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Abstract: In this study, a series of 18 histone deacetylases inhibitors (HDACis), derived from our in-house
anti-cancer trans- f§ -arylacryl 1, 2, 3, 4-tetrahydroisoquinoline-based scaffold, were designed, synthesized, and
antitumor evaluated. HDAC] inhibitory activity assay showed that compounds 13d-13f and 13m-130 demonstrated
attractive enzymatic activity with IC;; at single-digit nanomolar or subnanomolar level.In addition, 130 exerted
superior anti-proliferative activity (A549, 1C,, = 0.89 umol-L"; HCT116, IC,, = 0.49 pmol-L") to that of vorinostat
(SAHA). Besides, 13e, with the most potent HDAC1 enzymatic activity (IC,, = 3.8 nmol-L"), also displayed
attractive cellular activity (A549, IC,, = 1.74 umol-L"'; HCT116, IC,, = 2.43 umol-L"). The Western blot analysis
illustrated that 13e treatment increased the acetylation of H3 and a-tubulin in a dose-dependent manner in A549
cells. In summary, 13e and 130 deserve further functional investigation.

Key words: HDAC inhibitor; tetrahydroisoquinoline; trans-f-arylacryl; anti-cancer

WA H HA: 2022-09-29; & [E H A 2022-11-03.

HEETH: ZHA =S B ARRHE 0 7 S IH %8 (KI2019A1004).
*ETAFE# Tel: 15056913802, E-mail: ffahtem@126.com

DOI: 10.16438/7.0513-4870.2022-1083



- 414 - 2% % Acta Pharmaceutica Sinica 2023, 58(2): 413-422

FW B AL 2R 5 22 Bl 1) R AR RN K R % V) A
K, R A A2 LB AE D fc DL I 3R U st
& 245 T7 3, 7R 5 D B8 e et b R 5 OBV E
Ha&-r b4l & B WAL ¥ # 5 (histone acetyl-
transferases, HATs) #1 2 & 1 % & Bt 1k B (histone
deacetylases, HDACs) L [A] i 451, 5 N\ 2R E i
o, HDAC i BE B0, A8 H £ S AR A S 35 0 5,
it i3k 20 2 1 AR 2H 2R 0 VR i 5 TR Bk R I 2 T
1k, 41 18 DNA 5 4H | A BUE 45 &, 5 30 m 5 K 3%
SRUTBRCT . T O B Rk S EE IR AR R R )
FHOG, HDAC # A Ay 72 I IR b 3 22 1) fi s ¥ b 2 —
4 N1k, B/ 5 F HDAC #1 #l 7 (histone deacety-
lases inhibitors, HDACis) 34k b7, I T-¥6 77 Kk T 41
P bk B 98 0 R T 4t bk E 88 A0 22 VB 9%, B vori-
nostat (SAHA, 1).romidepsin (2).belinostat (3).panobi-
nostat (4) fl chidamide (5) (B 1A)°", X R4 UEHA T
HDAC 1E Jy B $E b5 B9 B2 FH AN B . RE I A FF 1
HDACis &5t Z #F, A el aam3 M fin: 5
A AR P Zn® B & 1Y) Zn™ 45 & BE ] (ZBG). 5

(A)

CAP Linker ZBG H,

N)J\/\/\/\rr “OH
H o

Vorinostat (SAHA, 1)

Fra

Panobinostat 4

(B)

o]
HR1.N O\)LN.OH
N H
AT 8

Representative HDACi scaffold
with CAP introducing THIQ 6

Introduced as CAP moiety

Tethering

m\;b

Romidepsin 2

Representative HDACi scaffold
with CAP introducing THIQ 7

A 1 488 3 T B 22 AH B AR F ) 36 TR i 2R T (CAP), B
JiEH: CAP 5 ZBG FF o5 4l 4k @ 38 ¥ Linker ",

1,2,3,4-DUS{ 5 HEM (1,2,3,4-tetrahydroisoquinoline,
THIQ) & —RHEEMEERN KNG, | ZFETZ
FhRIRF=RG BOE L7, BAT IZ 2B 224 E H,
WP AR PR B R BUR RS, HArd &
BRI T BT AR R Br ez —1 IR AR,
WEFLN ORI TV 2 B A W AR PR vE Y () DL THIQ
4 CAP ¥ HDACs, tnft&4 6 #17 (I 1B)*'*,

R -B-75 HNIH R KNG, W PHERR W0 5
PR B SRR &5, £ 3 P8 20 0 T\ A R AT
i3 4 AT A% 55 U T E G S E, 82 - T A
rFRHEPL GRSk, M AT AR TR E
FAG I8 AE PO I 1 00 O R0 T I R 1Y) THIQ AT 42
W, Witk &9 8 (K 1B)2,

K FUIE T IR S PR A R U E
T P 1) S 3 - B- 75 0% TR I & THIQ AT 424 11a (A549,
IC,, = 6.42 umol-L"; HCT116, IC,, = 5.56 umol-L")
1 11b (A549, 1IC,, = 11.38 pumol-L"; HCTI116, IC,, =

N,S XN N,OH
H H

Belinostat 3

Wm©

Chidamide 5

oHI

[o) OH
o) o < O
o :
" J
O/

Trans-f-arylacryl THIQ derivative 8 with
promising anti-cancer potency

o
HsCO chemical linker H co . 2 R,
j@o @Q _Linker: N
H,CO H3CO o Y
o

In-house Trans-f-arylacryl THIQ derlvatlves
11a and 11b

Ry H, -OCHj

Linker:  -CH,- , -(CHyp)s- ,

“(CHz)y- , -(CHz)s- . -(CHp)e- ,

{CH) ’E/\Q\Q;LALO/)’? o )

Figure 1 (A) The approved histone deacetylases inhibitors (HDACis); (B) The design rationale of trans-f-arylacryl tetrahydroisoquinoline

(THIQ)-based HDACis
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Reagents and conditions: (a) EDCI, HOBt, TEA, DCM, rt; (b) Bromide-substituted alkyl carboxylic ester or halomethyl substituted aryl
carboxylic ester, K,CO,, KI, DMF, 110 °C; (c¢) Hydroxylamine hydrochloride, KOH, MeOH, 0 °C to rt.

