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First-in-class small molecule drugs in 2021
WANG Lei'?, YOU Qi-dong"*

(1. Jiangsu Key Laboratory of Drug Design and Optimization, China Pharmaceutical University, Nanjing 210009, China;
2. Department of Medicinal Chemistry, School of Pharmacy, China Pharmaceutical University, Nanjing 210009, China)

Abstract: The success of new drug discovery in 2021 can be affirmative, although the whole world is still
suffering from COVID-19 pandemic. 50 new drugs were approved by the FDA's Center for Drug Evaluation and
Research (CDER) last year. Among them, 27 were defined as first-in-class drugs, accounting for the highest number
in the past decade. Notably, small molecule drugs still occupy a dominant position in first-in-class drugs with 15
drugs approved. Some of them were regarded as milestones for the drug discovery including sotorasib, a first small
molecular covalent inhibitor targeting the "undruggable" target of the KRAS G12C; asciminib, a first small molecular
allosteric inhibitor targeting the allosteric pocket of BCR-ABLI1; belzutifan, a first small molecular inhibitor to
inhibit HIF-2a; and vericiguat, a first small molecular sGC agonist for the treatment of chronic heart failure (CHF).
First-in-class drugs rely on the discovery of novel targets and biological mechanisms, thus requiring different drug
design approaches and being important guidance. In this review, we expect to provide research ideas and methods
for more first-in-class drugs based on the research background, development process and therapeutic application of
3 first-in-class small molecule drugs in 2021.
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Pt NS BT 2B 1) 1 SR, NATTR A= i
PR N B ARAE 5 B8 K I 7] 55 58 22 () BE b T 5 1
1, AT 2459 AT 70 AR AT 068 28 i 44 52 2 BIL ) R 488
RKEHMr . WK ISR &P TN LA KRB
Bt: @ 1899 £E £ 1970 4%, IX— B Bt 25t 7t R gE &
P25 R BT, W 24 ) ) R A Sl A, B4R FATL 1) A SR
(defined molecules, undefined molecular targets). %
1899 42 1] & WA 1 ] ) TG AR ) Ak 4 B8 £ A 23
GEKL, EORANTE A L EAR BV LY, B 0 9 A 7RG
B =] UCAR )z A o B 3 1970 4F 5 J5 A4 38 A2 B
TINE AR VE RIALAR, e BT B = UL AR 4 F AL o
@ 19704E 24, X —Fir B B F A2 HTistm 2459
VEBKES T (0 s Thafi ] o o DA AR P o AL Dy 45
BB, A H BT H, AR S5 U, TR T A 225
Bt HISER . BB B T S AR R
% % (defined molecules and defined molecular targets)
I3 T A A A G A5 25 et 1) F R SE N
A H, 46K 20T & R 0115 2 3 T 25 M40 b
PSR . @ 2010F 245, X —Fr B i 2t
FITIEA R PR T B — B 25 W03 b, T2 78 20 M 9 U
PRI B A DI REREAT BE MR AR 25 Beit . flin = T HF
FE K IR EE 18] 5 E g A [ 2> T ik & 4K (Proteolysis-
Targeting Chimeras, PROTACs), Bl /& i it XU Th fig 7+
R PR E 5E B3 2 BRI S L H bR B A I R
Rt e DRI, IR0 DA b AN ) 1) 245 40 o S B, AT 5 7
V2 BEPE AN W ST BT AR, AR T I S 5 22 B AR
BB 259

A, 38 R T 245 6 ) R R 2 S E G2
(first-in-class) A1 # fifi 14 24 (me too, me better), —
HORT N AR B R . T AR THERR b
B ST g 5 BER 2, VR 2 B KB SL S0 1 21T
o BUR I ZOR IR BEYE 259 75 2 5 QIR 25 W k47 Sk
Xf Sk R 0 B SEEG, TO6f ERBE I 25 ) OB A B T R
M EER S kAR 2 A ARET 25 6 f KRS R SRS T,
AU 25 W BT 7 1B R ) 24 Ak 5 RHIE B T iR
K E AR B QLT 5L R AR 2 IR BN I, 7
R A FE AT FEAE AR . P R 1 e R R I
SFT D RE R B KL BOR AL, BRI A RN T
BRAEW) R 73 1 AT HE 1A I, AN W IR AL B A 56 Y
R . E WA TR AR 1) 22 A A R S L S R
PRI RAE G 2R 5, PRI AL FL 0 M L 20 A 4 5 0 B 24 1 4
BRA A H BB Im AR BT HRIEI S . ORI
NS SEE NN FA AR N 1 WA= X1 T3 2 (=]
FICT S R v TR BA R N 2R 4 e i) B R HEREAE HY, #8
EAFA BB R FIREREY.

