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含偕二甲基环丙烷结构的 1,3,4-噻二唑-脲化合物的合成、 
抑菌活性及分子对接研究 

崔玉成†    陈美桦†    林桂汕*    段文贵*    
李晴敏    邹壬萱    岑  波 

(广西大学化学化工学院  南宁 530004) 

摘要  为了寻找以天然可再生资源为基础的杀菌剂, 设计并合成了 18 个新型含偕二甲基环丙烷结构的 1,3,4-噻二唑-

脲化合物. 在质量浓度为 50 mg/L 时, 初步测定了目标化合物对 6 种植物病原菌的抑菌活性. 结果表明, (＋)-顺-1-(4-溴
苯基)-3-{5-[(2,2-二甲基-3-丙基环丙基)甲基]-1,3,4-噻二唑-2-基}脲(7i)对西瓜炭疽病菌、玉米小斑病菌和番茄早疫病菌

的抑制率分别为 91.2%、85.0%和 60.1%, 均高于阳性对照百菌清. 此外, 采用比较分子力场分析法(CoMFA)建立了一

个合理有效的三维定量构效关系(3D-QSAR)模型(r2＝0.990, q2＝0.517); 通过分子对接探究了目标化合物与琥珀酸脱氢

酶之间的作用模式, 并定量分析了其中关键的 Arg 残基与苯环之间的阳离子-π 相互作用; 前线分子轨道计算表明目标

化合物中的偕二甲基环丙烷以及噻二唑-脲-苯结构可能对抑菌活性起主要贡献. 
关键词  3-蒈烯; 偕二甲基环丙烷; 1,3,4-噻二唑-脲; 抑菌活性; 三维定量构效关系(3D-QSAR); 分子对接 

Synthesis, Antifungal Activity and Molecular Docking Study of 
1,3,4-Thiadiazole-Urea Compounds Containing 

gem-Dimethylcyclopropane Ring Structure 

Cui, Yucheng†    Chen, Meihua†    Lin, Guishan*    Duan, Wengui*    
Li, Qingmin    Zou, Renxuan    Cen, Bo 

(School of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004) 

Abstract  In an attempt to search for natural renewable product-based antifungal agents, eighteen 1,3,4-thiadiazole-urea 
compounds containing gem-dimethylcyclopropane ring structure were designed and synthesized. The antifungal activity of the 
target compounds against six plant pathogens was preliminarily evaluated at the concentration of 50 mg/L. As a result, the 
inhibitory rates of (＋)-cis-1-(4-bromophenyl)-3-(5-((2,2-dimethyl-3-propylcyclopropyl)methyl)-1,3,4-thiadiazol-2-yl) urea 
(7i) against Colletotrichum orbicular, Bipolaris maydis and Alternaria solani were 91.2%, 85.0% and 60.1%, respectively, 
which was better than that of the positive control chlorothalonil. Furthermore, a reasonable and effective 3D-quantitative 
structure-activity relationship (3D-QSAR) model (r2＝0.990, q2＝0.517) was established by the comparative molecular field 
analysis method (CoMFA). The binding mode between the target compounds and succinate dehydrogenase (SDH) was 
investigated by molecular docking, and the cation-π interaction between the key residue Arg and the benzene ring was 
quantitatively analyzed. The gem-dimethylcyclopropane and thiadiazole-urea-benzene moieties of the target compounds prob-
ably made major contributions to the antifungal activity by frontier molecular orbital calculation. 
Keywords  3-carene; gem-dimethylcyclopropane; 1,3,4-thiadiazole-urea; antifungal activity; 3D-quantitative structure- 
activity relationship (3D-QSAR); molecular docking 
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1  Introduction 
3-Carene, a naturally occurring chiral bicyclic monoter-

pene, is a rare forest biomass resource containing three- 
membered small ring structure in nature. It is mainly found 
in the turpentine oils of several special pines, such as Pinus 
longifolia, Pinus sylvestris L. and Pinus szemaoensis, as 
well as in a variety of plant essential oils.[1] 3-Carene 
showed various biological activities, such as insecticidal,[2] 
antifungal,[3] anti-inflammatory[4] and acetylcholinesterase 
inhibitory[5] activities. And its derivatives also exhibited 
broad-spectrum pharmacological properties, such as anti-
fungal,[6] anticancer,[7] sphingosine-1-phosphate (S1P1) 
receptor agonistic[8] and tyrosyl-DNA phosphodiesterase 1 
(TDP1) inhibitory[9] activities. Furthermore, the molecular 
structure of 3-carene can be modified to obtain bioactive 
derivatives bearing cyclopropyl group. Cyclopropane de-
rivatives have important applications in the fields of agro-
chemical and medicine[10] due to their antifungal,[11] herbi-
cidal,[12] anti-inflammatory,[13] anticancer,[14] antimicrobi-
al[15] and antiviral activities.[16] Among them, isoflucypram, 
a succinate dehydrogenase inhibitor (SDHI) containing 
cyclopropane,[17] displayed high-effect antifungal activity, 
and was developed as a commercially available fungicide. 

On the other hand, 1,3,4-thiadiazoles are a class of five- 
membered heterocyclic compounds. It is reported that 
1,3,4-thiadiazole compounds exhibited diverse biological 
properties, including antifungal,[18] α-glucosidase inhibito-
ry,[19] herbicidal,[20] insecticidal,[21] antibacterial,[22] and 
anticancer activities.[23] Furthermore, urea derivatives have 
important applications in the field of agrochemical and 
medicine. Compounds with urea skeleton hold widespread 
pharmacological activities such as antifungal,[24] herbicid-
al,[25] insecticidal,[26] antibacterial,[27] anti-inflammatory,[28] 
and anticancer activities.[29] 

Based on the above clues, for continuing to explore high 
activity antifungal agents from renewable biomass re-
sources,[30-33] a series of novel 1,3,4-thiadiazole-urea com-

pounds containing gem-dimethylcyclopropane ring struc-
ture were designed and synthesized by combining bioactive 
1,3,4-thiadiazole and urea moieties into the molecular 
skeleton of gem-dimethylcyclopropane converted from 
(＋)-3-carene. Structural characterization, antifungal eval-
uation, 3D-quantitative structure-activity relationship (3D- 
QSAR), and the binding mode of the target compounds 
were carried out as well. 

2  Results and discussion 
2.1  Synthesis and characterization 

The synthetic route of the target compounds 7a～7r is 
shown in Scheme 1. The cyclohexene ring of (＋)-3-carene 
was opened by the oxidative cleavage of the carbon-carbon 
double bond to give the keto acid compound 2 bearing a 
gem-dimethylcyclopropane. The ketone group of compound 
2 was converted to the methylene group by the Wolff- 
Kishner-Huang reduction reaction to afford compound 3. 
The carboxyl group of compound 3 was chloridized to form 
the acyl chloride, which reacted with thiosemicarbazide to 
prepare the acyl thiosemicarbazide compound 4. Sequen-
tially, 2-amino-1,3,4-thiadiazole compound 6 was formed 
by the ring-closing reaction using acetyl chloride as a de-
hydrant to avoid the ring-opening risk of the gem-dimethyl- 
cyclopropane moiety, followed by an alkaline hydrolysis 
reaction. Eighteen target 1,3,4-thiadiazole-urea compounds 
containing gem-dimethylcyclopropane ring structure 7a～
7r were synthesized by the nucleophilic addition reaction of 
compound 6 with different isocyanates. 

All the structures of the target compounds were con-
firmed by FT-IR, NMR, ESI-MS, and elemental analysis. In 
the IR spectra, the characteristic absorption bands at 3399～
3281 and 1724～1705 cm－1 were respectively attributed to 
the stretching vibrations of the N—H and C＝O. The strong 
absorption bands at 1641～1584 and 1597～1510  cm－1 
were assigned to the vibrations of the C＝N and aromatic 
ring skeleton, respectively. In the 1H NMR spectra, the 
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Scheme 1  Synthesis of 1,3,4-thiadiazole-urea compounds containing gem-dimethylcyclopropane ring structure 7a～7r
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signals at δ 8.24～6.81 were assigned to the protons of the 
benzene ring, and the characteristic peaks at about δ 
12.04～8.18 were assigned to the amino protons of the urea 
moiety. The hydrogens in the gem-dimethylcyclopropane 
ring displayed signals in the region of δ 1.08～0.54. The 13C 
NMR spectra of the target compounds showed peaks for 
carbon atoms at δ 155.7～151.3, 162.4～104.0 and 164.4～
159.8 assigned to urea moiety, benzene ring, and 1,3,4- 
thiadiazole moiety, respectively. The signals at δ 28.7～
13.9 were assigned to the gem-dimethylcyclopropane ring 
scaffold carbons. Their molecular weights and the N, C and 
H elemental ratios were consistent with the results of 
ESI-MS and elemental analysis, respectively.  
2.2  In vitro antifungal activity 

The antifungal activity of the target compounds 7a～7r 
was preliminarily assayed by the in vitro method, using 
commercial fungicide chlorothalonil as positive control and 
six plant pathogens including tomato early blight (Alter-
naria solani), peanut speckle (Cercospora arachidicola), 
wheat scab (Gibberella zeae), cucumber fusarium wilt 
(Fusarium oxysporum f. sp. cucumerinum), watermelon 
anthracnose (Colletotrichum orbiculare), and corn southern 
leaf blight (Bipolaris maydis) as tested fungi. The results 
under the concentration of 50 mg/L were listed in Table 1. 

It was found that most of the target compounds had a 
certain inhibitory effect on the tested plant pathogens, in 
which compound 7i (R＝p-Br) with inhibitory rates of 
91.2%, 85.0%, and 60.1% against C. orbiculare, B. maydis, 
and A. solani, respectively, exhibited better antifungal ac-
tivity than that of the positive control chlorothalonil with the 
corresponding inhibitory rates of 75.0%, 81.8% and 45.0%. 

Besides, compound 7g (R＝p-OCH3) displayed a moderate 
but broad-spectrum antifungal effect against all the tested 
fungi. Almost all of the target compounds had inhibitory 
rates of more than 50% against A. solani, displaying a 
higher inhibitory rate than that of chlorothalonil with the 
45.0% inhibitory rate. It was also found that, on the whole, 
the target compounds with the p-R on the benzene ring 
showed better inhibitory activity against the tested fungi 
than that of the others. For instance, the antifungal activity 
of compounds 7c (R＝p-Cl) and 7f (R＝p-CH3) was better 
than that of compounds 7b (R＝m-Cl), 7a (R＝o-Cl), 7e  
(R＝m-CH3), and 7d (R＝o-CH3), respectively. Therefore, 
a 3D-QSAR study was subsequently performed. 
2.3  3D-QSAR analysis 

Because almost all of the target compounds had inhibi-
tory rates of more than 50% against A. solani, displaying a 
higher inhibitory rate than that of chlorothalonil with the 
45.0% inhibitory rate, they were used to build the 3D- 
QSAR model by the CoMFA method.[34] As presented in 
Table 2, fifteen target compounds were selected in the 
training set and three compounds in the test set. A 
3D-QSAR model was then established. The value of cor-
relation coefficient (r2＝0.990), standard error of estimate 
(S ＝ 0.015), the Fischer ratio (F ＝ 125.963) and the 
cross-validated coefficient (q2＝0.517) were listed in Table 
3, implying that the built model was reasonable and effec-
tive. Meanwhile, the scatter plot of experimental AF values 
vs predicted AFa values was presented in Figure 1. All 
points were concentrated near the X＝Y line, illustrating 
that the 3D-QSAR model had a good predictive ability. 

