Journal of China Pharmaceutical University 2024, 55(1): 73 — 86 73

BTK/JAK3 X ER & 30§ 7 89 1% vt & B0 £ i A0

SWMET, R BT, EEAL T M, 2R, AR KR RERT
(2GR R, FI 5 210009; ° PHSCHBEBIFE IO ATIR A 7, 1% 710077)

B E GRMAT A I XL-12 A k- Fe 4, i id KRR S MIEAR, it — TR S L FH, iR R
T 12 AN B ARfeadn ., FIA B ARGA4 049 25 H %2 ' H NMR., “C NMR #= HRMS #3E . 4Kk} iE Mm% 25 R 2 7 K 36 1L -4 xf
A7 -3 A) B R ER %8 ( Bruton’s tyrosine, BTK) #= Janus L 5% 3 (JAK3) B A 245 04 B4 7& &, 4L-&-4 1-3 5T Daudi 48 it f=
BaF3-JAK3 % j6. 2 = P 5 69 tm fe 38 s 4 b iE e, ARSI K EIRMN P, AL A 1-3 Ae A 2dn ) K B F IL-6 89 7 & b
S, A R R B AR IRAE A P A 1-3 2R iR T b 254k &4 % (ibrutinib ) #9540 K iEHE,
KEBIR  ERBM AT K BTK 46 7); JAK3 #74) F 5 e, & 404 7] 5 4 K
FESES RI142; RIS  XHFEL A XEHS  1000-5048(2024)01-0073—14

doi: 10.11665/j.issn.1000—5048.2024010201

S| AAST A 25, 4248, 455 &, F. BTK/JAK3 e & 376 7 69 3% i+ & A £ 4 F i [J]. F B 2548 K 52 524k, 2024, 55(1): 73 — 86.

Cite this article as: CEN Lifang, CHENG Ming, REN Weijie, et al. Design, synthesis and biological study of BTK/JAK3 dual-target
inhibitors[J]. J China Pharm Univ, 2024, 55(1): 73 — 86.

Design, synthesis and biological study of BTK/JAKS dual-target inhibitors
CEN Lifang", CHENG Ming'"*, REN Weijie', YE Liu', WANG Luhua', GUO Weibo'?, ZHANG Qiang’,
XU Yungen"

'Department of Medicinal Chemistry, China Pharmaceutical University, Nanjing 210009;
’Xi'an Xintong Pharmaceutical Research Co., Ltd, Xi’an 710077, China

Abstract In the present study, the compound XL-12 from our previous work was utilized as a lead compound.
Through the optimization of the terminal phenyl ring, 12 target compounds were designed and synthesized. The
structures of all target compounds were confirmed by 'H NMR, “"C NMR, and H RMS. In vitro enzyme activity
assay showed that most compounds demonstrated significant inhibitory activity toward Bruton’s tyrosine kinase
(BTK) and Janus kinase 3 (JAK3). Among them, compound I-3 exhibited moderate cell proliferation inhibitory
activity toward Daudi cells and BaF3-JAK3 cells. In the evaluation of anti-inflammatory activity in vitro,
compound I-3 could effectively inhibit the production of inflammatory factors IL-6; besides, it exhibited superior
anti-inflammatory activity compared to ibrutinib in xylene-induced ear swelling model in mice.
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Figure 1 JAK inhibitors on the market
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Figure 2 BTK inhibitors on the market
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Figure 3  Structure of compound XL-12
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Figure 4 Synthetic routes of compounds 5a—51

Reagents and conditions: (i) COCl,, TEA, dichloromethane, 0 “C— r.t., 2 h;(ii) Pd(dppf)Cl,, Na,COj; (2 mol/L), dioxane-H,O (4:1), N,, 80 C, 3 h
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Figure 5 Synthetic routes of compounds I-1-1-2
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Reagents and conditions: (iii) H,, 10% Pd/C, methanol-acetic acid(2:1), r.t., 20 h; (iv) HCI/EA, 20 °C, 1 h; (v) acryloyl chloride, TEA, anhydrous

dichloromethane/DMF, 0 °C thenr.t.,3 h



55 55 5 1 ZFRTT, A5 BTK/JAK3 WU G50 A5 A A= i A 77

X
N/
CN Boc

5¢-51 6¢-61

R
5¢, 6c, I-3: @N(:‘
5d, 6d, I-4: ON )

5g, 6g, 1-7:

Sh, 6h, I-8:

Se, 6e, I-5: @N 0
/
N

Figure 6 Synthetic routes of compounds I-3—1-12
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m), 7.95 (1H, s), 7.93 (1H, s), 7.52 (1H, s), 7.50 (1H, s), 7.38-
7.32 (5H, m), 6.03 (2H, ), 1.27 (12H, s).
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% 81.7 %. 'H NMR (300 MHz, DMSO-d;) J: 9.68 (s,
1H), 7.83 (2H, d, J = 8.5 Hz), 7.02 (2H, s), 6.56 (2H, d, J =
8.9 Hz), 6.03 (2H, s), 3.31~3.26 (4H, m), 1.98~1.94 (4H, m),
1.27 (12H, s).
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MS (ESI'70 V) m/z: 419.2[M+H]'.
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N-(7-(4,4,5,5-79 F % -132-= & 9 % 3% 2-4 ) X 3
[d][1,3] = R A3 R -4-2)-24- 0 (Z A F &) R P BLIKE
(Bk) LIS 2k (0.94 g, 3.64 mmol) FiL54) 1 (0.80 g,
3.04 mmol) Ay J}, BRI R (] 3a (95 AL, 15 H
A 1.26 g, 3 82.4 %, I AGit— D alife, HEAR T
—3 ¥, MS (ESIT70 V) m/z: 504.1[M+H] .

4- A-N-(7-(4,4,5,5-79 F £-1,3,2- = AMRIF-2-1) KA
[d][1,3] =& 2R -4- 1) 2-(ZATA) X P 3) LIk
AW 21 (0.96 g, 4.60 mmol) F1{LAH 1 (1.00 g, 3.80 mmol)
R JEORE, R R A P RMA 3a (94 B, 15 A R 0.98 g,
W 56.9 %, IR G BE— L il BT — 8 R,
MS (ESI'70 V) m/z: 439.1[M+H]'.

222 PR S5a~51 694k

(R)-3-(4- AX-3-(7T-(4-((FF &K #HE)(FA) &%) RV
Bl ) 3Rt [d][1,3] = R &R -4-25)- 1 H-wwd 5 [3,4-
d] "B -1-4) skom-1-F B AT BE (Sa) W] 50 mL = #iK
R AALE Y 3a (1.00 g, 1.89 mmol). tL& 4 4 (0.76 g,
1.71 mmol) , 1,4- 473 (15mL), 2 mol/L Na,CO; (1.9 mL)
H1 Pd(dppfHCl, (73 mg, 0.10 mmol), AR, T 75 C &
O 3 h, TLC (5 I BE-FH I, 15: 1) Wi s R 58 4. Aotk
AU, WSRO ZE BRI R, S BE (30 mL) i,
S AZK (10 mL x 3), AR FISEALE KR (10 mL x 3) ¥
Uk, TOKBRRREN T . ThOE, BB H vk 4, Z84F (i alifl
(AT Jt-H B2, 200: 1~50: 1) 53R 8 (L FK 0.92 g, i
74.6 %. 'H NMR (300 MHz, DMSO-dy) d: 10.30 (1H, s),
8.24 (1H, s), 8.01 (2H, d, J = 8.7 Hz), 7.51 (2H, d, J = 8.5
Hz), 7.46~7.27 (5H, m), 7.19 (1H, d, J = 8.6 Hz), 7.03 (1H, d,
J =85 Hz), 6.15 (2H, s), 5.19~5.10 (2H, m),4.73~4.65 (1H,

m), 4.19~3.64 (3H, m), 3.33 (3H, s), 3.12~2.86 (1H, m),
2.31~1.86 (3H, m), 1.69~1.53 (1H, m), 1.34 (9H, s)..

(R)-3-(4- A K -3-(7-(4- 3R F BB &) R 51 [d][1,3]
TR IR R -4- )1 H-weok - [3,4-d] E-1-4) kR -1-
P ER AT B8 (5b)  LIMEA 3b (0.90 g, 2.18 mmol) L4
) 4 (0.80 g, 1.80 mmol) Ay J5it, #AE L R [F] Al A Sa 14
AR, B EGEK 0.37 g, I 34.1 %. 'H NMR (300 MHz,
DMSO-dg) 6: 10.52 (1H, s), 8.21 (1H, s), 8.12 (2H, d, J = 8.2
Hz), 8.04 (2H, d, J = 8.3 Hz), 7.19 (1H, d, J = 8.6 Hz), 7.02
(I1H, d, J = 8.6 Hz), 6.13 (2H, s), 4.72~4.60 (1H, m),
4.10~3.94 (1H, m), 3.89~3.76 (1H, m), 3.18~3.14 (1H, m),
3.09~2.91 (1H, m), 2.24~2.15 (1H, m), 2.13~2.02 (1H, m),
2.02~1.81(1H, m), 1.62~1.51 (1H, m), 1.32 (9H, s).

