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基于昆虫 nAChR 选择性的新型低蜂毒苯乙酰腙类似物的筛选和优化 
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摘要  近年来, 越来越多的新烟碱类杀虫剂由于对蜜蜂存在的安全问题陆续被欧盟和美国禁用. 本研究通过虚拟筛选

结合生物活性评价的双重策略实现骨架跃迁, 发现苯乙酰腙类化合物 VS-04 对大豆蚜表现出较好的杀虫活性, 且化合

物 VS-04 和蜜蜂烟碱型乙酰胆碱受体(nAChRs)的作用模式与传统的吡虫啉显著不同. 新合成的苯乙酰腙类似物 3c 和

3e 在 500 μg/mL 浓度下对大豆蚜致死率为 70%, 具有中等活性. 更重要的是, 通过蜜蜂毒性研究确证化合物 3c 和 3e
对蜜蜂表现出极低的急性接触毒性, 其 LD50值(30.35 和 124.4 μg/bee)比吡虫啉(0.019 μg/bee)低 3～4 个数量级. 通过化

合物 3m 晶体结构确证化合物 3c 的酰腙结构以 L 型低能构象指向蜜蜂受体 α亚基, 进一步预示其低蜂毒特征. 基于化

合物 3e 进一步优化得到的化合物 4f 和 4g 对大豆蚜表现出更好的致死活性, 其 LC50值分别是 83.42 和 66.44 μg/mL, 优
于化合物 3e (LC50＝147.30 μg/mL). 这一研究将有利于以不同昆虫 nAChR 结构为靶标发现环境友好的新烟碱替代物. 
关键词  新烟碱; Aplysia california acetylcholine binding protein (Ac-AChBP); 骨架跃迁; 苯乙酰腙化合物; 靶标和非靶

标选择性 
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Abstract  Increasing numbers of neonicotinoids have recently been banned by the European Union (EU) and the United 
States of America (USA) due to their potential high risk to pollinating bees. In this work, a phenylacetohydrazone compound 
VS-04 was found via scaffold hopping to exert good mortality rate against soybean aphids based on a double combinational 
strategy of virtual screening and bioassay technique. The molecular interaction mode to honeybee nicotinic acetylcholine re-
ceptor (nAChR) for the newly found compound VS-04 obviously differed from that of the known imidacloprid. The newly 
synthesized phenylacetohydrazone compounds 3c and 3e caused soybean aphids to have a moderate mortality rate of approxi-
mately 70% at a concentration of 500 μg/mL. Importantly, the bee-toxicity study confirmed that compounds 3c and 3e showed 
much lower acute contact toxicity with LD50 value (30.35 and 124.4 μg/bee) of 3～4 orders of magnitude than that of im-
idacloprid (0.019 μg/bee). The hydrazone substructure of compound 3c was found to be a L-shape low-energy conformation 
confirmed by a crystal structure of its analog 3m and inversely point toward α subunit of honeybee receptor via a molecular 
interaction study, indicating its potential low bee-toxicity. Compounds 4f and 4g (optimized derivatives of 3e) indeed showed 
better insecticidal activity against soybean aphids with moderate LC50 values of 83.42 and 66.44 μg/mL, respectively, com-
pared with 3e (147.30 μg/mL). This work facilitates the discovery of suitable and ecofriendly candidates as alternatives to ne-
onicotinoids based on different insect nAChR structure.  
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1  Introduction 

Aphids are one of the most destructive pests in agricul-
ture and horticulture field because of their severe damage to 
crops worldwide.[1-2] Aphids can suck the phloem sap of 
plants and transmit plant viruses, both of which greatly 
decrease crop yield and quality.[3-4] Many neonicotinoids, 
such as imidacloprid, clothianidin, and dinotefuran, mainly 
target nicotinic acetylcholine receptors (nAChRs), have 
been utilized throughout the world to control these pierc-
ing-sucking pests such as aphids and whiteflies.[5-10] These 
chemicals, classified as group 4 by the Insecticide Re-
sistance Action Committee (IRAC), become popular insec-
ticides[11-15] and account for more than a quarter of the 
global insecticide market share. However, in recent years, 
an increasing toxicity risk to pollinating bees has been re-
ported continuously due to the substantial application of 
neonicotinoids.[16-22] The acute contact and oral toxicity 
values of imidacloprid were indicated to be high against 
Apis mellifera with a LD50 value of 0.081 and 0.0037 
μg/bee, respectively (https://sitem.herts.ac.uk/aeru/iupac/ 
index.htm).[23] Meanwhile, imidacloprid was also shown to 
have high acute toxicity to other species of bees, such as 
Bombus terrestris and Osmia bicornis.[23] The other two 
neonicotinoids, clothianidin and thiamethoxam, are also 
highly toxicity to the same three species of bees mentioned 
above.[23] Recently, it has been proposed that neonicotinoids 
also influence bee behavior in various ways to cause chronic 
toxicity by unknown or ongoing mechanisms.[24-31] Thus, 
the well-known neonicotinoids imidacloprid, clothianidin, 
and thiamethoxam were banned on all outdoor crops re-
cently by the European Union to facilitate the protection of 
bees.[32-34] Besides the direct toxic effect, even ten neonico-
tinoid insecticides and two metabolites can be detected in 
the honey products.[35] Therefore, it becomes more and 
more important to search for new alternatives to neonico-
tinoids since these known chemicals will not be available in 
modern agricultural regulatory scrutiny.  

Low toxicity toward nontarget and/or beneficial organ-
isms has become a key requirement for the development of 
new agrochemicals, particularly insecticides. A new gen-
eration of insecticides targeting nAChRs, including flupyra- 
difurone and flupyrimin, will enter the modern insecticidal 
market to control the destructive piercing-sucking pests. 
These novel insecticides offer two important biological 
properties with not only outstanding insecticidal potency 
but also superior safety toward beneficial organisms, e.g., 
pollinator bees.[36-39] Flupyradifurone is a good example and 
contains a novel butenolide fragment, unlike the known 
neonicotinoids acting on nAChR. The key pharmacophore 
butenolide was extracted from the natural product stemo-
foline.[36] Subsequently, increasing attention has been paid 
to searching for and developing novel insecticidal frag-
ments acting on nAChR in recent years. Scaffold hopping is 

a drug discovery technique that has often been used to 
search for novel active ingredients that improve activity 
levels and/or avoid adverse toxicity.[40] This technique 
usually involves the exchange of a specific portion of a 
potentially active ingredient with another substructure, 
which results in a compound that may be promising as a 
lead or starting point for optimization to mitigate problems 
related to toxicity. Virtual screening techniques are popular 
and effective to achieve scaffold hopping of diverse back-
bones for agrochemical discovery and optimization.[41]  

In our study, a double screening strategy combining a 
virtual screening method and a bioassay technique was used 
to discover new chemicals with a bee-safe backbone as 
alternatives to neonicotinoids. A phenylacetohydrazone 
fragment was firstly identified with both moderate aphicidal 
activity and promising bee safety. The potential bee-toxicity 
interaction mode to receptors and the structure-activity 
relationships of these newly synthesized phenylacetohy-
drazone compounds were also explored in this work. This 
work facilitates the discovery of a suitable and ecofriendly 
candidates as an alternative to known neonicotinoids based 
on different insect nAChR selectivity.  

2  Results and discussion 
2.1  Phenylacetohydrazone lead discovery via stru-
cture-based virtual screening  

Nine commercially available neonicotinoids (flupyradi-
furone, thiamethoxam, sulfoxaflor, dinotefuran, imidaclo-
prid, acetamiprid, thiacloprid, clothianidin, and niten-
pyram), with their docking conformations in the Ac-  
AChBP, were superimposed to generate a reasonable 
pharmacophore model. The three obtained models, Mod-
el_01, Model_02, and Model_03, were evaluated for their 
screening quality by filtering active molecules from a test 
set including both known neonicotinoids and unknown 
molecules randomly selected from the Maybridge database. 
Model_03 was found to be the best model with three 
pharmacophore features, a hydrophobic center (HY) and 
two hydrogen bond acceptors (AA), as shown in Figure S1. 
Model_03 had an N_hit value of 6 and a specificity of 3.49 
with a low energy of 38.2 kJ. Therefore, Model_03 was 
selected as a suitable pharmacophore model for the subse-
quent large-scale screening of an unknown molecular da-
tabase. 

A total of 55420 compounds in the commercial May-
bridge database were preliminarily screened based on the 
best pharmacophore Model_03 described above. A total of 
8254 compounds were identified after the first round of 
pharmacophore model screening and were then docked into 
the active site of Ac-AChBP using the Surflex-Dock algo-
rithm. Two rounds of screening based on the molecular 
docking technique were completed, including single and 
multiple conformation searching process. Then, Lipinski’s 
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rule of five and mutagenic, tumorigenic, irritant predictions 
were considered to analyze the remaining 50 compounds. 
Finally, 30 compounds were selected and purchased for 
insecticidal activity bioassay against soybean aphids. A 
phenylacetohydrazone molecule CD01931 (VS-04) had not 
only a simple chemical structure shown in Figure 1a, but 
also a good mortality rate of about 82% against soybean 
aphids at a concentration of 500 μg/mL. To further evaluate 
the potential toxicity of VS-04 toward bees, molecular 
docking studies were conducted on VS-04 and imidacloprid 
based on our previously reported honeybee functional 
subunit Amel α8/rat β2.[42] As shown in Figure 1b, VS-04 
showed an obviously different binding conformation from 
imidacloprid into the binding cavity of the honeybee re-
ceptor. As reported by our previous work,[42] the unique   
NO2 group of imidacloprid was proposed to be one of crit-
ical element conferring high bee-toxicity due to its multiple 
hydrogen bonds with residue Arg173 of β chain in Amel 
α8/rat β2. However, a diverse pharmacophore of VS-04, 
namely, an acylhydrazone moiety, was found oriented to-
ward the other α chain of Amel α8/rat β2 with an H-bond 
interaction to another complementary polar residue, Lys- 
149. The molecular interaction mode of the screening 
phenylacetohydrazone compound VS-04 was found to be 
similar to that of the previously reported low bee-toxicity 
R-(－)-dinotefuran,[42] which speculated its potential low 
bee-toxicity feature of the newly found phenylacetohydra-
zone compounds. Therefore, VS-04 was selected as lead to 
further be optimized in the following work due to its simple 
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Figure 1  Structure of lead VS-04 separated into three parts: 
benzene ring A, acylhydrazone chain B, and aromatic ring C (a), 
and docking modes of VS-04 and imidacloprid in the model of a 
functional subunit hybrid model of Apis mellifera nAChR name-
ly, Amelα8/β2 (b) 
The residues labeled in black are in the α chain, while the other residues 
labeled in cyan are in the β chain of Amelα8/β2. Imidacloprid and phe-
nylacetohydrazone compound VS-04 are shown as stick models in yellow 
and pink, respectively. The cyan-dotted line indicates the H-bond interac-
tion between the ligand and the receptor 

structure, good insecticidal activity, and potential low 
bee-toxicity. 
2.2  Structure-activity relationship study of newly 
synthesized phenylacetohydrazone compounds  

To explore the bioactivity effects of different acylhydra- 
zone chain linked to benzene ring A, compounds 3a and 3b 
were designed, synthesized (Scheme 1) and evaluated for 
the insecticidal activity against soybean aphids. As shown 
in Table 1, compound 3b (about 60%) had a two times 
mortality rate against soybean aphids higher than that of 
compound 3a (about 30%) at a concentration of 500 μg/mL. 
It was clear that a longer acylhydrazone chain to benzene 
ring A, similar to that of lead VS-04, is beneficial to the 
insecticidal activity of these acylhydrazone compounds. 
Subsequently, a series of phenylacetohydrazone compounds 
based on VS-04 as the lead were designed and synthesized. 
A crystal of compound 3m was grown and its 3D confor-
mation was determined. As shown in Figure 2, compound 
3m was found to have an almost vertical L-shaped con-
formation with a C(4)-C(7)-C(8)-N(1) dihedral angle of 
91.74° between a benzene ring A and a flexible acylhy-
drazone chain B. It further confirmed that the binding 
conformation described above of VS04 was stable in the 
honeybee receptor. It was obvious that the sp3-hybridized 

