Accepted Manuscript =

Design, synthesis and biological evaluation of thienopyrimidine hydroxamic acid
based derivatives as structurally novel histone deacetylase (HDAC) inhibitors A

Jiang Wang, Mingbo Su, Tingting Li, Anhui Gao, Wei Yang, Li Sheng, Yi Zang, Jia Li, 7
Hong Liu /2
PII: S0223-5234(17)30045-4

DOI: 10.1016/j.ejmech.2017.01.035

Reference: EJMECH 9186

To appearin:  European Journal of Medicinal Chemistry

Received Date: 2 November 2016
Revised Date: 13 December 2016
Accepted Date: 21 January 2017

Please cite this article as: J. Wang, M. Su, T. Li, A. Gao, W. Yang, L. Sheng, Y. Zang, J. Li, H. Liu,
Design, synthesis and biological evaluation of thienopyrimidine hydroxamic acid based derivatives as
structurally novel histone deacetylase (HDAC) inhibitors, European Journal of Medicinal Chemistry
(2017), doi: 10.1016/j.ejmech.2017.01.035.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2017.01.035

Title:

Design, Synthesis and Biological Evaluation of Thiepyrimidine Hydroxamic

Acid Based Derivatives as Structurally Novel Histoa Deacetylase (HDAC)

Inhibitors



Graphical Abstract

CAP Linker ZBG
I & | - | =
‘ X
R
SNH L ameeeeeeeaes NH o
N™™ N “OH
1) N-imer o SV I
N
Function group for HDACs inhibition 9m

HDAC1 ICgo = 29.81 + 0.52 nM
HDAC3 IC5,=24.71 + 1.16 nM
HDAC6 ICso=21.29 + 0.32 nM
RPMI 8226 ICs = 0.97 + 0.072 zM
HCT 116 IC50 = 1.01 + 0.033 zM

By rational design and modification, compouBth showed excellent HDACs
inhibitory activity, strong anti-proliferative awity against human cancer cell lines
including RMPI 8226 and HCT 116. Moreover, compoufd noticeably

up-regulated the level of histone H3 acetylatiothatlow concentration of 03M.



Highlights:
> Novel thienopyrimidine hydroxamic acid based dernxes were designed and

synthesized.

» Most of these compounds displayed good to exceitdnbitory activity against

HDACSs with the 1Gg values below 50 nM.

» Some compounds significantly up-regulated the kwélHistone H3 acetylation
and o-tubulin acetylation as well as exhibited powerfahti-proliferative

activities against cancer cell lingsvitro.
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Abstract:

New thienopyrimidine hydroxamic acid derivatives B®OACs inhibitors were
designed, synthesized and evaluated. All compowsds evaluated for their ability
to inhibit recombinant human HDAC1, HDAC3, and HDA&Goforms andn vitro
anti-proliferative activity on tumor cell lines RMB226 and HCT 116. Most of these
compounds displayed good to excellent inhibitoyvéees against HDACs. The Kg
values of compounfim against HDAC1, HDAC3, and HDAC6 was 29.81 + 0.52, n
24.71 + 1.16 nM, and 21.29 + 0.32 nM. Most of th@mpounds showed strong
anti-proliferative activity against human cancell ees including RMPI 8226 and
HCT 116. The IG, values of compoun®dm against RPMI 8226 and HCT 116
proliferation were 0.97 + 0.072V and 1.01 + 0.033M, respectively. In addition,
compoundOm noticeably up-regulated the level of histone H8tgation at the low
concentration of 0.3M.

Keywords: HDAC inhibitor, anti-proliferation, Western blothienopyrimidine,

Structure-activity relationship



1. Introduction

Histone acetylation and deacetylation, catalyzedmmtisubunit complexes, play a
key role in the regulation of eukaryotic gene egpien.[1] The acetylation status of
histones is determined by two sets of enzymesomésacetyltransferases (HATs) and
histone deacetylases (HDACSs).[2] HDACs also interadth retinoblastoma
tumor-suppressor protein and this complex is a &eynent in the control of cell
proliferation and differentiation. Together with tastasis-associated protein-2 MTA2,
HDACs deacetylates p53 and modulates its effectcelh growth and apoptosis.
HDAC inhibitors demonstrated prominent antitumefficacy on broad spectrum
neoplasms in preclinical and clinicatudies. [3-5] This concept has been well
validated by the approval of HDAC inhibitors vorstat (suberoylanilide hydroxamic
acid, SAHA) [6] and romidepsin (depsipeptide) [7] for tireatment of cutaneous
T-cell lymphoma.

The thienopyrimidine fragment is widely present amtitumor agents, [8]
anti-inflammatory agents, [9] and anti-diabetic rge [10] In our previous studies,
we reported 4-anilinothieno[2@pyrimidine derivatives as irreversible EGFR
inhibitors that displayed excellent inhibitory atties against wild type and mutant
EGFR(Fig. 1). [11] CUDC-101 has been reported as aimmiitbitors against HDAC,
EGFR and HER?2 for the treatment of cancer, whichtaios a quinazoline moiety
within its structure. [12] On the basis of thesesaations, we attempted using
substituted 4-anilinothieno[3 @pyrimidine moiety as a cap group (CAP) for protein

surface interactions, fixed carbon chain as a lim&gion, and hydroxamic acid group



as a zinc binding group (ZBG) (Fig. 1). Herein, presented the design, synthesis
and biological evaluation dhienopyrimidine hydroxamic acid based derivatiass
novel HDACs inhibitors. Most of these compounds vebd excellent potencies
against HDACs and displayed powerful anti-prolifera activities against cancer cell

linesin vitro.
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Fig. 1. Design strategy and modification of novel HDACkimtors.

2. Results and discussion
2.1. Chemistry

The synthetic route to obtain the desired thieniopgine-based hydroxamic
acid derivatives9a-r are shown in Scheme 1. Heated by the microwave, the
thieno[3,2d]pyrimidin-4(3H)-one 3 was obtainedvia the cyclization of methyl
3-aminothiophene-2-carboxylate with formamidine tat® Then, the nitration of
intermediate3, followed by chlorination to afforé. Reduction of nitro group using

iron/NH,Cl, then coupling with various substituted anilinefforded the key



intermediater. Treatment with different acyl chlorides to formmide 8. Finally, the
amide8 was coupled with freshly prepared hydroxylamindrbghloride to generate

the targeted producga-r.
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Scheme 1.Reagents and conditions: a) microwave, 4-5 minsHig§O,/HNO;, O
°C-r.t; c) POC4, TEA, CHCN, 85°C; d) various substituted aniling,4-dioxane, 85
°C; e) Fe, NHClq, EtOH, 50°C, 2 h; f) ROCO(CH)4COCI, DIPEA, THF, R =

Methyl or Ethyl; g) NHOHHCI, KOH, MeOH-THF, O°C-r.t.

