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Abstract. A series of 4,5-indolyl-N-hydroxyphenylacrylamideas HDAC inhibitors, has been
synthesized and evaluatedvitro andin vivo. 4-Indolyl compound43 and17 functions as potent
inhibitors of HDAC1 (IGo 1.28 nM and 1.34 nM) and HDAC 2 @#§£0.90 and 0.53 nM).
N-Hydroxy-3-{4-[ 2-(1H-indol-4-yl)-ethyl sulfamoyl] -phenyl }-acrylamide (13) inhibited the human
cancer cell growth of PC3, A549, MDA-MB-231 and ASR with a G, of 0.14, 0.25, 0.32, and
0.24 uM, respectively. Imn vivo evaluations bearing prostate PC3 xenografts nuide model,
compound 13 suppressed tumor growth with a tumor growth irtlobi (TGI) of 62.2%.
Immunohistochemistry of protein expressions, in PCGenograft model indicated elevated
acetyl-histone 3 and prominently inhibited HDACi&in expressions. Therefore, compou#i
could be a suitable lead for further investigatim the development of selective HDAC 2 inhibitors

as potent anti-cancer compounds.
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1. Introduction

Prostate cancer, a solid tumor, is the most deatising disease in men second only to lung
cancer. Histone deacetylases (HDACSs) are overesg@iesy many cancer types including prostate
cancer and are associated with increased candeprobferation and survival by repressing growth
suppressive genes.[1] A study by Weichart et alpnising 192 samples of prostate cancer reported
overexpressed class 1 HDAC isoforms in most of tiiemAC1: 69.8%, HDAC2: 74%, HDAC3:
94.8%); concluding the important role of HDAC1l arfl in controlling prostate tumor
dedifferentiation and indicating the highly sigodnt prognostic value of HDAC2.[1f] Recent
studies have indicated the role of over expresdRAEi2 not only in development of prostate cancer
but also in neurodegeneration leading to cognitmpairment. Studies explore the potential and
thereof the need of HDAC2 inhibitors for the treatrh of neurodegenerative diseases such as
Alzheimer’s disease.[1-3] Upregulated HDACL1 leVids5] has been observed in pre malignant and
malignant lesions of prostate cancers.

Many studies have concluded that inhibition of sldsand [l HDACs by histone deacetylase
inhibitors (HDIs), such as suberoylanilide hydroxamacid (SAHA,1) and valproic acidy), led to
growth arrest, differentiation and/or apoptosipuadstate tumor cells (Figure 1).[5,7-9] PXD1@], (

a sulfonamide based HDI has shown promising refuitthe treatment of prostatic adenocarcinoma
and has completed a phase 1 clinical trial for aded solid tumors including prostate cancer.[10-12]
including various other HDIs such as LBH589,(valproic acid %), MS275 ). Except FK-228
(Romidepsin,2), all other FDA approved HDIs possess a similaf*zinding Group (ZBG) e.g.
hydroxamic acid; however, they differ significantly their surface recognition cap and linker.
Indole moiety has the privilege to be the most esgd heterocyclic compound for the development
of various anticancer agents e.g. LBH580 However, a lot of focus has been laid on explpthe
indole C2 and C3 position unlike indole -4, -5, a@d -7 which remain comparatively unexplored.

Some published reports have supported the ideaheaiosition -4, -5, -6 and -7 of indole could be



potential sites for attaching a connector unit watirface recognition cap for developing potent
HDAC inhibitors.[13-17]

We previously have explored the regioisomeric éffed various positions of indole on tubulin
polymerization inhibition and have developed a naslass of anti-tubulin agents,(8).[18] In
addition, we have also reported the syntheses teinp&iDIs with indole/indoline9, 10) as a linker
and a phenyl group as a surface recognition caf2f]All of these studies have revealed that the
compounds with substitution at -4 and -5 positibmdole were more potent than other analogues of
respective series. Close observation of these Hhdisated that type of connector unit e.g. riged (
or 10) or flexible (L3) could affect the potency of compounds (FigureP2hmpted from the results
we decided to explore the regioisomeric effectrmfole -4 and -5 positions on HDAC inhibitory
activity by interchanging the cap and linker of pueviously reported HDAC inhibitors. This has led
to generation of a potent series of 4,5-indolyl-y¢htoxyphenylacrylamides, with indole as surface
recognition cap and phenyl as linker, possessingnpactivity against prostate cancer (Figure 3).
Apart from regioisomeric effect of meta and parbssitutions of acrylamide side chain with respect
to connector unit (CU); length of CU and substdatat indole N1 has also been studied to complete

the SAR of these hydoxamides.

2. Resultsand discussion
2.1.Chemistry

To synthesize amin0, 4-nitroindole was reduced using iron (Fe) and amom chloride
(NH4CI) and corresponding amine was extracted usingl ettetate (EtOAc) and water. Organic
layer was then collected, dried and directly usechext step. To synthesize amizie 4-cynoindole
was reduced using 10% Pd/C in MeOH over a hydragerat 40-42 psi and stirred overnight,
removed carefully from hydrogenator, filtered thgbu celite and purified by column
chromatography. Reduction using borane-tetrahydaofcomplex or Pd/C at room temperature did

not yield satisfactory results (Scheme 1).



