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Two series of novel cuminaldehyde derivatives containing pyrazoline 
and isoxazoline moieties have been designed and synthesized. All of the 
compounds were characterized via 1H-NMR,13C-NMR, and HRMS. The 
antifungal activities were evaluated against six plant-pathogenic fungi. 
3-(2-Fluorophenyl)-5-(4-isopropylphenyl) isoxazoline (2d) and 1-acetyl-
3-(2-fluorophenyl)-5-(4-isopropylphenyl)-2-pyrazoline (3d) displayed 
higher antifungal activities than commercial fungicides against Sclero-
tinia sclerotiorum, Physalospora piricola and Pyricularia oryzae. The title 
compounds (2d and 3d) with strong antifungal activities are worth being 
further evaluated in vivo and in the field. ​ © Pesticide Science Society of 
Japan
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Introduction

Cuminaldehyde, the main composition of an essential oil ex-
tracted from Cuminum cyminum seeds, has been the subject of 
extensive concern because of its wide range of bioactivities.1–4) 
Notably, it has been reported to be the key antioxidant and an-
timicrobial component in plant essential oils.5–7) In recent years, 
novel cuminaldehyde derivatives have been designed and syn-
thesized, and many have showed antifungal and antioxidant 
activities. For example, Peixoto et al. reported a series of novel 

compounds derived from cuminaldehyde that showed an-
tifungal activities against Candida strains.8) Sid et al. reported 
1-formyl-3-phenyl-5-(4-isopropylphenyl)-2-pyrazoline as an an-
tifungal chemical against Aspergillus niger.9)

Heterocyclic nitrogenous compounds have received consider-
able attention due to their significant bioactivities.10) Isoxazo-
line and pyrazoline, well known as important five-membered 
heterocyclic nitrogenous scaffolds, have been widely applied as 
pharmaceuticals and agrochemicals because of their antifungal 
activities. Fluralaner, a commercial insecticide, is a successful 
example that introduces isoxazoline as the scaffold.11) Many 
studies have also focused on the antifungal activities of isoxazo-
line derivatives.12) As for pyrazoline, many kinds of pyrazoline 
derivatives, especially N-acetylated pyrazoline derivatives, have 
been reported to show significant antifungal activities.9,13–16)

Concerning the synthesis of isoxazolines and pyrazolines, the 
methods with stable and easily accessed starting materials and 
those conducted under mild conditions are more acceptable.15) 
Usually, the sophisticated way to synthesize isoxazoline and pyr-
azoline is by the cyclization of α,β-unsaturated carbonyl com-
pounds (chalcones) with hydroxylamine and hydrazine.13) Chal-
cones can be easily obtained from a simple Claisen–Schmidt 
reaction.13) Other technology has also been used to synthesize 
isoxazoline, such as visible-light catalysis and microwave-assist-
ed synthesis.11,17)

Keeping the above observations in view, we designed 24 com-
pounds by introducing a cuminaldehyde structure into an isoxa-
zoline or pyrazoline scaffold, which will be expected to exhibit 
higher fungicidal activities through the coexistence of two kinds 
of pharmacophores.

Materials and Methods

1.  General
All used reagents and solvents were purchased from Sigma-
Aldrich and used without further purification. The synthesized 
compound structures were confirmed by 1H-NMR, 13C-NMR 
and HRMS. 1H-NMR and 13C-NMR spectra were recorded on a 
Bruker DPX300 NMR instrument (300 MHz), using tetrameth-
ylsilane as an internal standard and CDCl3 or DMSO-d6 as a sol-
vent. HRMS spectra were obtained with an Agilent 6500 Series 
LC/Q-TOF-ESI-MS/MS. Melting points were performed with 
an RY-1G melting-point apparatus and were uncorrected. Ana-
lytical thin-layer chromatography (TLC) was performed on pre-
coated plates, and spots were visualized under ultraviolet light 
(254 nm).

