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[Abstract] Objective To develop novel NAE inhibitors with non-nucleoside scaffold by a scaffold hopping strategy and
study the in vitro antitumor activities. Methods Disulfonamideindazole 14 was synthesized through 23 steps with a good yield. Its
chemical structure was confirmed by 'H NMR and MS. MTT method was used to determine the in vitro antitumor activities.
Results Compound 14 exhibited moderate antitumor activities against various cancer cells and promoted significant UBC12
accumulation in a dose-dependent manner. Conclusion Compound 14 is a potent NAE inhibitor with remarkable apoptosis
induction and cell cycle arrest in prostate cancer PANC-1 cells. Our work provides a valuable leading compound for the further
design and development of NAE inhibitors.
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2.1 4-FEI-1H-"3 7 (5) 894 %,

¥ 1.51 g(9.8 mmol) 2-F 3 -3l B K e 55+
37.5ml VKEEIR. SRJ, B 0.82 g WEARIREM(12.0 mmol)
WF 3.5 ml K, INA _FiR R B, E iR 8 he
P4 BN ARI A PKOK H A 0 A, b8, TR e A
mnfs 1.07 g ¥ AR, 103 66.9%. 'H NMR (300
MHz, DMSO-dg) 8 13.92 (s, 1H), 8.54 (s, 1H), 8.16
(d, J =17.68 Hz, 1H), 8.10 (d, J = 8.14 Hz, 1H), 7.61
(t,J=8.02 Hz, 1H); ESI-MS (m/z): 164.2 (M+H"),
22 N-(4-RF H)-1H-73 vk -4-F (7) 495 %

¥ 4.02 g 4-fi5FE-1H-M5|E (5) % F 60 ml FH
A 1.02 g 10% 4065k, == i1k S AL 0 2 h, i
UE, WRARTE 3.20 g 4 FEW ML (6) o K 1.6 g(12.0
mmol)fb-&H) 6 % T 25 ml B, SRS 1.93 ml
(18.0 mmol)4-# A B, iR 1 h, R, 218
B A 909.5 mg(24.1 mmol) M & AL &M, =6 [
30 min, 7% K, S BEFEE 3 IR, B IFA L
JZ, AT K e, JOKRER N T 18, 28 L0
R, AL RS 1.2 g4 B, IR 41.6%, 'H
NMR (600 MHz, DMSO-dg ) & 12.70 (s, 1H), 8.19 (s,
1H), 7.40 (t, J = 6.0 Hz, 2H), 7.12(t, J=15.0 Hz, 2H),
6.91~7.00( m,2H) ,6.64(d,J =12.0 Hz,1H),5.93(d, J =
9.0 Hz,1H),4.40(d, J =6.0 Hz2H); ESI-MS (m/z):
242.9 (M+H"),
23 (IR3S,5R)-2-8 T AA-3-(R T A= KKt

