
THE STRUCTURE OF MONOBROMINATED ETHYL 
INDOLE-3-CARBOXYLATE AND THE PREPARATION OF 7-BROMOINDOLEI 

ABSTRACT 

The compound reported by Majima and Icotake as ethyl 6-bromoindole-3-carboxylate, 
obtained from the monobromination of ethyl indole-3-carboxylate, when saponified, 
decarboxylated, and the product repeatedly crystallized from alcohol, actually gave a nearly 
equimolar mixture of 5- and 6-bromoindoles of constant melting point, 74-75'. 7-Bromoindole 
has been synthesized by two unambiguous routes. 

INTRODUCTION 

Majima and Kotake have reported the preparation of ethyl 6-bromoindole-3- 
carboxylate via bromination in acetic acid of ethyl indole-3-carboxylate (I). Their proof 
of structure rested upon the observation that dibroinination, in acetic acid, of ethyl 
indole-3-carboxylate actually gave ethyl 5,6-dibromoindole-3-carboxylate, a fact estab- 
lished by the isolation of 5,6-dibroinoisatin and 4,5-dibromo-2-amino-benzoic acid. 
Since the monobronlinated coillpound gave a monobromoisatin quite different from the 
authentic 5-bromoisatin previously prepared by Borsche and Jacobs (2) and in view of 
the established structure of the dibrominated product, it was concluded that mono- 
broinination of ethyl indole-3-carboxylate had occurred a t  position 6. The discrepancy 
between the melting point of their "6-bromoisatin" (256-258') and that of Ettinger and 
Friedlander's 6-bromoisatin (m.p. 263-264') (3) was attributed to contamination of 
their monobromoisatin with some 5,6-dibromoisatin. 

The monobrominated ethyl indole-3-carboxylate of Majiilla and Kotake, saponified 
and decarboxylated in this laboratory, gave a illoilobroinoindole melting a t  74-75' which, 
according to the assignment of the Japanese authors, should be 6-bromoindole. A recently 
reported unanlbiguous preparation of 6-bromoindole (4) melting a t  94' casts doubt upon 
Majima and I<otalre's structural assigament. This was further intensified by observatioil 
in this laboratory of a marked depression of the melting point of a mixture of these two 
bromoindoles. That  the compound melting a t  74-75' is neither 4- nor 5-bromoii~doles is 
shown by comparison of their physical constants. Authentic 4-bromoindole (4) is a liquid 
which we found to boil a t  89-92'/0.25 nlm and which has a refractive index of 1.6566 a t  
21°, while 5-bromoindole inelts a t  88.5-89' (5). Furthermore, the infrared spectra of the 
4-, 5-, and 6-bromoindoles failed to correspond with that obtained for the questionable 
bromoindole. 

Since the possibility existed that the as yet unknown 7-bromoii~dole might actually be 
the compound synthesized by Majiina and Kotake, its preparation was undertaken. The 
precursor, 7-bromoindole-2-carboxylic acid, was made by two unanlbiguous routes. The 
first method entailed the preparation of ethyl pyruvate 2-bromophenylhydrazone, which 
was then subjected to Fischer ring closure with polyphosphoric acid. The second method 
involved the conversion of 3-carboxy-2-nitrotoluene (6) to 3-broino-2-nitrotoluene by 
the Hunsdiecker reaction (7). A Reissert condei~sation of 3-bromo-%nitrotoluene with 
ethyl oxalate (5), affording optimum yields only after prolonged reaction between the 
ester and the nitrotoluene a t  room temperature, gave ethyl 3-bromo-2-nitrophenyl- 
pyruvate. This was converted to 7-broi~~oindole-2-carboxylic acid by the usual reductive 
ring closure. 

lA!fanzrscuipt received M a y  6, 1960. 
Contribution fronr tlte Department of Cltentistry, University of Alberta, Edmonton,  Alberta. 
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The 7-bromoindole-2-carboxylic acid gave unsatisfactory decarboxylation by the 
usual procedures (4, 5, 8). However, a modified version of one method (8, 9), in which 
the acid was refluxed in synthetic quinoline for 48 hours while slllall amounts of copper 
chro~nite (10) were added a t  frequent intervals, gave a 48% yield of 7-bromoindole. This 
synthesis now makes available the last of the isolneric benzene ring-monobrominated 
indoles. 