2021 4%, 3£ [E FDA 259 V¥ 4 A 5T 0 (Center
for Drug Evaluation and Research, CDER) &t #i I 11
B 500, BLEE 36 NHT o T SHARFN 14 N E ), i
KT 2020 4F (53 14N). 3 FLAE I~V 3058 25 el B E A
SUAS, @ F 10 577 24 A P E S e . SR
2 13 BLE 43 AR R LA R B, B PR 25 R A 15 A
(30%), 115 F FHUAL; Y67 H B G % PR A OC 24
YR T4 (14%) 16 T7 P 43 Wb AR 1R AH 5% 245 4 3Rtk
6 ™ (12%) V8T #1122 AH I o R 3E A% 1EE 95 i (1) 2440 %
PAHESA (10%). HAF —HEHIAE, 2021 4F 3R HT 24
o, A 34N AT T LSRR B AR, I 3R
ik Bl 26 KT 23R AT T AL Z b Bk, {45 LA
I GRS & B2 2 I 50% . 7RS4 3R AL
B 50 NMHr g, 27 A& T first-in-class 15 1 14 24
V) (A7 E 54%), CA BT 4R £ % . K, /)
o 18 M 25 ) 1E AE 3B B RN B 25 0 R HR e E L)
RSy, YRR Q2 G el . A4,
27N B2 AL EE 15 AN BN T2 (R
LT 7R). 9l an: & A% 42 JL Fe 3244 (FeRn) #5955
I ZE4E (efgartigimod), FH T VA 97 £ B RE 86 52 44 FH 4
(R EREWLT /1 83 1A RS 25 3 B 1 4MA C5a 32
& (C5aR) #7 il) 71 B £% 7T ¥ (avacopan), H T % B ¥
I7 IR B B R4 AR 2R B B PR AT G I
RIE; B ANEE KRAS GI2C R A E AN RIGE %
(sotorasib), FT % T KRAS — B PLKHE A A2 “ AN 1l i
245 7 B AR IR B 5T, F TR JT KRAS GI12C R4 &
W 3 B 5% % 1% NSCLC J& N & # 5 5 A # [7) BCR-
ABLI1 & [ W 5 B 11 4% 19 A8 4 40 1 570 B 2 8 A
(asciminib), 8 it JE ATP 5% 4 (1) 22 4 18 42 ML 1) BCR-
ABL1 8 TR MM R, A TiRTemicEzd s
/b 2 b T 2R VO A ) R (TKD) ¥R 97« 2 0 4t 44
BH 4 (19 02 1 B8 P 1 i o e N BB 3 S AN E a0
HIF-20 Y6 J7 A5 IR « RO 255 AE A O 1 B 98 0E 1/
O3 T35 DL B ML (belzutifan) 5. BbAk, &4 24
A PR A ) 245 W RS W AR R, LS R B R K R
953 BT V2B P K 4T (aducanumab), B AN B AR “H0JH [#]
M (1) sSIRNA J7 595 50 7] 2= (inclisiran) 55, 3 i 42 %
MIE FHALEISE B T 9697 B Y, F R IR 2 50 2 o IR 15
BH RIBIT 4, NG B A RSB T T R
% ST % .