2.  Synthesis
2.1.  Preparation of β-unsaturated chalcones (1a–1l)

In this study, α,β-unsaturated chalcones 1 were synthesized by 
using a Claisen–Schmidt reaction.9,14–16) To a solution of substi-
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tuted acetophenone (20 mmol) and cuminaldehyde (20 mmol) 
in 15 mL of ethanol, 0.5 mL of 1 mol·L−1 NaOH solution was 
added drop by drop. The mixture was stirred overnight at room 
temperature, and then the solvent was removed under reduced 
pressure. Chalcones 1 were obtained by recrystallization in etha-
nol.

2.2.  Preparation of 3-(substituted phenyl)-5-(4-isopropylphe-
nyl)isoxazoline (2a–2l)

To a solution of chalcones 1 (5 mmol) and hydroxylamine hy-
drochloride (5 mmol) in 30 mL of ethanol, 0.5 mL of NaOH 
(1 mol·L−1) was added drop by drop. The mixture was stirred 
at room temperature for 1 hr and later refluxed for 8 hr. Sub-
sequently, the reaction mixture was cooled and poured onto 
crushed ice, and then formed solids were collected by filtration 
and washed with cold water to obtain crude products of 2a–2l. 
After purification by silica gel column chromatography, prod-
ucts were characterized via 1H-NMR, 13C-NMR, and HRMS.

2.3.  Preparation of 1-acetyl-3-(substituted phenyl)-5-(4-
isopropylphenyl)-2-pyrazoline (3a–3l)

A mixture of chalcones 1 (5 mmol) and hydrazine hydrate 
(5 mmol) in acetic acid (15 mL) was refluxed for 4 hr. After com-
pletion of the reaction (checked by TLC), the reaction mixture 
was cooled. Then the solid precipitation was filtered out, washed 
with cold water and acetone, and dried to gain crude products of 
3a–3l. Further purification was conducted by recrystallization 
in ethanol, and the products were characterized via 1H-NMR, 
13C-NMR, and HRMS.

3.  Antifungal activity assay
Tested strains (Sclerotinia sclerotiorum, Rhizoctonia solani, 
Botrytis cinerea, Physalospora piricola, Pyricularia oryzae and 
Colletotrichum lagenarium) were obtained from the Institute of 
Plant Protection, Chinese Academy of Agricultural Sciences, 
and were kept in the Agricultural Culture Collection of China 
(Preservation numbers: ACCC 30096, ACCC 30089, ACCC 
30387, BNCC112323, ACCC 37660, and ACCC 30016, respec-
tively). The fungal strains were maintained in a potato dextrose 
agar medium (PDA) medium and stored at 4°C.

Evaluation of the fungicidal activities was performed accord-
ing to reported protocols.18) Preliminary determination of the 

inhibitory activities against six plant-pathogenic fungi was test-
ed in vitro using the mycelia growth test on a PDA medium. 
Briefly, title compound solutions (in DMSO) and sterile molten 
PDA were mixed to obtain a final concentration of 200 µg·mL−1 
(containing 5% DMSO). Then the mixture was poured into 
90 mm Petri dishes (15 mL·dish−1), on which 5 mm mycelial 
disks of the six fungi were planted in the center. Three replicates 
were conducted for each treatment. DMSO (5% contained in 
PDA) was used as a negative control, while thiabendazole and 
azoxystrobin were tested as positive controls. After a certain in-
cubation period at 25°C (until the colonies in the control treat-
ments had covered two-thirds of the Petri dishes), the mycelial 
growth diameters were measured using the cross-bracketing 
method, and the percentage of mycelial growth inhibition was 
then calculated. The inhibition percentages were calculated with 
the following equation: I=[(C−T)/(C−5)]×100%, where T is 
the mycelial diameter (mm) in the Petri dishes with compounds 
and C is the diameter (mm) of the DMSO control.

Furthermore, the antifungal activities of higher effective com-
pounds (according to the preliminary assay) were evaluated 
using the inhibition percentages of tested compounds in the 
final series concentration. The EC50 values were calculated by 
linear-regression analysis.