The infrared spectrum and melting point (42-43") of 7-bromoindole showed conclu- 
sively that it was not the "6-broinoindole" derived froill the "ethyl G-bromoindole-3- 
carboxylate" of RIajima and Kotalte. 

Coinparisoil of the infrared spectra of 5- and 6-bromoindoles suggested that the 
unknown substance might be a mixture of the two. ,4ccordingly, when samples colltaining 
various proportions of the two isomeric bromoindoles were prepared, it was found that a 
mixture of 45y0 of 5-bromoindole and 55y0 of 6-bromoindole gave a spectrum identical 
in every respect with that of the unl<nown. The bands a t  1308 cm-' for the 5-isomer and 
a t  1329 cm-I for the 6-isomer have nearly equal intensities and can be used as a reasonably 
good method for estimation of the relative amounts of these two isomers in a mixture. 
The two isomers can be clearly distinguished by the absorptioil bands show11 in the 
follolving table. 

- 

Compound Absorption bands at :  (cm-l) 
- - 

6-Bromoi~idole 665 (w) 800 ( s )  840 ( m )  852 (w)  864 (w) 1305 ( w )  1329 ( s  ) 
5-Bromoindole 664 ( s  ) 788 ( s )  Nil Nil 861 ( s  ) 1308 ( s  ) 1329 (w)  

NOTE: W ,  m, and  s are respectively weak. medium, and strong. 

Neither the melting point of this mixture (74-75') nor its composition could be altered 
by repeated crystallization. Similar constant-melting inixtures of isomeric compounds 
Ilave been recorded in the literature, a specific example being the isolneric 5 -  and 'i-nitro- 
1,2,3,4-tetrahydrocarbazoles, a mixture of which crystallizes in eq~~ imolec~~ la r  proportioil 
fro111 a variety of solvents to form a substance of coilstant composition and inelti~lg point 
(11). However, unlike the case of the tetrahydrocarbazoles, chromatography does not 
readily separate the 5-bromoindole froin the 6-broinoindole. Since a single chromatog- 
raphic operation using an alu~nina column did in fact achieve a partial separation, 
as sho\vn by the change in the infrared spectra of the fractions, i t  is no doubt possible 
by repeated and careful chro~natogra~hy to separate them completely. 

We have repeated the brolnination of ethyl indole-3-carboxylate as described in the 
literature and obtained the same results (1). Several crystallizations of the ethyl br01no- 
indole-3-carboxylate from aqueous alcohol failed to alter the melting point of 134-137". A 
sample of this substance, passed through a coluinn of activated alun~ina, gave very little 
separation. Chromatography of the fractions obtained from this first attempt a t  separa- 
tion also gave unsatisfactory results. However, since the melting points of the various 
fractions did in fact differ somewhat both in value and in range from each other it  was 
assumed that,  as for the case of the 5- and 6-bromoindoles, a separation could be achieved 
by painstaldng care. I t  is to be noted that  crystallization of each of these various fractioils 
froin diluted alcohol again gave the material of constant melting point of 134-137". 

Hydrolysis of the ester according to the literature (I)  gave an acid which upoil several 
crystallizations from 957, alcohol melted a t  212O, a fact which had already been recorded 
(1). No attempt was made to separate this substance into its isomers. Our decarboxylation 
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of this compound in quinoline a t  140" afforded a compound whose analysis, following 
several crystallizations from alcohol, agreed with that of a monobromoindole and is now 
1;nown to be a nearly equimolar nlisture of 5- and 6-bromoindoles (1n.p. 74-75'). 

