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This report discloses a novel concise synthesis of a series of 3-hydroxypyrazoles 5 via a tandem
Ugi/debenzylation /hydrazine-mediated cyclization sequence. Herein, n-butyl isocyanide 4b was utilized
as an alternative to classical convertible isocyanides enabling high yielding hydrazine-mediated cycliza-
tion. Taken together, a novel class of 3-hydroxypyrazoles 5a-5i was synthesized with a potential to be of
interest in future library enrichment strategies.

© 2012 Elsevier Ltd. All rights reserved.

In spite of scarcity in nature,! the pyrazole scaffold has been
significantly studied mainly due to the discovery of interesting prop-
erties exhibited by a great number of its derivatives. Pyrazole, a five-
membered heterocycle containing two adjacent nitrogen atoms, is a
motif found in a number of small molecules that possess a broad
spectrum of pharmaceutical activities.? Particularly noteworthy is
celecoxib, containing a 1-arylpyrazole motif which is a selective
cyclooxygenase-2 (COX-2) inhibitor for the treatment of a plethora
of indications that include osteoarthritis, rheumatoid arthritis, acute
pain, and others. As a consequence, a variety of methodologies to
develop pyrazole derivatives have been intensively explored in the
past decade.*
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Multi-component reactions (MCRs) are powerful transforma-
tions in which three or more starting materials are incorporated
in a one-pot fashion to produce highly functionalized products.
Isocyanide-based multicomponent reactions (IMCRs) are of partic-
ular interest thanks in part to the large number of commercially
available starting materials and a wide range of readily accessible
pharmacologically relevant scaffolds.’ The most well-known IMCR,
the Ugi reaction, is carried out through the reaction of an amine,
carbonyl compound, carboxylic acid, and isocyanide, which under-
go a condensation step to afford the corresponding functionalized
ai-acylamino amide.® The usefulness of such a process as a power-
ful diversity generating step has been demonstrated by numerous
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Scheme 1. Synthesis of 3-hydroxypyrazoles 5.
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Figure 1. (a) Crystal structure of 5a. (b) Depiction of intra-molecular H-bonds
between the pyrazole 3-hydroxyl group and amide carbonyl. In addition inter-
molecular bonds are seen between methanol and both the hydroxyl pyrazole (-OH)
and pyrazole nitrogen (N).

applications in the synthesis of potential drug-like libraries of
small molecules.>®” Indeed recently, we have successfully devel-
oped a concise synthesis of 2,4,5-trisubstituted oxazoles via a
tandem Ugi/Robinson-Gabriel sequence.® Of particular relevance
to this Letter are the extensive studies performed by Krasavin
et al. who often employs hydrazines as the amine equivalent to
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subsequently generate new molecular diversity.? Herein we would
like to report a novel hydrazine-mediated cyclization of the Ugi
condensation product that affords unique 3-hydroxypyrazoles 5
via a tandem Ugi/debenzylation/hydrazine-mediated cyclization
sequence, Scheme 1.

Initial optimization studies focused on 4-tert-butyl cyclohexen-
1-yl isocyanide 4a, employed as a convertible isocyanide to
increase the acid catalyzed electrophilicity of the isocyanide
derived amide carbonyl which in turn was expected to promote
the key cyclization step.!® Thus Ugi product 6a was initially pre-
pared (MeOH, rt, 36 h, 43%) utilizing 2,4-dimethoxybenzenylamine
1,'"" 4-bromobenzoic acid 2a, phenylglyoxal 3a, and 4-tert-butyl
cyclohexen-1-yl isocyanide 4a, Scheme 2.

Subsequent treatment of 6a with hydrazine mono-hydrochlo-
ride in ethanol (accelerated via microwave irradiation) successfully
afforded the 3-hydroxypyrazole 7a in 45% isolated yield. At this
stage the unaccounted for mass balance seemed to be composed
of several unidentified side products. Removal of the 2,4-dime-
thoxybenzyl moiety from 7a was successfully carried out at 80 °C
for 10 min under microwave irradiation in 10% TFA/DCE solution
to afford the corresponding 3-hydroxypyrazole 5a (82% isolated
yield) which was characterized by X-ray crystallographic analysis,
Figure 1a. Interestingly, an intra-molecular hydrogen bond was
observed between the 3-hydroxyl group and the carboxamide
carbonyl of 5a, Figure 1b.