 
Reagents and conditions: (i) EtOH, SOCl2, reflux, 2 h; (ii) EtOH, 
NH2NH2•H2O, reflux, 5 h; (iii) EtOH, reflux, 1 h 

Scheme 1  Synthetic route for the preparation of target com-
pounds 3a～3v and their precursors (1a～1v and 2a～2v) 

(a) 

(b) 
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Figure 2  X-ray diffraction crystal structure of newly synthe-
sized phenylacetohydrazone compound 3m 
Table 1  Mortality rate against soybean aphids of the newly 
synthesized phenylacetohydrazone compounds 3a～3v at the 
concentration of 500 μg/mL 

 

No. X R n (Mortality rate±St. Da)/%
3a CH H 0 32.32±3.16 
3b CH H 1 65.40±3.67 
3c CH 4-CH3 1 71.86±2.93 
3d CH 4-C6H5 1 73.44±2.19 
3e CH 4-F 1 70.16±1.22 
3f CH 2-F 1 70.72±1.88 
3g CH 2-CH3 1 53.77±3.05 
3h CH 3-F 1 43.69±3.48 
3i CH 3-OCH3 1 41.74±4.34 
3j CH 4-CF3 1 28.52±2.12 
3k CH 4-OCH3 1 36.09±1.93 
3l CH 4-OH 1 54.75±4.60 

3m CH 4-Br 1 29.39±5.92 
3n CH 2,5-(CH3)2 1 27.38±6.35 
3o CH 3,5-(OCH3)2 1 19.89±3.59 
3p CH 3-CF3 1 16.05±1.34 
3q CH 2,6-Cl2 1 15.93±3.06 
3r CH 3-Cl 1 25.86±1.91 
3s CH 4-NO2 1 15.61±1.47 
3t CH 4-Cl 1 11.01±3.52 
3u CH 2,4-F 1 60.22±1.06 
3v N H 1 65.65±0.90 

Imidacloprid   92.40±2.34 
a St. D＝Standard deviation. 

C(7) of the methylene group in compound 3m served as a 
flexible pivot connecting its corresponding ring A and chain 
B. This flexible L-shaped active conformation was possibly 
a key factor that the phenylacetohydrazone compound 3b 
showed better insecticidal activity against soybean aphids 
than compound 3a. Moreover, the charge densities of 
compound 3c and imidacloprid were also calculated. The 

terminal electron-withdrawing group (NO2) and pyridine 
ring of imidacloprid were both found to have greater nega-
tive charge distribution than other fragments to thus be 
moderate positive charge on the central imidazole ring 
(Figure 3a).  

   

 

Figure 3  Electron density of imidacloprid (a) and newly syn-
thesized phenylacetohydrazone compound 3c which shows good 
insecticidal activity (b) 

However, the middle N atom close to the carbonyl in the 
unique acylhydrazone chain of compound 3c exerted strong 
positive characteristics due to the high electronegativity of 
its adjacent polar O atom (Figure 3b). Therefore, the unique 
acylhydrazone chain of the newly synthesized phenyl-
acetohydrazone compounds was different from the specific 
imidazole ring of imidacloprid, which was with low polar 
distribution thus caused to different bioactivity. 

Twenty newly synthesized phenylacetohydrazone com-
pounds 3a～3v were measured for their insecticidal activity 
against soybean aphids. As shown in Table 1, some of 
compounds showed good or moderate insecticidal activity 
against soybean aphids. Compounds 3c, 3d, 3e, and 3f 
achieved good mortality rates exceeding 70% against soy-
bean aphids at a concentration of 500 μg/mL. The struc-
ture-activity relationships of these phenylacetohydrazone 
compounds were further analyzed and discussed. The in-
secticidal activity of several molecules with a single sub-
stituent on benzene ring A, such as 3g (2-CH3, 50%) and 3i 
(3-OCH3, 40%), was generally greater than that of com-
pounds with two substituents, such as 3n (2,5-CH3, 25%) 
and 3o (3,5-(OCH3)2, 20%), by approximately two-fold, as 
shown in Table 1. Therefore, increasing the number of 
substituent groups on benzene ring A caused excessive 
steric hindrance of the phenylacetohydrazone molecule, 
thus preventing it from exerting an effect on target. More-
over, compounds 3c (4-CH3, 70%) and 3d (4-C6H5, 70%) 
with an electron-donating group at the para position of 
benzene ring A showed higher insecticidal activity than 
those bearing an electron-withdrawing group, such as 
compounds 3j (4-CF3, 25%), 3s (4-NO2, 15%), and 3t (4-Cl, 
10%), except for compound 3e (4-F, 70%) and 3f (2-F, 

(a)

(b)
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70%). However, several molecules containing benzene ring 
A with an electron-donating group, such as 3k (4-OCH3) 
and 3l (4-OH), were found to have only certain insecticidal 
activity against soybean aphids with mortality rates of 
30%～50% (Table 1). It was speculated that the strongly 
hydrophobic property of CH3 or C6H5 group was possibly 
more critical to increase the insecticidal activity of the 
phenylacetohydrazone compounds, not only its elec-
tron-donating effect. When benzene ring A was replaced by 
the similar polar pyridine ring, compound 3v was also 
found to have a good mortality rate of about 60%, as noted 
in later work. It was clear that greater electron distribution 
on benzene ring A was beneficial for the insecticidal activ-
ity of these newly found phenylacetohydrazone compounds.  

In general, the introduction of F atom could show great 
effect on the bioactivity of chemicals, particularly on in-
secticides. Therefore, the structure-activity relationship of 
these phenylacetohydrazone compounds with different F 
substitution was also discussed. When a single F substituent 
was present on benzene ring A, compounds 3e (4-F, 70%) 
and 3f (2-F, 70%) showed good insecticidal activity against 
soybean aphids. Moreover, compound 3u (2,4-F2, 60%) 
with double F substituents also exerted moderate insecti-
cidal activity. However, compound 3j (25%) or 3p (15%) 
with 3-CF3 or 4-CF3 substituent on the benzene ring A 
almost showed no insecticidal activity. To explore the pos-
sible reason, the log P values of compounds 3e, 3f, 3h, 3j, 
3p and 3u containing different F atom were calculated, 
including compound 3b as a control. Compared with 3b (no 
substituent), the Clog P values of 3e (4-F), 3f (2-F), and 3h 
(3-F) with one F atom, were improved by 0.16, the value of 
compound 3u (2,4-F2), with double F atoms, improved by 
0.32, and compounds 3j (4-CF3) and 3p (3-CF3) with mul-
tiple F atoms, improved by 0.93. Aromatic fluorination was 
reported to always be benefit for the molecular lipophilicity 
to further improve its bioactivity.[43] Therefore, the intro-
duction of appropriate F atom in the phenylacetohydrazone 
compounds was proposed to improve lipophilic solubility, 
thus allowing easier permeation of cells and increasing the 
bioavailability into insects. However, too many F atoms on 
benzene ring A, such as 3j (4-CF3) and 3p (3-CF3), were 
found to result in much lower insecticidal activity possible 
due to more electron-withdrawing effect to greatly decrease 
the distribution of electron density on benzene ring A.  
2.3  Bee contact toxicity bioassay and potential bee 
toxicity mechanism  

To further evaluate the bee toxicities of these newly 
synthesized phenylacetohydrazone compounds, the contact 
toxicities of compounds 3c, 3e and imidacloprid toward 
honeybees (Apis mellifera) were measured. As shown in 
Table 2, the LD50 value of imidacloprid to honeybees was 
only 0.019 μg/bee indicating its much high bee-toxicity, 
which is similar to the previously reported contact toxicity 
results of 0.081 μg/bee.[23]  

However, the LD50 values of the newly synthesized 
phenylacetohydrazone compounds 3c and 3e to honeybees 

were found to be high with 30.35 and 124.4 μg/bee, re-
spectively. It was clear that the contact toxicities of the 
newly found phenylacetohydrazone compounds toward 
honeybees were notably lower than that of imidacloprid by 
at least 1500～6500 folds, which also confirmed the phe-
nylacetohydrazone lead compound VS04 to be with low 
bee-toxicity as described above by its molecular interaction 
mode to honeybee receptor. 

To further elucidate the molecular mechanism underlying 
the low bee-toxicity of these newly synthesized phenyl-
acetohydrazone compounds, compound 3c (which had low 
toxicity to bees) was also docked into the previously re-
ported 3D model of the functional subunit of honeybee 
nAChR (AmeIα8/ratβ2).[42] As shown in Figure 4, com-
pound 3c, like its lead VS-04, also showed a different 
binding position from that of imidacloprid described above 
in the binding cavity of honeybee AmeIα8/ratβ2. Com-
pound 3c also formed a similar H-bond of lead VS-04 with 
the same residue Lys149 of the α subunit of AmeIα8/ratβ2. 
However, compound 3c used a polar atom N to form this 
H-bond interaction (Figure 4) instead of another polar atom 
O of VS-04 (Figure 1b). The bee-toxicity bioassay results of 
the phenylacetohydrazone compound 3c and its observed 
similar binding mode into honeybee receptor to lead VS-04 
and the previously reported low bee-toxicity R-(－)-dinote-
furan[42] both confirmed that the phenylacetohydrazone 
fragment is a low bee-toxicity pharmacophore. Therefore, 
the newly found phenylacetohydrazone compounds were 
proposed to be potentially ecofriendly alternatives to ne-
onicotinoids to be further noted in future.  

 

Figure 4  Mode of action of newly synthesized phenylacetohy-
drazone compound 3c to honeybee AmeIα8/ratβ2 

2.4  Further optimization of high-activity phenylaceto- 
hydrazone compound 3e 

The phenylacetohydrazone compound 3e with a good 
insecticidal activity and the lowest bee-toxicity was selected 
as the second lead to be further optimized for the develop-
ment of new generation compounds in the following work. 
In order to further improve the insecticidal activity of com-
pound 3e, the unique acylhydrazone chain connecting to 
ring C was shorten to mimic the pharmacophore fragment 
of the commercial agent pymetrozine (Figure 5), which was 
reported to be not only efficient insecticidal activity against 
aphids but also low bee-toxicity.[44-45] Therefore, fifteen   
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Table 2  48 h-Contact toxicity (LD50) on honeybees of the newly synthesized phenylacetohydrazone compounds 3c, 3e and imidacloprid 

No. LD50/(μg•bee－1) Equation R2 95% CIa 
3c 30.35 y＝－1.829＋1.234lg x 0.944 23.075～44.696 
3e 124.4 y＝－2.458＋1.174lg x 0.937 86.668～220.656 

Imidacloprid 0.019/0.081[23] y＝3.582＋2.076lg x 0.992 0.011～0.028 
a Confidence interval.   
new generation phenylacetohydrazone compounds 4a～4o, 
were designed, synthesized (Scheme 2), and evaluated for 
their insecticidal activity against soybean aphids. A crystal 
of compound 4h was also grown and its structure was also 
determined. As shown in Figure 6, compound 4h also had 
an almost vertical L-shaped conformation but with a 
slightly smaller dihedral angle C(4)-C(7)-C(8)-N(1) of 
82.36° than that of compound 3m (C(4)-C(7)-C(8)-N＝
191.74°). Clearly, the sp3-hybridized C(7) of the methylene 
group in compound 4h, similar to that of compound 3m, 
also served as a flexible pivot to activate putative molecular 
conformation connecting the aromatic ring A and the 
acylhydrazone chain B. Subsequently, a starting confor-
mation of compound 4o originating from the crystal one of 
compound 4h was set and then docked into Ac-AChBP 
(PDB:3C79) to clarify its possible binding mode to aphid 
receptor (Figure 7). Compound 4o retained a similar dock-
ing conformation with a bond angle C(4)-C(7)-C(8) of 114° 
compared to that with almost the same one of 110° for 
crystal compound 4h. 
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Figure 5  Further modification of the phenylacetohydrazone 
compound 3e which showed high mortality rate against soybean 
aphids 

 

Scheme 2  Synthetic route for the preparation of target com-
pounds 4a～4o 

 

Figure 6  X-ray diffraction crystal structure of the newly syn-
thesized phenylacetohydrazone compound 4h 

 
Figure 7  Mode of action of the newly synthesized phenylaceto-
hydrazone compound 4o to Ac-AChBP 

Moreover, the oxygen atom of the carbonyl group in the 
acylhydrazone motif was also found to form a significant 
hydrogen bond force with the same Cys190 (β) residue of 
aphid receptor, which was reported to be a great H-bond 
interaction with the nitro group of imidacloprid.[46] Thus, 
the unique acylhydrazone motif of the newly found phe-
nylacetohydrazone compounds was further proposed to be a 
good alternative to the key pharmacophore group of neon-
icotinoids due to the interacting selectively with not only 
aphid receptors but also bee receptors.  

