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“水上”吡唑啉酮与三氟甲基酮的亲核加成 

罗  亮    曹晓梅    赖国伟    刘金香    罗海清 

路东亮    张  勇* 
(赣南师范大学有机药物化学重点实验室  江西赣州 341000) 

摘要  基于水相条件下发展了一种绿色高效的吡唑啉酮与三氟甲基酮的亲核加成的方法, 且以高收率获得吡唑啉酮取

代的叔三氟甲基醇类化合物. 该方法具有的无催化剂、无色谱柱分离、环境友好以及易于后处理的优点使其在制备各

种吡唑啉酮取代的叔三氟甲基醇类化合物中很有应用前景. 
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“On Water” Nucleophilic Addition of Pyrazolones to Trifluoromethyl 
Ketones 

Luo, Liang    Cao, Xiaomei    Lai, Guowei    Liu, Jinxiang    Luo, Haiqing 

Lu, Dongliang    Zhang, Yong* 
(Key Laboratory of Organo-pharmaceutical Chemistry, Gannan Normal University, Ganzhou, Jiangxi 341000) 

Abstract  A green and efficient nucleophilic addition reaction of trifluoromethyl ketone with pyrazolone was developed un-
der “on water” conditions, affording pyrazolone substituted tertiary trifluoromethyl alcohols in high yields. The advantages of 
being catalyst-free, column chromatography-free, environmentally benign and easy workup make it a promising method for 
preparation of a variety of pyrazolone substituted tertiary trifluoromethyl alcohols. 
Keywords  “on water” reaction; nucleophilic addition; pyrazolone; trifluoromethyl ketone 

  

1  Introduction 

The development of practical, atom-economical, and 
environmentally benign processes for the synthesis of bio-
active heterocyclic compounds represents an important 
goal of current chemical and pharmaceutical research.[1] In 
this context, the use of water as a reaction medium[2] has 
drawn significant attention, because water is cheap, non-
flammable, nontoxic and the most abundant liquid on the 
planet. In addition to being a green solvent, water has 
unique physical and chemical properties, which shows 
incomparable effect on the rate and selectivity of organic 
reactions.[3] Since the landmark work of Breslow and 
Sharpless,[4] “on water” reaction has been established as a 
powerful strategy in organic synthesis. While many reac-
tions have been conducted successfully under “on water” 
conditions, it is still highly desirable to explore practical 
“on water” reactions for the goal of green and sustainable 

chemistry. 
Fluorine-containing molecules play a significant role in 

agrochemicals, medicinal chemistry, and material science, 
owing to their unique properties.[5] It is well established 
that the incorporation of trifluoromethyl (CF3) group into 
drug candidates can significantly alter their lipophilicity, 
metabolic stability, and bioavailability.[6] Thus, the devel-
opment of efficient and practical synthetic strategies to 
generate a novel trifluoromethylated heterocyclic system 
has received much attention.[7] Pyrazolone, a special five- 
membered heterocycle containing two adjacent nitrogen 
atoms, is a significant pharmacophore with a broad spec-
trum of biological activities, such as antipyretic, analgesic, 
antimicrobial, antiviral, antioxidant, anticancer, and an-
ti-inflammatory effects.[8] In view of the great medicinal 
significance of pyrazolones and their derivatives, we be-
came interested in the synthesis of trifluoromethylated py-
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razolone derivatives. Herein, we wish to report an “on wa-
ter” novel, catalyst-free and column chromatography-free 
protocol for the synthesis of pyrazolone substituted tertiary 
trifluoromethyl alcohols (Scheme 1). 

 

Scheme 1  Synthesis of pyrazolone substituted tertiary trifluo-
romethyl alcohols under “on water” condition 

2  Results and discussion 

Initially, trifluoroacetophenone (1a) and 1-pheny-3- 
methyl-5-pyrazolone (2a) were selected as model sub-
strates to investigate the “on water” reaction (Table 1). To 
our delight, the nucleophilic addition reaction of 2a to 1a 
proceeded smoothly to afford the desired product 3a in 
82% yield without any catalyst under ambient temperature 
(Entry 1). Increasing the reaction temperature in water 
from room temperature to 50 ℃ and further to 80 ℃ led 
to the formation of product 3a in excellent yields (Entries 
2, 3). The use of organic solvents such as CH3CN, tetrahy-
drofuran (THF), N,N'-dimethylformamide (DMF), 1,4-dio- 
xane, dimethyl sulfoxide (DMSO), CHCl3, toluene and 
CH3OH did not improved the reaction efficiency as com-
pared to pure water (Entries 4～11). It is noteworthy that 
the yield of 3a rose dramatically with the increase of pro-
portion of water in the co-solvent of CH3OH-H2O (Entries 
12, 13). Notably, this “on water” reaction could be used for 
preparative synthesis, as demonstrated by a scale up reac-
tion using 5.0 mmol of 2a under the similar reaction condi-
tions described above (Entry 14). After completion of the 
reaction, the desired product 3a (＞99% purity) was ob-
tained in 1.585 g with 91% yield by simple filtration and 
washing with water. This procedure effectively avoids the 
use of volatile organic solvents for post-process. 

