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Regioselective Synthesis of Substituted Pyrazoles via [3+2]/[2+ 3]
Cyclization of Saturated Ketone with Hydrazine/Aldehyde Hydrazone

Shi, Xiaonan Tian, Miaomiao Wang, Muhua Zhang, Xinying Fan, Xuesen™
(Henan Key Laboratory of Organic Functional Molecules and Drug Innovation, Key Laboratory of Green Chemical
Media and Reactions, Ministry of Education, School of Chemistry and Chemical Engineering,
Henan Normal University, Xinxiang 453007)

Abstract A highly convenient and regioselective synthesis of 1,3-disubstituted pyrazoles or 1,3,4-trisubstituted pyrazoles
from Cu(Il)-catalyzed cascade reactions of saturated ketones with hydrazines or aldehyde hydrazones is presented. Mechanis-
tically, the formation of 1,3-disubstituted pyrazoles involves the in situ generation of an enone intermediate followed by its
[3+2] annulations with hydrazine. On the other hand, the formation of 1,3,4-trisubstituted pyrazoles is believed to go through
a cascade process including enone formation and its subsequent [2+3] annulation with aldehyde hydrazone. Compared with
literature methods, the notable features of the protocol include simple starting materials, general and broad substrate scope,
high regioselectivity, good efficiency and excellent atom-economy.

Keywords pyrazole synthesis; Cu(II) catalyzed reaction; C(sp*)—H functionalization; [3 2] annulation; [2+3] annulation

1 Introduction butanenitrile,””) (2) [3+2] cycloaddition of 1,3-dipoles
with dipolarophiles,”™ (3) multi-component reactions of

It is well known that substituted pyrazoles are essential vinyl azide with aldehydes and tosylhydrazine,™ arylgly-
building blocks of numerous pharmaceuticals, agrochemi- oxal with tosylhydrazine and aldehydes/ ketones,™® ar-
cals, dyes, pigments and functional materials."* This ylhydrazines with alkynes and CO,* or terminal alkynes
could be representatively exemplified by the following with aldehydes and hydrazines,”" (4) transformations of
clinical - drugs SUCh. as .rlmqnabant, celebrex, viagra, hydrazone derivatives, such as oxidative cyclization of
ceftolozane and omarigliptin (Figure 1). a,f-unsaturated hydrazones,'® reactions of hydrazones

Due to their importance, a number of methods to con- with a-bromoketones,'®! oxidative cyclization of f,)-
struct the pyrazole scaffold have been developed, which unsaturated hydrazones,'! Sonogashira coupling/cycliza-
mainly include: (1) condensation of hydrazine with enone, tion of N-propargyl sulfonyl hydrazones’[éd] [3+2]-cyclo-

1,3-dicarbonyl compounds or 2-ethoxymethylene-3-oxo

* Corresponding author. E-mail: xuesen.fan@htu.cn
Received March 23, 2019; revised May 14, 2019; published online May 21, 2019.
Project supported by the National Natural Science Foundation of China (No. 21572047) and the Plan for Scientific Innovation Talents of Henan Province (No.
184200510012).
F AR F A (No. 21572047)F17 7 4 FHZ BT A HEA A" (No. 184200510012) % BT H .
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Figure 1 Clinical drugs containing a pyrazole scaffold

addition of ynones with CF ;CHN,."! While these methods
are generally efficient and reliable, some of them still suf-
fer from difficulty in accessing highly functionalized sub-
strates, poor regioselectivity and monotonous substitution
pattern of products. Therefore, the development of novel
methods for the regioselective preparation of diversely
substituted pyrazoles starting from simple and easily ob-
tainable substrates is still highly desirable.

In recent years, direct functionalization of the inert
C(sp®)—H bonds is emerging as an attractive strategy in
organic synthesis due to their advantages such as simple
substrates, high sustainability and step-economy. In this
regard, direct oxidative dehydrogenation of inactivated
saturated ketones has been developed as a sustainable and
reliable approach toward enones.”™ More interestingly, this
enone formation protocol could be conveniently combined
with other transformations to form advanced molecular
scaffolds from simple and economic starting materials in a
one-pot manner with remarkably reduced operation
steps.”) Inspired by these pioneering studies and as con-
tinuation of our own interest in this aspect,!'” we have ex-
plored the reaction of saturated ketones with hydrazines
under the catalysis of copper catalyst. From this study, a
regioselective and sustainable synthesis of 1,3-disub-
stituted pyrazoles was established.

2 Results and discussion

Our study was commenced by treating propiophenone
(1a) with Cu(OAc),, 2,2,6,6-tetramethyl piperidine-N-oxyl
(TEMPO) and 2,2-bipyridine (bpy) in chlorobenzene
(PhCI) at 120 °C under N, for 10 h.”’) The resulting mix-
ture was then treated with phenylhydrazine (2a) at 120 C
under air for 8 h. From this reaction, 1,3-diphenyl-
1 H-pyrazole (3a) was obtained in a yield of 52%. Mean-
while, the formation of 1,5-diphenyl-1H-pyrazole (3a'), the
regioisomer of 3a, was not observed (Eq. 1).

To improve the efficiency, several parameters were
screened. First of all, the amount of TEMPO was increased

Chin. J. Org. Chem. 2019, 39, 1630~1641
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Ph
j\/ Cu(OAc),, TEMPO, bpy  PhNHNH, (2a) N,/N
Ph PhCI, 120 °C, Np, 10 h 120 °C, air, 8 h Ph 7
1a
3a, 52%
Ph. ’
N~y
=
Ph

3a’, not obtained

Scheme 1 Formation of 3a from the one-pot reaction of 1a with
2a

from 1 to 2 equiv., and the yield of 3a increased slightly
(Table 1, Entry 2). When 0.5 equiv. of TEMPO was used,
the reaction efficiency dropped obviously (Entry 3). In the
absence of TEMPO, the formation of 3a was not observed
(Entry 4). As for the effect of different reaction media,
dioxane, 1,2-dichlorocthane (DCE) and CH;CN were
found to be less efficient than PhCl (Entries 5~7). Next,
Cu(OAc), was replaced by CuBr, or CuCl, as the catalyst.
Under this circumstance, the yield of 3a decreased signifi-
cantly (Entries 8, 9 vs. 1). Then, the second stage of this
cascade reaction was carried out under oxygen instead of
air. To our pleasure, the yield of 3a was improved to 70%
(Entry 10). It was also found that a period of 5 h was the
most suitable time for the second stage of this cascade
process (Entry 11 vs. 10, 12). Further studies showed that
varying the ratio of 1a . 2a did not improve the yield of 3a
(Entries 13 and 14). Moreover, increasing or reducing the
amount of Cu(OAc), did not result in obvious change of
the reaction efficiency (Entries 15 and 16). As a summary,
3a was formed in a yield of 71% by treating 0.6 mmol of
1a with 0.1 mmol of Cu(OAc),, 0.5 mmol of TEMPO and
0.05 mmol of bpy in PhCl at 120 ‘C under N, for 10 h,
and then treating the resulting mixture with 0.5 mmol of 2a
at 120 C under O, for 5 h (Entry 11).

With the optimum reaction conditions in hands, we then
the scope and generality of this 1,3-disubstituted pyrazole
forming reaction were explored, and the results were listed
in Table 2. First, a range of ketones 1 were screened by

http://sioc-journal.cn/ 1631
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Table 1 Optimization studies for the formation of 3a“

th Yield”%

Entry Catalyst Oxidant (equiv.) Solvent

1 Cu(OAc), TEMPO (1) PhCl 10+8 52
2 Cu(OAc), TEMPO (2) PhCl 10+8 54
3 Cu(OAc), TEMPO (0.5) PhCl 10+8 30
4  Cu(OAc), TEMPO (0) PhCl 10+8 ND
5  Cu(OAc), TEMPO (1) Dioxane 10+8 47
6 Cu(OAc), TEMPO (1) CH,CN 10+8 45
7 Cu(OAc), TEMPO (1) DCE 10+8 45
8 CuBr,  TEMPO(I) PhCl 10+8 32
9 CuCl,  TEMPO(I) PhCl 10+8 23
10 Cu(OAc), TEMPO (1)O, PhCl 10+8 70
11 Cu(OAc), TEMPO (1)O, PhCl 10+5 71

12 Cu(OAc), TEMPO (1))0,  PhCl 10+3 52
13° Cu(OAc), TEMPO (10,  PhCl 10+5 60
147 Cu(OAc), TEMPO (1))0,  PhCl 10+5 71
15 Cu(OAc), TEMPO (1O,  PhCl 10+5 73

16/ Cu(OAc), TEMPO (1))O,  PhCl 10+5 41
“ Reaction conditions: 1a (0.6 mmol), 2a (0.5 mmol), catalyst (0.1 mmol), bpy
(0.05 mmol), solvent (3 mL). * Isolated yield. ¢ 1a (0.5 mmol), 2a (0.6 mmol).
?1a (0.75 mmol). ¢ Cu(OAc), (0.15 mmol),” Cu(OAc), (0.05 mmol).

using 2a as a model substrate. Among them, propiophe-
nones bearing various substituents on the phenyl ring re-
acted with 2a smoothly to give 3a~3i in moderate to good
yields. Notably, a number of functional groups, from the
electron-donating methoxy to the electron-withdrawing
fluoro, were well compatible with the reaction conditions.
Moreover, 2-propionyl thiophene as a hetero aromatic ke-
tone took part in this cascade process smoothly to give 3j
with good efficiency. Interestingly, two aliphatic ketones,
pentan-3-one and 1-cyclohexylpropan-1-one were also
suitable substrates for this reaction to afford 3k and 3l
When 1-phenylbutan-1-one, 1-phenylpentan-1-one or
1,3-di-phenylpropan-1-one was tried, the formation of the
corresponding products 3', 3" or 3'"" was not observed,
most likely due to steric effect. The structure of 3f was
confirmed by its X-ray single crystal diffraction analy-
sis.['!]

