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The hepatitis C virus (HCV) NS5B polymerase is an attractive target for the development of novel and
selective inhibitors of HCV replication. In this paper, the design, synthesis, and preliminary SAR studies
of novel inhibitors of HCV NS5B polymerase based on the structure of tegobuvir have been described.
The efforts to optimize the antiviral potency and reduce the treatment side effects with respect to geno-
type 1b resulted in the discovery of compound 3, which exhibited an EC50 of 1.163 nM and a CC50 >200
nM in a cell-based HCV replicon system assay. Additionally, testing for inhibition of the hERG channel
showed a marked improvement over tegobuvir and the pharmacokinetic properties of compound 3 indi-
cated that it was worthy of further investigation as a non-nucleoside inhibitor of HCV NS5B polymerase.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Hepatitis C virus (HCV) is one of the most serious liver diseases
worldwide.[1] Approximately 80 – 115 million people are infected
with HCV and 75–85% of these individuals will develop chronic
infection. In addition, an estimated 20–50% of these patients will
develop liver fibrosis, cirrhosis, and hepatocellular carcinoma.
Although vaccines exist for some hepatitis viruses, none are avail-
able for HCV.[2] In the past years, the standard of care (SOC) in
antiviral therapy consisted of pegylated interferon (Peg-IFN) in
combination with ribavirin.[3] However, this may cause patients
to experience thyroid insufficiency, cognitive dysfunction, gas-
trointestinal symptoms, and other serious adverse reactions. In
2011, the HCV NS3 protease inhibitors telaprevir[4–6] and bocepre-
vir[7,8] were approved successively as the first direct-acting antivi-
ral agents (DAAs), which initiated a revolution in the field of HCV
treatment. Compared with the traditional regimen, DAAs resulted
in dramatically increased tolerability and efficacy in chronic HCV
infection.[9]

The HCV NS5B RNA-dependent RNA polymerase (RdRp) plays
an essential role in the life cycle of virus, especially in RNA replica-
tion; consequently, it has emerged as an attractive therapeutic tar-
get.[10] A variety of small molecule NS5B RdRp inhibitors have been
developed in recent years, including Abbvie’s dasabuvir, Gilead’s
tegobuvir, Pfizer’s HCV-796, Abbott’s ABT-072, and Roche’s
setrobuvir (Fig. 1). Among them, HCV-796 and tegobuvir pro-
gressed to clinical trials and exhibited excellent inhibitory activity.
Unfortunately, as HCV-796 may cause severe hepatocellular injury
and apoptosis, clinical research has been discontinued.[11] Tegobu-
vir exhibited a nanomolar EC50 value (2.9 nM) and almost no cyto-
toxicity (CC50 >100 nM) in the clinical trials. However, there have
been no recent reports about tegobuvir owing to serious adverse
events, such as the phenomenon of QT prolongation that may
occur with a high dose.[12]

Although the binding site of tegobuvir is still unknown, com-
pounds in this class have been shown to bind to an allosteric site
in the NS5B polymerase. Interestingly, the compounds are selec-
tively resistant for the NS5B polymerase; they do not show activity
in the isolated polymerase enzyme assay. This class of compounds
only shows activity when tested in the subgenomic replicon sys-
tem with a hepatocyte as the host cell.[13] This is probably attribu-
table to the special mechanistic action of tegobuvir. The structure-
activity relationships (SARs) of 2,5-disubstituted imidazopyridine
(moiety C) based NS5B RdRp inhibitors suggested that the imida-
zopyridine pharmacophore was responsible for insertion into the
pocket,[14] with an aryl fragment (moiety D) probably involved in
epoxidation with CYP-1A and reaction with glutathione, which
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Fig. 1. Structures of small molecule NS5B RdRp inhibitors.

Fig. 3. General structure of series I.
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subsequently achieved inhibition of NS5B through covalent modi-
fication.[15] For the linker carbon between moieties B and C, mono-
substitution and disubstitution of the methylene on the linker
resulted in decreased activity and caused liver toxicity. According
to these analyses, we decided to retain moieties C and D, and the
linker of B and C.

It has been reported that substitution at the 2- and 4-positions
of moiety A generated analogs with the best activities, with prefer-
ence to alkyl and alkoxy groups; furthermore, moiety B can also be
modified with nitrogen heterocycles, such as isoxazole, pyrimidine,
and pyrazine.[13,16] Therefore, in order to maintain the highly opti-
mized interactions between moiety C, moiety D, and the residues
of the active sites, modifications specific to moiety A and moiety
B were evaluated.

The initial phase I trials found that tegobuvir caused QT prolon-
gation, which limited the dosing levels.[17] The inhibition of the
hERG ion channel is known to result in QT prolongation, and sev-
eral strategies have successfully reduced hERG inhibition, such as
steric blocking, the introduction of a potassium channel activator,
and the reduction of basicity.[18]

Compounds bearing 1,2,3-triazole scaffolds have been reported
to exhibit a large range of biological activities, including antituber-
culosis, antitumor, and antiviral activities[19–21] (Fig. 2). Through
the introduction of such a versatile moiety into organic molecules,
compounds can be produced with moderate dipole character,
hydrogen bonding capability, rigidity, and stability.[22,23] More
importantly, 1,2,3-triazole was also reported as potassium channel
activator [21,24,25].

On this basis, we expected that hERG inhibition could be
reduced by the replacement of the pyridazine ring in moiety B with
1,2,3-triazole. In addition, we decided to retain the phenyl core in
moiety A, while make changes on substituents on it to generate the
compounds of series Ⅰ (compounds 1 – 9) (Fig. 3). Furthermore,
Fig. 2. Drugs bearing 1,2
based on the structure of series I, some nitrogen heterocycles with
large scale were introduced into moiety A to generate series Ⅱ
(compounds 10 – 14) (Fig. 4). In addition, we expected to reduce
the hERG inhibition by eliminating pyridazine ring in moiety B,
which has relatively strong basicity, to generate series III (com-
pounds 15 – 21) (Fig. 5).
2. Chemistry

2.1. Synthesis of target compounds of series I

The target compounds of series I were synthesized in accor-
dance with the procedures outlined in Scheme 1. Intermediate E
was achieved by using a convenient four-step procedure starting
from 4-aminopyridine. The treatment of intermediate E with
propargyl bromide afforded compound F; subsequently, the target
compounds (compounds 1 – 9) of series I were obtained through
,3-triazole scaffolds.



Fig. 4. General structure of series II.

Fig. 5. General structure of series III.
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the reaction of compound F with different azidobenzenes,[26]

which were prepared from different substituted anilines via the
Sandmeyer Reaction.
Scheme 1. Reagents and conditions: (i) propargyl bromide, DIPEA, DMF, 25 �C, 8 h; (ii) Cu
NaN3, rt, 2 h.
2.2. Synthesis of target compounds of series Ⅱ

The target compounds of series Ⅱ were synthesized in accor-
dance with the procedures outlined in Scheme 2. Compound F, pre-
pared as reported in detail as above, was treated with different
hydrazoates (b1, c2, d3, and d4)[27–29] to afford the target com-
pounds (compounds 10 – 14). The hydrazoates were obtained via
the direct substitution of different chlorides (a1, b2, c3, and c4)
with sodium azide. Compound a1 was synthesized by the cycling
of 2-aminopyrimidine and 1,3-dichloroacetone. Compound b2
was synthesized via cyclization of guanidine nitrate with 2,4-pen-
tandione in the presence of K2CO3 followed by 1,3-dichloroacetone.
Compound c3 was synthesized from aminoguanidine bicarbonate,
which was cyclized with glycolic acid followed by 2,4-pentandione
to provide intermediate b3. And then it was treated with thionyl
chloride to afford compound c3. Compound c4 were obtained from
differently substituted anilines, which were substituted with 1-flu-
oro-2-nitro-benzene followed by reduction and cyclization with
chloroacetyl chloride to provide compound c4.