AR AT T %E (sotorasib).Fil S JE i (asciminib)
LR FL (belzutifan) 3 A4 H A AR M1 B 014 N 53
T2, @i 25 A A R R T S A
SLBE R IT SN, VAN B Z e AN o T 259
Wit iR AL R 53 B
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Table1 Small molecule drugs approved by FDA in 2021. ADHD: Attention deficit hyperactivity disorder; ANCA: Antineutrophil cytoplasmic
autoantibodies; ABL1: Oncogene homolog 1 of Abelson mouse leukemia virus; BCR: Break cluster region; CK1e: Casein kinase lg; CDK4/6:
Cyclin dependent kinase 4/6; cPMP: Cyclopyran monophosphate; CNS: Central nervous system; CKD: Chronic kidney disease; CGRP:
Calcitonin gene related peptide; CMV pUL97: The UL97 protein of human cytomegalovirus; CMV: Cytomegalovirus; EGFR: Epidermal
growth factor receptor; FGFR2: Fibroblast growth factor receptor 2; GVHD: Graft-versus-host disease; HIF-2a: Hypoxic inducible factor-2o;
IBAT: Ileum bile acid transporter; KRAS-G12C: Kirsten rats arcomaviral oncogene homolog' glycine 12 was mutated to cysteine; MZL:
Marginal zone lymphoma; MoCD: Molybdenum cofactor deficiency; MR: Mineralocorticoid receptors; NSCLC: Non-small cell lung cancer;
PP2B: Protein phosphatase2B; PI3Ko: Phosphatidylinositol 3-kinase d; PNH: Paroxysmal nocturnal hemoglobinuria; PFIC: Pregressive
familial intrahepatic cholestasis; Ph"CML: Philadelphia chromosomal positive chronic myeloid leukemia; ROCK2: Rho associated with coiled
helix protein kinase 2; sGC: Soluble guanylate cyclase; S1P: Sphingosinol-1-phosphate; SNRI: Serotonin norepinephrine reuptake inhibitor;

VEGFR: Vascular endothelial growth factor receptor. (data source: www.fda.gov)

Dr Approved
v8 Sponsor Structure Target Indication Type pl? v
(Brand name) time
Vericiguat (Verquvo) Merck & Co./ sGC stimulator Chronic heart failure First-in-class 1-19
Bayer
Voclosporin (Lupkynis)  Aurinia Calcineurin (PP2B) Lupus nephritis First-in-class 1-22
inhibitor
Tepotinib (Tepmetko) EMD Serono MET kinase inhibitor NSCLC Orphan drug 2-3
Umbralisib (Ukoniq) TG D PI3KJ and CKle MZL, follicular Orphan drug 2-5
Therapeutics L inhibitor lymphoma
N \—NU
e
Trilaciclib (Cosela) Gl - —6'“)'" Q CDK4 and CDK6 Chemotherapy-induced  Me better 2-12
Therapeutics TS kinase inhibitor myelosuppression
Fosdenopterin (Nulibry) BridgeBio . e cPMP MoCD type A First-in-class/ ~ 2-26
SN Orphan drug
Melphalan flufenamide ~ Oncopeptides HC ‘ Peptide-conjugated Multiple myeloma First-in-class 2-26
(Pepaxto) mIN@\};}“\_jo/\ alkylating drug
Tivozanib (Fotivda) Aveo "WNY\\/_ VEGEFR kinase Renal cell carcinoma Me-better 3-10
PSS QA inhibitor
Ponesimod (Ponvory) J&J S1P receptor modulator Relapsing multiple Me-better 3-18
sclerosis
Viloxazine (Qelbree) Supernus SNRI ADHD Orphan drug 4-2
Drospirenone; estetrol Mayne Pharma Spironolactone and To prevent pregnancy Me-better 4-15
(Nextstellis) oestrogen analogues
Infigratinib (Truseltiq) BridgeBio FGFR2 kinase inhibitor FGFR2-mutated bile Orphan drug 5-28
duct cancer
Sotorasib (Lumakras) Amgen 2y KRAS-G12C inhibitor ~ KRAS®"*“-mutated First-in-class/ 5-28
SO NSCLC Orphan drug
Olanzapine; Alkermes (—N’ . Atypical antipsychotic ~ Schizophrenia and Me-better 5-28
samidorphan (Lybalvi) N=§:>\ eSS and opioid antagonist bipolar I disorder
@ N [ r A
Ibrexafungerp Scynexis S Triterpenoid antifungal ~ Vulvovaginal First-in-class 6-1
(Brexafemme) %“W candidiasis
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Continued
Drug L Approved
(Brand ) Sponsor Structure Target Indication Type i
rand name ime
Finerenone (Kerendia) ~ Bayer i Non-steroidal MR CKD with type 2 First-in-class 7-9
L Cilg, antagonist diabetes
SO
Fexinidazole Sanofi/DNDi @o PR u: Nitroimidazole Sleeping sickness Orphan drug 7-16
(Fexinidazole) > antimicrobial
Belumosudil (Rezurock) Kadmon “ ROCK?2 kinase Chronic GVHD First-in-class/ 7-16
ﬁf\ inhibitor Orphan drug
Odevixibat (Bylvay) Albireo @ IBAT inhibitor Pruritus in PFIC First-in-class/ 7-20
/\FF& \){ ’Wrn‘)k Orphan drug
O
Belzutifan (Welireg) Merck & Co. HIF-2a inhibitor von Hippel-Lindau First-in-class/ 8-23
N,/©\o disease Orphan drug
O:I:O OH
Difelikefalin (Korsuva)  Cara o )) x-Opioid receptor Pruritus associated with ~ First-in-class 8-23
Therapeutics @/\N{k(\,rt;qf agonist CKD
Mobocertinib (Exkivity) Takeda )_o & EGFR kinase inhibitor ~ EGFR exon 20-mutated Orphan drug 9-15
@ 2 NSCLC
N
Atogepant (Qulipta) AbbVie i, CGRP receptor Episodic migraine Me-only 9-28
:., nl/r\@ antagonist
)
Maralixibat Chloride Mirum jor IBAT inhibitor Pruritus in Alagille Orphan drug 9-29
(Livmarli) syndrome
'
Avacopan (Tavneos) ChemoCentryx Q. Complement Sa ANCA -associated First-in-class/  10-7
. g)ﬂ receptor antagonist vasculitis Orphan drug
Asciminib (Scemblix) Novartis °'>r°~© ﬁ\(\f@ ABL/BCR-ABLI1 Ph'CML Orphan drug 10-29
L] kinase inhibitor
N D--OH
Maribavir (Livtencity) Takeda " CMV pUL97 kinase Post-transplant CMV First-in-class/  11-23
Ho_{:'g ” inhibitor infection Orphan drug
N,
I:EN'*")”_
1 FFEEE (sotorasib) — 2 IR E N[5 KRAS  EH P WARIE, 29 45 747 KRAS KAL) 44%7, Hi 4t

