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Abstract: In this work, a series of phenylpropanoid detixeg were synthesized, and their
anti-hepatitis B virus (HBV) activity was evaluatédost of the synthesized derivatives
showed effective anti-HBV activity. And compound-3dhowed the most effective anti-HBV
activity, performing strong potent inhibitory natlg on the secretion of HBsAg (1
=58.281M, SI=23.26) and HBeAg (I& = 97.21uM, SI=13.95), but also on the HBV DNA
replication (IGo = 42.28uM, SI = 32.06)The structure-activity relationships (SARs) of the
derivatives had been discussed, which were usafuldveloping phenylpropanoid
derivatives as novel anti-HBV agents. Moreover,dbeking study of all synthesized
compounds inside the HLA-A protein (PDB ID: 30X&}ige site was carried out to explore
the molecular interactions and a molecular targeattivity and a modified assay method
measuring the interaction between our derivativesHBcAg was investigated, indicating
that the HBV core protein might be their potentabet for anti-HBV. This study identified a
new class of potent non-nucleoside anti-HBV agents.

Keywords: Synthesis, Phenylpropanoid derivatives, Anti-HBW\aty, Structure-activity

relationships, Molecular docking



1. Introduction

Hepatitis B virus (HBV), a member of Hepadnaviridamily, is a human pathogen that
causes acute and chronic hepatitisa and may ldddlémg infection, cirrhosis,
hepatocellular carcinoma, liver failure, or dedtl2]. HBV infects chronically over 350
million people globally with more than 1 million altas annually [3]. Currently, therapies
including immunomodulator, interferons (interferalpha and pegylated interferon), and
nucleoside drugs (lamivudine, adefovir dipivoxihtecavir, telbivudine and tenofovir) for
treating HBV are still unsatisfactory [4,5]. Interbns is effective only in less than 30% of the
chronic carriers and about 50% of interferons-e@gtatients experience recurrence of
viremia after cessation of treatment [6,7]. Nucideglrugs, whose major target is to inhibit
the viral reverse transcriptase (RT)/DNA polymerase effective in suppressing the viral
replication for extended periods, while drug resise remains a critical issue due to the
mutation of DNA polymerase [8,9]. Therefore, neassles of potent antiviral compounds
with different antiviral targets and mechanismssé&gghly desirable.

HBV contains a 3.2 kb partially double-stranded Dinome with four open reading
frames (ORFs) encoding four viral proteins inclgpaore protein (Cp), surface protein (S),
polymerase (P), and X protein (X) [10]. Core proteiainly constitutes the nucleocapsid
which harbors the viral DNA and polymerase [11jvéts reported that dominant negative
core protein mutants, which could not support pnegac RNA packaging and genome
maturation, could effectively inhibit replicatiorBY [12]. Peptides that could inhibit the
assembly of core proteins and intracellular sirgi@in antibodies against HBV core protein

could also inhibit HBV replication [13,14]hese observations suggest that the assembly



process of core protein could serve as a targetrfthHHBV agents.

In our previous study, we found that lignans ninamtnirtetralin, nirtetralin A and

nirtetralin B isolated fronPhyllanthus niruri L. exhibited significant anti-HBV activity

[15-17]. We investigated the potential anti-HBVgats of the anti-HBV lignans with reverse

docking approach using fifteen HBV related proteind RNA including human leukocyte

antigen HLA-A*02:03 (PDB ID: 30X8), human leukocytatigen HLAA*02:06 (PDB ID:

30XR), human leukocyte antigen HLA-A*02:07 (PDB IBOXS), hepatitis B virus preS1

protein (PDB ID: 3ZHF), hepatitis B virus preS2fsice antigen (PDB ID: 1WZ4), human

hepatitis B virus surface antigen HzKR127 (PDB 2BH8), human hepatitis B virus

e-antigen (PDB ID: 3V6F, 3V6Z), Hepatitis B X-iné@ting protein HBXIP (PDB ID: 3MS6,

4WZR, 4AWZW), HBV RNA polymerase (PDB ID: 2HN7), ahdmanhepatitis Bvirus

encapsidatiosignal (PDB ID: 2IXY, 2K5Z). The reverse dockingudts showed that HLA-A

protein (PDB ID: 30X8) may be the potential tarfygtanti-HBV.

