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Design, synthesis and bioactivities of 4-( 3-sulfonylbenzene) amino-6-

formylpyrrole[ 2, 3-d] pyrimidine derivatives
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Abstract Taking JAK2 inhibitor baricitinib and fedratinib as the lead compounds, to design the novel 4-(3-sul-
fonylbenzene) amino-6-formylpyrrole[ 2, 3-d] pyrimidine JAK2 inhibitors nucleus using the molecular hybrid
drug design principle. 17 target compounds were synthesized by derivatization of sulfonyl and formyl groups
respectively. We used JAK2 kinase and GM-CSF-induced TF-1 cells to measure the activities of compounds. The
results showed that most compounds had JAK2 inhibitory activities. Among them, compound 31 had excellent
inhibitory activity on JAK2 kinase ( 1C5, =0.009 pmol/L ) and GM-CSF-induced TF-1 cells (IC5, =0.136
pmol/L) , which proved that the compound had potential research and development value.
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Scheme 1  Synthetic route of the target compounds 16-20
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Figure 1 Design strategy for 4-( 3-sulfonylbenzene ) amino-6-

formylpyrrole[ 2,3-d ] pyrimidine
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Reagents and conditions: (a) H-R,,CH,Cl,,2 h,74% 95% ; (b) H,,Pd/C, Ethyl acetate,2 h,98% -99% ; (c¢) 15, Isopropanol, reflux,5 h,

95% 99%
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Scheme 2 Synthetic route of the target compounds 21-24
Reagents and conditions: (a) CF;COOH,CH,Cl,,2 h,94% ;(b)R;COCl,THF,2 h,88% -93%
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Scheme 3  Synthetic route of the target compounds 25-33
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Reagents and conditions: (a) H,,Pd/C,Methanol,overnight,81% -96% ;(b) R,-H,EDCI,HOBt,DIPEA, CH, Cl, ,overnight ,46% -79%

Table 1 Chemical structures of compounds 16 ,18-33
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2 SLISESH

2.1 # #

WG LIRS AN (Fi5 - Bruker 23w, TMS P4
) 51260-6230 TOF LC-MS 5 73 #¥ Jit 315 A% ( 3% [
Agilent /7)) ; Infinite M1000 PRO £ 3f) BE B Fir [
(%t Tecan AH]) .

TF-1 4Rk (H ERF2= B L 40 % ) 5 g
FLAE & e W ( MTT, 3£ [E Sigma 43 7] ) ; Tofacitinib
(B AR T 99% ) 5 B A 210 24 i 65 o
Hrafir™ i
2.2 tFA R

4-(3-FH AR ) BB R Dok (5) M5B 4(1.0 g,
4.51 mmol ) ¥ FIK G F 4 20 mL AR E T 0 CF,
GEAGIRT AR (1. 97 mL,22. 56 mmol) ,iFANISEEET B =R
B2 he JBLSERJE, MK 20 mL, & F 2 (20 mL x
2) MRIEE/K 20 mL P, TR BRER AN T4 , Jol He vk 4 75K
i, SR (AR EE- R SR, 40 1) slifh, 15 30 5 66 R iR
(1.16 £,94% ) : "H NMR(300 MHz,CDCL, ) 8:8.60( 1H,s, Ar-
H),8.53 ~8.45(1H,d,J =8.2 Hz,Ar-H),8.12 ~8.05(1H,
d.J=7.8 Hz, Ar-H),7.80 (1H,t,J = 8.0 Hz, Ar-H),3.77
(4H,t,J=4.7 Hz,CH,) ,3.07(4H,t,J/ =4.7 Hz,CH,) ,,

N-Boc-N'-(3-#5 5k ) s mb A vkk (6) il 45 ik ]
) S, A i, N-Boc-WR B8 , 15 21 1 4 [E 14 (2. 48 ¢,
74%)."H NMR (300 MHz, CDCL,) 8:8.60 (1H, s, Ar-H) ,
8.53 ~8.45(1H,d,J =8.2 Hz, Ar-H) ,8.12 ~8.05(1H,d,
J=7.8 Hz, Ar-H) ,7.80 (1H, t,] = 8.0 Hz, Ar-H) , 3. 54
(4H,1,J =5.1 Hz,CH, ) ,3.04 (4H,t, ] =5.0 Hz, CH, ),
1.41(9H,s,CH,)

(3-m AR ) semb Ak vkr () W&k E Y
5 BN A BRI , £ (R 4 (1,02 ¢,84% ) ,'H NMR
(300 MHz,CDCl,) 6:8.59(1H,s,Ar-H) ,8.48 ~8.41(1H,
d,/=8.3 Hz,Ar-H) ,8.12 ~8.05(1H,d,J=7.7 Hz,Ar-H) ,
7.75(1H,t,J =8.0 Hz, Ar-H) ,3.07 (4H,t,J =5.4 Hz,
CH,),1.67(4H,m,CH,),1.47(2H,m,CH, ) ,

N-F R 3-mi K-k e e (8) W& HTEFLEYS,
Wbk f8 RS e, 45 3 9 5 B 1A (112, 88% ) ,'H NMR
(300 MHz,CDCl, ) 6:8.63(1H,s,Ar-H) ,8.44 ~8.37(1H,
d,/=8.7 Hz,Ar-H) ,8.08 ~8.01(1H,d,J=7.9 Hz,Ar-H) ,
7.66(1H,t,J=8.0 Hz,Ar-H) ,7.33 ~7.27(2H,m,Ar-H) ,
7.22 ~7.15(1H,m,Ar-H) ,7.12 ~7.06(2H ,m,Ar-H) ,

