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An efficient, one-pot synthesis of substituted pyrazoles from enones, hydrazides, and halides was
developed. In comparison with the classical Knorr pyrazole synthesis, this methodology gave a different
type of product (R3�R5). A range of substituted pyrazoles were prepared in good to high yields with
complete regioselectivity.

� 2012 Elsevier Ltd. All rights reserved.
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Fig. 1. Representative pyrazole derivatives.
1. Introduction

Pyrazoles and their derivatives represent an important class of
compounds that are used extensively in the pharmaceutical and
agrochemical industries.1 Compounds containing the pyrazole
moiety have a wide range of biological activities, such as the HIV-1
reverse transcriptase inhibitor PNU-32945,2 cyclooxygenase-2
(COX-2) inhibitor Celecoxib,3 herbicide Fluazolate,1b and fungicide
Pyraclostrobin4 (Fig. 1).

One of the most important methods for constructing pyrazole
rings5,6 is the classical Knorr pyrazole synthesis.7 The Knorr synthesis
suffers from a regioselectivity issue,8 which arise for pyrazoles with
R3sR5. When considering the sizes of the substituents, Knorr syn-
thesisproducts typicallyhaveR5 larger thanR3 (Scheme1a), suchas in
PNU-32945 and Celecoxib. To prepare a product with R3 larger than
R5, such as Fluazolate and Pyraclostrobin, this method is usually
unsuitable. Therefore, a general and convenientmethod for synthesis
of pyrazoles with R3>R5 is required.

2. Results and discussion

In the course of our study on the synthesis of substituted allenes
from enones,9 we found that when using inorganic Brønsted bases,
the reaction led to a different product, which was 1H-pyrazoles A
and/or B (Scheme 2). This kind of transformation has been reported
several times,10 however, to the best of our knowledge, this method
meng@lzu.edu.cn (M. Tang),

All rights reserved.
has not been widely used in pyrazole synthesis. It is well known
that under basic conditions, tautomerism between 1H-pyrazoles A
and B occurs easily. Therefore, we investigated sequential synthesis
of 1-position substituted pyrazoles by combining several elemen-
tary steps. Here, we report a three-step, one-pot synthesis of
1-position substituted pyrazole derivatives from readily available
and simple starting materials, such as enones, p-toluenesulfonyl
hydrazide (TsNHNH2) and halides (R1eX) (Scheme 1b).
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Table 1
One-pot synthesis of 1,3-disubstituted pyrazoles and the scope of the halides
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Entry Solvent R1eX Product Yielda (%)

1 EtOH 44b

2 CH3CN 4a 91

3 CH3CN 89

4 CH3CN 87

5 CH3CN 86

6 CH3CN 71

a The yields are for the isolated product.
b 5-Phenyl-1H-pyrazole 3 was isolated in 51% yield.
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Scheme 1. Regioselectivity in the construction of pyrazole rings.
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Fig. 2. X-ray structure of 4a and 4t.
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Encouraged by previous results,9 our study was performed with
cinnamaldehyde (1a) as a model substrate and NaOH as the base in
EtOH (Table 1). First, trapping of the intermediate 5-phenyl-1H-
pyrazole (3)11 with benzyl bromide was attempted. The progress of
pyrazole 3 formation was monitored by TLC, and when complete,
NaOH and benzyl bromide were added. Under basic conditions,
deprotonation of the NH moiety and rapid tautomerism resulted in
3a and/or 3b. Then 4a was obtained by a nucleophilic substitution
reaction of 3b with benzyl bromide. The structure of 4a was un-
ambiguously established by NMR and single-crystal X-ray analysis
(Fig. 2). However, the reaction of pyrazole 3 with benzyl bromide
was quite slow, and the yield was only 44% after two days (entry 1,
Table 1). Of the solvents screened, acetonitrile gave an excellent
yield within 2 h (91%, entry 2, Table 1). We then investigated the
scope of R1eX, and found benzoyl chloride, iodoethane, allyl bro-
mide, and propargyl bromide all gave the corresponding pyrazole
derivatives (4bee) in good to high yields (entries 3e6, Table 1). The
reaction showed consistent, complete regioselectivity, with only
single isomers obtained in all reactions. This regioselectivity could
be a result of repulsion between the phenyl substituent and R1.