The HBV core 18-27 peptide (HBcAg18-27) wagyinally described as a human

leukocyte antigen (HLA)-A epitope and detected mrenthan 90% of human leukocyte

antigen (HLA)-A protein which was associated wigvere liver inflammation in Chinese

patients with chronic HBV infection [18]. The crgbstructure of HLA-A protein (PDB ID:

30X8) was investigated to be a fragment of HBV qu@tein and could serve as a target for

anti-HBV agents [19].

In order to increase the activity of the lignans, designed and synthesized series of

analogues based on the reverse docking resultscambination principle. HLA-A protein

(PDB ID: 30X8) was used as molecular targets foirldBV activity of the analogues in a



moe-docking technique. And the same structurahfiexgs that the anti-HBV active lignans
possess ((E)-3-(3,4-dimethoxyphenyl)acrylic ack);§-(3,4,5-trimethoxyphenyl)acrylic acid,
(E)-3-(benzo[d][1,3]dioxol-5-yl)acrylic acid and YB-(7-methoxybenzo[d][1,3]dioxol-5-yI)
acrylic acid) were used as the main scaffold ferdbsign and synthesis of novel compounds
as potent anti-HBV agents. As a part of our comtursisearch for active anti-HBV leads from
synthetic compounds, some phenyl acryloyl type exasters derivatives with heterocycle
have been reported [20]. We found that the ligivegie observed to exhibit low cytotoxicity
and effective anti-HBV activity while the cytotoxig increased after heterocycle were
introduced into the derivatives. Then, the pheyylayl type oxime esters derivatives also
showed anti-HBV activity and our docking study simatvat the ®ime ester groupould
interact with the protein [20]. In the current dag] it was of interest to know how theime
ester groupnaintained the anti-HBV activity by simplifyingetstructure of the active
lignans with an gime ester group.

In this paper, we reported the synthesis, SARseoutdr docking study, and anti-HBV
activity of phenylpropanoid derivatives by modifiice of ester group heterocycle part with
the structural fragment of the active lignans. Tlls two fragments of the active lignans
was connected and simplified by axime ester grougror further study, an assay was

investigated to explore the interactions betweerdérivatives and the protein.

2. Resultsand Discussion
2.1. Chemistry
General synthesis for the intermediate and tay@ipounds is depicted in Scheme

1. Substituted benzaldehyde was reacted with hythioxne hydrochloride in EtOH
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in the presence abdium acetatéo yield oxime 1-3 in a good yie[@1]]. Intermediates
2a-d were prepared by Knoevenagel condensatioratfme acid and the aldehyde
group of four benzakhydes with yields of 80%-90% [22].The final oxiemter derivatives
(4a-1~ 4a-3), (4b-1~ 4b-3), (4c-1~ 4c-3), (4d-1~-3Advere obtained by reaction of oxime
with cinnamoy! chloride 3a-d in the presence of TAich were obtained by reaction of
substituted phenylacrylic acid 2a-d and thionybcide in DCM [23].

The structures of the newly synthesized compoudasl{ 4a-3), (4b-1~ 4b-3), (4c-1~
4¢-3), (4d-1~ 4d-3) were characterized'ByNMR, **CNMR and MS data and their data are
presented in theupplementary materidtd NMR spectra of the derivatives showed a singlet
at about 8.35 ppm corresponding to N=CH proton. @iaablets at 6.29-6.47 and 7.57-7.80
ppm with J=15.57-15.93 Hz corresponding to trardrdgens of CH=CH respectively. The
singlet at 3.89-3.95 ppm attributed to O-G#otons, and at 6.00-6.05 corresponding to
OCH,O protons. The chemical shifts of aromatic hydregeithe phenyl ring appeared as
multiplets in the regiod 6.74-7.25C NMR chemical shifts for titte compounds were
observed in their expected regio€ NMR spectrum for the derivativebowed signals at
55.87-56.92, 101.52-102.35, 155.76-156.70 and Be#65.66 corresponding to GHCH,,

C=N and C=0, respectively.

