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Abstract: In 2024, drug discovery continues to develop on the basis of the achievement before. The number
of approved first-in-class (FIC) drugs reach a higher level. The Center for Drug Evaluation and Research of U.S.
Food and Drug Administration has totally approved 50 novel drugs, including 30 small molecule drugs and 20
macromolecule drugs. Comparing to the number of approved drugs in 2023, the total in 2024 falls slightly. But the
proportion of FIC drugs increase obviously. There are 24 FIC drugs (48%) approved in 2024, which include 13 FIC
small molecule drugs and 11 FIC macromolecule drugs and whose indications mainly focus on tumor, and
endocrine and metabolic disease. Among 24 FIC drugs, many drugs have breakthrough clinical value, such as the
first combination of muscarinic acetylcholine receptor M1/M4 agonist and peripheral muscarinic acetylcholine
receptor antagonist, xanomeline and trospium chloride, the first thyroid hormone receptor beta agonist, resmetirom,
the first dual antagonist of endothelin receptor type A and B to treat hypertension, aprocitentan. The huge value of
FIC drugs in clinical therapy, academic research and commerce, is attracting wide attention from the patients,
researchers and enterprises. This review will analyze the research background, development process and therapeutic
application of three first-in-class small molecule drugs in this year from a medicinal chemistry perspective,
expecting to provide more research directions and methods for the development and research of FIC drugs.
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FEXI S, O TR 25 = EE R LLAr e B2 (first-
in-class) FER B 1% 24 (me-too, me-better)*” . #4114
251 R AR I IS AR B URR AR LRI TT 50 1R 24
W, AT LNt R AR WITT ), IR AR RHIHR 2R AR K
37, B E LR A BERAE 2 eI TR, Bl 7
% SR PIRAEAETC LG AT AL AR R B0 % it 24 55 1]
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R L, B2 QR B 25T 7 i, B A IR 245
255, 9 N BRAg BN A= 35 53 B 1) T A SRAR A

2024 4F, £ [H FDA 299 7F 0 AR #2910 (Center for
Drug Evaluation and Research, CDER) JLHlbvH i1 %
507K, BLHE 30 /NS T 25 S 20 KK 7y 254, MRET
TR S5 HCH 2 TR 1 B2 I R B A
BLEAE 205K) A i, S ILE 7 24 308 Bt 2y
W, 15 R ZE W B R 48% .. M FRALET 24 11 50 i
SE B, MR 29t L i) 8O L B 17 3R
2y N3, B 34%, AHECT 2023 4 (13 324
Y, & H24%) BE ALY E B BREHE A
G35 AR R, A FELEZ AU N H A 8 K2 kL,
i EER 16%; F T M08 Va7 (8 25 80 A = 56 3 AL,
A 7RG BT, 5 O 14%,; 18 25 BT g E
— LA JE I A 4 48 50 AT AE A AR 3 3K 2 b
7, R 6%, E 55 S A U5 T, LA A %8 5 1 259
SRAEC R RF AR, A7 16 3K W b, N 32%, B
B8 L5 (12 GPCR 244, 7 73025 LT, 5 HoN 14%.
HRHE 26 [ FDA (15 77 SO, AR BT i 9L 25 2
BTyt A 263K AW BT, S N 52%, F 18 3K 25
WK H FDA X T REITVE, A 28 5K 251 (56%) #ALL