Table 1  Antifungal activity of the target compounds 7a～7r 

Compd. 
Inhibitory rate/% under the concentration of 50 mg/L 

A. solani C. arachidicola G. zeae F. oxysporum f. sp. cucumerinum C. orbiculare B. maydis 
7a 55.5 50.6 43.3 20.9 17.3 16.0 
7b 56.3 60.0 60.0 26.4 17.3 24.0 
7c 57.2 60.0 46.1 59.1 31.8 34.0 
7d 48.0 60.0 39.2 22.7 24.5 20.0 
7e 51.5 50.6 32.2 19.1 19.1 18.0 
7f 66.1 60.0 53.1 22.7 17.3 18.0 
7g 71.0 75.6 55.8 62.7 71.8 70.0 
7h 57.8 53.8 57.2 26.4 17.3 26.0 
7i 60.1 56.8 46.3 76.6 91.2 85.0 
7j 56.3 60.0 53.1 28.2 24.5 22.0 
7k 49.1 56.9 39.2 26.4 35.5 48.0 
7l 56.3 60.0 44.7 26.4 17.3 20.0 

7m 54.9 47.5 40.6 26.4 17.3 14.0 
7n 58.8 60.0 46.1 26.4 26.4 26.0 
7o 59.5 53.8 43.3 33.6 26.4 12.0 
7p 56.8 60.0 46.1 19.1 13.6 18.0 
7q 57.3 56.9 39.2 24.5 22.7 22.0 
7r 67.1 23.0 46.4 14.5 12.3 14.8 

Chlorothalonila 45.0 94.4 58.3 91.7 75.0 81.8 
a The commercial fungicide as a positive control. 
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Table 2  AF values of experimental and predicted activities for 
the target compounds 

Compd. MW AF AFa Residual 
7a 378.92 －2.48 －2.45 －0.03 
7bb 378.92 －2.47 －2.57 0.10 
7c 378.92 －2.45 －2.53 0.08 
7db 358.50 －2.59 －2.28 －0.31 
7e 358.50 －2.53 －2.19 －0.34 
7f 358.50 －2.26 －2.49 0.23 
7g 374.50 －2.18 －2.43 0.25 
7h 423.37 －2.49 －2.44 －0.05 
7i 423.37 －2.45 －2.57 0.12 
7j 362.47 －2.45 －2.48 0.03 

7kb 362.47 －2.57 －2.54 －0.03 
7l 380.46 －2.47 －2.46 －0.01 

7m 412.48 －2.53 －2.47 －0.06 
7n 412.48 －2.46 －2.54 0.08 
7o 428.47 －2.46 －2.54 0.08 
7p 446.92 －2.53 －2.30 －0.23 
7q 480.47 －2.55 －2.45 －0.10 

a Predictive value. b Test-set compounds. 

 

Figure 1  Scatter plot of AF values vs AFa values  

The contribution ratios of the steric and the electrostatic 
fields were 66.9% and 33.1% (Table 3), respectively, indic- 

Table 3  Summary of CoMFA analysisa 

q2 r2 S F 
Contribution/% 

Steric Electrostatic 
0.517 0.990 0.015 125.963 66.9 33.1 

a q2: cross-validated correlational coefficient, r2: non-validated correlational 
coefficient, S: standard error of estimate, F: the Fischer ratio. 

ating the steric field was the main factor affecting the in-
hibitory activity. As shown in Figure 2, the distinguishing 
colors represented different field contours. In the steric field 
contour map, the green region represented that introduction 
of large R groups was beneficial to increasing the antifungal 
activity, while the yellow defined the opposite. In the elec-
trostatic field contour map, the blue region represented that 
the R group with electron-donating groups would improve 
antifungal activity, while the red defined the opposite. In 
Figure 2a, there was a green enclosed volume suspended on 
the 4-position of the benzene ring, which revealed that the 
introduction of bigger R groups at 4-position of the benzene 
ring would help to increase the bioactivity of these target 
compounds. For example, compounds 7g (R＝p-OCH3), 7i 
(R＝p-Br) and 7o (R＝p-OCF3) showed better bioactivity. 
Also, compound 7f (R＝p-CH3) displayed higher antifungal 
activity than compounds 7e (R＝m-CH3) and 7d (R＝
o-CH3). In Figure 2b, there was a blue enclosed volume 
suspended on the 4-position of the benzene ring. Therefore, 
an electron-donating R would favor the increase in their 
antifungal activity. For instance, compound 7g (R ＝
p-OCH3) exhibited better antifungal activity than that of 
compounds 7f (R＝p-CH3), 7i (R＝p-Br), 7c (R＝p-Cl) and 
7k (R＝p-F). 

Furthermore, two novel compounds (Figure 3) were de-
signed based on the 3D-QSAR analysis above, and their 
potential antifungal activities were predicted by the estab-
lished model. As a result, compounds 3a (AFa＝－1.869) 
and 3b (AFa＝－1.909) had desirable antifungal activities 
with inhibitory rates of 86.7% and 86.8%, respectively, 
which deserved further study.

 
Figure 2  Contours of CoMFA 

(a) Contours of steric contribution are represented in yellow and green; (b) contour of electrostatic contribution represented in red and blue 

 
Figure 3  Stuctures of compounds 3a and 3b designed based on the above 3D-QSAR analysis 
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2.4  Molecular docking and theoretical calculation 
We noticed that some kinds of carbohydrazide[35-36] and 

acyl urea[37-38] derivatives as potential SDH inhibitors were 
designed and synthesized. Besides, some compounds 
showed better inhibitory activities against plant pathogenic 
fungi and SDH. Because urea and carbohydrazide are bi-
oisosterism of each other, and the molecular skeleton of 
urea is very similar to acyl urea. The binding mode of 
compound 7i (R＝p-Br) with SDH was investigated by 
molecular docking (Figure 4), and compared with that of the 
commercial SDHI fungicide carboxin that is the ligand of 
the SDH-carboxin complex. It was found that compound 7i 
(R＝ p-Br) embedded completely in the ligand-binding 
domain. In Figure 4a, the O atom and N atom of urea moiety 
were interacted with the residues Tyr128 (D) and Trp206 
(B) via the H-bonds with bond lengths of 0.279, 0.311, and 
0.302 nm, respectively. In Figure 4b, the commercial SDHI 
carboxin with the residues Tyr128 (D) and Trp206 (B) 
formed two H-bonds with respective bond lengths of 0.273 
and 0.297 nm. Besides, compound 7i (R＝p-Br) and car-
boxin were surrounded by the same hydrophobic residues 
Ser77 (C), Ile78 (C), Arg81 (C), Pro202 (B), and His 249 
(B). Therefore, compound 7i (R＝ p-Br) and carboxin 
shared the similar binding mode, implying that compound 
7i (R＝p-Br) was a potential SDH inhibitor. 

To explore further the weak interaction of compound 7i 
(R＝p-Br) with SDH residues, the PDB file produced by the 

above molecular docking was analyzed by the web program 
of Protein-Ligand Interaction Profiler (PLIP, https://plip- 
tool.biotec.tu-dresden.de/plip-web/plip/index).[39] The re-
sult was presented in Figure 5. As a result, besides the weak 
actions mentioned above, the cation-π interaction between 
the benzene ring of compound 7i (R＝p-Br) and the residue 
Arg81 as well as the hydrophobic interaction between the 
gem-dimethylcyclopropane ring moiety and the residues 
Trp74, Phe65, Trp205 were found. 

Furthermore, the cation-π interaction distances between 
the benzene rings of compounds 7i (R＝p-Br), 7c (R＝
p-Cl), and 7k (R＝p-F) and the Arg81 were 0.37, 0.39 and 
0.41 nm (Figure 6), respectively, compatible with the de-
scending rank of the antifungal activity against the tested 
fungi for three compounds.  

The introduction of groups on the benzene ring can 
modulate the size of dipoles in π-system to influence the 
strength of cation-π interaction.[40] To explore further the 
relationship between cation-π interaction and antifungal 
activity, the calculation of charge distribution and electro-
static potentials (ESPs) distribution of benzene ring in 
compounds 7i (R＝p-Br), 7c (R＝p-Cl), and 7k (R＝p-F) 
were subsequently performed by Gaussian 09, Multiwfn 
3.7,[41-42] and VMD 1.9.3[43] software. The results were 
presented in Table 4 and Figure 7. 

It was found that the positive charges in benzene ring of 
compounds 7i (R＝p-Br), 7c (R＝p-Cl) and 7k (R＝p-F) 

 
Figure 4  Binding mode and the interaction 

(a) target compound 7i (R＝p-Br) with SDH residues; (b) commercial SDHI carboxin with SDH residues 
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Figure 5  Benzene ring and gem-dimethylcyclopropane ring interaction with SDH residues 

 
Figure 6  Cation-π interaction between Arg81 and the benzene rings of compounds 7i (R＝p-Br, 6a), 7c (R＝p-Cl, 6b) and 7k (R＝p-F, 6c) 

Table 4  Charge and population of the fragments in the compounds 

Compd. Fragment of target compound Fragment charge Fragment population 

7i 
 

－0.00545e 75.00 

 
0.02882e 39.97 

7c 
 

－0.00532e 57.00 

 
0.05794e 39.94 

7k 
 

0.01572e 48.98 

 
0.10539e 39.89 

 
increased gradually, and the maximum ESPs points of 
benzene ring centers of these compounds were 13.5, 14.3, 
and 15.7 kJ/mol, respectively. With the enhancement of the 
electron-withdrawing ability, the benzene ring had more 
positive charges, and the cation-π effect was weakened, 
compatible with the descending rank of the antifungal ac-
tivity against the tested fungi for three compounds. Taken 
together, it meant that the cation-π interaction between the 
benzene ring and the Arg was one of the important factors 
affecting the antifungal activity of the target compounds.  

Besides, according to the frontier molecular orbital the-
ory, the highest occupied molecular orbital (HOMO) has the 
priority to provide electrons and the lowest unoccupied 
molecular orbital (LUMO) easily accepts electrons, so the 
HOMO and LUMO are important factors that affect the 
bioactivity of compounds.[12] Therefore, the HOMOs and 
LUMOs of compounds 7i (R＝p-Br), 7c (R＝p-Cl) and 7k 
(R＝p-F) were calculated using Gaussian 09 on the high- 
performance computing platform of Guangxi University, 
and the results shown in Figure 8 were viewed on Multiwfn  
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Figure 7  Fragment and ESPs of the compounds 7i (R＝p-Br, 7a), 7c (R＝p-Cl, 7b), and 7k (R＝p-F, 7c) 

 
Figure 8  Frontier molecular orbitals of compounds 7i (R＝p-Br) 

HOMO and LUMO (8a); 7c (R＝p-Cl): HOMO and LUMO (8b); 7k (R＝p-F): HOMO and LUMO (8c) 
 

3.7 and VMD 1.9.3 software. 
As shown in Figure 8, the HOMOs and LUMOs of these 

compounds were located on the urea group, the substituted 
benzene ring and the 1,3,4-thiadiazole ring. Also, it is worth 
noting that some HOMOs were distributed in the cyclo-
propane group as well, implying that these moieties proba-
bly made major contributions to the antifungal activity. 
These results would be helpful for further design and in-
vestigation of this new kind of compounds. 

