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Synthesis of histone deacetylases inhibitors and their antitumor activities in vitro
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Abstract: Objevtive To designe and synthesize hydroxamic acid histone deacetylase inhibitors(HDACH), and to investigate their
HDAC inhibitory activities and anti-tumor activities in vitro. Methods N-(4-aminophenyl)-1,1-dimethylethyl ester and caprylic
anhydride were used as starting materils to synthesize 8-((4-((tert-butoxycarbonyl)amino)phenyl)amino)-8-oxooctanoic acid. Then a
series of HDACi were designed and synthesized by aldimine condensation. HDAC inhibitory activities of target compounds were
evaluated by HDACs reagent kit, and their anti-tumor activities also were evaluated by CCK-8 assay. Results Twenty-six novel
HDACi were synthesized and the structures were confirmed by 'H-NMR and MS spectra. The preliminary biological results showed
that these target compounds displayed potent against HDACs and significant anti-tumor activities on MCF-7, PC-3, HepG2, MGC-803,
and KB cancer cells. And the inhibitors, which bore electron withdrawing group in schiff base unit, had more potent anti-HDACs and
anti-tumor than other derivatives. Specifically, 4-cyano compound 11¢ exhibited most potent anti-HDACs, which was 58-fold more
potent than vorinostat. Moreover, compound 11¢ showed the greatest potency against MCF-7, PC3, MGC-803, and HepG2, and which
showed 7.2-fold more potent than vorinostat, against MGC-803. Conclusion Schiff base unit is a kind of important anti-tumor
pharmacophore, which can enhance the anti-tumor activity of HDACI, and offer new mentality to develop novel and high-efficiency
HDAC: in the future.
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Fig. 1 Chemical structure of vorinostat
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Table 1 '"H-NMR data of target compounds

'"H-.NMR (400 MHz, DMSO-ds) §

S5a

5b

Sc

6a

6b

6¢

7a

b

Tc

8a

8b

8c

9.31 (s, 1H), 8.52 (s, 1H), 7.62 (d, J=8.4Hz, 2H), 7.34 (d, J=8.4Hz, 2H), 7.27~7.22 (m, 1H),
7.20 (d, J=8.4Hz, 2H), 7.18 (d, J=8.0 Hz, 2H), 2.35 (t, J=7.2Hz, 2H), 2.29 (t, J=7.2 Hz, 2H),
1.67 (t, J=6.8 Hz, 2H), 1.59 (t, J=7.2Hz, 2H), 1.37~1.32 (m, 4H)

9.37 (s, 1H), 8.51 (s, 1H), 7.68 (d, J=8.0Hz, 2H), 7.25 (t, J=8.0Hz, 1H), 7.23 (d, J=8.0 Hz,
2H), 7.12~7.03 (m, 2H), 6.71~6.64 (m, 1H), 2.34 (t, J=6.8 Hz, 2H), 2.27 (t, J=6.8 Hz, 2H),
2.19 (s, 3H), 1.69 (t, J=6.4Hz, 2H), 1.61 (t, J=7.2Hz, 2H), 1.39~1.35 (m, 4H)

9.32 (s, 1H), 8.54 (s, 1H), 7.62 (d, J=84Hz, 2H), 7.24 (t, J=84Hz, 1H), 7.21 (d, J=8.4Hz, 2H),
7.07 (t, J=8.0Hz, 1H), 6.99 (d, J=8.0Hz, 1H), 6.72~6.65 (m, 1H), 2.33 (t, J=6.8 Hz, 2H), 2.28~
221 (m, 2H), 2.17 (s, 3H), 1.67 (t, J=6.8 Hz, 2H), 1.57 (t, J=6.8 Hz, 2H), 1.36~1.29 (m, 4H)

9.34 (s, 1H), 8.51 (s, 1H), 7.59 (d, J=8.8Hz, 2H), 7.25 (d, J=8.0Hz, 2H), 7.18 (d, J=8.0 Hz,
2H), 6.94 (d, J=8.4 Hz, 2H), 2.31 (t, J=64 Hz, 2H), 2.27 (t, J=6.4 Hz, 2H), 2.16 (s, 3H),
1.61 (t, J=6.8 Hz, 2H), 1.58~1.52 (m, 2H), 1.37~1.31 (m, 4H)

