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Design, Synthesis and Biological Evaluation of ERK
Inhibitors with Isoindolin-1-one Structure
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Abstract Using the ERK inhibitor EK-1-22 and MK-8353 as the lead compounds, 14 compounds were designed
and synthesized by pharmacophore fusion strategy. Preliminary pharmacological activity assessments revealed
that compounds 19a (IC,,=16 nmol/L.) , 19b (IC;=15 nmol/L.) , 19e (IC;,=20 nmol/L) , 27a (1C;=19 nmol/L.) and
27h (IC4,=56 nmol/L.) exhibited significant inhibitory activity against ERK2 kinase. Notably, compound 27b demon-
strated moderate inhibitory effects against four human tumor cell lines (Colo-205, A375, A2058 and HT-29).
Keywords MAPK pathway; ERK inhibitors; Synthesis; Antitumor activity
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Fig. 1 Design concepts for ERK inhibitors
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Scheme 1 Synthetic route of compound 3
Regents and conditions: a. ethylenediamine, Cul, K,CO,, 125 ‘C; b. Et;N, CH,Cl,, 0 i,

S [a] A 8 YA A 20 L Scheme 2. HFRAL S ) 19a~19) B9 -5 AGE L Scheme 3. HARMEEY)
25a F125b IG5 GBI Scheme 4. HEREA4) 27a 1270 195 5 2 0L Scheme 5.
12.1 kB E k284 K% LAY 1(200 mg, 0. 84 mmol) . BREZAN (234 mg, 1. 68 mmol) | 4L
(8 mg, 0. 042 mmol) F1 —Z i (5 mL) N A BB, IN#AEE 123 “CJ )i 18 h. FHHEE A3k (TLC, —4&
R e/ R B R L 100 1) W S By S8 58 5, DR ZE BR VS ), 5% BA 0 Ak 2T (& o/ B AR R L
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Scheme 2 Synthetic route of compound 8
Reagents and conditions: a. Pd(PPh,),, NaHCO,, dioxane/H,0, 120 C, Nz“(’J; b. TFA, CHZCIZWJ; c. chloro acetyl chloride,
EtN, CH,CL,, 0 *C!l.
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Scheme 3 Synthetic routes of compounds 19a—19j
Regents and conditions: a. Pd(PPh,),, K,PO,, dioxane / H,0, 90 °C, 10 hU"8: . NBS, AIBN, benzene, 80 °C, 4 h; c. Et;N, MeCN,
85 °C, 8 h; d. LiOH H,0, dioxane / HZOUQJ; e. compound 2/2-(piperazin-1-yl)ethan-1-o0l(16a)/2-(2-(piperazin-1-yl)ethoxy)ethan-1-ol
(16b)/2-(2-aminoethoxy)ethan-1-0l(16¢)/4-(4-(1-methyl-1H-1,2, 4-triazol-3-yl)phenyl)-1,2,3, 6-tetrahydropyridinehydrochloride(16d)/
benzenamine, N-dimethyl-4-(1,2,3,6-tetrahydro-4-pyridinyl)(16e)/N, N-dimethyl-(4-piperazin-1-yl-phenyl)-amine(16f), EDCI, HOBt,
DIEA, DCM, r. t.; f. (i) tetrahydro-2H-pyran-4-amine(18a), 2-butyl alcohol, 125 °C, 12 hP orii) 1-methyl-1H-pyrazol-4-amine
(18h), DMSO, DIEA, 140 °C, 12 h.
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Scheme 4 Synthetic routes of compounds 25a and 25b
Regents and conditions: a. EDCI, HOBt, DIEA, DCM, r. t.; b. NaN,, DMF, r. 12U, ; ¢. 2-(prop-2-yn-1-yloxy)ethan-1-0l(23a) or
2-methylbut-3-yn-2-0l(23b), Cul, MeCN / H,0; d. tetrahydro-2H-pyran-4-amine(18a), 2-butyl alcohol, 125 °C, 12 h!,

H H
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Scheme 5 Synthetic routes of compounds 27a and 27b

Regents and conditions: a. compound 3 or compound 8, i-Pr,EtN, DMF, 50 “C.

200: 1~30: 1) 40 &, 15 70 mg IR B (A [HAK 2, =2 38.4%, m. p. 86.8~88.5 °C. 'H NMR (300 MHz,
DMSO-d,), §: 8.35(s,1H), 7.70(d, J=8.6 Hz, 2H), 6.61(d, J=8.6 Hz, 2H), 5.91(t, 1H, J=5.1 Hz,
1H), 3. 84(s, 3H), 3.16~3.10(m, 2H), 2. 80(t, J=6. 1 Hz, 2H).

122 ##FEE12a8 4 K% KibaY 11a(10 g, 38. 1 mmol) A NBS(10.2 g, 57. 11 mmol) ¥ T
150 mL2EH, IAMA 5 TH (1.3 g, 7.6 mmol) , J#AZ 80 ‘C/ N 6 h. H TLC (£ i/ .12 £ BR A
B DM R e )G, WHIZE R, WA aRy, A0 EERAT 2. kA
AR 7 G Ak &4 12b.

123 K E K 14a B9 & K Kb 12a(13.0 g, 38. 1 mmol) . H &R H FsEh iR h (13, 4.8 ¢,
38. 1 mmol) F1 = Z 1 (11. 6 g, 114.21 mmol) % T 100 mL Z i+, fn#k (a1 521 6 h. F TLC (44 H
P/ AR R LG 20 1) WE DN S 0 58 B8 T, IR 25 Bk 25 00, 5% B W AT 2 A (A i B/ L TR R IR R L
5:1~1: 1438, 195, 6 gIREAEAK 14a, 72546, 3%. KAMFE LA AL G 14b. fL59) 14a F114b
A AR RGBS 43 01151 T4 1Ak 2.

