  envisioned fo r  t h i s  process  and t h e s e  
7  

are shorn i n  Scheme 111.~ Jackson and coworkers have shown t h a t  a t t a c k  a t  C-3 followed by 

rearrangement t o  the  2-posit ion ( rou t e  b) is t h e  ope ra t i ve  mechanism when Z i s  a l k y l  or acy l .  I f  

a c t i v a t i n g  groups are present  i n  t h e  benzene r i n g ,  some d i r e c t  a t r a c k  a t  C-2 by t h e  e l e c t r o p h i l e  

( r o u t e  a)  can a l s o  occur.8 We have not  observed any products where t h e  group i n i t i a l l y  present a t  

t h e  3-posit ion i s  t r a n s f e r r e d  t o  t h e  2-posit ion as would be expected f o r  t h i s  rearrangement 



HETEROCYCLES, Vol 24, No. 10, 1986 

2 
m 
0 1 % 

m l l Y ~ o n m 3 m N r n  . . . . . . . . . .  5: ". 0 0 0 3 0 0 4 0 A 0  
N N N N N N N N N N  

0 1 4 1 3 4 1 1 1 1 1  



mechanism. Thus,  c h l o r i n a t i o n  of 3-bromoindole g i v e s  3-bromo-2-chloroindole e x c l u s i v e l y  and 

b r o m i n a t i o n  of 3 - c h l o r o i n d o l e  g i v e s  2-bromo-3-chloroindole e x c l u s i v e l y :  

An a d d i t i o n - e l i m i n a t i o n  sequence ( r o u t e  c )  is a l s o  u n l i k e l y  i n  v iew of t h e  f a c t  t h a t  HBr would have 

t o  b e  l o s t  e x c l u s i v e l y  i n  o n e  case and HC1 e x c l u s i v e l y  i n  t h e  o t h e r  i n  o r d e r  t o  e x p l a i n  t h e  r e s u l t s .  

D i r e c t  a t t a c k  of t h e  e l e c t r o p h i l e  at t h e  2 - p o s i t i o n  ( r o u t e  a) remains as a v i a b l e  mechanism f o r  t h e  

h a l o g e n a t i o n .  

Scheme I11 

The incoming e l e c t r o p h i l e  can r e p l a c e  t h e  g roup  o r i g i n a l l y  p r e s e n t  a t  t h e  3 - p o s i t i o n .  2 ,3-Dichloro-  

i n d o l e  can be  d e t e c t e d  i n  t h e  p roduc t  m i x t u r e  from t h e  c h l o r i n a t i o n  of 3-bromoindole when excess 

c h l o r i n a t i n g  r e a g e n t  i s  u s e d ,  and 3 - c h l o r o i n d o l e ,  r a t h e r  t h a n  2-chloro-3-iodoindole,  is formed i n  

good y i e l d  when 3- iodo indo le  is t r e a t e d  w i t h  s v l f u r y l  c h l o r i d e .  

EXPERIMENTAL 

Mel t ing  p o i n t s  were de te rmined  on a Hoover Unimelt a p p a r a t u s  and are u n c o r r e c t e d .  IR s p e c t r a  were 

r e c o r d e d  i n  CS2 on Perkin-Elmer Models 137 and 337 spec t rophotomete rs .  'H nmr s p e c t r a  were 

r e c o r d e d  on a Perkin-Elmer R-248 s p e c t r o m e t e r  a t  60 MHz. 13c nmr s p e c t r a  were o b t a i n e d  on JEOL- 

PET-100 o r  Brucker  SXP20-100 s p e c t r o m e t e r s .  Brinlimann s i l i c a  g e l  60 (30-70 mesh) was used  f o r  
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column chromatography and Brinlrmann s i l i c a  g e l  HF-254 + 366, Type 60,  f o r  t l c .  A l l  s o l v e n t s  were 

r e a g e n t  g r a d e .  

3-Chloroindole.  
9 

To a methanol  s o l u t i o n  of 1 .00  g (8 .5  mM) of i n d o l e  was added i n  s m a l l  p o r t i o n s  1.30 g ( 8 . 5  mM) of 

N-chlorosuccinimide w i t h  s t i r r i n g  and c o o l i n g  so as t o  keep t h e  t e m p e r a t u r e  below 25OC. I c e  water  

was added ,  and t h e  m i x t u r e  was e x t r a c t e d  w i t h  e t h e r .  The e t h e r  l a y e r  was d r i e d  (MgS0 ) and  euap- 4 
o r a t e d  t o  g i v e  1.10 g (84%) of a g r e e n i s h  s o l i d .  S i l i c a  gel. chromatography (20% benzene i n  hexane) 

a f f o r d e d  c o l o r l e s s  c r y s t a l s  (80% r e c o v e r y ) ,  mp 94-96 '~ (d) 9 1 . 5 ' ~ ,  95-97'0; i r  v 3450, 

3030, 1400 ,  1330,  1280,  1240,  1200, 1120,  1100,  1075,  1010,  1000, 780, 760, 735, 650, 570 a - l ;  

'H nmr (CD C0CD3) 6 7.1-7.85 ppm. 
3 

Mazzara and lIorgo5 i n c o r r e c t l y  r e p o r t  t h i s  compound as 2-ch loro indo le .  