Scheme 1 Synthetic route of target compounds13a—13r
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Table 1 The histone deacetylases 1 (HDAC1) inhibitory activity of target compounds. SAHA: Vorinostat
(e}
_Linker- N_
HsCO (o} OH
b
. HDACI1 . HDACI1
Compd. R, Linker r Compd. R, Linker r
IC /mmol-L IC_/nmol-L
13a H CH, 958 13j OCH, CH, >5 000
13b H (CH,), 937 13k OCH, (CH,), 916
13¢ H (CH,), 112 131 OCH, (CH,), 552
13d H (CH,), 26 13m OCH, (CH,), 82
13e H (CH,), 3.8 13n OCH, (CH,), 1
13f H (CH,), 5.9 130 OCH, (CH,), 21
% %
13g H L , 173 13p OCH, L , 272
13h H W% 2651 13q OCH, W% >5 000
13i H O 507 13r OCH, O 295
SAHA 13

Table 2 The anti-proliferative activity of some target compounds

A549 HCT116
Compd. 0 r
IC_/umol-L IC,/umol-L

13d 3.73+0.16 1.18 £0.11
13e 1.74 +0.10 2.43+0.16
13f 295+0.3 3.46+0.23
13n 226+0.18 1.23 £0.08
130 0.89 +0.07 0.49 +0.03
11a 6.42+0.51 5.56 +0.38
11b 11.38 £ 1.05 7.49 +0.42
SAHA 1.33 +£0.09 0.77 + 0.06
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AR )5 P 1 22 3 S T HDAC RS B, AT
WP B ARSI HDAC 7R 3k £, 1% X LAY AN
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B () 7 RAE N AP 13p13q, MHE AT
HDAC6 0GP o 285 H w3 3 o, 1 A0 g s ik
VENERESEMIAL &4 13e.13n.130 4} HDACI/HDACG6
) R B2 P HEH (HDACT, IC,, < 21 nmol-L™;
HDACSG, IC,, < 14 nmol'L"), 55 SAHA A 45, 7 H
FE (IR) 5 BEAE NEEAEE 1L &9 13p 13q X HDAC6
U HEE M EEH, 5 CHRkiE K HDAC6 1% £ 1E
IR 570 45 A SRR AL — 35

2.4 {KSNHDACSFIHDACIL HNEGEMESLLS At —
IR H bR A Y B Ak 5%, LLHDAC8.HDACT11
73 3IAE 9 Class I HDACs. Class IV HDACs /8%, #b

Table 3 HDACS inhibitory activity of some target compounds

HDAC6 HDAC6
Compd. IC,/nmol- L' Compd. IC,/nmol-L"
13e 7.4 13p 9.2
13n 9.3 13q 278
130 14 SAHA 13

eI TACE AL & 13e-130 K 13p AL F HDAC
AL HO RS . R WK 4R, A 13e X
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SAHA, ¥ B H 5 SAHA [F] J& T HDAC iz #l il 7] . 1k
4 %) 13p X} HDAC1/HDACS8/HDACI11 ¢ # #il i% 14
B IE R 8 55, {H 6 HDACG6 2 Bl & 2 #3003 P
(IC,, = 9.2 nmol-L™), $#2&/R Z A& ¥ 7T it v HDACG6 i
PEPE RG], X O — 20 BT 13p Wik B ALk B
HDACis #&fit 7 %4 .

Table 4 HDACI/HDAC6/HDAC8/HDACI! inhibitory activity

of some target compounds

HDACI1 HDAC6 HDACS HDACI1
Compd. IC,/nmol-L" IC_/nmol-L" IC /nmol-L" IC, /nmol-L"
13e 3.8 7.4 72 979
130 21 14 298 1150
13p 272 9.2 >5 000 4 695
SAHA 13 13 161 >5 000
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JFEF, 13e B A] & 35 |1 H3 Fl a-tubulin 1Y) Z B 46 K F,
HEFI AR . b A% H3 F a-tubulin (1) Z. B4
KPR S2 I, S L PR 40 B N 4 T HDAC #E £
3 NFIELR

BT O RIE WAL 4A/HDAC1 (PDB ID: SICN) H: i
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Figure 2 (A) Western blot analysis of Ac-H3 and Ac-a-tubulin after treatment of A549 cells with 13e and SAHA; (B) The results of

Westernblot analysis were displayed as folds of GAPDH with the bar chart indicating the quantification of the grayness of the bands. (""P <

0.001 vs 0 umol-L™)
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RS T 0 TR I e R S R G Zn™ Hl A
F, TRk I K SO R AR T A S Za® T RS
R, B8 MR 55, 1X 5 HDACT )i 52 36 45 S AH —
o FERTFFITRAN 3 TR, SR
R AT H AW 13g~13i R ERIEE AR
Nt — ARG 5L E E AT Re g R A,
B AL #A/HDAC6 (PDB ID: SEDU) 3L it 45 #yCE Ry 52

