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CBrs-Mediated Intermolecular Cyclization Reaction:
Efficient Synthesis of Substituted N-Acylpyrazoles
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Abstract Synthesis of (3,5-dimethyl-1H-pyrazol-1-yl)(phenyl)-methanones in excellent yields by CBrs mediated intermolec-
ular cyclization of benzohydrazide and pentane-2,4-dione has been reported. The method shows various advantages such as
mild conditions, good functional group tolerance, environmental friendliness, easy operation with cheap reagents, step econo-
my and can be scaled-up, offering a useful and attractive strategy to synthesize N-acylpyrazoles, which is widely presented in

drugs, biologically active molecules and pesticides.

Keywords benzohydrazides; pentane-2,4-diones; N-acylpyrazoles; CBr4

1 Introduction

Nitrogen-containing heterocyclic structural units are
widely present in natural products, medicines and func-
tional materials, which play a very important role in modern
medicinal chemistry and organic chemistry.[! Therefore,
the development of efficient strategies for the preparation of
nitrogen-containing heterocyclics has always been a hot
spot for organic chemists and medicinal chemists.”)

* Corresponding author. E-mail: yqzhang@iccas.ac.cn

Amongst the numerous scaffolds, pyrazoles are privileged
scaffolds found in many drugs and biologically active
molecules,! such as anticancer, antipyretic, antiinflam-
matory, antibacterial, anti-hyperglycemia, antidia-betic,
antiobesity, and antiviral.”¥! Many of them have become
commercially available drugs, for example mavacoxib,P!
celecoxib,® and razaxaban[” (Figure 1). Celecoxib deriva-
tives are used as inflammatory agents and act as luteinizing
hormone receptor agonists and COX-2 inhibitors.®® In ad-
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dition, the pyrazoles are also widely used in pesticides,™
such as benzofenap, pyraclostrobin and fipronil (Figure 1).
Moreover, pyrazoles can be employed as directing group to
guide C—H activated and N-heterocyclic carbene (NHC)
precursors.
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Figure 1 Structures of some important pyrazoles

Due to the “privileged” status of pyrazoles, it is not sur-
prising that many synthetic methods have been developed
for the preparation of these scaffolds. Presently, the most
effective and straightforward method is the condensation-
cyclization reaction of 1,3-diketone with hydrazines and its
derivatives, which have been reported under a number of
complex catalysts, such as H3;PW12040,'Y polystyrene
supported sulfonic acid (PSSA),!'1 Sc(OTH);,1'2 ALOs/
montmorillonite,l'¥ Cu salts,["* Zirconium sulfophenyl
phosphonate,!>! and H,SO4.['1 Kidwai’s group reported a
Zn catalyzed synthesis of pyrazoles from hydrazines and
1,3-diketones (Scheme 1a).[! Curini’s group presented a
Zr-promoted condensation between hydrazines and
1,3-diketones, obtaining pyrazole derivatives (Scheme
1b).151 In 2010, Polshettiwar’s group afforded pyrazoles
from hydrazines and 1,3-diketones catalyzed by Fe;O4
nano-organocatalyst (Scheme 1¢).['”)

Although the synthetic methodology for pyrazoles has
been well developed, most of these presented methods re-
quire metal catalysts, harsh reaction conditions, difficult
preparation of catalyst, long reaction time, inconvenient
operation and low yields, limiting the utility of the reac-
tions. Therefore, it is highly desirable to develop conven-
ient, clean, environment friendly, and high-yielding ap-
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proaches for pyrazoles. Metal-free catalytic reactions have
received considerable attention because of their environ-
mental friendliness and high reactivity. Herein, we de-
scribed a novel route to synthesize (3,5-dimethyl-1H-py-
razol-1-yl)(phenyl)methanones from benzohydrazide and
pentane-2,4-dione mediated by CBrs.