Having optimized the reaction conditions, the substrate 
scope of trifluoromethyl ketones 1 was then explored, and 
the results are presented in Table 2. Generally, the reaction 
proceeded well for a wide range of trifluoromethyl ketones 
to afford the desired products 3 in good to excellent yields. 
It was found that the electronic nature of the substituents 
and their position on the phenyl ring have no obvious im-
pact on the yields of the processes. The reactions of poly- 
substituted aryl substrates (2,4-Cl2C6H4 and C6F5) worked 
as well and provided products 3k and 3l in 81% and 88% 
yields, respectively. The 2-naphthyl substrate also led to 
the corresponding product (3m) in high yield. Notably, 
trifluoromethyl ketones bearing heterocyclic groups (N-Ts 
protected indole and thiophene) were also tolerable to give 
the corresponding products (3n and3o) in excellent yields. 
Moreover, the alkyl trifluoromethyl ketone (1,1,1-trifluo- 
robutan-2-one as an example) was also applicable, afford-
ing the trifluoromethyl alcohols adduct 3p in 88% yield. 

Table 1  Optimization of reaction conditionsa 

 

Entry Temp./℃ Solvent T/h Yield/%

1 r.t. H2O 24 82 
2 50 H2O 18 99 (95b) 
3 80 H2O 15 95b 
4 50 CH3CN 48 90 
5 50 THF 48 85 
6 50 DMF 48 15 
7 50 1,4-Dioxane 48 56 
8 50 DMSO 48 44 
9 50 CHCl3 48 62 

10 50 Toluene 48 64 
11 50 CH3OH 48 52 

12 50 
H2O-CH3OH 

(1:3) 
18 75 

13 50 
H2O-CH3OH 

(3∶1) 
18 90 

14c 50 H2O 24 91b 
a Unless otherwise noted, the reaction was performed with 0.22 mmol of 1a 
and 0.20 mmol of 2a in 1 mL of solvent. The yield was determined by 1H 
NMR analysis of the crude reaction mixture. b Isolated yield by washing pro-
cess. c The reaction was performed at a gram scale. 

Next, the substrate scope of 2-pyrazolin-5-one nucleo-
philes was briefly investigated (Table 3). Both electron- 
donating (4-Me and 4-OMe) and electron-withdrawing 
(4-F, 4-Br and 4-CF3) groups on the phenyl ring were ap-
plicable in this “on water” process to afford the desired 
nucleophilic addition products 4a～4e in good to excellent 
yields. In addition, pyrazolone with a hydrogen on nitrogen 
(N1) was also suitable for this transformation and gave the 
product 4f in high yield. 

On the basis of previous reports,[9] a plausible transition 
state involving an oil-water interface was assumed to ex-
plain the high efficiency of this process. As shown in Fig-
ure 1, the formation of tautomer of 2a was promoted by 
water through hydrogen bonding. The nucleophilic addi-
tion reaction between tautomer of 2a and trifluoromethyl 
ketones 1a may take place at the oil-water interface. 
Through the interactions with hydrogen-bond networks at 
this interface, the carbonyl group of the electrophile and 
the hydroxyl group of nucleophile might be organized at 
the periphery of the oil droplet, while the hydrophobic part 
is positioned within the hydrophobic interior. As a conse-
quence, the free hydroxyl groups at the phase boundary 
can effectively activate the reactants and stabilize the tran-
sition state. 

3  Conclusions 

In summary, an “on water” nucleophilic addition of py-
razolones to trifluoromethyl ketones has been developed 
using a catalyst-free and column chromatography-free  
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Table 2  Scope of trifluoromethyl ketonesa 
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3a
50 ℃, 18 h, 95% yield

3b
50 , 26 h, 80% yield

3c
50 , 32 h, 94% yield

3d
80 , 32 h, 94% yield

3e
80 ℃, 30 h, 88% yield

3f
80 ℃, 26 h, 85% yield

3gb

80 ℃, 48 h, 81% yield
3h

80 ℃, 25 h, 86% yield

3i
50 ℃, 24 h, 91% yield

3j
50 ℃, 24 h, 91% yield

3k
50 ℃, 36 h, 81% yield

3l
50 ℃, 19 h, 88% yield

3mb

50 ℃, 24 h, 85% yield
3nc

80 ℃, 40 h, 94% yield
3o

50 ℃, 24 h, 96% yield

Ph

Ph

Ph

S

CF3HO

N
N Ph

OH

N

Ts

CF3HO

N
N Ph

OH

3p
50 ℃, 20 h, 88% yield

a Unless otherwise noted, the reaction was performed with 0.22 mmol of 1 and 0.20 mmol of 2a in 1 mL of water. The yield refers to the isolated product. b 0.20 
mmol of 1g or 1m and 0.22 mmol of 2a were used. c 0.20 mmol of 1n was used.

 
Figure 1  Proposed transition state 

protocol. The reaction rate was greatly enhanced under “on 
water” conditions. Moreover, this process provides a high-
ly efficient and environmentally benign approach for the 
synthesis of a variety of pyrazolone substituted tertiary 
trifluoromethyl alcohols. 

