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Brominotion of 3alkylindoles(l) with N-bromosuccinimide(NBS) has been reported 

by Witkop and Hinmonn in early 1960's to give 2-bromoindoles(3) i n  anhydrous media or 

oxindoles(4) in aqueous media. With two moles of NBS 3-olkylindoles give 2,6-dibromo- 

indole(5) or 5-bromooxindole(6). They suggested that the bromination would proceed via 

the 3-bromoindolenine(2) obtained by the electrophilic attack of bromonium ion at 3- 

position of the indole. We have shown the presence of the 3-bromoindalenine by isolating 

of N-(3-methyl-2-indolyI)pyridinium bromide in the reaction of skatole with dioxane- 

dibramide i n  dioxane-pyridine. Further information about the intermediate of the bromi- 

natia of indoles has been obtained by Witkop and by us. More recently we hove studied 

the effect of substituents at 1- and 3-positions on the bromination of indoles, and reaction 

conditions. Reaction of 3-phenylindole with two moles of NBS in AcOH gave 2,6-dibromo- 
1 

(major) and ~5-dibromoindole(m~nar) . Braminotion of 1-orylsulfonylskatole with NBS 

in boiling CCI4 gave 3-bromomethyl derivotive(9) '. Reaction of 3-tert butylindole with 

NBS in AcOH gave 6-bromoindole(l0) besides 2-bromo derivative, indicating attack of 
3 

bromonium ion at 3-position is prevented and thereby 6-position was brominoted . In 

t'his poper we summarize our results on the isolation and properties of 3-bromoindolenines. 

1. T.Hino,M.Tonozuka, and M.  Nakogclwa, Tetrahedron, s, 2123(1974). And earlier 

references are cited therein. 

2. T.Hino, T.Nakamura, and M.Nakagawa, Chem.Pharm.Bull., 23, 2990(1975). 

3. T.Hino, M.Tonozuka,Y.lshii, and M. Nakagawo, c. ,22, 354(1977). 

4. T. Hino,M. Endo,M.Tonozuka, and M. Nakagaww, Heterocycles, 2, 565(1975). And 

references cited herein. Idem , Chem.Pharm.Bull., g, in  press(1977). 



HETEROCYCLES, Vd. 6, Nos. 9, 10, 1977 



4 
1 . Isolation and reactivity of I -bromoindoler and 3-bromoindolenines . 

As described above the 3-bromoindolenine has been presumed to be the first inter- 

mediate of the bromination of indole derivatives. However, the 3-bromoindolenine has 

not been isolated as a stable form, except 3-bromo-2-(0-nitrophenyl)-3-methylindolenine 

(11) which is unusually stable crystalline solid and known as a brominating agent. On 

the other hand, 3-chloroindolenines are first isolated or an intermediate of the transforma- 

tion of indole alkaloids with tert. butyl hypochlorite to oxindole alkaloids by Finch and 

Taylor. Later several groups investigated the chemistry of 3-chlwoindolenines, some of 

which were isolated as crystalline form, and disclosed the various transformations of this 
5 

highly reactive intermediate to 13,14, and 15. Recently Rosa has succeeded in isolating 

of I-chloroindole itself and found i t  transforms to 3-chloroindole via 3-chloroindolenine. 

As an extension of the bromination of indole derivatives, we examined the bromination of 

2-bromo-, 2-ethylthio-, and 2-ethyls~lfon~l-3-substituted indoles(l6) with NBS. 

Bromination of 16aa,16ap, and 16cp with NBS in boiling CCI4 for a short time was 

found to give 3-bromoindolenines(l8) in excellent yields as crystals except 2-bromo deri- 

vative. Bromination of 16bp under similar conditions proceeded slowly to give the corres- 

ponding 3-bromoindolenine(l8), but was accelerated by the addition of benzoyl peroxide. 

These 3-bromoindolenines showed a positive test with Kl-starch as described by Gassman 

for 3-chloroindolenine, and can brominate indole derivotives such as skatole or 3-phenyl- 

indole to give 2-bromo derivatives. A characteristic reaction of 3-bromoindolenines i s  

the migration of the bromine to the benzene ring(intramolecular or intermolecular) when 

refluxed in CCI4 or i n  AcOH at room temperature. The 2-substituents affect the migrating 

position of the bromine in benzene ring. 2-Ethylthio derivative gave 6-bromo isomer,2- 

bromo derivative gave a mixture of 6- and 5-bromo isomers, predominant in the former, 

and 2-ethylrulfonyl derivative gave Ebromo isomer. 

