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ABSTRACT

A new method to synthesize N-unsubstituted pyrazoles on a solid support is described. The solid support acts as a protecting group for the
amino acid. N-Protected amino acid is N-nitrosated, and the subsequent treatment with acetic anhydride in a microwave reactor yields mesoionic
sydnones that react in situ in 1,3-dipolar cycloaddition reactions with alkynes. Traceless cleavage of the products gives N-unsubstituted
pyrazoles in high overall yields.

Pyrazoles show a wide variety of pharmacological effects,
including anti-inflammatory (celecoxib),1 antiobesity (ri-
monabant),2 alcohol dehydrogenase inhibitory (fomepi-
zole),3 and phosphodiesterase inhibitory (sildenafil)4 ac-
tivities. Huisgen’s 1,3-dipolar cycloaddition is a versatile
method to synthesize five-membered nitrogen hetero-
cycles.5 Recent synthesis of pyrazoles via 1,3-dipolar
cycloaddition includes reactions of nitrile imines and

alkynes6 or enamines,7 hydrazones and nitroolefins,8 diazo
compounds and alkynes,9 and azomethine imines and
alkynes.10 Sydnones are relatively stable mesoionic com-
pounds that react as azomethine imine-type dipoles.11 1,3-
Dipolar cycloaddition of sydnones with alkynes has been
studied by Huisgen et al.12 Recently sydnones have been
utilized in the cycloadditions yielding functionalized
pyrazoles.13 The sydnone route produces normally N-
substituted pyrazoles because an N-substituted amino acid
is essential to the N-nitrosation reaction.

Solid-phase synthesis of heterocycles and 1,3-dipolar
cycloadditions on solid supports have recently been
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Soubrié, P.; Breliére, J. C.; Le Fur, G. FEBS Lett. 1994, 350, 240–244.

(3) Baud, F. J.; Bismuth, C.; Garnier, R.; Galliot, M.; Astier, A.; Maistre,
G.; Soffer, M. Clin. Toxicol. 1986, 24, 463–483.

(4) Terrett, N. K.; Bell, A. S.; Brown, D.; Ellis, P. Bioorg. Med. Chem.
Lett. 1996, 6, 1819–1824.

(5) 1,3-Dipolar Cycloaddition Chemistry; Padwa, A., Ed.; John Wiley
& Sons, Inc: New York, 1984; Vols. 1 and 2.

(6) (a) Conti, P.; Pinto, A.; Tamborini, L.; Rizzo, V.; De Micheli, C.
Tetrahedron 2007, 63, 5554–5560. (b) Molteni, G. ARKIVOC 2007, ii, 224–
246.

(7) (a) Donohue, S. R.; Halldin, C.; Pike, V. W. Tetrahedron Lett. 2008,
49, 2789–2791. (b) Oh, L. M. Tetrahedron Lett. 2006, 47, 7943–7946.

(8) (a) Deng, X.; Mani, N. S. Org. Lett. 2008, 10, 1307–1310. (b) Deng,
X.; Mani, N. S. Org. Lett. 2006, 8, 3505–3508.

(9) (a) Hari, Y.; Tsuchida, S.; Sone, R.; Aoyama, T. Synthesis 2007,
3371–3375. (b) Jiang, N.; Li, C.-J. Chem. Commun. 2004, 394–395. (c)
Aggarwal, V. K.; de Vicente, J.; Bonnert, R. V. J. Org. Chem. 2003, 68,
5381–5383.

(10) Komatsu, M.; Minakata, S.; Oderaotoshi, Y. ARKIVOC 2006, Vii,
370–389.

(11) Stewart, F. H. C. Chem. ReV. 1964, 64, 129–147.
(12) (a) Huisgen, R.; Gotthardt, H.; Grashey, R. Chem. Ber. 1968, 101,

536–551. (b) Huisgen, R.; Grashey, R.; Gotthardt, H.; Schmidt, R. Angew.
Chem. 1962, 74, 29–30.

(13) (a) Browne, D. L.; Taylor, J. B.; Plant, A.; Harrity, J. P. A. J. Org.
Chem. 2009, 74, 396–400. (b) Satheesha Rai, N.; Kalluraya, B.; Lingappa,
B.; Shenoy, S.; Puranic, V. G. Eur. J. Med. Chem. 2008, 43, 1715–1720.
(c) Browne, D. L.; Helm, M. D.; Plant, A.; Harrity, J. P. A. Angew. Chem.,
Int. Ed. 2007, 46, 8656–8658. (d) Dumitraşcu, F.; Mitan, C. I.; Dumitrescu,
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reviewed.14 Solid-phase synthesis of pyrazoles has been
studied mainly via hydrazine reactions15 and also via 1,3-
dipolar cycloadditions.16 Acid-cleavable 2-methoxy-
substituted resin has proven very useful in traceless solid-
phase synthesis, and it has been utilized, e.g., in the
synthesis of five-membered nitrogen heterocycles such as
imidazoles,17 1,2,4-triazoles,18 and 1,2,3-triazoles.19 We
now introduce a traceless solid-phase synthesis of N-
unsubstituted pyrazole carboxylates via polymer-bound
sydnones utilizing 2-methoxy resin. The resin protects the
amino group during the N-nitrosation, and after the
reaction steps the products are cleaved from the resin in
a traceless manner yielding N-unsubstituted pyrazoles.

