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Abstract

As an ongoing search for potemin-nucleoside anti-HBV agents with novel strucsurge described a
series of phenyl propionamide derivativéa-b, 4a-e, 7a-g, 8a-h and 9a-b) by pharmacophore fusion
strategy in the present work. All the compoundsilgiéd an anti-HBV activity to some extent. Among
them, compound8d and9b displayed most potent anti-HBV activity with 4Cvalues on HBV DNA
replication of 0.46 and 0.14M, respectively. And the selective index value8a@fand9b were more than
217.39 and 153.14, suggesting tBdtand9b exhibited favorable safety profiles. Interestingg and9b
possessed significantly antiviral activities agtilasnivudine and entecavir resistant HBV mutantghwi
ICso values of 0.77 and 0.32M. Notably, preliminary anti-HBV action mechanistodies showed tha&d
could inhibit intracellular HBV pgRNA and RT actiyi of the HBV polymerase. Molecular docking
studies suggested that compousdl could fit into the dimer-dimer interface of HBV reoprotein by
hydrophobic interaction. In addition, in silico pietion of physicochemical properties showed t8eht
conformed well to the Lipinski's rule of five, stegling its potential for use as a drug like moleciibken
together,8d possessed significantly anti-HBV activity, low toiky, diverse anti-HBV mechanism and
favorable physicochemical properties, and warrafbeiher investigation as a promising non-nucleesid

anti-HBV candidate.
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1. Introduction

Hepatitis B virus (HBV) infection remains a majdweat to public health despite the fact that HBV
vaccination programs have been extensively impléatkim the past. There are about 350 million claoni
HBV carriers in the world and each year about oriléom chronic hepatitis patients develop into more
life-threatening diseases such as liver failurethosis or hepatocellular carcinoma (HCC) [1]. More
depressingly, current treatment options, such a&srfearons (IFNs) and nucleos(t)ides-based reverse
transcriptase inhibitors, do not offer a satisfactolinical cure rate for chronic HBV infection [2]
Remarkably, nucleos(t)ide therapies typically regjlifetime treatment to prevent viral rebound[B,ahd
the HBV can easily develop resistance to this kofddrugs [5, 6], while IFNs need parenteral
administration and usually cause adverse effeath s$ “flu-like” symptoms [7]. Therefore, thereds
tremendous unmet medical requirement to develoglnmvd safety anti-HBV agents with diverse action
mechanisms [8].

In an ongoing search for potent non-nucleoside Hihibitors started a few years ago, we described a
series of Matijing-Su (MTS) derivatives as anti-HBAgents [9-11], which possessed a phenylalanine
dipeptide scaffold. Among them, Y101 was the mostept one (Figure 1) [12]. Notably, these
phenylalanine dipeptide derivatives displayed dediint anti-HBV action mechanism from those of
conventional nucleotide drugs, and exhibited liitidibitory effect on HBV DNA polymerase. More
interestingly, Y10lpossessed potent antiviral activities against wifte as well as polymerase drug
resistant HBV strains. Several years ago, a sefipbenyl acrylamide derivatives (AT-130) was repdr
as novel anti-HBV agents by interfering the assgnufl HBV core particles instead of inhibiting HBV
DNA polymerase [13, 14]. Excitingly, like Y101, AT30 also displayed antiviral activities against
polymerase drug resistant HBV strains. With thesenind, and considering that both Y101 and AT-130
possessed novel anti-HBV action mechanism, a seoesl phenyl propionamide derivatives was designed
by fusing the pharmacophore of Y101 and AT-130 (Fég2), and their anti-HBV activities, including

preliminary anti-HBV action mechanisms were evadah the present work.
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Figure 1. Chinese traditional medicine and the structureghef anti-HBV natural product compound MT&d its

derivative Y101.
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Figure 2. Structures of lead compounds and the newly desigpkenyl propionamide derivatives via fused
pharmacophore strategy.
2. Chemistry

The synthetic procedure of the target compowadb and4a-e is illustrated in Scheme 1. Briefly,
L-Phenylalanine methyl ester hydrochloride dyrosine methyl ester hydrochloride was condengidd
benzoic acid to give intermediatiea-b, which was then hydrolyzed to yield intermedi@®b as
described previously. Compoud-b was obtained by the condensatiorn?afb with piperidine.With
compound?b as the starting material, and using the procedeseribed for the preparation 2d-b, 3b-f
were prepared by changing piperidine into variousina, which was then alkylated with
2-dimethylaminoethyl chloride hydrochloride to pide alkoxyl substituted derivativegla-g,

respectively.



NH,HCI

1a-b 2a-b 3a-b

[1-33: Ry=H 1-3b: R{=OH ]

(0] (0] (0]
/on d /©/\HLR2 e | /@/\H\m
Ho HN._O HO HN._O Noe~g HN. -0

2b 3b-f da-e
3b,4a: Ry= N 3d, 4c: Ry= -;_N/\ 3f, 4e: R,= OH
° E2
N
3c, 4b: Ry= E,D 3e,4d: Ry=  5-N(CH,CHy),

Scheme 1. Reagents and conditions. (a) benzoic acid, C}Cl,, IBCF, NMM, 0 °C; (b) NaOH, DMF, rt.; (c) piperidine
CH,Cl,, IBCF, NMM, 0 °C; (d) amine, C}Cl,, IBCF, NMM, 0 °C; (e) 2-dimethylaminoethyl chloridgydrochloride,

1,4-dioxane, KCGO;, 90 °C.

The synthetic routes of the target compourdsy, 8a-h and 9a-b are depicted in Scheme 2.
Compoundb was obtained by the acylation reaction with glgcand benzoyl chloride or benzoyl chloride
derivatives as the raw materials, which was thewtesl with benzaldehyde or benzaldehyde derivatives
the presence of acetic anhydride {8f and sodium acetate (AcONa) to obtain compo@indlext, the
intermediate mentioned above was reacted wiffhenylalaninol to give the target compoundsg.
Finally, the crude reaction product was directlprbinated with bromine to give the target compounds
8a-h, respectively. Compountb or 8b was alkylated with 2-dimethylaminoethyl chloridgdnochloride to

provide alkoxyl substituted derivati@a or 9b.
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Scheme 2. Reagents and conditions: a) NaOH (aq), HCI; b) AcONa/A©®, 100 °C; c) CHCI, 0 °C; d) Bs,

CaCQ/CHCIs, 0 °C; e) 2-dimethylaminoethyl chloride hydroclitay, 1,4-dioxane, ¥COs, 90 °C.

3. Results and discussion

3.1. Biological evaluation

All the synthesized compounds were evaluated ferithvitro anti-HBV activity and cytotoxicity in
HepG2 2.2.15 cells using real-time quantitative ROR MTT methods, respectively. The concentration o
compound required for 50% inhibition of DNA replian was defined as Kg and the concentration of
compound that induced the death of the HepG2 2.2ells cultures by 50% was defined ass¢C

Selectivity index (SI) was determined as thesfICso value. Lamivudine was used as the positive control

3.1.1. Cytotoxicity assays

To evaluate the in vitro cytotoxic effects of tlaeget compounds, HepG2 2.2.15 cells were treatdd wi
various doses da-b, 4a-e, 7a-g, 8a-h and9a-b for 72 h, and then the viability of the cells wasasured
by the MTT assay. All measurements were performeitiriee replicates, and the results were presexsted

a relative percentage of the results of the corgroup. As shown in Table 1 and Table 2, most ef th



compounds exhibited little (Gg> 100uM) or slight (CGp = 21.44 ~ 66.71M) intrinsic cytotoxicity in

vitro, indicating that this kind of compounds passed a relatively safety profile.

3.1.2. Inhibitory effect on HBV DNA replication

Next, the anti-HBV activity of compound@a-b, 4a-e, 7a-g, 8a-h and9a-b was screened in the HepG2
2.2.15 cell line by determining their inhibitoryfett on HBV DNA replication. Lead compounvd. 01 and
lamivudine (3TC) were selected as the positive rodéit After the treatment of the cells with thettes
compounds at the set concentration ofu®Dor 4 uM for 6 days, the extra cellar HBV DNA levels were
guantified by real time PCR. The preliminary onseanti-HBV screening showed that, compouseib,
4a-e, 7a-g and9a displayed relative poor inhibitory effect on HBMNB replication (Table 1 and Table 2),
the inhibition rate of most compounds against HBWADreplication was less than 50%, excejat
(51.64% and 7g (51.36%). Interestingly, analogu8a-h and9b exhibited significant anti-HBV activity,
the inhibition rate on HBV DNA replication of alhése compounds was higher than that of the positive
control Y101(with an inhibition rate of 69.17%, Table 2). Clgacompound3d and9b showed the most
potent in vitro anti-HBV DNA activity with an inhition rate of 87.61% and 99.45%, respectively, \whic

was comparable with the positive control 3TC.