Next, the scope of hydrazines (2) was studied by using
la as a model substrate. The results included in Table 3
showed that a series of phenyl hydrazine derivatives bear-
ing a methyl unit on the meta-position, or a fluoro, chloro,
methyl, or methoxy group on the para-position of the
phenyl moiety took part in this reaction smoothly to give
3m~3q in moderate to good yields. In addition, the reac-
tions of two aliphatic hydrazines, methyl hydrazine and
isopropyl hydrazine, proceeded smoothly to afford 3r and
3s in yields of 45% and 42%, respectively.

Thus far, a novel synthesis of 1,3-disubstituted pyrazoles
via Cu(II)-promoted cascade reactions of saturated ketones
with hydrazines were established (Tables 2 and 3). Next,
we turned our focus from the synthesis of 1,3-disubstituted
pyrazoles to the preparation of 1,3,4-tri- substituted pyra-

1632 http://sioc-journal.cn/

Table 2 Scope of ketones for the synthesis of 3

Ph
PhNHNH, (22) N
120 °C, Oy, 5 h |/
R1
3

)
Cu(OAc),, TEMPO, bpy
R1)1J\/ PhCI, 120 °C, Ny, 10 h

Ph Ph Ph Ph
/ N/ N N/ N N/
N-N N- - -
| I | |
Y Y, Y Y
Ph/k) 3-FCeH4)\) 3-CICGH4/Q 3'M9006H4/K)
3a, 71% 3b, 57% 3¢, 61% 3d, 56%
N/Ph /Ph Ph
- /N
) )
Y l
4-FCeHy 4-CICgH,
3e, 58% 3f, 63%
/Ph
N/N N/N
M 0] l 7
4-MeOCsH4 <
3h,68% O
3i,61%
Ph_ 3j,62% 3k, 44%
"
N Ph Ph Ph
/ / /
I\/l-N I\IJ~N N-N
|
. 3" ND 3", ND
31, 41% 3. ND

¢ Reaction conditions: 1 (0.6 mmol), 2a (0.5 mmol), Cu(OAc), (0.1 mmol),
TEMPO (0.5 mmol), bpy (0.05 mmol), PhCl (3 mL). ? Isolated yields.

Table 3 Scope of hydrazines for the synthesis of 3

R2
Q R2NHNH, (2 N/
)j\/ Cu(OAc),, TEMPO, bpy 2(2) N-
Ph PhCI, 120°C,No, 10h  120°C, 05, 5h /l'\/)
1a Ph
3
(|:6H4(3—Me) CgH4(4-F) (|:6H4(4-CI) CgHs(4-Me)
| I
N’N N'N N'N N'N
>\ / >\ / >\ J >\ /
PH PH
m, 76% 3n54% | 30,60% M 3p,69%
CeHa(4-OMe) h(le {Pr
| N
N .
.N N’ N 7
N\ /7 :\ // \
PH PH PH
3q, 62% 3r, 45% 3s, 42%

© 2019 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 1a (0.6 mmol), 2 (0.5 mmol), Cu(OAc), (0.1 mmol),
TEMPO (0.5 mmol), bpy (0.05 mmol), PhCl (3 mL). ? Isolated yields.

zoles bearing a 4-acyl moiety, which are well known for
their potent biological activities and rich chemical reactiv-
ity.!"'% In this regard, a facile synthesis of 1,3,4-trisub-
stituted pyrazoles via the cascade reactions of saturated
ketones with ketone hydrazones was reported.'” While
this synthetic protocol provides an efficient and easy-to-

Chin. J. Org. Chem. 2019, 39, 1630~1641
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run approach toward pyrazole derivatives, it nevertheless
has the drawback of being relatively poor in at-
om-economy since part of the ketone hydrazone used
therein is lost during the formation of the pyrazole scaffold
(Scheme 2). To solve this problem, aldehyde hydrazones 4
were used to replace ketone hydrazones as the substrates to
react with 1. Thus, 1la was subjected to Cu(OAc),/
TEMPO/bpy, and then treated with 1-benzylidene-2-
phenylhydrazine (4a). To our delight, the desired (1,3-
diphenyl-1H-pyrazol-4-yl)(phenyl)methanone (5a) was
obtained in 63% yield (Scheme 2). It is worth to be noted
herein that although the yield of 5a is slightly lower than
that with our previously reported method (63% vs
72%),'% the direct formation of 5a from 1a and 4a is still
synthetically useful, not only because it is more atom
economy, but also because aldehyde hydrazones are much
more readily available and economically sustainable than
ketone hydrazones.

Our previous work, Ref. [10b]

Cu0AQ) NNHPh 0
e} 2
M TEMPO.bpy o P N N-Ph
Ph PhCI, 120°C 120 °C, air, 4 h =N
N,, 10 h P 229
This work
o Cu(OAc), PN Q
)J\/ TEMPO, bpy  Ph”™ “NNHPh (4a) pp N “N-Ph
Ph PhCI, 120°C 120 °C, air, 5 h =N
1a N,, 10 h P

5a, 63%
Scheme 2 Synthesis of 1,3,4-trisubstituted pyrazoles

To explore the substrate scope of this reaction, several
saturated ketones (1) were tried to react with 4a. The re-
sults included in Table 4 demonstrated that propiophe-
nones bearing various substituents on the phenyl ring re-
acted with 4a smoothly to give 5a~5e in moderate yields.
Notably, the electronic nature of the phenyl unit did not
render an obvious effect on the reaction efficiency as
demonstrated in the formation of 5b ~ S5e. Moreover,
2-propionyl thiophene and 3-propionylpyridine as het-
eroaromatic ketone substrates took part in this cascade
reaction smoothly to give 5f and 5g in moderate yields.
Finally, 1-cyclohexyl propan-1-one as an aliphatic ketone
substrate could also react with 4a to give 5h in a yield of
51%.

Next, the suitability of different aldehyde hydrazones 4
for the synthesis of 5 was explored, and the results were
listed in Table 5. First, hydrazones derived from diversely
substituted benzaldehydes were let to react with 1a. From
these reactions, 5i~50 were obtained in 42%~74%
yields. Notably, the reaction of 1-phenyl-2-(thiophen-2-yl
methylene)hydrazine with 1a proceeded smoothly to give
5p. Second, aldehyde hydrazones 4 derived from different
hydrazines were found to react with 1a readily to afford
5q~Sy in moderate yields. Third, diversely substituted
propiophenones reacted with various aldehyde hydrazones

Chin. J. Org. Chem. 2019, 39, 1630~1641

Table 4 Scope of ketones for the synthesis of 5 (I)**

o Cu(OAc), 9
J_ TEMPO, bpy  ph”” “NNHPh (4a) R1J\£\/NPh
R’ PhCI, 120°C  120°C, air, 5 h o =N
1 N,, 10 h 5
o FMeOCeH, 4-FCgH, 4-MeCgH,
Ph Ph Ph
( ! / I
N N N N
S G G
,‘:h Ph Ph Ph
0,
5a, 63% 5b, 58% 8¢, 69% §d, 53%
- \N
4-F3CCgH4 S \
Ph Ph Ph Ph
o 0 o) o
7 [ I 7
N N ) N ) N
\ \ \ \
Ph Ph Ph Ph
5e, 59% 5f, 48% 59, 57% 5h, 51%

© 2019 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 1 (0.6 mmol), 4a (0.5 mmol), Cu(OAc), (0.1 mmol),
TEMPO (0.5 mmol), bpy (0.05 mmol), PhCl (3 mL). ? Isolated yields.

to give 5z~5dd, thus resulting in a highly versatile syn-
thesis of 1,3,4-trisubstituted pyrazoles.

To get some insight into the reaction mechanism ac-
counting for the formation of 3a, the following control
experiments were carried out. First, the pre-prepared enone
A was treated with 2a under standard reaction conditions.
From this reaction, 3a was obtained in a yield of 78%
(Scheme 3). This result told that enone A should be an
intermediate in the formation of 3a. Second, A was treated
with 2a in ethanol at room temperature for 10 min to give
B in a yield of 92% (Scheme 3). Third, stirring the solution
of B in PhCI at 120 “C under O, for 5 h afforded 3a in a
yield of 93% (Scheme 3). These results indicated that B
should be another key intermediate in the formation of 3a.

Ph
o) v
Cu(OAc),, TEMPO, bpy N~
Z# + PhNHNH /“\)
Ph)J\/ + 2 PhCl, 02’ 120 OC, 5h Ph /
A 2 78% 3a
Ph
0 v
. N-
Ph)J\/ + PhNHNH, ——or It 10 min /“\)
92% Ph
A 2a B
Ph Ph
/ /
)NLN) PhCI, O,, 120°C, 5 h NI/N
939 )\/)
Ph * Ph
B 3a

Scheme 3 Control experiment

Based on the above described experimental results and
previous reports,'®® a plausible mechanism accounting for
the formation of 3a is proposed in Scheme 4. Initially, 1a

http://sioc-journal.cn/ 1633
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Table 5 Scope of hydrazines for the synthesis of 5%°

0O

o Cu(OAc),
/U\/ TEMPO, bpy RZQNNHRa @ R1)]\€N_R3
_— D P e !
R ) PhCI, 120°C 120 °C, air, 5 h P
Ny, 10 h 5
J\fN Ph Ph)J\/(N Ph Ph)J\fN Ph Ph)ki\N Ph )K;\ )KfN Ph Ph)‘rN Ph
2-FCgH 3-FCgH, 4-FCgH4 4-CICgHy4 4-MeCgHy 4-CF3CgHy 4-MeOCgH,4
5i, 42% 5], 55% 5k, 69% 51, 73% 5m, 74% 5n, 62% 50, 54%

0O

0
o o o] o]
Z N- —\ Ph 7 “N-Me
Ph” ¢ N-Ph Ph%N_CGHA( Lo Ph)‘\;\NlN CeHa(4-NO,) Ph)K\N[\I—CBHM—Me) Ph%[\l‘@ )X\N
=N =N = =N Ph
S Ph Ph Ph Ph