G12C’*§§EE’J/J > FHIHI7 A T8 KRAS G12C
R IE /N R AR AT R

1.1 MEER RASKIREFMKIMHEKROA, &5
ﬁ!ﬁfmﬂﬁzﬁﬁ&ﬁ%ﬁth RAS B H )R 2 G
NG 5O R 0 K AR, B 4T B0 A I S
WIS 3. RAS KRR F 2 A5 NRAS.GRAS Al
KRAS = Fh A, G =P K] (1) AR 3 b5 9 ik B 4%
FHOG, (H KRAS [ RA8 55 8 WL DUA B 7 3R B K &Y
TE /AN #R I 7 KRAS 548, RIS FR
YEIEZ F”. Hrh, KRAS G12C 7 S 9848 #E NSCLC

i, RZH 14% [FINSCLC B35 #77 KRAS G12C /4%
BN, AR T 10 77 A #3129 KRAS G12C %
B, KT RIB K . 7ERFLTH ZE M Lian, X FHe2
—RIGIT R KRAS G12C 225 (1) NSCLC B3 T4t
XV RVRYT ITIE, SRR T 10%, AN 44 H .

FNIL At A5 G2 (1 B 3 BE AR A R 19 2, KRAS B 1 45
I B AR VR Y GTP 45 & J1 5, X 3k P
K, Bl = B ELE B0 785 G 1, RIS N T 259
B TS Bk . BT R R R £ DLk
Wik 2%, KRAS 7R 25— B A& AN ml e 25 7§
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FLAR RIS TR R A AN Bt . R
FE 7 ZE 1) R T 3R Ak, AN A 2 KRAS G12C RAZ 1)
NSCLC 2 7 KA &, [FIRT AT 8 7 KRAS AN 1] i 2
(118 5T, 9 KRAS P K R B bR 1) 25 ) i R 3Rt T =
B 4y 7 Ve vk LB 5 T 0 1 AT AL T v, B AR
A E R
1.2 MEdfE RIEHEELHEE A FERE
(A AT 78 Sl 10 A B 2GR B . fEIAR
FIEE ) KRAS G12C I AERIT T 55, BN 146
SRS P S AR AR B /N IR . 2013 48,
Shokat 4] BA™I7E {Nature) & 17 ¥l 38 T F) H A 45 &
TG A BTN T 45 A T KRAS 1) C12 R & R ik
B, S2HL T 4 KRAS G12C 845 (1 Jif 73 4 ffs 184 54 1)
AR . LT USSR S 15 2] T E A AL
PE R B A 1 B 3k 20 7 ARS-1620 (1) AT it J5 2 (1 4k
LI I LR EEYE R, ARS-1620 (1) 145
A7 555 GTPANFE, AT 7E GDP 45 & [fPIR & F 5 KRAS
G12C AR sS4 5 (B DM