Table 1. Inhibitory effect of the target compounga-b and4a-e on HBV DNA levef

0]

gopy:
g

CCsot SD Inhibition rate
Compounds R R,
(uM) (%)
N
3a H O >100 42.30:5.44
N
3b 4-OH Q >100 19.48: 3.71
@
da 4-OCH,CH,N(CHsy), >100 51.64+ 3.36
O
4b 4-OCH,CH,N(CHsy), >100 47.62+2.12
'
4c 4-OCH,CH,N(CHsy), o >100 24.90-4.18
4d 4-OCH,CH,N(CHsy), N(CH,CHjs),» >100 1747 3.41



4e

MTS

Y101

3TC

4-OCH,CH,N(CHs),

oy

89.10+0.117

>100

>100

>100

47.32+ 4.83

60.61+ 5.37

69.17+ 3.68

92.66+ 2.24

aShown is the mean + SD of at least three indepédredgeriments with duplicate measurements.

Table 2. Inhibitory effect of the target compounda-g, 8a-h and 9a-b on HBV DNA levef

R4

TA
OH
Z 0o
Ry H
HN__O
R /Bl
S

CCso% SD Inhibition rate+ SD
Compounds R Rs R4
(uM) (%)

Ta 4-OH H H >100 2495 4.52
9a 4-OCH,CH,N(CHjy), H H >100 37.55+£3.81
7o 4-Br H H 72.66 #0.091 39.05+ 2.47(4 uM)
7c 4-CN H H >100 10.18 4.66
7d 3-CHs H H >100 15.8@- 3.40
Te 2-Cl H H >100 29.75:4.59
f 2-Br H H >100 26.242.11
79 H H 2-F >100 51.362.93
8a 4-OH Br H 38.95+ 0.032 63.19+ 4.65(4 uM)
9 4-OCH,CH,N(CHy), Br H 21.44+ 0.059 99.45+ 0.34(4 uM)
8b 4-Br Br H >100 73.06& 2.45
8c 4-CN Br H >100 75.06 3.68
8d 3-CH; Br H >100 87.61 2.13
8e 2-Cl Br H 66.71 #0.013 80.15+ 2.63
8f 2-Br Br H >100 76.64 5.62
8g H Br 2-F >100 76.325.91
8h H Br H >100 77.642.69



Y101 >100 69.1% 3.68

3TC >100 92.66: 2.24

#Shown is the mean + SD of at least three indeperedgeriments with duplicate measurements.

Subsequently, the active compour@sh and 9b were further evaluated in HepG2 2.2.15 cells in a
dose-dependent manner. The anti-HBV activity oheammpound was evaluated by the combination of the
ICso value for inhibition of HBV DNA replication and ¢hselectivity index (Sl). As shown in Table 3, all
the tested compounds displayed significant inhiiteffect on HBV DNA replication with 16 values in
range of 0.14-7.26M. Obviously,8d and9b were the top two compounds that possessed pataftiBV
activity with 1Cso values of 0.46 and 0.14M, respectively. More importantly, the Sl values8dfand9b
were more than 217 and 153, suggesting8tandob exhibited favorable safety profiles.

Table 3. Anti-HBV activity and Sl values of target compourgish and9b®

DNA replication

Compounds CEe+ SD (uM)
ICso+ SD(uM) Sl
8a 38.95+ 0.032 2.00+ 0.027 19.48
9 21.44+0.059 0.14+ 0.025 153.14
8b >100 4.45+ 0.009 >22.47
8c >100 5.50+ 0.017 18.18
8d >100 0.46+ 0.033 >217.39
8e 66.71+ 0.013 1.88+0.070 35.48
8f >100 7.26+ 0.086 >13.77
89 >100 2.44+ 0.051 40.98
8h >100 3.86+ 0.043 >25.91
3TC >100 <0.1 >1000

#hown is the mean + SD of at least three indepédradgeriments with duplicate measurements.

From data of Table 1-3, a preliminary structurevagtrelationship (SAR) conclusions can be draven a
follows: when the phenylalanine fragment in MTSidktive Y101 was replaced by piperidine (a key
fragment in AT-130) or other amino substituentsgchsias pyrrolidine, diethylamine, morpholine, the
anti-HBV activity of Y101 was obviously decreas&a ys. MTS; 4a-e vs. Y101, Table 1). Changing the
phenylalanine scaffold of MTS into phenyl acrylamidhe anti-HBV activity was also significantly

reduced. Notably, introducing a bromine atom inteeqyl acrylamide fragment was benefit for the



anti-HBV activity of phenyl propionamide derivativé¢7a-g vs.8a-g; 9a vs 9b; Y101 vs 9b, Table 2). In
addition, para substituent in A ring also signifitg affect the anti-HBV activity. Generally speagi
compounds with a dimethylamino ethoxy substituesildted higher anti-HBV activity4a vs. 3a, 9b vs.
8h). When dimethylamino ethoxy substituent was regdawith CN, Br or OH, the anti-HBV activity was
significantly decrease®l vs.8a, 8b, 8c). Interestingly, compoun@d, with a meta methyl substituent in A
ring, exhibited significant anti-HBV activity witha inhibition rate of 87.61%, indicating that the
introduction of a meta substituent might be berfefitthe anti-HBV activity. However, the precise BA

remains further investigation when more phenyl moamide derivatives are available in the nearrfutu

3.1.3. Assessment of activity of compowBal8d and9b against polymerase drug resistant HBV strain
Considering that the emergence of drug resistaainstis one of the key limitations associated \iligh
current nucleotide analogs approved for HBV treatmé is important to evaluate the activity of new
compound against drug resistant HBV strains. Tloeegefthe anti-HBV effect on the lamivudine and
entecavir dually resistant mutant (rtL180M + rtM204 rtT184L) of the active compoun@s, 8d and9b
were subsequently evaluated. Lamivudine and entecavie welected as reference drugs. Briefly, HepG2
cells transiently transfected with lamivudine amtieeavir resistant strain (LERS) or wild-type siraiere
treated with lamivudine (100M), entecavir (1QuM), 8a (1 uM), 8d (1 uM) or 9b (1 uM) respectively for
72 h, followed by examination of the level of HBWNB replicative intermediate using real time PCReTh
single concentration anti-HBV screening showed ldraivudine and entecavir could significantly suggs
the wild-type HBV replication by 94.28% and 95.6{%igure 3). As expected, both lamivudine and
entecavir displayed poor anti-HBV activity againaimivudine and entecavir resistant strain, and the
inhibition rate was only 19.37% and 17.90%, regpelst In sharp contrast, compoun&s, 8d and9b at
relatively low concentration of tM can significantly inhibit the drug resistant HB¥plication with a
potency similar to that observed on wild-type HBAB.(17% vs 34.84%, 65.91% vs 61.36%, 80.12% vs

79.57%), indicating the effectiveness8af 8d and9b on both strains.
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Figure 3. Antiviral effect of8a, 8d and 9b in lamivudine and entecavir resistant HBV. HepGflscevere transiently

transfected with the full genome of wide-type anieudine and entecavir resistant HBV, followed by ¥ &eatment with

lamivudine (100uM), entecavir (10uM), 8a (1 uM), 8d (1 uM) or 9b (1 uM), respectively. HBV DNA replicative

intermediate level was measured using real time POR< 0.01 represents significant difference from\W& HBV group.

And also, compound8a, 8d and9b were further evaluated in a dose-dependent mamukth& activity

of each compound were evaluated by the combinaifothe 1G, value for inhibition of HBV DNA

replication and the selectivity index (SI) (Table As shown in Table, the kgvalues of8d and9b were

0.77 and 0.32M, indicating that both of them displayed poteritibitory effect on HBV DNA replication

against drug resistant strain. Notably, S| valdesoonpounds$3d and9b were more than 129.87 and 89.72,

suggesting their relatively safety profiles.