\ 5q, 63% 5r, 63% 5s, 72% 5t, 58% 5u, 46%
5p, 62%
0 o o
N-Ph
Ph)J\ﬁ\N_Bn Ph)kﬁ\!\l{ Ph)l\f % )X\NO 3-MeOCgH HX\ 4- FCGH“)X\'
=N =N = N
Ph Ph Ph 3-MeOCgH; 4-FCgHy
5v, 52% 5w, 47% 5x, 40% 5y, 45% 52,61% 5aa, 65%
0
4C|CGH4)‘K\ N=Ph 4MeCeH4)‘y 4-CFCeHy Y N-Ph
=N
4- CICGH4 4 MeC6H4 4'CF3CGH4
5bb, 64% Sce, 68% 5dd, 50%

“ Reaction conditions: 1 (0.6 mmol), 4 (0.5 mmol), Cu(OAc), (0.1 mmol), TEMPO (0.5 mmol), bpy (0.05 mmol), PhCl (3 mL). ® Isolated yields.

is transformed into enone A through Cu(Il)-catalyzed oxi-
dative dehydrogenation. Next, condensation of A with 2a
affords an o,f-unsaturated hydrazone II, most likely via
the formation of intermediate I. The following intramolec-
uar Michael addition of II leads to the formation of dihy-
dropyrazole B. Finally, an oxidative aromatization occurs
with B to afford 3a.

Cu()TEMPO_
Ph)j\/ —2- Ph/(lﬁ/ T

Ph
NHPh oh Y,
N 10] N-N

/U\/)
H,O Ph
B 3a

Scheme 4 Plausible mechanism for the formation of 3a

As for the formation of 5a from the reaction of 1a with
4a, it should also involve an initial oxidative dehydrogena-
tion of 1a to give enone A, which then undergoes a conju-
gate addition with 4a to afford adduct III. Next, an intra-
molecular nucleophilic addition occurs with III to afford
tetrahydropyrazole IV. Under the reaction conditions, IV
undergoes oxidative dehydrogenation to afford 5a as the
final product (Scheme 5).

1634
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Ph"SNNHPh 4a
PhTSN

Cu(ll), TEMPO j N—Ph
Ph)J\/ . Ph)k/ W

'l

Ph m
WS
[O] Ph / N
N Ph ‘7— PhF/\/N
Ph
5a

Scheme 5 Plausible mechanism for the formation of 5a

This proposed mechanism shown in Scheme 5 is partly
supported by the following control experiment. The
pre-prepared enone A was treated with 4a under standard
reaction conditions. From this reaction, 5a was obtained in
a yield of 52% (Eq. 1). This result told that enone A should
be an intermediate in the formation of 5a.

o Cu(OAc), o
TEMPO, bpy ~
)J\/ + P Y — = Ph N-Ph (4
Ph Ph™ “NNHPh 5 20 °C )K;\N M
A 4a air, 5 h, 52% Ph 5,

Finally, to determine whether this newly developed py-
razole synthesis is suitable for large scale applications, the

Chin. J. Org. Chem. 2019, 39, 1630~1641
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preparation of 3a was carried out in an enlarged scale of 5
mmol. From this reaction, 3a was obtained in a yield of
60% (Scheme 6).

O
Ph)J\/ Cu(OAc),, TEMPO, bpy (5 mmol) |
1a PhCI, 120 °C, N5, 18 h  120°C, O,, 8 h Ph J

6 mmol 3a
661 mg, 60%

Ph

PhNHNH, (2a) N
N-

Scheme 6 Gram-scale synthesis of 3a

3 Conclusions

In summary, we have developed a novel synthesis of
1,3-disubstituted pyrazoles from the reaction of saturated
ketones with hydrazines, and an improved synthesis of
1,3,4-trisubstituted pyrazoles from the reaction of saturated
ketones with aldehyde hydrazones. Compared with litera-
ture methods, notable features of these new protocols in-
clude simple and economical starting materials, high regi-
oselectivity and excellent step- and atom-economy. The
development of more applications of saturated ketones as
enone precursors in the synthesis of heterocyclic com-
pounds is currently under way in our laboratories.

4 Experimental section

4.1 General experimental information

Commercial reagents were used without further purifi-
cation. Melting points were recorded with a micro melting
point apparatus and uncorrected. The '"H NMR spectra
were recorded on a Bruker DPX spectrometer at 400 MHz
or 600 MHz. The C NMR spectra were recorded on a
Bruker DPX spectrometer at 100 MHz or 150 MHz. High
resolution mass spectra (HRMS) were obtained via ESI
mode by using a MicrOTOF-QII mass spectrometer. The
conversion of starting materials was monitored by thin
layer chromatography (TLC) using silica gel plates (silica
gel 60 F254 0.25 mm), and components were visualized by
observation under UV light (254 and 365 nm).

4.2 Experimental procedures
4.2.1 Typical procedure for the synthesis of 3a

To a reaction tube equipped with a stir bar were added
propiophenone (1a, 81 mg, 0.6 mmol), PhCl (3 mL),
Cu(OAc), (18 mg, 0.1 mmol), bpy (8 mg, 0.05 mmol) and
TEMPO (78 mg, 0.5 mmol). The mixture was stirred at
120 C under N, for 10 h. To the resulting mixture was
added phenylhydrazine (2a, 54 mg, 0.5 mmol). It was then
stirred at 120 °‘C under O, for 5 h. Upon completion, the
mixture was diluted with dichloromethane (DCM) (15
mL), and washed with water (5 mL) and brine (5 mL). The
organic layer was dried over anhydrous Na,SO,, and evap-
orated under reduced pressure. The residue was purified by
column chromatography on silica gel with petroleum
ether/ethyl acetate (V' V=50 : 1) as the eluent to give 3a.
3b~3s were obtained in a similar manner.