124 x4 P A K 17a~17Th 71 21 89 & &% BALG 4 15a(200 mg, 0. 66 mmol) . fL4 4 16d (159 mg,
0. 66 mmol) . EDCI(154 mg, 0. 80 mmol) , HOBt(108 mg, 0. 80 mmol) Fil DIEA (104 mg, 0. 80 mmol )% T
SmL AR e, S THFEROY 24 h, FTLC (G be/H BRI EL 20 1) W00 S SE 585, i —
AMBE(S mL), FIZKBEE (5 mLx3), HAPUZ T U8 | BUEZEBRIE A, 155220 mg M & AL G
Y 17a, 775 63. 4%. R MFIT A AL ) 1Tb~1Th 7121, ALE4) 17b~17h F1 21 59 B4R B FIAZ
ILPREE 7391 F 3% 1 ik 2.

1.2.5 5% o |6 4K 24a #1 24b th & & B4LE 1 22(400 mg, 1. 08 mmol) FIN HREZ A HEAL S Y (23a,
132 mg, 1. 32 mmol) ¥ T Z i (6 mL)//K (1 mL)IR-A W, TRk T S48 o3t A A 5 (48 mg,
0.24 mmol) , #EFE 10 min, FHE % 40 “C/ N 16 h. F TLC (G H foe/H B AL EL 20 1) Wi 52 jy 58 56
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Table 1 Appearances and yields of compounds11a, 11b, 14a, 14b, 15a, 15b, 17a—17h, 21, 24a, 24b

Compd. Appearance Yield(%) m. p./C Compd. Appearance Yield(%) m. p./'C
3 Yellow solid 39.4 128—130 17b White solid 54.3 222—224
6 Yellow solid 86.2 150—152 17¢ White solid 80.2 192—194
7 Yellow solid — — 17d White solid 50.5 181—183
8 White solid 37.4 130—132 17e White solid 89.2 177—179

11a White solid 69.4 140—142 17f White solid 25.5 243—245
11b White solid 95.6 129—130 17g Yellow solid 59.3 134—136
14a Yellow solid 46.3 182—184 17h Yellow solid 50.8 126—128
14b Yellow solid 78.0 113—115 21 White solid 64.7 222—224
15a Yellow solid 81.7 >250 22 White solid 78.7 176—178
15b White solid 40.5 209—211 24a Yellow solid 62.8 190—192
17a White solid 63.4 246—248 24h Yellow solid 94.2 240—242

* Compound 7 is directly fed into the next step without any treatment.

Table 2 'H NMR data of compounds 11a, 11b, 14a, 14b, 15a, 15b, 17a—17h, 21, 22, 24a, 24b

Compd. 'H NMR
3 (300 MHz, CDCL,), 8: 8.00(s, 1H), 7.92(d, J=8.8 Hz, 2H), 6.67(d, J=8.7 Hz, 2H), 4.07(s, 2H), 3.93(s, 3H), 3.60(q, J=5.9 Hz,
2H), 3.39(t, J=5.8 Hz, 2H)
6 (300 MHz, CDCL,), 8: 8.08—7.95(m, 3H), 7.25(d, J=8.0 Hz, 2H), 4.78(s, 1H), 3.92(s, 3H), 3.44—3.35(m, 2H), 2.82(t, J=7.0 Hz,
2H), 1.43(s, 9H)
8 (300 MHz, CDCL,), 8: 8.10(s, 1H), 8.08(d, J=8.2 Hz, 2H), 7.34—7.31(d, J=2.0 Hz, 2H), 6.68(s, 1H), 4.07(s, 2H), 4.01(s, 3H),
3.64(q, J=6.7Hz, 2H), 2.93(1, J=7.0 Hz, 2H).
11a (300 MHz, CDCL,), &: 8.65(d, J=5.3 Hz, 1H), 8.61—=..60(m, 1H), 8.16(dd, J=9.8, 1.8 Hz, 1H), 7.68(d, J=5.3 Hz, 1H), 7.41(d,
J=8.1Hz, 1H), 3.95(s, 3H), 2.68(s, 3H)
11b (400 MHz, CDC1,), 8: 8.65(s, 1H), 8.61-8.60(d, J=2.0 Hz, 1H), 7.96(dd, J=10.0, 2.0 Hz, 1H), 7.41(d, J=8.0 Hz, 1H), 3.93(s,
3H), 2.69(s, 3H)
14a (300 MHz, CDCL,), 8: 8.71(d, J=5.3 Hz, 1H), 8.51—=8,50(m, 1H), 8.46(dd, J=9.7, 1.7 Hz, 1H), 7.76(d, J=5.3 Hz, 1H), 7.64(d,
J=8.0Hz, 1H), 4.64(s, 2H), 4.46(s, 2H), 3.80(s, 3H)
14b (300 MHz, CDCL,), 8: 8.69(s, 1H), 8.44(s, 1H), 8.11(d, J=8.1 Hz, 1H), 7.63(d, J=8.1 Hz, 1H), 4.63(s, 2H), 4.46(s, 2H), 3.78(s, 3H)
15a (300 MHz, DMSO-d,), 8: 8.84(d, J=5.3 Hz, 1H), 8.48—8.43(m, 2H), 8.30(d, J=5.3 Hz, 1H), 7.82(d, J=8.0 Hz, 1H), 4.62(s, 2H),
4.32(s, 2H).
15b (300 MHz, DMSO-d,), 8: 12.98(s, 1H), 9.03(s, 1H), 8.14(s, 1H), 8.07(d, J=7.6 Hz, 1H), 7.83(d, J=8.3 Hz, 1H), 4.64(s, 2H),
4.33(s, 2H)
17a (300 MHz, DMSO-d,), 8: 8.85(d, J=5.2 Hz, 1H), 8.50—8.44(m, 3H), 8.31(d, J=5.3 Hz, 1H), 7.97(d, J=8.1 Hz, 2H), 7.82(d,
J=8.3Hz, 1H), 7.57—7.53(m, 2H), 6.30—6.28(m, 1H), 4.61—4.54(m, 3H), 4.30—4.15(m, 2H), 3.93—3.91(m, 4H), 3.76—3.70
(m, 2H), 2.72—2.65(m, 2H)
17b (300 MHz, CDCL,), 8: 8.69(d, J=5.1 Hz, 1H), 8.41—8.38(m, 2H), 7.97(s, 1H), 7.78(d, J=8.5 Hz, 2H), 7.71(d, J=5.4 Hz, 1H),
7.56(d, J=8.2Hz, 1H), 6.57(d, J=8.9 Hz, 2H), 4.54(s, 2H), 4.27(s, 2H), 3.94(s, 3H), 3.59—3.53(m, 2H), 3.40—3.35(m, 2H)
17¢ (300 MHz, CDCL,), 8: 8.71(d, J=5.3 Hz, 1H), 8.52(s, 1H), 8.46(dd, J=8.0, 1.7 Hz, 1H), 7.76(d, J=5.3 Hz, 1H), 7.65(d, J=8.0 Hz,
1H), 4.70(s, 2H), 4.51(s, 2H), 3.70—3.64(m, 6H), 2.63—2.55(m, 6H)
17d (300 MHz, CDCL,), &: 8.71(d, J=5.3 Hz, 1H), 8.54—=8.51(m, 1H), 8.45(dd, J=9.7, 1.7 Hz, 1H), 7.76(d, J=5.3 Hz, 1H), 7.64(d,
J=8.4Hz, 1H), 4.68(s, 2H), 4.50(s, 2H), 3.75—3.63(m, 10H), 2.70—2.58(m, 6H)
17e (300 MHz, CDC1,), 8: 8.72(d, J=5.3 Hz, 1H), 8.51—8.47(m, 2H), 7.78(d, J=5.2 Hz, 1H), 7.67(d, J=7.8 Hz, 1H), 4.70(s, 2H),
4.29(s, 2H), 3.77—3.74(m, 2H), 3.59(t, J=4.6 Hz, 4H), 3.52—3.48(m, 2H)
17t (400 MHz, CDCI,), 8: 8.70—=8.67(m, 1H), 8.45—8.44(m, 1H), 8.08—8.06(m, 4H), 7.63—7.62m, 1H), 7.46—7.44(m, 2H), 6.18—
6.13(m, 1H), 4.70(s, 2H), 4.58—4.53(m, 2H), 4.28(s, 2H), 3.98(s, 3H), 3.86—3.82(m, 2H), 2.68—2.61(m, 2H)
17 (300 MHz, DMSO-d,), 8: 9.05(s, 1H), 8.14(s, 1H), 8.08—8.04(m, 1H), 7.83(d, J=8.0 Hz, 1H), 7.32—7.28(m, 2H), 6.70(d,
J=9.6Hz, 2H), 6.02—6.00(m, 1H), 4.62—4.53(m, 4H), 4.24—4.10(m, 2H), 3.71—3.69(m, 2H), 2.90(s, 6H), 2.60—2.56(m, 2H)
17h (300 MHz, DMSO-d,), 8: 9.05(s, 1H), 8.14(s, 1H), 8.07(dd, J=8.0, 1.6 Hz, 1H), 7.83(d, J=8.4 Hz, 1H), 6.91—6.84(m, 2H),
6.74—6.68(m, 2H), 4.61(s, 2H), 4.55(s, 2H), 3.66—3.49(m ,8H), 2.80(s, 6H)
21 (300 MHz, DMSO-d¢-D,0), 8: 8.86(d, J=5.3 Hz, 1H, ArH), 8.50—8.43(m, 2H, ArH), 8.22(d, J=6.2 Hz, 1H, ArH), 7.87(d, J=7.7

