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ABSTRACT

A base mediated reaction of R-diazo-β-ketosulfone with nitroalkenes affords sulfonylpyrazoles as single regioisomers in excellent yield in a one-
pot room temperature reaction. Aryl, heteroaryl, styrenyl, alkyl, hydroxymethyl, and hydrazinyl groups could be introduced on the pyrazole ring by
the appropriate choice of nitroalkenes. Synthesis of sulfonylpyrazole fused to other heterocycles and application of the methodology to an
expedient synthesis of a pyrazole alkaloid, Withasomnine, are also reported.

Organosulfones occupy a unique niche in organic synth-
esis owing to their versatility as substrates and intermedi-
ates in numerous transformations.1 The diverse reactivity
of active methylene sulfones2 and vinyl sulfones3 has been
extensively exploited in the synthesis of complexmolecules

including natural products.4 The ability of the sulfonyl
group to undergo facile removal has elevated its status to
one of the most enviable groups in functional group
manipulation.5 In the biological arena, organosulfones
function as antibacterial, antiparasitic, DNA cleaver,
anti-HIV, antiviral, and antiandrogen agents.6 The well-
known drugs Bicalutamide (antiprostate cancer) and
Dapsone (antileprosy) possess a sulfonyl group. A highly
bioactive heterocycle pyrazole is an integral part of the

‡Dedicated to Prof. Vishwakarma Singh on the occasion of his 60th
birthday.

(1) Reviews: (a) Simpkins, N. S. Tetrahedron 1990, 46, 6951. (b)
Simpkins, N. S. Sulfones in Organic Synthesis; Pergamon Press: Oxford,
1993. (c) Back, T. G.; Clary, K. N.; Gao, D. Chem. Rev. 2010, 110, 4498.

(2) Activemethylene sulfones, reviews: (a)R-amido sulfones as in situ
equivalents of activated imines: Yin, B.; Zhang, Y.; Xu, L. W. Synthesis
2010, 3583. (b) In Julia-Kocienski olefination: Zajc, B.; Kumar, R.
Synthesis 2010, 1822. (c) Aissa, C. Eur. J. Org. Chem. 2009, 1831. (c)
Varma, R. S. Green Chem. Lett. Rev. 2007, 1, 37. (d) Gais, H.-J.
Organosulfur Chemistry in Asymmetric Synthesis; Wiley-VCH:
Weinheim, Germany, 2008; p 375. (e) Nenajdenko, V. G.; Krasovskiy,
A. L.; Balenkova, E. S. Tetrahedron 2007, 63, 12481. R-Diazo-β-keto
sulfones: (f) Honma, M.; Takeda, H.; Takano, M.; Nakada, M. Synlett
2009, 1695.

(3) Reviews: Vinyl sulfones: (a) Nakata, T.Chem. Soc. Rev. 2010, 39,
1955. (b) Zhu, Q.; Lu, Y. Aus. J. Chem. 2009, 62, 951. (c) Pathak, T.
Tetrahedron 2008, 64, 3605. (d) Charette, A. B.; Cote, A.; Desrosiers, J.-
N.; Bonnaventure, I.; Lindsay, V. N. G.; Lauzon, C.; Tannous, J.;
Boezio, A. A. Pure Appl. Chem. 2008, 80, 881. (e) Ono, N.Heterocycles
2008, 75, 243. (f) Tsogoeva, S. B. Eur. J. Org. Chem. 2007, 1701. (g)
Meadows, D. C.; Gervay-Hague, J. Med. Res. Rev. 2006, 26, 793.

