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A B S T R A C T

Obovatol, a novel lignan isolated from the leaf and stem bark of Magnolia obovata Thunb exhibits many im-
portant biological activities. To discover natural-product-based potential fungicides with novel structural ske-
letons, a series of Mannich base derivatives were prepared by the C-4-aminomethylated modification of obovatol
and all synthesized compounds were evaluated for antifungal activities in vitro against several phytopathogenic
fungi using the spore germination method and the mycelium growth rate method. Furthermore, their structures
were also characterized by 1H NMR, 13C NMR, and HR-MS, and compound 2k was further analyzed by single-
crystal X-ray diffraction. Among all of the derivatives, compounds 2b (IC50 = 28.68 µg/mL) and 2g
(IC50 = 16.90 µg/mL) demonstrated greater inhibition of Botrytis cinerea spore germination than two positive
controls, hymexazol and difenoconazole. Compounds 2c, 2f, and 2g displayed potent mycelial growth inhibition
of B. cinerea with an average inhibition rate (AIR) of> 90% at a concentration of 100 µg/mL. Additionally, the
structure-activity relationships (SARs) suggested that the introduction of a diethylamino, pyrrolyl, 1-methyl-
piperazinyl or 1-ethyl-piperazinyl groups on the C-4 position of obovatol may be more likely to yield potential
antifungal compounds than the introduction of 4-phenyl-piperazinyl or 4-phenyl-piperidinyl groups.

1. Introduction

Plant pathogenic fungi are recognized as one of the main causative
agents of plant diseases. The annual economic losses due to quality
deterioration and reduced crop yield caused by phytopathogenic fungi
are estimated to exceed $200 billion [1]. Plant pathogenic fungi also
cause food safety problems because mycotoxins are harmful to animal
and human health [2,3]. Therefore, various synthetic chemical plant
fungicides have been extensively used to control plant mycosis in cur-
rent agricultural systems and play a crucial role in modern crop pro-
tection with the advantages of high efficiency and rapid action. How-
ever, a series of severe health and environmental problems have
accompanied the persistent and excessive use of some chemical fungi-
cides over the past decades [4,5]. Hence, the discovery and develop-
ment of new effective, selective, and especially environmental friendly
fungicides is still a challenging task [6]. Among the many choices, plant
secondary metabolite-based or -derived botanical protectants have re-
ceived much attention from researchers due to their lower environ-
mental impact and mammalian toxicity [7,8].

Obovatol (1, Fig. 1), a novel lignan bearing a diphenyl ether

skeleton, was isolated from the leaf and stem bark of Magnolia obovata
Thunb [9]. Compound 1 and its analogs displayed a variety of biolo-
gical properties, including antifungal activity [10], anti-tumor activity
[11], anti-inflammatory effects [12], anxiolytic effects [13], anti-pla-
telet aggregation activity [14,15], and treatment effects on Alzheimer’s
disease [16]. These results showed that obovatol possessed great po-
tential as a new ideal lead structure to develop botanical antifungal
agents. However, to the best of our knowledge, little attention has been
paid to obovatol as a lead compound for discovering potential fungi-
cides. Encouraged by the above-mentioned results, and in our con-
tinued efforts to develop novel natural product-based pesticides
[17,18], a series of C-4-aminomethylated derivatives of obovatol were
designed and synthesized by using compound 1 as a lead compound
through the Mannich reaction. The inhibition of spore germination and
mycelial growth activities of these derivatives was investigated against
several phytopathogenic fungi. Additionally, the structure-activity re-
lationships (SARs) of the target compounds were also explored.

https://doi.org/10.1016/j.bioorg.2019.103469
Received 28 August 2019; Received in revised form 3 November 2019; Accepted 21 November 2019

⁎ Corresponding author.
E-mail address: yangchun20101987@126.com (C. Yang).

Bioorganic Chemistry 94 (2020) 103469

Available online 23 November 2019
0045-2068/ © 2019 Elsevier Inc. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00452068
https://www.elsevier.com/locate/bioorg
https://doi.org/10.1016/j.bioorg.2019.103469
https://doi.org/10.1016/j.bioorg.2019.103469
mailto:yangchun20101987@126.com
https://doi.org/10.1016/j.bioorg.2019.103469
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bioorg.2019.103469&domain=pdf