4  Experimental section 

4.1  General information 

NMR spectra were recorded on a liquid NMR spectrom-
eter (400 MHz for 1H, 100 MHz for 13C and 376 MHz for 
19F) using DMSO–d6 as the solvent. The residual proton in 
DMSO-d6 (δ 2.50) served as an internal standard for 1H 
NMR, the 13C-atom of DMSO-d6 was used as an internal 

standard (δ 39.50) for 13C NMR. Infrared spectra were 
recorded on an FT-IR spectrometer, and only major peaks 
were reported in cm－1. The high-resolution mass spectra 
(HRMS) were recorded on an electrospray ionization (ESI) 
apparatus using Orbitrap mass spectrometry. Unless oth-
erwise noted, analytical grade solvents and commercially 
available reagents were used without further purification. 
Trifluoromethyl ketone 1 was obtained from commercial 
sources whereas 1j was prepared as reported literature.[10] 
2,2,2-Trifluoro-1-(1-tosyl-1H-indol-3-yl)ethanone (1n) 
was prepared following literature procedure.[10b] 2-Aryl- 
1,5-dimethyl-1H-pyrazol-3(2H)-ones 2b, 2c, 2d and 2e 
were readily prepared according to the reported procedures 
with slight modifications. 

4.2  General procedure for the synthesis of 2b～2e 

A mixture containing corresponding substituted phe- nyl-
hydrazine hydrochloride (4.47 mmol), ethyl acetoacetate 
(565 μL, 4.47 mmol) and 2.0 mL of acetic acid was re-
fluxed for 8 h. The solution was then cooled to ambient 
temperature and concentrated in vacuo. The crude product 
was purified by silica gel flash chromatography (V(petro- 
leum ether)/V(ethyl acetate)＝3/1) to afford 2b～2e.[11a] 

2-(4-Methoxyphenyl)-5-methyl-2,4-dihydro-3H-pyrazol- 
3-one (2b): Yellow solid, 75% yield. m.p. 126～127 ℃  
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Table 3  Scope of pyrazolonesa 
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4a
80 , 28 h, 90% yield

4f
50 , 43 h, 91% yield

4c
80 , 24 h, 85% yield

4b
80 ℃, 30 h, 84% yield

4db

80 , 15 h, 94% yield

4eb

80 , 24 h, 86% yield

a Unless otherwise noted, the reaction was performed with 0.22 mmol of 1a 
and 0.20 mmol of 2 in 1 mL water. The yield refers to the isolated product.    
b 0.40 mmol of 1a was used. 

(lit.[11a] 129～130 ℃); 1H NMR (400 MHz, CDCl3) δ: 
7.71 (d, J＝9.2 Hz, 2H), 6.91 (d, J＝9.2 Hz, 2H), 3.80 (s, 
3H), 3.39 (s, 2H), 2.17 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 170.4, 157.0, 156.3, 131.4, 120.9, 114.0, 55.5, 
43.0, 17.1. 

2-(4-Fluorophenyl)-5-methyl-2,4-dihydro-3H-pyrazol-3-
one (2c):[11b] Yellow solid, 70% yield. m.p. 148～149 ℃ 
(lit.[11e] 148～149 ℃); 1H NMR (400 MHz, CDCl3) δ: 
7.84～7.80 (m, 2H), 7.07 (t, J＝8.8 Hz, 2H), 3.43 (s, 2H), 
2.19 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.5, 159.9 
(d, 1JCF＝244.3 Hz), 156.6, 134.3 (d, 1JCF＝2.7 Hz), 120.7 
(d, 1JCF＝7.9 Hz), 115.6 (d, 1JCF＝22.6 Hz), 43.1, 17.1.  

2-(4-Bromophenyl)-5-methyl-2,4-dihydro-3H-pyrazol-3- 
one (2d):[11c] Yellow solid, 70% yield. m.p. 168～169 ℃ 
(lit.[11a] 160～162 ℃); 1H NMR (400 MHz, CDCl3) δ: 
7.80～7.78 (m, 2H), 7.50～7.48 (m, 2H), 3.43 (s, 2H), 
2.20 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.6, 156.7, 
137.2, 131.9, 120.2, 117.8, 43.2, 17.2. 

5-Methyl-2-(4-(trifluoromethyl)phenyl)-2,4-dihydro-3H-
pyrazol-3-one (2e):[11d] Reddish-brown solid, 68% yield. 
m.p. 171～172 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.05 
(d, J＝8.0 Hz, 2H), 7.65 (d, J＝8.0 Hz, 2H), 3.47 (s,2H), 
2.23 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.9, 157.0, 
140.9, 126.7, 126.4, 126.2, 126.2, 126.1, 125.5, 122.8, 
118.2, 43.8, 17.4. 

4.3  Representative procedure for nucleophilic addi-
tion reaction 

The mixture of trifluoroacetophenone (1a) (38.3 mg, 
0.22 mmol) and 1-pheny-3-methyl-5-pyrazolone (2a) (34.8 
mg, 0.20 mmol) in 1.0 mL of H2O were stirred at 50 ℃. 

Once the reaction completed, the solid mixture was fil-
tered, washed by water and dried under vacuum to afford 
the analytically pure product 3a. 