2.2.1n vitro HDAC inhibitory activity

Firstly, in order to assess the efficacy of compmtsfa-r against recombinant human
HDAC activity, biochemical assays were performeddascribed previously. [13]
Compound potency against the recombinant human HDADAC3, and HDAC6
isoforms was interrogated using SAHA as the pasitoontrol. The effects of

regiochemical substitution and electronics on thenyl ring were explored. The



results are presented in Table 1. Most of the camgs exhibited excellent inhibitory
activity against HDAC1, HDAC3, and HDACG6 isoformshieh indicated the
thienopyrimidine scaffold was an outstanding cagpigroup possessing strong
binding affinity with the HDACs surface. All of tee inhibitors occupied a narrow
potency range, indicating tolerability for a widariety of substituents on the phenyl
ring. A tendency in enzymatic potency péra-substitution <ortho-substitution <
metasubstitution was noted as shown in Table 1. Theether the introduced
halogen groups affect the inhibitory activity agdiRlDACs is tested. We found that
mostof these compound®¢-9eand9g-9i) showed strong potential activities against
HDACSs with 1G5 values < 100 nM. Both electron-withdrawing anccelen-donating
groups on the phenyl ring were tolerated for HDAI&ibition. For example,
compounds9n (3-CN) and9o (3-OMe) exhibited good inhibitory activities agsiin
HDAC1, 3, and 6 with Igyvalues of 45.02, 19.80, 20.05 and 62.25, 21.3BR0M,
respectively. Additionally, introducing steric hmathce at the 3-position and
4-position of the phenyl rin@{-91 and9p-9r) decreased HDACSs inhibitory activities.
Eventually, the SAR from this small group of compds found compounéim as a
potent HDACSs inhibitor. The 1€ values of compounfim against HDAC1, HDACS3,

and HDACG6 was 29.81 + 0.52 nM, 24.71 + 1.16 nM, ah9 + 0.32 nM.

Table 1. Structures anah vitro inhibitory activity against HDACs of compounéa-r



|
Z > NH
Q H
N7 >SS N
s | /N “OH
N H
N o

9a-r
IC50 (NM) = SD?
Compd. R
HDAC1 HDAC3 HDACG6

%9a 2-Me 137.85+ 9.58 98.7% 15.83 87.6x 1.39
9b 2-Me, 4-F 246.57+ 4.92 196.62 3.13 119.94+ 20.93
9c 2-F, 4-F 91.99+ 0.46 99.8A# 5.47 19.1A 1.07
9d 2-F,4-Cl 54.27+21.44 133.06: 11.79 36.98 8.16
9e 2-F,5-Ch 75.12+ 2.90 67.54+ 39.36 29.56 +1.43
of 2-CH;,4-OCH,  117.28+7.70 14404 5.25 111.04£ 9.50
99 3-F 73.73+1.43 64.51 7.23 42.52 +1.88
9h 3-Cl 53.80+ 5.37 45.55 1.88 33.84+ 7.48
9i 3-Br 54.46+ 5.67 33.7#8.70 16.87 +0.15
9j 3-ethyl 116.23+ 5.09 147.0G: 0.90 58.54 4.16
9k 3-isopropyl  99.91+ 2.75 65.05: 26.99  35.79 +0.54
9l 3-tertbutyl 122.49+ 8.49 50.2°# 8.03 56.02 +0.11
9m 3-enthynyl 29.81+ 0.52 2471 1.16 21.290.32
9n 3-CN 45.02+ 0.94 19.84:4.31 20.05 +£1.25
90 3-OCH; 62.25+ 1.95 21.3A45.91 20.90 £ 0.77
9p 4-ethyl 257.88+47.48 356.90 +9.93 98.27 +1.36




9q 4-isopropyl  143.25+40.11 152.46+5.46  36.61+0.81
or 4-OCH 174.73+0.91  215.4824.33  71.38 5.99

SAHA - 195.00+16.12  181.0528.92 105.1@ 25.46

& ICso values were obtained based on three separateimepés and expressed as

means * SD.

2.3. Anti-proliferation of all compounds against RMI 8226 and HCT 116 cells
Furthermore, the anti-proliferative activities dfet new target compounds were
tested on human cancer cell lines RPMI 8226 and BTl As summarized in Table
2, most of the compounds exhibited good anti-pecdifive activity against both
RPMI 8226 and HCT 116 cell lines. Compour®@yICso = 1.06 + 0.193:M) and 90
(ICs0 = 1.26 £ 0.086uM) showed similar anti-proliferative activities agst RPMI
8226 cells with the positive control SAHA, whileetlother compounds displayed less
anti-proliferative activity than SAHA. Compared ttee RPMI 8226 cancer cells, the
HCT 116 cells appeared to be similar sensitive to synthesized compounds.
Compound®e (ICso = 1.33 = 0.283M) and 90 (ICso = 1.33 %= 0.255%M) showed
similar anti-proliferative activities against HCT1@ cells with the reference
compound SAHA. Compounfim possessed a slightly higher activity against both
RPMI 8226 and HCT 116 cells than SAHA, with thed®alue of 0.97 + 0.072 and

1.01 £ 0.033M, respectively.

Table 2.In vitro anti-proliferative activity against RPMI 8226 akiCT 116 cells of

all compounds.



ICs0 (M) £ SD?

Compd.
RPMI 8226 HCT 116
9a 1.75+0.116 2.56 + 0.386
9b 1.95+0.141 2.64 +0.290
9c 1.74 +0.115 1.94 +0.334
9d 1.90 +0.108 1.79+0.144
9e 1.06 +0.193 1.33+0.283
of 1.98 + 0.069 248 +0.172
9g 1.63+0.114 1.78 +0.351
9h 1.52+0.104 1.82 +0.409
9i 1.75+0.118 1.74+0.170
9j 1.57 +0.119 1.44 +0.045
9k 2.08+0.191 1.76 +0.339
9l 3.55 +0.403 2.93 +0.058
9m 0.97 £0.072 1.01 +0.033
9n 1.58 + 0.066 2.09 +0.375
90 1.26 + 0.086 1.33 +0.255
9p 2.54 +0.135 2.36+ 0.404
9q 2.79 +0.360 2.07 £0.442
or 1.84 +0.129 2.18 +0.196
SAHA 1.25+0.150 1.31 +0.085

% ICso values were obtained based on three separateimemes and expressed as



means * SD.

