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A novel regioselective synthesis of substituted pyrazoles from N-monosubstituted hydrazones and nitroolefins is described. The reaction is
performed in a one-pot manner and the yields range from moderate to excellent. A key nitropyrazolidine intermediate is characterized and a

plausible mechanism is proposed.

Substituted pyrazoles are important synthetic targets in thetones or esters, affords various regioselectivity, depending
pharmaceutical industry because the pyrazole motif makeson specific substratés Another important method, 1,3-

up the core structure of numerous biologically active
compounds,including blockbuster drugs such as CeleBrex
and Viagra® Although numerous methods have been devel-

dipolar cycloaddition of diazoalkanes or nitrilimines with
olefins or alkynes, has found only limited applications in
pyrazole synthesis because 1,3-dipoles are often difficult to

oped, regioselective synthesis of the pyrazole ring remainsprepare and are potentially explosiélevertheless, one

a significant challenge for organic chemi$tsor example,
the prevalent method of reacting hydrazines with 1,3-
dicarbonyl compounds often results in a mixture of regio-
isomers when the reactivity of the two carbonyl groups is
not drastically different. A modification of this method,
replacing 1,3-dicarbonyl compounds with3-ethynyl ke-
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feature of 1,3-dipolar cycloaddition was particularly intrigu-
ing to us, i.e., it is often highly regioselective.

Hydrazones have been reported to react with activated
alkene$ or alkyne$ to afford pyrazolidines or pyrazoles,
respectively, probably proceeding via 1,3-dipole species
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generated in sit.However, harsh conditions are normally Two solvents employed in the literature,.8tand DMF,
required because of hydrazones’ weak nucleophilicity. In were tested first. To our surprise, Michael addition product
addition, removal of activating groups is often problematic. 3 was the dominant product, in contrast to nitropyrazole and
Nitroolefins, strong electrophiles that are widely used in nitro-eliminated pyrazole obtained in the literature. Although
organic synthesi¥, are also known to react with diazo hydrazone is an ambident nucleophile that can react with
compounds to prepare pyrazol@dVe reasoned that hydra-  electrophiles on both C and N positions, this reaction is
zones and nitroolefins might be good partners for a general, highly regioselective, exclusively on the N position. The
regioselective method to synthesize pyrazoles. Furthermoredesired 1-methyl-3,5-diarylpyrazole regioison2awras iso-
because numerous hydrazones and nitroolefins are readilylated only in low yields. Interestingly, addition of water (1:
available, the reaction would be ideal to prepare large 10 v/v) as cosolvent to DMF substantially increased the ratio
libraries of substituted pyrazoles for drug discovery efforts. of pyrazole produc2 (Table 1). Intrigued by the above

In connection with one of our drug discovery projects, results, we conducted a solvent screen and the results are
we needed to prepafe-substituted pyrazoles. Reaction of summarized in Table IN-Methylhydrazone was formed
N-monosubstituted hydrazones with nitroolefins to synthesize cleanly in all the solvents tested, as indicated by HPLC
pyrazole products was rarely documented. In 1979, Snideranalysis; however, subsequent reaction with nitroolefin was
and co-workers observed that phenylhydrazones reacted withvery solvent dependent. Nonpolar solvents such as toluene
trans-f-nitrostyrene neat to afford 4-nitropyrazoteSur- are not a good choice for the reaction, neitBeror 3 was
prisingly, nitro-eliminated pyrazole products were obtained isolated. Aprotic polar solvent generally favored the forma-
whenb-galactose phenyl or methylhydrazones were used in tion of Michael addition producs, with the exception of

DMF/H;0 .23 These results prompted us to study this reaction CHzClz. In the case of CECN, the reaction was almost
in detail. guantitative with the isolated yield of compouBdat 90%.

Protic polar solvent favored the formation of pyraz@e
Although AcOH and CHCI, also afforded high 2:3 ratios,
the reaction in alcoholic solvents such as MeOH and EtOH
is much cleaner to provide the best isolated yield® dhese
results suggest that protic polar solvent may help in stabiliz-
_ ing the 1,3-dipole species generate in situ, thus, facilitate
Table 1. Solvent Effect on the Pyrazole Formation Reaction the cylcoaddition reaction to form pyrazol€d51” The
A Oy structure of regioisome was assigned by the characteristic
MeNHNH, N o, <o C-4 proton NMR resonance at 6_.50 pﬁmnd was fur.ther
e o | veon confirmed by NOE studies. One interesting observation was
/©AH Tan E; T \N,N\V@ refiax that when isolated compourgiwas subjected in MeOH to
: 0 e

Our orienting experiments were performed with methyl-
hydrazonel, which was prepared in situ, followed by the
addition of 3,4-methylenedioxy-fs-nitrostyrene (Table 1).

reflux temperature for days, no reaction was observed
whatsoever, thus excluding it as an intermediate to compound

Cl
1

solvents E,0 DMF DMF/H,0 MeOH’ EtOH IPA  AcOH 219

2:3 Ratio®  1:99 4:96 41:59 94:6 93:7  71:29 99:1 Once MeOH was identified as the favored solv@n&e

solvents DCM THF  EtOAc  CH;CN® Toluene Pyridine EtN investigated the scope of this unique one-pot pyrazole

23Ratic" 946 694 2080 892 00 10:90 991 formation reaction, and the results are summarized in Table
aDetermined by HPLC analysis at 254 nm (UV), not correctethe 2. The reaction was monitored with HPLC analysis. Hydra-

isolated yield of compoun# was 83%.° The isolated yield of compound zone formation was usually complete withir2 h whereas
3 was 90%. . .
pyrazole formation required-12 days at room temperature

unless otherwise specified. Different nitroolefins were first
investigated. Either aryl (entries 1 and 2) or alkyl (entry 3)
groups at the Rposition afford corresponding pyrazoles in
excellent yields. Substitution at theé Rosition of nitroolefins
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Because some hydrazones are not stable upon isoldtion,
the reaction was always performed in a one-pot mafher.
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s The above results suggest that the electron density of
Table 2. Three-Component Reaction for Pyrazole Synthesis hydrazpnes |s.essentlal to the success of the pyrazole
formation reaction.

