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In the search for combinatorial methods which allow for
the convenient synthesis of structurally diverse molecules,
we focused our efforts toward the preparation of different
heterocycle-fused pyrazinones. Among a variety of physi-
ologically active compounds possessing these heterocyclic
cores, the derivatives of 4,5,6,7-tetrahydropyrazolo[1,5-a]-
pyrazine-4-one represent a relatively little-explored group
with interesting pharmaceutical properties. They have been
described as vasodilators,1 fibrinogen receptor antagonists
with antiplatelet activity,2 vitronectin-receptor antagonists,3

and herbicidal agents.4 According to these examples and due
to bioisosteric similarity to physiologically active pyrrolo-
[1,2-a]pyrazine-2-ones,5 4,5,6,7-tetrahydropyrazolo[1,5-a]-
pyrazine-4-ones represent promising synthetic targets. De-
velopment of efficient synthetic approaches to the related
combinatorial scaffolds will provide valuable materials for
pharmaceutical discovery.

In the reported synthetic approaches to pyrazolo[1,5-a]-
pyrazine-4-ones,2,3,6 a key reaction is the intermolecular
cyclization of the appropriate pyrazole derivatives leading
to the desired molecules. However, the described synthetic
strategies have found limitations mainly due to lack of
versatility and a limited number of the appropriate initial
reactants. In addition, the described approaches have not
provided a robust method suitable for the production of
combinatorial libraries. The Ugi reaction7 was shown to be
an effective approach to the assembly of diverse compound
libraries, which can be readily applied in combinatorial
chemistry format. One of the important modifications of the
classical four-component Ugi reaction includes the use of
bifunctional reagents. Thus, modified versions of the Ugi
four-component reaction using bifunctional aldehyde or keto
acids, amine, and isocyanide as starting materials have been
reported.8 Recently, we described an efficient synthetic route
to novel 1-oxo-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine-3-
carboxamides based on tethered Ugi reaction of bifunctional
reagents bearing a (2-oxoethyl)aminoacetic acid fragment
with isonitriles and amines.9 In this work, we show the first
examples of utilization of this useful synthetic strategy for

the production of combinatorial libraries. Specifically, we
describe here the synthesis of a series of novel 4-oxo-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrazine-6-carboxamides.

We used the synthetic route depicted in Scheme 1. Key
bifunctional reagents4a were obtained from the correspond-
ing pyrazole-5-carboxylates1a-h. Upon the alkylation of
initial carboxylates1a-h with chloroacetone under phase
transfer conditions in the presence of K2CO3 and 18-crown-
6, two isomers,2a-h and3a-h, were formed (ratios 1:1,
as indicated by LC/MS analysis) in 60-85% yield. Mild
alkali hydrolysis of the mixtures of2a-h and3a-h led to
the corresponding keto acids4a-h and5a-h in good yields
(90-95%). The mixes of isomers4a-h and5a-h were then
reacted with isonitriles6a-c and primary amines7a-i under
the conditions of Ugi condensation. We have found that the
reaction of isomers4a-h with isocyanides and amines in
methanol at 40°C led to the generation of 6-carboxamide
derivatives of 4-oxo-4,5,6,7-tetrahydropyrazolo[1,5-a]pyra-
zine8{1-95} (yield 45-85% from the isomers4a-h, which
corresponds to 23-43% from the mixture of4a-h and5a-
h),10 which were previously not described in the literature.
As indicated by LC/MS analysis of the reaction mixtures,
the isomeric 1-(2-oxopropyl)-1H-pyrazole-3-carboxylates
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Table 1. R1-R3 Substituents and Yields of Representative
Pyrazolo[1,5-a]pyrazine-6-carboxamides
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5a-h did not react under the described conditions. Only one
major product of reaction of isomer4 with isonitrile and
amine was observed under the described conditions. The
desired products8{1-95} usually precipitated from the
reaction media, thus allowing their easy separation by
filtration of the reaction mixtures. The reaction presumably
follows the same initial course as the classical Ugi condensa-
tion,7 with an intermediate imine being attacked by the
isonitrile to give a nitrilium intermediate, which then
undergoes intramolecular cyclization.

As a synthetic tool for creating diverse compound
libraries, the developed tethered Ugi condensation offers a
large number of potential input reactants and resulting
products (Figure 1). We have observed that the nature of
the R1 substituent does not substantially affect the reaction
yield and time, and several differently substituted pyrazole-
5-carboxylates1a-h could be used. With respect to the
amine component, various aliphatic and aromatic primary
amines7a-i, such as substituted anilines, benzylamines,
aliphatic amines, and nitrogen-containing compounds, were
tolerated without any limitations. A restriction is the limited
number of commercially or synthetically available isonitriles.
In this work, we used three different isonitriles6a-c
available from ChemDiv.

Structures and yields of some representative compounds
are shown in Table 1. Isolated yields of8{1-95} from

isomers4a-h were generally high (>45%, up to 85%),
except for a few cases. All compounds were obtained as
racemic mixtures of enantiomers. The assignment of these
structures was made on the basis of1H NMR and high-
resolution mass spectroscopy data. The nonequivalent meth-
ylene protons of the pyrazinone ring are sometimes concealed
by other signals, but usually can be seen as doublets in the
range ofδ 4.12-5.28, with the geminal spin-spin coupling
constants in the range of 7.0-7.6 Hz. In several cases, pure
crystalline substances could be obtained, thus allowing their
analyses through X-ray crystallography. The Supporting
Information contains X-ray data for compound8{4}. Since
the analyzed compound contains one stereogenic center and
crystallize in the racemic space groupC2/c, the exact
stereochemical assignment was impossible. Single crystals
of compounds suitable for X-ray analyses were grown from
diethyl ether.

In summary, we have reported a new convenient approach
to a variety of substituted 4-oxo-4,5,6,7-tetrahydropyrazolo-
[1,5-a]pyrazine-6-carboxamides based on a novel modifica-
tion of the Ugi four-component reaction. The developed
methodology is suitable for rapid, parallel, automated
synthesis of the corresponding combinatorial libraries for
effective exploration of structural diversity around this
promising pharmacophoric scaffold.

Scheme 1.Synthesis of 4-Oxo-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazine-6-carboxamides8{1-95}

Figure 1. Building blocks evaluated in this work.
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