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Abstract: As a member of class I histone deacetylase (HDACs), HDACS is an important anticancer drug

target. Based on our previously developed pharmacophore model for the HDACS inhibitor, we designed and

synthesized 13 quinoline acid derivatives as new HDACS inhibitors. Among them, the compound SDFZ-E2 and

SDFZ-E3 exhibited good HDACS inhibitory activities and isoform selectivity. In cell experiments, the target
compounds SDFZ-E2 and SDFZ-E3 showed better antiproliferation activities than the known HDACS selective
inhibitor PCI-34051. In addition, the proposed binding mode of SDFZ-E2 was investigated using molecular docking

and molecular dynamics simulation. This work is a new attempt to develop HDACS selective inhibitor using quinoline

as the scaffold, and the active compounds could serve as lead compounds for further structural optimization.
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Figure 1 The chemical structures of pan-histone deacetylase (pan-HDAC) inhibitors and HDACS selective inhibitors. FDA: Federal Drug

Administration
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Figure 2 The design strategies of HDACS inhibitors. A: The design of target compounds; B: Superposition of the designed compound and

the pharmacophore model of the HDACS inhibitor. CU: Connection unit; ZBG: Zinc binding group



Ji - By s WEMRSE HDACS L # MEAMf70 B BE v 5 BB f7 o 0 3 P AT 7 - 981 -

LR VAN S 2 CA F
SDFZ-E13 (% 1).
2 EYEMNR

B4, N E A N HDACS & % 134 Hbrib &
YIiAT 7 HDACS S5 M, 1B & 17 () HDAC
12 301 75 SAHA Fl HDACS i 4% 11 4101 1] 77) PCI-34051
VEBH XTI A G4 45 T 3K 2, o SDFZ-E2.
SDFZ-E3.SDFZ-E12 $4) 5= Bt 1 5 JBE R 20 10 - 4 o
YK (half maximal inhibitory concentration, IC,,), 4 il
#& SDFZ-E2 [¥] HDACS #l1 1| 7 1% (IC,,= 2.49 pmol-L™)
2T BH 4 X 25 SAHA (IC,, = 6.39 umol-L™), {H &2 5
PCI-34051 (IC,,= 0.051 pumol-L™") A LL A/ Z 1 .

BE &, % H 454k &%) SDFZ-E2 . SDFZ-E3 fll SDFZ-
E12 #4177 HDAC W7 A% 3% £ v ik, 1 B e b i i
HDACZ#55 SAHA VE N BHPEXT IR, 25 545 T3 3.
Hbrtb &% HDAC1 HDAC2 A HDAC6 ¥4 2 FIl i %
ZEAPHNENE . Horh, HAsb 54 SDFZ-E2 ) HDAC8
011 7% P B SAHA 5 2.6 fi5, 11 HDAC1. HDAC2 Al
HDACS 3 1t 17t 55 T SAHA, % W] % H 45 4k & W %t
HDACS B B4 W AL B, 77 &% B s

R4 LA Eah B, H AR & Y% HDACS H A 84
Y U0 1) e ARSI 2R e P, kB T =M R R IA
HDACS [t i 83 40 i [\ 4 28 i )5 78 40 i SK-N-BE(2)
N R 8 1 K B 41 A bk B R 40 i SU-DHL-2 f1 A 2t T
Ik E 40 0 F5 I 995 41 i Jurkat], S CCK-8 ¥: 34T 1 #it
o B B s 3Rt 45 B L3 4, SDFZ-E2 . SDFZ-E3.
SDFZ-E12 7£ SK-N-B(2) #1 SU-DHL-2 4 ffid rp ¥ & B 1
T RBE IR G BTG S P, SDFZ-E2.SDFZ-E3 7 Jurkat
gufEr, AR T E R IC,,. 5 HDACS i

3k15 H #r b &%) SDFZ-E1~

S @r“f @@

& ME ) 77 PCI1-34051 A Eb, SDFZ-E2.SDFZ-E3 7£ =
b 1 41 A b )48 F PCI-34051, Jt HAF SU-DHL-2
4f g 7, SDFZ-E3 (IC,, = 3.72 pmol-L") fil SDFZ-E2
(IC,, = 11.25 pmol-L™") #4448 i% 14 {1t T PCI-34051
(IC,,=21.12 umol-L™),
3 BirtAY5S HDACSHIZESERIR

