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Recent advances in small-molecule inhibitors targeting influenza
virus RNA-dependent RNA polymerase
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Abstract: Influenza virus causes serious threat to human life and health. Due to the inherent high variability
of influenza virus, clinically resistant mutant strains of currently approved anti-influenza virus drugs have emerged.
Therefore, it is urgent to develop antiviral drugs with new targets or mechanisms of action. RNA-dependent RNA
polymerase is directly responsible for viral RNA transcription and replication, and plays key roles in the viral life
cycle, which is considered an important target of anti-influenza drug design. From the point of view of medicinal
chemistry, this review summarizes current advances in diverse small-molecule inhibitors targeting influenza virus
RNA-dependent RNA polymerase, hoping to provide valuable reference for development of novel antiviral drugs.
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Figure 1 Structures of approved anti-influenza virus drugs
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Figure 2 The structure diagram of influenza A virus RdRp (PDB
code: 4WSB)
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Figure 3 The structure of baloxavir acid and the complex struc-
ture of baloxavir acid binding with HIN1 endonuclease. A: The
structure of baloxavir acid; B: The complex structure of baloxavir

acid binding with HIN1 endonuclease
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Figure 4 The complex structure of dolutegravir binding with HIV integrase and the discovery process of baloxavir. A: The complex struc-

ture of dolutegravir binding with HIV integrase; B: The discovery process of baloxavir
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Figure 5 Structures of baloxavir derivatives 13-15
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Figure 6 Structures of hydroxypyridone derivatives 16 and 17 and the complex structure of 17 binding with HIN1 endonuclease. A: Struc-
tures of hydroxypyridone derivatives 16 and 17; B: The complex structure of 17 binding with HIN1 endonuclease

Figure 7 Structures of hydroxypyrimidinone derivatives 18-21

1220 5] NBERS & ¥ pocket 2 1) 5% fig PR 55 [, il i X
A- Lk WE TR PR A0 A 0 0 K 28008 SR AR, R I A T b 2
B AL & 70 24 %F PA () 40 ) 35 M 23 B E R
(ICy, = 5.12 nmol-L™), 73 X £ & 7 e B8 [7] I o5 45
pocket 1 1 pocket 2. 4R T 24 [ 40 B i PE A (EC,, =
201 nmol-L™"), 1] & 5 5 & 4 % A i 14 2 f %
(Log P54 0.82).

2016 4, Credille %" % FH = i@ & i % (high-
throughput screening, HTS) & % T F B 10 259k I 5%
% (fragment-based drug discovery, FBDD), 1§ 3| T X
PA A 1 1) 3% 1 1) £ A B R (25, pyromeconic acid,
IC,,=22.5 pmol L™, & 9) K HAHALUM BL, il if SAR HF

B AT B TR B AR T R Rkt uE 2R A 5 1) 26,
LM PA [ 1C,, 18~ 14 nmol-L", [A i A5 41 fE /K °F
MIPTHINT &M (EC,, = 2.1 umol-L™) K B A% i 41 i 25
£ (CC,, =280 pmol-L”, MDCK 411 f8). L4, iZ i 84
BET SAR W FUX BT A5 B (1 254 Bodt AT 04k, 19 3
T PHE PR A 25 PA $ 75 27 (IC,, = 43 nmol-L"). T4
e B 4 24 R 1 P T 28OS, A AT AR P e i R AR
27 T FR ALk R i A 2 7 A 28 R R i 4 AL A EE,
WLk I P 5 5 1 18 o, HL 4 v A SR R H T o A Y
R, Bl . AN PATE M O &R B T IO AR I Tk
W W 2 45 7 5 R i ) 30T R A 4 Je8 (VG o7 S 5, A 28
XiF PA I I35 1 (IC,, = 17 nmol-L™) /& 27 19 2.5 {5 .