2.3. Synthesis of target compounds of series III

The target compounds of series III were synthesized in accor-
dance with the procedures outlined in Scheme 3. As indicated,
the target compounds (compounds 15 – 21) were prepared directly
from intermediate E through N-alkylation reactions with the differ-
ent chlorides a1, b2, c3, and c4, as shown in Scheme 3.

3. Results and discussion

The inhibition of viral RNA replication was correlated with a
decrease in HCV RNA and protein production. The reduction in
HCV replication was measured indirectly through monitoring
I, DIPEA, ethanol, rt, 12 h; (iii) conc. HCl, NaNO2, ethyl acetate, 0 �C–5 �C, 30 min; (iv)



Scheme 2. Reagents and conditions: (i) propargyl bromide, DIPEA, DMF, 25 �C, 8 h; (ii) CuI, DIPEA, ethanol, rt, 12 h; (iii) 1,3-dichloroacetone, dimethyl ether, rt, 2 h; (iv) NaN3,
DMF, rt, overnight; (v) 2,4-pentandione, K2CO3, H2O, 80 �C, 7 h; (vi) 1,3-dichloroacetone, dimethyl ether, 45 �C, 10 h; (vii) NaN3, DMF, rt, overnight; (viii) glycolic acid, HNO3,
H2O, 108 �C, 22 h; (ix) 2,4-pentandione, acetic acid, reflux, 1 h; (x) thionyl chloride, CH2Cl2, rt, 3 h; (xi) NaN3, DMF, rt, overnight; (xii) 1-fluoro-2-nitro-benzene, potassium
fluoride, 140 �C, 24 h; (xiii) Fe, HCl, NH4Cl, ethanol/H2O, 70 �C, 30 min, reflux, 2 h; (xiv) chloroacetyl chloride, DMF, 80 �C, 2 h; (xv) NaN3, DMF, rt, overnight.

Scheme 3. Reagents and conditions: (i) DIPEA, DMF, rt, 7 h.
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HCV NS3 protease activity using an Indirect Immunofluorescence
Assay (IFA). The cytotoxicity of the compounds in the replicon host
cells was determined through the measurement of the fluores-
cence of Alamar blue dye, an indicator of cellular metabolism.
The potency of the compounds described in this study was deter-
mined using a GT-1b subgenomic replicon assay. The EC50, calcu-
lated from the dose-response curve, represents the concentration
at which 50% inhibition of viral replication was achieved. The
CC50, calculated from the dose-response curve, represents the con-
centration at which the metabolic activity of the cells was reduced
by 50% compared with untreated cells. The values are an average of
a minimum of two determinations. Starting from series Ⅰ, the
results were summarized in Table 1.

We found that most of the target compounds exhibited moder-
ate to excellent anti-HCV activity, with the EC50 values in the range
from 1 nM to 100 nM. Furthermore, some were superior to sofos-
buvir, which is approved for clinical use. Compound 3 exhibited
more potent inhibition (EC50 = 1.163 nM) than tegobuvir (EC50 =
2.908 nM).

During the investigation of the C-4 phenyl position, the SAR at
this position was found to be steep, with minor changes in the
structure conferring large changes in potency, as illustrated in
Table 1. Compound 1 (EC50 = 22.83 nM), with an unsubstituted
phenyl, showed acceptable anti-HCV potency that was nearly
Table 1
HCV replicon activity of series I.

Compound
number

R HCV replicon GT1b
EC50 (nM)a

Cytotoxicity
CC50 (nM)a

1 22.83 >200

2 34.52 >200

3 1.163 >200

4 12.64 >200

5 18.32 >200

6 52.34 >200

7 — >200

8 96.35 >200

9 93.46 >200

Tegobuvir — 2.908 >200
Sofosbuvir — 64.26 >10000

All compounds were tested in duplicate. Each value is the mean of at least two
determinations.

a EC50 was measured by using GT 1b stable HCV subgenomic replicon.
3-fold higher than that of sofosbuvir (EC50 = 64.26 nM). The intro-
duction of a methoxyl group on the phenyl ring significantly
increased replicon activity compared with compound 1. However,
the comparison of the isomers 3 and 4 revealed marked differences
between the anti-HCV activity of 3-methoxyl and 4-methoxyl in
the structure. The 4-methoxyl derivative (3) (EC50 = 1.163 nM)
showed excellent activity, whereas the closely related 3-methoxyl
analog (4) (EC50 = 12.64 nM) resulted in an 11-fold decrease in this
potency. The methanesulfonamide derivative (5) (EC50 = 18.32 nM)
was proven to be more potent than its unsubstituted counterpart
(1), but did not provide any improvement in cellular potency com-
pared with 4. The introduction of an additional fluorine to the C-4
phenyl position decreased the replicon assay potency to an EC50 of
34.52 nM, probably owing to unfavorable interactions from the 4-
fluoro group. Therefore, we speculated that the 4-methoxyl group
was important for the anti-HCV activity of this series.

Compound 6, with a 2-fluoro substitution on the benzene ring,
had an EC50 of 52.34 nM, which was even less potent than that for
the 4-fluoro derivative (2) (EC50 = 34.52 nM). Furthermore, the
introduction of 3,5-bis(trifluoromethyl) into the phenyl ring
resulted in a complete loss of potency. Our preliminary SAR studies
indicated that the introduction of electron-withdrawing groups on
the phenyl ring could reduce the potency of the anti-HCV activity.
In addition, the introduction of larger sized substituents at the 4-
position of the phenyl ring also resulted in generally poor activity
(compound 8, EC50 = 96.35 nM; compound 9, EC50 = 93.46 nM).

Series II, containing different nitrogenous heterocycles, was also
examined, and the results were shown in Table 2. Compounds 10
(EC50 = 21.36 nM) and 11 (EC50 = 37.03 nM), with an imidazo[1,2-
a]pyrimidine moiety, exhibited better anti-HCV potency than
sofosbuvir, whereas compounds 13 and 14 resulted in a complete
loss of activity in the GT-1b subgenomic replicon assay. A plausible
explanation for this finding is that the steric hindrance produced
by the introduction of large groups influenced the activity.

Further studies were performed to examine series III and these
results were shown in Table 3. Unexpectedly, no compounds in this
series exhibited inhibitory activity against the GT-1b replicon.
Despite the negative results, when we focused on the differences
between series Ⅱ and series III compounds, it is not difficult to find
that compound 10, with 1,2,3-triazole, retained some replicon
activity characteristics, whereas its counterpart 15 showed a com-
plete loss of activity; this was supported by the relative potencies
of compound 11 and 16. From the HCV replicon GT1b EC50 data, we
speculated that moiety B was crucial to the antiviral activity. Fur-
ther studies about the influence of moiety B are currently
underway.