As shown in Table 3, compound 4n had an only much 
low mortality rate of approximately 20% compared with 
that of lead 3e (approximately 70%) via shorting the 
acylhydrazone chain connecting to ring C. However, 
compounds 4f and 4j were found to have almost same good 
mortality rates of approximately 60%～70% against soy-
bean aphids to those of the first-generation compounds 3c～
3f at the concentration of 500 μg/mL. More importantly, 
compounds 4g and 4o showed better insecticidal activity 
than the first-generation compounds 3c～3f, and achieved a 
higher mortality rate of approximately 75%～85% in this 
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Table 3  Mortality rate against soybean aphids of the newly 
synthesized phenylacetohydrazone compounds 4a～4o at con-
centration of 500 μg/mL 

 
No. R X (Mortality rate±St. Da)/%
4a 4-OCH3 CH 29.37±1.61 
4b 2,6-Cl CH 53.73±8.50 
4c 3-Br CH 51.95±0.00 
4d 4-NO2 CH 50.17±4.71 
4e 4-CH(CH3)2 CH 24.44±7.66 
4f 4-Cl CH 70.25±2.10 
4g H N 82.63±5.70 
4h 4-CF3 CH 42.65±1.31 
4i 4-Br CH 43.98±6.12 
4j 3-Cl CH 66.53±10.64 
4k 3-F CH 46.81±4.31 
4l 4-CH3 CH 54.12±4.50 

4m 4-F CH 57.70±8.88 
4n H CH 20.85±2.92 
4o 2-Cl CH 75.08±6.23 

Imidacloprid   92.88±2.36 
a St. D＝Standard deviation. 

work. As shown in Table 4, the LC50 values of the sec-
ond-generation compounds 4f and 4g were further con-
firmed to be 83.42 and 66.44 μg/mL, respectively, which 
was approximately 2 times greater than that of lead 3e  
(LC50＝147.30 μg/mL), indicating their better insecticidal 
activity. Moreover, the LC50 value of the commercial 
compound imidacloprid was also shown to be 29.87 μg/mL 
by the leaf-dipping method, which was slightly different 
from the reported results of 2.55 μg/mL via the aphid-dip 
bioassay method by Chandrasena et al.[47] and 31.29 μg/mL 
via the systemic bioassay method by Magalhaes et al.[48] But 
the insecticidal activities of the second-generation com-
pounds 4f and 4g remain to be less than that of imidacloprid 
against soybean aphids. However, the relevant effects on 
target insects and nontarget bees is actually more significant 
for the ecological relevance of the newly found phe-
nylacetohydrazone compound compared to imidacloprid. 
Therefore, the selectivity index (SI), namely, the ratio of the 
LC50 value to pests to the LD50 value to bees, was used to 
address this issue in this work. The SI value of the phe-
nylacetohydrazone compound 3e was only 1.18, while that 
of imidacloprid was much higher (approximately 1572). A 
smaller SI value indicates a possible lower toxicity to bees 

in field application, although the actual field application 
rates may still be at high enough concentrations to cause 
both high aphicidal activity and bee toxicity. Therefore, 
phenylacetohydrazone compound 3e should be noted as an 
ecofriendly alternative to neonicotinoids in future work. In 
summary, 60% the second-generation optimized com-
pounds (4a～4o) showed moderate or good mortality rates 
exceeding 50% against soybean aphids. However, only 40% 
of the first-generation synthesized compounds (3a～3v) 
showed a mortality rate exceeding 50%. It was obvious that 
shortening the acylhydrazone chain connecting to ring C 
and retaining a methylene group linked to ring A were both 
beneficial for insecticidal activity against soybean aphids of 
novel phenylacetohydrazone compounds.  

The structure-activity relationships of the newly synthe-
sized phenylacetohydrazone compounds 4a～4t were also 
analyzed. As shown in Table 3, compound 4n, with a 
shorter carbon chain to benzene ring C, had a much lower 
mortality rate than compound 3b described above with a 
longer carbon chain to benzene ring C. Some compounds 
with an electron-donating substituent, such as 4a (4-OCH3) 
or 4e [4-CH(CH3)2], showed insecticidal activity similar to 
that of compound 4n (H) without a substituent group. 
However, compound 4l (4-CH3) with an electron-donating 
substituent showed an increased mortality rate to 50%, 
possibly because of its small molecular volume. All com-
pounds with an electron-withdrawing group showed a 
mortality rate exceeding 40% compared with those with an 
electron-donating substituent. More importantly, all com-
pounds bearing an electron-withdrawing chloro-substituent 
(i.e., compounds 4f, 4j, and 4o) showed better insecticidal 
activities with a mortality rate of approximately 65%～75% 
compared with those including other electron-withdrawing 
groups, such as 4c (3-Br), 4i (4-Br), 4k (3-F), 4m (4-F), 4d 
(4-NO2), and 4h (4-CF3), all with a mortality rate of less 
than 60%. However, compound 4b with two chloro-sub-
stituents (2,6-Cl2) resulted in slightly low insecticidal ac-
tivity with a mortality rate of approximately 54% compared 
to those with a single chloro-substituent [4o (2-Cl), 4j 
(3-Cl), and 4f (4-Cl)]. It was also confirmed that a smaller 
volume of either the electron-donating group or the elec-
tron-withdrawing group is beneficial for the insecticidal 
activity of the phenylacetohydrazone compounds. Surpris-
ingly, compound 4g bearing a pyridine ring C showed much 
greater insecticidal activity with a mortality rate of appro-
ximately 83%. It is possible that ring C of compound 4g, 
which is similar to that of the commercial compound pyme- 
trozine, is very important for insecticidal activity against 
soybean aphids.  

Table 4  LC50 value against soybean aphids of the newly synthesized phenylacetohydrazone compounds 3e, 4f, 4g and imidacloprid 

No. LC50/(μg•mL－1) Equation R2 95% CIa 
3e 147.30 y＝－2.904＋1.339lg x 0.988 110.82～208.096 
4f 83.42 y＝－2.626＋1.367lg x 0.938 36.851～229.430 
4g 66.44 y＝－2.443＋1.340lg x 0.985 50.397～88.129 

Imidacloprid 29.87 y＝－2.406＋1.631lg x 0.930 13.787～54.372 
a Confidence interval.  
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3  Conclusions 
A series of phenylacetohydrazone compounds 3a～3v 

and 4a～4o were designed and synthesized based on the 
lead VS-04 obtained by a dual screening strategy, and their 
insecticidal activities against soybean aphids were evalu-
ated. Compounds 3c, 3e, and 3f showed good insecticidal 
activity against soybean aphids with a mortality rate ex-
ceeding 70%. Especially, the molecular interaction study of 
the phenylacetohydrazone compounds indicated that 3c 
exhibited potential characteristic of low bee-toxicity be-
cause of the different binding orientation between ligand 
and honeybee receptor compared to imidacloprid, which 
was also further confirmed by the contact bee toxicity bio-
assay. Besides, the measured LC50 values of the optimized 
compounds 4f and 4g were decreased to 83.42 and 66.44 
μg/mL against soybean aphids, respectively, which both 
showed approximately two times greater aphicidal activity 
than that of the first-generation compound 3e. In conclu-
sion, a new phenylacetohydrazone fragment was discov-
ered, and these compounds showed not only moderate in-
secticidal activity against target aphids but also much low 
toxicity to nontarget bees. These works will facilitate the 
discovery of suitable and ecofriendly insecticide candidates 
as an alternative to neonicotinoids. 

4  Experimental section 
4.1  Virtual screening  

Virtual screening on the Maybridge database[49] was 
performed using a suitable pharmacophore model of neon-
icotinoids and the X-ray crystal structure of Ac-AChBP 
complexed with imidacloprid (PDB code: 3C79) as the 
optimal structural alternative to nAChR.[46] First, nine 
commercially available neonicotinoids (flupyradifurone, 
thiamethoxam, sulfoxaflor, dinotefuran, imidacloprid, ac-
etamiprid, thiacloprid, clothianidin, and nitenpyram) were 
selected to generate a pharmacophore model using the 
GALAHAD algorithm of Sybyl v7.3 software (Tripos, 
USA). All chemical molecules of the Maybridge database 
were first screened based on the obtained suitable phar-
macophore model. These filtered molecules via the phar-
macophore model were then docked into the Ac-AChBP 
complex again using the Surflex-Dock module of Sybyl 
v7.3 software. Finally, the candidate chemicals were gen-
erated using an integrated screening strategy combining a 
more accurate docking algorithm with multiple confor-
mations and empirical Lipinski’s rule of five with all values 
less than 5 or 500[50] and the physicochemical properties 
were then calculated using the online OSIRIS platform.[51] 
Some potential molecules that met the criteria of high 
docking scores, diverse structure, and consistency with 
Lipinski’s rule of five were chosen and purchased, and their 
insecticidal activities against soybean aphids were evalu-
ated in the following study. 
4.2  Molecular docking 

Molecular docking is typically used to generate an ele-

mentary prediction of the binding mode between a protein 
and a specific candidate to explore potential molecular 
interaction mechanism. The cocrystal structure of Ac- 
AChBP with imidacloprid (PDB code: 3C79) was used as a 
suitable structural surrogate of soybean aphid nAChR. 
Moreover, the reported structural modeling of Apis mellif-
era nAChR in our previous study[42], namely, a hybrid 
functional subunit Amelα8/ratβ2, was selected to clarify 
possible bee-toxicity mechanism of candidates. All molec-
ular docking studies were completed with Sybyl v7.3 
software on an SGI workstation.[52] 

4.3  Chemicals and instruments  
All utilized laboratory reagents were of analytical grade, 

acquired from HEOWNS Corporation (Tianjing, China), 
and used without additional purification. The melting points 
of the target compounds were measured using an X-4 bin-
ocular microscope (Fukai Corporation, Beijing, China), and 
all values are uncorrected. The hydrogen nuclear magnetic 
resonance (1H NMR) spectra of the target compounds were 
determined on an AM-300 spectrometer (Bruker, Bremen, 
Germany) at 300 MHz using dimethyl sulfoxide-d6 
(DMSO-d6) as the solvent. All carbon nuclear magnetic 
resonance (13C NMR) spectra of the target compounds were 
recorded on AM-300 (3a-3v) or DPX600 (4a～4o) spec-
trometers (Bruker, Bremen, Germany) at 75 MHz or 151 
MHz, respectively, with a DMSO-d6 as the solvent. Tetra-
methylsilane (TMS) was used as an internal standard. 
High-resolution mass spectrometry (HRMS) data of the 
target compounds were obtained on a 7.0 T FTICR-MS 
instrument (Varian, Palo Alto, CA, USA). Single-crystal 
X-ray diffraction data of compounds 3m and 4h were ac-
quired on a Gemini Atlas X-ray diffraction instrument 
(Rigaku, Tokyo, JP).  
4.3.1  General procedure for the synthesis of precur-
sors 1a～1v  