I =4 ragment growing) X 1T, = E AN 7] R & nmol-L~ pmol-L°
T BUE KSR (i ing) X} 25 JEAT &1 7] i} 28 75 A [A % R (500 nmol-L™ 1 200 pmol-L™
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ;l{ck;{’z’"""""

OH
O\ F \Q N=
HO._AN N =4 (\/@':Mo SN N\j>\}
e \
? ro\‘e‘ ,
! ez &“‘ 3
: 22 23,n=2 ICso = 5.12 nmol-L™! (HIND)S

ICso = 3.23 pmol-L"! (HIN1)

Figure 8 Structures of pyridone acid derivatives 22-24
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Figure 9 Structures of hydroxypyranone and hydroxypyrimidinone derivatives 25-31 and the complex structure of compound 29 binding

with HIN1 endonuclease. A: Structures of hydroxypyranone and hydroxypyrimidinone derivatives 25-31; B: The complex structure of com-

pound 29 binding with HIN1 endonuclease
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Figure 10 The structure of N-acylhydrazone derivative 32 and
the complex structure of 32 binding with HIN1 endonuclease. A:
The structure of N-acylhydrazone derivative 32; B: The complex

structure of 32 binding with HIN1 endonuclease
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Figure 11  Structures of dihydroxy indole derivatives 33 and 34
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Figure 12  Structures of 1,2-dihydroxylbenzene derivatives 35-37
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A0S 25 40 2 — oy B [ 1 2 EL e b 47 SAR W 7%, 80t
HRT — R 2 EREATEY K& R RIR 1 1,2,3,4-
VU &5 e bk -6,7- —BE SR (B 12). 407K -F i Htim
JE 0 T R, 4B 36 (EC,, = 2.46 pmol-L™)
37 (EC,, = 2.58 pmol-L™") H At 4z K (5, ECy, =
5.26 wmol-L™") B 5 [ 7095 75 3 VR R0 BE Ry 16 ok B
(36, SI > 81.3; 37, SI = 58.5; 5, SI > 38.0), H.4 jiy % 1
i (MDCK 41 Jfe: 36, CC,, > 200 umol-L"; 37, CC,, =
150.85 umol-L"; 5, CC,, > 200 pumol-L™"). {HILA )36
(IC,, = 312.36 nmol-L"") F137 (IC,, = 489.39 nmol-L™") %}
PA [ 55 PR T EL% W R (IC,, = 1.34 nmol-L™).
TR IR, 36 19 2 % BeM 37 19 1,2,3,4- DY &
S MEIRR-6,7- — B Fy BE 34 W] 5 PA VE AL AU M B A
I 5 O ik I Hisd 1 T i /K VE FH, AH 37 BB & v B
TR K SR AN BE R 5 P S Mn® 2 5. 361 3,4-—
FRIEDR LW BRI O RS Tyn24 T8 s K AR
XL FE RS Glu26 JE s A B 37 (1 5 — MR
A& M1 5 Ser194 J& o WL B & 5, 75 31 5 Lys34 fil Alal34
T % B KR . R 37 (148 - Tl A AH AR FH 5
FERSAR T 36, 1R 2 1 B K A AN 058 7T e A L AR
Fr 5 36 AHRUEPER SR . 53 4 36 #1137 # A 5 11e38
FEAEAEF 77, TR T DA 138 T 2848 W] g A 2 pfe A8
XF PA W TG IR F0 77

20224, % A BACTHRIE T &R R AR PA HIH ) (38,
D,L-ZIRIE 55 P+, LDS) (&5 # i 4k, JLxt PA fr) #1f
M RT (IC,, = 1.88 pmol-L™), {H7E 20 pmol- L™ #<
TARERPURBEN . T ERER, G 38 C-1
A7 AR 2K — Ty J5 A 5 S R R ke 2% Val122 1 Arg124
AT 5 BE pocket 4, N-2 AL AR FEBE 5 Lys34 /£,
C-3f7 A [a) pocket 3 ZEfH (1) 7% [a], 51 N\ b K 1 HUAR KE )
el H 5 pocket 3 K AEAHEAE A o 40 7 X HE45
B,z BB 2 A7 U4 & BRI (multi-site binding

