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deacetylase inhibitor conjugates
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Abstract: Eighteen novel levofloxacin-thiadiazole HDACi conjugates were designed and synthesized from
levofloxacin. The chemical structures of all conjugates were confirmed by 'HNMR, C NMR and HR-MS
spectra. The inhibitory activities of new conjugates were evaluated in an assay with a HDACs reagent kit, and
their anti-tumor activities were tested in CCK-8 assay. The results showed that these new conjugates displayed
potent inhibitory activity against HDACs, and the hydroxamate conjugates exhibited more potent activity than
carboxylic acid and benzamide derivatives. Specifically, conjugate 5d exhibited the most potent anti-HDAC1
(IC50=0.031+0.011 um01~L_l) and HDAC6 (IC5,=0.019+0.006 umol'L_]) activities, which was more potent
than SAHA. Molecular docking studies suggest that the hydroxamate group of conjugate 5d was deeply

inserted into the active site to interact with the residues in coordination with the zinc ion. Additionally,
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the thiadiazole group of conjugate 5d also engaged in hydrogen bonding with F679 in HDAC6, which had

been linked to the selectivity of the HDAC isoforms.

Moreover, these conjugates displayed significant

antiproliferative effects on SW620, MGC-803, PC-3, NCIH460, MCF-7 and HepG2 cells, in particular, conjugate
5d showed the greatest potency against MGC-803 (ICso=0.7+0.05 pmol-L™"), NCIH460 (ICso=2.3+0.421
umol-L™"), MCF-7 (ICso=1.6%£0.56 pmol-L™") and HepG2 (IC5,=3.9+0.26 umol-L™"), which was >3-fold more
potent than SAHA. Additionally, all conjugates were nontoxic to health GES-1 cells, while SAHA showed

some toxicity.
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Figure 1 The structures of SAHA, thiadiazole HDACi and levofloxacin
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Scheme 1 Synthetic route of levofloxacin-HDAC!i conjugates 4—6.
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Reagents and conditions: (a) Aminothiourea, polyphosphoric acid,

120 °C, 24 h; (b) THF, 1t, 2 h; (c) CICO,Et, Et:N, THF, 0 C, 15 min and then NH,OH-HCI, KOH, MeOH, tt, 1 h; (d) (i) (C2Hs);N, BOP

