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Pyrazole (Figure 1) is found widely as a core structure in
a large variety of compounds that exhibit important biological
activity.1 It is convenient to synthesize substituted pyrazoles
by the intermolecular [3+ 2] cycloaddition of 1,3-dipoles
with alkynes or condensation of hydrazine with 1,3-diketones
or their equivalents.2 The use of combinatorial approaches
to the high-throughput synthesis of this druglike scaffold
would be a powerful advance in helping to speed up drug
discovery. Recently, several papers have reported the syn-
thesis of 1,3,5-substituted pyrazoles on solid phase or by
using a one-pot process with high efficiency.3 However, few
methods have been explored to generate 1,3,4-substituted
pyrazoles. Only Price4 has reported the high-throughput
synthesis of 4-alkoxy pyrazoles by the functionalization of
symmetric 1,3-diones using hypervalent iodine with hydra-
zine, although with low yield. Here, we report a combina-
torial synthesis of 1,3,4-substituted pyrazoles using a three-
component sequential one-pot reaction.

Chromone as 1,3-diketone equivalent, can be condensed
with hydrazine to formo-hydroxyphenyl pyrazole.5 We thus
designed a one-pot process to form 1,3,4-substituted pyra-
zoles or isoxazoles by Suzuki coupling,6 which is unaffected
by the presence of water and air, tolerated a broad range of
functional groups, and applies diversified commercial avail-
able boronic acids to the chromone core, followed by
condensation with a variety of hydrazines or hydroxylamine
(Scheme 1).

Treatment of iodochromone, phenylboronic acid, and
aqueous hydrazine in the presence of a palladium catalyst,
similar to the recently reported Mori’s four-component
coupling conditions, gave a complicated mixture of products.3a

When changing aqueous hydrazine to methylhydrazine,
o-hydroxylphenylpyrazole3 was achieved by the deiodina-
tion of the starting material by palladium(0), followed by
condensation with methylhydrazine (Scheme 2).

After screening solvent systems, bases, and ligands for
sequential Suzuki coupling and condensation, a mixture of
iodochromone and phenylboronic acid in the presence of 2%
Pd(PPh3)4 and 2 equiv of K2CO3 in THF-H2O (4:1) at
refluxing overnight succeeded and was completed by adding
1.5 equiv of aqueous hydrazine at room temperature for 2 h
to afford the product4 in 93% yield (Scheme 3).

To delineate this approach, particularly in regard to library
construction, this methodology was evaluated by using
different iodochromones and aryl boronic acids. The results
are given in Table 1. The electronic and steric variations on
the aryl boronic acid gave the desired product in good to
excellent yield. 3-Thiophenylboronic acid gave the desired
productC-7 in excellent yield. Due to electron-withdrawing
effects on the chromone ring, the substrateA-4 afforded the
productC-11 in moderate yield.

The regioselectivity of the one-pot reaction was evaluated
with different hydrazines (Scheme 4). The reaction mixture
of iodochromone with phenylboronic acid with Suzuki
coupling, followed by methylhydrazine and condensation was
completed within 2 h and afforded in high selectivity one
major product,5, in 93% yield. The major product was
assigned on the basis of the chemical shift atδ 10.65 ppm
of the phenolic proton that forms the intramolecular hydrogen
bonding with the pyrazole’s nitrogen, as evident in proton
NMR. Formation of compound5 is presumably a result of
initial 1,4-conjugate addition of the more nucleophilic
methyl-substituted hydrazine nitrogen to the double bond of
chromone and then subsequent ring opening, followed by
cyclization of the unsubstituted hydrazine nitrogen onto the
carbonyl group and dehydration.5c,2f After Suzuki coupling,
the reaction mixture has to be heated with hydroxylethyl-
hydrazine to obtain two major products,6 (40% yield) and
7 (42% yield), with poor regioselectivity because the
nucleophilic alkyl-substituted hydrazine nitrogen has in-
creased steric hindrance, and the unsubstituted nitrogen can

* To whom correspondence should be addressed. Phone: 86-021-
50805896. Fax: 86-021-50805896. E-mail: yhhu@mail.shcnc.ac.cn.

Figure 1.

Scheme 1

Scheme 2

Scheme 3

286 J. Comb. Chem.2006,8, 286-288

10.1021/cc050159d CCC: $33.50 © 2006 American Chemical Society
Published on Web 04/21/2006



Table 1. Synthesis of Pyrazoles from Diversified Chromone and Aryl Boronic Acid
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also attack the double bond of the chromone under the
refluxing conditions.

As expected, the unsubstituted nitrogen of phenylhydra-
zine is the more nucleophilic, as compared to the substituted
nitrogen of phenyl hydrazine. But its reactivity was much
lower than that of methylhydrazine, and it was necessary to
reflux overnight under N2 to obtain the single product8 in
56% yield with high selectivity. Isoxazole9 was formed by
carrying out the reaction with hydroxylamine.

In conclusion, we developed a method to generate
diversified pyrazoles and isoxazoles via a sequential one-
pot reaction of iodochromone, arylboronic acid, and hydra-
zine or hydroxylamine by Suzuki coupling and condensation.
This method provides facile construction of these heterocycle
libraries that are applicable for biological screening.
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