2. Material and methods

2.1. Extraction and isolation

The air-dried and powdered leaves of M. obovata (12 kg) were ul-
trasonically extracted three times with 95% ethanol (3 × 25 L) at room
temperature. The solvent was removed under reduced pressure to ob-
tain a crude extract (720 g). Then, the crude extract was suspended in
water (3 L) and successively extracted with petroleum ether (3 × 5 L)
and dichloromethane (3 × 5 L) to obtain the corresponding extracts.
Finally, the dichloromethane extract (180 g) was subjected to silica gel
column chromatography and eluted with a gradient mixture of petro-
leum ether/ethyl acetate (50:1 to 5:1, v/v) to afford five fractions (Fr.
1–Fr. 5) and the fractions were monitored by thin-layer chromato-
graphy (TLC). Fr. 4 (18.6 g) was purified utilizing preparative thin-layer
chromatography (PTLC) to obtain obovatol (1, 2.68 g). Data for 1: CAS
number: 83864–78-2; faint yellow viscous oil; 1H NMR (500 MHz,
CDCl3) δ: 7.15 (s, 1H), 7.13 (s, 1H), 6.94 (s, 1H), 6.92 (s, 1H), 6.57 (d,
J = 1.5 Hz, 1H), 6.28 (d, J = 1.5 Hz, 1H), 5.91–5.99 (m, 1H,
–CH = CH2), 5.81–5.90 (m, 1H, –CH = CH2), 5.43 (br s, 1H, OH), 5.37
(br s, 1H, OH), 5.06–5.10 (m, 2H, –CH = CH2), 4.99–5.03 (m, 2H,
–CH = CH2), 3.37 (d, J = 6.5 Hz, 2H, –CH2CH-), 3.20 (d, J = 6.5 Hz,
2H, –CH2CH-); 13C NMR (125 MHz, CDCl3) δ: 155.08, 144.87, 143.82,
137.48, 137.32, 135.42, 132.98, 132.68, 130.01, 118.05, 116.03,
115.93, 111.27, 110.75, 39.79, 39.55; HR-MS (ESI): m/z calcd for
C18H19O3 ([M+H]+) 283.1334, found 283.1330. The structure has
been compared with the previously published literature [9].

2.2. Synthesis and characterization

General Procedure for Synthesis of 2a–u [19,20]: A solution of 37%
formaldehyde aqueous solution (111.7 μL, 1.5 mmol) and obovatol (1,
141.2 mg, 0.5 mmol) in ethanol (10 mL) was stirred at room tem-
perature for about 5 min, and an ethanol solution of the corresponding
substituted secondary amine (1.5 mmol) was slowly added to the
aforementioned mixture. Then, the mixture was heated at reflux and
the reaction progress was checked by TLC analysis. When the reaction
was complete after 6–24 h, the excess solvent was removed at reduced
pressure and the reaction mixture was purified by PTLC to afford target
products 2a–u in 32%–89% yields, respectively. Data for 2a: yield:
33%; pale yellow oily liquid; 1H NMR (500 MHz, CDCl3) δ: 7.11 (s, 1H),

7.09 (s, 1H), 6.92 (s, 1H), 6.91 (s, 1H), 6.30 (s, 1H), 5.91–5.99 (m, 1H,
–CH = CH2), 5.79–5.87 (m, 1H, –CH = CH2), 4.85–5.08 (m, 4H, 2×
–CH = CH2), 3.77 (s, 2H, –CH2-N(CH3)2), 3.35 (d, J = 6.5 Hz, 2H,
–CH2CH-), 3.22 (d, J = 6.0 Hz, 2H, –CH2CH-), 2.46 (s, 6H, -N(CH3)2);
13C NMR (125 MHz, CDCl3) δ: 155.79, 146.88, 143.08, 137.61, 136.87,
135.38, 134.29, 130.91, 129.60, 128.85, 117.39, 115.82, 115.66,
112.61, 65.57, 44.06, 39.46, 37.02; HR-MS (ESI): m/z calcd for
C21H26NO3 ([M+H]+) 340.1913, found 340.1912. The spectra data of
compounds 2b–u can be found in the Supplementary material.

2.3. Biological assays

2.3.1. Spore germination assay
The inhibitory effects of all target compounds on fungal spores were

evaluated according to a previously described spore germination
method [21] (Seen the Supplementary material).

2.3.2. Antifungal activity of compounds 2a–u against six strains of
phytopathogenic fungi in vitro

The in vitro antifungal activities of all the tested compounds against
six strains of pathogenic fungi were screened by the mycelium growth
rate method [22] (Seen the Supplementary material).

2.4. Statistical analysis

The experimental data of the inhibition of myceliul growth and the
spore germination assay were analyzed using Excel 2010 and SPSS 20.0
software for Windows.