Table 1

HAll, 7325 (14%) B 00d & gk A 1T, B 34 3K%
W) (68%) 19 IXAE 3 E FDA 3L 11 (www.fda.gov).
1E20244F F iR 24 3K EBIVEZG Y, B 1330S
BIVEN T T2 (R 1), BB 2023 F 457, A2 E
BRI F IR O, il 1 5 HAHER S 3 T
A& Qe B PENR 9T 1 JR A8 FH 4k T 2 AR 3R 19 (berdaz-
imer sodium); 3 B 14 H #t#E 5 208 T i1 I8 Wi iR 9%
T B I IE R IR 9T 1) 25 W) W) S5 2 (resmetirom);
3 719 H vtk i 1 306 9T I i R RS2 AR T A
(endothelin receptor A/B, ET, ;) XU 4§y 71/ B % s 10
(aprocitentan); 3 H 21 H bk 19 &3 H TAL IRE FRNA
K418 A 2 4L ES (histone deacetylases, HDACs)
770 75 4 7] 4t (givinostat); 3 H 29 H fHEHETIE JE 7l 2
(danicopan) WU & 4k 2023 4 15 #CkMA R -1 B 4157 F 1T
J5 28 % 1) X — 1 B 25, 1% 245 5 8 MR - D
0 ) (B4 FH T o e R IR A 1L 21 2 1 PR 69T 6 H
6 1 A7 14 T K A 410 1) 750 B 36 R At (imetelstat),
TR IRE P fE ARG A R SR G E; 9 H 20 HAtER
L% JE 2 UL 70 9% (Niemann-Pick disease, NPD) ) & #0T
VLB BB (arimoclomol); 9 H 26 HALHEN 1 3 M1/M4
B WO SZ A B ) /41 T 2 EASZ AR 4 B R G T SR AR
i 7] 5% (xanomeline and trospium chloride), F T-75 77
1 43 ZO0E DL R BAT 7R R BRE 5 S ARG+ A RE; 12 H
13 HAEAER 3k IR FEVEAS B R e B R s A
1 784 % {4 (corticotropin-releasing factor 1, CRF1) $5H15
AlHErEf (crinecerfont), 4% DLy LY S0 1 1 iR 7
JIEAESERRYT . Hh A — 2SIl 1 E RN AR
7 BT IR, AV 2 ZJITRE 7RI TT IR
RUBTIEBE, RSO H IR T 3/ A AR 1 B A PE N
Gy 25, AT R 2P RS S B R AR Rl IR
BIT L, A BN AR 25 BT R AL BE 2 0 AT R K

Small molecule drugs approved by FDA in 2024. ALK: Anaplastic lymphoma kinase; CFTR: Cystic fibrosis transmembrane

conductance regulator; CRHR1: Corticotropin-releasing factor receptor 1; EGFR: Epidermal growth factor receptor; ESBLs: Extended-spec-

trum f-lactamases; ET, ,: Endothelin receptor A/B; HDACs: Histone deacetylases; HIF-PHD: Hypoxia-inducible factor-prolyl hydroxylase

A/B*

domain; HSP70: Heat shock proteins 70 kDa; IDH1/2: Isocitrate dehydrogenase 1/2; JAK1/2: Janus kinase 1/2; mAChR: Muscarinic acetyl-
choline receptors; M1/M4 R: M1/M4 muscarinic acetylcholine receptor; NDUFA13: NADH dehydrogenase (ubiquinone) 1 alpha subcom-
plex subunit 13; PBPs: Penicillin-binding proteins; PDE3/4: Phosphodiesterase 3/4; PI3Ka: Phosphatidylinositol 4,5-bisphosphate 3-kinase

catalytic subunit alpha isoform; PPAR: Peroxisome proliferator-activated receptor; THR-f: Thyroid hormone receptor beta; TRPV2: Tran-

