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Rhenium-catalyzed Amidation of Heteroaromatic Compounds via C-H Bond Activation
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Regioselective insertion of isocyanates into a C—H bond of
heteroaromatic compounds took place using a rhenium catalyst,
[ReBr(CO)s(thf)],.

Five-membered heteroaromatics are an important category
of compounds because many bioactive molecules and functional
materials have them as core structures.! Thus, development of
the efficient chemical functionalization of heteroaromatic com-
pounds has been desired. There have been many reports on the
synthetic methods of heteroaromatic compounds.” Recently,
chemical transformations via C—H bond activation have received
much attention because they are highly efficient and environ-
mentally friendly.> Although some functionalizations of hetero-
aromatic compounds via C—H bond activation have been known,
the molecules that insert into a C—H bond have been mostly lim-
ited to non-polar unsaturated molecules.*® Only a few reports on
the insertion of polar unsaturated molecules have been reported.”
We have recently succeeded in the insertion of polar unsaturated
molecules using a rhenium catalyst.® We report herein the rheni-
um-catalyzed functionalization’ of heteroaromatic compounds
via C—H bond activation followed by the insertion of unsaturated
polar molecules, isocyanates, without any additives.

By the treatment of a thiophene bearing an aldimine moiety,
1a, with phenyl isocyanate 2a in the presence of a rhenium com-
plex, [ReBr(CO);(thf)],, as a catalyst in 1,2-dichloroethane at
90°C for 24 h, the insertion of 2a occurred selectively at only
the 2-position of the thiophene ring. This result reflects on the
fact that the electron density of a carbon atom at the 2-position
is higher than that of a carbon atom at the 4-position. After
hydrolysis, thiophene-2-carboxamide 4a was obtained in 92%
yield (Table 1, Entry 1).'%!! This reaction did not proceed in
the absence of the rhenium catalyst or in the presence of transi-
tion-metal complexes, which are usually employed as catalysts
for C-H bond activation: Ru3(CO);;, RuH,(CO)(PPhj3)s,
RhCI(PPh3)3, and Iry(CO),. The corresponding carboxamide
4a was not produced with such mild Lewis acids as SnCly and
ZnCl, either. The 3-position of thiophene could also be func-
tionalized by using aldimine 1b, and the corresponding amidated
derivative 4b was formed in 77% yield (Table 1, Entry 2). When
a thiophenyl aldimine bearing substituents at the 2- and 5-
positions, le, was employed, phenyl isocyanate (2a) inserted
into a C-H bond at the 4-position of the thiophene ring, and
the corresponding thiophenyl amide 3¢ was formed in 71% yield
(Table 1, Entry 3).!213 Cyclic product S¢ was obtained in 57%
yield after acidic treatment (Table 1, Entry 3). The reactions
between furyl aldimines 1d and 1e, and isocyanate 2a, gave fu-
ran-2-carboxamide 4d and 4e in 63 and 36% yields, respectively
(Table 1, Entries 4 and 5). Heteroaromatic compounds bearing a
nitrogen atom on the ring skeleton afforded the corresponding
carboxamides 4f and 4g in 80 and 92% yields, respectively
(Table 1, Entries 6 and 7).

Isocyanates having an electron-withdrawing or electron-
donating group, 2b and 2c, provided thiophene-2-carboxamide
4h and 4i in 72 and 81% yields, respectively (Table 2, Entries
1 and 2). By using an isocyanate bearing a substituent at the
ortho-position, amide 4j was formed in 61% yield (Table 2,
Entry 3). Alkyl isocyanates 2e and 2f produced the correspond-
ing thiophene-2-carboxamide 4k and 4l in 64 and 70% yields,
respectively (Table 2, Entries 4 and 5). In Entry 4, cyclic
compound Sk was also formed in 19% yield. Although the
insertion of alkyl isocyanates into a C—H bond of aromatic
imines did not proceed,’ alkyl isocyanates inserted into a C—H
bond of heteroaromatic compounds in this reaction.

The proposed mechanism is described as follows
(Scheme 1):* (1) oxidative addition of a C—H bond of an
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Table 2. Reactions of thiophenyl aldimine la with several
isocyanates 2°
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Scheme 1. Proposed mechanism of the formation of heteroaro-
matic carboxamides.

aldimine to a rhenium center (C—H bond activation); (2) inser-
tion of an isocyanate into a rhenium—carbon bond; (3) reductive
elimination. As a result, an amide derivative is formed and the
rhenium catalyst is regenerated.

In summary, we have succeeded in the rhenium-catalyzed
insertion of polar unsaturated molecules, isocyanates, into a
C-H bond of heteroaromatic compounds. This reaction is the
first example of rhenium-catalyzed amidation of heteroaromatic
compounds via C—H bond activation. In these reactions, both the
2- and 3-position of heteroaromatic compounds could be func-
tionalized, selectively. In addition, amidation proceeded even
at the 4-position where it is usually difficult to be functionalized.
The chemical transformations of heteroaromatic compounds via
C-H bond activation are now under investigation.
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