reagent, dry DMF, 0.5 h, rt; (ii) o-Phenylendiamine, dry DMF, rt, 12 h
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Table 1 Physical constants and HR-MS of synthesized compounds 4—6
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HR-MS (ESI) m/z
Compd. R n Yield/% mp/C Physical property
Calcd. Found.
4a OH 3 69.8 199-202 Pale yellow solid C24H26FNGOsS [M—H] : 529.567 4 529.567 1
4b OH 4 73.5 206—208 Pale yellow solid Cy5H23FNeOsS [M—-H] : 543.594 4 543.593 9
4c OH 5 74.2 211214 Pale yellow solid Cy6H30FNeOsS [M—H] : 557.621 4 557.621 0
4d OH 6 68.8 219-222 Pale yellow solid Cy7H3,FNGOsS [M—H] : 571.648 4 571.647 8
4e OH 7 71.4 227-229 Pale yellow solid Co3H34FNGOsS [M—-H] : 585.675 4 585.675 1
4f OH 8 73.7 234-236 Pale yellow solid CooH36FNGOsS [M—H] : 599.702 4 599.701 7
5a NHOH 3 70.5 211-213 Pale yellow solid C24H27FN705S [M—H] : 544.582 4 544.582 1
5b NHOH 4 68.9 216-219 Pale yellow solid Cy5H290FN705S [M—-H] : 558.609 4 558.608 8
5¢ NHOH 5 73.4 225-227 Pale yellow solid Cy6H3FN705S [M—H] : 572.636 4 572.635 8
5d NHOH 6 68.6 231-233 Pale yellow solid Cy7H33FN705S [M—H] : 586.663 4 586.662 7
5e NHOH 7 70.2 239-242 Pale yellow solid Cy3H35FN;05S [M-H] : 600.690 4 600.690 2
5f NHOH 8 69.6 245-248 Pale yellow solid CyoH37FN705S [M—H] : 614.717 4 614.717 1
6a - 3 71.9 204-207 Pale yellow solid C30H34FNgO4S [M+H]": 621.712 4 621.712 9
6b - 4 69.5 208211 Pale yellow solid C31H36FNgO4S [M+H]": 635.739 4 635.739 7
6¢ - 5 70.2 223-225 Pale yellow solid Ci3,H33FNgO4S [M+H]": 649.766 4 649.766 9
6d - 6 68.7 236-239 Pale yellow solid C33H40FNgO4S [M+H]": 663.793 4 663.794 1
6e - 7 72.1 241-244 Pale yellow solid C34H4FNgO4S [M+H]": 677.820 4 677.821 1
of - 8 68.5 248-251 Pale yellow solid C35H4aFNgO4S [M+H]": 691.847 4 691.8479
Table 2 The NMR data of target compounds 4—6
Compd. "H NMR (400 MHz, Acetone-de) 13C NMR (100 MHz, Acetone-ds)
4a  8.87(s, 1H), 7.88 (d, J = 13.2 Hz, 1H), 4.58—4.69 (m, 3H), 3.25—  172.5(d, *Jer = 2.0), 171.4, 169.5, 160.5, 157.4, 155.2 (d, 'Jer = 254.1),
3.37 (m, 4H), 2.56-2.64 (m, 4H), 2.41 (t, J=7.2 Hz, 2H), 2.32 (s,  143.4, 140.8 (d, *Je.r = 6.1), 132.3 (d, Yer = 14.4), 124.6 (d, *Jcr = 1.6),
3H), 2.29 (t, J=7.2 Hz, 2H), 1.65 (d, J=7.2 Hz, 3H), 1.57-1.63 122.8 (d, Jer= 8.2),107.5, 106.9 (d, 2Jer= 24.2),68.4,54.7,54.3,50.6
(m, 2H). (d, *Jer =4.1), 46.5,36.9, 33.6, 21.8, 18.3.
4b  8.86 (s, 1H), 7.87 (d, J = 13.6 Hz, 1H), 4.55-4.67 (m, 3H), 3.24— 1723 (d, “Jer=2.4), 171.2, 168.9, 160.2, 157.1, 1553 (d, 'Je.r = 254.7),
3.36 (m, 4H), 2.57-2.66 (m, 4H), 2.45 (t, J= 6.8 Hz, 2H), 2.34 (s,  143.1, 140.6 (d, *Je.r = 6.4), 132.1 (d, Ve = 14.0), 124.5 (d, “Jer=1.8),
3H), 2.28 (t, J=7.2 Hz, 2H), 1.67 (d, J="7.2 Hz, 3H), 1.56—1.61 122.9 (d, Jer= 8.1),107.7, 106.8 (d, 2Jer= 24.0), 68.1, 54.6, 54.5,50.4
(m, 2H), 1.33-1.37 (m, 2H). (d, *Jer=42),46.3,37.2,34.3,26.7,25.2, 18.3.
4c  8.84 (s, 1H), 7.87 (d, J= 13.2 Hz, 1H), 4.53-4.65 (m, 3H), 3.23—  172.5(d, “Jer=2.1), 171.8, 169.4, 161.4, 157.7, 155.5 (d, 'Jer=254.3),
3.37 (m, 4H), 2.55-2.64 (m, 4H), 2.43 (t, J= 6.8 Hz, 2H), 2.33 (s, 143.5, 140.5 (d, *Jer=6.1), 132.6 (d, ZJer = 14.2), 124.7 (d, “Jor = 1.7),
3H), 2.28 (t, J = 6.8 Hz, 2H), 1.64—1.69 (m, SH), 1.57—1.62 (m, 122.6 (d, *Je.r = 8.5), 107.8, 106.4 (d, 2Jcr = 24.5), 68.5, 54.7, 54.4, 50.6
2H), 1.35-1.41 (m, 2H). (d, “Jer=4.1), 46.4,37.7, 34.6, 31.5,26.5, 25.2, 18.4.
4d 8.86 (s, 1H), 7.88 (d, J=13.2 Hz, 1H), 4.53-4.67 (m, 3H), 3.21-  172.8 (d, Jer= 2.1), 171.5,169.4, 160.8, 157.8, 155.5 (d, Jer= 254.8),
3.36 (m, 4H), 2.52-2.63 (m, 4H), 2.45 (t, J= 6.8 Hz, 2H), 2.34 (s,  143.5, 140.7 (d, *Jer = 6.2), 132.4 (d, e = 14.2), 124.8 (d, “Jcr = 1.5),
3H),2.27 (t, J = 6.4 Hz, 2H), 1.70-1.66 (m, 2H), 1.65 (d, J=7.2  122.7 (d, *Je.r = 8.4), 107.9, 106.6 (d, 2Jcr = 24.2), 68.4, 54.7, 54.3, 50.5
Hz, 3H), 1.62-1.57 (m, 2H), 1.31-1.37 (m, 4H). (d, YJer=4.4),46.4,37.7,34.8,31.7,30.6, 29.8, 26.5, 18.1.
4e  8.88(s, IH), 7.86 (d, J=13.6 Hz, 1H), 4.52-4.65 (m, 3H), 3.22—  172.8 (d, “Je.r=2.1), 171.8, 169.2, 160.3, 157.5, 155.2 (d, 'Je.r = 254.2),
3.37 (m, 4H), 2.54-2.65 (m, 4H), 2.45 (m, 3H), 2.37 (s, 3H), 228 143.4, 140.7 (d, *Jer = 6.5), 132.5 (d, e = 14.4), 124.8 (d, “Jcr = 1.5),
(m, 3H), 1.71 (t, J="7.6 Hz, 2H), 1.68 (d, J=6.8 Hz, 3H), 1.61 (t, 122.7 (d, *Je.r = 8.0), 107.5, 106.9 (d, Jc.r = 24.4), 68.4, 54.7, 54.5, 50.6
J=6.8 Hz, 2H), 1.30—1.39 (m, 4H). (d, o= 4.5),46.4,37.6,34.4,31.8,31.5,29.7, 28.4, 26.8, 18.5.
4f  8.87(s, 1H), 7.88 (d, J=13.2 Hz, 1H), 4.51-4.67 (m, 3H),3.23—  172.8 (d, “Jc.r = 2.6), 171.4, 169.3, 160.5, 158.7, 155.5 (d, "Jer = 255.2),
3.36 (m, 4H), 2.52-2.67 (m, 4H), 2.44 (m, 3H), 2.35 (s, 3H), 229 143.2, 140.8 (d, *Je.r = 6.0), 132.5 (d, e = 14.4), 124.8 (d, “Jer = 1.7),
(m, 3H), 1.72 (t, J=7.2 Hz, 2H), 1.67 (d, J=6.4 Hz, 3H), 1.59—  123.4 (d, *Je.r = 8.6), 107.9, 106.7 (d, 2Jc.r = 24.3), 68.3, 54.8, 54.7, 50.6
1.64 (m, 2H), 1.57 (t, J = 6.4 Hz, 2H), 1.31~1.38 (m, 4H). (d, *Jer = 4.0, 46.5, 37.4, 34.7, 31.4, 30.7, 30.5, 29.6, 27.4, 26.3, 18.4.
5a  9.47 (s, 1H), 8.89 (s, 1H), 7.89 (d, J = 13.2 Hz, 1H), 4.53-4.67 174.5,173.2 (d, *Jc.r = 2.7), 171.3, 161.1, 156.8, 155.4 (d, 'Jer = 255.5),