(a) Kidwai's group

o O ) R2
Zn[(L)Proline],
MRZ _ T}R2

R'—NHNH, +

2
R 2 Mol%, r.t. N-\
R']

(b) Curini's group

1 2
RITNHNH2 - 0. Zr(CH3PO3)1 2(03PCeHaSOsH)o 6 R

+ = WRZ
o o 40°C PLINY

1
MRZ "

(c) Polshettiwar's group
O O

Fe;0,4 Nano-Organocatalyst
R'—NHNH, + RZJ\/LLRZ >
R2 H,0, MW, 140 °C
"N
R1
d) This work

CBry (1 equiv.)
CH3CN, 60°C, 1 h

Scheme 1 Novel routes to synthesize pyrazoles

2 Results and discussion

To initiate our studies, the reaction condition using ben-
zohydrazide 1a and pentane-2,4-dione (2a) as model sub-
strates was optimized. To our delight, when 1a (0.2 mmol, 1
equiv.) and 2a (0.3 mmol, 1.5 equiv.) reacted in the pres-
ence of CBry4 (1 equiv.) as additive in 1.5 mL of dimethyl
sulfoxide (DMSO) under air atmosphere at 60 C for 1 h,
the desired product (3,5-dimethyl-1H-pyrazol-1-yl)(phen-
yl)methanone (3aa) was obtained in 53% yield (Table 1,
Entry 1). Encouraged by this result, the optimal reaction
conditions were continued to screen. The effects of the
reaction solvents on the yield of the target product were
investigated firstly. DMSO, N,N-dimethylformamide
(DMF), toluene, 1,2-dichloroethane (DCE), and CH3CN
were chosen as candidates. The results showed that DMF,
DCE, and CH3CN advantageously generated products 3aa
in good yields (Table 1, Entries 1~5). Among them,
CH3CN showed the best reactivity to afford 3aa in 98%
yield (Table 1, Entry 5). In addition, the yield of 3aa was
declined when the usage of CBry was decreased to 0.5
equiv. or increased to 1.5 equiv. (Table 1, Entries 5~7).
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Further investigation of the reaction temperature revealed
that the best temperature to form the target product 3aa was
60 C. A slight decrease in yield of 3aa was obtained at
40 ‘C or 80 C. However, there is a sharp decrease in yield
at room temperature, only in 20% (Table 1, Entries 5, 8~
10). The survey of reaction atmosphere showed that there is
no significant influence in the yield when the reaction was
carried out under O, atmosphere, and the yield was dropped
to 70% under N, atmosphere (Table 1, Entries 5, 11~12).
According to the above results, the optimized reaction
conditions are as follows: benzohydrazide 1a (0.2 mmol, 1
equiv.) and pentane-2,4-dione (2a) (0.3 mmol, 1.5 equiv.)
reacted in the presence of 1 equiv. CBry as additive in 1.5
mL of CH;CN at 60 ‘C under air (Table 1, Entry 5).

Table 1 Optimization of reaction conditions?

(6]
O O
H catalyst n-N
N + e, Q
NH, )J\/U\ solvent )Q)/
(6] 2a
1a 3aa

Entry CBr4 Solvent ~ Temp./C  Yield”/%
1 DMSO 60 53
2 1 DMF 60 85
3 1 Toluene 60 15
4 1 DCE 60 95
5 1 CH3CN 60 98
6 0.5 CH3CN 60 76
7 1.5 CH3CN 60 93
8 1 CH3CN r.t. 20
9 1 CH3CN 40 96
10 1 CH3CN 80 95

11¢ 1 CH3CN 60 70
129 1 CH3CN 60 95

4Reaction conditions: 1a (0.2 mmol, 1 equiv.), 2a (0.3 mmol, 1.5 equiv.), CBry
(x equiv.), solvent (1.5 mL), 1 h. ?Isolated yields. ¢ Reaction was performed
under N, atmosphere. ¢ Reaction was performed under O, atmosphere.
DMSO = Dimethyl sulfoxide, DMF = N,N-dimethylformamide, DCE =
1,2-dichloroethane.