N TR B AR LA ) R HDACS [ 45 & 15
3, % B % 1k & %) SDFZ-E2 1 HDACS (PDB ID:
SFCW) #4544, B Schrodinger B AFIEAT 1431 XF
A5y 130 5140, B9t 7 SDFZ-E2 5 HDACS 1]
FHEAEH

Iy T RHE I 45 SRR W], SDFZ-E2 45 /)b I 7 7 5
BRI AN T HDACS AL 489 5 5% B T3 A, WEIRER
BERZ 90 T BRI 148 (E3). FEAIZ, MRk 4 4711
HAR LA Sy g 2 1 181 B 41, —'ﬁHDAcs%%EEE’% ‘51&
A0SR Tyr306 T2 B S 14845 G (3). %48
£i2F L1 Loop 1 L6 Loop X 2 [f], Ny HDACS FITkEA, 1Mij
EHA HDAC WA H B F L1 Loop L6 Loop 45 4K %,
Z 5 A0 N I Tyr306 Ao is . R 50 B+ 2
fit SDFZ-E2 AT B () HDACS 35 8 1 11t 45 F FE 7l

B — 35 %t SDFZ-E2 F1 HDACS ()4 7 XF 8 5 &4
HEAT 7 10 ns (114> T30 J1 2% (molecular dynamics, MD)
BRI TE . B 4A s, EEEH-/Nr T EHEWAE 4 ns
) MD J& A F4 52, 1 SDEZ-E2 7£ 10 ns f) MD 405
T 45 2% 5 4l HDACS Rf 57 148, 3% B 49 % 42 P Tl
M dsEaAEChfE. H—J7m, B EE & NA
B AE MD 40, () RMSFAE, & B Ser13 Al Asp87 %
R I R (RMSF > 3 A), B EIR G EE M A T
B D481 Loop [X, 5 SDFZ-E2 5 HDACS [#) 45 &

@@

4a—4m

i N
o (o}
d N
N e f ) H
NP OH N “OH
o

(0]
S5a-Sm

SDFZ-E1-SDFZ-E13

Scheme 1 The synthetic route of target compounds. Reagent and conditions: (a) Dimethyl succinate, methanol, 0 °C to 80 °C, 8 h, yield:
70%; (b) Polyphosphate, 120 °C, 2 h, yield: 75%; (c) Substituted bromobenzene or iodomethane or 2-chlorohexylbenzene, DMF (N, N-
dimethyllformamide), K,CO,, yield: 55%-75%; (d) LiOH, H,O/THF (tetrahydrofuran), yield: 50%-85%; (e) O-(tetrahydro-2H-pyran-2-yl)
hydroxylamine, HATU (2- (1H-azole-1-yl)-1, 1, 3, 3-tetramethyluronium hexafluorophosphate), NMM (4-methylmorpholine), DMF, room

temperature, 9 h; (f) HCI, ethyl acetate, room temperature, 10 min, yield: 13%-32%
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Table 1 The characterization and physical properties of target compounds

Melting .
Compound NMR spectrum and HRMS result Property . Yield

point/°C
SDFZ-E1 'H NMR (400 MHz, DMSO-d, (dimethyl sulfoxide-d,)) 5 11.73 (s, 1H), 8.26-8.19 (m, 1H), 8.18-8.08 White 250-252  15%

SDFZ-E2

SDFZ-E3

SDFZ-E4

SDFZ-ES5

SDFZ-E6

SDFZ-E7

SDFZ-E8

SDFZ-E9

SDFZ-E10

SDFZ-E11

SDFZ-E12

SDFZ-E13

(m, 2H), 8.02 (t, J = 6.6 Hz, 2H), 7.95 (s, 1H), 7.91-7.80 (m, 2H), 7.61 (p, J = 7.4 Hz, 4H), 6.01 (s, 2H).  solid
C NMR (101 MHz, DMSO-d,) § 133.8, 132.1, 131.6, 131.6, 129.7, 129.0, 128.2, 127.6, 127.1, 126.6,
125.9,124.3, 122.3, 121.7, 100.4, 70.0. HRMS (ESI"): m/= calculated for C, H,N,0, 345.123 4, found

[M+H]" 345.121 0.

