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Abstract (E)-3-(2-chlorophenyl)-1-(2,4-dichlorophenyl)
prop-2-en-1-one was prepared from 2-chlorobenzalde-
hyde followed by cyclization with hydrazine monohy-
drate. Eight new 3-(2,4-Di-chlorophenyl)-5-(2-
chlorophenyl)-4,5- dihydro-N-acylpyrazole derivatives
were synthesized and characterized by elemental analysis,
IR and '"H NMR spectroscopy. The experimental results
show that the inhibition ratio of compounds 3f towards
H. Oryzae and P. oryzae at 50 mg-L™' is 55.2% and
57.1%, respectively. The inhibition ratio of compounds
3g towards H. Oryzae, P. oryza, S. Sclerotiorum at
50 mg-L~" is 53.3%, 60.0%, 50.4% respectively.

Keywords 2-chlorobenzaldehyde, 3,5-diarylpyrazole,
synthesis, fungicide

1 Introduction

The identification of the novel structures that can be
potentially useful in designing new, potent antibacterial
agents is still a major challenge to medicinal chemistry
researchers. Many pyrazole derivatives are acknowledged
to possess a wide range of bioactivities including antibac-
terial activity [1-6]. A large number of investigations on
their synthesis and biological activities have appeared
during the past two decades. However, little attention
has been paid to the synthesis of pyrazole bearing 3,5-
diphenyl moiety. In our previous work, we reported that
lots of 5-phenyl-pyrazole derivatives showed fungicidal
activities [7-16]. Motivated by the aforementioned find-
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ings, we anticipate that the diaryl-4,5-dihydropyrazoles
would exhibit antimicrobial activity. However, only a
few reports have been dedicated to the synthesis and
antimicrobial activities evaluation of diaryl-4,5-dihydro-
pyrazoles. To extend our research on antibacterial com-
pounds containing the diaryl-4,5-dihydropyrazole
group, we designed a series of new diaryl-4,5-dihydro-
pyrazole derivatives. In the molecular design of the dia-
ryl-4,5-dihydropyrazoles, the rationale behind selecting
a large number of compounds bearing different func-
tionalities is to establish a definite structure-activity rela-
tionship pattern and emphasize the role of fluorine in
imparting bioactivity. In this paper, (£)-3-(2-chlorophe-
nyl)-1-(2,4-dichlorophenyl)prop-2-en-1-one  was pre-
pared from 2-chlorobenzal-dehyde followed by
cyclization with hydrazine monohydrate (Scheme 1).
Eight new 3-(2,4-Di-chlorophenyl)-5-(2-chlorophenyl)-
4,5-dihydro-N-acylpyrazole derivatives were synthesized
and characterized by elemental analysis, IR spectro-
scopy and 'H-NMR spectroscopy.

2 Experimental

2.1 General

Melting points were measured uncorrected. The '"H-NMR
spectra were recorded on a Varian INOVA400 (400 MHz)
pulse Fourier-transform NMR spectrometer in CDCl3 or
DMSO-d¢ using tetramethylsilane as an internal stand-
ard. Elemental analyses were performed by a Vario-111
CHN analyzer and were within +0.4% of the theoretical
values. A Bruker Vector22 spectrometer was used to
record IR spectra (KBr). The reagents were all either ana-
Iytical or chemically pure grade.

2.2 (E)-3-(2-chlorophenyl)-1-(2,4-dichlorophenyl)prop-
2-en-1-one (1)

To a three-necked 100 mL flask were added 1.41 g
(10 mmol) 2-chlorobenzaldehyde, 1.90 g (10 mmol) 1-
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Scheme 1

(2,4-dichlorophenyl)ethanone, 30 mL methanol and cata-
lytic H,SO,4. The mixture was heated under reflux for 5 h
and then kept at 0°C for 10 h. The reaction mixture was
filtered to obtain a yellow solid. The solid was washed
with ice water and then recrystallized in ethanol to give
a colorless solid (1.44 g) with a yield of 46.2%.

2.3 5-(2-chlorophenyl)-3-(2,4-dichlorophenyl)-4,5-
dihydro-1H-pyrazole (2)

To a three-necked 100 mL flask were added 2.12 g
(10 mmol) o, p-unsaturated ketone 1, 0.50 g (10 mmol)
hydrazine, and 30 mL ethanol. The mixture was heated
under reflux for 4 h. The reaction was monitored by thin
layer chromatography (TLC) (F(acetone): V(petroleum
ether 60°C-90°C)=1:1) and stopped when the TLC
showed only one spot with R;=0.45. The reaction mix-
ture was filtered to give a pale yellow solid. The solid was
recrystallized in DMF to give 2 as a colorless solid (2.0 g)
with a mp of 207-208. The yield was 61.4%.