1,3-Diphenyl-1H-pyrazole (3a): Yellow solid (78 mg,
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71%). m.p. 79~81 C (lit."¥) (82~85 °C); 'H NMR (400
MHz, CDCL3) 8: 6.75 (d, J=2.4 Hz, 1H), 7.25~7.29 (m,
1H), 7.31~7.35 (m, 1H), 7.40~7.46 (m, 4H), 7.74~7.77
(m, 2H), 7.91~7.93 (m, 3H); *C NMR (100 Hz, CDCl;)
8: 105.1, 119.1, 125.9, 126.4, 128.0, 128.1, 128.7, 129.5,
133.2, 140.3, 153.0; IR (KBr) v: 1513, 1252, 1021, 952,
827, 745, 702 cm™'; HRMS calced for CysHy3N, [M+H]"
221.1073, found 221.1064.
3-(3-Fluorophenyl)-1-phenyl-1H-pyrazole (3b)!'*: Ye-
llow solid (68 mg, 57%). m.p. 57~59 ‘C; 'H NMR (400
MHz, CDCL3) 8: 6.76 (d, J=2.8 Hz, 1H), 7.00~7.05 (m,
1H), 7.29~7.33 (m, 1H), 7.36~7.41 (m, 1H), 7.45~7.49
(m, 2H), 7.62~7.69 (m, 2H), 7.75~7.78 (m, 2H), 7.96 (d,
J=2.8 Hz, 1H); *C NMR (100 Hz, CDCl;) d: 105.2, 112.7
(d, 2Jep=22.6 Hz), 114.8 (d, *Jcy=21.8 Hz), 119.1, 121.5
(d, “Jer=2.9 Hz), 126.6, 128.2, 129.5, 130.2 (d, *Jc.r=8.0
Hz), 135.4 (d, *Jer=8.0 Hz), 140.1, 151.8 (d, *Jer=2.9
Hz), 163.2 (d, 'Je.r=243.7 Hz); IR (KBr) v: 1516, 1252,
1026, 953, 825, 742, 699 cm™'; HRMS caled for CisH,-
FN, [M+H]" 239.0979, found 239.0975.
3-(3-Chlorophenyl)-1-phenyl-1H-pyrazole 3o
Yellow solid (77 mg, 61%). m.p. 92~93 C; 'H NMR
(400 MHz, CDCl;) : 6.68 (d, J=2.4 Hz, 1H), 7.21~7.29
(m, 3H), 7.37~7.41 (m, 2H), 7.68~7.72 (m, 3H), 7.85~
7.88 (m, 2H); *C NMR (100 Hz, CDCl;) J: 104.1, 118.1,
122.9, 124.9, 125.6, 126.9, 127.2, 128.4, 128.9, 133.6,
133.9, 139.1, 150.5; IR (KBr) v: 1519, 1252, 1023, 954,
825, 745, 701 cm™'; HRMS caled for CsH,CIN, [M+
H]" 255.0684, found 255.0680.
3-(3-Methoxyphenyl)-1-phenyl-1H-pyrazole (3d)':
Yellow solid (70 mg, 56%). m.p. 68~69 C; '"H NMR
(400 MHz, CDCl3) 6: 3.81 (s, 3H), 6.68 (d, J=2.4 Hz,
1H), 6.81~6.83 (m, 1H), 7.21 (t, J=7.2 Hz, 1H), 7.26 (t,
J=8.0 Hz, 1H), 7.36~7.43 (m, 4H), 7.68~7.70 (m, 2H),
7.86 (d, J=2.4 Hz, 1H); "C NMR (100 Hz, CDCL) o:
55.4, 1052, 111.0, 114.0, 118.5, 119.1, 126.4, 128.0,
129.4,129.7, 134.5, 140.2, 152.8, 160.0; IR (KBr) v: 1516,
1258, 1021, 954, 824, 742, 701 cm '; HRMS calcd for
Ci6HsN,O [M+H]" 251.1179, found 251.1173.
3-(4-Fluorophenyl)-1-phenyl-1H-pyrazole (3e): Yellow
solid (69 mg, 58%). m.p. 84~85 C (lit.""! 87~88 C);
'H NMR (400 MHz, CDCLy) d: 6.64 (d, J=2.8 Hz, 1H),
7.01~7.06 (m, 2H), 7.21 (t, J=7.2 Hz, 1H), 7.37~7.41
(m, 2H), 7.68 (d, J=8.0 Hz, 2H), 7.79~7.82 (m, 2H),
7.86 (d, J=2.4 Hz, 1H); "C NMR (100 Hz, CDCL) o:
104.8, 115.6 (d, “Jer=21.8 Hz), 119.0, 122.9, 1264,
127.5 (d, *Jer=8.0 Hz), 128.1, 129.5, 140.2, 152.1, 162.8
(d, "Jep=245.1 Hz); IR (KBr) v: 1513, 1252, 1023, 953,
824, 742, 698 cmfl; HRMS calced for C;sH,FN, [M—+
H]" 239.0979, found 239.0971.
3-(4-Chlorophenyl)-1-phenyl-1H-pyrazole (3f): Yellow
solid (80 mg, 63%). m.p. 113~115 C (lit."! 119~
120 C); 'H NMR (400 MHz, CDCl;) d: 6.66 (d, J=2.4
Hz, 1H), 7.22 (t, J=7.2 Hz, 1H), 7.31 (d, J=8.4 Hz, 2H),
7.39 (t, J=7.6 Hz, 2H), 7.67 (t, J=7.6 Hz, 2H), 7.77 (d,
J=8.4 Hz, 2H), 7.86 (d, J=2.4 Hz, 1H); C NMR (100
Hz, CDCLy) d: 103.9, 118.1, 125.5, 126.1, 127.1, 127.8,
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128.4, 130.6, 132.7, 139.1, 150.8; IR (KBr) v: 1513, 1255,
1023, 956, 825, 746, 696 cm '; HRMS calcd for
CysH,,CIN, [M+H]" 255.0684, found 255.0672.
1-Phenyl-3-(p-tolyl)-1H-pyrazole (3g): Yellow solid (83
mg, 71%). m.p. 90~92 C (lit"¥ 92~94 C); '"H NMR
(400 MHz, CDCl;) d: 2.29 (s, 3H), 6.62 (d, J=2.0 Hz,
1H), 7.13~7.18 (m, 3H), 7.35 (t, J=7.6 Hz, 2H), 7.65~
7.67 (m, 2H), 7.72 (d, J=8.0 Hz, 2H), 7.81 (d, J=2.4 Hz,
1H); C NMR (100 Hz, CDCl3) 6: 21.4, 104.9, 119.0,
125.8, 126.2, 127.9, 129.40, 129.44, 130.4, 137.9, 140.3,
153.0; IR (KBr) v: 1516, 1252, 1026, 956, 825, 742, 702
cm '; HRMS caled for C¢H;sN, [M+H]" 235.1230,
found 235.1232.
3-(4-Methoxyphenyl)-1-phenyl-1H-pyrazole (3h):
Yellow solid (85 mg, 68%). m.p. 100~102 C (lit.."”
101~103 C); 'H NMR (400 MHz, CDCl;) ¢: 3.77 (s,
3H), 6.62 (d, J=2.4 Hz, 1H), 6.88~6.91 (m, 2H), 7.19 (d,
J=17.6 Hz, 1H), 7.36~7.40 (m, 2H), 7.67~7.69 (m, 2H),
7.75~7.79 (m, 2H), 7.85 (d, J=2.4 Hz, 1H); °C NMR
(100 Hz, CDCL3) d: 55.3, 104.6, 114.1, 119.0, 126.0, 126.2,
127.1, 127.9, 129.4, 140.3, 152.8, 159.6; IR (KBr) v: 1516,
1258, 1023, 953, 827, 742, 699 cm '; HRMS caled for
Ci6H,sN,O [M+H]" 251.1179, found 251.1188.
3-(Benzo[d][1,3]dioxol-5-yl)-1-phenyl-1H-pyrazole
(3i): Yellow solid (80 mg, 61%). m.p. 113~115 C
(1it." 116~117 C); '"H NMR (400 MHz, CDCL;) 6: 5.98
(s, 2H), 6.66 (d, J=2.8 Hz, 1H), 6.86 (d, J/=8.0 Hz, 1H),
727 (t, J=7.6 Hz, 1H), 7.38 (dd, J,=8.4 Hz, J,=1.6 Hz,
1H), 7.43~7.47 (m, 3H), 7.73~7.75 (m, 2H), 7.91 (d, J=
2.4 Hz, 1H); C NMR (150 Hz, CDCl;) o: 101.1, 104.7,
106.5, 108.5, 118.9, 119.6, 126.3, 127.5, 127.9, 129.4,
140.2, 147.6, 148.1, 152.7; IR (KBr) v: 1513, 1258, 1026,
953, 824, 745, 701 cm'; HRMS caled for CigH 3N,0,
[M+H]" 265.0972, found 265.0968.
1-Phenyl-3-(thiophen-2-yl)-1H-pyrazole (3j)!'": Yellow
solid (70 mg, 62%). m.p. 86~87 °C; '"H NMR (400 MHz,
CDCl;) d: 6.65 (d, J=2.8 Hz, 1H), 7.05~7.08 (m, 1H),
7.24~7.28 (m, 2H), 7.39~7.45 (m, 3H), 7.71~7.73 (m,
2H), 7.88 (d, J=2.4 Hz, 1H); *C NMR (100 Hz, CDCl,)
9: 105.1, 119.1, 124.2, 125.0, 126.4, 127.5, 128.0, 129.5,
136.4, 140.0, 148.3; IR (KBr) v: 1516, 1255, 1026, 956,
824, 745, 698 cm ™ '; HRMS caled for Cj3H,|N,S [M+H]"
227.0632, found 227.0634.
3-Ethyl-1-phenyl-1H-pyrazole (3k)!"*: Yellow oil (38
mg, 44%). '"H NMR (400 MHz, CDCL;) 6: 1.31 (t, J=7.6
Hz, 3H), 2.76 (q, J=7.6 Hz, 2H), 6.27 (d, J=2.4 Hz, 1H),
7.24 (d, J=8.0 Hz, 1H), 7.39~7.44 (m, 2H), 7.64-7.67
(m, 2H), 7.82 (d, J=2.4 Hz, 1H); °C NMR (100 MHz,
CDCly) 6: 13.9, 21.7, 106.0, 118.9, 125.9, 127.3, 129.4,
140.3, 156.6; HRMS caled for C;H;3N, [M+ H] "
173.1073, found 173.1053.
3-Cyclohexyl-1-phenyl-1H-pyrazole (31)"*: Yellow oil
(46 mg, 41%). '"H NMR (400 MHz, CDCl;) J: 1.18~1.45
(m, 5H), 1.59~1.77 (m, 3H), 1.95~1.98 (m, 2H), 2.65~
2.71 (m, 1H), 6.18 (d, J=2.4 Hz, 1H), 7.15 (t, J=7.6 Hz,
1H), 7.33 (t, J=7.6 Hz, 2H), 7.57 (d, J=7.6 Hz, 2H), 7.72
(d, J=2.4 Hz, 1H); “C NMR (150 Hz, CDCl;) o: 25.1,
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25.3,32.2, 36.7, 103.6, 117.9, 124.8, 125.9, 128.3, 139.3,
159.2; IR (KBr) v: 1516, 1252, 1023, 959, 824, 745, 701
cmfl; HRMS caled for C;sH;oN, [M—I—H]+ 227.1543,
found 227.1538.
3-Phenyl-1-(m-tolyl)-1H-pyrazole (3m): Yellow solid
(89 mg, 76%). m.p. 70~72 C (lit!") 71~73 C); 'H
NMR (400 MHz, CDCls) J: 2.36 (s, 3H), 6.68 (d, J=2.4
Hz, 1H), 7.03 (d, J=7.6 Hz, 1H), 7.24~7.28 (m, 2H),
7.35 (t, J=7.6 Hz, 2H), 7.46 (d, J=8.0 Hz, 1H), 7.55 (s,
1H), 7.84~7.86 (m, 3H); *C NMR (100 Hz, CDCl;) J:
20.5, 103.9, 115.1, 118.9, 124.8, 126.1, 126.96, 127.04,
127.6,128.2, 132.2, 138.5, 139.2, 151.8; IR (KBr) v: 1514,
1251, 1025, 954, 826, 702 cm '; HRMS caled for
Ci6H sN, [M+H]" 235.1230, found 235.1228.
1-(4-Fluorophenyl)-3-phenyl-1H-pyrazole (3n): Yellow
solid (64 mg, 54%). m.p. 86~88 C (lit."”! 90~92 C);
'H NMR (600 MHz, CDCL3) d: 6.74 (s, 1H), 7.13 (t, J=7.8
Hz, 2H), 7.33 (t, J=7.2 Hz, 1H), 7.42 (t, J=7.2 Hz, 2H),
7.69~7.71 (m, 2H), 7.84 (s, 1H), 7.90 (t, J=7.2 Hz, 2H);
C NMR (150 Hz, CDCly) 6: 105.1, 116.2 (d, *Jer=23.0
Hz), 120.8 (d, *Jer=28.7 Hz), 125.9, 128.13, 128.15,
128.7, 133.0, 136.6 (d, “Jcr=2.1 Hz), 153.0, 161.1 (d,
2Jep=243.9 Hz); IR (KBr) v: 1516, 1252, 1044, 1018,
824, 703 cm™'; HRMS caled for CysH,FN, [M+H]"
239.0979, found 239.0971.
1-(4-Chlorophenyl)-3-phenyl-1H-pyrazole (30): Yellow
solid (76 mg, 60%). m.p. 125~127 ‘C (lit."! 129~
130 C); '"H NMR (400 MHz, CDCl;) d: 6.70 (d, J=2.8
Hz, 1H), 7.27 (t, J=7.2 Hz, 1H), 7.34~7.37 (m, 4H),
7.62~7.65 (m, 2H), 7.82~7.84 (m, 3H); >C NMR (150
Hz, CDCLy) d: 104.4, 119.1, 124.8, 126.9, 127.2, 127.7,
128.5, 130.7, 131.8, 137.7, 152.2; IR (KBr) v: 1516, 1252,
1026, 956, 827, 743, 702 cm '; HRMS calcd for
CysH,,CIN, [M+H]" 255.0684, found 255.0671.
3-Phenyl-1-(p-tolyl)-1H-pyrazole (3p): Yellow solid (81
mg, 69%), m.p. 107~109 C (it 111~112 C); 'H
NMR (600 MHz, CDCl;) 6: 2.28 (s, 3H), 6.64 (s, 1H), 7.15
(t, J=17.2 Hz, 2H), 7.24~7.25 (m, 1H), 7.33 (t, J=6.6 Hz,
2H), 7.54 (d, J=7.2 Hz, 2H), 7.79~7.83 (m, 3H); "*C
NMR (150 Hz, CDCly) 6: 21.0, 104.8, 119.1, 125.9, 128.0,
128.7, 130.0, 133.3, 136.2, 138.1, 152.7; IR (KBr) v: 1516,
1255, 1018, 954, 825, 743, 701 cm '; HRMS caled for
CiHisN, [M+H]" 235.1230, found 235.1224.
1-(4-Methoxyphenyl)-3-phenyl-1H-pyrazole 3q):
Yellow solid (78 mg, 62%). m.p. 100~102 C (lit.'"¥
103~104 ‘C); '"H NMR (400 MHz, CDCly) &: 3.73 (s,
3H), 6.63 (d, J=2.4 Hz, 1H), 6.87 (d, J=9.2 Hz, 2H), 7.23
(t, J=7.2 Hz, 1H), 7.33 (t, J=7.2 Hz, 2H), 7.56 (d, J=8.8
Hz, 2H), 7.73 (d, J=2.4 Hz, 1H), 7.82 (d, J=7.6 Hz, 2H);
C NMR (100 Hz, CDCls) 0: 55.6, 104.6, 114.5, 120.8,
125.8, 127.9, 128.1, 128.7, 133.3, 134.1, 152.6, 158.2; IR
(KBr) v: 1669, 1393, 1073, 758, 692 cm™'; HRMS calcd
for C6H,sN,O [M+H]" 251.1179, found 251.1170.
1-Methyl-3-phenyl-1H-pyrazole (3r)!'": Yellow oil (36
mg, 45%). '"H NMR (600 MHz, CDCL3) 6: 3.85 (s, 3H),
6.45 (s, 1H), 7.21~7.22 (m, 1H), 7.28~7.32 (m, 3H),
7.71 (d, J=7.2 Hz, 2H); *C NMR (100 Hz, CDCl;) o:
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39.0, 102.8, 125.5, 127.5, 128.6, 131.4, 133.6, 151.6; IR
(KBr) v: 1651, 1593, 1528, 1293, 1293, 960, 795 cm ';
HRMS caled for CoH; )N, [M+H]" 159.0917, found
159.0909.