37
ICs)=489.39 nmol-L™! (HIN1)
ECso=2.58 pmol-L"! (HIN1)
CCs=150.85 pmol-L"! (MDCK cell)
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strategy) 3& T 45 ¥4 [ 25 ¥) ¥ 11 (structure-based drug
design, SBDD) He & & SAR #f 7 Wit & ik 77— &R 51 Y
A EMRAT A (B 13), Horb & 2- 50K 3 QR R 45 1)
(146 &9 39 XF PA ¥4 v& P (IC,, = 0.28 umol-L™) %
3841w 1T 6 fir, 4K T Bt HINT i i 25 7 M 9
B (EC,, = 4.50 umol-L™), H.40 f 55 1K (CC,, >
100 pmol-L™', MDCK 4 ff). 43T %2 &R, 39 C-111
(1975 75 EUAR L[] 38 —#F 5 pocket 4 45 &, H'5 Ala37
B -m MEARAE L, 482K 8y Bk 4] 55 Val122 fil Arg124 &
B N-2 R FIE S Lys34 LR T — DNEAM ) 3R A
B T C-3 A7 1 AR SR TR B K R B8 5 pocket 3
TR K AE A, T2 48\ B Ala20 Met21 F1 Lys19 % 5%
(1 55— SRR PE 48

> HO \ﬂ/
J Cr
HO HO
OH OH
3 /)”(\').:(?; o
7
38 39

ICs50=1.88 pmol-L™' (HIN1) ICs0=0.28 umol-L™! (HINI)

ECso > 20 umol-L™' (HIN1) ECso =4.50 umol-L*! (HIN1) ‘
' CCsp > 100 pmol- L' (MDCK cell)  CCsq > 100 pmol-L™! (MDCK cell) |
: / ‘

i (0] |
HO " i HO o~
HO N HO N0 }
HO O HO O ‘

OH OH
38 40
IC5o=2.36 pmol-L™' (HIN1) ICs0=0.20 pumol-L"! (HIN1)
© ECso=46.82 pmol-L"! (HIN1) ECso = 0.66 pmol-L™! (HIN1)
1 CCsy > 200 pmol-L™! (MDCK cell) ECs= 1.12 pmol-L™! (H5N1)
: ECso = 0.76 pmol-L™! (H3N2)
ECsp=0.43 pmol' L' (IFVB) |
CCsp=99.52 pmol-L™! (MDCK cell) '
F=29.5% :

- O
-7
WV

Vs

Egols--

Figure 13  Structures of benzyltetrahydroisoquinoline derivatives
38-40

A T A AR A G P 38 FE R AT TR M AT
#r (IC,, = 2.36 umol'L", EC,, = 46.82 umol-L", CC,,>
200 umol-L™', MDCK #iff1), [RIFR FH 22 A7 i 45 G SR B
SBDD B & SAR B 706} H BEAT A& 1M, K DL1E H N-2
Ar 5N SRR B JE 25 [ DL Je C-3 £ 51 NFR IR TR F 15
) 1 U S S MR AT A 5T PA (R0 e i, oAk
B4 40 (I 13) X PA (4 )35 74 (IC,, = 0.2 pmol-L™)

& 38 ML 12 £ 4H M 7K ~F Bt HINT 3t 2% 25 3% 1t
(EC,, = 0.66 umol-L™") % 38 2 & 73T 70 £, [FIHf B A
T U EOR B I PR (P HSNT L H3N2 F 2 2R 37 O
BRI EC,, 5705128 1.12.0.76 A1 0.43 pmol-L™), H 41
F AL (CC,, = 99.52 pmol-L!, MDCK 4l Jf1). 7 &
il 5 R, 138T FEAZRANFE MR 40 % i /247 75 1) 50
M. o P EEROR, 40 1 U A S kIR R 3,4- %
BRI BN R L5 0 5 PA TE A AU A4S Mn®
A, N-75 & B85 € W48 N pocket 4, C-3 {7 1E A %
5 9% pocket 3, I 5 Z HE R ik Bk Met21 Al Lys34 ¥ B i
KVEH . WIE 2 VEVEN SR, 40 76/ AR N B B
FROAR R S At A BL AT O 264K 30 0 2 R (B 15 mg-kg!
0 750 8 O M 6, RO (¢, = 0.45 h), HLA R H
B (F =29.5%)). 3% /KF 090 8 05 M 2w, B
30 mg-kg™-d™ 7B X N BRUIE VR ST 4R 2, 40 5 A
K (10 mg-kg'-d™) R HAH LSBT HINT FEARIE .
2.4 ETFPROTAC JRESH) PA B&FEF