(m, 3H), 3.22-3.34 (m, 4H), 2.53-2.64 (m, 4H), 2.51 (t, J= 7.2
Hz, 2H), 2.33 (s, 3H), 1.96 (t, J = 6.8 Hz, 2H), 1.68 (d, J= 6.8
Hz, 3H), 1.59-1.66 (m, 2H).

143.6, 140.1 (d, *Jer = 6.6), 124.6 (d, “Jer=1.6), 123.1 (d, *Jeor =8.3),
131.4 (d, YJep = 14.0), 109.2, 105.2 (d, “Jo.p = 24.1), 68.1, 54.7, 54.6, 50.7
(d, *Jer=42),46.6,37.2,33.7,23.4, 18.2.
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Compd. "H NMR (400 MHz, Acetone-de) 3C NMR (100 MHz, Acetone-de)

5b  9.51 (s, IH), 8.87 (s, 1H), 7.89 (d, J= 13.2 Hz, 1H), 4.51-4.66
(m, 3H), 3.23-3.36 (m, 4H), 2.55-2.65 (m, 4H), 2.49-2.55 (m,
2H), 2.36 (s, 3H), 1.97 (t, J = 6.8 Hz, 2H), 1.67 (d, J=7.2 Hz,
3H), 1.61-1.65 (m, 2H), 1.22—1.28 (m, 2H).

5S¢ 9.48 (s, 1H), 8.86 (s, 1H), 7.87 (d, J = 13.2 Hz, 1H), 4.54-4.67
(m, 3H), 3.25-3.37 (m, 4H), 2.54-2.67 (m, 4H), 2.52 (t, J= 6.8
Hz, 2H), 2.35 (s, 3H), 1.96 (t, J = 7.2 Hz, 2H), 1.62-1.69 (m,
SH), 1.47-1.56 (m, 2H), 1.25-1.31 (m, 2H).

54  8.87(s, 1H), 7.86 (d, J = 12.8 Hz, 1H), 4.55-4.68 (m, 3H), 3.24—

3.36 (m, 4H), 2.55-2.66 (m, 4H), 2.46-2.53 (m, 2H), 2.36 (s,
3H), 1.98 (t, J = 6.8 Hz, 2H), 1.68 (d, J = 7.2 Hz, 3H), 1.63—1.67
(m, 2H), 1.46—1.54 (m, 2H), 1.22~1.34 (m, 4H).

5¢  8.89 (s, IH),7.88 (d, J= 13.2 Hz, 1H), 4.54-4.65 (m, 3H), 3.24—

3.37 (m, 4H), 2.53-2.65 (m, 4H), 2.48-2.52 (m, 3H), 2.37 (s,
3H), 1.89-1.99 (m, 3H), 1.61-1.69 (m, 5H), 1.57 (t, J= 6.4 Hz,
2H), 1.21-1.32 (m, 4H).

5f  8.89 (s, 1H), 7.86 (d, J = 13.6 Hz, 1H), 4.53—-4.65 (m, 3H), 3.24—

3.38 (m, 4H), 2.55-2.66 (m, 4H), 2.46—2.54 (m, 3H), 2.37 (s,
3H), 1.86-1.97 (m, 3H), 1.68 (d, J = 7.6 Hz, 3H), 1.59-1.66 (m,
2H), 1.53-1.61 (m, 2H), 1.42—1.51 (m, 2H), 1.20~1.31 (m, 4H).

6a  8.87(s, 1H), 7.86 (d, J= 13.6 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H),
7.26 (t, J = 8.0 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H), 6.65-6.73 (m,
1H), 4.55-4.66 (m, 3H), 3.25-3.37 (m, 4H), 2.562.68 (m, 4H),
2.49 (t, J = 6.8 Hz, 2H), 2.34 (s, 3H), 2.04 (t, J = 6.4 Hz, 2H),
1.67 (d, J = 6.8 Hz, 3H), 1.61-1.66 (m, 2H).

6b  8.88(s, 1H), 7.88 (d, /= 13.2 Hz, 1H), 7.4 (d, J = 8.0 Hz, 1H),
7.25 (t, J = 8.4 Hz, 1H), 6.91-7.05 (m, 1H), 6.71 (t, J = 8.0 Hz,
1H), 4.53-4.67 (m, 3H), 3.22-3.37 (m, 4H), 2.53-2.67 (m, 4H),
2.51 (t, J= 6.8 Hz, 2H), 2.35 (s, 3H), 2.02 (t, J = 6.4 Hz, 2H),
1.68 (d, J = 7.2 Hz, 3H), 1.61-1.66 (m, 2H), 1.22—1.28 (m, 2H).

6c  8.88 (s, 1H), 7.87 (d, J=13.2 Hz, 1H), 7.43 (d, J= 8.0 Hz, 1H),
7.26 (t, J = 8.0 Hz, 1H), 6.93—7.01 (m, 1H), 6.69 (t, J= 8.4 Hz,
1H), 4.54-4.67 (m, 3H), 3.22-3.37 (m, 4H), 2.54-2.65 (m, 4H),
2.52(t, J = 6.8 Hz, 2H), 2.33 (s, 3H), 2.01 (t, J = 7.6 Hz, 2H),
1.62-1.67 (m, 5H), 1.47-1.56 (m, 2H), 1.27-1.34 (m, 2H).

