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Graphical abstract
Five skeletons of heterocycle derivatives (pyrazole, thiazole, pyrazine,
pyrimidine and pyridine analogs) were designed as potential HBV non-nucleoside

inhibitors. And seven synthetic routes were employed to acquire target compounds by

diversity-oriented synthesis.

DIVERSITY-ORIENTED
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1I-8b anti-HBV DNA : IC5p=22+1.1uM
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Abstract:

The capsid assembly is a significant phase for hépatitis B virus (HBV)
lifespan and is an essential target for anti-HBMgddiscovery and development.
Herein, we used scaffold hopping, bioisosterisng pharmacophore hybrid-based
strategies to design and synthesize six seriesaabus heterocycle derivatives
(pyrazole, thiazole, pyrazine, pyrimidine, and diyve) and screened fan vitro
anti-HBV non-nucleoside activity. Drug candidate -MZand AT-130 were used as
lead compounds. Several compounds exhibited prorhirenti-HBV activity
compared to lead compound NZ-4 and positive drugnilzadine, especially

compoundll-8b, showed the most prominent anti-HBV DNA replicatiantivity
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(ICs0 = 2.2 £ 1.1 pM). Also compound¥-8e andVII-5b showed the besh vitro
anti-HBsAg secretion (163 = 3.8£0.7 uM, CG > 100 uM) and anti-HBeAg secretion
(ICs0 = 9.7£2.8 uM, CGp > 100 uM) respectively. Besidd$,8b can interact HBV
capsid protein with good affinity constantsp(k 60.0uM), which is equivalent to
lead compound NZ-4 ((=50.6uM). The preliminary structure-activity relationship
(SARs) of the newly synthesized compounds were samaed, which may help
researchers to discover more potent anti-HBV agents

Keywords: HBV, Capsid protein, Diversity-oriented synthesigjeterocycle

derivatives.

1. Introduction
Hepatitis B is a serious infectious disease cabygetie hepatitis B virus (HBV).

Long-term development of hepatitis B frequently szs1 acute or chronic viral
hepatitis, severe hepatitis, liver cirrhosis, amgbdtocellular carcinoma. The recent
World Health Organization (WHO) statistics indicghteearly 2 billion people
worldwide had been infected with HBV, of which ab@b0 million people with
chronic HBV infection. An average of about 60 naiflipeople die every year due to
acute or chronic viral hepatitis and related corenwy disease. China is a high
endemic area of hepatitis B with about 93 milliapatitis B virus (HBV) carriers;an
average of about 300,000 patients die each yeatadudection with the hepatitis B
virus[1, 2]. Due to the high incidence, long couasel difficulty in curing, hepatitis B
has become a major disease that seriously affeetplggs health and social
development. Therefore research on effective dafgsiBV has become the top
priority[3].

HBV is a member of hepadnaviridae, consisting phyti double-stranded
circular genome. HBV replication process possesagsorption and fusion to
hepatocyte, DNA repair and transcription of HBV atantly closed circular DNA
(cccDNA), translation and reverse transcriptiorpadigenome RNA (PgRNA). It also

possesses capsid assembly and DNA replication] piméicle recirculation and
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release, etc. [4]. Few drugs have been developethdéareatment of chronic hepatitis
B (CHB) by an in-depth understanding of the HB\¢ Idycle and molecular biology.
At present, only interferon (interferan-and pegylated interferomr and six
nucleoside or nucleotide drugs such as Lamivudi€], Adefovir dipivoxil (ADV),
Entecavir (ETV), Telbivudine (LdT), Tenofovirdisapdl fumarate (TDF) and
Tenofovir alafenamide (TAF) have been approved by U.S. Food and Drug
Administration (FDA) for HBV treatment. Though thgyofoundly suppress HBV
replication, the disadvantage of high price, lowecuate, serious side effects,
resistance and high recurrence is undoubtedly gasketo combat the HBV
infection[5, 6].

The capsid is a T=4 icosahedral complex assembted 120 copies of core
protein homodimer, which is the most populous sggedound in HBV virions. It
consists of the N-terminal assembly domain (Cplékidues 1-149) and the
C-terminal binding domain (protamine domain, resgll50-183) [7]. As capsids
provide the structural background for encasemenh®fRNA pregenome, assembly
of a viral core protein and RNA pregenome reveraescription, interfering assembly
of capsid formation is assumed to be less promeweloping drug resistance [8]. The
HBV capsid protein and its assembly process haveumsan analogs, making HBV
assembly has become an attractive target for néwirahtherapies [1, 9-11].

NZ-4 inhibits HBV replication by interfering withhe interaction between pgRNA
and HBcAg in the capsid assembly process, thugasong the replication-deficient
HBV capsids. NZ-4 suppressed intracellular HBV iegilon in HepG2.2.15 cells
with an IG value of 1.33umol/L, whereas the compound inhibited the cell \ligb
with a CGy value of 50.4umol/L [12]. AT-130, a phenylpropanamide derivatixas
more potent anti-HBV DNA replication activity witan 1Go value of 0.13umol/L
and CGo value of more than 5imol/L[6, 13-15]. NZ-4 and AT-130 also have four
various fragments within the structure (yellow, agpink and spring green), as

illustrated in Figure 1. Herein, six small seridsheterocycle derivatives (pyrazole,
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thiazole, pyrazine, pyrimidine, and pyridine analogere designed as potential HBV

non-nucleoside inhibitors through scaffold hoppingpioisosterism,
pharmacophore hybrid-based strategies.
e
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Figure 1. The structural modifications of six small seridé$eterocycle derivatives as potent

non-nucleoside HBYV inhibitors.

2. Results and discussion

2.1 Chemistry

The synthetic route for the target compouhds(1-5), I-4b, 1-6a, andl-6b(1-2)
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is illustrated inScheme 1The key intermediatels2a andl-2b were prepared from
the commercially available starting material etB}dR-cyano-3-ethoxyacrylatd-1)
by condensation reaction with aromatic hydrazine130 [1[16]. Further, the
intermediate I-3 was achieved froml-2a by allowing diazotization reaction.
Intermediated-2a, 1-2b andI-3 were converted to target compoureéa(1-5) and
I-4b by treating with various substituted alcohol, aesinand halo hydrocarbon
through nucleophilic substitution reaction. Furiieta andl-4b were hydrolyzed to
obtain intermediates5a andl-5b respectively by hydrolysis reaction in the solatio
of sodium hydroxide, water, ethanol and tetrahyahafi under 5001. The
intermediates I-5a and |-5b were allowed to reaith worresponding substituted
aminesvia an amide condensation reaction to achieve thétinget compounds6a
andl-6b(1-2)

[17]. Both analytical and spectral data of all gymthesized compounds are in

full agreement with the proposed structures.

1
o RENNSNH,

F
i — ii
/\o/\)J\o/\ R W) \\Z/ - > @\ -N
CN COOEt N\\ Br
-1 I-2a: R = 3-fluorophenyl
1-3
iv 1-2b: R' = thiazol-2-yl COOEt

iiii
—

1-4a(1-5): R = 3-fluorophenyl; X: NH, S
I-4b: R' = thiazol-2-yl; X: NH

I-5a: R = 3-fluorophenyl
I-5b: R = thiazol-2-yl

1 R! .
COOEt COOCH

I-6a: R = 3-fluorophenyl
1-6b(1-2): R" = thiazol-2-yl

Scheme 1.Reagents and conditions: (i) GEDONa, CHCOOH, HO, reflux; (i) CuBe,
CH4CN, 50 ; (i) DMF, NaH, R-X; (iv) DMF, NaH, ROH/ R’*NH,; (v) NaOH, GHsOH,
H,0, THF, 5007; (vi) DCM, EDC, HOBL.

The synthetic route for the target compountd8(a-c) was conducted as

illustrated inScheme 2 The initial intermediatél-2 was achieved by allowing the
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substitution reaction between commercially avadaliethyl carbonatel] and

4-methylpentan-2-one.

The key intermediaté-5 was prepared from intermediate IH2rough oxime
synthesis, reduction and amide condensation regatibich was further converted to
intermediatell-6 by condensation cyclization reaction with Lawessaeagent at
12017. Then, II-6 was hydrolyzed to obtain intermedi&té by hydrolysis reaction in
the solution of sodium hydroxide, water, ethanofl aetrahydrofuran under 50.
Treatment of intermediate II-7 with correspondingb&ituted aminesia amide

condensation reaction gave the target compour{s-c) [18].

Ho\IN o
)\/ﬁ\ i O O it L
— I — Il H,N

0 -
AL
-1 -2 -3 -4

SHNO (N%;\ﬁqfxﬁ%;\ﬁ ()\( i

Scheme 2Reagents and conditions: (i) 4-methylpentan-2-dtet, AcOH, THF; (ii)

NaNG,, CH;COOH, HO, -5°C; (iii) Pd/C, HCI/EtOH, RT; (iv) HATU, DMF, DIPEART;
(v) Lawesson's reagent, toluene, reflux; (vi) NaOHF, EtOH, HO, RT; (vii) HATU, DMF,

DIPEA, RT.

The synthetic route of the target compounts/(a-c) is demonstrated in
Scheme 3 Intially, compoundlll-3 was achieved by substitution reaction between
intermediate (1I-2) andN-bromo succinimide. The key intermediate ethyl
2-amino-4-isobutylthiazole-5-carboxylatdll{4 ) was obtained by treating ethyl

2-bromo-5-methyl-3-oxohexanoatBl{3 ) with thiourea by condensation reaction at
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80 (. Then, intermediate Ill-4 was hydrolyzed to intediate

2-amino-4-isobutylthiazole-5-carboxylic acidll{5) by hydrolysis reaction as
followed in Scheme 2. Treatment of intermediatebINvith 4-fluorbenzylamine by
the condensation reaction gave the intermedikt, which was further modified to

obtain target compoundl-7(a-c) [19].

)\/ﬁ\/ﬂ i o i N i
o~ —= o T N I
Br S
II-2 -3 -4 Oj
N iv N \ N
HZN"<S\ o HzN"<s\ o H,r;l’<s\ o
R
OH HN HN
lIl-5 I1l-6 I11-7(a-c)
F F

Scheme 3Reagents and conditions: (i) DCM, NBS, RT,; (ii) EtQhiourea, 80°C; (iii)
NaOH, THF, EtOH, HO, 50 C; (iv) DMF, HATU, DIPEA, RT; (v) a: THF, DMAP, 80C;

b: HATU, DIPEA, RT.

The synthetic route of the target compounds(a-e) is displayed irScheme 4
The key intermediate ethyl 2-bromo-4-isobutylthi@z6-carboxylate I{/-5) was
prepared from ethyl 2-amino-4-isobutylthiazole-3bcxylate (111-4) through diazo
substitution reaction. Then, intermediate V-5 wdsdrolyzed to obtain
2-bromo-4-isobutylthiazole-5-carboxylic acitv(6) via hydrolysis reaction in the
solution of sodium hydroxide, water, ethanol artdateydrofuran at 5QC. Treatment
of intermediate 1V-6 with 4-fluorbenzylamine by thendensation reaction gave the
intermediatdV-7, which was further modified by Suzuki reactiorotatain the target

compoundsV-8(a-e).
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e,

-4 V-5 Iv-6 IV-8(a-e)

Scheme 4Reagents and conditions: (i) GEN, CuBr,tert-Butyl nitrite, RT; (i) NaOH,
THF, EtOH, HO, 50 C; (ii) DMF, HATU, DIPEA, RT,; (iv) Pd(PP§, K CO;,

1,4-Dioxane, HO, 100 C.

The synthetic route of the target compoud is illustrated inScheme 5
Initially, compoundV-2 was achieved by allowing the reaction betweenogptetnone
(V-1) and 1,1-dimethoxy,N-dimethylmethanamine 4-methylpentan-2-one. The key
intermediate ethyl-2,6-diphenylnicotinaté/-8) was achieved by condensation
reaction of E)-3-(dimethylamino)-1-phenylprop-2-en-1-one V-2) withethyl
benzoylacetate at 120C. Then, intermediate V-3 was hydrolyzed to obtain
2,6-diphenylnicotinic acid\(-4) by hydrolysis reaction in the solution of sodium
hydroxide, water, ethanol and tetrahydrofuran ur8feC. Treatment of intermediate

V-4 with different substituted amines leads totirget compound/-5[20].

St P DR

vs giNH

Scheme 5. Reagents and conditions: M
1,1-dimethoxyN,N-dimethylmethanamine, 12€c; (ii) CH3;COOH, CHCOONH,,
120°c¢; (iif) NaOH, THF, EtOH, HO, 80°C; (iv) DMF, HATU, triethylamine, RT.

The synthetic route of the target compodAeB is displayed irScheme 6 The
target compoundVI-3 was achieved from theommercially available methyl
3-amino-6-bromopyrazine-2-carboxylate and 2-metbexygeneboronic acid after

Suzuki and acylation reactions[21, 22].
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NH\|N ; COOMe COé)Me
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VI-3 NOz

Vi-2

. v

Scheme 6Reagents and conditions: (i) Pd(dpph@@sCO;, 1,4-Dioxane, HO,
100°cC; (ii) DMF, triethylamine, 100C.