3. Results and discussion

3.1. Chemistry

Obovatol is an important bioactive compound that occurs naturally
in M. obovata and exhibits a wide variety of potential pharmaceutical
activity [23,24]. Therefore, it is an ideal lead compound for the de-
velopment of novel bioactive compounds. Previous studies [25,26] re-
ported that the biological activity of obovatol could be significantly
improved compared to the precursor compound by introducing active
groups at the ortho position of the hydroxyl group on the benzene ring.
Therefore, obovatol was extracted and isolated from the leaf of M.

Magnolia obovata Thunb.

Modified

Fig. 1. Chemical structures of obovatol (1) and three commercial fungicides carbendazim, difenoconazole and hymexazole.

C. Yang, et al. Bioorganic Chemistry 94 (2020) 103469

2



obovata and the extraction yield reached 0.0223% in this research.
Furthermore, a series of aminomethylated obovatol derivatives were
designed and synthesized by modifications at the C-4 position. The
general synthetic route and methods to produce the target compounds
are outlined in Scheme 1. The starting material obovatol (1) was re-
acted with 37% formaldehyde aqueous solution and the corresponding
secondary amines to obain compounds 2a–u under reflux condition
through Mannich reaction with moderate yield (32–89%). The struc-
tures of the target compounds were well characterized by 1H NMR, 13C
NMR, HR-MS, melting point (m.p.), and the steric configuration of
compound 2k was further determined by X-ray crystallography (Fig. 2).
It can be obviously observed that the aminomethyl group was re-
gioselectively introduced at the C-4 position of obovatol. The crystal-
lographic data for the structure of 2k was deposited at the Cambridge
Crystallographic Data Centre (CCDC) with the CCDC number 1946478.

3.2. Biological activities

3.2.1. Inhibition of spore germination
The fungicidal activities of the twenty-one synthesized obovatol

derivatives (2a–u) against four phytopathogenic fungal strains were
examined by spore germination assays. Two commercial fungicides,
difenoconazole and hymexazole, were used as positive controls.

As described in Table 1, all tested compounds displayed varying
degrees of inhibition against the four fungal spores. In general,

compounds 2b and 2g showed broad-spectrum and strong inhibitory
effects on three fungal spores. Seven compounds (2d, 2h, 2l, 2m, 2o,
2t, and 2u) did not inhibit the four fungal spores tested. Compounds 2g
and 2r showed greater inhibitiory activity against A. solani than the two
positive controls, with IC50 values of 63.19 and 83.80 µg/mL, respec-
tively. Compounds 2f (IC50 = 117.89 µg/mL), 2p (IC50 = 130.31 µg/
mL), and 2s (IC50 = 108.63 µg/mL) displayed inhibitory activity
against A. solani comparable to the positive controls, but they were
inferior to their precursor obovatol (IC50 = 30.98 µg/mL). Derivatives
2b (IC50 = 59.43 µg/mL) and 2 g (IC50 = 59.13 µg/mL) also showed
greater inhibitory activity against F. solani than the positive controls
(IC50 > 500 µg/mL) and obovatol (IC50 = 74.38 µg/mL). In addition,
compounds 2b, 2g, and 2n exhibited stronger inhibitory activity
against B. cinerea than the positive controls and their lead compound
obovatol. Specifically, compounds 2b and 2g displayed the highest
inhibitory activity with IC50 values of 28.68 and 16.90 µg/mL, re-
spectively, whereas the IC50 values of obovatol and the positive con-
trols, difenoconazole and hymexazole, were only 143.13, 96.76 and
66.80 µg/mL, respectively. Unfortunately, none of the compounds
showed inhibitory effect on C. orbiculare, suggesting that these tested
derivatives may be ineffectives against the spores of cucurbits an-
thracnose.

The bioassay results illustrated that the introduction of amino-
methyl groups at the C-4 position of obovatol can yield potent deriva-
tives against fungal spores. Several important active and inactive
groups were summarized by SAR analysis of the spore germination test
(Fig. 3). The introduction of alkyl-piperazinyl or piperidine-carboxylate
groups can increase the inhibitory activity against A. solani. For in-
stance, of these 21 Mannich base derivatives, compounds 2f (1-methyl-
piperazinyl), 2g (1-ethyl-piperazinyl), 2p (4-methyl-piperidinyl), 2r (4-
methylcarboxylate-piperidinyl) and 2s (3- ethylcarboxylate-piper-
idinyl) showed higher inhibitory effects on A. solani than that of the two
commercial fungicides, difenoconazole and hymexazole. In addition,
seven (2a–c, 2e–g, and 2n) and four (2b–c, 2g, and 2n) compounds
exhibited varying degrees of antifungal activities with IC50 values less
than 500 μg/mL against F. solani and B. cinerea, respectively. Among
the substituted piperidine derivatives, only 2n with a 2-methyl-

Scheme 1. Synthesis of C-4-aminomethylated derivatives of obovatol (2a–u). Reagents and conditions: R1R2NH (3.0 eqv.), HCHO (37%, 3.0 eqv.), EtOH, reflux,
6–24 h, yield 32%–89%.