Because of its promising 1b replicon activity, the most potent
compound 3 was examined in hERG determination. As initially
hypothesized, testing for inhibition of the hERG channel showed
a marked improvement over tegobuvir, and the results were
shown in Table 4.

These impressive results suggested that the introduction of
1,2,3-triazole as moiety B would be a strategy that warranted fur-
ther study. Furthermore, the phenyl ring in moiety A could be
introduced into some substituents to improve the potency.

As compound 3 was discovered to be a potent inhibitor with
superb potency, we evaluated the in vivo effects in Sprague–Daw-
ley rats after oral administration at a dose of 35 mg/kg. The phar-
macokinetic results were summarized in Table 5. We found that
the rat in vivo pharmacokinetics after p.o. dosing of compound 3
was within a desirable range, with particularly good systemic
absorption in terms of oral exposure (AUC) and high levels of Cmax.
In addition, the half-lives were moderate in this rodent species.
Based on the strong antiviral activity and the encouraging PK pro-
file, compound 3 was considered a potential candidate for further
evaluation (See Fig. 6).



Table 3
HCV replicon activity of series III.

Compound number R3 HCV Replicon
GT1b EC50

(nM)a

Cytotoxicity
CC50

(nM)a

15 — >200

16 — >200

17 — >200

18 — >200

19 — >200

20 — >200

21 — >200

Tegobuvir — 2.908 >200
Sofosbuvir — 64.26 >10000

All compounds were tested in duplicate. Each value is the mean of at least two
determinations.

a EC50 was measured by using GT 1b stable HCV subgenomic replicon.

Table 4
hERG determination of compound 3.

Compound number Structure hERG pIC50
a

3 5.2

Tegobuvir 6.1

a Compound testing was repeated on different cells.

Table 2
HCV replicon activity of series II.

Compound
number

R2 HCV replicon GT1b
EC50 (nM)a

Cytotoxicity
CC50 (nM)a

10 21.36 >200

11 37.03 >200

12 83.75 >200

13 — >200

14 — >200

Tegobuvir — 2.908 >200
Sofosbuvir — 64.26 >10000

All compounds were tested in duplicate. Each value is the mean of at least two
determinations.

a EC50 was measured by using GT 1b stable HCV subgenomic replicon.
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4. Conclusions

To optimize the antiviral activity and reduce the side effects of
tegobuvir treatment, three series of novel potent non-nucleoside
inhibitors of the HCV NS5B polymerase were designed and synthe-
sized. A preliminary investigation identified that several com-
pounds (compounds 1, 3, 4, and 5) exhibited moderate to
excellent anti-HCV potency in a cell-based HCV replicon system
assay. The SARs, based on the EC50 values shown in Table 1 along
with the hERG determination confirmed the success of the
introduction of 1,2,3-triazole. In particular, compound 3 showed
desirable pharmacokinetics. The overall profile of compound
3 (EC50 = 1.163 nM, CC50 >200 nM), with respect to potency,
pharmacokinetics, and safety, demonstrated that it was a good
candidate for further study.

5. Experimental section

5.1. Chemistry

Unless otherwise noted, all commercially obtained solvents and
reagents were used as received without further purification. Reac-
tions’ time and purity of the products were monitored by TLC on
FLUKA silica gel aluminum cards (0.2 mm thickness) with fluores-
cent indicator 254 nm. All melting points were obtained on a Büchi
Melting Point B-540 apparatus (Büchi Labortechnik, Flawil,
Switzerland) and were uncorrected. Column chromatography was
run on silica gel (200–300 mesh) from Qingdao Ocean Chemicals
(Qingdao, Shandong, China). Mass spectra (MS) were taken in ESI
mode on Agilent 1100 LC-MS (Agilent, Palo Alto, CA, USA). 1H



Table 5
Rat PO pharmacokinetic profiles of compound 3 (35 mg/kg PO; n = 3).

Compound 3 Rat number Mean SD

4 5 6

MRT0?1(h) 1.86 2.38 2.31 2.18 0.28
AUC0?1(lg/L)�h 81501.19 82274.55 53718.65 72498.13 16268.10
CLz/F(L/h/kg) 0.43 0.42 0.65 0.50 0.13
Vz/F(L/kg) 1.04 2.33 2.99 2.12 1.00
T1/2z(h) 1.67 3.80 3.18 2.88 1.10
Cmax(lg/L) 28340.00 22049.00 16423.00 22270.67 5961.59
Tmax(h) 1 2 1 1.33 0.58

Fig. 6. Mean plasma concentration � time profile of compound 3 in male Sprague–
Dawley rats.
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NMR spectra were recorded on Bruker ARX-400, 400 MHz spec-
trometers (Bruker Bioscience, Billerica, MA, USA) with TMS as an
internal standard.
5.2. Preparation of 2-(2-fluorophenyl)-1H-imidazo[4,5-c]pyridine (E)

5.2.1. Preparation of 3-nitropyridin-4-amine (B)
Under ice bath, pyridin-4-amine (5.0 g, 50.0 mmol) was solubi-

lized in concentrated sulfuric acid (20 mL), then fuming nitric acid
(2.5 mL) was added drop-wise at 0–10 �C. After stirring for 5 h at rt,
90 �C for 3 h and continue to stir at rt overnight. Then the mixture
was poured into ice-water, adjust the pH value to 7 with ammonia,
The resulting precipitate was filtered, dried under reduced pres-
sure to yield the title compound as a yellow solid (5.1 g, 70%).
MS [M+H]+ m/z: 140.04.
5.2.2. Preparation of 2-fluoro-N-(3-nitropyridin-4-yl)benzamide (C)
Under ice bath, intermediate B (5.0 g, 40.0 mmol) and DIPEA

(9.3 g, 80.0 mmol) were solubilized in DMF (50 mL), then 2-fluo-
robenzoyl chloride (6.3 g, 40.0 mmol) was added drop-wise. After
stirring for 30 min at rt, the mixture was then heated to 60 �C for
2 h. The mixture was poured into ice-water, the resulting precipi-
tate was filtered, washed with water and dried under reduced
pressure to yield the title compound as a yellow solid (9.4 g,
90%). MS [M+H]+ m/z: 262.05.
5.2.3. Preparation of N-(3-aminopyridin-4-yl)-2-fluorobenzamide (D)
A mixture of iron powder (9.0 g, 16.0 mmol), hydrochloric acid

(1.4 mL) and 90% ethanol (105 mL) was stirred at 30 �C for 10 min,
the intermediate C (7.0 g, 27.0 mmol) was added at 60 �C, then the
mixture was heated to reflux for 2 h. Immediate filter and the fil-
trate was concentrated under reduced pressure to yield the title
compound as a yellow solid (5.3 g, 85%). MS [M+H]+ m/z: 232.
5.2.4. Preparation of 2-(2-fluorophenyl)-1H-imidazo[4,5-c]pyridine
(E)

The intermediate D (5.0 g, 22.0 mmol) was solubilized in aceti-
cacid (50 mL), heated to reflux for 3 h. The aceticacid was removed
under reduced pressure and water was added, the precipitate was
filtered and the filtrate was adjusted to pH 6–7 with saturated
sodium carbonate solution. The resulting precipitate was filtered,
washed with water and dried under reduced pressure to yield
the title compound as a yellow solid (4.0 g, 86%). MS [M+H]+ m/z:
214. 1H NMR (400 MHz, DMSO-d6) d 13.10 (s, 1H), 9.05 (s, 1H),
8.40 (d, J = 5.5 Hz, 1H), 8.32 (td, J = 7.7, 1.7 Hz, 1H), 7.72–7.65
(m,2H), 7.58–7.45 (m, 2H).