(4) (a) Sulfones as nucleophiles and electrophiles, reviews: (a) Alba,
A. R.; Companyo, X.; Rios, R. Chem. Soc. Rev. 2010, 39, 2018. (b)
Nielsen, M.; Jacobsen, C. B.; Holub, N.; Paixao, M. W.; Joergensen,
K.A.Angew.Chem., Int. Ed. 2010, 49, 2668. (c)Crich,D., Bowers,A.A.,
Demchenko, A. V, Eds. Handbook of Chemical Glycosylation; Wiley-
VCH:Weinheim, Germany, 2008; p 303. (d) Tiwari,M.;Kishore,D. Int. J.
Chem. Sci. 2007, 5, 2454. (e) Sato, R.; Kimura, T. Sci. Synth. 2007, 39,
745. (f) Drabowicz, J.; Lewkowski, J.; Kudelska, W.; Girek, T. Sci.
Synth. 2007, 39, 123. (g) Nakamura, S.; Toru, T. Sci. Synth. 2007, 31a,
833.

(5) Alonso, D. A.; Najera, C. Org. React. 2008, 72, 367.
(6) Reviews: (a) Prilezhaeva, E.N.Russ.Chem.Rev. 2000, 69, 367. (b)

Jacob, C. Nat. Prod. Rep. 2006, 23, 851. (c) Khanum, F.; Anilakumar,
K.; Viswanathan, K. Crit. Rev. Food Sci. Nutr. 2004, 44, 479. (d)
Renwick, A. G.; Mitchell, S., Ed. Biological Interactions of Sulfur
Compounds; Taylor & Francis: London, U.K., 1996; p 42.



Org. Lett., Vol. 13, No. 15, 2011 4017

blockbuster drugs Celecoxib (antiarthritis), Viagra, and
Thiomethisosildenafil (phosphodiesterase inhibitors). Ap-
plications of other pyrazole containing compounds as
biological agents7 and as ligands in coordination
chemistry8 are well-documented in the literature. For
instance, Withasomnine, a pyrazole alkaloid, present in a
medicinal plant, Withania somnifera, found in India and
South Africa, exhibits analgesic and CNS depressant
properties.9 In spite of the above-mentioned significance
of sulfone and pyrazole moieties, compounds containing a
sulfonyl group directly attached to pyrazole received only
limited attention.10

Recently, we reported a facile and regioselective synthesis
of phosphonylpyrazoles via an alkoxide-mediated reaction
of R-diazo-β-ketophosphonate, Bestmann�Ohira reagent
(BOR),11 with nitroalkenes and enones.12 One-pot three
component versions of ourmethodology13 and extension of
our methodology for the synthesis of pyrazole esters14 were
reported by others. We envisaged that R-diazo-β-ketosul-
fone would be an efficient S analog of BOR that would

enable us to easily introducea sulfonyl group to thepyrazole
ring. AlthoughR-diazo-β-ketosulfones have been employed
in intramolecular cyclopropanation15 and carbene
insertion16 reactions, surprisingly, their application as dia-
zoalkane equivalents in cycloadditions for the synthesis of
pyrazoles or pyrazolines remains unreported hitherto.

The reaction conditions were optimized by treating p-
methoxynitrostyrene 1a with sulfone 2a in the absence of
any base and also in the presence of different bases and
alcohols at room temperature (Table 1).No reaction in the
absence of base (entry 1, Table 1) and formation of a
complexmixture in the presence of a non-nucleophilic base
such as NaO-t-Bu (entry 6, Table 1) confirmed that
deacylation of 2a by a nucleophilic base precedes cyclo-
addition in these cases as in the caseofBOR12andalsoas in
the concise mechanism shown in Table 1. Although the
reaction was complete in about 15 min in all of the other
cases, entries 2�5 indicate that NaOEt in EtOH (entry 2)
and KOH in EtOH or MeOH (entries 3�4) were less
efficient as compared to NaOMe in MeOH (entry 5,
Table 1). Therefore, further reactions were conducted
using NaOMe in MeOH at room temperature.
Under the aboveoptimized conditions, various aromatic

nitroalkenes 1a�k were treated with sulfones 2a and 2b to
afford sulfonylpyrazoles 3a�m in good to excellent yields
(Table 2).Comparisonof entries 1 and 6 shows that there is
no appreciable difference in the yield when sulfones 2a and
2b were used (Table 2). No major aromatic substituent
effect is also observed on the yield or rate of reaction. For
instance, nitrostyrenes possessing a strongly electron-do-
nating substituent such as OMe (1a and 1f�h, entries 1, 6,
8�10) and a strongly electron-withdrawing substituent
such as NO2 (1i�k, entries 11�13) provide the adducts
in high yield (75�97%, Table 2). While increasing the
number of strongly electron-donating substituents (OR)