To synthesize the amines fra22 to 25; corresponding aldehydes underwent henry reat¢tion
give corresponding nitro alkenes Attempts to redi@se nitro alkenes using lithium aluminum
hydride (LAH) or Pd/C in methanol (MeOH) producedyopoor yields of desired products. Thus,
nitroalkenes were first reduced to nitroalkanesgisiaBH, in methanol followed by nitro group
reduction using Fe-NkLl in a mixture of water and isopropyl alcohol (I[P@A:4) to give22 to 25 in
guantitative yield (Scheme 1).

The synthesis of compound& tol18 is shown in Scheme 2. Amin@6 to 25 were allowed to
react with 3-or 4-bromobenzenesulfonyl chloridedelin the presence of pyridine and acetonitrile
(ACN) to respectively yield compoun@s to 42. Heck coupling with-butyl acrylate in the presence
of tris(dibenzylideneacetone)dipalladium pRitba)] and tri-t-butylphosphonium tetrafluoroborate
{[(t-Bu)sPH]BF,]} afforded cinnamated3 to 50. Hydrolysis of the methyl ester group 48 to 50
was achieved by treatment with 1N LIOH solutionldileg the corresponding acids which were
subject to amidation witiNH,OTHP in the presence of EDCeHCI and HOBt afforditige
corresponding protected N-hydroxyamides. De-praiacof the OTHP group was achieved with

TFA in dichloromethane (DCM) to yield compountsto 18 in 38 to 56% yield.

2.2. Biological evaluation
2.2.1. HelLa nuclear HDAC enzyme inhibition.

Using HelLa nuclear extract as HDAC source, the itgbil of
4,5-indolyl-N-hydroxyphenylacrylamides were evakdtto inhibit HDAC activity (Table 1).
Compoundll, where sulfonamide is directly linked to inddle4, failed to show any potent activity
against HelLa nuclear extract (HDACs§C>1000 nM). Increasing the connecter unit (CU) tang
from n=0 to n=1, by addition of one methylene grdagiween sulfonamide and inda®4 (12,
HDAC ICso= 7.13 nM), showed a marked increase in HDAC irthilyi activity compared to its
precursorll with ~18 and ~11 fold more potency compared to 8AH HDAC ICso= 131.26 nM)

and PXD101(3, HDAC ICso= 80 nM) respectivelyl2, was found to be more potent than reference
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compound (HDAC ICse= 29.5 nM) and MS27%6, HDAC ICso >1000 nM and comparable with
LBH589.HCI (4, HDAC ICs0 =4.90 nM. These results indicated that a flexible CU wagl we
tolerated in this series of molecules and additibane carbon distance was a favorable modification
Compoundl3 (n=2, HDAC IGy= 8.56 nM)showed comparable HDAC inhibitory activity with its
precursorl2 and4.HCI but was found to be more potent against various careléfines compared
to 12. To compare the regioisomeric effect vhydroxyacrylamide side chain, compouidl was
synthesized. Replacement idfhydroxyacrylamide side chain fropara (13) to meta position (4)

led to decrease in HDAC inhibitory activity indiceg that a para substitution is favored unlike
PXD101. Howevenl4 (HDAC ICso= 30.45 nM) was still more potent th&n(HDAC 1Cs= 131.26
nM), 3 (HDAC ICse= 80 nM),6 (HDAC ICs0 >1000 nM, and comparable with (HDAC ICso= 29.5
nM). Regioisomers at indolé-5 (15 and16) were less potent compared1®, however comparable
with reference compounds. Substituting the Inddlewith a methyl groupl() maintained HDAC
inhibitory activity as 13. SubstitutingN-1 with 4-methoxybenzenesulfonyl moiety8f led to
decrease in HDAC inhibitory activity indicating Byl group substitution aN-1 is not a suitable
modification. In nutshell, all of these compoundgceptll, showed overall better HDAC HelLa
nuclear extract inhibitory activity compared to r&tard compounds like SAHA, PXD101 and
MS275.

2.2.2. In Vitro Cell Growth Inhibitory Activity.

The synthesized 4,5-indolyl-N-hydroxyphenylacryldes, 11 to 18, were evaluated for
anti-proliferative activities against prostate aaoena PC-3 cells, lung carcinoma A549 cells, breast
carcinoma MDA-MB-231 cells and pancreatic carcinoAs#C-1 cells (Table 1) The cancer cell
growth inhibitory results were consistent with thEDAC extract enzyme inhibitory activity.
Compounds such a%3, 14, 16 and 17 showed better to comparable activities with stamda
compounds like SAHA, PXD101 and MS275. Compo@fdn=1) andl3 (n=2) showed comparable

HDAC inhibitory activities, however the anti-pradifative activities of compount3 (PC-3;Glsp =



0.14 uM) was better thal®? (PC-3;Glso = 0.86 uM). Compound3 was overall more potent than its
parent compound®. Being consistent with HDAC inhibitory activityl4 showed diminished
anti-cancer activity compared t8; indicating that a para substitution is preferfed optimal
activity. Substitution oN-1 with methyl group X7) showed comparable anti-proliferative activity to
that of 13, except against breast carcinoma MDA-MB-231 celemel7 (ICso = 0.08 uM) showed
slight better activity as that df3 (ICso = 0.32 uM). Compound8 was overall less potent than its

precursor compount’.