2001 4, Crews ] A1 S 5 1 2R 1 P g 4 )
itk & & (proteolysis targeting chimera, PROTAC) ] 4
. PROTAC % H #E 85 [ FiC A4 F1 E3 2 30 L T
M3 L R RE AR (linker) SE B2 1T &, FIHZ Z-F A
Bl 22 40 175 5 S ) 8 1 O P A

U, Al PR R AR A AR B it AR
Y1 APL-16-5 (41, & 14) X 7 (EC,, = 0.28 pmol-L™")
A (EC,, = 1.22 umol-L™) I /80 & 4 3% 1, H.41
Jifl 5 P (CC,, > 100 pumol-L”', MDCK 41 i), XF k&
V41 U EALE AT IR ORI, RIS B3 & H
TRIM25 fil PA 45 4, {fi TRIM25 iZ % 1k PA, [ Ji5 76 &
1A HR B AR PA, X AR AR 30 7F & PROTAC 43 T-AE
FAMLH . PAE i B89 55 RdRp 5 & 9 1) G B 0 2,
E B ARBIR T 3 RNA B4 R, AT ] 1 900 o
BRI

41, APL-16-5
ECso = 0.28 umol-L™! (HIN1)
ECso = 1.22 umol-L™' (IFV B)

CCsp > 100 pmol-L™' (MDCK cell)

Figure 14 The structure of compound APL-16-5

3 PB1#HP&IF
LU HE 5 (42, favipiravir, T-705, 18] 15) & 2002 4F
BB IIE % R AW, TR B AR L X &



BRI A 1] VO B RNA MUK RNA S5 WG (147043 7 08 70 0F 40 32 e © 5L

ST T ) SRS 245 1) R URAT PR B 88 . HLAE N AT
7520 R B A T A oy =R s e R, i R R
VE S WS s = B RR S (GTP) 135 4 PE 3041771 8 RdRp
BRI T 3 RNA & ), A& FE 5 RNA &
[0 P R UVE A ST N o M 7 W R Rk 2
(EC, 1f 4 0.19~22.5 umol-L™), 434 i £ P 7 R 37
JEOP  (HSNT AT HTNO) Kok B8] A =55 it 24 ) 2 ik, 4
FEFPEAIR (CCyy > 1 000 pmol-L™', MDCK 4 i), .15 5
At BoR PR RAE S SR AR, RS
T 25 R 12 5 4k (43, ribavirin) 5 5 i 0 ) BB R
it 2 B (IMPDH) A% i 4 1k 2E pR /9 GTP 8 /b 1M + b
J55 B RNA & i, HPuim 2875 R 55 (BEC, [N 9.4~
22.5 umol-L™", CC,, = 590 pmol-L™")*,

| HoN
E 0 HO 5 N= 4
F Ny NH, \Q‘ NN
: | ~
g N~ “OH HO  ©OH
42, favipiravir, T-705 43, ribavirin

i ECs9=0.19-22.5 pmol-L"! ECso =9.4-22.5 pmol-L!
CCsy > 1000 pmol-L™! CCsg =590 pmol-L!

Figure 15 Structures of favipiravir and ribavirin

Lin Z5EH5E T 570X 1 P00 55 257 1B 7%, K
FH 93 J 45 SREWE e 27- It 4 -2 -2~ C - FR RE A W 5 A -
P -7 J 20 2 U A Tl 3 3 5 i — A 1 6- T -7 -l
RIES B 4L (44, B 16). SARBFFTR I, fE3L C-7
RLGINTS AR TS S Y. Horh & C ARt
W L A1 0B 45 Bt B AL RUE R 2R & 7 (HINT, ECy =
5.88 umol-L"'; H3N2, EC,, = 6.95 umol-L") & 4f, i F
FIE A (HINT, EC,, = 10.92 pmol-L™"; H3N2, EC, =
11.2 pmol-L™"), H 40 g # % ik (CCy, > 100 pmol-L",
MDCK 4 Jifd).