N,N-Z T4 3-m - F s (9) Wik s
Y5 K ki B 2 B, A5 B B AR (1. 11g,95% ) .
"H NMR (300 MHz,CDCl; ) 6:8.65(1H,s, Ar-H) ,8.44 ~
8.37(1H,d,/=8.6 Hz,Ar-H) ,8.18 ~8. 11 (1H,d,J=7.9

Hz,Ar-H) ,7.73(1H,t,J =8.0 Hz,Ar-H) ,3.36 ~3.25(4H,
q,/=7.1Hz,CH,),1.17(6H,t,/=7.2 Hz,CH,) ,

3-(4-muh ks k) K e (10) BG4 5(1.0 g,
4. 04 mmol ) i T LR LT, I AAE Bk 4677 (10% , 0. 1
), SOW AR ZRIBA R B AT, IR 2 he SO 25 0I5 4l
B 25 48 Bk , K 08 VIR TS A 4, 75 3 1 6 [ A (0. 88 g,
99% ) ,'H NMR (300 MHz, CDCl,) §:7.31(1H,t,J =7.9
Hz,Ar-H),7.12 ~7.07 (1H,d,J =7.7 Hz, Ar-H),7.04
(1H,s,Ar-H) ,6.93 ~6.87(1H,d,J =8.4 Hz,Ar-H) ,3.74
(4H,t,J =4.6 Hz,CH,) ,3.00(4H,t,J=4.7 Hz,CH,) ,

3-(N-Boc-N'-vkoi S agmt R ) -8 e (11) il % J5 1 [F]
B 10, J5ORFE H  16 G W) 6, 75 3 11 €[5 44 (0. 90 g,
98% ) ,'H NMR (300 MHz,CDCl,) §:7.31(1H,t,J =7.9
Hz,Ar-H),7.13 ~7.08 (1H,d,J =7.8 Hz, Ar-H),7.05
(1H,s,Ar-H) ,6.94 ~6.88(1H,d,J =8.1 Hz,Ar-H) ,3.51
(4H,t,J =4.8Hz,CH, ) ,2.98(4H,t,J/ =4.7Hz,CH, ) ,1. 41
(9H,s,CH;) .

3k R AR -R R (12) il kL5 10, )5
R A T 49 30 1 [ 14 (0. 87 ¢,98% ) .'H NMR
(300 MHz,CDCl,) 6:7.29(1H,t,J=7.8 Hz,Ar-H) ,7. 14 ~
7.08(1H,d,J=7.7 Hz,Ar-H) ,7.06(1H,s,Ar-H) ,6.91 ~
6.85(1H,d,J =8.0 Hz, Ar-H),2.98 (4H,t,J =5.5 Hz,
CH,),1.69 ~1.58(4H,m,CH, ) ,1.47 ~1.36(2H,m,CH, ) ,

N-RR3-R - A me e (13) & r ik ey
10, J5ORH B 5 0 16 & 1 8, 75 31 11 (5 15 14 (0. 88 ¢,99% ) .
"H NMR (300 MHz, CDCl,) 6:7.25 ~7.19(2H,d,J =7.8
Hz,Ar-H),7.19 ~7.13(1H, m,Ar-H) ,7. 12(1H,s,Ar-H) ,
7.10 ~7.06(2H,m,Ar-H) ,7.05(1H,s,Ar-H) ,6. 82 ~6. 76
(1H,d,J=7.4 Hz,Ar-H) ,6.52(1H,s,Ar-H) ,,

N, N-ZZOk-3-F08- R akmure (14)  Hl&Ir kRS
P10, 5P AL S 9,15 81 A5 {4 (0. 86 ¢,98% ) o
"H NMR (300 MHz,CDCl,) §:7.26 (1H, m, Ar-H),7.20 ~
7.15(1H,d,J=8.3 Hz,Ar-H) ,7. 14(1H,s,Ar-H) ,6. 89 ~
6.82(1H,d,J =8.0 Hz,Ar-H) ,3.28 ~3.18(4H,q,J=7.2
Hz,CH,),1.13(6H,t,/=7.2 Hz,CH;) ,,

4-(3-(4-"Bop R BRBEAL ) - R B AR ) 7- 9 AT H-vik ot 5F
[2,3-d]%we-6-% 8 °F 85 (16) L5 15(200 mg,
0. 66 mmol) ft.& % 10(159 mg,0. 66 mmol) J# it T FH
fig 10 mL, S MRH,90 C R 5 ho RS 450,
ol e 4 B 250 R, AL 38 (A k- R £ W 40 1) 4
1k, 45 146, [ 44 (330 mg,99% ) ,' H NMR (300 MHz, CDCL, )
5:8.54(1H,s,Ar-H) ,8.20 ~8. 14(1H,d,J =8.0 Hz,Ar-H) ,
8.11(1H,s, Ar-H) ,7.57 (1H,t,J =7.9 Hz, Ar-H),7.51 ~
7.35(5H,m,Ar-H) ,7.41 (1H,s,Ar-H) ,7.28 (1H,s,Ar-H) ,
5.37(2H,s,CH,) ,4.12(3H,s,CH; ) ,3.71(4H,t,J =4.7 Hz,
CH,),3.04(4H,t,J =4.6 Hz,CH,),” C NMR (125 MHz,
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CDCL,) &:160.86, 154. 60, 153. 83, 152. 48, 139. 84, 135.98,
135.62, 130. 86, 129.83, 128.82, 128.69, 128.47, 128.26,
126.33, 125.10, 122.42, 119.69, 106.03, 103.44, 66. 68,
66. 06 ,65. 54 ,46.06,30. 57, HRMS for C,H,, N,O,S[ M -
H] ™ :Caled. 506. 150 4 ;Found 506. 147 5