WEA, AT 13e AT HE— 00 FRHEIT I . X2
g SRR, 13 (1975 B VR RN I I B 38 22 B8 AT 1 32 N
BUEE ML IEIE, CAP BT H 5 HDACG (M Hi/K 5 1
T A% R AF ) HERRAE H; 13e iR R S TR BL 1R AT 55
HDAC6 & 136 M 48 1 Zn' 2 5, H 5 His610.
Gly619 JE s A B AH T AE A, H I Linker 1 O Ji 77 5
His651 A BEAH HAEF (K13C). 2 At 45 1
BoR, AP 13e 5 HDACG 78 RE R U7 45 4, 5 HxF
Tl I 2 4 A7 S 2 AU A e ) 0l S 6 45 SR A A
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Figure 3  (A) Superposition of the docking position of 13b—13f in the HDACI active site; (B) Docking of 13e into HDACI active site;
(C) Docking of 13e into HDAC6 active site (H-bond, green; coordination, red)



- 418 - 222224 Acta Pharmaceutica Sinica 2023, 58(2): 413-422

A9 13d~13f.13m~130 £ 8 H AL 57 (1) HDACT 1 1
TGV, TC,, 75 /N B 4 BE IR B 40 BE IR o A4 Ah i3
B S B0 4 R W, 130 R 535 WP s 1, LT
BH X P SAHA; A1, % HDAC T F0 35 14 B 5 1) 13e
78 AL R PTG FEVE P . Western blot 326 K 1,
bW 13e AT 70 B A I M R AS49 0l N 415 A
H3 fl a-tubulin (1) Z ALK . B2, LG 13e Fl 130
BA B FRANE, XA G0 TR R s R R R
MBI 2 B () HD A Cis 24 58 FE 7l

SCIGERSY

% b LR U 1% A 9 Bruker 400 MHz (% -+ Bruker
AT T PRI Y AB SCIEX x500r (35 [ SCIEX 24
F]); M AN WRS-1B B0 A CREZIE, i
WG AR A IR A ), S i B Bl 38 i B Ak
afi B oy A Al i R SIS 20t TR AL B, HR R Al
BB .
1 “EYERK
1.1 jE & 1la~11b B9 & X K JE Kl 10a~10b
(8.0 mmol) 1-Z,JE-(3- = & Bk P ik ok It I i 6 18 21
(EDCI, 9.6 mmol). 1-¥ FE 7% 3 = (HOBt, 9.6 mmol)
A140 mL & FFEEAR O 100 mL B B, =36
P 0.5 h, ZRIE I 6,7- - H 4 3E-1,2,3,4- DU &1 5 1 gk
ERER £ (9, 8.0 mmol). = Z.Ji% (24.0 mmol), i £ ) N it
o TLC W5 I S B 56 4, [N AK U8 FH 43 F1 NaHC O,
TR /K LR £ SRR PR, TO/KBRER AN T4, i g, 8
TR R 40, Rk A B A AL [VCR ) V(LR 2
fig) = 2117, 19 A A E K, 722 79%~83%.
1.2 FEk 12a~12r (&R K E 4K 11a~11b
(1.1 mmol).K,CO, (2.7 mmol) F1 DMF (15 mL) & /il
A 100 mL = B, 110 °C N HE#E S 5 0.5 h J=, i
AN IR 415 (1.4 mmol) AL (0.1 mmol), 110 °C
PP R . TLC Wil e B 56 4, b 8, 10 8 v i N
K, R BEAEEL, A A VLA, A AU R A R
IR TCK B R AN T 458 08, 8 Vel R Tk 4, ek A
OEaill [VCRMER) V(LR LR = 2:1], £33 (iR
W), PR 42%~61%.
1.3 EW13a~13r UG  FRJE TRV 1 ) 4%
FEVKIB 14K, # KOH (2.00 g, 35.7 mmol) f#) F % %
(5 mL) 32§ hi A\ 2 NH,OH-HCI (1.65 g, 23.8 mmol)
(1) F R (8.5 mL) 1, i #E 0.5 hJ5, ik U, FrfS g
R M2 i HRE IS R K P F) 44 12a~12r (0.4 mmol) FA
HHEF2 A (3.5 mL) SO 3 50 mL [H R B, =
TP 4 he TLC IS 584, ROSCRIROE A4S, FH 5%
ERER AT pHAA 2 7~8, 7t [l 44, 4hJE, JEDFFH > 5K

Vevk, WA IR D, REIRAT B 2t [ =& k) (e
i) =50:1], /=3 37%~64%.

13a IR AFEIA, 725 46%, mp 153.1~155.0 °C.
'"H NMR (400 MHz, DMSO-d,): 6 10.97 (s, 1H), 9.03 (s,
1H), 7.70 (d, J = 7.8 Hz, 2H), 7.51~7.46 (m, 1H), 7.24~
7.14 (m, 1H), 6.99 (d, J = 7.1 Hz, 2H), 6.82 (s, 1H), 6.76
(s, 1H), 4.53 (s, 2H), 3.87 (s, 2H), 3.76 (s, 3H), 3.72 (s,
3H), 3.63 (t,J=7.1 Hz, 2H), 2.80~2.65 (m, 2H); "C NMR
(100 MHz, DMSO-d,): 6 165.06, 164.06, 158.92, 147.41,
141.20, 141.11, 129.60, 128.46, 126.16, 125.44, 116.16,
114.91, 111.94, 110.07, 65.87, 55.55, 55.52, 43.96,
42.90, 28.79; ESI-HR-MS: m/z C,,H,,N,0O, [M+H] it #
fH413.171 2, M E1H 413.170 0.

