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无催化剂一锅法构建取代磺酰吡唑 

马豪杰 a,b    周小强 b,c    韩  波 a    李  然 a    侯雪艳 a 
姬星月 a    张玉琦*,a    黄国生*,b    王记江 a 

(a延安大学化学与化工学院  延安大学新能源与新功能材料重点实验室   
陕西化学反应工程重点实验室  陕西延安 716000)   

(b 兰州大学功能有机分子化学国家重点实验室  兰州 730000) 
(c 渭南师范学院化学与材料学院  陕西渭南 714099) 

摘要  开发了一种新型有效的在无催化剂条件下由苯磺酰肼和戊烷-2,4-二酮构建取代吡唑的方法, 该方法具有官能团

适用性好、步骤经济、操作简单、试剂便宜、反应条件温和及可进行按比例放大等优势.  
关键词  无催化剂; 磺酰吡唑; 戊烷-2,4-二酮; 苯磺酰肼  

A Catalyst-Free One-Pot Protocol for the Construction of  
Substituted Sulfonyl Pyrazoles 

Ma, Haojiea,b    Zhou, Xiaoqiangb,c    Han, Boa    Li, Rana    Hou, Xueyana 
Ji, Xingyuea    Zhang, Yuqi*,a    Huang, Guosheng*,b    Wang, Jijianga 
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(b State Key Laboratory of Applied Organic Chemistry, Lanzhou University, Lanzhou 730000) 
(c College of Chemistry and Material, Weinan Normal University, Weinan, Shaanxi 714099) 

Abstract  A novel and efficient protocol for the construction of substituted pyrazoles from benzenesulfonohydrazides and 
pentane-2,4-diones under catalyst-free conditions was developed. This protocol features excellent tolerance to a variety of 
functional groups, step economy, simple operation with inexpensive reagents, mild reaction conditions, and can be scaled-up.  
Keywords  catalyst-free; sulfonyl pyrazole; pentane-2,4-dione; benzenesulfonohydrazide 

 
1  Introduction 

Pyrazoles and their derivatives, as an important class of 
compounds, have extensive applications in the fields of 
pharmaceutical industry, agrochemicals and materials sci-
ence.[1] Molecules with this valuable motif exhibit various 
biological and pharmaceutical activities, ranging from an-
ticancer[2] to antiinflammatory,[3] antibacterial,[4] antidia-
betic,[5] antiobesity,[6] and antiviral.[7] Structural cores con-
taining pyrazole rings have been found as the core struc-

tures of many drugs,[8] such as Penthiopyrad, Lonazolac, 
Rimonabant, Razaxaban, Celebrex and Deracoxib (Figure 
1). Particularly, Celebrex, served as a selective COX-2 
inhibitor, is top 200 brand name drug by total US prescrip-
tions in 2012.[9] Additionally, pyrazoles are used as ligands 
in coordination chemistry, directing groups for C—H acti-
vations and precursors to N-heterocyclic carbenes (NHCs). 
Especially, sulfonyl pyrazoles are also used as herbicidal 
agents[10] and antioxidants.[11] Therefore, it is of great value 
to develop a new method to introduce sulfonyl group to 
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pyrazoles. 

 

Figure 1  Structures of some commercial pyrazoles 

Due to the importance of these heterocycles, a variety of 
synthetic approaches have been developed for the prepara-
tion of pyrazole scaffold, such as oxidative coupling of 
enaminones and nitriles,[12] 1,3-dipolar cycloaddition based 
on alkenes or alkynes,[13] substituted hydrazines with 
1,3‐dicarbonyl compounds[14] or unsaturated aldehydes and 
ketones,[15] functionalization of unsubstituted pyrazoles,[16] 
metal-catalyzed oxidative carbonylations of arylhydrazines 
and alkynes.[17]. Among these methods, the most efficient 
and simplest procedure is based on the condensation‐  
cyclization reaction of substituted hydrazines and 1,3‐  
dicarbonyl compounds. A variety of catalysts have been 
employed in this transformation, such as Cu salts,[18] 
Sc(OTf)3,[19] polystyrene supported sulfonic acid,[20] 
H2SO4,[21] layered zirconium sulfophenyl phosphonate.[22] 
In 2018, Wang’s group[18b] obtained pyrazoles from phe-
nylhydrazine and pentane-2,4-dione under Cu catalyst 
(Scheme 1, a). The same year, Yu’s group[18a] reported a 
novel synthesis of pyrazoles in the presence of Cu1.5P- 
Mo12O40 (Scheme 1, b). In 2009, Wu’s group[19] presented 
a Sc-catalyzed reaction leading to the formation of pyra-
zoles (Scheme 1, c). However, there are few methods to 
acquire substituted sulfonyl pyrazoles.[23] Additionally, in  
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Scheme 1  Synthetic approaches toward pyrazoles 

