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Development of a novel unsymmetrical structural class

of HCV NS5A inhibitors
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Abstract

In recent years, several drugs for type-C hepatitis have been demonstrated to
exert a dramatic effect on the reduction of the viral load. Nonstructural 5A protein
(NS5A) plays an important role in virus replication as a component factor of
hepatitis C virus (HCV) replication complex. The oral NS5A inhibitor, daclatasvir,
showed extremely potent viral RNA replication inhibitory activity in HCV replicon
cells and dramatically reduced RNA of HCV in the clinical studies. The NS5A
inhibitors currently on the market had structural characteristics in common and
there is concern that these structural similarities would confer similar antiviral
profiles and cross-resistance among these inhibitors. In this study, the
identification of a novel unsymmetrical structural class of HCV NS5A inhibitors
was described by exploring unknown binding sites on the target protein. An
unsymmetrical lead compound, generated from a substructure of a known
symmetrical inhibitor, was optimized by extension of its substituents to interact
with the hitherto unexplored site of the target protein. This approach afforded novel
highly potent unsymmetrical inhibitor which not only equally inhibited HCV
genotypesla, 1b, and 2a with ECso values in the picomolar range, but also inhibited
the 1a Q30K mutant induced by a launched symmetrical inhibitor daclatasvir with
an ECso in the low nanomolar range.

FFERZAM O O BERIZ X AP RENS A U, BFMR S HE S L CHF#GE
MBEAWCKTT2HEEBTHY, TORKIET /L a— LoEERSIEZR &k~
RIFEERTEZZR, ZbZW0H DO T A AEYIT L o THBIZRIEDEZ
LTOA4NVAMTR] THDH, ZOFTEH CHAFR U A /LA (hepatitis C virus;
HCV) By %, BA2MR T 1/ 7,000 5 A, HATIE 100 5~150 5 A
FHETDHIEHEEINTWD, BBV 7 F 3L, BRETDHERHN 70%01E
ML L, DALV ZANRBERIERESND Z L IT1FLEAERL, HCV IEYIZ L D &
JEDFERIC L 0 FHACHMBE~tHERET 2D, BREOL AT R
< EDH 20%~30%NBHETETHEHEINTWVD MO CHRAFROIEEICIT,
A2 =Tz IR EOFHBEIERTLTH SR, FHFELH
TERHO®E CHRENE LD, L0 RBE < EIER DD v 3KAl o B % 3 #)
I TWle, HCVHIEICEB N T, DERDOR VT A L AEERZRABFEMLEL 2V
TLEMNIBEEREOGIFIC R o TEX N, 1990 FEHEICHEEMBAN T HCV
OB NHEICHBE TE 5 HCV V7 U a v v X5 A2 F [ Lz # T
iR E D, HCV X X7 R L Lickk 2 70 A 1 = X 5o 3RKIBH 3 2K A
WiTbhvd X orichotlc, 20X —5 >y NEZ X7 O—2THH 2D HCV NS5A
X, TOMRETWEEICIZHBEL TV RNE 0o, HCV #3118 A& 1K ok N+
ELTCUANAOBERICERE B 2R T ahTnd, ZOHFHEKTH
% daclatasvir {X, HCV V7' U 2 U #ildz H W7 3F T pM 4 — &% — DO IEF I
WA A A RNABRIBEEEEZ L, 72, B 1HOEKRKBRIC THEA
O—EFELGT, MOA I =XLDEA LV H HCV RNA &2 B IZIK T &
oo TOFEFEITA NI POREWVIERIRBEZZT, x D7 V=850



TEL OB AMIAIZ T NSSA X —7 v b E L72IBEEOB B IENDE I

ITbhbhadkoickol-, LrL7enb,

D FTIXE M

gy

Daclatasvir
(Bristol-Myers Squibb)

Ombitasvir
(AbbVie)

oo A B =X OHEA LR, HA
WA PEE N HBR T 25 2 R bho Tz,

g\\N 0 HN\N\ .O O N)”“@

—~0 H N

0,
Ledipasvir 0% X
(Gilead)
N HN‘<

d

Elbasvir
(Merck)

Figure 1. HCV NS5A inhibitors on market.
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Figure 2. Strategy for discovery of a novel structural class of HCV NS5A inhibitors.
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Figure 3. Exploration of minimal active structure at P region.
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Figure 4. Efficient synthetic strategy for test compounds.
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Figure 5. Optimization at region R! toward novel interactions with target protein.
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Figure 6. Development of HCV NS5A inhibitor via improvement of region R? in addition to R'.
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