
HETEROCYCLES, Vol 23,  No. 1, 1985 

SELECTIVE HALOGENATION OF 4-0x0-4.5,6,7-TETRAHYDROINDOLES 

TO 5-HALO-4-0x0-4,5,6,7-TETRAHYDROINDOLES WITH COPPER(I1) HALIDES 

Masakatsu Matsumoto*, Yasuko Ishida, and Nobuko Watanabe 

Sagami Chemical Research Center, Nishi-Ohnuma 4-4-1, Sagamihara, 

Kanagawa 229, Japan 

Abstract - Halogenation of 4-0x0-4.5.6.7-tetrahydroindoles with 

copper(I1) bromide or coooerlI1) chloride gave selectively 5-halo-4- 

0x0-4,5,6,7-tetrahydroindoles, which were easily transformed to 

4-hydroxyindoles by the action of lithium halide/lithium carbonate 

in dimethylformamide. 

One of attractive synthetic routes to 4-substituted indoles is to use 4-0x0- 

4,5,6,7-tetrahydroindole (1) as a key intermediate. The synthon of indole 1 

has, however, been limited to use, because oxidative aromatization of the 

cyclohexene skeleton of type 1 compound requires drastic reaction conditions and 

is often fruitless. 1'294 It is thought that a practical step solving these 

problems is to oxidize 1 into 5-halo-4-0x0-4,5,6,7-tetrahydroindoles (2 )  prior 
to transformation of the carbonyl qrouq of 1 to various functionalities. We 

report here that the halogenation of 1 to 2 was attained by the use of copper(I1) 
halides and shows the facile synthesis of 4-h~droxyindoles (5 )  from 1 through 5 ,  

as a preliminary work to use 5-haloindoles 5 for a synthetic intermediate of 4- 

substituted indoles. 



When 4-oxo-l-o-toluenesulf~n~1-4,5,6, 7Ftetrahydroindole (la) was heated with 
two equivalents of copper(I1) bromide in ethyl acetate for 1 h, 5-bromo-4-0x0- 

1-p-toluenesulfonyl-4,5,6,7-tetrahydroindole (e) was produced in a 98% yield. 

The other N-substituted indoles g - were similarly brominated with copper - 

(11) bromide as shown in Table I. Free indole & (R = H) gave scarcely desired 

bromide by the use of CuBr2. As a solvent, acetic acid, chloroform, 

dimethylformamide (DMF), and so on were usable in place of ethyl acetate, 

though the efficiency of the bromination decreased. Usage of excess CuBrZ tended 

to form 5,5-dibromoindoles 2; treatment of 5 with 4 equivalents of CuBr2 in 
ethyl acetate gave exclusively 5.5-dibromoindole =. Another reagent, phenyl- 

trimethylammonium perbromide (PhNMe Br 1 was less effective than CuBr2 for the 3' 3 

bromination of - 1 to - 2.' Analogous reagent, pyridinium perbromide (C5H5N.HBr3), 

gave somewhat improved result (yield of e: 76%). 

Table I. Bromination of 4-0x0-4,5,6,7-tetrahydroindoles (11 to 5-brorno-4-0x0- - 

4.5.6.7-tetrahydroindoles (2 )  with copper (I11 bromide .* 

Indole (1) 
R 

Benzenesulfonyl (&I 

Methanesulfonyl (&l 

Benzoyl (2) 

Solvent Time 

Ethyl acetate 

Chloroform 

50% aq. AcOH 

DMF 

Ethyl acetate 

Ethyl acetate 3 

Ethyl acetate 

Indole (2) 
M~(-C) Yield(%)** 

( e l  154-5 98 (98) 

82 (90) 

67 (741 

83 (951 

43 (881 

( e l  101-2 97 (971 

(-1 113.5 89 (89) 

( e l  130-1 74 (90) 