sient receptor potential cation channel subfamily V member 2; TYK2: Tyrosine kinase 2
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Drug Sponsor Structure Target Indication Type App.roved
(brand name) time
Cefepime/ Allecra PBP-3 and Complicated Me-better 2/22
enmetazobactam PBP-1 urinary tract
(Exblifep) inhibitor; infections
ESBLs inhibitor
Resmetirom Madrigal a OMH Partial agonist ~ Noncirrhotic non-  First-in-class 3/14
(Rezdiffra) g N‘N{O of THR-B alcoholic
>_<;§d <l N steatohepatitis
° with moderate to
advanced liver
scarring
Aprocitentan Idorsia i, NN ET, and ET, Hypertension First-in-class 3/19
(Tryvio) SN o/\/O\N(“/\ E receptors
Br
Givinostat Italfarmaco HN@_’})N'OH HDACs Duchenne First-in-class 3/21
(Duvyzat) h<;§i>—/%§: 2 inhibitor muscular
\‘”) dystrophy in
individuals aged 6
years and older
Vadadustat Otsuka M HIF-PHD Anemia due to Me-too 3/27
(Vafseo) W’“ inhibitor chronic kidney
¢ _(}FOH disease
Danicopan AstraZeneca ") o Complement  Extravascular First-in-class 3/29
(Voydeya) NP % :‘%{N\% factor D hemolysis with
N =N inhibitor paroxysmal
nocturnal
hemoglobinuria
Ceftobiprole Basilea a o0 PBPs inhibitor ~ Certain Me-better 4/3
medocaril HD d /)N_J( 5 bloodstream
sodium A NWN%NHZ infections,
(Zevtera) port bacterial skin and
associated tissue
infections, and
community-
acquired bacterial
pneumonia
Pegulicianine Lumicell ¢ . - Imaging agent for First-in-class 4/17
(Lumisight) J° . % the detection of
- o 4—/J Oy cancerous tissue
Lim}o o &
o
2 a';l
T
Tovorafenib Day One a 2k Type II RAF Relapsed or Orphan, Me- 4/23
(Ojemda) 7 HJ\[NHN kinase inhibitor refractory better

of mutant
BRAF V600E,
wild-type
BRAF, and
wild-type
CRAF kinases

pediatric low-
grade glioma
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Continued
Dr Approved
ue Sponsor Structure Target Indication Type pp. v
(brand name) time
Imetelstat Geron Oligonucleotide Low- to First-in-class 6/6
(Rytelo) human intermediate-1 risk
telomerase myelodysplastic
inhibitor syndromes
Elafibranor Ipsen; PPAR agonist ~ Primary biliary First-in-class 6/10
(Igirvo) GENFIT cholangitis in
combination with
ursodeoxycholic
acid
Sofpironium Botanix g mAChRs Primary axillary =~ Me-better 6/18
bromide o O’@ o inhibitor hyperhidrosis
[}
(Sofdra) ©
Ensifentrine Verona PDE3 and Chronic Me-better 6/26
) s .
(Ohtuvayre) \Q\/r‘v PDE4 inhibitor obstructive
N/\/N\H/NH2 X
o [ B pulmonary disease
g (COPD)
[
Deuruxolitinib ~ Sun o5, Pp JAK1/2 and Severe alopecia Me-better 7/25
(Legselvi) DD/QD Ne = TYK2 inhibitor areata
b NG A N
N
Vorasidenib Servier o) IDH1 and Grade 2 Me-better 8/6
(Voranigo) NNy /_'_ IDH2 inhibitor astrocytoma or
N, )—NH . .
HN>\7N oligodendroglioma
Lazertinib Yuhan; R \ EGFR inhibitor Non-small cell Me-better 8/19
(Lazcluze) Janssen NN s lung cancer
NN ™
HN N o]
-
e}
s
Arimoclomol Zevra G oH cl HSP70 co- Niemann-Pick First-in-class 9/20
. N Ao A 0 . .
(Miplyffa) N ; inducer disease type C
N
Levacetylleucine IntraBio P Mechanism of ~ Niemann-Pick First-in-class 9/24
(Agneursa) j:r ¢)H action unknown disease type C
Xanomeline and BMS C”H'% M1/M4 R Schizophrenia First-in-class 9/26
trospium N Or/I I oH O modulator
chloride " ° ; l
(Cobenfy) N
Flurpiridaz F18 GE o o NDUFA13 Radioactive - 9/27
(Flyrcado) Healthcare “Hz}’o inhibitor diagnostic drug to
e evaluate for
myocardial
ischemia and
infarction
Inavolisib Genentech CYO PI3Ka inhibitor Locally advanced Breakthrough  10/10
Itovebi N it or metastatic
(

