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含天然苯乙烯结构的 4-甲基-1,2,4-三唑-硫醚化合物的合成、 
除草活性及三维定量构效关系(3D-QSAR)研究 

李成飞    岑  波*    段文贵*    林桂汕    王  秀    李宝谕 
(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除草剂, 设计并合成了 26 个新型含天然苯乙烯结构的 4-甲基-1,2,4-三唑-
硫醚类化合物, 并通过 FTIR, 1H NMR, 13C NMR, ESI-MS 和元素分析等方法对其结构进行了确认. 初步的除草活性测

试表明, 在质量浓度为 100 µg/mL 时, 大多数目标化合物对油菜胚根生长表现出良好的抑制活性, 其中 8个化合物的抑

制率超过81.4%, 远优于阳性对照丙炔氟草胺(抑制率63.0%); 2个化合物对稗草幼苗生长有良好的抑制活性. 比较发现, 
R为脂肪族取代基或吡啶环对除草活性有利. 此外, 利用CoMFA方法对R为芳族取代基的目标化合物的油菜胚根抑制

活性进行了初步的三维定量构效关系(3D-QSAR)研究, 建立了合理有效的 3D-QSAR 模型(r2＝0.996, q2＝0.603). 
关键词  苯乙烯; 肉桂醛; 1,2,4-三唑硫醚; 除草活性; 三维定量构效关系(3D-QSAR) 

Synthesis, Herbicidal Activity and Three-Dimensional Quantitative 
Structure-Activity Relationship (3D-QSAR) Study of 4-Methyl- 

1,2,4-triazole-thioether Compounds Containing  
Natural Styrene Structure 

Li, Chengfei    Cen, Bo*    Duan, Wengui*    Lin, Guishan    Wang, Xiu    Li, Baoyu  
(College of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004) 

Abstract  In an attempt to search for natural renewable resource-based herbicidal agents, twenty-six novel 4-methyl-1,2,4- 
triazole-thioether compounds containing natural styrene structure were designed and synthesized. Their structures were con-
firmed by FTIR, 1H NMR, 13C NMR, ESI-MS and elemental analysis. The preliminary herbicidal activity test showed that, at 
100 µg/mL, most of the compounds showed good inhibitory activity against the root-growth of rape (Brassica campestris), in 
which 8 compounds had inhibition rate of greater than 81.4%, implying much better herbicidal activity than that of the positive 
control flumioxazin with inhibition rate of 63.0%. Also, 2 compounds exhibited good inhibitory activity against the 
seedling-growth of barnyardgrass (Echinochloa crusgalli). It was found by comparison that aliphatic R substituents or pyridine 
rings were beneficial to herbicidal activity. Furthermore, a preliminary three-dimensional quantitative structure-activity 
relationship (3D-QSAR) study was carried out by the CoMFA method for the inhibitory activity of the target compounds with 
aromatic R substituents against the root-growth of rape, and a reasonable and effective 3D-QSAR model (r2＝0.996, q2＝
0.603) has been established. 
Keywords  styrene; cinnamaldehyde; 1,2,4-triazole-thioether; herbicidal activity; three-dimensional quantitative structure- 
activity relationship (3D-QSAR) 

 

1  Introduction 
Cinnamomum cassia Presl is a forest spice plant, as well 

as a natural and preponderant biomass resource of Guangxi 
and Guangdong regions of China.[1-2] Cinnamaldehyde, 

which contains structural characteristics of a conjugated 
styrene moiety and aldehyde group, is the dominant com-
ponent in essential oils of Cinnamomum cassia Presl with a 
content greater than 80%.[3] Actually, cinnamaldehyde has 
been widely used in spices, cosmetics, pesticides, medicine 
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and other fields.[4] In addition, cinnamaldehyde and its 
derivatives show diverse biological activities, such as an-
tifungal,[5-6] antimicrobial,[7-8] acaricidal,[9] herbicidal,[10-12] 
antiviral,[13] and antitumor,[14-16] properties. Based on its 
bioactivity and chemical reactivity, cinnamaldehyde is 
worthy of further research for its use as drugs and agro-
chemicals.  

On the other hand, 1,2,4-triazoles are a class of five- 
membered heterocyclic compounds consisting of two car-
bon atoms and three nitrogen atoms. It is reported that 
1,2,4-triazole compounds exhibit a wide range of biological 
activities, including antifungal,[17-19] anti-mycobacterial,[20] 
anticancer,[21-22] antiviral,[23] and herbicidal[24-26] activities, 
mainly owing to its moderate dipole character, stability, 
rigidity and hydrogen bonding capability. Especially, 
1,2,4-triazole is an important pharmacophore for the dis-
covery of novel herbicides because of a variety of possible 
mechanisms, such as inhibition of acetolactate synthase, 
protoporphyrinogen oxidase, and very long-chain fatty acid 
synthesis.[27-28] Furthermore, thioether group is a highly 
efficient pharmacophore that is widely concerned in pesti-
cide and pharmaceutical field, due to its extensive biologi-
cal activities, such as antifungal,[29] anticancer,[30] antibac-
terial,[31] antiviral,[32] antimalarials[33] and insecticidal[34] 
activities. 

In continuation of our works on the synthesis and bioac-

tivity of natural product-based compounds,[35-40] twenty-six 
novel 4-methyl-1,2,4-triazole-thioethers containing natural 
styrene structure were designed and synthesized by com-
bining bioactive 1,2,4-triazole and thioether moieties with 
the styrene structure of cinnamaldehyde. Structural char-
acterization and herbicidal evaluation of all the title com-
pounds were carried out as well. In order to improve the 
efficiency of discovering new potential herbicidal agents, 
3D-QSAR analysis, a valuable predictive tool in the design 
of pharmaceuticals and agrochemicals,[41] was applied to 
reveal the relationship between inhibitory activity of the 
selected aromatic compounds against root-growth of rape 
(B. campestris) and their structures. The established 
3D-QSAR model provided a theoretical basis for the sub-
sequent optimization of the series of compounds and the 
discovery of new potential herbicides with high activity. 

2  Results and discussion 
2.1  Synthesis and characterization 

The synthetic route of compounds 5a～5z is illustrated in 
Scheme 1. Cinnamic acid was prepared by Pinnick oxida-
tion of cinnamaldehyde using a combination of NaClO2-  
H2O2 as oxidant in aqueous solution, being easy to separate 
oxidant and obtaining purified product in a good yield. 
Subsequently, the key intermediate 4, cinnamaldehyde-  

 

Scheme 1  Synthesis of 4-methyl-1,2,4-triazole-thioether compounds containing natural styrene structures 5a～5z 
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derived 4-methylthiosemicarbazide, was prepared by the 
N-acylation reaction of 4-methylthiosemicarbazide with 
cinnamyl chloride converted from cinnamic acid. Then, 
twenty-six target compounds 5a～5z were synthesized by 
the one-pot sequential processes involving the cyclization 
reaction of intermediate 4 under microwave irradiation and 
the nucleophilic substitution with different alkyl halides, 
with yields of 83%～92%. 

The structures of the target compounds were character-
ized by means of FTIR, 1H NMR, 13C NMR, elemental 
analysis and ESI-MS. All the related spectra can be found in 
Supplementary Materials. In IR spectra, the weak absorp-
tion bands at 3004～3086 cm−1 were attributed to the 
stretching vibrations of the unsaturated C—H in the styrene 
moiety. The absorption bands at 1632～1673 cm－1 and the 
strong absorption bands at 1465～1493 cm－1 were assigned 
to the vibrations of C＝C in the styrene moiety and C＝N in 
the 1,2,4-triazole moiety, respectively. The absorption 
bands in the region of 676～691 cm－1 were due to the vi-
brations of C—S—C moiety. In the 1H NMR spectra, the 
olefinic protons of styrene scaffold and benzene ring 
showed signals at δ 6.77～8.38. Among them, the olefinic 
protons of trans-styrene were assigned to C2—H and C3—H 
(J＝16.1～16.2 Hz), and it was in consistent with litera-
ture[42] result. The characteristic signals at δ 3.22～3.64 
were assigned to the methyl protons of the 1,2,4-triazole 
moiety. The protons on the saturated carbon bonded to the S 
atom displayed the signals at about δ 4.3. The 13C NMR 
spectra of all the target compounds showed peaks at δ 
103.14～163.80 assigned to the unsaturated carbons, and 
the signal at about δ 38.00 was attributed to the saturated 
carbon bonded to the S atom. The methyl of the 1,2,4-trizole 
moiety displayed the signals at δ 25.92～32.19. The other 
saturated carbons displayed signals in the region of δ 5.89～
55.31. In addition, the molecular weights of the intermedi-
ates and target compounds were confirmed by the ESI-MS. 
2.2  Herbicidal activity 

The herbicidal activity of the target compounds 5a～5z 
was evaluated by the rape petri dish method and the barn-
yard grass beaker method against the root-growth of rape 
(Brassica campestris) and the seedling-growth of barnyard 
grass (Echinochloa crusgalli) at 10 and 100 μg/mL, re-
spectively. The tested results were listed in Table 1. 