Syntheses of a variety of pyrazoles were attempted to in-
vestigate the scope of the method. As shown in Table 2, different di-
, tri- and tetrasubstituted pyrazole derivatives were obtained in
good yields. However, the substituent R5 apparently affected the
formation of tosylhydrazone. Compared with benzalacetone (1e) as
the substrate, tosylhydrazone production was very slow in aceto-
nitrile with chalcone (1d) and 1f as substrates (entries 9e13, 16, 17,
Table 2). EtOH was used in the initial stage of the reaction, and after
the pyrazole formed, it was removed under reduced pressure and
acetonitrile was used to complete the procedure. When 1e was
used as the substrate, the bulk of R1 apparently affected the
regioselectivity of the reaction, benzyl bromide and benzoyl chlo-
ride could trap the intermediate 1H-pyrazole with complete
regioselectivity, and only one product (4s or 4t) was isolated, (en-
tries 14, 15, Table 2) however, iodoethane gave a disappointing
result, and the ratio of 4v:4w12 was 2.2:1 (Scheme 3). Moreover,
substrates 1e and 1f led to the same product 4s or 4twhen trapped
with benzyl bromide or benzoyl chloride (entries 14e17, Table 2).



Table 2
Preparation of substituted pyrazoles

Entry Enone 1 R1eX Product Yielda (%) Entry Enone 1 R1eX Product Yielda (%)

1 88 10 1d 85

2 1b 89 11 1d 98

3 1b 93 12 1d 96

4 1b 89 13 1d 74

5 1b 82 14 78

6 94 15 1e 76

7 1c 95 16 73

8 1c 78 17 1f 65

9 89 18 73

a The yields are for the isolated product.
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3. Conclusions

In conclusion, an efficient, one-pot, three-step synthesis of
substituted pyrazoles was developed. A series of 1,3-disubstituted,
1,4-disubstituted, 1,3,4-trisubstituted, 1,3,5-trisubstituted and
1,3,4,5-tetrasubstituted pyrazole derivatives were synthesized in
good yields. This efficient and highly modular one-pot procedure is
practical and useful. Further studies on the biological activities of
the products and application of this methodology to other in-
teresting pyrazole derivatives are underway in our laboratory.

4. Experimental section

4.1. General remarks

For product purification by flash column chromatography, silica
gel (200e300 mesh) and light petroleum ether (bp 60e90 �C) are
used. All organic extracts were dried over anhydrous MgSO4. IR
spectra were recorded on a Nicolet FT-170SX spectrometer. 1H and
13C NMR spectra were taken on a Bruker AVANCE III 400 MHz
spectrometer with TMS as an internal standard and CDCl3 as sol-
vent. The HRMS datawere determined on a Bruker Daltonics APEXII
47e FT-ICR spectrometer.

4.2. Typical representative procedure for the synthesis
1-benzyl-3-phenyl-1H-pyrazole (4a)

A mixture of 1a (132 mg, 1.0 mmol) and TsNHNH2 (205 mg,
1.1mmol) in CH3CN (2mL)were stirred at room temperature for 3 h
and then CH3CN (2 mL), NaOH (44 mg, 1.1 mmol) were added and
the mixture was heated at reflux for 15 h, then NaOH (60 mg,
1.5 mmol) and benzyl bromide (255 mg, 1.5 mmol) were sub-
sequently added and the mixture was stirred at room temperature
for 2 h. The product was extracted with Et2O and the organic layer
was washed with brine, dried over anhydrous MgSO4, filtered, and
concentrated in vacuo. Purification by chromatography on silica gel
afforded the desired product 4a as awhite crystalline solid (213mg,
91%). Mp 60e62 �C; dH (400 MHz, CDCl3) 5.32 (2H, s), 6.55 (1H, d, J
2.4 Hz), 7.20e7.23 (2H, m), 7.25e7.33 (5H, m), 7.35e7.39 (2H, m),
7.81e7.82 (2H, m); dC (100 MHz, CDCl3) 56.0, 103.2, 125.6, 127.5,
127.6, 127.9, 128.5, 128.7, 130.5, 133.5, 136.6, 151.5; HRMS (ESI):
MHþ, found 235.1232. C16H15N2 requires 235.1230, nmax (liquid
film) 3126, 3107, 3062, 3033, 2936, 1498, 1455, 1078 cm�1.