"H NMR (400 MHz, DMSO-d,) § 11.77 (s, 1H), 8.25 (d, J = 8.4 Hz, 1H), 8.13 (d, J=8.5 Hz, 1H), 7.90  White
(t,J=17.7Hz, 1H), 7.76 (s, 1H), 7.71 (t, J = 7.7 Hz, 1H), 7.60 (d, J = 7.5 Hz, 2H), 7.52-7.36 (m, 3H), solid
5.55 (s, 2H). "C NMR (101 MHz, DMSO-d,) 6 136.3, 136.3, 131.4, 131.4, 129.8, 129.1, 128.7, 128.7,

128.1, 122.2, 70.8. HRMS (ESI"): m/z calculated for C,,H,,N,0, 295.107 7, found [M+H]" 295.105 2.

"H NMR (400 MHz, DMSO-d,) 6 11.48 (s, 1H), 9.20 (s, 1H), 8.23 (d, /= 8.3 Hz, 1H), 8.04 (d, J = Yellowish
8.4 Hz, 1H), 7.84 (q, J= 6.9, 6.3 Hz, 1H), 7.66 (q, J = 6.6 Hz, 4H), 7.56 (d, J = 8.0 Hz, 2H), 5.49 (s, solid
2H). C NMR (101 MHz, DMSO-d,) 6 163.2, 162.0, 151.9, 147.7, 139.2, 131.5, 131.3, 131.3, 131.1,

130.7, 129.5, 127.7, 127.6, 127.1, 127.1, 122.2, 122.1, 121.6, 99.5, 69.6. HRMS (ESI'): m/z calculated

for C,,H,,BrN,0, 373.018 2, found [M+H]" 373.018 0.

'H NMR (400 MHz, DMSO-d,) 6 11.90 (s, 1H), 8.18 (dd, J = 23.3, 8.7 Hz, 2H), 8.04-7.63 (m, 4H), White
7.59-7.51 (m, 2H), 7.07-6.99 (m, 2H), 5.49 (d, J = 5.3 Hz, 2H), 3.79 (s, 3H). *C NMR (101 MHz, solid
DMSO-d) 5 159.9, 159.7, 140.6, 133.4, 130.8, 130.4, 129.6, 128.3, 124.6, 114.5, 114.4, 106.0, 100.5,

71.7,71.2, 55.6, 55.5, 46.7. HRMS (ESI"): m/z calculated for C,;H,.N,0, 325.118 3, found [M-+H]’

1877167 2
325.118 8.
'H NMR (400 MHz, DMSO-d,) 6 11.85 (s, 1H), 8.24 (d,.J = 8.4 Hz, 1H), 8.16 (d,J=8.5 Hz, 1H),7.92  White
(t,J=7.8 Hz, 1H), 7.82 (d,J= 3.4 Hz, 1H), 7.71 (t, J= 7.7 Hz, 1H), 7.57-7.45 (m, 4H), 5.52 (s, 2H), solid

1.31 (d, J= 1.9 Hz, 9H). °C NMR (101 MHz, DMSO-d,) 0 151.4,132.8, 128.4, 125.9, 122.6, 121.5,

100.4, 71.7, 34.8, 31.5. HRMS (ESI"): m/z calculated for C, H, N,0, 351.170 3, found [M+H]"

351.167 7.

'H NMR (400 MHz, DMSO-d,) & 11.58 (s, 1H), 8.24 (d, /= 8.4 Hz, 1H), 8.10 (d, /= 9.5 Hz, 1H), 7.88  White
(t,J="7.4 Hz, 1H), 7.82-7.40 (m, 6H), 5.54 (t, J = 4.4 Hz, 2H). “C NMR (101 MHz, DMSO-d,) 6 solid
163.2,162.1, 151.9, 147.7, 136.0, 132.0, 131.1, 130.2, 129.5, 127.6, 122.1, 121.8, 121.7, 99.6, 69.7.

