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Design, synthesis, and biological activities of histone deacetylase
inhibitors with diketo ester as zinc binding group
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Abstract: Histone deacetylases (HDACs) inhibition causes hyperacetylation of histones leading to growth
arrest, differentiation and apoptosis of tumor cells, representing a new strategy in cancer therapy. Many of
previously reported HDACs inhibitors are hydroxamic acid derivatives, which could chelate the zinc ion in the
active site in a bidentate fashion. However, hydroxamic acids occasionally have produced problems such as
poor pharmacokinetics, severe toxicity and low selectivity. Herein we describe the identification of a new series
of non-hydroxamate HDACs inhibitors bearing diketo ester moieties as zinc binding group. HDACS inhibition
assay and antiproliferation assays in vitro against multiple cancer cell lines were used for evaluation. These
compounds displayed low antiproliferative activity against solid tumor cells, while good antiproliferative activity
against human leukemic monocyte lymphoma cell line U937. Compound CPUYS707 is the best with Gls,
value of 0.31 pmol'Lf1 against U937 cells, which is more potent than SAHA and MS-275. HDAC:Ss inhibition
activity of these compounds is lower than that expected, further evaluation is needed.
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Figure 2 (a) Diketo acid, functional moiety of HIV integrase
inhibitors; (b) Diketo ester, potential zinc binding group
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Figure 4 Structure of HDAC inhibitors with diketo ester



AR TR A N B T

S E R AL B V2 S WA BRI BT

BB AETERST - 295 -

R T 2 A O T A DA IR R PR R A i 4
JEORE, 5 7 [ R4 B 30 AT 0 i 2 A S 7 75 1) e i o
AR (1), AR5 50 2K £ 4 1F T %
N, B3 iU AR (1) fE s B AL T 5 R
R AR R GE A RNV R TR B H AR (B
PR 2R 1)o U R B A D)3 LIRS I S K 4 (1) T8 A7
5, 7E "H NMR 1, (b2 0788 7.00 2647 H B I (1)
WG g, ANAEAE 1, 3- WdK) CH, 1§, Hbrr=4

CPUYS701~CPUYS708 [ I E s W22 1. 2. Il
KB A2 R AEW S HIV 34 B AE 1)
TP ST v R 4K YRR S 2 R PR R 2
1 NBS 1£ CCly R AE R R Nl (A ik 2k 2).

Jant e

NBS CCl4

Benzoyl peroxide

Scheme 1 General synthetic route of target compounds

Scheme 2 Synthetic route of p-bromoacetophenones
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Table 1 Spectral data of CPUYS701-CPUYS708

"H NMR (DMSO-dg) (J in Hz)

3.57 (s, 4H, 2CHy), 3.64 (s, 2H, CH,), 3.86 (s, 3H, OCHs), 7.12 (s, 1H, vinyl-H),
7.32-7.50 (m, 10H, Ar-H), 7.62-7.67 (m, 6H, Ar-H), 8.07 (d, 2H, J = 8.4, Ar-H), 11.97

3.49 (s, 2H, CH,), 3.52 (s, 2H, CH,), 3.57 (s, 2H, CH,), 3.82 (s, 3H, OCHj3), 6.94 (d, 2H,
J = 8.4, Ar-H), 6.98 (s, 1H, vinyl-H), 7.19-7.38 (m, 7H, Ar-H), 7.50-7.62 (m, 6H,
Ar-H), 7.90 (d, 2H, J = 8.4, Ar-H), 15.25 (s, 1H, vinyl-OH)

3.09 (s, 2H, CH,), 3.54 (s, 2H, CH,), 3.58 (s, 2H, CH), 3.72 (s, 3H, OCH3), 3.87 (s, 3H,
OCHa;), 6.81 (d, 2H, J = 8.4, Ar-H), 7.00 (s, 1H, vinyl-H), 7.18 (s, 1H, Ar-H), 7.25 (d,
2H, J=17.8, Ar-H), 7.33-7.39 (m, 4H, Ar-H), 7.47-7.51 (m, 6H, Ar-H), 7.89 (d, 2H, J =
8.1, Ar-H), 15.2 (s, 1H, vinyl-OH)

2.76 (m, 2H, CH,), 2.87 (m, 2H, CHa), 3.65 (s, 4H, 2CH,), 3.88 (s, 3H, OCH3), 7.00 (s,
1H, vinyl-H), 7.02 (d, 2H, J = 9.3, Ar-H), 7.17 (m, 2H, Ar-H), 7.30-7.37 (m, 7H, Ar-H),
7.45-7.53 (m, 5H, Ar-H), 7.76 (d, 2H, Ar-H), 15.3 (s, 1H, vinyl-OH)