Benzoic acid (1.83 g, 15 mmol) and ethanol (15 mL, 257 
mmol) were mixed in a 50-mL three-necked flask. Thio-
nylchloride in ethanol (5 mL) was added dropwise at 0 ℃. 
Then, the solution was stirred for approximately 2 h at 
78 ℃. The solvent was evaporated in vacuo, and the residue 
was washed with 1 mol/L aqueous NaOH until pH of 7 was 
reached. The products were extracted using ethyl acetate 
and the organic layer was then collected. The solvent was 
evaporated away completely to obtain desired intermediate 
1a, which was used for the next reaction without further 
purification. Compounds 1b～1v were synthesized fol-
lowing the same synthesis protocol used for 1a. 
4.3.2  General procedure for the synthesis of precur-
sors 2a～2v 

Intermediate 1a (2.25 g, 15 mmol), ethanol (15 mL, 257 
mmol), and NH2NH2•H2O (3.33 g, 45 mmol) were mixed in 
a 50-mL three-necked flask. The solution was stirred for 5 h 
at 78 ℃. The solvent was evaporated in vacuo, and a solid 
crude product was obtained, which was recrystallized using 
a mixture of n-hexane and ethyl acetate. The desired prod-
uct 2a was obtained by filtration and was used in the next 
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reaction without further purification. Compounds 2b～2v 
were synthesized following the same synthesis protocol 
used for 2a. 
4.3.3  General procedure for the synthesis of target 
compounds 3a～3v and 4a～4o  

Intermediate 2a (2.04 g, 15 mmol) and cinnamaldehyde 
(1.98 g, 15 mmol) were mixed in a 50 mL three-necked 
flask with ethanol as the solvent. The resulting solution was 
stirred for 1 h at 78 ℃, and the mixture was filtered. The 
crude product was recrystallized from dichloromethane, and 
further filtrated to give desired product 3a, which confirmed 
as a single configuration compound by 1H NMR. Com-
pounds 3b～3v were synthesized following the same syn-
thesis protocol used for 3a. Compound 2e and different 
substituted benzaldehyde were mixed using ethanol as the 
solvent and stirred for 1 h at 80 ℃. The mixture was filtered 
and the crude product was recrystallized from dichloro-
methane to obtain desired product 4a～4o. The 1H NMR 
spectroscopies indicated that compounds 3b～3v and 4a～
4o displayed two isomers, and the Z/E ratio values of title 
compounds were shown in Supporting information. 

N'-((1E,2E)-3-Phenylallylidene)benzohydrazide (3a): A 
white solid, yield 76%. m.p. 191.5～192.1 ℃ (lit.[53] 192～
194 ℃); 1H NMR (300 MHz, DMSO-d6) δ: 11.75 (s, 1H), 
8.25 (d, J＝4.6 Hz, 1H), 7.91 (d, J＝6.9 Hz, 2H), 7.62 (t,   
J＝7.5 Hz, 3H), 7.54 (dd, J＝14.2, 6.9 Hz, 2H), 7.38 (dt,   
J＝13.7, 6.9 Hz, 3H), 7.07 (s, 2H); 13C NMR (75 MHz, 
DMSO-d6) δ: 163.17, 149.92, 139.13, 136.06, 133.59, 
131.83, 128.94, 128.57, 127.75, 127.21, 125.82. HRMS 
calcd for C16H15N2O [M＋H]＋ 251.1179, found 251.1175.  

2-Phenyl-N'-(3-phenylallylidene)acetohydrazide (3b): A 
white solid, yield 73%. m.p. 164.4～168.5 ℃; 1H NMR 
(300 MHz, DMSO-d6) δ: 11.39 (d, J＝60.5 Hz, 1H), 8.02～
7.77 (m, 1H), 7.58 (s, 2H), 7.41～7.18 (m, 8H), 7.07～6.86 
(m, 2H), 3.70 (d, J＝114.2 Hz, 2H); 13C NMR (75 MHz, 
DMSO-d6) δ: 172.16, 166.60, 148.64, 145.60, 138.94, 
138.49, 136.04, 135.82, 135.79, 129.63, 129.22, 128.92, 
128.83, 128.43, 128.30, 127.13, 126.69, 126.47, 125.67, 
125.46, 41.32, 38.72; HRMS calcd for C17H17N2O [M＋  
H]＋ 265.1335, found 265.1334.  

N'-(3-Phenylallylidene)-2-(p-tolyl)acetohydrazide (3c): 
A white solid, yield 70%. m.p. 198.4～198.9 ℃; 1H NMR 
(300 MHz, DMSO-d6) δ: 11.36 (d, J＝57.7 Hz, 1H), 8.02～
7.79 (m, 1H), 7.60 (dd, J＝6.9, 3.9 Hz, 2H), 7.35 (dt, J＝
20.6, 7.0 Hz, 3H), 7.14 (dt, J＝14.1, 7.9 Hz, 4H), 6.99 (t,   
J＝6.2 Hz, 2H), 3.65 (d, J＝114.0 Hz, 2H), 2.27 (d, J＝2.4 
Hz, 3H); 13C NMR (75 MHz, DMSO-d6) δ: 172.29, 166.71, 
148.51, 145.49, 138.86, 138.45, 136.05, 135.70, 135.45, 
132.72, 132.66, 129.45, 129.06, 128.98, 128.91, 128.87, 
127.13, 125.69, 125.47, 40.89, 38.28, 20.76; HRMS calcd 
for C18H19N2O [M＋H]＋ 279.1492, found 279.1489.  

2-([1,1'-Biphenyl]-4-yl)-N'-(3-phenylallylidene)acetohy- 
drazide (3d): A white solid, yield 68%. m.p. 240.1～
241.0 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.45 (d, J＝
55.4 Hz, 1H), 7.95 (d, J＝47.1 Hz, 1H), 7.63 (d, J＝6.5 Hz, 
6H), 7.53～7.27 (m, 8H), 7.03 (d, J＝7.1 Hz, 2H), 3.78 (d, J

＝114.0 Hz, 2H); 13C NMR (75 MHz, DMSO-d6) δ: 172.09, 
166.51, 148.64, 145.66, 140.17, 140.10, 138.96, 138.68, 
138.57, 138.48, 136.05, 135.05, 130.23, 129.81, 129.03, 
128.93, 128.86, 127.44, 127.38, 127.16, 126.76, 126.68, 
126.63, 125.68, 125.46, 40.92, 38.36; HRMS calcd for 
C23H21N2O [M＋H]＋ 341.1648, found 341.1643.  

2-(4-Fluorophenyl)-N'-(3-phenylallylidene)acetohydra- 
zide (3e): A white solid, yield 79%. m.p. 189.2～190.2 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.41 (d, J＝53.6 Hz, 
1H), 8.03～7.82 (m, 1H), 7.62 (d, J＝7.1 Hz, 2H), 7.44～
7.28 (m, 5H), 7.15 (dt, J＝15.6, 7.8 Hz, 2H), 7.01 (t, J＝5.5 
Hz, 2H), 3.72 (d, J＝113.2 Hz, 2H); 13C NMR (75 MHz, 
DMSO-d6) δ: 172.02, 166.47, 148.67, 145.67, 138.99, 
138.58, 136.03, 131.89, 131.54, 131.44, 131.13, 131.02, 
128.92, 128.86, 127.14, 125.63, 125.41, 115.26, 115.10, 
114.98, 114.82, 79.30, 37.82; HRMS calcd for C17H16FN2O 
[M＋H]＋ 283.1241, found 283.1238.   

2-(2-Fluorophenyl)-N'-(3-phenylallylidene)acetohydra- 
zide (3f): A white solid, yield 77%. m.p. 195.4～198.6 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.46 (d, J＝44.2 Hz, 
1H), 7.93 (dd, J＝43.0, 7.9 Hz, 1H), 7.60 (d, J＝7.8 Hz, 
2H), 7.33 (ddd, J＝13.3, 10.9, 6.2 Hz, 5H), 7.23～7.10 (m, 
2H), 7.00 (dd, J＝12.1, 6.7 Hz, 2H), 3.78 (d, J＝105.4 Hz, 
2H); 13C NMR (75 MHz, DMSO-d6) δ: 171.01, 165.61, 
162.56, 162.36, 159.33, 159.13, 148.58, 145.76, 138.99, 
138.66, 136.03, 132.38, 132.32, 132.04, 128.93, 128.87, 
128.80, 128.69, 127.15, 125.66, 125.33, 124.38, 124.33, 
124.22, 124.17, 123.04, 122.88, 122.82, 122.67, 115.30, 
115.15, 115.01, 114.87, 34.33, 34.30, 32.47, 32.45; HRMS 
calcd for C17H16FN2O [M＋H]＋ 283.1241, found 283.1238.  

N'-(3-Phenylallylidene)-2-(o-tolyl)acetohydrazide (3g): 
A white solid, yield 69%. m.p. 201.5～202.4 ℃; 1H NMR 
(300 MHz, DMSO-d6) δ: 11.39 (d, J＝45.3 Hz, 1H), 7.93 
(ddd, J＝45.1, 6.2, 2.0 Hz, 1H), 7.60 (d, J＝7.1 Hz, 2H), 
7.35 (dt, J＝14.2, 7.4 Hz, 3H), 7.25～7.09 (m, 4H), 7.06～
6.95 (m, 2H), 3.74 (d, J＝107.1 Hz, 2H), 2.27 (d, J＝8.9 
Hz, 3H); 13C NMR (75 MHz, DMSO-d6) δ: 171.99, 166.54, 
148.41, 145.54, 138.84, 138.52, 136.87, 136.75, 136.05, 
134.56, 134.43, 130.35, 130.11, 130.02, 129.89, 128.93, 
128.84, 127.13, 126.83, 126.66, 125.88, 125.75, 125.40, 
38.93, 36.55, 19.52, 19.43; HRMS calcd for C18H19N2O  
[M＋H]＋ 279.1492, found 279.1488. 

2-(3-Fluorophenyl)-N'-(3-phenylallylidene)acetohydra- 
zide (3h): A white solid, yield 72%. m.p. 173.5～174.4 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.42 (d, J＝47.1 Hz, 
1H), 8.01～7.78 (m, 1H), 7.59 (d, J＝7.1 Hz, 2H), 7.33 (dq, 
J＝13.2, 6.8 Hz, 4H), 7.16～6.93 (m, 5H), 3.73 (d, J＝
113.5 Hz, 2H); 13C NMR (75 MHz, DMSO-d6) δ: 171.61, 
166.02, 148.78, 145.78, 139.07, 138.67, 138.56, 138.45, 
136.02, 130.31, 130.19, 130.11, 129.99, 128.93, 128.87, 
127.15, 125.87, 125.83, 125.62, 125.42, 125.36, 116.62, 
116.33, 116.19, 115.90, 113.65, 113.43, 113.38, 113.16, 
40.78, 38.36; HRMS calcd for C17H16FN2O [M＋H] ＋ 
283.1241, found 283.1240. 

2-(3-Methoxyphenyl)-N'-(3-phenylallylidene)acetohy- 
drazide (3i): A white solid, yield 70%. m.p. 196.7～
198.4 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.34 (d, J＝
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59.3 Hz, 1H), 8.02～7.77 (m, 1H), 7.59 (d, J＝6.9 Hz, 2H), 
7.33 (dt, J＝20.3, 6.9 Hz, 3H), 7.19 (dd, J＝7.8, 6.0 Hz, 
2H), 7.04～6.93 (m, 2H), 6.91～6.80 (m, 2H), 3.80 (s, 1H), 
3.70 (d, J＝1.4 Hz, 3H), 3.35 (s, 1H); 13C NMR (75 MHz, 
DMSO-d6) δ: 172.45, 166.89, 158.21, 158.05, 148.50, 
145.46, 138.81, 138.41, 136.06, 130.59, 130.21, 128.92, 
128.82, 127.70, 127.62, 127.13, 125.72, 125.49, 113.89, 
113.77, 55.13, 37.80; HRMS calcd for C18H19N2O2 [M＋ 
H]＋ 295.1441, found 295.1436. 