3-Bromoindole. 
1 0  

To a p y r i d i n e  s o l u t i o n  of 2.00 g (17 mM) o f  i n d o l e  coo led  i n  an i c e  b a t h  was added d ropwise  and 

w i t h  s t i r r i n g  a ~ y r i d i n e  s o l u t i o n  of 6.90 g (18  mM) of pyr id in ium bromide perbromide (80% pure) .  

A f t e r  comple te  a d d i t i o n ,  i c e  wa te r  was added ,  and t h e  m i x t u r e  was e x t r a c t e d  w i t h  e t h e r .  The e t h e r  

e x t r a c t s  were washed s u c c e s s i v e l y  w i t h  i c e  c o l d  6 N HC1, 5% NaHC03, and NaCl s o l u t i o n s .  The e t h e r  

l a y e r  was d r i e d  (MgS04) and c a r e f u l l y  e v a p o r a t e d  t o  g i v e  2.72 g (82%) as p a l e  p i n k  c r y s t a l s ,  mp 

6 5 ' ~  (d)  65-67'~, 65-66 '~) .  F u r t h e r  p u r i f i c a t i o n  may be  ach ieved  by c r y s t a l l i z a t i o n  

(hexane ,  keep ing  t h e  t e m p e r a t u r e  below 60'0 o r  chromatography on s i l i c a  g e l  (20% CH2C12 i n  CC14). 

Ir v 3450, 3030, 1400,  1325, 1280,  1240,  1190,  1120,  1095, 1070, 1010,  980, 785, 760, 735, 630, 

570 cm-l; 'H nmr (CD COCD ) S 7.05-7.60 ppm. When impure, t h i s  compound i s  s v b j e c r  t o  spontaneous 3 3 
decompos i t ion .  

3-Iodoindole.  
11 

T h i s  compound was prepared by t h e  method o f  Arnold and  coworker^.^^ The c r y s t a l s  o b t a i n e d  were  

d r i e d  q u i c k l y  by t a k i n g  up i n  e t h e r  and d r y i n g  over MgS04. I r  v 3450, 3030, 1400 ,  1330 ,  1320,  

1310,  1240,  1195 ,  1120 ,  1100,  1075, 1015,  965, 795, 760, 740, 630, 575 cm-l. 

2 -Chloro indo le .  
4 

4 
T h i s  compound was p repared  by t h e  method of Powers i n  26% y i e l d .  Chromatography on s i l i c a  ge l  

(CC14) a f f o r d e d  c o l o r l e s s  crystals, mp 71-73 '~ (d )  ( l i ~ . ~  72.76'0; i r  v 3450, 3030, 1400, 1350, 
-1, 1 

1330,  1320,  1280,  1225,  1190,  1150,  1100,  1010,  940, 920, 775, 740, 730,  610, 595  cm , H nmr 

(CD3C0CD3) 6 6.44 ( lH,  d d ) ,  7.0-7.4 (4H) ppm. 

2-Bromoindole. 

A suspension o f  o x i n d o l e  (0.66 g ,  5 mM) i n  0.73 g ( 6  mM) o f  N,N-d imethy lan i l ine  was coo led  i n  an 

i c e  b a t h  w i t h  s t i r r i n g .  To t h i e  was added 1.44 g ( 5  mM) o f  phosphorus onybromide i n  one p o r t i o n .  

A s e m i s o l i d  formed w i t h i n  5 min, and t h e  s o l u t i o n  t u r n e d  brown. S t i r r i n g  s t o p p e d  as t h e  mix ture  

t h i c k e n e d .  A f t e r  72 h a t  5'c, c o l d  w a t e r  was added t o  b r e a k  t h e  s e m i s o l i d .  E t h e r  e x t r a c t i o n  was 

c a r r i e d  o u t ,  and t h e  e t h e r  l a y e r  was washed e u c c e s s i v e l y  w i t h  c o l d ,  d i l u t e  HC1, NaHC03, and  NaCl 

s o l u t i o n s .  A f t e r  d r y i n g  (MgSO4) and removing t h e  e t h e r ,  279 mg of a brown o i l  remained.  S i l i c a  

g e l  column chromatography (20% benzene i n  hexane) a f f o r d e d  1 5 3  mg (15%) of 2-bromoindole, mp 82-84O 

C. U n l i k e  o t h e r  2- and 3-halo- and 2 , 3 - d i h a l o i n d o l e s ,  t h i s  compound d i d  n o t  decompose on mel t ing .  

The m e l t e d  sample r e s o l i d i f i e d  and r e m e l t e d  s h a r p l y  a t  8 3 ' ~ .  Ir v 3450,  3030, 1400, 1350, 1330, 

1320,  1275,  1230 ,  1190,  1150, 1095, 1010,  925, 775, 740, 730, 605, 570 m-'; 'H nmr (CC1)4 6 7.05- 

7.3 (m), 7.4-8.0 (m) ppm. 2-Bromoindole decomposes r a p i d l y  on s t a n d i n g .  