4-(3-(N-Boc-N'-vk o K a2 ) -3 b 3L ) -7-F 3L -TH-
wbed o[ 2,3-d ] wEne-6- R B Y Eg (17) il kR A
16, 154690 10 Frigoh ik &9 11, 15 3] [ [ 4 (398 mg,
99% ) ,'H NMR (300 MHz, CDCl,) §:8.54 (1H,s, Ar-H) ,
8.17 ~8.10(1H,d,J=7.9 Hz,Ar-H) ,8.08 (1H,s, Ar-H) ,
7.56(1H,t,J=7.8 Hz,Ar-H) ,7.52 ~7.36(5H,m, Ar-H) ,
7.41(1H,s,Ar-H),7.23(1H,s,Ar-H) ,5.36(2H,s,CH, ) ,
4.12(3H,s,CH,) ,3.49(4H,t,] =4.4 Hz,CH,) ,3. 01 (4H,
t,/=4.2 Hz,CH, ) ,1.40(9H,s,CH,) ,” C NMR( 125 MHz,
CDCl,) 6:160.90,154. 65,154. 11 ,153. 85,152. 42,140. 04,
136.09,135.60, 129.78 , 128. 63, 128. 41, 128.22,126. 19,
125.06, 122.03, 119.35, 106.27, 103. 54, 80.44, 66. 61,
45.88,30.81, 28.38, 28.26, HRMS for C,, H,, N,0,SNa
[M +Na] * :Caled. 629. 215 3 ;Found 629. 215 3,

4-(3-vkre s B AR AR ) 7-9 R -TH-wbvg 51 [ 2,3-d ]
R -6-ARERFEE (18) & ik FEL G W 16, KL 51
10 B 4 o b & 9 12, 45 3 (1 €6 B AR (331 mg, 99% ) .
"H NMR (300 MHz, CDCl,) 6:8.55(1H,s, Ar-H),8.28 ~
8.21(1H,d,J=8.0 Hz, Ar-H),8.02(1H,s, Ar-H) , 7. 56
(1H,t,/=7.8 Hz,Ar-H) ,7.51 ~7.34(5H,m, Ar-H) ,7. 41
(1H,s,Ar-H) ,7.32(1H,s,Ar-H) ,5.37(2H,s,CH, ) ,4. 12
(3H,s,CH,),3.02(4H,t,J/ =5.4 Hz,CH,),1.66 ~ 1. 55
(4H,m,CH,),1.45 ~1.35(2H, m, CH, ) ., C NMR (125
MHz, CDCL, ) §:160.97, 154.79, 153. 82, 152.41,139. 87,
136.79,135.69, 129.59, 128.59, 128. 47, 128.32, 128. 18,
126. 11, 124. 85, 122. 08, 119. 44, 106.59, 103. 56, 66. 55,
46.97,30.77, 25.08, 23.37, HRMS for C, H,, N;0,SNa
[M +Na] " :Calcd. 528. 168 7 ;Found 528. 168 8,

4-(3-F Fic AR A B - R e L) -7- 9 R -TH-wkwi 5[ 2,3-
d]#w-6-#mFaE(19)  #l& LG 16, 4L G
P10 B4 A& W 13, 15 3 19 64 & £ (335 mg,99% ) .
"H NMR(300 MHz, DMSO) §:10.29 (1H, s, NH), 10.05
(1H,s,NH) ,8.48 (1H,s,Ar-H) ,8.46 (1H,s, Ar-H) ,8. 18-
8.10(1H,d,J=8.6 Hz,Ar-H) ,7.77(1H,s,Ar-H) ,7. 56 ~
7.50(2H,m,Ar-H) ,7.50 ~7.34 (5H, m, Ar-H) ,7. 23 (2H,
t,J=7.7 Hz,Ar-H) ,7.17 ~7.08(2H,d,J =7.7 Hz,Ar-H) ,
7.01(1H,t,J =7.2 Hz, Ar-H),5.37 (2H, s, CH, ) , 4. 01
(3H,s,CH,),."” C NMR (75 MHz, CDCL,-CD,0D,5: 1) §:
159.98,151. 60, 150. 26, 147.26, 140. 78, 136. 67, 135. 00,
129.90, 128. 87, 128. 42, 128.26, 127. 82, 127. 35, 124. 94,
122. 10, 121. 76, 109. 35, 101. 73, 66. 73, 31. 17, HRMS for