1-Isopropyl-3-phenyl-1H-pyrazole (3s)!'": Yellow oil
(39 mg, 42%). '"H NMR (400 MHz, CDCl3) d: 1.52 (d, J=
6.8 Hz, 6H), 4.47~4.58 (m, 1H), 6.52 (d, J/=2.4 Hz, 1H),
7.24~7.28 (m, 1H), 7.35~7.41 (m, 3H), 7.79~7.82 (m,
2H); C NMR (150 Hz, CDCl;) ¢: 23.1, 53.9, 102.3,
125.6, 127.37, 127.40, 128.6, 134.0, 150.8; HRMS calcd
for C,HsN, [M+H]" 187.1230, found 187.1216.

4.2.2 Typical procedure for the synthesis of 5a

To a reaction tube equipped with a stir bar were added
propiophenone (1a, 81 mg, 0.6 mmol), PhCl (3 mL),
Cu(OAc), (18 mg, 0.1 mmol), bpy (8 mg, 0.05 mmol) and
TEMPO (78 mg, 0.5 mmol). The mixture was stirred at
120 C under N, for 10 h. To the resulting mixture was
added 1-benzylidene-2-phenyl hydrazine (4a, 98 mg, 0.5
mmol). It was then stirred at 120 °‘C under air for 5 h.
Upon completion, the mixture was diluted with DCM (15
mL), and washed with water (5 mL) and brine (5 mL). The
organic layer was dried over anhydrous Na,SO,, and evap-
orated under reduced pressure. The residue was purified by
column chromatography on silica gel with petroleum ether/
ethyl acetate (V' =20 : 1) as the eluent to give 5a. Sb~
5dd were obtained in a similar manner.

(1,3-Diphenyl-1H-pyrazol-4-yl)(phenyl)methanone
(5a)!'™: White solid (102 mg, 63%). m.p. 141~142 C.
'H NMR (400 MHz, CDCl;) 6: 7.32~7.42 (m, 6H),
7.47~7.54 (m, 3H), 7.72~7.74 (m, 2H), 7.79 (d, J=8.0
Hz, 2H), 7.83~7.85 (m, 2H), 8.28 (s, 1H); *C NMR (100
MHz, CDCl;) J: 119.6, 121.2, 127.5, 128.2, 128.4, 128.6,
128.9, 129.5, 129.7, 132.1, 132.3, 132.6, 138.9, 139.3,
154.0, 190.0; IR (KBr) v: 1645, 1534, 1246, 1038, 799,
764,753 cm ™ '; MS m/z: 325 [M+H]".

(1,3-Diphenyl-1H-pyrazol-4-yl)(3-methoxyphenyl)meth-
anone (5b)!'": White solid (103 mg, 58%), m.p. 133~
134 C. '"H NMR (400 MHz, CDCly) &: 3.79 (s, 3H),
7.05~7.08 (m, 1H), 7.28~7.43 (m, 7H), 7.48~7.52 (m,
2H), 7.72~7.75 (m, 2H), 7.77~7.80 (m, 2H), 8.30 (s,
1H); *C NMR (150 MHz, CDCLy) J: 55.4, 113.7, 119.3,
119.6, 121.2, 122.3, 127.6, 128.2, 128.6, 128.9, 1294,
129.7, 132.1, 132.3, 139.3, 140.2, 154.0, 159.6, 189.7; IR
(KBr) v: 1634, 1604, 1522, 1305, 1158, 896, 839, 752, 692
cm 'y MS m/z: 355 [M+H]".

(1,3-Diphenyl- 1 H-pyrazol-4-yl)(4-fluorophenyl)meth-
anone (5¢)!'”: White solid (118 mg, 69%), m.p. 141~
143 C. '"H NMR (400 MHz, CDCL3) 6: 7.01~7.07 (m,
2H), 7.30~7.38 (m, 4H), 7.49 (t, J=8.0 Hz, 2H), 7.65~
7.70 (m, 2H), 7.78~7.80 (m, 2H), 7.82~7.87 (m, 2H),
8.29 (s, 1H); *C NMR (150 MHz, CDCl;) J: 115.5 (d,
*Jer=21.9 Hz), 119.6, 121.2, 127.6, 128.2, 128.7, 128.9,
129.7, 132.0, 132.07, 132.14, 135.0 (d, *Jer=3.3 Hz),
139.2, 153.8, 165.5 (d, 'Jer=252.6 Hz), 188.6; IR (KBr)
v: 1604, 1161, 750, 689 cm ™ '; MS m/z: 343 [M+H]".