2.2.3. HDAC Isoform Inhibition.

Compoundsl3 and 17 were tested for HDAC isoform enzyme-inhibitory ety including
HDAC isoform 1 and 2, which are generally overespezl in prostate cancer cells, using compound
1, 3 and 6 as reference compounds (Table Z3.and 17 showed potent HDAC inhibitory activity
against HDAC 1 and 2. These results are consistghttheir high efficacy against PC-3 cell lines.
13 (HDAC 1 = 1.28 nM; HDAC 2 = 0.90 nM) ant¥ (HDAC 1 = 1.34 nM; HDAC 2 = 0.53 nM)
were 15 to 85 fold more potent than standard comgei (HDAC 1 = 110 nM; HDAC 2 = 120 nM)
and3 (HDAC 1 = 20 nM; HDAC 2 = 50 nM) against HDAC 1dB5 to 226 fold more potent for
HDAC 2. Furthermore, results have also indicated hmethyl substitutionl{) is favored for the

HDAC inhibitory activity.

2.2.4. \\estern blot analysis.

In an effort to further validate the target in #h&-indolyl-N-hydroxyphenylacrylamide series,
compoundl3 was evaluated for the expression of histone 3catubulin acetylation PC-3 cell line;
which were important biomarkers associated withracellular HDAC inhibition. Western blot
analysis indicated that compouf8 increased acetylation levels of histone 3 aftdbulin and was

found equipotent as standard compodnd PC-3 cells (Fig. 4A-C).

2.2.5. In vivo Efficacy in Human Prostate PC3 Xenogr aft.
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We evaluated then vivo efficacy on compound$3.Using human prostate PC3 xenograft nude
mouse model (Fig. 5).0Once a tumor was approximatelynnt in size and palpable, the mice were
randomized into vehicle control and treatment gso{fp8 mice per group) and control mice received
the vehicle (1.0% carboxymethyl cellulose/0.5% Tm88). Results have indicated (Fig. 5A) that
administration ofl3 (20 mg/kg and 40 mg/kg, ip2d) significantly reduced tumor volume dose
dependently in nude mice model. The percent of tugnowth inhibition (TGI) 0f13 (20 mg/kg and
40 mg/kg) was 51.6% < 0.05) and 62.2% (¥ < 0.01) respectively. In addition, no significant

differences in weight loss were observed dufiBgreatment periods (Figure 5B).

2.2.6. Effect on Protein Expression in Xenograft Model

After in vivo prostate PC-3 xenograft study, wetligr conducted the immunohistochemistry of
protein expressions as shown Figure 6. Resultcateli the effect o3 on HDAC inhibition
marker- acetyl-histone 3(Ac-H3) and expression &fA€ isoforms 1 and 2 in xenograft tumors.
Data revealed the information that compoudncreased the acetyl-histone 3 (Ac-H3) expression
dose-dependently and decreased the HDAC 2 expressid0 mg/kg dose group. No significant

change in the expression of HDAC 1 was observed.

3. Conclusion

We have designed and evaluated a novel seriessahdglyl-N-hydroxyphenylacrylamide as
potent histone deacetylase inhibitors. Lead comgdlg showed anti-proliferative activity, with
Glso values ranging from 0.14 to 0.32 uM in a variefyhaman cancer cell lines from different
organs.13, has demonstrated better activity than referencepooindsl, 3 and 6. Compoundl3
exhibited low nanomolar I values against HDAC 1 and 2 isoforms with 1.28 &nh€é0
respectively. Higher potency against HDAC 1 andoPresponds to better activity df3 against
prostate cancer PC-3 cell line. Structure-activiglationship information revealed that the
N-hydroxyacrylamide group placed at tGet position of indole displayed the best activioygared
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to C-5 position and gara substitution is a prerequisite for the potent\aisti Flexible connector
unit (CU) with n=2 was found to be more potent tltgnparent compouné (rigid CU) and other
molecules of the series including reference comgsumin vivo efficacy evaluation against human
xenograft model in nude mice bearing PC-3 canckdine, compoundl3 (40 mg/kg, ip, q2d) not
only demonstrated substantial antitumor activityhva TGI of 62.2% but also found to upregulate
acetyl-histone 3 and-tubulin expression. Compouri®, is found to be a potent inhibitor of HDAC
Class | and 1IB and can decrease level of HDAC2earsmlectively than HDAC1 as indicated by
immunohistochemistry analysis. In summary,
N-Hydroxy-3-{4-[ 2-(1H-indol-4-yl)-ethyl sulfamoyl] -phenyl}-acrylamide (13) could be a potential

lead for further investigation to develop selectifeAC2 inhibitors as potent anticancer agents.