A Bk) FIR)-5-(4-((4- A R) BIR)-1H-7] k-1
) FRR-1-BE (9) 696K

¥ 0.33 g (2 mmol) N-(4-F K % )-1H-05| I -4-
Jliz 7 F1 0.53 g (2 mmol) 18- -6 il A #] Je/K THF
(30 ml) Hr, EALRY T, Z12 A 0.08 g (2 mmol)
60% SHE, P 5 min, X5, THEZE 80 C, fif
$£ 20 min JF A (3aS, 58, 6a8)-4-K T 48 H-5-((FL
TR TR R kR ) WL ) U A= 4HE TR -
[d][1,3,2]- AR Z4-2,2- AL 8 (2 mmol), Ak4E
FLNE 8 h, B HIE 0 °C, FH 20% HifR M pH A 3, 7E
50 °C FHEFE 30 min. FH 10% S A AL AH7K I A
pH Jy Pk fe, & B2 H (10 mIx3), G IFA AL
2, T, 28 KA e ik aifh i 5] 534 mg 6
WOk W9, W& 53.3%. 'H NMR (300 MHz,
DMSO-dy) : 7.96 (s, 1 H), 7.84—7.74 (m, 4 H), 7.46 —
7.41 (m, 9 H), 7.37 (g, J = 5.4, 8.8 Hz, 1 H), 7.25 (q,
J=16,83 Hz, 1 H), 6.94 (d, J = 8.4 Hz, 1 H),
6.25(d, J=7.6 Hz, 1 H), 4.93 — 4.89(m, 1 H), 4.69 (s,
1 H), 4.52 (s, 2 H), 447 (d, J= 5.7, 8.0 Hz, 1 H), 4.15
(brs, 1 H), 3.82 (ddd, J = 7.0, 10.4, 17.0 Hz, 2 H),
3.58 (d,J=5.3 Hz, 1 H), 2.71 - 2.64 (m, 1 H), 2.58 —
2.51 (m, 1 H), 2.40 — 2.34 (m, 1 H), 1.22 (s, 9 H),
1.15 (s, 9 H); ESI-MS (m/2): 666.3 (M+H").,
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] 0.8 g (1.2 mmol) ft & ¥ 91 — & H %
(20 ml) W AT NN-ZF Z BEnkIE 0.44 g (3.6
mmol) AL H #2281 0.41 g (2.4 mmol), Z ifi
R 12 h, FHFEE (1 ml) K, AR SRR YE%, T
f, ZZ RV, A IS5 B 211 mg B AR
10, 45 K 21.9%. 'H NMR (300 MHz, CDCl,) ¢:
8.05 (s, 1 H), 7.76 — 7.72 (m, 4 H), 7.51 — 7.42 (m, 8
H), 7.35 (t, J = 7.6 Hz, 2 H), 7.26 (t, J = 7.6 Hz, 2 H),
7.13-7.08 (m, 2 H), 6.94 — 6.89 (m, 3 H), 6.26 (d, J =
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7.6 Hz, 1 H), 6.09 (q, J = 3.8 Hz, 1 H), 5.37 — 5.30
(m, 2 H), 4.61 (t,J=4.0 Hz, 1 H), 4.53 (s, 2 H), 3.82
(dg, J=7.0,10.1, 17.2 Hz, 2 H), 2.81 —2.72 (m, 1 H),
2.35-2.23 (m, 2 H), 1.26 (s, 9 H), 1.12 (s, 9 H); ESI-
MS(m/z): 802.3 (M+H"),
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RN 1.5 h, ZE LB, B35 141 mg B A
Mk 11, WCF 31.0%. 'H NMR (300 MHz,
CDCly) d: 7.97 (s, 1 H), 7.78 — 7.68 (m, 4 H), 7.49 —
7.35 (m, 8 H), 7.25 — 7.16 (m, 1 H), 7.06 (t, J = 8.8
Hz, 2 H), 6.96 — 6.84 (m, 1 H), 6.80 (d, J = 8.4 Hz, 1
H), 6.19 (d, J = 7.6 Hz, 1 H), 5.28 — 5.14 (m, 1 H),
4.53 —4.41 (m, 3 H), 3.83 (dq, J = 6.0, 10.0, 16.3 Hz,
2 H), 2.64—2.50 (m, 1 H), 2.47—2.35 (m, 1 H), 2.35—
2.18 (m, 3 H), 1.18 (s, 9 H), 1.09 (s, 9 H); ESI-MS
(m/z): 650.3 (M+H"),,
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# 0.13 g (0.2 mmol) fL&%) 11 % T THF (3
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A, S B A 81 mg W AR 12, IR
97.9%. 'H NMR (300 MHz, CDCl;) 6: 7.91 (s, 1 H),
7.38 (dd, J = 5.4, 8.4 Hz, 2 H), 7.19 (t, J = 8.1 Hz, 1
H), 7.43 — 7.32 (m, 2 H), 6.82 (d, J = 8.4 Hz, 1 H),
6.19 (d, J= 7.5 Hz, 1 H), 5.22 — 5.10 (m, 1 H), 4.62
(q, J = 6.4 Hz, 1 H), 4.47 (s, 2 H), 3.89 (dd, J = 2.6,
11.4 Hz, 1 H), 3.72 (dd, J = 5.6, 11.4 Hz, 1 H), 3.48
(brs, 1 H), 2.60 — 2.47 (m, 2 H), 2.47 — 2.34 (m, 1 H),
230 — 2.08 (m, 2 H), 1.26 (s, 9 H); ESI-MS (m/z):
4122 (M+H"),