(1,3-Diphenyl-1H-pyrazol-4-yl)(4-(trifluoromethyl)phen
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yl)methanone (5d): White solid (90 mg, 53%), m.p. 146~
148 C (it" 159~161 C); '"H NMR (400 MHz,
CDCly) d: 2.40 (s, 3H), 7.21 (d, J=8.0 Hz, 2H), 7.33~
7.38 (m, 4H), 7.49 (t, J=7.6 Hz, 2H), 7.73~7.80 (m, 6H),
8.26 (s, 1H); C NMR (150 MHz, CDCl;) ¢: 21.7, 119.6,
121.4, 127.5, 128.2, 128.6, 128.9, 129.1, 129.6, 129.7,
132.0, 132.2, 136.3, 139.3, 143.5, 153.9, 189.8; IR (KBr)
v: 1648, 1534, 1326, 1106, 1059, 859, 768, 712, 683 cm ™ ';
MS m/z: 339 [M+H]".
(1,3-Diphenyl-1H-pyrazol-4-yl)(4-(trifluoromethyl)phen
yl)methanone (Se): White solid (115 mg, 59%), m.p.
163~165 C (lit"™ 163~165 C); 'H NMR (400
MHz, CDCl3) J: 7.31~7.38 (m, 4H), 7.48 (t, J=7.6 Hz,
2H), 7.62 (d, J=8.4 Hz, 2H), 7.67~7.69 (m, 2H), 7.77~
7.79 (m, 2H), 7.87 (d, J=8.0 Hz, 2H), 8.29 (s, 1H); "°*C
NMR (150 MHz, CDCL3) d: 119.6, 120.9, 123.7 (q, 'Jer=
271.2 Hz), 125.4 (q, *Jer=3.3 Hz), 127.8, 128.2, 128.9,
129.0, 129.6, 129.7, 131.8, 132.6, 133.8 (q, *Jer=31.8
Hz), 139.1, 141.9, 154.2, 188.8; IR (KBr) v: 1640, 1516,
1223, 827, 745, 706 cm™'; MS m/z: 393 [M+H]".
(1,3-Diphenyl-1H-pyrazol-4-yl)(thiophen-2-yl)methano
ne (56! White solid (79 mg, 48%), m.p. 150~152 C.
'H NMR (400 MHz, CDCly) d: 7.07~7.09 (m, 1H),
7.35~7.41 (m, 4H), 7.51 (t, J=8.4 Hz, 2H), 7.62~7.63
(m, 1H), 7.66 (dd, J,=4.8 Hz, J,=0.8 Hz, 1H), 7.78~
7.82 (m, 4H), 8.40 (s, 1H); >C NMR (150 MHz, CDCl;) ¢:
119.6, 121.1, 127.6, 128.0, 128.3, 128.7, 128.8, 129.7,
131.2, 132.0, 133.9, 134.0, 139.3, 145.0, 153.4, 181.4; IR
(KBr) v: 1634, 1581, 1229, 1070, 897, 742, 701, 683 cm " ';
MS m/z: 331 [M+H]".
(1,3-Diphenyl-1H-pyrazol-4-yl)(pyridin-3-yl)methanone
(5g)"'™: White solid (93 mg, 57%). m.p. 131~133 C; 'H
NMR (400 MHz, CDCl;) d: 7.30~7.40 (m, 5H), 7.50 (t,
J=8.0 Hz, 2H), 7.66~7.69 (m, 2H), 7.79 (d, J=7.6 Hz,
2H), 8.06~8.08 (m, 1H), 8.36 (s, 1H), 8.71 (d, J=3.2 Hz,
1H), 9.00 (s, 1H); *C NMR (150 MHz, CDCl;) 6: 119.7,
120.9, 123.4, 127.8, 128.3, 128.9, 129.1, 129.7, 131.8,
132.5, 134.3, 136.6, 139.1, 150.4, 152.9, 154.1, 188.1; IR
(KBr) v: 1528, 1455, 1208, 1164, 903, 752, 715, 661 cm ™ ';
MS m/z: 326 [M+H]".
Cyclohexyl(1,3-diphenyl-1H-pyrazol-4-yl)methanone
(5h): White solid (84 mg, 51%). m.p. 110~111 C
1t 113~114 C); '"H NMR (400 MHz, CDCL3) o:
1.12~1.23 (m, 3H), 1.44~1.53 (m, 2H), 1.65~1.66 (m,
1H), 1.76~1.86 (m, 4H), 2.77~2.84 (m, 1H), 7.36 (t, J=
7.6 Hz, 1H), 7.41~7.47 (m, 3H), 7.49 (t, J=7.6 Hz, 2H),
7.71~7.74 (m, 2H), 7.78 (d, J=7.6 Hz, 2H), 8.42 (s, 1H);
C NMR (150 MHz, CDCly) d: 25.78, 25.84, 29.4, 48.9,
119.7, 121.7, 127.6, 128.1, 128.8, 129.3, 129.6, 130.9,
132.7, 139.3, 153.9, 199.0; IR (KBr) v: 1634, 1458, 1205,
1109, 902, 762, 712, 662 cm™'; MS m/z: 331 [M—+H]".
(3-(2-Fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)(phenyl)-
methanone (5i): White solid (72 mg, 42%), m.p. 109~
110 ‘C; '"H NMR (400 MHz, CDCl;) 6: 6.95~7.00 (m,
1H), 7.20 (td, J,=7.6 Hz, J,=1.2 Hz, 1H), 7.29~7.40 (m,
4H), 7.46~7.52 (m, 3H), 7.69 (td, J;=7.6 Hz, J,=2.0 Hz,
1H), 7.77~7.79 (m, 2H), 7.82~7.84 (m, 2H), 8.32 (s,
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1H); *C NMR (150 MHz, CDCl;) d: 115.6 (d, Jep=21.9
Hz), 119.7, 120.8 (d, Jer=14.3 Hz), 122.6, 124.2 (d,
*Jer=3.3 Hz), 127.7, 1283, 129.3, 129.7, 130.6 (d,
3Jer=8.7 Hz), 130.8 (d, *Jer=2.3 Hz), 131.4, 132.5,
138.5, 139.3, 148.8, 160.0 (d, 'Jcr=247.2 Hz), 189.5; IR
(KBr) v: 1519, 1452, 1223, 897, 822, 739, 705, 684 cm ';
HRMS caled for C,,H;sFN,Ona [M—l—Na]+ 365.1061,
found 365.1041.
(3-(3-Fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)(phenyl)-
methanone (5j): White solid (94 mg, 55%), m.p. 132~
134 C (it" 129~131 C); 'H NMR (400 MHz,
CDCl;) 0: 7.01~7.06 (m, 1H), 7.27~7.33 (m, 1H), 7.38
(t, J=7.2 Hz, 1H), 7.43 (t, J=7.6 Hz, 2H), 7.48~7.57
(m, 5H), 7.78 (d, J=7.6 Hz, 2H), 7.85 (d, J=7.2 Hz, 2H),
8.28 (s, 1H); >C NMR (150 MHz, CDCl;) 6: 115.5 (d,
2Jer=20.7 Hz), 1158 (d, “Jer=23.0 Hz), 119.6,
121.3, 124.7 (d, *Jcy=2.3 Hz), 127.7, 128.5, 129.5, 129.6,
129.7 (d, *Jep=4.4 Hz), 132.5, 132.8, 134.2 (d, *Jc=8.7
Hz), 138.9, 139.1, 152.7, 162.6 (d, 'Jer=243.9 Hz),
189.8; IR (KBr) v: 1634, 1516, 1288, 900, 827, 756, 708,
689 cm™'; MS m/z: 343 [M+H]".
(3-(4-Fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)(phenyl)-
methanone (5k): White solid (118 mg, 69%). m.p. 140~
142 C (it" 135~136 C); 'H NMR (400 MHz,
CDCl;) d: 7.02~7.06 (m, 2H), 7.37 (t, J=7.6 Hz, 1H),
7.42 (t, J=7.6 Hz, 2H), 7.49 (t, J=7.6 Hz, 2H), 7.55 (t,
J=17.6 Hz, 1H), 7.75~7.78 (m, 4H), 7.82~7.84 (m, 2H),
8.27 (s, 1H); *C NMR (150 MHz, CDCl;) 6: 115.2 (d,
*Jer=21.9 Hz), 119.6, 121.0, 127.7, 128.3 (d, *Jcr=3.3
Hz), 128.5, 129.4, 129.7, 130.8 (d, *Jcr=28.9 Hz), 132.6,
132.7, 139.0, 139.2, 153.1, 163.1 (d, 'Jer=246.0 Hz),
189.9; IR (KBr) v: 1637, 1522, 1223, 821, 742 cm™'; MS
m/z: 343 [M+H]".
(3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)(phenyl)-
methanone (51): White solid (131 mg, 73%). m.p. 147~
148 C (lit'" 147~149 C); 'H NMR (400 MHz,
CDCly) d: 7.31~7.39 (m, 3H), 7.43 (t, J=7.6 Hz, 2H),
7.49 (t, J=7.6 Hz, 2H), 7.56 (t, J=7.2 Hz, 1H), 7.72~
7.78 (m, 4H), 7.84 (d, J=8.4 Hz, 2H), 8.26 (s, 1H); "*C
NMR (150 MHz, CDCL) o: 119.6, 121.1, 127.7, 128.4,
128.5, 129.4, 129.7, 130.3, 130.6, 132.6, 132.8, 134.7,
138.9, 139.1, 152.9, 189.8; IR (KBr) v: 1643, 1528, 1452,
1223, 742,709 cm™'; MS: m/z: 359 [M+H]".
Phenyl(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)methanone
(5m): White solid (125 mg, 74%), m.p. 142~144 C
(1it." 146~148 C); '"H NMR (400 MHz, CDCl;) o:
2.35 (s, 3H), 7.15 (d, J=8.0 Hz, 2H), 7.35 (t, J=7.2 Hz,
1H), 7.41 (t, J=7.6 Hz, 2H), 7.46~7.55 (m, 3H), 7.64 (d,
J=8.0 Hz, 2H), 7.76~7.79 (m, 2H), 7.83~7.86 (m, 2H),
8.25 (s, 1H); *C NMR (150 MHz, CDCl) d: 21.4, 119.6,
121.1, 127.4, 128.4, 128.8, 128.9, 129.2, 129.5, 129.6,
132.3, 132.6, 138.5, 139.0, 139.3, 154.1, 190.0; IR (KBr)
v: 1645, 1311, 1123, 850, 767, 718, 692 cm '; MS m/z:
339 [M+H]".
Phenyl(1-phenyl-3-(4-(trifluoromethyl)phenyl)-1H-
pyrazol-4-yl)methanone (5Sn): White solid (122 mg, 62%).
m.p. 137~139 C (lit.'"" 141~143 C); '"H NMR (400
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MHz, CDCls) 6: 7.38 (t, J=7.2 Hz, 1H), 7.44 (t, J=7.6
Hz, 2H), 7.51 (t, J=7.6 Hz, 2H), 7.57 (t, J=7.2 Hz, 1H),
7.61 (d, J=8.0 Hz, 2H), 7.78 (d, J=8.0 Hz, 2H), 7.85 (d,
J=17.2 Hz, 2H), 7.91 (d, J=8.0 Hz, 2H), 8.28 (s, 1H); *C
NMR (150 MHz, CDCls) §: 119.7, 121.3, 122.3 (q, Jer=
286.5 Hz), 125.1 (q, *Jer=3.3 Hz), 127.9, 128.6, 129.2,
129.4, 129.7, 130.5 (q, *Jer=32.9 Hz), 132.7, 132.9,
135.7, 138.8, 139.1, 152.7, 189.7; IR (KBr) v: 1643, 1522,
1311, 1123, 1067, 897, 765, 717 cm™'; MS m/z: 393 [M+
H]'.
(3-(4-Methoxyphenyl)- 1-phenyl-1H-pyrazol-4-yl)(phen-
yl)methanone (50): White solid (96 mg, 54%). m.p. 129~
131 C (@it!" 132~134 C); '"H NMR (400 MHz,
CDCl;) 6: 3.81 (s, 3H), 6.87~6.90 (m, 2H), 7.35 (t, J=7.2
Hz, 1H), 7.41 (t, J=8.0 Hz, 2H), 7.48 (t, J=7.6 Hz, 2H),
7.53 (t, J=7.6 Hz, 1H), 7.70~7.74 (m, 2H), 7.77 (d, J=
7.6 Hz, 2H), 7.83~7.85 (m, 2H), 8.24 (s, 1H); *C NMR
(150 MHz, CDCl3) 6: 55.3, 113.6, 119.5, 120.9, 124.6,
127.4, 128.4, 129.5, 129.6, 130.3, 132.4, 132.6, 139.1,
139.3, 153.8, 160.0, 190.1; IR (KBr) v: 1640, 1519, 1226,
1021, 896, 834, 746, 706 cm™'; MS m/z: 355 [M+H]".
Phenyl(1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-4-yl)-
methanone (5p): White solid (102 mg, 62%), m.p. 147~
148 C (it!" 137~139 C); '"H NMR (600 MHz,
CDCly) d: 7.04~7.07 (m, 1H), 7.33~7.37 (m, 2H),
7.45~7.49 (m, 4H), 7.58 (t, J=7.2 Hz, 1H), 7.75 (d, J=
7.6 Hz, 2H), 7.86~7.88 (m, 2H), 7.93~7.95 (m, 1H), 8.18
(s, 1H); *C NMR (150 MHz, CDCl;) d: 119.6, 120.4,
126.8, 127.5, 127.7, 128.6, 128.9, 129.4, 129.7, 132.6,
132.9, 134.1, 139.0, 139.5, 148.3, 189.5; IR (KBr) v: 1648,
1516, 1276, 1211, 884, 844, 681 cm™'; MS m/z: 331 [M+
H]'.
(1-(4-Chlorophenyl)-3-phenyl-1H-pyrazol-4-yl)(phenyl)-
methanone (5q): White solid (113 mg, 63%). m.p. 163~
165 C (lit!"" 165~167 C); '"H NMR (400 MHz,
CDCly) d: 7.31~7.35 (m, 3H), 7.39 (t, J=7.6 Hz, 2H),
7.44~7.47 (m, 2H), 7.52 (t, J=7.2 Hz, 1H), 7.69~7.75
(m, 4H), 7.81~7.83 (m, 2H), 8.25 (s, 1H): *C NMR (150
MHz, CDCl;) 0: 120.7, 121.6, 128.2, 128.4, 128.8, 128.9,
129.5, 129.8, 131.9, 132.1, 132.7, 133.1, 137.8, 138.7,
154.2, 189.9; IR (KBr) v: 1628, 1493, 1440, 1293, 1211,
897, 830, 730, 699 cm ™ '; MS m/z: 359 [M—+H]".
(1-(4-Nitrophenyl)-3-phenyl-1H-pyrazol-4-yl)(phenyl)-
methanone (5r): White solid (116 mg, 63%). m.p. 143~
145 ‘C; '"H NMR (400 MHz, CDCly) §: 7.15 (s, 1H),
7.38~7.48 (m, 3H), 7.53~7.57 (m, 2H), 7.66~7.71 (m,
3H), 7.87~7.90 (m, 2H), 8.00~8.02 (m, 2H), 8.27~8.30
(m, 2H); C NMR (150 MHz, CDCl;) d: 112.4, 124.5,
125.0, 126.0, 128.9, 129.0, 129.1, 129.9, 131.4, 134.2,
136.8, 140.8, 144.8, 146.7, 152.7, 185.3; HRMS calcd for
C22H15N303Na [1\/[—|_Nu':1]Jr 3921006, found 392.0988.
Phenyl(3-phenyl-1-(p-tolyl)-1H-pyrazol-4-yl)methanone
(5s): White solid (122 mg, 72%), m.p. 148~149 C
(1it.1"! 148~150 ‘C); 'H NMR (400 MHz, CDCL3) o:
2.41 (s, 3H), 7.28~7.35 (m, 5H), 7.40 (t, J=7.6 Hz, 2H),
7.52 (t, J=7.6 Hz, 1H), 7.66 (d, J=8.4 Hz, 2H), 7.71~
7.74 (m, 2H), 7.82~7.84 (m, 2H), 8.25 (s, 1H); °C NMR
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(150 MHz, CDCly) o: 21.0, 119.5, 121.0, 128.1, 128.3,
128.5, 128.9, 129.5, 130.1, 132.2, 132.3, 132.6, 137.0,
137.5, 139.0, 153.9, 190.1; IR (KBr) v: 1634, 1522, 1220,
897, 821, 770, 736, 686 cm™'; MS m/z: 339 [M+H]".
Phenyl(3-phenyl-1-(pyridin-2-yl)-1H-pyrazol-4-yl)-
methanone (5t): White solid (94 mg, 58%). m.p. 145~
147 ‘C. '"H NMR (400 MHz, CDCl;) &: 7.00 (s, 1H),
7.07~7.11 (m, 1H), 7.37~7.48 (m, 5H), 7.52~7.56 (m,
1H), 7.77~7.82 (m, 1H), 7.89~7.99 (m, SH), 8.08~8.10
(m, 1H); “C NMR (150 MHz, CDCl;) §: 108.4, 115.0,
122.0, 126.1, 128.5, 128.7, 128.8, 129.4, 132.1, 133.2,
137.4, 138.5, 141.4, 147.5, 151.2, 152.7, 187.6; HRMS
caled for C, H N3O [M+H]" 326.1288, found 326.1284.
(1-Methyl-3-phenyl-1H-pyrazol-4-yl)(phenyl)methanon-
one (5u): White solid (60 mg, 46%). m.p. 88~90 C
(1it." 159~161 C); '"H NMR (600 MHz, CDCl;) o:
3.98 (s, 3H), 7.29~7.31 (m, 3H), 7.36 (t, J=7.6 Hz, 2H),
748 (t, J=7.6 Hz, 1H), 7.61~7.64 (m, 2H), 7.75~7.77
(m, 3H); *C NMR (150 MHz, CDCl3) ¢: 39.3, 119.6,
128.1, 128.2, 128.3, 128.8, 129.4, 132.3, 132.4, 136.1,
139.2, 153.2, 189.9; IR (KBr) v: 1640, 1522, 1446, 897,
727,692, 671 cm”'; MS m/z: 263 [M+H]".
(1-Benzyl-3-phenyl-1H-pyrazol-4-yl)(phenyl)methanone
(5v): White solid (88 mg, 52%). m.p. 100~ 101 C
(1it." 102~103 C); '"H NMR (400 MHz, CDCl;) ¢:
5.37 (s, 2H), 7.28~7.39 (m, 10H), 7.46 (t, J=7.2 Hz, 1H),
7.63~7.65 (m, 2H), 7.73~7.74 (m, 3H); >C NMR (150
MHz, CDCls) d: 56.5, 119.9, 128.06, 128.10, 128.2, 128.3,
128.6, 128.9, 129.1, 129.4, 132.36, 132.40, 135.2, 135.3,
139.0, 153.2, 190.0; IR (KBr) v: 1645, 1522, 1437, 1290,
1158, 894, 774, 730, 693 cm ™ '; MS m/z: 339 [M+H]".
(1-Isopropyl-3-phenyl-1H-pyrazol-4-yl)(phenyl)methan-
one (5w): White solid (68 mg, 47%). m.p. 100~101 C
(1it.1"! 98~99 “C); '"H NMR (400 MHz, CDCL3) &: 1.52
(d, J/=6.8 Hz, 6H), 4.45~4.55 (m, 1H), 7.19~7.23 (m,
3H), 7.27~7.30 (m, 2H), 7.38~7.42 (m, 1H), 7.54~7.56
(m, 2H), 7.67~7.69 (m, 2H), 7.75 (s, 1H); *C NMR (150
MHz, CDClLy) o: 21.8, 53.4, 118.0, 127.0, 127.1, 127.2,
127.9, 128.3, 131.2, 131.5, 131.7, 138.2, 151.6, 189.2; IR
(KBr) v: 1634, 1513, 1452, 1296, 1076, 900, 780, 743,
717,671 cm™'; MS m/z: 291 [M+H]".
(1-(tert-Butyl)-3-phenyl-1H-pyrazol-4-yl)(phenyl)meth-
anone (5x): White solid (61 mg, 40%), m.p. 108 ~110 C;
'H NMR (600 MHz, CDCl;) : 1.66 (s, 9H), 7.26-7.28 (m,
3H), 7.35 (t, J=8.0 Hz, 2H), 7.47 (t, J=7.6 Hz, 1H),
7.62~7.64 (m, 2H), 7.74~7.76 (m, 2H), 7.89 (s, 1H); *C
NMR (150 MHz, CDCl;) o: 29.7, 59.5, 118.8, 128.0,
128.1, 128.2, 129.0, 129.4, 131.9, 132.1, 133.0, 139.3,
152.3, 190.5; HRMS caled for CyH,N,O [M+H]"
305.1648, found 305.1630.
(1-Cyclohexyl-3-phenyl-1H-pyrazol-4-yl)(phenyl)meth-
anone (5y): White solid (74 mg, 45%), m.p. 79~81 C;
'H NMR (600 MHz, CDCl;) 6: 1.17~1.23 (m, 1H),
1.31~1.40 (m, 2H), 1.63~1.72 (m, 3H), 1.81~1.86 (m,
2H), 2.15~2.19 (m, 2H), 4.06~4.12 (m, 1H), 7.17~7.23
(m, 3H), 7.27 (t, J=7.6 Hz, 2H), 7.37~7.41 (m, 1H),
7.54~7.56 (m, 2H), 7.66~7.68 (m, 2H), 7.72 (s, 1H); *C
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NMR (150 MHz, CDCl;) d: 25.2, 25.3, 33.4, 61.8, 118.9,
128.0, 128.1, 128.2, 128.9, 129.4, 132.2, 132.7, 139.3,
152.5, 190.2; HRMS caled for C»,H;N,0 [M-+H]'
331.1805, found 331.1826.