4. Experimental section
4.1. Chemistry

Nuclear magnetic resonance spectra were obtaingd Biuker DRX-500 spectrometer
(operating at 300 MHz and 500 MHz), with chemidaiftsin parts per million (ppm¢) downfield
from TMS as an internal standard. High-resolutioasmspectra (HRMS) were measured with a
JEOL (JMS-700) electron impact (ElI) mass spectreme®urity of the final compounds were
determined using an Hitachi 2000 series HPLC systising C-18 column (Agilent ZORBAX
Eclipse XDB-C18 5um. 4.6 mm x 150 mm) and were found to »e95%. Flash column
chromatography was done using silica gel (MercksKligel 60, No. 9385, 230-400 mesh ASTM).

All reactions were carried out under an atmospbédry nitrogen.

General procedures for reduction of nitro group - Method A. Nitro compound (1 mmol) was
dissolve in a 0.1 M mixture of IPA: 4@ (4:1) and iron powder (Fe, 3 mmol), ammonium cbko
(NH4CI, 2 mmol) were added and refluxed for two hodtlser cooling down to room temperature

reaction mixture was filtered through celite, exteal with EtOAc (25 mL x 3). The combined
8



organic layer was dried over anhydrous MgS&hd concentrated under reduced pressure and
purified by column chromatographMethod B. 4-cynoindole (1.0 mmol) was dissolved in MeOH in
a hydrogenator reaction flask, 10% Pd/C (10 mg) added and hydrogenator was shook at 40-42
psi overnight. Reaction mixture was carefully talen from hydrogenator, filtered through celite
and purified by column chromatography (EtOAc: MeQOH5 : 0.5) with few drops of aqueous

ammonia .

General procedure for the synthesis of amines 22 to 25. Henry reaction was performed as
reported in the literature.[21] Thus obtained ratkene (1 mmol) was dissolved in methanol (15 mL)
and this solution was added sodium borohydride MaBl.4 mmol) portion wise. Reaction was
stirred for 45 mins and was quenched using 1mLi@eeid. Compound was purified from a short

column to give an off-white residue. Thus obtainéc products were reduced using method — A.

General procedure for sulfonamide synthesis. To a mixture of amine (1 mmol), pyridine (1 mL)
and acetonitrile (0.25 mL) was added 4-bromoberadfanyl chloride (1.1 mmol) portion wise,
and then was allowed to stir at room temperatur@ flo. The reaction was quenched with water and
was acidified with dropwise addition of 3N HCI. Theaction mixture was then extracted with
EtOAc (20 mL x 3). The combined organic layer waesdlover anhydrous MgS@nd concentrated
under reduced pressure. The resulting residue wafied by silica gel chromatography (EtOAc:

n-hexane = 3: 7)

General procedure for Heck reaction. A mixture of bromo compoun@ mmol), Pd(dba} (0.1
mmol, [(t-BulPH]BF,; (0. 2 mmol), KCO; (Lmmol), TEA (3 mmol), methyl acrylate (1 mmoljhca
DMF (5 mL) was stirred at 10%C for 12 h. The reaction was quenched with wateiraeted with
CH.CI, (20 mL x 3) and the combined organic layer wasdlrover anhydrous MgSQand

concentrated under reduced pressure. The resultsndue was purified by silica gel



General Procedure for hydroxamic acid synthesis. A mixture of 1N LiOH (3 mL) and Heck ester
(1 mmol) was stirred at 41T for 2 hours. The reaction was concentrated urebkrced pressure and
then was added water. The mixture was acidifiedh 8 HCI to give off white precipitates. The
off-white solid (Lmmol) was dissolved in DMF (10 pnénd was added EDC<HCI (1.5 mmol), HOBt
hydrate (1.5 mmol) and TEA (3 mmol). After beingrreid at room temperature for 30 min,
NH,OTHP (1.2 mmol) was added and allowed to stir fdditonal 5 h. The reaction mixture was
guenched with water and was extracted with EtOAcr(. x 3). The combined organic layer was
collected, dried over anhydrous Mg&@nd concentrated under reduced pressure to gighia
yellow residue, which was purified by silica ger@matography (EtOAc: n-hexane = 1: 1) to give
colorless liquid. To the resulting product dissolve CHOH (5mL) was added of 10% TFA (5 mL)
and was allowed to stir at room temperature for. 3ie reaction mixture was concentrated under
reduced pressure to give a white residue, whichreaystallized from CkDH to afford the desired

compounds.

4.1.1.Syntheses of amines 20-25.