C, H,; N;O,SNa [ M + Na]": Caled. 536.136 3; Found
536.137 2,

4-(3-(N,N-= TR ke Ik ) 2K e IR ) -7- 9 AR -TH-wk
W (2,3-d] e -6- R BT B (20) il & T kAL AT
16 KL 51 10 Bty fb 59 14,75 2 1 @ [E 4 (308 mg,
95% ) ,'H NMR (300 MHz, CDCl, ) 6:8.39 (1H,s, Ar-H),
7.92(1H,s,Ar-H),7.89 ~7.82(1H,d,J =7. 4 Hz, Ar-H) ,
7.73 ~7.56(2H,m,Ar-H) ,7.45 ~7.29(5H,m, Ar-H) ,6. 43
(1H,s,Ar-H),5.29(2H,s,CH, ) ,4. 11 (3H,s,CH, ) ,3. 30 ~
3.17(4H,q,J =7.1 Hz,CH,),1.14 (6H,t,J = 7.1 Hz,
CH,)." C NMR (125 MHz, CDCL,) §: 160.97, 154.79,
153. 82, 152. 41, 139. 87, 136.79, 135. 69, 129. 59, 128. 59,
128.47,128.32,128. 18, 126. 11, 124. 85, 122. 08, 119. 44,
106. 59,103. 56,66. 55,46.97,30.77,25.08,23. 37, HRMS
for C,s Hy; NyO,SNa [ M + Na] " ; Caled. 516. 167 6; Found
516.169 5,

A-(3-(Nofo A BBk A ) e AR ) T AT oo 5
[2,3-d] %% 6-% 8 F B (21)  $ALA4 17(125 mg,0. 21
mmol) % T — S W bt h, A =S £ 2 (0.5 mL,6.73
mmol ) , Z K 2 h, S ZE RS INK 20 mL, Z 5 H Be e
(20 mL x2) M AR ERK 20 mL PR, ToK G ER B T4
ol T AR AT R i L A €315 ( 5 Y - PP B, 40: 1) 4ifk , 7
€6 [ {4 (98 mg,94% ) ,' H NMR (300 MHz,CDCI, ) §:8. 55
(1H,s,Ar-H) ,8.26 ~8.18 (1H,d,J =7.7 Hz, Ar-H) ,8. 08
(1H,s,Ar-H) ,7.53(1H,t,J =7.9 Hz,Ar-H) ,7.47(1H,s,
Ar-H) ,7.45 ~7.31(5H,m,Ar-H) ,7. 40( 1H, s, Ar-H) ,5. 37
(2H,s,CH,) ,4.11 (3H,s,CH, ) ,3.02 (4H,t,J = 4.7 Hz,
CH,),2.88 (4H,t,J = 4.6 Hz,CH,)."” C NMR (75 MHz,
CDCL-CD,0D,5: 1) 8. 161.02, 154.92, 153. 82, 152. 08,
140. 16, 135. 80, 135.51, 129. 50, 128. 54, 128. 33, 128. 03,
125.80, 125.01, 121.86, 119.38, 107. 14, 103. 64, 66. 55,
46.26,44.70, 30.65. HRMS for C, H, N,0,SNa [ M +
Na] * :Caled. 529. 162 8 ;Found 529. 163 4,

4-(3-(N-(3-R- Atk ) -N' ke s L) - B 4L ) -7-
VR TH-wkws 5[ 2,3-d ] wEng-6-4 88 F 85 (22) Wb &Y
21(50 mg,0. 09 mmol) i TIC/K DU UK 5 mL B 14 7% B
T 0 CF A 3-5MEES (12 mg,0.09 mmol) , JH 2 5k
ML 2 b SN S8 R O e A B 25 T R AL . A

TP B EE, 1000 1) 4k, 493 3 B K (52 mg,
92% ) .'H NMR (500 MHz, CDCL,) 8:8.48 (1H,s, Ar-H)
8.11~8.06(1H,d,J=7.9 Hz,Ar-H) ,8.04 (1H,s, Ar-H) ,
7.54(1H,1,J=7.9 Hz, Ar-H) ,7.50 ~7.45(1H,d, ] =7.7
Hz,Ar-H) ,7.43 ~7.32(5H,m,Ar-H) ,7. 16 (1H,s, Ar-H) ,
5.33(2H,s,CH,) ,4.09(3H,s,CH,),3.73 (2H, 1,/ = 6. 8
Hz,CH,) ,3.66(2H,s,CH,),3.50(2H,s,CH, ) ,3. 06 (2H,
s,CH,),3.01(2H,s,CH,),2.70 (2H,t,J =6.8 Hz,CH, ) .
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"C NMR(125 MHz, CDCL, ) §: 168.23, 160. 61, 154.20,
152. 18, 139. 50, 136. 35, 135. 47, 130. 13, 128. 71, 128. 51,
128. 17, 126.59, 126. 34, 123. 08, 120. 53, 107. 13, 102. 93,
66.78, 46.10, 45.82, 39.56, 35.85, 31.03, HRMS for
CyHyCIN,OS [ M — H ] : Caled. 619.150 1; Found
5619.152 1,

4-(3-(N-R M BE A -N' vk K At BE AL ) - K fie 35 ) -7-F
A TH-w% 5112 ,3-d ] o -6- %88 F 85 (23) 4505 B[
fE& 1 22, 4% 3-50 79 Bk S04 A T 0 I, 19 8 [ I
(49 mg,93% ) ,'H NMR (300 MHz, CDCL,) §:8.53(1H,s,
Ar-H) ,8.28 ~8.20(1H,d,J =8.2 Hz,Ar-H) ,8.07(1H,s,
Ar-H),7.52(1H,t,] =7.8 Hz, Ar-H) ,7.45(1H,s, Ar-H) ,
7.44 ~7.30(5H,m,Ar-H) ;7.40(1H,s Ar-H) ,5.35(2H, s,
CH,) ,4.10(3H,s,CH,),3.72(2H,t,J =6.0 Hz,CH, ),
3.66(2H,s,CH, ) ,3.48 (2H,s,CH,),3.09 ~2.93(4H,m,
CH,),2.68(1H,t,J =6.2 Hz,CH),” C NMR (125 MHz,
CDCL,) §:168.18,160. 80,154. 47 ,153. 45 152. 40,139. 93,
136.07,135.57, 129.97, 128.71, 128. 51, 128. 26, 126. 38,
125.44, 122.31, 119.61, 106.34, 103.39, 66.73, 46. 11,
45.85,30.91, HRMS for C,, H, NOS[M - H] ™ : Caled.
559. 176 9;Found 559. 173 5,