8.53 (s, 1H), 7.71 (d, J=8.4Hz, 2H), 7.25 (d, J=8.4Hz, 2H), 7.20 (t, J=8.4Hz, 1H), 7.01~6.92
(m, 2H), 6.67~6.58 (m, 1H), 3.78 (s, 3H), 2.31 (t, J=6.4 Hz, 2H), 2.28 (t, J=6.4 Hz, 2H),
1.62 (t, J=6.4Hz, 2H), 1.57 (t, J=6.8 Hz, 2H), 1.37~1.31 (m, 4H)

9.37 (s, 1H), 8.52 (s, 1H), 7.68 (d, J=8.0Hz, 2H), 7.27 (d, J=8.0Hz, 2H), 7.22 (t, J=8.0 Hz,
1H), 6.77 (t, J=8.0Hz, 1H), 6.69 (s, 1H), 6.67~6.62 (m, 1H), 3.81 (s, 3H), 2.32 (t, J=6.4 Hz,
2H), 226 (t, J=6.8Hz, 2H), 1.61 (t, J=72Hz, 2H), 1.59 (t, J=6.4Hz, 2H), 1.37~129 (m, 4H)

8.54 (s, 1H), 7.63 (d, J=8.0Hz, 2H), 7.28 (d, J=8.4Hz, 2H), 7.12 (d, J=84Hz, 2H), 6.85 (d,
J=8.0Hz, 2H), 3.78 (s, 3H), 2.33 (t, J=6.8 Hz, 2H), 2.29 (t, J=7.2 Hz, 2H), 1.63 (t, J=6.4 Hz,
2H), 1.57 (t, J=6.8 Hz, 2H), 1.39~1.33 (m, 4H)

8.51 (s, 1H), 7.74 (d, J=8.0Hz, 2H), 7.25 (d, J=8.0Hz, 2H), 7.21 (t, J=8.0Hz, 1H), 7.01 (d,
J=84Hz, IH), 691 (d, J=8.0Hz, 1H), 6.64 (d, J=84 Hz, 1H), 2.32 (t, J=6.8 Hz, 2H), 2.26
(t, J=6.8Hz, 2H), 1.63 (t, J=7.2Hz, 2H), 1.58 (t, J=6.4Hz, 2H), 1.39~1.32 (m, 4H)

9.28 (s, 1H), 8.54 (s, 1H), 7.72 (d, J=8.4Hz, 2H), 7.23 (d, J=84Hz, 2H), 7.18 (t, J=8.4 Hz,
1H), 7.15~7.06 (m, 2H), 6.65 (t, J=8.0 Hz, 1H), 2.31 (t, J=72Hz, 2H), 2.23 (t, J=6.4 Hz,
2H), 1.62 (t, J=72Hz, 2H), 1.57 (t, J=6.8 Hz, 2H), 1.38~1.31 (m, 4H)

8.52 (s, 1H), 7.67 (d, J=84Hz, 2H), 724 (d, J=8.0Hz, 2H), 7.17 (d, J=8.0Hz, 2H), 6.89 (d, J =
8.4Hz, 2H), 232 (t, J=72Hz, 2H), 2.24 (t, J=6.8 Hz, 2H), 1.61 (t, J=6.8Hz, 2H), 1.58 (t, J=6.4
Hz, 2H), 1.37~1.31 (m, 4H)

9.28 (s, 1H), 8.55 (s, 1H), 7.69 (d, J=8.4Hz, 2H), 7.23 (t, J=8.4Hz, 1H), 7.17 (d, J=8.0 Hz,
2H), 7.11~6.92 (m, 2H), 6.86~6.79 (m, 1H), 2.31 (t, J=6.8 Hz, 2H), 2.24 (t, J=6.4 Hz, 2H),
1.67 (t, J=6.8 Hz, 2H), 1.59 (t, J=6.8 Hz, 2H), 1.35~1.28 (m, 4H)