2.4. Analysis Actubulin and Ac-histone H3 levels in RPMI 8226 cell®y Western
boltting

With the cell proliferation data in hand for bd&PMI 8226 and HCT 116 cells,
three representative compoursig, 9n, and9o were selected to validate the observed
biochemical potencies by assessing their effecttherlevels of tubulin and histone
H3 acetylation in RPMI 8226. For this assay, suylardlide hydroxamic acidSAHA)
was used as the positive control. As shown in Ejglestern blot analysis revealed
that 0.3 uM compound 9m induced significantly more acetylated tubulin and
acetylated histone H3 compared to that of @Bcompound®¥n and9o, which was
consistent with their strong inhibitory activitiagainst HDAC and cancer cells. Even
0.3 uM compound9m can dramatically increase tubulin acetylation, althis much
better than that of SAHA. Additionally, the westdstot analysis displayed that our
designed compounds, like the reference compound ASAWere pan-HDACs

inhibitors.
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Fig. 2. Western blot analysis of Ac-tubulin and Ac-histd#® from RPMI 8226 cell

cultured for 24 h with DMSO control and compou®ds, 9n, 90, and SAHA.

3. Conclusion

In conclusion, based on the previous work in oubofatory, a series of
thienopyrimidine-based hydroxamic acid derivatiQasr were designed, synthesized
and evaluated as novel HDAC inhibitors. Tihevitro biological evaluations indicated
that most compounds exhibited excellent inhibitiagainst recombinant HDAC
enzyme activities and multiple cancer cells line®liferation. Especially, the
compound®e, 9m, and9o could significantly inhibit the proliferation of RVIl 8226
and HCT 116 cancer cell lines with lowsi3values. Western blot analysis revealed
that compound8m, 9n, and9o caused a substantial increase in the level of ktety
a-tubulin and histone H3 in a dose-dependent marirer.present results suggested
that thienopyrimidine-based hydroxamic acid dernxet could be lead compounds

for further optimization to develop novel HDAC ihitors.



4. Experiment Section
4.1. Chemistry

The reagents (chemicals) were commercially avalabid used without further
purification. Analytical thin-layer chromatograplfyLC) was performed on HSGF
254 (0.15-0.2 mm thickness). Column chromatograwhyg performed on silica gel
300-400 mesh to purify the compounds. Nuclear miagmnesonance (NMR) spectra
were performed on a Brucker AMX-400 (TMS as IS)e@lcal shifts were reported
in parts per million (ppmgp) downfield from tetramethylsilane. Proton coupling
patterns were described as singlet (s), doublet (d), triplet ¢artet (q), multiplet
(m), and broad (br). Low- and high-resolution mgigsctra (LRMS and HRMS) were
given with electric, electrospray and matrix-agsistaser desorption ionization (El,
ESI and MALDI) produced by Finnigan MAT-95, LCQ-DEBCspectrometer and
lonSpec4.7 T.

4.2 General procedures for synthesis of HDACs inhitors

4.2.1. Thieno[3,2d]pyrimidin-4(3H)-one (3)

A mixture of compound. (20 g, 0.127 mol) and formimidamide acetat€l6 g,
0.155 mol) was reacted in the condition of microwder 4-5 mins. After cooled to
room temperature, water was added and the solidpnexspitate, then filtered, and
the cake was washed with water, dried under indrdight to obtain the desired

compound3, 14.8 g as gray solid in 76% yield. ESI-MS m/z DeBA+H]".

4.2.2. 6-Nitrothieno[3,2-d]pyrimidin-4(3H)-one (4)

To a mixture of HSO, (20 mL) and HNQ@ (15 mL) was added compoud(9.7 g,



0.064 mol) slowly under ice-bath condition. There teaction mixture was heated to
room tempreture. When the staring material was woesl, the mixture was poured
into the ice-water carefully, and the yellow solds formed, followed by filtration.
The cake was washed with water for three timeseddtio afford the desired
compound4 , 10.8 gas yellow solid in 86% yieldH NMR (400 MHz, DMSOd) &
13.00 (s, 1H), 9.33 (s, 1H), 8.35 (s, 1H); MS (E8/¥195.9 [M-H].

4.2.3. 4-Chloro-6-nitrothieno[3,2d]pyrimidine (5)

To a solution of compoundl (2 g, 0.01 mol) in CECN (20 mL) was added POLI
(2.04 mL, 0.022 mol) and TEA (2.82 mL, 0.02 molheh the mixture was heated to
85 °C. After the start material was completed, the orixtwas poured into ice-water,
and extracted with EA, washed by NaH£®olution, brine, dried by N8O,
concentrated and purified by flash silica gel cau(@-100% EA in PE gradient) to
obtain desired compourf 1.7 gin 78% yield. ESI-MSn/z216.0 [M+H] .

4.3. General process for synthesis of intermediaté&s-r

4.3.1. 6-Nitro-N-(o-tolyl)thieno[3,2-d]pyrimidin-4-amine 6a

To a solution of compoun8 (1.7 g, 0.008 mol) in 1,4-dioxane (20 mL) was atide
o-toluidine (1.1 mL, 0.01 mol) at room temperatugelbsequently, the mixture was
heated to 85°C. When the start material was consumed monitoredlkC, the
reaction was cooled to room temperature. After nexhof the solvent, the residue
was suspended in ethyl acetate, filtered and waslidethyl acetate to afford the
intermediateba, 2.05 g as yellow solid in 83% yield. ESI-M$z287.0 [M+HT.