* All the reactions were carried out by the use of two equivalents of C a r 2  

at refluxing temperature. 
* *  Figures in parenthesis mean selectivity of bromides 2. 
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c h l o r i n a t i o n  o f  i n d o l e s  la and t o  corresponding 5-chloroindoles  2 was 

achieved by t h e  use of c o p p e r l I I )  c h l o r i d e .  A s  shown i n  t a b l e  11, 50% aqueous 

a c e t i c  a c i d  w a s  f a r  more f avorab le  than a c e t i c  a c i d ,  chloroform, o r  e t h y l  

a c e t a t e  a s  t h e  s o l v e n t  used f o r  t h e  c h l o r i n a t i o n .  Copper( I1)  c h l o r i d e  a l s o  

conver ted  N-benzylindole if and f r e e  i n d o l e  & t o  t h e  corresponding 5-chlaro- 

i n d o l e s  2f-C1 and ?e-C1 i n  moderate y i e l d s .  These r e s u l t s  were d i f f e r e n t  from 

t h e  c a s e  wi th  copper ( I1 )  bromide ( v i d e  s u ~ r a ) .  I r o n ( I I 1 )  c h l o r i d e  was o f  no 

use  f o r  t h e  p r e s e n t  purpose,  though i t  i s  known as one o f  t y p i c a l  c h l o r i n a t i n g  

r eagen t s  of ketones.6 S u l f u r y l  c h l o r i d e  i s  a l s o  a  convenient  r e a g e n t  f o r  

a - c h l o r i n a t i o n  o f  ketones. '  I t  w a s ,  however, n o t  f i t  f o r  use,  because it mainly 

l e d  t o  2-chloro-4-0x0-tetrahydroindoles $ i n s t e a d  of 5-chloroindoles  ( see  

Exper imenta l )  

1 1 1  Chlo r ina t ion  of 4-0x0-4.5.6.7-tetrahydroindoles (1) t o  5-chloro-4- 

0x0-4,5,6,7-tetrahydroindoles (2 )  - with  c o p p e r ( I 1 )  c h l o r i d e . *  

Indo les  (1) 
R 

Benzenesulfonyl (E) 

H 

Benzyl (lf) 

Solvent  

50% aq.  AcOH 

AcOH 

Ethy l  a c e t a t e  

IChloroform) 

50% aq.  AcOH 

50% aq.  AcOH 

50% aq.  ACOH 

r ime I Indo le  (2 )  
(h)  Mp ( O C )  Yield ( % I  **  

* A l l  t h e  r e a c t i o n s  were c a r r i e d  o u t  by t h e  use of 2 . 2  e q u i v a l e n t s  of CuC12 

a t  r e f l u x i n g  temperature .  

** Figures  i n  p a r e n t h e s i s  mean s e l e c t i v i t y  of 2. 



Stoichiometry of the present halogenation is shown as an equation: 

1 + 2 CuX2 - 2 + 2 CuX + HX - - 

Thus, considering that copper(I1 halide is easily oxidized to copper(I1) halide 

with dioxyqen (02) in the presence of HX. one might think of a catalytic 

"CU" reaction: 1 + HX + 1/202- - 2 + 

This idea was proved as follows: when indole la (1.0 g) was heated with copper 
(11) bromide (0.1 g) under an oxygen atmosphere in 50% aq. acetic acid (10 mL) 

containing HBr (0.33 g) for 7 h, 5-bromoindole Za-Br was produced in a 72% yield 

(selectivity: 90%). 

The results described here show that 5-halo-4-0x0-4,5,6,7-tetrahydroindoles (2) 

are now easily accessible.8 Next, we examined dehydrohalogenation of 2 to 

4-hydroxyindoles (1) as a preliminary work to use 2 for the synthesis of 4- 
sub~tituted indoles. The aromatization of 2 was attained by the use of lithium 

- 

salt/lithium carbonate in DMF as shown in Table 111. This route (1-1-5) is 

useful for the preparation of N-protected 4-hydroxyindoles, which was, of course, - 

able to be deprotected. Typical procedures to prepare 5-bromoindoles =, 
5,5-dibromoindoles =, 5-chloroindoles s, 2-chloroindoles 5 ,  and 4-hydroxy- 
indoles 1 are described in the following experimental section. 

LiX/Li$03 

i n  DMF 

2 R  - - 5 
Table 111. Synthesis of 4-hydroxyindoles (5) from 5-halo-4-0x0-4,5,6,7-tetra- - 

hydroindoles (z). 

( S r l  Br Benzoyl 1 (5s) 149.0-150.0 9 8 

* Unless otherwise stated, the dehydrohalogenation was carried out under the 
following conditions: ::LiBr:LiCO3 = 1:1.05:1.05, DMF, N2 or Ar atmosphere, 

150PC. **In place of LiBr, LiCl was used. 