9.34 (s, 1H), 8.52 (s, 1H), 7.70 (d, J=8.0Hz, 2H), 7.29 (t, J=8.0Hz, 1H), 7.19 (d, J=8.0 Hz,
2H), 7.11 (d, J=8.0Hz, 1H), 7.02 (t, J=8.4Hz, 1H), 6.93 (t, /=8.0Hz, 1H), 2.34 (t, J=6.8 Hz,
2H), 221 (t, J=6.4Hz, 2H), 1.65 (t, J=72Hz, 2H), 1.58 (t, J=6.4Hz, 2H), 1.37~1.31 (m, 4H)

9.27 (s, 1H), 8.54 (s, 1H), 7.74 (d, J=8.0Hz, 2H), 7.25 (d, J=8.8 Hz, 2H), 7.20 (d, J=8.4 Hz,
2H), 7.06 (d, J=8.0 Hz, 2H), 2.34 (t, J=7.2 Hz, 2H), 2.23 (t, J=6.8 Hz, 2H), 1.64 (t, J=6.4 Hz,
2H), 1.57 (t, J=6.8 Hz, 2H), 1.39~1.32 (m, 4H)
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k1

WEY) 'H-NMR (400 MHz, DMSO-dg) ¢

9a 8.53 (s, 1H), 7.68 (d, J=8.4Hz, 2H), 7.32 (t, J=8.4Hz, 1H), 7.18 (d, J=8.4Hz, 2H), 7.09~6.88
(m, 2H), 6.83~6.75 (m, 1H), 2.33 (t, J=6.4Hz, 2H), 224 (t, J=6.8 Hz, 2H), 1.67~1.61 (m,
2H), 1.59~1.52 (m, 2H), 1.36~128 (m, 4H)

9b 8.51 (s, 1H), 7.65 (d, J=8.0Hz, 2H), 7.27~7.19 (m, 1H), 7.17 (d, J=8.4Hz, 2H), 7.08 (d, J=
8.0Hz, 1H), 7.01 (t, J=8.4Hz, 1H), 6.89 (d, J=84Hz, 1H), 235 (t, J=6.4Hz, 2H), 2.24 (t,
J=6.4Hz, 2H), 1.67 (t, J=72Hz, 2H), 1.55 (t, J=6.4Hz, 2H), 1.38~1.32 (m, 4H)

9c 8.55 (s, 1H), 7.72 (d, J=8.0Hz, 2H), 7.30 (d, J=8.0Hz, 2H), 7.23 (d, J=84Hz, 2H), 7.12 (d, J =
8.0 Hz, 2H), 235 (t, J=6.8 Hz, 2H), 2.23 (t, J=6.4 Hz, 2H), 1.66 (t, J=6.8 Hz, 2H), 1.57~1.49
(m, 2H), 1.37~1.27 (m, 4H)

10a 8.54 (s, 1H), 7.68 (d, J=8.4 Hz, 2H), 7.41 (t, J=8.0 Hz, 1H), 7.35~7.29 (m, 1H), 7.26 (d, J=
8.4 Hz, 2H), 7.21~7.11 (m, 2H), 2.34 (t, J=6.4 Hz, 2H), 2.23 (t, J=7.2Hz, 2H), 1.68~1.59 (m,
2H), 1.57 (t, J=6.4Hz, 2H), 137~1.30 (m, 4H)

10b 9.37 (s, 1H), 8.56 (s, 1H), 7.74 (d, J=8.0Hz, 2H), 7.43 (t, J=8.0Hz, 1H), 7.28 (d, J=8.0 Hz,
2H), 7.25~7.16 (m, 2H), 7.04~6.97 (m, 1H), 233 (t, J=7.2Hz, 2H), 2.22 (t, J=6.8 Hz, 2H),
1.66 (t, J=72Hz, 2H), 1.59 (t, J=74Hz, 2H), 1.37~1.31 (m, 4H)

10c 8.51 (s, 1H), 7.69 (d, J=8.0Hz, 2H), 747 (d, J=84Hz, 2H), 7.22 (d, J=84Hz, 2H), 7.10 (d, J=
8.0 Hz, 2H), 2.34 (t, J=6.8Hz, 2H), 2.21 (t, J=6.8 Hz, 2H), 1.67 (t, J=6.4Hz, 2H), 1.59 (t,
J=6.8Hz, 2H), 138~128 (m, 4H)