WFIE 54, 2k A F R R M T ORE S
AR R N BNy T, R BT — R EH
TN FIOEY . 2RISR &
BT BRSNS R A 2, RIH TR
fmslEE. AL, kY 2itREEWER
W, BARILAN 4507 R I H 5 ARS-1620 (1) FHM
(&t AR, (H7E HH HO5. Y96 FI Q99 41 i i) & R A7 4
s A H 5 AN A . ARS-1620 (1) 14 F A Bk
A ] S 2 A s TR SR S S 2 BRI 4
B BT WM ZER % S 2GR EE D IREY
FIH FEAG, ok AT ik A 5206, 0% B8R Il Wk i 4258
W2 AL O B (BRI AT 3 98 3SR A sl g5 i B 5

ARS-1620 (1) #EAT 7> TR, CLHISRIS B A Bk 2
PERIN 374 55

¥ ARS-1620 (1) 5B ME R FVNEES S
RI, ARS-1620 (1) F w5 g B — {1 v] DL 4k 252 4 At 1] 7
Jr B, B S 2 A Bl R, R B T A
3, HXF KRAS G12C f 4 il 71135 26 F1 1 i P-ERK H )
il 3% P 3445 Bt R B& (IC,, = 20.1 pmol- L™, P-ERK IC,, =
58.0 pmol-L™). il J5, i3k — 0 ¥R 23 48 Hy (R 2R 26
BERE R0 22 R BIAE IR 2 57 771 N 557 TR 2k g ik g B
1% 5 e e WSS IR AL S 4 T A M ORI 2 =
(IC,, = 0.101 pmol-L", P-ERK IC,, = 0.335 umol-L").
L E A YA R R, B 5 Bl LA
24 5 Bt HO95 . Y96 A1 Q99 4 ik 1) 7 2% i i /%, 114
EME A > T ARS-1620 (1). J& 24 X IR B
TR0 2 e 1 W P R RUOC R AR B R4S S 0
#E—2BRF (P-ERK IC,, = 0.044 umol-L™"), T 57 17F
FHEAL p, WFA R R A R AT LA L UL AL KRAS
AN, SHRTEVERIE TR X — T 8 e 3
WA 75 B2 S8 H P 2R A 1) A G 4 e L, Rk
SERTEHT LA H 2R IR LA n /N = T AR 2, X 1) i
i 53 F PO BE PR R BRI A R e o X — SRR B T
BT, 45 BRI A D 6 (s ik — BTt (C,, =
0.025 umol-L", P-ERK IC,, = 0.028 pmol-L"), 3 £ Bl
2 B IRZEDHA A L (F = 21%). &5 —DH)4s
FARAL S 2R A T 4R THL A W R KV 1 RO 4 A e R
AR, B 23815 T AMG 510 (7), BN R &H %, R0
P P03 1 5 R 25 P oL, A P9 IR %6 (TG1%) =ik 86%
(El 1)[1010
1.3 JATTNA ZRIEFELLHRE M KRAS
G12C /Iy 14l 57, @ i e 45 & KRAS G12C A7 13

: L) FTECARIN e,
e l \ -
0 af , < N . n, o ] i .
H95E No pocket / - ! ’
\/U\N/\l N Sy i 95 New pocket \/?L HsC : OMe':
K/N ‘ OH Y9 . i : Different chemical ')} 509 S N\j\ it N .':
[T ) i 3 scaffold : 20 \ WIS
NN . o5 N A - Oy N AN
:: : 7 Different binding 7 C125 CRLB " "
o5 = \ﬂ C12 A A\ mode { I Ny B \
ARS-1620 (1) w, i - Switeh "(S A Indolf lead (2) }
ICs=0.939 pmol-L “ A a R 7 ) \ P-ERK ICs, = 0.220 pmol-L

P-ERK ICs, = 0.831 pmol-L"! Binding mode of ARS-1620

3)
1Cso=20.1 pmol-L*!
P-ERK ICs, = 58.0 pmol-L™!

