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Kinase modulators approved by FDA in 2022
ZHENG Xuan, LU Xiao-yun’

(College of Pharmacy, Jinan University, Guangzhou 510632, China)

Abstract: The FDA approved a total of 37 new drugs in 2022, including 22 new molecular entities and 15
new biological products. This is the year with the lowest number of new drugs approved by the FDA since 2017.
Among these approved drugs, 21 new drugs belong to the "first-in-class" category, accounting for 56% of the total
approved drugs, which is the highest ratio in the past 10 years. Among the drugs approved in 2022, there are 5
small molecule kinase modulators, including the tyrosine kinase 2 (TYK2) allosteric inhibitor deucravacitinib, the
first oral pyruvate kinase (PK) activator mitapivat, the Janus kinase 1 (JAK1) selective inhibitor abcrocitinib, the
JAK2 selective inhibitor pacritinib and the broad-spectrum fibroblast growth factor receptor (FGFR) inhibitor
futibatinib. This review briefly describes the discovery background, research and development process, synthesis
routes and clinical efficacy and safety of small molecule kinase modulators approved by the FDA in 2022, hoping
to provide ideas and methods for further research on kinase modulators.
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Table 1 Small molecule kinase inhibitors approved by FDA in 2022
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Figure 1 Discovery and structure-based optimization of abrocitinib (A). The X-ray crystal structure of abcrocitinib complexed with JAK1
(PDB ID: 6BBU) and JAK2 (PDB ID: 6BBV) (B). The JAK1 and JAK2 are shown by cyan and green cartoon respectively. The key residues

are shown as sticks, and the hydrogen bonds are shown as red dashed lines
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Figure 2 Synthetic route of abrocitinib
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BIT 25 . JAK2 J2 )& T JAK e b iz ik 1 4 i
J B R R B, £ 2 M AE KR ME S SR
YEAE . 2005 4, JAK2 V617F JE [K 58 48 (1) & BLAE A
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77, 54k &Y 7 X JAK2 30 3% 1 4 5% (1C,, =
0.019 umol-L™), X £z /x4 7 () H 4 5 o5 4
Gly861.Gly858 Fl Lys882 Z5 2 FE R Mt [F i /K 1 4%, {5
&M 7% FLT3 M #EPE T B (IC,, = 0.15 pmolL™)
(BI13). TR RIEFELEY 6 (W EJe) #AT
JE SRR AL, HAE /N AR A B R I 24080 /1 R,
7E Ba/F3-JAK2Y" 3K By 1) /I B fi 2F 4 16 155 20
FLT3-1TD 39X 2y 1] /) B 1 10093 55 250 2 300 o 551 4 o 1k
AR KA e, B SR i S0 RN, R ok
FCAHE ] I R

23 ERERZE  SCHRUIRGE B 5 e I A R 2R
T 2,4- T EEENE (6a) A1 3-(FF H ) ZEHNEL (6b) 7E K
PR AR AG T R AE AR B S S A5 21 6¢, 6 TERRIE 26 1F 1 5
T HE IR (6d) A= B B R4 B 58 v 8] 4K 6e; 2-72
FE-5-Ti LR H S (6f) fEIRIR B AFA/E T 5 1,2- & %%
(6g) KA SEAZ IR IR B A3 3 75 & Tk Ak & 4 6h, 6h (11
R 238 JF A3 BIMA B AL A0 61, 61 507 L (6d) KR
HAR S I /SN B S T B R4 0E 545 B A 2R
vh )4k 6j; 3575 T 114 Ge A1 6 70 R I 261 R & AL S5 4%
HAR . 73 1) 5 5 s g 2 4k A ) 6k, 6k 1E Grubbs —
RAEAFNE N R A MG 8 5 00 il S S G5 2L & )
61, 5 Ji 61 FIIL L% (6m) & AE S % B I M43 1 H b5
tEve (4.

24 IRRITTHRZEM WA LTI R 5



. 66 -

2554k Acta Pharmaceutica Sinica 2024, 59(1): 61-75

/
In-house
[§
library \ .
SREATS Lews2

Solyent front ‘ )
ﬂ domain \/ g

OH Breakthrough

50 patent Improve

o - p1 otection solubility

N
B @ JiS(OCHs
N N N
5
4 JAK2 IC5, = 0.070 pmol-L-!
FLT3 ICs, = 0.19 pmol L"!
CLogP =4.1

Figure 3 Discovery and development of pacritinib
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Figure 4 Synthetic route of pacritinib
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Figure 5 Discovery and development of deucravacitinib
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Figure 6 The X-ray crystal structure of compound 9 complexed with TYK2 (PDB ID: 6NZE) (A). The X-ray crystal structure of com-
pound 10 complexed with TYK2 (PDB ID: 6NZF) (B). The X-ray crystal structure of compound 11 complexed with TYK2 (PDB ID:
6NZR) (C). The X-ray crystal structure of compound 12 complexed with TYK2 (PDB ID: 6NZP) (D). The proteins are shown by wheat car-

toon. The amino acid residues are shown by wheat sticks. The hydrophobic residue Ala671 is shown by blue sticks. The ligands are shown

by white sticks and the red dashed lines represent hydrogen bonds



LS 2022 5 FDA v (S i = 7 S A

- 69 -

33 ERELZ ATk E BB RN A R 2
T 1L,3-TA M RIR . 2.1 (14a) 725 2Tk 3 2 Fk FR ik
k& 5 (Ar-SO,N,) = T JE B S BR 2614 N H & 9%
PG FIMEEE Ak 44 14b; 14b [ R 7E = SUA B 4515
T R A A NS EIE A 14e; 14 FITRALEE R A 55
% BUAR S 75 3] A ()44 14d; 5-50-2- AR R A5 (14e)
I N-FR R (140) TEBRLIE 2% 1 B & 0 AR 21k
G0 14g; 14g 2G40 % M43 2 14h )5 2 (L E A8 5
15 31 o 8] 4K 14i; 14d A1 14i 76 BE BS54 KA B
HUAR & BT 246 & 1 14§, 6690 145 F0 28 T Bt 1% 14k
5 T R PB4 T 2B A TR S B 15 3] 141 5 5 141 A
14m /£ EDCIE H T K 4 48 & M43 2 H b5 4k & 4
14 (K 7).