11a 8.54 (s, 1H), 7.68 (d, J=8.4Hz, 2H), 7.57 (d, J=8.0 Hz, 3H), 727 (d, J=8.0Hz, 2H), 691 (d, J=
8.0Hz, 1H), 2.34 (t, J=6.8Hz, 2H), 2.23 (t, J=6.4Hz, 2H), 1.68 (t, J=7.6Hz, 2H), 1.57 (t,
J=6.4Hz, 2H), 137~128 (m, 4H)

11b 9.42 (s, 1H), 851 (s, 1H), 7.71 (d, J=8.0Hz, 2H), 7.54 (t, J=8.0Hz, 1H), 7.42~7.31 (m, 2H),
7.26 (d, J=8.0 Hz, 2H), 6.96 (d, J=8.4Hz, 1H), 2.35 (t, J=6.8 Hz, 2H), 2.24 (t, J=6.8 Hz, 2H),
1.67 (t, J=72Hz, 2H), 1.59 (t, J=6.4Hz, 2H), 1.37~1.30 (m, 4H)

11c 8.53 (s, 1H), 7.63 (d, J=8.0 Hz, 2H), 7.50 (d, J=84 Hz, 2H), 7.34 (d, J=80Hz, 2H), 725 (d, J=
8.4 Hz, 2H), 2.34~229 (m, 2H), 222 (t, J=6.8 Hz, 2H), 1.67 (t, J=6.4 Hz, 2H), 1.57 (t, J=
6.4 Hz, 2H), 135~127 (m, 4H)

12 9.28 (s, 1H), 8.54 (s, 1H), 7.63 (d, J=84Hz, 2H), 7.61 (t, J=2.0Hz, 1H), 7.57 (d, J=3.6 Hz,
2H), 7.51 (d, J=2.0Hz, 1H), 7.19 (d, J=8.0 Hz, 2H), 2.31 (t, J=6.4 Hz, 2H), 2.23 (t, J=6.8 Hz,
2H), 1.66 (t, J=7.2Hz, 2H), 1.55 (t, J=6.8 Hz, 2H), 1.35~1.24 (m, 4H)

13 9.25 (s, 1H), 8.55 (s, 1H), 7.67 (d, J=8.0Hz, 2H), 7.39 (d, J=5.6Hz, 1H), 7.33~7.25 (m, 2H),
7.17 (d, J=8.4Hz, 2H), 7.05 (d, J=3.6 Hz, 1H), 232 (t, J=6.8 Hz, 2H), 2.21 (t, J=6.4 Hz, 2H),
1.67 (t, J=7.6Hz, 2H), 1.59 (t, J=6.8 Hz, 2H), 1.37~1.31 (m, 4H)

14 8.52 (s, 1H), 7.92 (d, J=8.0Hz, 1H), 7.80 (d, J=7.6Hz, 1H), 7.73 (d, J=8.0Hz, 2H), 7.63 (d,
J=88Hz, 1H), 7.56~7.50 (m, 3H), 7.47 (d, J=8.0Hz, 1H), 7.26 (d, J=8.4Hz, 2H), 2.34 (t,
J=6.8Hz, 2H), 2.21 (t, J=6.8 Hz, 2H), 1.68 (t, J=7.6Hz, 2H), 1.57 (t, J=6.8 Hz, 2H), 1.37~
1.26 (m, 4H)

15 9.41 (s, 1H), 851 (s, 1H), 7.80~7.73 (m, 3H), 7.75 (d, J=8.4Hz, 2H), 7.70 (s, 1H), 7.51~7.46

(m, 2H), 7.35 (d, J=8.8Hz, 1H), 7.22 (d, J=8.0Hz, 2H), 2.32 (t, J=6.4 Hz, 2H), 2.20 (t, J=6.4 Hz,
2H), 1.65 (t, J=72Hz, 2H), 1.57~7.46 (m, 2H), 1.37~1.26 (m, 4H)
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Table 2 Physical contants and MS of target compounds