2.2. QSAR Study

The 3D structures of all the compounds were geeénasing the Built Optimum option of
Hyperchem software (version 8.0), and subsequentygy minimized using MM+ force

field. Then, the structures were fully optimizedolgtular descriptors were determined by



QSAR study, includingpgP, molar refractivity, surface area, volume, fiagidn energy and
polarizability. And the results showed that all molecules had dkegproperties (Table 1). All
the compounds have the molecular weight ranging 860 to 450 Da. The log P values of
these compounds are superior to act as drug whi€hi4 to -3.39 and the molar refractivity

is in the range of 101-121.

2.3. Molecular Docking

Molecular docking studies of phenylpropanoid denies were carried out using MOE
2008.10 as the docking software in order to ratinedhe biological activity results and
understand the various interactions between ligantbprotein in the active site in detail. The
crystal structure of HLA-A protein (PDB ID: 30X8)as used for docking study and the ‘Site
Finder’ tool of the program was used to searcht$oactive site. We performed three docking
procedures for each ligand and the best configuratf each of the ligand-receptor
complexes was selected based on energetic grotindsffinity scoring functio®G was
used to assess and rank the receptor-ligand coagl&ke docking scores and the hydrogen
bonding strength of all the molecules were shownahle 2.

The synthesized series derivatives had dock semging from -14.6098 to -19.5089.
Compound 4d-3 was showing the best least dockiogesaf -19.5089 and the next best least
docking score was found with 4b-3 followed by 4&8ur hydrogen bonds were present in
the derivative 4b-3 and 4d-3, which was the highesing the series. Compound 4d-3 is
found to be forming four hydrogen bonds of length#8, 1.55, 2.85 and 3.@8each with
15-OCH;, 14-OCH;, 13-OCH in benzene ring of Asp53 and O-N ikime ester groupf

Tyr27 respectively (Fig. 1). Compound 4b-3 alsaorfed four hydrogen bonds of lengths 1.41,
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1.65, 2.95 and 2.98 A with 13, 14, 15-OgH benzene ring of Asp53 and O-N irime

ester groupf Tyr27 (Fig. 2). Compound 4a-3 formed three loggn bonds. In 4a-3, the 14,
15-OCH3 in benzene ring of Asp53 and O-N xime ester groupf Tyr27 were with bond
length of 2.61, 2.16 and 2.@2respectively (Fig. 3). The compounds 4d-3, 4b-@ 4a-3
exhibited the best least docking score had goattio anti-HBV activity as well.

2.4. Anti-HBV Activity

All the newly synthesized derivatives were testadlfieir anti-HBV activity, namely
inhibiting the secretion of HBsAg, and HBeAg in K&@.2.15 cells using lamivudine (3TC, a
clinically popular anti-HBV agent) as a positiventwl. The anti-HBV activity of each
compound was expressed as the concentration ofaamdthat achieved 50% inhibition
(ICs0) to the secretion of HBsAg and HBeAg. And the tykecity of each compound was
expressed as the concentration of compound requaret 50% (CGy) of the HepG 2.2.15
cells. The selectivity index (Sl), a major pharméeml parameter that estimates possible
future clinical development, was determined ag#tie of CG,to 1Cs,. The results of their
anti-HBV activity and cytotoxicity were listed inable 3.