Hz, 1H, ArH), 4.68(s, 2H, CONCH,), 4.51(s, 2H, CONCH,), 4.35—4.32(m, 2H, NHCH,), 3.15(1, J=5.1 Hz, 2H, CH,Br)
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Continued
Compd. 'H NMR

22 (300 MHz, CDCL,), 8: 8.72(d, J=5.3 Hz, 1H), 8.52(s, 1H), 8.46(dd, J=8.0, 1.6 Hz, 1H), 7.75(d, J=5.2 Hz, 1H), 7.66(d, J=8.2 Hz,
1H), 6.64(s, 1H), 4.68(s, 2H), 4.33(s, 2H), 3.52—3.44(m, 4H).

24a (300 MHz, DMSO-d,), 8: 8.85(d, J=5.3 Hz, 1H), 8.48(s, 1H), 8.45(dd, J=8.0, 1.6 Hz, 1H), 8.30(d, J=5.3 Hz, 1H), 8.28—8.26(m,
1H), 8.06(s, 1H), 7.80(d, J=8.1 Hz, 1H), 4.55(s, 2H), 4.51(s, 2H), 4.43(1, J=5.8 Hz, 2H), 4.16(s, 2H), 3.53—3.46(m, 6H)

24b (300 MHz, DMSO-d,), 8: 8.85(d, J=5.7 Hz, 1H), 8.48(s, 1H), 8.45(dd, J=7.9, 1.6 Hz, 1H), 8.30—=..26(m, 2H), 7.84(s, 1H), 7.79
(d, J=8.0Hz, 1H), 5.02(s, 1H), 4.55(s, 2H), 4.39(t, J=6.1 Hz, 2H), 4.17(s, 2H), 3.53—3.46(m, 2H), 1.45(s, 6H)

I, VR ZEIERR AR, TR B YA RN (A B P EUATLEL 100:1~20: 1) 5055, 1551 320 mg 75 (4 [
AL G 24a, 775 62. 8%. RAMIF %4 BG4 24b. 1651 24a T 24b B FRALECHR FAZ g LR %L
P o a TR 1 FIER 2.

12,6 H A5 b & 4 19a~19j, 25a fn 25b #y & & 2 BESCER[20] 07k, #ALGH) 17a(100 mg, 0. 19
mmol ) . 4-% KU AL (18a, 39 mg, 0. 38 mmol) F1 DIEA (50 mg, 0. 38 mmol)iF T3 mL ff T irh, &t
B A 125 CR 12 he F TLC (A H e/ H BEARFR B 30 D WM S i 5 B8 5, W EI R %00, EZE
FHEHN, ZAE 2T (G e/ AR EE 200 1~40: 1) 5085, 155 20 mg (G E AL S P 19a, 775
17.8 %, m. p.>250 “C. RAMF I 56 BALG Y 19b~19j, 25a F125b. L5 19a~19j, 25a F125b (13
B A R AR 43 351 T3 3 Tk 4.