(R)-3-(4- R A -3-(7-(4-(r b d2-1- ) R P BLAE &) K5
[d][1,3] = & 22 3R % M -4- 25 )- L H-oto v 3 [3,4-d] "% -1-4)
JkoZ-1-F BT B8 (S¢)  LIMEAY) 3¢ (1.12 g, 2.57 mmol)
FALAW) 4 (1.03 g, 2.32 mmol) AUk, 44 1 A5 ) v il 44
5a (AL, 5 A @R 0.42 g, IR 28.9 %, 'H NMR (300
MHz, DMSO-dg) d: 9.73 (s, 1H), 8.24 (s, 1H), 7.87 (d, J =
8.78 Hz, 2H), 7.19 (d, J = 8.6 Hz, 1H), 7.01 (d, J = 8.6 Hz,
1H), 6.59 (d, J = 8.9 Hz, 2H), 6.12 (s, 2H), 4.70~4.65 (m,
1H), 4.17~4.02 (m, 1H), 3.87~3.78 (m, 1H), 3.57~3.43 (m,
1H), 3.35~3.29 (m, 4H), 3.00~2.92 (m, 1H), 2.69~2.54 (m,
1H), 2.23~2.15 (m, 1H), 2.12~2.07 (m, 1H), 2.00~1.95 (m,
4H), 1.60~1.54 (m, 1H), 1.34 (s, 9H).

(R)-3-(4- RA-3-(7-(4-(FR"2-1- ) R P BLAR AL) Rt [d]
[1,3] =R 3R K H-4-2)-1 H-oeok 5 [3,4-d] "E72-1-4) Fo-
1-F B4 T B (5d)  LAMEAY) 3d (0.90 g, 2.00 mmol) Fifk
#4080 g, 1.80 mmol) Sy J5UK, AR F ] v [E] {4 5a
B, AR 0.37 g, % 32.1 %, 'H NMR (300 MHz,
DMSO-dg) d: 9.85 (1H, s), 8.24 (1H, s), 7.87 (2H, d, J= 8.6 Hz),
7.19 (1H, d, J = 8.6 Hz), 7.00 (3H, d, J = 8.6 Hz), 6.14 (2H,
s), 4.74~4.64 (1H, m), 4.08~3.99 (1H, m), 3.93~3.78 (1H, m),
3.35~3.29 (4H, m), 3.06~2.92 (1H, m), 3.00~2.92 (1H, m),
2.69~2.52 (1H, m), 2.27~2.15 (1H, m), 2.13~2.07 (1H, m),
1.61~1.57 (7H, m),1.37 (9H, s).

(R)-3-(4- A K -3-(7-(4-" 3R F Bl &) R 51 [d][1,3]
TR R -4-H)- L H-week 5 [3,4-d] "B -1-HK) R -1-
P ER AR TES (Se)  LIMLAY 3e (1.27 g, 2.81 mmol) Fifk&
¥ 4 (1.00 g, 2.26 mmol) A 5k}, BAERLFE[F a4 Sa 14
B, FHE L A 0.37 g, % 25.5 %. 'H NMR (300 MHz,
DMSO-dg) d: 9.91 (1H, s), 8.23 (1H, s), 7.90 (2H, d, J = 8.7
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Hz), 7.18 (IH, d, J = 8.6 Hz), 7.01 (3H, m), 6.13 (2H,
5),4.71~4.61 (1H, m), 4.19~4.01 (1H, m), 3.98~3.87 (1H, m),
3.76~3.72 (4H, m), 3.38~3.37 (1H, m), 3.27~3.23 (4H, m),
3.05~2.92 (1H, m), 2.24~2.16 (1H, m), 2.11~2.04 (1H, m),
1.97~1.87 (1H, m), 1.59~1.51 (1H, m), 1.28 (9H, s).,

(R)-3-(4- £ A& -3-(7-(4-(te o8 S -1- & 7 A ) % 7 B ik
) R [d[1,3] = R AR R -4-2)-1H-ok - [3,4-d] &
o) kR -1-F ER AT B (5 LML S 3 (0.80 g,
1.78 mmol) FIfLA ) 4 (0.80 g, 1.80 mmol) 9 EUR}, #EfFEit
TR R Sa (16 %, fRIRTE SR 0.84 g, Y% 72.8 %.
'"H NMR (300 MHz, DMSO-dg) 6: 10.22 (1H, s), 8.24 (1H, s),
7.96 (2H, d, J = 8.0 Hz), 7.48 (2H, d, J = 8.0 Hz), 7.19 (1H, d,
J = 8.6 Hz), 7.04 (1H, d, J =8.5 Hz), 6.15 (2H, s), 4.76~4.61
(1H, s), 4.22~4.01 (1H, m), 3.99~3.85 (1H, m), 3.72 (2H, s),
3.52~3.25 (4H, m), 3.09~2.91 (1H, m), 2.31~2.14 (1H, m),
2.14~2.03 (1H, m), 2.02~1.83 (1H, m), 1.81~1.69 (4H, m),
1.66~1.51 (2H, m), 1.29 (9H, s).

(R)-3-(4- A A -3-(7-(5- Az -2- F BRA &) 5 [d][1,3]
TR -4- R -1 H-week - [3,4-d] B -1-4) kR -1-
VERR T B (5g) LIMLAY) 3g (0.83 g, 2.15 mmol) FIfLA
Y 4 (0.89 g, 2.00 mmol) Jy JFEL, #EAE I RE R Hr A& Sa 1Y
A, AR O AR 0.38 g, F 33.0 %. "H NMR (300
MHz, DMSO-dg) 6: 10.37 (1H, s), 8.67 (1H, d, J = 8.5 Hz),
8.27 (1H, dd, J = 8.5, 1.3 Hz), 8.19 (1H, d, J = 8.5 Hz), 8.14
(1H, dd, J = 8.3, 1.4Hz), 7.96~7.90 (2H, m), 7.81~7.76 (1H,
m), 7.72 (1H, d, J = 8.4 Hz), 6.18 (2H, s), 4.70~4.61 (1H, m),
4.03~3.94 (1H, m), 3.90~3.72 (1H, m), 3.56~3.57 (1H, m),
3.04~2.90 (1H, m), 2.22~2.12 (1H, m), 2.10~2.02 (1H, m),
1.94~1.83 (1H, m), 1.61~1.51 (1H, m), 1.33 (9H, s).

(R)-3-(4- R I -3-(7-(6-F A A okmg -3- P BLA L) R [d]
[1,3] = &3R8 H-4-2)-1 H-oeo 5 [3,4-d] "E72-1-4) -
1-FER AT B5 (Sh)  LIALAH 3h (0.80 g, 2.01 mmol) Fifk
#¥) 4 (0.87 g, 1.96 mmol) Sy J5UKL, # A A [a] v [A] {4 5a
BB, 94 R 1.06 g, 103 91.9 %, 'H NMR (300
MHz, DMSO-d) 6: 10.16 (1H, s), 8.77 (1H, s), 8.27 (1H, dd,
J=28.7,4.6 Hz), 8.22 (1H, s), 8.04~7.98 (1H, m), 7.71 (1H, d,
J=8.6 Hz), 7.06 (1H, d, J = 8.6 Hz), 6.20 (2H, s), 4.73~4.60
(1H, m), 4.20~3.95 (1H, m), 3.90~3.70 (1H, m), 3.09~2.82
(2H, m), 2.29~2.12 (1H, m), 2.11~2.01 (1H, m), 1.99~1.84
(1H, m), 1.60~1.50 (1H, m), 1.34 (9H, s).

(R)-3-(4- & A -3-(7-(F "k -2-F Bt e ££) K H [d][1,3]
= R IR -4 A1 Hwteok I [3,4-d) "B -1-4) gk -1-

PR T B (51)  LIALEY 30 (0.74 g, 1.76 mmol) Ffb&
Y 4 (0.74 g, 1.67 mmol) A J5UkL, FEAE L FE Rl Hr [a) 4k Sa 1)
A, FAE A E A 0.95 g, W 93.5 %, 'H NMR (300 MHz,
DMSO-dg) d: 10.28 (1H, s), 8.81 (1H, s), 8.28~8.22 (2H, m),
7.19 (1H, d, J = 8.6 Hz), 7.03 (1H, d, J = 8.5 Hz), 6.96 (1H, d,
J=18.7Hz), 6.15 (2H, s), 4.72~4.61 (1H, m), 4.22~4.08 (1H,
m), 3.94 (3H, s), 3.84~3.72 (1H, m), 3.59~3.45 (I1H, m),
3.07~2.90 (1H, m), 2.28~2.16 (1H, m), 2.12~2.02 (1H, m),
1.99~1.87 (1H, m), 1.60~1.50 (1H, m), 1.34 (9H, s)..