This work indicates that not only do 5-bromoindole and 6-bromoindole form a constant- 
inelting mixture, but that their precursors, 5- and 6-bromoindole-3-carboxylic acid and 
the ethyl ester, do likewise. Whether the precursors are nearly equimolar mixtures is 
uncertain. However, i f  that is so, then ease of bromination of ethyl indole-3-carboxylate 
is approximately equal for the 5 and the 6 positions. 

EXPERIMENTAL 

.\I1 melting points are uncorrected. The 4-bromoindole (4), 5-bromoindole (5), and 
6-bromoindole (4) were prepared according to the published procedures. 

3-Bromo-2-lzitrotolziene 
Bromine (24 g, 0.15 mole) was added slowly to a stirred suspension of 41.5 g (0.144 

mole) of silver salt of 3-methyl-2-nitrobenzoic acid in anhydrous carbon tetrachloride 
(350 ml) a t  25". Following the addition, the mixture was heated to reflux for 3 hours, 
cluring which time carbon dioxide was evolved. The cooled solution was freed from silver 
salts and the filtrate washed first with aqueous sodium bisulphite, then with aqueous 
sodium bicarbonate, and finally with water, and then dried over anhydrous magnesiunl 
sulphate. Removal of the sulphate and ether afforded a brown oil which, when steam 
distilled, yielded 18.0 g of 3-bromo-2-nitrotoluene (58%) melting a t  27O, lit. m.p. 27" (12). 

Potassii~ln Elzolate of Etlzyl 3-Bromo-2-nitroplzenylpyrr~vate 
Potassium (2.3 g, 0.059 ~nole) was dissolved in anhydrous ethanol (20 1111). To  this 

sdution, cliluted with 100 ml of dry ether, was added 8.7 g (0.059 mole) of diethyloxalate 
and the mixture \vas then stirred gently for 15 minutes. The addition of an ether solution 
of 11.0 g (0.05 mole) of 3-bro~no-2-nitrotoluene produced a deep orange solution which, 
left a t  25" for 7 days, slo\vly deposited the potassium salt as an orange precipitate. The 
sdid was collected, washed thoroughly with anhydrous ether, and air-dried, yielding 
L2.1 g (67%) of product. 

Eflzyl 3-Bromo-2-nitroplzenylpyr~~vate 
When a small portion of the above potassium salt was dissolved in water, cooled to 0°, 

and acidified carefully with 6 N hydrochloric acid, a bright yellow solicl precipitated. 
Crystallization from ethanol gave a melting point of 114-115", which further crystalliza- 
tion failed to alter. Calc. for CIIHloBrN05: C,  41.84; H ,  3.17; N,  4.43. Found: C,  41.83; 
13, 3.19; N,  4.24. 

7-Bromoindole-2-carboxylic iil cid 
-A solution of the potassium ellolate of ethyl 3-bro~no-2-nitrophenylpyruvate (3.0 g, 

0.009 mole) in warin 4 N ammoniu~~l  hydroxide (100 ml) was slowly added, with stirring, 
to a boiling suspension of ferrous hydroxide prepared by the addition of ammoniunl 
hydroxide (6 ml, d = 0.880) to a boiling solution of ferrous sulphate heptahydrate 
(14.0 g, 0.05 mole) in 100 1111 of water. The resulting reductioil mixture was maintained 
a t  90" for 30 minutes and then filtered from the ferric oxide sludge. The sludge was 
extracted three times with boiling 2 N ammonium hydroxide and the combined filtrate 
and extracts cooled to 25" and acidified with 6 N hydrochloric acid. The solid, collected 
by suction filtration, when crystallized once from aqueous ethanol gave 1.2 g (60%) of 
7-bromoindole-2-carboxylic acid melting a t  236-239". Repeated crystallization gave an 
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analytical sample of melting point 242-244'. Calc. for C9H6BrNO2: C, 45.00; H ,  2.50; 
N, 5.83. Found: C, 45.20; H, 2.58; N, 5.99. 