N'-(3-Phenylallylidene)-2-(4-(trifluoromethyl)phenyl)- 
acetohydrazide (3j): A white solid, yield 80%. m.p. 215.0～
216.7 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.47 (d, J＝
48.5 Hz, 1H), 8.03～7.81 (m, 1H), 7.68 (t, J＝7.5 Hz, 2H), 
7.61 (d, J＝7.4 Hz, 2H), 7.52 (t, J＝6.7 Hz, 2H), 7.35 (dt,  
J＝20.3, 7.0 Hz, 3H), 7.01 (t, J＝7.8 Hz, 2H), 3.84 (d, J＝
111.7 Hz, 2H); 13C NMR (75 MHz, DMSO-d6) δ: 171.46, 
165.89, 148.87, 145.88, 140.67, 139.13, 138.71, 136.01, 
130.57, 130.14, 128.92, 127.16, 127.13, 125.59, 125.35, 
125.24, 125.19, 125.12, 125.07, 125.01, 124.96, 40.88, 
38.60; HRMS calcd for C18H16F3N2O [M＋H]＋ 333.1209, 
found 333.1206.  

2-(4-Methoxyphenyl)-N'-(3-phenylallylidene)acetohy- 
drazide (3k): A white solid, yield 65%. m.p. 179.2～
180.3 ℃. 1H NMR (300 MHz, DMSO-d6) δ: 11.38 (d, J＝
52.7 Hz, 1H), 8.01～7.77 (m, 1H), 7.59 (d, J＝7.1 Hz, 2H), 
7.33 (dt, J＝20.5, 7.1 Hz, 3H), 7.21 (dd, J＝14.5, 8.0 Hz, 
1H), 7.04～6.94 (m, 2H), 6.89～6.73 (m, 3H), 3.86 (s, 1H), 
3.72 (d, J＝4.6 Hz, 3H), 3.47 (s, 1H); 13C NMR (75 MHz, 
DMSO-d6) δ: 172.03, 166.48, 159.38, 159.29, 148.65, 
145.59, 138.94, 138.50, 137.23, 136.04, 129.44, 129.28, 
128.92, 128.83, 127.12, 125.67, 125.42, 121.88, 121.45, 
115.43, 115.04, 112.09, 111.89, 41.37, 38.74. HRMS calcd 
for C18H19N2O2 [M＋H]＋ 295.1441, found 295.1436. 

2-(4-Hydroxyphenyl)-N'-(3-phenylallylidene)acetohy- 
drazide (3l): A white solid, yield 62%. m.p. 205.4～
207.1 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.31 (d, J＝
58.5 Hz, 1H), 9.24 (d, J＝13.4 Hz, 1H), 8.04～7.79 (m, 
1H), 7.66～7.54 (m, 2H), 7.35 (dt, J＝20.7, 7.0 Hz, 3H), 
7.08 (dd, J＝8.3, 5.2 Hz, 2H), 6.97 (dd, J＝13.8, 9.3 Hz, 
2H), 6.70 (dd, J＝8.3, 5.6 Hz, 2H), 3.57 (d, J＝114.4 Hz, 
2H); 13C NMR (75 MHz, DMSO-d6) δ: 172.60, 167.03, 
156.19, 156.02, 148.40, 145.38, 138.77, 138.37, 136.06, 
130.48, 130.09, 128.92, 127.13, 125.87, 125.79, 125.72, 
125.50, 115.21, 115.11, 37.75; HRMS calcd for C17H17- 
N2O2 [M＋H]＋ 281.1285, found 281.1282. 

2-(4-Bromophenyl)-N'-(3-phenylallylidene)acetohydra- 
zide (3m): A white solid, yield 71%. m.p. 214.3～215.1 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.43 (d, J＝48.9 Hz, 
1H), 8.05～7.79 (m, 1H), 7.60 (d, J＝7.3 Hz, 2H), 7.51 (dd, 
J＝8.2, 7.0 Hz, 2H), 7.43～7.30 (m, 3H), 7.25 (dd, J＝8.1, 
6.0 Hz, 2H), 6.99 (dd, J＝9.1, 6.2 Hz, 2H), 3.70 (d, J＝
112.1 Hz, 2H); 13C NMR (75 MHz, DMSO-d6) δ: 171.70, 
166.13, 148.73, 145.75, 139.05, 138.64, 136.02, 135.21, 
131.96, 131.52, 131.28, 131.13, 128.93, 127.15, 125.62, 
125.38, 119.92, 119.71, 38.12; HRMS calcd for C17H16Br- 
N2O [M＋H]＋ 343.0441, found 343.0439. 

2-(2,5-Dimethylphenyl)-N'-(3-phenylallylidene)aceto- 

hydrazide (3n): A white solid, yield 70%. m.p. 191.5～
192.1 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.37 (d, J＝
44.3 Hz, 1H), 8.03～7.81 (m, 1H), 7.64～7.57 (m, 2H), 
7.43～7.27 (m, 3H), 7.09～6.90 (m, 5H), 3.68 (d, J＝107.4 
Hz, 2H), 2.22 (dd, J＝9.5, 6.8 Hz, 6H); 13C NMR (75 MHz, 
DMSO-d6) δ: 172.04, 166.54, 148.36, 145.50, 138.82, 
138.52, 136.05, 134.63, 134.46, 134.30, 134.17, 133.63, 
133.54, 131.00, 130.73, 129.93, 129.79, 128.93, 127.38, 
127.22, 127.13, 125.74, 125.37, 36.43, 20.67, 19.05, 18.96; 
HRMS calcd for C19H21N2O [M＋H]＋ 293.1648, found 
293.1646. 

2-(3,5-Dimethoxyphenyl)-N'-(3-phenylallylidene)aceto- 
hydrazide (3o): A white solid, yield 61%. m.p. 154.7～
155.1 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.36 (d, J＝
48.0 Hz, 1H), 8.04～7.79 (m, 1H), 7.60 (d, J＝7.4 Hz, 2H), 
7.35 (dt, J＝20.3, 7.0 Hz, 3H), 6.99 (dd, J＝7.4, 4.1 Hz, 
2H), 6.46 (dd, J＝6.5, 2.1 Hz, 2H), 6.41～6.31 (m, 1H), 
3.83 (s, 1H), 3.72 (d, J＝4.8 Hz, 6H), 3.44 (s, 1H); 13C 
NMR (75 MHz, DMSO-d6) δ: 171.88, 166.30, 160.49, 
160.38, 148.63, 145.57, 138.94, 138.54, 137.85, 136.03, 
128.93, 128.84, 127.14, 127.12, 125.65, 125.37, 107.76, 
107.36, 98.52, 98.35, 79.30, 55.23, 55.17, 41.57, 38.91; 
HRMS calcd for C19H21N2O3 [M＋H]＋ 325.1547, found 
325.1546. 

N'-(3-Phenylallylidene)-2-(3-(trifluoromethyl)phenyl)- 
acetohydrazide (3p): A white solid, yield 85%. m.p. 
167.4～168.9 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.47 
(d, J＝52.0 Hz, 1H), 7.92 (dd, J＝43.5, 7.2 Hz, 1H), 7.71～
7.50 (m, 6H), 7.35 (dt, J＝20.6, 7.1 Hz, 3H), 7.01 (dd, J＝
12.4, 4.5 Hz, 2H), 3.85 (d, J＝112.4 Hz, 2H); 13C NMR (75 
MHz, DMSO-d6) δ: 171.58, 166.04, 148.90, 145.85, 
139.14, 138.69, 137.18, 136.01, 133.97, 133.51, 129.40, 
129.21, 128.92, 128.87, 127.16, 127.11, 126.39, 126.34, 
125.85, 125.80, 125.58, 125.29, 123.45, 123.22, 40.66, 
38.44; HRMS calcd for C18H16F3N2O [M＋H]＋ 333.1209, 
found 333.1204. 

2-(2,6-Dichlorophenyl)-N'-(3-phenylallylidene)acetohy- 
drazide (3q): A white solid, yield 78%. m.p. 245.5～
248.6 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.57 (d, J＝
34.5 Hz, 1H), 8.08～7.78 (m, 1H), 7.63 (d, J＝7.1 Hz, 2H), 
7.49 (d, J＝8.0 Hz, 2H), 7.44～7.29 (m, 4H), 7.03 (t, J＝4.9 
Hz, 2H), 4.08 (d, J＝91.1 Hz, 2H); 13C NMR (75 MHz, 
DMSO-d6) δ: 169.38, 164.20, 148.40, 146.10, 138.98, 
138.88, 136.02, 135.67, 132.50, 132.05, 129.57, 129.43, 
128.92, 128.26, 128.14, 127.17, 125.64, 125.29, 36.62, 
35.44; HRMS calcd for C17H15Cl2N2O [M＋H]＋ 333.0556, 
found 333.0555. 

2-(3-Chlorophenyl)-N'-(3-phenylallylidene)acetohydra- 
zide (3r): A white solid, yield 75%. m.p. 174.2～175.6 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.42 (d, J＝44.6 Hz, 
1H), 8.10～7.76 (m, 1H), 7.61 (d, J＝7.6 Hz, 2H), 7.45～
7.21 (m, 7H), 7.01 (dd, J＝11.4, 3.9 Hz, 2H), 3.74 (d, J＝
114.4 Hz, 2H); 13C NMR (75 MHz, DMSO-d6) δ: 171.61, 
166.07, 148.87, 145.83, 139.11, 138.66, 138.21, 138.19, 
136.01, 133.02, 132.86, 130.20, 130.02, 129.60, 129.14, 
128.92, 128.86, 128.47, 128.01, 127.16, 127.12, 126.71, 
126.49, 125.59, 125.35, 79.33, 40.70, 38.29; HRMS calcd 
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for C17H16ClN2O [M＋H]＋ 299.0946, found 299.0945.  
2-(4-Nitrophenyl)-N'-(3-phenylallylidene)acetohydrazi- 

de (3s): A white solid, yield 78%. m.p. 222.4～223.7 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.51 (d, J＝44.6 Hz, 
1H), 8.20 (dd, J＝8.6, 6.5 Hz, 2H), 7.92 (dd, J＝42.8, 7.6 
Hz, 1H), 7.64～7.54 (m, 4H), 7.36 (dt, J＝20.2, 7.1 Hz, 
3H), 7.01 (dd, J＝13.1, 5.1 Hz, 2H), 3.90 (d, J＝110.4 Hz, 
2H); 13C NMR (75 MHz, DMSO-d6) δ: 171.08, 165.48, 
148.96, 146.54, 146.41, 146.00, 143.99, 143.81, 139.24, 
138.83, 135.99, 131.11, 130.67, 128.94, 127.16, 125.55, 
125.31, 123.49, 123.31, 40.82, 38.70; HRMS calcd for 
C17H16N3O3 [M＋H]＋ 310.1186, found 310.1184. 

2-(4-Chlorophenyl)-N'-(3-phenylallylidene)acetohydra- 
zide (3t): A white solid, yield 78%. m.p. 202.5～203.3 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.43 (d, J＝49.5 Hz, 
1H), 8.07～7.76 (m, 1H), 7.65～7.57 (m, 2H), 7.36 (dddd,  
J＝11.5, 8.5, 6.3, 1.8 Hz, 7H), 7.00 (dd, J＝8.6, 5.8 Hz, 
2H), 3.73 (d, J＝112.5 Hz, 2H); 13C NMR (75 MHz, 
DMSO-d6) δ: 171.78, 166.24, 148.75, 145.74, 139.04, 
138.61, 136.02, 134.78, 131.55, 131.49, 131.27, 131.12, 
128.92, 128.35, 128.20, 127.16, 127.13, 125.62, 125.39, 
40.43, 38.06; HRMS calcd for C17H16ClN2O [M＋H]＋ 
299.0946, found 299.0945.   