(R)-3-(4-AH-3-(7T-(4-A3-(EAF &) RPBLIE L) X
F [d][1,3] = £ 23R S M -4- 2 )- 1 H-wt ok 3 [3,4-d] "E 72 -1-
Ay vz -1-F B R T B (55) LIL&W 35 (1.10 g, 2.34
mmol) FILE Y 4 (0.99 g, 2.23 mmol) g5k}, Bl 3 [H
A Sa BA, IR B EE K 1.16 g, IE 75.1 %, 'H
NMR (300 MHz, DMSO-dg) d: 10.62 (1H, s), 8.42 (1H, s),
8.27 (1H, dd, J = 8.4, 2.2 Hz), 8.22 (IH, s), 7.93 (1H, d, J =
8.4 Hz), 7.21 (1H, d, J = 8.5 Hz), 7.05 (1H, d, J = 8.6 Hz),
6.16 (2H, s), 4.73~4.62 (1H, m), 4.05~3.97 (1H, m),
3.93~3.75 (1H, m), 3.57~3.56 (1H, m), 3.06~2.91 (1H, m),
2.24~2.15 (1H, m), 2.12~2.02 (1H, m), 1.96~1.85 (1H, m),
1.62~1.50 (1H, m), 1.34 (9H, s).,

(R)-3-(4- R A -3-(7-2,4- 3 (ZAF &) X PBLIE L) K
[d][1,3] = & 4 3R 0K M -4- 22 )- 1 Hoote vk 5 [3,4-d] "7 -1-4)
P -1-F BT B (5k)  LIALEH 3k (1.17 g, 2.33 mmol)
LAY 4(0.98 g, 2.21 mmol) Jhy JFURE, Heft i R [w] o 14
Sa (14 B, PHIR B A [ K 1.24 g, 0K 80.9 %. 'H NMR
(300 MHz, DMSO-dg) ¢: 10.71 (1H, s), 8.23 (1H, s), 8.20
(2H, s), 7.94 (1H, d, J = 7.9 Hz), 7.48 (1H, d, J = 8.7 Hz),
7.05 (1H, d, J = 8.6 Hz), 6.16 (2H, s), 4.72~4.62 (1H, m),
4.20~4.00 (1H, m), 3.94~3.75 (1H, m), 3.57~3.56 (1H, m),
2.77~2.69 (1H, m), 2.23~2.17 (1H, m), 2.12~2.03 (1H, m),
1.98~1.85 (1H, m), 1.61~1.51 (1H, m), 1.33 (9H, s)..

(R)-3-(4-RH-3-(T-(4-R2-(Z R T A) RFBLEA) X
I [d][1,3] =8 23R R M-4- 2 )-1 H-otbo 5 [3,4-d] "572-1-2)
Jko-1-F BT B (SI) LKA 310.78 g, 1.73 mmol)
LA 4 (0.73 g, 1.64 mmol) Uk, 454 1 A5 ) v il 44
5a BYA, 1548 0 1K 0.92 g, I 82.6%. 'H NMR (300
MHz, DMSO-dg) d: 10.16 (1H, s), 8.77 (1H, s), 8.29~8.26
(1H, m), 8.22 (1H, s), 8.04~8.00 (1H, m), 7.71 (1H, d, J = 8.6
Hz), 7.06 (1H, d, J = 8.6 Hz), 6.20 (2H, s), 4.73~4.60 (1H, m),
4.20~3.95 (1H, m), 3.90~3.70 (1H, m), 3.09~2.82 (2H, m),
2.29~2.12 (1H, m), 2.11~2.01 (1H, m), 1.99~1.84 (1H, m),
1.60~1.50 (1H, m), 1.34 (9H, s).
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223  FIE4K 6a F= 6b 494 A%,

(R)-3-(4- AH-3-(7-(4-(F A4 RFBLEE) R [d][1,3]
TR IR -4- K- 1 H-week - [3,4-d] B -1-4) kR -1-
AT 8BS (6a) FifbA Y 5a (0.90 g, 1.25 mmol), F fis
(8 mL) ML (4 mL) {4, iIMA 10 % Pd/C (0.09 g), ili A
AT 20 h, TLC (— 4 be-H B, 15:1) Wil 2
NEFEA o g, UEVROEE ZE BRI, ML A (i alifl (2
AP -1, 150 1~50 1) 15 BB AEHA 0.64 g, YT 87.3 %,
'"H NMR (300 MHz, DMSO-dj) 6: 9.81 (1H, s), 8.23 (1H, s),
8.09 (1H, s), 7.88 (2H, d, J = 8.6 Hz), 7.18 (1H, d, J = 8.6
Hz), 7.01 (1H, d, J = 8.5 Hz), 6.76 (2H, d, J = 8.8 Hz), 6.13
(2H, s), 4.78~4.58 (1H, m), 4.29~4.18 (1H, m), 3.97~3.68
(1H, m), 3.04~2.95 (4H, m), 2.29~2.16 (1H, m), 2.13~2.06
(1H, m), 1.94~1.80 (1H, m), 1.60~1.50 (1H, m), 1.48~1.43
(1H, m), 1.29 (9H, s).

(R)-3-(4- A K -3-(7-(4- A K R 7 BE e &) Rt [d][1,3]
= R IR -4 -1 Hwbeok I [3,4-d) "B -1-4) kR -1-
P A AT 85 (6b)  LILEW Sb (0.35 g, 0.58 mmol) F1 10 %
PA/C F I}, BEAELL AR 6a 1A K, 548 (O {4 0.32¢, lk
% 96.4 %, MS (ESI'70 V) m/z: 573.3[M+H] ",

224 FIE4K Ta. Tb. 6c~61 494 %,

(R)-N-(7-(4- &, F -1-(9k vz -3- 2 )-1H-w v F [3,4-d] *5
we-3-28) R [d][1,3] = AR -4-25)- 4-(F A K) X
P ELAE (Ta) LAY 6a (0.64 g, 1.09 mmol) FITGK — 5 H
£t (10 mL) IR &, WKIBHEHE T AL 2 mL AL/ &
MR CRVE W, A7 R AT L, InSe, S vkt . & IR
SN 2 h, TLC (5 H e -H B, 20 1) Wil s 1 56 42, Fil1iE,

% 98.1 %. MS (ESI'70 V) m/z: 487.2[M+H] .

(R)-4- &, 3 -N-(7-(4- 2, % -1-(%k " -3-2 )-1H-wt »& 5
[3,4-d] *E72-3-4&) kH [d][1,3] =& LR R HMH-4-4L) R F
B (Tb)  LIALAH 6b (0.30 g, 0.52 mmol), #4F i 12 [H]
LAY Ta 94 K, F348 @R 0.22 g, 10K 91.3 %. A&
2 aifl, HHEHRT — 2, MS (ESI'70 V) m/z: 473.2
[M+H]',

(R)-N-(7-(4- &, & -1-(9k vz -3- 2 )- 1 H-wk » F [3,4-d] *5
wE-3-48) R [d][1,3] = & F2 30 R M -4-25)- 4-(e b dr-1-
£) K PEEE (6¢) LILEY 5¢ (038 g, 0.61 mmol) HJi
B B RS Ta 0GB, 15 B ERER 0.27 g, R
84.0 %, AN&H—Laifk, HiEHR T —4. MS (ESI'70 V)
m/z: 527.3[M+H]",

(R)-N-(7-(4- &, A -1-(9k oz -3- 2 )- 1 H-wtk o F [3,4-d] *%

wE-3-350) R [d][1,3] = A% 3R OR M -4-4)- 4-(R i -1-
A) R FEAE (6d)  LILSY 5d (0.38 g, 0.60 mmol) )5
B BE R LAY Ta 0GR 153 F AR 0.27 g, R
82.1 %o, AN&Ht—Haifh, HEHR T —4, MS (ESI'70 V)
m/z: 541.3[M+H]",

(R)-N-(7-(4- &, A -1-(9k "2 -3- 2 ))-1 H-st »d H [3,4-d] *%
R-3-45) Rt [d][1,3] = R A IR RM-4-25)-4-"D o K OR P BE
Bz (6e)  LIMLEH Se (0.37 g, 0.58 mmol) M JERE, BRiEit
RIS Ta 05, 5 H AR 0.26 g, K 82.6 %.
AN — L aifh, BHEERT 2. MS (ESI'70 V) m/z:
543.3[M+H]",

(R)-N-(7-(4- £, 2 -1-(F "% -3- 2 )-1H-t vk 3 [3,4-d] "%
w-3-4) Ft [d][1,3] = A 4 ORI -4-A)- 4-(eebdp-1- 4
¥ H) KT B (6f)  LIMLAY) 5£(0.84 g, 1.31 mmol)
ok, BRI FR IR AL G Ta 196, FHIR B (K 0.68 g,
WK 96.0 %, RNt —Laifh, HEHR T —4. MS
(ESI'70 V) m/z: 541 3[M+H]".