13b A @ E AR, 72 55%, mp 162.3~164.3 °C.
'H NMR (400 MHz, DMSO-d,): ¢ 10.43 (s, 1H), 8.72 (s,
1H), 7.68 (d, J = 7.5 Hz, 2H), 7.48 (d, J = 15.2 Hz, 1H),
7.18 (d, J = 15.2 Hz, 1H), 6.96 (d, J = 7.9 Hz, 2H), 6.82
(s, 1H), 6.76 (s, 1H), 4.81 (s, 1H), 4.63 (s, 1H), 4.00 (t,
J = 5.8 Hz, 2H), 3.72 (s, 6H), 3.32 (m, 2H), 2.79~2.67
(m, 2H), 2.13 (t, J = 7.0 Hz, 2H), 1.97~1.92 (m, 2H);
C NMR (100 MHz, DMSO-d,): 6 169.06, 165.57,160.21,
147.86, 147.79, 141.82, 130.16, 128.27, 126.92, 125.72,
115.16, 112.43, 110.53, 105.74, 67.45, 56.01, 55.48,
44.42, 4332, 29.24, 29.15, 25.22; ESI-HR-MS: m/z
C,,H,,N,O, [M+H] {5 {5 441.202 5, M EE 441.201 4.

13¢ 20 [E 4K, 7 & 64%, mp 168.6~170.3 °C.
"H NMR (400 MHz, DMSO-d,): ¢ 10.38 (s, 1H), 8.70 (s,
1H), 7.68 (d, J = 8.3 Hz, 2H), 7.48 (d, J = 15.3 Hz, 1H),
7.18 (d, J = 15.3 Hz, 1H), 6.96 (d, J = 8.6 Hz, 2H), 6.82
(s, 1H), 6.76 (s, 1H), 4.81 (s, 1H), 4.64 (s, 1H), 4.01 (t,
J=5.9 Hz, 2H), 3.94~3.84 (m, 2H), 3.73 (s, 6H), 2.81~
2.72 (m, 2H), 2.03 (t, J = 7.0 Hz, 2H), 1.71~1.63 (m,
4H); "C NMR (100 MHz, DMSO-d,): 6 169.41, 165.45,
160.12, 147.81, 147.75, 141.90, 129.97, 128.15, 126.58,
125.86, 116.09, 115.10, 112.30, 110.42, 67.65, 55.93,
55.84, 44.41, 43.33, 32.35, 29.26, 28.58, 22.23; ESI-HR-
MS: m/z C,;H,)N,O, [M+H] i1 51 455.218 2, Il &= {4
455.207 4.

13d  ZLtafE Ak, 72 51%, mp 176.9~179.1 °C.
'H NMR (400 MHz, DMSO-d,): 6 10.35 (s, 1H), 8.67 (s,
1H), 7.68 (d, J = 8.3 Hz, 2H), 7.48 (d, J = 15.2 Hz, 1H),
7.18 (d, J = 15.2 Hz, 1H), 6.96 (d, J = 8.7 Hz, 2H), 6.82
(s, 1H), 6.76 (s, 1H), 4.81 (s, 1H), 4.63 (s, 1H), 4.00 (t,
J=6.4 Hz, 2H), 3.73 (s, 6H), 3.34 (s, 2H), 2.80~2.67 (m,
2H), 1.98 (t, J = 7.3 Hz, 2H), 1.74~1.70 (m, 2H), 1.58~
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1.53 (m, 2H), 1.41~1.38 (m, 2H); "C NMR (100 MHz,
DMSO-d,):  169.48, 165.56, 160.33, 147.82, 147.72,
141.89, 130.19, 128.13, 126.58, 125.87, 116.07, 115.07,
112.30, 110.42, 67.94, 55.93, 55.82, 44.41, 43.34, 32.68,
29.26, 28.85, 25.63, 25.38; ESI-HR-MS: m/z C,;H,,N,O,
[M+H] 1+ 518 469.233 8, il &18 469.232 1.

13e  RLAE K, 77 F 40%, mp 185.2~186.7 °C.
'H NMR (400 MHz, DMSO-d,): ¢ 10.44 (s, 1H), 8.71 (s,
1H), 7.67 (d, J = 7.9 Hz, 2H), 7.47 (d, J = 15.2 Hz, 1H),
7.17 (d, J = 15.2 Hz, 1H), 6.95 (d, J = 8.1 Hz, 2H), 6.81
(s, 1H), 6.75 (s, 1H), 4.81 (s, 1H), 4.63 (s, 1H), 3.99 (t,
J = 6.2 Hz, 2H), 3.87 (d, J = 6.9 Hz, 2H), 3.72 (s, 6H),
2.81~2.70 (m, 2H), 1.97 (t, J= 7.1 Hz, 2H), 1.72~1.68
(m, 2H), 1.53~1.49 (m, 2H), 1.40~1.36 (m, 2H), 1.31~
1.26 (m, 2H); "C NMR (100 MHz, DMSO-d,): 6 169.59,
165.51, 160.35, 148.30, 147.85, 141.92, 130.27, 128.11,
127.68, 125.84, 120.71, 115.09, 112.30, 110.65, 67.98,
55.94, 55.83, 44.38, 43.26, 32.67, 30.43, 28.99, 2881,
25.71, 25.55;ESI-HR-MS: m/z C,,H,N,0, [M+H] il &
fE 483.249 5, I & 11 483.247 5.