6d  8.87 (s, 1H), 7.88 (d, J = 13.2 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H),

7.24 (t, J = 8.4 Hz, 1H), 6.95-7.03 (m, 1H), 6.72 (t, J = 8.0 Hz, 1H),
4.53-4.65 (m, 3H), 3.22-3.36 (m, 4H), 2.56-2.67 (m, 4H), 2.43—

2.55 (m, 2H), 2.34 (s, 3H), 2.01 (t, J= 6.4 Hz, 2H), 1.67 (d, J=6.8

Hz, 3H), 1.60—1.66 (m, 2H), 1.47-1.55 (m, 2H), 1.24—1.35 (m, 4H).

6e  8.89 (s, IH),7.86 (d, J=13.2 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H),
7.24 (t, J = 8.0 Hz, 1H), 6.96-7.04 (m, 1H), 6.65-6.74 (t, J = 8.4
Hz, 1H), 4.53-4.66 (m, 3H), 3.23-3.67 (m, 4H), 2.54-2.67 (m,
4H), 2.46-2.52 (m, 3H), 2.35 (s, 3H), 1.94-2.02 (m, 3H), 1.61—
1.69 (m, 5H), 1.56 (t, J = 6.8 Hz, 2H), 1.23—1.36 (m, 4H).

6f  8.89 (s, 1H), 7.89 (d, J = 13.2 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H),
7.25 (t, J= 8.4 Hz, 1H), 6.94-7.03 (m, 1H), 6.71 (t, J= 8.0 Hz,
1H), 4.52-4.67 (m, 3H), 3.24-3.38 (m, 4H), 2.55-2.68 (m, 4H),
2.33 (s, 3H), 1.67 (d, J= 7.2 Hz, 3H), 2.44-2.56 (m, 3H), 1.93—
2.02 (m, 3H), 1.62—1.67 (m, 2H), 1.55-1.60 (m, 2H), 1.44-1.53
(m, 2H), 1.26-1.35 (m, 4H).

174.5,173.2 (d, *Jer=2.7), 171.3, 161.1, 156.8, 155.4 (d, 'Je.p=255.5),
143.6, 140.1 (d, *Jer = 6.6), 131.4 (d, “Jer = 14.0), 124.6 (d, “Jer = 1.6),
123.1 (d, *Jep = 8.3), 109.2, 105.2 (d, %Jep=24.1), 68.1, 54.7, 54.6, 50.7

(d, YJer=42),46.6,37.2,31.4,26.4,22.4, 18.2.

174.5,173.8 (d, *Jer=2.7), 171.8,161.4, 156.2, 155.2 (d, "Je.r=255.8),
143.3,140.3 (d, *Jer = 6.5), 131.1 (d, YJer = 14.6), 124.7 (d, “Jer = 1.8),
123.4 (d, *Jep = 8.0), 109.7, 105.4 (d, %Jep = 24.6), 68.2, 54.8, 54.6, 50.5

(d, *Jer = 4.0), 46.4,37.5,34.2,26.8,26.1,25.3, 18.4.

174.2, 173.4 (d, *Jep=2.2), 172.2,161.3, 156.5, 155.6 (d, 'Je.p=255.4),
143.5,140.2 (d, *Jer = 6.6), 131.3 (d, Jer = 14.4), 124.8 (d, “Jer = 1.6),
123.6 (d, *Je.r = 8.4), 109.5, 105.6 (d, “Jer =24.5), 68.3, 54.7, 54.5, 50.6

(d, YJor=42),46.4,37.4,332,29.4,27.1,26.8, 23.6, 18.2.

174.5,173.2 (d, “Je.r = 2.0), 172.1, 161.6, 156.2, 155.2 (d, 'Jer = 255.8),
143.8, 140.5 (d, *Jer=6.1), 131.4 (d, “Jer=14.2), 124.7 (d, “Jer=1.8),
123.7 (d, *Jer = 8.2), 109.6, 105.8 (d, %Jer = 24.2), 68.4, 54.6, 54.4, 50.5

(d, Yo = 4.0, 46.6,37.7, 34.2, 30.6, 29.3, 28.7, 26.5, 22.9, 18.5.

174.7,173.6 (d, *Jep=2.5), 172.3,161.2, 156.4, 155.3 (d, "Jep=255.5),
143.5, 140.6 (d, *Jer =6.5), 131.3 (d, %ep=14.4), 124.8 (d, *Jor = 1.6),
123.8 (d, *Jo.r = 8.4), 109.7, 105.7 (d, “Jer = 24.4), 68.3, 54.7, 54.6, 50.6

(d, YJer=4.4),46.4,37.27,33.7,30.2,29.7, 28.4, 26.4, 26.1, 25.3, 18.2.

173.5 (d, YJe.r=2.3), 171.5, 168.9, 161.6, 156.7, 155.2 (d, 'Jep=255.1),
143.1, 141.8, 140.5 (d, *Jer = 6.8), 131.3 (d, 2Jcr = 14.4), 125.2, 124.7
(d, *Jer=1.6), 123.5 (d, *Je.r = 8.5), 122.9, 122.4, 119.0, 116.5, 109.8,
105.6 (d, 2Jc.p = 24.4), 68.3, 54.7, 54.6, 50.6 (d, *Jo.r=4.1),46.5, 37.6,
313,267, 18.4.

