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ABSTRACT

Two types of isoquinoline scaffolds were successfully constructed in a combinatorial format via the Ugi four-component reaction and the
Pd-catalyzed intramolecular Heck reaction, starting from readily available starting materials.

Isoquinoline is an important heterocyclic template that is
presented in a variety of natural products and pharma-
ceuticals.1 For example (Figure 1), narciclasine1 is a
powerful antitumor agent that inhibits eukaryotic protein
synthesis at the ribosomal level.2a Compound2 is a lead
molecule for the development of inhibitors of topoisomerase
I.2b Compound3 was identified as an orally active inhibitor
of Lck kinase.2c

As part of our ongoing discovery program, we are
interested in the design, synthesis, and development of
diverse small molecules3 that can act against known protein
targets, as well as the perturbation of protein function in a
phenotypic assay to discover novel protein targets. Hence,
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Figure 1. Biologically active isoquinolines.
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the synthesis of potent and selective small molecules by facile
chemical routes may provide an avenue to explore biological
systems, in addition to creating lead molecules for clinical
drug development. Isoquinoline possesses diverse biological
activities and encompasses an ideal pharmacophore for
further combinatorial diversification.

Although many methods are available for the synthesis
of isoquinoline,6 alternative diversity-oriented approaches
would be desirable. Herein we present a two-step approach
for the construction of two types of isoquinoline scaffolds
via Ugi four-component reaction (U-4CR)4 and the Pd-
catalyzed intramolecular Heck reaction.5

Multicomponent reactions such as Ugi reaction have
generated much interest because of their synthetic potential,
their importance in combinatorial chemistry, and their
capacity to generate molecular diversity. In Ugi four-
component reaction, an amine, an aldehyde, a carboxylic
acid, and an isocyanide react in a one-pot process to provide
the diverseR-acylamino amides5 in generally good yields
(Figure 2). This synthetic method has been used to assemble

a broad range of complex molecular scaffolds in a short
reaction sequence.7

It is envisaged that substrates containing functionalities
such as the Ugi products10 and 15 (see Scheme 1) can

sequentially undergo the Pd-catalyzed intramolecular Heck
and double-bond isomerization to generate isoquinoline

scaffolds 12 and 17 via the intermediates11 and 16,
respectively, in one pot. Therefore, multifunctional use of
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Figure 2. Ugi four-component reaction.

Scheme 1. Retrosynthetic Analysis

Scheme 2. Two-Step Syntheses of Isoquinolines23 and28
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the palladium in this sequential process would obviate the
tedious separation and purification of intermediates11 and

16. Scheme 1 illustrates the retrosynthetic analysis applied
to this process. Accordingly, we believed that compounds
10 and 15 could be made by Ugi reaction from their
precursors6-9 and6, 7, 13, and14, respectively.

To actualize this design, we first screened the com-
mercially available amines, aldehydes, carboxylic acids, and
isocyanide to identify the proper substrates that can generate
the Ugi products with the structural features of compounds
10 and 15 (Scheme 1). After screening a variety of
combinations of different four components, we found that

Table 1. Two-Step Syntheses of Type I Isoquinolines Table 2. Two-Step Syntheses of Type II Isoquinolines
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methanol is the best solvent for the Ugi reaction, and
sequential addition of the four components in the Ugi reaction
is essential to achieve the high yield.8 As a result, compound
21was made from7 and18-20 in 91% yield, and compound
26 was generated from7, 18, 24, and25 in 90% yield
(Scheme 2). Importantly, both21 and26 have the function-
alities to effect the subsequent Pd-catalyzed Heck reactions.

We then began to investigate the possibility to synthesize
the products23 and28 directly from compounds21 and26
by the Pd-catalyzed intramolecular Heck and double-bond
isomerization reactions. To this end, a systematic evaluation
of a variety of reaction conditions was conducted, and we
found that the catalytic system (Pd(OAc)2, PCy3, and
N-methyldicyclohexylamine in DMA) is essential to ensure
the desired reactions. The products23and28were obtained
in 96 and 94% yields, respectively, at 60 or 100°C for 4-18
h. In this synthetic transformation,N-methyldicyclohexyl-
amine is a unique base, and the double-bond isomerization
(from 22, 27 to 23, 28) is presumably mediated by the Pd-
catalyzed reversibleâ-hydride elimination process (Scheme
2).

It is interesting to note that microwave technology9 could
not be applied to the above-mentioned transformation,
because the double-bond isomerization did not proceed
completely under the tested conditions, although the rate of
intramolecular Heck reaction increased dramatically under
the irradiation of microwave.

With optimized reaction conditions in hand, we next
examined the scope and generality of this method to make
diversified isoquinolines.

First, we used commercially available isocyanide and
substituted iodobenzoic acids and aldehydes to do the Ugi
reactions. Good to excellent yields of coupling products
1aa-10aawere obtained when allylamine was employed
under the optimized conditions (Table 1).

We then started to evaluate the Pd-catalyzed reactions to
make compounds1ab-10abfrom compounds1aa-10aa.
Fortunately, the desired products were obtained in high yields
(entries 1-10 in Table 1).

Encouraged by these results, we started to apply the
experience gained from the above study to synthesize type
II isoquinolines. Accordingly, the commercially available
allylamine, two isocyanides, four aryl acids, and two aryl
aldehydes were divided into eight groups to do the Ugi
reactions. To our satisfaction, good results of Ugi products
1ba-8bawere obtained (entries 1-8 in Table 2).

By applying the prescribed reaction conditions to make
the type I isoquinolines, we have synthesized compounds
1bb-8bb from 1ba-8ba in high yields (entries 1-8 in
Table 2). It is noteworthy that the aryl bromide-based Ugi
products6ba-8bacan also undergo the desired Pd-catalyzed
reactions to give the products6bb-8bb, albeit in slightly
lower yields (entries 6-8 in Table 2).

In summary, we have developed a highly efficient ap-
proach to synthesizing diversity-based isoquinolines via the
Ugi-Heck reaction sequence. This two-step synthetic route
allows us to make a variety of isoquinolines easily, and
application of this method to generate isoquinoline-based
libraries is currently under investigation in our laboratory.
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