Table 4. Inhibitory activity of compound8a, 8d and9b against lamivudine and entecavir resistant HBV strai

DNA replication

Compounds Ct (uM)
1Cs0 (LM) Sl
8a 34.31+0.016 2.97+0.010 11.55
8d >100 0.77+ 0.013 >129.87
9b 28.71+0.029 0.32+0.038 89.72
3TC >100 >100 <1

#Shown is the mean + SD of at least three indeperedgreriments with duplicate measurements.

3.2. In silico prediction of physicochemical profies

Furthermore, some key physicochemical parameterwipounds8a, 8d and 9b were predicted for

their compliance with the Lipinski's rule of fiveing free online software (http://www.molinspiratioom/)

[8]. As shown in Table 58a and8d are well accordance with the Lipinski's rule ofefi indicating their



potentialfor use as drug like molecule. Considering that monmd8d exhibited potent anti-HBV activity
with low toxicity and reasonable physicochemicabgmrties, we selecte8d to explore the anti-HBV
mechanism of the target compounds.

Table5. Prediction of physicochemical properfies 8a, 8d and9b

Compounds  nViol MW natoms miLogP nON nOHNH Nrotb TPSA MV
Range <500 <5 <10 <5 <=10 <140
8a 0 495.37 32 3.60 6 4 8 98.65 401.40
ad 0 493.4 32 4.51 5 3 8 78.42 409.94
9 1 566.50 37 4.17 7 3 12 90.90 481.88

@ nViol: number of violations; natoms: number of aggrmiLogP: molinspiration predicted LogP; MW: maléar weight;
nON: number of hydrogen bond acceptors; nOHNH: remd§ hydrogen bond donors; nroth: number of rdiatdonds;
TPSA: topological polar surface area; MV: molarurok.

3.3. Anti-HBV mechanism studies of compao8ehd
3.3.1. Effect of compour@dl on HBV viral gene expression

It is well known that pregenomic RNA (pgRNA) plags significant role in HBV lifecycle and is
associated with HBV DNA replication. Briefly, Hep&22.15 cells were treated with compoBttat the
concentration of 1uM for 6 days. After the treatment, the total cellulRNA was extracted, and
intracellular HBV RNA was detected by real time P@®tably, unlike 3TC, compoungt could inhibit
3.5 kb pgRNA expression (Table 6), suggesting twmbpound8d possessed different anti-HBV action

mechanism than polymerase inhibitor 3TC.

Table 6. Effect of compoun@d onintracellularHBYV pgRNA

Concentration PgRNA Inhibition rate
Compounds )
(uM) (copies/mL) (%)
8d 1 4.13E+06 49.42
3TC 1 8.10E+06 0.81
Control - 8.17E+06 -

3.3.2. Evaluation of the inhibitory activity of cpound8d on the DHBV RT activity

11



Considering that compour@tl possessed novel chemical structure different fifeath of nucleoside
analogues, we finally evaluated whetl8er exhibits the inhibitory effect on RT activity of HBV
polymerase in a cell-free assay, using lamivudBiEC) as a positive control, which inhibits virus
replication by acting as a chain terminator of btita RT and DNA polymerase activities of the
enzyme. Interestingly, study on elongation of virehus strand DNA showed théd could inhibit the
incorporation of radiolabelled dNTPs in a dose-eheleeit mannel(Figure 4) suggesting tha8d
exhibited inhibitory effect on RT activity of DHBYolymerase. This result, together with the result
on HBV viral gene expression demonstrated that @m@8d, as a novel anti-HBV agent, possessed

multiple action mechanisms.

100+

ECgp = 34.16 uM

80

60 -

40

204

100 uM 60 uM 45 uM 30 uM 15 M 45 pM

Inhibiton Rate on DHBV Polymerase (%)

Control

8d 3TC

Figure 4. In vitro inhibitory activity of 8d on the RT activity of the DHBV polymerase. The DHR)lymerase was
expressedn vitro in a reticulocyte system. The enzymatic activitysvaudied in the absence or presence of increasing
concentrations of nucleoside analog triphosphalés. inhibition rate of compoun@d correspond to the concentration

required to inhibit the incorporation affP]-dNTP in viral minus strand DNAP<0.05, *P<0.01vs control group.

3.3.3 Molecular docking

HBV core protein performs multiple essential rodgglifferent stages of HBV virus life cycle, whigh
regarded as an excellent target for developing In@fécacious and safe anti-HBV agents. Recently,
phenyl acrylamide derivatives, such as AT-130, wegorted as &BV core protein assemblgffectors

thus exerting anti-HBV activity. With these in mirahd considering thadd shared a similar phenyl

12



acrylamide skeleton, we preliminarily examined thteraction of8d with the interface of HBV core
protein by Molecular docking. Interestingly, compdu8d could be successfully docked into the
dimer-dimer interface of HBV core protein, with tdecking score value was of 6.00. As shown in Fgur
5A, compoundBd was fitted into a well-defined, largely hydropholgroove composed of Pro25, Asp29,
Leu30, Thr33, Leu37, Trpl02, lle105, Serl06, ThrlBBell0, Tyrll8, Phel22, 1le139, Leul40, and
Serl41 in one protein subunit. Meanwhile, compoBohevas covered by a “lid” formed by the C-terminal
helix and loop (including residues Vall24, Trpl2%127, Thr128, Prol129, Alal32, Arg133, and Prol134)
of the other protein subunit (Figure 5B). It isdlik that the binding affinity between HBV core miot and

compoundd was nearly dominated by the hydrophobic interastio

Figure 5. Binding mode of compound®d in the dimer-dimer interface of HBV core proteirA) (The ligand 8d
accommodates in the hydrophobic groove formed bydimer-dimer interface, with the lid removed fdarity. (B) The
ligand 8d binds to the lid, with the groove removed for itlarThe protein and ligan8d are shown in cartoon and stick

mode, respectively. The key resides and liggehdre colored in yellow and green, respectively.

4. Conclusions

Overall, a series of phenyl propionamide derivati@a-b, 4a-¢e, 7a-g, 8a-h and9a-b) was designed and
synthesized as novel non-nucleoside anti-HBV agémsng them, compoundsl and9b displayed most
potent anti-HBV activity with 1G, values on HBV DNA replication of 0.46 and O.{Ml, respectively.
And the selective index values & and9b were more than 217.39 and 153.14, suggestingthand 9b

exhibited favorable safety profiles. Interesting8d and 9b possessed significantly antiviral activities

13



against lamivudine and entecavir resistant HBV mistavith 1G, values of 0.77 and 0.32M. Notably,
preliminary anti-HBV action mechanism studies shdwleat8d could inhibit intracellular HBV pgRNA
and RT activity of the HBV polymerase. Molecularckimg studies suggested that compo8ddould fit
into the dimer-dimer interface of HBV core protdiy hydrophobic interaction. In addition, in silico
prediction of physicochemical properties showed timenpounds8d conformed well to the Lipinski's rule
of five. Considering the significantly anti-HBV agty, low toxicity, diverse anti-HBV mechanism and
favorable physicochemical properti@sl might be novel non-nucleoside anti-HBV candidatesvarrant
further investigation.
5. Experimental protocols
5.1. Chemical analysis

All of the synthesized compounds were purified bjumn chromatography on silica gel 60 (200-300
mesh) or thin layer chromatography (TLC) on siligh 60 F254 plates (250 mm; Qingdao Ocean Chemical
Company, China). Melting points were measured anoael YRT-3 apparatus and are uncorrectet.
NMR (400 MHz) and*C NMR (100 MHz) spectra were recorded on a JEOIO (z) spectrometer in
CDCl; or DMSO4; with Me,Si (TMS) as an internal standard. MS detection pagormed using an
Agilent G6460C triple quadrupole mass spectroméiésolvents were reagent grade and, when necgssar
were purified and dried by standards methods. Tum#typof all investigated compounds in biological
testing was determined as95% unless otherwise stated. Analytical HPLC was on the Agilent 1260
HPLC instrument, equipped with Agilent SB-C18 cofuand UV detection at 254 nm. Eluent system was:
80% MeOH in HO; flow rate = 0.2 mL/min.
5.1.1. General procedure for the synthesis of camgs3a-b

Isobutyl chloroformate (IBCF) (1.1 mmol) was adddmbpwise to the mixture of benzoic acid (1.0
mmol), L-phenylalanine methyl ester hydrochloride (1.1 nmjmad N-methylmorpholine (NMM) (2.3
mmol) in CHCl, (50 mL) at 0 °C within 30 min. The mixture wasrgd for 30 min and the bulk of
CH,CI, was removedn vacuo The residue was dissolved in ethyl acetate arsh®dh sequentially with
water, 5% HCI, saturated NaHG@@olution and brine, dried with anhydrous,8@&,. Removal of the
solvent gave a residue which was recrystallizethfethyl acetate to afford target compoun@ M NaOH

(1 mL) was added to the solution of compoun@l.0 mmol) in DMF (5 mL). After stirring at room
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temperature for 2 h, the mixture was acidified t8 f-7 with concentrated hydrochloric acid, and
partitioned between ethyl acetate and water. Tharoc phase was separated and washed with bried, dr
over anhydrous N&QO, and evaporateih vacuoto give compoun@. Compound3a-b was prepared with a
similar procedure to that described for the synthescompound., and the crude product was purified by
column chromatography to yield the title compouredpectively.