<O
o

breast cancer
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Continued
Drug Sponsor Structure Target Indication Type App.roved

(brand name) time
Sulopenem Iterum e oH PBPs binder; Uncomplicated Me-better 10/25
etzadroxil, How %;Hr \,7 O)\CL o TRPV2 agonists urinary tract
probenecid " N{ \ ¢N infections (uUTI)
(Orlynvah) o H
Revumenib Syndax NN Menin inhibitor Relapsed or First-in-class 11/15

(Revuforj) KKlLN NP
Lo

refractory acute

leukemia
Y
Acoramidis BridgeBio N o Transthyretin Cardiomyopathy ~ Orphan 11/22
(Attruby) Wi d © modulator of wild-type or
° variant

transthyretin-

mediated

amyloidosis
Landiolol Ono . \/('):,n 5 f1-Adrenergic  Supraventricular ~ Me-better 11/22
(Rapiblyk) ><C:3]\/O gl receptor tachycardia

o]
Iomeprol Bracco How_\ 5 S - Radiographic - 11/27
(Tomervu) Hot By b B contrast agent
I
—N OI °
OH
Crinecerfont Neurocrine A CRHRI1 Classic congenital First-in-class 12/13
(Crenessity) : . J\w 3 antagonist adrenal
/<;|A < hyperplasia
Ensartinib Xcovery HaN ‘ Ny ALK inhibitor ~ Non-small cell Best-in-class 12/18
(Ensacove) Holdings o oM (LNH lung cancer
PO
cl [e]

Vanzacaftor, Vertex CFTR Cystic fibrosis Orphan 12/20
tezacaftor, and modulator

deutivacaftor 0 '(N>‘° HO\\iH N
(Alyfirek) Y Yy ° 21 3

1 n5i% 3 #/#h B & $% (xanomeline and trospium
chloride)

Tk 7% 5 BA/ il 7] G0 2 A BR 1 B MIL/M4 B 3166 52
PR/ AN B B AR DU AL & 2, H T IRIT RS
P73 ZE LA B B SR IR U BRAE 51 7 (RORS b 2% TRE
1.1 EER KR —Fh ™ H 12505,
I R € I 32 440 5 B PR RE IR AN B IR, 0 2/3 3
PRI R FE A RN B> B MERE AR FE 2 A8 L4
‘D, FH REL 24 [ A 5 5 3 SRR IR, B o BRI 3= B SR I Ay ik
Z R F B > DL S AR AN R I D, R
PR oy ZRE B A AR 5 A A VA AN AR TS ST = ok
UL BRAR I ATE R AL R, Sh 2 AT KR A

PGSR U LR

PRI F I 2 A ERVE R, R AR 4Bk 1% 1)
N, TR Sk rp SO 3 o A SR (R IR — B HE B
FE 75 76 1066 300 B s A 7 300, 3 RO Y iR PR S
A% D 2R PR IR 2R DA B R 2 e 22 IR 1 R v ) 22
ELfE p- 2B T IR WAL . LA IR o 23 2O VR
T )W) H 2 % B D2/3 SZAR I B 7, R 1% 2K 2
Yoxt v 2 B3 HORSAIORE IR R AT R, (B2 06 BA PR
LN 547597 20 IR Bt A AN R R BE AN RRE,
A 15%~30% ) 58 7= 4 T 25 PR BT, B pL il 254
RAFHIT R T HIRIRTT -
12 Wt&EE  FXF 2 AL D2/3 5244 ) B 77 ) ok
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3 FIURE A 73 ZRLRE B8 35 AT A2 PRI PR 5 3K, BT LR V%,
I UJR B %A < 32 44 1 (trace amine associated receptor
1, TAAR1) ¥3h 7, 5 B0 £ Bk AE A% 5Z /& (muscarinic
acetylcholine receptors, mAChR) #2571 AR T A4 &R
524 2/3 (metabotropic glutamate receptor 2/3, mGLuR2/3)
BEhifl H =R 134518 5 [ (glycine transporter 1, GlyT1)
F 750 LA B Kiv3.1 BT Kv3.2 45 B 3 T8 1 428 77 25 AN
WeIT R R TR BT« H, mAChR )75 2 H
gk AR INITVE 2 —, B 2 351k 251 1 N IR PR VP
W B