Table 3 Appearances, melting points, yields and HRMS data of compounds 19a—19j, 25a, 25b, 27a and 27b

Compd. Appearance m. p./C Yield(%) HRMS(caled.), maz[M+H ¥
19a White solid >250 17.8 591.2832(591.2833)
19b White solid 254—256 58.6 625.2437(625.2431)
19¢ Yellow solid >250 46.7 587.2626(587.2622)
19d Yellow solid 279—281 638.4 621.2236(621.2247)
19¢ White solid 219—221 61.7 568.2784(568.2784)
19f Yellow solid 170—172 48.6 481.2563(481.2555)
19¢ White solid 139—141 44.5 525.2825(525.2828)
19h White solid 188—190 59.1 456.2247(456.2234)
19i White solid 215—217 65.3 587.2532(587.2530)
19 White solid 222—224 772 612.2460(612.2441)
25a Yellow solid 100—102 85.1 537.2574(537.2571)
25b White solid 118—120 90.2 521.2625(521.2617)
27a White solid 139—141 529 669.3078(669.3085)
27h White solid 140—142 41.2 654.2969(654.2977)

Table4 1H NMR and 13C NMR data of compounds 19a—19j, 25a, 25b, 27a and 27b

Compd. 'H NMR BC NMR

19a (300 MHz, CDCI,), 8: 8.50(s, 1H), 8.38(d, J=5.3 Hz, 1H), 8.30(dd, (75 MHz, DMSO-dy), 8: 167.99, 166.75, 166.58,
J=8.1, 1.7 Hz, 1H), 8.11—8.08 (m, 3H), 7.59(d, J=8.0 Hz, 1H), 16227, 161.27, 159.65, 146.15, 144.91, 140.60,
7.49—7.44(m, 2H), 7.08(d, J=5.3 Hz, 1H), 6.20—6.15(m, 1H), 5.26  134.82, 134.38, 133.14, 130.31, 126.21, 125.47,
(d, J=8.4 Hz, 1H), 4.69(s, 2H), 4.60(s, 1H), 4.55(s, 1H), 431—4.30 12434, 121.72, 121.43, 121.14,106.14, 72.75,
(m, 2H), 4.23—4.19(m, 1H), 4.07—4.0(m, 5H), 3.90—3.82(m, 2H),  66.59, 60.72, 51.03, 47.21, 44.05, 36.44, 32.98,
3.66—3.58 (m, 2H), 2.69—2.64(m, 2H), 2.15—2.11(m, 2H), 1.63—  27.33
1.58(m, 2H)

19b (300 MHz, DMSO-d,) , §: 8.51(s, 1H), 8.44(s, 1H), 8.04—7.96(m,  (75MHz, acetic-d,), 8: 169.74, 167.74, 160.38,
4H), 7.75(d, J=8.4 Hz, 1H), 7.57—7.54(m, 2H), 6.29(s, 1H), 4.59— 14552, 14450, 141.34, 135.50, 134.44, 132.86,
4.54(m, 4H), 429—4.15(m, 2H), 3.92—3.85(m, 6H), 3.76—3.73(m,  131.57, 128.40, 126.53, 125.14, 124.67, 122.99,
2H), 3.41—3.37(m, 2H), 2.66—2.54(m, 2H), 1.87—1.83(m, 2H),  120.76, 115.97, 115.73, 104.31, 99.06, 66.06,
1.55—1.51(m, 2H) 51.68, 47.26, 35.99, 31.92, 26.88, 19.64, 19.38,

19.12
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19¢ (400 MHz, DMSO-d,), 8: 9.56(s, 1H), 8.52—8.40(m, 4H), 8.48(s, (75 MHz, aectic-d,), §: 169.65, 167.47, 160.51,

19d

19e

19f

19¢

19h

19i

19j

25a

1H), 7.98(d, J=8.3 Hz, 2H), 7.92(s, 1H), 7.79(d, J=8.0 Hz, 1H), 7.57
(t, J=7.2 Hz, 3H), 7.42(d, J=5.2 Hz, 1H), 6.30(s, 1H), 4.61—4.55
(m, 4H), 4.30(s, 1H), 4.16(s, 1H), 3.92(s, 3H), 3.83(s, 3H), 3.76—
3.70(m, 2H), 2.67—2.54(m, 2H)

(400 MHz, DMSO-d,), 8: 9.83(s, 1H), 8.58(s, 1H), 8.51(s, 1H), 8.11
(s, 1H), 8.06(d, J=8.0 Hz, 1H), 7.98(d, J=8.5 Hz, 2H), 7.83—7.79
(m, 2H), 7.56(dd, J=8.2, 6.2 Hz, 2H), 7.52(s, 1H), 6.30(s, 1H),
4.61—4.55(m, 4H) , 430(s, 1H), 4.16(s, 1H), 3.92(s, 3H), 3.79—
3.71(m, 5H), 2.66—2.54(m, 2H)

(300 MHz, CDCL,), §: 8.44(s, 1H), 8.38(d, J=5.3 Hz, 1H), 8.26(dd,
J=7.5, 1.7 Hz, 1H), 7.99(s, 1H), 7.86(d, J=8.5 Hz, 2H), 7.52(d, J=
8.2 Hz, 1H), 7.04(d, J=5.0 Hz, 1H), 6.62(d, J=8.5 Hz, 2H), 4.48(s,
1H), 4.28(s, 2H), 4.21—4.15(m, 1H), 4.06—4.02(m, 2H), 3.94(s,
3H), 3.65—3.53(m, 4H), 3.36(t, J=6.2 Hz, 2H), 2.15—2.09(m, 2H),
1.66—1.60(m, 2H)