3  Conclusions 
In summary, eighteen novel 1,3,4-thiadiazole-urea com-

pounds containing gem-dimethylcyclopropane ring struc-
ture were designed and synthesized by using 3-carene as 

raw material, and their structures were characterized by 
FT-IR, NMR, ESI-MS and elemental analysis. The pre-
liminary bioassay revealed that the inhibitory rates of 
compound 7i (R＝p-Br) against Colletotrichum orbicular, 
Bipolaris maydis, and Alternaria solani were 91.2%, 85.0% 
and 60.1%, respectively, which is better than that of the 
positive control chlorothalonil. Also, compound 7g (R＝
p-OCH3) with inhibitory rates of 56%～72% against all the 
tested plant pathogens showed broad-spectrum antifungal 
effect. Based on the preliminary bioassay results, a rea-
sonable and effective 3D-QSAR model (r2＝0.990, q2＝
0.517) was established, which was employed to propose 
two new compounds with potentially better activity. Fur-
thermore, the cation-π interaction between the key residue 
Arg and the benzene ring in the target compounds was 
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quantitatively investigated. Meanwhile, the gem-dimethyl- 
cyclopropane ring and thiadiazole-urea-benzene moieties of    
the target compounds probably made major contributions to 
the antifungal activity by frontier molecular orbital calcu-
lation. Overall, compounds 7i (R＝p-Br) and 7g (R＝
p-OCH3) deserved further study as lead compounds. 

4  Experimental section 
4.1  General Information 

The gas chromatography (GC) analysis was conducted on 
an Agilent 6890 GC (Agilent Technologies Inc., Santa 
Clara, CA, USA) equipped with column HP-1 (30 m, 0.530 
mm, 0.88 μm) and FID. Melting points were recorded using 
an MP420 automatic melting point apparatus (Hanon In-
struments Co., Ltd., Jinan, China) and were not corrected. 
High-pressure liquid chromatography (HPLC) and liquid 
chromatography (LC) analysis were conducted on Waters 
1525 HPLC (2998 PDA detector and column C18 5 μm (4.6 
mm×150 mm), Waters Co., Ltd., Milford, MA, USA) and 
Wufeng LC-100 (chiral column IB, Shanghai Wufeng 
Scientific Instrument Co., Ltd., China) instruments, re-
spectively. IR spectra were recorded on a Nicolet iS50 
FT-IR spectrometer (Thermo Scientific Co., Ltd., Madison, 
WI, USA) by the KBr pellet method. 1H NMR and 13C 
NMR spectra were determined in DMSO-d6 or CDCl3 sol-
vent on a Bruker Avance III HD 500 MHz/600 MHz spec-
trometer (Switzerland Bruker Co., Ltd., Zurich, Switzer-
land) with TMS as an internal standard. MS spectra were 
obtained employing the electrospray ionization (ESI) 
method on a TSQ Quantum Access MAX HPLC-MS in-
strument (Thermo Scientific Co., Ltd., Waltham, MA, 
USA). Elemental analyses were measured using a PE 2400 
II elemental analyzer (Perkin-Elmer Instruments Co., Ltd., 
Waltham, MA, USA). CD spectra were determined in eth-
anol solvent on a MOS-450 circular dichroism spectrometer 
(Cbio-Logic Co., French). Optical rotation was measured 
on a WZZ-2S automatic polarimeter (Shanghai Precision 
Scientific Instrument Co., Ltd., China). (＋)-3-Carene [GC 
purity 98%, 25

D[ ]α ＋17.1 (c 0.67, CH2Cl2)] was provided by 
Wuzhou Pine Chemicals Co., Ltd., Wuzhou, Guangxi, 
China. Other reagents were purchased from commercial 
suppliers and used as received. 
4.2  Synthesis of (－ )-cis-2-(2,2-dimethyl-3-(2-oxo- 
propyl)-cyclopropyl) acetic acid (2) 

Compound 2 was prepared by the oxidation of 3-carene 
under weak alkaline condition.[44] (＋)-3-Carene (20 mL, 
125.8 mmol) was dissolved in 100 mL of tert-butanol and 
200 mL of water. To this mixture were added NaIO4 (100.0 
g, 0.6 mol) and RuCl3H2O (0.44 g, 0.8 mmol). The mixture 
was stirred vigorously at 35 ℃ for 0.5 h, then raised to 45 ℃ 
for 3 h, and finally stirred at 55 ℃ for 1 h. Then, the mixture 
was cooled down to room temperature and filtered, and the 
filtrate was washed with ethyl acetate three times. After-
wards, the filtrate was extracted with ethyl acetate, and the 
organic phase was concentrated in vacuum, alkalized to pH 
10 with NaOH aqueous solution. The aqueous phase was 

washed with ethyl acetate, and under an ice-water bath, the 
aqueous phase was slowly acidified to pH 3 by HCl, then 
extracted with ethyl acetate three times. The organic phase 
was dried over anhydrous MgSO4 and concentrated to af-
ford a brown oily liquid with yield of 75%. 25

D[ ]α －15.4 (c 
1.02, CH2Cl2); 1H NMR (600 MHz, CDCl3) δ: 2.44～2.36 
(m, 2H, C2-H), 2.32～2.22 (m, 2H, C6-H), 2.18 (s, 3H, 
C8-H), 1.13 (s, 3H, C9-H or C10-H), 0.98 (q, J＝8.2 Hz, 2H, 
C3-H and C5-H), 0.93 (s, 3H, C9-H or C10-H); 13C NMR 
(150 MHz, CDCl3) δ: 208.9, 179.2, 39.3, 30.1, 29.6, 28.4, 
21.5, 21.1, 17.3, 15.0; IR (KBr) ν: 3500～3100 (COOH), 
2955, 2870 (C—H), 1712 (C＝O) cm－1; ESI-MS m/z: 
185.05 (M＋H＋). Anal. calcd for C10H16O3: C 65.19, H 
8.75; found C 65.18, H 8.73. 
4.3  Synthesis of (＋ )-cis-2-(2,2-dimethyl-3-propyl- 
cyclopropyl) acetic acid (3) 

Compound 3 was prepared by the method reported in our 
previous work.[31] KOH (22.6 g, 403.6 mmol) was dissolved 
in ethylene glycol (85 mL) under stirring. To the mixture 
were added compound 2 (20.8 g, 133.0 mmol) and 65 mL of 
N2H4H2O (ω＝80%). The mixture was heated and refluxed 
for 10 h. In this process, the water and hydrazine were 
continuously removed from the reaction system to acceler-
ate the reaction. Upon completion, the mixture was cooled 
under an ice-water bath, acidified with aq. HCl (ω＝5%) to 
pH 3, and extracted with cyclohexane. The combined or-
ganic phase was washed with saturated NaCl aqueous so-
lution, dried over anhydrous MgSO4 and evaporated in 
vacuo to obtain a yellow oily liquid with yield of 60%. 

25
D[ ]α ＋5.6 (c 0.51, CH2Cl2); 1H NMR (600 MHz, CDCl3) δ: 

2.34～2.28 (m, 2H, C2-H), 1.35 (tq, J＝13.0, 6.5, 6.3 Hz, 
2H, C7-H), 1.26 (td, J＝14.2, 6.3 Hz, 1H, C6-Ha), 1.18 (td,  
J＝14.0, 8.3 Hz, 1H, C6-Hb), 1.08 (s, 3H, C9-H or C10-H), 
0.93 (s, 3H, C9-H or C10-H), 0.91 (t, J＝7.5 Hz, 3H, C8-H), 
0.85～0.80 (m, 1H, C3-H), 0.59～0.52 (m, 1H, C5-H); 13C 
NMR (150 MHz, CDCl3) δ: 180.5, 29.9, 28.9, 26.5, 26.2, 
23.1, 21.5, 17.1, 14.8, 14.1; IR (KBr) ν: 3500～3200 
(COOH), 2962, 2867 (C—H), 1718 (C＝O) cm－1; ESI-MS 
m/z: 169.03 (M－H＋). Anal. calcd for C10H18O2: C 70.55, H 
10.66; found C 70.53, H 10.64. 
4.4  Synthesis of (＋)-cis-2-(2-(2,2-dimethyl-3-propyl- 
cyclopropyl)acetyl) hydrazine-1-carbothioamide (4) 

Under an anhydrous atmosphere, three drops of N,N- 
dimethylformamide (DMF) were added to a solution of 
compound 3 (1.65 g, 10.0 mmol) in dichloromethane 
(DCM) (15 mL). Subsequently, a solution of SOCl2 (2 mL) 
in DCM (10 mL) was dropwise added. The mixture was 
refluxed for 6 h under stirring. Afterwards, the crude 
product was obtained by distillation, with the DCM and the 
unreacted SOCl2 removed. Without further purification, the 
crude product was dissolved in tetrahydrofuran (THF) (20 
mL) and then added with thiosemicarbazide (1.8 g, 20 
mmol) under an ice-water bath. Then the mixture was con-
tinuously stirred at room temperature for 12 h, and this 
reaction process was monitored by thin-layer chromatog-
raphy (TLC). When the reaction was completed, saturated 
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NaHCO3 was added to neutralize the unreacted HCl, and the 
mixture was extracted with ethyl acetate for three times. 
The combined organic phase was dried over anhydrous 
MgSO4 and evaporated in vacuum. The residue was purified 
by silica gel column chromatography (petrol ether/ethyl 
acetate, V∶V＝2∶1) to obtain compound 4 as white solid 
with yield of 70%. m.p. 76.3～78.1 ℃; 25

D[ ]α ＋3.4 (c 0.50, 
CH2Cl2); 1H NMR (500 MHz, CDCl3) δ: 10.13 (s, 1H, NH), 
9.12 (s, 2H, NH), 8.82 (s, 1H, NH), 2.35～2.32 (m, 2H, 
C2-H), 1.38～1.31 (m, 3H, C7-H and, C6-Ha), 1.16 (m, 1H, 
C6-Hb), 1.09 (s, 3H, C9-H or C10-H), 0.96 (s, 3H, C9-H or 
C10-H), 0.92～0.90 (m, 3H, C8-H), 0.85～0.81 (s, 1H, 
C3-H), 0.59～0.55 (m, 1H, C5-H); 13C NMR (151 MHz, 
CDCl3) δ: 30.5, 28.9, 26.5, 26.5, 23.1, 21.3, 17.6, 14.9, 14.1; 
IR (KBr) ν: 3278, 3169 (N—H), 2958, 2930, 2861 (C—H), 
1698 (C＝O), 1625 (C＝S) cm－1; ESI-MS m/z: 244.10   
(M＋H＋). Anal. calcd for C11H21N3OS: C 54.29, H 8.70, N 
17.27; found C 54.27, H 8.71, N 17.25. 
4.5  Synthesis of (＋)-cis-N-(5-((2,2-dimethyl-3-pro- 
pylcyclopropyl) methyl)-1,3,4-thiadiazol-2-yl) acetam-
ide (5) 