4-(3-(N-(3-F K2-THrme &k ) -N' -k R e AL ) - K
B ) T-F & TH-wkos 5[ 2,3-d ] v vg -6-72 8% °F 85 (24)
il ek FA G 22 6 3-SAPT mE S A A 3- Y E-2- T It
S, 75 3 [ [ K (49 mg, 88% ) .,'H NMR (500 MHz,
CDCL,) 8:8.52(1H,s, Ar-H) ,8.08 (1H,s, Ar-H) ,8. 06 ~
8.01(1H,d,J=7.7 Hz,Ar-H) ,7.56 (1H,t,J =7.8 Hz, Ar-
H),7.54 ~7.50 (1H,d, ] =7.6 Hz, Ar-H) ,7.45 ~ 7.34
(5H,m,Ar-H) ,7. 11 (1H,s,Ar-H) ,5.67(1H,s,CH) ,5.35
(2H,s,CH,) ,4.12(3H,s,CH,),3.71 (2H,s,CH, ) ,3.57
(2H,s,CH,),3.05(4H,s,CH,),1.82(3H,s,CH,),1.79
(3H, s, CH,),"” C NMR (125 MHz, CDCl,) §: 167.02,
160. 58, 154. 02, 152. 17, 147. 86, 139. 18, 136. 76, 135. 48,
130. 16, 128.75, 128. 57, 128. 27, 126. 83, 126. 14, 123. 35,
120. 63, 116.99, 106.62, 102.84, 66.84, 46.34, 45.64,
31.04,26.17, 20.26, HRMS for C,, H,, NJO,SNa [ M +
Na] * :Caled. 611. 204 7;Found 611.202 4,

N-(N,N-= 9 & le T 48 )4-(3-vkve Ak w BE AR
) T-F R-TH-evk 5 [ 2,3-d ) e -6-F Be e (25) ¥ ik
G 18(150 mg,0. 30 mmol ) 5 fif T~ JC /K FFE , Jil A HE e i
I (10% ,15 mg) , KWK 58 AR AR, = iR T
o FNEEET G SR B 25 M0 0k, IR R W R R 46, 1k B
18a A [EA (109 mg,87% ), HIEBRAT —L i, ¥
454 18a (100 mg, 0. 24 mmol ) i fi# T oK — & H 4
10 mL, AR E T 0 °CF, A EDCI(92 mg,0. 48 mmol ) |
HOBt(65 mg,0. 48 mmol) .DIPEA (62 mg,0. 48 mmol) ,0 °C

THEHE 30 min, A N, N-ZH 5 Z — Bk (42 mg, 0.48
mmol ) , F B E LIS o SN 25 UG, D8 Wk 45 Bk 2 1%
FIFSHL . Sk (ot ( S be- A B, 20: 1) 4lifh, /5 51 1
@[ {4 (74 mg,63% ) ,'H NMR (500 MHz, CDCL, ) §:8.43
(1H,s,Ar-H) ,8.24 ~8.18(1H,d,J =7.6 Hz, Ar-H) ,8. 03
(1H,s,Ar-H) ,7.84(1H,s,Ar-H) ,7.38 (1H,t,J =7.9 Hz,
Ar-H) ,7.30 ~7.27(1H,d,J =8.0 Hz,Ar-H) ,3.90(3H,s,
CH,),3.77 ~3.71(2H,m,CH,) ,3.29(2H,t,J =5.0 Hz,
CH,),2.91(4H,t,J =5.1 Hz,CH,),2.86 (6H,s,CH,),
1.58 ~ 1.52 (4H, m, CH, ), 1.36-1.30 (2H, m, CH, ),
BC NMR(75 MHz, CDCL,-CD,0D,5: 1) §:162.47,154.58,
152.97, 151. 66, 140.33, 135.98, 129. 15, 128.43, 124.35,
121.15,119.15,103. 57,102. 71, 58. 21 ,46. 92, 43.80,34. 79,
34.68,30.47,29.51,25.05,23.29, HRMS for C,, H,, N,0,S
[M+H] " :Caled. 486. 228 2 ; Found 486. 229 8,