5.1.1.1. (S)-N-(1-oxo-3-phenyl-1-(piperidin-1-yhpan-2-yl)benzamide3§)

As a yellow oil, yield: 41.2%. Analytical data f8a: ‘H NMR (CDCk, 400 MHz,5 ppm): 7.78-7.80 (d,
J=8.0 Hz, 2H, Ar-H), 7.47-7.51 (t, 1H, Ar-H), 7.4043 (t, 2H, Ar-H), 7.21-7.30 (m, 5H, Ar-H), 5.3643
(m, 1H, CH), 3.46-3.57 (m, 2H, GM 3.04-3.30 (m, 4H, 2xC}), 0.83-1.60 (m, 6H, 3xCht °*C NMR
(CDCl;, 100 MHz,5 ppm): 169.39, 166.54, 136.32, 134.12, 131.66,72@C), 128.58 (2C), 128.55 (2C),
127.15 (2C), 127.09, 50.24, 46.71, 43.24, 39.8698525.47, 24.33; ESI-MS: m/z 359.1 [M+Na]
HRESIMS: calcd for GH,sN,0, [M+H] " 337.1910, found 337.1900. Purity: 99.8%.
5.1.1.2. (S)-N-(3-(4-hydroxyphenyl)-1-oxo-1-(piperi1-yl)propan-2-yl)benzamid 8tf)

As a yellow oil, yield: 43.7%. Analytical data f8b: *H NMR (CDCk, 400 MHz,5 ppm): 7.78-7.80 (d,
2H, J = 8.0 Hz, Ar-H), 7.48-7.52 (t, 1H, Ar-H), 7.41-7.48 2H, Ar-H), 7.00 (dJ = 8.0 Hz, 2H, H-5, 9),
6.62 (d,J = 8.0Hz, 2H, H-6, 8), 5.34-5.39 (m, 1H, CH), 3367 (m, 2H, CH), 3.03-3.29 (m, 4H, 2xC}l
0.81-1.60 (m, 6H, 3xCh: **C NMR (CDCE, 100 MHz,5 ppm): 169.39, 166.54, 157.09, 134.21, 131.64,
130.66 (2C), 128.61, 128.57 (2C), 127.14 (2C), @442C), 51.45, 46.70, 46.65, 38.91, 26.05, 26.03,
24.34; ESI-MS: m/z 353.2 [M+H] HRESIMS: calcd for gH2sN,03[M+H]* 353.1860, found 353.1852.
Purity: 92.9%.

5.1.2. General procedure for the synthesis of camgs4a-e

Compound 3b (0.5 mmol) was followed by the treatment with 2-dilnylaminoethyl chloride
hydrochloride (0.6 mmol) and KOs (3.5 mmol) indioxane (15 mL) at 90 °C for 3 h. The crude product
was purified by column chromatography to yield title compound, respectively.
5.1.2.1. (S)-N-(3-(4-(2-(dimethylamino)ethoxy)phehyoxo-1-(piperidin-1-yl)propan-2-yl)benzamidéaj

As a yellow oil, yield: 36.4%. Analytical data fda: *H NMR (CDCk, 400 MHz,5 ppm): 7.77-7.80 (d,
2H,J=8.0 Hz, Ar-H), 7.47-7.51 (t, 1H, Ar-H), 7.40-7.44 2H, Ar-H), 7.10-7.12 (d] = 8.0 Hz, 2H, Ar-H),

6.82-6.84 (dJ = 8.0 Hz, 2H, Ar-H), 5.31-5.36 (m, 1H, CH), 4.094.(t, 2H, OCH), 3.22-3.34 (m, 4H,
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2xCH,), 2.92-3.13 (m, 2H, C§), 2.72-2.75 (t, 2H, NC}), 2.35 (s. 6H, 2xCh), 0.90-1.92 (m, 6H, 3xChi
%C NMR (CDC}, 100 MHz,8 ppm): 169.44, 166.50, 157.93, 134.21, 131.64,88(RC), 128.61, 128.57
(2C), 127.14 (2C), 114.64 (2C), 65.97, 58.25, 514571, 46.65, 45.82 (2C), 38.92, 26.06, 26.04324
ESI-MS: m/z 424.2 [M+H], HRESIMS: calcd for GH»sN,O,[M+H] " 424.2595, found 424.2593. Purity:
90.6%.

5.1.2.2. (S)-N-(3-(4-(2-(dimethylamino)ethoxy)phethyoxo-1-(pyrrolidin-1-yl)propan-2-yl)benzamide
(4b)

As a yellow oil, yield: 38.1%. Analytical data fdb: *H NMR (CDCk, 400 MHz,5 ppm): 7.78-7.80 (d,
J=8.0Hz, 2H, Ar-H), 7.47-7.51 (t, 1H, Ar-H), 7.4044 (t, 2H, Ar-H), 7.09-7.12 (d,= 8.0 Hz, 2H, Ar-H),
6.80-6.85 (dJ = 8.0 Hz, 2H, Ar-H), 5.05-5.11 (m, 1H, CH), 4.0®4.(t, 2H, OCH), 3.27-3.49 (m, 4H,
2xCH,), 2.91-3.13 (m, 2H, C§), 2.72-2.75 (t, 2H, NC}), 2.35 (s. 6H, 2xCh), 1.58-1.92 (m, 4H, 2xChi
%C NMR (CDC}, 100 MHz,8 ppm): 169.79, 166.61, 157.95, 134.12, 131.67,58(2C), 128.60, 128.58
(2C), 127.16 (2C), 114.62 (2C), 66.09, 58.33, 5248650, 46.39, 45.79 (2C), 38.92, 25.91, 25.88:MS:
m/z 410.2 [M+H], HRESIMS: calcd for &H3N3O05[M+H] © 410.2438, found 410.2434. Purity: 92.2%.
5.1.2.3. (S)-N-(3-(4-(2-(dimethylamino)ethoxy)phehymorpholino-1-oxopropan-2-yl)benzamidk)

As a yellow oil, yield: 37.2%. Analytical data fdc: '"H NMR (CDCk, 400 MHz,5 ppm): 7.79-7.81 (d,
J=8.0 Hz, 2H, Ar-H), 7.49-7.53 (t, 1H, Ar-H), 7.4145 (t, 2H, Ar-H), 7.13-7.15 (d,= 8.0 Hz, 2H, Ar-H),
6.85-6.87 (dJ = 8.0 Hz, 2H, Ar-H), 5.27-5.33 (m, 1H, CH), 4.0®4.(t, 2H, OCH), 2.86-3.63 (m, 5H,
4xCH,, CH), 2.73-2.76 (t, 2H, NCH, 2.35 (s. 6H, 2xCh); *C NMR (CDCE, 100 MHz,8 ppm): 170.14,
166.62, 158.15, 133.95, 131.83, 130.67 (2C), 130.88.66 (2C), 127.14 (2C), 114.79 (2C), 66.57286.
65.99, 58.26, 50.20, 45.88 (2C), 39.25; ESI-MS: #26.2 [M+H], HRESIMS: calcd for gH3:N30;4
[M+H] " 426.2387, found 426.2373. Purity: 94.0%.
5.1.2.4. (S)-N-(1-(diethylamino)-3-(4-(2-(dimethyiao)ethoxy)phenyl)-1-oxopropan-2-yl)benzamith (

As a yellow oil, yield: 40.9%. Analytical data fad: *H NMR (CDCk, 400 MHz,5 ppm): 7.78-7.80 (d,
J=8.0Hz, 2H, Ar-H), 7.47-7.51 (t, 1H, Ar-H), 7.4043 (t, 2H, Ar-H), 7.12-7.14 (d,= 8.0 Hz, 2H, Ar-H),
6.81-6.83 (dJ = 8.0 Hz, 2H, Ar-H), 5.20-5.26 (m, 1H, CH), 4.0D8.(t, 2H, OCH), 3.49-3.86 (m, 2H,
CH,), 2.92-3.13 (m, 4H, 4xCHj, 2.71-2.74 (t, 2H, NC}), 2.34 (s. 6H, 2xCh), 0.97-1.09 (m, 6H, 2xChit

13C NMR (CDCE, 100 MHz,5 ppm): 170.63, 166.42, 157.95, 143.13, 131.66,88(2C), 130.59, 128.67
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(2C), 127.15 (2C), 114.60 (2C), 65.98, 58.36, 5045594 (2C), 41.76, 40.58, 39.25, 14.29, 12.91:MS:
m/z 412.2 [M+H], HRESIMS: calcd for @HsaNsOsNa[M+Na]® 434.2414, found 434.2419. Purity:
93.8%.