3-Methyl-1-phenyl-4-(2,2,2-trifluoro-1-hydroxy-1-phen-
ylethyl)-1H-pyrazol-5-ol (3a): 66.2 mg, 95% yield. White 
solid, m.p. 124～125 ℃; 1H NMR (400 MHz, DMSO-d6) 
δ: 7.71～7.68 (m, 2H), 7.56～7.54 (m, 2H), 7.51～7.47 
(m, 2H), 7.45～7.36 (m, 3H), 7.31～7.27 (m, 1H), 1.64 (s, 
3H); 19F NMR (376 MHz, DMSO-d6) δ: －74.8 (s, 3F); 
13C NMR (100 MHz, DMSO-d6) δ: 147.0, 139.1, 136.3, 
129.1, 128.4, 128.1, 127.3, 125.9, 123.1 (q, J＝287.0 Hz), 
120.4, 100.9, 76.1 (q, J＝29.9 Hz), 12.4; IR (KBr) v: 3423, 
3071, 2977, 1600, 1569, 1499, 1171, 1156, 940, 835 cm－1. 
HRMS (ESI/Orbitrap) calcd for C18H16F3N2O2 [M＋H]＋ 
349.1158; found 349.1153. 

3-Methyl-1-phenyl-4-(2,2,2-trifluoro-1-(4-fluorophenyl)- 
1-hydroxyethyl)-1H-pyrazol-5-ol (3b): 58.6 mg, 80% 
yield. White solid, m.p. 125～126 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.69 (d, J＝8.0 Hz, 2H), 7.60～7.57 
(m, 2H), 7.50～7.46 (m, 2H), 7.30～7.22 (m, 3H), 1.71 (s, 
3H); 19F NMR (376 MHz, DMSO-d6) δ: －75.0 (s, 3F), 
－113.9 (s, 1F); 13C NMR (100 MHz, DMSO-d6) δ: 161.7 
(d, J＝245.3 Hz), 147.0, 136.2, 135.4 (d, J＝3.1 Hz), 129.5 
(d, J＝8.5 Hz), 129.0, 125.8 (q, J＝283.5 Hz), 125.8, 
120.4, 114.8 (d, J＝21.5 Hz), 100.9, 75.6 (q, J＝28.4 Hz), 
12.5; IR (KBr) v: 3089, 2928, 1600, 1562, 1498, 1181, 
1166, 1145, 824, 717 cm－1. HRMS (ESI/Orbitrap) calcd 
for C18H15F4N2O2 [M＋H]＋ 367.1064; found 367.1057. 

4-(1-(4-Chlorophenyl)-2,2,2-trifluoro-1-hydroxyethyl)- 
3-methyl-1-phenyl-1H-pyrazol-5-ol (3c): 72.0 mg, 94% 
yield. White solid, m.p. 135～136 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.69 (d, J＝7.6 Hz, 2H), 7.58～7.55 
(m, 2H), 7.49～7.46 (m, 4H), 7.22 (t, J＝7.2 Hz, 1H ), 
1.75 (s, 3H); 19F NMR (376 MHz, DMSO-d6) δ: －74.9 (s, 
3F); 13C NMR (100 MHz, DMSO-d6) δ: 147.1, 138.1, 
136.5, 133.0, 129.2, 129.0, 128.0, 125.8, 125.6 (q, J＝
288.1 Hz), 120.4, 100.7, 75.6 (q, J＝29.7 Hz), 12.6; IR 
(KBr) v: 3317, 2999, 1597, 1580, 1544, 1497, 1173, 1153, 
941, 812 cm－1. HRMS (ESI/Orbitrap) calcd for C18H15Cl- 
F3N2O2 [M＋H]＋ 383.0769; found 383.0764. 

4-(1-(4-Bromophenyl)-2,2,2-trifluoro-1-hydroxyethyl)-3- 
methyl-1-phenyl-1H-pyrazol-5-ol (3d): 80.3 mg, 94% 
yield. White solid, m.p. 135～136 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.69 (d, J＝8.0 Hz, 2H), 7.62 (d, J＝
8.4 Hz, 2H), 7.51～7.46 (m, 4H), 7.30～7.26 (m, 1H), 1.75 
(s, 3H); 19F NMR (376 MHz, DMSO-d6) δ: －74.9 (s, 3F); 
13C NMR (100 MHz, DMSO-d6) δ: 147.1, 138.6, 136.4, 
130.9, 129.5, 129.0, 125.6 (q, J＝283.9 Hz), 125.8, 121.6, 
120.4, 100.7, 75.6 (q, J＝30.5 Hz), 12.6; IR (KBr) v: 3282, 
3065, 2927, 1600, 1567, 1503, 1166, 1152, 841, 724 cm－1. 
HRMS (ESI/Orbitrap) calcd for C18H15BrF3N2O2 [M＋H]＋ 
427.0264; found 427.0261. 

3-Methyl-1-phenyl-4-(2,2,2-trifluoro-1-hydroxy-1-(p-tol-
yl)ethyl)-1H-pyrazol-5-ol (3e): 63.8 mg, 88% yield. White 
solid, m.p. 137～138 ℃; 1H NMR (400 MHz, DMSO-d6) 
δ: 7.69 (d, J＝7.6 Hz, 2H), 7.51～7.47 (m, 2H), 7.42 (d,  
J＝8.0 Hz, 2H), 7.31～7.27 (m, 1H), 7.22 (d, J＝8.0 Hz, 
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2H); 2.32 (s, 3H), 1.63 (s, 3H); 19F NMR (376 MHz, 
DMSO-d6) δ: － 74.9 (s, 3F); 13C NMR (100 MHz, 
DMSO-d6) δ: 147.0, 137.6, 136.0, 129.0, 128.5, 127.1, 
125.9 (q, J＝285.2 Hz), 125.8, 120.2, 100.9, 75.9 (q, J＝
29.1 Hz), 20.6, 12.3; IR (KBr) v: 3314, 3036, 2928, 1595, 
1580, 1544, 1500, 1395, 1166, 1151, 944, 928, 812 cm－1. 
HRMS (ESI/Orbitrap) calcd for C19H18F3N2O2 [M＋H]＋ 
363.1315; found 363.1308. 