the presented methods, there are still some drawbacks that 
limit their practical applications, including requirements of 
strongly acid or transition-metal catalysts, harsh and sensi-
tive reaction conditions, long reaction times and low 
yields. Therefore, there is a great need to develop a simple 
synthetic route with mild reaction conditions, environmen-
tal friendly, high yields and availability of industrial pro-
duction for sulfonyl pyrazole and its derivatives. Wei’s 
group[24] reported effective and environmentally approach-
es for the synthesis of a variety of polycyclic compounds 
under additive-free or metal catalyst-free conditions. Or-
ganic reaction without catalyst will represent a promising 
option for cleaner and cheaper technologies in industry.[25] 
Herein, we designed a novel route for the synthesis of sub-
stituted pyrazoles from benzenesulfonohydrazides and 
pentane-2,4-diones under catalyst-free conditions. 

2  Results and discussion 
To initiate our study, the reaction conditions were 

screened for the formation of pyrazole by using 4-methyl- 
benzenesulfonohydrazide (1a) and pentane-2,4-dione (2a) 
as model substrates (Table 1). The reaction of 1a (0.2 
mmol, 1 equiv.) with 2a (0.3 mmol, 1.5 equiv.) was 
conducted in the presence of CBr4 (1 equiv.) in dimethyl- 
acetamide (DMSO) at 60 ℃, and was able to isolate the 
desired 3,5-dimethyl-1-tosyl-1H-pyrazole (3aa) in 50% 
yield (Table 1, Entry 1). Then the reaction was carried out 
without CBr4 in order to test whether CBr4 is necessary. 
The results showed that the yield of 3aa did not change 
(Table 1, Entry 2). Encouraged by this result, we continued  

Table 1  Optimization of reaction conditionsa 

 

Entry Catalyst Solvent Temp./℃ Yieldb/% 

1 CBr4 DMSO 60 50 
2 — DMSO 60 50 
3 — DMA 60 end 
4 — 1,4-Dioxane 60 83 
5 — DMF 60 70 
6 — Toluene 60 94 
7 — CH3CN 60 97 
8 — DCE 60 92 
9 — H2O 60 nd 
10 — CH3CN 40 88 
11 — CH3CN 80 94 
c12 — CH3CN 60 95 
d13 — CH3CN 60 96 

a Reaction conditions: 1a (0.2 mmol, 1 equiv.), 2a (0.3 mmol, 1.5 equiv.), 
solvent (1.5 mL), 2 h. b Isolated yields. c Reaction was performed under N2 
atmosphere. d Reaction was performed under O2 atmosphere. e nd＝not detect-
ed. DMA＝dimethylacetamide, DMF＝N,N-dimethylformamide. 
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to explore the optimal reaction conditions. Furthermore, 
the investigation of the solvent effects on the yield of the 
target product was carried out. The results illustrated that 
toluene, CH3CN, and 1,2-dichloroethane (DCE) were bet-
ter reaction solvents in this transformation, and the highest 
yield of 97% was acquired in CH3CN (Table 1, Entries 2～
9). In addition, the screening of various reaction tempera-
tures showed that the yield of 3aa decreased when the re-
action was conducted at higher or lower temperatures. The 
results suggested that 60 ℃ was favorable for the for-
mation of the target product (Table 1, Entries 7, 10, 11). 
The effects of reaction atmosphere on the product yield 
were also studied. The results showed that air was better 
than N2 and O2 (Table 1, Entries 7, 12, 13). Finally, the 
optimized reaction conditions are as follows: 4-methyl- 
benzene-sulfonohydrazide (1a) (0.2 mmol), pentane-2,4- 
dione (2a) (0.3 mmol), in 1.5 mL of CH3CN at 60 ℃ un-
der air (Table 1, Entry 7). 