The synthetic route of the target compounds$-4 (a-b) and VII-6 (a-b) is
presented in  Scheme 7 The key intermediate ethyl
(E)-2-((dimethylamino)methylene)-5-methyl-3-oxohexateo  {II-3) was
prepared from ethyl 5-methyl-3-oxohexanoalie2() by condensation reaction
with 1,1-dimethoxyN,N-dimethylmethanamine at 1001. And the target
compounds Vll-4(a-b) were achieved from compound VII-3 by allowing
condensation reaction with benzamidine hydroché&wd 3-fluoro-benzamidine
hydrochloride. Then, VII-4(a-b) were hydrolyzed tobtain the desired
intermediatesV/Il-5a andVII-5b correspondingly by hydrolysis reaction in the
solution of sodium hydroxide, water, ethanol, aattahydrofuran under 50.
Treatment of intermediates VII-5a or VII-5b withffédrent substituted amines

leads to the target compounds-6a andVII-6b , respectively[23].

1
R1 N R N
|V
0/\ — ~N //
COOH \

COOEt
Vil-4a R'= phenyl ViI-5a 31' phenyl Vil-6a R1— phenyl
VIl-4b R'= 3-fluorophenyl VII-5b R'= 3-fluorophenyl VII-6b R'= 3-fluorophenyl

VII 3

Scheme 7. Reagents and conditions: (i)1,1-dimethd¥N-dimethylmethanamine,
100 °C; (ii) C;HsONa, GHsOH, 80 °C; (iii) NaOH, THF, EtOH, HO, 80 °C; (iv) DMF,

HATU, triethylamine, RT.

2.2. Biological activity and the SAR studies



© 00 ~N oo o b~ w N ek

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

All the synthesized compounds were preliminary eagdd for {n vitro) their
anti-HBV DNA replication activity and cytotoxicityn HepG2.2.15 cells (human
HBV transgenic hepatocellular carcinoma cells) gstandard PCR and cell counting
kit-8(CCK-8) methods. Then the advanced target aamgds were further evaluated
for their cytotoxicity, inhibitory effect on HBV DN replication and HBsAg, and
HBeAg secretion in HepG2.2.15 celist CCK-8, PCR and standard ELISA methods,
respectively. The concentration of compound reguice 50% inhibition of HBeAg,
HBsAg secretion or DNA replication was defined &goland the concentration of
compound that induced the death of the HepG2.Z2ll%®wltures by 50% was defined
as CGo. Selectivity index (SI) was determined as thes@lCso value. Lamivudine
and lead compound NZ-4 was used as positive stdsdar

Primary anti-HBV DNA replication activity, cytotoaity in HepG2.2.15 cell for
series |-1l target compounds and lead compound (NZ-4) and ipesitirug
Lamivudine under 10QuM concentration were shown itable 1 Most of these
pyrazole analogs exhibited low toxicity as compatedoositive drug Lamivudine
except compound-4as. It was observed that the electron-withdrawingugrof R
might improve the toxicity of the inhibitors. Howa&y most of these pyrazole analogs
also exhibited low or none anti-HBV DNA replicatiastivity. To our encouragement,
compounds with amide substitution in pyrazole moi@t6a, I-6bland I-6b2)
exhibited better anti-HBV DNA replication activithan ester substitution. Besides, to
our delight, series Il target compounds with thlazaoiety exhibited advanced
anti-HBV activity. Among thiazole series, compound8a andll-8b showed potent
anti-HBV DNA replication (83.8£3.5% and 89.8+3.3#éspectively) with 24.9+2.3%
and none cytotoxicity under 1QM, respectively. To the best, target compounds Il
-8a and I1I-8b have similar anti-HBV activity withogitive drug Lamivudine
(87.9+2.4 %) and they are better than the lead comg (NZ-4, 11-8c), and II-8c

possessed high cytotoxicity (98.8+0.2 %), which barfurther evaluated.



1 Table 1Primary anti-HBV DNA replication activity and cymticity in HepG2.2.15

2 cell of series I-ll target compounds, NZ-4, and Lamivudine under 100

3 concentration.

e O
1 I n-N N
RENMNS—x NN NH [»\{S
= = s N\
N H
o o7 "NH N,
RS o F
I-4a(1-5): Ry = 3-fluoropheny  |ga: R = 3-fluorophenyl lI-(8a-8c)
4 I-4b: R1 = thiazol-2-y 1-6b(1-2): R = thiazol-2-yl
5
Inhibition percentages (%)
Compounds X RRYR*
DNA replication  HepG2.2.15 Cell
I-4al NH benzyl 14.6 N
I-4a2 NH ethyl 39.948.7 10.9+9.7
I-4a3 NH methyl NI 5.7+1.7
I-4a4 S cyclohexane NI 18.1+7.5
[-4a5 NH 4-nitrobenzoyl 49.5+2.0 51.319.2
I-4b NH benzyl NI 30.4+2.2
I-6a cyclopropyl 38.8+7.1 40.8+4.6
I-6b1 2,4-difluorobenzyl 32.9+22.9 16.9+2.9
[-6b2 2-chloro-4-fluorobenzyl 41.6+1.3 29.246.1
Il -8a 2,4-difluorobenzyl 83.8+3.5 24.9+2.3
11-8b NH-(4-fluorophenyl) 89.84£3.3 NI
[1-8c(NZ-4) 4-fluorobenzyl 97.3+£0.2 98.8+0.2
Lamivudine 87.9+2.4 12.7 £3.7
6 #NI: None inhibition under 100M
7
8 Primary anti-HBV DNA replication activity and cymticity in HepG2.2.15 cell
9 for series IlI-1V target compounds under g concentration were shown table 2.
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To our surprisemost of these thiazole compounds showed low toxaiid anti-HBV
DNA replication activity. Unfortunately, a signiiat reduction in anti-HBV DNA
replication activity was observed by small changethiazole moiety and fragments
of thiazole. However, we found that compound8e exhibited moderate anti-HBV

DNA replication activity with 57.8+13.2 %, whichrtéde further evaluated.

Table 2 Primary anti-HBV DNA replication activity and cytticity in HepG2.2.15

cell of series IlI-1V target compounds under g concentration.

(0]
N N
bs  H
R? F
lll-7(a-c) IV-8(a-e)
Inhibition percentages (%)
Compouds RR?
DNA replication HepG2.2.15 Cell
l-7a 2-thienylcarbonyl Ni 15.2
-7b 4-fluorobenzenesulfonyl NI 17.5+£20.2
ll-7c 4-fluorobenzoyl 29.2¢5.0 20.7+£18.6
IV-8a 2-thienyl NI 17.8+8.6
IV-8b 5-methylthiophen-2-yl NI NI
IV-8c 3-thienyl NI 6.714.6
IvV-8d benzo[b]thiophen-2-yl 21.1+£14.2 NI
IV-8e 4-pyridinyl 57.8+13.2 35.845.9

#NI: None inhibition under 2QM

Primary anti-HBV DNA replication activity and cymticity in HepG2.2.15 cell
for series V-VII target compounds under 5 concentration were shown table 3.
From the results, it was noticed that pyridine coomml V-5 and pyrazine derivative

VI-3 showed low toxicity and none anti-HBV DNA replicati activity. However,
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most pyrimidine derivatives exhibited moderate -&8\V DNA replication activity
with none cytotoxicity in HepG2.2.15 cell. Amongth, compound VII-5b presented
the best anti-HBV DNA replication activity with 5%12.8 %. The preliminary
structure-activity relationship (SAR) of pyrimidirgerivatives was investigated and
revealed that 3-fluorinated phenyl substitutiosuperior to the benzene group in the
position of R (VII-4b > VIlI-4a, VII-6b > VII-6a) . The obtained anti-HBV DNA
replication activity results showed for 5 positiderivatives showed as sequence:
carboxyl group > ester group > amide groMp-6b > VII-4b > VII-6b) .

Table 3 Primary anti-HBV DNA replication activity and cymticity in HepG2.2.15

cell of Series V-VII target compounds under 5 concentration.

OCH3
ij R'. N
R3 Y X
|
fj\ N~ (0]
COOEt
COOH HN. 4

VIl-6a R'= phenyl
VII-6b R'= 3-F-phenyl

Vil-4(a-b) VII-5b

Inhibition percentages (%)

Compounds BR? /IR*/R*
DNA replication HepG2.2.15 Cell
V-5 4-fluorobenzyl Nf 4.4+0.3
VI-3 benzoyl NI 5.7+£7.8
Vil-4a phenyl 37.30.9 NI
VII-4b 3-fluorophenyl 46.3+4.1 NI
VII-5b 54.2+12.8 NI
VIl-6a benzyl NI NI
VII-6b 4-fluorobenzyl 35.6 NI

#NI: None inhibition under 5QM

The activity of compounds [I-8(a-c), 1V-8e, VII-5land Lamivudine were
further evaluated in HepG2.2.15 cells in a dosesddpnt manner (100 uM, 20 uM, 4
uM, 0.8 uM, 0.16 uM) to analyze their dand CG, values. Among them,



compoundil-8b showed the besh vitro anti-HBV DNA replication activity (1Gy =

2.2 £ 1.1 uM, CG = 80.8+14.4 uM), which was better than that ofileampound
[I-8¢c (ICs0 = 2.3 £ 0.5 pM, Cgp =59.2 +2.4uM). CompoundV-8e andVIl-5b showed
the bestn vitro activity for anti-HBsAg secretion (Kg= 3.8£0.7 uM, CGy > 1004 M)
and anti-HBeAg secretion (¥g= 9.7+£2.8 uM, CG > 100 M), respectively, which
were better than lead compound and positive drugiuadine.

Table 4. Further evaluation for cytotoxicity, inhibitory efft on HBV DNA

replication and HBsAg/HBeAg secretion of compoutieéd(a-c), 1V-8e, VII-5b and

© 00 ~N oo o b~ w Nk

Lamivudine.

R

10 lI-(8a-8c) IV-8e VII-5b

DNA HBsAg HBeAg

CGCso"
Compounds R ICs? ICs? ICso”
(umol/L) SI SI SI
(umol/L) (umol/L) (umol/L)

[I-8a 2,4-difluorobenzyl 45.4+2.2 2.7£3.0 16.8 21.0+1.7 2.2 30.1+8.3 15
11-8b NH-(4-fluorophenyl)  80.8+14.4 2.2+1.1 36.7 >100 <0.8 >100 <0.8
IV-8e >100 40.5+34.6 >2.5 3.840.7 >26.3 62.3+325 >1.6
VII-5b >100 9.943.7 >10.1  >100 — 9.742.8 >10.3
11-8¢ ¢ 4-fluorobenzyl 59.2+2.4 2.3t0.5 25.7 31.7£7.8 1.931.7¢#4.1 1.9

Lamivudine >100 0.6+0.4 >167 >100 — >100 —_

11 3CCsy Concentration required to reduce the viabilityradck-infected cells by 50%.

12  "ICsy Concentration of compound required for 50% irtiobi of HBV DNA replication or
13 HBsAg /HBeAg secretion.

14  °SI: Selectivity index, the ratio of GZICsp.

15 “Iv-8c: The lead compound NZ-4.

16
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2.3 Molecular modeling

[I-8b, the best compound in cell-based HBV infeatassay, was docked into the
HBV capsid (PDB ID: 5gmz) using Sybyl-X 2.0 to syuds binding mode. Default
parameters were used as described in the SybyloXnfanual unless otherwise
specified, the result was displayed by PyMMHigure 2). It was shown that the
conformation of II-8b (green) can be well overlappath the ligand (NVR10-001E2,
yellow) in the core protein crystal structure. Tdake ring region of 1I-8b occupied a
hydrophobic pocket, surrounded by Pro-130 and R&-JAnd 2-fluorine phenyl
region occupied another hydrophobic pocket, sumedrby Pro25, Asp29 and Leu30,
while F atoms can form a hydrogen bond with Thr-B8sides, the amide of 11-8b

form a hydrogen bond with Thr128, which might cdmnite to the anti-HBV activity.