2.4 1-(5-(2-chlorophenyl)-3-(2,4-dichlorophenyl)-4,5-
dihydropyrazol-1-yl)-one

In a 50 mL three-necked round-bottom flask, 0.82 g
(2.0 mmol) compound 2 was mixed with pyridine

Table 1

Synthesis route of 3, 5-diarylpyrazole derivatives

(2.0 mL) and then dry chloroform (30 mmol) was
added. The resulting solution was stirred and cooled to
0°C-5°C in an ice bath. A solution of chloride
(4.0 mmol) in chloroform (10 mL) was added dropwise
for 30 min. After stirring at 0°C-5°C for 2 h. Then the
reaction mixture was filtered and the filtrate was washed
with water (10 mL) and 5% potassium carbonate solu-
tion, dried over anhydrous sodium sulfate and concen-
trated under reduced pressure. The products were
purified by silica gel (0.074-0.049 mm) column chro-
matography with ketone-petroleum ether (V: V= 1:3)
as the eluent, and then recrystallized in ethyl acetate-
petroleum ether (V: V= 1:3) to give 3a-3h.

3 Results and discussion

3.1 The physical constants and the results of the elemental
analysis, "TH-NMR spectroscopy and IR spectroscopy of
the synthesized compounds are shown in Tables 1-3,
respectively.

3.2 The synthesis of compound 2

Hydrazine, a compound where two nitrogen atoms are
directly linked through o bonds, is a weak base. This
functional group is nucleophilic in nature. The nitrogen

Elemental analysis, mp, physical state and yield of compounds 2; 3a-3h

elemental analysis, Anal. Found (calcd)/%

Compound appearance m.p/(°C) Formula yield/% C H N

2 white solid 207-208 CsH;CI3N, 61.2 55.49 (55.33) 3.57 (3.40) 8.38 (8.60)
3a white solid 189-191 C,sH,5CLN,O 54.2 56.92 (56.64) 4.12 (3.96) 7.60 (7.34)
3b white solid 179-180 C19H,CI3N,0 50.5 58.03 (57.67) 4.20 (4.33) 7.22 (7.08)
3c white solid 186-187 C,H,,CLN,0 51.8 59.77 (59.52) 5.20 (4.99) 6.44 (6.61)
3d white solid 191-192 Cy;3H,5CI3N,0 49.2 61.00 (61.14) 5.69 (5.58) 5.98 (6.20)
3e white solid 144-146 Cy3H 14CI3F;3N,0 48.7 55.37 (55.50) 3.01 (2.84) 5.71 (5.63)
3f white solid 211-213 CxH 4CI3FN,O 52.2 58.78(59.02) 2.97 (3.15) 6.51 (6.26)
3g white solid 201-202 C,.H,,CLN,0 40.8 63.19 (63.25) 3.74 (3.76) 6.28 (6.15)
3h white solid 218-219 C,H14CI3N;0 554 58.54 (58.56) 3.29 (3.28) 10.00 (9.76)
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Table 2 IR data of compounds 2; 3a-3h

compound IR, o/cm™!

2 3443.6(NH),2929.0(CH3),1631.4(C=N),1104.9(C-N)

3a 1644.4(C=0), 1629.8 (C=N), 2928.9(CH3), 1420.8(-CH,CO)

3b 1643.9(C=0), 1628.9(C=N), 2928.2(CH3) , 1420.6(-CH,CO)

3c 1643.5(C=0), 1628.9(C=N), 2929.0(CH3) , 1420.8(-CH,CO)

3d 1643.2(C=0), 1629.0(C=N), 2928.8(CHs) , 1421.0(-CH,CO)

3e 1696.4(C=0), 1629.3(C=N), 2928.9(CH3), 1441.4(-CHj; )

3f 1700.9(C=0), 1629.6 (C=N), 2928.8(CH3),1442.1(-CH3 )

3g 1674.8(C=0), 1630.2 (C=N), 2929.4(CH3),1442.7(-CHj; )

3h 1708.9(C=0), 1629.9(C=N), 2928.8(CH,),1442.4(-CH; ) , 3044.0(Py-)

Table 3 'H-NMR data of compounds 2; 3a-3h

compound '"H-NMR ,5

2 3.09 (dd, 1H, J, = 10.4, J, = 16.1Hz, 4-Ha), 3.57 (dd, 1H, J; = 10.5, J, = 16.1Hz, 4-Hb), 5.37 (dd,1H, J; = 3.6, J, = 10.3 Hz, 5-H),
6.18 (brs, 1H, NH),7.04-7.51 (m, 7H, ArH)

3a 0.89 (t, 3H, -CH3, J = 7.2Hz), 2.52-2.73 (m, 2H, COCH,), 3.10 (dd, 1H, J, = 10.5, J, = 16.4Hz, 4-Ha), 3.60 (dd, 1H, J; = 10.5,
J>=16.0Hz, 4-Hb), 5.39 (dd, 1H, J, = 3.6, J, = 10.2 Hz, 5-H), 7.02-7.50 (m, 7H, ArH)