5.2.5. Preparation of 2-(2-fluorophenyl)-5-(prop-2-yn-1-yl)-5H-
imidazo[4,5-c]pyridine (F)

A mixture of intermediate E (3.0 g, 14.0 mmol), DIPEA (3.6 g,
28.0 mmol) and DMF (30 mL) was stirred at rt for 30 min, then
propargyl bromide (1.8 g, 15.0 mmol) was added drop-wise, the
mixture was stirred at rt for 8 h. After that, water was added, the
aqueous layer was extracted with CH2Cl2. The organic phase was
washed with saturated aqueous lithium chloride solution. Then
the organic layer was dried with Na2SO4, filtered and evaporated
in vacuo to afford the title compound as a yellow solid (2.5 g,
71%). MS [M+H]+ m/z: 252.

5.3. Preparation of target compounds of seriesⅠ (compound 1–9)

5.3.1. General procedure for preparation of different azidobenzenes.
(G1–G9)

Under 0 �C, different substituted anilines (5.0 mmol) was solu-
bilized in ethyl acetate (5 mL), hydrochloric acid (1.5 mL) was
added, then a solution of sodium nitrite (0.5 g, 6 mmol) was added
drop-wise at 0–5 �C, the mixture was stirred at rt for 0.5 h. After
that, a solution of sodium azide (0.4 g, 6.0 mmol) in water was
added drop-wise at 0–5 �C, then stirred at rt for 2 h. The mixture
was adjusted to pH 8–9 with saturated sodium carbonate solution,
the aqueous layer was extracted with ethyl acetate. The organic
phase was washed with brine. Then the organic layer was dried
with Na2SO4, filtered and evaporated in vacuo to afford the title
compounds (G1–G9) as yellow oil.

5.3.1.1. Azidobenzene (G1). Yellow oil; Yield: 72%; MS [M+H]+ m/z:
120.

5.3.1.2. 1-azido-4-fluorobenzene (G2). Yellow oil; Yield: 70%; MS
[M+H]+ m/z: 138.

5.3.1.3. 1-azido-4-methoxybenzene (G3). Yellow oil; Yield: 77%; MS
[M+H]+ m/z: 150.

5.3.1.4. 1-azido-3-methoxybenzene (G4). Yellow oil; Yield: 75%; MS
[M+H]+ m/z: 150.
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5.3.1.5. N-(4-azidophenyl)methanesulfonamide (G5). Yellow oil;
Yield: 72%; MS [M+H]+ m/z: 213.

5.3.1.6. 1-azido-2-fluorobenzene (G6). Yellow oil; Yield: 68%; MS
[M+H]+ m/z: 138.

5.3.1.7. 1-azido-3,5-bis(trifluoromethyl)benzene (G7). Yellow oil;
Yield: 65%; MS [M+H]+ m/z: 256.

5.3.1.8. 1-(4-azidobenzyl)pyrimidin-2(1H)-one (G8). Yellow oil;
Yield: 72%; MS [M+H]+ m/z: 228.

5.3.1.9. 1-(4-azidobenzyl)pyridin-2(1H)-one (G9). Yellow oil; Yield:
72%; MS [M+H]+ m/z: 227.

5.3.2. General procedure for preparation of target compounds
(compound 1–9)

Intermediate G (0.8 mmol) was solubilized in ethanol (2 mL),
then intermediate F (0.2 g, 0.8 mmol), CuI (0.01 g, 0.5 mmol) and
DIPEA (0.1 g, 0.8 mmol) were added, the mixture was stirred at rt
for 12 h. After that, filtered, and the filtrate was concentrated
under reduced pressure to yield the title compounds (compound
1–9) as white solid.

5.3.2.1. Preparation of 2-(2-fluorophenyl)-5-((1-phenyl-1H-1,2,3-tri-
azol-4-yl)methyl)-5H-imidazo [4,5-c]pyridine (compound 1). White
solid; Yield: 56%; Mp: 157–159 �C; Purity: 96.5%; MS [M+H]+

m/z: 371. 1H NMR (400 MHz, DMSO-d6) d 9.26 (s, 1H), 8.96
(s, 1H), 8.28 (s, 2H), 7.89 (d, J = 7.9 Hz, 2H),7.55 (m, 5H), 7.32
(s, 2H), 5.91 (s, 2H).

5.3.2.2. Preparation of 2-(2-fluorophenyl)-5-((1-(4-fluorophenyl)-1H-
1,2,3-triazol-4-yl)methyl)-5H-imidazo[4,5-c]pyridine (compound
2). White solid; Yield: 58%; Mp: 155–157 �C; Purity: 97.3%; MS
[M+H]+ m/z: 389. 1H NMR (400 MHz, DMSO-d6) d 9.21 (s, 1H),
8.93 (s, 1H), 8.33 (s, 1H), 8.28 (s, 1H), 7.96–7.90 (m, 2H), 7.86 (s,
1H), 7.52–7.40 (m, 3H), 7.32 (s, 2H), 5.92 (s, 2H). 13C NMR (150
MHz, DMSO-d6) d 162.98(2C), 161.35(2C), 143.55, 133.37, 133.35,
131.41(2C), 123.49(2C), 123.10(3C), 117.21(3C), 117.06(3C), 53.21.

5.3.2.3. Preparation of 2-(2-fluorophenyl)-5-((1-(4-methoxyphenyl)-
1H-1,2,3-triazol-4-yl)methyl)-5H-imidazo[4,5-c]pyridine (compound
3). White solid; Yield: 54%; Mp: 158–160 �C; Purity: 99.1%; MS
[M+H]+ m/z: 401. 1H NMR (400 MHz, DMSO-d6) d 9.18 (s, 1H),
8.85 (s, 1H), 8.32 (s, 1H), 8.25 (d, J = 6.4 Hz, 1H), 7.83 (s, 1H), 7.79
(d, J = 9.0 Hz, 2H), 7.48 (t, J = 7.7 Hz, 1H), 7.30 (t, J = 7.5 Hz, 2H),
7.13 (d, J = 9.1 Hz, 2H), 5.89 (s, 2H), 3.82 (s, 3H). 13C NMR (150
MHz, DMSO-d6) d 168.27, 161.67, 159.99, 159.81, 143.33, 132.06
(2C), 131.50, 131.24(2C), 130.19, 123.43(2C), 122.34(2C), 117.05,
116.91, 115.22(2C), 113.08, 55.90, 53.25.