Asp-20 THR-33 £
g 1

Figure 2. The molecular modeling of target compound II-8thwore protein crystal
structure (PDB 5gmz)
2.4 Surface plasmon resonance (SPR)

To acquire better understand of the hydrogen botetactions, we evaluated
compound 11-8b the binding affinity with HBV capsjatotein by surface plasmon
resonance (Biacore T200). The study was showrctmapound I1-8b can steady-state
bind to HBcAg protein in a dose-dependent mann2r2(AM, 14.8 uM, 14.8 uM, 9.9
MM, 6.6 uM and 0 uM) with response value (RU) of38621.33, 20.60, 18.83, 15.36

and 11.31, respectively. While the lead compounédNibund to HBcAg protein in a
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dose-dependent manner (100 uM, 50 pM, 25 uM, 2514 uM, 6.25 uM and O
KM) with response value (RU) of 63.55, 41.35, 383835, 23.85, 17.72 and 14.56),
respectively. Therefore, fitted by 1:1 binding mbtie affinity constant K value of
compound 11-8b and NZ-4 was 60.0 uM and 50.6 pMdpeetively.
3. Conclusion

In conclusion, six small series of heterocycle \d#ives (pyrazole, thiazole,
pyrazine, pyrimidine and pyridine analogs) were iglesd as potential HBV
non-nucleoside inhibitors through scaffold hoppibigisosterism and pharmacophore
hybrid-based strategies. All the designed compouwdse evaluated for their
anti-HBV activity. Among them, compoundi-8b displayed the most potent
anti-HBV DNA replication activity (IGo = 2.2 + 1.1 uM). And compound/-8e and
VII-5b showed the besh vitro activity for anti-HBsAg secretion (Kg = 3.8+£0.7 UM,
CCsp > 100 pM) and anti-HBeAg secretion (= 9.7+2.8 uM, Cg > 100 pM),
respectively. The surface plasmon resonance stenyated that the best anti-HBV
DNA replication compound 11-8b can interact HBV sa&p protein with good affinity
constants (K = 60.0uM), which was equivalent with lead compound NZ-K{(
50.6 uM). The preliminary structure-activity relationship(SARs) of the new
compounds were summarized, which may help in desgog more potent anti-HBV

agents.
4. Experimental section

4.1. Chemistry

All melting points were determined on a micro nmjtpoint apparatusH NMR
spectra were obtained on a Brucker Avance-400/300RNspectrometer in the
indicated solvents. Chemical shifts are expressed units and TMS as internal
reference. Mass spectra were taken on a LC AutdsarDgvice: Standard G1313A
instrument. TLC was performed on Silica Gel GF264 TLC (Merck) and spots
were visualized by irradiation with UV light (254n). Flash column chromatography

was performed on column packed with Silica Gel 00300 mesh). Solvents were
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reagent grade and, when necessary, were purifidddaed by standard methods.
Concentration of the reaction solutions involve@ tlise of rotary evaporator at
reduced pressure. All solvents of 1,4-dioxanealstdrofuran, DCM, CECOOH,
DMF and ethanol were obtained from Sinopharm Chahikeagent Co.,Ltd(SCRC),
which were of AR grade. Chemicals and reagents Nabromosuccinimide,
Pd(dppf)C}, CsCO;, Pd/C, HOBt, HATU, DIPEA, EDC etc. were obtaingdn

beijing innochem science & technology Co.,Ltd, wihveere of CP grade.
4.1.1. General procedure for preparation of compouds I-2a and I-2b

To the mixture solution of water (1 mL) and sodiaoetate (286 mg, 3.49 mmol)
in acetic acid (3 mL) was added 3-fluorophenyl laziine hydrochloride (1.23 mmol)
or thiazol-2-yl hydrazine hydrochloride (1.23 mmadThe reaction mixture was stirred
at reflux temperature for 4 hours. Upon completidrihe reaction, the solvent was
cooled to room temperature and 20 mL cooled wats added and was extracted
with ethyl acetate (15 mL x 3) and washed with isdad sodium chloride (30 mL).
The organic layer was dried over anhydrous sodiulfiate, and then the solvent was
removed under vacuum. The residue was chromatogdaph silica gel using ethyl
acetate and petroleum ether. Pure fractions wdtected and concentrated, giving

the desired compoundia andI-2b in good yield.

Ethyl 3-amino-1-(3-fluorophenyl)H-pyrazole-4-carboxylate (I-2a). Pale yellow
solid, yield 91%, m.p.130-131; 'H NMR(400 MHz, CDCY): 6 7.79 (s, 1H),
7.51-7.45 (m, 1H), 7.37-7.30 (m, 2H ), 7.13-7.08 {H ), 5.36 (s, 1H), 4.31 (q, 2H,
J=7.1 Hz), 1.37 (t, 3H)=7.1 Hz );"*C NMR (100 MHz, CDGCJ): 6 164.39, 163.20 (d,

J = 255 Hz), 149.15, 140.97, 139.10 Jds 9 Hz), 131.05(dJ = 9 Hz), 118.87(dJ =
3 Hz), 115.0(dy) = 21 Hz), 111.29(d) = 24 Hz), 96.57, 59.78, 14.49; ESI-MS: 250.4
[M+H] "

Ethyl 3-amino-1-(thiazol-2-yl)-H-pyrazole-4-carboxylate (I-2b). white solid,
yield 35%, m.p.99-1017; *H NMR (400 MHz, CDCJ): § 7.75 (s, 1H), 7.53 (d, 1H,
J=3.6 Hz), 7.14 (s, 2H), 7.05 (d, 2B53.6 Hz), 4.30 (g, 2HJ)=7.2 Hz), 1.36 (t, 3H,
J=7.2 Hz);*C NMR (100 MHz, CDGJ): § 164.00, 162.38, 150.38, 142.70, 139.70,
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114.54, 95.46, 77.35, 77.24, 77.04, 76.72, 59.8 52t ESI-MS: 239.0 [M+H]
4.1.2. General procedure for preparation of compoud Ethyl
3-bromo-1-(3-fluorophenyl)-1H-pyrazole-4-carboxylate (I-3)

To the mixture of Ethyl 3-amino-1-(3-fluorophenyllit-pyrazole-4-carboxylate
(I-2a) (200 mg, 0.8 mmol) in acetonitrile (5 mL) svadded cuprous bromide. Then
the reaction mixture was cooled to0and the butyl nitrite (223 mg, 2.17 mmol) was
added, which was stirred at §0for overnight. Upon completion of the reactiorg th
solvent was cooled to room temperature and 50 mtenveas added. It was extracted
with ethyl acetate (25 mL x 3) and washed with isatd sodium chloride (50 mL).
The organic layer was dried over anhydrous sodiulfate, and then the solvent was
removed under vacuum. The residue was chromatogdaph silica gel using ethyl
acetate and petroleum ether. Pure fractions wdtected and concentrated, giving
the desired compound I-3 as a yellow solid 195 yigld: 72%. m.p.76-79C; H
NMR(400 MHz, CDC}): 6 8.14 (s, 1H), 7.52-7.4 (m, 1H), 7.36 (dd, 1k2.0 Hz,
J,=7.6 Hz), 7.32-7.28 (m, 1H ), 7.23-7.18 (m, 1H B#A(q, 2H,J=7.2 Hz), 1.37 (t,
3H,J=7.2 Hz ), 1.40 (t, 3HJ=7.2 Hz );**C NMR (100 MHz, CDGJ): § 162.46 (d]
= 248.7 Hz), 161.62, 143.43, 139.55 Jd; 10.1 Hz), 130.35 (d] = 8.9 Hz), 121.83
(d, J = 3.4 Hz), 117.78, 116.39 (d,= 21.0 Hz), 115.55, 113.86 (d,= 24.8 Hz),
60.71, 14.33, ESI-MS: 313.3 [M+H]

4.1.3. General procedure for preparation of compouds I-4a (1-3) and I-4b

To the solution of intermediate I-2a or I-2b (1.4#nol) in DMF (5 mL) was
added potassium carbonate, cesium carbonate owursotiydride. The mixture
solution was stirred for 5 min, added differentstitbent haloalkane (1.35 mmol) and
then was further stirred under room temperatureofarnight. Upon completion of
the reaction, the solvent was added 50 mL watdraeted with ethyl acetate (25 mL
x 3) and washed with saturated sodium chloridenggOx 3). The organic layer was
dried over anhydrous sodium sulfate, and then thigest was removed under

vacuum. The residue was chromatographed on sikdauging ethyl acetate and
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petroleum ether. Pure fractions were collected emntentrated, giving the desired
compounds I-4a (1-3) and I-4b.

General procedure for preparation of compound Ethyl
3-(benzylamino)-1-(3-fluorophenyl)H:-pyrazole-4-carboxylate(l-4al). Light yellow
oil, yield:73%; 'H NMR(400 MHz, CDC}): § 7.81 (s, 1H), 7.43-7.4536 (m, 2H),
7.32-7.27 (m, 1H), 7.25-7.22 (m, 3H), 7.12-7.07 (tH) 7.04 (dd, 2HJ;=2.0 Hz,
J,=7.6 Hz) , 6.52 (s, 1H), 4.29 (q, 2857.2 Hz), 4.03 (s, 1H), 1.34 (t, 3B57.2 HZ );
%C NMR (100 MHz, CDG): 164.72, 162.76 (dJ = 248.3 Hz), 151.71, 141.21,
140.82 (d,J = 10.0 Hz), 137.81, 130.38 (d,= 9.0 Hz), 128.66, 127.66, 127.19,
120.36 (dJ = 3.3 Hz), 115.18 (d] = 21.1 Hz), 112.39 (d} = 24.4 Hz), 99.11, 59.84,

49.79, 14.45; ESI-MS: 340.5 [M+H]

General procedure for preparation of compound Ethyl
3-(ethylamino)-1-(3-fluorophenyl)H-pyrazole-4-carboxylate(I-4a2). Colorless oil,
yield: 72%;*H NMR (400 MHz, CDCJ): 6 7.81 (s, 1H), 7.46-7.39 (m, 2H), 7.38-7.34
(m, 1H), 7.11-7.06 (m, 1H ), 6.00 (s, 1H), 4.302H, J=7.2 Hz), 2.87 (q, 2H}=7.2
Hz), 1.37 (t, 3HJ=7.1 Hz ), 1.08 (t, 3HJ=7.1 Hz );**C NMR (100 MHz, CDGCJ): ¢
164.87, 162.76 (d] = 248.0 Hz), 152.33, 141.21, 141.06 {& 10.0 Hz), 130.33 (d,
J=9.0 Hz), 120.06 (d] = 3.3 Hz), 114.94 (d] = 21.0 Hz), 112.04 (d] = 24.5 Hz),
98.58, 59.76, 40.92, 15.55, 14.50; ESI-MS: 278.2Ij{f.

General procedure for preparation of compound Ethyl
1-(3-fluorophenyl)-3-(methylamino)H-pyrazole-4-carboxylate(lI-4a3). Colorless oill,
yield: 38%;'H NMR (400 MHz, CDCJ): 6 7.80 (s, 1H), 7.47-7.32 (m, 3H), 7.12-7.07
(m, 1H ), 4.30 (g, 2HJ=7.2 Hz), 2.95 (s, 3H), 1.36 (t, 3857.2 Hz );"*C NMR (100
MHz, CDCk): 6 164.88, 163.96, 153.23, 141.10, 140.85, 131&19.0 Hz), 120.51(d,
J=3.0 Hz), 115.11(dJ = 21 Hz), 112.47(d) = 24 Hz), 97.75, 59.78, 32.74, 14.49;
ESI-MS: 264.3 [M+H].

General procedure for preparation of compound Ethyl
3-(benzylamino)-1-(thiazol-2-yl)H-pyrazole-4-carboxylate(l-4b). White solid, yield:
35%, m.p.90-921; 'H NMR (400 MHz, CDCJ): 6 8.77 (s, 1H), 7.84 (s, 1H), 7.46 (d,
1H, J=3.6 Hz ), 7.35-7.24 (m, 5H), 7.03 (d, 18%3.6 Hz ), 5.08 (d, 2H]=6.0 Hz ),
4.25 (q, 2H,J=7.2 Hz), 1.32 (t, 3H,J=7.2 Hz );**C NMR (100 MHz, CDGJ): §
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163.10, 162.71, 150.23, 145.53, 139.32, 139.10,6828127.43, 127.33, 114.68,
97.00, 59.96, 49.40, 14.46; ESI-MS: 657.2 [2M*H]

General procedure for preparation of compound Ethyl
3-(cyclohexylthio)-1-(3-fluorophenyl)H-pyrazole-4-carboxylate(l-4a7). To the
mixture solution of intermediate 1-3 (200 mg, O1®4nol) in DMF (5 mL) was added
with 60% NaH (31 mg, 0.77 mmol). The mixture saatiwas stirred for 5 min,
added cyclohexane thiol and then was further stimader room temperature for
overnight. Upon completion of the reaction, to udvent was added 50 mL water,
extracted with ethyl acetate (25 mL x 3) and wash#l saturated sodium chloride
(50 mL x 3). The organic layer was dried over ambyd sodium sulfate, and then the
solvent was removed under vacuum. The residue masmatographed on silica gel
using ethyl acetate and petroleum ether. Pure idrect were collected and
concentrated, giving the desired compound I-4aToi@ss oil, yield: 38%H NMR
(400 MHz, CDCH): 6 8.14 (s, 1H), 7.49-7.43 (m, 1H), 7.33-7.27 (m, 2H.19-7.15
(m, 1H ), 4.37 (g, 2HJ=7.2 Hz), 4.13-4.03 (m, 2H ), 3.30-3.28 (m, 1H ){31.50
(m, 5H), 1.40 (t, 3HJ=7.2 Hz ), 1.21-1.15 (m, 5H *C NMR (100 MHz, CDGJ): 6
162.49, 162.30 (d] = 247.8 Hz), 143.09, 140.33 (@= 10.0 Hz), 138.71, 129.90 (d,
J = 8.9 Hz), 122.34 (d) = 3.3 Hz), 118.63, 115.74 (d,= 21.0 Hz), 114.18 (d] =