13f 2K, 772 51%, mp 190.9~192.6 °C .
'H NMR (400 MHz, DMSO-d,): 6 8.39 (s, 1H), 7.68 (d,
J = 8.2 Hz, 2H), 7.48 (d, J = 15.3 Hz, 1H), 7.18 (d, J =
15.3 Hz, 1H), 6.96 (d, J = 8.6 Hz, 2H), 6.82 (s, 1H), 6.76
(s, 1H), 4.81 (s, 1H), 4.64 (s, 1H), 4.00 (t,J = 6.5 Hz, 2H),
3.88 (t, J = 6.8 Hz, 2H), 3.73 (s, 6H), 2.81~2.66 (m,
2H), 1.95 (t, J= 7.3 Hz, 2H), 1.79~1.63 (m, 2H), 1.58~
1.45 (m, 2H), 1.43~1.36 (m, 2H), 1.35~1.29 (m, 2H),
1.28~1.22 (m, 2H); "C NMR (100 MHz, DMSO-d,): §
169.58, 165.52, 160.36, 147.85, 147.78, 141.88, 130.19,
128.11, 126.85, 125.87, 116.06, 115.08, 112.31, 110.42,
68.01, 55.94, 44.40, 43.37, 32.70, 29.24, 29.06, 28.99,
28.95, 25.87, 25.53; ESI-HR-MS: m/z C,;H,N,O, [M+
H]'1H518 497.265 1, I 518 497.266 0.

13g A @K, 73 54%, mp 159.0~160.8 °C.
'H NMR (400 MHz, DMSO-d,): 6 7.94 (d, J = 8.1 Hz,
2H), 7.70 (d, J = 8.1 Hz, 2H),7.52 (d, J = 8.5 Hz, 2H),
7.46 (s, 1H), 7.23~7.16 (m, 1H), 7.06 (d, J= 8.7 Hz, 2H),
6.81 (d, J = 8.4 Hz, 1H), 6.76 (s, 1H), 5.23 (s, 2H), 4.81
(s, 1H), 4.63 (s, 1H), 3.90 (s, 2H), 3.73 (s, 6H), 2.80~
2.72 (m, 2H); *C NMR (100 MHz, DMSO-d,): 6 164.41,
159.76, 147.81, 147.75, 141.77, 140.47, 132.73, 130.32,
130.20, 128.63, 128.59, 127.87, 127.60, 126.80, 125.85,
116.45, 115.53, 112.30, 110.43, 69.13, 55.95, 46.78,
44.43, 29.26; ESI-HR-MS: m/z C,;H,,N,O, [M+H] i} 5

{8 489.202 5, I & 1E 489.200 5.

13h [ 4K, 72 2 38%, mp 115.1~116.4 °C.
'H NMR (400 MHz, DMSO-d,): § 11.21 (s, 1H), 9.12 (s,
1H), 7.71 (d, J = 7.8 Hz, 2H), 7.64 (d, J = 8.6 Hz, 1H),
7.49 (d, J=16.0 Hz, 1H), 7.21 (d, J = 16.0 Hz, 1H), 7.09
(d, J= 8.5 Hz, 2H), 7.04 (d, J = 9.0 Hz, 1H), 6.83 (d, J =
7.7 Hz, 1H), 6.74 (d,J = 8.5 Hz, 1H), 6.62~6.40 (m,
1H), 5.16 (s, 2H), 4.81 (s, 1H), 4.63 (s, 1H), 3.76 (s,
3H), 3.72 (s, 3H), 3.67~3.57 (m,2H), 2.79~2.67 (m,
2H); C NMR (100 MHz, DMSO-d,): 6 165.06, 158.87,
156.14, 151.80, 147.41, 146.47, 141.18, 129.71, 128.40,
126.17, 125.44, 116.19, 114.97, 113.53, 112.14, 111.93,
110.05, 61.61, 55.54, 55.51, 43.95, 42.90, 28.78; ESI-
HR-MS: m/z C,;H,,N,O, [M-H] i1 51H 477.166 2, I &=
15 477.165 1.

13i IR AR, F= % 42%, mp 148.5~150.2 °C.
'H NMR (400 MHz, DMSO-d,): § 11.27 (s, 1H), 9.17 (s,
1H), 7.71 (d, J = 7.5 Hz, 1H), 7.51 (d, J = 6.3 Hz, 2H),
7.42~7.32 (m, 1H), 7.19 (d, J = 15.0 Hz, 1H), 7.08~
7.04 (m, 1H), 7.00 (s, 1H), 6.80 (d, J = 8.4 Hz, 2H), 6.76
(s, 1H), 5.38 (d, J = 8.9 Hz, 2H), 4.81 (s, 1H), 4.63 (s,
1H), 3.72 (s, 6H), 3.68~3.54 (m, 2H), 2.80~2.67 (m,
2H); “C NMR (100 MHz, DMSO-d,): 6 165.18, 161.94,
153.33, 147.85, 147.45, 141.21, 132.41, 132.40, 129.82,
129.70, 129.12, 129.06, 127.82, 126.73, 120.30, 115.18,
111.91, 110.16, 64.46, 55.57, 55.52, 42.74, 40.98, 29.01;
ESI-HR-MS: m/z C,;H,.N,OS [M-H] i} 51 493.143 4,
T 1H 493.144 0,

