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A direct synthesis of pyrroles from imines, acid chlorides, and alkynes mediated by isocyanides is reported. This reaction proceeds with a
range of each of these three substrates, providing a method to generate families of pyrroles in high yield. Mechanistic studies suggest this

process proceeds via the generation of imino analogues of mu
and form the pyrrole product.

“‘nchnones, which can undergo in situ coupling with alkynes to liberate isocyanate

The pyrrole core is found in a diverse array of structures,
including biologically active agenfscomponents in poly-
mers? and intermediates in organic synthesibhis utility

and structural modification of substituted pyrroles. This has
stimulated significant interest in the design of new routes to
pyrroles, including several efficient multicomponéiind

has driven the search for efficient methods to construct metal-catalyzed routes.
pyrroles. A number of classic methods exist for the synthesis An alternative to the multistep synthesis of pyrroles would

of these heterocycles, such as the KrfdPgal—Knorr§ and
Hantzsch synthesésThese methodologies typically require
the initial synthesis of the correctly substituted precursor(s)
prior to cyclization, which can complicate both the synthesis
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be to assemble structures directly from several readily
available and easily diversified building blocks. We have
recently reported a reaction of this type, where the pyrrole
core can be considered to be the product of three simple
building blocks: imines, alkynes, and acid chlorides (Figure
1, Scheme 1), brought together by palladium cataRsis.
Considering the nature of the building blocks employed, this
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Figure 1. Direct approach to pyrroles.

is not only straightforward to perform, but holds the potential
to provide a general route to variously substituted pyrroles.

Scheme 1. Palladium-Catalyzed Pyrrole Synthesis
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However, there are certain limitations to this palladium
catalyzed approach to pyrroles. This includes a relatively
slow rate of catalysis (ca. 16 h at 8&8) which precludes

the use of a number of less stable substrates. For example
while stable imines of aromatic aldehydes are viable reagents,

many simple alkyl-substituted imines or acid chlorides (e.g.,

enolizable substrates) instead undergo more rapid decom

position. As such, we became interested in developing
alternative routes to couple these units into pyrroles. We
describe herein that this assembly of pyrroles can be
mediated, instead of via palladium-catalyzed carbonylation,
by the simple use of isocyanides. This not only provides a

increased by simply replacing the CO reagent. Isocyanides
are well-known to display similar reactivity to carbon
monoxide, albeit with a higher nucleophilicity. Our attempt
to employ isocyanides instead of carbon monoxide in this
process was probed with the reaction of imifa) acid
chloride (6a), and alkyne (7a) followed kert-butyl iso-
cyanide and diisopropylethylamine. As shown in Table 1,
even in the absence of a palladium catalyst, this reaction
leads to the formation of pyrroleain 62% yield after 20 h

at 55°C (entry 1).

Examination of the product solution of this reaction by
H NMR spectroscopy reveals the formation®B&NCO at
the same time ada, suggesting that pyrrole is generated
via a mechanism similar to that with carbon monoxide, where
in this case an imino analogue to a minchnone (4) is
generated. In order to probe the mechanism, the reaction was
performed in a stepwise fashion. The mixing of imine and
acid chloride followed byert-butyl isocyanide leads to the
rapid formation oBa, presumably via the nucleophilic attack
of 'BUNC onN-acyliminium salt® 2a. This reaction is similar
to the initial stages of the Ugi and related multicomponent
reactions! wherein isocyanides are postulated to react with
iminium salts, followed by rearrangement and hydrolysis to
form a-amino acid derivatives. It is also analogous to
reported formal [4+ 1]-cycloaddition of isocyanides to
heterodienes, including that with thioiminium safs2 In
this case, by operating under non-hydrolytic conditi@es,
can be observed in 92% vyield biH NMR analysis.
Subsequent addition of base leads to the immediate formation
of the miinchnone analog@a. The addition of DMAD to
9a leads to the generation of pyrrole& over the course of
20 h at 50 € (84% by'H NMR analysis), via the established
dipolar cycloaddition to th®a, followed by retrocycload-
dition to eliminate an isocyanatéConsidering the slow rate
of pyrrole formation fron9a, this cycloaddition appears to
be the rate-determining step in the overall synthesis.