Not satisfied with the first two steps of the sequence (both
<50%), attempts to further optimize yields were undertaken
through replacement of 4a with n-butyl isocyanide 4b, and an
alteration in the order of the reaction sequence Scheme 3.'2
Consequently, the Ugi product 6b was prepared in improved yields
(6a, 43%, 6b, 57%) and debenzylation was conducted prior to pyra-
zole formation to afford the N-acyl-a-aminoketone 8, Scheme 3.
Without further purification, N-acyl-o-aminoketone 8 was sub-
jected to hydrazine-mediated cyclization conditions to give the
desired 3-hydroxypyrazole 5a with improved conversion (56% iso-
lated yield in two steps).®

With satisfactory conditions in place, a small array of 3-hydrox-
ypyrazoles was thus synthesized with diversity being generated
through the utilization of various carboxylic acids 2 and arylglyoxals
3 to establish the scope of the methodology. Indeed, the new tandem
Ugi/debenzylation/hydrazine-mediated cyclization sequence furnished
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Figure 2. Structures of 3-hydroxypyrazoles 5b-5i (Ugi% isolated yield, debenzylation/N,H,-mediated cyclization% isolated yield for two steps).

Ugi products and 3-hydroxypyrazoles with yields ranging from 44%
to 58% and 38-62%, respectively, Figure 2.

In summary, a series of novel 3-hydroxypyrazoles 5a-5i were
synthesized in three steps employing a tandem Ugi/debenzylation/
hydrazine-mediated cyclization sequence and n-butyl isocyanide
4b was an effective replacement for 4-tert-butyl cyclohexen-1-yl
isocyanide 4a for the hydrazine-mediated cyclization step. The
novel class of 3-hydroxypyrazoles is fully expected to be of high
interest in medicinal chemistry groups, in particular those involved
in kinase inhibitor design.
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For the preparation of Ugi product 6b and general library protocol: To a
solution of 2,4-dimethoxybenzenylamine 1 (334.2mg, 2.0 mmol), 4-
bromobenzoic acid 2a (398 mg, 2.0 mmol), phenylglyoxal monohydrate 3a
(304 mg, 2.0 mmol) and n-butyl isocyanide 4b (166 mg, 2.0 mmol) in methanol
(3 mL), the resulting mixture was stirred at room temperature for 36 h. The
reaction solution was concentrated in vacuo and the residue was purified by
column chromatography (ethyl acetate/hexane, 1/9 to 1/3) to obtain the Ugi
product 6b (645 mg, 57%). For the preparation of 3-hydroxypyrazole 5a and
general library protocol: To a solution of Ugi product 6b (566 mg, 1.0 mmol) in
10% TFA/DCE solution (3 mL), the resulting mixture was heated at 80 °C for
10 min under microwave irradiation to obtain ketoamide 10. The reaction
solution was evaporated in vacuo and the residue was dissolved in ethyl
acetate (20 mL), washed with 1 N NaOH (20 mL) and brine (20 mL), dried over
MgSO, and evaporated in vacuo to get N-acyl-o-aminoketone 8bh. '"H NMR
(400 MHz, CDCl3) 6 8.11-8.01 (m, 2H), 7.78-7.70 (m, 2H), 7.61 (ddq, ] = 5.2, 2.6,
1.2 Hz, 3H), 7.54-7.46 (m, 2H), 6.81 (s, 1H), 6.06-6.00 (m, 1H), 3.33-3.14 (m,
2H), 1.52-1.39 (m, 2H), 1.35-1.20 (m, 3H), 0.93-0.81 (m, 3H) ppm. '*C NMR
(100 MHz, CDCl3) 6 192.86, 166.54, 166.11, 134.50, 134.24, 132.06, 131.78,
128.86, 128.83, 127.18, 60.21, 39.65, 31.31, 19.88, 13.62 ppm. For the
preparation of 3-hydroxypyrazole 5a and general library protocol: Without
further purification, a mixture of N-acyl-a-aminoketone 8b and NH,NH, HCl
(343 mg, 5.0 mmol) in ethanol (3 mL) heated under microwave irradiation at
120 °C for 20 min. The reaction solution was evaporated in vacuo and the
residue was purified by column chromatography (eluent, ethyl acetate/hexane,
1/4 to 9/1) to afford 3-hydroxypyrazole 5a (214 mg, 56% in two steps). 'H NMR
(400 MHz, DMSO-ds) 4 9.58 (s, 1H), 7.95-7.86 (m, 2H), 7.76-7.68 (m, 2H), 7.60
(dt,J=6.2,4.0 Hz, 2H), 7.38 (dd, J = 10.3, 4.7 Hz, 2H), 7.33-7.25 (m, 1H), 3.28 (s,
2H) ppm. '*C NMR (100 MHz, DMSO-dg) 6 166.16, 133.87, 131.81, 130.18,
129.09, 128.35, 126.15, 125.64 ppm.
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