Fig. 2. The X-ray crystallographic structure of compound 2k.

C. Yang, et al. Bioorganic Chemistry 94 (2020) 103469

3



piperidinyl group showed definite antifungal activity. These results
strongly demonstrate that piperazine derivatives can play a more im-
portant role in inhibiting spore germination agninst F. solani and B.
cinerea than piperidine derivatives. Furthermore, neither aryl-piper-
azinyl (2k–m) nor aryl-piperidinyl (2t–u) group-substituted compounds

inhibited spore germination. Thus, further studies can bypass these
substituents. In summary, the introduction of a piperazinyl group in
place of the piperidinyl group at the C-4 position of obovatol produced
potential antifungal derivatives against phytopathogenic fungal spores.

Table 1
The 50% inhibition concentration (IC50) of title compounds (2a–u) against four phytopathogenic fungal spores.

Compound IC50a and 95%CIb (µg/mL)

A. solani F. solani B. cinerea C. orbiculare

2a >500 –c 110.43 ± 4.13 (102.61–118.83) >500 – > 500 –
2b 221.25 ± 19.79 (185.67–263.64) 59.43 ± 2.65 (54.46–64.85) 28.68 ± 1.55 (25.81–31.88) > 500 –
2c 219.30 ± 10.52 (199.62–240.93) 255.01 ± 13.72 (229.49–283.37) 170.11 ± 5.47 (159.72–181.17) > 500 –
2d >500 – >500 – >500 – > 500 –
2e 237.94 ± 12.31 (215.00–263.33) 459.24 ± 55.24 (362.78–581.34) >500 – > 500 –
2f 117.89 ± 6.17 (106.40–130.62) 161.49 ± 10.24 (142.62–182.86) >500 – > 500 –
2g 63.19 ± 3.13 (57.35–69.63) 59.13 ± 3.96 (51.86–67.42) 16.90 ± 1.07 (14.92–19.13) > 500 –
2h >500 – >500 – >500 – > 500 –
2i 344.41 ± 39.46 (265.36–421.41) > 500 – >500 – > 500 –
2j 493.30 ± 47.41 (410.58–597.50) > 500 – >500 – > 500 –
2k 319.46 ± 18.06 (285.95–356.89) > 500 – >500 – > 500 –
2l >500 – >500 – >500 – > 500 –
2m >500 – >500 – >500 – > 500 –
2n >500 – 230.34 ± 14.56 (203.51–260.71) 63.87 ± 4.82 (55.09–74.04) > 500 –
2o >500 – >500 – >500 – > 500 –
2p 130.31 ± 7.00 (117.28–144.78) > 500 – >500 – > 500 –
2q >500 – >500 – >500 – > 500 –
2r 83.80 ± 5.32 (74.00–94.90) > 500 – >500 – > 500 –
2s 108.63 ± 5.82 (97.80–120.66) > 500 – >500 – > 500 –
2t >500 – >500 – >500 – > 500 –
2u >500 – >500 – >500 – > 500 –
Obovatol 30.98 ± 4.67 (23.05–41.64) 74.38 ± 3.59 (67.66–87.77) 143.13 ± 5.48 (132.79–154.28) 12.81 ± 0.36 (12.12–13.55)
HYMd 119.71 ± 8.90 (103.48–138.49) > 500 – 66.80 ± 2.24 (62.55–71.33) 272.94 ± 33.93 (213.92–348.25)
DFZd 136.71 ± 16.30 (108.23–172.69) > 500 – 96.76 ± 3.15 (90.78–103.13) 53.37 ± 2.56 (48.58–58.63)

a All values are presented as means ± SD (n = 3).
b 95%CI means 95% confidence interval.
c “–” means not tested.
d HYM and dDFZ represent hymexazol and difenoconazole respectively, and they were used as positive controls.
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3.2.2. Antifungal activity of compounds 2a–u against plant pathogenic fungi
in vitro