2 ,3 -Dich loro indo le .  
5 

TO an e t h e r  s o l u t i o n  of 0.29 g ( 2 . 5  mM) of i n d o l e  a t  i c e  t e m p e r a t u r e  was added d ropwise  0.4 ro l  ( 5  

m ~ )  of f r e s h l y  d i s t i l l e d  s u l f u r y l  c h l o r i d e .  The m i x t u r e  was s t i r r e d  at  O'C f o r  5 h.  It was then 



washed successively with cold NaHCO and NaCl solutions, dried (MgS04), and the ether removed to 
3 

give 495 mg of crud* product. Chromatography on silica gel (CHC1 afforded 406 mg (84%) of color- 
3 

less plates, mp 95-97'~. Recrystallization from henane gave needles, mp 102-103'~ (d) (lit.5 103- 

104'~). Ir '9 3450, 3030, 1400, 1350, 1335, 1320, 1280, 1230, 1190, 1150, 1115, 1035, 1010, 925, 

910, 740, 650, 615, 570 m-l; 'H nmr (CC14) 6 7.05-7.3 (m), 7.4-8.0 (m) ppm. 

2,3-Dibromoindole. 

To 392 mg (2mM) of 3-bromoindole dissolved in 10 ml of CH C1 and cooled in ice was added dropwise 
2 2 

320 mg (2mM) of bromine1' in CH7C17. After complete addition, the mixture was washed with cold . . 
aqueous NaHCO and saturated NaCl solutions and dried over MgS04. Removal of the solvent gave a 3 
quantitative yield of beige plates, which began to turn green rapidly. Purification was achieved 

by recrystallization (hexane, keeping the temperature below 60°c), or by silica gel chromatography 

(20% CH2C12 in CC14). The yield of purified material was 76%, mp 81-83'~ (d); ir v 3450, 3030, 

1400, 1350, 1335, 1320, 1280, 1225, 1180, 1150, 1115, 1010, 995, 980, 925, 910, 900, 800, 740, 630, 

605, 570 'H nmr (CD COCD3) 6 7.1-7.7 ppm. 
3 

2-Bromo-3-chloroindole. 

To a CH2C12 solution of 305 mg (2 mM) of 3-chloroindole coaled in ice was added drapwise and with 

stirring 320 mg (2 mM) of bromine1' in CH2C12. The reaction mixture was processed as described 

for 2,3-dibromoindole to give pink crystals (550 mg). Recrystallization from hexane afforded 409 

rng (88%) of colorless crystals, mp 93'~ (d) (lit.' 92'~). Purification may also be achieved with 

silica gel chromatography (20% Cli C1 in CC14). Ir  v 3450, 3030, 1400, 1350, 1335, 1120, 1280, 
2 2 

1230, 1185, 1150, 1115, 1020, 1010, 930, 905, 740, 650, 610, 570 'H nmr (CD3COCD3) 6 7.1-7.8 

ppm. Mazzara and   or go^ incorrectly report this compound as the 2-chloro-3-bromo isomer. 
3-Bromo-2-chloroindole. 

A. From 3-Bramoindole. To 196 mg (1 mM) of 3-bromoindole dissolved in anhydrous ether at OOC was 

added 80 v1 (1 mM) of freshly distilled sulfuryl chloride. After stirring at O'C for 1 h, the 

solution was washed with cold NaHCC3 and NaCl solutions and dried (MgSOq). Removal of the ether 

gave pink crystals. Chromatography on silica gel with 20% benzene in hexane afforded an 85% yield 

of colorless cyrstals, rnp 99-10oOc (d); ir v 3450, 3030, 1400, 1350, 1335, 1320, 1280, 1230, 1185, 

1150, 1115, 1015, 1000, 990, 925, 915, 905, 820, 740, 635, 610, 570 cm-l: 'H nmr (CD COCD3) 6 7.1- 
3 

7.7 ppm. 

B. From 2-Chloroindole. 2-Chloroindole was brominared in the same fashion as that used in the 

preparation of 3-bromoindole. The product was identical to that obtained from the chlorination of 

3-bromoindole. 

Reaction of 3-Iodoindole with Sulfuryl Chloride. 

To a solution of 0.5'g (2.2 mM) of 3-iodoindole in 25 ml of anhydrous ether containing 0.12 g of 

2,6-dimethylphenol was added dropwise 372 ul (2.2 mM) of SO C1 (freshly distilled) at O'C. Stir- 
2 2 

ing was continued for 1 h, then the reaction mixture was washed successively with aqueous NaOH and 

saturated NaCl solutions and the ether dried (MgSO ) and evaporated to give a 95% yield of crude 4 
3-chloroindole and 84% yield after chromatography. Very minor amaunts of 2,3-dichloroindole could 

be detected in the 13c nmr spectrum. 
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