(300 MHz, CDCL,), &: 8.42(s, 1H), 8.33(d, J=5.2 Hz, 1H), 8.24(d, J=
9.8 Hz, 1H), 7.53(d, J=8.9 Hz, 1H), 7.01(d, J=5.5 Hz, 1H), 5.15(d,
J=6.8 Hz, 1H), 4.60(s, 2H), 4.44(s, 2H), 4.19—4.09(m, 1H), 4.01—
3.97(m, 2H), 3.64—3.52(m, 8H), 2.57—2.50(m, 6H), 2.08—2.04(m,
2H), 1.84(brs, 1H), 1.63—1.52(m, 2H)

(300 MHz, CDCl,), 8: 8.48(s, 1H, ArH), 8.39(d, J=5.2 Hz, 1H), 8.30
(dd, J=8.0, 1.7 Hz, 1H), 7.58(d, J=8.2 Hz, 1H), 7.07(d, J=6.0 Hz,
1H), 5.18(d, J=7.8 Hz, 1H), 4.65(s, 2H), 4.49(s, 2H), 4.24—4.17
(m, 1H), 4.06—4.02(m, 2H), 3.75—3.58 (m, 12H), 2.72—2.64 (m,
6H), 2.16—2.09(m, 2H), 1.65—1.61(m, 3H)

(300 MHz, CDCL,), 8: 8.50(s, 1H), 8.39(d, J=5.5 Hz, 1H), 8.32(dd,
J=8.0, 1.7 Hz, 1H), 7.61(d, J=7.7 Hz, 1H), 7.18—7.15(m, 1H), 7.08(d, J=
5.3 Hz, 1H), 5.46—5.42(m, 1H), 4.67(s, 2H), 4.29(s, 2H), 4.22—
4.18(m, 1H), 4.07—4.03(m, 2H), 3.75(t, J=4.5 Hz, 2H), 3.67—3.58
(m, 6H), 3.51—3.48(m, 2H), 2.16~2.10(m, 2H), 1.69—1.63(m, 3H)
(300 MHz, DMSO-d,), 6: 8.45(s, 1H), 8.03(s, 1H), 7.99(d, J=6.5 Hz,
1H), 7.76(d, J=9.0 Hz, 1H), 7.63(s, 1H), 7.33—7.28(m, 2H), 6.71
(d, J=9.3 Hz, 2H), 6.02—6.00(m, 1H), 4.58—4.45(m, 4H), 4.23—
4.10(m, 2H), 3.90—3.85(m, 3H), 3.74—3.67(m, 4H), 2.90(s, 6H),
2.59—2.55(m, 2H), 1.88—1.82(m, 2H), 1.58—1.49(m, 2H)

(300 MHz, DMSO-d,), 6: 8.45(s, 1H), 8.04(s, 1H), 7.99(d, J=8.4 Hz,
1H), 7.75(d, J=7.9 Hz, 1H), 7.63(s, 1H), 6.90—6.86(m, 2H), 6.73—
6.68(s, 2H), 4.56(d, J=11.9 Hz, 4H), 3.95—3.84(m, 3H), 3.63(d, J=
15.9 Hz, 4H), 3.41—3.37(m, 2H), 3.05—2.96(m, 4H), 2.78(s, 6H),
1.86—1.81(m, 2H), 1.59—1.46(m, 2H)

(300 MHz, DMSO-d,), 8: 8.40(s, 1H), 8.37(d, J=5.2 Hz, 1H), 8.34—
8.32(m, 2H), 8.07(s, 1H), 7.71(d, J=8.0 Hz, 1H), 7.26—7.22 (m,
2H), 4.55—4.51(m, 4H), 4.43(t, J=5.6 Hz, 2H), 4.15(s, 2H), 4.06—
3.99(m, 1H), 3.88(d, J=12.1 Hz, 2H), 3.52—3.32(m, 9H), 1.90—1.85
(m, 2H), 1.61—1.50(m, 2H)

145.56, 143.16, 141.20, 140.14, 139.16, 136.38,
135.48, 134.41, 132.39, 131.43, 128.45, 126.49,
125.09, 123.97, 123.11, 121.59, 114.73, 107.02,
96.29, 90.58, 51.74, 38.06, 35.93, 35.45, 19.64,
19.38, 19.12

(75 MHz, acetic-d,), 8: 169.76, 167.58, 159.65,
157.54, 149.08, 145.21, 144.61, 141.60, 134.40,
132.93, 131.68, 126.63, 125.18, 124.70, 123.17,
122.56, 120.93, 119.97, 116.95, 101.59, 98.04,
90.16, 86.42, 64.75, 51.73, 37.95, 36.24, 19.65,
19.38, 19.12

(75 MHz, DMSO-d,), 8: 168.70, 168.35, 163.20,
162.11, 162.04, 149.70, 145.42, 144.93, 137.35,
132.83, 130.49, 127.37, 124.37, 121.45, 118.97,
114.94, 112.21, 106.16, 66.58, 51.22, 47.10,
45.43, 42.29, 36.14, 32.83, 27.27

(75 MHz, DMSO-d,), 8: 167.92, 166.32, 163.17,
162.27, 159.61, 144.87, 137.47, 133.10, 130.30,
124.31, 121.43, 106.14, 66.59, 60.54, 58.96,
53.63, 53.23, 50.99, 47.21, 44.59, 43.87, 41.93,
32.98(Affected by steric hindrance, the four carbon
atoms in piperazine show different displacements)
(75 MHz, DMSO-d,) , 6:167.92, 166.33, 162.27,
159.72, 144.87, 137.48, 133.11, 130.31, 124.33,
121.44, 116.58, 106.15, 72.69, 68.67, 66.59,
60.71, 57.57, 53.59, 53.18, 50.99, 47.21, 44.57,
43.88, 32.98.