13j AHEEAE, 722 56%, mp 123.9~125.8 °C.
'H NMR (400 MHz, DMSO-d,): ¢ 10.77 (s, 1H), 9.01 (s,
1H), 7.48 (d, J= 15.3 Hz, 1H), 7.41 (s, 1H), 7.23 (d, J =
9.7 Hz, 1H), 7.19 (d, J=15.3 Hz, 1H), 6.94 (d, J= 8.3 Hz,
1H), 6.82 (d, J = 10.6 Hz, 1H), 6.77 (s, 1H), 4.82 (s,
1H), 4.65 (s, 1H), 4.47 (s, 2H), 3.86 (s, 3H), 3.74 (s, 3H),
3.73 (s, 3H), 3.31 (s, 2H), 2.84~2.70 (m, 2H); °C NMR
(100 MHz, DMSO-d,): § 165.57, 165.40, 164.58, 160.02,
149.66, 149.18, 147.90, 147.76, 142.22, 129.47, 126.59,
125.73, 122.54, 117.13, 113.87, 112.32, 111.31, 110.31,
66.92,56.19,55.93, 44.44, 43.20,29.31; ESI-HR-MS: m/z
C,,H, N,O, [M+H]"T1- 5718 443.181 8, Il E{F 443.182 5.

13k AR, 772 42%, mp 132.4~133.7 °C.
'H NMR (400 MHz, DMSO-d,): 6 10.43 (s, 1H), 8.71 (s,
1H), 7.48 (d, J = 15.3 Hz, 1H), 7.39 (s, 1H), 7.23 (d, J =
8.1 Hz, 1H), 7.17 (d, J=15.3 Hz, 1H), 6.97 (d, J= 8.3 Hz,
1H), 6.82 (s, 1H), 6.77 (s, 1H), 4.82 (s, 1H), 4.64 (s, 1H),
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3.99 (t, J = 6.3 Hz, 2H), 3.85 (s, 3H), 3.74 (s, 3H), 3.73
(s, 3H), 3.31~3.27 (m, 2H), 2.82~2.72 (m, 2H), 2.15 (t,
J=17.4Hz, 2H), 1.97~1.93 (m, 2H); "C NMR (100 MHz,
DMSO-d,): ¢ 169.12, 165.61, 149.99, 149.60, 147.87,
142.35, 142.29, 128.62, 126.60, 125.86, 122.76, 116.26,
113.25,112.38, 111.35,110.50, 68.04, 56.30, 55.98, 55.38,
44.46, 43.32, 29.34, 29.18, 25.28; ESI-HR-MS: m/z
C,,H,N,O, [M+H] TH 5 {5 471.212 3, M FAH 471.211 9.

131 20 B [l 44, 77K 40%, mp 136.9~138.5 °C.
'H NMR (400 MHz, DMSO-d,): 6 10.40 (s, 1H), 8.71 (s,
1H), 7.51 (d, J = 14.5 Hz, 1H), 7.45 (s, 1H), 7.39 (d, J =
5.4 Hz, 1H), 7.22 (d,J=7.4 Hz, 1H), 7.00 (d, J = 14.5 Hz,
1H), 6.82 (s, 1H), 6.77 (s, 1H), 4.82 (s, 1H), 4.64 (s,
1H), 4.01~3.97 (m, 2H), 3.84 (s, 3H), 3.73 (s, 6H), 3.34
(s, 2H), 2.82~2.72 (m, 2H), 2.03 (t, J = 6.9 Hz, 2H),
1.67 (dd, J = 12.9, 6.3 Hz, 4H); "C NMR (100 MHz,
DMSO-d,): 6 169.35, 165.53, 150.07, 149.54, 147.76,
147.68, 142.45, 128.41, 126.54, 125.77, 122.83, 116.09,
112.94, 112.28, 111.13, 110.40, 68.21, 56.24, 55.96,
55.93, 44.43, 43.29, 32.38, 29.32, 28.64, 22.31; ESI-HR-
MS: m/z C,;H,N,O, [M+H]" i1 511t 485.228 8, M| & {i
485.223 2.

13m 20 AR, 723K 46%, mp 143.8~145.1 °C.
'H NMR (400 MHz, DMSO-d,): ¢ 10.36 (s, 1H), 8.68 (s,
1H), 7.51 (d, J = 14.8 Hz, 1H), 7.46 (s, 1H), 7.34 (d, J =
10.6 Hz, 1H), 7.22 (d,J=8.3 Hz, 1H), 6.99 (d, /= 14.8 Hz,
1H), 6.80 (s, 1H), 6.77 (s, 1H), 4.82 (s, 1H), 4.64 (s, 1H),
4.01~3.96 (m, 2H), 3.86~3.81 (m, 3H), 3.79~3.73
(m, 6H), 3.31~3.28 (m, 2H), 2.75~2.66 (m, 2H), 1.98
(t, J = 7.3 Hz, 2H), 1.74~1.69 (m, 2H), 1.59~1.54 (m,
2H), 1.41~1.36 (m, 2H); "C NMR (100 MHz, DMSO-
d): 5 169.49, 165.61, 150.13, 150.04, 149.48, 147.78,
142.41, 128.37, 126.52, 125.82, 122.84, 116.51, 116.04,
112.98, 112.31, 111.17, 68.56, 56.21, 55.94, 55091,
44.43, 43.33, 32.69, 29.49, 28.93, 25.64, 25.37; ESI-HR-
MS: m/z C,,H,,N,O, [M+H]" T 5 {8 499.244 4, | & (A
499.243 2,