As shown in Table 1, at the concentration of 100 μg/mL, 
most of the title compounds exhibited remarkable herbicidal 
activity against root-growth of rape (B. campestris). Sixteen 
target compounds displayed better herbicidal activity with 
inhibition rates of 65.1%～90.5% than that of the com-
mercial herbicide flumioxazin (positive control) with inhi-
bition rate of 63.0%, in which eight compounds held growth 
inhibition rates of greater than 80.0%. Interestingly, com-
pounds with aliphatic and cycloaliphatic R substituent 
groups, such as 5b (R＝propyl), 5c (R＝butyl), 5d (R＝
cyclopropyl), and 5e (R＝cyclohexyl), displayed much 
better bioactivity than that of the others, which was con-
sistent with the results of our previous works.[39] Besides,  

Table 1  Growth inhibition rate (%) of the target compounds 
5a～5z at 10 and 100 µg/mLa 

Compd. 
B. campestris  E. crusgalli 

10 μg/mL 100 μg/mL  10 μg/mL 100 μg/mL 
Flumioxazin 57.8 63.0  95.1 97.5 

5a 30.7 74.9  5.0 20.0 
5b 68.9 86.9  15.0 40.0 
5c 79.3 89.4  25.0 40.0 
5d 41.7 90.5  0 0 
5e 67.5 83.2  0 0 
5f 38.3 76.8  0 0 
5g 22.6 75.7  10.0 40.0 
5h 25.3 77.4  35.0 70.0 
5i 38.9 81.4  15.0 75.0 
5j 10.0 47.9  20.0 50.0 
5k 0 79.3  20.0 40.0 
5l 34.0 73.0  35.0 55.0 

5m 13.8 65.1  15.0 30.0 
5n 4.6 31.8  10.0 25.0 
5o 25.8 60.5  10.0 25.0 
5p 4.6 18.7  0 0 
5q 20.9 81.7  15.0 20.0 
5r 29.6 52.3  20.0 50.0 
5s 0 9.0  0 10.0 
5t 23.7 57.8  0 0 
5u 21.1 25.2  0 10.0 
5v 37.2 79.1  0 0 
5w 24.5 55.1  0 10.0 
5x 60.7 83.2  0 10.0 
5y 45.0 60.2  0 0 
5z 30.8 85.6  0 0 

a Flumioxazin, a current commercial herbicide, was used as a positive control. 
Values are the average of three replicates.  

compounds 5x and 5z, both containing a pyridine ring, 
presented high inhibitory activities of 83.2% and 85.6%, 
respectively. It was also found that different substitution 
positions at benzene ring showed significant differences in 
activity and the decreasing order was meta＞ortho＞para. 
Meanwhile, compounds 5h (R＝3'-MeC6H4) and 5i (R＝
3'-MeOC6H4) also had good inhibition rates of 70.0% and 
75.0%, respectively, against seedling-growth of barnyard 
grass (E. crusgalli).  
2.3  3D-QSAR analysis 

To further study the relationship between the structures 
of the target compounds with aromatic R substituents and 
their inhibitory activities against root-growth of rape (B. 
campestris), 3D-QSAR analysis was performed by the 
Comparative Molecular Field Analysis (CoMFA) method. 
In this work, fifteen compounds (5f～5w) bearing aromatic 
R groups were chosen as training set and the remaining 
three compounds bearing aromatic R groups constitute the 
test set. As shown in Table 2, an effective and reasonable 
CoMFA model was established, in which the value of 
non-validated correlational coefficient (r2), the Fischer ratio 
(F), standard error of estimate (S) and the cross-validated 
correlational coefficient (q2) were 0.996, 337.11, 0.040, and 
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0.603, respectively. In addition, the experimental and pre-
dicted activities, which were expressed in ED values of 
training set and listed in Table 3, presented almost linear 
relationship (Figure 1). The above results proved that 
3D-QSAR model (r2＝0.996, q2＝0.603) is reasonable and 
effective. 

Table 2  Summary of CoMFA analysis 

q2 r2 S N F 
Contribution/% 

Steric Electrostatic
0.603 0.996 0.040 6 337.11 36.2 63.8 

 

Figure 1  Predicted ED values of CoMFA model vs experi-
mental ED value    

Table 3  ED values of experimental and predicted activitiesa 

Compd. ED ED'' Residue 
5f －1.97 －2.03 0.06 
5g －2.01 －2.00 －0.01 
5h －1.97 －1.97 0 
5i －1.89 －1.90 0.01 
5j －2.56 －2.56 0 
5k －1.93 －1.90 －0.03 
5l －2.08 －2.03 －0.05 

5m －2.24 －2.23 －0.01 
5n －2.86 －2.84 －0.02 
5o －2.35 －2.32 －0.03 
5s －3.55 －3.55 0 
5t －2.47 －2.45 －0.02 
5u －3.03 －3.05 0.02 
5v －1.96 －2.01 0.05 
5w －2.49 －2.52 0.03 
5p* －3.17 －3.06 －0.11 
5q* －1.94 －1.98 0.04 
5r* －2.55 －2.64 0.09 

a ED＝experimental value, ED''＝predictive value of ED, *test-set com-
pounds. 

The electrostatic and steric contribution maps of CoMFA 
were shown in Figure 2. The contribution rate of the elec-
trostatic field was 63.8% while the steric field was 36.2%, 
revealing that the electronic effect of substituent had a 
greater influence on the inhibition activity against B. 
Campestris. In Figure 2a, the steric field contours were 
displayed in two distinguishing colors. The green indicated 

that the target compound which bearing bulky groups at 
3-position of benzene ring was beneficial to increase the 
herbicidal activity but yellow was opposite. For example, 
compounds 5h (R＝3'-MeC6H4) and 5i (R＝3'-MeOC6H4) 
exhibited better herbicidal activity than 5l (R＝3'-FC6H4) 
and 5o (R＝3'-ClC6H4). As shown in figure 2b, there were 
some blue regions located around the 3-position of the 
benzene ring and red regions placed in the 2-position of the 
benzene ring. Therefore, the introduction of electron-do- 
nating group at 3-positions and electron-withdrawing group 
at 2-position of benzene ring was both favorable for herbi-
cidal activity, such as compounds 5k (R＝2'-FC6H4), pos-
sessing higher inhibitory rate than that of 5g (R ＝
2'-MeC6H4). 

 

Figure 2  Contours of CoMFA analysis 
(a) Contours of steric contribution were represented in yellow and green; 
(b) contours of electrostatic contribution were represented in red and blue 

Based on 3D-QSAR analysis above, two novel unsyn-
thesized compounds (Figure 3) were designed and the pre-
dicted ED values were calculated by the established 
CoMFA model. As a result, the designed compounds A 
(ED''＝－1.75), and B (ED''＝－1.86) have desirable her-
bicidal activities with inhibition rates of 86.2% and 86.7%, 
respectively, indicating that the proposed molecules herbi-
cidal activities were better than that of compounds con-
taining aromatic rings. 

 

Figure 3  Proposed new molecules based on the established 
CoMFA model 
(A) (E)-2-(((4-methyl-5-styryl-4H-1,2,4-triazol-3-yl)thio)methyl)benzoic 
acid; (B) (E)-N,N-diisopropyl-3-(((4-methyl-5-styryl-4H-1,2,4-triazol-3- 
yl)thio)methyl)-4-(trifluoromethyl)aniline 
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2.4  In vitro cytotoxicity analysis  
To evaluate whether the synthetic derivatives have 

potential herbicidal activity or not, in vitro cytotoxicity of 
compounds 5h (R＝3'-MeC6H4) and 5i (R＝3'-MeOC6H4) 
against human normal liver cell (HL-7702) were tested by 
methy thiazolyl tetrazolium (MTT) assay according to the 
reported literature method.[36] It was found that the two 
compounds (IC50>100 μmol/L) showed nearly no toxicity to 
the human normal liver cell (HL-7702) when they were 
treated with a concentration lower than or equal to 100 
μmol/L. Thus, they can serve as leading compounds for 
developing sustainable herbicides because of their 
properties of lower toxicity and higher bioactivity.  

3  Conclusions 
Using sustainable and distinctive natural product 

cinnamaldehyde as starting material, twenty-six novel 
4-methyl-1,2,4-triazole-thioether compounds containing 
natural styrene structure were designed, synthesized, 
characterized, and evaluated for their herbicidal activities. 
The results of bioassay showed that, at the concentration of 
100 μg/mL, sixteen target compounds displayed better 
herbicidal activity with inhibition rates of 65.1%～90.5% 
against root-growth of rape (B. campestris) than that of the 
commercial herbicide flumioxazin (positive control) with 
inhibition rate of 63.0%, in which compounds 5b, 5c and 5d 
exhibited excellent herbicidal activities with inhibition rates 
of 86.9%, 89.4% and 90.5%, respectively. It was also found 
that compounds 5h and 5i showed good inhibition rates of 
70.0% and 75.0%, respectively, against seedling-growth of 
barnyard grass (E. crusgalli). CoMFA method was used to 
study the relationship between the structures of the target 
compounds with aromatic R substituents and their inhibi-
tory activities against root-growth of rape (B. campestris). 
A reasonable and effective 3D-QSAR model (r2＝0.996,  
q2＝0.603) was established, and two new molecules with 
possible higher herbicidal activity were proposed. 