3b 0.88 (t, 3H, -CH3, J = 7.2Hz), 1.21-1.29 (m, 2H, -CH,), 2.58-2.67 (m, 2H, COCH,), 3.09 (dd, 1H, J; = 10.5 J, = 16.3Hz, 4-Ha), 3.59
(dd, 1H, J, = 10.5, J, = 16.1Hz, 4-Hb), 5.38 (dd, 1H, J, = 3.6, J, = 10.1 Hz, 5-H), 7.04-7.52 (m, 7H, ArH)

3c 0.87 (t, 3H, -CH3, J=7.2Hz), 1.34-1.42 (m, 6H, -3CH,), 2.57-2.66 (m, 2H, COCH,), 3.09 (dd, 1H, J, =10.5 J, = 16.4Hz, 4-
Ha),3.58 (dd, 1H, J, = 10.5, J, = 16.0Hz, 4-Hb), 5.40 (dd, 1H, J, = 3.6, J, = 10.0 Hz, 5-H), 7.02-7.49 (m, 7H, ArH)

3d 0.87 (t, 3H, -CH3, J = 7.2Hz), 1.38-1.47 (m, 10H, -5CH,), 2.51-2.68 (m, 2H, COCH,), 3.06 (dd, 1H, J; = 10.5, J, = 16.4Hz, 4-Ha),
3.55(dd, 1H, J; = 10.6, J, = 16.1Hz, 4-Hb), 5.32 (dd, 1H, J, = 3.7, J, = 10.2 Hz, 5-H), 7.05-7.51 (m, 7H, ArH)

3e 3.04 (dd, 1H, J, = 10.6, J, = 16.4Hz, 4-Ha), 3.52 (dd, 1H, J; = 10.5, J, = 16.2Hz, 4-Hb), 5.34 (dd, 1H, J, = 3.7, J, = 10.2 Hz, 5-H),
7.02-7.48 (m, 7H, ArH), 7.62-7.83 (m, 4H, CF;-ArH)

3f 3.06 (dd, 1H, J, = 10.5, J, = 16.4Hz, 4-Ha), 3.52 (dd, 1H, J, = 10.5, J, = 16.1Hz, 4-Hb), 5.36 (dd, 1H, J, = 3.6, J, = 10.2 Hz, 5-H),
7.01-7.93 (m, 11H, ArH)

3g 3.08 (dd, 1H, J; = 10.5, J, = 16.3Hz, 4-Ha), 3.55 (dd, 1H, J; = 10.5, J, = 16.1Hz, 4-HD), 5.34 (dd, 1H, J, = 3.6, J, = 10.1 Hz, 5-H),
6.88 (d, IH, -CH=), 7.00-7.54 (m, 12H, ArH), 7.58 (d, 1H, =CHCO-)

3h 3.10(dd, 1H, J, = 10.4, J, = 16.2Hz, 4-Ha), 3.56 (dd, 1H, J; = 10.4, J, = 16.1 Hz, 4-Hb), 5.36 (dd, 1H, J, = 3.6, J, = 10.1 Hz, 5-H),
7.02-7.53 (m, 7H, ArH), 7.59-9.18 (m, 4H, Py-H)

Table 4 Inhibition ratio of compounds 3 towards fungi at 50 mg-L™"

compound Inhibition ratio/% compound Inhibition ratio/%
H. oryzae P. oryzae S. sclerotiorum H. Oryzae P. oryzae S. Sclerotiorum
3a 18.9 12.1 4.6 3e 46.5 39.2 2.8
3b 40.1 39.8 25.2 3f 55.2 57.1 24.2
3c 21.2 9.9 40.2 3g 52.3 60.0 50.4
3d 14.7 23.2 37.3 3h 49.2 38.2 20.0

in hydrazine improves the phenomenon known as the o,
effect. This o, effect may be due to the reaction of hydra-
zine, as a nucleophile, with the reagent. The nitrogen-
nitrogen bond lends electronic stability to the transition
state.

3.3 The bactericidal activity of the compounds

The bactericidal activity against H. oryzae, P. oryza, S.
sclerotiorum was measured by the series dilution
method. As shown in Table 4, compound 3f showed
bactericidal activity against H. oryzae; compound 3g
showed certain bactericidal activity against H.
Oryzae, P. oryza, S. Sclerotiorum. There is no signifi-
cant difference in the bactericidal activity shown by the
compounds with the introduction of the F group. The

compounds synthesized in this study are relatively few
and have a narrow range. We are unable to distinguish
the compounds with truly high activity. Further studies
on the design and synthesis of such compounds would
be worthwhile.
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