With the optimized reaction conditions in hand, the 
scope and generality of the reaction regard to different  

Table 2  Synthesis of 3,5-dimethyl-1-(phenylsulfonyl)-1H-  
pyrazoles from substituted benzenesulfonohydrazides and pen-
tane-2,4-dionea 
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a Reaction conditions: 1 (0.2 mmol, 1 equiv.), 2a (0.3 mmol, 1.5 equiv.), in 1.5 
mL of CH3CN at 60 ℃ under air for 2 h. 

benzenesulfonohydrazides were investigated. The results 
are summarized in Table 2. A diverse array of benzene-  
sulfonohydrazides, bearing electron-donating, electron- 
withdrawing or sterically hindered group substituted 
aromatic rings were examined. All these benzenesulfono- 
hydrazides reacted smoothly with pentane-2,4-dione (2a) 
and the desired 3,5-dimethyl-1- (phenylsulfonyl)-1H- 
pyrazoles were obtained efficiently in good yields (Table 
2, 3aa～3la), ensuring a broad range of substrates. The 
yields remained relatively stable with varying the nature of 
the substituents on the benzenesulfonohydrazide. Con-
cerning the steric effect of the substituents on benzenesul-
fonohydrazide, the substrates bearing mono or multi me-
thyl or fluorine groups afforded the desired products in 
good to excellent yields (Table 2, 3aa, 3ca, 3ea, 3fa). Ad-
ditionally, the substrates containing heteroaromatic and 
condensed ring structures were also able to produce the 
products efficiently (Table 2, 3ka～3la). 

To further explore the applicability and compatibility of 
this synthetic route, the scope of diketone under the same 
reaction conditions was examined (Table 3). A range of 
diketone underwent the reaction conditions smoothly and 
gave the corresponding products in excellent yields, such 
as 2,6-dimethylheptane-3,5-dione, 1,3-di-phenylpropane- 
1,3-dione, etc. (Table 3, 3aa～3af). Heptane-3,5-dione 
reacted excellently with yield up to 98%, while 3-methyl- 
pentane-2,4-dione and 3-chloropentane-2,4-dione gave 
moderate results (Table 3, 3ac, 3ab, 3af). 

Table 3  Synthesis of 3,5-dimethyl-1-tosyl-1H-pyrazoles from 
4-methylbenzenesulfonohydrazide and substituted pentane- 
2,4-dionesa 
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a Reaction conditions: 1a (0.2 mmol, 1 equiv.), 2 (0.3 mmol, 1.5 equiv.), in 1.5 
mL of CH3CN at 60 ℃ under air for 2 h. 

To showcase the practicality of this method, the gram 
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scale reaction was further carried out. 4-Methyl- benzene- 
sulfonohydrazide (1a) and pentane-2,4-dione (2a) was 
scaled up to 20 mmol under standard reaction conditions. 
The corresponding product 3,5-dimethyl-1-tosyl-1H- 
pyrazole (3aa) was obtained in 94% yield without a 
significant loss (Scheme 2). 

 
Scheme 2  Gram scale reaction 

On the basis of the above results and previous literature 
reports,[26] a plausible mechanism is proposed for the 
formation of the substituted pyrazoles as illustrated in 
Scheme 3. The reaction is initiated by the reaction of 
4-methylbenzenesulfonohydrazide (1a) and pentane-2,4- 
dione (2a) to give the intermediate A, followed by the 
elimination of H2O to form intermediate B. Then 
intramolecular nucleophilic addition of B produces the 
intermediate C, which converts to the final product 3aa by 
the elimination of H2O. 