4  Experimental section 
4.1  General 

NMR spectra were recorded in a CDCl3 or DMSO-d6 
solvent on a Bruker Avance III HD 600 MHz spectrometer 
(Bruker Co., Ltd., Zurich, Switzerland). FT-IR spectra were 
recorded as KBr pellets on Nicolet iS50 FTIR spectrometer 
(Thermo Scientific Co., Ltd., Madison, WI, USA). MS 
spectra were obtained by means of the electrospray ioniza-
tion (ESI) method on TSQ Quantum Access MAX 
HPLC-MS instrument (Thermo Scientific Co., Ltd., Wal-
tham, MA, USA). Elemental analyses were measured using 
a PE 2400 II elemental analyzer (Perkin-Elmer Instruments 
Co., Ltd., USA). Melting points were determined using a 
MP420 automatic melting point apparatus (Hanon Instru-
ments Co., Ltd., Jinan, China) and were uncorrected. Cin-
namaldehyde (GC≥95%) was purchased from Shanghai 
Aladdin Biochemical Technology Co., Ltd. (Shanghai, 
China). Microwave irradiation-assisted synthesis was car-

ried out on an XO-SM50 ultrasonic microwave reaction 
system (Nanjing Xianou Instrument Manufacturing Co., 
Ltd., Nanjing, China). Other reagents were provided by 
commercial suppliers, and were used as received. 
4.2  Synthesis of cinnamic acid (2) 

To a stirred mixture of cinnamaldehyde (GC≥95%, 3.9 
g, 30.0 mmol), CH3CN (25 mL), NaH2PO4 (0.94 g, 4.7 
mmol), water (10 mL), then polyethylene glycol (PEG-400, 
1.5 g) and H2O2 (35.0%, 2.5 mL, 30.0 mmol) were added. 
After 10 ℃ with ice-water cooling was added drop-wise an 
aqueous solution of NaClO2 (3.8 g, 42.0 mmol) for about 2 
h. The reaction was conducted for 7 h at room temperature, 
and then Na2SO3 (0.25 g, 1.98 mmol) was added to destroy 
the unreacted HOCl and H2O2. The resulting mixture was 
adjusted to pH＝3 with 10.0% HCl aqueous solution. Sub-
sequently, the aqueous layer was repeatedly extracted with 
diethyl ether. The combined organic layer was further 
washed with a saturated aqueous solution of NaHSO3 and 
deionized waters, respectively, and then dried over with 
anhydrous Na2SO4. Afterwards, ethyl ether was removed in 
vacuo to obtain the crude product, followed by purification 
with column chromatography on silica gel (ethyl ace-
tate/petroleum ether, V∶V＝2∶1) to afford cinnamic acid 
as a white solid with yield of 74.0%. m.p. 133.3 ℃; 1H 
NMR (500 MHz, DMSO-d6) δ: 12.41 (s, 1H, COOH), 7.68 
(dd, J＝6.8, 2.8 Hz, 2H, C5-H, C9-H), 7.60 (d, J＝16.0 Hz, 
1H, C2-H), 7.45～7.39 (m, 3H, C6-H, C7-H, C8-H), 6.54 (d, 
J＝16.0 Hz, 1H, C3-H); 13C NMR (150 MHz, DMSO-d6) δ: 
168.0, 144.4, 134.7, 130.7, 129.3, 128.6, 119.7. These data 
are consistent with the literature.[43] 
4.3  Synthesis of cinnamoyl chloride (3) 

According to the literature,[44] under anhydrous atmos-
phere, a solution of SOCl2 (7.3 g, 61.4 mmol) in acetonitrile 
(10 mL) was slowly added to a solution of cinnamic acid 
(4.3 g, 29 mmol) in acetonitrile (10 mL) at room tempera-
ture. Then, three drops of DMF were added, and the mixture 
was refluxed for 4～5 h. Afterwards, the reaction solution 
was distilled at atmospheric pressure to remove the low 
boiling components, and in vacuo to give cinnamoyl chlo-
ride as a light yellow liquid with yield of 63.0%. b.p. 
134.0～138.0 ℃/0.3 kPa. It is directly used to synthesize 
intermediate 4. 
4.4  Synthesis of 2-cinnamoyl-N-methylhydrazine-1- 
carbothioamide (4) 

Under anhydrous atmosphere, cinnamyl chloride (5.1 g, 
30.0 mmol) was slowly added to a stirred solution of 
4-methylthiosemicarbazide (2.8 g, 23 mmol) and four drops 
of triethylamine in dichloromethane (30 mL) in an ice-water 
bath. When the addition was completed, the resulting mix-
ture was stirred for 30 min, and then for 1 h at room tem-
perature. The process was monitored by TLC. Upon com-
pletion of the reaction, the reaction mixture was quenched 
with HCl (10 mL, 10.0%), and filtered. The resulting filter 
cake was then washed three times with ethyl acetate, and 
dried under vacuum to obtain intermediate 4 as a faint yel-
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low solid with yield of 82%. m.p. 193.2～193.5 ℃; 1H 
NMR (600 MHz, DMSO-d6) δ: 10.22 (s, 1H, N-H), 7.70 (d,  
J＝7.3 Hz, 2H, C5-H, C9-H), 7.41 (dd, J＝12.2, 4.2 Hz, 3H, 
C6-H, C8-H, C2-H), 7.37 (t, J＝7.2 Hz, 1H, C7-H), 7.31 (d,  
J＝16.4 Hz, 1H, C3-H), 3.06 (s, 3H, C11-H); 13C NMR (150 
MHz, DMSO-d6) δ: 167.79, 156.20, 138.33, 135.45, 
129.99, 129.36, 127.97, 118.09, 32.36; IR (KBr) v: 3351, 
3312, 3155 (m, N-H), 2985 (w, Ar-H), 2940 (w, Ar-H), 
1670 (s, C＝O), 1624 (s, amide II), 1556 (s, N＝C), 1205 (s, 
N-C) cm－1; ESI-MS m/z: 235.85 [M＋H]＋. Anal. calcd for 
C11H13N3OS: C 56.15, H 5.57 N 17.86; found C 56.14, H 
5.55 N 17.89.  
4.5  General procedure for the one-pot sequential 
synthesis of 4-methyl-1,2,4-triazole-thioether comp-    
ounds containing natural styrene structure (5a～5z) 

Intermediate 4 (1 mmol) and KOH (2.3 mmol) were 
mixed in anhydrous ethanol, and the mixed reactants were 
placed in a program-controlled ultrasonic-microwave reac-
tion system. The microwave irradiation with power of 100 
W and temperature of 80 ℃ was carried out under stirring 
for 30 min. Afterwards, a solution of alkyl halide (1.5 
mmol) in 5 mL EtOH was slowly added and then the reac-
tion mixture was continually refluxed until completion 
(monitored by TLC). The mixture was concentrated under 
reduced pressure. Subsequently, it was acidified with HCl 
(5 mL, 10%) to pH 1, and filtered. The filtrate was alkalized 
with 10% Na2CO3 solution to pH＝12 and then the solution 
was extracted with ethyl acetate (30 mL×3). The separated 
organic layer was dried with anhydrous Na2SO4, and then 
the solvent was removed in vacuo. The crude products were 
further purified through recrystallization to afford the target 
compounds 5a～5z with yields of 83%～92%. 

(E)-3-(Propylthio)-4-methyl-5-styryl-4H-1,2,4-triazole  
(5a): White solid, yield 84.3%. m.p. 122.7 ℃; 1H NMR 
(600 MHz, CDCl3) δ: 7.71 (d, J＝16.2 Hz, 1H, C2-H), 7.54 
(d, J＝7.7 Hz, 2H, C5-H, C9-H), 7.38 (t, J＝7.6 Hz, 2H, 
C6-H, C8-H), 7.33 (t, J＝7.3 Hz, 1H, C7-H), 6.80 (d, J＝16.2 
Hz, 1H, C3-H), 3.61 (s, 3H, N-CH3), 3.19 (t, J＝7.1 Hz, 2H, 
C11-H), 1.82～1.72 (m, 2H, C12-H), 1.04 (t, J＝7.2 Hz, 3H, 
C13-H); 13C NMR (150 MHz, CDCl3) δ: 153.73, 151.13, 
136.05, 135.74, 129.11, 128.87, 127.14, 110.55, 35.53, 
30.25, 23.02, 13.22; IR (KBr) v: 3070, 3032 (w, Ar—H,    
＝C—H), 2966, 2929 (w, C—H), 1638 (w, C＝C), 1471 
(m, C＝N), 1584 (w, Ar), 1246 (m, C—N), 689 (s, C—S—
C) cm－1; ESI-MS m/z: 260.10 [M＋H]＋. Anal. calcd for 
C14H17N3S: C 64.83, H 6.61 N 16.20; found C 64.85, H 6.60 
N 16.21. 