4.1.1.1. 4-Aminoindole (20). Compound20 was synthesized using 4-nitroindol&,( 0.5 g, 3.08
mmol), iron powder (Fe, 0.5 g, 9.24 mmol) and ammwonchloride (NHCI, 0.3 g, 6.16 mmol)
followed by method-A in 89 % vieldH NMR (300 MHz, CROD): § 6.38 (dd,J = 6.9 Hz,J = 0.9

Hz, 1H), 6.50 (ddJ = 6.0 Hz,J = 3.3 Hz, 1H), 6.81-6.92 (m, 1H), 7.10 (&5 3.3 Hz, 1H).

4.1.1.2. 1H-Indol-4-yl-methylamine (21). Compound20 was synthesized using 4-cynoinda?é, (0.2
g, 1.40 mmol) and 10 % pd/c followed by method-B2% yield;"H NMR (300 MHz, CROD): &
4.07 (s, 1H), 6.56 (dd,= 3.0 Hz,J = 3.3 Hz, 1H), 7.99 (d] = 7.2 Hz, 1H), 7.09 (d] = 7.2 Hz, 1H),

7.26 (d,J = 3.3 Hz, 1H), 7.32 (d] = 8.1 Hz, 1H).

4.1.1.3. 4-(2-amino-ethyl)-1H-indole (22). Compound22 was synthesized usingtro alkene 29,

1.32 g, 6.53 mmol) obtained by reported procediiraf@ further followed by general procedure for
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the synthesis of amineZ2 to 25 in 65% over all yield (fron27); *H NMR (500 MHz, MeOD):5
2.99 - 3.03 (m, 2H), 3.10 #,= 8.0 Hz, 2H), 6.51 (d] = 3.0 Hz, 1H), 6.83 (d] = 7.0 Hz, 1H), 7.03

(d,J = 8.0 Hz, 1H), 7.21 (dl = 3.5 Hz, 1H), ), 7.25 (d = 8.0 Hz, 1H).

4.1.1.4. 5-(2-amino-ethyl)-1H-indole (23) Compound23 was synthesized usimgtro alkene 80, 1.32
g, 6.53 mmol) obtained by reported procedure amthdu followed by general procedure for the
synthesis of amines 22 to 25 in 61% over all y{&iom 28); *H NMR (500 MHz, MeOD)3 2.84 (t,
J=7.0 Hz, 2H), 2.94 (t) = 7.0 Hz, 2H), 6.36 (d] = 3.0 Hz, 1H), 6.96 (dd] = 8.0 Hz,J = 8.5 Hz,

1H), 7.18 (dJ = 3.0 Hz, 1H), 7.31 (d] = 8.0 Hz, 1H), ), 7.38 (s, 1H).

4.1.1.5. N-Methyl-4-formylindole (31) To the solution of28 in dimethylformamide (DMF)
maintained at 6C was added sodium hydride (NaH, 0.36 g, 10.32 mamad was stirred for 5 mins
before adding methylidodide (Mel, 0.44 mL, 8.25 ninand the reaction was stirred for 30 mins.
Reaction was quenched by slow addition of water @& and extracted using EtOAc (25 mL x 3).
The combined organic layer was collected, driedr arehydrous MgS@and concentrated under
reduced pressure to give a pale yellow residuectwinas purified by silica gel chromatography
(EtOAc: Hexane, 4:1) to giv&l as off white residue in 89% vyielttf NMR (300 MHz, CDCJ): &

3.89 (s, 3H), 7.26-7.28 (m, 2H), 7.38Jt 8.1 Hz, 1H), 7.46 (1] = 8.1 Hz, 2H), 10.27 (s, 1H).

4.1.1.6. 1-(4-Methoxy-benzenesulfonyl)-1H-indole-4-carbaldehyd€32) To the solution of28 (1 g,
6.89 mmol)in dichloromethane (DCM) was added tetrabutylammnhydrogen sulfate (TBAHS,
0.35 g, 1.03 mmol), potassium hydroxide (KOH, 0g72.3.78 mmol) and stirred for 20 mins before
adding 4-Methoxybenzenesulfonyl chloride (2.14 @3B mmol) and the reaction was stirred for 12
hours at room temperature. Reaction was quencheattiion of water and neutralized with 3N
HCI and extracted using EtOAc (25 mL x 3). The coratd organic layer was collected, dried over
anhydrous MgS@and concentrated under reduced pressure to graéeayellow residue, which was

purified by silica gel chromatography (EtOAc: Herad:1) to give32 as off-white residue in 45%

11



yield: *H NMR (300 MHz, CDCJ): 5 3.81 (s, 3H), 6.90 (d} = 9.0 Hz, 2H), 7.46 - 7.51 (m, 2H), 7.72

-7.77 (m, 2H), 7.82 — 7.85 (m, 2H), 8.28)& 8.1 Hz, 1H), 10.91 (s, 1H).