5.3.2.4. Preparation of 2-(2-fluorophenyl)-5-((1-(3-methoxyphenyl)-
1H-1,2,3-triazol-4-yl)methyl)- 7. 5H-imidazo[4,5-c]pyridine (com-
pound 4). White solid; Yield: 54%; Mp: 156–157 �C; Purity:
98.6%; MS [M+H]+ m/z: 401. 1H NMR (400 MHz, DMSO-d6) d 9.32
(s, 1H), 8.98 (s, 1H), 8.40 (d, J = 6.5 Hz, 1H), 8.31 (t, J = 7.4 Hz,
1H), 7.92 (d, J = 6.5 Hz, 1H), 7.58–7.42 (m, 4H), 7.40–7.32 (m,
2H), 7.08 (d, J = 8.8 Hz, 1H), 5.97 (s, 2H), 3.84 (s, 3H).

5.3.2.5. Preparation of N-(4-(4-((2-(2-fluorophenyl)-5H-imidazo[4,5-
c]pyridin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)phenyl)methanesulfon-
amide (compound 5). White solid; Yield: 57%; Mp: 164–166 �C;
Purity: 96.0%; MS [M+H]+ m/z: 464. 1H NMR (400 MHz, DMSO-
d6) d 10.12 (s, 1H), 9.43 (s, 1H), 8.89 (s, 1H), 8.51 (d, J = 6.4 Hz,
1H), 8.32 (t, J = 7.7 Hz, 1H), 8.00 (d, J = 6.6 Hz, 1H), 7.83 (d, J = 8.9
Hz, 2H), 7.63–7.56 (m, 1H), 7.44–7.36 (m, 4H), 6.01 (s, 2H), 3.07
(s, 3H). 13C NMR (150 MHz, DMSO-d6) d 161.47, 159.78, 143.01,
139.47, 134.53(2C), 133.04, 131.73, 121.95(2C), 119.91(3C),
119.86(3C), 117.26, 117.12(2C), 112.74, 53.87, 46.41.

5.3.2.6. Preparation of 2-(2-fluorophenyl)-5-((1-(2-fluorophenyl)-1H-
1,2,3-triazol-4-yl)methyl)-5H-imidazo[4,5-c]pyridine (compound
6). White solid; Yield: 55%; Mp: 152–153 �C; Purity: 99.6%; MS
[M+H]+ m/z: 389. 1H NMR (400 MHz, DMSO-d6) d 9.34 (s, 1H),
8.84 (s, 1H), 8.43 (d, J = 6.3 Hz, 1H), 8.31 (t, J = 7.0 Hz, 1H), 7.93
(d, J = 6.5 Hz, 1H), 7.86 (t, J = 7.3 Hz, 1H), 7.66–7.53 (m, 3H), 7.44
(t, J = 7.2 Hz, 1H), 7.40–7.33 (m, 2H), 5.98 (s, 2H).

5.3.2.7. Preparation of 5-((1-(3,5-bis(trifluoromethyl)phenyl)-1H-
1,2,3-triazol-4-yl)methyl)-2-(2-fl uorophenyl)-5H-imidazo[4,5-
c]pyridine (compound 7). White solid; Yield: 59%; Mp: 159–161 �C;
Purity: 99.7%; MS [M+H]+ m/z: 507. 1H NMR (400MHz, DMSO-d6)
d 9.41 (s, 1H), 9.24 (s, 1H), 8.60 (s, 2H), 8.44 (s, 1H), 8.35 (s, 1H),
8.28 (s, 1H), 8.08–7.89 (m, 1H), 7.58–7.52 (m, 1H), 7.37 (s, 2H),
6.03 (s, 2H).

5.3.2.8. Preparation of 1-(4-(4-((2-(2-fluorophenyl)-5H-imidazo[4,
5-c]pyridin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)benzyl)pyrimidin-2
(1H)-one (compound 8). White solid; Yield: 54%; Mp: 173–175 �C;
Purity: 94.5%; MS [M+H]+ m/z: 479. 1H NMR (400 MHz, DMSO-
d6) d 9.82 (s, 1H), 8.96 (s, 1H), 8.87 (d, J = 7.1 Hz, 1H), 8.61–8.57
(m, 1H), 8.45–8.41 (m, 1H), 8.33–8.25 (m, 2H), 7.86 (d, J = 8.5 Hz,
2H), 7.79–7.72 (m, 1H), 7.60–7.49 (m, 4H), 6.53–6.49 (m, 1H),
6.15 (s, 2H), 5.13 (s, 2H).

5.3.2.9. Preparation of 1-(4-(4-((2-(2-fluorophenyl)-5H-imidazo[4,
5-c]pyridin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)benzyl)pyridin-2(1H)-
one (compound 9). White solid; Yield: 55%; Mp: 167–169 �C; Pur-
ity: 97.0%; MS [M+H]+ m/z: 478. 1H NMR (400 MHz, DMSO-d6) d
9.21 (s, 1H), 8.91 (s, 1H), 8.31 (t, J = 7.7 Hz, 2H), 7.85 (d, J = 8.4
Hz, 4H), 7.49 (d, J = 8.4 Hz, 3H), 7.44 (m, 1H), 7.31 (t, J = 7.6 Hz,
2H), 6.43 (d, J = 9.1 Hz, 1H), 6.27 (t, J = 6.7 Hz, 1H), 5.92 (s, 2H),
5.16 (s, 2H).

5.4. Preparation of target compounds of seriesⅡ (compound 10–14)

5.4.1. Preparation of 2-(chloromethyl)imidazo[1,2-a]pyrimidine (a1)
A mixture of pyrimidin-2-amine (6.0 g, 64.0 mmol), 1,3-

dichloroacetone (8.1 g, 64.0 mmol) and dimethyl ether (30 mL)
was stirred at rt for 2 h. After that, The resulting precipitate was fil-
tered, added to ethanol (50 mL) and the mixture was refluxed for 2
h . The solvent was removed under reduced pressure, water (30
mL) was added and the mixture was adjusted to pH 8–9 with sat-
urated sodium carbonate solution. The resulting precipitate was
filtered, washed with water and dried under reduced pressure to
yield the title compound as a white solid (7.0 g, 65%). MS [M+H]+

m/z: 168.

5.4.2. Preparation of 2-(chloromethyl)-5,7-dimethylimidazo[1,2-a]
pyrimidine (b2)
5.4.2.1. Preparation of 4,6-dimethylpyrimidin-2-amine(a2). A mix-
ture of guanidine nitrate (3.0 g, 25.0 mmol), 2,4-pentandione
(3.7 g, 37.0 mmol), K2CO3 (3.4 g, 25.0 mmol) and distilled water
(15 mL) was stirred at 80 �C for 7 h. After that, the mixture was
cooled to rt and the resulting precipitate was filtered, washed with
water and dried under reduced pressure to yield the title com-
pound as a white solid (2.6 g, 96%). MS [M+H]+ m/z: 123.

5.4.2.2. Preparation of 2-(chloromethyl)-5,7-dimethylimidazo[1,2-a]
pyrimidine (b2). 1,3-dichloroacetone (5.6 g, 41.0 mmol) and inter-
mediate a2 (5.0 g, 41.0 mmol) were solubilized in dimethyl ether
(30 mL), the mixture was stirred at 45 �C for 10 h . The resulting
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precipitate was filtered, added to ethanol (50 mL) and the mixture
was refluxed for 2 h. The solvent was removed under reduced pres-
sure, water (30 mL) was added and the mixture was adjusted to pH
8–9 with saturated sodium carbonate solution. The resulting pre-
cipitate was filtered, washed with water and dried under reduced
pressure to yield the title compound as a white solid (5.1 g, 63%).
MS [M+H]+ m/z: 196.