Haloindole (2) 

X R 

(-rl Br p-Toluenesulfonyl 

(-1 * *  

(2-11 Cl p-Toluenes~lfon~l 

(2-r) Br Benzenesulfonyl 

(2-r) Br Methanesulfonyl 

Time 

(h) 

1 

2 

3 

1 

1.5 

Hydroxyindole (5) 
Mp('C) Yield(%) 

( 5 3 )  143.5-144.5 9 4 

9 8 

(5s) 9 8 

(5h) 130.0-130.7 9 4 

(55) 109.0-110.0 9 3 
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EXPERIMENTAL 

~-B~m-4-oxo-N-(~-toluenesulfonyl)-4,5,6,7-tetrahydroindole (e) Copper(I1) bromide(l.55g, 

6.92 mnol) was s t i r r e d  together w i t h  4-0x0-y-(p-to1 uenesulfonyl )-4,5,6,7-tetrahydmindole (la) 

(1.00 g, 3.46 mmol) i n  e t h y l  aceta te  (10 mL) under an argon atmosphere a t  r e f l u x i n g  temperature 

f o r  45 min. From the h o t  so lu t i on ,  copper(1) bromide was f i l t e r e d  o f f .  The mother l i q u i d  was 

d i l u t e d  w i t h  CH2C12, washed w i t h  H20, d r i e d  over MgS04, and concentrated. The res idue was 

chromatographed on s i l i c a  ge l .  E l u t i o n  w i t h  CH2C12-hexane ( 1 : l )  gave the 5-bromindo le  2a-Br 

i n  a 98% y i e l d  (1.25 9). Color less prisms melted a t  154 - 155°C ( f rom e t h y l  acetate).  

NMR(CDC13) 2.32-2.54 (m, ZH), 2.42 (s, 3H), 3.00-3.18 (m, ZH), 4.46 ( t ,  J=4.2Hz, l H ) ,  6.61 

(d, J=3.9Hz, l H ) ,  7.20-7.84 (m, 5H)ppm. IR(K8r) 1680, 1600, 1393, 1180, 1122 c K 1 .  Mass(m/z,%) 

369 (M', 291, 367 (M', 29), 155 (47). 106 (90). 91 (100). 

5,5-Oibromo-4-oxo-N-(p-toluenesulfonyl)-4,5,6,7-tetrah~droindole ( m i  A s o l u t i o n  of 4.0~0- 

N-(e-toluenesu1fonyl)-4,5,6,7-tetrahydroindole (k) (1.00 g, 3.46 mmol) and copper(1I)  bromide - 

(3.20 g, 14.3 m l )  i n  e t h y l  acetate (15 mL) was re f luxed f o r  6 h.  The s o l u t i o n  was d i l u t e d  

w i t h  CH2C12 (80 mL) and f i l t e r e d  t o  remove copper(1) bromide. The mother l i q u i d  was washed with 

H20. d r i e d  over MgS04, and concentrated. The residue was chromatographed on s i l i c a  g e l .  

E l u t i o n  w i t h  CH2C12 gave the dibromoindole 3a-Br i n  a 99% y i e l d  (1.53 g). Color less prisms 

melted a t  152.0 - 153.2-C ( f rom e t h y l  ace ta te ) .  NMR(CDC13) 2.43 (s, 3H), 2.92-3.18 (m, 4H), 

6.65 (d, J=3.9Hz, lH) ,  7.20-7.80 (m, 5H) ppm. IR(KBr) 1690, 1595, 1375, 1187, 1175 cm". 

Mass (m/z,%) 449 (M+, 1 .8) ,  447 (M+, 3.3), 445 (M+, 1.7). 155 (34), 106 (84) ,  91 (100).  