24.6 Hz), 67.11, 60.45, 48.95, 32.99, 25.59, 2514439; ESI-MS: 349.5 [M+H]
General procedure for preparation of compound

1-(3-fluorophenyl)-3-(4-nitrobenzamidoHipyrazole-4-carboxylate (I-4a8). To the
mixture of intermediate |-2a (100 mg, 0.4 mmol) DMF (5 mL) was
added triethylamine (122 mg, 1.2 mmol). The mixtaadution was cooled to O,
slowly added 4-nitrobenzoyl chloride and then wasthier stirred at 600 for
overnight. Upon completion of the reaction, to udvent was added 30 mL water,
extracted with ethyl acetate (15 mL x 3) and wash#ld saturated sodium chloride
(20 mL). The organic layer was dried over anhydrsodium sulfate, and then the
solvent was removed under vacuum. The residue masmatographed on silica gel
using ethyl acetate and petroleum ether. Pure idrect were collected and

concentrated, giving the desired compound I-4a8t&Vhsolid, yield: 74%,
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m.p.151-1531; 'H NMR (400 MHz, CDCJ): 6 9.59 (s, 1H), 8.32 (d, 2H=8.4 Hz),
8.04 (d, 3H,J=6.8 Hz), 7.42-7.27(m, 3H), 7.07(t, 1BE8.0 Hz), 7.35 (q, 2HJ=7.2
Hz), 1.38 (t, 3HJ=7.2 Hz);**C NMR (100 MHz, CDGJ): § 164.03, 163.02, 162.75
(d,J = 248.0 Hz), 150.40, 141.24 @@= 10.2 Hz), 140.66, 139.71, 137.77, 130.47 (d,
J=9.0 Hz), 128.90, 124.15, 118.51 Jc¢t 3.2 Hz), 115.33 (d] = 21.0 Hz), 110.75 (d,
J=25.2 Hz), 105.62, 60.96, 14.33; ESI-MS: 399.3-[[".
4.1.4. General procedure for preparation of compouds I-5a and I-5b

To the mixture of intermediate I-4a (0.74 mmol)letb (0.74 mmol) in ethanol
(2 mL), water (2 mL) and THF (2 mL) was added alavith NaOH (3.7 mmol). The
mixture solution was stirred at 50 for overnight. Upon completion of the reaction,
the solvent ethanol and THF were removed underuracurhen the mixture was
added to 30 mL ammonium chloride solution, extrdatéth ethyl acetate (15 mL x
3) and washed with saturated sodium chloride (20.mhe organic layer was dried

over anhydrous sodium sulfate, and then the solwastremoved under vacuum. The

residue was recrystallized to obtain the desiredpmunds I-5a and I-5b.

General procedure for preparation of compound
3-(benzylamino)-1-(3-fluorophenyl)H:-pyrazole-4-carboxylic acid (I-5a). White
solid, yield: 44%;:'H NMR (400 MHz, CDCJ): 6 7.88 (s, 1H), 7.42 (td, J = 8.1, 6.1
Hz, 1H), 7.37 — 7.31 (m, 1H), 7.30 — 7.21 (m, 5H}2 (tdd,J = 8.3, 2.5, 0.9 Hz, 1H),
7.02 (dd,J = 7.6, 1.8 Hz, 2H), 6.57 (s, 1H), 4.07 (s, 2} NMR (100 MHz,
CDCl): 6 169.57, 162.72 (d] = 248.8 Hz), 152.18, 141.89, 140.54 Jd&; 10.0 Hz),
137.58, 130.42 (d] = 9.0 Hz), 128.74, 127.77, 127.04, 120.74)(d,3.3 Hz), 115.55
(d,J=21.0 Hz), 112.78 (d} = 24.3 Hz), 97.91, 49.50; ESI-MS: 312.4 [M+H]

General procedure for preparation of compound
3-(benzylamino)-1-(thiazol-2-yl)H-pyrazole-4-carboxylic acid (I-5b). White solid,
yield: 87%;'H NMR (400 MHz, DMSO): 12.19 (s, 1H), 8.67 (f] = 6.5 Hz, 1H),
7.84 (s, 1H), 7.67 (d] = 3.6 Hz, 1H), 7.54 (dJ = 3.6 Hz, 1H), 7.45 — 7.11 (m, 6H),
5.05 (d,J = 6.5 Hz, 2H);13C NMR (100 MHz, DMSO):0 163.86, 162.81, 150.02,
146.01, 139.99, 139.87, 129.02, 127.66, 127.63,111B7.64, 48.39; ESI-MS: 299.5
[M-H]".
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4.1.5. General procedure for preparation of compouds I-6a and I-6b(1-2)

To the mixture of intermediate I-5a (0.19 mmol)l-&b (0.19 mmol) in DCM (5
mL) was slowly added EDCI (43 mg, 0.25 mmol) andB4@39 mg, 0.25 mmol)
under low temperature. The mixture solution wasgesdi for 10 min, added different
substituted amine and then was further stirredoamr temperature for overnight.
Upon completion of the reaction, the mixture wadextito 30 mL water, extracted
with ethyl acetate (15 mL x 3) and washed with isatd sodium chloride (20 mL).
The organic layer was dried over anhydrous sodiulfate, and then the solvent was
removed under vacuum. The residue was chromatogdaph silica gel using ethyl
acetate and petroleum ether. Pure fractions wdtected and concentrated, giving
the desired compounds I-6a and 1-6b(1-2).

General procedure for preparation of compound
3-(benzylaminoN-cyclopropyl-1-(3-fluorophenyl)-H-pyrazole-4-carboxamide
(I-6a). White solid, yield: 32%, m.p.87-89 *H NMR (400 MHz, CDCJ): 6 7.89 (s,
1H), 7.45-7.40 (m, 1H), 7.35-7.33 (m, 1H ), 7.3347(m, 4H ), 7.14-7.09 (m, 1H ),
7.02 (dd, 2H.,=2.0 Hz,J,=7.6 Hz) , 6.57 (s, 1H), 4.07 (s, 1KC NMR (100 MHz,
CDCI3):6 162.76 (dJ = 248.2 Hz), 151.35, 140.87 @7 10.0 Hz), 137.97, 137.59,
130.35 (dJ = 9.0 Hz), 129.17, 128.53, 127.46, 127.26, 1202 = 3.3 Hz), 115.09
(d, J = 21.1 Hz), 112.25 (d] = 24.5 Hz), 100.82, 49.66, 29.70, 6.82; ESI-M2.31
[M+H] "

General procedure for preparation of compound
3-(benzylaminoN-(2,4-difluorobenzyl)-1-(thiazol-2-yl)H-pyrazole-4-carboxamide
(I-6b1). White solid, yield: 7096¢H NMR (400 MHz, CDCY): 6 8.37 (s, 1H), 7.61 (s,
1H), 7.49 (d, 1HJ=3.6 Hz ), 7.34-7.23 (m, 6H), 7.05 (d, 13$3.2 Hz), 6.84-6.77 (m,
2H), 6.14 (s, 1H), 4.79 (s, 2H), 4.52 (d, 2H6.4 Hz );**C NMR (100 MHz, CDCJ):
0162.83, 162.38 (dl = 236.7 Hz), 162.28, 148.76, 142.24, 139.47, 138131.25 (d,
J=6.0 Hz), 131.17 (d) = 9.6 Hz), 128.56, 127.37, 127.31, 121.62, 114190,37
(dd,J = 21.1, 3.7 Hz), 103.87 (§,= 25.4 Hz), 101.05, 49.36, 37.04; ESI-MS: 426.2
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General procedure for preparation of compound
3-(benzylamino)-N-(2-chloro-4-fluorobenzyl)-1-(taw@-2-yl)-1H-pyrazole-4-carboxa
mide (I-6b2). White solid, yield: 45%, m.p.154-156*H NMR (400 MHz, CDCJ):

5 8.37 (s, 1H), 7.63 (s, 1H), 7.48 (d, 1H3.6 Hz ), 7.36 (dd, 1H},=6.0 Hz,J,=8.4
Hz ), 7.21-7.20 (m, 5H), 7.11 (dd, 18{=2.4 Hz,J,=8.4 Hz ), 7.04 (d, 1H}=3.6 Hz ),
6.95 (dt, 1HJ,=3.6 Hz,J,=8.4 Hz ), 6.23 (t, 1H)=5.6 Hz ), 4.78 (s, 2H), 4.56 (d, 2H,
J=6.0 Hz );*C NMR (100 MHz, CDGJ): § 162.83, 162.76, 161.87 (d= 249.6 Hz),
148.76, 142.28, 139.47, 138.71, 134.20 Jd; 10.3 Hz), 131.94 (d) = 3.5 Hz),
131.37 (d,J = 8.7 Hz), 128.57, 127.36, 127.31, 116.92 Jd&; 24.8 Hz), 114.90,

114.21 (dJ = 20.9 Hz), 101.07, 49.37, 40.97; ESI-MS: 442 .}1+HT".

4.1.6. General procedure for preparation of compoud Ethyl
2-(hydroxyimino)-5-methyl-3-oxohexanoate (lI-3)

The commercially available 4-methylpentan-2-one wsésvly added to the
solution of 60% NaH (480 mg, 11.98 mmol) in anhydrdetrahydrofuran (15 mL) at
0 O with stirring. After 30 min. diethyl carbonate ) (1.77 g, 14.98 mmol) was
added to the mixture solution and was stirred ati6for 4 h. The reaction mixture
was added to the 50 mL ice cold water and neu&dlizith 1.5 mL CHCOOH at
about 501. The mixture was extracted with ethyl acetate tfmee time and the
combined organic layer was washed by 10%0M& and BHO. The product ethyl
5-methyl-3-oxohexanoate (11-2) was obtained as brow by removing ethyl acetate
solvent under reduced pressure. To the mixturdisalof intermediate 1I-2 (1 g, 5.81
mmol) in acetic acid (5 mL) was slowly added sodiaitrite (1 g, 14.52 mmol)
dissolved in water (4 mL) under 5. The mixture solution was stirred for 2 h and
further stirred for 3 h at room temperature. Upampletion of the reaction, the
mixture was added to 40 mL water, extracted wittyledicetate (30 mL x 3), washed
with sodium bicarbonate solution (50 mL), and wakheith saturated sodium
chloride (50 mL). The organic layer was dried oaehydrous sodium sulfate, and
then the solvent was removed under vacuum to affdrdith yield 54%;'H NMR
(400 MHz, CDC}): 6 9.24 (s, 1H), 4.39 (q, 2H=7.2 Hz), 2.67 (d, 1HJ=7.2 Hz),
2.27-2.18 (m,1H), 1.36 (t, 3HI=7.2 Hz), 0.95 (d, 6HJ=6.0 Hz); ESI-MS: 202.3
[M+H] "
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4.1.7. General procedure for preparation of compoud Ethyl

2-amino-5-methyl-3-oxohexanoate (l1-4)

To the mixture of intermediate 11-3 (0.6 g, 2.98 woimin hydrochloric acid
saturated solution of ethanol (10 mL) was added Fa#&C. The solution was stirred
at room temperature under, ltmosphere for overnight. Upon completion of the
reaction, the mixture was filtrated with diatom#ed the residue was washed by
ethanol (30 mL x 3). Then the solvent was removedeu vacuum and the residue
was recrystallized to obtain the desired compountl White solid, yield: 65%*H
NMR (400 MHz, CROD) §: 4.38 (g, 2H,J=7.2 Hz), 2.82-2.67 (m, 2H), 2.25-2.15
(m,1H), 1.36 (t, 3H,J=6.8 Hz), 0.99 (d, 3HJ=6.8 Hz), 0.94 (d,3HJ=6.4 Hz);*°C
NMR (100 MHz, CROD): 197.72, 163.28, 63.43, 48.78, 23.93, 21.3112112.89;
ESI-MS: 375.4 [2M+H].