(75 MHz, DMSO-d,), 8: 168.34, 167.88, 163.17,
162.27, 159.64, 144.88, 137.44, 133.14, 130.29,
124.28, 121.44, 106.12, 72.58, 69.35, 66.60,
60.65, 51.08, 47.22, 45.25, 36.44, 32.97

(75 MHz, acetic-d,), 8: 169.76, 163.66, 157.73,
146.51, 145.71, 144.43, 132.93, 131.53, 126.45,
124.63, 122.99, 120.45, 120.09, 115.69, 110.54,
109.86, 108.66, 98.84, 66.06, 51.64, 47.23,
4542, 31.94, 25.79, 19.64, 19.38, 19.11

(75 MHz, acetic-d,), 8: 169.74, 167.59, 163.30,
144.42, 143.85, 136.64, 135.56, 135.16, 132.94,
131.48, 126.61, 124.62, 123.01, 120.62, 117.38,
110.20, 66.06, 47.24, 45.56, 31.93, 25.89, 19.65,
19.38, 19.12

(75 MHz, DMSO-d,) , 8: 168.24, 167.44, 161.73,
159.12, 151.81, 148.31, 144.41, 143.97, 132.59,
129.84, 124.17, 123.78, 120.96, 105.63, 77.24,
71.49, 66.09, 63.51, 60.12, 50.51, 48.54, 46.72,
44.89, 32.47
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25b (300 MHz, DMSO-d,), &: 8.40—8.24(m, 4H), 7.83(s, 1H), 7.70(d, J= (75 MHz, DMSO-d,), 8: 167.56, 167.14, 160.75,
8.1 Hz, 1H), 7.26(s, 1H), 7.26(s, 1H), 7.23(d, J=5.2 Hz, 1H), 5.01  158.35, 155.10, 154.71, 143.63, 136.03, 131.47,
(s, 1H), 4.51(s, 2H), 4.39(t, J=5.9 Hz, 2H), 4.15(s, 2H), 4.05—3.98  129.23, 123.04, 120.10, 104.90, 99.87, 66.26,
(m, 1H), 3.90—3.87 (m, 2H), 3.54—3.37 (m, 4H) , 1.90—1.85(m,  65.29, 49.86, 47.58, 45.82, 44.07, 31.52, 29.54,
2H), 1.59—1.51(m, 2H), 1.45(s, 6H) 21.84

27a (300 MHz, CDCl,), 8: 9.03(s, 1H), 8.13(t, J=1.3 Hz, 1H), 7.98—7.94 (75 MHz, CDCL,), 8: 172.20, 170.86, 163.17,
(m, 3H), 7.89(dd, J=9.3, 2.5 Hz, 1H), 7.75(d, J=8.7 Hz, 2H), 7.44  161.73, 149.06, 143.99, 142.20, 139.37, 138.19,
(d, J=1.3 Hz, 2H), 6.69(d, J=9.3 Hz, 1H), 6.51(d, J=8.7 Hz, 1H), 131.61, 127.51, 125.25, 121.85, 120.73, 120.59,
5.34(hept, J=6.8 Hz, 1H), 4.81(s, 1H), 3.89(s, 3H), 3.74—3.67(m, 119.75, 113.31, 112.30, 111.49, 110.99, 63.37,
2H), 3.49—3.32(m, 4H), 3.13—2.99(m, 2H), 2.843—2.53(m, 3H),  57.65, 56.97, 53.15, 46.86, 43.70, 37.28, 36.16,
2.06—1.99(m, 4H), 1.42—1.40(m, 6H) 22.04, 13.93

27b (300 MHz, CDCL,), 8: 9.04(s, 1H), 8.31(s, 1H), 8.06—7.94(m, 6H), (75MHz, CDCl,), 8: 171.13, 170.33, 162.54, 161.78,
7.55—7.45(m, 3H), 7.34(s, 1H), 6.77(d, J=9.3 Hz, 1H), 5.41(hept, 144.33, 141.88, 140.13, 139.21, 138.28, 131.90,
J=7.4Hz, 1H), 3.97(s, 3H), 3.69—3.62(m, 2H), 3.50—3.47(m, 1H), 131.49,129.18, 129.09, 126.46, 121.28, 120.71,
3.38—3.32(m, 1H), 2.99 —2.71(m, 6H), 2.68—2.64(m, 1H), 2.11(s, 120.46, 113.64, 110.89, 110.81, 63.35, 58.36,
3H), 2.05—2.03(m, 1H), 1.51—1.49(m, 6H) 57.68, 53.56, 46.90, 40.02, 36.65, 36.28, 35.33,

22.07, 13.90

12.7 EArfbA4#27afm27b 894 K KA 26(100 mg, 0.24 mmol), fb443(72 mg, 0. 24 mmol)
FIDIEA (188 mg, 1.46 mmol) T 2 mLDMF Ht, FHi 2 50 “C/ ;i 12 h. I TLC (40 be/ FH EE AR 1
20: 1) WM Z S e 4y, IR AR, N6 mL/AKFE:, AR OBRZI (4 mLx3), GIFAHLE, AT
IKBRBREN T, e, WURZE TIAH, 2420 (G b/ F BEARF L 2001 1~40: 1) 4385, 1551 86 mg
KBRS 27a, 77552.9%, m. p. 139. 8~140.0 °C. R A FE %G WAL &9 270, 14L&
27a F1 27b W PRACEICH AR R R B s o0 01|91 3% 3 ik 4.
1.2.8 ERK2 B0 7E M 25 B 1440 HARIb A9 B B X B2 MK-8353 FH DMSO 7 , B il it ik J5
4 10 mmol/L 1FE .

PO SN FE (1) PRl 1XKinase buffer. (2) fbA5 Wk BEAR FE BB HI 5238040 5 Wik B o
10 pmol/L U, 3FEFBE 101V EE, 78 384 FLAR A A7 A8 1l 100 35 2 MR BE 1Y 10 A [ v B A R
SRJG , FH Echo550 5% %% 250 nL £ 384 WA HH 45 FH . 1] BF X BEFL AR BHAHE X BEFL AR 43 3 A 250 ol /4
100% DMSO. (3) H] 1xKinase buffer Bt ifil 2. 5 {52 U B S BHA T . (4) ZEALS WL RN BHPE X REFL 43301
A0 WL 2. 5520w FE B T 5 7EBAPEXT BRFLH A 10 L 1xKinase buffer. (5) LA 1000 r/min %%
W30 s, IRGIRAGHEE TR E 10 min. (6) A 1xKinase buffer Bt ] 25/15 175 24 JE () ATP £
Kinase substrate JR AW . (7) T 15 wL 25/15 54U BE 1) ATP 5 EITR GV, im0 (8)
384 L4 LA 1000 r/min 5% 38 25,05 30 s, HRG IR A5G TEEBEE 40 min. (9) A 30 wL 2 (LA 45
1ROV, LA 1000 r/min §53 5.0 30 s, RGIRG %], (10) H Caliper EZ Reader FEHUE L4 .