5.4.3. Preparation of 2-(chloromethyl)-5,7-dimethyl-[1,2,4]triazolo
[1,5-a]pyrimidine (c3)
5.4.3.1. Preparation of (5-amino-4H-1,2,4-triazol-3-yl)methanol
(a3). Aminoguanidine bicarbonate (4.7 g, 34.0 mmol) was slowly
added to a well-stirred solution of glycolic acid (5.3 g, 68.0 mmol)
in water (8 mL) at rt, then nitric acid (0.2 mL) was added. The mix-
ture was stirred at 108 �C for 22 h. After that, the mixture was
cooled to below 10 �C and stirred for 2 h. The resulting precipitate
was filtered, washed with ethanol and dried under reduced pres-
sure to yield the title compound as a white solid (3.0 g, 76%). MS
[M+H]+ m/z: 115.

5.4.3.2. Preparation of (5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidin-
2-yl)methanol (b3). Intermediate a3 (3.0 g, 16.0 mmol) was solubi-
lized in ethanol (36 mL), 2,4-pentandione (1.8 g, 17.0 mmol) and
aceticacid (0.3 mL) were added, the mixture was heated to reflux
for 1 h. After that, the mixture was cooled to rt and filterd, washed
with ethanol and the filtratewas concentrated in vacuo, then cooled
to 0 �C and stirred for 2 h, the resulting precipitate was filtered,
washed with ethanol and dried under reduced pressure to yield
the title compoundas awhite solid (2.3 g, 81%).MS [M+H]+m/z: 179.

5.4.3.3. Preparation of 2-(chloromethyl)-5,7-dimethyl-[1,2,4]triazolo
[1,5-a]pyrimidine (c3). Under ice bath, intermediate b3 (2.0 g, 11.0
mmol) was solubilized in dichloromethane (10 mL). a solution of
thionyl chloride (12.0 mmol) in dichloromethane (10 mL) was
added drop-wise. The mixture was stirred at rt for 3 h. After that,
the solvent was removed under reduced pressure and ethyl acetate
was added, then the mixture was washed by saturated sodium
bicarbonate solution followed by brine, and dried with Na2SO4, fil-
tered and evaporated in vacuo to get yellow solid (1.9 g, 89%). MS
[M+H]+ m/z: 197.

5.4.4. Preparation of 2-(chloromethyl)-1-phenyl-1H-benzo[d]
imidazole (c4)
5.4.4.1. Preparation of 2-nitro-N-phenylaniline (a4). A mixture of o-
nitrofluorobenzene (5.0 g, 35.0 mmol), aniline (5.0 g, 35.0 mmol)
and KF(3.4 g, 35.0 mmol) was stirred at 140 �C for 24 h. After that,
the mixture was cooled to rt and ethyl acetate was added, the
organic phase was washed by 2 M HCl followed by brine, and dried
with Na2SO4, filtered and evaporated in vacuo to get red solid (5.8
g, 77%). MS [M+H]+ m/z: 215.

5.4.4.2. Preparation of N1-phenylbenzene-1,2-diamine (b4). A mix-
ture of iron powder (5.2 g, 92.0 mmol), hydrochloric acid (1 mL),
ammonium chloride (0.6 g, 11.0 mmol) and 60% ethanol (100 mL)
was stirred at 70 �C for 30 min, then the intermediate a4 (5.0 g,
23.0 mmol) was added, the mixture was heated to reflux for 2 h.
After that, filtered through a Celite pad, the filtrate was concen-
trated and adjusted to pH 8–9 with saturated sodium carbonate
solution. The resulting precipitate was filtered, washed with water
and dried under reduced pressure to yield the title compound as a
red solid (3.5 g, 82%). MS [M+H]+ m/z: 185.

5.4.4.3. Preparation of 2-(chloromethyl)-1-phenyl-1H-benzo[d]imida-
zole (c4). The intermediate b4 (3.0 g, 16.0 mmol) and chloroacetyl
chloride (2.8 g, 25.0 mmol) were added to DMF (30 mL), the mix-
ture was heated to 80 �C for 2 h. After that, the mixture was poured
into ice-water after cooled to rt. The mixture was adjusted to pH 8–
9 with saturated sodium carbonate solution. The resulting precip-
itate was filtered, washed with water and dried under reduced
pressure to yield the title compound as a pink solid (2.6 g, 68%).
MS [M+H]+ m/z: 243.

5.4.5. General procedure for preparation of different hydrazoates (b1,
c2, d3, d4)

A mixture of sodium azide (2.0 g, 30.0 mmol), intermediate (a1,
b2, c3, c4. 30.0 mmol) and DMF (50 mL) was stirred at rt overnight.
After that, the mixture was poured into water and the aqueous
layer was extracted with CH2Cl2. The organic phase was washed
with water, followed by brine. The organic layer was dried with
Na2SO4, filtered and evaporated in vacuo to afford a white soild.

5.4.5.1. 2-(azidomethyl)imidazo[1,2-a]pyrimidine (b1). White solid;
Yield: 77.6%; MS [M+H]+ m/z: 175.

5.4.5.2. 2-(azidomethyl)-5,7-dimethylimidazo[1,2-a]pyrimidine (c2).
White solid; Yield: 82.8%; MS [M+H]+ m/z: 203.

5.4.5.3. 2-(azidomethyl)-5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrim-
idine (d3). White solid; Yield: 76.3%; MS [M+H]+ m/z: 204.

5.4.5.4. 2-(azidomethyl)-1-phenyl-1H-benzo[d]imidazole (d4). White
solid; Yield: 79.3%; MS [M+H]+ m/z: 250.

5.4.6. General procedure for preparation of target compounds
(compound 10–14)

A solution of intermediate (b1, c2, d3, d4. 0.8 mmol) in ethanol
(2 mL) was stirred to dissolve, intermediate F (0.2 g, 0.8 mmol) and
CuI (0.01 g, 0.5 mmol) was added, then DIPEA (0.1 g, 0.8 mmol)
was added drop-wise. The mixture was stirred at rt for 12 h. After
that, filterd, and the filtrate was concentrated in vacuo to yield the
title compounds (compound 10–compound 14) as solid.

5.4.6.1. Preparation of 2-(2-fluorophenyl)-5-((1-(imidazo[1,2-a]
pyrimidin-2-ylmethyl)-1H-1,2,3-triazol-4-yl)methyl)-5H-imidazo
[4,5-c]pyridine (compound 10). Yellow solid; Yield: 54%; Mp: 199–
200 �C; Purity: 95.6%; MS [M+H]+ m/z: 426. 1H NMR (400 MHz,
DMSO-d6) d 9.09 (s, 1H), 8.51 (d, J = 6.8 Hz, 1H), 8.34 (s, 1H),
8.03–7.96 (m, 2H), 7.72 (s, 1H), 7.57 (d, J = 9.1 Hz, 1H), 7.50–7.47
(m 2H), 7.33–7.29 (m, 2H), 6.89 (t, J = 6.6 Hz, 1H), 5.78 (s, 2H),
5.52 (s, 2H).