4.2.1. Preparation of phenyl(3-phenyl-1H-pyrazol-1-yl)methanone
(4b). Compound 4b (221 mg, 89%) was prepared following the
procedure described for 4a by using 1a (132 mg, 1.0 mmol),
TsNHNH2 (205 mg, 1.1 mmol), NaOH (104 mg, 2.6 mmol), and
benzoyl chloride (210 mg, 1.5 mmol) as colorless oil. dH (400 MHz,
CDCl3) 6.84 (1H, d, J 2.8 Hz), 7.35e7.44 (3H, m), 7.49e7.53 (2H, m),
7.59e7.63 (1H, m), 7.85e7.88 (2H, m), 8.24e8.27 (2H, m), 8.45 (1H,
d, J 2.8 Hz); dC (100 MHz, CDCl3) 107.1, 126.4, 128.0, 128.7, 129.1,
131.5, 131.7, 131.78, 131.84, 132.9, 155.9, 166.0; HRMS (ESI): MNaþ,
found: 271.0838. C16H12N2ONa requires 271.0842; nmax (liquid film)
3150, 3125, 3062, 1697, 1541, 1451, 1403, 1351, 1275 cm�1.

4.2.2. Preparation of 1-ethyl-3-phenyl-1H-pyrazole (4c). Compound
4c (150 mg, 87%) was prepared following the procedure described
for 4a by using 1a (132 mg, 1.0 mmol), TsNHNH2 (205 mg,
1.1 mmol), NaOH (104 mg, 2.6 mmol), and iodoethane (234 mg,
1.5 mmol) as colorless oil. dH (400 MHz, CDCl3) 1.48 (3H, t, J 7.6 Hz),
4.17 (2H, q, J 7.6 Hz), 6.51 (1H, d, J 2.0 Hz), 7.26 (1H, t, J 7.2 Hz),
7.36e7.39 (3H, m), 7.80 (2H, d, J 7.2 Hz); dC (100 MHz, CDCl3) 15.6,
47.0, 102.5, 125.5, 127.3, 128.5, 129.4, 133.7, 151.1; HRMS (ESI): MHþ,
found: 173.1070. C11H13N2 requires 173.1073; nmax (liquid film)
3063, 3035, 2982, 2939, 1605, 1500, 1457, 1352, 1225 cm�1.

4.2.3. Preparation of 1-allyl-3-phenyl-1H-pyrazole (4d). Compound
4d (158 mg, 86%) was prepared following the procedure described
for 4a by using 1a (132mg,1.0mmol), TsNHNH2 (205mg,1.1mmol),
NaOH (104 mg, 2.6 mmol), and allyl bromide (180 mg, 1.5 mmol) as
colorless oil. dH (400MHz, CDCl3) 4.75 (2H, dt, J5.6,1.2Hz), 5.17e5.26
(2H, m), 5.99e6.08 (1H, m), 6.55 (1H, d, J 2.4 Hz), 7.25e7.29 (1H, m),
7.35e7.39 (3H, m), 7.79e7.81 (2H, m); dC (100 MHz, CDCl3) 54.7,
102.9,118.4,125.5,127.4,128.5,130.1,132.9,133.5,151.4; HRMS (ESI):
MHþ, found: 185.1070. C12H13N2 requires 185.1073; nmax (liquidfilm)
3066, 3035, 2985, 2925, 1500, 1458, 1355, 1327, 1226, 1074 cm�1.

4.2.4. Preparation of 3-phenyl-1-(prop-2-yn-1-yl)-1H-pyrazole
(4e). Compound 4e (129 mg, 71%) was prepared following the
procedure described for 4a by using 1a (132 mg, 1.0 mmol),
TsNHNH2 (205 mg, 1.1 mmol), NaOH (104 mg, 2.6 mmol), and
propargyl bromide (177mg,1.5mmol) as colorless oil. dH (400MHz,
CDCl3) 2.49 (1H, t, J 2.8 Hz), 4.95 (2H, d, J 2.8 Hz), 6.57 (1H, d, J
2.4 Hz), 7.26e7.30 (1H, m), 7.36e7.39 (2H, m), 7.60 (1H, d, J 2.4 Hz),
7.78 (2H, dd, J 8.0, 1.2 Hz); dC (100MHz, CDCl3) 41.5, 74.7, 76.7, 103.3,
125.6, 127.7, 128.5, 130.0, 133.2, 152.0; HRMS (ESI): MHþ, found:
183.0919. C12H11N2 requires 183.0917; nmax (liquid film) 3290, 3063,
3037, 2925, 2127, 1500, 1459, 1337, 1227 cm�1.