5-Chloro-4-oxo-N-(p-toluenesulfonyl)-4,5,6,7-tetrahydroindole (E) A s o l u t i o n  o f  4-0x0- 

1-e-toluenesulfonyl-4,5,6,7-tetrahydroindole (2) (1 .00 g, 3.46 mmol) and copper( l1)  ch lo r i de  

(1.02 g, 7.61 m o l )  i n  50% aq. a c e t i c  a c i d  (10 mL) was re f l uxed  under an argon atmosphere for 

3.5 h. A f t e r  removal o f  copper(1) ch lo r i de ,  the s o l u t i o n  was poured i n t o  H20 and ex t rac ted  

w i t h  CH2C12. The organic l aye r  was washed w i t h  NaHC03 aq. so lu t i on ,  d r i e d  over MgS04, and then 

concentrated. Chromatographic p u r i f i c a t i o n  o f  the residue [SiO2/CHZCI2-hexane (1  : I ) ]  afforded 

the 5 -ch lom indo le  2a-C1 i n a n  86% y i e l d  (0.96 g ) .  Color less prisms melted a t  152 - 153°C (from 

e t h y l  aceta te) .  NMR(CDC13) 2.36-2.58 (m, 2H), 2.46 (8, 3H), 3.16-3.24 (m, ZH), 4.44 ( t ,  J=4.0 

Hz, l H ) ,  6.68 (d, J=3.2Hz, lH ) ,  7.28-7.48 (m, 3H), 7.74-7.87 (m, 2H)ppm. IR(KBr) 1680, 1600, 

1 1387, 1178 cm- . Mass(m/z,%) 323 (M+, 26). 106 ( l o o ) ,  91 (66). 

2-Chl0r0-4-0~0-N-(p-toluene~ul fony1)-4,5,6,7-tetrahydmi ndole (9) To a s o l u t i o n  o f  4-0x0- 

N-(p-toluenesulfonyl)-4,5,6,7-tetrahydroindole (la) (1.00 g, 3.46 mmol) i n  CH2C12 (10 mL), a - 

s o l u t i o n  of sur fury l  ch lo r i de  (0.52 g, 3.85 mmol) i n  CH2CI2 (5 mL) was added a t  0°C and s t i r r e d  

fo r  1 h a t  room temperature. The s o l u t i o n  was s t i r r e d  w i t h  K2C03 (2.0 g) f o r  30 min and was 



concentrated.  The res idue was chromatographed on s i l i c a  ge l .  E l u t i o n  w i t h  CH2C12 a f f o rded  

the  2 - ch l om indo le  3 i n  a 56% y i e l d .  Co lo r less  granules me1 t ed  a t  189.0 - 190.0°C ( f rom 

CH2CI2). NMR(CDC13) 1.90-2.46 (m, 4H), 2.32 (8, 3H), 3.10 (m, 2H), 6.35 ( s ,  IH) ,  7.16-7.80 

1 
(m, 4H) ppm. IR(KBr)  1678, 1600, 1388 cm- . Mass(m/z,%) 323 ( M + ,  16). 155 (611, 91 (100). 

4-Hydroxy-N-(p-to1 uenesul f ony l  ) i n d o l e  (z) A s o l u t i o n  o f  5 - b r o m o - 4 - o x o - ~ - ( ~ - t o l  uenesul fony l ) .  

4,5,6,7- tetrahydmindole (m) (200 mg, 0.543 mmol) i n  DMF ( l o  mL) was heated t oge the r  w i t h  

L i B r  (50 mg, 0.576 mmol) and Li2C03 (79 mg, 0.572 mmol) under a n i t r o g e n  atmosphere a t  150°C 

f o r  1 h. The r e a c t i o n  m i x tu re  was poured i n t o  aq. NHqC1 s o l u t i o n  and was e x t r a c t e d  w i t h  CH2CI2. 

The organ ic  l a y e r  was washed tw i ce  w i t h  H20, d r i e d  over  MgS04, and concentrated.  The res i due  

was chmmatographed on s i l i c a  ge l  and e l u t e d  w i t h  CH2C12-ethyl ace ta te  ( 1 0 0 : l )  t o  g i v e  the  4- 

hydroxy indo le  3 i n  a 94% y i e l d  (145 mg). Co lo r less  pr isms mel ted  a t  143.5-144.5"C ( f rom 

e t h y l  acetate-hexane). NMR(COCl3) 2.31 (8, 3H), 5.25 (b road s,  IH) ,  6.48-7.84 (m, 9H) ppm. 

IR(KBr) 3480, 1600, 1500, 1365, 1127 cm-I. Mass(m/z,%) 287 (M+, 33), 132 (1001, 91 ( 27 ) .  
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