3  Conclusions 
In conclusion, a novel and efficient protocol for the 

installation of substituted pyrazoles in one step by using 
benzenesulfonohydrazides and pentane-2,4-diones as 
starting materials under catalyst-free conditions was 
successfully disclosed. The method demonstrated excellent 
tolerance to a variety of functional groups, giving the 
corresponding substituted pyrazoles in good to excellent 
yields under mild conditions. Comprehensively, this 
catalyst-free system was found to be highly effective 
although on a 20 mmol scale. Step economy, simple 
operation with inexpensive reagents and mild reaction 
conditions render this novel and efficient strategy to be 
highly useful. This approach will promote the development 
of the synthesis of pyrazoles in pharmaceutical industry, 
agrochemicals and materials science. 

4  Experimental section 
4.1  General experimental details 

1H NMR spectra were recorded at 400 MHz. Chemical 
shifts were referenced to tetramethylsilane (δ＝0.00) as an 
internal standard in CDCl3. 13C NMR spectra were ob-
tained at 100 MHz and were calibrated with CDCl3 (δ＝
77.00). The high resolution mass spectra (HRMS) were 
recorded on an FT-ICR mass spectrometer using elec-
trospray ionization (ESI). Products were purified by flash 
chromatography on 200～300 mesh silica gels. Unless 
otherwise noted, commercially available reagents and sol-
vents were used without further purification. All melting 
points were determined without correction. 
4.2  Typical procedure for the preparation of 3,5- 
dimethyl-1-tosyl-1H-pyrazoles 3 

A test tube was charged with 1 (0.2 mmol), 2 (0.3 
mmol) in CH3CN (1.5 mL). Then the reaction mixture was 
stirred at 60 ℃ (oil bath temperature) under air atmos-
phere. After cooling to room temperature, the solvent was 
extracted with ethyl acetate and washed with brine, dried 
with Na2SO4. After the solvent was evaporated in vacuo, 
the residues were purified by column chromatography, 
eluting with petroleum ether/ethyl acetate to afford pure 
3a.  

3,5-Dimethyl-1-tosyl-1H-pyrazole (3aa): Yellow solid. 
m.p. 93～95 ℃; 1H NMR (400 MHz, Chloroform-d) δ: 
7.83 (d, J＝8.4 Hz, 2H), 7.30 (d, J＝8.3 Hz, 2H), 5.90 (s, 
1H), 2.49 (s, 3H), 2.41 (s, 3H), 2.20 (s, 3H); 13C NMR 
(100 MHz, Chloroform-d) δ: 153.31, 145.08, 143.97, 
135.24, 129.81, 127.45, 110.66, 21.56, 13.75, 13.01; 
HRMS calcd for C12H15N2O2S [M＋H]＋ 251.0849, found 
251.0851. 

3,5-Dimethyl-1-(phenylsulfonyl)-1H-pyrazole (3ba): 
White solid. m.p. 79～81 ℃; 1H NMR (400 MHz, Chlo-
roform-d) δ: 7.95 (d, J＝7.2 Hz, 2H), 7.62 (t, J＝7.5 Hz, 
1H), 7.52 (t, J＝7.7 Hz, 2H), 5.91 (s, 1H), 2.50 (s, 3H), 
2.21 (s, 3H); 13C NMR (100 MHz, Chloroform-d) δ: 
153.59, 144.19, 138.26, 133.94, 129.23, 127.47, 110.84, 
13.80, 13.08; HRMS calcd for C11H13N2O2S [M＋H]＋

237.0692, found 237.0695. 
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Scheme 3  Proposed mechanism
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1-(Mesitylsulfonyl)-3,5-dimethyl-1H-pyrazole (3ca): 
Yellow solid. m.p. 106～108 ℃; 1H NMR (400 MHz, 
Chloroform-d) δ: 6.96 (s, 2H), 5.88 (s, 1H), 2.56 (s, 6H), 
2.45 (s, 3H), 2.30 (s, 3H), 2.15 (s, 3H); 13C NMR (100 
MHz, Chloroform-d) δ: 151.78, 144.01, 143.58, 140.62, 
132.63, 131.96, 109.37, 22.36, 21.00, 13.71, 12.83; HRMS 
calcd for C14H19N2O2S [M ＋ H] ＋  279.1162, found 
279.1159. 