2.72 (m, 4H, CH,CH,), 3.78 (s, 4H, 2CH,), 3.94 (s, 3H, OCH3), 5.90 (s, 2H, OCH,0),
6.58 (d, 2H, J = 8.1, Ar-H), 6.69 (s, 1H, vinyl-H), 6.70 (d, 2H, J = 7.5, Ar-H), 7.25 (s,
1H, Ar-H), 7.26-7.46 (m, 6H, Ar-H), 7.52-7.77 (m, 3H, Ar-H), 8.01 (d, 2H, J = 7.5,

1.14 (m, 2H, CHy), 1.41 (m, 2H, CH,), 1.65 (m, 2H, CH,), 1.82 (m, 2H, CH,), 1.96 (m,
2H, CHy), 2.52 (m, 1H, CH), 3.60 (s, 2H, CH,), 3.63 (s, 2H, CH,), 4.00 (s, 3H, OCHs),
6.98 (s, 1H, vinyl-H), 7.17-7.50 (m, 11H, Ar-H), 7.84 (s, 2H, Ar-H)

0.79 (s, 3H, CHy), 0.81 (s, 3H, CH3), 1.79 (m, 1H, CH), 2.10 (d, 2H, CH,), 3.48 (s, 4H,
2CH,), 3.82 (s, 3H, OCHs), 6.98 (s, 1H, vinyl-H), 7.20~7.50 (m, 13H, Ar-H), 7.86 (d,

Compd. IR (KBr)/em ' MS (m/z)
CPUYS701  3063,3027,2945,2919, 492 [M+H]"
2800,2709,2354,1749, 490 [M—H]
1607, 1 487 (s, 1H, vinyl-OH)
CPUYS702 3 050,3028,2953,2923, 510 [M+H]"
2813,2713,1358,1749, 508 [M—H]
1507
CPUYS703  3050,3029,2953,2927, 522 [M+H]"
2801,2585,2353,2332, 544 [M+Na]"
1733, 1608 520 [M-H]”
CPUYS704 3 085,3054,3019,2945, 506 [M+H]"
2918,2809,2350,1749, 504 [M—H]
1606, 1 487
CPUYS705 3200,2932,1609,1488 550 [M+H]"
Ar-H)
CPUYS706 3 063,3027,2945,2919, 484 [M+H]"
2800,2709,2354,1749, 482 [M—H]
1607, 1 487
CPUYS707 3033,2954,2919,2796, 456 [M—H]
2357,1735, 1647, 1487
2H, J=1.5, Ar-H)
CPUYS708 3457,3116,3028,2949, 458 [M+H]"

2914,2 683, 2 560, 2 350,

1740, 1 610, 1 487

1.65 (s, 9H, 3CHs), 3.78 (s, 2H, CH,), 3.79 (s, 2H, CH,), 3.92 (s, 3H, OCHs), 7.00 (s,
1H, vinyl-H), 7.28 (d, 2H, J = 8.4, Ar-H), 7.36-7.48 (m, 7H, Ar-H), 7.53 (d, 2H, J = 6.9,
Ar-H), 7.85 (d, 2H, J = 8.1, Ar-H), 9.32 (s, 1H, vinyl-OH)
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Table 2 Elemental analysis data of CPUYS701-CPUYS708

Elemental analysis/%

Compd. Chemical Formula Calcd. (Found)
C H N
CPUYS701 C3;HpNO4 78.19 5.95 2.85
(78.26)  (6.40)  (2.92)
CPUYS702 C;3,HsFNOy4-1/5H,0 74.77 5.58 2.72
(74.82) (5.94) (2.75)
CPUYS703 Cs3H3NOs 75.99 5.99 2.69
(75.81)  (6.48)  (2.71)
CPUYS704 Cs33H3 NO4 78.39 6.18 2.77
(78.27) (6.67) (2.67)
CPUYS705 Cs4H3NOg 74.30 5.69 2.55
(74.13)  (547)  (2.51)
CPUYS706 C;3;H33NO4-5/4H,0 73.57 7.07 2.77
(73.88) (6.57) (2.62)
CPUYS707 CyoH3NO4 1/2H,0 76.12 6.83 3.06
(74.46)  (733)  (3.01)
CPUYS708 CyH31NO42H,O 76.12 6.83 3.06
(70.65) (7.3) (2.78)
HZR51E