As in cases of 3-chloroindolenines, 18aa and 18bp converted to oxindoles on treot- 

ment with EtOH-HCI . However, 18ap rearranged to 6-bromo isomer under similar condi- 

tions, indicating preferential migration of bromine. These results suggest that the bromine 

atom in 3-bromoindolenine behaves as a brominoting agent and also as a good leaving 

5. M. D.Rom, J .C.S .Chem.Comm., x 5 ,  482. 
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group i n  the nucleophilic substitution. The reaction of 2-ethylsulfonyl-3-methylindole 

with NBS in boiling CCI4 in the presence of benzoyl peroxide did not proceed, but the 

bromination did occur with NBS in CH2C12 at room temperature. A crystalline compound 

isolated was not 3-bromoindolenine, but 1-bromoindole(l7ba). Heating in CCI4 for 8 hr 

17bp converted to another crystalline compound (18ba) which showed characteristic feature 

For the 3-bromoindolenine, Similar reaction of l6bP with NBS-CH CI gave I-bromo deri- 
2 2 

vative(l7bp) which is converted to  18bp on heating in CCI4. These I-bromoindoles showed 

positive test with KI-starch and act as brominating agents, but on treatment with EtOH- 

HCI reverted to 16 and not to the oxindoles. In these reactions effect of the 2-substituents 

was prominent in the bromination and in the reactivity of 3-bromoindolenines. Therefore, 
6 

reaction of 2-ethylsulfinyl-3-phenylindole(16d~) with NBS was carried out . Under both 

conditions, NBS-CCI4-BPO and NBS-CH2CI2, the product isolated was 2-bromo-3-phenyl- 

indole and neither 3-bromoindolenine nor I-bromoindole was isolated. Though mechanism 

of the substitution was not clear, i t  showed that the sulfoxide group behaves quite differently 

from the thioether or the rulfone. 

I 
2. Oxidative cyclization of 3-alkylindoles having a nucleophilic center with NBS . 

As the 2-position of 3-bromo-3-alkylindolenines is susceptable to nucleophilic ottaclck, 

the 3-bramoindolenine which has a nucleophilic center at appropriate position of 3-Ikyl 

group may cyclize to 2-position. Witkop group has reported that the reaction of Nb-acyl- 

tryptamine with NBS gave pyrroloindole derivatives. Reaction of Nb-dimethyltryptamine 

(22-213) with NBS in CCI4 at room temperature gave pyrroloindole derivative(24-2b) i n  
8 

65% yield. The quaternary salt gave 25 and 26 on treatment with thiophenoxide . The 

latter compound may derive from 2-dimethylamino-3-phenylthioethylindole by outoxida- 

tion. 1 ,Nb-Trimethyltryptamine gave similar results. Reaction of 22-3c and 22-3d with 

NBS in CH CI a t  below - l o0  gave the pyranoindole(24-3c) and thiopyranoindoIe(24-3d) 
2 2 

in 57% and 80% yield respectively. On the other hand reactions of tryptophol with NBS 

in CH CI gave complicated results and none of pure compound was isolated. 
2 2 
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However 3-indoleethanethiol gave the corresponding disulfide as major product under 

similar conditions. These results indicate that tryptamines and 3-indolepropanol gave the 

cyclized products via 3-bromoindolenines, but another pothway may be possible for 3- 

indolepropanethiol. As the thiol group i s  known to be sensitive to NBS to form sulfenyl 

bromide, the thiol group in 3-indolepropanethioI may convert to sulfenyl bromide(27) 

with NBS. I t  i s  known that sulfenyl halide can react with indole derivcltives to form thio- 

ethers. So the sulfenyl bromide(27) may cyclize at 3-position to 28 and then rearrange to 

the product. In case of 22-2d sulfenyl bromide formed may difficult to form four membered 

ring and converted to the disulfide on the reaction with unreacted thiol. 

It is interesting to note that the photosensitized oxygenotion of 3-indolepropanol i n  
9 

MeOH gave hydroxypyranoindole(30), instead of pyranoindole(24-3c) . The same 

situation was observed in acetyltryptaminelO. Hydroxypyronoindole and pyranoindole 

converted to 3-hydroxypropyloxindole on treatment with EtOH-HCI at room temperature 

in good yield, and intermediacy of pymnoindole war observed by UV spectral change of 
9 

tl;e hydrolysis of hydroxypyranoindole with dilute HCI . 
Brominatian of thiopyranoindole with NBS in CCI at room temperature gave 7-bramo- 4 

thiopyranoindole(33) i n  20% yield. UV spectral change indicate the presence of 3-bromo- 

indolenine(32) as an intermediate, though i t  could not be isolated. On the other hand, 

chlorination of thi~p~ranoindole with NCS in CCI at room temperature gave 3-chloro- 
4 

indolenine besides spirooxindole(34). The chloroindolenine which showed negative test 

with KI-starch did not tronsform to 7-chloro derivative, although i t  was converted to 

34 by addition of acid. Although the evidence i s  not sufficient, migration of 3-halo atom 

in 3-haloindolenines to the benzene ring may be restricted to bromine compoundr. 
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