(E)-3-(Butylthio)-4-methyl-5-styryl-4H-1,2,4-triazole  
(5b): White solid, yield 85.0%. m.p. 78.7～78.8 ℃; 1H 
NMR (600 MHz, CDCl3) δ: 7.71 (d, J＝16.2 Hz, 1H, C2-H), 
7.54 (d, J＝7.7 Hz, 2H, C5-H, C9-H), 7.38 (t, J＝7.5 Hz, 2H, 
C6-H, C8-H), 7.33 (t, J＝7.3 Hz, 1H, C7-H), 6.80 (d, J＝16.2 
Hz, 1H, C3-H), 3.61 (s, 3H, N-CH3), 3.22 (t, J＝7.4 Hz, 2H, 
C11-H), 1.77～1.68 (m, 2H, C12-H), 1.50～1.41 (m, 2H, 
C13-H), 0.94 (t, J＝7.4 Hz, 3H, C14-H); 13C NMR (150 
MHz, CDCl3) δ: 153.72, 151.18, 136.06, 135.74, 129.11, 

128.87, 127.14, 110.53, 33.32, 31.63, 30.25, 21.80, 13.58; 
IR (KBr) v: 3045, 3030 (w, Ar—H, ＝C—H), 2960, 2935 
(w, C—H), 1636 (w, C＝C), 1469 (m, C＝N), 1578, 1448 
(w, Ar), 1238 (m, C—N), 687 (s, C—S—C) cm－1; ESI-MS 
m/z: 274.09 [M＋H]＋. Anal. calcd for C15H19N3S: C 65.90, 
H 7.01 N 15.37; found C 65.93, H 7.00 N 15.35. 

(E)-3-(Pentylthio)-4-methyl-5-styryl-4H-1,2,4-triazole  
(5c): yellow solid, yield 88.0%. m.p. 60.3～60.4 ℃; 1H 
NMR (600 MHz, CDCl3) δ: 7.71 (d, J＝16.2 Hz, 1H, C2-H), 
7.54 (d, J＝7.4 Hz, 2H, C5-H, C9-H), 7.38 (t, J＝6.9 Hz, 2H, 
C6-H, C8-H), 7.33 (dd, J＝7.9, 6.3 Hz, 1H, C7-H), 6.80 (dd, 
J＝16.2, 1.8 Hz, 1H, C3-H), 3.61 (d, J＝1.8 Hz, 3H, 
N-CH3), 3.24～3.18 (m, 2H, C11-H), 1.79～1.71 (m, 2H, 
C12-H), 1.45–1.38 (m, 2H, C13-H), 1.38～1.30 (m, 2H, 
C14-H), 0.90 (td, J＝7.2, 1.7 Hz, 3H, C15-H); 13C NMR (150 
MHz, CDCl3) δ: 153.71, 151.19, 136.06, 135.74, 129.11, 
128.87, 127.14, 110.53, 33.58, 30.79, 30.24, 29.28, 22.19, 
13.95; IR (KBr) v: 3055, 3026 (w, Ar—H, ＝C—H), 2950, 
2933 (w, C—H), 1673 (w, C＝C), 1485 (m, C＝N), 1603, 
1473 (w, Ar), 1219 (m, C—N), 685 (s, C—S—C) cm－1; 
ESI-MS m/z: 288.10 [M＋H]＋. Anal. calcd for C16H21N3S: 
C 66.86, H 7.36 N 14.62; found C 66.85, H 7.37 N 14.63. 

(E)-3-((Cyclopropylmethyl)thio)-4-methyl-5-styryl-4H-
1,2,4-triazole (5d): Faint yellow solid, yield 86.1%. m.p. 
90.4～90.5 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.72 (d, J＝
16.2 Hz, 1H, C2-H), 7.54 (d, J＝7.7 Hz, 2H, C5-H, C9-H), 
7.38 (t, J＝7.5 Hz, 2H, C6-H, C8-H), 7.33 (t, J＝7.3 Hz, 1H, 
C7-H), 6.81 (d, J＝16.2 Hz, 1H, C3-H), 3.64 (s, 3H, N-CH3), 
3.14 (d, J＝7.4 Hz, 2H, C11-H), 1.21～1.13 (m, 1H, C12-H), 
0.63～0.56 (m, 2H, C13-Ha, C14-Ha), 0.28 (q, J＝5.2 Hz, 2H, 
C13-Hb, C14-Hb); 13C NMR (150 MHz, CDCl3) δ: 153.72, 
151.13, 136.11, 135.72, 129.13, 128.87, 127.15, 110.54, 
39.94, 30.34, 11.09, 5.89; IR (KBr) v: 3030, 3004 (w, Ar—
H, ＝C—H), 2952, 2931 (w, C—H), 1640 (w, C＝C), 1467 
(m, C＝N), 1576, 1458 (w, Ar), 1252 (m, C—N), 689 (s,   
C—S—C) cm－1; ESI-MS m/z: 272.10 [M＋H]＋. Anal. 
calcd for C15H17N3S: C 66.39, H 6.31 N 15.48; found C 
66.40, H 6.32 N 15.46. 

(E)-3-((Cyclohexylmethyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5e): White solid, yield 83.0%. m.p. 126.9～
127.0 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.72 (d, J＝16.2 
Hz, 1H, C2-H), 7.55 (d, J＝7.6 Hz, 2H, C5-H, C9-H), 7.40 (t, 
J＝7.5 Hz, 2H, C6-H, C8-H), 7.35 (t, J＝7.3 Hz, 1H, C7-H), 
6.82 (d, J＝16.2 Hz, 1H, C3-H), 3.62 (s, 3H, N-CH3), 3.16 
(d, J＝6.9 Hz, 2H, C11-H), 1.92 (d, J＝17.0 Hz, 2H, C13-Ha, 
C17-Ha), 1.75 (d, J＝13.2 Hz, 2H, C13-Hb, C17-Hb), 1.68 (d,  
J＝7.6 Hz, 2H, C15-H), 1.26 (t, J＝11.1 Hz, 2H, C14-Ha, 
C16-Ha), 1.18 (dt, J＝15.9, 9.3 Hz, 1H, C12-H), 1.03 (qd,    
J＝12.4, 3.3 Hz, 2H, C14-Hb, C16-Hb); 13C NMR (150 MHz, 
CDCl3) δ: 153.66, 151.61, 135.97, 135.77, 129.09, 128.86, 
127.13, 110.56, 40.46, 37.68, 32.45, 30.21, 26.23, 25.92; IR 
(KBr) v: 3028, 3004 (w, Ar—H, ＝C—H), 2923, 2851 (w, 
C—H), 1648 (w, C＝C), 1471 (m, C＝N), 1601, 1448 (w, 
Ar), 1238 (m, C—N), 685 (s, C—S—C) cm－1; ESI-MS m/z: 
314.12 [M＋H]＋. Anal. calcd for C18H23N3S: C 68.97, H 
7.40 N 13.41; found C 68.98, H 7.41 N 13.43. 

(E)-3-(Benzylthio)-4-methyl-5-styryl-4H-1,2,4-triazole  
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(5f): White solid, yield 86.5%. m.p. 140.6～140.8 ℃; 1H 
NMR (600 MHz, CDCl3) δ: 7.72 (d, J＝16.2 Hz, 1H, C2-H), 
7.55～7.51 (m, 2H, C5-H, C9-H), 7.40～7.36 (m, 2H, C6-H, 
C8-H), 7.36～7.31 (m, 1H, C7-H), 7.29～7.23 (m, 5H, 
C13-H, C14-H, C15-H, C16-H, C17-H), 6.71 (d, J＝16.2 Hz, 
1H, C3-H), 4.32 (s, 2H, C11-H), 3.27 (s, 3H, N-CH3); 13C 
NMR (150 MHz, CDCl3) δ: 153.90, 149.97, 137.00, 136.35, 
135.64, 129.20, 128.99, 128.88, 128.70, 127.78, 127.17, 
110.44, 39.19, 30.01; IR (KBr) v: 3059, 3024 (w, Ar—H, 
＝C—H), 2958, 2925 (w, C—H), 1640 (w, C＝C), 1467 
(m, C＝N), 1582, 1456 (w, Ar), 1248 (m, C—N), 689 (s,   
C—S—C) cm－1; ESI-MS m/z: 308.01 [M＋H]＋. Anal. 
calcd for C18H17N3S: C 70.33, H 5.57 N 13.67; found C 
70.36, H 5.56 N 13.68. 