5.1.2.5.
N-((S)-3-(4-(2-(dimethylamino)ethoxy)phenyl)-1-J{{Shydroxy-3-methylbutan-2-yl)amino)-1-oxopropan-
2-yl)benzamidedg)

As a yellow oil, yield: 36.9%. Analytical data fde: ‘H NMR (CDCk, 400 MHz,5 ppm): 7.74-7.76 (d,
J=8.0 Hz, 2H, Ar-H), 7.48-7.51 (t, 1H, Ar-H), 7.3842 (t, 2H, Ar-H), 7.19-7.21 (d,= 8.0 Hz, 2H, Ar-H),
6.83-6.85 (dJ = 8.0 Hz, 2H, Ar-H), 4.85-4.90 (m, 1H, CH), 4.0®4.(t, 2H, OCH), 3.42-3.53 (m, 2H,
CH,), 3.05-3.23 (m, 3H, Ckl CH), 2.79-2.81 (t, 2H, NCH), 2.39 (s. 6H, 2xCk}, 0.78-0.85 (m, 6H,
2xCH); °C NMR (CDCk, 100 MHz,§ ppm): 171.59, 167.47, 157.74, 133.79, 131.91, 53@2C),
129.17, 128.67 (2C), 127.22 (2C), 114.87 (2C), ®568.06, 58.02, 57.23, 55.65, 45.58 (2C), 37.8872,
19.45, 18.78; ESI-MS: m/z 442.2 [M+HHRESIMS: calcd for gH3sNz0,Na[M+Na]" 464.2510, found
464.2527. Purity: 98.4%.

5.1.3. General procedure for the synthesis of camgsra-g [15]

Compoundsb was obtained by the acylation reaction with glgc{0.01 mol) and benzoyl chloride or
benzoyl chloride derivatives (0.02 mol) as the materials in sodium hydroxide solution, which wasrt
reacted with benzaldehyde or benzaldehyde derest{0.01 mol) in the presence of acetic anhydride
(Acy0) (10 mL) and sodium acetate (AcONa) (0.01 molpltain compoundS§. Next, the intermediate
mentioned above was reacted wiphenylalaninol (0.01 mol)The crude product was purified by column
chromatography to yield the title compourelg, respectively.
5.1.3.1.
(S,E)-N-(3-((1-hydroxy-3-phenylpropan-2-yl)aminej4thydroxyphenyl)-3-oxoprop-1-en-2-yl)benzamide
(7a)

As a white powder, yield: 39.3%; mp: 82.5-83.6 ABalytical data fof7a;: ‘H NMR (DMSO, 400 MHz,

o ppm): 9.92 (s, 1H, OH), 7.98-8.00 (d, 2B~ 8.0 Hz, Ar-H), 7.83-7.85 (d) = 8.0 Hz, 1H, NH),
7.52-7.58 (m, 5H, Ar-H), 7.17-7.25 (m, 5H, Ar-H),11-7.13 (dJ = 8.0 Hz, 2H, Ar-H), 7.06 (s, 1H, CH=),

4.75-4.77 (t, 1H, OH), 4.02-4.07 (m, 1H, CH), 33@4 (m, 2H, CH), 2.75-2.90 (m, 2H, Ch); *C NMR
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(DMSO, 100 MHz,6 ppm): 166.42, 165.41, 150.87, 139.75, 134.15,4182132.29, 131.01, 130.91 (2C),
129.75 (2C), 128.90 (2C), 128.66 (2C), 128.42 (A2);.97, 126.43, 122.48 (2C), 62.82, 53.66, 36.84;
ESI-MS: m/z 417.2 [M+H], HRESIMS: calcd for §H2sN,O,[M+H]* 417.1809, found 417.1821. Purity:
98.9%.
5.1.3.2.
(S,E)-N-(1-(4-bromophenyl)-3-((1-hydroxy-3-phenglman-2-yl)amino)-3-oxoprop-1-en-2-yl)benzamide
(7b)

As a white powder, yield: 48.1%; mp: 85.5-86.4°@walytical data foi7b: 'H NMR (DMSO, 400 MHz,
3 ppm): 9.90 (s, 1H, NH), 7.98-8.00 (d,= 8.0 Hz, 1H, Ar-H), 7.89-7.91 (d] = 8.8 Hz, 1H, NH),
7.46-7.62 (m, 7H, Ar-H), 7.16-7.27 (m, 5H, Ar-H)98 (s, 1H, CH=), 4.74-4.77 (t, 1H, OH), 3.99-4(68
1H, CH), 3.32-3.49 (m, 2H, G} 2.76-2.92 (m, 2H, Ch; **C NMR (DMSO, 100 MHz3 ppm): 166.36,
165.38, 139.68, 134.19, 134.03, 132.36, 131.99,(28]).73, 131.62 (2C), 129.73 (2C), 128.94 (2C),
128.68 (2C), 128.39 (2C), 127.33, 126.49, 122.1284 53.67, 36.83; ESI-MS: m/z 479.01 [M+H]
HRESIMS: calcd for GsH,,BrN,O5[M+H] " 479.0965, found 479.0952. Purity: 99.9%.
5.1.3.3.
(S,E)-N-(1-(4-cyanophenyl)-3-((1-hydroxy-3-phengpan-2-yl)amino)-3-oxoprop-1-en-2-yl)benzamide
(70)

As a white powder, yield: 50.6%: mp: 94.5-95.3°Qualytical data foi7c: *H NMR (DMSO, 400 MHz,
d ppm): 10.01 (s, 1H, NH), 8.02-8.04 (d,= 8.0 Hz, 1H, NH), 7.97-7.99 (d, = 8.0 Hz, 2H, Ar-H),
7.81-7.83 (d,J = 8.0 Hz, 2H, Ar-H), 7.66-7.69 (d,= 8.0 Hz, 2H, Ar-H), 7.59-7.63 (t, 1H, Ar-H), 7.5155
(t, 2H, Ar-H), 7.17-7.28 (m, 5H, Ar-H), 7.00 (s, 1BH=), 4.75-4.77 (t, 1H, OH), 4.01-4.07 (m, 1H, CH
3.32-3.50 (m, 2H, Ch), 2.76-2.93 (m, 2H, CH; *C NMR (DMSO, 100 MHz3 ppm): 166.35, 165.18,
139.95, 139.69, 133.90, 133.79, 132.85 (2C), 132.36.25 (2C), 129.73 (2C), 128.95 (2C), 128.69)(2C
128.43 (2C), 126.50, 126.07, 119.26, 110.82, 65868, 36.83; ESI-MS: m/z 426.2 [M+HHRESIMS:
calcd for GgHo4N303[M+H] " 426.1812, found 426.1798. Purity: 99.6%.
5.1.3.4. (S,E)-N-(3-((1-hydroxy-3-phenylpropan-&yiino)-3-oxo-1-(m-tolyl)prop-1-en-2-yl)benzamide
(7d)

As a white powder, yield: 47.2%; mp: 70.9-71.6°Qaltical data foi7d: *H NMR (DMSO, 400 MHz,

18



3 ppm): 9.87 (s, 1H, NH), 7.98-8.80 (d,= 7.8 Hz, 2H, Ar-H), 7.79-7.81 (dl = 8.0 Hz, 1H, NH),
7.58-7.61 (t, 1H, Ar-H), 7.51-7.55 (t, 2H, Ar-H),1D-7.35 (m, 9H, Ar-H), 7.06 (s, 1H, CH=), 4.738.(F,

1H, OH), 3.99-4.07 (m, 1H, CH), 3.31-3.47 (m, 2H44; 2.76-2.91 (m, 2H, Ch; *C NMR (DMSO, 100
MHz, § ppm): 166.49, 165.44, 139.70, 137.99, 134.71, 284132.26. 130.79, 130.53, 129.76 (2C),
129.25, 128.92, 128.90 (2C), 128.67 (2C), 128.32),(2126.88, 126.46, 62.81, 53.58, 36.82, 21.50;
ESI-MS: m/z 415.2 [M+H], HRESIMS: calcd for gH»7N,O3[M+H]* 415.2016, found 415.2007. Purity:
100.0%.