4.3. Typical representative procedure for the synthesis
1,4-dibenzyl-1H-pyrazole (4f)

A mixture of 2-benzylacrylaldehyde (1b)13 (146 mg, 1.0 mmol)
and TsNHNH2 (205 mg, 1.1 mmol) in CH3CN (2 mL) were stirred at
room temperature for 2 h and then CH3CN (2 mL), NaOH (44 mg,
1.1 mmol) were added and the mixture was heated at reflux for
15 h, then NaOH (60 mg, 1.5 mmol) and benzyl bromide (255 mg,
1.5 mmol) were subsequently added and the mixture was stirred at
room temperature for 2 h. The product was extractedwith Et2O and
the organic layer was washed with brine, dried over anhydrous
MgSO4, filtered, and concentrated in vacuo. Purification by chro-
matography on silica gel afforded the desired product 4f as color-
less oil (218 mg, 88%). dH (400 MHz, CDCl3) 3.79 (2H, s), 5.21 (2H, s),
7.11 (1H, s), 7.17e7.21 (5H, m), 7.24e7.33 (5H, m), 7.37 (1H, s); dC
(100 MHz, CDCl3) 30.6, 55.9, 121.0, 126.0, 127.5, 127.9, 128.0, 128.36,
128.39, 128.7, 136.7, 139.3, 141.0; HRMS (ESI): MHþ, found 249.1381.
C17H17N2 requires 249.1386, nmax (liquid film) 3061, 3028, 2922,
2848, 1494, 1450, 1396, 1152 cm�1.

4.3.1. Preparation of (4-benzyl-1H-pyrazol-1-yl)(phenyl)methanone
(4g). Compound 4g (233 mg, 89%) was prepared following the
procedure described for 4f by using 1b (146 mg, 1.0 mmol),
TsNHNH2 (205 mg, 1.1 mmol), NaOH (104 mg, 2.6 mmol), and
benzoyl chloride (210 mg, 1.5 mmol) as colorless oil. dH (400 MHz,
CDCl3) 3.88 (2H, s), 7.22e7.26 (3H, m), 7.31e7.34 (2H, m), 7.45e7.50
(2H, m), 7.56e7.61 (1H, m), 7.63 (1H, s), 8.06e8.08 (2H, m), 8.16 (1H,
d, J 0.4 Hz); dC (100 MHz, CDCl3) 30.5, 124.8, 126.6, 128.0, 128.3,
128.5, 128.7, 131.3, 131.6, 132.8, 139.3, 145.2, 166.3; HRMS (ESI):
MNaþ, found: 285.1002. C17H14N2ONa requires 285.0998; nmax
(liquid film) 3062, 3028, 2919, 2850, 1697, 1365, 1244 cm�1.

4.3.2. Preparation of 4-benzyl-1-ethyl-1H-pyrazole (4h). Compound
4h (173 mg, 93%) was prepared following the procedure described
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for 4f by using 1b (146mg,1.0mmol), TsNHNH2 (205mg,1.1mmol),
NaOH (104 mg, 2.6 mmol), and iodoethane (234 mg, 1.5 mmol) as
colorless oil. dH (400 MHz, CDCl3) 1.44 (3H, t, J 7.2 Hz), 3.81 (2H, s),
4.09 (2H, q, J 7.2 Hz), 7.12 (1H, s), 7.17e7.21 (3H, m), 7.24e7.30 (2H,
m), 7.33 (1H, s); dC (100 MHz, CDCl3) 15.5, 30.6, 46.8, 120.4, 126.0,
127.0, 128.37, 128.43, 138.7, 141.2; HRMS (ESI): MHþ, found:
187.1237. C12H15N2 requires 187.1230; nmax (liquid film) 3082, 3061,
3026, 2981, 2934, 1494, 1449, 1397, 1356, 1157 cm�1.

4.3.3. Preparation of 1-allyl-4-benzyl-1H-pyrazole (4i). Compound
4i (176mg, 89%)was prepared following the procedure described for
4f by using 1b (146 mg, 1.0 mmol), TsNHNH2 (205 mg, 1.1 mmol),
NaOH (104 mg, 2.6 mmol), and allyl bromide (180 mg, 1.5 mmol) as
colorless oil. dH (400 MHz, CDCl3) 3.81 (2H, s), 4.66 (2H, dt, J 6.0,
1.2 Hz), 5.15e5.24 (2H, m), 5.94e6.04 (1H, m), 7.13 (1H, s), 7.17e7.20
(3H, m), 7.24e7.29 (2H, m), 7.35 (1H, s); dC (100 MHz, CDCl3) 30.6,
54.6,118.3,120.8,126.0,127.7,128.37,128.39,133.0,139.1,141.1;HRMS
(ESI):MHþ, found:199.1232. C13H15N2 requires199.1230; nmax (liquid
film) 3083, 3026, 2919, 2849, 1494, 1446, 1397, 1328, 1152 cm�1.