The other substituted aniline was treated with rmexliate5 for preparation of



intermediate$b-r according to the same procedure describeédor

4.4. General process for synthesis of intermediat@a-r
4.4.1.N*(o-tolyl)thieno[3,2-d]pyrimidine-4,6-diamine 7a

To a solution of intermediatéa (2.05 g, 0.007 mol) in ethanol (30 mL) was added
iron powder (4 g, 0.07 mol) and saturated,J8Hsolution (30 mL). The mixture was
stirred at 5¢°C for 2 h. Then, the mixture was filtered througiite, washed with
ethanol followed by the water was added to the unéxto give the solid. Then the
solid was filtered, washed and dried to afford ititermediate7a, 1.32 g light green
solid in 61% yield. ESI-MS m/z 257.1 [M+H]

The other nitro intermediaté&b-r was reduced to intermediatéls-r according to the
same procedure described Ta&

4.5. General process for synthesis of intermediat&a-r

4.5.1. Methyl 7-oxo-7-((4-¢-tolylamino)thieno[3,2-d]pyrimidin-6-yl)amino)
heptanoate 8a

To a solution of 7-methoxy-7-oxoheptanoic acid (b 0.9 mmol) in SOGI(2 mL)
at 50°C, the mixture was stirred 2 h. After removal of $olvent,7a (150 mg, 0.59
mmol) in dry THF was added, and DIPEA (18B, 1.18 mmol) at °C. Then the
mixture was stirred at room temperature and wasitm@ad by TLC. After an
overnight time, the reaction was stopped and queshchy slowly addition of
saturated NELCI solution. The mixture was then extracted by e#tgtate three times.
The combined organic layer was washed with watel lanne, respectively. dried

over anhydrous N&QO,, concentrated imacuoand purified by flash silica gel column



(0-45% EA in PE gradient) to obtain desired prootucBa as yellow solid in 71%
yield. '"H NMR (500 MHz, DMSO#dg) & 10.31 (s, 1H), 9.67 (s, 1H), 8.69 (s, 1H), 8.52
(s, 1H), 8.33 (s, 1H), 7.48 — 7.26 (m, 4H), 3.963(#1), 2.60 — 2.54 (m, 2H), 2.36 (s,
3H), 1.88 (tJ = 7.4 Hz, 2H), 1.68 (p] = 7.2 Hz, 2H), 1.51 (p] = 7.2 Hz, 2H), 1.39 —
1.33 (m, 4H). ESI-M3n/z427.1 [M+HT.

The other intermediatedb-r was prepared according to the same procedureiledcr
for 8a

4.6. General process for synthesis of the target@dmpounds 9a-r

4.6.1.

N*-hydroxy-N’-(4-(o-tolylamino)thieno[3,2-d]pyrimidin-6-yl)heptanediamide 9a

To a solution of8a (178 mg, 0.43 mmol) in anhydrous THF was added
hydroxylamine hydrochloride (5 mL). Then, the mpduwas stirred at room
temperature and monitored by TLC. After 24 houhg teaction was stopped and
water was added into the mixture, filtered the fednsolid and washed with water.
The crude product was purified by flash silica ggumn (0-10% MeOH in DCM) to
give the targeted compour®é as white solid in 57% yield. Mp 176.8-1776; 'H
NMR (500 MHz, DMSO#€g) & 10.36 (s, 1H), 10.11 (s, 1H), 9.57 (s, 1H), 8541H),
8.49 (s, 1H), 8.22 (s, 1H), 7.44 — 7.16 (m, 4H302- 2.43 (m, 2H), 2.17 (s, 3H), 1.94
(t, = 7.4 Hz, 2H), 1.57 (p] = 7.6, 7.1 Hz, 2H), 1.48 (8,= 7.2 Hz, 2H), 1.34 — 1.20
(m, 4H).13C NMR (125 MHz, DMSOdg) 6 171.6, 169.0, 156.7, 153.8, 152.5, 136.1,
136.0, 130.5, 130.2, 128.7, 127.2, 126.3, 115.8,91135.3, 32.3, 28.4, 25.2, 25.1,

17.9. LRMS (ESIm/z 428.1 [M+H], HRMS (ESI) m/z for GHsNsOsS [M-H]"



calcd 426.1605, found 426.1594.
4.6.2.
N-(4-((4-fluoro-2-methylphenyl)amino)thieno[3,2d]pyrimidin-6-yl)- NZ-hydroxy
octanediamide 9b
Compound9b was prepared frorBb according the same process describe®#oin
51% yield. Mp 196.1-197.4C; *H NMR (400 MHz, DMSOsdg) & 10.32 (s, 1H),
10.09 (s, 1H), 9.51 (s, 1H), 8.65 (s, 1H), 8.491(3), 8.23 (s, 1H), 7.34 (dd,= 8.7,
5.6 Hz, 1H), 7.20 (dd] = 9.7, 3.0 Hz, 1H), 7.09 (td,= 8.5, 3.0 Hz, 1H), 2.46 (§,=
7.4 Hz, 2H), 2.16 (s, 3H), 1.93 (= 7.4 Hz, 2H), 1.56 (p, 2H), 1.48 (p, 2H), 1.35 —
1.19 (m, 4H).2*C NMR (125 MHz, DMSOdg) 5 172.1, 169.5, 161.2 (d, = 243.3
Hz), 157.3, 154.2, 152.9, 139.4 (= 8.52 Hz), 132.9, 131.1 (d,= 9.57 Hz), 130.7,
117.2 (d,J = 22.2 Hz), 116.3, 113.4 (d,= 22.3 Hz), 112.3, 40.5, 35.7, 32.7, 28.9,
25.6, 25.5, 18.4. LRMS (ES)/z446.1 [M+H], HRMS (ESI) m/z for GH»4FNsOsS
[M-H] calcd 444.1511, found 444.1516
4.6.3.
N*-(4-((2,4-difluorophenyl)amino)thieno[3,2d]pyrimidin-6-yl)- N®-hydroxyoctane
diamide 9c

Compoundc was prepared fror8c according the same process describe®éor
in 40% vyield. Mp 206.7-208.2C; *H NMR (400 MHz, DMSOsg) § 10.30 (s, 1H),
10.13 (s, 1H), 9.69 (s, 1H), 8.63 (s, 1H), 8.511¢d), 8.30 (s, 1H), 7.61 — 7.48 (m,
1H), 7.44 — 7.30 (m, 1H), 7.22 — 7.06 (m, 1H), 1(82 = 7.4 Hz, 2H), 1.56 (p] =

6.4 Hz, 2H), 1.47 (pJ = 7.2 Hz, 2H), 1.34 — 1.18 (m, 6HYC NMR (125 MHz,



DMSO-dg) 6 172.2, 169.5, 160.8 (dd,= 246.7, 11.1 Hz), 158.0 (dd,= 249.5, 12.7
Hz), 156.6, 154.1, 152.9, 130.8, 130.7 J& 10.0 Hz), 122.7(dd] =13.0, 2.8 Hz),
111.9 (d,J = 22.7 Hz), 116.3, 113.1, 35.7, 32.7, 28.9, 283%5. LRMS (ESI)m/z
450.1 [M+H], HRMS (ESI) m/z for GoH21CIFNsO3sS [M-H] calcd 464.0965, found
464.0962.
4.6.4.
N™-(4-((4-chloro-2-fluorophenyl)amino)thieno[3, 2e]pyrimidin-6-yl)- N&-hydroxyo
ctanediamide 9d