2-(2,4-Fifluorophenyl)-N'-(3-phenylallylidene)acetohy- 
drazide (3u): A yellow solid, yield 70%. m.p. 163.5～
166.3 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.45 (d, J＝
40.6 Hz, 1H), 8.05～7.78 (m, 1H), 7.58 (d, J＝7.4 Hz, 2H), 
7.47～7.27 (m, 4H), 7.24～7.12 (m, 1H), 7.01 (dt, J＝13.2, 
7.1 Hz, 3H), 3.76 (d, J＝103.9 Hz, 2H); 13C NMR (75 MHz, 
DMSO-d6) δ: 170.83, 165.46, 148.65, 145.84, 139.03, 
138.70, 136.02, 133.35, 133.27, 133.14, 128.92, 127.14, 
125.63, 125.29, 119.17, 111.42, 111.27, 111.19, 110.94, 
104.01, 103.87, 103.67, 103.52, 103.32, 103.18, 33.71, 
32.01. HRMS calcd for C17H15F2N2O [M＋H]＋ 301.1147, 
found 301.1140. 

N'-(3-Phenylallylidene)-2-(pyridin-3-yl)acetohydrazide  
(3v): A white solid, yield 85%; m.p. 172.4～174.1 ℃; 1H 
NMR (300 MHz, DMSO-d6) δ: 11.49 (d, J＝49.7 Hz, 1H), 
8.54～8.40 (m, 2H), 8.04～7.82 (m, 1H), 7.64 (dt, J＝10.4, 
5.8 Hz, 3H), 7.42～7.25 (m, 4H), 7.06～6.93 (m, 2H), 3.77 
(d, J＝109.0 Hz, 2H); 13C NMR (75 MHz, DMSO-d6) δ: 
171.60, 166.08, 150.71, 150.27, 148.84, 147.97, 147.73, 
145.88, 139.12, 138.71, 137.30, 136.83, 136.01, 131.49, 
128.93, 127.15, 125.60, 125.35, 123.51, 123.37, 38.19, 
36.07. HRMS calcd for C16H16N3O [M＋H]＋ 266.1288, 
found 266.1281. 

2-(4-Fluorophenyl)-N'-(4-methoxybenzylidene)acetohy- 
drazide (4a): A white solid, yield 70%. m.p. 182.3～
182.6 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.35 (d, J＝
60.0 Hz, 1H), 8.03 (d, J＝61.8 Hz, 1H), 7.66～7.57 (m, 
2H), 7.37～7.27 (m, 2H), 7.18～7.06 (m, 2H), 6.98 (dd,    
J＝8.9, 2.1 Hz, 2H), 3.94 (s, 1H), 3.78 (d, J＝1.3 Hz, 3H), 
3.50 (s, 1H); 13C NMR (150 MHz, DMSO-d6) δ: 172.42, 
166.69, 162.40, 162.26, 161.24, 161.05, 160.80, 160.66, 
146.96, 143.32, 132.46, 132.43, 132.40, 131.75, 131.70, 
131.41, 131.36, 129.09, 128.79, 127.30, 127.23, 115.55, 
115.42, 115.28, 114.80, 114.75, 55.74, 40.70, 38.48; HRMS 

calcd for C16H16FN2O2 [M ＋ H] ＋  287.1190, found 
287.1186.  

N'-(2,6-Dichlorobenzylidene)-2-(4-fluorophenyl)aceto- 
hydrazide (4b): A white solid, yield 82%; m.p. 216.8～
217.3 ℃. 1H NMR (300 MHz, DMSO-d6) δ: 11.75 (d, J＝
57.0 Hz, 1H), 8.32 (d, J＝42.7 Hz, 1H), 7.53 (dd, J＝7.6, 
4.5 Hz, 2H), 7.46～7.23 (m, 3H), 7.20～7.04 (m, 2H), 3.74 
(d, J＝109.5 Hz, 2H); 13C NMR (150 MHz, DMSO-d6) δ: 
172.99, 167.20, 162.47, 162.31, 160.86, 160.71, 142.45, 
138.60, 134.36, 134.33, 132.03, 132.01, 131.77, 131.72, 
131.64, 131.61, 131.55, 131.45, 131.01, 130.19, 129.87, 
129.49, 115.60, 115.45, 115.43, 115.29, 40.57, 38.08. 
HRMS calcd for C15H12Cl2FN2O [M＋H] ＋  325.0305, 
found 325.0302.  

N'-(3-Bromobenzylidene)-2-(4-fluorophenyl)acetohydr- 
azide (4c): A white solid, yield 72%. m.p. 182.4～182.6 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.60 (d, J＝66.4 Hz, 
1H), 8.05 (d, J＝63.2 Hz, 1H), 7.86 (d, J＝1.6 Hz, 1H), 
7.71～7.55 (m, 2H), 7.43～7.26 (m, 3H), 7.12 (dt, J＝16.4, 
8.2 Hz, 2H), 3.76 (d, J＝133.1 Hz, 2H); 13C NMR (150 
MHz, DMSO-d6) δ: 172.87, 167.16, 162.43, 162.27, 
160.82, 160.67, 145.26, 141.73, 137.18, 132.97, 132.77, 
132.26, 132.15, 131.80, 131.75, 131.46, 131.43, 131.41, 
129.67, 129.42, 126.51, 126.34, 122.69, 122.58, 115.59, 
115.44, 115.30, 40.63, 38.46; HRMS calcd for 
C15H13BrFN2O [M＋H]＋ 335.0190, found 335.0188. 

2-(4-Fluorophenyl)-N'-(4-nitrobenzylidene)acetohydra- 
zide (4d): A yellow solid, yield 85%. m.p. 225.1 ～
225.8 ℃; 1H NMR (300 MHz,DMSO-d6) δ: 11.77 (d, J＝
59.8 Hz, 1H), 8.30 (s, 0.5H), 8.28～8.20 (m, 2H), 8.08 (s, 
0.5H), 8.02～7.87 (m, 2H), 7.33 (ddd, J＝8.7, 5.5, 2.9 Hz, 
2H), 7.20～7.03 (m, 2H), 3.79 (d, J＝131.4 Hz, 2H); 13C 
NMR (150 MHz, DMSO-d6) δ: 173.11, 167.41, 162.45, 
162.32, 160.85, 160.71, 148.28, 148.11, 144.63, 141.11, 
141.02, 132.08, 132.06, 132.02, 132.00, 131.84, 131.78, 
131.51, 131.45, 128.42, 128.18, 124.54, 124.50, 115.61, 
115.49, 115.47, 115.35, 40.65, 38.44; HRMS calcd for 
C15H13FN3O3 [M＋H]＋ 302.0935, found 302.0933.  

2-(4-Fluorophenyl)-N'-(4-isopropylbenzylidene)aceto- 
hydrazide (4e): A white solid, yield 63%. m.p. 127.7～
128.4 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.41 (d, J＝
57.4 Hz, 1H), 8.07 (d, J＝63.4 Hz, 1H), 7.59 (dd, J＝8.2, 
3.2 Hz, 2H), 7.37～7.25 (m, 4H), 7.17～7.05 (m, 2H), 3.74 
(d, J＝130.6 Hz, 2H), 2.95～2.82 (m, 1H), 1.18 (dd, J＝6.9, 
2.0 Hz, 6H); 13C NMR (150 MHz, DMSO-d6) δ: 172.56, 
166.84, 162.42, 162.28, 160.82, 160.68, 151.07, 150.82, 
147.10, 143.49, 132.42, 132.38, 132.36, 132.33, 132.31, 
131.74, 131.68, 131.44, 131.39, 127.59, 127.31, 127.27, 
127.21, 115.56, 115.45, 115.42, 115.31, 40.70, 38.50, 
33.83, 24.13, 24.12; HRMS calcd for C18H20FN2O [M＋  
H]＋ 299.1554, found 299.1551.  

N'-(4-Chlorobenzylidene)-2-(4-fluorophenyl)acetohydr- 
azide (4f): A white solid, yield 75%. m.p. 187.9～188.1 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.54 (d, J＝61.0 Hz, 
1H), 8.08 (d, J＝65.9 Hz, 1H), 7.76～7.64 (m, 2H), 7.52～
7.42 (m, 2H), 7.39～7.26 (m, 2H), 7.18～7.04 (m, 2H), 3.75 
(d, J＝130.4 Hz, 2H); 13C NMR (150 MHz, DMSO-d6) δ: 
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172.75, 167.03, 162.42, 162.28, 160.82, 160.68, 145.74, 
142.15, 134.90, 134.65, 133.65, 132.25, 131.79, 131.74, 
131.45, 131.40, 129.39, 129.35, 129.12, 128.88, 115.58, 
115.44, 115.30, 40.65, 38.42. HRMS calcd for C15H13Cl- 
FN2O [M＋H]＋ 291.0695, found 291.0693.  

2-(4-Fluorophenyl)-N'-(pyridin-3-ylmethylene)acetohy- 
drazide (4g): A yellow solid, yield 69%. m.p. 174.5～
175.1 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.64 (d, J＝
61.2 Hz, 1H), 8.82 (dd, J＝8.3, 1.8 Hz, 1H), 8.57 (dd, J＝
4.8, 1.6 Hz, 1H), 8.30～7.97 (m, 2H), 7.48～7.27 (m, 3H), 
7.19～7.04 (m, 2H), 3.77 (d, J＝130.4 Hz, 2H); 13C NMR 
(150 MHz, DMSO-d6) δ: 172.87, 167.14, 162.44, 162.29, 
160.83, 160.69, 151.10, 150.84, 149.19, 148.85, 144.40, 
140.65, 133.85, 133.78, 132.24, 132.22, 132.15, 132.13, 
131.78, 131.73, 131.46, 131.41, 130.61, 124.41, 115.58, 
115.45, 115.31, 40.66, 38.44. HRMS calcd for C14H13FN3O 
[M＋H]＋ 258.1037, found 258.1034. 

2-(4-Fluorophenyl)-N'-(4-(trifluoromethyl)benzylidene)- 
acetohydrazide (4h): A white solid, yield 78%. m.p.160.8～
161.2 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.71 (d, J＝
60.5 Hz, 1H), 8.17 (d, J＝66.9 Hz, 1H), 7.88 (dd, J＝8.1, 
4.0 Hz, 2H), 7.75 (d, J＝8.2 Hz, 2H), 7.39～7.27 (m, 2H), 
7.18～7.04 (m, 2H), 3.78 (d, J＝129.0 Hz, 2H); 13C NMR 
(150 MHz, DMSO-d6) δ: 172.95, 167.27, 162.46, 162.32, 
160.85, 160.71, 145.34, 141.76, 138.70, 138.66, 132.16, 
132.14, 132.10, 132.08, 131.79, 131.74, 131.47, 131.42, 
130.21, 130.01, 129.80, 129.59, 128.05, 127.79, 127.28, 
126.16, 126.13, 126.11, 126.08, 125.47, 123.67, 115.58, 
115.45, 115.44, 115.31, 40.67, 38.45; HRMS calcd for 
C16H13F4N2O [M＋H]＋ 325.0959, found 325.0955. 

N'-(4-Bromobenzylidene)-2-(4-fluorophenyl)acetohydr- 
azide (4i): A white solid, yield 78%. m.p. 191.8～193.1 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.57 (d, J＝62.1 Hz, 
1H), 8.08 (d, J＝64.0 Hz, 1H), 7.70～7.59 (m, 4H), 7.39～
7.28 (m, 2H), 7.13 (dd, J＝16.9, 8.8 Hz, 2H), 3.76 (d, J＝
131.3 Hz, 2H); 13C NMR (150 MHz, DMSO-d6) δ: 172.76, 
167.04, 162.43, 162.29, 160.82, 160.68, 145.84, 142.25, 
134.00, 132.30, 132.26, 132.24, 132.21, 132.19, 131.79, 
131.74, 131.46, 131.40, 129.36, 129.12, 123.69, 123.42, 
115.58, 115.45, 115.31, 40.67, 38.43; HRMS calcd for 
C15H13BrFN2O [M＋H]＋ 335.0190, found 335.0185. 