As outlined in Table 2, the antifungal activities of compounds 2a–u
against six strains of phytopathogenic fungi in vitro were preliminarily
investigated. The average inhibition rates (AIRs) were determined using
the mycelium growth rate method at a concentration of 100 µg/mL.
Among all the compounds, Eleven compounds (2a, 2c, 2f–h, 2l, 2n, 2o,
2p, 2r, and 2u) showed potent inhibitory effects on one or more fungi
with AIRs > 60%. Of these eleven compounds, compounds 2a, 2f–h,
and 2n exhibited broad-spectrum (≥three fungal strains) antifungal
activity against the phytopathogenic fungi tested. For A. solani, only 2f
(AIR = 69.44%) and 2g (AIR = 70.36%) inhibited mycelium growth
better than hymexazol and 1. It should be noted that ten compounds
displayed promising antifungal activity against B. cinerea with AIRs >
60%. Specifically, the AIRs of compounds 2c, 2f, and 2g were>90%,
even more than that of the two commercial fungicides hymexazole
(AIR = 29.63%) and carbendazim (AIR = 87.50%). For C. orbiculare,
compounds 2a and 2n showed good inhibitory activity with AIR values
of 74.44% and 73.33%, respectively. Derivatives 2f (AIR = 79.76%),
2h (AIR = 63.00%), and 2n (AIR = 84.67%) displayed excellent an-
tifungal activity against F. oxysporum. In addition, four compounds (2a,
2c, 2g, and 2p) exhibited potent antifungal activity against C. gloeos-
porioides. Their AIRs were well over 70% and far exceeded those of the
two positive control agents.

The SARs of these obovatol-based Mannich base derivatives against
several phytopathogenic fungi were also observed (Fig. 3). Firstly, only
2f (1-methyl-piperazinyl) and 2g (1-ethyl-piperazinyl) showed anti-
fungal activity against A. solani. This was similar to the results of the
aforementioned spore germination assay, which indicated that the in-
troduction of 1-methyl-piperazinyl or 1-ethyl-piperazinyl groups not
only impacted the spore germination of A. solani, but was also crucial to
the inhibition of its mycelium growth. Secondly, compounds 2f–h
showed good inhibitory effects on F. solani, B. cinerea, and F. oxysporum
(except for 2g), suggesting that the introduction of a piperazinyl group
containing the N-site substituted by donor-electrons groups can in-
crease antifungal activity. Finally, the carboxylate (2j and 2s), 4-phenyl
piperazine (2k), and the 4-phenyl piperidine (2t) derivatives exhibited

weak antifungal activities against six plant pathogenic fungi, indicating
that the introduction of these substituents was ineffective for yielding
antifungal agents.

4. Conclusion

In conclusion, to screen potent antifungal active compounds,
twenty-one Mannich base derivatives were designed and synthesized
based on a natural lignan, obovatol. The inhibitory effects of the deri-
vatives for spore germination and mycelial growth against several
phytopathogenic fungi were evaluated in vitro. The bioassay results
revealed that some compounds showed significant antifungal activity.
Specifically, compounds 2b and 2g exhibited more pronounced in-
hibition of spore germination activity against B. cinerea with IC50 values
of 28.68 and 16.90 µg/mL, respectively, than two positive controls,
hymexazol and difenoconazole. Compounds 2c, 2f, and 2g displayed
good inhibition of the mycelial growth activity against B. cinerea with
AIRs > 90%. Additionally, the SARs of all the title compounds sug-
gested that the introduction of diethylamino, pyrrolyl, 1-methyl-pi-
perazinyl or 1-ethyl-piperazinyl groups on the C-4 position of obovatol
may lead to more potent antifungal derivatives than the introduction of
4-phenyl-piperazinyl or 4-phenyl-piperidinyl groups. The results in-
dicate that several of the above-mentioned obovatol Mannich base
derivatives might be considered as new promising lead candidates for
the design and synthesis of environmental friendly fungicides for crop
protection. Further research on more extensive structural modifications
to develop novel obovatol-based botanical antifungal agents is needed.
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Table 2
Preliminary antifungal activity in vitro of obovatol Mannich base derivatives (2a–u) against six phytopathogenic fungal strains at a concentration of 100 µg/mL.