3-Methyl-1-phenyl-4-(2,2,2-trifluoro-1-hydroxy-1-(4- 
methoxyphenyl)ethyl)-1H-pyrazol-5-ol (3f): 64.3 mg, 85% 
yield. White solid, m.p. 112～113 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.70 (d, J＝7.2 Hz, 2H), 7.49～7.45 
(m, 4H), 7.30～7.27 (m, 1H), 6.97 (d, J＝8.0 Hz, 2H), 
3.77 (s, 3H), 1.65 (s, 3H); 19F NMR (376 MHz, DMSO-d6) 
δ: －75.0 (s, 3F); 13C NMR (100 MHz, DMSO-d6) δ: 
158.9, 147.0, 130.9, 129.0, 128.6, 126.0 (q, J＝283.7 Hz), 
125.8, 120.4 113.3, 100.9, 75.8 (q, J＝28.8 Hz), 55.1, 12.2; 
IR (KBr) v: 3304, 3004, 2845, 1611, 1581, 1550, 1516, 
1260, 1168, 1150, 941, 925, 827 cm－1. HRMS (ESI/Orbi- 
trap) calcd for C19H18F3N2O3 [M＋H]＋ 379.1264; found 
379.1260. 

4-(1-([1,1'-Biphenyl]-4-yl)-2,2,2-trifluoro-1-hydroxyeth-
yl)-3-methyl-1-phenyl-1H-pyrazol-5-ol (3g): 68.7 mg, 
81% yield. White solid, m.p. 119～120 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.73～7.64 (m, 7H), 7.49～7.27 (m, 
7H), 1.74 (s, 3H); 19F NMR (376 MHz, DMSO-d6) δ: －
74.8 (s, 3F); 13C NMR (100 MHz, DMSO-d6) δ: 147.1, 
140.0, 139.4, 138.2, 129.1, 129.0, 127.9, 127.7, 126.7, 
126.3, 126.0 (q, J＝284.4 Hz), 125.9, 120.3, 100.9, 75.9 
(q, J＝34.0 Hz), 12.5; IR (KBr) v: 3420, 3285, 1602, 1572, 
1497, 1168, 1156, 843, 701 cm－1. HRMS (ESI/Orbitrap) 
calcd for C24H20F3N2O2 [M ＋ H] ＋  425.1471; found 
425.1473. 

3-Methyl-1-phenyl-4-(2,2,2-trifluoro-1-(3-fluorophenyl)- 
1-hydroxyethyl)-1H-pyrazol-5-ol (3h): 63.0 mg, 86% 
yield. White solid, m.p. 142～143 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.69 (d, J＝7.6 Hz, 2H), 7.50～7.44 
(m, 3H), 7.38 (d, J＝7.6 Hz, 1H), 7.33～7.22 (m, 3H), 
1.76 (s, 3H); 19F NMR (376 MHz, DMSO-d6) δ: －74.9 (s, 
3F), －113.0 (s, 1F); 13C NMR (100 MHz, DMSO-d6) δ: 
161.7 (d, J＝241.6 Hz), 147.1, 141.9 (d, J＝6.5 Hz), 136.4, 
130.0 (d, J＝8.0 Hz), 129.0, 125.8, 125.6 (q, J＝283.0 Hz), 
123.3, 120.3, 115.2 (d, J＝20.8 Hz), 114.2 (d, J＝23.4 Hz), 
100.7, 75.6 (q, J＝31.9 Hz), 12.5; IR (KBr) v: 3282, 3089, 
2925, 1600, 1562, 1500, 1181, 1166, 1143, 827, 717 cm－1. 
HRMS (ESI/Orbitrap) calcd for C18H15F4N2O2 [M＋H]＋ 
367.1064; found 367.1064. 

4-(1-(3-Bromophenyl)-2,2,2-trifluoro-1-hydroxyethyl)-3- 
methyl-1-phenyl-1H-pyrazol-5-ol (3i): 77.8 mg, 91% 
yield. White solid, m.p. 157～158 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.70～7.68 (m, 3H), 7.60 (d, J＝8.0 
Hz, 1H), 7.55 (d, J＝7.6 Hz, 1H), 7.50～7.46 (m, 2H), 
7.41～7.37 (m, 1H), 7.30～7.26 (m, 1H), 1.79 (s, 3H); 19F 
NMR (376 MHz, DMSO-d6) δ: －74.8 (s, 3F); 13C NMR 
(100 MHz, DMSO-d6) δ: 147.1, 141.8, 131.2, 130.2, 129.9, 
129.0, 126.2, 125.8, 125.5 (q, J＝285.9 Hz), 121.2, 120.4, 
100.7, 75.4 (q, J＝30.2 Hz), 12.7; IR (KBr) v: 3306, 3079, 

2925, 1602, 1564, 1499, 1172, 1160, 835, 715 cm－1. 
HRMS (ESI/Orbitrap) calcd for C18H15BrF3N2O2 [M＋H]＋ 
427.0264; found 427.0265. 