In a dry 50 mL flask, compound 4 (0.75 g, 3.1 mmol) and 
acetyl chloride (7 mL) were added, and then the mixture 
was continuously stirred at room temperature for 48 h. 
Upon completion, the saturated sodium bicarbonate solu-
tion was dropwise added under continuous stir until no gas 
was generated. Subsequently, the mixture was extracted 
with ethyl acetate and the organic layer was dried over 
anhydrous MgSO4. Then, the ethyl acetate was removed in 
vacuo, and the crude product was further purified by silica 
gel column chromatography to obtain compound 5 as a 
colorless solid. Yield 85%. m.p. 105.1～107.3 ℃; 25

D[ ]α   
＋7.5 (c 0.51, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ: 
13.28 (s, 1H, NH), 3.05 (dd, J＝16.3, 6.8 Hz, 1H, C6-Ha), 
2.93 (dd, J＝16.3, 8.2 Hz, 1H, C6-Hb), 2.49 (s, 3H, C13-H), 
1.43～1.35 (m, 3H, C11-H and C10-Ha), 1.29～1.27 (m, 1H, 
C10-Hb), 1.12 (s, 3H, C13-H or C14-H), 1.04 (s, 3H, C13-H or 
C14-H), 0.95～0.89 (m, 4H, C7-H and C12-H), 0.71～0.63 
(m, 1H, C9-H); 13C NMR (126 MHz, CDCl3) δ: 168.9, 
166.3, 160.6, 28.9, 27.0, 26.6, 26.1, 25.7, 23.2, 23.2, 18.0, 
14.9, 14.1; IR (KBr) ν: 3279 (N—H), 2957, 2918, 2795   
(C—H), 1696 (C＝O), 1573 (C＝N) cm－1; ESI-MS m/z: 
268.09 (M＋H＋); Anal. calcd for C13H21N3OS: C 58.40, H 
7.92, N 15.72; found C 58.39, H 7.94, N 15.70. 
4.6  Synthesis of (＋)-cis-5-((2,2-dimethyl-3-propyl- 
cyclopropyl) methyl)-1,3,4-thiadiazol-2-amine (6) 

A solution of KOH (1.5 g, 4.8 mmol) in ethanol (10 mL) 
was added to a solution of compound 5 (0.7 g, 2.4 mmol) in 
ethanol (15 mL), and then the mixture was refluxed for 18 h 
under stirring. The reaction process was monitored by TLC. 
Upon completion, the mixture was cooled to room temper-
ature, and filtered. The residue was washed with deionized 
water for three times to afford a white solid with yield of 
65%. m.p. 132.3.1 ～ 132.8 ℃; 25

D[ ]α ＋ 11.5 (c 0.21, 
CH2Cl2); 1H NMR (500 MHz, CDCl3) δ: 5.64 (s, 2H, NH), 
2.94 (dd, J＝16.2, 6.7 Hz, 1H, C6-Ha), 2.79 (dd, J＝16.2, 

8.4 Hz, 1H, C6-Hb), 1.44～1.31 (m, 3H, C11-H and C10-Ha), 
1.29～1.21 (m, 1H, C10-Hb), 1.09 (s, 3H, C13-H or C14-H), 
1.00 (s, 3H, C13-H or C14-H), 0.93 (t, J＝7.1 Hz, 3H, C7-H), 
0.86～0.79 (m, 1H, C12-H), 0.64～0.59 (m, 1H, C9-H); 13C 
NMR (126 MHz, CDCl3) δ: 179.8, 168.2, 162.9, 28.9, 26.9, 
26.5, 26.2, 26.1, 23.2, 17.8, 14.9, 14.1; IR (KBr) ν: 3316  
(N—H), 2957, 2927, 2861 (C—H), 1633 (C＝N) cm－1; 
ESI-MS m/z: 226.09 (M＋H＋). Anal. calcd for C11H19N3S: 
C 58.63, H 8.50, N 18.65; found C 58.64, H 8.51, N 18.67. 
4.7  General procedure for the synthesis of 7a～7r 

To a mixture of compound 6 (100 mg, 0.44 mmol) in dry 
acetonitrile (15 mL), substituted isocyanate (0.5 mmol) was 
added slowly under vigorous stirring at room temperature. 
Then, the reaction mixture was heated to 80 ℃ and stirred 
for 3～5 h. After the reaction was completed, the mixture 
was cooled to room temperature and filtrated to afford target 
compounds 7a～7r in yields of 85%～95%. 

(＋)-cis-1-(2-Chlorophenyl)-3-(5-((2,2-dimethyl-3-pro- 
pylcyclopropyl) methyl)-1,3,4-thiadiazol-2-yl) urea (7a): 
White solid, yield 88%. m.p. 140.0～142.7 ℃; 25

D[ ]α ＋
15.0 (c 0.30, CH3COCH3); 1H NMR (500 MHz, DMSO-d6) 
δ: 11.47 (s, 1H, NH), 8.73 (s, 1H, NH), 8.12 (dd, J＝8.3, 1.4 
Hz, 1H, C21-H), 7.49 (dd, J＝8.0, 1.4 Hz, 1H, C18-H), 
7.36～7.30 (m, 1H, C20-H), 7.11 (td, J＝8.0, 1.43 Hz, 1H, 
C19-H), 2.95 (dd, J＝16.2, 6.8 Hz, 1H, C6-Ha), 2.85 (dd,    
J＝16.2, 8.3 Hz, 1H, C6-Hb), 1.37～1.29 (m, 3H, C11-H and 
C10-Ha), 1.28～1.22 (m, 1H, C10-Hb), 1.05 (s, 3H, C13-H or 
C14-H), 0.98 (s, 3H, C13-H or C14-H), 0.89 (t, J＝7.1 Hz, 3H, 
C12-H), 0.87～0.81 (m,1H, C7-H), 0.60～0.55 (m, 1H, 
C9-H); 13C NMR (126 MHz, DMSO-d6) δ: 164.4, 159.5, 
151.3, 134.9, 129.4, 127.8, 124.5, 122.7, 121.7, 28.7, 26.3, 
25.9, 25.8, 24.9, 22.7, 17.4, 14.8, 13.9; IR (KBr) ν: 3360  
(N—H), 2956, 2927, 2861 (C—H), 1707 (C＝O), 1584   
(C＝N), 1536 (Ar—C＝C) cm－1; ESI-MS m/z: 379.12   
(M＋H＋). Anal. calcd for C18H23ClN4OS: C 57.06, H 6.12, 
N 14.79; found C 57.05, H 6.10, N 14.77. 

(＋)-cis-1-(3-Chlorophenyl)-3-(5-((2,2-dimethyl-3-pro- 
pylcyclopropyl) methyl)-1,3,4-thiadiazol-2-yl) urea (7b): 
White solid, yield 85%. m.p. 191.0～191.7 ℃; 25

D[ ]α ＋9.1 
(c 0.31, CH3COCH3); 1H NMR (600 MHz, DMSO-d6) δ 
11.02 (s, 1H, NH), 9.28 (s, 1H, NH), 7.72 (s, 1H, C17-H), 
7.37 (d, J＝8.1 Hz, 1H, C21-H), 7.32 (t, J＝8.0 Hz, 1H, 
C20-H), 7.07 (d, J＝7.1 Hz, 1H, C19-H), 2.92 (dd, J＝16.2, 
6.8 Hz, 1H, C6-Ha), 2.82 (dd, J＝16.2, 8.3 Hz, 1H, C6-Hb), 
1.37～1.29 (m, 3H, C11-H and C10-Ha), 1.28～1.23 (m, 1H, 
C10-Hb), 1.06 (s, 3H, C13-H or C14-H), 0.98 (s, 3H, C13-H or 
C14-H), 0.89 (t, J＝7.1 Hz, 3H, C12-H), 0.85～0.81 (m, 1H, 
C7-H), 0.59～0.56 (m, 1H, C9-H); 13C NMR (151 MHz, 
DMSO-d6) δ: 163.4, 161.0, 153.0, 140.4, 133.3, 130.5, 
122.4, 118.1, 117.2, 28.7, 26.3, 25.9, 25.6, 25.1, 22.7, 17.4, 
14.8, 13.9; IR (KBr) ν: 3279 (N—H), 2957, 2928, 2864   
(C—H), 1710 (C＝O), 1615 (C＝N), 1553 (Ar—C＝C)  
cm－ 1; ESI-MS m/z: 379.13 (M＋H＋ ). Anal. calcd for 
C18H23ClN4OS: C 57.06, H 9.36, N 14.79; found C 57.08, H 
9.35, N 14.80. 

( ＋ )-cis-1-(4-Chlorophenyl)-3-(5-((2,2-dimethyl-3-pro- 
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pylcyclopropyl)methyl)-1,3,4-thiadiazol-2-yl) urea (7c): 
White solid, yield 85%. m.p. 221.6～223.5 ℃; 25

D[ ]α ＋8.6 
(c 0.45, CH3COCH3); 1H NMR (500 MHz, DMSO-d6) δ: 
11.68 (s, 1H, NH), 9.93 (s, 1H, NH), 7.64 (d, J＝8.3 Hz, 2H, 
C17-H and C21-H), 7.35～7.31 (m, 2H, C18-H and C20-H), 
2.93 (dd, J＝16.2, 6.7 Hz, 1H, C6-Ha), 2.82 (dd, J＝16.2, 
8.3 Hz, 1H, C6-Hb), 1.38～1.31 (m, 3H, C11-H and C10-Ha), 
1.27～1.19 (m, 1H, C10-Hb), 1.06 (s, 3H, C13-H or C14-H), 
0.99 (s, 3H, C13-H or C14-H), 0.89 (t, J＝7.1 Hz, 3H, C12-H), 
0.85～0.81 (m, 1H, C7-H), 0.60～0.55 (m, 1H, C9-H); 13C 
NMR (126 MHz, DMSO-d6) δ: 163.2, 159.8, 153.9, 138.4, 
128.7, 126.0, 120.3, 28.8, 26.4, 26.1, 25.7, 25.2, 22.8, 17.4, 
14.9, 14.0; IR (KBr) ν: 3369 (N—H), 2956, 2929, 2862   
(C—H), 1725 (C＝O),1591 (C＝N), 1544 (Ar—C＝C)  
cm－ 1; ESI-MS m/z: 379.13 (M＋H＋ ). Anal. calcd for 
C18H23ClN4OS: C 57.06, H 6.12, N 14.79; found C 57.05, H 
6.10, N 14.80. 