N'-(3-Chlorobenzylidene)-2-(4-fluorophenyl)acetohydr- 
azide (4j): A white solid, yield 74%. m.p. 183.6～184.4 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.62 (d, J＝66.0 Hz, 
1H), 8.09 (d, J＝64.4 Hz, 1H), 7.69 (dd, J＝26.9, 3.9 Hz, 
2H), 7.46 (d, J＝4.9 Hz, 2H), 7.34 (dt, J＝8.3, 6.1 Hz, 2H), 
7.13 (q, J＝8.5 Hz, 2H), 3.78 (d, J＝132.8 Hz, 2H); 13C 
NMR (150 MHz, DMSO-d6) δ: 172.87, 167.16, 162.44, 
162.28, 160.83, 160.68, 145.39, 141.82, 136.97, 136.95, 
134.15, 134.06, 132.27, 132.25, 132.17, 132.15, 131.80, 
131.74, 131.46, 131.41, 131.18, 131.14, 130.08, 129.87, 
126.83, 126.51, 126.10, 125.98, 115.59, 115.44, 115.43, 
115.29, 40.65, 38.44. HRMS calcd for C15H13ClFN2O [M＋
H]＋ 291.0695, found 291.0690. 

N'-(3-Fluorobenzylidene)-2-(4-fluorophenyl)acetohydr- 
azide (4k): A white solid, yield 74%. m.p. 167.4 ～
167.8 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.61 (d, J＝

62.0 Hz, 1H), 8.10 (d, J＝66.5 Hz, 1H), 7.58～7.43 (m, 
3H), 7.39～7.20 (m, 3H), 7.14 (dt, J＝16.3, 8.2 Hz, 2H), 
3.77 (d, J＝134.1 Hz, 2H); 13C NMR (150 MHz, DMSO-d6) 
δ: 172.88, 167.13, 163.73, 163.65, 162.43, 162.29, 162.12, 
162.03, 160.83, 160.68, 145.72, 145.70, 142.06, 142.04, 
137.32, 137.26, 132.28, 132.26, 132.18, 132.16, 131.79, 
131.73, 131.46, 131.41, 131.35, 131.30, 123.79, 123.77, 
123.73, 123.71, 117.27, 117.13, 117.05, 116.91, 115.59, 
115.44, 115.30, 113.60, 113.45, 113.24, 113.09, 40.66, 
38.42. HRMS calcd for C15H13F2N2O [M＋H]＋ 275.0990, 
found 275.0983. 

2-(4-Fluorophenyl)-N'-(4-methylbenzylidene)acetohydr- 
azide (4l): A white solid, yield 77%. m.p. 176.8～177.4 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 11.44 (d, J＝61.6 Hz, 
1H), 8.07 (d, J＝60.9 Hz, 1H), 7.58 (dd, J＝7.9, 5.0 Hz, 
2H), 7.39～7.29 (m, 2H), 7.28～7.21 (m, 2H), 7.13 (q, J＝
8.7 Hz, 2H), 3.75 (d, J＝133.0 Hz, 2H), 2.33 (s, 3H); 13C 
NMR (150 MHz, DMSO-d6) δ: 172.56, 166.82, 162.41, 
162.27, 160.81, 160.67, 147.10, 143.52, 140.28, 140.01, 
132.39, 132.37, 132.35, 132.33, 132.00, 131.98, 131.77, 
131.72, 131.43, 131.38, 129.92, 129.86, 127.48, 127.21, 
115.56, 115.43, 115.29, 40.69, 38.47, 21.48; HRMS calcd 
for C16H16FN2O [M＋H]＋ 271.1241, found 271.1233. 

N'-(4-Fluorobenzylidene)-2-(4-fluorophenyl)acetohydr- 
azide (4m): A white solid, yield 70%. m.p. 195.7 ～
196.4 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.52 (d, J＝
61.4 Hz, 1H), 8.10 (d, J＝65.0 Hz, 1H), 7.75 (ddd, J＝12.3, 
6.6, 2.1 Hz, 2H), 7.41～7.21 (m, 4H), 7.20～7.05 (m, 2H), 
3.76 (d, J＝132.5 Hz, 2H); 13C NMR (150 MHz, DMSO-d6) 
δ: 172.68, 166.98, 164.36, 164.21, 162.72, 162.57, 162.43, 
162.29, 160.82, 160.68, 145.97, 142.31, 132.33, 132.31, 
132.27, 132.25, 131.77, 131.71, 131.44, 131.38, 131.33, 
131.32, 131.30, 129.68, 129.62, 129.40, 129.34, 116.42, 
116.37, 116.27, 116.22, 115.56, 115.43, 115.29, 40.68, 
38.44; HRMS calcd for C15H13F2N2O [M＋H]＋ 275.0990, 
found 275.0983. 

N'-Benzylidene-2-(4-fluorophenyl)acetohydrazide (4n): 
A white solid, yield 71%. m.p. 150.8～151.8 ℃; 1H NMR 
(300 MHz, DMSO-d6) δ: 11.51 (d, J＝61.1 Hz, 1H), 8.07 (t, 
J＝34.8 Hz, 1H), 7.77～7.59 (m, 2H), 7.45 (dd, J＝10.7, 
5.3 Hz, 3H), 7.38～7.27 (m, 2H), 7.14 (q, J＝8.5 Hz, 2H), 
3.76 (d, J＝132.7 Hz, 2H); 13C NMR (150 MHz, DMSO-d6) 
δ: 171.62, 165.90, 161.37, 161.23, 159.77, 159.63, 146.02, 
142.39, 133.65, 131.29, 131.26, 131.23, 131.21, 130.71, 
130.66, 130.39, 130.34, 129.41, 129.18, 128.26, 128.19, 
126.44, 126.17, 126.03, 114.51, 114.39, 114.37, 114.25, 
39.64, 37.41; HRMS calcd for C15H14FN2O [M＋H] ＋ 
257.1085, found 257.1078. 

N'-(2-Chlorobenzylidene)-2-(4-fluorophenyl)acetohyd- 
razide (4o): A white solid, yield 69%. m.p. 172.8 ～
173.2 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 11.70 (d, J＝
74.1 Hz, 1H), 8.50 (d, J＝62.9 Hz, 1H), 7.97 (ddd, J＝9.5, 
6.7, 3.2 Hz, 1H), 7.56～7.47 (m, 1H), 7.46～7.38 (m, 2H), 
7.38～7.29 (m, 2H), 7.13 (q, J＝8.7 Hz, 2H), 3.78 (d, J＝
133.1 Hz, 2H); 13C NMR (150 MHz, DMSO-d6) δ: 172.26, 
166.54, 161.87, 161.71, 160.26, 160.11, 142.32, 138.90, 
132.95, 132.78, 131.60, 131.58, 131.50, 131.48, 131.34, 
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131.28, 131.21, 131.16, 131.07, 130.92, 130.86, 129.81, 
129.77, 127.53, 127.50, 126.70, 126.59, 115.02, 114.88, 
114.74, 40.14, 37.83; HRMS calcd for C15H13FClN2O [M＋
H]＋ 291.0695, found 291.0689.  
4.3.4  X-Ray crystal diffraction of compounds 3m and 
4h 

Samples of 3m and 4h (20 mg) were dissolved in dime-
thyl sulfoxide and then placed in a 20-mL three-necked 
triangular flask and sealed with parafilm, leaving a small 
gap. Both samples were left in a quiet corner and were 
allowed to settle until the solvent had evaporated, precipi-
tating a single crystal suitable for testing. The single crystal 
0.4 nm×0.35 nm×0.25 nm in size was assessed by X-ray 
diffraction analysis. 

The diffraction data of 3m: CCDC: 2068722, C17H15Br- 
N2O, M＝ 343.22, triclinic, a＝0.64358(13) nm,  b＝
0.9089(2) nm, c ＝ 1.3569(3) nm, α＝ 71.29(2)°, β＝
83.811(17)°, γ＝ 85.963(17)°, V＝0.7469(3) nm3, T＝
108.85(10), space group P-1 (No. 2), Z＝2, μ(Mo Kα)＝
2.752, 5408 reflections measured, 2920 unique reflections 
(Rint＝0.0542), which were used in all calculations. The 
final wR(F2) was 0.1263 (all data). 

The diffraction data of 4h: CCDC: 2068720, C16H12- 
F4N2O, M＝324.28, triclinic, a＝0.83349(8) nm, b＝
1.04034(12) nm, c＝1.04183(13) nm, α＝119.553(12)°,   
β＝94.031(9)°, γ＝107.415(9)°, V＝0.72353(14) nm3, T＝
111.15(10), space group P-1 (No. 2), Z＝2, μ(Mo Kα)＝
0.130, 5432 reflections measured, 2828 unique reflections 
(Rint＝0.0360), which were used in all calculations. The 
final wR(F2) was 0.1129 (all data). 
4.3.5  Insecticidal activity against soybean aphids  

The insecticidal activities of the target compounds with 
mixture Z/E isomers except for single one 3a against soy-
bean aphids (Aphis glycines) were evaluated using the 
popular leaf-dipping method proposed by the IRAC.[54] 

Soybean aphids were maintained in a climate chamber set at 
(22±1) ℃, a relative humidity of 65%～75%, and a pho-
toperiod of 16 h∶8 h (L∶D) in a laboratory at China Ag-
ricultural University, Beijing, China, and were reared on 
soybean seedlings without exposure to any chemicals, as 
indicated by Hanson et al.[55] The target compounds were 
dissolved in DMSO-d6 and diluted with distilled water 
containing 0.05% Triton X-100 to the concentrations re-
quired. For the LC50 determination of compounds 3e, 4f, 4g 
and imidacloprid, five concentrations of the target com-
pounds (500.0, 125.0, 62.5, 15.625, and 7.81 μg/mL) were 
tested, and five concentrations of imidacloprid (200.0, 50.0, 
25.0, 6.25, and 1.56 μg/mL) were tested as positive controls. 
Soybean leaves were cut into disks (20 mm in diameter), 
dipped into the prepared solutions for 6 s, and then air-dried 
by placing them upside down for 30 min. After drying, the 
leaves were placed in a disposable 12-well cell culture plate. 
Each well contained 1 mL of 2% agar to maintain humidity. 
Approximately 20 apterous adult aphids were placed onto 
the disks, and the cells were covered with Chinese art paper 
to prevent the aphids from escaping. Leaf disks dipped into 

distilled water containing 0.05% Triton X-100 buffer and 
DMSO-d6 as described above served as a solvent control. 
Leaf disks dipped into imidacloprid solutions served as 
positive controls. Three replicates were conducted for each 
concentration of each chemical. Insects that did not move 
all six legs after gentle probing with a soft hairbrush were 
recorded as dead. The mortality rates were assessed after 48 
h of continuous exposure to the chemicals. The logit dis-
tribution was used to compute mortality as a function of 
insecticide concentration. The 48 h LC50 value of each 
chemical to aphids was calculated by probit regression 
using SPSS v.23.0.[56] 
4.4  Acute contact toxicity to bees 

The acute contact toxicities of compounds 3c, 3e, and 
imidacloprid toward honeybees (Apis mellifera) were ex-
amined. Brood combs collected from three colonies were 
maintained in a dark climate chamber at a temperature of 
(30±1) ℃  and a relative humidity of 50%～70% for 
emergence. Newly emerged worker bees ＜24 h old were 
collected and used for assessing the acute contact toxicity of 
the target compounds. Ten bees from three replicates were 
randomly assigned to cages. The test compounds were 
dissolved in a mixture of 50% DMSO-d6 and 50% acetone. 
The collected bees were first anesthetized with carbon di-
oxide (CO2) for 180 s, and then a 1.0 μL aliquot of a solu-
tion containing the test compound was applied with a micro 
applicator to the dorsal side of the thorax of each bee, fol-
lowed by a waiting period of approximately 1 min to let the 
solution evaporate. The 10 treated bees were then trans-
ferred into plastic test cages. These bees were fed a 50% 
sucrose solution for the following 48 h via a syringe, the 
needle and front end of which had been cut off. The tested 
concentrations of 3c were 40000, 20000, 10000, 5000, and 
2500 µg/mL, among which 40000 µg/mL was the saturated 
concentration. The tested concentrations of 3e were 100000, 
50000, 25000, 12500, and 6250 µg/mL, and 100000 µg/mL 
was the saturated concentration. The tested concentrations 
of imidacloprid, as the positive control, were 120, 60, 30, 
15, and 7.5 µg/mL. A mixture solution of 50% DMSO-d6 
and 50% acetone was tested as the solvent control, and 
water only was used as the blank control. The mortality 
rates of each treatment were recorded after 48 h of contin-
uous exposure to the chemicals. The logit distribution was 
used to compute mortality as a function of insecticide con-
centration. The 48 h LD50 value of each chemical to the 
bees was calculated by probit regression using SPSS 
v.23.0.[55-56] 
 
Acknowledgment  The authors acknowledge Qi, Suzhen, 
Pang, Sen, Qiu, Lihong for the supplying standard bees for 
the bee-toxicity tests and thank Qi, Suzhen for the analysis 
of acute contact toxicity to bees. 
 