(R)-N-(7-(4- &, & -1-(9k vz -3- 2 ))- 1 H-wk v F [3,4-d] *%
we-3-25) R [d][1,3] = £ 43 R M -4-25)-5- Rk o -2- F
Bz (6g) LMLAY 5g (122 g, 2.12 mmol) MR, 4
A FEFEAEE Y Ta BYE R, 5B EAEK 0.97 g, R 96.1 %.
ANk aifh, HERT —4. MS (ESI'70 V) m/z:
4772[M+H]".

(R)-N~(7-(4- & -1-(Fk "2 -3- K )-1H-= v 5 [3,4-d] "%
e -3-4k) R [d][1,3] =R F T RH-4-25)- 6-F A Sk ek -
3-WELAE (6h)  LIALEH 5 h(0.94 g, 1.60 mmol) R,
BAEL RS Y Ta 195 K, 1948 @ 151K 0.66 g, i3
84.4 %, AN&t—Haith, HEER T —4, MS (ESI'70 V)
m/z: 489 2[M+H]",

(R)-N-(7-(4- 7, A -1-(9k 72 -3- 2 ))-1 H-w »d H [3,4-d] *%
"E-3-4) ROt [d][1,3] = AR IR -4- 25 )-Fr k- 1-F Bt
Bz (61)  LIEA) 5i(0.38 g, 0.62 mmol) i R}, #REE e
FALG Y Ta B9G 75 AR 0.31 g, IH 98.3 %, A
St —Halifh, HEH R —2. MS (ESI'70 V) m/z: 509.2
[M+H]",

(R)-N~(7-(4- £, £ -1-(9h "2 -3- 2 )- 1 H-=t #% 5 [3,4-d] &
-3-48) RIF [d][1,3] = B A FORH-4-K)- 4-A3-(ZATF
A) R FPBE (6)) VLAWY 55 (1.11 g, 1.68 mmol) i
B RES R FEALE Y Ta BA K, BIRE AR K 0.86 g, UK
914 %, Agii—Lalifh, BT 4. MS (ESI'70
V) m/z: 561.1[M+H]’,

(R)-N-(7-(4- &, & -1-(9k w2 -3- 2 ))- 1 H-wk v F [3,4-d] *%
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"-3-R) R [d[1,3] = A SRR -4-K)-24- R (AT
AR PEI (6k)  LIMLAW 5k (1.10 g, 1.59 mmol) MR
B B R RS Ta 096 R, 15 B EREK 0.93 g, R
98.6 %o AZt—Laifh, HEHRT —2. MS (ESI'70 V)
m/z: 594 2[M+H]".

(R)-N-(7-(4- &, F -1-(9k vz -3- 2 )-1H-wk v F [3,4-d] *5
we-3-4) R [d][1,3] = A F R R -4-K)-4-A2-(ZATF
E)EPELE 6) LIMBEAY 51(1.11 g, 1.72 mmol) N
B BRI R LAY Ta 0GR, AR B EE A 0.86 g, I
2920 %, ANEH—aifl, HEAXT —2, MS (ESI'70
V) m/z: 544.2[M+H]",

225 BARMLEY -1~1-12 696 %,

(R)-N-(7-(1-(1-79 H Bt A ok o2 -3-4)-4- A -1 H-mt o
H [3,4-d] "B 7 -3-4) K H [d][1,3] = & 2 3R R i -4- K )-4-
(P AR RPBLEE (-1)  KibE9 7a (0.51 g, 1.05 mmol)
INATEAK S %8 (3 mL) o, il EGN (0.22 g, 2.17 mmol),
SRBEFE 1 h, VKV ST G20 T i o9 0 Tk 4 0.086 g,
0.95 mmol) fIE/K 4 %% (1 mL) IR, s e, iR
PEFEZ) 3 h, TLC (A Le-FEE, 15 1) Waill fe i 52 42 .
fia] K2 A e (7 mL) TR RS, B FHZK (10 mL
x 3) AN ALK VA (10 mL x 3) Yk, A L2
FE v 45 A5 4 o ML 2B i Al fh (A e -H R,
100:1~50:1) 18 1 {4 [ & 0.07 g, W % 123 %, mp
158.5~160.4 C. #liJ¥: 96.86 %. 'H NMR (400 MHz,
DMSO-dg) 8:9.68 (s, 1H), 8.23 (1H, 5), 7.80 (2H, d,.J= 7.6 Hz),
7.19 (1H, d, J = 7.7 Hz), 7.00 (1H, d, J = 8.4 Hz), 6.91~6.76
(1H, m), 6.58 (1H, d, J = 8.6 Hz), 6.38~6.33 (1H, m),
6.17~6.05 (3H, m), 5.73~5.57 (1H, m), 4.75~4.64 (1H, m),
4.59~4.49 (1H, m), 4.27~4.17 (1H, m), 4.13~3.96 (1H, m),
3.24~3.16 (1H, m), 2.77~2.71 (3H, d, J = 5.0Hz), 2.29~2.21
(1H, m), 2.15~2.08 (1H, m), 1.96~1.88 (1H, m), 1.63~1.53
(1H, m)., "C NMR (101 MHz, DMSO-d;) 6:165.25, 165.03,
158.55, 156.16, 154.13, 153.21, 146.13, 141.07, 139.02,
129.97 (2C), 128.85, 127.87, 122.79, 122.43, 120.51, 119.35,
111.44, 111.23, 110.90 (2C),101.95, 99.09, 53.40 (0.5C),
52.61 (0.5C), 49.72 (0.5C), 46.18 (0.5C),45.61 (0.5C), 42.05
(0.5C), 30.09 (0.5C), 29.88 (0.5C), 29.77, 25.41 (0.5C), 23.88
(0.5C). HRMS (ESI) m/z[M+H]": Calcd for CygH,gNgOy:
541.2312; Found: 541.2309,

(R)-N-(7-(1-(1-73 H Bt A ok o2 -3-)-4- A A -1 H-mt o
H [3,4-d] "B 2 -3-2) R H [d][1,3] = £ F 3R R -4- 2 )-4-
ALRFBM (1-2) LMEAH b (0.24 g, 0.51 mmol) Fl