With the optimized reaction conditions in hand, the sub-
strate scope and generality of our method for the synthesis of
(3,5-dimethyl-1H-pyrazol-1-yl)(phenyl)methanones (3)
were focused on. For this purpose, selected pen-
tane-2,4-dione (2a) reacted with several substituted ben-
zohydrazides 1 under the standard conditions, and the re-
sults are summarized in Table 2. A diverse array of ben-
zohydrazides, bearing methyl, methoxy, fert-butyl, halogen,
and heterocycle hydrazide could smoothly react with 2a to
afford the corresponding products 3aa~3pa in 80%~98%
yields, proving a broad range of substrate scope (Table 2,
3aa~3pa). Concerning the electronic effects of benzohy-
drazides 1, the substrates bearing either electron-with-
drawing (halogen) or electron-donating groups (e.g., me-
thyl, methoxy, and tert-butyl) were carried out under the
optimized reaction conditions, and generated the desired
products in good to excellent yields (Table 2, 3aa~3ja).
The results revealed that this reaction could tolerate a vari-
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ety of functional groups. Furthermore, the reactions of
benzohydrazide with substituents (Me or OMe) at the ortho,
meta, and para positions were performed. It was found that
all of them afforded the corresponding products in more
than 86% yield, which implied that steric factors did not
significantly affect the reaction yields (Table 2, 3ba~3ga).
To our great delight, a variety of heterocycles and con-
densed ring structures could also be well tolerated and the

Table 2 Synthesis of (3,5-dimethyl-1H-pyrazol-1-yl)(phenyl)-
methanones from substituted benzohydrazides and pentane-2,4-
dione

R H o 0 CBry (1 equiv.)
AN I CBalleav)
NH, CH5CN, 60°C, 1 h
1 O 2a
0

R1_/ ‘ )N\>—'
~ —
3
O (0] (0]
3aa, 98% 3ba, 86% 3ca, 89%
o OMe O (o}
_ MeO -
3da, 97% 3ea, 98% 3fa, 98%
o) (0}
N
MeO
3ga, 94% 3ha, 98%
(0] (0}
F = cl
3ia, 83% 3ja, 97%
(0] (0]
-N S
-N
Br =
3ka, 88% 3la, 85%
(0] (e}
0 -N O -N
N N
(e}
3ma, 97% 3na, 82%
o) 0
N
OO O
~ N )Q)/
3oa, 98% 3pa, 80%

“Reaction conditions: 1 (0.2 mmol, 1 equiv.), 2a (0.3 mmol, 1.5 equiv.),
CBry (1 equiv.), in 1.5 mL of CH3CN at 60 “C under air for 1 h.
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corresponding products were obtained in excellent yields
(Table 2, 3la~3pa).

Encouraged by the above results, further exploration of
the applicability and versatility for this reaction has been
performed by using various diketone under the standard
reaction conditions, as shown in Table 3. All of them un-
derwent the optimized conditions smoothly and gave the
corresponding products in good to excellent yields (Table 3,
3aa ~ 3af). 3-chloropentane-2,4-dione reacted with ben-
zohydrazide excellently to give the corresponding product
in 92% yield (Table 3, 3ac). The results demonstrated that
this reaction is particularly attractive and can further access
to more complex compounds in combination with cross-
coupling  transformations.  3-methylpentane-2,4-dione,
heptane-3,5-dione and 2,6-dimethylheptane-3,5-dione were
also suitable for this reaction, affording the corresponding
products in superior yields (Table 3, 3ab, 3ad, 3ae). And
2,2,6,6-tetramethylheptane-3,5-dione gave the target prod-
uct in moderate yield (Table 3, 3af). However, 1,3-diphen-
ylpropane-1,3-dione cannot be introduced into desired
product by this protocol (Table 3, 3ag).

Table 3 Synthesis of (3,5-dimethyl-1H-pyrazol-1-yl)(phenyl)-
methanones from benzohydrazide and substituted pentane-2,4-
diones”

o o
‘ .
N +
NH, ~ R®OT R
o R
d@“

CBry (1 equiv.)
CH3CN, 60°C, 1 h

o @*ﬁg/ o'y

3aa, 98% 3ab, 96% 3ac, 92%
3ad, 97% 3ae, 88%
o 0
_N _N
S8l g ia
Ph
3af, 83% 3ag, 0%

4Reaction conditions: 1a (0.2 mmol, 1 equiv.), 2 (0.3 mmol, 1.5 equiv.), CBrs
(1 equiv.), 1.5 mL of CH3CN at 60 ‘C under air for 1 h.