13n  JRZEEAE, 723 37%, mp 150.6~152.1 °C.
'H NMR (400 MHz, DMSO-d,): 6 10.34 (s, 1H), 8.67 (s,
1H), 7.50 (d, J = 13.8 Hz, 1H), 7.45 (s, 1H), 7.36 (d, J =
5.0 Hz, 1H), 7.22 (d,J="7.6 Hz, 1H), 6.98 (d, /= 13.8 Hz,
1H), 6.82 (s, 1H), 6.76 (s, 1H), 4.82 (s, 1H), 4.63 (s, 1H),
4.00~3.96 (m, 2H), 3.81 (s, 3H), 3.76 (s, 3H), 3.73 (s,
3H), 3.31 (s, 2H), 2.73~2.62 (m, 2H), 1.95 (t, J = 6.7 Hz,
2H), 1.73~1.68 (m, 2H), 1.53~1.49 (m, 2H), 1.40~1.37

(m, 2H), 1.30 (s, 2H); "C NMR (100 MHz, DMSO-d,):
5 169.57, 165.43, 149.50, 149.45, 148.15, 146.76, 141.77,
129.31, 128.24, 127.80, 122.70, 121.73, 120.75, 112.72,
111.94, 110.50, 68.53, 56.28, 56.01, 55.95, 43.29, 43.27,
32.68, 29.50, 29.01, 28.79, 25.71, 25.55; ESI-HR-MS:
mlz C,;H,N,O, [M+Na] " i 5 ff 535.240 2, | & {H
535.239 7.

130 2 [ 44, 7 2R 57%, mp 157.5~158.9 °C.
'H NMR (400 MHz, DMSO-d,): § 10.34 (s, 1H), 8.66 (s,
1H), 7.50 (d, J = 12.8 Hz, 1H), 7.45 (s, 1H), 7.36 (d, J =
6.7 Hz, 1H), 7.21 (d, J= 6.3 Hz, 1H), 6.99 (d, /= 12.8 Hz,
1H), 6.82 (s, 1H), 6.76 (s, 1H), 4.82 (s, 1H), 4.63 (s,
1H), 4.01~3.97 (m, 2H), 3.87 (s, 3H), 3.76 (s, 3H), 3.73
(s, 3H), 3.68 (s, 2H), 2.78~2.66 (m, 2H), 1.94 (t, J = 6.8
Hz, 2H), 1.70 (s, 2H), 1.57 (s, 2H), 1.51~1.47 (m, 2H),
1.40 (s, 4H);”C NMR (100 MHz, DMSO-d,): § 169.19,
165.15, 149.13, 149.09, 147.86, 147.55, 142.05, 135.36,
127.84, 127.49, 120.30, 115.98, 112.48, 111.29, 110.57,
110.21, 68.15, 55.93, 55.51, 55.46, 42.88, 82.84, 32.26,
28.76, 28.65, 28.56, 28.50, 25.44, 25.11; ESI-HR-MS:
m/z C,H, N,O, [M+H] " it & {8 527.275 7, Wl & 14
527.274 1,

13p  HEREE, 72 55%, mp 129.7~130.8 °C.
'H NMR (400 MHz, DMSO-d,): § 11.28 (s, 1H), 9.14 (s,
1H), 7.78 (d, J = 7.4 Hz, 2H), 7.51 (d, J = 7.3 Hz, 2H),
7.48~7.44 (m, 1H), 7.42 (s, 1H), 7.22 (d,J= 9.0 Hz, 1H),
7.07~7.00 (m, 1H), 6.90 (d, J=9.0 Hz, 1H), 6.82 (s, 1H),
6.76 (s, 1H), 5.19 (s, 2H), 4.82 (s, 1H), 4.64 (s, 1H),
3.86 (s, 3H), 3.73 (s, 6H), 3.50~3.46 (m, 2H), 2.81~
2.67 (m, 2H); "C NMR (100 MHz, DMSO-d,): 6 165.50,
164.15, 149.67, 149.39, 147.82, 147.73, 142.27, 140.43,
132.72, 128.93, 127.98, 127.52, 126.53, 125.76, 122.58,
116.39, 113.67, 112.27, 112.20, 110.40, 69.68, 56.18,
56.06, 55.82, 44.29, 43.17, 29.25; ESI-HR-MS: m/z
C,,H, N0, [M+H] 7518 519.213 1, W& 519.211 9.

13q Bt E A, 77 % 58%, mp 101.4~103.0 °C.
'H NMR (400 MHz, DMSO-d,): § 11.26 (s, 1H), 9.14 (s,
1H), 7.51(d,J=16.2 Hz, 1H), 7.40 (d,J=3.4 Hz, 1H), 7.36
(s, 1H), 7.24 (d, J = 8.4 Hz, 1H), 7.14 (d, J = 16.2 Hz,
1H), 7.07 (s, 1H), 6.78 (d, J = 8.3 Hz, 1H), 6.72 (s, 1H),
6.60~6.44 (m, 1H), 5.11 (s, 2H), 4.83 (s, 1H), 4.64 (s,
1H), 3.83 (s, 3H), 3.76 (s, 3H), 3.73 (s, 3H), 3.66~3.62
(m, 2H), 2.81~2.67 (m, 2H); "C NMR (100 MHz,
DMSO-d,): 6 169.56, 164.49, 156.11, 153.32, 151.82,
149.20, 147.86, 146.45, 141.70, 135.38, 128.74, 128.39,
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122.71, 120.99, 120.19, 113.56, 112.42, 112.33, 110.60,
110.25, 62.10, 55.94, 55.60, 55.54, 44.42, 43.41, 29.01;
ESI-HR-MS: m/z C,,H,,N,O, [M+H] i1 5 { 509.192 4,
W18 509.193 5.