5.4.6.2. Preparation of 5-((1-((5,7-dimethylimidazo[1,2-a]pyrimidin-
2-yl)methyl)-1H-1,2,3-triazol-4-yl)methyl)-2-(2-fluorophenyl)-5H-
imidazo[4,5-c]pyridine (compound 11). White solid; Yield: 54%; Mp:
187–188 �C; Purity: 99.6%; MS [M+H]+ m/z: 454. 1H NMR (400
MHz, DMSO-d6) d 9.09 (s, 1H), 8.35 (s,1H), 8.28 (t, J = 7.2 Hz, 1H),
8.18 (d, J = 6.8 Hz, 1H), 7.80 (s, 1H), 7.74 (d, J = 6.8 Hz, 1H), 7.46–
7.41 (m, 1H), 7.27 (t, J = 8.1 Hz, 2H), 6.86 (s, 1H), 5.76 (s, 2H),
5.69 (s, 2H), 2.56 (s, 3H), 2.44 (s, 3H).

5.4.6.3. Preparation of 2-((4-((2-(2-fluorophenyl)-5H-imidazo[4,5-c]
pyridin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)methyl)-5,7-dimethyl-
[1,2,4]triazolo[1,5-a]pyrimidine (compound 12). Yellow solid; Yield:
57%; Mp: 193–195 �C; Purity: 95.0%; MS [M+H]+ m/z: 455. 1H NMR
(400 MHz, DMSO-d6) d 9.15 (s, 1H), 8.45 (s, 1H), 8.30 (t, J = 7.1 Hz,
1H), 8.24 (d, J = 6.7 Hz, 1H), 7.80 (d, J = 6.7 Hz, 1H), 7.50–7.44 (m,
1H), 7.33–7.27 (m, 2H), 7.19 (s, 1H), 5.91 (s, 2H), 5.83 (s, 2H),
2.68 (s, 3H), 2.56 (s, 3H).

5.4.6.4. Preparation of 2-(2-fluorophenyl)-5-((1-((1-phenyl-1H-benzo
[d]imidazol-2-yl)methyl)-1H-1,2,3-triazol-4-yl)methyl)-5H-imidazo
[4,5-c]pyridine (compound 13). Pink solid; Yield: 58%; Mp: 217–
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219 �C; Purity: 98.5%; MS [M+H]+ m/z: 501. 1H NMR (400 MHz,
DMSO-d6) d 9.08 (s, 1H), 8.32 (t, J = 7.7 Hz, 1H), 8.20 (s, 1H), 8.17
(d, J = 6.5 Hz, 1H), 7.81 (d, J = 6.3 Hz, 1H), 7.73 (dd, J = 6.3, 2.5 Hz,
1H), 7.51–7.44 (m, 6H), 7.34–7.26 (m, 4H), 7.14 (dd, J = 6.4, 2.5
Hz, 1H), 5.88 (s, 2H), 5.75 (s, 2H).

5.4.6.5. Preparation of 2-(2-fluorophenyl)-5-((1-((1-(3-(trifluo-
romethyl)phenyl)-1H-benzo[d]imid azol-2-yl)methyl)-1H-1,2,3-tria-
zol-4-yl)methyl)-5H-imidazo[4,5-c]pyridine (compound 14). Starting
from 3-trifluoromethylaniline, 2-(azidomethyl)-1-(3-(trifluo-
romethyl)phenyl)-1H-be nzo[d]imidazolate was prepared by the
method of compound c4, MS [M+H]+ m/z: 318. The title compound
was obtained with the method mentioned above.

Gray soild; Yield: 56%; Mp: 212–214 �C; Purity: 98.7%; MS
[M+H]+ m/z: 569. 1H NMR (400 MHz, DMSO-d6) d 9.21 (s, 1H),
8.30 (d, J = 6.7 Hz, 2H), 8.28 (s, 1H), 8.00 (s, 1H), 7.88 (d, J = 7.3
Hz, 2H), 7.80 (d, J = 7.5 Hz, 1H), 7.73 (t, J = 7.6 Hz, 2H), 7.57–7.48
(m, 1H), 7.40–7.28 (m, 4H), 7.18 (d, J = 6.8 Hz, 1H), 5.92 (s, 2H),
5.80 (s, 2H).

5.5. General procedure for preparation of target compounds
(compound 15–21)

Intermediate E (0.17 g, 0.8 mmol) and DIPEA (0.2 g, 1.6 mmol)
were added to DMF (1.5 mL), the mixture was stirred at rt for 30
min, then intermediate (a1, b2, c3, c4. 0.8 mmol) was added
drop-wise, then the mixture was continue to stir at room temper-
ature for 7 h. After that, the mixture was poured into water to stir
for another 30 min. The resulting precipitate was filtered, washed
with cold water and dried under reduced pressure to yield the title
compounds (compound 15–21) as solid.

5.5.1. Preparation of 2-(2-fluorophenyl)-5-(imidazo[1,2-a]pyrimidin-
2-ylmethyl)-5H-Imidazo [4,5-c]pyridine (compound 15)

Yellow solid; Yield: 65%; Mp: 145–147 �C; Purity: 97.2%; MS
[M+H]+ m/z: 345. 1H NMR (400 MHz, DMSO-d6) d 9.16 (s, 1H),
8.56 (d, J = 6.7 Hz, 1H), 8.31 (t, J = 7.1 Hz, 1H), 8.23 (d, J = 6.6 Hz,
1H), 8.04 (s, 1H), 7.77 (d, J = 6.8 Hz, 1H), 7.52 (d, J = 9.1 Hz, 1H),
7.50–7.43 (m, 1H), 7.34–7.22(m, 2H), 6.90 (t, J = 6.7 Hz, 1H), 5.81
(s, 2H).

5.5.2. Preparation of 5-((5,7-dimethylimidazo[1,2-a]pyrimidin-2-yl)
methyl)-2-(2-fluorophenyl)-5H-imidazo[4,5-c]pyridine (compound 16)

White soild; Yield: 67%; Mp: 136–138 �C; Purity: 97.8%; MS
[M+H]+ m/z: 373. 1H NMR (400 MHz, DMSO-d6) d 9.18 (s, 1H),
8.32 (td, J = 7.6, 1.5 Hz, 1H), 8.28 (dd, J = 6.8, 1.4 Hz, 1H), 7.92 (s,
1H), 7.82 (d, J = 6.8 Hz, 1H), 7.53–7.46 (m, 1H), 7.39–7.30 (m,
2H), 6.91 (s, 1H), 5.84 (s, 2H), 2.63 (s, 3H), 2.48 (s, 3H).

5.5.3. Preparation of 2-((2-(2-fluorophenyl)-5H-imidazo[4,5-c]
pyridin-5-yl)methyl)-5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidine
(compound 17)

Yellow soild; Yield: 65%; Mp: 149–151 �C; Purity: 98.9%; MS
[M+H]+ m/z: 374. 1H NMR (400 MHz, DMSO-d6) d 9.13 (s, 1H),
8.32 (t, J = 7.0 Hz, 1H), 8.23 (d, J = 5.7 Hz, 1H), 7.81 (d, J = 6.8 Hz,
1H), 7.47 (d, J = 5.9 Hz, 1H), 7.30 (t, J = 8.1 Hz, 2H), 7.21 (s, 1H),
6.03 (s, 2H), 2.70 (s, 3H), 2.56 (s, 3H).