4)
ICs=0.101 pmol-L"!
P-ERK ICsp=0.335 pmol-L"!

o af 2
A O S
O LT o
N N\([)]/N —_—

P-ERK ICs, = 0.044 pmol-L™!
Isomer: R> S

Binding mode of 2

(6) AMG 510/Sotorasib (7)
ICso=0.025 pmol-L™! P-ERK ICs, = 0.068 pmol-L!
P-ERK ICs, = 0.028 pmol-L"! 86% TGI (10 mg-kg™)

Figure 1 Discovery and development of sotorasib through a structure-based drug design to bind a new pocket on KRAS G12C
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i 9 AR & A I T s, 3E T TP RAS-RAF-MEK-ERK
1550 B, £ KRAS G12C 5248 [ 5 30 HE /N 41 i fii Je
BE ERIBMEITH. EHE AR, RITEE
TF R e AR R 1) B 3 e 32 i A 1k — P AT B e
7V SRR 4k Sk, AEE R R . IR 4
KR, RILH EM B WL 2 (objective response
rate, ORR) ] 37.1%, ¥ 4% il % 5 80.6% . 1AL [ M
FFamf 18 104 H o 81% BB # B 7 i o8 45 /)
BN, IR 28 /N T 2418 R 60%. 5 R, RITHE
FEWRIE T RIFHIm 520, AN RN &8 T 8
V52 77K N ARG, I B R L&
PREIFMEM S 29 4 0L EAR R I, &R
FE 75 ZE (1 BN AU Z — D2 I R T, 42 259 1%
THIE RS . RITEHEAMUEME T 07 KRAS 2 A
AR B RE B, o TE 2 I RS SEAR (1 254 ¥ i 4
BT RS R B S R .
2 PR E75 (asciminib) 2IKE D STAMP T4y
IHFIAFiariEgMiERBA MR
21 MAE= 1218 R 3 M (chronic myeloid
leukemia, CML) 4y /™ 5 Ja il A S {5 1 2% 4 i g o<
I, ok FE 5 BCR-ABLI i & & 14 11 X3,
FLAE 2001 47, 5 % JE (imatinib) HUAE N5 — AN A
ABL1 ATP i 55 SO 30 1) 55 BT, 08 7 i 4y
YIHE 7E B, 1515 CML FOAE 730K R e K, [ B
B TR A BRI E . fERE R AT TR, BT A K
I b e SR 25 W (A FE AL S B 5 B JE 2R AU, 34
JNHRTA) ATP 254 6 i 1) 5% 4 BLA 1 77, 3237 1A I
PRAZII0 Bk, 5 RCGE K T B AT . SR, g
IR R X7, B a2 5, 23948 )
PABG IR ATP A7 £ L& P 25 5842, H it 50% (1) &%
TEAT F O SR A0 ) JE 2 7= AR A R AR FE B 25, H AT
v A AT BT (1 R Ty B

XtF BCR-ABL1 T &, T31SI R H A L. CML
AR B — AR A D & e VR T S IR 10 A AR AT
R IE 85%~90%, HAE K [l 25 ik b R 3L T 6
F6 T31SIAE N 1 2 Fh 9748, (1507 5 5 e (1997 ROKIE T
BRI, DLk b # JE (dasatinib) 1 JE ¥ % JE (nilotinib)
ARFE 28 AR IR B X 2 Bl ABL1 RABG 2, H
G AR MR T3S FEAF I 1) . 26 = AX ABL1 #1751 771
B JE (ponatinib) A AR A — & F2 B I 100 %% T3151 fiif
25, BN RN, A AZ IR . B e L, @ i T
SERY I IEAC AN BE AR 1k ABL () T3 151 1 24 i 551, 75 % A
BT RS AT R
22 WM& A RN ABLL & H P T3151
AR ) L, BEE T AR ATP 3 4 110 A8 A4 1 9% g (1