4.3.4. Preparation of 4-benzyl-1-(prop-2-yn-1-yl)-1H-pyrazole
(4j). Compound 4j (161 mg, 82%) was prepared following the
procedure described for 4f by using 1b (146 mg, 1.0 mmol),
TsNHNH2 (205 mg, 1.1 mmol), NaOH (104 mg, 2.6 mmol), and
propargyl bromide (177mg,1.5 mmol) as colorless oil. dH (400MHz,
CDCl3) 2.45 (1H, t, J 2.4 Hz), 3.81 (2H, s), 4.85 (2H, d, J 2.4 Hz),
7.18e7.21 (3H, m), 7.24e7.30 (2H, m), 7.33e7.35 (2H, m); dC
(100 MHz, CDCl3) 30.5, 41.4, 74.4, 76.9, 121.3, 126.1, 127.5, 128.4,
139.8, 140.8; HRMS (ESI): MHþ, found: 197.1074. C13H13N2 requires
197.1073; nmax (liquid film) 3289, 3084, 3061, 3027, 2916, 2126,
1602, 1494, 1446, 1395, 1349, 1152 cm�1.

4.4. Typical representative procedure for the synthesis
1-benzyl-4-methyl-3-phenyl-1H-pyrazole (4k)

A mixture of (E)-2-methyl-3-phenylacrylaldehyde (1c) (146 mg,
1.0 mmol) and TsNHNH2 (205 mg, 1.1 mmol) in CH3CN (2 mL) were
stirred at room temperature for 3 h and then CH3CN (2 mL), NaOH
(44mg,1.1 mmol) were added and themixture was heated at reflux
for 15 h, then NaOH (60 mg, 1.5 mmol) and benzyl bromide
(255 mg, 1.5 mmol) were subsequently added and the mixture was
stirred at room temperature for 2 h. The product was extractedwith
Et2O and the organic layer was washed with brine, dried over an-
hydrous MgSO4, filtered, and concentrated in vacuo. Purification by
chromatography on silica gel afforded the desired product 4k as
colorless oil (233 mg, 94%). dH (400 MHz, CDCl3) 2.20 (3H, s), 5.27
(2H, s), 7.15 (1H, s), 7.21e7.35 (6H, m), 7.38e7.42 (2H, m), 7.69e7.71
(2H, m); dC (100 MHz, CDCl3) 10.1, 55.9, 114.2, 127.1, 127.4, 127.7,
127.9, 128.3, 128.7, 129.7, 134.1, 136.8, 149.7; HRMS (ESI): MHþ,
found 249.1380. C17H17N2 requires 249.1386, nmax (liquid film) 3061,
3030, 2926, 2867, 1603, 1552, 1496, 1444, 1343, 1162 cm�1.

4.4.1. Preparation of (4-methyl-3-phenyl-1H-pyrazol-1-yl)(phenyl)
methanone (4l). Compound 4l (249 mg, 95%) was prepared fol-
lowing the procedure described for 4k by using 1c (146 mg,
1.0 mmol), TsNHNH2 (205 mg, 1.1 mmol), NaOH (104 mg,
2.6 mmol), and benzoyl chloride (210 mg,1.5 mmol) as colorless oil.
dH (400 MHz, CDCl3) 2.31 (3H, s), 7.37e7.51 (5H, m), 7.58 (1H, t, J
7.2 Hz), 7.75 (2H, d, J 7.2 Hz), 8.21e8.25 (3H, m); dC (100MHz, CDCl3)
10.4, 118.8, 127.8, 128.0, 128.5, 128.6, 130.0, 131.67, 131.72, 132.5,
132.7, 155.5, 165.9; HRMS (ESI): MNaþ, found: 285.0997.
C17H14N2ONa requires 285.0998; nmax (liquid film) 3061, 3030,
2925, 2867, 1603, 1552, 1495, 1447, 1343, 1162 cm�1.