(－)-cis-1-(5-((2,2-Dimethyl-3-propylcyclopropyl)- 
methyl)-1,3,4-thiadiazol-2-yl)-3-(o-tolyl) urea (7d): White 
solid, yield 90%. m.p. 152.0～153.5 ℃ ; 25

D[ ]α －7.0 (c 
0.31, CH3COCH3); 1H NMR (500 MHz, DMSO-d6) δ: 
11.29 (s, 1H, NH), 8.54 (s, 1H, NH), 7.79 (d, J＝8.0 Hz, 1H, 
C18-H), 7.24～7.16 (m, 2H, C19-H and C20-H), 7.02 (t,  J＝
7.3 Hz, 1H, C21-H), 2.93 (dd, J＝16.2, 6.8 Hz, 1H, C6-Ha), 
2.83 (dd, J＝16.2, 8.3 Hz, 1H, C6-Hb), 2.25 (s, 3H, C22-H), 
1.32～1.37 (m, 3H, C11-H and C10-Ha), 1.30～1.22 (m, 1H, 
C10-Hb), 1.06 (s, 3H, C13-H or C14-H), 0.99 (s, 3H, C13-H or 
C14-H), 0.90 (t, J＝6.9 Hz, 3H, C12-H), 0.86～0.81 (m, 1H, 
C7-H), 0.61～0.56 (m, 1H, C9-H); 13C NMR (126 MHz, 
DMSO-d6) δ: 164.0, 160.3, 151.9, 136.4, 130.4, 128.5, 
126.3, 123.8, 121.7, 28.8, 26.4, 26.0, 25.9, 25.0, 22.8, 17.9, 
17.4, 14.9, 14.0; IR (KBr) ν: 3340, 3305 (N—H), 2956, 
2930, 2862 (C—H), 1712 (C＝O), 1641 (C＝N), 1587, 
1537 (Ar—C＝C) cm－1; ESI-MS m/z: 359.16 (M＋H＋). 
Anal. calcd for C19H26N4OS: C 63.66, H 7.31, N 15.63; 
found C 63.65, H 7.30, N 15.64. 

(＋)-cis-1-(5-((2,2-Dimethyl-3-propylcyclopropyl)-  
methyl)-1,3,4-thiadiazol-2-yl)-3-(m-tolyl) urea (7e): White 
solid, yield 90%. m.p. 169.4～170.3 ℃ ; 25

D[ ]α ＋8.7 (c 
0.30, CH3COCH3); 1H NMR (600 MHz, DMSO-d6) δ: 
11.19 (s, 1H, NH), 9.31 (s, 1H, NH), 7.39 (s, 1H, C17-H), 
7.31 (d,  J＝7.8 Hz, 1H, C21-H), 7.18 (t, J＝7.8 Hz, 1H, 
C20-H), 6.84 (d, J＝7.5 Hz, 1H, C19-H), 2.93 (dd, J＝16.2, 
6.8 Hz, 1H, C6-Ha), 2.83 (dd, J＝16.2, 8.3 Hz, 1H, C6-Hb), 
2.29 (s, 3H, C22-H), 1.37～1.30 (m, 3H, C11-H and C10-Ha), 
1.29～1.24 (m, 1H, C10-Hb), 1.06 (s, 3H, C13-H or C14-H), 
0.99 (s, 3H, C13-H or C14-H), 0.89 (t, J＝7.1 Hz, 3H, C12-H), 
0.86～0.82 (m, 1H, C7-H), 0.60～0.56 (m, 1H, C9-H); 13C 
NMR (151 MHz, DMSO-d6) δ: 163.5, 161.1, 152.4, 138.8, 
138.1, 128.7, 123.4, 119.1, 115.8, 28.8, 26.3, 26.0, 25.7, 
25.0, 22.8, 21.2, 17.3, 14.8, 13.9; IR (KBr) ν: 3284 (N—H), 
2957, 2927, 2867 (C—H), 1708 (C＝O), 1623 (C＝N), 
1560 (Ar—C＝C) cm－1; ESI-MS m/z: 359.18 (M＋H＋). 
Anal. calcd for C19H26N4OS: C 63.66, H 7.31, N 15.63; 
found C 63.65, H 7.32, N 15.61. 

(＋)-cis-1-(5-((2,2-Dimethyl-3-propylcyclopropyl)- 
methyl)-1,3,4-thiadiazol-2-yl)-3-(p-tolyl) urea (7f): White 

solid, yield 92%. m.p. 174.5～175.7 ℃ ; 25
D[ ]α ＋7.7 (c 

0.30, CH3COCH3); 1H NMR (500 MHz, DMSO-d6) δ: 
12.04 (s, 1H, NH), 10.37 (s, 1H, NH), 7.57 (d, J＝8.2 Hz, 
2H, C17-H and C21-H), 7.08 (d, J＝8.3 Hz, 2H, C18-H and 
C20-H), 2.94 (dd, J＝16.1, 6.7 Hz, 1H, C6-Ha), 2.83 (dd,    
J＝16.1, 8.3 Hz, 1H, C6-Hb), 2.25 (s, 3H, C22-H), 1.41～
1.33 (m, 3H, C11-H and C10-Ha), 1.32～ 1.25 (m, 1H, 
C10-Hb), 1.08 (s, 3H, C13-H or C14-H), 1.01 (s, 3H, C13-H or 
C14-H), 0.91 (t, J＝7.1 Hz, 3H, C12-H), 0.88～0.83 (m, 1H, 
C7-H), 0.62～0.55 (m, 1H, C9-H); 13C NMR (126 MHz, 
DMSO-d6) δ: 163.4, 162.6, 154.1, 137.3, 130.8, 129.1, 
118.5, 28.8, 26.3, 26.0, 25.8, 25.1, 22.8, 20.4, 17.3, 14.8, 
14.0; IR (KBr) ν: 3375, 3309 (N—H), 2956, 2925, 2862  
(C—H), 1718(C＝O), 1639 (C＝N), 1597, 1541 (Ar—C＝
C) cm－1; ESI-MS m/z: 359.16 (M＋H＋). Anal. calcd for 
C19H26N4OS: C 63.66, H 7.31, N 15.63; found C 63.67, H 
7.31, N 15.63. 

(＋)-cis-1-(5-((2,2-Dimethyl-3-propylcyclopropyl)meth- 
yl)-1,3,4-thiadiazol-2-yl)-3-(4-methoxyphenyl) urea (7g): 
White solid, yield 95%. m.p. 176.7～177.4 ℃; 25

D[ ]α ＋6.0 
(c 0.50, CH3COCH3); 1H NMR (600 MHz, DMSO-d6) δ: 
10.74 (s, 1H, NH), 8.84 (s, 1H, NH), 7.39 (d, J＝8.9 Hz, 2H, 
C17-H and C21-H), 6.93～6.81 (d, J＝8.9 Hz, 2H, C18-H and 
C20-H), 3.73 (s, 3H, C22-H), 2.93 (dd, J＝16.2, 6.8 Hz, 1H, 
C6-Ha), 2.84 (dd, J＝16.2, 8.3 Hz, 1H, C6-Hb), 1.38～1.29 
(m, 3H, C11-H and C10-Ha), 1.28～1.23 (m, 1H, C10-Hb), 
1.06 (s, 3H, C13-H or C14-H), 0.98 (s, 3H, C13-H or C14-H), 
0.89 (t, J＝7.1 Hz, 3H, C12-H), 0.82～0.86 (m, 1H, C7-H), 
0.60～0.55 (m, 1H, C9-H); 13C NMR (151 MHz, DMSO-d6) 
δ: 164.2, 160.6, 155.7, 152.5, 131.9, 121.1, 114.5, 55.7, 
29.2, 26.7, 26.4, 26.1, 25.4, 23.2, 17.8, 15.2, 14.4. IR (KBr) 
ν: 3377 (N—H), 2957, 2942, 2864 (C—H), 1718 (C＝O), 
1602 (C＝N), 1550, 1514 (Ar—C＝C) cm－1; ESI-MS m/z: 
375.16 (M＋H＋). Anal. calcd for C19H26N4O2S: C 60.94, H 
7.00, N 14.96; found C 60.95, H 7.03, N 14.95. 

(＋)-cis-1-(2-Bromophenyl)-3-(5-((2,2-dimethyl-3-pro- 
pylcyclopropyl)methyl)-1,3,4-thiadiazol-2-yl) urea (7h): 
White solid, yield 85%. m.p. 128.1～129.0 ℃; 25

D[ ]α ＋8.7 
(c 0.31, CH3COCH3); 1H NMR (500 MHz, DMSO-d6) δ: 
11.68 (s, 1H, NH), 8.62 (s, 1H, NH), 8.03 (dd, J＝8.2, 1.3 
Hz, 1H, C18-H), 7.65 (dd, J＝8.0, 0.9 Hz, 1H, C21-H), 7.37 
(td, J＝8.3, 1.2 Hz, 1H, C20-H), 7.06 (td, J＝8.3, 1.2 Hz, 1H, 
C19-H), 2.95 (dd, J＝16.2, 6.8 Hz, 1H, C6-Ha), 2.85 (dd,    
J＝16.1, 8.3 Hz, 1H, C6-Hb), 1.37～1.29 (m, 3H, C11-H and 
C10-Ha), 1.28～1.22 (m, 1H, C10-Hb), 1.05 (s, 3H, C13-H or 
C14-H), 0.98 (s, 3H, C13-H or C14-H), 0.89 (t, J＝7.0 Hz, 3H, 
C12-H), 0.86～0.81 (m, 1H, C7-H), 0.60～0.54 (m, 1H, 
C9-H); 13C NMR (126 MHz, DMSO-d6) δ: 164.3, 159.7, 
151.5, 136.0, 132.6, 128.2, 125.3, 122.7, 113.9, 28.7, 26.3, 
25.9, 25.8, 24.9, 22.7, 17.3, 14.8, 13.9; IR (KBr) ν: 3339, 
3281 (N—H), 2957, 2927, 2858 (C—H), 1705 (C＝O), 
1583 (C＝N), 1562, 1532 (Ar—C＝C) cm－1; ESI-MS m/z: 
424.06 (M＋H＋). Anal. calcd for C18H23BrN4OS: C 51.07, 
H 5.48, N 13.23; found C 51.05, H 5.45, N 13.24. 

(＋)-cis-1-(4-Bromophenyl)-3-(5-((2,2-dimethyl-3-pro- 
pylcyclopropyl)methyl)-1,3,4-thiadiazol-2-yl) urea (7i): 
White solid, yield 90%. m.p. 219.0～220.5 ℃; 25

D[ ]α ＋
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10.7 (c 0.51, CH3COCH3); 1H NMR (600 MHz, DMSO-d6) 
δ: 10.94 (s, 1H, NH), 9.21 (s, 1H, NH), 7.51～7.47 (m, 4H, 
C17-H and C18-H and C20-H and C21-H), 2.93 (dd, J＝16.2, 
6.8 Hz, 1H, C6-Ha), 2.83 (dd, J＝16.2, 8.3 Hz, 1H, C6-Hb), 
1.37～1.31 (m, 3H, C11-H and C10-Ha), 1.29～1.24 (m, 1H, 
C10-Hb), 1.06 (s, 3H, C13-H or C14-H), 0.99 (s, 3H, C13-H or 
C14-H), 0.90 (t, J＝7.1 Hz, 3H, C12-H), 0.86～0.82 (m, 1H, 
C7-H), 0.60～0.57 (m, 1H, C9-H); 13C NMR (151 MHz, 
DMSO-d6) δ: 163.6, 160.7, 153.5, 138.3, 131.7, 120.8, 
114.4, 28.8, 26.4, 26.0, 25.7, 25.2, 22.8, 17.4, 14.9, 14.0; IR 
(KBr) ν: 3368 (N—H), 2957, 2930, 2862 (C—H), 1724   
(C＝O) 1587 (C＝N), 1542 (Ar—C＝C) cm－1; ESI-MS 
m/z: 424.07 (M＋H＋). Anal. calcd for C18H23BrN4OS: C 
51.07, H 5.48, N 13.23; found C 51.05, H 5.47, N 13.20. 