4.1.8. General procedure for preparation of compoud Ethyl
5-methyl-3-0x0-2-(thiazole-2-carboxamido) hexanoatgl-5)

To the solution of intermediate II-4 (346 mg, 1r8&ol) in DMF (10 mL) was
slowly added HATU (706 mg, 1.86 mmol) under lowemperature. The mixture
solution was stirred for 10 mins, slowly added boaylthiazole (200 mg, 1.55
mmol) and DIPEA (600 mg, 4.64 mmol), then was fertstirred at room temperature
for overnight. Upon completion of the reaction, Hudvent was added to 30 mL water,
extracted with ethyl acetate (15 mL x 3) and wash#l saturated sodium chloride
(20 mL). The organic layer was dried over anhydreadium sulfate, and then the
solvent was removed under vacuum. The residue wasmatographed on silica gel
using ethyl acetate and petroleum ether. Pure idrect were collected and
concentrated, giving the desired compound 11-5. t&/isolid, yield: 59%:H NMR
(400 MHz, CDC}): 6 8.33(d, 1HJ=6.4 Hz), 7.94(d, 1H}=2.4 Hz), 7.62(d, 1H]=2.8
Hz), 5.38(d, 1H,J=6.8 Hz), 4.31(q, 2H)=7.2 Hz), 2.67(d, 1H}=2.0 Hz), 2.65 (d, 1H,
J=0.8 Hz), 2.29-2.22 (m,1H), 1.33 (t, 3BK7.2 Hz), 0.97 (d, 3HJ=6.8 Hz), 0.93 (d,
3H, J=6.8 Hz); **C NMR (100 MHz, CDGJ): 6 199.82, 165.61, 162.01, 159.20,
144.00, 125.05, 62.80, 49.56, 24.39, 22.51, 22.249; ESI-MS: 299.3 [M+H]

4.1.9. General procedure for preparation of compoud
Ethyl-5-isobutyl-[2,2'-bithiazole]-4-carboxylate (I1-6)

To the solution of intermediate [I-5 (360 mg, 1r@inol) in toluene (40 mL) was
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slowly added Lawesson's reagent (732 mg, 1.81 mnidle mixture was stirred
under reflux temperature for 5 h. Upon completidntiee reaction, toluene was
removed under vacuum. The residue was added tbathtate (60 mL), washed with
sodium bicarbonate saturated solution (30 mL xng8l)washed with saturated sodium
chloride (20 mL). The organic layer was dried oaehydrous sodium sulfate, and
then the solvent was removed under vacuum. Theduesivas chromatographed on
silica gel using ethyl acetate and petroleum etRere fractions were collected and
concentrated, giving the desired compound 11-5. t&/lsblid, yield: 36%:H NMR
(400 MHz, CDC}): 6 7.88(d, 1HJ=3.2 Hz), 7.47(d, 1H)=3.2 Hz), 4.44(q, 2H]}=7.2
Hz),3.16(d, 2H,J=7.2 Hz), 2.06-1.96 (m,1H), 1.45 (t, 3B7.2 Hz), 1.01 (d, 6H,
J=6.4 Hz);*C NMR (100 MHz, CDGJ)): § 162.18, 160.99, 157.66, 150.96, 143.80,
142.41, 121.46, 61.38, 36.25, 31.04, 22.31, 1£%4:MS: 297.5 [M+H].

4.1.10. General procedure  for  preparation of compond
5-isobutyl-[2,2'-bithiazole]-4-carboxylic acid (11-7)

To the mixture of intermediate 1I-6129 mg, 0.44 mmol) in ethanol (5 mL),
water (5 mL) and THF (5 mL) was added along witfOR&a(87 mg, 2.18 mmol). The
solution was stirred under 30 for overnight. Upon completion of the reactione th
solvent ethanol and THF were removed under vacutran the mixture was added
to 30 mL ammonium chloride solution, extracted wathyl acetate (15 mL x 3) and
washed with saturated sodium chloride (20 mL). ®hganic layer was dried over
anhydrous sodium sulfate, and then the solvent iasved under vacuum. The
residue was recrystallized to obtain the desireshpmund II-7. White solid, yield:
85%; 'H NMR (400 MHz, CDCJ): § 13.22 (s, 1H), 7.99 (dd, 1H,= 9.6, 3.2 Hz),

3.15 (d, 2HJ=7.2 Hz), 1.98-1.91 (m,1H), 0.94 (d, 68+6.4 Hz).
4.1.11. General procedure for preparation of compauds 11-8(a-c)

To the mixture of intermediate 11-7 (0.15 mmol) MF (5 mL) was slowly
added HATU (68 mg, 0.16 mmol) under low temperatilitee solution was stirred for
10 min, added different substituted amine, DIPES (3g, 0.3 mmol), and then was
further stirred under room temperature for overhigdpon completion of the
reaction, the mixture was added 30 mL water, etdthwvith ethyl acetate (15 mL x

3) and washed with saturated sodium chloride (20.mhe organic layer was dried
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over anhydrous sodium sulfate, and then the solwastremoved under vacuum. The
residue was chromatographed on silica gel usingl ettetate and petroleum ether.

Pure fractions were collected and concentratecs ffa desired compounds II-8(a-c).
General procedure for preparation of compound

N-(2,4-difluorobenzyl)-5-isobutyl-[2,2'-bithiazol&]-carboxamide (11-8a). White solid,
yield: 60%;*H NMR (400 MHz, CDCJ): § 7.89(d, 1H,J=2.8 Hz), 7.80 (s, 1H),
7.46(d, 1HJ=2.8 Hz), 7.41 (dd, 1HL=6.4 Hz,J,=2.0 Hz), 6.89-6.81 (m,2H), 4.65(d,
2H, J=6.4 Hz), 3.30(d, 2HJ)=7.2 Hz), 2.06-2.00 (m, 1H), 1.01 (d, 68£6.8 Hz;**C
NMR (100 MHz, CDC)): 6 162.36 (ddJ = 248.2, 11.9 Hz), 162.01, 160.95 (dd,
248.8, 11.9 Hz), 160.83, 156.73, 148.32, 144.08,45} 130.92 (dd}= 9.7, 5.9 Hz),
121.44 (ddJ= 15.0, 3.7 Hz), 121.23, 111.36 (dt; 21.1, 3.7 Hz), 103.88 (I= 25.4
Hz), 36.48 (dJ= 3.7 Hz), 35.77, 31.07, 22.31; ESI-MS:394.3 [M*H]

General procedure for preparation of compound
N'-(4-fluorophenyl)-5-isobutyl-[2,2'-bithiazole]-darbohydrazide (11-8b). White solid,
yield: 63%;'H NMR (400 MHz, CDCJ): ¢ 9.05 (s, 1H), 7.91(d, 1H}=3.2 Hz),
7.49(d, 1H,J=3.2 Hz), 6.98-6.89 (m, 4H), 6.23(d, 18:17.2 Hz), 3.25(d, 2H]}=7.2
Hz), 2.06-1.96 (m,1H), 0.99 (d, 6H=6.8 Hz); *C NMR (100 MHz, CDGJ): ¢
162.07, 160.67, 158.04 (d,= 238.7 Hz), 157.51, 149.40, 144.24 {d7 2.2 Hz),
144.12, 141.87, 121.43, 115.80 Jd5 22.8 Hz), 115.05 (d] = 7.8 Hz), 35.65, 31.06,
22.24; ESI-MS:377.3 [M+H]

General procedure for preparation of compound
N-(4-fluorobenzyl)-5-isobutyl-[2,2'-bithiazole]-4-dzoxamide (lI-8c). White solid,
yield: 54%;'H NMR (400 MHz, CDC)): § 7.88(d, 1H,J=3.2 Hz), 7.80 (s, 1H),
7.44(d, 1H,J=3.2 Hz), 7.35 (dd, 1H};=5.6 Hz,J,=3.2 Hz), 7.04(t, 2HJ)=8.8 Hz),
4.62(d, 2H,J=6.0 Hz), 3.32(d, 2HJ=7.2 Hz), 2.08-2.01 (m, 1H), 1.02 (d, 6H, J=6.8
Hz); ®*C NMR (100 MHz, CDGJ): § 162.18 (d,J = 245.4 Hz), 161.97, 160.86,
156.70, 148.28, 144.01, 143.56, 134.26J(d,3.2 Hz), 129.39 (d] = 8.1 Hz), 121.18,

115.55 (dJ = 21.5 Hz), 42.37, 35.82, 31.10, 22.34; ESI-MS:37®+H]".
4.1.12. General procedure  for  preparation of compaod
Ethyl-2-amino-4-isobutylthiazole-5-carboxylate (I11-4)

To the mixture of intermediate -4 g, 23.2 mmol) in DCM (150 mL) was
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added NBS (6.74 g, 0.038 mol) under ice-bath. Tolatisn was stirred at room
temperature for 4 hours. Upon completion of thectiea, the mixture was washed
with water (60 mL x 3) and washed with saturateditsm chloride (40 mL). The
organic layer was dried over anhydrous sodium wjlfand then the solvent was
removed under vacuum to obtain the desired compollih@ as yellow oil.
Intermediate 11I-3 (5.34 g, 21.3 mmol) and thiouréa62 g, 21.3 mmol) were
dissolved in ethanol, and the mixture solution wtsed at 80 for 4 hours. Upon
completion of the reaction, ethanol was removedeungcuum. The residue was
added water (100 mL), extracted with ethyl acef@® mL x 3), washed with
saturated sodium chloride (60 mL). The organic lay@s dried over anhydrous
sodium sulfate, and then the solvent was removettrumacuum. The residue was
chromatographed on silica gel using ethyl acetatepetroleum ether. Pure fractions
were collected and concentrated, giving the dest@uipound IlI-4. White solid,
yield: 70%, m.p.148-149; 'H NMR (400 MHz, CDCJ): 6 5.68 (s, 2H), 4.28 (q, 2H,
J=7.2 Hz), 4.23 (d, 2HJ=7.2 Hz), 2.09-1.98 (m,1H), 1.32 (t, 3B67.2 Hz), 0.93 (d,
6H, J=6.8 HZ);13C NMR (100 MHz, CDGJ): 6 169.46, 162.67, 162.43, 111.83, 60.54,

39.32, 28.98, 22.47, 14.37; ESI-MS: 229.0 [M+H]57.7 [2M+H].
4.1.13. General procedure  for  preparation of compond

2-amino-4-isobutylthiazole-5-carboxylic acid (111-5)

To the mixture of intermediate 111-600 mg, 2.19 mmol) in ethanol (5 mL) and
THF (5 mL) was added sodium hydroxide solution 4 imol/L). The solution was
stirred under 50 for 3 hours. Upon completion of the reaction, saévent ethanol
and THF were removed under vacuum. Then the mixta® adjusted the pH to less
than 7 with HCI (1mol/L), added 60 mL water, extemtwith ethyl acetate (30 mL x
3) and washed with saturated sodium chloride (50.mhe organic layer was dried
over anhydrous sodium sulfate, and then the solwastremoved under vacuum. The
residue was recrystallized to obtain the desiredpmund I11-5. Light yellow solid,
yield: 57%, m,p.148-149C; *H NMR (400 MHz, DMSO):d 12.20 (s, 1H), 7.58 (s,
2H), 2.72 (d, 2HJ=7.2 Hz), 2.03-1.97 (m,1H), 0.86 (d, 6B6.4 Hz);*C NMR
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(100 MHz, DMSO):6 169.26, 162.79, 161.41, 108.87, 37.96, 27.51, 2 EBI-MS:
199.2 [M-HJ.

4.1.14. General procedure  for  preparation of  compaod
2-amino-N-(4-fluorobenzyl)-4-isobutylthiazole-5-carboxamid€gl11-6)

To the mixture of intermediate 11I-5 (102 mg, 0.81imol) in DMF (5 mL) was
slowly added HATU (232 mg, 0.61 mmol) under low parature. The mixture
solution was stirred for 10 min, added 4-fluorobgamine (70 mg, 0.56 mmol),
DIPEA (131 mg, 1.02 mmol), and then was furtharesdti at room temperature for 2h.
Upon completion of the reaction, the mixture wadextito 80 mL water, extracted
with ethyl acetate (20 mL x 3) and washed with d&d sodium chloride (40 mL).
The organic layer was dried over anhydrous sodiulfiate, and then the solvent was
removed under vacuum. The residue was chromatogdaph silica gel using ethyl
acetate and petroleum ether. Pure fractions wdtected and concentrated, giving
the desired compound 1I-6. White solid, yield: 7080p.123-124°C; *H NMR (400
MHz, CDCk) &; 7.30-7.27 (m,2H), 7.05-7.00 (m,2H), 5.78 (s, 1547 (s, 2H), 4.51
(d, 2H,J3=6.0 Hz), 2.75 (d, 2HJ=7.2 Hz), 2.08-2.01 (m,1H), 0.92 (d, 68:6.8 Hz);
3C NMR (100 MHz, CDGJ): 166.58, 163.47, 162.08, 161.02, 157.78, 134d)1 £
3.2 Hz), 129.45 (dJ = 8.1 Hz), 115.62 (d] = 21.6 Hz), 43.26, 39.60, 28.96, 22.49;
ESI-MS: 308.0 [M+H], 330.4 [M+Na].