4.4.2. Preparation of 1-allyl-4-methyl-3-phenyl-1H-pyrazole
(4m). Compound 4m (155 mg, 78%) was prepared following the
procedure described for 4k by using 1c (146 mg, 1.0 mmol),
TsNHNH2 (205 mg, 1.1 mmol), NaOH (104 mg, 2.6 mmol), and allyl
bromide (180 mg, 1.5 mmol) as colorless oil. dH (400 MHz, CDCl3)
2.22 (3H, d, J 0.8 Hz), 4.71 (2H, dt, J 4.4, 1.2 Hz), 5.20e5.25 (2H, m),
5.99e6.09 (1H, m), 7.21 (1H, s), 7.27e7.31 (1H, m), 7.37e7.41 (2H,
m), 7.67e7.69 (2H, m); dC (100 MHz, CDCl3) 10.0, 54.5, 113.9, 118.3,
127.0, 127.4, 128.3, 129.4, 133.1, 134.1, 149.7; HRMS (ESI): MHþ,
found: 199.1232. C13H15N2 requires 199.1230; nmax (liquid film)
3062, 3024, 2922, 2868, 1604, 1552, 1438, 1340, 1165 cm�1.
4.5. Typical representative procedure for the synthesis
1-benzyl-3,5-diphenyl-1H-pyrazole (4n)

A mixture of chalcone (1d) (208 mg, 1.0 mmol) and TsNHNH2
(205 mg, 1.1 mmol) in EtOH (2 mL) were stirred at room temper-
ature for 48 h and then EtOH (2 mL), NaOH (44.0 mg, 1.1 mmol)
were added and the mixture was heated at reflux for 15 h, then the
solvent was removed under reduced pressure, then CH3CN (4 mL),
NaOH (60 mg, 1.5 mmol) and benzyl bromide (255 mg, 1.5 mmol)
were subsequently added and the mixture was stirred at room
temperature for 2 h. The product was extracted with Et2O and the
organic layer was washed with brine, dried over anhydrous MgSO4,
filtered, and concentrated in vacuo. Purification by chromatography
on silica gel afforded the desired product 4n as white crystalline
solid (276 mg, 89% yield). Mp 114e117 �C; dH (400 MHz, CDCl3) 5.38
(2H, s), 6.66 (1H, s), 7.09 (2H, d, J 7.2 Hz), 7.21e7.30 (4H, m),
7.32e7.42 (7H, m), 7.87 (2H, d, J 7.2 Hz); dC (100 MHz, CDCl3) 53.2,
103.7, 125.6, 126.7, 127.4, 127.6, 128.55, 128.56, 128.6, 128.8, 130.6,
133.4, 137.7, 145.4, 150.9; HRMS (ESI): MHþ, found 311.1536.
C22H19N2 requires 311.1543, nmax (liquid film) 3060, 2955, 2924,
2853, 1452, 1361, 1307 cm�1.

4.5.1. Preparation of (3,5-diphenyl-1H-pyrazol-1-yl)(phenyl)meth-
anone (4o). Compound 4o (276 mg, 85%) was prepared following
the procedure described for 4n by using 1d (208 mg, 1.0 mmol),
TsNHNH2 (205 mg, 1.1 mmol), NaOH (104 mg, 2.6 mmol), and
benzoyl chloride (210 mg, 1.5 mmol) as colorless oil. dH (400 MHz,
CDCl3) 6.86 (1H, s), 7.35e7.44 (6H, m), 7.47e7.51 (4H, m), 7.59e7.63
(1H, m), 7.86 (2H, dd, J 8.0, 1.2 Hz), 8.11e8.13 (2H, m); dC (100 MHz,
CDCl3) 108.9, 126.3, 128.0, 128.2, 128.5, 128.7, 129.1, 130.8, 131.8,
131.9, 132.5, 133.1, 148.6, 153.5, 167.4; HRMS (ESI): MNaþ, found:
347.1158. C22H16N2ONa requires 347.1155; nmax (liquid film) 3061,
2924, 2856, 1709, 1560, 1488, 1453, 1331, 1305 cm�1.

4.5.2. Preparation of 1-ethyl-3,5-diphenyl-1H-pyrazole (4p). Comp-
ound 4p (243 mg, 98%) was prepared following the procedure de-
scribed for 4n by using 1d (208 mg, 1.0 mmol), TsNHNH2 (205 mg,
1.1 mmol), NaOH (104 mg, 2.6 mmol), and iodoethane (234 mg,
1.5 mmol) as colorless oil. dH (400 MHz, CDCl3) 1.44 (3H, t, J 7.2 Hz),
4.20 (2H, q, J 7.2 Hz), 6.57 (1H, s), 7.29 (1H, t, J 7.6 Hz), 7.38e7.48 (7H,
m), 7.84e7.86 (2H, m); dC (100 MHz, CDCl3) 15.9, 44.6, 103.3, 125.6,
127.5, 128.48, 128.54, 128.7, 128.8, 130.9, 133.6, 144.4, 150.5; HRMS
(ESI): MHþ, found: 249.1384. C17H17N2 requires 249.1386; nmax

(liquid film) 3060, 2976, 2937,1605,1548,1481,1460,1373,1304 cm�1.