To further show the practicality of this method, gram-
scale reaction was carried out. 10 mmol of benzohydrazide
la and 15 mmol of 2a were performed under standard
conditions. The desired (3,5-dimethyl-1H-pyrazol-1-yl)-
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(phenyl)methanone (3aa) could be acquired in 96% yield
without a significant loss, confirming the practicality and
convenience of the method in this study (Scheme 2).

0 0 CBry (1 equiv.)
H * M 4 :
“NH, CH3CN 60 °C
0] 3aa, 1. 92 g, 96%

1a 2a
10 mmol 15 mmol

Scheme 2 Gram scale reaction

To gain insight into the reaction mechanism, several
control experiments were conducted (Scheme 3). First, 1a
and 2a were carried out in CH3CN solvent at 60 ‘C. The
desired product 3aa was not obtained, whereas the inter-
mediate B was received (Scheme 3a). Then the intermediate
B was performed under the standard conditions and could
completely covert to the target product 3aa (Scheme 3b). A
reaction of 1a with 2a at room temperature, the intermediate
B was obtained as main product (Scheme 3c), and the de-
sired product 3aa was received as main product when pro-
longed the reaction time to 6 h (Scheme 3d). When 1a and
2a were reacted in the presence of CBrs and K»,COs, the
desired product 3aa was not obtained (Scheme 3e). There
was no product 3aa when 1a and 2a reacted under K,COs3
(Scheme 3f). These control experiments indicate that CBry4
plays a key role in this transformation.

According to the above observation and the related liter-
ature, a plausible reaction pathway is suggested for the
formation of the substituted N-acylpyrazoles, as shown in
Scheme 4. Initially, benzohydrazide 1a reacts with pen-
tane-2,4-dione 2a to produce the intermediate A, which
converts to intermediate B by the elimination of H,O. Then
intermediate C is formed via the intramolecular nucleo-
philic addition of intermediate B mediated by CBr4. Sub-
sequently, the intermediate C eliminates H,O to form the
desired product 3aa.

3 Conclusions

In summary, a novel and efficient route for the synthesis
of substituted (3,5-dimethyl-1H-pyrazol-1-yl)(phenyl)me-
thanones has been developed from benzohydrazide and
pentane-2,4-dione under CBrs mediated, which is widely
present in drugs, biologically active molecules and pesti-
cides. This method provides a broad substrate scope for the
construction of 3 with excellent yields under mild condi-
tions. Easy operation with cheap reagents, step economy,
scaled-up synthesis, and avoidance of the substrates prep-
aration endow this route with effectiveness, practicality and
convenience.

4 Experimental section

4.1 General experimental details

'"H NMR spectra were recorded at 400 MHz. Chemical
shifts were referenced to tetramethylsilane (6 0.00) in

Chin. J. Org. Chem. 2021, 41, 4353~4360
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Scheme 3 Control experiments

CDCI; as an internal standard. '*C NMR spectra were ob-
tained at 100 MHz and were calibrated with CDCl3 (0
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.
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Scheme 4 Proposed mechanism

4.2 Synthesis

A test tube was charged with 1 (0.2 mmol), 2 (0.3
mmol), CBr4 (1 equiv.) in CH3CN (1.5 mL). Then the re-
action mixture was stirred at 60 ‘C (oil bath temperature)
under air atmosphere. After cooling to room temperature,
the solvent was extracted with ethyl acetate, washed with
brine, and dried with Na,SOs. After the solvent was evap-
orated in vacuo, the residues were purified by column
chromatography, eluting with petroleum ether/ethyl acetate
to afford desired products.

(3,5-Dimethyl-1H-pyrazol-1-yl)(phenyl)methanone
(3aa): Colourless liquid. '"H NMR (400 MHz, Chloro-
form-d) ¢: 8.05~7.93 (m, 2H), 7.61~7.51 (m, 1H), 7.45
(t, J=17.6 Hz, 2H), 6.05 (s, 1H), 2.63 (s, 3H), 2.24 (s, 3H);
3C NMR (100 MHz, Chloroform-d) J: 168.35, 152.06,
145.01, 133.25, 132.36, 131.29, 127.78, 111.02, 14.28,
13.81. HRMS calcd for Cj;HisN,O [M+H]" 201.1023,
found 201.1024.