1 {RIMTIETE R TN

CPUYS701~CPUYS708 X A 252 1498 41 Jifa
PC3. HCT-116. A549. HEPG2 LA} N %% % (I35 41
JIkk U937 MIPU s E WL 3. LRI G A
SIAATRE A1 PR (RS 1 s AL 59, A CPUYS704
Ml CPUYS708 Xf PC3 (NuiHIMRFEANMukk) R H
— € B HETE AN VE I, 1Cso 230 32.10 F1 37.20
umol-L™'e AHLLZ R, MLRFIL A WX N HE FR (1.5
i MRk U937 I BTG T G M 5 4, 4654 CPUYS701.
CPUYS702. CPUYS706 f1 CPUYS708 [f] ICs, ik #
umol-L™" 2%, 5 MS-275 WM M, &Y
CPUYS707 [fJ ICso 4 0.31 pmol-L™!, 5 SAHA JiEYEAH
4 5F HAR T MS-275 [RHT TG M

KRBV PR N HE F 55 41 Pk U937 14t
BAGE G M 7R CPUYS701 H R EE [ 4 JCHUAR IR 3L,
X U937 PTG A 5.15 pmol- L7 £EAEIHLIK
AL GINEIUAR (CPUYST702) b& 43 1 s 5 2
f, PIRESE BT F I I 5 NI 0 g v A A T4 i
WEPERE A 7R R R DRI AL 5 A L ) R AR L
£ (CPUYS703) 75 B2 N, MR AL 0 N R
FHEEEZ W — 3 (CPUYS704, CPUYS 705)
T VR S R B R A O IR Uy B NS D IS )
TR, Hodr, PR ORI 5 N AT A A
TR SN AR I R, BCT S SIN
AT B8 VLA BELIE K T e B 1 BRI . 2% BTk, mT
PAIA A R 31 3= 2000 i #i K /5 ] 5 HDACs (IR A%

M &, AR R ZORE PER AR, 3 4 1 AR 4
BRI HE NI HDACs #ii/K 8 AR M 45 5 T AR, A
TPESE, ESZ AR IOk & T SuE vk 2 R

FH B 2 Bl S AR A T PR, AR R BIAE 5 0 A\ B
A L A0 AR R L 25 e b . AR,
HIRIE ST (¥ HDACs 8 1 77468 1195 28 0 8 ok 9 -k o
U R R, ARG SRR AR T AN E .
HDACs 1 il 771 8 3o 5 Wi ke DA e S R 3 e 1 1
S TR T L 1 B KPR T M RGeS IR, TR
A2 HDACs s v 2 5 L2 s N 2 —, (=
R R A FIHL 22 53 H RT3t 200

Table 3 Antiproliferation activity of CPUYS701-CPUYS708
against various cancer cells. “Not determined

Glsg /pmol~L71
PC3 HCT116 A549 HEPG2 U937

Compd.

CPUYS701 59.88 >101.83 69.86  >101.83 5.15
CPUYS702 >98.23 >908.23 >08.23 >908.23 2.16
CPUYS703 >95.97 >95.97 >95.70 >95.97 47.85
CPUYS704 32.10 >99.01 83.07 >99.01 20.02
CPUYS705 >91.07 >91.07 >91.08 >91.07 13.48
CPUYS706 >103.52 >103.52 >103.52 >103.52 3.69
CPUYS707 82.19  >109.41 93.28 >109.41 0.31

CPUYS708 37.20 110.20 85.95 >109.41 6.39
MS-275 ND* ND ND ND 1.09
SAHA >166.67 0.57 8.30 12.20 0.35

2  HDACs #HE TN

CPUYS701~CPUYS707 % HDACs 3%
W& 4, WRAED TR T SAHA — AN EiE 4 L
b I HAR T AR R 2 A S R [ R A IR 2R
WEY, —MRRESE ST S ER RS TR
53 HDACs 35 PERRAG 1 225 A, (H 5 B 2]
EAAE YR U937 A bk TN R 4F P s /E
HE— 20 1) HDACs i35 1 I ad 5 4k 28

Table 4 HDACS inhibitory activity of CPUYS701-CPUYS707

Compd. IC:/SIﬁﬁL*‘
CPUYS701 >2.037
CPUYS702 >1.965
CPUYS703 >1.919
CPUYS704 >1.980
CPUYS705 >1.821
CPUYS706 >2.070
CPUYS707 >2.188

SAHA 0.053
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25, TERTIAG I AU IR 2R A A i AR b, R
1] P 1 45 A AR AU R 45 4, Tk i T 8 AR L ST
BRIRIE 4L &8, 45094 "TH NMR. MS. IR FlJC#
TR . RS WIAE RSN UG T SR, A B
SEAKIRE (PC3. HCT-116. A549 Al HEPG2) *f A &
IS5 40 bk U937 R BN H B B ik ek, ILrh b
Y CPUYS707 %F U937 iy v 5 S ok % L 2454
SAHA #H4, JF HAL T FHEEX 2549 MS-275, i
¥ CPUYS701.CPUYS702.CPUYS706 F1 CPUYS708
XF U937 MMkl S MS—275 #1324 . HDACs 13l
HE PESE R BRI R AW S SAHA Fln) & 4845
R RAL G WA LL S PERRAG, W e & IR IR 5 B
TG AE B9 3 20T B s PR B, W
PR I 5 5 25 IO B A R IE 77 2233 — D I s 50 0E