N-(N,N-= T 3k e T 0k ) 4-(3-wk me k% B IR -2 i
HR)-T-F IR-TH-wLo%5F [ 2,3-d | wEwe 6-F B (26) il 4%
FIEFALE Y 25,06 N,N-—H 3L 2 "R, N, N-—. 23
2 2 M, 15 1 5 [ 44 (75 mg,61% ) ,'H NMR (500 MHz,
CDCl,) 6:8.54 ~8.51(1H,d,J=8.0 Hz,) ,8.51(1H,s, Ar-
H),8.06(1H,s,Ar-H) ,7.57(1H,s,Ar-H) ,7.49(1H,t,J =
8.0 Hz,Ar-H),7.41 ~7.36(1H,d,J =7.7 Hz,Ar-H) ,4. 04
(3H,s,CH,),3.70 ~3. 64(2H,m,CH, ) ,3.05-2. 97 (6H,m,
CH,),2.97 ~2.89(4H,q,J =7.2 Hz,CH,) ,1.61 ~ 1.54
(4H,m,CH,),1.41 ~1.34(2H, m,CH,),1.23(6H,t,] =
7.2 Hz, CH,),"” C NMR ( 125 MHz, CDCL, ) §: 162.28,
154.38,152.89, 151. 87, 140. 76, 135. 51, 129. 50, 129. 40,
124.25,120.72, 118.46, 103.72, 102.09, 52.17, 47.21,
47.04, 36.07, 30.52, 25.02, 23.24, 10.10, HRMS for
C,s Hy N;0,S[ M + H] * : Caled. 514. 259 5;Found 514. 261 6,

N-(3-(4-2 ok 5 ) -7 2 ) 4-(3-vk e 2R AR BE AR -3K B
HR)-T-F R-TH-wko%5F [ 2,3-d | wEwe 6-F B (27) il &
TrikEFA Y 25,8 N, N-Z 5 2 e il N-Jig iy 3k g
Wk, 45 19 £5, [ {4 (84 mg,65% ) ,'H NMR (500 MHz, CDCL, )
5:9.02 ~8.95(1H,d,J =7.8 Hz,Ar-H) ,8.58 (1H,s, Ar-H) ,
7.93(1H,s, Ar-H) ,7.61 (1H,t,J =8.0 Hz, Ar-H) ,7.44 ~
7.41(1H,d,J =7.4 Hz,Ar-H) ,7.32(1H,s,Ar-H) 4. 14(3H,
s,CH;),3.74(4H,t,J =4.6 Hz,CH,) ,3.58-3.52(2H, q, ] =
6.4 Hz,CH,),3.03(4H,t,J/ =5.3 Hz,CH, ) ,2.60 ~2. 51 (6H,
m,CH,),1.96 ~ 1.89 (2H, m, CH, ), 1.57 ~ 1.51 (4H, m,
CH,),1.41 ~1.35(2H,m,CH, ) ,” C NMR (125 MHz,CDCl,)
8:161.71,154.31,152.89, 152. 04, 141. 47, 135. 13, 130. 20,
130. 13, 124.42, 120.39, 117.67, 103.77, 100.63, 66.92,
56.78, 53.70, 47.16, 38.30, 30.73, 26.23, 24.94, 23.12,
HRMS for C, Hyy N,0,S[ M + H] " ; Caled. 542. 254 4; Found
542.255 7,
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N-(vkk Bk TR ) 4-(3-vkrg ar e LK e &) -7-F
AR TH-weeg 512 ,3-d | o -6-F B i (28) il skl ik
A 25 6 N N-Z I 2 i N-fe 360k, 15 6
[ {4 (67 mg,46% ) ,'H NMR (300 MHz,CDCl,) §:8.88 ~
8.81(1H,d,J=8.0 Hz,Ar-H) ,8.53(1H,s,Ar-H) ,7.99(1H,
s,Ar-H),7.56 ~7.50(1H,d,J =7.8 Hz,Ar-H) ,7.42 ~7.37
(1H,d,J=8.0 Hz,Ar-H) ,7.31 (1H,s,Ar-H) ,4. 11 (3H, s,
CH,),3.79(4H,s,CH,),3.66 ~3.56 (2H, m,CH, ) ,2.98
(4H,s,CH,),2.71 (2H,m,CH, ) ,2. 60 (4H, m,CH,) ,1. 52
(4H, m,CH,),1.40 ~ 1.30 (2H, m, CH, ), "C NMR(75
MHz, CDCL, ) §:161.95, 154.28,152.95,151.99, 140. 94,
136. 15, 130.01, 129. 81, 124. 87, 121. 44, 119. 03, 103. 58,
100. 94 ,56.77,52.98,46.99, 36. 54, 30. 67, 25.00, 24.91,
HRMS for C,; HisNgO;S[ M + H] ™ ; Caled. 527. 256 4 ; Found
527.257 7,

N-(N,N-Z= Tkl T AR ) 4-(3-vkove Jh af R 2R
) T-F R-TH-wevg 5 [ 2,3-d ] Ewe -6-F Be e (29) il 4%
FERALEY) 25,8 N,N-—H 5 2 " e il N,N-— 2. %%
P A58 8 [ R (77 mg,61% ) ,'H NMR (300 MHz,
CDCl,) 6:8.48 (1H,s,Ar-H) ,8.47 ~8.41(1H,d,J =8.0
Hz,Ar-H),8.25(1H,s, Ar-H) ,7.70 (1H, s, Ar-H) , 7. 45
(1H,t,/=7.9 Hz,Ar-H) ,7.40 ~7.34(1H,d,J =8.0 Hz, Ar-
H) ,4.01(3H,s,CH,),3.55 ~3.43(2H,m,CH, ) ,3. 16 ~3. 04
(6H,m,CH,),3.01(4H,s,CH,),2.15 ~2.02(2H,m,CH, ) ,
1.64 ~1.54(4H, m,CH,),1.44 ~ 1.35(2H, m,CH, ), 1.28
(6H,1,] =6.4 Hz, CH,),” C NMR (75 MHz, CDCL,) §:
162.58, 154.53, 152.98, 151.93, 140.76, 136.05, 129.30,
129.05, 124.44, 121.05, 119.02, 103.71, 102.53, 49.69,
47.02, 46.33, 36.20, 30.51, 29.60, 25.09, 24.00, 23.35,
HRMS for C,s Hyy N,O,S[M + H] ¥ ; Caled. 528.275 1; Found
528.276 7,