3-Methyl-1-phenyl-4-(2,2,2-trifluoro-1-hydroxy-1-(m- 
tolyl)ethyl)-1H-pyrazol-5-ol (3j): 65.9 mg, 91% yield. 
White solid, m.p. 121～122 ℃; 1H NMR (400 MHz, 
DMSO-d6) δ: 7.70～7.68 (m, 2H), 7.51～7.47 (m, 2H), 
7.36～7.27 (m, 4H), 7.20 (d, J＝6.8 Hz, 1H), 2.33 (s, 3H), 
1.64 (s, 3H); 19F NMR (376 MHz, DMSO-d6) δ: －74.7 (s, 
3F); 13C NMR (100 MHz, DMSO-d6) δ: 146.9, 138.9, 
137.1, 129.0, 128.9, 127.8, 125.8, 124.2, 120.1, 100.8, 76.0 
(q, J＝28.8 Hz), 21.1, 11.9; IR (KBr) v: 3314, 3065, 2928, 
1602, 1565, 1498, 1410, 1175, 1149, 816, 716 cm－1. 
HRMS (ESI/Orbitrap) calcd for C19H18F3N2O2 [M＋H]＋ 
363.1315; found 363.1310. 

4-(1-(2,5-Dichlorophenyl)-2,2,2-trifluoro-1-hydroxyeth-
yl)-3-methyl-1-phenyl-1H-pyrazol-5-ol (3k): 67.6 mg, 
81% yield. White solid, m.p. 158～159 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 8.75 (br, 1H), 7.70～7.66 (m, 4H), 
7.55～7.46 (m, 3H), 7.30～7.26 (m, 1H), 1.70 (s, 3H); 13C 
NMR (100 MHz, DMSO-d6) δ: 146.3, 136.0, 135.2, 134.1, 
134.0, 131.5, 129.3, 129.2, 126.7, 125.9, 125.7 (q,  J＝
285.0 Hz), 120.0, 98.0, 76.0 (q, J＝29.2 Hz), 11.7; IR 
(KBr) v: 3325, 3076, 2938, 1596, 1580, 1546, 1450, 1174, 
1151, 939, 927 cm－1. HRMS (ESI/Orbitrap) calcd for 
C18H14Cl2F3N2O2 [M＋H]＋ 417.0379; found 417.0380. 

3-Methyl-1-phenyl-4-(2,2,2-trifluoro-1-hydroxy-1-(perfl
uorophenyl)ethyl)-1H-pyrazol-5-ol (3l): 77.1 mg, 88% 
yield. White solid, m.p. 148～149 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.65 (d, J＝8.0 Hz, 2H), 7.48～7.44 
(m, 2H), 7.28～7.24 (m, 1H), 2.12 (s, 3H); 19F NMR (376 
MHz, DMSO-d6) δ: －77.7 (s, 3F), －136.9 (s, 2F), －
153.8～－153.9 (m, 1F), －162.7～－162.8 (m, 2F); 13C 
NMR (100 MHz, DMSO-d6) δ: 147.1, 145.9, 143.4, 141.6, 
139.1, 138.4, 136.1, 129.0, 128.7, 126.1, 125.6, 123.2, 
119.8, 114.5, 98.8, 73.9 (q, J＝34.0 Hz), 12.2; IR (KBr) v: 
3425, 3177, 2922, 1604, 1571, 1525, 1492, 1278, 1193, 
1183, 1125, 992, 926, 795 cm－1. HRMS (ESI/Orbitrap) 
calcd for C18H11F8N2O2 [M ＋ H] ＋  439.0687; found 
439.0678. 

3-Methyl-1-phenyl-4-(2,2,2-trifluoro-1-hydroxy-1-(naph- 
thalen-2-yl)ethyl)-1H-pyrazol-5-ol (3m): 67.7 mg, 85% 
yield. White solid, m.p. 130～131 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 8.10～7.94 (m, 4H), 7.72～7.29 (m, 
8H), 1.63 (s, 3H); 19F NMR (376 MHz, DMSO-d6) δ: －
75.6 (s, 3F); 13C NMR (100 MHz, DMSO-d6) δ: 147.0, 
136.2, 132.4, 132.0, 129.0, 128.5, 127.8, 127.3, 126.7, 
126.4, 126.0 (q, J＝285.2 Hz), 125.8, 125.6, 120.3, 100.6, 
76.2 (q, J＝31.1 Hz), 12.3; IR (KBr) v: 3264, 3063, 2920, 
1560, 1568, 1500, 1154, 827, 751, 711 cm－1. HRMS (ESI/ 
Orbitrap) calcd for C22H18F3N2O2 [M＋H]＋  399.1315; 
found 399.1314. 