4.1.15. General procedure  for  preparation of  compaod
N-(4-fluorobenzyl)-4-isobutyl-2-(thiophene-2-carboxanido)
thiazole-5-carboxamide (llI-7a)

To the mixture of intermediate 111-6 (100 mg, 0.88nol) in DMF (5 mL) was
slowly added HATU (148 mg, 0.39 mmol) under low perature. The solution was
stirred for 5 min, added 2-thiazole carboxylic agd@ mg, 0.33 mmol), DIPEA (84
mg, 0.65 mmol), and then was further stirred undem temperature for 2h. Upon
completion of the reaction, the mixture was adde®@ mL water, extracted with
ethyl acetate (15 mL x 3) and washed with saturatetium chloride (30 mL). The

organic layer was dried over anhydrous sodium wjlfand then the solvent was
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removed under vacuum. The residue was chromatogdaph silica gel using ethyl
acetate and petroleum ether. Pure fractions wdtected and concentrated, giving
the desired compound Ill-7a. White solid, yield%44m.p.210-211°C; *H NMR (400
MHz, DMSO):§ 12.93 (s, 1H), 8.67 (t, 1H=5.6 Hz), 8.28 (s, 1H), 7.99 (s, 1H), 7.35
(dd,2H,3,=5.6 Hz,J,=8.4 Hz), 7.26 (t,2HJ=4.4 Hz), 7.16 (t,2HJ)=8.8 Hz), 4.38 (d,
2H, J=6.0 Hz), 2.86 (d, 2H]=7.2 Hz), 2.07-2.00 (m,1H), 0.85 (d, 68£6.8 Hz):'°C
NMR (100 MHz, DMSO):0 162.82, 162.12, 160.41, 136.30 (d, J = 3.0 Hz}.43
131.62, 129.72 (d] = 8.1 Hz), 129.10, 115.42 (d,= 21.2 Hz), 42.41, 28.92, 22.76;
ESI-MS: 418.3 [M+H], 440.3 [M+Na].

4.1.16. General procedure for preparation of compaunds I11-7(b -d).

To the solution of intermediate 11I-6 (100 mg, 0.38nol) in THF (25 mL) was
slowly added acyl chloride (0.39 mmol), DMAP (3.81, 0.03 mmol) and DIPEA
(126.14 mg, 0.98 mmol) under low temperature. Tldure solution was stirred for
4 hours under 8@. Upon completion of the reaction, the mixture veasled to 30
mL water, extracted with ethyl acetate (15 mL »aB)l washed with saturated sodium
chloride (30 mL). The organic layer was dried oaehydrous sodium sulfate, and
then the solvent was removed under vacuum. Theduesivas chromatographed on
silica gel using ethyl acetate and petroleum etRere fractions were collected and

concentrated, gave the desired compounds IlI-7(b-d)
General procedure for preparation of compound

N-(4-fluorobenzyl)-2-(4-fluorophenylsulfonamido)-debutylthiazole-5-carboxamide
(II-7b). White solid, yield: 39%, m.p.160-16T; *H NMR (400 MHz, DMSO):é
13.03 (s, 1H), 8.71 (t, 1H=6.0 Hz), 7.88 (dd,2H};=5.2 Hz,J,=8.8 Hz), 7.40 (t, 2H,
J=8.8 Hz), 7.31 (dd,2H},=6.0 Hz,J,=8.8 Hz), 7.15 (t, 2HJ=8.8 Hz), 4.33 (d, 2H,
J=6.0 Hz), 2.70 (d, 2HJ=7.6 Hz), 1.93-1.87 (m,1H), 0.80 (d, 6B56.8 Hz);**C
NMR (100 MHz, DMSO):¢ 166.21, 165.78, 163.29, 162.86, 160.40, 143.08,913
135.92 (dJ = 3.0 Hz), 129.84 (d] = 8.1 Hz), 129.13 (d] = 9.4 Hz), 116.72 (d] =
22.6 Hz), 115.46 (d) = 21.3 Hz), 112.17, 42.43, 35.26, 28.35, 22.32MS- 466.4
[M+H] ", 488.4 [M+Na].

General procedure for preparation of compound
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2-(4-fluorobenzamidoN-(4-fluorobenzyl)-4-isobutylthiazole-5-carboxamigil-7c).
White solid, yield: 57%, m.p.198-199; 'H NMR (400 MHz, DMSO):6 12.89 (s,
1H), 8.70 (t, 1HJ=6.0 Hz), 8.21-8.17 (m,2H), 7.41-8.34 (m,4H),7.172H, J=8.8
Hz), 4.38 (d, 2HJ=6.0 Hz), 2.87 (d, 2HJ=7.6 Hz), 2.07-1.99 (m,1H), 0.86 (d, 6H,
J=6.8 Hz);**C NMR (100 MHz, DMSO)s 166.47, 163.97, 162.83, 162.18, 161.39,
160.42, 141.97, 136.31 (d= 3.0 Hz), 131.62 (d] = 9.4 Hz), 129.72 (d] = 8.1 Hz),
116.15 (dJ = 21.7 Hz), 115.43 (d] = 21.2 Hz), 99.84, 55.36, 42.43, 28.92, 22.76;
EI-MS: 452.4 [M+Na] , 859.5 [2M+H] , 881.6 [2M+Na].

General procedure for preparation of compound
2-(4-acetamidophenylsulfonamidb{4-fluorobenzyl)-4-isobutylthiazole-5-carboxa
mide (I11-7d). White solid, yield: 70%, m.p.123-124 'H NMR (400 MHz, DMSO)

5 12.89 (s, 1H), 10.28 (s, 1H), 8.65 (t, 1H5.6 Hz), 7.76-7.71 (m,4H), 7.33-7.29
(m,2H), 7.15 (t, 2H,J=8.8 Hz), 4.33 (d, 2HJ=6.0 Hz), 2.69 (d, 2HJ)=7.6 Hz), 2.07
(s, 3H), 1.93-1.86 (m,1H), 0.80 (d, 6B:6.8 Hz);**C NMR (100 MHz, DMSO)s
169.38, 162.85, 160.51, 158.79, 143.21, 134.93,822%,J = 8.1 Hz), 128.07,
127.36, 126.20, 118.99, 118.10, 115.45)(d, 21.2 Hz), 96.58, 42.43, 37.37, 35.28,

28.33, 24.58, 22.71, 22.33; EI-MS: 505.5 [M+H}27.4 [M+Na].
4.1.17. General procedure  for  preparation of compond

Ethyl-2-bromo-4-isobutylthiazole-5-carboxylate (IV5)

To the mixture of intermediate 11142.85 g, 12.5 mmol) in acetonitrile (150 mL)
was slowly added cupric bromide (4.18 g, 18.7 mnaolitert-butyl nitrite (1.38 g,
18.7 mmol) under ice-bath. The solution was stimedoom temperature for 3 hours.
Upon completion of the reaction, the mixture wadeatito 100 mL water, extracted
with ethyl acetate (50 mL x 3) and washed with isatd sodium chloride (60 mL).
The organic layer was dried over anhydrous sodiulfiate, and then the solvent was
removed under vacuum to obtain the desired compolMi as yellow oil.
Yield :83%;'H NMR (400 MHz, CDCJ): § 4.31(q, 2H,J=7.2 Hz), 3.00 (d, 2H]=7.2
Hz), 2.15-2.09 (m,1H), 1.35 (t, 3K57.2 Hz), 0.93 (d, 6HJ=6.8 Hz);"*C NMR (100
MHz, CDCbk): ¢ 163.87, 160.77, 139.50, 126.43, 61.55, 39.08,2%20.30, 14.21;
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ESI-MS: 292.2, 294.1 [M+H]
4.1.18. General procedure  for  preparation of compond

2-bromo-4-isobutylthiazole-5-carboxylic acid (1V-6)

To the mixture of intermediate IV{B.4 g, 1.37 mmol) in ethanol (10 mL), water
(10 mL) and THF (10 mL) was added with NaOH (109 &xg4 mmol). The mixture
solution was stirred under 50. Upon completion of the reaction, the solvent etha
and THF were removed under vacuum. The mixtureadaed to 30 mL ethyl acetate
and 50 mL water. Then aqueous phase was neutralitledliluted hydrochloric acid,
extracted with ethyl acetate (30 mL x 3) and wash#ld saturated sodium chloride
(20 mL). The organic layer was dried over anhydrsadium sulfate, and then the
solvent was removed under vacuum. The residue eaystallized to obtain the
desired compound IV-6. White solid, yield: 76%, m3®2 [; '"H NMR (400 MHz,
DMSO): 6 2.94 (d, 2H,J=7.2 Hz), 2.05-2.01 (m,1H), 0.88 (d, 6B6.4 Hz);*C
NMR (100 MHz, DMSO):s 162.57, 162.07, 139.42, 38.51, 28.88, 22.60; ESI-M

264.2, 266.2 [M+H].
4.1.19. General procedure  for  preparation of compond

2-bromo-N-(4-fluorobenzyl)-4-isobutylthiazole-5-caboxamide (IV-7)

To the mixture of intermediate 1V-6 (2.23 g, 8.46nol) in DMF (65 mL) was
slowly added HATU (3.86 g, 10.2 mmol) under low femrature. The mixture
solution was stirred for 5 min, added 4-fluorobdamyne (1.27g, 10.2 mmol),
DIPEA (2.19 g, 16.9 mmol), and then was furthemeti at room temperature for 2h.
Upon completion of the reaction, the mixture wadeatito 100 mL water, extracted
with ethyl acetate (50 mL x 3) and washed with isaad sodium chloride (60 mL).
The organic layer was dried over anhydrous sodiulfate, and then the solvent was
removed under vacuum. The residue was chromatogdaph silica gel using ethyl
acetate and petroleum ether. Pure fractions wdtected and concentrated, giving
the desired compound IV-7. Light red solid, yieBR.3%:;'H NMR (400 MHz,
CDCly): 6 7.25-7.22 (m,2H), 7.02-6.97 (m,2H), 5.99 (s, 1449 (d, 1H,J=5.6 Hz),
4.33(q, 2H,J=7.2 Hz), 2.82 (d, 2HJ=7.2 Hz), 2.11-2.04 (m,1H), 0.87 (d, 68+6.8
Hz); *C NMR (100 MHz, CDGJ): 6 163.62, 161.17, 160.37, 159.04, 136.27, 133.26
(d,J=3.2 Hz), 130.22, 129.59 (d~ 8.2 Hz), 115.79 (d] = 21.5 Hz), 43.56, 39.40,
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29.07, 22.34; ESI-MS: 373.2 [M+H]

4.1.20. General procedure for preparation of compouds IV-8(a-e)

To the mixture of intermediate IV-7 (200 mg, 0.5/ol) in dioxane (8 mL) and
water (8 mL) was slowly added thiophene-2-bora4(ing, 0.59 mmol), potassium
carbonate (148 mg, 1.08 mmol) and tetraphenyl ghiasppalladium (33 mg, 0.026
mmol) under N atmosphere. The mixture was stirred for 2h at 1TQ0Upon
completion of the reaction, the mixture was adde®@ mL water, extracted with
ethyl acetate (15 mL x 3) and washed with saturatetium chloride (30 mL). The
organic layer was dried over anhydrous sodium wjlfand then the solvent was
removed under vacuum. The residue was chromatogdaph silica gel using ethyl
acetate and petroleum ether. Pure fractions wdtected and concentrated, giving
the desired compounds IV-8(a-e).

General procedure for preparation of compound
N-(4-fluorobenzyl)-4-isobutyl-2-(thiophen-2-yl)thiale-5-carboxamide (Iv-8a).
White solid, yield: 43%, m.p.138-13%; 'H NMR (400 MHz, CDCY): § 7.51 (d, 1H,
J=3.6 Hz), 7.42 (d, 1HJ=5.2 Hz), 7.31 (dd,2HJ,=5.2 Hz, J,=8.4 Hz), 7.08-7.02
(m,3H), 6.06 (s, 1H), 5.47 (s, 2H), 4.56 (d, 21#5.6 Hz), 2.95 (d, 2HJ)=7.2 Hz),
2.22-2.16 (m,1H), 0.87 (d, 6H=6.8 Hz);*C NMR (100 MHz, CDGJ): 6 163.57,
161.60, 161.12, 160.58, 160.26, 136.74, 133.62 €,3.2 Hz), 129.59 (d) = 8.2
Hz), 128.82, 128.07, 127.57, 124.68, 115.73J(¢, 21.5 Hz), 43.50, 39.38, 29.05,

22.44; ESI-MS: 375.1 [M+H] 749.4 [2M+H]J.