N-(N,N-Z=F J e T3 ) 4-(3-= T fie sk e -3 P
B T-F ATH-kes I [2,3-d ] v -6-F B i (30) 54k
A1 20(150 mg,0. 30 mmol) Jfif: T~ TC/K FH I, Jil A B¢ 4
FH(10% ,15 mg) , S N 1R 238 A R i &S, 350 6 T
W o TLNLAS S il s B 25 40 e, DB W DRUR VR 4, 1R 1L B )
20a A (105 mg,87% ), HIEHRAT L. i
FHOERIE A Y 25 A0 A9 19a i b &) 20a, 5 H @
& (92 mg,79% ) ,'H NMR (500 MHz,CDCl,) §:8.74 ~
8.70(1H,d,J=7.9 Hz, Ar-H) ,8.55(1H, s, Ar-H) , 8. 08
(1H,s,Ar-H) ,7.55(1H,t,J =7.9 Hz,Ar-H) ,7.51 ~7.47
(1H,d,J=8.1 Hz,Ar-H) ,7.29(1H,s, Ar-H) ,4. 16(3H, s,
CH,),3.63 ~3.57(2H,q,J =6.0 Hz,CH,),3.30 ~3.27
(4H,q,J=7.2 Hz,CH,),2.67(2H,t,] =6.3 Hz,CH, ),
2.38(6H,s,CH,),1.10(6H,t,J =7.1 Hz,CH,) ,” C NMR
(125 MHz, CDCL, ) §: 161.82, 154.35, 152.88, 152.00,

141. 16, 139. 46, 130. 06, 129.95, 124. 06, 120. 07, 117. 65,
103. 68,100. 85,58. 23,45.28,42.38,37.25,30.68, 14. 06,
HRMS for Cp,H;,N,0,S[M + H] " ; Caled. 474. 228 2; Found
474.230 2,

N-(3-(4-Zoik L) -7 A ) 4-(3-= T e b 3 e ALK e
) T-F A-TH-wo% 55 [ 2,3-d ] v we 6-F B (31) il
TG 30,8 N, N-Z e 2 T e i V-l py L
Wk, 45 19 68, [ 42 (100 mg,76% ) ,'H NMR (500 MHz, CDCI, )
5:8.84 ~8.79(1H,d,J =7.4 Hz,Ar-H) ,8.57(1H,s,Ar-H) ,
8.03(1H,s,Ar-H),7.58 (1H,t,J =8.0 Hz, Ar-H),7.51 ~
7.48(1H,d,J =8.0 Hz,Ar-H) ,7.24 (1H, s, Ar-H) ,4. 14
(3H,s,CH;),3.73(4H,t,J =4.6 Hz,CH, ) ,3.58 ~3.52
(2H,q,/=6.4 Hz,CH,),3.29 ~3.22(4H,q,J =7.2 Hz,
CH,),2.58 ~2.50 (6H, m, CH, ), 1.94 ~ 1.87 (2H, m,
CH,),1.09(6H,t,J =7.2 Hz,CH, ) ,” C NMR (125 MHz,
CDCLy) 6:161.70,154.31,152.90,152.06,141.42,139. 13,
130.28,130. 16, 124. 11, 119. 87, 117. 31, 103. 72, 100. 52,
66.96, 56. 83, 53.71,42.49, 38.38, 30.74, 26.19, 14.07,
HRMS for CpsHyy N, O,S[M + H] ™ ; Caled. 530. 254 4; Found
530. 256 8,

N-(3-(4- ok &) -7 Ak ) 4-( 33K ek ot o R OF I
) T-F A-TH-weeg 51 [ 2,3-d | Ewe -6-F B (32)  #i ik
A4 19(154 mg,0. 30 mmol) %5 fi# T JC/K HH B, i AR gk A
I (10% ,15 mg) , S AR 7208 AR B 0, 200 O
o SLEE TR 8 B 25 M0 A , BB TR vk 4, 15 B L&
Py 19a [ (A (121 mg,96% ) . HAEBAT — 5 K)o
s LG 27 KA 5 W) 18a i ik & ) 19a, 153 3]
M 4 [f 4 (100 mg, 76% ) .,'H NMR (300 MHz, CDCI,-
CD,0D,4:1) 6:8.39(1H,s,Ar-H),8.28 (1H,s, Ar-H),
8.04~7.95(1H,d,J=7.4 Hz,Ar-H) ,7.50 ~7.38(2H,m,
Ar-H),7.25 ~7.18(2H, m, Ar-H) ,7. 17 ~7. 11 (2H, m, Ar-
H),7.11 ~7.01 (2H, m, Ar-H) ,4.02 (3H, s, CH, ), 3.74
(4H,t,J =4.3 Hz,CH,),3.46(2H,t,J =6.7 Hz,CH, ),
2.58~2.47(6H, m,CH,),1.93 ~1.79 (2H, m, CH, ),
¥C NMR(75 MHz, CDCL,-CD,0D,2: 1) §:163. 10,155. 36,
153.26,152.20, 140. 80, 140. 71, 137. 89, 130. 99, 129.92,
129. 62, 125. 46, 125. 40, 122. 10, 121. 96, 119. 78, 104. 16,
101. 82,67.16,57.09, 54. 09, 38. 53, 30. 85, 26. 35, HRMS
for C,; Hy; N;O,SNa [M +Na] " ; Caled. 572.205 0; Found
572.204 2,