N HRETHESA (0.04 g, 0.44 mmol) Jy J5Uk, AR 2 [FAL 5 4
I-1 5 %, 18 H @A 0.04 g, 1% 14.9 %, mp 171.8~
173.8 °C. #4iJ¥: 96.56 %. 'H NMR (400 MHz, DMSO-d;)
d: 9.65 (1H, s), 8.23 (1H, s), 7.72 (2H, d, J = 8.3 Hz), 7.19
(1H, d, J = 8.5 Hz), 7.00 (1H, d, J = 8.6 Hz), 6.90~6.72 (1H,
m), 6.60 (2H, d, J = 8.4 Hz), 6.16~6.04 (3H, m), 5.77 (2H,
br), 5.73~5.57 (1H, m), 4.74~4.64 (1H, m), 4.57~4.50 (1H,
m),4.27~4.19 (1H, m), 4.10~3.91 (1H, m), 3.24~3.14(1H, m),
2.31~2.22 (1H, m), 2.16~2.08 (1H, m), 1.97~1.87 (1H, m),
1.65~1.54 (1H, m). HRMS (ESI) m/z[M+H]": Calcd for
C,7H,7NgOy: 527.2155; Found:527.2147,
(R)-N-(7-(1-(1-7 H Bt 2 ok vg -3-20)-4- R A -1 H-wkmd 51
[3.4-d] "E=-3-2) Rt [d][1,3] = RAIFRH-4- 2k )-4- (1%
ke-1-3K) R P B (1-3)  LUMEG 6¢ (0.25 g, 0.47 mmol)
FPREEES (0.04 g, 0.44 mmol) 15Uk}, BRI R FRL &9
I-1 80, 18 B A A 0.06 g, 103 22.0 %, mp 158.1~
160.5 °C., 4iJEF: 97.98 %, 'H NMR (400 MHz, DMSO-d)
9:9.76 (1H, s), 8.19 (1H, s), 7.81 (2H, d, J = 8.0 Hz), 7.11
(1H, d, J=7.9 Hz), 6.98 (1H, d, J = 8.6 Hz), 6.83~6.60 (1H,
m), 6.56 (2H, d, J = 8.5 Hz), 6.13~5.97 (3H, m), 5.73~5.55
(1H, m), 4.76~4.61 (1H, m), 4.50~4.44 (1H, m), 4.15~4.06
(1H, m), 4.04~3.87 (1H, m), 3.30~3.22 (4H, m), 3.12~3.03
(1H, m), 2.26~2.17 (1H, m,), 2.12~2.05 (1H, m), 1.96~1.89
(5H, m), 1.60~1.49 (1H, m). "“C NMR (101 MHz, DMSO-
dg) 9: 164.75, 164.55, 158.05, 155.68, 153.66, 149.88,145.66,
140.64, 138.54, 129.46 (2C), 128.37, 127.48, 122.30, 121.96,
119.54, 118.93, 110.99,110.61 (2C), 101.47, 98.62, 52.92
(0.5C), 52.14 (0.5C), 49.25 (0.5C), 47.24 (2C), 45.70 (0.5C),
45.14 (0.5C), 41.57 (0.5C), 29.62 (0.5C), 29.41 (0.5C), 24.97
(2C), 24.75 (0.5C), 23.40 (0.5C), HRMS (ESI) m/z[M+H]":
Calcd for C3;H33NgO,4: 581.2625; Found: 581.2626,
(R)-N-(7-(1-(1-73 M Bt H ok "2 -3- 2 )-4- A -1 Hootk ol
H [3,4-d] "B 2 -3-2) FH [d][1,3] = & ¢ 3R R M -4- K )-4-
(RoR-1-4) R PELEE (1-4)  LILAY) 6d (0.35 g, 0.65 mmol)
R FEES (0.05 g, 0.55 mmol) g J5kt, #fE i R R Ak &
By 1-1 (5, 15 15 @R 0.05 g, UK 12.9 %, mp 157.2~
158.8 °C. #4liJ¥: 9527 %. 'H NMR (400 MHz, DMSO-d;)
d: 8.20 (1H, s), 7.81 (2H, d, J = 8.6 Hz), 7.12 (1H, d, J = 8.5
Hz), 6.98 (1H, d, J = 8.9 Hz), 6.94 (2H, d, J = 8.8 Hz),
6.84~6.59 (1H, m), 6.14~6.07 (3H, m), 5.74~5.57 (1H, m),
4.75~4.64 (1H, m), 4.52~4.47 (1H, m), 4.15~4.08 (1H, m),
4.05~3.92(1H, m), 3.28 (4H, s), 3.23~3.14 (1H, m), 2.26~2.18
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(1H, m), 2.13~2.07 (1H, m), 1.96~1.85 (1H, m), 1.45 (7H,
m). HRMS (ESI) m/z[M+H]": Calcd for C;,H35NgOy:
595.2781. Found: 595.2774.,

(R)-N-(T-(1-(1-7 1 B Ak o 72 -3k )-4- R Ak -1 H-wk v
I [3.4-d] "Eo2-3-4) K [d)[1,3] = R A TR -4-2)-4-
ok KR P B (1-5)  LILEY) 6e (0.25 g, 0.46 mmol)
FIPNHE IS (0.04 g, 0.44 mmol) JgJ5UR, ¥ B RL &4
-1 094, A5 E K 0.06 g, K 21.9 %, mp 156.4~
158.2 °C., #HJ¥:97.79 %. "H NMR (400 MHz, DMSO-dq)
: 9.90 (1H, s), 8.23 (1H, s), 7.90 (2H, d, J= 6.8 Hz), 7.20
(1H, d, J = 8.6 Hz), 7.04~7.00 (3H, m), 6.85~6.73 (1H, m),
6.17~6.04 (3H, m), 5.72~5.58 (1H, m), 4.75~4.64 (1H, m),
4.59~4.46 (1H, m), 4.29~4.18 (1H, m), 4.11~4.00 (1H, m),
3.77~3.72 (4H, m), 3.28~3.23 (4H, m), 3.22~3.15 (1H, m),
2.32~220 (1H, m), 2.14~2.08 (1H, m), 1.96~1.88 (1H, m),
1.65~1.52 (1H, m), HRMS (ESI) m/z[M+H]":Calcd for
C31H33NgO5: 597.2574; Found: 597.2562,

(R)-N-(7-(1-(1-7 M Bt & ok wg 3-8 )-4-R K -1 Homl v
I [3,4-d] "B -3-4) K I [d][1,3] = & F 3R % M -4- 4K )-4-
(et -1-A 7 A) R PELEE (1-6) LILEY 6f (0.50 g,
0.93 mmol) FNMEMBES (0.08 g, 0.88 mmol) A JFUkk, 4k
BEREE G Y 11 096 1, 13 AR 0.04 g, 0% 7.2 %,
mp 175.1~177.6 C. #hi)J¥: 96.26 %, 'H NMR (400 MHz,
DMSO-dg) 6: 10.24 (1H, s), 8.24 (1H, s), 7.97 (2H, d, J = 8.0
Hz), 7.49 (2H, d, J = 7.9 Hz), 7.20 (1H, d, J = 8.6 Hz), 7.04
(1H, d, J=8.5 Hz), 6.87 (1H, dd, J = 15.2, 9.1 Hz), 6.84~6.69
(1H, m), 6.18~6.02(4H, m), 5.75~5.58 (1H, m), 4.82~4.65 (1H,
m), 4.62~4.49 (1H, m), 4.30~4.17 (1H, m), 4.13~3.99 (1H,
m), 3.72 (2H, s), 3.45~3.29 (4H, m), 3.26~3.14(1H, m), 3.03~
2.91(1H, m), 2.36~2.20 (1H, m), 2.19~2.00 (1H, m), 1.97~
1.87(1H, m), 1.74 (4H,m), 1.61 (1H, m), HRMS (ESI) m/z[M+
H]': Calcd for C3,H;35NgOs5: 595.278 1; Found: 595.2780,

(R)-N-(7-(1-(1-7 H Bt & ok vz 3-8 )-4- £ K -1 H-wk v
H [3,4-d] "B 2 -3-2) KA [d][1,3] = & 2 3R R -4- £ )-5-
AR 2-F B R (7)) AL &Y 6g (0.81 g 1.70
mmol) FIPTHEEES (0.14 g, 1.54 mmol) Jy 5ok}, #efEid A2 [H
&Y 11 8 13 EAREE 0.25 g, 1% 27.7 %, mp
167.2~169.4 °C. 4ii J¥ : 9836 %. 'H NMR (400 MHz,
DMSO-dg) d: 10.15 (1H, s), 8.75 (1H, s), 8.26 (1H, m), 8.22
(1H, s), 8.02 (1H, td, J = 8.7, 2.8 Hz), 7.73 (1H, d, J = 8.6
Hz),7.07 (1H, d, J = 8.6 Hz), 6.90~6.71 (1H, m), 6.20 (2H, s),
6.16~6.03 (1H, m), 5.73~5.58 (1H, m), 4.77~4.63 (1H, m),

4.60~4.52 (1H, m), 4.28~4.17 (1H, m), 4.11~4.05 (1H, m),
3.26~3.15 (1H, m), 2.32~2.20 (1H, m), 2.16~2.07 (1H, m),
1.96~1.89 (1H, m), 1.66~1.53 (1H, m). HRMS (ESI) m/z[M+
H]": Calcd for CygH,4FNgO4: 531.1905; Found: 531.1909,

(R)-N-(7-(1-(1-73 M Bt H ok g -3- 20 )-4- A H -1 Hook ol
It [3.4-d] 572 -3- 58 ) R [d][1,3] = & F IR % M -4- 25 )-6-
VA A akur 3-F B R (1-8)  LIAL S W 6h (0.60 g,
1.23 mmol) FAMEESR (0.10 g, 1.10 mmol) Jg 5k}, #dFit
FEREE G 1-1 96 B, 15 A E R 0.12 g, I0R 18.0 %.
mp 156.3~158.4 °C. 4fJF: 96.38 %. 'H NMR (400 MHz,
DMSO-dg) 6:10.27 (1H, s), 8.81 (1H, s), 8.28~8.21 (2H, m),
7.20 (1H, d, J = 8.6 Hz), 7.04 (1H, d, J = 8.6 Hz), 6.96 (1H, d,
J = 8.7 Hz), 6.83~6.72 (1H, m), 6.15 (2H, s), 6.12~6.04 (1H,
m), 5.74~5.57 (1H, m), 4.75~4.64 (1H, m), 4.59~4.51 (1H,
m), 4.29~4.18 (1H, m), 4.12~4.04 (1H, m), 3.94 (3H, s),
3.25~3.15 (1H, m), 2.30~2.20 (1H, m), 2.15~2.08 (1H, m),
1.96~1.88 (1H, m), 1.64~1.52 (IH, m), HRMS (ESI)
m/z[M+H]": Caled for CyHyNgOs: 543.2104; Found:
5432098,