34 IEARFTEMEZEM JiaRE e R — ik
FEPE TYK2 22 K #0 1) 71), — BB AL XU 22 &L )
X W8 1l PR T3 B 78 (NCT02534636) 5 78 1A% 7
100 44 1 J 52 183 1 254380 ) 2 2 s A e A vk
R, FEIX T IR NARBFE v, JUn] sk # & Je DA &0
R PEE AR Ty A ) i e 52 X3 1) TL-12/1L-23 FH T2
TR ES, BEA R PK A 24, 75—
PPl AT SR B e AR A R SR & R 0T o R AR E R B R
PR 9 B3 B R RN e A A I R T3 AR 58
(NCT02931838) H, 67%~75% ¥ 5% 7 v k& & B A
I7 BB LR AR 5 998 B 35 7E 75 J& i PAST (4R Ji8 9 T AR
PR R FR ) B A PR N T 12% (55 = TR AH
Et, P < 0.001), T 75 7 20 PR 82 5 05 ¢ 15 28 BB i 1
M5 H (NCT03881059), Jii Al K i £ Jé SL 8l 1 11
W0 EEH bR (3E E KRR %2 20% 55035 b ik

Ar-SO,N;, DIPEA;

ACR20) FlSCHE CEL H AR (GLHE(E FEVEAS 1] 5 - T e 48
% HAQ-DI A1 J¢ 1 2% fai 3% SF-36 ¥ 417, Ib4b, 4
TR TS R E 1 I AR 36 (POETYK PSO-1 Al
POETYK PSO-2) 5 B ji 1] >k 5 5 J& % B e Y 4R 5 9k
BT 2V RAF, H AL A 32 2297 304 5 [PASI-T5
(CHR J% 95 T AR5 7™ 5 1k 48 BORUER 75%) A sPGAO/1 (7
2 R T S AR VAl R JERRE IR 58 40 B/ L 58 28 BR)]
S0 T 2 T TR0 R0 0T HE 245 0 ] A M e, T X e
I, SRR E B e i FDA LHEH TR T E A &8
TRIT BOGTT 1 A R 2 EE R B HOIRAR B RN R M
N G 5 A 3 R i ik B 7 A ) B AR

4 wBEERE
4.1 MEBFT 1CCE PRI HFIER & R 22
H S 0 AP bR g, 249 o5 R A e 2 e e g
10%~15%. 1CC KM ZEIEAEKIEE N 2 FAHEHE, K
% B 2 W S 8 e B B RS M HL TS A
R, B0 ik [R] 4 5030 oK i 5 2 45 6 1) SR 4 Dy i e
BH R NBITIRAEY. A A KT
(fibroblast growth factor, FGF) X% & H 52 R 5 23 Hf
Z Bk 7 7 (FGF1-23) M1 4 Fft 1% 22 BRI Bilg 175 B 52 {4
(FGFR1-4), 75 b J81 40 J 34 58 A7 3 28 A il 2R
R AEEEAEH . FGFRELA EHE 5 A0 F1 3L R 3
W5 2 PR (kAR R R DDA G . JEDRAH A A R
B, £ 13%~50% ] ICC & % 53¢ H FGFR2 £ [l fi
Ao EHERY, E _E T 4 R FGFR 132 061570, B
K Je (pemigatinib). HE3EH 47 % JE (infigratinib) Al
EEEE 15) T8 ICC Ak T it 25 5 1) — 23677 .
5 5L I 22 B A ) R A B, FGFR 32 400 1) 71 1 22 42

n-Bu;P;
O O O AcOH O OH POCl;, EisN o cCi LiBr, DIPEA o cl
EtO OEt MeCN EtO” Yy Y MeCN EtO N N MeCN LIO” Y - HO
NN oH N"CI N\ Scl
14a 14b 14c 14d
NH,
N / N/ /—N/
N N I~ d
B ohl HE, ™ N_N HNO; NN H,, Pd/C NN
_— - H,S0
\©\ ~BuOK, THF  MeO. E T HS0, Meo]é MeOH Meo]{j
cl
cl O,N cl H,N
14e o 14g 14h 14i
H,N
o N /
y 14k N CD;NH,-HCI N
i NN Pd(OAC),, SL-J009, NN 14m NN
Zn(OAc), DBU/K,CO; & EDCI, HOBt, NMI N
_—_—mm¥ > — P
H,O/IPA -© MeCN/Toluene NMP/MeCN
O HN O HN O HN
Zn1,2.o)‘\d Zn1/2~0%\ o D3C.H | =
N \# N, 2
N N? N N% N N%
Nie N N

14j

Figure 7 Synthetic route of deucravacitinib
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Figure 9 Synthetic route of futibatinib
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Figure 8 The X-ray crystal structure of covalent futibatinib com-
plexed with FGFR1 (PDB ID: 6MZW). The protein is shown by
yellow cartoon and the amino acid residues are shown by yellow
sticks. The ligand is shown by orange sticks and the red dashed

lines represent hydrogen bonds
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Figure 11  Synthetic route of mitapivat
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