7-Bromoindole 
A solution of 7-bromoindole-2-carboxylic acid (2.9 g) in synthetic quinoline (20 ml) 

was refluxed for 48 hours, during which time small alnounts of copper chromite (10) 
catalyst were added a t  frequent intervals. The cooled reaction mixture was poured into 
350 ml of I N hydrochloric acid and the resulting solution extracted thrice with 150-ml 
portions of ether. The combined ether extracts, washed twice with 1 N hydrochloric acid, 
once with water, twice with 1 N amlnonium hydroxide, and then with water, were dried 
over anhydrous inagnesiu~n sulphate. Removal of the ether yielded a yellow oil which 
was purified by chromatography on an alumina column, using 72-pentane as eluant, 
giving 1.13 g (48y0) of colorless crystals melting a t  42-43'. Calc. for CBHcBrN: C,  48.98; 
H, 3.06; N, 7.14; Br, 40.81. Found: C, 49.08; H ,  3.09; N, 7.13; Br, 40.42. 

Ethyl Pyr~lvate 2-Bromophenylhydrazone 
A solution containing ethyl pyruvate (15.3 g, 0.13 mole) (13), 2-bro~nophenylhydrazine 

(24.1 g, 0.13 mole) (14), and ethanol (50 ml) was refluxed for 1 hour, cooled, and poured 
into cold water. The precipitated yellow solid, when air-dried and crystallized for ethanol, 
gave 33.1 g (91%) of product melting a t  44-46'. Calc. for CllH13BrN20?: C,  46.32; 
H ,  4.56; hi, 9.86. Found: C,  46.36; H ,  4.63; hi, 9.78. 

Ethyl 7-Bromoindole-2-carboxylate 
A mixture of ethyl pyruvate 2-bromophenylhydrazone (33.1 g) and polyphosphoric 

acid* (40 g) was slowly heated. When the temperature of the mixture reached 70' a 
spontaneous exothermic reaction occurred raising the temperature to 150'. The reactants 
were kept a t  this temperature for 10 minutes, then cooled and poured into cold water. 
The ether extracts of this solutio~l when dried with anhydrous magnesium sulphate gave 
a brown oil which solidified. Crystallization from ethanol yielded 14.3 g (46y0) of product, 
m.p. 85-86'. Calc. for CllHloBrNOO: C,  49.23; H ,  3.73; N, 5.22. Found: C,  49.01; H ,  3.74; 
N ,  5.17. 

When 14.3 g of ethyl 7-bromoindole-2-carboxylate was dissolved in a mixture of ethanol 
(200 1111) and 2.5 N aqueous sodium hydroxide solution (70 ml), refluxed for 2 hours, 
poured into cold water (1000 ml), and then acidified with 6 N hydrochloric acid, a solid 
deposited which after crystallization from ethanol afforded 7.1 g (55.5y0) of product 
melting a t  237-239". This was found to be identical with the 7-bromoindole-2-carboxylic 
acid prepared above. 

Decarboxylation of the Mixture of 5- and 6-Bromoindole-3-carboxylic Acids 
Twelve grams of the monobrornoindole-3-carboxylic acid mixture (111.p. 212') (1) in 

25 ml of quinoline was heated to 140' whereupon vigorous evolutio~l of carbon dioxide 
ensued. The te~nperature was maintained a t  140' for 2.5 hours, after which time no 
further evolution of carbon dioxide occurred. The reaction mixture was then poured into 
300 ml of 1 N hydrochloric acid and a dark oil separated. The oil solidified and was 
collected, washed with 1 N hydrochloric acid, and then with water. Crq-stallization from 
aqueous alcohol yielded a product melting a t  74-75', which repeated crystallization 
from aqueous alcohol, sl;ellysolve, or heptane failed to alter. \-ield, 4.3 g (4G%). Cnlc. for 
CBH6NBr: C,  49.0; H ,  3.1. Found: C,  48.7; H ,  2.9. 

"Co~n~rzercially available front Viclor CIzemical Works ,  Chicago, Illinois. 
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