5.5.4. Preparation of 2-(2-fluorophenyl)-5-((1-phenyl-1H-benzo[d]
imidazol-2-yl)methyl)-5H-imid azo[4,5-c]pyridine (compound 18)

Pink soild; Yield: 61%; Mp: 153–155 �C; Purity: 97.7%; MS
[M+H]+ m/z: 420. 1H NMR (400 MHz, DMSO-d6) d 8.99 (s, 1H),
8.31 (t, J = 7.9 Hz, 1H), 8.13 (d, J = 6.7 Hz, 1H), 7.80 (d, J = 6.7 Hz,
1H), 7.70 (s, 4H), 7.65 (d, J = 7.8 Hz, 2H), 7.53–7.45 (m, 1H), 7.32
(t, J = 8.0 Hz, 2H), 7.29–7.19 (m, 3H), 6.01 (s, 2H).
5.5.5. Preparation of 2-(2-fluorophenyl)-5-((1-(p-tolyl)-1H-benzo[d]
imidazol-2-yl)methyl)-5H-imidazo[4,5-c]pyridine (compound 19)

Starting from p-toluidine, 2-(chloromethyl)-1-(p-tolyl)-1H-
benzo[d]imidazole was prepared by the method of compound c4,
MS [M+H]+ m/z: 257. The title compound was obtained with the
method mentioned above.

Yellow soild; Yield: 63%; Mp: 157–158 �C; Purity: 93.4%; MS
[M+H]+ m/z: 434. 1H NMR (400 MHz, DMSO-d6) d 8.96 (s, 1H), 8.32
(t, J = 7.6 Hz, 1H), 8.10 (d, J = 6.8 Hz, 1H), 7.78 (d, J = 6.8 Hz, 1H),
7.67–7.62 (m, 1H), 7.57 (d, J = 8.1 Hz, 2H), 7.49 (d, J = 8.0 Hz, 3H),
7.31 (t, J = 8.2 Hz, 2H), 7.28–7.17 (m, 3H), 5.98 (s, 2H), 2.46 (s, 3H).

5.5.6. Preparation of 5-((1-(3-chlorophenyl)-1H-benzo[d]imidazol-2-
yl)methyl)-2-(2-fluorophenyl)-5H-imidazo[4,5-c]pyridine (compound
20)

Starting from 3-chloroaniline, 2-(chloromethyl)-1-(3-chloro-
phenyl)-1H-benzo[d]imidazole was prepared by the method of
compound c4, MS [M+H]+ m/z: 277. The title compound was
obtained with the method mentioned above.

Pink soild; Yield: 62%; Mp: 154–156 �C; Purity: 97.2%; MS
[M+H]+ m/z: 454. 1H NMR (400 MHz, DMSO-d6) d 8.97 (s, 1H),
8.32 (td, J = 7.6, 1.6 Hz, 1H), 8.11 (dd, J = 6.8, 1.3 Hz, 1H), 7.89 (s,
1H), 7.79 (d, J = 6.8 Hz, 1H), 7.75–7.72 (m, 2H), 7.71–7.63 (m,
2H), 7.51–7.43 (m, 1H), 7.35–7.24 (m, 5H), 6.02 (s, 2H).

5.5.7. Preparation of 2-(2-fluorophenyl)-5-((1-(3-(trifluoromethyl)
phenyl)-1H-benzo[d]imidazol-2-yl)methyl)-5H-imidazo[4,5-c]pyridine
(compound 21)

Starting from 3-trifluoromethylaniline, 2-(chloromethyl)-1-(3-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole was prepared by
the method of compound c4, MS [M+H]+ m/z: 311. The title com-
pound was obtained with the method mentioned above.

White soild; Yield: 62%; Mp: 150–151 �C; Purity: 98.2%; MS
[M+H]+ m/z: 488. 1H NMR (400 MHz, DMSO-d6) d 8.95 (s, 1H),
8.31 (t, J = 7.5 Hz, 1H), 8.13 (s, 1H), 8.09 (d, J = 6.8 Hz, 1H), 8.03
(d, J = 7.2 Hz, 2H), 7.98–7.94 (m, 1H), 7.78 (d, J = 6.8 Hz, 1H),
7.70–7.64 (m, 1H), 7.51–7.44 (m, 1H), 7.34–7.27 (m, 4H),
7.26–7.21 (m, 1H), 6.01 (s, 2H).

5.6. Antiviral assays

The evaluation of the antiviral as well as antimetabolic effect of
each compound was performed in parallel. The GT-1b HCV
subgenomic stable cell lines was used tomeasure anti-HCV activity.
Replicon-containing cells were subcultured in DMEM supple-
mented with 10% FBS and grown for 3–4 days in 75 cm2 tissue cul-
ture flasks. At 1 day before addition of the compound, cells were
harvested and seeded at a density of 8000 cells per well
(100 lL/well) in white 96-well plates for evaluation of the antiviral
effect. The microtiter plates were incubated overnight (37 �C, 5%
CO2, 95–99% relative humidity), yielding a nonconfluent cell mono-
layer. Serial fourfold dilutions (8 concentrations) of compounds are
performed in DMSO followed by further dilution in cell culture
media and subsequent addition to cell plates. Compound-treated
cells are incubated 72 h at 37 �C in a 5% CO2 incubator. Reduction
in HCV replication was measured indirectly by monitoring HCV
NS3 protease activity using Indirect Immunofluorescence Assay
(IFA). The cytotoxicity of compounds in the replicon host cells was
determined by measurement of the fluorescence of Alamar blue
dye, an indicator of cellular metabolism. Both EC50 and CC50 values
were obtained using the GraphPad Prism 5.0 software.

5.7. Indirect Immunofluorescence assay (IFA)

Cells seeded on 96-well plates were washed with PBS and fixed
with 4% paraformaldehyde for 20 min at RT. After being washed
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three times with PBS, cells were incubated in blocking buffer (PBS
containing 3% BSA, 0.3% Triton X-100 and 10% FBS) for 60 min and
then in binding buffer (PBS containing 3% BSA and 0.3% Triton X-
100) with MAbs against NS3 overnight at 4 �C. After three washes
with PBS, cells were incubation with TRITC-conjugated goat anti-
mouse IgG (Thermo) with binding buffer for 1 h at RT. Stained sam-
ples were then examined with High-content system (PerkinElmer
Operetta).

5.8. Pharmacokinetics

All studies were conducted under IACUC approved protocols,
and animals were allowed free access to food and water. Male
Sprague–Dawley rats used in these studies weighed between 180
and 220 g and were dosed orally at doses of 35 mg/kg by gavage
using a dosing formulation consisting of CMC (0.5%) in water for
pharmacokinetic evaluations. Blood was collected into heparin
tubes at typically 0.083 (5 min), 0.17 (10 min), 0.25 (15 min),
0.33 (20 min), 0.5 (30 min), 1.0, 1.5, 2.0, 3.0, 4.0 and 6.0 h after dos-
ing. Samples were extracted by protein precipitation and centrifu-
gation and analyzed by UPLC-MS.

A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.bmc.2018.04.029.
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