The treatment of HBV-transfected HepG2.2.15 celth warious concentrations of drugs
for 9 days exhibited a time-and dose-dependenbitainy effect on the secretion of HBsAg
and HBeAg (Fig. 4). In synthesized derivativescalinpounds showed better activity
inhibiting the secretion of HBsAg than that of laomline. And eleven of twelve derivatives,
with higher inhibitory activity against the secogtiof HBeAg than lamivudine were obtained
except for 4a-1. Moreover, all the twelve derivatiwere observed analogical activities, but

lower cytotoxicity than those with heterocycle [2Gpmpound 4d-3 showed the most potent



anti-HBV activity, demonstrating potent inhibitogffect on the secretion of HBsAg (IC50
=58.28M, SI=23.26) and HBeAg (IC50 = 97.2M, SI=13.95). Compound 4c-2 showed
inhibitory potency to the secretion of HBsAg £{4€55.51uM) and HBeAg (1G=109.34uM),
but appeared toxic (G&381.3uM), which led to relatively low SI values ($ka=6.87,
Slhgeagc=3.49). Compared to compound 4c-2, compound 4laBively low inhibitory
potency to the secretion of HBSAg £KE76.39uM) and HBeAg (1G=145.774uM), but
weak toxic (CG=1554.70uM) led to higher Sl values (fdsa=20.35, Slgeas=10.67).

Importantly, the most active compounds 4a-3, 48e3?, 4c-3 and 4d-3 with high activities
against HBsAg and HBeAg were selected to investigatibition of HBV DNA replication
using lamivudine as the reference drug. Compouad3, 4b-3, and 4d-3 exhibited anti-HBV
activity with their 1G, values against HBV DNA replication of 151.57, ¥%).42.28.M,
respectively. Compounds 4a-3, 4b-3, and 4d-3 dysplanhibiting not only HBsAg and
HBeAg secretion but also HBV DNA replication, howev3TC showed significantly activity
against HBV DNA replication (I6s= 6.86) while showed little inhibitory on HBsAg and
HBeAg secretion.
2.5. Structure-Activity Relationship

The start reactants substituted benzaldehyde ihdetimediates 2a-d and oximes
1-3 showed low suppressant properties on the HBNewhost of the derivatives
showed high potency activity against of the searetif HBsAg and HBeAg as shown
in Table 3. In the docking study, we also found tha O ofO-N in the &ime ester
groupinteracted with Tyr27 by hydrogen bond.

The phenylpropanoid part of the derivatives shothedsimilar structure-activity



relationship as our previous study [20]. The resalso shown that the introduction of
methoxy group to 5-C could enhance the anti-HBWaygtand decrease cytotoxicity along
with the high Sl values, and the substituent ofdmethoxy by 3,4-methylenedioxy could
increase activity and cytotoxicity along with r@laty low Sl values.

Derivatives 4a-1~3, 4b-1~3, 4c-1~3 and 4d-1~3 apnaththe same phenylpropanoid part
respectively. Compound 4a-3 showed the best ansiAdBactivity (IG,=85.00uM) and the
next was 4a-1 (16=128.86uM), followed by 4a-2 (1G=222.19uM), while the most potent
anti-HBeAg activity was observed with 4a-3 {4€146.24uM), followed by 4a-2
(IC5=196.15uM), then 4a-1 (16=290.28uM). The order also applied to 4b-1~3, 4c-1~3 and
4d-1~3 except for 4c-2, which showed more effeatimenhibiting HBsSAg and HBeAg
secretion than that of 4c-3. It suggested thairttieduction of methoxy group to 13-C could
enhance the anti-HBV activity, and the substitu#rit3,14-dimethoxy by
13,14-methylenedioxy could decrease inhibitiorhi® $ecretion of HBsAg and HBeAg.
Compound 4a-1 showed cytotoxicity with §@alues of 546.4L4M. The cytotoxicity of
derivatives 4a-3 (C£&=-601.46uM) decreased with methoxy group at 13-C. Compoun@ 4
(CCs0=582.83uM) was observed with stronger cytotoxicity than3aith
13,14-methylenedioxy. Actually, all the derivativ@stained from oxime 3 did show weakest
cytotoxicity, followed by that from oxime 2. It inzhted that the introduction of methoxy
group to 13-C could enhance the anti-HBV activitg @ecrease the cytotoxicity, and the
substituent of 13,14-dimethoxy by 13,14-methyleorgicould decrease the anti-HBV
activity but increase cytotoxicity, leading to avi&l values.

