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Abstract—Fused imidazo-pyridine and -azepine derivatives were synthesized using a sequential van Leusen/intramolecular Heck
protocol. The combination of a multicomponent reaction followed by an intramolecular carbon—carbon bond forming reaction gene-
rates heterocycles of significant molecular complexity from readily available starting materials in just two steps.

© 2006 Elsevier Ltd. All rights reserved.

With the advent of high throughput organic synthesis,
the utility of multicomponent reactions (MCRs) has
been exploited due to the ability to rapidly assemble
complex structures from readily available starting mate-
rials.! Coupled with post-modification reactions, MCRs
are powerful tools to synthesize compounds of biologi-
cal interest.> In an effort to synthesize novel scaffolds
of medicinal importance, our group has employed
post-modifications of the Ugi reaction including the
sequential Ugi/Heck, Ugi/INOC, Ugi/alkyne-azide
cyclization, and Ugi/carbonylation-amidation.?

The intramolecular Heck is a powerful carbon—carbon
bond forming cyclization reaction.* It has recently been
used in a sequential manner for the synthesis of multiple
natural products and heterocycles including a sequential
Heck-iminium ion cyclization,> an amide-aldehyde-
dienophile MCR/Heck for the synthesis of phenanthri-
dones,® an alkenyl amination/Heck for the synthesis of
indoles,” and an Ugi-Heck for the synthesis of
isoquinolines.?

Recently, we reported the use of the van Leusen synthe-
sis of imidazoles® in sequential van Leusen/RCM, van
Leusen/enyne metathesis, and van Leusen/alkyne—azide
cylcloaddition reactions.!® Herein, we report an exten-
sion of our previous work wherein we utilize the van
Leusen imidazole synthesis followed by an intramolecu-
lar Heck reaction to form imidazo[1,5-a]pyridines and
imidazo[1,5-ajazepines as outlined in Figure 1. The imi-
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Figure 1. General strategy.

dazoles were synthesized using an appropriate aldehyde
containing a vinylogous bromide and condensing it with
an amine containing a double bond. Following pre-for-
mation of the imine, the desired tosylmethylisocyanide
(TosMIC) reagent and base were added and the cycliza-
tion allowed to proceed at room temperature. The imid-
azole was then isolated and submitted to the palladium-
catalyzed Heck reaction to form the desired imidazo-
[1,5-alpyridine or imidazo[l,5-aJazepine depending on
the chain length of the amine containing moiety.

Imidazo[1,5-a]pyridines are synthetically challenging
scaffolds and have previously been synthesized starting
with pyridines and cyclizing to form the imidazole moi-
ety.'! Our method represents a concise two-step synthe-
sis using milder conditions to form the desired
imidazo[1,5-aJpyridines in good yields. Furthermore,
imidazo[1,5-ajazepines are novel heterocycles.

Table 1 shows examples of the types of imidazo[l,5-a]-
pyridines that can be synthesized using the methodology
described above. In entry 1, o-bromobenzaldehyde was
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condensed with allylamine to form the imine and
then treated with the unsubstituted TosMIC in the pres-
ence of base to give imidazole 1 in low yield. TosMIC
itself is generally unreactive in the cyclization with
imines.’® The yields of the imidazoles were then greatly
improved by using phenylTosMIC as shown in entries
2-4. Several conditions were surveyed for the intra-
molecular Heck reactions, and an optimized procedure,
which used Pd(OAc), (0.1 equiv), (o-tol)sP (0.4 equiv),
Et;N (2.5equiv) in acetonitrile was discovered. The
reactions were degassed and subjected to microwave
heating at 125 °C for 1 h. In entries 1, 2, and 4 the exter-
nal double bond migrated to give the fully aromatic
products as shown in Table 1.

In entry 3, a 2:3 mixture of cis/trans double bonds in the
3-butenamine resulted in a 2:3 mixture of olefins in the
imidazole product. The intramolecular Heck cyclization
resulted in a migration of the double bond to the termi-
nal position as the major product, with migration of the
double bond to give the fully aromatic compound as the
minor product. The Heck reaction has been used in the
synthesis of indazoles!? but this is the first instance we
know of where the intramolecular Heck reaction is used
for the synthesis of a substituted imidazo ring system.

The synthesis of imidazo[1,5-aJazepines was carried out
using 4-butenamine'? and phenylTosMIC as shown in
Scheme 1. Again, aldehydes containing a vinylogous
bromide were condensed with 4-butenamine and then
treated with phenylTosMIC and potassium carbonate

S0,Tol @ Pd(0AG),, P(o-tolyl);
0, NG DMF/K,CO4 Ph ~ Br CH,CN, Et;N

(A7) HN A~ ~

Br

Scheme 1. General synthesis of imidazo[1,5-alazepines.

to give the corresponding imidazoles. The imidazoles
were then subjected to the Heck reaction as described
previously to give the desired imidazo[l,5-alazepines.
As mentioned above, the synthesis of this particular
chemotype has not been previously reported in the
literature.

Representative examples of the methodology are shown
in Table 2. In entry 5, o-bromobenzaldehyde was con-
densed with 4-butenamine and treated with phenylTos-
MIC to give the desired imidazole in good yield. The
imidazole was then subjected to the Heck conditions
and the cyclization to the azepine proceeded smoothly
to afford a single product. In entries 6 and 7, the use
of heterocyclic aldehydes resulted in the production of
novel functionalized azepines. The Heck products repre-
sented a mixture of the minor product containing the
exocyclic double bond and the major product wherein
the double bond had migrated to a conjugated position
in the heterocycle. Many different catalyst systems were
tried but double bond migration could not be prevented.

The scope of the reaction sequence merits some
comment. Other combinations of reagents were tried
including the reaction of o-bromophenylTosMIC with
benzylamine and 4-pentenal to give the corresponding
imidazole as shown in Scheme 2. The resulting aryl bro-
mide could not be induced to undergo the Heck cycliza-
tion to the imidazo azepine. The typical Heck conditions
resulted in the recovered starting material, and forcing
conditions gave debrominated material without cycliza-
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Table 2. Imidazole and imidazo[l,5-aJazepine products obtained from the van Leusen/Heck reaction sequence'®
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Ph™NH, recent synthesis of imidazo[l,2-aJpyridines see: Schwer-
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Scheme 2. Attempted synthesis of imidazo-benzazulene.

tion. This may be due to the palladacycle'® coordinating
with the imidazole nitrogen and then locking the aryl
bromide away from the terminal double bond.

In addition, the van Leusen MCR with 2-amino-4-pen-
tenoic acid methyl ester, o-bromobenzaldehyde and
phenylTosMIC gave none of the desired imidazole prod-
uct. This could be due to steric congestion of the
reaction centers in the cyclization. The van Leusen
cyclization also did not work with o-bromoaniline and
4-pentenal, probably due to the steric hindrance and
lack of reactivity of the aniline component.

In conclusion, we have developed a two-step synthetic
sequence utilizing the van Leusen imidazole synthesis
followed by the Heck cyclization to give imidazo pyri-
dines and imidazo azepines in an efficient manner. This
methodology demonstrates a unique multicomponent
reaction/post-modification reaction sequence that
allows access to both difficultly accessible and unique
structural chemotypes.
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