Compound Average inhibition rates ± SD (%) (n = 3)

A. solani F. solani B. cinerea C. orbiculare F. oxysporum C. gloeosporioides

2a 18.98 ± 3.34 64.44 ± 1.60 85.71 ± 1.18 74.44 ± 1.11 38.10 ± 2.38 84.38 ± 1.80
2b 37.78 ± 3.89 10.19 ± 1.67 40.82 ± 1.18 14.44 ± 1.11 28.63 ± 1.13 37.72 ± 1.58
2c 16.79 ± 1.26 16.67 ± 3.26 91.16 ± 0.68 33.33 ± 1.92 38.10 ± 4.76 73.96 ± 0.52
2d 30.66 ± 0.51 47.69 ± 1.22 51.02 ± 0 26.67 ± 1.92 43.18 ± 0.66 36.98 ± 1.88
2e 17.52 ± 0.73 10.65 ± 1.67 57.82 ± 1.80 13.33 ± 1.92 40.08 ± 1.05 37.04 ± 3.24
2f 69.44 ± 1.47 74.35 ± 2.35 94.69 ± 0.59 23.33 ± 1.92 79.76 ± 1.19 43.23 ± 1.88
2g 70.36 ± 4.44 64.84 ± 3.20 92.18 ± 0.34 24.44 ± 2.94 36.36 ± 0.66 79.38 ± 1.80
2h 39.44 ± 0.56 78.56 ± 2.38 77.48 ± 0.90 40.00 ± 1.92 63.00 ± 2.08 57.02 ± 3.16
2i 15.33 ± 2.63 5.98 ± 3.56 22.79 ± 0.90 7.78 ± 1.47 28.16 ± 1.52 11.98 ± 1.38
2j 18.98 ± 1.26 8.33 ± 1.60 56.46 ± 0.68 22.22 ± 2.22 37.30 ± 0.40 27.31 ± 3.03
2k 8.33 ± 2.89 4.17 ± 0.80 42.18 ± 0.68 2.22 ± 1.11 20.24 ± 0.69 11.46 ± 2.76
2l 27.22 ± 6.41 6.48 ± 0.46 77.55 ± 1.18 21.11 ± 1.11 3.42 ± 2.80 13.16 ± 2.01
2m 20.00 ± 3.47 8.33 ± 0.80 53.06 ± 0 21.11 ± 1.11 10.68 ± 2.38 8.33 ± 2.88
2n 27.78 ± 1.11 18.06 ± 0.80 83.27 ± 1.18 73.33 ± 0 84.67 ± 0.67 53.95 ± 3.48
2o 14.44 ± 0.56 14.81 ± 2.45 63.95 ± 1.36 22.22 ± 1.11 51.28 ± 1.28 27.08 ± 1.04
2p 35.00 ± 2.55 37.84 ± 1.56 42.86 ± 0.59 46.67 ± 0.96 54.27 ± 0.43 84.04 ± 2.19
2q 15.00 ± 0.96 13.51 ± 5.46 42.86 ± 0 37.78 ± 1.11 23.93 ± 0.43 42.98 ± 1.58
2r 31.11 ± 4.84 9.01 ± 3.15 65.31 ± 1.18 36.67 ± 0 37.18 ± 1.96 36.40 ± 4.18
2s 28.89 ± 6.76 21.17 ± 3.15 45.58 ± 1.80 21.11 ± 1.11 38.46 ± 3.23 36.40 ± 2.32
2t 32.78 ± 1.47 21.62 ± 2.70 53.74 ± 1.36 21.11 ± 1.11 37.12 ± 1.37 28.95 ± 2.63
2u 16.11 ± 0.56 39.19 ± 1.35 72.79 ± 1.80 27.78 ± 1.11 41.03 ± 3.70 26.04 ± 1.04
Obovatol 67.22 ± 0.56 43.52 ± 0.93 51.70 ± 0.68 50.00 ± 0.70 56.90 ± 1.99 71.50 ± 1.50
HYMa 78.10 ± 1.26 29.63 ± 1.85 88.44 ± 0.68 48.78 ± 1.41 62.07 ± 1.00 52.78 ± 0.80
CBDa 4.94 ± 1.43 87.50 ± 0.27 16.33 ± 0 100.00 ± 0 100.00 ± 0 6.25 ± 0.90

a HYM and a CBD represent hymexazol and carbendazim respectively, and they were used as positive controls.

C. Yang, et al. Bioorganic Chemistry 94 (2020) 103469

5



in Shanxi (“STIP”, No. 2019L0397), Shanxi Province, China; and the
Science and Technology Innovation Fund of Shanxi Agricultural
University (No. 2016YJ10), Taigu, Shanxi Province, China.

Appendix A. Supplementary material
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