173.6 (d, YJc.r=2.4),172.2,169.7, 161.4,156.5, 1552 (d, 'Jep=255.7),
143.4, 141.2, 140.4 (d, *Jer=6.7), 131.2 (d, YJcr = 14.2), 125.5, 124.8
(d, *Jer=1.7), 1233 (d, *Je.r = 8.6), 122.8, 122.6, 119.4, 116.6, 109.5,
105.6 (d, %Je.r = 24.5), 68.4, 54.8, 54.6, 50.5 (d, “Jep=4.3),46.4,37.2,
33.8,26.7,26.1, 18.2.

173.7 (d, YJc.p=2.4),172.5, 169.2, 160.8, 156.6, 155.4 (d, 'Je.r=255.2),
143.1, 141.7,140.1 (d, *Je.r = 6.6), 131.3 (d, 2Jer = 14.5), 125.6, 124.9
(d, *Jer=1.6), 123.6 (d, *Je.r = 8.4),122.9, 122.3,119.7, 116.9, 109.7,
105.8 (d, “Jc.p = 24.6), 68.3, 54.7, 54.6, 50.5 (d, *Jo.p=4.1), 46.4, 37.6,
34.2,30.1,29.4,26.8, 18.2.

173.2 (d, YJer=2.2),171.5, 168.6, 161.6, 156.3, 155.8 (d, 'Jep=255.7),
143.4, 141.4, 140.5 (d, *Jer=6.8), 131.4 (d, 2Jcr = 14.2), 125.3, 1249
(d, Jer=1.7),123.5 (d, *Jor=8.1), 122.7, 122.2, 119.4, 116.5,109.7,
105.8 (d, %Je.r = 24.2), 68.2, 54.7, 54.5, 50.4 (d, “Jer=4.0), 46.5,37.7,
33.6,30.4,29.7,27.3,25.8, 18.4.

173.6 (d, YJc.p=2.4),172.7, 169.3, 161.8, 156.3, 155.5 (d, 'Je.p=255.2),
143.4, 141.4, 140.6 (d, *Jer = 6.6), 131.7 (d, *Jer = 14.4), 125.4, 124.6
(d, *Jer=19),123.6 (d, *Jo.r = 8.4), 122.8, 122.4, 119.6, 116.3, 109.3,
105.9 (d, YJc.p=24.1), 68.2, 54.6, 54.5, 50.4 (d, *Jo.r=4.3),46.5, 37.6,
34.2,30.2,29.7,27.6,26.4,25.5, 18.3.

173.2 (d, YJep=2.1),172.6, 169.5, 161.4, 156.7, 155.4 (d, 'Je.p=254.8),
143.6, 141.5, 140.8 (d, *Jer=6.7), 131.4 (d, 2Jcr = 14.2), 125.4, 1242
d, *Jer=1.7),123.7(d, *Jer=8.1),122.6, 122.1, 119.3, 116.5, 109.8,
105.3 (d, %Je.r = 24.2), 68.3, 54.7, 54.6, 50.7 (d, “Jer=4.2),46.4,37.6,
34.1,30.5,29.8,27.8,27.3,26.4, 25.8, 18.4.

Zo* M EAEH . (B2, F5ER3E 5 HDACL Fl HDAC6
T M 1 0 0 110 B R R Bk B PN B B T R R FH O D
AHHIE . £ HDACT H, f5Bg k]2 5 H178 A1 Y303
NIRRT E A HAR I T 3 MERE, IF H IR
SR BRIE (3.3A) AR (1.9A) el 5 LMk
D176 (2.0A, 2.9A). H178 (2.3A). D264 (3.0A) —iZ
520 RN B (B 2C); TMifE HDAC6 H, 24

5d WAL 5 FE IR A Y782 M EAEHER T
PSSR, RS R AL I (3.2A4) AR A
(2.54) Bef HEIERTEE D649 (2.1A).H651 (1.94).
D742 (2.7A) —i2 5 zn® A E AL (K 2D). B4k,
AW 5a Fe S TRID BB SR ) i R 5 e R A g
AR 75 HDAC6 HREW 73 i 5 2 SR 7k 5L Y782
1 F679 A (Kl 2D).
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Table 3 In vitro inhibition of HDAC1, HDAC2 and HDAC6. n=3, Xx+s
Compd. 1Cso /umol-L7l Selectivity ratio
HDACI HDAC2 HDAC6 HDAC6/1 HDAC6/2
4a 6.2 +0.31 143 +1.16 5.8+0.47 1.1 2.4
4b 2.8+0.26 11.6 +0.93 23+0.15 1.2 5.0
4c 1.7+0.35 7.8 +0.85 1.8+0.23 0.9 43
4d 1.4+023 5.2+0.47 1.1+0.09 1.3 1.7
4e 2.2+0.77 7.4 +0.82 1.5+0.17 1.5 4.9
4f 43+0.56 8.9 +0.69 3.6+0.24 1.2 2.5
5a 0.142 £ 0.053 0.145 £ 0.036 0.115 £ 0.048 1.2 1.3
5b 0.103 £ 0.076 0.127 + 0.047 0.079 + 0.025 1.3 1.6
5S¢ 0.065 + 0.019 0.055 +0.013 0.040 + 0.016 1.6 1.4
5d 0.031 +£0.011 0.041 +£0.018 0.019 + 0.006 1.6 2.2
Se 0.078 + 0.025 0.062 + 0.034 0.058 + 0.032 1.3 1.1
5f 0.096 + 0.027 0.105 +0.074 0.063 + 0.028 1.5 1.7
6a 0.203 + 0.068 0.164 + 0.053 0.147 +0.049 1.4 1.1
6b 0.152 +0.053 0.132 +0.067 0.103 & 0.056 1.5 1.3
6¢c 0.076 + 0.026 0.071 £+ 0.035 0.065 + 0.025 1.2 1.1
6d 0.054 +0.017 0.057 +0.024 0.046 + 0.015 1.2 1.2
6e 0.084 + 0.022 0.068 + 0.027 0.072 & 0.029 1.1 0.9
6f 0.113 £0.048 0.096 = 0.031 0.088 + 0.023 1.3 1.1
SAHA 0.044 + 0.006 0.012 + 0.005 0.036 + 0.004 1.2 0.3
A

Figure 2 The predicted binding modes of compound Sd-HDACI1 and HDAC6.
with docked compound 5d.