A useful feature of isocyanides is that their reactivity can
be modulated by changing the substitutent on nitrogen. As
shown in Table 1, less sterically encumbered isocyanides
form pyrroles much more rapidly (i.e., ambient temperature

for entries 2—6), implying the slow cycloaddition 8a is
likely the result of steric encumberance. However, the yields
of pyrole with these isocyanides are low. Considering that
control experiments demonstrate each step in this process
(Scheme 2) proceeds efficiently, the yield of pyrrole with

non-palladium-based route to assemble pyrroles but occurs (10) speckamp, W. N.: Hiemstra, Aietrahedron1985,41, 4367.

under very mild conditions and is compatible with a diverse
range of imine and acid chloride substrates.
In considering the palladium-catalyzed pyrrole synthesis
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N-acyliminium salt 2) with CO to form a minchnoné,
which is subsequently trapped with alkynes to form pyrroles
and liberate C@ Since CO is not incorporated into the final
product, the efficiency of this synthesis might potentially be
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Table 1. Isocyanide-Mediated Pyrrole Synthésis Table 2. Diversity of Pyrroles from Imines, Acid Chlorides,
Bn and Alkyne$8
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Scheme 2. Mechanism for the Isocyanide-Mediated Pyrrole 19°72% (75%)
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This approach can be used to generate a range of variously 1K° 61% (83%)
substituted pyrroles (Table 2). This includes the use of imines a Bn el
of aromatic and heteroaromatic aldehydds<f), including -Bn cl 2. )
. . . ji Ph \\\jrph Ph Ph
those with alkene and alkyne substituents. A range of acid PR H 0 o A S
chlorides can also be employed, including those with aryl, 17 45% (70%)

heteroaryl, alkyl, and functionalized substituents. In addition __*Table 1, entry 10 procedurgYields in parentheses when adding CyNC
. . 30 min after imine/acid chloride and EfN; and alkyne after 1 HIn

to DMAD, other electron-poor alkynes are compatible with  cpcy, dimine/acid chioride mixed at-15 °C in CH,Cl,, followed by

the reaction (1j—I); however, more electron-rich alkynes do CyNC at 0°C. ¢K3PQ, (1.5 mmol) as base.

not react with the relatively nucleophilic miinchnone ana-

logue9. with enamide generation. Thus, performing the coupling at

In contrast to palladium catalysis, enolizable alkylimines —15°C leads to the generation ©f in 72% yield. Similarly,

are also viable substrates with this isocyanide-mediatedenolizable acid chlorides can also be employed in this

reaction'® The latter results from the mechanism of the chemistry (1i).

coupling, where the rapid nucleophilic attack of isocyanides  The rapid attack of isocyanides on the in situ formed

upon the in situ generateéd-acyliminium salt can compete  iminium salts suggested that this reaction may not be limited
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to imines, and other less reactive=8l zz-bonded reagents and alkynes. Considering the availablility of the starting
could also participate in the coupling. For example, aromatic materials, the simple room-temperature procedure, and the
heterocycles such as isoquinoline contain =&NCs-bond robust nature of this chemical process, this provides a very
reasonance structure and are known to intereact with acidstraightforward route to construct variously substituted
chlorides in a similar fashion to imines. As shown below, pyrroles without metal catalysts. Studies directed toward the
these heterocycles are also amenable to cyclization withfurther generalization of this approach, as well as the
CyNC to form10. Such polyaromatic pyrroles are similar application of this method to other heterocycles, are under-
to those found in the Lamellarin class of natural products way.

which have shown anticancer and antiviral actitignd are
accessible in this case directly from available isoquinoline,
p-methoxybenzoyl chloride, and DMAD.
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. . iy~ (15) Enolizable iminium salts readily form enamides, which do not
In conclusion, we have demonstrated a new isocyanide provide pyrroles under palladium catalysis (ref 9).
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