HRMS (ESI"): m/z calculated for C,,H,,BrN,0, 373.018 2, found [M+H]" 373.017 2.

'H NMR (400 MHz, DMSO-d,) & 11.67 (s, 1H), 8.25 (d, /= 8.4 Hz, 1H), 8.11 (dd, /= 8.5,3.4 Hz, IH),  White
7.89 (1, J = 7.9 Hz, 1H), 7.84-7.63 (m, 4H), 7.57 (d, J = 8.1 Hz, 2H), 5.53 (s, 2H). °C NMR (101 MHz,  solid
DMSO-d)) 6 135.6, 132.1, 132.0, 131.8, 130.4, 128.2, 122.4, 122.0, 121.6, 100.2, 70.4, 57.8. HRMS

(ESI'): m/z calculated for C;H,;CIN,O, 329.068 8, found [M+H]" 329.067 4.

"H NMR (400 MHz, DMSO-d,) 8 11.79 (s, 1H), 8.26 (d, J= 9.2 Hz, 2H), 7.96 (s, 1H), 7.76 (s, 2H), White
4.70-4.42 (m, 2H), 1.53 (dt, /= 9.2, 4.7 Hz, 3H). "C NMR (101 MHz, DMSO-d,) 6 166.1, 158.8, 149.0, solid
143.0, 133.5, 128.7, 125.2,122.7, 121.3, 100.4, 67.1, 14.6. HRMS (ESI"): m/z calculated for C,H,N,O,

233.092 1, found [M+H]" 233.091 0.

"H NMR (400 MHz, DMSO-d,) 8 11.65 (s, 1H), 8.25-8.02 (m, 3H), 7.87 (d, /= 8.4 Hz, 2H), 7.77 (s, Yellowish
1H), 7.64 (t,J="7.6 Hz, 1H), 7.46 (dq, J=24.6, 7.8 Hz, 4H), 7.13 (d, /= 7.5 Hz, 1H), 491 (d, J = solid
4.9 Hz, 2H), 4.71 (d, J = 3.6 Hz, 2H). *C NMR (101 MHz, DMSO-d,) 6 154.2,134.5, 127.9, 126.9,

126.6, 125.8, 125.4,122.3,121.9, 121.6, 120.8, 106.3, 99.9, 68.7, 67.1. HRMS (ESI"): m/z calculated for

C,,H N0, 375.133 9, found [M+H]" 375.131 8.

18772
'H NMR (400 MHz, DMSO-d,) 6 11.69 (s, 1H), 8.21 (d, /= 8.5 Hz, 1H), 8.10 (d, /= 8.5 Hz, 1H), 7.93-  White
7.85 (m, 1H), 7.70 (t, /= 7.7 Hz, 1H), 7.61 (s, 1H), 4.17 (s, 3H). °C NMR (101 MHz, DMSO-d,) & solid

145.4, 1449, 134.2,133.6, 132.8, 132.2, 131.9, 5.3. HRMS (ESI'): m/z calculated for C, H \N,O,

219.076 4, found [M+H]" 219.075 2.

'H NMR (400 MHz, DMSO-d,) § 10.92 (s, 1H), 8.34 - 8.20 (m, 3H), 7.93 (dd, J = 8.8, 6.7 Hz, 2H), White
7.74 (h, J = 8.2 Hz, 5H), 7.55-7.32 (m, 4H), 4.19 (s, 2H). "C NMR (101 MHz, DMSO-d,) 5 131.9, solid
131.4,128.9, 128.4, 128.2, 128.1, 127.5, 127.2, 125.2, 124.4, 122.2, 121.8, 99.0, 57.3, 57.1. HRMS

(ESI'): m/z calculated for C,,H ,N,0, 371.139 0, found [M+H]" 371.139 4.