4.1.1.7. 2-(1-Methyl-1H-indol-4-yl)-ethylamine (24) Compound?24 was synthesized usingitro
alkene 83, 1.32 g, 6.53 mmol) obtained by reported procedcanée further followed by general
procedure for the synthesis of amir®sto 25 in 62% over all yield (fron81); *H NMR (300 MHz,
MeOD): § 2.72. (t,J = 7.5 Hz, 2H), 2.92 (t) = 7.5 Hz, 2H), 3.82 (s, 3H), 6.51 (dti= 3.3 Hz,J =
3.3 Hz, 1H), 6.96 (d] = 7.2 Hz, 1H), 7.12 (d] = 3.0 Hz, 1H), 7.16-722 (m, 1H), 7.27-7.30 (m, 1H)
4.1.1.8. 2-[1-(4-Methoxy-benzenesulfonyl)-1H-indol-4-yl] -ethylamine (25) Compound 25 was
synthesized usingitro alkene 84, 0.51 g, 1.42 mmol) obtained by reported procedune further
followed by general procedure for the synthesiamfnes22 to 25 in 58% over all yield (fron82);
'H NMR (300 MHz, MeOD): 2.74. (t,J = 7.0 Hz, 2H), 2.85 () = 7.5 Hz, 2H), 3.81 (s, 3H), 6.61
(dd,J = 3.3 Hz,J = 3.0 Hz, 1H), 6.73 (d] = 6.9 Hz, 2H), 6.89-7.13 (m, 2H), 7.38 (= 7.5 Hz,

2H), 7.79 (m, 2H).

4.1.2. Syntheses of sulfonamides 35-42.

4.1.2.1. 4-Bromo-N-(1H-indol-4-yl)-benzenesulfonamide (35) Compound35 was synthesized usirgy
mixture of 4-aminoindole 20, 1.0 g, 7.56 mmol), pyridine (4 mL), acetonitril@ mL) and
4-bromobenzenesulfonyl chloride (2.12 g, 8.32 mmfd)lowed by general procedure for
sulfonamide synthesis in 61 % yieftH NMR (300 MHz, CDCJ): § 6.34 (t,J = 2.1 Hz, 1H), 6.70 (s,
1H), 7.05 (dJ = 6.9 Hz, 1H), 7.10 (d] = 7.8 Hz, 1H), 7.15-7.17 (m, 1H), 7.25 (s 6.0 Hz, 1H), 7.

51 (d,J = 8.7 Hz, 1H), 7.63 (d] = 8.7 Hz, 1H), 8.25 (bs, 1H).

4.1.2.2. 4-Bromo-N-(1H-indol-4-ylmethyl)-benzenesulfonamide (36) Compound36 was synthesized
usinga mixture of 1H-Indol-4-yl-methylamin&€g, 1.0 g, 6.84 mmol), pyridine (4 mL), acetonitrile
(1 mL) and 4-bromobenzenesulfonyl chloride (2.24.§2 mmol) followed by general procedure for

sulfonamide synthesis in 71 % vyieft§ NMR (300 MHz, CDGJ): & 4.45 (d,J = 5.7 Hz, 2H), 4.74

12



(bs, 1H), 6.47 (tJ = 1.2 Hz, 1H), 6.90 (d] = 6.9 Hz, 1H), 7.09 () = 7.8 Hz, 1H), 7.23 () = 2.7

Hz, 1H), 7.34 (dJ = 8.1 Hz, 1H), 7.59-7.61 (m, 2H), 7.68-7.72 (M) 28128 (bs, 1H).

4.1.2.3. 4-Bromo-N-[2-(1H-indol-4-yl)-ethyl] -benzenesulfonamide (37) Compound 37 was
synthesized using mixture of 2-(1H-Indol-4-yl)-ethylamin&2, 1.0 g, 6.24 mmol), pyridine (4 mL),
acetonitrile (1 mL) and 4-bromobenzenesulfonyl dde (1.78 g, 6.86 mmol) followed by general
procedure for sulfonamide synthesis in 78 % yiéttiNMR (500 MHz, CDCY): & 3.04 (t,J = 7.0
Hz, 2H), 3.33-3.37 (m, 2H), 6.40 = 1.0 Hz, 1H), 6.79 (dJ = 7.5 Hz, 1H), 7.08 () = 7.5 Hz,

1H), 7.17 (tJ = 3.0 Hz, 1H), 7.25-7.29 (m, 1H), 7.46-7.47 (m)48127 (bs, 1H).

4.1.2.4. 3-Bromo-N-[2-(1H-indol-4-yl)-ethyl] -benzenesulfonamide(38) Compound 38 was
synthesized using mixture of 2-(1H-Indol-4-yl)-ethylamin€2, 1.0 g, 6.24 mmol), pyridine (4 mL),
acetonitrile (1 mL) and 3-bromobenzenesulfonyl ddie (1.78 g, 6.86 mmol) followed by general
procedure for sulfonamide synthesis in 75 % yi&ttiNMR (500 MHz, CDCY): & 3.06 (t,J = 7.0
Hz, 2H), 3.36-3.40 (m, 2H), 6.40 (s, 1H), 6.80J¢ 7.0 Hz, 1H), 7.09 (] = 7.5 Hz, 1H), 7.19 (1]

= 2.5 Hz, 1H), 7.25-7.29 (m, 3H), 7.62-6.64 (M,)2F85 (s, 1H), 8.25 (bs, 1H).