(＋)-cis-1-(5-((2,2-Dimethyl-3-propylcyclopropyl)me- 
thyl)-1,3,4-thiadiazol-2-yl)-3-(3-fluorophenyl) urea (7j): 
White solid, yield 85%. m.p. 194.5～194.9 ℃; 25

D[ ]α ＋9.1 
(c 0.31, CH3COCH3); 1H NMR (600 MHz, DMSO-d6) δ: 
11.02 (s, 1H, NH), 9.29 (s, 1H, NH), 7.50 (d, J＝11.7 Hz, 
1H, C17-H), 7.32 (dd, J＝15.1, 8.1 Hz, 1H, C20-H), 7.22 (d,  
J＝8.0 Hz, 1H, C21-H), 6.84 (td, J＝8.4, 2.0 Hz, 1H, C19-H), 
2.92 (dd, J＝16.2, 6.8 Hz, 1H, C6-Ha), 2.82 (dd, J＝16.2, 
8.3 Hz, 1H, C6-Hb), 1.37～1.29 (m, 3H, C11-H and C10-Ha), 
1.28～1.23 (m, 1H, C10-Hb), 1.05 (s, 3H, C13-H or C14-H), 
0.98 (s, 3H, C13-H or C14-H), 0.89 (t, J＝7.1 Hz, 3H, C12-H), 
0.86～0.81 (m, 1H, C7-H), 0.59～0.55 (m, 1H, C9-H); 13C 
NMR (151 MHz, DMSO-d6) δ: 163.6, 162.4 (d, J＝241.04 
Hz), 160.6, 153.0, 140.7, 130.4 (d, J＝9.95 Hz), 114.5, 
109.1 (d, J＝21.01 Hz), 105.5 (d, J＝26.54 Hz), 28.7, 26.3, 
26.0, 25.6, 25.1, 22.7, 17.4, 14.8, 13.9; IR (KBr) ν: 3374, 
3281 (N—H), 2958, 2932, 2863 (C—H), 1711 (C＝
O),1613 (C＝N), 1556 (Ar—C＝C) cm－1; ESI-MS m/z: 
363.11 (M＋H＋). Anal. calcd for C18H23FN4OS: C 59.65, H 
6.40, N 15.46; found C 59.63, H 6.42, N 15.45. 

(＋)-cis-1-(5-((2,2-Dimethyl-3-propylcyclopropyl)meth- 
yl)-1,3,4-thiadiazol-2-yl)-3-(4-fluorophenyl) urea (7k): 
White solid, yield 88%. m.p. 193.0～193.6 ℃; 25

D[ ]α ＋9.6 
(c 0.50, CH3COCH3); 1H NMR (600 MHz, DMSO-d6) δ: 
10.87 (s, 1H, NH), 9.07 (s, 1H, NH), 7.53～7.48 (m, 2H, 
C17-H and C21-H), 7.17～7.12 (m, 2H, C18-H and C20-H), 
2.92 (dd, J＝16.2, 6.8 Hz, 1H, C6-Ha), 2.82 (dd, J＝16.2, 
8.3 Hz, 1H, C6-Hb), 1.37～1.30 (m, 3H, C11-H and C10-Ha), 
1.28～1.23 (m, 1H, C10-Hb), 1.05 (s, 3H, C13-H or C14-H), 
0.98 (s, 3H, C13-H or C14-H), 0.89 (t, J＝7.1 Hz, 3H, C12-H), 
0.85～0.81 (m, 1H, C7-H), 0.59～0.55 (m, 1H, C9-H); 13C 
NMR (151 MHz, DMSO-d6) δ: 163.6, 160.5, 157.9 (d, J＝
239.94 Hz), 152.5, 135.0, 120.7 (d, J＝7.74 Hz), 115.4 (d,  
J＝22.11 Hz), 28.7, 26.3, 26.0, 25.6, 25.0, 22.7, 17.3, 14.8, 
13.9; IR (KBr) ν: 3375 (N—H), 2958, 2934, 2862 (C—H), 
1721 (C＝O), 1611 (C＝N), 1553, 1510 (Ar—C＝C) cm－1; 
ESI-MS m/z: 363.14 (M＋H＋). Anal. calcd for C18H23F- 
N4OS: C 59.65, H 6.40, N 15.46; found C 59.65, H 6.42, N 
15.47. 

(＋)-cis-1-(2,4-Difluorophenyl)-3-(5-((2,2-dimethyl-3- 
propylcyclopropyl) methyl)-1,3,4-thiadiazol-2-yl) urea (7l): 
White solid, yield 85%. m.p. 163.3～163.9 ℃; 25

D[ ]α ＋7.2 
(c 0.50, CH3COCH3); 1H NMR (500 MHz, DMSO-d6) δ: 

11.45 (s, 1H, NH), 9.47 (s, 1H, NH), 7.95 (td, J＝9.1, 6.1 
Hz, 1H, C21-H), 7.32 (ddd, J＝11.5, 9.0, 2.9 Hz, C20-H), 
7.10～7.02 (m, 1H, C18-H), 2.93 (dd, J＝16.2, 6.8 Hz, 1H, 
C6-Ha), 2.83 (dd, J＝16.1, 8.4 Hz, 1H, C6-Hb), 1.36～1.30 
(m, 3H, C11-H and C10-Ha), 1.28～1.24 (m, 1H, C10-Hb), 
1.05 (s, 3H, C13-H or C14-H), 0.98 (s, 3H, C13-H or C14-H), 
0.90 (d, J＝7.0 Hz, 3H, C12-H), 0.85～0.79 (m, 1H, C7-H), 
0.59～0.55 (m, 1H, C9-H); 13C NMR (126 MHz, DMSO-d6) 
δ: 163.8, 161.0, 157.8 (dd, J＝242.51, 11.81 Hz), 153.1 (d,  
J＝247.05 Hz), 152.2, 123.2 (d, J＝10.90 Hz), 123.2 (d,    
J＝10.90 Hz), 111.2 (dd, J＝21.80, 3.63 Hz), 104.0 (dd,    
J＝26.79, 24.07 Hz), 28.7, 26.3, 26.0, 25.8, 25.0, 22.7, 17.3, 
14.8, 13.9; IR (KBr) ν: 3378 (N—H), 2958, 2930, 2864   
(C—H), 1717 (C＝O),1600 (C＝N), 1551 (Ar-C＝C) cm－1; 
ESI-MS m/z: 381.14 (M＋H＋). Anal. calcd for C18H22- 
F2N4OS: C 56.83, H 5.83, N 14.73; found C 56.80, H 5.80, 
N 14.71. 

(＋)-cis-1-(5-((2,2-Dimethyl-3-propylcyclopropyl)meth- 
yl)-1,3,4-thiadiazol-2-yl)-3-(3-(trifluoromethyl)phenyl)  
urea (7m): White solid, yield 85%. m.p. 183.7～185.7 ℃; 

25
D[ ]α  ＋9.8 (c 0.30, CH3COCH3); 1H NMR (600 MHz, 

DMSO-d6) δ: 11.21 (s, 1H, NH), 9.45 (s, 1H, NH), 8.02 (s, 
1H, C17-H), 7.69 (d, J＝8.0 Hz, 1H, C21-H), 7.53 (t, J＝8.0 
Hz, 1H, C20-H), 7.36 (d, J＝7.7 Hz, 1H, C19-H), 2.91 (dd,   
J＝16.2, 6.8 Hz, 1H, C6-Ha), 2.82 (dd, J＝16.2, 8.3 Hz, 1H, 
C6-Hb), 1.37～1.29 (m, 3H, C11-H and C10-Ha), 1.28～1.22 
(m, 1H, C10-Hb), 1.05 (s, 3H, C13-H or C14-H), 0.98 (s, 3H, 
C13-H or C14-H), 0.88 (t, J＝7.1 Hz, 3H, C12-H), 0.86～0.80 
(m, 1H, C7-H), 0.61～0.55 (m, 1H, C9-H); 13C NMR (151 
MHz, DMSO-d6) δ: 163.2, 161.1, 153.4, 139.8, 130.0, 129.6 
(d, J＝31.04 Hz), 124.2 (q, J＝271.91 Hz), 122.4, 119.0, 
114.7, 28.7, 26.3, 25.9, 25.5, 25.1, 22.7, 17.4, 14.8, 13.9; IR 
(KBr) ν: 3288, 3264 (N—H), 2960, 2931, 2864 (C—H), 
1711 (C＝O), 1622 (C＝N), 1567 (Ar—C＝C) cm－1; 
ESI-MS m/z: 413.15 (M＋H＋). Anal. calcd for C19H23- 
F3N4OS: C 55.33, H 5.62, N 13.58; found C 55.30, H 5.60, 
N 13.59. 

(＋)-cis-1-(5-((2,2-Dimethyl-3-propylcyclopropyl)meth- 
yl)-1,3,4-thiadiazol-2-yl)-3-(4-(trifluoromethyl)phenyl) 
urea (7n): White solid, yield 88%. m.p. 187.8～189.7 ℃; 

25
D[ ]α  ＋10.1 (c 0.30, CH3COCH3); 1H NMR (500 MHz, 

DMSO-d6) δ: 11.60 (s, 1H, NH), 9.90 (s, 1H, NH), 7.79 (d,  
J＝8.5 Hz, 2H, C18-H and C20-H), 7.64 (d, J＝8.7 Hz, 2H, 
C17-H and C21-H), 2.93 (dd, J＝16.2, 6.8 Hz, 1H, C6-Ha), 
2.83 (dd, J＝16.2, 8.3 Hz, 1H, C6-Hb), 1.37～1.30 (m, 3H, 
C11-H and C10-Ha), 1.29～1.23 (m, 1H, C10-Hb), 1.06 (s, 3H, 
C13-H or C14-H), 0.99 (s, 3H, C13-H or C14-H), 0.89 (t, J＝
7.1 Hz, 3H, C12-H), 0.86～0.82 (m, 1H, C7-H), 0.61～0.55 
(m, 1H, C9-H); 13C NMR (126 MHz, DMSO-d6) δ: 163.1, 
162.1, 153.8, 143.0, 126.0 (q, J＝3.63 Hz), 125.0 (q, J＝
270.96 Hz), 122.4 (q, J＝32.32 Hz), 118.4, 28.7, 26.3, 26.0, 
25.6, 25.1, 22.7, 17.3, 14.8, 13.9; IR (KBr) ν: 3378, 3206  
(N—H), 2958, 2934, 2866 (C—H), 1713 (C＝O), 1614   
(C＝N), 1560 (Ar—C＝C) cm－1; ESI-MS m/z: 413.16   
(M＋H＋). Anal. calcd for C19H23F3N4OS: C 55.33, H 5.62, 
N 13.58; found C 55.30, H 5.63, N 13.58. 