Compound9d was prepared frorBd according the same process described for
9ain 42% yield. Mp 209.1-211.2C; "H NMR (400 MHz, DMSOdg) 5 10.30 (s, 1H),
10.15 (s, 1H), 9.78 (s, 1H), 8.63 (s, 1H), 8.531{), 8.32 (s, 1H), 7.56 (§,= 8.5 Hz,
2H), 7.33 (d,J = 9.7 Hz, 1H), 1.92 (] = 7.4 Hz, 2H), 1.56 (p] = 7.5 Hz, 2H), 1.47
(p,J=8.1, 7.5 Hz, 2H), 1.35 — 1.16 (m, 6C NMR (125 MHz, DMSOdg) & 172.2,
169.5, 157.3 (dJ = 251.0 Hz), 156.2, 154.0, 152.9, 131.0 J&5 7.6 Hz), 130.8,
130.1, 125.8 (dJ = 10.2 Hz), 125.1, 117.1 (d,= 24.0 Hz).116.3, 113.5, 35.7, 32.7,
28.9, 25.6, 25.5. LRMS (ESIm/z 466.0 [M+H], HRMS (ESI) m/z for
C20H21CIFNsO3S [M-H] calcd 464.0965, found 464.0962.
4.6.5.
N-(4-((2-fluoro-5-methylphenyl)amino)thieno[3,2d]pyrimidin-6-yl)- N&-hydroxy
octanediamide 9e

Compoundewas prepared frore according the same process describe@dor

in 56% yield. Mp 200.0-201.8C; *H NMR (400 MHz, DMSO#dg) § 10.32 (s, 1H),



10.15 (s, 1H), 9.73 (s, 1H), 8.68 (s, 1H), 8.531(3), 8.30 (s, 1H), 7.32 (dd,= 7.7,
2.2 Hz, 1H), 7.20 (dd] = 10.1, 8.4 Hz, 1H), 7.17 — 7.08 (m, 1H), 2.48¢, 8.0 Hz,
2H), 2.32 (s, 3H), 1.94 (] = 7.3 Hz, 2H), 1.59 (p] = 7.2 Hz, 2H), 1.49 (p) = 7.2
Hz, 2H), 1.35 — 1.20 (m, 4H°C NMR (125 MHz, DMSOdg) 5 172.1, 169.6, 156.0
(d,J = 245.5 Hz), 156.6, 154.10, 152.9, 134.1), 3.5 Hz), 130.8, 129.6, 128.6 (d,
J=7.5Hz), 1255 (d) = 12.6 Hz), 116.2, 116.1 (d,= 20.2 Hz), 113.1, 35.7, 32.7,
28.9, 25.6, 25.5, 20.7. LRMS (ESth/z 446.1 [M+H], HRMS (ESI) m/z for
C21H24FNsO3S [M-H] calcd 444.1511, found 444.1504.
4.6.6.
N*-hydroxy-N2-(4-((4-methoxy2-methylphenyl)amino)thieno[3, 2]pyrimidin-6-y
loctanediamide9f

CompoundOf was prepared fror@8f according the same process describe®éor
in 34% vyield. Mp 190.0-191.8C; *H NMR (400 MHz, DMSOsg) § 10.31 (s, 1H),
10.03 (s, 1H), 9.39 (s, 1H), 8.64 (k= 1.7 Hz, 1H), 8.45 (s, 1H), 8.15 (s, 1H), 7.19 (d
J=8.6 Hz, 1H), 6.89 (d] = 2.9 Hz, 1H), 6.80 (dd] = 8.6, 2.9 Hz, 1H), 3.77 (s, 3H),
2.44 (t,J=7.4 Hz, 2H), 2.10 (s, 3H), 1.91 Jt= 7.4 Hz, 2H), 1.53 (p] = 7.2 Hz, 2H),
1.45 (p,Jd = 7.1 Hz, 2H), 1.32 — 1.20 (m, 4HYC NMR (125 MHz, DMSOds) &
172.0, 169.6, 158.9, 157.8, 154.3, 152.9, 138.6,9.3130.5, 129.0, 116.5, 115.9,
112.0, 55.7, 35.7, 32.7, 28.9, 25.6, 25.5, 18.3IBRESI)m/z458.1 [M+H], HRMS
(ESI) m/z for GoH27Ns04S [M-H] calcd 456.1711, found 456.1713.
4.6.7.

N*-(4-((3-fluorophenyl)amino)thieno[3,2d]pyrimidin-6-yl)- N&-hydroxyoctanedia



mide 9g

Compoundg was prepared frorig according the same process describe®é&or
in 56% vield. Mp 213.1-214.8C; *H NMR (400 MHz, DMSO#€g) § 10.35 (d, 1H),
10.24 (s, 1H), 9.95 (s, 1H), 8.72 (s, 1H), 8.68)(¢, 1.7 Hz, 1H), 8.38 (s, 1H), 7.91
(dt, J = 12.0, 2.3 Hz, 1H), 7.62 (ddd,= 8.3, 2.0, 0.9 Hz, 1H), 7.40 (td= 8.3, 6.9
Hz, 1H), 6.93 (tdd) = 8.4, 2.6, 0.9 Hz, 1H), 2.48 (d= 4.2 Hz, 2H), 1.93 (= 7.4
Hz, 2H), 1.58 (pJ = 7.3 Hz, 2H), 1.48 (p] = 7.2 Hz, 2H), 1.34 — 1.22 (m, 4HyC
NMR (125 MHz, DMSOek) 6 172.2, 169.6, 162.5 (d, = 240.9 Hz), 155.3, 153.7,
152.9, 141.5 (dJ = 11.3 Hz), 130.9, 130.5 (d,= 9.6 Hz), 117.6, 117.6, 116.4, 114.3,
110.2 (d,J = 21.1 Hz), 108.7 (d) = 26.2 Hz), 35.7, 32.7, 28.9, 25.6, 25.5. LRMS
(ESI) m/z 432.1 [M+H], HRMS (ESI) m/z for GH.FNsOsS [M-H] calcd
430.1355, found 430.1358.
4.6.8.
N™-(4-((3-chlorophenyl)amino)thieno[3,2d]pyrimidin-6-yl)- N®-hydroxyoctanedia
mide 9h