According to the results mentioned above, SARs waremarized as followed: (1)

10



5-OCH;-substituted compounds with methylenedioxy at 1-&1ebuld provide higher
anti-HBV activity than other analogues. (2) 13, 54QCH;:-substituted compounds could
provide higher anti-HBV activity than that with HHsstituted or methylenedioxy-substituted.
2.6. Thelnteraction Between Derivatives and HBcAg

A modified enzyme-linked assay method using 96-pikeites was used to explore the
interactions between the derivatives and HBcAg. Miost active compounds 4a-3, 4b-3, 4c-2,
4c-3 and 4d-3 were chosen as models to exploratidctions and the results wegyevided
in Fig. 5. It was evident that there was a reductibthe OD values in a dose dependent way,
which indicated that there would be an interachetween the compounds and HBcAg
blocking the binding of HBcAg. Among them, compouhdd2 showed the lowest 4¢value
(17.25uM) maybe for its cytotoxicity as mentioned abowvead éhe next was compound 4d-3
(22.50uM). It was compared to that of docking and in viairdi-HBV activity results, and

was analogous.

3. Conclusion

In conclusion, synthesis of phenylpropanoid deivest and their potential anti-HBV
activities was evaluated. Results observed in thegnt study clearly demonstrated that most
of derivatives of the oximes ester phenylproparamily could exert interesting anti-HBV
activities with the SJgsag Values from 2.14 to 23.26 and &y values from 1.88 to 13.95.
Moreover, all the twelve derivatives were obseraadlogical activities, but lower
cytotoxicity than those with heterocycle. Intenegty, compounds 4c-1, 4d-1, and 4d-2
displayed inhibiting not only HBsAg and HBeAg sdme but also HBV DNA replication,

however, 3TC showed significantly activity agair&V DNA replication while showed little
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inhibitory on HBsAg and HBeAg secretion. In additithe docking study of all synthesized
compounds inside the HLA-A protein (PDB ID: 30X&}ise site were carried out to explore
the molecular interactions and a molecular targeattivity, and indicated that the HBV core
protein might be the potential target for anti-HBMwas further proved by a modified assay
method measuring the interaction between our di&ressand HBcAg. The results of the
biological activities screened were consistent whdhdocking results and measurement of the
interaction, indicating that the anti-HBV effecttbe prepared compounds may exert its
anti-HBV activity by inhibiting HBcAg. This studylentified a new class of potent anti-HBV
agentsand offered valuable information for seeking nowiaaside anti-HBV drug

candidates.

4. Materialsand methods
4.1. General

Melting points were determined using electrothermalting point apparatus WRX-4
(Shanghai, China) and were uncorrected. MS speara run on a Finnigan LCQ Deca XP
MAX mass spectrometer (Thermo Fisher, San Jose USA) equipped with an ESI source
and an ion trap analyzer in thegtiive ion mode/in the negative iONMR spectra were
recorded on Bruker AM 400 MHZH/**C, 400 MHz/100 MHz) or Bruker DRX 500 MHz
(*H/**C, 500 MHz/125 MHz) spectrometer (Bruker, Bremedm\Germany) and chemical
shifts were quoted id as parts per million (ppm) downfield with tetraimgsilane (TMS) as
internal reference. Coupling constants, J, areesgad in hertz (Hz). Column
chromatography (CC): silica gel (200 - 300 mesimg@ao Makall Group Co., Ltd; Qingdao;

China). All reactions were monitored using thinlagbromatography (TLC) on silica gel
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plates. Yields refer to isolated pure productsaack not maximized. On the basis of NMR
and HPLC (Thermo Fisher UltiMate 3000, USA) datkfimal compounds reported in the

manuscript were >95% pure.

4.2. Chemistry (Scheme 1)

The chemical synthesis and further characterizatiere available in the supplementary

material.