mAChR 1% 5 /N iE A (M1~M5), J& T GPCR %2
A&, M dmi It B Sy Sz R R R, 300 xf v i 22 ke
P22 T %) SR P LR e S N, DT 40 1) i 22 2 g e
22 A% 3k, 5T FHRE e M ) R 1 I 8 52 4 (1) 4% 36 1T R
AR 5 2 DG 5. RETURE IR
YR IR T RO B BARHLRIE R 72 2, (H_ CH
R ) SI2 56 3% B 6 5248 M4 8 R 4 F R 5 S e i
i #% 7 X (ventral tegmental area, VTA) % 2 Jiii [X 1,
(substantia nigra, SN) ]2 EL g i 48 70 2 W A4 BE W B8 2K
T, VRBhLE R RS [E) 4 4 0 1) M4 52 A4 mT DL /b
T BRSBTS e 264 1) 22 T2 i R o 0T - ML 322
1A T B0 1 FH AE K 4 \%TE’J/@T—*@ETT”JMJ
(K1, M1 52 f& 7] LR 95 R 3] VTA DA #1250 3 B~
[y I 2%, % M1 ‘i;’?iﬂ%ﬁi&%fﬂ il £ (] GABAergic
)+ 22 70 B TE B, WBh AR AR 22 0T, PRI 20 BR IR A N
FIVTA, FEVTA 2 BE 2T imsl (B 1A).

1% 4t 1) mAChR 3 711) 52 B T~ 3 37 7 e £ 44 72 Il
PRAJE 50 Hp B8 BB 52 188, X M2 B M3 (W &AM s /E A4
IR — RN R, BT &6 M1 AT M4 B & R
% F 1 () mAChR 3l 77 JC 9 2. 2024 48 LT 9
Cobenfy &M% 52 M/l 7] & (xanomeline and trospium
chloride) & 75 H1 24, 2540 & vh I G 5 28 AR (xanome-
line) Bt /2 M1 Fl M4 [RIEBEIE BN 7, %29 Bv] 24
arecoline {E N S E W& 1T H K1) . Arecoline (1)