3-Methyl-1-phenyl-4-(2,2,2-trifluoro-1-hydroxy-1-(1- 
tosyl-1H-indol-3-yl)ethyl)-1H-pyrazol-5-ol (3n): 101.8 
mg, 94% yield. White solid, m.p. 148～149 ℃; 1H NMR 
(400 MHz, DMSO-d6) δ: 8.00 (d, J＝8.4 Hz, 1H), 7.92 (d, 
J＝8.4 Hz, 2H), 7.69～7.65 (m, 3H), 7.49～7.45 (m, 3H), 
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7.41～7.35 (m, 3H), 7.30～7.26 (m, 1H), 7.22～7.19 (m, 
1H), 2.32 (s, 3H), 1.43 (s, 3H); 13C NMR (100 MHz, 
DMSO-d6) δ: 145.8, 134.3, 133.9, 130.3, 129.1, 128.5, 
126.8, 125.9, 125.6 (q, J＝284.7 Hz), 125.3, 123.6, 123.0, 
121.4, 120.1, 119.1, 113.4, 96.9, 72.9 (q, J＝34.0 Hz), 
21.0, 11.7; IR (KBr) v: 3301, 3076, 2920, 1598, 1560, 
1496, 1380, 1177, 1162, 1127, 833, 715, 662 cm－1. HRMS 
(ESI/Orbitrap) calcd for C27H23F3N3O4S [M ＋ H] ＋ 
542.1356; found 542.1355. 

3-Methyl-1-phenyl-4-(2,2,2-trifluoro-1-hydroxy-1-(thio
phen-2-yl)ethyl)-1H-pyrazol-5-ol (3o): 68.0 mg, 96% 
yield. White solid, m.p. 111～112 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.70 (d, J＝7.6 Hz, 2H), 7.65 (d, J＝
5.2 Hz, 1H), 7.50 (t, J＝8.0 Hz, 2H), 7.33～7.29 (m, 1H), 
7.22 (s, 1H), 7.05～7.03 (m, 1H), 1.79 (s, 3H); 19F NMR 
(376 MHz, DMSO-d6) δ: －77.2 (s, 3F); 13C NMR (100 
MHz, DMSO-d6) δ: 146.9, 142.8, 135.8, 129.1, 127.3, 
126.2, 126.0, 126.0, 125.5 (q, J＝285.5 Hz), 120.3, 99.4, 
74.4 (q, J＝31.1 Hz), 11.9; IR (KBr) v: 3327, 2933, 1598, 
1582, 1544, 1500, 1178, 1161, 1153, 928, 707 cm－1. 
HRMS (ESI/Orbitrap) calcd for C16H14F3N2O2S [M＋H]＋ 
355.0723; found 355.0723. 

3-Methyl-1-phenyl-4-(1,1,1-trifluoro-2-hydroxybutan-2-
yl)-1H-pyrazol-5-ol (3p): 53.0 mg, 88% yield. White solid, 
m.p. 114～115 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 
7.69 (d, J＝7.6 Hz, 2H), 7.69～7.45 (m, 2H), 7.27～7.24 
(m, 1H), 2.41～2.32 (m, 1H), 2.26 (s, 3H), 1.77～1.68 (m, 
1H), 0.87 (t, J＝7.2 Hz, 3H); 19F NMR (376 MHz, 
DMSO-d6) δ: － 81.0 (s, 3F); 13C NMR (100 MHz, 
DMSO-d6) δ: 148.0, 136.3, 129.8 (q, J＝285.0 Hz), 129.1, 
125.5, 119.8, 97.6, 75.2 (q, J＝28.5 Hz), 24.4, 13.0, 7.2; IR 
(KBr) v: 3268, 2981, 1605, 1562, 1500, 1184, 1148, 731, 
704 cm－1. HRMS (ESI/Orbitrap) calcd for C14H15F3N2- 
O2Na [M＋Na]＋ 323. 0978; found 323. 0975. 

3-Methyl-1-(p-tolyl)-4-(2,2,2-trifluoro-1-hydroxy-1-phen-
ylethyl)-1H-pyrazol-5-ol (4a): 65.2 mg, 90% yield. White 
solid, m.p. 143～144 ℃; 1H NMR (400 MHz, DMSO-d6) 
δ: 7.57～7.53 (m, 4H), 7.44～7.36 (m, 3H), 7.29 (d, J＝
8.4 Hz, 2H), 2.33 (s, 3H), 1.61 (s, 3H); 19F NMR (376 
MHz, DMSO-d6) δ: －74.8 (s, 3F); 13C NMR (100 MHz, 
DMSO-d6) δ: 146.4, 139.1, 135.3, 129.5, 128.4, 128.1, 
127.3, 126.0 (q, J＝283.0 Hz), 120.5, 100.7, 76.1 (q, J＝
31.7 Hz ), 20.5, 12.1; IR (KBr) v: 3261, 3036, 2928, 1593, 
1580, 1544, 1516, 1158, 937, 695 cm － 1. HRMS 
(ESI/Orbitrap) calcd for C19H18F3N2O2 [M ＋ H] ＋ 
363.1315; found 363.1310. 

1-(4-Methoxyphenyl)-3-methyl-4-(2,2,2-trifluoro-1-hy- 
droxy-1-phenylethyl)-1H-pyrazol-5-ol (4b): 63.6 mg, 84% 
yield. White solid, m.p. 141～142 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.58～7.56 (m, 4H), 7.42～7.40 (m, 
3H), 7.05 (d, J＝8.0 Hz, 2H), 3.79 (s, 3H), 1.60 (s, 3H); 
19F NMR (376 MHz, DMSO-d6) δ: －74.9 (s, 3F); 13C 
NMR (100 MHz, DMSO-d6) δ: 157.5, 145.8, 139.1, 128.3, 
128.0, 127.3, 122.9, 114.2, 100.4, 76.2, 55.4, 12.2. IR 
(KBr): v 3312, 2973, 1595, 1566, 1510, 1252, 1150, 831, 
701 cm－1. HRMS (ESI/Orbitrap) calcd for C19H18F3N2O3 
[M＋H]＋ 379.1264; found 379.1258. 