(3-Methoxyphenyl)(3-(3-methoxyphenyl)-1-phenyl-1H-
pyrazol-4-yl)methanone (5z): White solid (117 mg, 61%).
m.p. 166~167 C; "H NMR (600 MHz, CDCl;) ¢: 3.78 (s,
3H), 3.79 (s, 3H), 6.88 (dd, J,=7.8 Hz, J,=1.8 Hz, 1H),
7.07 (dd, J,=8.4 Hz, /,=1.8 Hz, 1H), 7.24 (d, /=7.2 Hz,
1H), 7.29~7.31 (m, 3H), 7.37 (t, J=7.2 Hz, 2H), 7.41 (d,
J=1.8 Hz, 1H), 7.50 (t, J=7.8 Hz, 2H), 7.79 (d, J=7.8
Hz, 2H), 8.31 (s, 1H); *C NMR (150 MHz, CDCl) ¢:
55.3,55.4,113.7, 114.0, 115.0, 119.4, 119.6, 121.4, 121.5,
122.3, 127.6, 129.2, 129.4, 129.6, 132.3, 133.4, 139.2,
140.2, 153.7, 159.4, 159.6, 189.8; IR (KBr) v: 1637, 1508,
1437, 1088, 900, 849, 752, 690 cm '; HRMS caled for
C24H20N2N303 [M+Na]+ 4071366, found 407.1348.