13r ¥R A EEA, 72 48%, mp 111.9~113.4 °C,
'H NMR (400 MHz, DMSO-d,): 6 11.27 (s, 1H), 9.15 (s,
1H), 7.63 (s, 1H), 7.53~7.49 (m, 1H), 7.46 (s, 1H), 7.41
(d,J= 6.3 Hz, 1H), 7.24 (d, J = 4.6 Hz, 1H), 7.21~7.18
(m, 1H), 7.11 (s, 1H), 6.81 (d, J = 7.0 Hz, 1H), 6.76 (s,
1H), 5.33 (s, 2H), 4.82 (s, 1H), 4.64 (s, 1H), 3.85 (s, 3H),
3.73 (s, 6H), 3.66~3.54 (m, 2H), 2.81~2.67 (m, 2H);
“CNMR (100 MHz, DMSO-d,): § 172.36,172.23, 159.01,
157.80, 155.50, 155.48, 155.38, 142.81, 134.13, 133.57,
131.65, 129.64, 128.42, 128.08, 127.27, 125.50, 123.19,
122.61,122.48, 119.26, 63.07, 52.98, 52.95, 52.92, 44.65,
44.41, 16.96; ESI-HR-MS: m/z C,,H,,N,0.S [M+H]" it
H{H 525.169 5, I 1H 525.167 4.
2 EMEYEMNR
2.1 {K%N HDAC1/HDAC6/HDACS/HDAC11 ] g ;&
LIS HDACHIEGE M SLI0 K H 2 T 9 65 5 ks
M7 1EDM5E o e 4k A 0 (1) DMSO ¥ ) ~ B 22 0 K
B PR R R (B TR A AW . SO0 R BE X R AL
A4 SAHA I 243k B 8 3 umol- L A2 4h, 3 1% 74 F%,
10 MNRIE . RN A MR AR E N S pmol - L
IR, SRR, 7 AREE, Y gL k. AL &4
(1) DM SO V45 ¥R Bl 28 0 15 0 43 Sl Jm N 31 384 FLAR 1,
1 000 r'min” 5.0 60 s, 3% R 21 5 EIR M E 15 min.
T JE N A S A0 B B PRV A VW, AR 0B IR
B SBHR 1 000 r-min B0 1 min, {4 F Synergy i% 4213
WG S, IFir E I 2 . &5 @il o i ik
GraphPad Prism 9 11 5. 1C, fH .
2.2 RIMRIEIEGREMESLIE DL SAHA NPHMEXTHE, K
I MTT & 0P B bl &4 4b 5T A549 . HCT116 4
6 ) B AR o R X AR K A B A A A 1< 107 48
/LR T 96 LR, BT 37 °C 5% CO, %1+ T 15 9%,
HEYNM90% @& J5, MG R 7= 0 H 2 h {40
MFE AL . BEJE, 7% B3, 2 N & B S EY
(W JE 4:0.03.0.1.0.3.1.3.10.30 pmol-L™") )15 75 5
W E 72 h, WEE LS AT 4 h, LI 20 uL MTT % )
(5 mgmL"). WEHLERE, 6 FLARLL 1.5%10° r-min”
2.0 3 min, ¥ 25 % FL_EIE W, BAFLIMA 150 uL DMSO,
I A 4R 3% AX 3R 3% 10 min, £5 45 50 78 50 V6 AR ) T
PRI E ODy,,, THE M2, il iF Graphpad Prism 9
HHIC, M
2.3 Western blot SE5% K5 X B4 K 1K) AS49 41 i 31

S5, AT A 2, AL 4x10° AN E R T 12 4L
B, T4 25 &AL 23 A IMNAS [R) R 1) 46 5 40 13e A
SAHA W, BT AX L. WEF72h/5, LPBSTE
VA, RIPA 2R, 250, WA LB WA N A
FEHUR . 8 F BCA 85 [k F5 ) e 57 20 0 o B i B
FK . i 15% SDS-PAGE 43 B 5 [, ik &
% %% % PVDF i, 43 % 5 — Pt anti-Ac-H3 . anti-H3
anti-Ac-a-tubulin.anti-a-tubulin.anti-GAPDH PL & —$1
F Pt S IgG-HRP W% &, K fic 4F 1) ECL & (4 3 n 21
PVDF 5t 47 BE 6 AR -
24 SDFXEMR ERZRKAEH Pymol, 4 % 2
1 Ff§ Discovery Studio (version 2.5; Accelrys, San Diego,
CA, USA, 2019). f#f A & F )it &% 14 45 #4324 HDACI
(PDB ID: 5ICN).HDAC6 (PDB ID: SEDU). *} 4% 5256
ARRWN NN, R B g i, 159 3
B0 ENE10 P N W N A = = B el A 5 L N
AR 731, X8 E A, Bt CHARMM /)37, 15 311t
Ab BRI 4y 0 e 24K . %A Discovery Studio 2019 %X
i) CDOCKER #8731 I 5 8 1 32 AR kAT
X, CRETT 4 BRI AR BAE F B BON HE A B

{3 BRK: 78 7970 MU SR B A, DF e i SO
BEETAE; J 5 STk AR AR BT AR 5 R A e o R
JE e 5 TAR; SRR P Bhda S0 2 5008 R e o 55 AR
Y- R 2B BAG S I G S S R 258 AR SeAta Al
5 P B T SR

FIEE MR 1E3E B A U ETEAE AR S5 0 R
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