(＋)-cis-1-(5-((2,2-Dimethyl-3-propylcyclopropyl)me- 
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thyl)-1,3,4-thiadiazol-2-yl)-3-(4-(trifluoromethoxy)phen- 
yl) urea (7o): White solid, yield 95%. m.p. 186.4 ～
185.7 ℃; 25

D[ ]α ＋8.3 (c 0.50, CH3COCH3); 1H NMR (600 
MHz, DMSO-d6) δ: 10.97 (s, 1H, NH), 9.29 (s, 1H, NH), 
7.63 (d, J＝9.0 Hz, 2H, C17-H and C21-H), 7.32 (d, J＝8.7 
Hz, 2H, C18-H and C20-H), 2.94 (dd, J＝16.2, 6.8 Hz, 1H, 
C6-Ha), 2.84 (dd, J＝16.2, 8.3 Hz, 1H, , C6-Hb), 1.37～1.31 
(m, 3H, C11-H and C10-Ha), 1.29～1.25 (m, 1H, C10-Hb), 
1.07 (s, 3H, C13-H or C14-H), 0.99 (s, 3H, C13-H or C14-H), 
0.90 (t, J＝7.1 Hz, 3H, C12-H), 0.87～0.83 (m, 1H, C7-H), 
0.61～0.57 (m, 1H, C9-H); 13C NMR (151 MHz, DMSO-d6) 
δ: 163.6, 160.7, 152.5, 143.4, 138.2, 121.8, 120.3 (q, J＝
256.15 Hz), 120.2, 28.8, 26.4, 26.0, 25.7, 25.2, 22.8, 17.4, 
14.9, 14.0; IR (KBr) ν: 3373, 3282 (N—H), 2960, 2939, 
2873 (C—H), 1712 (C＝O), 1614 (C＝N), 1567, 1510   
(Ar—C＝C) cm－1; ESI-MS m/z: 429.14 (M＋H＋). Anal. 
calcd for C19H23F3N4O2S: C 53.26, H 5.41, N 13.08; found 
C 53.28, H 5.40, N 13.05. 

(＋)-cis-1-(4-Chloro-3-(trifluoromethyl)phenyl)-3-(5- 
((2,2-dimethyl-3-propylcyclopropyl)methyl)-1,3,4-thiadia- 
zol-2-yl) urea (7p): White solid, yield 85%. m.p. 198.6～
199.3 ℃; 25

D[ ]α ＋7.7 (c 0.50, CH3COCH3); 1H NMR (600 
MHz, DMSO-d6) δ: 11.37 (s, 1H, NH), 9.59 (s, 1H, NH), 
8.12 (d, J＝2.2 Hz, 1H, C17-H), 7.77 (dd, J＝8.8, 2.0 Hz, 
1H, C20-H), 7.61 (d, J＝8.8 Hz, 1H, C21-H), 2.90 (dd, J＝
16.2, 6.9 Hz, 1H, C6-Ha), 2.81 (dd, J＝16.2, 8.3 Hz, 1H, 
C6-Hb), 1.36～1.28 (m, 3H, C11-H and C10-Ha), 1.26～1.22 
(m, 1H, C10-Hb), 1.05 (s, 3H, C13-H or C14-H), 0.97 (s, 3H, 
C13-H or C14-H), 0.88 (t, J＝7.1 Hz, 3H, C12-H), 0.85～0.81 
(m, 1H, C7-H), 0.59～0.55 (m, 1H, C9-H); 13C NMR (151 
MHz, DMSO-d6) δ: 162.9, 162.0, 154.5, 138.8, 132.0, 126.8 
(q, J＝30.96 Hz), 123.6, 123.1, 122.8 (q, J＝273.11 Hz), 
117.3 (d, J＝5.53 Hz), 28.7, 26.3, 25.9, 25.4, 25.2, 22.7, 
17.3, 14.8, 13.9; IR (KBr) ν: 3274, 3199 (N—H), 2959, 
2933, 2864 (C—H), 1711 (C＝O), 1620 (C＝N), 1570, 
1556 (Ar—C＝C) cm－1; ESI-MS m/z: 447.12 (M＋H＋). 
Anal. calcd for C19H22ClF3N4OS: C 51.06, H 4.96, N 12.54; 
found C 51.05, H 4.97, N 12.55. 

(＋)-cis-1-(3,5-Bis(trifluoromethyl)phenyl)-3-(5-((2,2- 
dimethyl-3-propylcyclopropyl)methyl)-1,3,4-thiadiazol-2-  
yl) urea (7q): White solid, yield 95%. m.p. 189.2 ～
189.6 ℃; 25

D[ ]α ＋8.5 (c 0.51, CH3COCH3); 1H NMR (600 
MHz, DMSO-d6) δ: 11.71 (s, 1H, NH), 9.89 (s, 1H, NH), 
8.24 (s, 2H, C17-H and C21-H), 7.65 (s, 1H, C19-H), 2.89 (dd, 
J＝16.3, 6.9 Hz, 1H, C6-Ha), 2.81 (dd, J＝16.3, 8.2 Hz, 1H, 
C6-Hb), 1.36～1.28 (m, 3H, C11-H and C10-Ha), 1.27～1.21 
(m, 1H, C10-Hb), 1.05 (s, 3H, C13-H or C14-H), 0.97 (s, 3H, 
C13-H or C14-H), 0.88 (t, J＝7.1 Hz, 3H, C12-H), 0.85～0.81 
(m, 1H, C7-H), 0.59～0.55 (m, 1H, C9-H); 13C NMR (151 
MHz, DMSO-d6) δ: 163.2, 162.4, 155.6, 141.6, 130.7 (q,   
J＝32.62 Hz), 122.2 (q, J＝272.93 Hz), 118.3, 114.9, 28.7, 
26.3, 25.9, 25.3, 25.3, 22.7, 17.4, 14.8, 13.9; IR (KBr) ν: 
3372 (N—H), 2963, 2937, 2866 (C—H), 1712 (C＝O), 
1610 (C＝N), 1549 (Ar—C＝C) cm－1; ESI-MS m/z: 481.14 
(M＋H＋). Anal. calcd for C20H22F6N4OS: C 50.00, H 4.62, 
N 11.66; found C 50.03, H 4.60, N 11.67. 

(＋)-cis-1-(3-Chloro-4-methylphenyl)-3-(5-((2,2-dimethyl- 

3-propylcyclopropyl)methyl)-1,3,4-thiadiazol-2-yl) urea 
(7r): White solid, yield 87%. m.p. 198.8～ 200.6 ℃ ;   

25
D[ ]α ＋9.1 (c 0.50, CH3COCH3); 1H NMR (600 MHz, 

DMSO- d6) δ: 10.93 (s, 1H, NH), 9.14 (s, 1H, NH), 7.70 (s, 
1H, C17-H), 7.29～7.23 (m, 2H, C20-H and C21-H), 2.92 (dd,    
J＝16.2, 6.8 Hz, 1H, C6-Ha), 2.82 (dd, J＝16.2, 8.3 Hz, 1H, 
C6-Hb), 1.36～1.30 (m, 3H, C11-H and C10-Ha), 1.28～1.24 
(m, 1H, C10-Hb), 1.06 (s, 3H, C13-H or C14-H), 0.98 (s, 3H, 
C13-H or C14-H), 0.89 (t, J＝7.1 Hz, 3H, C12-H), 0.84～0.81 
(m, 1H, C7-H), 0.59～0.55 (m, 1H, C9-H); 13C NMR (151 
MHz, DMSO-d6) δ: 163.3, 160.7, 152.8, 137.9, 133.2, 
131.2, 129.3, 118.6, 117.5, 28.7, 26.3, 25.9, 25.6, 25.1, 22.7, 
18.8, 17.3, 14.8, 13.9; IR (KBr) ν: 3368, 3182 (N—H), 
2956, 2925, 2860 (C—H), 1707 (C＝O), 1610 (C＝N), 
1568, 1545 (Ar—C＝C) cm－1; ESI-MS m/z: 394.25 ([M＋
H]＋). Anal. calcd for C19H25ClN4OS: C 58.08, H 6.41, N 
14.26; found C 58.05, H 6.40, N 14.27. 
4.8  Antifungal activity test 

The in vitro antifungal activities of all target compounds 
against six phytopathogenic fungi were tested by agar dilu-
tion method at the concentration of 50 mg/L, and chloro-
thalonil, a commercially available fungicide, was used as 
the positive control. With aseptic distilled water as a blank 
control, the plates containing the medicated solution were 
cultured in an incubator at (24±1) ℃ for 48 h, and then the 
mycelium diameter was measured. A respective value was 
obtained from the average for three replicates of the corre-
sponding compounds when compared with the blank con-
trol. Finally, the inhibitory rates were calculated by the 
following formula:  

Inhibitory rate (%)＝(CK－PT)/CK×100% 
where PT was the mycelium diameter of the tested com-
pounds, and CK was the mycelium diameter of the blank 
control. 
4.9  3D-QSAR analysis 

3D-QSAR analysis of fifteen target compounds was car-
ried out by using the CoMFA method on Sybyl-X 2.1.1 
software, and the active factor (AF) was employed to ex-
press the antifungal activity of the target compounds against 
A. solani. The converted formula was as follows: 

AF＝lg{I/[(100－I)×Mw]} 
where I was relative inhibitory rate and Mw was the molec-
ular weight.  

The optimized conformations of compounds 7a～7r 
were generated using the Tripos force field and Gastei-
ger-Hückel charges conjugate gradient method. Compound 
7i (R＝p-Br) was selected as the template to superimpose 
other target molecules (Figure 9), and then the predicted AF 
values were calculated. Subsequently, the built 3D-QSAR 
model was subjected to Partial Least Squares (PLS) analysis 
for cross-validated coefficient (q2), standard error of esti-
mate (S), correlation coefficient (r2), and Fisher ratio (F). 
4.10  Molecular docking and theoretical calculation 

Homology modeling was conducted according to the  
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Figure 9  Asterisk skeleton of target compounds (a) and superposition modes of compounds (b)

published methods,[33,45] and carried out on the SWISS- 
MODEL web server (https://swissmodel.expasy.org/). The 
avian SDH (PDB ID: 2WQY) downloaded from RSCB 
Protein Data Bank (http://www1.rcsb.org/) was applied as 
the template, and target protein sequences available at 
NCBI website (https://www.ncbi.nlm.nih.gov/) were CEL 
53558.1, CCO28606.1, and CEL58000.1, referred to subu-
nit B, C, and D, respectively. Based on the established SDH 
structure, molecular docking was conducted on SYBYL-X 
2.1.1 software, and the original ligand carboxin-binding site 
was chosen as the docking site in the process. Other opera-
tion details could adopt the default setting. The molecular 
docking analysis was operated on PLIP and PyMOL. Fur-
thermore, the 2D interaction of compound 7i (R＝p-Br) and 
SDH was drawn by LigPlot＋v2.1. 