5.1.3.5.
(S,E)-N-(1-(2-chlorophenyl)-3-((1-hydroxy-3-phemgipan-2-yl)amino)-3-oxoprop-1-en-2-yl)benzamide
(7e)

As a white powder, yield: 43.9%; mp: 107.7-108.5Dalytical data for7e: 'H NMR (DMSO, 400
MHz, & ppm): 9.83 (s, 1H, NH), 8.00-8.02 (@= 8.0 Hz, 1H, NH), 7.93-7.94 (d,= 7.8 Hz, 2H, Ar-H),
7.49-7.61 (m, 5H, Ar-H), 7.18-7.34 (m, 7H, Ar-H)1T (s, 1H, CH=), 4.76-4.79 (t, 1H, OH), 4.00-4(68
1H, CH), 3.33-3.52 (m, 2H, Gj 2.77-2.95 (m, 2H, Ch); **C NMR (DMSO, 100 MHz3 ppm): 166.49,
165.18, 139.73, 133.79, 133.67, 133.35, 133.22,2832430.37, 130.10, 130.01, 129.73 (2C), 128.89,(2
128.68 (2C), 128.38 (2C), 127.57, 126.46, 123.8B94 53.77, 36.80, ESI-MS: m/z 435.2 [M+H]
HRESIMS: calcd for GsH24CIN,O3[M+H] 7435.1470, found 435.1461. Purity: 99.8%.
5.1.3.6.
(S,E)-N-(1-(2-bromophenyl)-3-((1-hydroxy-3-phengjpan-2-yl)amino)-3-oxoprop-1-en-2-yl)benzamide
(7f)

As a white powder, yield: 41.5%; mp: 99.7-100.4A@alytical data for7f: ‘H NMR (DMSO, 400 MHz,
6 ppm): 9.83 (s, 1H, NH), 7.98-8.00 (d,= 8.0 Hz, 1H, NH), 7.90-7.92 (dl = 8.8 Hz, 2H, Ar-H),
7.68-7.70 (dJ = 8.0 Hz, 1H, Ar-H), 7.47-7.59 (m, 4H, Ar-H), 7-729 (m, 7H, Ar-H), 7.05 (s, 1H, CH=),
4.74-4.77 (t, 1H, OH), 3.98-4.07 (m, 1H, CH), 3850 (m, 2H, CH), 2.75-2.93 (m, 2H, Ch; *C NMR
(DMSO, 100 MHz,8 ppm): 166.54, 165.16, 139.71, 135.11, 133.97, 21133132.99, 132.33, 130.56,
130.25, 129.73 (2C), 128.84 (2C), 128.72 (2C), 3282C), 128.09, 126.46, 126.34, 124.53, 62.917A3.
36.78; ESI-MS: m/z 479.1 [M+H] HRESIMS: calcd for @H»BrN,Oz; [M+H]" 479.0965, found

479.0952. Purity: 97.5%.
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5.1.3.7.
(S,E)-2-fluoro-N-(3-((1-hydroxy-3-phenylpropan-2ayhino)-3-oxo-1-phenylprop-1-en-2-yl)benzamide
(79)

As a white powder, yield: 45.7%; mp: 105.7-106.2Dalytical data for7g: '"H NMR (DMSO, 400
MHz, & ppm): 9.80 (s, 1H, NH), 7.78-7.80 @5 8.0 Hz, 1H, NH), 7.67-7.71 (t, 1H, Ar-H), 7.582.(m,
3H, Ar-H), 7.17-7.41 (m, 10H, Ar-H), 7.05 (s, 1HHE), 4.79-4.81 (t, 1H, OH), 4.00-4.08 (m, 1H, CH),
3.38-3.48 (m, 2H, Ch), 2.75-2.93 (m, 2H, CH; *C NMR (DMSO, 100 MHz3 ppm): 166.15, 163.86,
158.68, 139.63, 134.58, 130.82, 130.79. 130.11,8R2@C), 129.73 (2C), 129.20, 129.01 (2C), 128.96,
128.69 (2C), 126.51, 125.08, 124.00, 116.87, 65368, 36.92; ESI-MS: m/z 419.2 [M+HHRESIMS:
calcd for GesH,o4FN,O3 [M+H] © 419.1766, found 419.1757. Purity: 99.3%.

5.1.4. General procedure for the synthesis of cam@s8a-h [15]

Finally, the crude reaction produd®&th) (0.01 mol) was directly brominated with bromirgeQ15 mol)
and anhydrous calcium carbonate (0.01 mol) in GHThe crude product was purified by column
chromatography to yield the title compousath, respectively.
5.1.4.1.
(S,2)-N-(1-bromo-3-((1-hydroxy-3-phenylpropan-2agijno)-1-(4-hydroxyphenyl)-3-oxoprop-1-en-2-yl)be
nzamideg8a)

As a yellow powder, yield: 18.0%, m.p.223.7-224G Analytical data foBa: 'H NMR (DMSO, 400
MHz, & ppm): 9.87 (s, 1H, OH), 9.80 (br, 1H, NH), 7.998B(d,J = 8.0 Hz, 2H, Ar-H), 7.64-7.66 (d,=
8.0 Hz, 1H, NH), 7.59-7.63 (t, 1H, Ar-H), 7.51-7.852H, Ar-H), 7.08-7.23 (m, 7H, Ar-H), 6.68-6.76, J
= 8.0 Hz, 2H, Ar-H), 4.19-4.27 (m, 1H, OH), 3.7838.(m, 1H, CH), 3.01-3.21 (m, 2H, GH2.44-2.62 (m,
2H, CH,); **C NMR (DMSO, 100 MHz5 ppm): 166.65, 163.47, 158.80, 139.47, 133.65,432131.21,
129.58 (4C), 128.97 (2C), 128.87, 128.61 (2C), 42§2C), 126.35, 122.69, 115.44 (2C), 62.16, 53.36,
36.25; ESI-MS: m/z 495.1 [M+H] HRESIMS: calcd for @H»BrN,O, [M+H]" 495.0914, found
495.1089. Purity: 98.5%.
5.1.4.2.
(S,2)-N-(1-bromo-1-(4-bromophenyl)-3-((1-hydroxpt8nylpropan-2-yl)amino)-3-oxoprop-1-en-2-yl)benz

amide(8b)
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As a white powder, yield: 15.4%, m.p.99.7-101.1 ADalytical data for8b: *H NMR (DMSO, 400
MHz, & ppm): 9.90 (s, 1H, NH), 7.96-7.98 (@= 8.0 Hz, 2H, Ar-H), 7.84-7.87 (d,= 8.0 Hz, 1H, NH),
7.57-7.61 (t, 1H, Ar-H), 7.49-7.52 (t, 2H, Ar-H),4B-7.45 (dJ = 8.0 Hz, 2H, Ar-H), 7.13-7.28 (m, 5H,
Ar-H), 7.03-7.05 (d,) = 8.0 Hz, 2H, Ar-H), 3.70-3.77 (m, 1H, CH), 3.02B.(m, 2H, CH), 2.39-2.62 (m,
2H, CH,); **C NMR (DMSO, 100 MHz ppm): 165.58, 162.98, 139.47, 137.68, 134.43,4133132.31,
131.64 (2C), 129.50 (2C), 129.09 (2C), 128.99 (22B.61 (2C), 128.46 (2C), 126.34, 122.85, 119.54,
62.23, 53.46, 36.17; ESI-MS: m/z 558 [M+HHRESIMS: calcd for gH23Br,N,O; [M+H]" 557.0070,
found 557.0065. Purity: 94.2%.
5.1.4.3.
(S,2)-N-(1-bromo-1-(4-cyanophenyl)-3-((1-hydroxptgnylpropan-2-yl)amino)-3-oxoprop-1-en-2-yl)benz
amide(8c)