E R 7Y mp/C PR IR(C=N. C=0)/cm ESI m/z
4 H 80.4 172~175 R P R[] A 1675, 1661, 1643 367.1
5a 2-Me 76.9 186~188 5% TR 44 1679, 1674, 1641 381.4
5b 3-Me 78.2 174~176 R R[] A4 1682, 1667, 1645 381.4
5¢ 4-Me 79.5 179~181 RO A 1679, 1673 1636 381.4
6a 2-OMe 74.4 184~187 R P R[] A 1673, 1665, 1638 397.4
6b 3-OMe 73.7 175~178 5% TR 44 1672 1669, 1625 397.4
6¢ 4-OMe 76.8 180~183 TR R[] A4 1684, 1675, 1628 397.4
7a 2-OH 68.5 165~167 R EATIREN 1677. 1668, 1639 383.4
7b 3-OH 71.9 169~172 R P R[] A 1672, 1665, 1640 383.4
Te 4-OH 69.6 176~179 5% TR 44 1684. 1679, 1632 383.4
8a 2-F 75.3 192~194 R[] 44 1675, 1666+ 1639 385.2
8b 3-F 69.1 197~199 T[] A 1681, 1669, 1631 385.2
8¢ 4-F 71.2 185~187 T[] 44 1676+ 1662, 1635 385.2
9a 2-Cl 68.4 201~204 5% TR 44 1682, 1670, 1642 401.9
9 3-Cl 70.7 215~217 TR B R[] A4 1673, 1667, 1641 401.9
9c 4-C1 69.5 194~196 TR O[] 44 1686, 1671, 1637 401.9
10a 2-Br 74.3 209~211 R T R[] A4 1675, 1664, 1629 4463
10b 3-Br 70.8 217~220 5% TR 44 1673, 1669, 1625 446.3
10c¢ 4-Br 72.4 203~205 R R[] A4 1683, 1668, 1637 446.3
11a 2-CN 71.3 214~216 TR O[] 44 1678, 1672, 1633 392.5
11b 3-CN 69.7 209~202 R T R[] A4 1683, 1669. 1627 392.5
11c 4-CN 71.5 191~194 V5% TR 44 1674, 1672, 1626 392.5
12 pRUNHES 82.6 176~178 R[] 44 1671, 1669, 1620 357.4
13 2- ey 81.1 195~198 B[] A4 1680, 1667, 1621 373.5
14 1-253 72.4 216~218 SR ENTREN 1681, 1679. 1629 4175
15 2-253 69.8 225~227 Y% T £ ] A4 1684. 1675, 1627 4175

%3 RSN HDACs MFITEME ( x*s, n=3)
Table 3 In vitro inhibition of HDACs ( X £5,n =3 )

&Y 1Cse/(umol-L ™" & ICs/(pmol-L™")
4 0.15740.041 9 0.055+0.007
5a 0.399+0.022 9¢ 0.03340.004
5b 0.384+0.026 10a 0.045+0.012
5¢ 0.23940.018 10b 0.076+0.018
6a 0.53140.039 10¢ 0.029+0.006
6b 0.469+0.045 11a 0.02440.005
6¢c 0.287+0.014 11b 0.02240.005
7a 0.075+0.008 11c 0.01940.008
7b 0.062+0.011 12 0.038+0.011
7e 0.054+0.017 13 0.034+0.009
8a 0.039+0.009 14 0.76340.084
8b 0.031+0.003 15 0.595+0.037
8c 0.01940.002 RV 1.120£0.260
9a 0.047+0.015

ZRERFE, NN 10 pL 05 A MR 2 P B TR
HiF% 48 h, FEERRTFRM, BELINA 10 pL CCK-8
W, TEEFRM AR 4 h, FHRGFRCAE 490 nm
PRI e RO () i, HARIFESA
X P AL A 22 o RS AR 209 FEE X H B0 %
WL A ZR AR Ltk [R5 75 - 2N 7R, 4K
TR S AL S 1Cso L, WK 4o

HHEIE = (4 yu—A 9) /14
3 e
3.1 &ERERS

RIBA A 1 T3 N-Boc-3 4 i 5% — 1%
[ YSIAHIES PRNTTNER: S e 2l a e ) FUNA ) O N3 vif
UEAh, A ZRREFES N-Boc-X 2K i [ W, AT
AR E W), R AR O R R 4,
EA AL A A 1 I LS8 T R e R,
RATSAR 2 LIRS =) ok A= IR, O T 98D il
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®4 BRUEYRREEE ( xts, n=3)