=

(A) Molecular surface of the HDAC1 binding pocket
(B) Molecular surface of the HDAC6 binding pocket with docked compound 5d. (C) Docking poses of

HDACI1-5d, which can form hydrogen bonds with residues H178, Y303, and which can coordinate the zinc ion with residues D176, H178,
D264. (D) Docking poses of HDAC6-5d, which can form hydrogen bonds with residuesF679, Y782, and which can coordinate the zinc

ion with residues D649, H651, D742. Distances are given in A
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4 FUIETEEMEMIK

WA LIRS R (R 4) R, 18 NEARE
AR B -HDACH & &Y% SW620.MGC-803.PC-3,
NCIH460. MCF-7 1 HepG2 iX 6 i J88 2 Jif £5 ¢ o
fFmEIE R, $1Cs [H¥/M T 17.0 pmol- L' -7
Fe AW BN T BAPUMIE I PER HDAC #1177
SAHA, 1375 AR BE A WAL e @ i ik i
SSFRIEE T SR AE PR 1, I A 08 @ i 0 )
HDACs RAEIEGUMIREEE, BAXEGUIEEH,
DR I B ) 8 6 0 P g v L 3 M T S B
Y ERIE (ICs5o>67 pmol- L), RN, XE4
VXt B MGC-803 21 i I 1 8 5 1) 0 1) 9
WIZE W) 5b~5e 6¢~6e XF MGC-803 [ 40l 3 P 58
TEYEZY) SAHA, HAHZEW) Sc. 5d 1 6d #1ii
MGC-803 HJ ICs03 %] 7 107" mol-L™' /KF- . £ HDACs
EE T, HRRIIEEY (&Y S) 1) HDACs
PSSR TR (B 4) R RS &
Y (te & 6). FIFER, EPUMIREEYET, RIS
GV 5 PUEE R T AN R REE G 4 FIoK
FHBEIZ RS 6. Kl Xt HDACs A sl s
PERIRG RSP0 Sd XF 6 iR 40 e I T F ik
F S PE, X MGC-803. NCIH460. MCF-7 Al
HepG2 #lil 5 M2 FHPEZY) SAHA ¥ 3.1 f5RA k.

B2, 5%SWEWEEHD B, 51N SAHA J5
B B o Hh R A2 R RUD B R MR VS 1, TS5 SAHA
AL, X EEZE AW IR 0 M S PO R e . 7
A G A HEE T (8] 3), KX 5Pt
ToplIl X JEILH T Hr &5 B P, DRt H AR g8 &
T o $0 ] TopIl & 42 K £ 5y SAHA FAIHL R 7% 1 80 R
HA R XL R UL T H RS AP bR S
PE 3 225 T4l HDACs.

M 4 BibRiEtE R R, ARG St BiE
MGC-803 4H A By msnGE v, A1 — B 1PN
HAsg A ErE, B IR 00 B 260 - R 41 GES-1
PE iR 4l et Rk M 4% G d . SR 4 T
PAR IR, S HR U R AW HE AR B A 51 (ICs) >
81 umol-L™"), T FH 254 SAHA (ICso=5.8 £0.48
umol-L™") EIJEHLH T —EM& .

D E Sa 5b 5¢ 5d 5e 5f

T
.- -.-..- Relaxed form

- Ll el e I e g Supercoiled form

Figure 3 Human DNA Topo II inhibitory activity of conjugates
5a—5f at the concertration of 50 pmol-L™'. Lane D: pBR322
DNA only; Lane T: pBR322 DNA + Topo II; Lane E: pBR322
DNA + Topo II + Etoposide; Lane 4-9: pBR322 DNA + Topo II +
each of compounds 5a—5f

Table 4 Whole cell antiproliferative activity of target compounds. n=3, x=*s
IC5o/pmol-L7l
Compd.