1-((4-Methoxyphenyl)sulfonyl)-3,5-dimethyl-1H-pyra- 
zole (3da): Yellow solid. m.p. 127～129 ℃; 1H NMR 
(400 MHz, Chloroform-d) δ: 7.90 (d, J＝9.0 Hz, 2H), 6.97 
(d, J＝9.0 Hz, 2H), 5.89 (s, 1H), 3.86 (s, 3H), 2.49 (s, 3H), 
2.20 (s, 3H); 13C NMR (100 MHz, Chloroform-d) δ: 
163.87, 153.20, 143.85, 129.86, 129.68, 114.40, 110.56, 
55.67, 13.82, 13.10; HRMS calcd for C12H15N2O3S [M＋
H]＋ 267.0798, found 267.0799. 

1-((4-Fluorophenyl)sulfonyl)-3,5-dimethyl-1H-pyrazole 
(3ea): Yellow solid. m.p. 88～90 ℃; 1H NMR (400 MHz, 
Chloroform-d) δ: 8.02～7.96 (m, 2H), 7.23～7.16 (m, 2H), 
5.92 (s, 1H), 2.50 (s, 3H), 2.20 (s, 3H); 13C NMR (100 
MHz, Chloroform-d) δ: 165.78 (d, J＝256 Hz), 153.82, 
144.23, 134.27 (d, J＝3 Hz), 130.49 (d, J＝10 Hz), 116.60 
(d, J＝23 Hz), 110.92, 13.76, 13.07; HRMS calcd for 
C11H12FN2O2S [M＋H]＋ 255.0598, found 255.0602. 

1-((2,4-Difluorophenyl)sulfonyl)-3,5-dimethyl-1H-pyra- 
zole (3fa): White solid. m.p. 106～108 ℃; 1H NMR (400 
MHz, Chloroform-d) δ: 8.16～8.09 (m, 1H), 7.10～7.03 
(m, 1H), 6.94～6.87 (m, 1H), 5.94 (s, 1H), 2.57 (s, 3H), 
2.17 (s, 3H); 13C NMR (100 MHz, Chloroform-d) δ: 
166.67 (dd, J＝259, 12 Hz), 160.02 (dd, J＝260, 13 Hz), 
154.06, 145.64, 132.94 (d, J＝11 Hz), 122.81 (dd, J＝13, 4 
Hz), 112.28 (dd, J＝22, 4 Hz), 110.35, 105.85 (dd, J＝26, 
24 Hz), 13.75, 13.04 (d, J＝4 Hz); HRMS calcd for 
C11H11F2N2O2S [M＋H]＋ 273.0504, found 273.0501. 

1-((2-Chlorophenyl)sulfonyl)-3,5-dimethyl-1H-pyrazole 
(3ga): Yellow solid. m.p. 97～99 ℃; 1H NMR (400 MHz, 
Chloroform-d) δ: 8.16 (d, J＝8.1 Hz, 1H), 7.62～7.51 (m, 
1H), 7.51～7.39 (m, 2H), 5.93 (s, 1H), 2.59 (s, 3H), 2.16 
(s, 3H); 13C NMR (100 MHz, Chloroform-d) δ: 153.53, 
146.05, 136.08, 134.93, 132.66, 131.93, 131.78, 127.21, 
109.68, 13.75, 13.44; HRMS calcd for C11H12ClN2O2S  
[M＋H]＋ 271.0303, found 271.0305. 