General procedure for preparation of compound
N-(4-fluorobenzyl)-4-isobutyl-2-(5-methylthiophenyPthiazole-5-carboxamide
(IV-8b). White solid, yield: 76%, m.p.134-135; *H NMR (400 MHz, CDC)): ¢
7.33-7.29 (m,3H), 7.01-7.07 (m,2H), 6.73 (dd,1h0.8 Hz, J,=3.6 Hz), 6.03 (s,
1H), 4.56 (d, 2H,J=5.6 Hz), 2.93 (d, 2H)=7.2 Hz), 2.51 (s, 3H), 2.21-2.15 (m,1H),
0.94 (d, 6H,J=6.4 Hz);**C NMR (100 MHz, CDG)): 6 163.55, 161.70, 161.10,
160.82, 160.25, 144.23, 134.32, 133.69 Jd; 3.2 Hz), 129.57 (dJ = 8.1 Hz),
127.76, 126.45, 123.96, 115.71 (= 21.5 Hz), 43.46, 39.37, 29.03, 22.44, 15.60;
ESI-MS: 388.9 [M+H].
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General procedure for preparation of compound
N-(4-fluorobenzyl)-4-isobutyl-2-(thiophen-3-yl)thiale-5-carboxamide (IV-8c).
White solid, yield: 58%, m.p.132-133, *H NMR (400 MHz, CDCJ): 6 7.87 (dd,1H,
J;=0.12 Hz,J,=2.8 Hz), 7.51 (dd,1H};=0.12 Hz,J,=4.8 Hz), 7.38 (dd,2H},=0.32
Hz, J,=5.2 Hz), 7.05 (t, 2HJ=8.4 Hz), 6.06 (s, 1H), 4.57 (d, 2B5.6 Hz), 2.97 (d,
2H, J=7.2 Hz), 2.24-2.17 (m,1H), 0.95 (d, 6856.8 Hz); *C NMR (100 MHz,
CDCl): ¢ 163.57, 161.76, 161.12, 160.39, 135.23, 133.64 &3.2 Hz), 129.58 (d,

J = 8.1 Hz), 126.98, 126.23, 125.12, 124.64, 118073 = 21.5 Hz), 43.49, 39.48,
29.10, 22.46; ESI-MS: 375.3 [M+H]

General procedure for preparation of compound
2-(benzo[b]thiophen-2-yIN-(4-fluorobenzyl)-4-isobutylthiazole-5-carboxamide
(IV-8d). White solid, yield: 70%, m.p.154-155; 'H NMR (400 MHz, CDC)): ¢
7.83-7.78 (m,2H), 7.50 (s, 1H), 7.40-7.37 (m,2HB5F7.31 (m,2H), 7.05 (t, 2H,
J=8.4 Hz), 6.12 (t, 1HJ=4.8 Hz), 4.58 (d, 2HJ=6.0 Hz), 2.97 (d, 2HJ=7.2 Hz),
2.25-2.19 (m,1H), 0.97 (d, 6H=6.4 Hz);**C NMR (100 MHz, CDGJ): 6 163.58,
161.49, 161.13, 160.60, 160.30, 140.58, 139.55,4P36133.56 (dJ = 3.2 Hz),
129.60 (dJ = 8.2 Hz), 126.09, 125.80, 125.04, 124.51, 1241@2,52, 115.76 (d} =
21.5 Hz), 43.55, 39.41, 29.09, 22.48; EI-MS: 4J8M3H]".

General procedure for preparation of compound
N-(4-fluorobenzyl)-4-isobutyl-2-(pyridin-4-yl)thiaze-5-carboxamide (Iv-8e).
Yellow solid, yield: 30%:*H NMR (400 MHz, CDCY)): 6 8.70 (dd,2H,J,=0.16 Hz,
J,=4.8 Hz), 7.77 (dd,2H};=0.16 Hz,J,=4.8 Hz), 7.33 (dd,2H},=5.2 Hz,J,=8.4 Hz),
7.06 (t, 2H,J=8.4 Hz), 6.21 (s, 1H), 4.59 (d, 2B6.0 Hz), 2.99 (d, 2H)=7.2 Hz),
2.26-2.16 (m,1H), 0.96 (d, 6H=6.8 Hz);**C NMR (100 MHz, CDGJ): 6 159.11,
158.87, 156.53, 156.42, 156.00, 146.01, 134.96,6B2@&1,J = 3.3 Hz), 124.87 (d] =
8.1 Hz), 122.75, 115.66, 111.04 M= 21.6 Hz), 71.95, 38.86, 34.76, 24.37, 17.71,;
EI-MS: 370.2 [M+HT.

4.1.21. General procedure  for  preparation of  compaod
Ethyl-2,6-diphenylnicotinate (V-3)

Commercial starting material acetophenone (5 ¢ #imol) was dissolved iN,
N-dimethyl formamide dimethyl acetal (9.92 g, 83.2Znat), and the mixture was
stirred under reflux temperature. Upon completiérihe@ reaction, the mixture was

cooled to room temperature, and then the solverst rganoved under vacuum to
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afford the desired compound V-2 as white solid vé8% vyield:. To the mixture of
ethyl benzoylacetate (1.1 g, 5.71 mmol) in acetic 450 mL) was slowly added
intermediate V-2 (1 g, 5.71 mmol) and ammonium &ee(880 mg, 11.4 mmol). The
solution was stirred under reflux temperature. Upompletion of the reaction, the
mixture was cooled to room temperature, added 1DGvater, extracted with ethyl
acetate (40 mL x 3) and washed with saturated sodhloride (60 mL). The organic
layer was dried over anhydrous sodium sulfate, tweth the solvent was removed
under vacuum. The residue was chromatographedioa gel using ethyl acetate and
petroleum ether. Pure fractions were collected @mtentrated, to obtain the desired
compound V-3. White solid, yield: 15%4 NMR (400 MHz, CDC)): § 9.09 (d, 1H,
J=1.6 Hz), 8.26 (dd, 1H};=2.0 Hz,J,=6.4 Hz), 8.11 (dd, 2H1=2.0 Hz,J,=6.4 Hz),
7.91 (d, 1HJ=8.0 Hz), 7.86 (d, 1H]J=7.2 Hz), 7.65 (t, 1HJ=7.2 Hz), 7.56-7.50 (m,
4H); **C NMR (100 MHz, CDGJ): § 194.61, 160.28, 151.11, 138.34, 138.09, 137.04,
133.03, 131.33, 130.10, 129.97, 128.98, 128.61,4127119.99; ESI-MS: 304.4
[M+H] ™.

4.1.22. General procedure  for  preparation of compond
2,6-diphenylnicotinic acid (V-4)

To the mixture solution of intermediate V-3 (250,882 mmol) in ethanol (3
mL), water (3 mL) and THF (3 mL) was added with Nd(197 mg, 4.94 mmol). The
mixture solution was stirred under 80 Upon completion of the reaction, the solvent
ethanol and THF were removed under vacuum. Theumgxtvas added to 30 mL
ethyl acetate and 50 mL water. Then aqueous phaseneutralized with diluted
hydrochloric acid, extracted with ethyl acetate (80 x 3) and washed with saturated
sodium chloride (20 mL). The organic layer was digger anhydrous sodium sulfate,
and then the solvent was removed under vacuum.rdsidue was recrystallized to
obtain the desired compound V-4. White solid, yie88%; '"H NMR (400 MHz,
DMSO0): 6 13.20 (s, 1H), 8.20 (dd, = 11.3, 4.6 Hz, 3H), 8.04 (d,= 8.2 Hz, 1H),
7.67 (dd,J = 7.7, 1.7 Hz, 2H), 7.59 — 7.42 (m, 6HC NMR (100 MHz, DMSO)s
169.53, 157.40, 157.26, 140.48, 139.25, 138.13,2830129.36, 129.21, 129.05,
128.48, 127.45, 127.07, 118.58; ESI-MS: 276.4 [MtH]

4.1.23. General procedure  for  preparation of  compaod
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N-(4-fluorobenzyl)-2,6-diphenylnicotinamide (V-5)

To the mixture solution of intermediate V-4 (107,839 mmol) in DMF (5 mL)
was slowly added HATU (178 mg, 0.46 mmol) under li@mperature. The mixture
solution was stirred for 5 min, added 4-fluorobdamyne (59 mg, 0.46 mmol),
triethylamine (79 mg, 0.78 mmol), and then was Hert stirred under room
temperature. Upon completion of the reaction, tivdure was added to 30 mL water,
extracted with ethyl acetate (15 mL x 3) and wash#ld saturated sodium chloride
(20 mL). The organic layer was dried over anhydrsodium sulfate, and then the
solvent was removed under vacuum. The residue wasmatographed on silica gel
using ethyl acetate and petroleum ether. Pure idrect were collected and
concentrated, giving the desired compound V-5. Whsolid, yield: 81%,
m.p.184-1887; *H NMR (400 MHz, CDCJ): ¢ 8.73 (dd, 1H,J=1.2 Hz, 4.4 Hz), 8.62
(d, 1H,J=8.4 Hz), 8.41 (dd, 1H};=1.2 Hz,J,=8.4 Hz), 8.22-8.20 (m, 2H), 7.93 (d,
1H, J=8.4 Hz), 7.89-7.87(m, 2H), 7.56-7.41 (m, 7f¢ NMR (100 MHz, CDGJ): ¢
168.33, 162.20 (d] = 246.0 Hz), 157.94, 155.78, 139.34, 138.34, 188133.01 (d,
J=3.2 Hz), 129.65, 129.57, 129.19, 129.15, 129128,81, 128.62, 127.20, 118.36,
115.44 (dJ = 21.5 Hz), 43.53; ESI-MS: 383.4 [M+H]

4.1.24. General procedure for preparation of compoud Methyl
3-amino-6-(2-methoxyphenyl)pyrazine-2-carboxylate\(I-2)

To the mixture of 3-amino-6-bromopyrazine-2-metforimate (1 g, 4.31 mmol)
in dioxane (20 mL) and water (5 mL) was slowly adide
with 2-methoxybenzeneboronic acid (851 mg, 5.6 myadsium carbonate (4.91 g,
15.08 mmol) and [1,1'-bis (diphenylphosphine) feeme] palladium dichloride (473
mg, 0.65 mmol) under Natmosphere. The mixture solution was stirred ud®ér .
Upon completion of the reaction, dioxane was rerdoueder vacuum, and the
residue was added to 60 mL water, extracted willyl eicetate (25 mL x 3) and
washed with saturated sodium chloride (50 mL XT8f organic layer was dried over
anhydrous sodium sulfate, and then the solvent ieasved under vacuum. The
residue was chromatographed on silica gel usingl ettetate and petroleum ether.
Pure fractions were collected and concentratedngithe desired compound VI-2.
White solid, yield: 99%'H NMR (400 MHz, CDCJ): J 8.79 (s, 1H), 7.79 (dd, 1H,
J1=2.0 Hz,J,=6.0 Hz), 7.36 (dt, 1HJ=2.0, 8.4 Hz), 7.08 (t, 1HI=7.6 Hz), 6.98 (d,
1H, J=8.4 Hz), 6.69 (s, 1H), 3.99 (s, 3H), 3.87 (s, 3¥%; NMR (100 MHz, DMSO):
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0 167.08, 156.99, 154.72, 149.11, 139.24, 130.30,2B63 125.66, 122.58, 121.25,
112.28, 56.12, 52.64; ESI-MS: 260.3 [M+H]

4.1.25. General procedure for preparation of compaud Methyl
6-(2-methoxyphenyl)-3-(4-nitrobenzamido)pyrazine-Zarboxylate (VI-3)

To the mixture of intermediate VI-2 (100 mg, 0.3@po1) in DMF (5 mL) was
slowly added triethylamine (117 mg, 1.16 mmol) dnditrobenzoyl chloride (72 mg,
0.39 mmol). The mixture solution was stirred un8éri. Upon completion of the
reaction, the solution was added to 30 mL wateraeted with ethyl acetate (15 mL
x 3) and washed with saturated sodium chloridenf2. The organic layer was dried
over anhydrous sodium sulfate, and then the solwastremoved under vacuum. The
residue was chromatographed on silica gel usingl ettetate and petroleum ether.
Pure fractions were collected and concentratedngithe desired compound VI-3.
White solid, yield: 41%, m.p.198-200; *H NMR (400 MHz, DMSO0):5 11.77 (s,
1H), 9.15 (s, 1H), 8.41 (d, 2H=8.8 Hz), 8.24 (d, 2H]=8.8 Hz), 7.81 (dd, 1H],=1.2
Hz, J,=7.6 Hz),7.54-7.50 (m, 1H), 7.24 (d, 1B£8.4 Hz), 7.15 (t, 1HJ=7.6 Hz),
3.91 (s, 3H), 3.80 (s, 3H}*C NMR (100 MHz, DMSO): 165.36, 165.31, 157.47,
150.17, 146.97, 146.11, 143.81, 139.15, 138.30,9B831131.13, 130.07, 124.43,

124.23, 121.51, 112.60, 56.34, 53.03; ESI-MS: 4Q98H] "

4.1.26. General procedure for preparation of compouds VII-4a and VII-4b

To the mixture of different substituent benzamidihglrochloride in ethanol (60
mL) was slowly added intermediate 1I-2 (12.8 mmaohat) and sodium acetate (1.74
g, 25.5 mmol). The resulting solution was stirredier 80.1. Upon completion of the
reaction, ethanol was removed under vacuum, andegtidue was added to 100 mL
water, extracted with ethyl acetate (30 mL x 3) avabhed with saturated sodium
chloride (60 mL). The organic layer was dried oaehydrous sodium sulfate, and
then the solvent was removed under vacuum. Theduesivas chromatographed on
silica gel using ethyl acetate and petroleum etRere fractions were collected and
concentrated, to obtain the desired compounds &l VII-4b.