Moreover, the theoretical calculation of the target com-
pounds 7i (R＝p-Br), 7c (R＝p-Cl), and 7k (R＝p-F) was 
performed by Multiwfn 3.7, Gaussian 09 [DFT/B3LYP/ 
6-31G (d, p)], and VMD 1.9.3 supported by the high-per-
formance computing platform of Guangxi University, and 
the results were viewed on Multiwfn 3.7, VMD 1.9.3 and 
GaussView 5 software. 
 
Supporting Information  FT-IR, 1H NMR, 13C NMR and 
ESI-MS spectra for the synthesized compounds; model 
quality estimate of homology modeling (SWISS-MODEL 
web). The Supporting Information is available free of 
charge via the Internet at http://sioc-journal.cn. 

References 
[1] He, L. Z.; Wang, J.; Zhao, Z. D.; Chen, Y. X.; Gu, Y. Chem. Ind. 

Forest Prod. 2011, 31, 122. (in Chinese). 
(何丽芝, 王婧, 赵振东, 陈玉湘, 古研, 林产化学与工业, 2011, 
31, 122.) 

[2] Langsi, J. D.; Nukenine, E. N.; Oumarou, K. M.; Moktar, H.; 
Fokunang, C. N.; Mbata, G. N. Insects 2020, 11, 540. 

[3] Houicher, A.; Hamdi, M.; Hechachna, H.; Özogul, F. Food Biosci. 
2018, 25, 28. 

[4] Darwish, R. S.; Hammoda, H. M.; Ghareeb, D. A.; Abdelhamid, A. 
S. A.; Bellah, E. M.; Harraz, F. M.; Shawky, E. J. Ethnopharmacol. 
2020, 259, 112971. 

[5] Miyazawa, M.; Yamafuji, C. J. Agric. Food Chem. 2005, 53, 1765.  
[6] Kang, G. Q.; Duan, W. G.; Lin, G. S.; Yu, Y. P.; Wang, X. Y.; Lu, S. 

Z. Molecules 2019, 24, 477.  
[7] Jorgensen, L.; McKerrall, S. J.; Kuttruff, C. A.; Ungeheuer, F.; 

Felding J.; Baran, P. S. Science 2013, 341, 878. 
[8] Zecri, F. J.; Albert, R.; Landrum, G.; Hinterding, K.; Cooke, N. G.; 

Guerini, D.; Streiff, M.; Bruns, C. B. Bioorg. Med. Chem. Lett. 
2010, 20, 35. 

[9] Il’ina, I. V.; Dyrkheeva, N. S.; Zakharenko, A. L.; Sidorenko, A. Y.; 
Li-Zhulanov, N. S.; Korchagina D. V.; Chand, R.; Ayine-Tora, D. 
M.; Chepanova, A. A.; Zakharova, O. D.; Ilina E. S.; Reynisson, J.; 
Malakhova, A. A.; Medvedev S. P.; Zakian, S. M.; Volcho K. P.; 
Salakhutdinov N. F.; Lavrik, O. I. Molecules 2020, 25, 3496. 

[10] Novakov, I. A.; Babushkin, A. S.; Yablokov, A. S.; Nawrozkij, M. 
B.; Vostrikova, O. V.; Shejkin, D. S.; Mkrtchyan, A. S.; Balakin, K. 
V. Russ. Chem. Bull. 2018, 67, 395. 

[11] Tan, C. X.; Shi, Y. X.; Weng, J. Q.; Liu, X. H.; Li, B. J.; Zhao, W. 
G. Lett. Drug Des. Discovery 2012, 9, 431. 

[12] Liu, X. H.; Pan, L.; Tan, C. X.; Weng, J. Q.; Wang, B. L.; Li, Z. M. 
Pestic. Biochem. Physiol. 2011, 101, 143. 

[13] Ishimura, K.; Fukuda, H.; Fujiwara, K.; Muromoto, R.; Hirashima, 
K.; Murakami, Y.; Watanabe, M.; Ishihara, J.; Matsuda, T.; Shuto, 
S. ACS Med. Chem. Lett. 2021, 12, 256. 

[14] Swamy, P. V.; Kambhampati, P. C.; Chandrasekhar, K. B.; Thirupa-
thi, G.; Sujitha, P.; Kumar, C. G.; Kumar, V. G. J. Chem. Sci. 2016, 
128, 929. 

[15] Kharlamova, T. V.; Gabdrakipov, A. V.; Seidakhmetova, P. B.; Pra-
liyev, K. D. Eurasian Chem.-Technol. J. 2020, 22, 213. 

[16] Desbordes, P.; Essigmann, B.; Gary, S.; Gutbrod, O.; Maue, M.; 
Schwarz, H. G. Pest Manage. Sci. 2020, 76, 3340.  

[17] Guo, X. F.; Zhao, B.; Fan, Z. J.; Yang, D. Y.; Zhang, N. L.; Wu, Q. 
F.; Yu, B.; Zhou, S.; Kalinina, T. A.; Belskaya, N. P. J. Agric. Food 
Chem. 2019, 67, 1647. 

[18] Mao, S. Y.; Wu, C. Y.; Gao, Y. Q.; Hao, J.; He, X. H.; Tao, P.; Li, J.; 
Shang, S. B.; Song, Z. Q.; Song, J. J. Agric. Food Chem. 2021, 69, 
6475. 

[19] Gummidi, L.; Kerru, N.; Ebenezer, O.; Awolade, P.; Sanni, O.; Is-
lam, M. S.; Singh, P. Bioorg. Chem. 2021, 115, 105210. 

[20] Ding, X. M.; Zhai, Z. W.; Lv, L. P.; Sun, Z. H.; Liu, X. H. Front. 
Chem. Sci. Eng. 2017, 11, 379. 

[21] Zhang, Y.; Li, Z. M.; Song, H. B.; Wang, B. L. Chin. J. Chem. 
2018, 36, 635. 

[22] Zhang, M.; Xu, W. M.; Wei, K.; Liu, H. W.; Yang, Q.; Liu, Q.; 
Yang, L. Y.; Luo, Y. Q.; Xue, W. J. Heterocycl. Chem. 2019, 56, 
1966. 

[23] Aghcheli, A.; Toolabi, M.; Ayati, A.; Moghimi, S.; Firoozpour, L.; 
Bakhshaiesh, T. O.; Nazeri, E.; Norouzbahari, M.; Esmaeili, R.; 
Foroumadi, A. Med. Chem. Res. 2020, 29, 2000. 

[24] Qiao, L.; Hao, S. Molecules 2018, 23, 600. 
[25] Yue, X. L.; Li, H.; Liu S. S.,; Zhang, Q. Y.; Yao, J. J.; Wang, F. Y. 

Chin. Chem. Lett. 2014, 25, 1069. 
[26] Liu, X. H.; Wang, Q.; Sun, Z. H.; Wedge, D. E.; Becnel, J. J.; Estep, 

A. S.; Tan, C. X.; Weng, J. Q. Pest Manage. Sci. 2017, 73, 953. 
[27] Panchaud, P.; Bruyere, T.; Blumstein, A. C.; Bur, D.; Chambovey, 

A.; Ertel, E. A.; Gude, M.; Hubschwerlen, C.; Jacob, L.; Kimmer-
lin, T.; Pfeifer, T.; Prade, L.; Seiler, P.; Ritz, D.; Rueedi, G. J. Med. 
Chem. 2017, 60, 3755. 

[28] Wang, H.; Zuo, J.; Zha, L.; Jiang, X.; Wu, C.; Yang, Y. A.; Tang, 
W.; Shi, T. Bioorg. Chem. 2021, 110, 104755. 

[29] Li, H. Q.; Lv, P. C.; Yan, T.; Zhu, H. L. Anti-Cancer Agents Med. 



   
Chinese Journal of Organic Chemistry ARTICLE  

 
Chin. J. Org. Chem. 2022, 42, 3784～3797 © 2022 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/      3797 

Chem. 2009, 9, 471. 
[30] Lin, G. S.; Bai, X.; Duan, W. G.; Cen, B.; Huang, M.; Lu, S. Z. ACS 

Sustainable Chem. Eng. 2019, 7, 7862. 
[31] Zou, R. X.; Li, B. Y.; Duan, W. G.; Lin, G. S.; Cui, Y. C. Pest 

Manage. Sci. 2022, 78, 3277. 
[32] Li, Q. M.; Lin, G. S.; Duan, W. G.; Cui, Y. C.; Li, F. Y.; Lei, F. H.; 

Li, D. P. New J. Chem. 2022, 46, 8688. 
[33] Li, B. Y.; Lin, G. S.; Duan, W. G.; Wang, X. Y.; Cen, B. J. Agric. 

Food Chem. 2021, 69, 12956. 
[34] Liu, X. H.; Shi, Y. X.; Ma, Y.; Zhang, C. Y.; Dong, W. L.; Pan, L.; 

Wang, B. L.; Li, B. J.; Li, Z. M. Eur. J. Med. Chem. 2009, 44, 2782. 
[35] Wang, X. B.; Wang, M. Q.; Han, L.; Jin, F.; Jiao, J.; Chen, M.; 

Yang, C. L.; Xue, W. J. Agric. Food Chem. 2021, 69, 9557. 
[36] Jiao, J.; Chen, M.; Sun, S. X.; Si, W. J.; Wang, X. B.; Ding, W. J.; 

Fu, X. C.; Wang, A.; Yang, C. L. Chin. J. Chem. 2021, 39, 323. 

[37] Zhang, P. P.; Wang, Q.; Min, L. J.; Wu, H. K.; Weng, J. Q.; Tan, C. 
X.; Zhang, Y. G.; Liu, X. H. J. Mol. Struct. 2020, 1205, 127485. 

[38] Qiao, L.; Zhai, Z. W.; Cai, P. P.; Tan, C. X.; Weng, J. Q.; Han, L.; 
Liu, X. H.; Zhang, Y. G. J. Heterocycl. Chem. 2019, 56, 2536. 

[39] Adasme, M. F.; Linnemann, K. L.; Bolz, S. N.; Kaiser, F.; Salentin, 
S.; Haupt, V. J.; Schroeder, M. Nucleic Acids Res. 2021, 49, W530. 

[40] Kumar, N.; Gaur, A. S.; Sastry, G. N. J. Chem. Sci. 2021, 133, 97. 
[41] Lu, T.; Chen, F. W. J. Comput. Chem. 2012, 33, 580. 
[42] Zhang, J.; Lu, T. Phys. Chem. Chem. Phys. 2021, 23, 20323. 
[43] Humphrey, W.; Dalke, A.; Schulten, K. J. Mol. Graphics 1996, 14, 

33. 
[44] Nair, L. G.; Saksena, A.; Lovey, R.; Sannigrahi, M.; Wong, J.; 

Kong, J.; Fu, X.; Girijavallabhan, V. J. Org. Chem. 2010, 75, 1285. 
[45] Xiong, L.; Li, H.; Jiang, L. N.; Ge, J. M.; Yang, W. C.; Zhu, X. L.; 

Yang, G. F. J. Agric. Food Chem. 2017, 65, 1021. 

(Zhao, C.)  

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