(4-Fluorophenyl)(3-(4-fluorophenyl)-1-phenyl-1H-pyra-
zol-4-yl)methanone (S5aa): White solid (117 mg, 65%).
m.p. 135~136 °C; '"H NMR (400 MHz, CDCl;) 0: 7.01~
7.10 (m, 4H), 7.37 (t, J=7.6 Hz, 1H), 7.50 (t, J/=7.6 Hz,
2H), 7.70~7.74 (m, 2H), 7.77 (d, J=7.6 Hz, 2H), 7.84~
7.87 (m, 2H), 8.26 (s, 1H); >*C NMR (100 MHz, CDCl;) ¢:
115.2 (d, *Jer=21.8 Hz), 115.6 (d, *Jcr=21.9 Hz), 119.6,
120.9, 127.7, 128.1 (d, “Jcr=3.6 Hz), 129.7, 130.8 (d,
*Jer=8.7 Hz), 132.0, 132.1 (d, *Jer=12.4 Hz), 135.1 (d,
*Jer=2.9 Hz), 139.1, 152.9, 163.1 (d, 'Jer=237.1 Hz),
165.6 (d, 'Jer=243.7 Hz), 188.4; IR (KBr) v: 1643, 1505,
1443, 1091, 896, 839, 755, 686 cm '; HRMS caled for
Cy,H 4,F;NoNaO [M+Na]" 383.0966, found 383.0951.

(4-Chlorophenyl)(3-(4-chlorophenyl)-1-phenyl-1H-pyra
zol-4-yl)methanone (Sbb): White solid (125 mg, 64%),
m.p. 142~143 °C; '"H NMR (600 MHz, CDCl;) J: 7.34
(d, /=8.4 Hz, 2H), 7.37~7.42 (m, 3H), 7.50 (t, J=7.8
Hz, 2H), 7.70 (d, J=9.0 Hz, 2H), 7.76~7.79 (m, 4H),
8.25 (s, 1H); *C NMR (150 MHz, CDCl;) §: 119.6, 120.8,
127.8, 128.5, 128.8, 129.7, 130.2, 130.4, 130.8, 132.4,
134.8, 137.2, 139.1, 139.2, 152.8, 188.5; IR (KBr) v: 1640,
1584, 1505, 1446, 1091, 897, 837, 753, 686 cm™'; HRMS
caled for CpH4CI,N,NaO [M+Na]" 415.0375, found
415.0364.

(1-Phenyl-3-(p-tolyl)-1 H-pyrazol-4-yl)(p-tolyl)methan-
one (5ce): White solid (120 mg, 68%), m.p. 137~138 C;
'H NMR (400 MHz, CDCl;) J: 2.35 (s, 3H), 2.41 (s, 3H),
7.16 (d, J=7.6 Hz, 2H), 7.22 (d, J=28.0 Hz, 2H), 7.35 (4,
J=17.2 Hz, 1H), 7.49 (d, J=7.6 Hz, 2H), 7.65 (d, J=28.0
Hz, 2H), 7.76~7.78 (m, 4H), 8.23 (s, 1H); *C NMR (150
MHz, CDCl;) é: 21.3, 21.7, 119.5, 121.2, 127.4, 128.7,
128.9, 129.1, 129.3, 129.6, 129.7, 132.0, 136.4, 138.5,
139.4, 143.4, 153.9, 189.8; IR (KBr) v: 1631, 1513, 1446,
1223, 1158, 902, 825, 753, 690 cm '; HRMS caled for
Cy4HyN,NaO [M+Na]" 375.1468, found 375.1481.

(1-Phenyl-3-(4-(trifluoromethyl)phenyl)-1H-pyrazol-4-

yl)(4-(trifluoromethyl)phenyl)methanone (Sdd): White
solid (116 mg, 50%), m.p. 120~121 ‘C; '"H NMR (400
MHz, CDCl;) ¢6: 7.32 (t, J=7.2 Hz, 1H), 7.43 (t, J=7.6
Hz, 2H), 7.54 (d, J/=8.0 Hz, 2H), 7.61 (d, J/=8.0 Hz, 2H),
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7.69 (d, J=7.6 Hz, 2H), 7.79~7.85 (m, 4H), 8.20 (s, 1H).
C NMR (150 MHz, CDCly) 6: 119.7, 120.9, 123.6 (q,
Jer=271.4 Hz), 124.1 (q, 'Jer=270.2 Hz), 1252 (q,
3Jer=3.3 Hz), 125.6 (q, *Jer=3.3 Hz), 128.1, 129.3,
129.5, 129.8, 130.7 (q, “Jcr=32.9 Hz), 132.9, 134.1 (q,
2Jer=32.7 Hz), 135.4, 1389, 1419, 152.9, 188.4; IR
(KBr) v: 1642, 1596, 1506, 1316, 1127, 1062, 900, 842,
688 cm™'; HRMS caled for CoyH;4FsN,NaO [M—+Na]*
483.0903, found 483.0878.

4.2.3 Control experiments

To a reaction tube equipped with a stir bar were added
1-phenylprop-2-en-1-one (A, 66 mg, 0.5 mmol), PhCI (3
mL), Cu(OAc), (18 mg, 0.1 mmol), bpy (8 mg, 0.05
mmol), TEMPO (78 mg, 0.5 mmol) and phenylhydrazine
(2a, 54 mg, 0.5 mmol). The resulting mixture was then
stirred at 120 C under O, for 5 h. Upon completion, the
mixture was diluted with DCM (15 mL), and washed with
water (5 mL) and brine (5 mL). The organic layer was
dried over anhydrous Na,SO,, and evaporated under re-
duced pressure. The residue was purified by column chro-
matography on silica gel with petroleum ether/ethyl acetate
(V' 2 V=50 : 1) as the eluent to give 3a in a yield of 78%.

To a reaction tube equipped with a stir bar were added
1-phenylprop-2-en-1-one (A, 66 mg, 0.5 mmol), phenyl-
hydrazine (2a, 54 mg, 0.5 mmol) and ethanol (2 mL). The
resulting mixture was then stirred at room temperature for
10 min. The solid thus formed was collected by filtration to
give 1,3-diphenyl-4,5-dihydro-1H-pyrazole (B) in a yield
of 92%. White solid (102 mg, 92%). 'H NMR (400 MHz,
CDCly) o: 3.25 (t, J=10.4 Hz, 2H), 3.89 (t, J/=10.4 Hz,
2H), 6.85 (t, J=7.2 Hz, 1H), 7.14 (d, J=28.0 Hz, 2H),
7.28~7.34 (m, 3H), 7.37~7.41 (m, 2H), 7.72~7.75 (m,
2H); “C NMR (150 Hz, CDCLy) §: 32.0, 48.3, 113.0,
119.1, 125.7, 128.5, 129.1, 133.0, 145.9, 149.0, HRMS
calcd for C;5H 5N, [M—l—H]+ 223.1230, found 223.1239.

To a reaction tube equipped with a stir bar were added
1,3-diphenyl-4,5-dihydro-1H-pyrazole (B, 111 mg, 0.5
mmol) and PhCl (3 mL). It was then stirred at 120 C
under O, for 5 h. Upon completion, the mixture was con-
centrated under reduced pressure, and the residue was pu-
rified by column chromatography on silica gel with petro-
leum ether/ethyl acetate (V. V=50 . 1) as the eluent to
give 3a in a yield of 93%.

4.2.4 Gram-scale synthesis of 3a

To a reaction tube equipped with a stir bar were added
propiophenone (1a, 810 mg, 6 mmol), PhCl (25 mL),
Cu(OAc), (180 mg, 1 mmol), bpy (80 mg, 0.5 mmol) and
TEMPO (780 mg, 5 mmol). The mixture was stirred at
120 °C under N, for 18 h. To the resulting mixture was
added phenylhydrazine (2a, 540 mg, 5 mmol). It was then
stirred at 120 C under O, for 8 h. Upon completion, the
mixture was diluted with DCM (80 mL), and washed with
water (20 mL) and brine (20 mL). The organic layer was
dried over anhydrous Na,SO,, and evaporated under re-
duced pressure. The residue was purified by column chro-
matography on silica gel with petroleum ether/ethyl acetate
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(V' 2 V=50 : 1) as the eluent to give 3a (661 mg, 60%).

Supporting Information '"H NMR and 3C NMR spectra
of compounds 3a~3s, S5a~5dd and B, and X-ray crystal
structure and data of 3f. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn.
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