18772
'H NMR (400 MHz, DMSO-d,) 6 11.95 (s, 1H), 8.19 (dt, J = 8.4, 2.2 Hz, 2H), 7.99-7.90 (m, 1H), 7.83-  White
7.71 (m, 2H), 7.44 (d, J= 7.1 Hz, 2H), 7.34 (t, J = 7.6 Hz, 2H), 7.28-7.22 (m, 1H), 4.68 (t, J= 6.4 Hz, solid

2H), 3.26 (t, J = 6.4 Hz, 2H). *C NMR (101 MHz, DMSO-d,) 6 165.6, 159.1, 149.4, 138.3, 133.3,
129.5, 128.8, 128.7, 126.9, 125.7, 122.5, 121.3, 100.4, 71.3, 34.8. HRMS (ESI"): m/z calculated for
C,H,,N,0, 309.123 4, found [M+H]" 309.121 9.

187716
'H NMR (400 MHz, DMSO-d,) § 11.73 (s, 1H), 8.21-8.04 (m, 2H), 7.89 (t, /= 7.4 Hz, 1H), 7.69 (d, /=  White
6.9 Hz, 2H), 6.91 (s, 2H), 4.86-4.67 (m, 2H), 4.62—-4.46 (m, 2H), 2.30 (s, 6H). *C NMR (101 MHz, solid

DMSO-d,) 6 156.8, 137.1, 128.2, 125.8, 122.4, 121.4, 115.4, 100.0, 69.1, 66.5, 20.8. HRMS (ESI"): m/z
calculated for C,H,,CIN,0, 387.110 6, found [M+H]" 387.109 5.
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Table 2 The structures and HDACS inhibitory activity of target
compounds. ‘Results are expressed as the mean £ SD of at least

two separate determinations

R
ko
g
P
N “OH
o
Compound R “IC,, of HDAC8/umol-L"
SDFZ-El -1-Napthene > 50
SDFZ-E2 -Ph 2.49+0.49
SDFZ-E3 -3-Br-Ph 7.45+0.26
SDFZ-E4 -4-Methoxy-Ph 32.98+£0.29
SDFZ-E5 -4-t-Bu-Ph > 50
SDFZ-E6 -4-Br-Ph > 50
SDFZ-E7 -4-Cl-Ph > 50
SDFZ-E8 -CH, > 50
SDFZ-E9 > 50
o
SDFZ-E10 H > 50
SDFZ-E11 -4-Ph-Ph > 50
SDFZ-E12 -Bn 1294+ 1.14
SDFZ-E13 Gl > 50
o
SAHA - 6.39+0.62
PCI-34051 - 0.051+0.016
Table 3 HDAC isoforms selectivity of selected target com-

pounds. “Results are expressed as the mean + SD of at least two

separate determinations

Compound 'IC. Jumol L

HDACI HDAC2 HDAC6 HDACS
SDFZ-E2 > 50 > 50 33.12+10.51  2.49+0.49
SDFZ-E3 > 50 > 50 > 50 7.45+0.26
SDFZ-E12 > 50 > 50 41.23 +3.21 1295+ 1.14
SAHA 0.037£0.007 0.015+0.002 0.090+0.007 6.39+0.62

Table 4 Anti-proliferative activity of selected target compounds.

‘Results are expressed as the mean + SD of at least two separate

determinations
“IC,/umol-L"
Compound
SK-N-BE(2) SU-DHL-2 Jurkat

SDFZ-E2 13.99 £ 1.75 11.25+0.94 42.07+5.17
SDFZ-E3 9.68 +0.24 3.72+1.12 10.65+0.25
SDFZ-E12 37.44 +£4.02 26.44 +5.90 >200
PCI-34051 1591 +£0.58 21.12+2.25 67.10+9.97

KAANEY] (K 4B). £ MD Fifll 1, SDFZ-E2 &5 ¥4
FABRNFREMRE S S TR, 815
B KL O R 7RI O J5 7 1) PR B9 AE RS R Hh 4G 28/
T3 A, FF & T AL B i B 25 (B 4C. D).
4 N

KRB FEE BT — R FH AL S HDACS /)