(3,5-Dimethyl-1H-pyrazol-1-yl)(o-tolyl)methanone
(3ba): Yellow oil. '"H NMR (400 MHz, Chloroform-d) ¢:
7.43 (dd, J=38.0, 1.4 Hz, 1H), 7.37 (td, J=7.5, 1.5 Hz,
1H), 7.27~7.21 (m, 2H), 6.03 (s, 1H), 2.64 (s, 3H), 2.31
(s, 3H), 2.17 (s, 3H); '3C NMR (100 MHz, Chloroform-d)
0: 170.07, 152.54, 144.44, 136.76, 134.60, 130.49, 128.93,
125.05, 111.32, 19.79, 14.29, 13.83. HRMS calcd for
Ci3H;sN,O [M+H]" 215.1179, found 215.1183.

(3,5-Dimethyl-1H-pyrazol-1-yl)(m-tolyl)methanone
(3ca): Yellow oil. 'H NMR (400 MHz, Chloroform-d) ¢:
7.78~7.74 (m, 2H), 7.39~7.30 (m, 2H), 6.05 (s, 1H),
2.62 (s, 3H), 2.41 (s, 3H), 2.24 (s, 3H); '*C NMR (100
MHz, Chloroform-d) J: 168.63, 151.97, 144.95, 137.55,
133.27, 133.16, 131.58, 128.47, 127.65, 110.97, 21.30,
14.23, 13.82. HRMS caled for C;3H;sN,O [M+H]"
215.1179, found 215.118]1.