CHs3
N
p N
HO o N N)
HO OH molecular
> hybridization
o >
Phs. O
o O\':D’\o <//1<NH
NH o N’&O
PO
—L=CHj ~
HO F

ECso> 100 pmol-L™! (HIN1)
ECsp> 100 umol-L™! (H3N2)

4 PB2HMHI5

2014 4F, Clark Z5" 4138 () PB2 4171 il 551 T 2 b =
(46, pimodivir, VX-787, F& 17) X H 24 i J&s 5 A o
035 M (BC,, M £ 0.15~2.8 nmol-L™ 2 [A]), £ 55 %f
S W5 Jiie A0 B ] At =5 T 24 1) # Ak . VX787 5 PB2 &
G L (B 17) SR, HA AR 5 PB2 E 45
A ST 148 1 Lys376 1 Glu361 T s &, [H i
55 His357 F1 Phe404 ¥ i w-n HE AL AE F » mMEuE 3F &5
Phe323 J2 ¥ C. % 5 Phe325 2 [A] 1 7 BIAFAE m-n HERUE
H 5 #2353 5 5 His357 1) 4 20 % « GInd06 = 5 2 5k
o Arg355 I EBERRFE T K 7 T/ A . AR
E W PR TIT S AR56 A, U0 3 3 =5 DR 26 AR 3 A i 24 1 il
FUY 22 1R RIE Y

H VX-787 5 PB2 5 & W il 45 74 W A, 5 0 B
C-5 1 B i i6 oK 5 PB2 e 25 & 30 M 1 48T Al |
1EH, BRI, Xiong &6 73 5l X} VX-787 1] C-4 Fll C-5
(RF1) K C-5FC-6107 (R 2) AT BIME M LI 58
Iy TR, 83 Sy DA EAER, it T
PN R G4 E Y, SR R B LA G PP 2895 1
AR VX-787. MRIE 1) VX-787 5 PB2 £ &4
e R LK () 18) KRB, VX-787 C-4 fi i £ I\ NH 5
Val511 EFEE R T GBSV, O 5 S8 R TR
P LA E DS HERRAE. ZREAE RV 2HEDS
PB2 IfiE 45 & 3 FOR 3R AT % #2455 SAR B 7T, 3R45 T
P #9519 T VX-787 (EC,, = 0.6 nmol-L", CC,, =
12 pmol-L" (MDCK 4f i), CL = 30.9 mL-min""kg",
AUC = 13.4 pmol-L™'-h) ) — S Ve Wy JF s g 31 24k &
¥ 47 (EC,, = 0.4 nmol-L", CC,, = 4.5 umol-L"', MDCK
Y f, B 18), [RIE H 25430 77 % MR i B B ok (CL =
13.8 mL-min"-kg", AUC = 19.5 umol-L"-h). & X} 47
BN R B8 20 B i T AR A AR D R B R AR T
BE P A I 8, K I 2760 C B O NS 15 B B0 #E0E TR

W
CHy ¢ cHy |
7 )N SAR 7 N
o NN T—7HQ N N/)
M—=CHs \—L=CHj
HO F HO F
4 45

ECso = 5.88 umol-L™! (HIN1)
ECso =6.95 umol-L™' (H3N2)

CCsp > 100 pmol-L™! (MDCK cell) CCsy> 100 pmol-L™! (MDCK cell) :

Figure 16 Structures of purine nucleoside derivatives 44 and 45
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. 46, Pimodivir, VX-787
| ECs=0.15-2.8 nmol-L"! (IFV A) |

Figure 17 The structure of pimodivir and the complex structure of pimodivir bound to the PB2 cap-binding domain. A: The structure of

pimodivir. B: The complex structure of pimodivir bound to the PB2 cap-binding domain

<.

9 % :
& \GLU361! i
7 i
LQ.' \ARG-332% } i|:> N—z |:> N—Z
1YS:376)) Q\/ ' E F
i S
. E-323 i
i P2

\ &7 NT N NN
H H
47 48
/ : ECs = 0.4 nmol-L! (HIN1) ECso = 0.2 nmol-L"! (HIN1)
w ! CCso=4.5 pmol-L"! (MDCK cell) CCsp = 4.9 pmol-L" (MDCK cell)
ARG-355 ; CL = 13.8 mL-min!-kg! CL=13mL'min"kg!