Results and Discussion

1.  Chemistry
The reaction sequences for the synthesis of 3-(substituted 
phenyl)-5-(4-isopropylphenyl) isoxazoline (2a–2l) and 1-acetyl-
3-(substituted phenyl)-5-(4-isopropylphenyl)-2-pyrazoline (3a–
3l) are outlined in Scheme 1 according to the reported meth-
od.19,20)

The intermediate chalcones, (E)-1-(4-isopropylphenyl)-
3-(substituted phenyl)prop-2-en-1-ones (1), a kind of 
α,β-unsaturated ketones, were prepared by reacting the cumi-
naldehyde with substituted acetophenones via a facile pro-
cedure in the presence of a base with 60–85% yield. The chal-
cones were then converted into the isoxazoline and pyrazoline 
derivatives through different reactions. Isoxazoline derivatives 
2a–2l were prepared by refluxing a mixture of chalcones, hy-
droxylamine hydrochloride, and NaOH in an ethanol medium 

Scheme  1.	  Synthesis of cuminaldehyde derivatives. Reagents and conditions: (a) EtOH, 1 M NaOH, rt, 8 hr, 60–85%; (b) EtOH, NH2OH·HCl, NaOH, re-
flux, 8 hr, 49–67%; (c) acetic acid, N2H4·H2O, reflux, 4 hr, 60–80%. R=o-CH3(1a, 2a, 3a); o-Br(1b, 2b, 3b); o-Cl(1c, 2c, 3c); o-F(1d, 2d, 3d); m-CH3(1e, 2e, 
3e); m-Br(1f, 2f, 3f); m-Cl(1g, 2g, 3g); m-F(1h, 2h, 3h); p-CH3(1i, 2i, 3i); p-Br(1j, 2j, 3j); p-Cl(1k, 2k, 3k); p-F(1l, 2l, 3l).
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with 49–67% yields. Compounds 1 and 2 were separated using 
column chromatography (ethyl acetate-petroleum ether). Moni-
toring via TCL, the positions of compounds 2a–2d and their 
byproducts were too close to be easily isolated. Thus, a less polar 
mobile phase was used to isolate compounds with lower yields. 
Pyrazoline derivatives 3a–3l were synthesized by refluxing com-
pounds 1 and hydrazine hydrate in acetic acid, then purified by 
recrystallization (in ethanol) with 60–80% yields. To analyze the 
relationship between structure and activity, unsubstituted isoxa-
zoline (2-U) and pyrazoline (3-U) were also synthesized via a 
similar method.

All title compounds were confirmed by NMR and HRMS, and 
structural analysis data were shown as supplementary data. Ad-
ditionally, the crystal structure of compound 3g was determined 
to further verify the structure of the synthetic compound in our 
previous study.21)

2.  Antifungal Activity in vitro
As shown in Supplemental Table S1, preliminary determination 
of the inhibition activities of title compounds (200 µg·mL−1) 
against six plant-pathogenic fungi (S. sclerotiorum, R. solani, B. 
cinerea, Ph. piricola, Py. oryzae, and C. lagenarium) suggested 
that all of the compounds showed significant antifungal activi-
ties against plant-pathogenic fungi, with an inhibition rate high-
er than 50%.

Among the six tested fungi, Ph. piricola and S. sclerotiorum 
were completely inhibited by half of the tested compounds, with 
an inhibition rate higher than 90%. It was obvious that these de-
rivatives are particularly efficient against the mycelia growth of 
Ph. piricola and S. sclerotiorum in vitro. Subsequently, the EC50s 
of compounds against Ph. piricola and S. sclerotiorum were 
further evaluated, using cuminaldehyde, thiabendazole, and 
azoxystrobin as positive controls (Table 1). Cuminaldehyde and 
thiabendazole showed outstanding antifungal activities against 
Ph. piricola (25.50 and 21.84 µg·mL−1, respectively) and S. sclero-

Table  1.  Antifungal activities of titled compounds at 200 µg·mL−1 in vitro

Compounds
Inhibitory (%)