(3,5-Dimethyl-1H-pyrazol-1-yl)(p-tolyl)methanone
(3da): Yellow oil. 'H NMR (400 MHz, Chloroform-d) ¢:
7.90 (d, J=8.2 Hz, 2H), 7.25 (d, J/=8.1 Hz, 2H), 6.04 (s,
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1H), 2.61 (s, 3H), 2.41 (s, 3H), 2.24 (s, 3H); '*C NMR
(100 MHz, Chloroform-d) oJ: 168.25, 151.79, 144.91,
143.14, 131.49, 130.39, 128.51, 110.83, 21.57, 14.21,
13.79. HRMS caled for Ci3HisN,O [M+H]" 215.1179,
found 215.1180.
(3,5-Dimethyl-1H-pyrazol-1-yl)(2-methoxyphenyl)me-
thanone (3ea): White solid. m.p. 122~124 C; 'H NMR
(400 MHz, Chloroform-d) 6: 7.49~7.38 (m, 2H), 7.06~
6.92 (m, 2H), 6.00 (s, 1H), 3.78 (s, 3H), 2.63 (s, 3H), 2.16
(s, 3H); 3C NMR (100 MHz, Chloroform-d) J: 168.20,
157.28, 152.10, 144.23, 131.93, 129.65, 124.78, 120.02,
111.62, 111.13, 55.81, 14.28, 13.84. HRMS calcd for
Ci3HsN,O, [M+H]" 231.1128, found 231.1127.
(3,5-Dimethyl-1H-pyrazol-1-yl)(3-methoxyphenyl)me-
thanone (3fa): White solid. m.p. 59~61 °C; 'H NMR (400
MHz, Chloroform-d) J: 7.57 (dt, J=7.6, 1.3 Hz, 1H), 7.51
(dd, J=2.7, 1.6 Hz, 1H), 7.36 (t, J=8.0 Hz, 1H), 7.13~
7.07 (m, 1H), 6.06 (s, 1H), 3.85 (s, 3H), 2.63 (s, 3H), 2.25
(s, 3H); 3C NMR (100 MHz, Chloroform-d) J: 168.18,
159.00, 152.13, 145.09, 134.48, 128.82, 123.90, 118.77,
116.04, 111.09, 55.40, 14.29, 13.84. HRMS caled for
Ci3HisN,O, [M+H]" 231.1128, found 231.1125.
(3,5-Dimethyl-1H-pyrazol-1-yl)(4-methoxyphenyl)me-
thanone (3ga): White solid. m.p. 46~47 °C; 'H NMR
(400 MHz, Chloroform-d) ¢: 8.05 (d, J/=9.0 Hz, 2H), 6.95
(d, J=8.9 Hz, 2H), 6.03 (s, 1H), 3.86 (s, 3H), 2.60 (s, 3H),
2.25 (s, 3H); *C NMR (100 MHz, Chloroform-d) o:
167.43, 163.10, 151.56, 144.88, 133.90, 125.24, 113.18,
110.62, 55.36, 14.15, 13.76. HRMS calcd for Ci3Hi5N20,
[M+H]" 231.1128, found 231.1127.
(4-(tert-Butyl)phenyl)(3,5-dimethyl-1 H-pyrazol-1-yl)me-
thanone (3ha): Yellow oil. 'H NMR (400 MHz, Chloro-
form-d) 6: 7.96 (d, J=38.5 Hz, 2H), 7.47 (d, J=8.5 Hz,
2H), 6.04 (s, 1H), 2.62 (s, 3H), 2.25 (s, 3H), 1.34 (s, 9H);
3C NMR (100 MHz, Chloroform-d) J: 168.14, 156.04,
151.80, 144.93, 131.40, 130.23, 124.88, 110.83, 35.00,
31.04, 14.24, 13.82. HRMS calcd for CsHN,O [M+H]"
257.1649, found 257.1653.
(3,5-Dimethyl-1H-pyrazol-1-yl)(4-fluorophenyl)metha-
none (3ia): Yellow solid. m.p. 49~51 C; 'H NMR (400
MHz, Chloroform-d) ¢: 8.10~8.03 (m, 2H), 7.13 (t, J=
8.7 Hz, 2H), 6.06 (s, 1H), 2.62 (s, 3H), 2.25 (s, 3H); 13C
NMR (100 MHz, Chloroform-d) d: 167.02, 165.26 (d, J=
252 Hz), 152.24, 145.19, 134.13 (d, /=9 Hz), 129.34 (d,
J=4 Hz), 11498 (d, J=22 Hz), 111.12, 14.28, 13.79.
HRMS caled for C,H,FN,O [M+H]" 219.0928, found
219.0930.
(4-Chlorophenyl)(3,5-dimethyl-1H-pyrazol-1-yl)metha-
none (3ja): Yellow oil. 'H NMR (400 MHz, Chloro-
form-d) 6: 7.96 (d, J=28.6 Hz, 2H), 7.43 (d, J=8.6 Hz,
