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Et3B-Mediated radical alkylation of pyrroles and indoles
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Abstract—An efficient Et3B-mediated oxidative radical substitution of substituted pyrroles and indoles using xanthate based radical
chemistry in the presence of iron(II) sulfate is described. Unsubstituted indole gave only low yield or failed in the process. 2-Cyano-
furan and 2-benzoylthiophene did not afford the corresponding alkylated products under these conditions.
� 2006 Elsevier Ltd. All rights reserved.
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Table 1.

Entry Substrate Time (h) Et3B
(equiv)

Additive Yield (%)

1 1 2 4 — 15
2 4 2 4 — 10
3 1 6 4 — 35
4 1 14 4 — 62
5 4 14 4 — 43
6 1 14 2 FeSO4 65
7 1 14 2 Fe(ClO4)2 —
The use of triethylborane in air as an initiator of radical
based processes has become increasingly popular in
recent years.1 Because radical reactions can be initiated
by this reagent at ambient or subambient temperatures,
it has found widespread application, particularly in the
stereoselective addition of alkyl radicals to double
bonds.1c In contrast, there are very few examples of
the use of Et3B to initiate oxidative radical substitution
of aromatic systems,2 a carbon–carbon bond forming
reaction that has considerable preparative value.3,4 We
recently reported an efficient intermolecular oxidative
radical alkylation of various heterocyclic aromatic sys-
tems which included pyrroles, indoles, furans and thio-
phenes, using xanthate based radical chemistry, lauroyl
peroxide as the initiator in 1,2-dichloroethane at reflux
temperature, and near stoichiometric quantities of the
heteroaromatic substrate.5 In order to widen the scope
of this latter methodology it was of interest to attempt
the reaction at room temperature using triethylborane
as an initiator. Herein are described preliminary results
of the alkylation reaction of pyrroles and indoles using
xanthates as the radical source and Et3B as initiator at
room temperature.

A critically important issue in the oxidative radical
alkylation of aromatic systems is the requirement of
an agent to effect the oxidation step. It was considered
possible that boron peroxides, which are reported to
be formed in the reaction of triethylborane with oxy-
gen,1 might accomplish this oxidation. The initial results
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2006.02.052

* Corresponding author. Tel.: +52 55 56 22 44 40; fax: +52 55 56 16 22
17; e-mail: lmiranda@servidor.unam.mx
using xanthate 2 as the radical source, Et3B in air as
the initiator, and pyrrole-2-carboxaldehyde (1) or
3-methoxycarbonylindole (4) as the heteroaromatic sub-
strates (3 equiv), generated the expected products 3 and
5 (Scheme 1) in low yields (Table 1, entries 1 and 2).
8 1 14 2 CuCl2 —
9 1 14 2 FeSO4 44

10 4 14 2 Fe(ClO4)2 —
11 4 14 2 CuCl2 —
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Table 2.

Entry Substrate Xanthate Product
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Borane reagent (4 equiv) was required to effect full con-
sumption of the radical source 2, a phenomenon which
has previously been observed.2a Further experimenta-
tion revealed that the time addition of the borane had
a significant effect on the product yield and a 14 h addi-
tion period was found to be the optimal for substrates 1
and 4 (Table 1, entries 4 and 5). We then speculated that
borane peroxides might not be efficient in the oxidation
pathway and decided to test some cooxidants. For
instance Fe(III) has been successfully used as an oxidant
in similar processes.2b,6 In this context we hypothesized
that Fe(II) might be oxidized to Fe(III) by the action
of boron peroxides formed during the autoxidation of
triethylborane. Thus, when FeSO4Æ7H2O (1 equiv in a
6:3:1 CH2Cl2–H2O–EtOH solvent mixture) was utilized
in these reactions, only 2 equiv of the borane were
required for complete consumption of the xanthate,
although the product yields were not improved (entries
6 and 9). Neither Fe(ClO4)2 nor CuCl2 functioned as
cooxidants, and only decomposition of the substrates
was observed (entries 7, 8, 10 and 11). It seems evident
that the presence of ferrous sulfate enhances the effi-
ciency of the process, perhaps as expected by acting as
a source of Fe(III) which then participates in the oxida-
tive pathway of the rearomatization process.2b,6 How-
ever, the precise role of this salt is currently not
known and experiments to better understand it are in
progress. It is noteworthy that only 3 equiv of the aro-
matic substrate were used in these experiments, which
represents a distinct advantage in comparison with pre-
viously reported methodology where a large excess was
used (10–30 equiv),2b and approaches the high substrate
economy of our lauroyl peroxide initiated xanthate
based oxidative radical alkylations.5 With these opti-
mized reaction conditions in hand, we examined the
scope of the process with various xanthates and several
different substituted pyrrole and indole substrates (Table
2).7 Generally good yields of the alkylated pyrroles were
obtained with primary and secondary xanthates (Table
2, entries 1–8). Even trichloroacetylpyrrole 7 afforded
the expected alkylated product 19 in good yield (entry
6). Even the isoxazolidinone containing xanthate deriv-
ative 12 furnished the alkylated pyrrole 21 in quite
acceptable yield. Under the same conditions, indole 4
afforded similar yields of the alkylated indoles 23 and
24 along with small quantities of the indole 25 (5–6%),
derived from the direct addition of the ethyl radical onto
the indole (entries 9 and 10). In contrast, the reaction of
indole (8) with xanthate 2 gave a low yield of the
expected 2-alkylated indole 24 (entry 11). Remarkably,
reaction of this latter indole with xanthates 11 and 12
failed to afford the expected products. This is somewhat
surprising, given that the reactions of 3-carbomethoxy-
indole (4) with these xanthate derived radicals are
supposed to be polarity mismatched processes, yet they
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are nevertheless much more efficient than the analogous
reaction with indole. This result might be better
explained on the basis that the radical 26 is more
stabilized (benzylic and a- to a carbonyl group) than
27 (only benzylic).

A few experiments were also carried out with 2-cyano-
furano and 2-benzoylthiophene, but all of them failed,
and only the aromatic substrates were recovered (entries
12 and 13).

In closing it has been demonstrated that the xanthate-
mediated intermolecular oxidative radical alkylation of
pyrroles and indoles can be effected in moderate to good
yields at room temperature using Et3B as the initiator
and FeSO4Æ7H2O as a cooxidant. In principle, these
are conditions which could be used in the stereoselective
radical additions to aromatic systems. Work along these
lines is underway.
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