1-((3-Bromophenyl)sulfonyl)-3,5-dimethyl-1H-pyrazole 
(3ha): Yellow solid. m.p. 93～95 ℃; 1H NMR (400 MHz, 
Chloroform-d) δ: 8.09 (s, 1H), 7.88 (d, J＝7.7 Hz, 1H), 
7.73 (d, J＝7.2 Hz, 1H), 7.41 (t, J＝8.0 Hz, 1H), 5.94 (s, 
1H), 2.51 (s, 3H), 2.21 (s, 3H); 13C NMR (100 MHz, 
Chloroform-d) δ: 154.08, 144.36, 139.82, 136.99, 130.71, 
130.22, 126.06, 123.01, 111.12, 13.78, 13.08; HRMS calcd 
for C11H12BrN2O2S [M＋H]＋ 314.9798, found 314.9802. 

3,5-Dimethyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)- 
1H-pyrazole (3ia): Yellow solid. m.p. 96～98 ℃ ; 1H 
NMR (400 MHz, Chloroform-d) δ: 8.10 (d, J＝8.3 Hz, 
2H), 7.80 (d, J＝8.4 Hz, 2H), 5.95 (s, 1H), 2.52 (s, 3H), 
2.21 (s, 3H); 13C NMR (100 MHz, Chloroform-d) δ: 
154.39, 144.56, 141.59, 135.42 (q, J＝33 Hz), 128.12, 
126.40 (q, J＝4 Hz), 122.91 (q, J＝272 Hz), 111.29, 13.77, 

13.07; HRMS calcd for C12H12F3N2O2S [M ＋ H] ＋ 
305.0566, found 305.0562. 

3,5-Dimethyl-1-((4-nitrophenyl)sulfonyl)-1H-pyrazole  
(3ja): Yellow solid. m.p. 178～180 ℃; 1H NMR (400 
MHz, Chloroform-d) δ: 8.37 (d, J＝8.9 Hz, 2H), 8.16 (d,  
J＝8.9 Hz, 2H), 5.97 (s, 1H), 2.53 (s, 3H), 2.21 (s, 3H); 
13C NMR (100 MHz, Chloroform-d) δ: 154.80, 150.63, 
144.73, 143.44, 128.94, 124.43, 111.50, 13.76, 13.07; 
HRMS calcd for C11H12N3O4S [M＋H]＋ 282.0543, found 
282.0541. 

2-((3,5-Dimethyl-1H-pyrazol-1-yl)sulfonyl)pyridine  
(3ka): Yellow solid. m.p. 80～82 ℃; 1H NMR (400 MHz, 
Chloroform-d) δ: 9.14 (d, J＝1.9 Hz, 1H), 8.84 (dd, J＝
4.9, 1.6 Hz, 1H), 8.31～8.22 (m, 1H), 7.50 (dd, J＝8.0, 4.9 
Hz, 1H), 5.95 (s, 1H), 2.53 (s, 3H), 2.20 (s, 3H); 13C NMR 
(100 MHz, Chloroform-d) δ: 154.46, 154.32, 148.14, 
144.57, 135.37, 134.98, 123.76, 111.26, 13.76, 13.06; 
HRMS calcd for C10H12N3O2S [M＋H]＋ 238.0645, found 
238.0646. 

3,5-Dimethyl-1-(naphthalen-2-ylsulfonyl)-1H-pyrazole  
(3la): White solid. m.p. 104～106 ℃; 1H NMR (400 
MHz, Chloroform-d) δ: 8.57 (s, 1H), 8.00～7.91 (m, 2H), 
7.87 (d, J＝8.8 Hz, 2H), 7.71～7.55 (m, 2H), 5.89 (s, 1H), 
2.55 (s, 3H), 2.19 (s, 3H); 13C NMR (100 MHz, Chloro-
form-d) δ: 153.52, 144.14, 135.24, 135.07, 131.84, 129.56, 
129.45, 129.28, 127.86, 127.70, 122.05, 110.78, 13.75, 
13.10; HRMS calcd for C15H15N2O2S [M＋H]＋287.0849, 
found 287.0850. 

