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Reactions of 2,3-Dibromoindole Derivatives with Bromine and Other
Oxidizing Agents. 2,3-Dibromoindole — 3,3-Dibromooxindole

Transformation
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When an excess of bromine was allowed to react with 2,3-dibrominated polybromoindoles in acetic acid, the
corresponding 3,3-dibrominated oxindoles were isolated. Only in one case, both oxidation and substitution took
place. 2,3-Dibrominated polybromoindoles were the main reaction products when the bromination was carried
out in anhydrous carbon tetrachloride. Present results confirm a previously proposed pathway according to
which a 3,3-dibrominated indolenine (6) is the possible intermediate in the formation of 3,3-dibrominated oxin-
doles by reaction of some indoles with excess bromine. When 2,3-dibrominated polybromoindoles were treated
with chromic anhydride or with peracetic acid the corresponding 38,3-dibrominated oxindoles were isolated in
fairly good yields. This method could be used as a diagnostic tool in the structure determination of 2,3-dibro-

moindoles.

Halogenation of the indole nucleus has been extensively
studied. Several halogenating agents, in agueous and non-
aqueous media, have been employed, and beside substitu-
tion products oxindole derivatives were almost always
found.1+2 It is known that an aqueous medium favors oxi-
dation and an anhydrous one bromination, and that the
two reactions are always competitive, neither one being
completely excluded. However, more than one pathway
has been proposed to explain the formation of 3-halooxin-
doles from indoles.*p-28:b.4 We have now investigated the
behavior of some 2,3-dibrominated polybromoindoles with
bromine in aqueous (acetic acid) and in nonaqueous
media (carbon tetrachloride).

When excess bromine was added to an acetic acid sus-
pension of 2,3,5,6-tetrabromoindole (1a),’# 3,3,5,6-tetra-
bromoozxindole (2a, 67% yield) was formed. Compound 2a
was hydrolyzed with alkali to 5,6-dibromoisatin (3a)la
and led, with phenylhydrazine, to a G-phenylhydrazone
identical with an authentic sample prepared from 3a;
these facts indicate that two bromine atoms in compound
2a are in the 3 position.’™ The infrared spectrum of 2a
shows strong N-H and C==0 peaks at 3200 and 1730
cm~1, respectively, in good agreement with those found
for other 3,3-dibrominated oxindoles.1?:3

The main product of the reaction of lal® with excess
bromine in anhydrous CClsy was a nonoxindolic material
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2,3-Dibromoindole Derivatives with Bromine

R B Br
Br Br Br
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Bf If Br Bf lf 0
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R
Br 0
Br 1? 0
Rl
32, R=R' =
b, R = Br; R" = CH,
¢, R=H;R =CH,

(47% yield) (no C=0 peak, N-H stretching at 3600 cm~1)
to which structure 1b was assigned. Although the reaction
was carried out under dry conditions, a small amount
(11% vyield) of the oxindole 2a was isolated.* Structure 1b
was assigned to the nonoxindolic material, because it
gave, with excess bromine in acetic acid suspension, the
pentabromooxindole 2b, which was also obtained by add-
ing 7-bromoindole (4)® to an excess of bromine in acetic
acid solution. Compound 2b gave with phenylhydrazine
5,6,7-tribromoisatin 3-phenylhydrazone.

When an acetic acid suspension of 2,3,5,6,7-penta-
bromo-1-methylindole (le¢), obtained by methylation of
1b, was treated with an excess of bromine, 3,3,5,6,7-pen-
tabromo-1-methyloxindole (2¢) (C==0 peak at 1740 em ™1,
67% yield) was isolated. Two bromine atoms are in the 3
position because compound 2c¢ gave, with phenylhydra-
zine, 5,6,7-tribromo-1-methylisatin 8-phenylhydrazone.

The reaction of 2,3,5,6-tetrabromo-1-methylindole
{le)1® with excess bromine was also solvent dependent.
When the reaction was carried out in acetic acid, an oxin-
dolic material (C=0 band at 1735 cm~1), whose melting
range remained unchanged through several crystalliza-
tions, was isolated. This material was identified as a mix-
ture of 3,3,5,6-tetrabromo-1-methyloxindole (2e)!® and
3,3,4,5,6-pentabromo-1-methyloxindole (2d). Its infrared
spectrum and melting range were identical with those of
an artificial mixture containing 2e and 2d in 7:3 ratio (w/
w). Similar constant-melting mixtures of isomeric and
nonisomeric bromoindoles have been already described.!-3

Structure 2d¢ (C=0 peak at 1745 ¢m~') was assigned
to the minor product of the reaction of le with bromine on
the basis of its elemental composition and of the fact that
it was different from 2¢; 2d was hydrolyzed with alkali to
isatin 3b, which gave the same 8-phenylhydrazone as 2d.
Structure 3b was proved as follows: 4-bromoindole (5)7
was added to an excess of bromine in acetic acid solution
to yield 3,3,4,5,6-pentabromooxindole (2f) (N-H band at
3200 cm~1, C==0 band at 1730 cm~1); compounds 2f and
2b are isomers; compound 2f gave a B-phenylhydrazone
with phenylhydrazine, and isatin 3b by methylation with
dimethy! sulfate in alkaline medium (hydrolysis of 2d to
3b accompanies the methylation).

When the reaction of le with excess bromine was car-
ried out in anhydrous CCls, 2,3,4,5,6-pentabromo-1-
methylindole (1d, 76% yield) and the same mixture (from
the mother liquor) of 2e® (13.5% yield) and 2d (5% yield)
were formed. Structure 1d was assigned, because 1d and
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lc are isomers, and 1d led, with excess bromine in acetic
acid, to the oxindole 2d (79% yield).