I THNHIF . TEAGE PR R, RRE I R 1 2 Ak A
R DAV IBRAE A BERZ, 38 7E 4 47 51 NS I EUAR
WA BRI EDIIMRE R TEEEVEN T, BAsfb &
¥) SDFZ-E2 £ H LT 2 L 1T HDAC #3177 SAHA 1)
HDACS #1355 14 F0 0 24 36 3 5 76 70 /80 4 f 33 B vty
PEszIG o, HARAELA Y SDFZ-E2 . SDFZ-E3 £ 1 4%
UF (R S 1, B35 0T HDACS 3k 44 3 i) 77 PCI-
34051; I I 53 F- XA 73 80 1 A, AT T AR
P BB YA HDACS AR AR - 1250 A 2 LA
WA BEAZ R i HDACS 3% B P 3 il 77 1) — IR AR R, AH 2%
TGRS AT AR N e S S Wit AT i — P S5 AR
b, DASR A5 P B s o B B 5 1) HDAC8 I 57) «

SCIGER S

A SIS I A K 7R R 7R 22 0 B 1) 35 9 4 A 4l
HDAC & 11 (HDACs J& fif HDAC1.HDAC2.HDACG6.
HDACS) I | Enzo A 7 . HDAC JEYIIW H _LifF EE45 20
# . Tris-base BERFIN H It R K F A F . HDACs
77 TSAM I MCE A Fl o« ARSI BTAH 'H NMR i Al
3C NMR i & Bruker DRX Y64 I 5E (400 MHz).
HRMS % H1 SCI-EX X500e Q-TOF LC/MS & 4t il & »
ASLIG T W s R S A e . B 2K B MTLQ
ALK % RG4S .
1 KEER
11 2-(FEHESM_FEE Q) HWEaml X (0g,
215 mmol) ¥ T 40 mL H i, 0 °C NIZi A T 1%
T HIEE (30.54 g, 215 mmol). BE S, K B RN # A
80 °CIEl Vi 8 ho il 25 5, 45 2 38 (o R ™= 4, FAEJR
WREJE, FEENTAAL A 2R TR = 99:1), %%
73 B AL 1 ik v R P R AR 2, 7R3 70% 6
1.2 4-FBEEW-2-REEFEE ) AR K30 g
425100 g Z KRR AN IR &, 218 n#h &
120 °C, 17 ) N Z AR 21 J5 R FF IR % 2 he Bl 5, W
SR H 2 18 R I 10% 1) Bk R VA TR 2 BT B B RRDIR
WK R, AT =40, 92, U > &
KV, BE RO 1S o R A 3, IR 75%. KRR A, 1B A
224~226 °C.
1.3 4-FFEEW-2-FREEFAAE da) AR IR
3 (2 g, 10 mmol). il F 52 (1.68 g, 11 mmol)- B L £
(4.08 g, 30 mmol) ¥# T 50 mL DMF, Ji#4 & 70 °C J Wi
8h. HARBGHE=RE)G, M/KER N, BB, T
ey B AR, D BEKBRUEDE, MR 4a. PR
T4%, BEER R, 15 5: 224~226 °C,
14 4-ZFEEW-2-LER PR 4b) ERK A
3 (2 g, 10 mmol). & Z %t (1.09 g, 10 mmol). b5 fiz £



© 984 - 2452543 Acta Pharmaceutica Sinica 2024, 59(4): 979-986

B Phe208

His180
Z
Tyr306

(Catalytic Tyrosine)

Figure 3 The proposed binding mode of SDFZ-E2 and HDACS. Docking results of target compound SDFZ-E2 and HDAC8 (A-C) and

the representative conformations of 10 ns molecular dynamics simulation of SDFZ-E2-HDACS8 complex (D)
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Figure 4 Molecular dynamics simulation results of target compound SDFZ-E2 and HDACS. A: Change of RMSD in 10 ns molecular

dynamics simulation; B: RMSF of amino acid residues in molecular dynamics simulation; C: The change of the distance between O atoms

of the hydroxy group of hydroxamic acid and zinc ion in 10 ns molecular dynamics simulation; D: The change of the distance between O

atoms of the carbonyl group of hydroxamic acid and zinc ion in 10 ns molecular dynamics simulation. RMSD: Root mean square deviation;

RMSEF: Root mean square fluctuation
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