SKIE S

1% & ] Thomas Hoover 4 s 4G %2, ¥R RKE IE;
IR i ] Nicolet Impact 410 8 37 AR e 21 4p e 1% A%
W52, KBr J& J7; '"H NMR % Bruker Avance 300 24 4%
WEIEPRALI 52, TMS b bR, RS LB GCMS-
QP2010 #U)iif{% (EI) 2{ Mariner JFEi%{% (ESI)
S o IR T A Al A M 4= S, BRI
Gh, ANGACERE AR .
1 ZFEH (KL CPUYST01 B9 R A1)
L1 N-FRE-[1, 1-BRFRE4-BR (1a) K 4-B08
I (1.82 g, 0.01 mol) FI=%f% (1.09 mL, 0.01 mol)
WEAE I (1SmL) 1, B 3 h FAMRER, o
3 L2218 I\ NaBH, (0.38 g, 0.01 mol), 4k%E= 4
$ 30 min, 5 1RV 2GR, MK 15 mL, HI 20
mL 4% CBRARUKE 2 W5, &I Lz Fn
N HCUK =Wyl e R 1R &, g, JEUHH Z1R SR bE
Weo FHUEDHER BIBEA P, NN 2 mol'L™! NaOH ]
G B, 5 A [ A, ] 20 mL 478 SRR AS I
KIZ 2, GIHANZE, WAERKPER G LK NayS0,
T BET@ERE = Watinh 2.26 g, KE 82.9%, i~
Wk Y, MS (EI) m/z 273 [M]'s
1.2 REEFXRZE XK ZE (26 mL, 0.2
mol) ¥ CCl, (150 mL) ¥+ i\ NBS (35.6 g, 0.2
mol) ARG (i), kel 8 h 5
W, 98, IEWET, Kk A, B

IMRFE 21.9 g, PP 51.3%, mp 36~38 °C, [SCHkH
38.5~40 P21,

1.3 4-{[FEEF4-BE)SE|FE}FZEH (11a)
R R IER 2 (1.58 g, 7.4 mmol) i In A H )44
(Ta) (2.02 g, 7.4 mmol). K,CO; (2.04 g, 14.8 mmol) F
KI (A E) (1 IEwT, RONAE 35 CHidE 8 h
JEA IR Ik, SRR YE, Mk a3
2.0 g, WH 66.7%, =R MRY); MS (EI) m/z 405
M].

14 4-@-{[FEEFA4-FE)FE|RREIEE)-2,4-—
HRETERERES (CPUYST701) [ # /R —FIfE (0.35 ¢,
3 mmol) ] 2-FREPYSIERG (5 mL) B P IAGH
#5145 1) 3 mol- L' NaOCH3/CH;OH ¥ (1.0 mL,
3.3 mmol), #HiFk S min J5, iR FEA (Ta) 1)
2-FJEPUAWE (5 mL) ¥, =dEBHE 12 he
3 mol-L™" HCL K e Wi pH TR £ 7 J&, i 20 mL
K, H 20 mL L8R SFEAI 2 G & IFANLZ, 1
FERKEEMESE, To/K Na,SO, T4, ML AT 418
LT/ A i Tk AR R AT RE R A (i alidk, 79 20 H A=
) CPUYS701 0.43 g, W#h 43.5%, 7 b itk .
2 AYEMNE

2.1 IRIMRISFETE RN JLIEHT S PR 4 i,
23k HCT116. A549. PC3. HEPG2 f U937, ¥4
Y HLEERN T 96 FLIFACT (BEFLZIA 4 000 AN 4H i),
24 h )5, BRSP4l i, 48 h )5,
ZNFLH 2R N 20 uL MTT () PBS W (S H
5mgmL™"), T-37 CHFHE 4 h, f MTT, &AL
H AN 100 uL DMSO (5 #:24 100%), 1- 570 nm
A CRH Thermo Multiskan Spectrum).

2.2 HDACs #FLEMEIFM 1L HIE R DMSO it
LS, RGN A Y, B E
WA 5 AARIAEE TR . % AE 96 FLIM 2R
A OIRALR EREAT: K57 HDACs ) HeLa #42
Y5 Fluor de lys JEA) LA KA [RI9A FE I A5 AT AL
Y)IRA, 7F 25 ‘CHEAL 20 min J&, B0 Fluor de lys &
3, A 2 AN 3% T 360~460 nm A I FLAR A
FANLI DO CREE, FAWEEMAL G EE 3 .
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