4.5.3. Preparation of 1-allyl-3,5-diphenyl-1H-pyrazole (4q). Compo-
und 4q (250 mg, 96%) was prepared following the procedure
described for 4n by using 1d (208 mg, 1.0 mmol), TsNHNH2
(205 mg, 1.1 mmol), NaOH (104 mg, 2.6 mmol), and allyl bromide
(180 mg, 1.5 mmol) as colorless oil. dH (400 MHz, CDCl3) 4.77 (2H,
dd, J 3.2, 1.6 Hz), 5.03 (1H, dd, J 16.8, 1.2 Hz), 5.20 (1H, dd, J 10.4,
1.2 Hz), 6.00e6.09 (1H, m), 6.61 (1H, s), 7.29 (1H, t, J 7.6 Hz),
7.37e7.46 (7H, m), 7.84e7.86 (2H, m); dC (100 MHz, CDCl3) 52.0,
103.3, 117.2, 125.6, 127.6, 128.52, 128.56, 128.59, 128.7, 130.6, 133.4,
133.8, 145.1, 150.9; HRMS (ESI): MHþ, found: 261.1385. C18H17N2
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requires 261.1386; nmax (liquid film) 3062, 2986, 2928, 1605, 1549,
1483, 1459, 1438, 1367, 1304 cm�1.

4.5.4. Preparation of 3,5-diphenyl-1-(prop-2-yn-1-yl)-1H-pyrazole
(4r). Compound 4r (191 mg, 74%) was prepared following the
procedure described for 4n by using 1d (208 mg, 1.0 mmol),
TsNHNH2 (205 mg, 1.1 mmol), NaOH (104 mg, 2.6 mmol) and
propargyl bromide (177 mg, 1.5 mmol) as white crystalline solid.
Mp 93e95 �C; dH (400MHz, CDCl3) 2.42 (1H, t, J 2.4 Hz), 4.90 (2H, d,
J 2.4 Hz), 6.62 (1H, s), 7.28e7.32 (1H, m), 7.38e7.50 (5H, m),
7.55e7.58 (2H, m), 7.84e7.86 (2H, m); dC (100 MHz, CDCl3) 39.7,
73.6, 78.4, 103.7, 125.7, 127.8, 128.5, 128.7, 128.8, 130.1, 133.1, 145.0,
151.4; HRMS (ESI): MHþ, found: 259.1223. C18H15N2 requires
259.1230; nmax (liquid film) 3294, 3063, 2963, 2932, 1482, 1458,
1432 cm�1.
4.6. Typical representative procedure for the synthesis
1-benzyl-5-methyl-3-phenyl-1H-pyrazole (4s)

A mixture of (E)-4-phenylbut-3-en-2-one (1e) (146 mg,
1.0 mmol) and TsNHNH2 (205 mg, 1.1 mmol) in CH3CN (2 mL) were
stirred at room temperature for 3 h and then CH3CN (2 mL), NaOH
(44mg,1.1 mmol) were added and themixturewas heated at reflux
for 17 h, then NaOH (60 mg, 1.5 mmol) and benzyl bromide
(255 mg, 1.5 mmol) were subsequently added and the mixture was
stirred at room temperature for 2 h. The product was extractedwith
Et2O and the organic layer was washed with brine, dried over
anhydrous MgSO4, filtered, and concentrated in vacuo. Purification
by chromatography on silica gel afforded the desired product 4s as
white crystalline solid (194 mg, 78% yield). Mp 86e87 �C; dH
(400 MHz, CDCl3) 2.18 (3H, s), 5.32 (2H, s), 6.37 (1H, s), 7.11 (2H, d, J
6.8 Hz), 7.22e7.31 (4H, m), 7.36e7.39 (2H, m), 7.80e7.82 (2H, m); dC
(100 MHz, CDCl3) 11.2, 53.1, 103.2, 125.5, 126.6, 127.4, 127.5, 128.5,
128.6, 133.7, 137.0, 139.8, 150.3; HRMS (ESI): MHþ, found 249.1385.
C17H17N2 requires 249.1386, nmax (liquid film) 3063, 3027, 2914,
1547, 1480, 1451, 1427, 1310 cm�1.