4.1.25. 4-Bromo-N-[ 2-(1H-indol-5-yl)-ethyl] -benzenesulfonamide (39). Compound 37 was
synthesized using mixture of 2-(1H-Indol-5-yl)-ethylamin&8, 1.0 g, 6.24 mmol), pyridine (4 mL),
acetonitrile (1 mL) and 4-bromobenzenesulfonyl adie (1.78 g, 6.86 mmol) followed by general
procedure for sulfonamide synthesis in 66 % yigttiNMR (300 MHz, CDCY): & 2.86 (t,J = 6.3
Hz, 2H), 3.25-3.31 (m, 2H), 4.40 (= 5.7 Hz, 1H), 6.48-6.90 (m, 1H), 6.87-6.89 (m,)1H24 (dJ

= 2.7 Hz, 1H), 7.28-7.31 (m, 2H), 7.52-7.60 (m, 481p7 (bs, 1H).

4.1.2.6. 3-Bromo-N-[2-(1H-indol-5-yl)-ethyl] -benzenesulfonamide (40). Compound 38 was
synthesized using mixture of 2-(1H-Indol-5-yl)-ethylamin&8, 1.0 g, 6.24 mmol), pyridine (4 mL),

acetonitrile (1 mL) and 3-bromobenzenesulfonyl odie (1.78 g, 6.86 mmol) followed by general
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procedure for sulfonamide synthesis in 61 % yi&ttiNMR (500 MHz, CDCY): § 2.83 (t,J = 7.0
Hz, 2H), 3.25-3.29 (m, 2H), 4.59 @,= 6.0 Hz, 1H), 6.45 (d) = 2.5 Hz, 1H), 6.86-6.88 (m; 1H),

7.19 (t,J = 2.5 Hz, 1H), 7.26-7.29 (m, 3H), 7.62-7.66 (m)2H90 (s, 1H), 8.29 (bs, 1H).

4.1.2.7. 4-Bromo-N-[ 2-(1-methyl-1H-indol-4-yl)-ethyl] -benzenesulfonamide (41). Compound41 was
synthesized using mixture of 2-(1-Methyl-1H-indol-4-yl)-ethylaming@4, 1.0 g, 5.74 mmol) in
pyridine (4 mL), acetonitrile (1 mL) and 4-bromolenesulfonyl chloride (1.88 g, 6.32 mmol)
followed by general procedure for sulfonamide sgath in 68 % yield*H NMR (300 MHz, CDCJ):

6 3.06 (t,J = 6.3 Hz, 2H), 3.33-3.40 (m, 2H), 3.80 (s, 1HB%(t,J = 6.0 Hz, 1H), 6.34 (dd] = 3.0
Hz,J = 3.3 Hz, 1H), 6.81 (d] = 7.2 Hz, 1H), 7.04 (d] = 3.3 Hz, 1H), 7.11-7.16 (m, 1H), 7.22- 7.27

(m, 1H), 7.49 (bs, 4H).

4.1.2.8. 4-Bromo-N-[ 2-(1-methyl-1H-indol-4-yl)-ethyl] -benzenesulfonamide (42). Compound42 was
synthesized usin@ mixture of2-[1-(4-Methoxy-benzenesulfonyl)-1H-indol-4-yl]-gtlamine (25,
0.36 g, 1.08 mmol), pyridine (1 mL), acetonitri@X mL) and 4-bromobenzenesulfonyl chloride
(0.31 g, 1.18 mmol) followed by general proceduwe sulfonamide synthesis in 49 % yiefd4
NMR (300 MHz, CDCJ): & 3.01 (t,d = 7.2 Hz, 2H), 3.32-3.41 (m, 2H), 3.78 (s, 3HH%H6.67 (M,
3H), 6.92 (ddJ = 6.9 Hz,J = 3.0 Hz, 1H), 7.12 (dd] = 3.0 Hz,J = 3.3 Hz 1H), 7.22 (m, 1H),

7.61-7.64 (m, 2H), 7.68-7.72 (m, 2H), 7.78d; 7.5 Hz, 1H), 7.84-7.89 (m, 2H).

4.1.3. Syntheses of Heck products (methyl esters) 43-50.

4.1.3.1 3-[4-(1H-Indol-4-ylsulfamoyl)-phenyl] -acrylic acid methyl ester (43). Compound43 was
synthesized usinga mixture of 35 (1.0 g, 2.85 mmol), R{dba}, (0.26 g, 0.28 mmol),
[(t-Bu)sPH]BF, (0.16 g, 0.57 mmol), ¥CO; (0.39 g, 2.85 mmol), TEA (1.17 mL, 8.55 mmol),
methyl acrylate (0.30 mL, 3.42 mmol), and DMF (1Q)nfollowed by general procedure for Heck
reaction in 89 % yield*H NMR (300 MHz, CDCJ): & 3.82 (s, 3H), 6.33-6.35 (m, 1H), 6.450;

16.2 Hz, 1H), 6.75 (s, 1H), 7.04-7.14 (m, 3H), 7-225 (m, 1H), 7.49 (d] = 8.7 Hz, 1H), 7. 61 (d,
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J=16.2 Hz, 1H), 7.78 (d| = 8.4 Hz, 1H), 8.24 (bs, 1H).