(R)-N-(7-(1-(1-79 H Bt A ok o -3-2)-4- A K -1 H-t o
I [3.4-d] "EZ-3-28) RIF [d][1,3] = R AT R H-4-K) 7
Eek-1-F B (119)  LIEA Y 6i (0.28 g, 0.55 mmol) FlI
NI (0.045 g, 0.50 mmol) Sy J5Uk}, BAES R R b5 4
-1 B4 5, 5 AR 0.14 ¢ @, 1R 452 %, mp
195.7~197.6 C. 4 J&F: 97.92 %, 'H NMR (400 MHz,
DMSO-dg) 6: 10.42 (1H, s), 8.69 (1H, d, J = 8.5 Hz), 8.31
(1H, d, J = 8.5 Hz), 8.25 (1H, s), 822 (1H, d, J = 8.3 Hz),
8.16 (1H, d, J = 8.2 Hz), 7.94 (1H, t, J = 7.7 Hz), 7.85 (1H, d,
J=8.7Hz),7.79 (1H, t,J=7.0 Hz), 7.11 (1H, d, J = 8.6 Hz),
6.91~6.72 (1H, m), 627 (2H, s), 6.20~6.05 (I1H, m),
5.77~5.58 (1H, m), 4.78~4.65 (1H, m), 4.62~4.54 (1H, m),
431~4.19 (1H, m), 4.13~4.06 (1H, m), 3.34~3.16 (1H, m),
2.36~2.21 (1H, m), 2.17~2.08 (1H, m), 2.02~1.90 (1H, m),
1.66~1.53 (1H, m). HRMS (ESI) m/z[M+H]": Calced for
C30H,;NgO,: 563.2155; Found: 563.2149.,

(R)-N-(7-(1-(1-79 H Bt A ok o -3-2)-4- A K -1 H-t o
H [Ba-d] "EK-3-4) R [d][1,3] = R AR -4-%)-4-
AB-(EATFTE)E PR 1-10) LILEY 6j (0.86 g,
1.54 mmol) FIRMEES (0.13 g, 1.44 mmol) Jg Uk}, #dFit
A 11 096 A, 19 @R A 0.22 g, 1% 24.9 %,
mp 164.6~166.4 °C., #iiJF: 98.83 %, 'H NMR (400 MHz,
DMSO-dg) 6: 10.62 (1H, s), 8.43 (1H, s), 8.28 (1H, dd, J =
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8.4,2.2 Hz), 8.24 (1H, s), 7.94 (1H, d, J = 8.4 Hz), 7.23 (1H,
d, J = 8.6 Hz), 7.07 (1H, d, J = 8.5 Hz), 6.90~6.71 (1H, m),
6.17 (2H, s), 6.15~6.04 (1H, m), 5.75~5.66 (1H, m),
4.79~4.61 (1H, m), 4.61~4.53 (1H, m), 429~4.17 (1H, m),
4.12~4.01 (1H, m), 3.25~3.16 (1H, m), 2.32~2.22 (1H, m),
2.16~2.09 (1H, m), 1.96~1.89 (1H, m), 1.64~1.53 (1H, m).
HRMS (ESI) m/z[M+H]": Caled for CogH,,CIF3N,0,:614.153 0;
Found:614.1526,

(R)-N-(7-(1-(1-7 H Bt A ok w2 -3- 3 )-4-R K -1 H-wt v
H [3.4-d] *#E-3- 1) K [d][1,3] =R RM-4-2)-2,4-
(AT A) K FBRE (I-11)  LMESY) 6k (0.93 g, 1.57
mmol) FIPNKEIEES (0.14 g, 1.55 mmol) M5k, B #2[H
&Y 11 G, 18 AR 031 g B A, ik
30.5 %, mp 160.2~162.2 C. 4 E: 97.38 %, 'H NMR
(400 MHz, DMSO-dy) d: 10.71 (1H, s), 8.24~8.18 (3H, m),
7.94 (1H, d, J=7.9 Hz), 7.48 (1H, d, J = 8.6 Hz), 7.05 (1H, d,
J = 8.6 Hz), 6.76~6.84 (1H, m), 6.17 (2H, s), 6.12~6.05 (1H,
m), 5.74~5.58 (1H, m), 4.75~4.65 (1H, m), 4.59~4.53 (1H,
m), 4.29~4.17 (1H, m), 4.12~4.04 (1H, m), 3.24~3.14 (1H,
m), 2.32~2.21 (1H, m), 2.16~2.08 (1H, m), 1.98~1.89 (1H,
m), 1.65~1.53 (1H, m).  HRMS (ESI) m/z[M+H]": Calcd for
CaoH,4FgN;0y4: 648.1794; Found: 648.1789.

(R)-N-(7-(1-(1-79 H Bt A ok o2 -3-)-4- A H -1 H-mt o
I [3,4-d] "B 2 -3-2) K HF [d][1,3] = & F 3R % Hi-4- K )-4-
A2-(ZATFTE)EFBME 1-12) LIS 61 (0.60 g,
1.10 mmol) FIPNEHES (0.10 g, 1.10 mmol) AUk}, FefEid
BFELE Y -1 6, 13 A E R 0.16 g FHE R, R
24.3 %, mp 161.9~163.8 C. ZiJ¥: 9830 %. 'H NMR
(400 MHz, DMSO-dy) 6: 10.55 (1H, s), 8.23 (1H, s), 7.79~
7.74(2H, m), 7.68~7.63 (1H, m), 7.41 (1H, d, J = 8.7 Hz), 7.03
(1H, d, J = 8.6 Hz), 6.92~6.70 (1H, m), 6.17 (2H, s), 6.13~
6.02 (1H, m), 5.76~5.59 (1H, m), 4.78~4.64 (1H, m), 4.62~
452 (1H, m), 4.31~4.18 (1H, m), 4.15~4.07 (1H, m), 3.26~
3.16 (1H, m), 2.34~2.20 (1H, m), 2.18~2.06 (1H, m), 2.00~
1.88 (1H, m), 1.68~1.51 (1H, m), HRMS (ESI) m/z[M+H]:
Calcd for CygH,4F4N-0,: 598.128 6; Found: 598.1287,
2.3 Bedpd) S

BTK H1 JAK3 Jgi il 1 I 1223 ) LA B2 T 4
P % (staurosporine) 1K # JE (ibrutinib) >y FHAE
X AR HUMBEHA W 10 uL i ZE 384 FLASIIAR; 1000
r/min, &0 30 s, fRGH IR EEEPEF 10 min, 7E
T I B % vh R R R N FAM ARG B S K . ATP,
MgCly, FFRCHI L 2.5 A2 BE BRI, HC 10 pL

Jnz 384 FLINE M 45 fL. fHIE 28 C T JAK3 &
30 min, BTK ¥ & 20 min, JIAZ R 25 pl
15 13 2 Vi . FH Caliper EZ Reader 2HU LR,
K43 Br it GraphPad Prism 5 D04 B2 2k, M
M5 A MMEE P 1Cs0-
2.4 mAerg g AR X

BaF3-JAK3 4il g 1 Daudi 4 it 3% 5 #10 iil 335 1k
M43 5 LA 225 JE (tofacitinib) A1 £ A2 15 B4
XFHE

AN R AN T R, i A Sh AR
THB AR TR 25 BE AL 2x10° AN4HJ, K5 20 i 77
TR R 2T 2 B 5 A1 96 FLAH 95 uL A B,
37 C Kigf o Kb AW &k B 1000 5 A9HE;
R R BALA Y, B2 20 F5 L&Y
W, BELIN S L, PUIMARIREAFR Y DMSO AY1L
PER B XS B, 3555 72 ho 4 96 L 40 At b -1 5]
s LN Cell Titer-Glo® 17 40 pL , #E4F 2 min,
# & 10 min; F§ MD SpectraMax Paradigm [fptr{ UK
Mk K55, THE 1Cs00
2.5 RSP EHIES

2.5.1 ELISA &4 4m f0 32 ik P42 X B F IL-6
w42 AT XIEUERIIAYE 3~5 X RAW264.7

2, A PN A AR R, I ER T RO R A T R
fdi 24 FLH P BEFLRE 3R 3L 2 mL, 40 ECH 2.5%10°
A, PG R 3R (8~12 h), A SE 2 RE . Ik
H a2, 18 28 O IR | BERIZ S5 20 2540, el i
B 3INES. AN EWI3 ZORER 1,2, 4,
8 umol/L, B ZH 5 45 25 & 2 ¥ i A LPS iz &
24 h, LPS ZkE R | pg/mL. HLANMIREE SR, 4 000
r/min 5.0 15 min, B JZIE W, ELISA AR 16 &
PI1-3 %t LPS 55 () RAW264.7 40 Jifd 7= /& 1L-6 &
FE ST )