4.3. Molecular Docking Studies

The ligand study was carried out by HyperChem sarfiya sophisticated molecular
modeling environment that uniting with quantum cleghcalculations, dynamics, and
molecular mechanics [24].Three-dimensional str@dwyvere constructed and optimized for
all the molecules, and then QSAR descriptors weerdied, which is a powerful lead
optimization tool that can quantitatively relateigtions in biological activity to changes in
molecular properties.

The molecular docking study was performed using MBDES8.10 to understand the
ligand-protein interactions in detail. The targetpounds were built using the builder
interface of the MOE program and subjected to gnemgimization. The crystal structure of
human leukocyte antigen (HLA-A) protein (PDB ID: 88) was retrieved from Protein Data

Bank (http://www.rcsb.org/pdb/home/home.do) [25¢Tédited crystal structure after

removing water molecules was imported into MOE elmain A was considered for docking

process as the protein is a dimer consisting ofid\B chains. The structure is protonated,
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polar hydrogens were added and energy minimizatias carried out till the gradient
convergence 0.05 kcal/mol was reacteedet the stabilized conformation. The active sites
correlated with ‘Site Finder’ module of MOE to dedithe docking site for the ligands.
Docking procedure was followed using the standaotiyol implemented in MOE 2008.10

and the geometry of resulting complexes was stuasat the MOE’s Pose Viewer utility.

4.4. Phar macology

4.4.1. Célsand Cdll culture

HepG2.2.15 (clonal cells derived fromhuman hepatoetidine G2) cells were provided
by the Chinese Academy of Medical Sciences (P.maand maintained in MEM medium
supplemented with 10% fetal bovine serum and 38tpuaof G418, 50 u/mL of kanamycin,

and 0.03% L-glutamine at 3T in a 5% CQ atmosphere with 100% humidity.

4.4.2. Drug Treatment

HepG 2.2.15 cells were seeded at a density of 2ledl/mL (200 pL/well) in 96-well
plates and maintained at 32 for 24 h prior to extract addition, followed bgatment with
various concentrations of drugs. Lamivudine (3T@pwerved as the positive control. Cells
were refed with drug-containing fresh medium ev&i/for up to 9 d in time-dependent
experiment. Medium was taken at third day of treatt{T3), the sixth day of treatment (T6)
and the ninth day of treatment (T9), and store@@IC until analysis. The 1§ and selected

index (SI) of each compound were calculated, resdy.
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4.4.3. Cell Toxicity

Logarithmically growing cells were seeded in 964veelture plates at a density of 110
cells/mL (200 pL/well). They were cultured for 24hd then treated with various
concentrations of drugs. OD values were read anb@fter 9days and the percent of cell
death was calculated and the cells were refeddvitg-containing fresh medium every 3 d
for up to 9 d. After drug treatment, the cytotoyiavas measured using the MTT assay

[26,27].

4.4.4. Determination of HBsAg and HBeAg

The levels of HBV surface antigen (HBsAg) and HB¥rgigen (HBeAg) were
simultaneously detected using ELISA kits (RongshBiogechnology Co. Ltd, Shanghai,

China) according to the manufacturer’s instructions

4.4.5. Determination of HBV replication

Inhibitory activity against HBV was determined byeal-time fluorescence quantitative
PCR (FQ-PCR) according to our previous descripl@). Briefly, 2.0 pL of HBV DNA was
amplified in a 25 mL of mixture containing 12.5 glx SYBR Green Master (ROX) and 2
primers specific for HBV: a forward primer'{BAC CAT TGA AGC AAT CAC TAG AC-3)
and a reverse primer ¢ ATC TAT GGT GGC TGC TCG AAC TA -3. The thermal program
comprised of an initial denaturation at@5for 10 min followed by 40 amplification cycles

with each of the two following steps: 96 for 15 s and 6€C for 1 min.
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4.5. M easur ement of the interaction between the derivativesand HBV core protein