112 (Inhibition, % )32/ H

Inhibition=[(Conversion,,~Conversion,,, . J/(Conversion,,~Conversion,,, )]X100% (1)

:—Et qj : Conversionsampue%mu ﬁtu‘_:lé 1:'1% El@ i-% ’fjﬁﬁ 5 Conversionmi" j‘? |3ﬂ I‘i XﬂL ,E!ﬁ ?L ﬂjﬁ ) Fﬁééfﬁﬁ @E(ﬁ ?L B/‘]yz:ﬂﬁ
25 Conversion,, A PHPEX BEFLIME, RFBA L EDINHIFLIOFE LR
129 zijf & K34 2% Kb 19a, 19b, 19e, 27a, 27b Fl MK-8353 43 51l i i 4 J& 4 0. 016,
0.049, 0. 148 , 0. 444, 1.333, 4.00, 12H160 wmol/L W £ .

YRGS AR TR 10~ 1510, SR SR TR R (ZIRIEH 100 UmL) | 585 R (4%
FE 4 100 wg/mL) . 10%FBS [t 55 37 %& (A2058, A375: DMEM, Colo-205: RPMI-1640, HT-29: McCoy’s
5A), MANMELS T 90% i, FEEIAEEFEL, F2 mL PBS S P Ve 4l 2 ¢, 52 PBS 8 w5 i A
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2 mL 2.5 g/L Trypsin-0. 53 mmol/L EDTA VR THALIK , B T WA T WEELY 30 s, 2440 22 15 5 1 fin
A2 mLoE AR AR WAL, BRAT, RN . L 800 v/min F 3 T 4 CE.0 5 min, 4 LR
W, AR TR E RN, /R TR, R .

MTT 5255 : B £ AE K IHA AL L 1x10° cells/ALEZRI T 96 fLAR Y, 37 °C, 5% CO, &4 M55, H
ML 90% Al )T, FIJCIE 8553550 5 2 Wl Ao Ak . BE)S, 785 IR, 20 nA S H %
Fi A4 41 (0. 016, 0.049, 0. 148, 0.444, 1.333, 4.00, 12 #1160 wmol/L) (K35 55 IL0E 5 96 h; WE & 45
A4 h, BALH A 20 pL MTT (S mg/mL). BB HIG, 57L& F2WEH . BALINA 150 pL
DMSO, & FAMEHRZ Y EART 10 min, FR45 509 705305 6 o R SGI 2E 0Dy

EFE IR TE T 4922 (Proliferation Inhibition, % )3HE AT -

Proliferation Inhibition(% )=(0D—0D,)/(OD.~0D,)x100% (2)
s ODG MR O OE LR OD, s FIZHIROGEE , AR BA A I 2H WO BE TR % OD XS
HRZAWOGRE | FRFRBAT LG AL PRI 1E 5 20 ML ZE 1 W Y B 14

CAZS IR FEAE R A b , % 5 60 07 A S B ) 35 4 71 0 A AR, {8 ] Graphpd Prism5 (3
ANERIH, AR B AP 1C,, .
1.2.10 4 FtELE S CHk[22] 5%, FlH Schrodinger Suites 2021 3% {443 H1 ] Protein Prepara-
tion Wizard BEHUG ERK2 (PDB ID: 6DCG ) A P45 M7 AL N | S RRA o A Ak 4 T B JL s
G35 . PR LigPrep U /N T BUARTEA TG0 , 85 RE i fie/ M 5 ER AL BIEHCES - M B e B
ASERPIRE . SRIG , FESE B R AR A U5 , 8 B Glide B UEA T 20X . Xl e v e fg i
IR G, JF 280 e th HAT R S B Y 45 S

2 GRS

21 FEER B EMRNE R

e, L2, 4- e AL A W A 3- (R AR LR B ) -4 B R S A 7 AR P 5 oM JEURE, 48 Suzuki
FCNE . NBS IR, F5H &R ER R FR SR A A, A5 B Rl IR 145 R 14 20K R 5, 4305 i v
[ 2, 16a~16f 454, BIASH A4 17a~17h; SR 17a~17h 15 4- 2 L0 IRl 4- 20 k- V- F i ne 78 &
BT RATR N, BT HEREAE Y 19a~19) (4544 ILE 2).

HK, FEE 152 5 1R OB A45 R &

N R?
SIS, Ik 22 5515 PIH 2 Rﬂg\@g |
FALE W (LA W) 23a) F13-H L T $eiz-3 (b &9 NTR
23b) &4 Click Jz W A5 21 & v 8] {4 245 o [a] {4 24 19b—19j, 25a, 25b

5 4‘/5\%1125%@%@%?731@5@“3&@ s EME“I‘ H *’Tﬁjﬁ Fig.2 Structure of compounds 19a—19j, 25a and 25b
) 254 F125b (45K LK 2).

SRIG, ALEW26 5 4- 2 FEND e S T AR AEBUCRON, RIAS BARIE G4 27a F127b.