Compound9h was prepared frorBh according the same process described for
9ain 56% yield. Mp 191.8-193.%C; *H NMR (400 MHz, DMSO¢g) & 10.33 (s, 1H),
10.21 (s, 1H), 9.92 (s, 1H), 8.72 (s, 1H), 8.661{), 8.38 (s, 1H), 8.09 (§,= 2.1 Hz,
1H), 7.77 (ddd) = 8.3, 2.1, 1.0 Hz, 1H), 7.39 (t= 8.1 Hz, 1H), 7.22 — 7.04 (m, 1H),
2.50 (t, 2H), 1.94 (t) = 7.4 Hz, 2H), 1.58 (p] = 7.2 Hz, 2H), 1.49 (p] = 7.2 Hz,
2H), 1.37 — 1.22 (m, 4H)*C NMR (125 MHz, DMSOdg) & 172.2, 169.6, 155.2,

153.7, 152.9, 141.2, 133.3, 130.9, 130.6, 123.4,41220.3, 116.4, 114.3, 35.7, 32.7,



28.9, 25.6, 25.5. LRMS (ESIm/z 448.1 [M+H], HRMS (ESI) m/z for
C20H22CINsO3S [M-H] calcd 446.1059, found 446.1066.
4.6.9.
N™-(4-((3-bromophenyl)amino)thieno[3,2d]pyrimidin-6-yl)- N&-hydroxyoctanedia
mide 9i

Compoundi was prepared fror@i according the same process describe®éor
in 59% vyield. Mp 204.8-206.6C; *H NMR (400 MHz, DMSOsg) § 10.34 (s, 1H),
10.22 (s, 1H), 9.91 (s, 1H), 8.72 (s, 1H), 8.671{), 8.38 (s, 1H), 8.22 (§,= 2.0 Hz,
1H), 7.87 — 7.77 (m, 1H), 7.34 = 8.0 Hz, 1H), 7.28 (df] = 8.1, 1.4 Hz, 1H), 2.49
(t, J= 7.2 Hz, 2H), 1.94 () = 7.4 Hz, 2H), 1.64 — 1.54 (m, 2H), 1.53 — 1.43 i),
1.33 — 1.22 (m, 4H)*C NMR (125 MHz, DMSOde) 5 172.2, 169.6, 155.2, 153.7,
152.9, 141.3, 130.9, 126.3, 124.2, 121.7, 120.%,411114.3, 35.7, 32.7, 28.9, 25.6,
25.5. LRMS (ESI)M/z492.0 [M+H], HRMS (ESI) m/z for GoH23BrNsOsS [M+H]"
calcd 492.0699, found 492.07134.
4.6.10.
N™-(4-((3-ethylphenyl)amino)thieno[3, 2e]]pyrimidin-6-yl)- N®-hydroxyoctanediam
ide 9

Compoundj was prepared fror8j according the same process describe®éor
in 70% yield. Mp 184.9-186.9C; *H NMR (400 MHz, DMSOds) § 10.33 (dJ = 1.8
Hz, 1H), 10.16 (s, 1H), 9.72 (s, 1H), 8.66 Jd= 1.7 Hz, 1H), 8.63 (s, 1H), 8.32 (s,
1H), 7.66 — 7.61 (m, 1H), 7.59 (= 1.9 Hz, 1H), 7.28 (t] = 7.8 Hz, 1H), 6.99 (dt]

= 7.5, 1.3 Hz, 1H), 2.48 (§,= 7.4 Hz, 2H), 1.94 ({] = 7.4 Hz, 2H), 1.58 (p, 2H), 1.49



(p, 2H), 1.35 — 1.24 (m, 4H), 1.21 {t= 7.6 Hz, 3H)*C NMR (125 MHz, DMSOds)
0 172.2, 169.6, 155.7, 153.9, 152.7, 144.6, 1398,9, 128.9, 123.8, 122.2, 120.4,
116.0, 113.8, 35.7, 32.7, 28.9, 28.7, 25.6, 25%9).1LRMS (ESI)m/z442.1 [M+HT,
HRMS (ESI) m/z for G;H27Ns03S [M-H] calcd 440.1762, found 440.1761.
4.6.11.
N*-hydroxy-N&-(4-((3-isopropylphenyl)amino)thieno[3, 2e]|pyrimidin-6-yl)octane
diamide 9k

Compound9k was prepared frorBk according the same process described for
9ain 74% yield. Mp 182.8-184.%C; *H NMR (400 MHz, DMSO¢) & 10.33 (s, 1H),
10.16 (s, 1H), 9.73 (s, 1H), 8.72 — 8.55 (m, 2H329s, 1H), 7.68 (d] = 7.7 Hz, 1H),
7.58 (s, 1H), 7.29 (4 = 7.8 Hz, 1H), 7.02 (d] = 7.4 Hz, 1H), 2.97 — 2.81 (m, 1H),
1.94 (t,J = 7.2 Hz, 2H), 1.66 — 1.54 (m, 2H), 1.54 — 1.41 @H), 1.37 — 1.12 (m,
12H). 3¢ NMR (125 MHz, DMSOdg) 6 172.2, 169.6, 155.7, 153.9, 152.7, 149.2,
139.2, 130.9, 128.8, 122.4, 120.8, 120.5, 116.8,81135.7, 33.9, 32.7, 28.9, 25.6,
25.5, 24.3. LRMS (ESIm/z 456.1 [M+H], HRMS (ESI) m/z for GaHogNsOsS
[M-H] calcd 454.1918, found 454.1924.
4.6.12.
N*-(4-((3tert-butylphenyl)amino)thieno[3,2-d]pyrimidin-6-yl)- N®-hydroxyoctane
diamide 9l

Compoundl was prepared fror@l according the same process describe®éor
in 71% vyield. Mp 159.6-160.2C; *H NMR (400 MHz, DMSOsg) § 10.34 (s, 1H),

10.16 (s, 1H), 9.73 (s, 1H), 8.65 @z= 14.4 Hz, 2H), 8.33 (s, 1H), 7.84 — 7.57 (m,



2H), 7.30 (tJ = 7.9 Hz, 1H), 7.17 (d] = 7.8 Hz, 1H), 1.94 (] = 7.4 Hz, 2H), 1.65 —
1.54 (m, 2H), 1.54 — 1.44 (m, 2H), 1.39 — 1.19 @BH). 3C NMR (125 MHz,
DMSO-0g) 6 172.2, 169.6, 155.7, 153.9, 152.7, 151.5, 13930.9, 128.6, 121.2,
120.1, 119.8, 116.0, 113.8, 35.7, 34.9, 32.7, 38X, 25.6, 25.5. LRMS (ESip/z
470.1 [M+H], HRMS (ESI) m/z for @H3iNsOsS [M-H] calcd 468.2075, found
468.2079.
4.6.13.
N-(4-((3-ethynylphenyl)amino)thieno[3,2¢]pyrimidin-6-yl)- N®-hydroxyoctanedi
amide 9m