AUC =19.5 pmol-L"-h AUC = 152 pmol-L'!-h

Figure 18 The complex structure of pimodivir bound to the PB2 cap-binding domain and structures of pimodivir derivatives 47 and 48. A:

The complex structure of pimodivir bound to the PB2 cap-binding domain; B: Structures of pimodivir derivatives 47 and 48

AR B Jy 25 1 i 3 B R T L& 1) 48 (BC,, =
0.2 nmol-L", CC,, = 4.9 umol-L" (MDCK 41l ig), CL=
1.3 mL'min"kg"', AUC = 152 pmol-L"-h). 7T *J$% &
R, 5 VX-787 ML, 48 ) A EWy JEmEnE IR 5 T 5
Phe323 fl Leu512 (B /K AFE FH LA K& 5 Asn510 56 f8 4¢
735 Wt - e I B AN EUR R 5 Arg332 T8 R
TR

Yang 5P IR ER PRI VX-787 (g IR 45 21 |
B PB2 d i 71 49 (B 19), R 1N 2 F R LR (surface
plasmon resonance, SPR) SZ4 I 15 H 5 PB2 H A 8 U
SE G (K, =0.27 pmol-L™). B J& XF 49 [k W i 21
2O AT AT AR A BT 30T L& . Horp
2- 2 FE ML R IR 2R AL A W) 50 5 PB2 [ 45 A i 1 (K, =
0.11 pmol'L™") 5 VX-787 #24 (K, = 0.07 pmol-L™"), {HIL
PUILBOR E:5 1 (EC,, = 1.025 pmol-L™") KT VX-787
(EC,, = 0.002 umol-L™"),

Zhang SECVER X VX-787 1) = 43 43 Gl HEAT 45 14
B4, R T — AN/ NG PB2 S I 77 %, 3 1 45 Rk
I, ey I mE e 7 A (B20) 51 (EC,, = 6.5 nmol-L™)

H H
49 50
Ky=0.27 pmol-L"! K4=0.11 pmol-L"!
: ECso=1.025 pmol-L! (HINI) !
' CCsp > 100 pmol-L™! (MDCK cell) !

Figure 19  Structures of pimodivir derivatives 49 and 50

F152 (EC,, = 17 nmol-L") (470 it B8 o #5 35 R 4F, (1
F it VX-787 (EC,, = 4 nmol-L", CC,, > 20 pmol-L",
AS549 28 fiig) H. 40 i 75 112 5 K (AS549 40l : 51, CCy, =
14.5 pmol-L™; 52, CC,, = 14.7 umol-L™").

McGowan 52 ] 7- G BUAC W] e 34 06 VX-787 1 7-
TR AR5 R4 T 2E W) FEL TS5 B R (bioisosterism) BT
FHT — RPN E ) (820, Hrb b &9 53 %)
PB2 FI IS M 5 4 (IC,, = 0.12 umol-L™), HT HINT i
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_________ OH
o OH 0 OH 0 OH 3 0
. H H R R
: N i N ‘ A
i s == = !
{
\ : N
,,,,,,,,, N \ N N ;
= ~ F N F /
: 7 7
Vs Vs N
N~ N N~ N N
H H ‘ F
51 52 : 53

ECso = 6.5 nmol-L™! (HIN1)

ECsp =17 nmol-L! (HIN1) ! ICsy = 0.12 pmol-L"! (H3N2):

CCso=14.5 umol-L™ (A549 cell) CCso= 14.7 pmol-L™! (A549 cell)! ECso = 11 nmol-L"! (HIN1) 5

Figure 20  Structures of pimodivir derivatives 51-53

JER EE I R Y (EC,, = 11 nmol-L™") Hi% M (SI=
145). LL10 mg-kg' 7 EXT /N I ARG 24, 537E0.5~
2 h PR U, AR AR B s (F = 95%) HAEA
JHF 210 A A R R S A AR U
5 ER-EBHEEERIHF