2H), 6.06 (s, 1H), 2.62 (s, 3H), 2.24 (s, 3H); '*C NMR
(100 MHz, Chloroform-d) oJ: 167.18, 152.36, 145.16,
138.77, 132.79, 131.62, 128.10, 111.23, 14.28, 13.78.
HRMS caled for Ci,H2CIN,O [M+H]" 235.0633, found
235.0630.
(4-Bromophenyl)(3,5-dimethyl-1H-pyrazol-1-yl)metha-
none (3ka): White solid. m.p. 35~37 ‘C; 'H NMR (400
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MHz, Chloroform-d) J: 7.88 (d, J=8.6 Hz, 2H), 7.59 (d,
J=8.6 Hz, 2H), 6.06 (s, 1H), 2.62 (s, 3H), 2.24 (s, 3H);
3C NMR (100 MHz, Chloroform-d) J: 167.34, 152.41,
145.16, 132.87, 132.10, 131.08, 127.44, 111.26, 14.29,
13.80. HRMS calcd for C1oH;,BrN,O [M+H]" 279.0128,
found 279.0130.
(3,5-Dimethyl-1H-pyrazol-1-yl)(thiophen-2-yl)metha-
none (3la): Yellow oil. 'H NMR (400 MHz, Chloroform-d)
0: 8.32 (dd, /=3.9, 1.4 Hz, 1H), 7.72 (dd, /=5.1, 1.4 Hz,
1H), 7.17~7.11 (m, 1H), 6.03 (s, 1H), 2.62 (s, 3H), 2.31
(s, 3H); 3C NMR (100 MHz, Chloroform-d) &: 160.49,
152.05, 145.01, 137.69, 136.73, 134.04, 126.85, 111.24,
14.52, 13.77. HRMS caled for CioH;N,OS [M+H]"
207.0587, found 207.0591.
Benzo[d][1,3]dioxol-5-yl(3,5-dimethyl-1 H-pyrazol-1-yl)-
methanone (3ma): White solid. m.p. 78~80 °C; 'H NMR
(400 MHz, Chloroform-d) o: 7.66 (dd, /=8.2, 1.7 Hz, 1H),
7.52 (d, J=1.8 Hz, 1H), 6.87 (d, /=8.2 Hz, 1H), 6.03 (s,
3H), 2.59 (s, 3H), 2.25 (s, 3H); '3C NMR (100 MHz,
Chloroform-d) d: 167.03, 151.74, 151.34, 147.09, 145.00,
127.81, 126.76, 111.73, 110.77, 107.67, 101.70, 14.14,
13.75. HRMS caled for Ci3Hi3N,O3 [M+H]™ 245.0921,
found 245.0920.
(3,5-Dimethyl-1H-pyrazol-1-yl)(furan-2-yl)methanone
(3na): White solid. m.p. 97~99 C; 'H NMR (400 MHz,
Chloroform-d) d: 7.93 (d, J/=3.8 Hz, 1H), 7.72 (d, J=1.0
Hz, 1H), 6.59 (dd, J=3.6, 1.7 Hz, 1H), 6.02 (s, 1H), 2.62
(s, 3H), 2.29 (s, 3H); '3C NMR (100 MHz, Chloroform-d)
0: 156.70, 152.58, 147.37, 145.77, 145.34, 123.86, 112.24,
110.87, 14.41, 13.82. HRMS caled for C;oHii1NO;
[M+H]* 191.0815, found 191.0819.
(3,5-Dimethyl-1H-pyrazol-1-yl)(naphthalen-2-yl)metha-
none (30a): Yellow oil. 'H NMR (400 MHz, Chloro-
form-d) 6: 8.56 (s, 1H), 8.01 (dd, J=38.6, 1.8 Hz, 1H), 7.94
(d, J/=8.1 Hz, 1H), 7.86 (t, J/=8.8 Hz, 2H), 7.59~7.48
(m, 2H), 6.07 (s, 1H), 2.66 (s, 3H), 2.25 (s, 3H); '3C NMR
(100 MHz, Chloroform-d) oJ: 168.39, 152.12, 145.08,
135.15, 132.99, 132.14, 130.54, 129.44, 128.19, 127.59,
127.37, 126.88, 126.45, 111.03, 14.28, 13.84. HRMS calcd
for C16HisN2O [M+H]" 251.1179, found 251.1182.
(3,5-Dimethyl-1H-pyrazol-1-yl)(pyridin-4-yl)methanone
(3pa): White solid. m.p. 79~81 ‘C; 'H NMR (400 MHz,
Chloroform-d) d: 8.78 (d, J=6.1 Hz, 2H), 7.79 (d, J=6.1
Hz, 2H), 6.10 (s, 1H), 2.65 (s, 3H), 2.24 (s, 3H); *C NMR
(100 MHz, Chloroform-d) J: 166.68, 153.24, 149.75,
145.25, 140.79, 124.19, 111.83, 14.33, 13.79. HRMS calcd
for C11H2N;0 [M+H]" 202.0975, found 202.0978.