X

Xanomeline and
trospium chloride

Figure 1

Discovery and structure-based optimization of xanomeline

Arecoline, 1
M1ICs= 545nmon.1 R\[ N. }
DA Neuron M3 IC50=600 nmol-L @\ y
N
CHy

J2 I PRAFF 72 2R O ML A, 125y A& — A LAk
AR 1,2,3,6- VU S0 e 30 J — AN SR BRI i 2k, A
FEN GURR IR TR 3 AN B 1) 05 B 20 S B 1SS HER B
BerF 3 7 3A0HE R EEHCR LR R 51 (2).1,2,5 W8 =
FH (3) A1 1,2,5- 1 251 (4) AP, K EIR I
A PR 46 BV PR B R, #1825 B0 PR 1 ek 55, T R 26 D)
F2 AR JEE (10 VR R B e A i L L o A R L e
R, Bl EE AN S5 T 1 B 6, 1930 1 AARSME PR
ﬂ%ﬁ’]iﬁﬁ{éﬁ‘?’wEﬁi*%uﬁHMﬁ%A%s Hic, BN
9.7 nmol- L™, 4k 52 € & By B K FE W & 5 B03s 1 B .
b?%n}\ml_ﬁfmék*a%kfﬁlmﬂt XF M1 32 A1
PRANE RN T M 1,2,5-18 — e R 51 > LR R 41 > 1,2,5-
ME W R AT 3ALMEE R FEKE N 4~6111,2,5-
WE ML S I T BRI ML 2 AR IR B, oAk
G5 TE T RAE M1 SZ A8 B335 11 1 5K G R
2 5 AR Fh A5 (0 0 5% B 4 SN R B KA ] 26 K
IC,, 43 5 A 94% 11 0.008 nmol-L", 1fij /£ & fiIE M3 %% {&
WA I TR A BRUARE AR e R A ) FR AR 20%, IC,, >
27 000 nmol L, &7 | RAF Bk FEE, f5 2L 1 s
B — DR T %4k & WX M1U/M4 32 40K 1) 55 8080 2
RIIM1 ECy, = 67.3 + 13 nmol-L"', M4 EC,, = 229 +
155 nmol-L™). 1%Ak& Wy RI N 2454 43 + MG SE 4k, £E
2024 49 H 26 H#35 E FDA #it#E i A 113 (B 1B).
1.3 GRITRCA MG SE AR/l A SR 2 O 1
ol 52 A W 3 700 R g BECRS BV R A FH 2, TR IT RS
ot 7 ZRORE DA % BAT R K ¥ BRRE A O BRORS A R . F
M 1/M4 5244 35020 77 I v 58 AR a] DLZE ik 1 i B e, 508
A 2L R ] R K i B A TR 2R [0 ARS 2 g R R
/Ew\%uhfb, H BIX T & 45 1) 2 i 2 A4 BEL BB 711, 1%
WEN A 2 B 2 T 2 A, AH 2 B 15 71 2
AR E - 251K B ImiEA RS i il
SUEE I R A BRIz i i b7 i R TEAT R 2H 4R #5 E ik
BEPE R AR B U 254 03 1, W8 IR 25 6 BE
A DLOR 35 G U 58 AR 9T RO AT DLZE AR LA R R, 2

B The optimization of selectivity
o N-O,
= AN
O
e R
N
. ° ¢H,
= >3 1,2,5- oxadnazoles 2 o)
N 5 =N,
DA Neuron s
&) O — 0
—
N
(:HJ
2 5 thnadlazoles Xanomeline, 5
M1 IC5p = 0.008 nmol-L

M3 IC;9> 27000 nmol-L-*

Pyrazines, 4

Discovery and development of xanomeline and trospium chloride. A: Mechanism of xanomeline and trospium chloride; B:
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B2 HAMIRTT ROR
2 ]3 EnH%iE' (aprocitentan)
I E R 2Bk E O T E LR T I ET, )

ETB/vJZIiXXﬁT*??‘U
21 MEEER &5 ERITA O ML %
B E LR 5 A8 RS TR 2R, A RG24 4 A 5 fL
B TR ER T2 A4 BEL BT 77 i A R 9K 2% A 4 g A ) R LA
25 -1 3 EL B 770 SR R R S, AR 2 10% 1Y R 2 iR
FA U L% 24 J5 475 98 2 48 52 100 s ) AU e 5
R A R ] v L e o I DR B R P B 24 4 ) I e
il EI’JIFL?%WE&EﬂmE’H‘H?%FKr B St i AL
FE AT S A SRME A AR SRR R,

