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FIE M
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(HEBEABEZ RS SRR AR E P E BB BRI i 201203)
CHAMREFEEm LR E P ERREG LG TT i 201203)

WE AR A% H(hepatitis C virus, fRiFK HCV)Zufid(1) 2 ZE g NSSB 2 NI 28 RNA &l TFHlE, SRCaPmi
U0 AR, S5 T HCV NS5B 2 R BT MHEAL S T B4 & M & 8 TE ML R TN, S48 RE
R BB s T I S 5 B R R R B 5 A (M EARZ AT HCV IR ARSI R B ERAN 175 NSSB £ JEEF 1) 45 54
K, BATE R AE M BIRR ) 2-02 5 NG K EE, [ N-1, C-3 1 C-7 S U IE 454, 38 I 3RATT R it — 4
TR T S5 2RI TR T A4, JHEH HOV R AMNE Y SE I RAUATHUR SR, RATTR T R4
HIR R RS, I T W& MR B AERL T HCV IR, X8 2-55 - 1 -2 T /445 T 2 s U T B AT AR U TEAIGIR B
(pmolsL ") F A 2dMHl HCV 95 #4678 £ Huh7.5.1 (86, HHA 2~6 51 %4t 1, AP sdit HeV
{EIE 2P ).

KB HCV NSS5B SRANG; 2-BURMEE TG, A2 T 0HI5);, BEEAEHPUREE Y, R0

2—-Aryl-3—-carbonylquinolones: Design, Synthesis and Biological Evaluation of
Novel HCV NS5B Polymerase Inhibitors

Wang, Shenfeng” Lin, Jianping” He, Peilan” Zuo, Jianping** Long, Yaqiu**
(“ CAS Key Laboratory of Receptor Research, Shanghai Institute of Materia Medica,
Chinese Academy of Sciences, Shanghai 201203)
(* State Key Laboratory of Drug Research, Shanghai Institute of Materia Medica,
Chinese Academy of Sciences, Shanghai 201203)

Abstract Hepatitis C virus (HCV) infection is a global health problem that impacts approximately 180 million individuals.
Until recently the current therapy for treating HCV infection has been regular injections of pegalated o~interferon (PEG-IFN)
with daily oral administration of ribavirin (RBV). However, PEG-IFN/RBV treatment is only effective for only 50% of
genotype 1 patients and associated with significant adverse effects including fatigue, hemolytic anemia, depression, and flu-
like symptoms. Therefore, the search for direct acting antivirals (DAAs) that are safe and effective has become an urgent
endeavor. HCV NS5B polymerase, an essential enzyme for the HCV RNA replication, has emerged as an attractive and vali-
dated target for the direct HCV therapeutic intervention. Since NS5B polymerase needs a divalent metal ion as a cofactore in
the active site for its catalytic function, the metal chelation motif-containing quinolone-3-carboxylic scaffold has been ex-
plored as a new class of non-nucleoside NS5B inhibitors. Two groups have recently reported a preliminary structure-activity
relationship (SAR) study on the 4-quinolone-3-carboxylic acids as HCV NS5B inhibitors, just focused on the N-1, C-3 and
C-6/7 substitutions. Based on the binding mode revealed by the cocrystal structure of the quinolone inhibitor bound to the
NS5B enzyme, for the first time we proposed to introduce a hydrophobic group at C-2 position on the quinolone ring to im-
prove the anti-HCV potency. By making use of the new method to synthesize 2-substituted quinolone-3-carboxylic acid
derivatives recently developed by our group, we conducted a comprehensive SAR study on the
2-aryl-3-carbonylquinolone-based non-nucleoside inhibitors of HCV NS5B polymerase. Starting from the readily accessible
amides and 3-oxo-3-arylpropanoates, structurally diverse 2-substituted quinolone-3-carboxylic acid derivatives were effi-
ciently furnished by a tandem addition-elimination reaction/nucleophilic aromatic substitution reaction via an imine-enamine
intermediate. The anti-HCV potency and cytotoxicity were evaluated in the HCV-infected host cells Huh7.5.1 assay system.
To our delight, the incorporation of a hydrophobic aryl group into 2-position of the quinolone core really enhanced the in-
hibitory activity against the HCV replication in the host cells with a 2-fold selectivity over the cytotoxicity. Meanwhile, a
small size hydrophobic group at N-1 position was favored for the 2-arylquinolone-derived NS5B inhibitors. Further structural
variation was investigated on the C-3 and C-7 substituents, with an aromatic ester and an N-methyl piperazine being an opti-
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mal moiety, respectively. The global structural optimization at positions N-1, C-2, C-3 and C-7 resulted in the discovery of
novel 2-aryl substituted quinolone inhibitors with low micromolar ECs, values to inhibit the replication of the HCV RNA in
the host cell Huh7.5.1 and therapeutic indices of 2~6, providing a new promising lead for the further development into

anti-HCV drug candidates.
Keywords
viral; allosteric site

HCV NS5B polymerase; 2-substituted quinolone-3-carboxylic acid; non-nucleoside inhibitor; direct acting anti-
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Figure 2 Some representative structures of quinolone-based HCV NS5B polymerase inhibitors and our design of 2-substituted quinolone-3-carboxylic

acid chemotype based on the X-ray crystal structure of the NS5B-quinolone inhibitor complex'
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Table 1 The inhibitory activity against the HCV replication and cytotoxicity of the 2-arylquinolones bearing various substituents at N-1 position

HCV-flu

MTT assay

Compd.