Table 4 Anti-tumor activity of target compounds ( Xts,n=3)

ICs¢/(umol-L™")

Pay;

s MCF-7 4y PC-3 41 HepG2 41t MGC-803 41l KB 4l

4 3.944025 1.7240.36 5.78+0.64 1.4140.16 3184048
5a 4.8540.46 2.8740.32 7.26+0.82 2124032 5.6240.61
5b 4174052 2.0340.15 6.41+0.66 1.8540.21 4974057
5¢ 3.6840.29 1.8440.27 45540.52 1.6340.27 42540.52
6a 4524037 2.5840.34 4.9240.57 1.9840.32 5.5340.64
6b 3264024 1.7740.28 6.94+0.63 1464021 4764049
6c 3.184033 1.4540.19 5.580.59 1.1740.16 3.5140.43
7a 2.8440.18 1.6840.15 43940.55 13240.14 4.4840.56
7b 2324025 1.4240.22 8.76+0.96 0.95+0.06 3.0940.41
7e 2574021 1.2740.24 6.5240.74 0.74+0.17 1.9640.28
8a 2.6940.19 13440.12 5.4740.62 0.9940.12 2544034
8b 2454042 1.1740.13 5314064 0.85+0.09 2234036
8¢ 1.9340.14 0.9340.08 3.6740.45 0.46+0.07 1.8740.23
9a 3264037 1.4440.26 3284041 1.6340.24 3.6440.47
9b 2674028 1.0940.15 3.0740.48 1.2940.22 2974038
9¢ 2214029 0.860.09 3.6940.39 0.94+0.16 2154031
10a 1.5840.13 1.7940.35 4114051 1354027 4.5240.54
10b 1.1240.11 1.5140.14 3.574047 1.0240.24 5.49+0.68
10¢ 1.0840.17 1.0840.21 3.2640.43 0.8740.05 4174057
1a 2464022 1.4840.13 2914035 0.95+0.13 1.7840.22
11b 1.8340.21 1.1340.16 4.6540.66 0.5740.08 1.5540.36
e 1.2540.09 0.8240.10 42140.59 0.34+0.04 1.1940.28
12 2774035 13540.37 10.04+1.72 1.1640.26 2.9340.35
13 1.6940.19 1.6740.28 8.5241.15 1454031 2.0440.21
14 5.9440.53 2484041 12.7341.85 1.9340.29 3.5640.44
15 4524038 1.9540.38 11.45+1.47 2374037 4.8240.57
RIL A 4.1840.54 1.8440.22 6.67+0.58 2484039 3724049

FEYITERG TEE REERNEY 3 0, R
TR PSSR AT SN, P I8 e B 2 2 1 AR 2 4]
BInI R 3, IXFEER S T Rk 3 1,
H bR =) 2 eh B 448 6 S N4 G e S 7K A
UK, WK ARREA . R, AE RN
AR R AR LK TS IR B AT, DU = %
3.2 HDACs H#iE M

6 B 26 A H AR L5006 HDACs 3447 450
AT, R T e A AR i i . 1K
T4 HDACs 11148, Hbsb &R H R X
BRI R DX R BRSSP AR N Ak

T 20, B TR b HDACSs AR
TAER, PRI H bR SR LA I H T B o
ff) HDACs fHIEEYE. Hi2, Hisb &Y
S IX 2R EAR AR S IR R 0T il P 0 v P 34
B .
FEARSEAADZRIR LI NZEW I (&) 4 )5
HDACs WS T 7 5, H—DaEhEY 4
F e ES NG T3 Me. OMe. OH (4b-54) 5.
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) 11 %} HDACs REILH T fozt (A0l v, 2 P
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PHIEE, ARG T F IR A 11,
33 BRI
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i 9 A M S50 A7 SR R AR E 3L ICso E /N T
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O 1 o BH P 25 AR S At o LE RS 1
H br Ak A 22 TR XS W i R e &4
TR A, AR A 11 T A
JEte &9 124 13 FIZEW b 59 14, 155 [
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e, Forh o7 4- UG A 12¢ 5 MCF-7.PC3.
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