2.52 qPCR 4 RAW264.7 it IL-6 %5 mRNA
FEARF BUhTXEA KIS 3~5 18 RAW264.7
YL, ) A R, BT 6 FLAR D, SR Bk
Bbr R L AEMECh 2x10° 4>, 53R 24l
IR E] 50%~60% HIHiiZY . 1 25 G IRAL AR
RIG 55254 . R2G L& 1-3 29k N 1, 2,
4, 8 umol/L, W¢ & 24 hJ&, # B 4] 5 44 25 41 hm A
LPS(1 pg/mL) 4l B4 40 Bt 6 h, $2 HUAS ZH 40 il RNA,
K AL &9 1-3 X LPS %5 5 ) RAW264.7 4il g 7=
A TL-6 B mRNA F KK 50
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2.6 ARAHE E R

261 #MHtEBHE KEFEAMEEY 13, ICR
HEPE/NE: 18 g~22 g, F R VL T X5 L 314
Zh o HE AL, A8 IES : SCXK () 2019-0002.
PR sh) SEBe 5T G s e B 2E b1 25 hrif

262 ik ICRMEME/INEL, (K 18~22 g, 7EHP
R 2R 2y 2= S L PO IE PR TRI9R 3 d, R
BK . i REBENLECT 2, BRI R 2 2 4
R4S 8 Ho BHME 29 K-S & JE 45 24557 i 10 mg/kg,
EW 1-3 525550518 5. 10 F1 20 mg/kg. 1k
AW H 10%DMSO # i, it A 30%PEG 154 Jig % &
T, B 60% A= BRER K, FrA 2543 BREC B A,
ISR . 4525 30 min J5 76/ BUAG HERT S G
T 2570 K — % 25 plL, 30 min 5 AFE/NER, Y EE
JEEFELR B N OUEE, FHFTFLAS 43 )2 5 B W) — 137 4T
fL, FRE . MAKR(%)=(HHER - AHHEE)/A
HE 5 x 1005 b k0 1 23 (%) =BT 21 Jib ik % —
AR PR ) BRI JI K 22 < 100,

3 EWiENXREREE

T HEgE BAsMEA Y% BTK A1 JAK3 A0 i
T, AR T LG9 1-1~1-12 (9 il 00 o] 5
Vi, SEIGEERILE 1,

Table 1 Enzyme inhibition of I-1- I-12 against BTK and JAK3

ICs¢/(nmol/L) ICs¢/(nmol/L)
Compd e IAKS compd A
I-1 0.3 22.5 I-9 22 222
1-2 <0.1 99.2 I-10 (98.3%) (66.5%)
I-3 1.6 16.2 I-11 (96.9%) (17.1%)
1-4 0.2 25.8 I-12 (94.8%) (17.9%)
-5 1.5 69.6 XL-12 2.0 14.0
1-6 25.9 1131 Staurosporine NT 0.12
-7 (93.8%) (50.6%) Ibrutinib 0.29 NT
-8 (99.0%) (42.0%)

NT : no test; Figures in brackets are inhibition rate at 100 nmol/L

FRYERT AT U S A5 A RE 2 LA K iz
53 F7F BTK Fl JAK3 H A BAE R, R R4
PR RTINS R . BRI, S T &
IR 1 AN TR) B 35 X6F 33 1 1 5 1, K XIL-12 285 44
H NN-Z SRS R 2 B R AR DL R 2 R A,
B IHFE R TIA Y 1-1~1-2, 58 LM, Z—AH
FAL AL AP T-1 PR T PRSI 05 A 0 1 305 e, i
FILBUC AL A 1-2 XF JAK3 A6 2 K

Ko ASBFRUAAL XL-12 i N N-H S 454, %
R R S 13 | DR IE-1-3 | AR 13 T I -
1-HE, B G T &9 1-3~1-6, Ho bt g Bt
BIALE ) 1-3 XF BTK 1 JAK3 AOMRIE HaRs A 42
7 (BTK ICsy = 1.6 nmol/L; JAK3 ICs, = 16.2 nmol/L);
WRIEBAR LAY 1-4 ALERE T JAKS B9 HlE
P (1C5o = 25.8 nmol/L), {HXF BTK Al i 14 (1C 5=
0.2 nmol/L) #f— & /&5 ; NSk EAR A9 1L &5 4 1-5 1#
BT % BTK #0l75E(1Cs = 1.5 nmol/L), {HX} JAK3
B30 35 P (ICso = 69.6 nmol/L) F &, L& 1-6
X JAK3 A4 i 6 PR B AR e 2, AT RE R B TR OR
u ORI RS K, S B A YA REIR 47 b 5
JAK3 455

RIFFRIRR T AR T5 T AXNACE P PE 57
M), Hé 2 P2 4 Ay DL I B 0 S WS IR BRI TH0F 1
TAEY 1-7~1-9, B30 60E PG B, 2 5-
F-MEBE-2-FE (1-7) F1 6-FF 4R L e -3- 35 (1-8) HRUAR
i, A W%t JAK3 B0 ilE A R R AR BT
Bk o T FH S s k- L - BRI 9 Ak 5 (1-9) T Jd s 14
U JAKS M. AR — PR E TR
AT RURACH XA P 2k B 52, et IFE
TALEY) 1-10~1-12, FEA0 IS PERE LS R SR, R
B EAAAE A BUCEERT, iR PR REXT BTK B4
TP, (EUZ 0 E R T X JAKS A PmiliE o4

PR T A1 05 M0 2 5 2R S, SRR T A
A AR MR A A A W 1-1 RN 13, I T
%5 Daudi 20 il 1 BaF3-TAK3 2 Jifd Fit) 18 5 417 1 1%
P, LA R ME FR . A Y 1-3 X5 Daudi 2l
1 BaF3-JAK3 4 i 40 7 T 46 (4 34 5 0 ) 3%
P(FE 2).

R 20 7 ST P 3 P 0 25 5, AR R e L T
LAY 1-3, 43 5% ELISA ¥5 il gPCR A6 T
Table 2 Effect of compound I-1 and I-3 against Daudi and BaF3-
JAK3 cell

ICs¢/(umol/L)

Compd. Daudi BaF3-JAK3
I-1 391 2.65
I-3 1.43 0.93
XL-12 0.69 0.37
Paclitaxel 0.0057 NT
Tofacitinib NT 0.65
NT: no test
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I-3 %] LPS HI34 5 09 RAW264.7 4 Bk A 48 A
F IL-6 VR FE LA &2 mRNA Fik /K520, 525

gEHL (I 7) R, 525 FXF AR L, LPS(1 pg/mL)
Bl RAW264.7 40l 24 h J5, §: 320 IL-6 Bk
BE DL e mRNA =35 K0 e 25 5 F 25 FL X IR 4
A 304
#Ht
T
2 204
ol mmm [ ' ’;‘

© & 0\\\) 0\\\) \\\) \\\)

b& &
AT A%

(P<0.01), & T 4 e 32 BfIRS Hh 30A S i R 5E
KN SR E LPS MRIRIZIAH L, 1-3 X LPS H
AR RAW264.7 4 H RS AAE K1 1L-6 SR i
M HIE L, IR A Rl IL-6 1 mRNA 3%
ik, BB —E 195 O

B 2000 -

2

]

= 1500 -

o

o)

%

—~ 1000 4

z

%

5500 A

=

=

(o}

~ 0

o & ox\@ oM o\@
W
Q I & &
PRV D SR Y.

Figure 7 Compound I-3 inhibited the productions and mRNA levels of cytokines IL-6 in RAW264.7 cell treated with LPS(X+s, n=3)

A: Intracellular concentrations of IL-6; B: mRNA transcription levels of IL-6

#P <0.01 vs control group; *P < 0.05, **P < 0.01 vs model group

AR AR ot T A AR 20 B 0 P e 2R, ARFY

ALY 1-3 ST BRI . F/NRE

JEG it ik 25 R e A ) 2 Ry i ok 25 HEA T I, S
IRZER I 3,

Table 3 Effect of compound I-3 on mouse ear swelling

Group Dose/(mg/kg) Swelling rate /% Swelling inibition rate/%

Model 145.98
Ibrutinib 10 98.19 32.74
1-3 5 107.18 26.58
I-3 10 77.16% 47.15
1-3 20 72.51* 50.33

*P<0.05 vs model group

gER R, LAY 1-3 X B 2EE S /N
JEE P kR B H— s BRI RITE . SERIALM L, fe G
Y 1-3 LI B APTRIEME . TP (10 mg/kg) Al
1 71 (20 mg/kg ) A K SR S BT 20 A4 L AT I 25
25, HYTRIGMEIL T FH I 254&-# JE (ibrutinib) .