4.6.1. Preparation of (5-methyl-3-phenyl-1H-pyrazol-1-yl)(phenyl)
methanone (4t). Compound 4t (199 mg, 76%) was prepared fol-
lowing the procedure described for 4s by using 1e (146 mg,
1.0 mmol), TsNHNH2 (205 mg, 1.1 mmol), NaOH (104 mg,
2.6 mmol), and benzoyl chloride (210 mg, 1.5 mmol) as white
crystalline solid. Mp 81e83 �C; dH (400 MHz, CDCl3) 2.72 (3H, d, J
0.8 Hz), 6.57 (1H, d, J 0.8 Hz), 7.23e7.41 (3H, m), 7.46e7.50 (2H, m),
7.56e7.60 (1H, m), 7.78e7.81 (2H, m); dC (100 MHz, CDCl3) 14.5,
107.9,126.2,127.8,128.6,128.9,131.7, 132.0,132.5,133.1,145.7,153.4,
168.5; HRMS (ESI): MNaþ, found: 285.0991. C17H14N2ONa requires
285.0998; nmax (liquid film) 3112, 3061, 3031, 2970, 2925, 1690,
1597, 1577, 1469, 1446, 1349 cm�1.

4.6.2. Preparation of 1-ethyl-5-methyl-3-phenyl-1H-pyrazole (4v)
and 1-ethyl-3-methyl-5-phenyl-1H-pyrazole (4w). Compound 4v
(123 mg, 66%) and 4w (56 mg, 30%) were prepared following the
procedure described for 4s by using 1e (146 mg, 1.0 mmol),
TsNHNH2 (205 mg, 1.1 mmol), NaOH (104 mg, 2.6 mmol), and
iodoethane (234mg,1.5mmol) as colorless oil. For 4v: dH (400MHz,
CDCl3) 1.43 (3H, t, J 7.2 Hz), 2.29 (3H, s), 4.12 (2H, q, J 7.2 Hz), 6.29
(1H, s), 7.24e7.27 (1H, m), 7.34e7.38 (2H, m), 7.75e7.77 (2H, m); dC
(100 MHz, CDCl3) 11.0, 15.5, 44.0, 102.6, 125.4, 127.2, 128.4, 133.9,
138.7, 150.0; HRMS (ESI): MHþ, found: 187.1225. C12H15N2 requires
187.1320; nmax (liquid film) 3059, 2980, 2938, 2875, 1550, 1444,
1372, 1315 cm�1. For 4w: dH (400 MHz, CDCl3) 1.39 (3H, t, J 7.2 Hz),
2.32 (3H, s), 4.09 (2H, q, J 7.2 Hz), 6.05 (1H, s), 7.36e7.46 (5H, m); dC
(100 MHz, CDCl3) 13.5, 15.9, 44.1, 105.6, 128.3, 128.6, 128.7, 131.2,
143.9, 147.7; HRMS (ESI): MHþ, found: 187.1227. C12H15N2 requires
187.1320; nmax (liquid film) 3059, 2976, 2932, 2876, 1548, 1495,
1453, 1423, 1379 cm�1.

4.7. Procedure for the synthesis (4,5-dimethyl-3-phenyl-1H-
pyrazol-1-yl)(phenyl)methanone (4u)

A mixture of (E)-3-methyl-4-phenylbut-3-en-2-one (1g)
(160 mg, 1.0 mmol) and TsNHNH2 (205 mg, 1.1 mmol) in CH3CN
(2 mL) were stirred at room temperature for 24 h and then CH3CN
(2 mL), NaOH (44 mg, 1.1 mmol) were added and the mixture was
heated at reflux for 24 h, then NaOH (60 mg,1.5 mmol) and benzoyl
chloride (256 mg, 1.5 mmol) were subsequently added and the
mixture was stirred at room temperature for 2 h. The product was
extracted with Et2O and the organic layer was washed with brine,
dried over anhydrous MgSO4, filtered, and concentrated in vacuo.
Purification by chromatography on silica gel afforded the desired
product 4u as white crystalline solid (202 mg, 73%). Mp
143e146 �C; dH (400 MHz, CDCl3) 2.17 (3H, s), 2.63 (3H, s),
7.33e7.46 (5H, m), 7.52e7.68 (1H, m), 7.67 (2H, d, J 7.2 Hz), 8.06 (2H,
d, J 7.2 Hz); dC (100 MHz, CDCl3) 9.2, 12.4, 116.5, 127.7, 128.1, 128.4,
131.5, 132.3, 132.9, 133.4, 141.5, 153.8, 168.5; HRMS (ESI): MNaþ,
found 299.1146. C18H16N2ONa requires 299.1155, nmax (liquid film)
3061, 2960, 2925, 1694, 1450, 1338 cm�1.
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