Table 1. Base Screening

entry basea solvent % yieldb

1 � EtOH no reaction

2 NaOEt EtOH 61

3 KOH EtOH 70

4 KOH MeOH 62

5 NaOMe MeOH 85

6 NaO-t-Bu t-BuOH intractable

mixture

a 1.25 equiv. b Isolated yield after silica gel column chromatography.
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marginally lowers the yield (entries 6, 8�10), a strongly
electron-withdrawing group (NO2) at the ortho or para
position as compared to meta has a positive effect (entries
11�13, Table 2). Parent nitrostyrene 1b (entries 2 and 7)
and nitrostyrenes possessing weakly electron-donating
substituents 1c�1e (entries 3�5) also deliver the corre-
sponding sulfonylpyrazoles 3b, 3g, and 3c�e, respectively,
in excellent yield (Table 2).
Subsequently, nitroethylenes with diverse β-substituents

4a�f were treated with sulfone 2b, under the above condi-
tions, to afford pyrazoles 5a�f in good to high yields
(Table 3). These include β-heteroaryl nitroethylenes 4a

and 4b (entries 1�2), β-alkyl nitroethylene 4c (entry 3),
and a push�pull system such as β-aminonitroethylene 4d
(entry 4, Table 3). It may be noted that nitrodienes 4e

and 4f also react with 2b to afford the corresponding
sulfonylpyrazoles 5e�f in good to high yields (entries
5�6, Table 3).
Having successfully synthesized a variety sulfonylpyra-

zoles 3 and 5 by treating various β-substituted nitroethy-
lenes 1 and 4with sulfones 2a�bunder ourmild and simple
experimental conditions, we proceeded to synthesize 3,4,5-
trisubstituted pyrazoles 7 by employing R,β-disubstituted
nitroethylenes 6 (Table 4). Although less impressive yields
and longer reaction times were encountered in these cases,
wewere pleased to isolate the 3,4,5-trisubstituted pyrazoles
7a�e (entries 1�5, Table 4).
Furthering the scope of our methodology was explored

by treating nitroethylene that is part of a heterocycle such

as 8 with sulfone 2b aimed at synthesizing a sulfonylpyr-
azole moiety fused to other heterocycles 9 (Scheme 1).
Thus, nitrochromenes 8a and 8b reacted with sulfone 2b in
the presence NaOMe/MeOH to afford sulfonylpyrazoles
9a�b in nearly quantitative yields within 1 h at room
temperature.

Due to the potent biological properties of With-
asomnine,9 the possibility of developing a general and
efficient route to its total synthesis via application of our
methodology appeared attractive. The approaches reported
in the literature involve intramolecularalkylation,17oxidative
coupling,18 conversion of cyclopropanols to pyrazoles,19

Table 2. Synthesis of Aryl Sulfonylpyrazoles 3 from β-Aryl
Nitroethylenes 1 and Diazosulfone 2a or 2b

entry Ar, 1 2 pyrazole 3 % yielda

1 4-OMePh, 1a 2a 3a 85

2 Ph, 1b 2a 3b 90

3 4-ClPh, 1c 2a 3c 84

4 3-BrPh, 1d 2a 3d 97

5 4-CH3Ph, 1e 2a 3e 81

6 4-OMePh, 1a 2b 3f 89

7 Ph, 1b 2b 3g 92

8 3,4-(OMe)2Ph, 1f 2b 3h 82

9 3,4,5-(OMe)3Ph, 1g 2b 3i 84

10 benzo[d][1,3]dioxole, 1h 2b 3j 75

11 2-NO2Ph, 1i 2b 3k 97

12 3-NO2Ph, 1j 2b 3l 82

13 4-NO2Ph, 1k 2b 3m 94

a Isolated yield after purification by silica gel column chromatography.