SW620 MGC-803 PC3 NCIH460 MCF-7 HepG2 GES-1
4a 13.6 +1.25 8.8+ 0.73 153 +1.55 11.2+2.12 11.7+1.43 157+ 1.74 >100
4b 10.1 £0.99 6.6 +0.47 12.7 +£1.36 10.5 + 1.41 9.8+ 1.05 14.2 +1.55 >100
4c 8.9+0.82 5.3+0.36 9.6 +0.52 8.7+1.26 8.2+0.92 11.8 +1.31 >100
4d 6.4 +0.63 32+0.23 7.2+0.87 6.4+0.75 6.5 +0.58 8.4+0.86 > 100
4e 9.5+0.15 5.9+0.44 11.5+1.24 2.8+0.61 9.3+047 10.7 £ 1.19 86.7 +7.53
4f 12.7+1.43 7.6 £0.81 13.9+ 141 5.1+0.39 10.1 £ 1.15 12.5+1.52 81.5+5.68
Sa 11.5+1.16 5.4+0.73 9.6 +1.09 8.7+1.36 6.2+0.97 6.9 +0.85 > 100
5b 82+0.73 2.3+047 7.5+0.52 52+145 3.5+0.34 5.5+ 0.66 > 100
5¢ 6.4 +0.54 0.8 +£0.45 3.7+0.48 3.6 +0.78 1.7+ 0.32 3.2+0.43 > 100
5d 3.1+0.15 0.6 + 0.05 1.5+£0.24 1.3+£042 0.8 +0.16 1.9+£0.26 > 100
5e 7.6 +0.41 1.1£0.23 2.4+0.25 4.2 £0.65 2.9+0.27 7.3 +0.49 > 100
5f 9.3+0.76 3.2+0.18 5.3+0.38 6.9+0.71 5.3+045 9.1+1.14 > 100
6a 11.6 £1.16 6.8 £0.52 13.3+1.41 159+ 1.17 9.2+0.97 11.5£1.56 91.1 +8.62
6b 9.5+0.73 4.24+0.31 11.6 £1.27 11.5+1.26 6.5+0.34 9.2 +0.87 > 100
6¢ 6.2 +0.54 1.2+0.36 9.8 +£0.82 10.3 £0.85 4.7+0.32 8.7 +0.62 > 100
6d 53+£0.15 0.8 +0.27 6.2+0.19 7.4+ 0.62 1.6 £0.56 5.4+0.46 > 100
6e 8.6 £0.41 2.7+0.45 7.1+0.14 8.3+0.74 2.9+0.28 8.1+0.73 > 100
of 11.5£0.76 3.4+042 12.4 +£1.65 8.7+0.92 5.3+0.46 10.8 +1.17 94.7 + 8.96

SAHA 3.2+0.29 2.9+0.33 1.7£0.16 4.1+0.37 444042 6.4+0.53 5.8+0.48
Levofloxacin 69.3 +£5.89 72.5+6.32 85.3+7.39 > 100 67.4+£6.51 71.8+£5.93 >100
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5 RINEADES 11 HDHITE M

XK AN HDACs A0l 3 146 A0 5t o 98 0 14 S 2 1)
5a~5f, % HABIZ i pBR322 5 KL DNA fift 12 i F yik S
IR T H AR AWIAE 50 umol- LT K E T b
FIBE 11 (Topll) HOFNHIVEME, DMKFEIATF (etoposide)
NBHMEST IR ZG . S5 R RoR (K 3), (&Y Sa~5f R
T HEE ) Topll MG E, k&4 5d X Topll
FAmENE SR T Sa~5c A1 Se~5f, {H KT BHIEZ
/RS RIS R
6 N

T I K B A R T e R Y e
LA BRI RSN B LAWY B, BT 18 A
FEA R R -HDAC AW . 4Gt tix e B AR &
VXt HDACs [ il i& 14 & 9L, X HDAC1.HDAC2
A1 HDAC6 445 4o A a4, Hrh 8K 6 AL
HEE (n=6). BETHEGHEIAFRNZEY) 5d &
B T AR HDACs #iE , Hoxf HDACL Hl
HDAC6 [J4]i)3E VEug 58 T FHPE 254 SAHA. 431 Xf
Bt R, KAV RS HDACH [k FmE —
et 45 44 HDACG ik BT B . Mo usd
TEIESEIS I, BARZE SR SW620. MGC-803.
PC-3. NCIH460. MCF-7 Fl HepG2 iX 6 Fit Jif 87 41 iy
BIA B A aE A, R B R MGC-803 4il i
HHEBPMEEEMEEE, HPHEEY 5d X
MGC-803 il & M fe o, 4 e e S &P e R
SRVD A SAHA [ 90 F1 4.8 15, IbAN, &4 5d %t
R0 E BB GES-1 WA M, WA TR
IT A MHIEH . X2 B HDACH $f & 31
VAR 25 b Re s B m U TR, RS R R
BB R TR g T R S R 2R A T
) B

LI ERSY

BrukerAM-400 Hz BUAZHEIHRIC (f8E Bruker
AT, X-5 RS A (B EARA
A]); FA1104 1 RKF (Ll EPACERERAA);
B11-3 W E R R AR IR i (B A SRR IR
A7]); Q Exactive 5 730 # 5 X (35 Coring A F]);
37 °C CO, 57748 (32[E Thermo A #]); CKX31 {3
BRME (BEARERTAR); ELx800 &@FEEIR L (£
BioTek A ).

AR . RILEAD (vorinostat, SAHA). %
R . ZIEMIR. BOP 7). 4P . HmE

JE XA B B R B R AR (lES =
95%); S5 B FH 1 HG A 3700 ) B I 24 4 AL 22 R
HIR AT (HE7% =95%); DMEM. MEM 15573
i MG H Hyclone A #l; SW620. MGC-803.
PC-3. NCIH460. MCF-7 f1 HepG2 4 itk H i
K27 240 i 58 0

1 &EE

1.1 2-8&-134-FZ_MAESHIDE ) WER K
FeSEEID R 1 (4155 g, 11.5 mmol) . R IEHIR (1.048
g, 11.5 mmol) MZ EHEER (20 mL) VR E&J5¥ = Ml
INFAR 120 °C, [N 24 h, BSOS ED 3 = IR S 5]
A 100 mL fJukis e, F R LB (330 mL) #H,
AHLZHICK NaySO, 1, 6l it B 8 77 15 21K ™
V), armikait ChRmE-CR OlE=1 1) /53T
2-FHE-1,3,4-ME M R B 2, S AEE, PR
77%, mp 175~177 ‘C; '"HNMR (400 MHz, Acetone-dp)
J5: 8.86 (s, 1H), 7.86 (d, J = 13.2 Hz, 1H), 4.66~4.52
(m, 3H), 3.37~3.24 (m, 4H), 2.64~2.55 (m, 4H), 2.34
(s, 3H), 1.65 (d, J=7.2 Hz, 3H).