General procedure for preparation of compound Ethyl
4-isobutyl-2-phenylpyrimidine-5-carboxylate (VII-4awhite solid, yield: 72%:H
NMR (400 MHz, CDCY): ¢ 9.19 (s, 1H), 8.54-8.51 (m, 2H), 7.52-7.50 (m, 3432
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(g, 2H,J=7.2 Hz), 3.14 (d, 2H}=7.2 Hz), 2.35-2.25 (m, 1H), 1.43 (t, 38k7.2 Hz),
1.00 (d, 6H,J=6.8 Hz); ®*C NMR (100 MHz, CDGCJ): § 171.39, 165.34, 165.26,
159.34, 137.07, 131.40, 128.88, 128.62, 121.5M37/61.45, 44.77, 28.59, 22.57,
14.26; ESI-MS: 285.3 [M+H]

General procedure for preparation of compound Ethyl
2-(3-fluorophenyl)-4-isobutylpyrimidine-5-carboxya (V1l-4b). White solid, yield:
66%;™H NMR (400 MHz, CDCJ): § 9.18 (s, 1H), 8.36 — 8.29 (m, 1H), 8.22 (ddid;
10.3, 2.6, 1.5 Hz, 1H), 7.46 (td= 8.0, 5.8 Hz, 1H), 7.23-7.15 (m, 1H), 4.42 6
7.1 Hz, 2H), 3.13 (dJ = 7.1 Hz, 2H), 2.29 (di] = 13.5, 6.8 Hz, 1H), 1.43 §,=7.1
Hz, 3H), 1.00 (dJ = 6.7 Hz, 7H);**C NMR (100 MHz, CDGJ): 6 171.54, 165.16,
164.06 (d,J = 3.2 Hz), 163.16 (d) = 245.2 Hz), 159.36, 139.39 (d,= 7.9 Hz),
130.10 (dJ = 7.9 Hz), 124.47 (d] = 2.8 Hz), 121.92, 118.28 (d= 21.5 Hz), 115.62
(d,J=23.3 Hz), 61.58, 44.71, 28.62, 22.55, 14.25-HESt 303.5 [M+HJ.

4.1.27. General procedure for preparation of compouds VII-5a and VII-5b

To the mixture of intermediate VIl-4a or VII-4b 0mmol) in ethanol (2 mL),
water (2 mL) and THF (2 mL) was added NaOH (167 g, mmol). The mixture
solution was stirred under 80. Upon completion of the reaction, the solvent etha
and THF were removed under vacuum. The mixtureadaed to 30 mL ethyl acetate
and 50 mL water. Then aqueous phase was neutralitledliluted hydrochloric acid,
extracted with ethyl acetate (30 mL x 3) and washid saturated sodium chloride
(20 mL). The organic layer was dried over anhydreodium sulfate, and then the
solvent was removed under vacuum. The residue waystallized to obtain the
desired compounds VII-5a and VII-5b.

General procedure for preparation of compound
4-isobutyl-2-phenylpyrimidine-5-carboxylic acid (W$a). White solid, yield: 89%,
m.p.123-127; *H NMR (400 MHz,dg-DMSO):  9.10 (s, 1H), 8.46-8.44 (m, 2H),
7.56-7.55 (m, 3H), 3.11 (d, 2H77.2 Hz), 2.30-2.23 (m, 1H), 0.94 (d, 6846.8 Hz);
13C NMR (100 MHz,ds-DMSO): § 169.73, 167.88, 163.32, 159.01, 137.37, 131.53,
129.16, 128.50, 126.29, 44.26, 28.37, 22.87; ESI-RE3.4 [M+H].

General procedure for preparation of compound
2-(3-fluorophenyl)-4-isobutylpyrimidine-5-carboxgli acid (VII-5b). White solid,
yield: 79%, m.p.156-159::'"H NMR (400 MHz, DMSO0):5 13.67 (s, 1H), 9.17 (s,
1H), 8.28 (d,J = 7.8 Hz, 1H), 8.11 (d] = 10.0 Hz, 1H), 7.60 (dd] = 14.0, 7.9 Hz,
1H), 7.42 (tdJ = 8.4, 2.1 Hz, 1H), 3.08 (d,= 7.0 Hz, 2H), 2.23 (dt] = 13.4, 6.7 Hz,
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1H), 0.93 (d,J = 6.6 Hz, 6H);"*C NMR (100 MHz, DMSO0):5 170.97, 166.63,
163.14 (d,J = 3.2 Hz), 162.96 (d) = 243.5 Hz), 159.76, 139.42 (d,= 7.7 Hz),
131.43 (dJ = 8.1 Hz), 124.77 (d] = 2.6 Hz), 123.34, 118.88 (d= 21.3 Hz), 114.96
(d,J=23.2 Hz), 44.29, 28.42, 22.78; ESI-MS: 275.4 lJ*

4.1.28. General procedure for preparation of compaods VIl-6a(1-2) and
VII-6b

To the mixture of intermediate VII-5a or VII-5b 89 mmol) in DMF (5 mL)
was slowly added HATU (178 mg, 0.46 mmol) under li@mperature. The mixture
solution was stirred for 5 min, added different stithent amine (0.46 mmol),
triethylamine (79 mg, 0.78 mmol), and then wasHhertstirred at room temperature.
Upon completion of the reaction, the mixture wademtito 30 mL water, extracted
with ethyl acetate (15 mL x 3) and washed with isad sodium chloride (20 mL).
The organic layer was dried over anhydrous sodiulfiate, and then the solvent was
removed under vacuum. The residue was chromatogdaph silica gel using ethyl
acetate and petroleum ether. Pure fractions wdlected and concentrated, to obtain
the desired compounds VII-6a(1-2) and VII-6b.

General procedure for preparation of compound
N-(4-fluorobenzyl)-4-isobutyl-2-phenylpyrimidine-boxamide (VII-6al). White
solid, yield: 68%, m.p.109-111;; 'H NMR(400 MHz, CDCJ): J 8.65 (s, 1H),
8.44-8.42 (m, 2H ), 7.51-7.45 (m, 3H ), 7.31 (dH, 2,=5.2 Hz,J,=8.0 Hz), 7.03 (t,
2H,J=8.8 Hz), 6.47 (s, 1H), 4.55 (d, 2Bk5.6 Hz), 2.83 (d, 2H]}=7.2 Hz), 2.30-2.23
(m, 1H ), 0.91 (d, 6HJ=6.8 Hz);*C NMR (100 MHz, CDGJ): § 168.65, 166.49,
164.56, 162.38 (d) = 246.5 Hz), 154.88, 137.02, 133.46 {d= 3.2 Hz), 131.21,
129.69 (dJ = 8.1 Hz), 128.62, 128.54, 127.29, 115.77)(d,21.5 Hz), 43.94, 43.46,
28.39, 22.52; ESI-MS: 364.4 [M+H]

General procedure for preparation of compound
N-benzyl-5-isobutyl-2-phenylpyrimidine-4-carboxami@él-6a2). White solid, yield:
52%, m.p.107-109);*H NMR (400 MHz, CDCJ): 6 8.67 (s, 1H), 8.44-8.42 (m, 2H),
7.49-7.46 (m, 3H), 7.36-7.30 (m, 5H ), 6.40 (s, ,14¥H0 (d, 2HJ=5.6 Hz), 2.85 (d,
2H, J=7.2 Hz), 2.32-2.26 (m, 1H ), 0.92 (d, 6B£6.8 Hz);*C NMR (100 MHz,
CDCl): ¢ 168.67, 166.44, 164.49, 154.89, 137.57, 137.07,173 128.93, 128.61,
128.54, 127.97, 127.92, 127.44, 44.24, 43.95, 283%3; ESI-MS: 346.3 [M+H]

General procedure for preparation of compound

N-(4-fluorobenzyl)-2-(3-fluorophenyl)-4-isobutylpynidine-5-carboxamide (VII-6b).
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White solid, yield: 63%, m.p.119-121;*H NMR (400 MHz, CDCJ): 6 8.67 (s, 1H),
8.24 (d, 1HJ=8.0 Hz), 8.15-8.12 (m, 1H ), 7.46-7.41 (m, 1H.8Z(dd, 2HJ=5.23,
2.0 Hz), 7.20-7.16 (m, 1H ), 7.04 (t, 28£8.4 Hz), 6.36 (d, 1HJ=4.8 Hz), 4.58 (d,
2H, J=6.0 Hz), 2.85 (d, 2HJ=7.2 Hz), 2.32-2.24 (m, 1H ), 0.92 (d, 6856.8 Hz);
%C NMR (100 MHz, CDGJ): 6 167.52 (d,) = 247.8 Hz), 163.64, 163.45, 163.16 (d,
J=245.2 Hz), 161.19, 154.96, 139.43 J&; 7.3 Hz), 133.37 (d] = 3.3 Hz), 130.07
(d,J = 7.9 Hz), 129.72 (d] = 7.3 Hz), 127.70, 124.14 (d,= 2.8 Hz), 118.03 (d] =
21.4 Hz), 115.82 (d] = 22.0 Hz), 115.34 (dl = 23.3 Hz), 43.92, 43.52, 28.40, 22.50;
ESI-MS: 382.4 [M+H].

4. 2 Biological Activity Evaluation

4.2.1 Cellsand culture conditiong 24]

HepG2.2.15 cell lines are HBV-transfected hepatarek lines, which were
obtained from the cell bank of the Chinese Academ$ciences. The cell lines were
cultured in MEM medium supplemented with 10% fdtaline serum, 100U « mbt
penicillin, 100 U » mL* streptomycin, 0.38 mg/mL G418 and the mass fractib
0.03% glutamine at 37 °C in a 5% ekumidified atmosphere.

4.2.2 Cytotoxicity measurements (CCK-8)

Cytotoxicity of target compounds to HepG2.2.15<®lere measured by CCK-8
method. Three wells of tested compounds with simglecentration were added to
96-well tissue culture plates with 4000 cells irrgvwell for preliminary evaluation.
And five different doses of tested compounds wetded to 96-well tissue culture
plates for further evaluation. Untreated cells witedia alone were used as controls.
The culture medium was replaced by fresh mediundayn 4 and after 8-day 10%
CCK-8 solution was added 0.5 h before the end @il OD absorbance values at
450 nm and 630 nm were collected by microplate eegBio-Rad), then the cell
death percent was calculated.

4.2.3 Inhibiting HBV DNA replication assay (real time fluorescent PCR)

HepG2.2.15 cells were cultured in triplicate of WéH tissue culture plates with
single concentration for preliminary evaluation. dAfive different doses of tested

compounds in triplicate were added in 96-well tesstulture plates for further
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evaluation. The culture medium was replaced witistirmedium on day 4 during the
8-day experiment. Untreated cells with media alaeee used as controls. On day 8,
the supernatants of HepG2.2.15 cell were colleatédch were quantified their HBV
DNA using PCR-fluorescent probing (Quantitativegsiastic kit for HBV DNA).

4.2.4 I nhibiting the secretion of HBeAg and HBsAg (EL1SA)[ 6]

Five different doses of tested compounds in trgtekcwere added in 96-well
tissue culture plates for further evaluation. Thdiure medium was replaced with
fresh medium on day 4 during the 8-day experimdntreated cells with media alone
were used as controls. On day 8, the supernatéiie’2.2.15 cell were collected,
which were detected content of HBsAg and HBeAg bina diagnostic kit (Autobio
Diagnostics Co., Ltd, China). The absorbance aketesompounds was determined
on microtiter plate ELISA reader.

4.3 Molecular docking modeling

The docking studies were performed with the Triposlecular modeling
package Sybyl-X 2.0. Default parameters were usedeacribed in the Sybyl-X 2.0
manual unless otherwise specified. The publishgdtalr structure of HBV capsid
complex (PDB codes: 5GMZ) was retrieved from thet&éin Data Bank. And the
result was displayed by PyMOL.

4.4 Surface plasmon resonance (SPR)

First, different concentration PBS, NaAc-HAc buffesind solvent calibration
required solution were prepared. Then the recomiim#BV capsid protein was
purified and immobilized on a CM5 sensor chip (caspmethylated dextran
covalently attached to a gold surface) with an aaioupling kit from GE Healthcare.
At last, six different doses of tested compoundghtecalibration solvents, 50%
DMSO solution and running buffer containing 5% DMS$@re centrifuged for 15
minutes and then placed into the sample plate. Sitpeals were recorded with a

Biacore T200 instrument with the standard protocol.
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Highlights

1. Five skeletons of heterocycle derivatives (pyrazthimzole, pyrazine, pyrimidine
and pyridine analogs) were designed as potentidl H&h-nucleoside inhibitors.

2. Seven synthetic routes were employed to acquirgetarompounds by
diversity-oriented synthesis.

3. Compound-8b displayed the most potent anti-HBV DNA replicatiantivity
with 1Cs value of 2.2 £ 1.1 pM. And compoun®¥-8e and VII-5b showed the
best inhibitory activity in vitro against HBsAg setion (IGy = 3.8£0.7 uM,
CCso > 100 pM) and HBeAg secretion @g£= 9.7+2.8 uM, Ce > 100 puM),
respectively.

4. Preliminary SARs of these new derivatives wereitieta
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