Compoundm was prepared frorBm according the same process described for
9ain 50% yield. Mp 214.6-216.9C; *H NMR (400 MHz, DMSOsg) & 10.32 (s, 1H),
10.19 (s, 1H), 9.83 (s, 1H), 8.68 (s, 1H), 8.65)(d,1.4 Hz, 1H), 8.35 (d] = 0.5 Hz,
1H), 8.03 (t,J = 1.8 Hz, 1H), 7.81 (ddd] = 8.3, 2.2, 1.0 Hz, 1H), 7.37 (ddi= 8.3,
7.5 Hz, 1H), 7.20 (dt) = 7.7, 1.3 Hz, 1H), 4.19 (s, 1H), 2.47J& 4.9 Hz, 2H), 1.92
(t, J=7.4 Hz, 2H), 1.63 — 1.53 (m, 2H), 1.52 — 1.42 i), 1.35 — 1.20 (m, 4H}°C
NMR (125 MHz, DMSOeg) 6 172.2, 169.6, 155.4, 153.8, 152.8, 139.8, 13@9, &,
127.1, 125.0, 122.8, 122.3, 116.3, 114.2, 84.01,835.7, 32.7, 28.9, 25.6, 25.5.
LRMS (ESI) m/z 438.1 [M+H], HRMS (ESI) m/z for GH»3Ns0sS [M-H] calcd
436.1449, found 436.1447.
4.6.14.
N-(4-((3-cyanophenyl)amino)thieno[3, 2]pyrimidin-6-yl)- N3-hydroxyoctanedia

mide 9n



Compound9n was prepared frorBn according the same process described for
9ain 48% yield. Mp 199.1-200.%; *H NMR (400 MHz, DMSO¢g) & 10.36 (s, 1H),
10.25 (s, 1H), 10.08 (s, 1H), 8.75 (s, 1H), 8.69.(4), 8.43 (d,J = 12.8 Hz, 2H), 8.10
(d,J = 7.8 Hz, 1H), 7.65 — 7.48 (m, 2H), 1.95Jt 7.7 Hz, 2H), 1.60 (p] = 7.5 Hz,
2H), 1.50 (pJ = 7.4 Hz, 2H), 1.39 — 1.18 (m, 6HJC NMR (125 MHz, DMSOds) &
172.2, 169.5, 155.2, 153.7, 153.0, 140.6, 131.0,413127.1, 126.4, 124.6, 119.3,
116.6, 114.4, 111.8, 35.7, 32.7, 28.9, 25.6, 2bEMS (ESI) m/z 437.1 [M-H]J,
HRMS (ESI) m/z for GiH22NgO3S [M-H] calcd 437.1401, found 437.14009.

4.6.15.
N*-hydroxy-N&-(4-((3-methoxyphenyl)amino)thieno[3, 2d]pyrimidin-6-yl)octaned
iamide 90

Compound9o was prepared frorBo according the same process described for
9ain 60% vyield. Mp 188.6-189.7C; *H NMR (400 MHz, Methanotk) & 10.33 (s,
1H), 10.17 (s, 1H), 9.75 (s, 1H), 8.66 (s, 2H)488, 1H), 7.62 — 7.46 (m, 1H), 7.46 —
7.37 (m, 1H), 7.28 () = 8.1 Hz, 1H), 6.78 — 6.63 (m, 1H), 3.78 (s, 318 (t, 2H),
1.94 (t,J = 7.4 Hz, 2H), 1.59 (p] = 7.2 Hz, 2H), 1.49 (p, 2H), 1.38 — 1.21 (m, 4H).
¥C NMR (125 MHz, DMSOdg) 6 172.2, 169.6, 155.7, 153.9, 152.7, 139.2, 138.2,
130.9, 128.8, 125.0, 123.4, 120.1, 116.0, 113.97,382.7, 28.9, 25.6, 25.5, 21.7.
LRMS (ESI) m/z 444.1 [M+H], HRMS (ESI) m/z for GH»sNsO4S [M-H] calcd
442.1554, found 442.1551.

4.6.16.

N-(4-((4-ethylphenyl)amino)thieno[3, 2€]]pyrimidin-6-yl)- N®-hydroxyoctanediam



ide 9p

Compound®p was prepared frorBp according the same process described for
9ain 71% yield. Mp 180.4-181.%; *H NMR (400 MHz, DMSO¢) & 10.33 (s, 1H),
10.14 (s, 1H), 9.70 (s, 1H), 8.65 (s, 1H), 8.59{4), 8.31 (s, 1H), 7.64 (d,= 8.5 Hz,
2H), 7.21 (dJ = 8.5 Hz, 2H), 2.61 (q] = 7.6 Hz, 2H), 2.50 — 2.45 (m, 2H), 1.94Jt,
= 7.4 Hz, 2H), 1.64 — 1.54 (m, 2H), 1.52 — 1.43 Pi), 1.34 — 1.24 (m, 4H), 1.20 (t,
J=17.6 Hz, 3H). ¥ NMR (125 MHz, DMSOdg) 6 172.1, 169.6, 155.7, 153.9, 152.7,
139.9, 136.8, 130.9, 128.2, 123.2, 115.9, 113.7,32.7, 28.9, 28.1, 25.6, 25.5, 16.2.
LRMS (ESI) m/z 442.1 [M+H], HRMS (ESI) m/z for GH»/Ns0sS [M-H] calcd
440.1762, found 440.1762.
4.6.17.
N*-hydroxy-N&-(4-((4-isopropylphenyl)amino)thieno[3, 2¢]|pyrimidin-6-yl)octane
diamide 9q

Compound9q was prepared frorBq according the same process described for
9ain 68% yield. Mp 154.0-156.%C; *H NMR (400 MHz, DMSO¢g) & 10.33 (s, 1H),
10.13 (s, 1H), 9.70 (s, 1H), 8.65 (s, 1H), 8.591¢d), 8.31 (s, 1H), 7.69 — 7.61 (m,
2H), 7.28 — 7.21 (m, 2H), 2.94 — 2.85 (m, 1H), 2-5D.46 (m, 2H), 1.94 (§ = 7.4 Hz,
2H), 1.65 — 1.54 (m, 2H), 1.53 — 1.43 (m, 2H), 1-35.25 (m, 2H), 1.22 (d = 6.9
Hz, 6H).13C NMR (125 MHz, DMSOdg) 6 172.1, 169.5, 155.7, 153.9, 152.6, 144.5,
136.9, 130.9, 126.7, 115.9, 113.7, 35.7, 33.417,328.9, 25.6, 25.5, 24.5. LRMS
(ESI) m/z456.1 [M+H]', HRMS (ESI) m/z for GHeNsOsS [M-H] calcd 454.1918,

found 454.1919.