B. cinerea C. lagenarium Py. oryzae Ph. piricola R.solani S.sclerotiorum

2a 66.14 44.67 70.19 68.82 78.6 44.13
2b 74.17 57.50 76.81 90.25 81.58 44.65
2c 86.65 64.36 76.80 100 93.56 37.33
2d 100 88.85 100 100 100 94.42
2e 65.72 58.83 49.74 92.01 51.14 90.18
2f 79.49 50.91 84.74 100 86.84 39.18
2g 92.84 66.20 81.20 100 98.51 62.35
2h 93.68 56.00 88.26 100 51.83 100
2i 79.07 50.91 58.77 90.00 66.59 100
2j 66.98 48.65 47.76 79.41 73.80 55.26
2k 90.33 52.04 47.37 92.52 71.73 45.83
2l 80.33 67.89 67.43 100 58.70 100
2-Ua) 64.83 45.16 53.46 73.15 68.67 48.62
3a 51.12 54.87 50.52 70.83 60.41 100
3b 41.94 42.98 49.34 71.34 53.21 32.43
3c 76.98 48.65 54.45 76.89 88.22 75.05
3d 100 71.30 100 100 73.80 100
3e 45.22 51.66 48.79 67.83 57.32 72.77
3f 29.84 48.65 30.47 41.60 63.15 68.14
3g 27.75 50.34 23.78 55.71 65.55 91.66
3h 84.35 60.43 76.53 86.36 49.70 100
3i 55.29 48.08 48.95 80.93 31.71 86.91
3j 64.47 58.26 48.95 77.90 68.31 67.18
3k 43.61 61.67 52.10 73.35 40.50 92.86
3l 74.64 66.82 60.28 90.07 54.45 100
3-Ub) 52.50 47.16 44.67 61.64 48.70 72.75
Cuminaldehyde 83.66 42.41 65.46 100 70.02 68.87
Thiabendazole 100 90.54 81.98 100 100 73.95
Azoxystrobin 88.63 70.16 83.16 75.87 72.42 95.60

a) Unsubstituted isoxazoline derivatives. b) Unsubstituted pyrazoline drivatives.
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tiorum (63.62 and 44.57 µg·mL−1, respectively). Among 24 novel 
compounds, 2b–2d, 2f–2h, 2l, and 3d showed more potential 
bioactivities against Ph. piricola than those of cuminaldehyde, 
thiabendazole and azoxystrobin, with the most promising com-
pound 2d was 3-fold more potential than thiabendazole (7.25 
vs. 21.84 µg·mL−1). Meanwhile, 2d, 2h, 2i, 3d, 3h, 3k, and 3l 
showed higher fungicidal activities against S. sclerotiorum, and 
3d was the most fungicidal compound (12.75 µg·mL−1). Among 
the tested fungi, Ph. piricola is a serious pathogenic fungus on 
pear and other fruit trees, and S. sclerotiorum is a harmful fun-
gus on various vegetables and crops wordwide. The title com-
pounds showed significantly antifungal activities against these 
notorious fungi, suggesting that novel compounds have poten-
tial and should undergo further evaluation in vivo or in the field.

Against a majority of tested fungi, analysis of the structure 
and activity relationship (SAR) indicated three general rules: (1) 
Isoxazolines (2a–2l) were more favorable than pyrazolines (3a–
3l) (Table 1). For instance, the EC50 values of isoxazolines (2b–
2l) against Ph. piricola ranged from 7.25 to 78.88, while those of 
pyrazolines (3a–3l) were higher (Table 2). However, S. sclerotio-
rum showed an opposite rule. More pyrazolines (3a, 3d, 3g, 3h, 
3k, and 3l) displayed higher activities than commercial fungi-
cides (thiabendazole and azoxystrobin) did (Table 2). (2) Halo-
gen atoms, as strong electron-withdrawing groups, enhanced the 
antifungal activities more significantly than methyl group. Gen-
erally, the order of activities was –F>–Cl>–Br>–Me, and most 
of halogen substituted compounds showed higher fungicidal ac-
tivities than the unsubstituted compounds (2-U and 3-U) (Ta-
bles 2). Surprisingly, the compounds containing a fluorine atom 
(2d, 2h, 2l, 3d, 3h, and 3l) displayed excellent antifungal activi-
ties, even higher than commercial fungicides (thiabendazole and 
azoxystrobin). (3) The Ortho position was more beneficial to an-
tifungal activities than the meta and para positions. Taking fluo-
rine substituent as an example, it was obvious that 2d>2h>2l 
for isoxazoline compounds and 3d>3h>3l for pyrazoline com-
pounds (Supplemental Table S2). The rule was also applicable 
to compounds with –Cl, –Br and –Me groups. Therefore, the 
fungicidal activities of the title compounds closely depended on 
the core structure, substituent groups, and substituent positions.