(E)-3-((2-Methylbenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5g): White solid, yield 89.0%. m.p. 99.1～
99.4 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.73 (d, J＝16.2 
Hz, 1H, C2-H), 7.53 (d, J＝7.5 Hz, 2H, C5-H, C9-H), 7.38 (t, 
J＝7.4 Hz, 2H, C6-H, C8-H), 7.34 (t, J＝7.2 Hz, 1H, C7-H), 
7.18 (d, J＝12.7 Hz, 2H, C14-H or C17-H), 7.09～7.02 (m, 
2H, C15-H or C16-H), 6.71 (d, J＝16.2 Hz, 1H, C3-H), 4.34 
(s, 2H, C11-H), 3.22 (s, 3H, N-CH3), 2.41 (s, 3H, C18-H); 13C 
NMR (150 MHz, CDCl3) δ: 153.89, 150.04, 136.81, 136.46, 
135.60, 134.62, 130.61, 129.86, 129.22, 128.87, 128.19, 
127.18, 126.24, 110.36, 37.44, 29.90, 19.09; IR (KBr) v: 
3059, 3022 (w, Ar—H, ＝C—H), 2955, 2927 (w, C—H), 
1645 (w, C＝C), 1465 (m, C＝N), 1449 (Ar), 690 (C—S—
C) cm－1; ESI-MS m/z: 322.07 [M＋H]＋. Anal. calcd for 
C19H19N3S: C 71.00, H 5.96, N 13.07; found C 71.01, H 
5.95, N 13.06. 

(E)-3-((3-Methylbenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5h): White solid, yield 92.0%. m.p. 111.1～
111.2 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.74 (d, J＝16.2 
Hz, 1H, C2-H), 7.53 (d, J＝7.6 Hz, 2H, C5-H, C9-H), 7.38 (t, 
J＝7.5 Hz, 2H, C6-H, C8-H), 7.34 (t, J＝7.3 Hz, 1H, C7-H), 
7.16 (d, J＝7.5 Hz, 1H, C16-H), 7.08～7.02 (m, 3H, C13-H, 
C15-H or C17-H), 6.72 (d, J＝16.2 Hz, 1H, C3-H), 4.29 (s, 
2H, C11-H), 3.29 (s, 3H, N-CH3), 2.29 (s, 3H, C18-H); 13C 
NMR (150 MHz, CDCl3) δ: 153.82, 150.15, 138.43, 136.73, 
136.51, 135.60, 129.65, 129.23, 128.88, 128.61, 128.53, 
127.19, 126.02, 110.29, 39.19, 30.04, 21.27; IR (KBr) v: 
3059, 3008 (w, Ar—H, ＝C—H), 2957, 2927, 2855 (w,   
C—H), 1643 (w, C＝C), 1467 (s, C＝N), 1608, 1445 (m, 
Ar), 684 (m, C—S—C) cm－1; ESI-MS m/z: 322.07 [M＋ 
H]＋. Anal. calcd for C19H19N3S: C 71.00, H 5.96, N 13.07; 
found C 71.02, H 5.96, N 13.04. 

(E)-3-((3-Methoxybenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5i): White solid, yield 90.5%. m.p. 93.5～
99.6 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.74 (d, J＝16.2 
Hz, 1H, C2-H), 7.53 (d, J＝7.3 Hz, 2H, C5-H, C9-H), 7.38 (t, 
J＝7.4 Hz, 2H, C6-H, C8-H), 7.34 (t, J＝7.3 Hz, 1H, C7-H), 
7.18 (t, J＝7.9 Hz, 1H, C16-H), 6.84 (d, J＝7.6 Hz, 1H, 
C17-H), 6.80 (dd, J＝8.2, 2.1 Hz, 1H, C13-H), 6.77 (d, J＝
2.0 Hz, 1H, C15-H), 6.73 (d, J＝16.2 Hz, 1H, C3-H), 4.30 (s, 
2H, C11-H), 3.74 (s, 3H, C18-H), 3.31 (s, 3H, N-CH3); 13C 
NMR (150 MHz, CDCl3) δ: 159.77, 153.88, 150.04, 138.40, 
136.56, 135.59, 129.75, 129.26, 128.89, 127.21, 121.24, 

114.02, 113.78, 110.30, 55.26, 39.23, 30.10; IR (KBr) v: 
3055, 3027 (w, Ar—H, ＝C—H), 2947, 2933 (w, C—H), 
1639 (w, C＝C), 1465 (m, C＝N), 1605, 1465 (m, Ar), 1269 
(s, C—O—C), 688 (m, C—S—C) cm－1; ESI-MS m/z: 
338.05 [M＋H]＋. Anal. calcd for C19H19N3OS: C 67.63, H 
5.68, N 12.45; found C 67.61, H 5.67, N 12.48. 

(E)-3-((4-Methoxybenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5j): White solid, yield 91.0%. m.p. 140.1～
140.3 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.72 (d, J＝16.2 
Hz, 1H, C2-H), 7.53 (d, J＝7.4 Hz, 2H, C5-H, C9-H), 7.38 (t, 
J＝7.4 Hz, 2H, C6-H, C8-H), 7.33 (t, J＝7.3 Hz, 1H, C7-H), 
7.20～7.14 (m, 2H, C13-H, C17-H), 6.83～6.77 (m, 2H, 
C14-H, C16-H), 6.73 (d, J＝16.2 Hz, 1H, C3-H), 4.30 (s, 2H, 
C11-H), 3.77 (s, 3H, C18-H), 3.32 (s, 3H, N-CH3); 13C NMR 
(150 MHz, CDCl3) δ: 159.22, 153.84, 150.19, 136.29, 
135.65, 130.22, 129.20, 128.91, 128.89, 127.17, 114.07, 
110.45, 55.31, 38.68, 30.09; IR (KBr) v: 3022, 3014 (w,  
Ar—H, ＝C—H), 2960, 2940 (w, C—H), 1646 (w, C＝C), 
1477 (m, C＝N), 1613, 1448 (m, Ar), 1252(s, C—O—C), 
685 (m, C—S—C) cm－1; ESI-MS m/z: 338.06 [M＋H]＋. 
Anal. calcd for C19H19N3OS: C 67.63, H 5.68, N 12.45; 
found C 67.59, H 5.66, N 12.47. 

(E)-3-((2-Fluorobenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5k): pale yellow solid, yield 84.0%. m.p. 
109.2～109.3 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.74 (d,  
J＝16.2 Hz, 1H, C2-H), 7.55～7.51 (m, 2H, C5-H, C9-H), 
7.41～7.36 (m, 2H, C6-H, C8-H), 7.32～7.35 (m, J＝7.3, 
3.6, 1.2 Hz, 1H, C7-H), 7.26～7.20 (m, 2H, C14-H, C15-H), 
7.07～6.98 (m, 2H, C16-H, C17-H), 6.72 (dd, J＝16.2, 7.4 
Hz, 1H, C3-H), 4.37 (s, 2H, C11-H), 3.36 (s, 3H, N-CH3); 13C 
NMR (150 MHz, CDCl3) δ: 161.65, 160.00, 154.00, 149.77, 
136.45, 135.58, 131.17, 131.15, 129.81, 129.75, 129.23, 
128.88, 127.18, 124.34, 124.26, 124.23, 115.58, 115.44, 
110.31, 32.21, 32.19, 30.04; IR (KBr) v: 3068, 3028 (w,  
Ar—H, ＝C—H), 2949, 2927 (w, C—H), 1640 (w, C＝C), 
1471 (m, C＝N), 1612, 1448 (m, Ar), 1239 (s, C—N), 684 
(m, C—S—C) cm－1; ESI-MS m/z: 326.04 [M＋H]＋. Anal. 
calcd for C18H16FN3S: C 66.44, H 4.96, N 12.91; found C 
66.40, H 4.95, N 12.92. 

(E)-3-((3-Fluorobenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5l): Colorlesssolid, yield 88.5%. m.p. 
121.6.1～121.7 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.73 (d, 
J＝16.2 Hz, 1H, C2-H), 7.53 (d, J＝7.5 Hz, 2H, C5-H, 
C9-H), 7.38 (t, J＝7.4 Hz, 2H, C6-H, C8-H), 7.33 (t, J＝7.3 
Hz, 1H, C7-H), 7.23 (dd, J＝14.1, 7.5 Hz, 1H, C16-H), 7.04 
(d, J＝7.3 Hz, 2H, C15-H, C17-H), 6.95 (t, J＝8.4 Hz, 1H, 
C13-H), 6.73 (d, J＝16.2 Hz, 1H, C3-H), 4.34 (s, 2H, C11-H), 
3.37 (s, 3H, N-CH3); 13C NMR (150 MHz, CDCl3) δ: 
163.59, 161.95, 153.99, 149.78, 139.48, 139.43, 136.53, 
135.58, 130.22, 130.17, 129.25, 128.89, 127.20, 124.71, 
124.69, 115.98, 115.83, 114.86, 114.72, 110.23, 38.16, 
38.15, 30.10; IR (KBr) v: 3059, 3024 (w, Ar—H, ＝C—H), 
2956, 2938 (w, C—H), 1648 (w, C＝C), 1469 (m, C＝N), 
1612, 1450 (m, Ar), 685 (m, C—S—C) cm－1; ESI-MS m/z: 
326.04 [M＋H]＋. Anal. calcd for C18H16FN3S: C 66.44, H 
4.96, N 12.91; found C 66.43, H 4.94, N 12.93. 