As a white powder, yield: 15.9%, m.p.98.8-99.4 A@alytical data for8c: 'H NMR (DMSO, 400 MHz,

3 ppm): 9.96 (s, 1H, NH), 7.97-7.99 (m, 2H, Ar-H)66-7.68 (d,J = 8.0 Hz, 2H, Ar-H), 7.57-7.61 (t, 1H,
Ar-H), 7.49-7.53 (t, 2H, Ar-H), 7.38-7.40 (d= 8.0 Hz, 2H, Ar-H), 7.14-7.19 (m, 3H, Ar-H), 70204 (d,

J = 8.0 Hz, 2H, Ar-H), 4.20 (br, 1H, OH), 3.71-3.7@9, 1H, CH), 3.00-3.21 (m, 2H, GH 2.38-2.63 (m,
2H, CH,); **C NMR (DMSO, 100 MHz5 ppm): 165.73, 162.82, 143.04, 139.41, 135.58,383132.79,
132.54 (2C), 130.41 (2C), 129.43 (2C), 129.04 (ZA28.62 (2C), 128.52 (2C), 126.35, 119.01, 118.00,
62.21, 53.46, 36.10; ESI-MS: m/z 504 [M¥HHRESIMS: calcd for GH»sBrNzOs [M+H]" 504.0917,
found 504.0906. Purity: 97.1%.

5.1.4.4.
(S,2)-N-(1-bromo-3-((1-hydroxy-3-phenylpropan-Zagjno)-3-oxo-1-(m-tolyl)prop-1-en-2-yl)benzamide
(8d)

As a white powder, yield: 14.3%, m.p.98.9-100.6 ADalytical data for8d: *H NMR (DMSO, 400
MHz, 6 ppm): 9.91 (s, 1H, NH), 8.01-8.03 (@= 8.0 Hz, 2H, Ar-H), 7.67-7.69 (d,= 8.0 Hz, 1H, NH),
7.60-7.62 (t, 1H, Ar-H), 7.52-7.56 (t, 2H, Ar-H),0B6-7.21 (m, 9H, Ar-H), 3.73-3.75 (m, 1H, CH),
2.99-3.17 (m, 2H, Ch), 2.41-2.58 (m, 2H, C§), 2.28 (s, 3H, CH); *C NMR (DMSO, 100 MHzp ppm):
165.62, 163.18, 139.38, 138.29, 137.78, 133.82,583332.63, 130.05, 129.54 (2C), 129.00 (2C), 928.

128.61 (2C), 128.45 (2C), 127.98, 126.80, 126.24,32, 61.87, 53.34, 36.08, 31.43; ESI-MS: m/z 493
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[M+H]", HRESIMS: calcd for gH»sBrN,OsNa[M+Na]* 515.0941, found 515.0942. Purity: 97.4%.
5.1.45.
(S,2)-N-(1-bromo-1-(2-chlorophenyl)-3-((1-hydroxypBenylpropan-2-yl)amino)-3-oxoprop-1-en-2-yl)benz
amide(8e)

As a white powder, yield: 19.7%, m.p. 79.3-82 °@alytical data foBe: ‘H NMR (DMSO, 400 MHzJ
ppm): 9.64 (d,J = 8.0 Hz, 1H, NH), 7.73-8.00 (m, 3H, NH, Ar-H), 7:5.60 (t, 1H, Ar-H), 7.46-7.53 (m,
3H, Ar-H), 7.02-7.41 (m, 8H, Ar-H), 4.54-4.61 (t, IHH}p 3.65-3.70 (m, 1H, CH), 2.97-3.16 (m, 2H,
CH,), 2.35-2.63 (m, 2H, CH; *C NMR (DMSO, 100 MHzg ppm): 166.09, 162.11, 139.20, 137.48,
135.77, 133.54, 132.97, 132.79, 131.63, 130.13,7829.29.52 (2C), 128.97 (2C), 128.63 (2C), 128.58
(2C), 127.66, 126.41, 62.10, 51.98, 36.19; ESI-MB~z 513.1 [M+H], HRESIMS: calcd for
CasH23BrCIN,O3 [M+H] " 513.0575, found 513.0569. Purity: 95.5%.
5.1.4.6.
(S,2)-N-(1-bromo-1-(2-bromophenyl)-3-((1-hydroxpt8nylpropan-2-yl)amino)-3-oxoprop-1-en-2-yl)benz
amide(8f)

As a white powder, yield: 17.1%, m.p.58.8-59.9 ABalytical data foi8f: *H NMR (DMSO, 400 MHz,

6 ppm): 9.94 (s, 1H, NH), 7.99-8.01 @@= 8.0 Hz, 2H, Ar-H), 7.63-7.65 (d,= 8.0 Hz, 1H, NH),7.57-7.61
(t, 1H, Ar-H), 7.49-7.53 (t, 2HAr-H), 7.35-7.36 (dJ = 4.0 Hz, 1H, Ar-H), 7.10-7.30 (m, 6H, Ar-H),
7.02-7.04 (dJ = 8.0 Hz, 2H, Ar-H), 4.40-4.60 (t, 1H, OH), 3.6373 (m, 1H, CH), 2.94-3.13 (m, 2H, GH
2.33-2.63 (m, 2H, Ch; °C NMR (DMSO, 100 MHz3 ppm): 166.03, 162.01, 139.42, 139.13, 135.52,
133.56, 133.34, 131.64, 131.39, 131.13, 129.54,(228.96 (2C), 128.64 (2C), 128.59 (2C), 128.23,
126.42, 123.29, 121.09, 61.98, 51.92, 36.17; ESI-M8z 559 [M+H[, HRESIMS: calcd for
CoeH23BrN,05 [M+H] * 557.0070, found 557.0064. Purity: 96.8%.

5.1.4.7.
(S,E)-N-(1-bromo-3-((1-hydroxy-3-phenylpropan-2aphino)-3-0xo-1-phenylprop-1-en-2-yl)-2-fluorobenz
amide B0)

As a white powder, yield: 16.3%, m.p.124.6-125.4ADalytical data for8g: ‘*H NMR (DMSO, 400
MHz, 3 ppm): 9.91 (s, 1H, NH), 8.01-8.03 @z 8.0 Hz, 2H, Ar-H), 7.67-7.69 (d,= 8.0 Hz, 1H, NH),

7.60-7.64 (t, 1H, Ar-H), 7.52-7.56 (t, 2H, Ar-H),0B-7.27 (m, 9H, Ar-H), 3.73-3.75 (m, 1H, CH),
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2.98-3.18 (m, 2H, Ch, 2.41-2.58 (m, 2H, C; **C NMR (DMSO, 100 MHz3 ppm): 166.38, 166.02,
162.54, 139.37, 138.13, 137.82, 134.05, 133.00,882@C), 128.55 (2C), 129.16, 129.11, 128.98 (2C),
128.86, 128.63 (2C), 127.19, 126.37, 116.99, 65386, 36.12; ESI-MS: m/z 497 [M+H]HRESIMS:
caled for GsH,,BrFN,OsNa[M+Na]" 519.0690, found 519.0686. Purity: 95.1%.

5.1.4.8.
(S,2)-N-(1-bromo-3-((1-hydroxy-3-phenylpropan-2agjno)-3-oxo-1-phenylprop-1-en-2-yl)benzamide
(8h)

As a yellow powder, yield: 29.4%, m.p. 89.7-90.5%halytical data forsh: *H NMR (DMSO, 400
MHz, 3 ppm): 9.95 (s, 1H, NH), 8.01-8.03 @@= 8.0 Hz, 2H, Ar-H), 7.76-7.78 (d, = 8.0 Hz, 1H, NH),
7.60-7.65 (t, 1H, Ar-H), 7.52-7.57 (t, 2H, Ar-H),07-7.32 (m, 10H, Ar-H), 3.70-3.80 (m, 1H, CH),
2.97-3.17 (m, 2H, Ch), 2.39-2.59 (m, 2H, C}; °*C NMR (DMSO, 100 MHz3 ppm): 166.6, 163.11,
139.40, 138.39, 133.93, 133.50, 129.91, 129.59,(2€9.56 (2C), 129.01 (2C), 128.99, 128.67 (2C),
128.63 (2C), 128.45 (2C), 126.27, 121.21, 62.0535336.10; ESI-MS: m/z 479 [M+H] HRESIMS:
caled for GsH,3BrN,OsNa[M+Na]* 501.0784, found 501.0781. Purity: 98.6%.