Phenyl(3,4,5-trimethyl-1H-pyrazol-1-yl)methanone
(3ab): Yellow oil. 'H NMR (400 MHz, Chloroform-d) J:
7.96 (d, J/=17.0 Hz, 2H), 7.53 (t, J=7.4 Hz, 1H), 7.44 (4,
J=1.5 Hz, 2H), 2.55 (s, 3H), 2.19 (s, 3H), 1.96 (s, 3H);
3C NMR (100 MHz, Chloroform-d) J: 168.28, 152.42,
140.38, 133.64, 132.12, 131.19, 127.73, 117.42, 12.48,
12.32, 7.64. HRMS caled for C;3H;sNoO [M+H] '
215.1179, found 215.1180.
(4-Chloro-3,5-dimethyl-1H-pyrazol-1-yl)(phenyl)metha-
none (3ac): Yellow oil. 'H NMR (400 MHz, Chloro-
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form-d) ¢: 7.95 (d, J=7.0 Hz, 2H), 7.58 (t, J=7.5 Hz,
1H), 7.47 (t, J=7.7 Hz, 2H), 2.63 (s, 3H), 2.26 (s, 3H); *C
NMR (100 MHz, Chloroform-d) d: 167.88, 149.54, 140.33,
132,71, 132.49, 131.36, 127.94, 114.84, 12.32, 11.77.
HRMS calcd for Ci,H2CIN,O [M+H]" 235.0633, found
235.0631.
(3,5-Diethyl-1H-pyrazol-1-yl)(phenyl)methanone (3ad):
Yellow oil. '"H NMR (400 MHz, Chloroform-d) J: 7.99 (d,
J=17.0 Hz, 2H), 7.54 (t, J/=7.4 Hz, 1H), 7.45 (t, J=7.6
Hz, 2H), 6.14 (s, 1H), 3.09 (q, J/=7.6 Hz, 2H), 2.62 (q, J=
7.6 Hz, 2H), 1.31 (t, J/=7.4 Hz, 3H), 1.24 (t, J=7.6 Hz,
3H); '3C NMR (100 MHz, Chloroform-d) J: 168.40,
157.65, 151.45, 133.52, 132.28, 131.40, 127.74, 107.59,
21.64, 21.62, 13.09, 12.71. HRMS calcd for CisH;7N,O
[M-+H]" 229.1336, found 229.1339.
(3,5-Diisopropyl-1H-pyrazol-1-yl)(phenyl)methanone
(3ae): Yellow oil. 'H NMR (400 MHz, Chloroform-d) &:
7.99 (d, J=17.0 Hz, 2H), 7.54 (t, J=7.3 Hz, 1H), 7.44 (t,
J=17.6 Hz, 2H), 6.16 (s, 1H), 3.78 (p, J/=6.7 Hz, 1H), 2.94
(p, /=6.9 Hz, 1H), 1.32 (d, J=6.8 Hz, 6H), 1.24 (d, J=
7.0 Hz, 6H); C NMR (100 MHz, Chloroform-d) &:
168.50, 161.54, 156.32, 133.80, 132.22, 131.52, 127.65,
104.50, 27.97, 26.83, 22.56, 22.08. HRMS calcd for
CieHaN,O [M+H]" 257.1649, found 257.1652.
(3,5-Di-tert-Butyl-1H-pyrazol-1-yl)(phenyl)methanone
(3af): Yellow oil. 'H NMR (400 MHz, Chloroform-d) &:
7.90 (d, J=8.2 Hz, 2H), 7.57~7.49 (m, 1H), 7.42 (t, J=
7.7 Hz, 2H), 6.19 (s, 1H), 1.47 (s, 9H), 1.26 (s, 9H); 3C
NMR (100 MHz, Chloroform-d) d: 169.11, 162.63, 157.57,
134.62, 132.18, 131.61, 127.52, 105.51, 33.04, 32.23,
29.85, 29.82. HRMS caled for C;gsH»sN,O [M+H]'
285.1962, found 285.1963.
(Z2)-N'-(4-Oxopentan-2-ylidene)benzohydrazide (B):
Colourless liquid. '"H NMR (400 MHz, Chloroform-d) &:
7.85 (d, J=6.9 Hz, 2H), 7.51~7.36 (m, 3H), 5.13 (s, 1H),
3.05 (d, J=18.4 Hz, 1H), 2.82 (d, /=18.3 Hz, 1H), 2.01
(s, 3H), 1.95 (s, 3H); 3C NMR (100 MHz, Chloroform-d)
0: 168.50, 155.25, 134.23, 131.12, 129.72, 127.61, 92.63,
50.90, 26.73, 16.16.

Supporting Information '"H NMR and *C NMR spectra
of all products. The Supporting Information is available free
of charge via the Internet at http://sioc-journal.cn/.
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