N-(2-9e b T3k ) 4-(3-(A-Tyopk A s B A ) K M A ) -
7-F R-TH-wevg 5[ 2,3-d ] Ewe 6-F Bu i (33) Kb aw)
16 (150 mg,0. 20 mmol ) ¥ fift T Jo 7K F B, I A RS B A A6 751
(10% ,15 mg) , S I 1A il A 2 i S0, 2 I O 3 3
SN RIS B B 2540 R , DBV T vk 4 , 7+ 245 ) 16a
FIEE A (91 mg,90% ) o EHEKEAT L,
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6-FHBE LM% H[ 2,3-d ] g

KA ARG EIEE 56

il g kAL A 28 AL A1 18a Hu ik & 4 16a,
#43) 5 E& (72 mg,57% ) ,"H NMR (300 MHz, CDCL, ) §:
8.63~8.56(1H,d,J =8.0 Hz,Ar-H) ,8.53 (1H,s, Ar-H) ,
8.06(1H,s,Ar-H) ,7.57 ~7.52(1H,m, Ar-H) ,7. 42 ~7. 38
(1H,d,J=8.0 Hz,Ar-H) ,7. 16 (1H,s, Ar-H) ,4. 10(3H,s,
CH,),3.73(4H,s,CH,) ,3.68 ~3.64(2H,m,CH, ) ,3. 63 ~
3.54(6H,m,CH,) ,3.00(4H,s,CH,) ,2.66(2H, m,CH, ) ,
2.55(4H,m,CH,),"” C NMR (75 MHz, CDCl,) §:161.96,
154.24153.08, 152. 21, 140. 77, 135.39, 130. 14, 129. 92,
125.27, 121.82, 119.40, 103.42, 100. 68, 65.95, 56. 54,
52.89,46. 08 ,36. 34,30. 72,30. 01, HRMS for C,, Hy;N,0,S
[M+H]" ;Caled. 529. 235 4;Found 529.236 7,

2.3 A BN

S 7' -Lyte kit 60 5 K AH 5 3k, A
7' -LYTE™ BB 5 ol & 9 (R 4h JAK2 3 il
PTG R o T SOk HE , SR JAK2 AR i A £1
I 20 L TR-1 3053 iy 5 0 A & k) JAK2
ORI . BAA D ik GM-CSF % 3%
WG TF-1 41 JfL i) JAK2-STATS 38 % , 4% J5 % ] Anti
Human Mouse phospho STAT5 PE i {4 3 & 5 i@
1k STATS 7KF-, MITT] 42 S e 3 4k & W i JAK2 1
G, 5 LA FDA #EfER) JAK 50363k
#: J2 (tofacitinib, JAK2 1Cy, =4. 1 nmol/L) "' fE K
PR B I 2R L 2

Table 2 Biological activities of compounds 16 ,18-33
1Csy/ ( pmol/L)*

Compd.

JAK2 TF1-GMCSF
16 0. 697 5.72
18 0.715 7.59
19 >1 000 >50
20 0. 465 3.57
21 0.724 1.92
22 >1 000 >50
23 >1 000 41.5
24 0.916 25.4
25 0. 103 1.91
26 0. 091 1.47
27 0. 064 0.973
28 0.075 1. 19
29 0.113 2.04
30 0.016 0.253
31 0. 009 0. 136
32 >1 000 >50
33 0. 031 0. 821
Tofacitinib 0. 005 0. 097

*Assays done in replicates (n =3). Mean values are shown and the

standard deviations are <30% of the mean

3 AR5

A= WG PSS SR R | tofacitinib [ JAK2 4G
H7EME (1C, =0. 005 wmol/L) ,CM-CSF 751t TF-
1 40 JAK2 i) % 1% (1C5, = 0. 097 pmol/L) &5
SCHRARAE S5 S 24 5 Ko P e 3t A A e /K
SR A R — R TE R, o b A9 31 R
B TAK2 ST 1, G5 4l KT 1Y 1Cs, 43
34 0. 009 1 0. 136 wmol/L, #J2: 445k 6 £ 4
WN Ry kR B Ak G 16 36 1 A T TR 2 TR
R HEWTE I 5 NH o] B 5 JAK2 2 ' Leu-855
FRIFCTE U 1 HL R, A 3t 2 75 70 2R (14 W B TR
AW L= Y/ R o S S = 6 I & e |
WHUR LA, He i epk DR E 4 (74 AS
JAK2 ZE 1 Asn-859 J¥ Al U5 (1 BE J) 3058 s R, T8
WH K AE RS H &R & 4 X P-loop 1 HAEM, 4
R, BRI Ry = & e S Ab A 0 1) 3 P B, i 5
AR LA B AN BELASE R ) B IR W 2 5 3 Ak & 0 T
PETFREH R,

4 & it

ABFFEBEF I T 17 ALY 4-(3-
R BERE AR ) -6~ P I [ 2, 3-d [ e ek
Y IFHEAT T TAK S0 0 20 K 19 A 3
M, A5 31 BAT B 1) JAK2 J il i 1k 7e
BEIERE EAIA A T RO R, N R SE1% JAK2
AR S SR AL A

£ % x ik
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