Thiabendazole and azoxystrobin were used as positive con-
trols due to their broad-spectrum fungicidal activities. They 
were also evaluated to be inhibitory against B. cinerea and S. 
sclerotiorum in our previous study.18) The present fungicidal ac-
tivities against the above two fungi were highly coincident with 
the previous results. Cuminaldehyde, as a main component 
of spice essential oils, has been proven to inhibit fungi myce-
lium.1,4–7) In the present study, the cuminaldehyde derivatives 
showed significant antifungal activities against the tested fungi, 
and approximately half of the title compounds exhibited higher 
inhibitory activities than cuminaldehyde per se (Table 1). No-
tably, 2d showed 3.5 times more activities than cuminaldehyde 
against Ph. Piricola (7.25 vs. 25.50 µg·mL−1), and 3d had about 5 
times more potential than cuminaldehyde against S. sclerotiorum 
(12.75 vs. 63.62 µg·mL−1).

Conclusions

Two series of novel isoxazoline and pyrazoline compounds de-
rived from cuminaldehyde were designed and synthesized and 
were characterized via 1H-NMR, 13C-NMR, and HRMS. Results 
of the preliminary biological activity assay indicated that most 
of the title compounds showed potential antifungal activities 
against S. sclerotiorum, Py. oryzae and C. lagenarium and some 
of the compounds showed potential activities against R. solani 
and B. cinerea. Compound 2d and 3d, displaying significant fun-
gicidal activities against S. sclerotiorum, Py. oryzae and Ph. piri-
cola, are worth being further evaluated in vivo and in the field. 
Further optimizations of cuminaldehyde derivatives should be 
carried out to develop more effective antifungal activities.

Table  2.	 EC50 values of compounds 2a–2l and 3a–3l against Ph. piricola 
and S. sclerotiorum

Compounds
EC50±S.E. (µg·mL−1)a)

Ph. piricola S. sclerotiorum

2a 116.53±8.16 >200
2b 28.33±2.48 >200
2c 21.94±1.59 >200
2d 7.25±0.64 34.53±2.42
2e 37.30±3.34 46.33±3.77
2f 22.58±2.03 >200
2g 15.44±1.25 137.55±10.35
2h 10.51±0.84 22.59±1.50
2i 48.61±4.37 16.29±1.16
2j 78.88±7.21 158.02±11.49
2k 33.53±2.84 >200
2l 13.68±0.95 20.80±1.43
2-Ub) 92.83±8.37 >200
3a 100.92±9.44 22.93±1.58
3b 96.84±8.63 >200
3c 81.65±7.40 77.22±6.65
3d 15.67±1.18 12.75±0.88
3e 125.38±9.77 77.99±6.83
3f >200 141.21±10.70
3g 171.20±14.58 33.62±2.37
3h 60.08±5.27 20.76±1.61
3i 64.52±5.31 56.29±4.71
3j 82.91±7.59 120.14±9.43
3k 93.98±8.58 33.58±2.59
3l 47.36±4.05 22.80±1.60
3-Uc) 135.67±10.12 95.37±8.85
Cuminaldehyde 25.50±1.83 63.62±5.45
Thiabendazole 21.84±1.73 44.57±3.36
Azoxystrobin 87.59±7.80 35.22±2.77

a) Values are means±S.E. of three replicate. b) Unsubstituted isoxazo-
line derivatives. c) Unsubstituted pyrazoline drivatives.
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