2)o gk, eI T 2R AT e BRI
SEE ORI TR 30 v BOM ABLL B A — 8 SR E
(3R A7, He ik &9 Fr B 8 1) K, B4 6 pmol-L7, 1
N—HXS S F A 185.6 I T B, BB &
FRIIE AR F 2% (LE = 0.6), B BRI 2. (H
b Ji5 1) S5 2 BR AL A ) 8 HE AN REHI il ABL1 ¥ ATP iy
I, WA AR, X R T REA LS & T ATP
Pt BHJE RIS E AR T iX—4 3, xR
T AR AT R B X AR A, A Tk
HETE B T 8 HIE M, FBR 9T IR L 1 R O 5
N JIg 0 B B A5 2L &4 9, F K B 4 pumol- L, {HAT)
T ME . B EA 8 M9 I SE K B, B E T i
Y110 (K, =6 pmol-L™"), IX il A J5 2L 4 AL 1) B 22 45
o Bk, PRANRCEEIRA T RS TRES
ST I AR A 25 45 Tl T R B — o SR A g, E e gk
1T Ja B T A S ABL AL N AETE MR R 8N
A R

N T fREPX — ), SRR R ABLL IS S S
EE A RIS R R, A T N hRic i) = ez s
BT EAMBRNIRER . TN AR, EHEY
10 (4586 22 51N CF,0- 2L 153 B AL &9 11 7= 4
TAMHNE (K, = 10 pmol-L™'; GI,, = 8 umol-L™), % 1
CF,0- M 215 FAE M R = A E LA, G
VN T W& . @5 T 452
TR — SRS R TR R AR AE Y 12
(K, =2 pmol-L"; GI,, = 2 umol-L™"). BiL 3 Hrib &4
Mg a R, R 12 PR T R LT, 5
AR 170, TR BEOE I 51N 5 B 42 K AR
M H1. X —AEEAAY 13 EAA3] T IRAE, @ik 5 A
W I A AT 3-8 MLk s o B A6 494k A 4 13 103 14 KR
7t (K, =0.023 pmol-L"; GI,, = 0.017 pmol-L™), bt 5
P o A AT G S R 2 ik . Bk, H
SR T HUR CF,O- 2 [ v (19— AN 9805 7 S 0 7 3 PR 19
HBE— B HE T, {5 FH Atk e B A s e FA IS T hERG 75
P, £3 2 ABLOO1 (14) BB 8 e At Bl J8 e A
(IR, AR AL T S8 1 ABLI 948 L%, B o 1
ABL1 GV R 5 ARG YEM R I AR R, 251k
T4, F R 28 A 1) 00 AF 5 1 L
23 GAITNA REEESZILHES, s A
9 (CML) 697 CEIG E R, 288 H A7
JA T SE K 2 10 4R LA b, (B 2590 3 D B 1Y) ATP 411 il
), A7 AE i 24 1 AN AT 2 TR (1 RS o B S 8 Al AN 6S
$Y A= A ABLL SN $0 61005 1, 19 28 T AR i AR 4
WAEHLE], X T3151 R 1) ABLI1 [FIFE B A gk, W
KK BEAR T ATP 28300 70078 72 1 B BB 2408 . H AT, BT



- 860 - 22224 Acta Pharmaceutica Sinica 2022, 57(4): 854 -862

Fragment library Cl
cl R
o oH x
FBDD F
Screening — H N /\ —
N el

o e . e e Cl
(10)

K; =6 pmol-L; GI;, = NA
Fusion structure

@8
K= 6 pmol-L; GIs, = NA

1
1
1
1
1
1
1
1
i
i K
1 0.
Fragment 1 i F>< |
cl i F N N —
1
D\ i H
N/\/\/\i
:
1
1
1
1
1

0 M
S
|
Br N D~--0H

H
)
Ky =4 pmol-L; GIso = NA 13)
i\ Fragment2 | K, =0.023 umol-L'; Gl5, = 0.017 pmol-L

Lead compound

K; =10 pmol-L*; GIs, = 8 pmol-L*!
FX°\© o NN
F N SN
H

A Al
Ky=0.0005 pmol-L"; GIs, = 0.001 pmol-L-! f,"-""f

. o on >0 0
Saacaeiifay - ¢

Cl

(11) (12)

K, =2 pmol-L''; GIsp = 2 pmol-L*!
Structure-based drug design

& AN
.A'l'l'if,lhil;li?x‘,g\‘l _"_%

First active Hit compound

ST,
ﬁ?(@%}}é ]

®

~
(PN
Asciminib/ABL001 (14) g

Clinical use

Figure 2 Discovery and development of asciminib through a fragment-based drug design to obtain a novel allosteric inhibitor targeting
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Figure 3 Discovery and development of HIF-2a inhibitor belzutifan through high-throughput screening to structure-based drug design
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