2.7 ((1SAR)-2-# T B & -4-(4-((4-#F &) & 7%
PR )-1H-73] v -1-38) 2R O% A8 ) F A& #BLiz (13) 49
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1 82 mg (0.2 mmol) b5 12 F1 0.14 ml (1.0
mmol) — ZEM AR ZHE (5 ml) H, BEIE 0 C,
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S8 70 min, AR (2 ml) K, 28 LR, H6
T 5 B A 45 mg R AR Y 13, I 40.7%. 'H
NMR (300 MHz, CDCl;) 8: 7.99 (s, 1 H), 7.32 (d, J =
8.1 Hz, 1 H), 7.25 — 7.11 (m, 3 H), 7.04 (d, J = 7.0
Hz, 1 H), 6.85 (t, J= 8.8 Hz, 2 H), 5.24 (s, 2 H), 5.07
(s, 1 H), 4.84 (s, 2 H), 4.43 — 430 (m, 2 H), 4.28 —
4.16 (m, 1 H), 2.80 — 2.65 (m, 1 H), 2.43 — 2.30 (m, 1
H), 2.27 — 2.16 (m, 1 H), 2.16 — 2.03 (m, 2 H), 1.86
(s, 2 H), 1.19 (s, 9 H); ESI-MS (m/z): 570.2
(M+H",
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4 57 mg (0.1 mmol) L5 13 T 70% — 9K
CTRVEW, IRV 1.5 hy, B (5 ml) BEK, 7285
T, M B 1S 25 mg T CIIRY) 14, 1R
62.1%. 'H NMR (600 MHz, CD;0D) &: 8.05 (s, 1
H), 7.51 (d, J = 8.5 Hz, 1 H), 7.37 (dd, J = 7.3, 8.4
Hz, 1 H), 7.30 — 7.27 (m, 2 H), 7.20 (d, J= 7.3 Hz, 1
H), 6.93 — 6.89 (m, 2 H), 5.45 — 5.37 (m, 1 H), 4.54
(t, J=4.0 Hz, 1 H), 4.39 (dd, J = 7.6, 9.8 Hz, 1 H),
423 (dd, J =72, 9.8 Hz, 1 H), 2.86 — 2.76 (m, 1 H),
2.48 —2.40 (m, 1 H), 2.32 (ddd, J=1.6, 7.8, 9.7 Hz, 1
H), 2.25 - 2.11 (m, 2 H), 2.10 — 2.04 (m, 1 H), 1.68 —
1.59 (m, 1 H); ESI-MS (m/z): 514.1 (M+H"),
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AR E 5 (5~6) x10* 4> /ml B4 40 Jifd B & 100 pl, B
37 C, 5% CO, H5 -4 W - 24 h J5, INARE G,
FL 10 ul, BEWE AL, 37 °C, 5% CO, YER] 72 h, 4L
A5 mg/ml 1) MTT # & 20 ul, /EH 4 h J5IA
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2 & A SR 570 nm OD {A ..
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14 8.62 11.06 68.03 37.96 18.59 3.45 11.04
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3.2 ARINILIFIE E AR
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ANMIRR, D22 22 HL AL R BHAE X R, SR MTT 5T
T RSN IR TE VAR ST, 25 OLEE 10 AR BH A X
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