1-(4-Fluorophenyl)-3-methyl-4-(2,2,2-trifluoro-1-hydro-
xy-1-phenylethyl)-1H-pyrazol-5-ol (4c): 62.3 mg, 85% 
yield. White solid, m.p. 131～132 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.73～7.35 (m, 9H), 1.64 (s, 3H); 19F 
NMR (376 MHz, DMSO-d6) δ: －74.8 (s, 3F), －116.2 
(s, 1F); 13C NMR (100 MHz, DMSO-d6) δ: 159.9 (d, J＝
241.6 Hz ), 147.1, 139.1, 128.4, 128.1, 127.3, 122.8 (d, J＝
4.7 Hz ), 115.9 (d, J＝22.8 Hz), 100.9, 76.1 (q, J＝32.1 
Hz ), 12.5; IR (KBr) v: 3423, 2925, 1563, 1507, 1174, 
1153, 846, 711 cm－1. HRMS (ESI/Orbitrap) calcd for 
C18H15F4N2O2 [M＋H]＋ 367.1064; found 367.1057. 

1-(4-Bromophenyl)-3-methyl-4-(2,2,2-trifluoro-1-hydro-
xy-1-phenylethyl)-1H-pyrazol-5-ol (4d): 80.3 mg, 94% 
yield. White solid, m.p. 140～141 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 7.68～7.40 (m, 9H), 1.65 (s, 3H); 19F 
NMR (376 MHz, DMSO-d6) δ: －74.7 (s, 3F); 13C NMR 
(100 MHz, DMSO-d6) δ: 147.9, 139.0, 131.9, 128.3, 128.0, 
127.2, 121.9, 117.9, 101.4, 76.0, 12.5; IR (KBr) v: 3317, 
2928, 1600, 1555, 1490, 1172, 1154, 830, 718 cm－1. 
HRMS (ESI/Orbitrap) calcd for C18H15BrF3N2O2 [M＋H]＋ 
427.0264; found 427.0262. 

3-Methyl-4-(2,2,2-trifluoro-1-hydroxy-1-phenylethyl)-1-
(4-(trifluoromethyl)phenyl)-1H-pyrazol-5-ol (4e): 71.6 mg, 
86% yield. Pale yellow solid, m.p. 186～187 ℃; 1H NMR 
(400 MHz, DMSO-d6) δ: 7.98～7.96 (m, 2H), 7.86～7.84 
(m, 2H), 7.56～7.54 (m, 2H), 7.43～7.36 (m, 3H), 1.70 (s, 
3H); 19F NMR (376 MHz, DMSO-d6) δ:   －60.7 (s, 3F), 
－74.7 (s, 3F); 13C NMR (100 MHz, DMSO-d6) δ: 149.0, 
139.8, 138.9, 128.3, 127.9, 127.2, 126.3, 126.2, 126.1, 
125.5, 125.4, 125.2, 124.3, 122.7, 119.6, 117.4, 101.8, 75.8 
(q, J＝30.3 Hz ), 12.6; IR (KBr) v: 3139, 3089, 1628, 
1325, 1159, 1127, 707 cm－1. HRMS (ESI/Orbitrap) calcd 
for C19H15F6N2O2 [M＋H]＋ 417.1032; found 417.1024. 

3-Methyl-4-(2,2,2-trifluoro-1-hydroxy-1-phenylethyl)- 
1H-pyrazol-5-ol (4f): 49.5 mg, 91% yield. White solid, 
m.p. 204.5 ℃ (dec.); 1H NMR (400 MHz, DMSO-d6) δ: 
10.79 (br, 2H), 7.47～7.45 (m, 2H), 7.37～7.29 (m, 3H), 
7.07 (s, 1H), 1.70 (s, 3H); 19F NMR (376 MHz, DMSO-d6) 
δ: －74.9 (s, 3F); 13C NMR (100 MHz, DMSO-d6) δ: 
159.0, 140.2, 139.6, 127.9, 127.7, 127.3, 125.7 (q, J＝
285.2 Hz), 100.2, 75.3 (q, J＝30.1 Hz), 11.5; IR (KBr) v: 
3292, 3184, 1607, 1507, 1179, 1158, 698 cm－1. HRMS 
(ESI/Orbitrap) calcd for C12H12F3N2O2 [M ＋ H] ＋ 
273.0845; found 273.0840. 

4.4  Procedure for the gram-scale synthesis of 3a 

The mixture of trifluoroacetophenone (1a) (957.7 mg, 
5.5 mmol), and 1-pheny-3-methyl-5-pyrazolone (2a) 
(871.0 mg, 5.0 mmol) in 9.0 mL H2O were stirred at 
50 ℃. Once the reaction completed, the solid mixture was 
filtered, washed by water and dried under vacuum to afford 
1.585 g (91%) of the desired product 3a. 
Supporting Information  1H NMR, 13C NMR and 19F 
NMR spectra of compounds, details for the gram-scale 
synthesis of 3a. The Supporting Information is available 
free of charge via the Internet at http://sioc-journal.cn/. 
(Please delete this text if not appropriate). 
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