4.6.18.
N*-hydroxy-N&-(4-((4-methoxyphenyl)amino)thieno[3, 2d]pyrimidin-6-yl)octaned
iamide 9r

Compoundr was prepared fror@r according the same process describe®é#or
in 59% vyield. Mp 222.2-223.8C; 'H NMR (400 MHz, DMSOsg) § 10.35 (s, 1H),
10.12 (s, 1H), 9.65 (s, 1H), 8.75 (s, 1H), 8.551¢d), 8.28 (s, 1H), 7.69 — 7.46 (m,
2H), 7.11 — 6.78 (m, 2H), 3.77 (s, 3H), 2.50 — @R 2H), 1.93 (t] = 7.4 Hz, 2H),
1.64 — 1.53 (m, 2H), 1.53 — 1.43 (m, 2H), 1.36 191(m, 4H).23C NMR (125 MHz,
DMSO) ¢ 172.1, 169.5, 156.7, 156.1, 154.0, 152.6, 13138,8, 125.5, 115.9, 114.2,
113.3, 55.7, 35.7, 32.7, 28.9, 25.6, 25.5. LRMSI\E8z444.1 [M+H], HRMS (ESI)

m/z for G1H24Ns04S [M-H] calcd 442.1554, found 442.1539.

4.7. Biological evaluation

4.7.1. Materials

The antibodies for HistonegHa-tubulin and GAPDH were purchased from Cell
Signaling Technology. Acetyl-Histone sHvas purchased from Merck Millipore.
Acetyl-a-Tubulin was purchased from Sigma-aldrich. Both-&abbit and anti-mouse
IgG (H+L), DyLight 800 labeled secondary antibodwsre purchased from KPL
(Kirkegaard & Perry Laboratories. Inc), PVDF trarsinembrane was purchased

from Amersham Biosciences corporation

4.7.2. Cell culture and Cell Viability Assay.



Human multiple myeloma (MM) cell line RPMI 8226 wagfted from
Professor Jian Hou (Chang Zheng Hospital, Shandgblaina). RPMI 8226 cells
were cultured in RPMI 1640 medium supplemented wi%o Fetal Bovine
Serum (FBS). Human HCT 116 colon cancer cells widr&ined from the Cell
Bank (Chinese Academy of Sciences, Shanghai, ChiH&T 116 cells were
cultured in 5A medium supplemented with 10% FetaViBe Serum (FBS). Cells

were maintained in a humidified 37°C/5% &idcubator.

4.7.3.In vitro HDAC activity assay

All three full-length recombinant human HDACs (rhADs)1, 3 and 6 were
expressed in insect High5 cells using a baculovegbression system, and all
Hise-tagged and GST-fusion proteins was purified udMigNTA (QIAGEN). The
deacetylase activity of rhHDACs 1 and 3 were asdayéh a HDAC substrate
(Ac-Lys-Tyr-Lys(e-acetyl)-AMC), and HDACG6 was assayed with anoth&AgC
substrate (Boc-Lysfacetyl)-AMC). The total HDAC assay volume was;25and all
the assay components were diluted in Hepes butfem{M Hepes, 137 mM NacCl,
2.7 mM KCI and 4.9 mM MgG] pH 8.0). The reaction was carried out in black
384-well plates (OptiPlateTM-384F, PerkinElmer) binef, the HDAC assay mixture
contained the substrate (5-3M, 5 ul), rhHDAC isoforms (20-200 nM) and
inhibitors (1 uL). Positive controls contained all the above congrds except the
inhibitors. The negative controls contained neitleezymes nor inhibitors. The
HDACG6 assay components were incubated at room tenye for 3 h, and HDAC1

or 3 were incubated for 24 h. The reaction was doed with the addition of 25L.



Trypsin with the final concentration of 0.3125%.téxf 30 min incubation at room
temperature, the 384 micro-well plates were readaatelengths 355 nm(excitation)
and 460 nm(emission) using Envision (PerkinEImB&gch experiment was done in

triplicate.

4.7.4. Cell proliferation assay

RPMI 8226 cells were seeded in 96-well plates (5€€l&/well), then treated with
compounds for 72 h. HCT 116 cells (3000 cells/we#re plated in a 96-well plate
overnight, then treated with compounds for 72 HisGeere measured with CellTiter
96® AQueous non-radioactive cell proliferation gsbg Promega. Data analysis was

performed with GraphPad Prism 5.0. Each experim@astdone in triplicate.

4.7.5. Western blot analysis

1 x 10 RPMI 8226 cells were seeded in a 6-well plate. Ttels were treated
with compounds for 24 h, cells were lysed by bgilin SDS buffer. Proteins were
analyzed by Western blot.

20-100pg of protein per lane was loaded onto a Tricine—$B&E and then
transferred to a PVDF membrane. The membrane veabated with the following
primary antibodies: anti-tubulin, anti-ac tubulamti-GAPDH, anti-Hand anti-ac ki
at 4°C overnight. Then, the membrane was washetl WBST three times and
incubated with Anti-Rabbit or mouse IgG (H+L). Dght 800 labeled secondary
antibody for 60 min at room temperature. After ghtenes washing with TBST, the
immunoblots were visualized by Odyssey® Infraredaging System (LI-COR

Biosciences).
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Table 1. Structures anah vitro inhibitory activity against HDACs of compoun€éa-r
Table 2.In vitro anti-proliferative activity against RPMI 8226 akiCT 116 cells of
all compounds.

Scheme 1.Reagents and conditions: a) microwave, 4-5 minsHig§O/HNO;, O
°C-r.t; c) POC4, TEA, CHCN, 85°C; d) various substituted aniling,4-dioxane, 85
°C; e) Fe, NHClyq, EtOH, 50°C, 2 h; f) ROCO(CH),COCI, DIPEA, THF, R =
Methyl or Ethyl; g) NHOHHCI, KOH, MeOH-THF, O°C-r.t.

Fig. 1. Design strategy and modification of novel HDACsibitors.

Fig. 2. Western blot analysis of Ac-tubulin and Ac-histd#® from RPMI 8226 cell

cultured for 24 h with DMSO control and compou®ds, 9n, 90, and SAHA.