1.2 HREBRELESHEVE-HDACI &Y 4) HNER
BAET, KR (DL B R T2 REF 3 (2.4
mmol) ¥ T JC/K THE # (30 mL), JIA 2-%FE-1,3,4-
IgE e A2 ARV & 2 (1.083 g, 2.6 mmol) &, {EER
NYRSEIR S 2 h, P8ORS B Y, S
Al (AR EE=10 : 1) 75 FAH N R IR 2K
a4,

1.3 FEREESHINE-HDACI BAY 5) HERK
AR R, BRRIEEY 4 (1.2 mmol). EFR L
fig (206 mg, 1.9 mmol). — ZF% (131 mg, 1.3 mmol)
HAAE] 10 mL THF H, 0 'C FH#E 15 min J& 7] [ N
I 10 mL Hrl & R R, 4 S S 22 18 T
FEERGAEN 2 h, R AT E Y,
SRt (S FR-FE=251~9:1) 53
TREBRUEY 5. REERPG & KRR K
(333 mg, 4.8 mmol) FIE A (269 mg, 4.8 mmol)
JEANEIHFEE (10 mL) 1, JHE 4% 40 'C M 15 min /5,
B KRS MUOUE, B BORA H 2 =i, JERRUTE,
JIT A5 B S 30 1) 4% B FR G

14 FHEBEREALZSFDVE-HDACI BEH (6) HY
AR WA, BRERESY 4 (0.6 mmol). A
=ML = (TR BB AN R
ik (BOP i, 575 mg, 1.3 mmol) FI=ZJ% (394 mg,
3.9 mmol) VAEMRF| /K DMF (15 mL) o, i &N
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30 min J&5, HOIAAEZR % (76 mg, 0.7 mmol), 4k%E/x%
i 12 h, SR 20 mL Z&18K, F R 4B
(3x35 mL) 2, HHJZH K NaSO, T4, Bibx
WA, fftakaif (P R-HEE=251~9 1)
1R BRI RS 6.
2 HDACs i&EM SIS

il HDAC &Gt e S v 2 -HDACH £
&% HDAC1. HDAC2. HDAC6 (I35, LA
SAHA NBHVEXTIE . %08 HDAC W7 & & /E
FE DA A FLIN BSA. HDAC % %K% HDAC
fiff (HDACI1. HDAC2. HDAC6) FIAS[E]¥#K FEE £
W, HIRFERERE > 5 N: 1x107°0 1x107°. 1x107%,
1x107, 1x10°°, 1x107° mol-L™'. #MIfARAE 37 C
&M 30 min J5, FSLEINA HDAC Developer Jf
AkSELE 37 C TR 15 min. {8 EEFRACLE 359 HT 440
nm P E B AL ROGAE, s prseiess R, IRt
H 1Cso, VAL A B 2 TR 6T X B 25 2 g
T 1) P
3 HFxE

HDAC! §4&%5#) (PDB code: 4BKX) Hi Protein
Data Bank %, HDAC6 WAk 25 1) B 518 AR fEHT H
¥k, #%BZ% L HDACS ffk%i#) (PDB code:
1T69) AMEH N HDAC6 BEAT[RIVE #2420, 3 i
ChemBio 3D ultra 14.0 1 Autodock4.2D #'HJ Ligand
B P AT /N o T 45 K I TIOAL B . X ROPE A
Autodock4.2D, Fl| FH & 4 25 ¥4 R 1 BG4k B AR
T, MEETIOKEERN 30 A, FHEL%E bR
BEATVRAY, $ 5 SOt EIRAEER 100 IR, HASHUR
4 FUIETEEMSLIE

LS W SW620. B MGC-803. il 41l iR
PC-3. K40 M NCIH460. FL AR MCF-7 Al
HepG2 4 oMl B 40 P bk, 108 1 B R b 5z 40 i
GES-1 NXHIE4f. L SAHA AFHPEXTEZY, KA
CCK-8 i 7l &% Ao S v F2 -HDACT & & kAT i
AU PE VPO o EURT B0 A 0 I A R R B T
10% G4 MiE s e s dh, #i% 96 FLEFFRMR . FF
Y e AN EE JS, ARG, N 10 uL EA
RV FRWIEF7 48 h, FERERFRW, FILIMA
10 pL CCK-8 ¥R, TESSFRAA PRSI 4 h, FEGHR
AXAE 490 nm AW E FEFLEFIROGEE (OD) fH, 4r#r
SR, FEFEH 1Cs.
5 $hINFHIEE 11 HIHE M SIS

% Topll &7 & 1B 15, 4 5xcomplete buffer

¥ (5 pL). Topll (8 U). pBR322 fiki (0.25 ug) Al
ML S (02 pL, 50 pmol-L™") I Z& 1K &
ZF 20 uL, £ 37 'C FACE 20 min &, 7£XMNEF
BN 5% SDS (2 pL) FAE AR K Wl (2 L,
1 mgmL™"). ¥ MWEAE 37 C F4kSE %M 30 min,
JIN 10x1oading buffer ¥ (2 pL) JG7E 70 TR+ %
N2 min, AN CIA (20 pL, -5 -5 K EE=25 :
240 1), wFHEEL, B EER LR, 90 V E ST
Bk 2 he BUHEHRGE T UV R RS T4 .
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