When the results of the reactions of 2,3,5,6-tetrabromo-
1-methylindole (le) with bromine and of the unmethylat-
ed analog 1a are compared, it can be seen that the bromi-
nation of the aromatic ring occurs at the 7 position in the
nonmethylated and at the 4 position in the N-methylated
compound. These results can be explained with the as-
sumption that there is a preference for electrophilic attack
on position 7 but that the N-methyl group exerts a suffi-
ciently strong steric hindrance to prevent substitution at
the 7 position, making attack at carbon 4 competitive.

In a previous paper we found that, when 1-methylindole
was treated with excess bromine, 3,3,5,6-tetrabromo-1-
methyloxindole (2e) was obtained; in one case also
2.3,5,6-tetrabromo-1-methylindole (le) was isolated from
the reaction mixture.’® The mode of conversion of 1-
methylindole to the oxindole 2e is an interesting problem.
Using a 5:1 molar ratio of reagent to substrate, bromina-
tion of the benzene ring took place;? when bromine
atoms substitute on the benzene ring they have a very
marked stabilizing effect, so that hydrolysis of 2,3-di-
brominated polybromoindoles requires very drastic condi-
tions.?* Therefore it was excluded that oxindole 2e was
formed by bromination of the 3 position of 3,5,6-tribromo-
1-methyloxindole; in fact, the latter compound should be
formed by hydrolysis of 2,3,5,6-tetrabromo-1-methylindole
(le); it was excluded also that oxindole 2e was formed by
bromination of a simple intermediate nonbrominated ox-
indole,8 because, when simple oxindoles are brominated,
bromine attacks only positions 3, 5, and 7.20-® The forma-
tion of oxindole 2e¢ was believed to involve electrophilic
attack on position 3 of indole le to give an intermediate
3,3-dibrominated indolenine 6 (R = R’ = H; R”” = CHy),
followed by rapid attack of a nucleophile (H20 or BrO~).
The same hypothetical intermediate 6 satisfactorily ra-

R Br
Br
Br
N
Br 1? Br
R/ R//

6

tionalizes the formation of oxindoles 2a-e from the corre-
sponding indoles 1a-e. Then the present results seem to
confirm the previously proposed pathway, whereas the
mechanisms proposed by other authors® appear to be not
effective in this case.

A matter of particular interest is the action of two oxi-
dizing agents, chromic anhydride and peracetic acid, on
2,3-dibrominated indoles la-e, Although in these com-
pounds bromine atoms (electron-attracting substituents)
substitute on the benzene ring, position 2 is substituted,
and compounds lc-e are N-substituted also (such factors
promote generally oxidation of some indole derivatives to
o-acylamino ketones or to anthranilic acids);2.2.10 never-
theless the reaction of la-e with chromic anhydride and
with peracetic acid did not yield usual products of oxida-
tion.

When products la-d were treated with chromic anhy-
dride or with peracetic acid the corresponding 3,3-dibro-
mooxindoles 2a-d were isolated in yields ranging from 49
to 90%. Compound le gave 3,3,5,6-tetrabromo-1-methyl-
oxindole (2e, 83% yield) when the reaction was carried
out with peracetic acid, whereas compound 2e (29% yield)
and 5,6-dibromo-1-methylisatin (3¢, 33% yield) were iso-
lated by reaction with chromic anhydride.
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Since all 2,3-dibromoindoles were converted to 3,3-di-
bromooxindoles, this method could be used as a diag-
nostic tool in the structure determination of 2,3-dibro-
moindoles.

One possible explanation of the unusual oxidative reac-
tion could involve the formation of an epoxide intermedi-
ate 7, followed by opening of the epoxide ring to give a
carbonium ion 8, a 1,2 shift, and expuision of the proton

CH,CO,H
la-e ———
R
B
Br ’ .
0 L
Br 1? B
Rl RN T
7

to yield the observed 3,3-dibromooxindole. Similar molec-
ular rearrangements have been already observed in the
peracid epoxidation of several haloalkenes.!!
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Stable 8-w-electron 1,4-dialkyl-1,4-dihydropyrazines are readily prepared by reaction of N-benzyldiphenacyl-
amine hydrobromide with primary aliphatic amines provided care is taken to avoid the subsequent rearrange-
ment. The previously postulated intermediacy of 1,4-dibenzyl-1,4-dihydro-2,6-diphenylpyrazine (la) in the
rearrangement to 1,2-dihydropyrazine 2a is demonstrated and the reaction proceeds in 95 + 2% yield with first-
order kinetics. Crossover recombination experiments show 12 £ 6% intermolecular contribution from a radical
dissociation-recombination process which is prevented with butanethiol scavenger. Chiral 24 rearranges in the
presence of the scavenger with >95% stereospecificity and with inversion of the migrating group indicating an
88 + 6% component of a concerted [1,3] sigmatropic shift with suprafacial allylic utilization.

We wish to report the general synthesis and chemistry
of novel 1,4-dialkyl-2,6-diphenyl-1,4-dihydropyrazines! 1
and a study of the stereochemistry and mechanism of
their thermally induced rearrangement to the isomeric
1,2-dialkyl-3,5-diphenyl-1,2-dihydropyrazines 2. Com-
pounds of structure 1 are of interest in possessing an 8r
available electron system which is potentially antiaroma-
tic2 or homoaromatic.? In addition, the structural similar-
ity between the 1,4-dihydro-1,4-dialkylpyrazines and the
reactive ring of the isoalloxazine portion of the reduced
flavin coenzymes 3% and the marked propensity of both to
undergo redox reactions (which see) renders 1 of interest
as model compounds for the latter. The structurally relat-
ed 5,10-dihydrophenazines 4 have been employed as ana-
logs of riboflavin.4:5 The recent discovery of the impor-
tance of the 1,4-dihydropyrazine moiety in the biolumi-
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