RdRp ] PA.PB1 Al PB2 =NV 33 i 4R L4 5
ghitr, =3 Z IRl EE -2 A T G e 5 1)
SRR i) 2 O B B, L T 3T ) FH B A FH 7 RARp #1761
T B -8 A A ELAE #0155 (protein-protein
interaction inhibitors, PPIs), B B i #F 50 # /5 & 2 2
PA-PB1 1 PB1-PB2 1 F.1E F 4151 .
5.1 PA-PB1tEE{ERHNHIF
5.1.1 IRBEEM-3-FELRR (cHTC) T 20124, &
KA 2 BLK %~ Arianna 2082 B A& = H T4
T 1) ZINC A9 BE b g AT R UL ik, e 28 B 1 32
A~ PA-PB1 #H B 1F H ##il 75), AQ R A& W) 8 3 e g
Wy-3-F i (cHTC) fiT2E4) 54 (IC,, = 90.7 pmol L™, &
21), EBR K A2, TR0 /K F T B 9E MR (EC,, >
100 pmol-L™). Massari Y545 (4 A5 4 54 4 PEEN) BA C-
2 A A 15 3 (1) F 6 SR JE 1) 55 (IC,, = 32 pmol-L™)
AT 75 & BRI 56 (IC,, = 35 umol-L™) ] PA-PB1
AHELAE RS M S o JBms 2595 MR L 54 2 25 1 5 (55,

F
(0)
s S
| )—NH W)
ONH o
N
/\
54

ICs0=90.7 pmol-L™!
ECs, > 100 pmol-L! (HIN1)
! CCsp > 250 pmol-L™! (MDCK cell)

ICs0 =32 pmol-L™!
ECso= 18 pumol-L"! (HIN1)
ECso =21 pumol-L"! (IFV B)
CCsp > 250 pmol-L™! (MDCK cell)

________________________________________________

SI=145

EC,, = 18 umol-L"; 56, EC,, = 26 umol-L™), H. 41l ffg &%
PEIK (CC,, > 250 umol-L™', MDCK 4l 1), [ 5 &~ 5
UF (4T 2 B30 80 #3957 (55, ECy, = 21 pmol-L™; 56,
EC,,=19 umol-L™).

% AN Gk 2 55 4k & 1) 54 3T 121 (18] 22), 2%
A IR PR 3E C-2 AL 4830 b 5| Ntk DU s &5 )
5 PAWEYE D AR H) A, JLrh ARAL R EEAT A 57 (IC,, =
15 umol-L™") #l1fll PA-PB1 A0 ELAF F 115 P 42 54 111 6 £3%,
PUm B0 PR 54 235 18 58 (EC,, = 2.6 umol L") H.4H
J A (CCy, > 250 pmol-L!, MDCK 4l fg). X 57 i
IR PEIERY PR C-3 AL AT 81, K I C-3 £ 2-AHL g 53] £
Pl xt @A (58, EC,, = 1.2 pmol- L) FIXF i A3 (59,
EC,, = 1.2 pmol'L") J5 Hufi B¢ i h ik — B H2 7. ILAk,
JUE 57 (1 C-3 BEMEAT A4 60 (IC,, = 69 pmol-L™) F1C-2
Xof i 3 AT A 61 (IC,, = 65 pmol-L™) 411l PA-PB1
FHEAE FH B35 MR 55, 20 5 A B 9 0 P 55 75 14 (60,
EC,, = 0.18 umol-L"; 61, EC,, = 0.26 umol-L™"), H 4
B MK (CCy, > 250 pmol-L”', MDCK #f{ ffl). Nannetti
PRI A W) 5T~ 61 35 A Bt H AL 2, AL i O
BRSSO RS I, AR BE) At T 2 R 3 B
90 BE IR BB AR T B vE M. P LA 58,59
A1 61 FRYTE 245 11 5t e v T B R b T3, FR Y VR R B AE 24

56
ICs0 =35 pmol-L™!
ECso=26 pumol-L"! (HIN1)
ECso =19 umol-L"! (IFV B) ,
CCsp > 250 pmol-L™' (MDCK cell)

Figure 21  Structures of cyclohepthienyl-3-formamide (cHTC) derivatives 54-56
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HO HO
o) o)
s S
| )—NH | )—NH
NH NH
o) o)
HO
o)
S Cl F
| )—NH 58 59
ICso =18 pmol-L™! ICs0 =20 pmol-L™!
&7 N ECso=12 pmol‘L'l (HIN1) ECso=12 um01~L'1 (HIN1)
4 ':1 CCsp > 250 pmol-L™! (MDCK cell) CCsq > 250 pumol-L™! (MDCK cell)