(E)-3-((4-Fluorobenzyl)thio)-4-methyl-5-styryl-4H- 
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1,2,4-triazole (5m): White solid, yield 86.0%. m.p. 140.5～
140.8 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.77 (d, J＝16.2 
Hz, 1H, C2-H), 7.54 (d, J＝8.3 Hz, 2H, C5-H, C9-H), 7.38 (t, 
J＝7.3 Hz, 2H, C6-H, C8-H), 7.34 (t, J＝7.2 Hz, 1H, C7-H), 
7.28～7.25 (m, 2H, C14-H, C16-H), 6.96 (t, J＝8.6 Hz, 2H, 
C13-H, C17-H), 6.74 (d, J＝16.2 Hz, 1H, C3-H), 4.33 (s, 2H, 
C11-H), 3.37 (s, 3H, N-CH3); 13C NMR (150 MHz, CDCl3) 
δ: 163.14, 161.50, 153.83, 150.02, 136.97, 135.48, 132.75, 
132.73, 130.76, 130.71, 129.36, 128.90, 127.27, 115.68, 
115.54, 109.93, 37.92, 30.17; IR (KBr) v: 3057, 3032 (w, 
Ar–H, ＝C—H), 2956, 2935 (w, C—H), 1642 (w, C＝C), 
1469 (m, C＝N), 1601, 1448 (m, Ar), 1229 (m, C—N), 689 
(s, C—S—C) cm－1; ESI-MS m/z: 326.04 [M＋H]＋. Anal. 
calcd for C18H16FN3S: C 66.44, H 4.96, N 12.91; found C 
66.41, H 4.92, N 12.91. 

(E)-3-((2-Chlorobenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5n): White solid, yield 85.0%. m.p. 143.3～
143.5 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.73 (d, J＝16.2 
Hz, 1H, C2-H), 7.53 (d, J＝7.3 Hz, 2H, C5-H, C9-H), 7.38 (t, 
J＝6.7 Hz, 3H, C6-H, C8-H, C14-H), 7.33 (t, J＝7.3 Hz, 1H, 
C7-H), 7.25～7.18 (m, 2H, C15-H, C16-H), 7.12 (td, J＝7.5, 
1.2 Hz, 1H, C17-H), 6.71 (d, J＝16.2 Hz, 1H, C3-H), 4.44 (s, 
2H, C11-H), 3.31 (s, 3H, N-CH3); 13C NMR (150 MHz, 
CDCl3) δ: 154.00, 149.74, 136.41, 135.58, 134.82, 134.13, 
131.16, 129.71, 129.31, 129.23, 128.87, 127.17, 127.00, 
110.32, 36.76, 30.00; IR (KBr) v: 3051, 3024 (w, Ar—H,   
＝C—H), 2999, 2950 (w, C—H), 1638 (w, C＝C), 1473 
(m, C＝N), 1594, 1450 (m, Ar), 1246 (m, C—N), 676 (s,  
C—S—C) cm－1; ESI-MS m/z: 342.02 [M＋H]＋. Anal. 
calcd for C18H16ClN3S: C 63.24, H 4.72, N 12.29; found C 
63.21, H 4.73, N 12.27. 

(E)-3-((3-Chlorobenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5o): White solid, yield 87.6%. m.p. 99.2～
99.3 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.74 (d, J＝16.2 
Hz, 1H, C2-H), 7.53 (d, J＝7.6 Hz, 2H, C5-H, C9-H), 7.38 (t, 
J＝7.6 Hz, 2H, C6-H, C8-H), 7.34 (t, J＝7.2 Hz, 1H, C7-H), 
7.30 (s, 1H, C13-H), 7.24 (d, J＝7.9 Hz, 1H, C17-H), 7.20 (t, 
J＝7.7 Hz, 1H, C16-H), 7.16 (d, J＝7.4 Hz, 1H, C15-H), 6.73 
(d, J＝16.2 Hz, 1H, C3-H), 4.32 (s, 2H , C11-H), 3.37 (s, 3H, 
N-CH3); 13C NMR (150 MHz, CDCl3) δ: 153.96, 149.74, 
138.98, 136.71, 135.54, 134.42, 129.93, 129.28, 129.01, 
128.88, 127.97, 127.21, 110.11, 38.06, 30.12; IR (KBr) v: 
3053, 3022 (w, Ar—H, ＝C—H), 2971, 2954 (w, C—H), 
1644 (w, C＝C), 1471 (m, C＝N), 1576, 1446 (m, Ar), 1246 
(m, C—N), 687 (s, C—S—C) cm－1; ESI-MS m/z: 342.02 
[M＋H]＋. Anal. calcd for C18H16ClN3S: C 63.24, H 4.72, N 
12.29; found C 63.22, H 4.70, N 12.28. 

(E)-3-((4-Chlorobenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5p): White solid, yield 83.8%. m.p. 107.4～
107.5 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.72 (d, J＝16.2 
Hz, 1H, C2-H), 7.53 (d, J＝7.3 Hz, 2H, C5-H, C9-H), 7.38 (t, 
J＝7.4 Hz, 2H, C6-H, C8-H), 7.34 (t, J＝7.3 Hz, 1H, C7-H), 
7.2～7.20 (m, 4H, C13-H, C14-H, C16-H, C17-H), 6.73 (d,    
J＝16.2 Hz, 1H, C3-H), 4.32 (s, 2H, C11-H), 3.36 (s, 3H, 
N-CH3); 13C NMR (150 MHz, CDCl3) δ: 153.98, 149.77, 
136.45, 135.65, 135.58, 133.67, 130.39, 129.25, 128.89, 
128.84, 127.20, 110.27, 37.92, 30.11; IR (KBr) v: 3057, 

3028 (w, Ar—H, ＝C—H), 2968, 2935 (w, C—H), 1637 
(w, C＝C), 1468 (m, C＝N), 1598, 1445 (m, Ar), 1249 (m, 
C—N), 686 (s, C—S—C) cm－1; ESI-MS m/z: 342.02 [M＋
H]＋. Anal. calcd for C18H16ClN3S: C 63.24, H 4.72, N 
12.29; found C 63.20, H 4.73, N 12.30. 

(E)-3-((2-Cromobenzyl)thio)-4-methyl-5-styryl-4H-1,2,
4-triazole (5q): Orange solid, yield 83.0%. m.p. 136.3～
136.4 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.73 (d, J＝16.2 
Hz, 1H, C2-H), 7.57 (dd, J＝7.8, 1.1 Hz, 1H, C14-H), 7.53 
(d, J＝7.3 Hz, 2H, C5-H, C9-H), 7.38 (t, J＝7.4 Hz, 2H, 
C6-H, C8-H), 7.34 (t, J＝7.3 Hz, 1H, C7-H), 7.27～7.23 (m, 
1H, C17-H), 7.16 (td, J＝7.4, 1.2 Hz, 1H, C16-H), 7.12 (td,  
J＝7.6, 1.7 Hz, 1H, C15-H), 6.71 (d, J＝16.2 Hz, 1H, C3-H), 
4.45 (s, 2H, C11-H), 3.31 (s, 3H, N-CH3); 13C NMR (150 
MHz, CDCl3) δ: 154.01, 149.67, 136.52, 136.39, 135.58, 
133.04, 131.21, 129.48, 129.23, 128.88, 127.65, 127.17, 
124.53, 110.33, 39.43, 30.01; IR (KBr) v: 3049, 3024 (w,  
Ar—H, ＝C—H), 2997, 2948 (w, C—H), 1632 (w, C＝C), 
1469 (m, C＝N), 1594, 1448 (m, Ar), 1250 (m, C–N), 691 
(s, C—S—C) cm－1; ESI-MS m/z: 385.96 [M＋H]＋. Anal. 
calcd for C18H16BrN3S: C 55.96, H 4.17, N 10.88; found C 
55.92, H 4.18, N 10.89. 

(E)-3-((3-Bromobenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5r): White solid, yield 91.2%. m.p. 158.3～
158.4 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.73 (d, J＝16.2 
Hz, 1H, C2-H), 7.53 (d, J＝7.0 Hz, 2H, C5-H, C9-H), 7.44 
(d, J＝1.7 Hz, 1H, Ar-H), 7.42～7.31 (m, 4H, Ar-H), 7.21 
(d, J＝7.7 Hz, 1H, Ar-H), 7.14 (t, J＝7.8 Hz, 1H, Ar-H), 
6.73 (d, J＝16.2 Hz, 1H, C3-H), 4.31 (s, 2H, C11-H), 3.36 (s, 
3H, N-CH3); 13C NMR (150 MHz, CDCl3) δ: 154.04, 
149.67, 139.33, 136.55, 135.59, 131.91, 130.89, 130.24, 
129.26, 128.90, 127.70, 127.21, 122.55, 110.25, 38.10, 
30.12; IR (KBr) v: 3057, 3024 (w, Ar—H, ＝C—H), 2973, 
2950 (w, C—H), 1646 (w, C＝C), 1471 (m, C＝N), 1570, 
1448 (m, Ar), 1244 (m, C—N), 689 (s, C—S—C) cm－1; 
ESI-MS m/z: 385.98 [M＋H]＋. Anal. calcd for C18H16Br- 
N3S: C 55.96, H 4.17, N 10.88; found C 55.95, H 4.14, N 
10.86. 