Inhibition rate (5 pmolsL ™ ')/% ECsy/(umolsL™") Cell viability (5 pmolsL")/% CCsy/(umolsL ")

saR'=[>—x 69.1

ShR'= A+ 69.4

H
5cR‘:©/ 0
5dR‘:Y* 0
*
5eR‘=E>A 0

5fR'=H 0
3.7
20.2
15
MPA (FZTR) 97.0

4.1 69 11.02
9.47 72 >20

94

91

97

99

94

98

0.79 61.0 77

“ 7 HCV iR B4 T4 Huh7.5.1 IORSE L, BRER HEAT A, BIAE 5 umoleL " ¥ TACIILNT HCV 99535 52 I RO M A U4 Mo 250k, 9EAT 90
HCV WEYEAE I BRI RS, © 48 HOV i g 40 Huh7.5.1 IR ZE L, K _Eab ke st HOV 99 25 52 5 BB > 60% LA BORE &, HEATVR S B
ERGILHT HOV 3& PRV, Bl 20, 5, 1.25, 0.31, 0.08, 0.02 umoleL ™", F3+4 4l a4k CCso A HCV 3MHI5E Pk ECso. MPA JgikBa itk S 184, T M5
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Table 2 The inhibitory activity against the HCV replication and cytotoxicity of the 2-arylquinolones bearing various substituents at C-2 position

o]
F N
F R?
F
59 ~ 5n
5 HCV-flu MTT assay
Compd. R — — — —
Inhibition rate (5 pmolsL ™ ")/% ECs¢/(umolsL ") Cell viability (5 pmolsL ™ ")/% CCso/(umoleL™")
5g <C::>——* 30.1 75.7
5h /[:::T/ 100 2.71 54.5 4.19
O,N
sk
5i (;[ 51.5 74.5
NO,
0
5 [jh* 26.5 86.7
sk Ck—<::>>—* 917 831 67.2 17.41
£
51 /[:::I/ 370 79.7
H;CO
cl
3
5m (t[ 19.1 93.9
cl
sk
5n [:;:T/ 94.7 11.26 78.7 10.49

CF3

“{E HCV R Yefs T41 Huh7.5.1 (RS L, Bke b7 sk, WIZE 5 pmoleL " W NN HCV 2 5 IS ML S L an sk, 4T
HCV GV R RRT. * 5 HOV M2/ 410 Huh7.5.1 (RS L, ¥ L REdh vhost HOV 98 25 52 3B 1 > 60% L1 (RRk &, B4 T e 8 B
AR HOV W& PEVE I, B 20, 5, 1.25,0.31, 0.08, 0.02 pmolsL ™', FFiH4LH AN EE 1 CCso Al HCV 351 M ECso.
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£3 C3AIAREURE 2-F5H-7-(4- LRI - 1- 35 T W R AT A= % HCV 995 753 52 0 ARt A 34 v
Table 3 Inhibitory activity against the HCV replication and cytotoxicity of the 2-aryl-7-(4-methylpiperazin-1-yl)quinolones bearing various substituents
at C-3 position

HCV-flu MTT assay
Inhibition rate (5 umolsL ™ ')/% ECs¢/(umoleL ") Cell viability (5 umolsL ™ ')/% CCso/(umolsL ")

Compd. Structure

6a 0 99.9
6b 18.9 100.0
8a 0 100
8b 0 100
9a 55.4 100
10a 36.5 100
11a 80.5 2.02 87.3 132
12a 349 100

“1F HCV R gefi T4 Huh7.5.1 (AS L, BRES T IR, BIZE 5 pmoleL ™ ¥R NAIIILNT HCV JoiEs 5 IS Pk S L an o sk, dEATH0
HCV & PEVEHI IR, © 748 HOV 75 3580016 410 Huh7.5.1 (9 RZEE, ¥ 3fkE S st HOV 95 5 52 B INHRE P> 60% LL_E[RIRE S, AT H R
AT HOV WS PEVEIE, B 20, 5, 1.25,0.31, 0.08, 0.02 pmolsL ™", FFiH50 H 4N EE 1 CCso Al HCV G M ECso.

3 s I SRR, TRATEE U LR -2 (]
B B L P LR b R A U A I
AR IR HOV NSSB 5 AR5 M & ORI i S AU ATREAT R
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M EEPE N CCso=13.2 umoleL ™", B85 IF K I HY

=
2.
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