57 @ | )—NH :
ICso =15 umol‘L'l / NH /
ECso= 26pmolL (HIN1)

CCso > 250 pmol L™ (MDCK cell)

/ \
60 61
ICs0 =69 pmol-L"! ICs0 = 65 pmol-L"!
ECs=0.18 umol-L"' (HIN1) ECso=0.26 pmol-L"! (HIN1)

CCsq > 250 pmol-L™! (MDCK cell) CCs > 250 pmol-L™! (MDCK cell)

Figure 22  Structures of cyclohepthienyl-3-formamide (¢cHTC) derivatives 57-61

VISR R ) N AR, WA I U ER RS TE (IC,, = 1.1 pmol-L™") J2 62 [¥] 155 %, 48

P B AT PR 0 7578 S K AKCPFHLHIND G AT (ECy, =21 pmol'L™), Héﬂﬂﬁ@a
5.1.2 =MHIZLE (TZP) iTEH  20154F, Arianna 2 PEAIK (CC,, > 250 pmol-L', MDCK 4ii f). 1£.% %7 63
FZ A NIt wi e R LR A B = e RS AL E 5 M4 64 H1H| PA-PB1AH TR A 13 PE (IC,, =
)62 (1C,, = 170.6 umol-L", EC,, > 100 pmol-L", CC,,> 28 umol-L") # 63 55, {H §ii i 7% i& ¥ ¥ 58 (EC,, =
250 umol-L"', MDCK 4ii g, K&l 23) AT 4L, RH o F 8 umol-L™), [RII4HAER AL (CC,, > 250 umol-L”', MDCK
44 SIS O IR S MR g (TZP) B2 54b-&v54 400, 1T 63 164 (KA MR HIRAK (< 1 pgrmL™), T
(¥ cHTC ‘B 42, 19 21221 5> 1 63, AN PA-PBIAHE.  H W] 855 38 BEME My 34 (1) 47 76 4 B0 DR R e )5 8211

F
o 0 N\W/\CH3 o) Nﬁ/\CHs
S S 5 :\ _N_ N
| )—NH N | )-HN N HN N
NH,

g NH HoN 0

i N

_ \ 63 65

mole'm.llar' IC5o=1.1 umol-L'l IC5o=11 p.mo1~L'l
54 >_ hybndlzatlon: ECso=21 pmol-L"' (HINT1) further optimization ~ ECs, > 100 umol-L™! (HIN1)

K ————) K \
CCso > 250 pmol-L™! (MDCK cell) CCso > 250 pmol- L' (MDCK cell)!

O H

00— )4 N N OH S

HN_<\N]\I/ | | S HN \N’N PZ

: / H N~
CHj HN N

J N O CHy

NH,
62 64 o 66
ICs0 = 170.6 pmol-L"! ICso =28 pumol-L"! ICso =7 pmol-L™!
ECso > 100 pmol-L™! (HIN1) ECso=8 umol-L™' (HIN1) ECso=231 pmol-L"! (HIN1) |
i CCso > 250 pmol-L™! (MDCK cell) CCsp > 250 umol-L-/(MDCK cell) CCsy > 250 pmol-L™! (MDCK cell) !

Figure 23  Structures of triazolopyrimidine (TZP) derivatives 62—-66
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5T, Z B BA RSP TZP & 32 A7, ¥ 63 Al
64 [¥) 1 Py 28 8 45 4 R, 3 & LL 65 (IC,, =
11 umol-L™) 166 (IC,,= 7 umol-L™") ##i] PA-PB1 1 H.
VE RS M UT, (R B T 65 IV R FE (6.55 ngrmL™) 2 66
(30.6 pg-mL™") ik, FHHUH 835 1% (EC,, > 100 pmol-L™)
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Figure 28 The structure of thiazoles derivative 78
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Figure 29 The structure of PB1-PB2 interaction inhibitor 79
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Figure 30 Representative RdRp inhibitors and their discovery and optimization of medicinal chemistry strategies
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