4 BEERE

R T 9 S bLI A2 2, R A S R R
55 2R {5 5300 R 40 B PR 2 DDA S, B o o)
W — 2% A 5 3 I TR A S R A B BRAE IR 7 ROR -
BTK fl JAK3 #B5 RA () & A 2 e 3 YIAH 26, 1hij HL
W FRRE T T i STATS RYBEIR 1L, #Emi 845 %

iEF T A . BRI, & BTK/IAKS SUHE 25 410 ]
A K IEDNEIVER, B3 X RA BT

AW LA 4 A A 5% 9845 1) BTK/JAK3
WAL A XL-12 R b &), dE— SRR
e g, AW T 24 Bk A, it
A Bt 00 1) 305 A T A1 R 40 454 410 o
VLG 1-3 AT IR TGV . 453 IR, 1k
AW 1-3 BEA SN H RAW264.7 40 il b IL-6 1Y B
WK IR . AN, AbA ) 1-3 76/ B R SR
Jifr A A e 8 — 2 BT R T M, ELAE T RE 2y
Ibrutinib, A 5T A it — 25 LAl 16 PR AT R

T PEA B9 BTK/JAKS BUHE s 300 461 77 S48 1 5256
ﬁ{ﬁ o
References

[11  Karami J, Aslani S, Jamshidi A, et al. Genetic implications in
the pathogenesis of rheumatoid arthritis; an updated review[J].
Gene, 2019, 702: 8-16.

[2] Kean WF, Buchanan WW. The use of NSAIDs in rheumatic
disorders 2005: a global perspective[J]. Inflammopharmacolo-
gy, 2005, 13(4): 343-370.

[3] Moreland LW, O’dell JR. Glucocorticoids and rheumatoid
arthritis: back to the future[J]? Arthritis Rheum, 2002, 46(10):
2553-2563.

[4]  Goodman SM. Rheumatoid arthritis: perioperative management


https://doi.org/10.1016/j.gene.2019.03.033
https://doi.org/10.1163/156856005774415565
https://doi.org/10.1163/156856005774415565
https://doi.org/10.1002/art.10567

Vf l’)ﬂ’% 41‘/'\”? 224 Journal of China Pharmaceutical University 2024, 55(1): 73 — 86

5 55 4

[3]

[6]

[7]

(8]

[91

[10]

of biologics and DMARDs[J]. Semin Arthritis Rheum, 2015,
44(6): 627-632.

Wongrakpanich S, Wongrakpanich A, Melhado K, et al. A
comprehensive review of non-steroidal anti-inflammatory drug
use in the elderly[J]. Aging Dis, 2018, 9(1): 143-150.

Kirwan JR, Gunasekera W. Is there a renaissance of glucocorti-
coids in rheumatoid arthritis[J]? Clin Pharmacol Ther, 2017,
102(4): 574-577.

Ding Q, Hu W, Wang R, et al. Signaling pathways in rheuma-
toid arthritis: implications for targeted therapy[J]. Signal Trans-
duct Target Ther, 2023, 8(1): 68.

Chen CJ, Lu DX, Sun T, et al. JAK3 inhibitors for the treat-
ment of inflammatory and autoimmune diseases: a patent re-
view (2016-present)[J]. Expert Opin Ther Pat, 2022, 32(3):
225-242.

Miyazaki Y, Nakano K, Nakayamada S, et al. Efficacy and
safety of tofacitinib versus baricitinib in patients with rheuma-
toid arthritis in real clinical practice: analyses with propensity
score-based inverse probability of treatment weighting[J]. Ann
Rheum Dis, 2021, 80(9): 1130-1136.

Lai KS, Jin Y, Graham DK, et al. A kinase-deficient splice vari-

ant of the human JAK3 is expressed in hematopoietic and ep-
ithelial cancer cells[J]. J Biol Chem, 1995, 270(42): 25028-
25036.

%#%ﬁ 1 Iﬁo
Z. ERESHEAMELE A,

(1]

[12]

[13]

[14]

[15]

[16]

Smith CI, Islam TC, Mattsson PT, ef al. The Tec family of cyto-
plasmic tyrosine kinases: mammalian Btk, Bmx, Itk, Tec, Txk
and homologs in other species[J]. Bioessays, 2001, 23(5): 436-
446.

Good L, Benner B, Carson WE. Bruton’s tyrosine kinase: an
emerging targeted therapy in myeloid cells within the tumor mi-
croenvironment[J]. Cancer Immunol Immunother, 2021, 70(9):
2439-2451.

Bond DA, Woyach JA. Targeting BTK in CLL: beyond ibruti-
nib[J]. Curr Hematol Malig Rep, 2019, 14(3): 197-205.
Fleischmann R, Friedman A, Drescher E, et al. Safety and effi-
cacy of elsubrutinib or upadacitinib alone or in combination
(ABBV-599) in patients with rheumatoid arthritis and inade-
quate response or intolerance to biological therapies: a multi-
centre, double-blind, randomised, controlled, phase 2 trial[J].
Lancet Rheumatol, 2022, 4(6): €395-e406.

Coffey G, Betz A, DeGuzman F, et al. The novel kinase in-
hibitor PRT062070 (Cerdulatinib) demonstrates efficacy in
models of autoimmunity and B-cell cancer[J]. J Pharmacol Exp
Ther, 2014, 351(3): 538-548.

Liang TT, Cen LF, Wang JJ, et al. Discovery of novel dual Bru-
ton’s tyrosine kinase (BTK) and Janus kinase 3 (JAK3) in-
hibitors as a promising strategy for rheumatoid arthritis[J].
Bioorg Med Chem, 2023, 96: 117354.

oM, BR, AW, o E 2R ATLIR R 2585 2 P L e =
Rl FAE, TLIRA /SR TR LM AR, T AL 7 TR
[ 222 2 252 Ll e SR B, A [ AR P AP A BB 2R HE T S PR, VT AR 2527
YL TR SR EAER G . BRI FREER T AW BT, & BRRES LT
Feo Jola FRFoE BUE AR 25 Q) " BHE BRI, FRK A AR 5 R BT T H
10 A1 ERACRIATTE 3 31, 3RAHEANSMZACE BILF] 70 R, ZI0LFIER ™ M C 5L
Pl K3 SCIESC 150 Ao LB PIAHORE "R 1 I (IR A A Ler ST
PR o R 25 B 2400 v B 25 A 2 2 3 ) b TR BRANE T 2452 ) 45 30 )

FAREARM kN HRAEH


https://doi.org/10.1016/j.semarthrit.2015.01.008
https://doi.org/10.14336/AD.2017.0306
https://doi.org/10.1002/cpt.753
https://doi.org/10.1038/s41392-023-01331-9
https://doi.org/10.1038/s41392-023-01331-9
https://doi.org/10.1038/s41392-023-01331-9
https://doi.org/10.1080/13543776.2022.2023129
https://doi.org/10.1136/annrheumdis-2020-219699
https://doi.org/10.1136/annrheumdis-2020-219699
https://doi.org/10.1074/jbc.270.42.25028
https://doi.org/10.1002/bies.1062
https://doi.org/10.1007/s00262-021-02908-5
https://doi.org/10.1007/s11899-019-00512-0
https://doi.org/10.1016/S2665-9913(22)00092-3
https://doi.org/10.1124/jpet.114.218164
https://doi.org/10.1124/jpet.114.218164
https://doi.org/10.1016/j.bmc.2023.117354

	1 合成路线
	1.1 中间体5a~5l的合成
	1.2 目标化合物І-1和І-2的合成
	1.3 目标化合物І-3~І-12的合成

	2 实验部分
	2.1 材　料
	2.2 化学合成
	2.2.1 中间体 3a~3l 的合成
	2.2.2 中间体5a~5l的合成
	2.2.3 中间体6a和6b的合成
	2.2.4 中间体7a、7b、6c~6l的合成
	2.2.5 目标化合物I-1~I-12的合成

	2.3 酶抑制活性测试
	2.4 细胞增殖抑制活性测试
	2.5 体外抗炎活性评价
	2.5.1 ELISA法检测细胞培养液中促炎因子IL-6的含量
	2.5.2 qPCR法检测RAW264.7细胞IL-6 的mRNA表达水平

	2.6 体内抗炎活性测试
	2.6.1 材料实验药品
	2.6.2 方法


	3 生物活性实验结果与讨论
	4 总结与展望
	参考文献