Table 3. Synthesis of Heteroaryl and Alkyl Pyrazoles 5 from β-
Heteroaryl and Alkyl Nitroethylenes 4 and Diazosulfone 2b

entry R, 4 pyrazole 5 % yielda

1 2-Furyl, 4a 5a 78

2 2-Thienyl, 4b 5b 69

3 Cyclohexyl, 4c 5c 70

4 Morpholino, 4d 5d 80

5 PhCHdCH, 4e 5e 74

6 o-OMePhCHdCH, 4f 5f 83

a Isolated yield after purification by silica gel column
chromatography.

Table 4. Synthesis of 3,4,5-Trisubstituted Pyrazoles 7 from R,β-
Disubstituted Nitroethylenes 6 and Diazosulfone 2b

entry R1 R2 7 time (h) % yielda

1 Ph Me 7a 24 62

2 2-Furyl Me 7b 24 69

3 4-MeOPh CH2OH 7c 0.5 77

4 2-Furyl NENHEb 7d 0.5 83

5 (CH2)4 7e 0.5 61

a Isolated yield after purification by silica gel column chromatogra-
phy. bE = CO2Et.

Scheme 1. Synthesis of Fused Sulfonylpyrazoles 9 from Nitro-
chromenes 8
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radical cyclization,20,21 sydnone cycloaddition,22 multi-
component coupling,23 and hydrazine-1,3-dicarbonyl cyc-
lization.24 Indeed, smooth desulfonation of 3g to 10g in our
hands and the procedure available in the literature for the
transformation of 10g to Withasomnine 11 via N-alkylation
and intramolecular radical cyclization20 confirmed that
3g per se is a good intermediate for the synthesis of 11.
However, we wished to develop novel and efficient routes
to 11 and felt that 11 would be accessible via carbonyl
reduction and desulfonation of lactam 12 which in turn
would arise via intramolecular cyclization of ester 13

(Scheme 2). Synthesis of 13 could be achieved by our
methodology by reacting diazosulfone 2b with nitroester
14. An alternative strategy to synthesize 11 would be via
15, the intramolecular cyclizationproduct of 16which in turn
would arise from reaction of 2b with 17 under our experi-
mental conditions.
Initially, we prepared nitroester 14 via a Rauhut�

Currier type reactionofβ-nitrostyrenewith ethyl acrylate,25

or via a high yielding condensation of ethyl 4-nitro-
butyrate with benzaldehyde.26 1,3-Dipolar cycloaddition
of nitroester 14 with sulfone 2b under our conditions
(NaOEt, EtOH) afforded pyrazole ester 13 in 77% yield
(Scheme 3).Reduction of the ester group in 1327withLAH
afforded corresponding alcohol 16 in 91%yield which was
transformed through a one-pot reaction involving bromi-
nation and intramolecular cyclization to the Withasom-

nine precursor 15 in 83% yield. Finally, desulfonation of
15 to Withasomnine 11 was achieved in 78% yield using
Na�Hg in MeOH.
An alternative route developed for the synthesis of 15

involved condensation of nitrobutanol 1828 with benzal-
dehyde to afford nitroalcohol 17a in 71% yield. Conver-
sion of alcohol 17a to bromide 17b in 91% yield followed
by cycloaddition of 17b with sulfone 2b furnished sulfonyl
Withasomnine 15.
Besides the simplicity and efficiency of our strategy,29

synthesis of other natural and non-natural analogs of
Withasomnine 11 is an attractive prospect which will be
pursued and reported in due course.
In conclusion, a one-pot regioselective method has

been developed for the synthesis of sulfonylpyrazoles
from diazosulfones and nitroalkenes under very
mild and simple experimental conditions.30 The scope
of the method has been demonstrated by synthesizing
a variety of functionalized and fused pyrazoles.
Our methodology has been successfully employed
for the total synthesis of a pyrazole alkaloid With-
asomnine.
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