A A S 45 2 'H NMR, °C NMR HI HRMS ik .
2.2 3 ERK2 #EEHD S E A 75 1L

1A B ERK2 SR 16 MM al 5 (2 5) o, R DU A Wemg 2 B A E A4 (kA9 19b) Y
TEVEOE T F s e U R S (BB 1 19d). RP SR F BT, X ERK2 (06 Vs i 45
N YRR EE BRI, WP, JUHR R =AM F AT, 5 (LS4 19b F119;
XL 5 Bl A A UL D7 A0 55, T R AIG, 2l R I I BiCA G (Ab 54 19 Fl19g) B, X6
ERK2 il 362 JLF 58 3 % s M RPN, N- L Z 3L (A9 190 B0 1-H -1, 2, 4- — Mk -3- 3%
iF, B A A O B i (fb &40 25a F125b) , XF ERK2 B0 6 1 @ 2 R R . s BHAE 25 MK-8353
FIZEMBAZ AR, SIS Y 19e 1 R EE (b &40 27a, Z5H ILIET 3) , sk 465615 17 19e 1) R*INEE (k&
Y127b, S5 ULIE 3) , 77 B A R B 1, (EAT 55 T FH 24 MK-8353.
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Table 5 Inhibitory activities of compounds 19a—19j, 25a and 25b on EKR2

Compd. R™ R? R™ ERK2 IC,/(nmol - L")

SNH

(0] N.
A B
19a H ND—@—Q 16
fj j N’N\CH3
0, N
19h cl jNWNl\ 15
CH,4

NH
o} Nx
19¢ ﬁ H jN@—@—QTN 97
N-N, N""cn,
CH,
O, N
194 a Dat S 7 121
“CH,4
~
NH
o Ns
NH HN \’
19¢ fj H j NNy 20
o 3
O
19 }N N 9085
O, /\ OH
19¢ <>~N Nx/—/ >10000
— (6]
0,
19h J\—Nbo 3475
OH
~N
™ 0 \ CH,
19i ﬁj al j\—NQ—@N\ 96
CH,
(6]
Q. /M CH;
19j <>\~N N@N 150
_/ CH,
~N
NH o N"N 0" ~\_OH
25a H j\—NH \NJA 2152
[6)
. CHay,
25h 0 N J/%H 2254
jNH N
/
MK-8353" — — — 1.7

a. The substituents serve as key pharmacophores; b. data presented is used as a positive control.

NH §7

N QR DA

& N A Nx /"'@ N=\
/\ 0 IEI/H y O N\/U\WN/N\
N N\@\r X

\( N \(

N~
N
27a, ERK2: IC5=19 nmol/L \ 27b, ERK2: ICs5¢=56 nmol/L

Fig.3 Structures of compounds 27a and 27b
23 EMERNEYHNE ST
Pk AT T T Pk B A S ) 19a T 2Ta, 43 5% A MK-8353 55 ERK2 4 11 2L i 4544 H (PDB
ID:6DCG), WE 47w, 2/ ME AP nl 5B E LR SE MET104, ASP106, LYS112 & LYS52 JE i
PEAR S EEE, [RIEF R AE UL, o] DIR 47 b4l MK-8353 2524 A% B 19 E 0], IR AR TYR62 5
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(A) B) ©

ASP-104 ASP-104
LYS-52
ASP-104 TYR-62 N LYs-52
LYS-52 > V
k TYR-62 ' - w
¢ ) 3 .
MET-106 P m Yy
TYR-34 ’o—j

MET-106
é i .
Y f} LYS-112 TYR-34
LYsS-112
LYS-112

TYR-62

MET-106

Fig. 4 X-ray crystal structure of MK-8353(A, in red) and proposed binding modes for compounds
27a(B, in green, IC,,=19 nmol/L) and 19a(C, in yellow, IC,,=16 nmol/L) in the active site of
ERK2(PDB: 6DCG)

TYR34TE LRSS — A48, 2L 500 T AR 78 (b S ise i s i vl 4 74k
24 #FoyiEHEREEYRMEHERIEENSER

FEHUOT ERK2 4006 PR A i 194k 50 19a, 19b, 19e, 27a F127b, H T H 54 RAS-RAF-MEK-
ERK 2825 1) Wi 4 L 22 A 25 B9 40 MY Colo-205 . N SB BRI AN A375 . AR A4 i A2058 LA 45
P2 HT-29 PTG FE AR J) . L5 A (F 6) KM, fbGH 19a HXT A375 4 I (4 34 5 HAT — 2 i i)
TEPE; fLEP19b X A375, A2058 Fil COLO-205 445 — & IS FE IR VE A, HXF HT-29 A9 TE 4555 5 1k
B0 19e X A375 F COLO-205 HA — 7 (I FEINHI/E T, X A2058 il 1 FHASS , {HX) HT-29 35 58
TG PEREAR S 5 A5 27a X 4 B e 4t A A% 1S GE A 6 15 PR Y822 5 165 27 X 4 B 4t 1
A —E Wi, oA x40 i COLO-205 A IS FEAMEI 15 44 1. 08 umol/L.

Table 6 Anti-proliferation activities of five selected compounds

1C4,“/(pumol - L™

Compd.

A375 A2058 COLO-205 HT-29
19a 1.13+0.05 7.82+0.06 9.30+0.09 >50
19bh 2.89+0.04 2.69+0.04 2.29+0.05 5.62+0.06
19¢ 3.29+0.01 7.22+0.03 2.82+0.04 >50
30a >50 9.72+0.05 21.96+0.03 26.14+0.01
30b 3.04+0.03 1.73+0.04 1.08+0.05 3.160.04

MK-8353" 0.0420.04 0.04+0.03 0.01+0.05 0.57+0.06

a. Data presented are the mean+SD values of three independent determinations; b. used as a positive control.
4x A
3 Z5 e

PLERK #1 i 71) EK-1-22 F1 MK-8353 S5 b 54, FIH 25804 & 5w, G 17 141> Hiw
AW . V1A B 25 BTSN R 25 R 1, AEA 0 19a(1C,=16 nmol/L) , 19b(1C,,=15 nmol/L) , 19e(ICy,=
20 nmol/L) , 27a(1C,=19 nmol/L) F1 27b (1C4,=56 nmol/L ) %t ERK2 84 fiti ELAG A5t (4 il 1 1 . e 200 e
S A 5 P I TR R, AR A 19b A1 27h X AR 4 HE Colo-205, A375, A2058 Fll HT-29 HA —
SE RSS9 1
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