HBcAg protein was purified by ultracentrifugationcagel filtration chromatography as
described [28]. The interaction between the deneatand HBV core protein was measured
by ELISA with some modifications [28,29]. Briefl¥00 pL of HBcAg in 50mM sodium
phosphate (pH 8.0) was incubated in 96-well platesnight at #C. After blocking the plate
surface with 2% bovine serum albumin (Sigma, US#yJ in PBS (50mM sodium
phosphate, 0.15MNaCl, pH 7.4), various concentngtif derivatives were added and
incubated for 20 min. The amount of HBCcAg boundlon plate was measured using

anti-HBcAb (Rongsheng Biotechnology Co. Ltd, Shaig&hina).
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Tables

Table 1. Molecular descriptors of derivatives frBAR study.

Molar Surface Hydration o

, Molecular . Volume Polarizability
Ligand weight (Da) LogP refractivity area A3 energy A3

(A3 (A9 (Kcal/mol)
3TC 229.25 -0.55 55.14 52555 606.87 48.20 21.71
4a-1 371.38 -1.40 109.06 852.16 1033.59 45.35 38.79
4a-2 385.37 -2.21 108.27 899.85 1036.63 39.22 38.65
4a-3 401.41 -2.40 115.43 906.26 1094.60 43.26 41.26
4b-1 401.41 -2.40 115.43 905.72 1081.70 43.13 41.26
4b-2 415.39 -3.20 114.65 953.39 1084.21 39.03 41.12
4b-3 431.44 -3.39 121.81 959.82 1142.71 43.04 43.73
4c-1 355.34 -1.21 101.90 862.83 957.70 41.00 36.18
4c-2 369.32 -2.02 101.11 910.52 961.08 36.87 36.04
4c-3 385.37 -2.21 108.27 917.00 1019.74 40.91 38.65
4d-1 385.37 -2.21 108.27 909.16 1012.94 39.92 38.65
4d-2 399.35 -3.01 107.49 956.84 1016.01 35.83 38.51
4d-3 415.39 -3.20 114.65 963.46 1075.15 39.83 41.12
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Table 2. Docking score and bond interactions offsgized compounds.

Distance

Ligand S-score No. of Amino acid Molecular structure
(kcal/mol)  H-bonds (A involved
3TC -10.7074 2 2.03 TYR 27 O of -OH
2.29 TYR 27 O of -COC-
4a-1 -16.1132 3 2.02 TYR 27 O of -ON
2.61 ASP 53 O of 14 -OCH
2.16 ASP 53 O of 15 -OCH
4a-2 -16.0508 3 2.03 TYR 27 O of -ON
2.72 ASP 53 O of 14 -OCH
2.14 ASP 53 O of 15 -OCH
4a-3 -18.5917 3 2.02 TYR 27 O of -ON
2.61 ASP 53 O of 14 -OCH
2.16 ASP 53 O of 15 -OCH
4b-1 -17.6575 3 2.99 TYR 27 O of -ON
1.65 ASP 53 O of 14 -OCH
1.39 ASP 53 O of 15 -OCH
4b-2 -17.9895 3 2.99 TYR 27 O of -ON
1.75 ASP 53 O of 14 -OCH
1.39 ASP 53 O of 15 -OCH
4b-3 -18.9798 4 2.98 TYR 27 O of -ON
2.95 ASP 53 O of 13 -OCH
1.65 ASP 53 O of 14 -OCH
1.41 ASP 53 O of 15 -OCH
4c-1 -14.6098 3 2.02 TYR 27 O of -ON
2.55 ASP 53 O of 14 -OCH
2.21 ASP 53 O of 15 -OCH
4c-2 -14.5949 3 2.00 TYR 27 O of -ON
2.70 ASP 53 O of 14 -OCH
2.18 ASP 53 O of 15 -OCH
4c-3 -17.2444 3 2.03 TYR 27 O of -ON
2.54 ASP 53 O of 14 -OCH
2.17 ASP 53 O of 15 -OCH
4d-1 -16.1088 3 3.02 TYR 27 O of -ON
1.56 ASP 53 O of 14 -OCH
1.50 ASP 53 O of 15 -OCH
4d-2 -17.1885 3 2.97 TYR 27 O of -ON
1.72 ASP 53 O of 14 -OCH
1.46 ASP 53 O of 15 -OCH
4d-3 -19.5089 4 3.03 TYR 27 O of -ON
2.85 ASP 53 O of 13 -OCH
1.55 ASP 53 O of 14 -OCH
1.48 ASP 53 O of 15 -OCH
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Table 3. Anti-HBV activity and cytotoxicity of thghenylpropanoid derivatives in vifto