Supporting Information  The pharmacophore model_03 
for virtual screen; 1H NMR and 13C NMR spectra of com-
pounds 3a～3v; 1H NMR and 13C NMR spectra of com-



   
Chinese Journal of Organic Chemistry ARTICLE 

 
Chin. J. Org. Chem. 2021, 41, 2774～2787 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/     2787 

pounds 4a～4o; The crystal data of compounds 3m and 4h; 
The predicted log P value of 3b, 3e, 3f, 3h, 3j, 3p and 3u. 
The Supporting Information is available free of charge via 
the Internet at http://sioc-journal.cn/. 

References 
[1] Dedryver, C. A.; Le Ralec, A.; Fabre, F. C. R. Biol. 2010, 333, 539. 
[2] Bonnemain, J. L. C. R. Biol. 2010, 333, 461. 
[3] Chappell, M. R.; Braman, S. K.; Williams-Woodward, J.; Knox, G. 

J. Environ. Hort. 2012, 30, 161. 
[4] Mauck, K. E.; De Moraes, C. M.; Mescher, M. C. Plant, Cell Envi-

ron. 2014, 37, 1427. 
[5] Voss, G.; Ramos, G. Chemistry of Crop Protection: Progress and 

Prospects in Science and Regulation, Wiley-VCH Verlag GmbH & 
Co. KGaA, Weinheim, 2003. 

[6] Tomizawa, M.; Casida, J. E. Annu. Rev. Pharmacol. Toxicol. 2005, 
45, 247.  

[7] Kagabu, S. J. Agric. Food Chem. 2011, 59, 2887. 
[8] Chen, L.; Wang, B. Q.; Zhao, Y. C.; Yan, S. J.; Lin, J. Chin. J. Org. 

Chem. 2017, 37, 1433 (in Chinese). 
(陈亮, 王保取, 赵宇澄, 严胜骄, 林军, 有机化学, 2017, 37, 
1433.) 

[9] Chen, Y. B.; Fan, J.; Xia, S.; Chen, J. G.; Xu, X. Y.; Li, Z. Chin. J. 
Org. Chem. 2014, 34, 409 (in Chinese). 
(陈寅波, 范杰, 夏爽, 程家高, 徐晓勇, 李忠, 有机化学, 2014, 
34, 409.) 

[10] Tian, Z. Z.; Wang, X. H.; Li, D. M. Chin. J. Org. Chem. 2020, 40, 
4332 (in Chinese). 
(田忠贞, 王先浩, 李冬梅, 有机化学, 2020, 40, 4332.) 

[11] Kagabu, S.; Nishimura, K.; Naruse, Y.; Ohno, I. J. Pestic. Sci. 2008, 
33, 58. 

[12] Kagabu, S.; Ishihara, R.; Hieda, Y.; Nishimura, K.; Naruse, Y. J. 
Agric. Food Chem. 2007, 55, 812. 

[13] Tomizawa, M.; Casida, J. E. Acc. Chem. Res. 2009, 42, 260.  
[14] Jeschke, P.; Nauen, R; Beck, M. E. Angew. Chem., Int. Ed. 2013, 

52, 9464.  
[15] Insecticide Resistance Action Committee: The IRAC mode of ac-

tion classification. https://irac-online.org/content/uploads/MoA_ 
Group_4.pdf. 

[16] Suchail, S.; Guez, D.; Belzunces, L. P. Environ. Toxicol. Chem. 
2001, 20, 2482. 

[17] Yang, Y.; Ma, S.; Liu, F.; Wang, Q.; Wang, X.; Hou, C. S.; Wu, Y. 
Y.; Gao, J.; Zhang, L.; Liu, Y. J.; Diao, Q. Y.; Dai, P. Pest Manage. 
Sci. 2019, 76, 978. 

[18] Jacob, C. R. O.; Malaquias, J. B.; Zanardi, O. Z.; Silva, C. A. S.; 
Jacob, J. F. O.; Yamamoto, P. T. Ecotoxicology 2019, 28, 744.  

[19] Wade, A.; Lin, C. H.; Kurkul, C.; Regan, R. E.; Reed M, Johnson, 
R. M. Insects 2019, 10, 20. 

[20] Schwartz, K. R.; Minor, H.; Magro, C.; McConnell, J.; Capani, J.; 
Griffin, J.; Doebel, H. J. Apic. Res. 2020, 60, 431. 

[21] Liu, Q.; Zhou, X. X.; Yuan, S. K. Agrochemicals 2020, 59, 660 (in 
Chinese). 
(刘琼, 周欣欣, 袁善奎, 农药, 2020, 59, 660.) 

[22] Shi, J. L.; Yang, L.; Liao, C. H. Agrochemicals 2019, 58, 6 (in Chi-
nese). 
(史晶亮, 杨乐, 廖春华, 农药, 2019, 58, 6.) 

[23] IUPAC Pesticide Properties Database: https://sitem.herts.ac.uk/  
aeru/iupac/index.htm 

[24] Henry, M.; Béguin, M.; Requier, F.; Rollin, O.; Odoux, J. F.; Au-
pinel, P.; Aptel, J.; Tchamitchian, S.; Decourtyes, A. Science 2012, 
336, 348. 

[25] Cresswell, J. E.; Page, C. J.; Uygun, M. B.; Holmbergh, M.; Li, Y. 
R.; Wheeler, J. G.; Laycock, I.; Pook, C. J.; De Ibarra, N. H.; 
Smirnoff, N.; Tyler, C. R. Zoology 2012, 115, 365. 

[26] Laycock, I.; Lenthall, K. M.; Barratt, A. T.; Cresswell, J. E. Eco-
toxicology 2012, 21, 1937.  

[27] Ollerton, J.; Erenler, H.; Edwards, M.; Crockett, R. Science 2014, 
346, 1360. 

[28] Whitehorn, P. R.; O'Connor, S.; Wackers, F. L.; Goulson, D. Sci-
ence 2012, 336, 351.  

[29] Rundlöf, M.; Andersson, G. K. S.; Bommarco, R.; Fries, I.; Heder-
ström, V.; Herbertsson, L.; Jonsson, O.; Klatt, B. K.; Pedersen, T. 
R.; Yourstone, J.; Smith, H. G. Nature 2015, 521, 77. 

[30] Woodcock, B. A.; Bullock, J. M.; Shore, R. F.; Heard, M. S.; Perei-
ra, M. G.; Redhead, J.; Ridding, L.; Dean, H.; Sleep, D.; Henrys, P.; 
Peyton, J.; Hulmes, S.; Hulmes, L.; Sárospataki, M.; Saure, C.; 
Edwards, M.; Genersch, E.; Knäbe, S.; Pywell, R. F. Science 2017, 
356, 1393.  

[31] Tsvetkov, N.; Samson-Robert, O.; Sood, K.; Patel, H. S.; Malena, 
D. A.; Gajiwala, P. H.; Maciukiewicz, P.; Fournier, V.; Zayed, A. 
Science 2017, 356, 1395.  

[32] Stokstad, E. Science 2017, 356, 1321. 
[33] Butler, D. Nature 2018, DOI: 10.1038/d41586-018-04987-4.  
[34] Erik, S. Science 2018, DOI: 10.1126/science.aau0152. 
[35] Hou, J.; Xie, W.; Hong, D.; Zhang, W. H.; Li, F.; Qian, Y.; Han, C. 

Food Chem. 2019, 270, 204.  
[36] Nauen, R.; Jeschke, P.; Velten, R.; Beck, M. E.; Ebbinghaus- 

Kintscher, U.; Thielert, W.; Wölfel, K.; Haas, M.; Kunz, K.; 
Raupach, G. Pest Manage. Sci. 2015, 71, 850. 

[37] Jeschke, P.; Nauen, R.; Gutbrod, O.; Beck, M. E.; Matthiesen, S.; 
Haas, M.; Velten, R. Pestic. Biochem. Phys. 2014, 121, 31. 

[38] Onozaki, Y.; Horikoshi, R.; Ohno, I.; Kitsuda, S.; Durkin, K. A.; 
Suzuki, T.; Asahara, C.; Hiroki, N.; Komabashiri, R.; Shikako, R.; 
Furutani, S.; Ihara, M.; Matsuda, K.; Mitomi, M.; Kagabu, S.; Uo-
moto, K.; Tomizawa, M. J. Agric. Food Chem. 2017, 65, 7865. 

[39] Hesselbach, H.; Scheiner, R. Sci. Rep. 2018, 8, 4954. 
[40] Hu, Y.; Stumpfe, D.; Bajorath, J. J. Med. Chem. 2017, 60, 1238. 
[41] Lamberth, C. Pest Magnage. Sci. 2018 ,74, 282. 
[42] Chen, Z. L.; Yao, X. M.; Dong, F. S.; Duan, H. X.; Shao, X. S.; 

Chen, X.; Yang, T.; Wang, G. R.; Zheng, Y. Q. Environ. Int. 2019, 
130, 104854. 

[43] Smart, B. E. J. Fluorine. Chem. 2001, 109, 3. 
[44] Jeschke, P. Pest Manage. Sci. 2016, 72, 433. 
[45] Badawy, M. E. I.; Nasr, H. M.; Rabea, E. I. Apidologie 2015, 46, 

177. 
[46] Talley, T. T.; Harel, M.; Hibbs, R. E.; Radic, Z.; Tomizawa, M.; 

Casida, J. E.; Taylor, P. Proc. Natl. Acad. Sci. U. S. A. 2008, 105, 
7606. 

[47] Chandrasena, D.; Difonzo, C.; Byrne, A. J. Econ. Entomol. 2011, 
104, 1357. 

[48] Magalhaes, L. C.; Hunt, T. E; Siegfried, B. D. Entomol. Exp. Appl. 
2008, 128, 330. 

[49] Screening Compounds and Libraries for Hit identification: https:// 
www.maybridge.com.  

[50] Lipinski, C. A.; Lombardo, F.; Dominy, B. W.; Feeney, P. J. Adv. 
Drug Delivery Rev. 2012, 64, 4. 

[51] Open Source Independent Review and Interpretation System: 
https://www.ncbi.nlm.nih.gov/osiris/download. 

[52] Clark, R. D.; Strizhev, A.; Leonard, J. M.; Blake, J. F.; Matthew, J. 
B. J. Mol. Graphics Modell. 2002, 20, 281. 

[53] v. Auwers, K.; Daniel, W. J. Prakt. Chem. (Leipzig) 1925, 110, 235. 
[54] RAC Approved Test Methods for resistance detection in the 

world’s major insect pests: https://www.irac-online.org/methods/ 
aphids-adultnymphs. 

[55] Hanson, A. A.; Menger-Anderson, J.; Silverstein, C.; Potter, B. D.; 
MacRae, I. V.; Hodgson, E. W.; Koch, R. L. J. Econ. Entomol. 
2017, 110, 2235. 

[56] Bliss, C. I. Science 1934, 79, 38. 

(Lu, Y.) 



<<
  /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