5.1.5. General procedure for the synthesis of camgsOa-b

Compoundra or 8a (0.01 mol) was alkylated with 2-dimethylaminoetichlloride hydrochloride (0.012
mol) to provide alkoxyl substituted derivativ€a or 9b. The crude product was purified by column
chromatography to yield the title compound, respebt.
5.1.5.1.
(S,E)-N-(1-(4-(2-(dimethylamino)ethoxy)phenyl)-BHfydroxy-3-phenylpropan-2-yl)Jamino)-3-oxoprop-1-e
n-2-yl)benzamidedg)

The title compound was obtained starting fréarand 2-dimethylaminoethyl chloride hydrochlorides A
a white powder, yield: 24.9%, m.p. 114.1-114.9 A@alytical data fol9a: 1H NMR (DMSO, 400 MHz)
ppm): 9.77 (s, 1H, NH), 7.97-7.99 @z 8.0 Hz, 2H, Ar-H), 7.90-7.93 (d,= 8.0 Hz, 1H, NH),7.45-7.58
(m, 5H, Ar-H), 7.16-7.25 (m, 5H, Ar-H), 7.00 (s, 18H=), 6.88-6.90 (d] = 8.0 Hz, 2H, Ar-H), 4.24-4.31
(m, 1H, CH), 3.97-4.02 (m, 4H, 2 CH,), 2.76-2.85 (8, 2H, C}), 2.54-2.57 (t, 2H, C}), 2.15 (s, 6H, X
CHs); °C NMR (DMSO, 100 MHz3 ppm): 166.26, 165.84, 159.32, 138.83, 134.26,282.31.58 (2C),

129.70 (2C), 129.26, 128.87 (2C), 128.76 (2C), 128128.40 (2C), 127.12, 126.71, 115.04 (2C), 66.36
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65.25, 58.12, 50.15, 46.03 (2C), 37.14; ESI-MS: ##8.2 [M+H], HRESIMS: calcd for gH34N30;4
[M+H]" 488.2544, found 488.2561. Purity: 99.0%.
5.1.5.2.
(S,2)-N-(1-bromo-1-(4-(2-(dimethylamino)ethoxy)pHeB-((1-hydroxy-3-phenylpropan-2-yl)amino)-3-ox
oprop-1-en-2-yl)benzamid8b)

The title compound was obtained starting fréarand 2-dimethylaminoethyl chloride hydrochlorides A
a white powder, yield: 13.6%, m.p.183.0-183.8 °“@aljtical data fo®b: 1H NMR (DMSO, 400 MHz)
ppm): 8.27-8.30 (d) = 8.0 Hz, 2H, Ar-H), 7.12-7.15 (dd, 2H= 8.0 Hz, 8.0 Hz, Ar-H), 8.04-8.02 (4=
8.0 Hz, 1H, NH), 7.59-7.61 (m, 3H, Ar-H), 7.16-7.@%, 5H, Ar-H), 7.06-7.08 (d] = 8.0 Hz, 2H, Ar-H),
4.98-5.01 (t, 1H, OH), 4.20-4.26 (m, 1H, CH), 44.25 (t, 2H, CH), 3.49-3.55 (m, 2H, C§), 2.91-2.96
(m, 2H, CH), 2.64-2.67 (t, 2H, CB), 2.23 (s, 6H, X CHs); *C NMR (DMSO, 100 MHz§ ppm): 161.01,
160.25, 157.84, 139.54, 131.67, 130.14, 129.75,782929.68 (4C), 128.75 (4C), 126.88, 126.57,4D6.
119.87, 114.90 (2C), 66.48, 62.57, 58.13, 52.8508162C), 37.16; ESI-MS: m/z 566.2 [M+H]
HRESIMS: calcd for GsH33BrN;O4[M+H] * 566.1649, found 566.1654. Purity: 95.0%.
5.2. Biological assays

HepG2 cell lines were obtained from 302 militaryspital of china. The cell lines were cultivated in
DMEM medium supplemented with 10% fetal bovine sgrul00 U/mL penicillin, 100pg/mL
streptomycin, and 0.38 mg/mL of G418. Cytotoxicianti-HBV activities of compounds and effect on
HBV viral gene expression were evaluated on theG2ZR.2.15 cell line (stably transfected cell lines
containing HBV genome on a plasmid). Determinatioh antiviral efficacy against nucleoside
analogue-resistant HBV was evaluated on the Hep@P lime which were transiently transfected
respectively with plasmids containing drug-resistantant (rtL180M + rtM204V + rtT184L).
5.2.1. Cytotoxicity assays

Cytotoxicity induced by the target compounds intungls of HepG2 2.2.15 cells was also determined.
Briefly, HepG2 2.2.15 cells were grown to confluenis 96-well culture plates, and then treated wett
compounds (in 0.2 mL culture medium/well), respeaadii. Untreated control cultures were maintained on
each 96-well plate. The cytotoxicity ~ was determinedby measuring MTT

(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazofn bromide) dye uptake, as determined from the
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absorbance at 490 nm relative to untreated cel®} &ours following 72 h of treatment.
5.2.2. Inhibitory effect on HBV DNA replication

For detection of extracellular replication interrzds, HepG2 2.2.15 cells were seeded in 24 well
culture plates at a density of 2X1€ells per well and allowed to recover for 24 hlt@e medium was
replaced by assay medium containing the compouatdgtbeing tested or 3TC. Every 2 days, medium was
changed. After 6 days, intracellular HBV DNA wadragted using method reported before[16], and the
levels were quantified by real time PCR.

5.2.3. Determination of antiviral efficacy agaimstcleoside analogue-resistant HEEM ]

HepG2 cells per well (2xEpwere plated into 24-well plates. After overnigitubation, the cells were
transiently transfected respectively with plasnidataining drug-resistant mutant (rtL180M + rtM204V
rtT184L) for 24 h. The supernatant was discardeliped by PBS wash. Then, the cells were cultidate
with fresh medium containing lamivudine (10M), Entecavir (10uM), 8a (1 uM), 8d (1 uM) or 9b (10
uM). After 72 h treatment, HBV DNA replicative inteediate was extracted using the method mentioned
above [16], and the level was quantified using tiead PCR.

5.3. Anti-HBV action mechanism of compowgud
5.3.1. Effect of compour@dl on HBV viral gene expressi¢h8, 19]

HepG2 2.2.15 cells were cultured in 6-well plates alensity of & 10° cells, and were treated with
compounds for 6 days. Total RNA was extracted fisepG2 2.2.15 cells by the use of TRIzol reagent
(Invitrogen), and then detected by quantitative tieze PCR.

5.3.2. Evaluation of the Inhibitory Activity of Cpounds8d on the DHBV RT Activity

The DHBV polymerases were obtained from Beijing jgei Jiye Institute of Biotechnology (302
military hospital of china). The expression of thelBV polymerases and the analysis of elongation of
viral minus strand DNA were performed as descrilfieddetail [20]. The reaction mixture included
[«*?P]-dNTP (0.165:mol/L; 3,000 Ci/mmol) of which the inhibitor is thenalog, whereas the 3 other cold
dNTPs were used at 1@nol/L each.

5.3.3. Molecular docking
For the purpose of investigating the possible Iigdinteractions between HBV core protein and

compound8d, Surflex docking module in Sybyl X-2.1 was used fwlecular docking studies [21]. The
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crystal structure of HBV core protein complex wNNWR-010-001-E2 (PDB ID: 5EQI) was obtained from
the RCSB Protein Data Bank [22]. The space whegant NVR-010-001-E2 placed was selected as the
active pocket, and all water molecules were removite missing hydrogen atoms were added by
biopolymer module during protein preparation, tbeking parameters were kept as default values.
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Highlights

1. Novel phenyl propionamide derivatives were synthesized as anti-HBV agents.
2. 8d exhibited potent anti-HBV activity against wild and drug resistant HBV strains.

3. 8d could inhibit HBV pgRNA expression and RT activity of DHBV polymerase.