HBsAJ HBeAd HBV DNA replication
Compd  CGy (uM)
ICs0° (uM) sf ICs0° (UM) Sl ICs0° (uM) sl
la >1500 -9 - - - ND" ND
1b >1500 - - - - ND ND
1c 1289.31 - - - - ND ND
1d 1075.75 - - - - ND ND
2a 534.66 >600 <0.89 >600 <0.89 ND ND
2b 834.13 >600 <1.39 >600 <1.39 ND ND
2c 503.46 433.15 1.16 526.25 0.96 ND ND
2d 667.25 410.96 1.62 476.75 1.40 ND ND
1 402.02 387.17 1.04 469.11 0.86 ND ND
2 475.21 479.80 1.01 519.47 0.91 ND ND
3 562.19 353.56 1.59 431.23 1.30 ND ND
4a-1 546.41 128.86 4.24 290.28 1.88 ND ND
4a-2 582.83 222.19 2.62 196.15 2.97 ND ND
4a-3 601.46 85.00 7.08 146.24 4.11 151.57 3.97
4b-1 599.10 124.50 4.81 243.86 2.47 ND ND
4b-2 759.73 194.11 3.91 171.89 4.42 ND ND
4b-3 1554.70 76.39 20.35 145.77 10.67 100.62 15.45
4c-1 255.99 119.53 2.14 210.97 1.21 ND ND
4c-2 381.35 55.51 6.87 109.34 3.49 - -
4c-3 532.67 69.22 7.70 125.91 4.23 - -
4d-1 567.04 112.61 5.04 201.90 2.81 ND ND
4d-2 626.14 167.47 3.74 166.03 3.77 ND ND
4d-3 1355.64 58.28 23.26 97.21 13.95 42.28 32.06
3T1C 568.25 234.70 2.42 267.16 2.13 6.86 82.84

a. Values are means determined from at least tywerarents.
b. CGois 50% cytotoxicity concentration in HepG2 2.2cEHs.
c. HBsAg: hepatitis B surface antigen.

d. HBeAg, hepatitis B e antigen.

e. IG is 50% inhibitory concentration.

f. Sl (selectivity index) = C&y/ICx.

g. Not active.

h. ND, Not determined.

i. Lamivudine (3TC) as the positive control.
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Figure 1. Ligand interaction and the binding motleanpound 4d-3 with HLA-A receptor.

The hydrogen bond formed colored in green.
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Figure 2. Ligand interaction and the binding motleanpound 4b-3 with HLA-A receptor.

The hydrogen bond formed colored in green.
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Figure 3. Ligand interaction and the binding motleamnpound 4a-3 with HLA-A receptor.

The hydrogen bond formed colored in green.
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Figure 4. Inhibitory effect of the phenylpropandierivatives on secretion of HBsAg (A) and

HBeAg (B) in the HepG2.2.15 cell line. Data wer@mssed as mean + S.BA3).
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Figure 5. Results of the interaction between thevdtivesselected from primary screening

and HBcAg with the ELISA method.
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Highlights

*  Phenylpropanoid derivatives demonstrated potent anti-HBV activity.

*  Phenylpropanoid derivatives had interaction with protein 30X8.

* The anti-HBV effect of the phenylpropanoid derivatives may exert its anti-HBV

activity by inhibiting HBCAQg.