3,4,5-Trimethyl-1-tosyl-1H-pyrazole (3ab): Yellow sol-
id. m.p. 143～145 ℃; 1H NMR (400 MHz, Chloroform-d) 
δ: 7.80 (d, J＝8.4 Hz, 2H), 7.28 (d, J＝8.3 Hz, 2H), 2.40 
(s, 6H), 2.15 (s, 3H), 1.83 (s, 3H); 13C NMR (100 MHz, 
Chloroform-d) δ: 153.62, 144.81, 139.53, 135.51, 129.75, 
127.39, 117.15, 21.56, 12.34, 11.24, 7.93; HRMS calcd for 
C13H17N2O2S [M＋H]＋ 265.1005, found 265.1009. 

3,5-Diethyl-1-tosyl-1H-pyrazole (3ac): Yellow oil. 1H 
NMR (400 MHz, Chloroform-d) δ: 7.82 (d, J＝8.4 Hz, 
2H), 7.29 (d, J＝8.7 Hz, 2H), 5.97 (s, 1H), 2.92 (q, J＝7.5 
Hz, 2H), 2.59 (q, J＝7.6 Hz, 2H), 2.40 (s, 3H), 1.26 (t, J＝
7.5 Hz, 3H), 1.18 (t, J＝7.6 Hz, 3H); 13C NMR (100 MHz, 
Chloroform-d) δ: 158.96, 150.53, 144.94, 135.40, 129.72, 
127.47, 107.16, 21.59, 21.55, 20.35, 13.04, 12.82; HRMS 
calcd for C14H19N2O2S [M ＋ H] ＋  279.1162, found 
279.1160. 

3,5-Di-iso-propyl-1-tosyl-1H-pyrazole (3ad): Yellow 
oil. 1H NMR (400 MHz, Chloroform-d) δ: 7.81 (d, J＝8.1 
Hz, 2H), 7.28 (d, J＝8.2 Hz, 2H), 5.98 (s, 1H), 3.60 (p, J＝
6.8 Hz, 1H), 2.93 (p, J＝6.9 Hz, 1H), 2.40 (s, 3H), 1.25 (d, 
J＝6.8 Hz, 6H), 1.18 (d, J＝6.9 Hz, 6H); 13C NMR (100 
MHz, Chloroform-d) δ: 163.29, 156.20, 144.79, 135.59, 
129.57, 127.50, 104.16, 27.98, 26.26, 23.36, 22.02, 21.56; 
HRMS calcd for C16H23N2O2S [M＋H]＋ 307.1475, found 
307.1478. 

3,5-Diphenyl-1-tosyl-1H-pyrazole (3ae): White solid. 
m.p. 119～121 ℃; 1H NMR (400 MHz, Chloroform-d) δ: 
7.86～7.82 (m, 2H), 7.62 (d, J＝8.4 Hz, 2H), 7.49～7.35 
(m, 8H), 7.19 (d, J＝8.2 Hz, 2H), 6.60 (s, 1H), 2.35 (s, 
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3H); 13C NMR (100 MHz, Chloroform-d) δ: 155.11, 
149.39, 145.24, 134.86, 131.33, 129.96, 129.58, 129.41, 
129.24, 128.65, 128.01, 127.76, 127.14, 126.41, 109.44, 
21.62; HRMS calcd for C22H19N2O2S [M＋H]＋ 375.1162, 
found 375.1163. 

4-Chloro-3,5-dimethyl-1-tosyl-1H-pyrazole (3af): White 
solid. m.p. 133～135 ℃; 1H NMR (400 MHz, Chloro-
form-d) δ: 7.84 (d, J＝7.8 Hz, 2H), 7.33 (d, J＝8.0 Hz, 
2H), 2.49 (s, 3H), 2.42 (s, 3H), 2.21 (s, 3H); 13C NMR 
(100 MHz, Chloroform-d) δ: 150.81, 145.63, 139.21, 
134.63, 129.99, 127.66, 113.68, 21.62, 11.79, 11.15; 
HRMS calcd for C12H14ClN2O2S [M＋H]＋  285.0459, 
found 285.0456. 
 
Supporting Information  1H NMR and 13C NMR spectra 
of products 3. The Supporting Information is available free 
of charge via the Internet at http://sioc-journal.cn. 
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