During the course of our study, we made the following
observations on the pyrazole formation reaction: (1) the
reaction needs air to proceed; (2) after the reaction is
complete, the reaction solution is acidic (pt2—3) and the
benzidine assay for nitrite i6his positive; and (3) a stable
intermediate is first generated from hydrazone and nitroolefin
and then the pyrazole product is formed. To detect this
intermediate, hydrazon&s was generated in EtOks and
then nitroolefinl16 was added. Observation by meanstdaf
NMR spectroscopy demonstrated that the intermediate
formed in several minutes. At this point, no Michael addition
product18 was observed byH NMR. The intermediate is
one single diastereomer with only one setldfNMR peaks.
Careful analysis of the NMR spectrum, especially the
characteristic doublet—quartet—doublet coupling pattern of
the three protons (#H,H:.) between 4.0 and 5.5 ppm,
suggests the cyclized pyrazolidine structutg® Mass
spectrometry (m/Z#ound, 328.1649 [M+ H]*) and IR
analysis (characteristic NCasymmetrical stretching band
at 1547 cm?) further confirmed the assigned structure. The
relative stereochemistry was assigned by NOE studies, as
shown in Scheme 1. Under;Nintermediatel7 remained

Scheme 1. Pathway for Pyrazole Formation

210:1 MeOH/HO was used as solverftRoom temperature, 7 days. . strong

¢ Reflux, 4 days. , Noe
CGH:;OMe

electronic effects play a much greater role in these reactions.
Whereas electron-donating or slightly electron-withdrawing
aldehydes provide pyrazole products smoothly, electron- . 7 weak
demanding 4-nitrobenzaldehyde gives the Michael addition -7 Noe
product9 in 90% yield (entry 7), which does not cyclize
even at reflux temperature. With respect to the substituents ﬁom
on the hydrazine component, it appears both electronic and ~-Nx minutes
steric effects are important. The pyrazole formation reaction H . S Eion-ds

NO,

proceeds smoothly with primary alkyl hydrazones such as _
methyl hydrazones (entries-¥) and benzyl hydrazone (entry

8). However, as the bulk of the*!Ryroup increases, the

reaction slows or requires higher temperature. For example,

with isopropylhydrazine, the pyrazole formation reaction was l

not complete after 7 days at room temperature with only \/©/OM6/ 0, N2
26% isolated yield (entry 9). In the case tdrt-butyl- ANV

hydrazine, after refluxing for 4 days, a different 1-tert-butyl- m s

3,4-diarylpyrazole regioisomédr2 was isolated in 15% yield NO, O

(entry 10). Presumably in this castsrt-butylhydrazone
reacted with the nitroolefin at the C position instead of the
N position to avoid the sterically unfavorable!-RR3
interaction. An electronic effect related to the hydrazone
substituents is apparent with electron-deficient phenyl-
hydrazine. In entry 11, reflux temperature was required for
4 days to give a 42% vyield of pyrazolE3. Interestingly,  unchanged in EtOHdsolution for hours. Upon exposure
this effect can be moderated through the use of an electronto air, intermediatel7 slowly disappeared along with

donating aldehyde such as propionaldehyde, which gives a
76% yield of pyrazolel4 at room temperature (entry 12). (21) Tsao, Y.-Y.; Ko, F.-M.J. Chin. Chem. Sod.937,5, 55-59.

no
change

positive NO,™ assay
pH=2-3 after reaction
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concurrent appearance of the pyrazole pro@idtio other
intermediate was observed Byl NMR during the reaction

intermediate then undergoes a slow oxidation by air, followed
by a fast elimination of HNg* to afford the pyrazole

process. After the reaction was complete, approximately 10% product.

of Michael addition product8was also isolated, which again
did not cyclize to compoun8l under the reaction conditions,

In conclusion, we have developed a simple, regioselective
pyrazole synthesis, which proceeds frblhmonosubstituted

suggesting that the cycloaddition step might be reversible. hydrazone and nitroolefin starting materials. This reaction
On the basis of the above information, a plausible IS quite broad in scope, generating a diverse set of pyrazole
mechanism is proposed as shown in Scheme 2. The first stegProducts in moderate to excellent yields. Furthermore, the

Scheme 2. A Plausible Mechanism
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readily available starting materials combined with the rapid
one-pot assembly of a complex core should make the reaction
suitable for library synthesis in drug discovery efforts.
Finally, a key nitropyrazolidine intermediate was fully
characterized and a plausible mechanism was proposed.

The research on the reaction of electron-deficient hydra-
zones and nitroolefins is ongoing in our laboratories and will
be reported in due course.
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is a reversible, concerted cycloaddition to give a 4-nitro- g gg1226v

pyrazolidine intermediate, probably proceeding through a 1,3-
dipole intermediate generated in situ, as proposed in the
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literature on the reaction of hydrazones with other electron- 1987,52, 2277—2285.

deficient olefins’22 This process is in competition with an
irreversible Michael addition proce$sThe key pyrazolidine
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