(E)-3-((2-Nitrobenzyl)thio)-4-methyl-5-styryl-4H-1,2,4-
triazole (5s): Yellow solid, yield 90.0%. m.p. 126.7～
126.9 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.08 (d, J＝8.1 
Hz, 1H, C14-H), 7.72 (d, J＝16.1 Hz, 1H, C2-H), 7.66 (d,   
J＝7.7 Hz, 1H, C17-H), 7.52 (t, J＝7.0 Hz, 3H, C5-H, C9-H, 
C15-H), 7.44 (t, J＝7.8 Hz, 1H, C16-H), 7.38 (t, J＝7.6 Hz, 
2H, C6-H, C8-H), 7.34 (dd, J＝11.1, 4.2 Hz, 1H, C7-H), 6.73 
(d, J＝16.1 Hz, 1H, C3-H), 4.78 (s, 2H, C11-H), 3.43 (s, 3H, 
N-CH3); 13C NMR (150 MHz, CDCl3) δ: 154.08, 150.08, 
147.71, 136.40, 135.56, 133.78, 133.34, 133.02, 129.25, 
129.00, 128.89, 127.17, 125.43, 110.11, 35.13, 30.10; IR 
(KBr) v: 3051, 3022 (w, Ar–H, ＝C—H), 2958, 2867 (w,  
C—H), 1644 (w, C＝C), 1477 (m, C＝N), 1576, 1405 (m, 
Ar), 1252 (m, C—N), 689 (s, C—S—C) cm－1; ESI-MS m/z: 
353.04 [M＋H]＋. Anal. calcd for C18H16N4O2S: C 61.35, H 
4.58, N 15.90; found C 61.36, H 4.59, N 15.93. 

(E)-3-((3-Bromo-4-fluorobenzyl)thio)-4-methyl-5- 
styryl-4H-1,2,4-triazole (5t): White solid, yield 87.5%. m.p. 
118.3～118.5 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.73 (d,  
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J＝16.2 Hz, 1H, C2-H), 7.56～7.50 (m, 3H, C5-H, C9-H, 
C13-H), 7.39 (t, J＝7.4 Hz, 2H, C6-H, C8-H), 7.34 (t, J＝7.3 
Hz, 1H, C7-H), 7.24～7.26 (m, J＝8.4, 4.6, 2.2 Hz, 1H, 
C16-H), 7.02 (t, J＝8.4 Hz, 1H, C17-H), 6.74 (d, J＝16.1 Hz, 
1H, C3-H), 4.33 (s, 2H, C11-H), 3.42 (s, 3H, N-CH3); 13C 
NMR (150 MHz, CDCl3) δ: 159.39, 157.75, 154.05, 149.63, 
136.55, 135.55, 134.61, 134.58, 133.94, 129.75, 129.70, 
129.26, 128.89, 127.19, 116.62, 116.47, 110.15, 109.14, 
109.00, 37.01, 30.13; IR (KBr) v: 3061, 3018 (w, Ar—H, 
＝C—H), 2999, 2950 (w, C—H), 1652 (w, C＝C), 1493 
(m, C＝N), 1599, 1465 (w, Ar), 1252 (m, C–N), 685 (s,    
C—S—C) cm－1; ESI-MS m/z: 403.96 [M＋H]＋. Anal. 
calcd for C18H15BrFN3S: C 53.47, H 3.74 N 10.39; found C 
53.43, H 3.71 N 10.38. 

(E)-3-((2-Chloro-4-fluorobenzyl)thio)-4-methyl-5- 
styryl-4H-1,2,4-triazole (5u): White solid, yield 89.8%. 
m.p. 114.1～114.4 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.73 
(d, J＝16.2 Hz, 1H, C2-H), 7.53 (d, J＝7.4 Hz, 2H, C5-H, 
C9-H), 7.38 (t, J＝7.4 Hz, 2H, C6-H, C8-H), 7.36～7.32 (m, 
2H, C7-H, C14-H), 7.13 (dd, J＝8.4, 2.5 Hz, 1H, C17-H), 
6.86 (td, J＝8.3, 2.6 Hz, 1H, C16-H), 6.73 (d, J＝16.1 Hz, 
1H, C3-H), 4.45 (s, 2H, C11-H), 3.39 (s, 3H, N-CH3); 13C 
NMR (150 MHz, CDCl3) δ: 162.91, 161.25, 154.06, 149.73, 
136.48, 135.56, 134.90, 134.83, 132.38, 132.32, 130.93, 
130.90, 129.27, 128.90, 127.19, 117.19, 117.03, 114.30, 
114.16, 110.21, 35.54, 30.08; IR (KBr) v: 3060, 3063, 3014 
(w, Ar–H, ＝C—H), 2985, 2946 (w, C—H), 1644 (w, C＝
C), 1489 (m, C＝N), 1605, 1467 (w, Ar), 1236 (m, C—N), 
689 (s, C—S—C) cm－1; ESI-MS m/z: 360.01 [M＋H]＋. 
Anal. calcd for C18H15ClFN3S: C 60.08, H 4.20 N 11.68; 
found C 60.10, H 4.21 N 11.67. 

(E)-3-((3,5-Difluorobenzyl)thio)-4-methyl-5-styryl-4H- 
1,2,4-triazole (5v): White solid, yield 85.5%. m.p. 118.1～
118.2 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.73 (d, J＝16.2 
Hz, 1H, C2-H), 7.53 (d, J＝7.3 Hz, 2H, C5-H, C9-H), 7.38 (t, 
J＝7.4 Hz, 2H, C6-H, C8-H), 7.34 (t, J＝7.3 Hz, 1H, C7-H), 
6.89 (dd, J＝7.8, 2.1 Hz, 2H, C13-H, C17-H), 6.75 (d, J＝
16.1 Hz, 1H, C3-H), 6.70 (tt, J＝8.9, 2.3 Hz, 1H, C15-H), 
4.36 (s, 2H, C11-H), 3.46 (s, 3H, N-CH3); 13C NMR (150 
MHz, CDCl3) δ: 163.80, 163.71, 162.14, 162.06, 154.10, 
149.57, 140.92, 140.85, 140.79, 136.62, 135.56, 129.28, 
128.90, 127.21, 112.04, 112.01, 111.91, 111.88, 110.11, 
103.48, 103.31, 103.14, 37.34, 30.15; IR (KBr) v: 3086, 
3059, 3030 (w, Ar–H, ＝C—H), 2940 (w, C—H), 1632 (w, 
C＝C), 1471 (m, C＝N), 1594, 1458 (w, Ar), 1320 (m, C—
N), 683 (s, C—S—C) cm－1; ESI-MS m/z: 344.04 [M＋H]＋. 
Anal. calcd for C18H15F2N3S: C 62.96, H 4.40 N 12.24; 
found C 62.95, H 4.43 N 12.22. 

(E)-3-((2,3-Dichlorobenhzyl)thio)-4-methyl-5-styryl-4H
-1,2,4-triazole (5w): White solid, yield 84.7%. m.p. 125.6～
125.7 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.75 (d, J＝16.1 
Hz, 1H, C2-H), 7.55 (d, J＝7.4 Hz, 2H, C5-H, C9-H), 7.40 (t, 
J＝7.4 Hz, 3H, C6-H, C8-H, C15-H), 7.36 (t, J＝7.2 Hz, 1H, 
C7-H), 7.27 (d, J＝7.6 Hz, 1H, C17-H), 7.09 (t, J＝7.8 Hz, 
1H, C16-H), 6.74 (d, J＝16.1 Hz, 1H, C3-H), 4.52 (s, 2H, 
C11-H), 3.39 (s, 3H, N-CH3); 13C NMR (150 MHz, CDCl3) 
δ: 154.06, 149.69, 137.18, 136.55, 135.54, 133.44, 132.46, 

130.01, 129.40, 129.29, 128.90, 127.34, 127.20, 110.17, 
37.02, 30.05; IR (KBr) v: 3059, 3026 (w, Ar—H, ＝C—H), 
2966, 2941, 2863 (w, C—H), 1639 (w, C＝C), 1470 (m,   
C＝N), 1577, 1451 (w, Ar), 1268 (m, C—N), 688 (s, C—  
S—C) cm－1; ESI-MS m/z: 375.98 [M＋H]＋. Anal. calcd for 
C18H15Cl2N3S: C 57.45, H 4.02 N 11.17; found C 57.49, H 
4.03 N 11.18. 