NS (endothelms, ET) /2 4 5 I 5 5K ) F1 % A4
O I AR S 100 I8 D BRI 0 IR, N AR P9 R 2K
FE N3 ET-1.ET-2 X ET-3, il i iy % 3 %2 1k
PR BT, S ET, RIEVER - Horf ET-1 480 I
ARG RLRL, M ET-2 & ET-3 WA X 4 o RIA1E B i
ARG o AN [] F~ H A 7R ofiL 58 9 75 PR 4] 2 i A R ik 3R
IL ET-1 3 A5 52 3 B RCR A, F 25 5005 1M
HDRe AN ML BN, HMEh ET, I 23 5 80 Ui 4,
PN TR 2 FhAH i R I ST, 51 9 SE AR 4EAL .
TECJIE, ET-1 78 24 55 40 WA RE K IR -, BT 45 48 Bl = 2E
M ET-1383d ET, Z 645610 fe 5 5 0 L4 AR R . T
BB ET, i 2 (2 3k DL— 4840 5800 1 1 A 3 5K 57 i
B, I HAERe 5 5 ET-1 (R B, AT R 45t 1 ET, Bsh

A B

X%ﬁ@ ﬁ%ﬁi@ @

BT 51 2 (0 I U 4. 5380 ET, M ET, A R 172,
) ET, A1 ET, 2 S EULE &5k, BLsh, O iit R
ET, &% ET, ) %0 SR BT ] DL R #5 Bt 6 AN bt 2F 4R A0
FEARBECWUAE K 08 8 X i — D3R T ET, L ET, %
A X 5 7 R AE AL VR T B AR AR, (15 4k 4
W98 3 I AN 6] T LAAE AL B4 1L R 259 (61 2A).
HET, O — N R RZEEINIEERRRH TR
52 RAE I e I B % o B 00 RV T o
22 AR B E I (aprocitentan) s& € BT
[ ET, J2 BT, 52 7K XU 55 5177 & & 5 35 (macitentan)
P PEARU =4 . B MG E 2 HH IR 9 ET, )L ET, 2 44
MBI 29 73 % A2 30 (bosentan, 6) 1F 456 3
A AT 5 46 SO T R BRI — 2R 90 e e T P 2 L
R [y e 24k A2 (K 2B). th & 6 % ET, M ET,
AR BB ISR, WA BN EE R . TEHE
W 6 T I IE R [ 4 07 20 I SR S 51N T R I g FA A5
B EWT. EWT RSN E R LS
TYR129 J TRP319 P A B R 5% 2 T i - AH ELAE
Ja $ETHIE I, XF ET, & ET, G AR T 6 23 A 32Tt T
10 13 £ o 4k 2R 51 N 5T DL 25 48] o 2R T 1k 2 2k
MHE OE 1S B G 8, IE PEAS B EF, BT 9l AR R
T2 5 ASP126 J¥ B4 ) i B (K 2C). fEAL G 8
(1) 3 ity 2 Bk v o i g PR 2 57 s e AR, 45 B 4L
G, B9 1A I A T AR B B AR,
2 R HUAREE XS 3 15 AT I SR IR A Ko O T BRI 4y

‘OINJi‘ Y J\\

Bosentan, 6 7 - 8
ET,ICs=45 nmol-L-! ET, ICsp=4.3 nmol-L-! ET,ICs=19 nmol-L"!
ET3 IC5 =202 nmol-L-! ET3 ICs= 76 nmol-L-! ETg ICs= 147 nmol-L*

\V U PHE- 224@. ARG- 329 \&_/
\ K\ v ¥,

= U . N

m/

ET,ICs= 6.9 nmol-L
ETg ICso =525 nmol-L-!

0\\9
~NH Br
N N
(>
N~ "0

L
e !
Z e Z S Br
Macitentan, 10 Aprocitentan, 11

ET4ICs=0.5nmol'L* ETAICs=3.4 nmol-L?!
ETg ICsp =391 nmol L ETgICso= 987 nmol-L-!
max AMAP =-25+6 mm Hg

ABC =-992 (6) mm Hg'h
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Figure 2 Discovery and development of aprocitentan. A: Discovery and structure-based optimization of aprocitentan; B: Co-crystal

structure of ET, inhibitor; C: Mechanism of aprocitentan. Maximal mean arterial blood pressure reduction as extracted from the moving

average over 6 h. Area between curve (ABC) as calculated from the blood pressure recordings 24 h before and after administration of
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