Several amino acid methyl esters were attached to
formyl-functionalized Ameba resin 1 using a reductive
amination (Scheme 1).17,20 The amination, subsequent
hydrolysis of the esters, and N-nitrosation were performed
in a parallel fashion with the Radleys 12-place carousel
reaction station. One-pot cycloaddition with dimethyl acety-
lenedicarboxylate, ethyl propiolate, or methyl propiolate
under microwave irradiation in the presence of a water-
removing agent gave polymer-bound pyrazoles 5. The
products 6 were cleaved from the resin with trifluoroacetic
acid in a parallel fashion by shaking at room temperature in
sealed syringes.

The purity of the crude pyrazoles was analyzed by LC-
MS and 1H NMR. Most of the crude products were
obtained in high purities. The reactions were monitored
with FT-IR and LC-MS. After the reactions, major changes
in the FT-IR spectra were in the carbonyl area. Disap-
pearance of the aldehyde band (1674 cm-1) indicated
successful attachment of the amino acid methyl ester, and
hydrolyzed methyl esters (1725-1735 cm-1) were detected
as sodium salts of the acids (1580-1600 cm-1). N-
Nitrosation and 1,3-dipolar cycloaddition caused also
changes in the carbonyl area and additionally some minor
changes in FT-IR spectra. After the cleavage, analysis of

the residual resins showed only traces of the peaks typical
for these products; instead we detected a trifluoroacetate
band (1780 cm-1). LC-MS analyses gave further informa-
tion about the reactions. The intermediate resins were first
treated with TFA-DCM, and the cleaved compounds were
then analyzed with LC-MS. Resin-bound amino acid ester
and amino acid were cleaved in minor amounts coupled
with the 4-hydroxy-2-methoxybenzyl linker. Cycloaddi-
tions were carried out under microwave irradiation at 150
°C for 30 min. Crude pyrazoles were obtained in small
amounts and low purity at a reduced temperature (130
°C, 30 min). Continuing the reaction for 30 min at 150
°C, we obtained a high yield and crude product purity
(>80%). When N-(3-dimethylaminopropyl)-N′-ethylcar-
bodiimide (EDC) was used as a dehydrating agent, instead
of acetic anhydride, the crude product purity was under
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Scheme 1. Solid-Phase Synthesis of Pyrazoles 6
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50%. Interestingly, no signs of the 4-hydroxy-2-methoxy-
benzyl group could be seen attached to the crude pyrazoles
cleaved from the resin, meaning traceless cleavage of the
products. When ethyl or methyl propiolate was used in
the cycloaddition reaction, instead of dimethyl acetylene-
dicarboxylate (DMAD), we obtained inseparable mixtures
of regioisomers. The major regioisomer proved to be
3-carboxylic ester, and 4-carboxylic esters were obtained
in minor amounts (∼20-30% in crude products). Alkynes
with electron-withdrawing groups were the most reactive
in the cycloaddition, and under the same reaction condi-
tions less activated alkynes such as ethyl phenylpropiolate
gave only traces of the cycloadduct.

Regiochemistry of the reaction was studied with NMR
analyses. In the major product (3-carboxylate), aromatic
pyrazole proton CH appeared at 6.60-6.67 ppm, whereas
in the other regioisomer (4-carboxylate) the aromatic proton
was located at 7.98-8.03 ppm. This is consistent with the
literature data.21 Additionally, NOESY experiments con-
firmed the regiochemistry showing couplings through space
between alkyl protons of R1 and the aromatic pyrazole CH
proton, proving that the pyrazole proton is in close proximity
to the alkyl substituent. The obtained products, yields, and
purities are listed in Table 1.

In conclusion, we have developed a convenient, novel
method to synthesize N-unsubstituted pyrazoles on a solid
support. A variety of substituents were introduced into the
pyrazole ring. Widely available amino acids gave a good
diversity of alkyl substituents and other functional groups
in the pyrazole ring. The average yield per reaction step was
over 80%. This method gives a facile approach to N-
unsubstituted pyrazole carboxylates, starting from primary
amino acid methyl esters, and the products can be utilized
as building blocks for further reactions.
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Table 1. Yields and Purities of Pyrazoles 6a-t

product R1 yielda (%) purityb (%)

6a hydrogen 32 >98
6b methyl 54 >98
6c ethyl 60 >95
6d propyl 57 >95
6e 1-methylethyl 53 >98
6f butyl 59 >90
6g 1-methylpropyl 53 >98
6h 2-methylpropyl 47 >98
6i cyclohexylmethyl 57 >90
6j benzyl 43 >90
6k 4-nitrobenzyl 17 >90
6l 4-benzyloxybenzyl 57 >90
6m benzyloxymethyl 17 >80
6n benzylsulfanylmethyl 12 >90
6o 2-methylsulfanylethyl 28 >80
6p 4-benzyloxycarbonylaminobutyl 23 >90
6q 1-methylethyl 24 (6:1)c >98
6r 2-methylpropyl 23 (4:1)c >95
6s 2-methylsulfanylethyl 14 (4:1)c >98
6t 2-methylpropyl 18 (19:1)c >98

a Overall isolated yields are based on the theoretically corrected loadings
(0.83-1.04 mmol/g). b The purities were evaluated on the basis of analytical
data. c The ratio of the regioisomers after chromatographic purification was
evaluated on the basis of 1H NMR.
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