(E)-2-Chloro-4-(((4-methyl-5-styryl-4H-1,2,4-triazol-3-
yl)thio)methyl)pyridine (5x): Yellow solid, yield 83.3%. 
m.p. 116.8～116.9 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.29 
(d, J＝5.1 Hz, 1H, C16-H), 7.72 (d, J＝16.1 Hz, 1H, C2-H), 
7.53 (d, J＝7.5 Hz, 2H, C5-H, C9-H), 7.39 (t, J＝7.4 Hz, 2H, 
C6-H, C8-H), 7.34 (t, J＝7.2 Hz, 2H, C7-H, C13-H), 7.24 (d, 
J＝5.1 Hz, 1H, C17-H), 6.74 (d, J＝16.1 Hz, 1H, C3-H), 
4.36 (s, 2H, C11-H), 3.47 (s, 3H, N-CH3); 13C NMR (150 
MHz, CDCl3) δ: 154.26, 151.85, 149.91, 149.51, 149.02, 
136.75, 135.47, 129.33, 128.90, 127.21, 124.29, 122.72, 
109.94, 35.79, 30.18; IR (KBr) v: 3068, 3024 (w, Ar—H,    
＝C—H), 2995, 2981 (w, C—H), 1640 (w, C＝C), 1471 
(m, C＝N), 1597, 1417 (w, Ar), 1219 (m, C—N), 691 (s,   
C—S—C) cm－1; ESI-MS: 343.03 [M＋H]＋. Anal. calcd for 
C17H15ClN4S: C 59.56, H 4.41 N 16.34; found C 59.57, H 
4.44 N 16.32. 

(E)-2-Chloro-5-(((4-methyl-5-styryl-4H-1,2,4-triazol-3- 
yl)thio)methyl)pyridine (5y): White solid, yield 86.4%. 
m.p. 179.3～179.5 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.38 
(d, J＝2.3 Hz, 1H, C13-H), 7.76～7.69 (m, 2H, C2-H, 
C17-H), 7.53 (d, J＝7.4 Hz, 2H, C5-H, C9-H), 7.39 (t, J＝7.4 
Hz, 2H, C6-H, C8-H), 7.34 (t, J＝7.3 Hz, 1H, C7-H), 7.24 (d, 
J＝8.2 Hz, 1H, C16-H), 6.74 (d, J＝16.1 Hz, 1H, C3-H), 
4.40 (s, 2H, C11-H), 3.47 (s, 3H, N-CH3); 13C NMR (150 
MHz, CDCl3) δ: 154.17, 150.77, 149.91, 149.33, 139.56, 
136.66, 135.52, 132.20, 129.31, 128.91, 128.57, 127.21, 
124.15, 110.03, 34.00, 30.18; IR (KBr, v): 3041, 3026 (w, 
Ar—H, ＝C—H), 2933, 2849 (w, C—H), 1644 (w, C＝C), 
1465 (m, C＝N), 1586, 1446 (w, Ar), 1252 (m, C–N), 683 
(s, C—S—C) cm－1; ESI-MS m/z: 343.02 [M＋H]＋. Anal. 
calcd for C17H15ClN4S: C 59.56, H 4.41 N 16.34; found C 
59.55, H 4.43 N 16.31. 

(E)-2-Methyl-6-(((4-methyl-5-styryl-4H-1,2,4-triazol-3- 
yl)thio)methyl)pyridine (5z): White solid, yield 83.9%. m.p. 
141.2～141.3 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.72 (d,  
J＝16.2 Hz, 1H, C2-H), 7.53 (d, J＝7.5 Hz, 2H, C5-H, 
C9-H), 7.47 (t, J＝7.7 Hz, 1H, C16-H), 7.38 (t, J＝7.5 Hz, 
2H, C6-H, C8-H), 7.33 (t, J＝7.3 Hz, 1H, C7-H), 7.15 (d,    
J＝7.6 Hz, 1H, C17-H), 7.03 (d, J＝7.7 Hz, 1H, C15-H), 6.75 
(d, J＝16.2 Hz, 1H, C3-H), 4.47 (s, 2H, C11-H), 3.46 (s, 3H, 
N-CH3), 2.53 (s, 3H, C18-H); 13C NMR (150 MHz, CDCl3) 
δ: 158.42, 155.79, 153.89, 150.25, 136.99, 136.23, 135.63, 
129.17, 128.87, 127.15, 122.14, 120.53, 110.37, 39.96, 
30.18, 24.43; IR (KBr) v: 3051, 3020 (w, Ar—H, ＝C—H), 
2999, 2950 (w, C—H), 1646 (w, C＝C), 1477 (m, C＝N), 
1594, 1467 (w, Ar), 1258 (m, C—N), 685 (s, C—S—C)  
cm－ 1; ESI-MS m/z: 323.06 [M＋H]＋ . Anal. calcd for 
C18H18N4S: C 67.05, H 5.63 N 17.38; found C 67.04, H 5.63 
N 17.35. 
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4.6  Herbicidal activity test 
4.6.1  Inhibition of the root-growth of rape (B. cam-
pestris) 

According to the report,[45] the inhibition of all title com-
pounds against the root-growth of rape (B. campestris) was 
tested by the rape petri dish method. A filter paper 
(diameter: 5.6 cm) placed in a petri dish (diameter: 6 cm) 
with 10 seeds was added 2 mL solution (concentration: 10 
or 100 µg/mL) which was previously prepared by mixing 
the title compounds and tween-80. Meanwhile, blank 
control was also set using distilled water. At (28±1) ℃, 
the seeds were cultivated in darkness for 72 h, and then the 
radicle lengths of seedlings were measured. The test of each 
title compound was repeated for three times. In addition, the 
current commercial herbicide flumioxazin was used as a 
positive control. Activity grading indicators: Grade A: 
≥80%; Grade B: 60%79%; Grade C: 40~59%; Grade D: 
≤39%. 
4.6.2  Inhibition of the seedling growth of barnyard 
Grass (E. crusgalli) 

The test of inhibitory rate of all title compounds against 
the seedling-growth of barnyard grass (E. crusgalli) was 
carried out as the reported paper.[45] The total numbers of 10 
germinated seeds of barnyard grass were placed on a filter 
paper in a 50 mL beaker. Then, a solution (concentration: 10 
or 100 µg/mL) of title compound was formed with the aid of 
tween-80, and 6 mL of solution was added to the 
mentioned-above 50 mL beaker. The cultivation condition 
was light irradiation at (28±1) ℃, and the intensity of 
illumination was 3000 Lux. The heights of the seedlings 
were measured after cultivation for 72 h. Activity grading 
indicators: Grade A: ≥80%; Grade B: 60%～79%; Grade 
C: 40%～59%; Grade D: ≤39%. 
4.7  3D-QSAR analysis 

In order to further summarize the relationship between 
structures and herbicidal activities, three-dimensional 
quantitative structure-activity relationship (3D-QSAR) 
analysis was performed using Comparative Molecular Field 
Analysis (CoMFA) method on SYBYL-X 2.1.1 program 
(Tripos, Inc., St. Louis, MO, USA). The stereochemical 
structures of the title compounds were constructed using the 
sketch module and minimized by a conjugate gradient 
method combined with the Tripos Force Field and 
Gasteiger-Hueckel Charges. The alignment was carried out 
using the compound 5g as a template molecule, where the 
common skeleton was comprised of the atoms marked with 
an asterisk, and as a consequence, the alignment mode of 
fifteen minimized compounds was obtained, as shown in 
Figures 4 and 5, respectively. According to reported 
literature,[35,39] ED value converted from the formula: ED＝
lg{I/[(100－I)×MW]}, where I was the relative inhibition 
percentage at 100 µg/mL and MW was the molecular 
weight of title compound, was used for expressing the 
herbicidal activity against B. Campestris. The values of the 
CoMFA field were automatically calculated by the CoMFA 
routine. The partial least squares (PLS) method imple-

mented in the 3D-QSAR module of SYBYL was used to 
construct and validate the models. Cross-validation was 
performed with the leave-one-out procedure. The optional 
number of components, N, retained for final PLS analyses 
was defined as the one that yielded the highest cross- 
validated q2. The prediction capability was internally 
evaluated by calculating the r2, F, and S test values from the 
training set. 
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Figure 4  Asterisk skeleton of title compounds 

 
Figure 5  Superposition modes of compounds 

4.8  In vitro cytotoxicity evaluation  
According to the report,[36] compounds 5h (R ＝

3'-MeC6H4) and 5i (R＝3'-MeOC6H4), which displayed 
good inhibitory activity against both the root-growth of rape 
(B. campestris) and the seedling-growth of barnyard grass 
(E. crusgalli), were selected to test their in vitro cytotoxicity 
against human normal liver cell (HL-7702) by MTT assay. 
The two target compounds were firstly dissolved in DMSO 
and further diluted with Dulbecco's Modified Eagle 
Medium (DMEM) to give different concentrations of 
dilutions (3.125, 6.25, 12.5, 25, 50, and 100 µmol/L). The 
cell lines were plated in 96-well plates at density of 5×103 
cells/well and maintained at 37 ℃ with 5% CO2. After the 
treatment of another 48 h and 72 h with different 
concentrations of the samples, 20 µL of MTT (5 mg/mL) 
was added and incubated for about 4 h. The medium was 
thrown away and the purple formazan precipitations were 
dissolved in 150 µL of DMSO for the subsequent 
measurement of the O. D. Value at 490 nm in an enzyme 
labeling instrument. 

 
Supporting Information  FTIR, 1H NMR, 13C NMR and 
ESI-MS for the synthesized compounds 4 and 5a～5z. The 
Supporting Information is available free of charge via the 
Internet at http://sioc-journal.cn/. 
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