4.1.3.2. 3-{4-[ (1H-Indol-4-ylmethyl)-sulfamoyl] -phenyl}-acrylic acid methyl ester (44). Compound
44 was synthesized using mixture of36 (1.2 g, 3.28 mmol), Rba} (0.30 g, 0.33 mm¢g|
[(t-Bu)sPH]BF; (0.19 g, 0.66 mmol), $CO; (0.36 g, 2.63 mmol), TEA (1.56 mL, 9.84 mmol),
methyl acrylate (0.31 mL, 3.93 mmol) and DMF (10 )niidllowed by general procedure for Heck
reaction in 61 % vyield*H NMR (300 MHz, CDCJ): 6 3.85 (s, 3H), 4.67 (dl = 6.0 Hz, 2H), 4.72 (t,
J = 6.0 Hz, 1H), 6.47-6.59 (m, 1H), 6.56 Jt= 16.2 Hz, 1H), 6.90 (d] = 7.2 Hz, 1H), 7.08 (t) =
8.1 Hz, 1H), 7.22 (t) = 3.0 Hz, 1H), 7.38 (d] = 8.4 Hz, 1H), 7.60 (d] = 8.4 Hz, 2H), 7.70 (d] =

16.2 Hz, 1H), 7.88 (d] = 8.4 Hz, 2H).

4.1.3.3. 3-{4-[2-(1H-Indol-4-yl)-ethylsulfamoyl] -phenyl}-acrylic acid methyl ester (45). Compound
45 was synthesized using mixture of 37 (1.0 g, 2.63 mmol), R{dba} (0.24 g, 0.26 mmol,
[(t-Bu)sPH]BF; (0.15 g, 0.52 mmol), $CO; (0.36 g, 2.63 mmol), TEA (0.74 mL, 5.26 mmol),
methyl acrylate (0.28 mL, 2.63 mmol), and DMF (1Q)nfollowed by general procedure for Heck
reaction in 92 % yield'"H NMR (300 MHz, MeOD)® 2.99 (t,J = 7.2 Hz, 2H), 3.20-3.25 (m, 2H),
3.79 (s, 3H), 6.36-6.37 (m, 1H), 6.61 (= 15.6 Hz, 1H), 6.74 (d] = 6.9 Hz, 1H), 6.75-7.00 (m,

1H), 7.17 (dJ = 3.3 Hz, 1H), 7.23 (d] = 8.1 Hz, 1H), 7.61-7.66 (m, 3H), 7.75 (&= 8.7 Hz, 2H).

4.1.3.4. 3-{3-[2-(1H-Indol-4-yl)-ethylsulfamoyl] -phenyl}-acrylic acid methyl ester (46). Compound
46 was synthesized using mixture of38 (1.0 g, 2.63 mmol), R{dba} (0.24 g, 0.26 mmol,
[(t-Bu)sPH]BF; (0.15 g, 0.52 mmol), $CO; (0.36 g, 2.63 mmol), TEA (0.74 mL, 5.26 mmol),
methyl acrylate (0.28 mL, 2.63 mmol), and DMF (1Q)nfollowed by general procedure for Heck
reaction in 88 % vield'H NMR (500 MHz, DMSO)3 2.89 (t,J = 7.5 Hz, 2H), 3.03 (t) = 7.5 Hz,
2H),3.72 (s, 3H), 6.30 (s, 1H), 6.68-6.73 (M, 26183 (t,J = 7.5 Hz, 1H), 7.20 (d] = 8.0 Hz, 1H),
7.24 (t,J = 2.0 Hz, 1H), 7.60 () = 7.5 Hz, 1H), 7.70 (d) = 16.0 Hz, 1H) 7.78-7.79 (m, 2H),

7.92-7.96 (m,3H), 8.04 (s, 1H).
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4.1.3.5. 3-{4-[ 2-(1H-Indol-5-yl)-ethyl sulfamoyl] -phenyl}-acrylic acid methyl ester (47). Compound
47 was synthesized using mixture of39 (1.0 g, 2.63 mmol), R{dba} (0.24 g, 0.26 mmol,
[(t-Bu)sPH]BF; (0.15 g, 0.52 mmol), ¥CO; (0.36 g, 2.63 mmol), TEA (0.74 mL, 5.26 mmol),
methyl acrylate (0.28 mL, 2.63 mmol), and DMF (1Q)nfollowed by general procedure for Heck
reaction in 89 % yield'H NMR (500 MHz, CDCJ): & 2.84 (t,J = 6.5 Hz, 2H), 3.25-3.29 (m, 2H),
3.82 (s, 3H), 6.44 (1] = 2.0 Hz, 1H), 6.48 (d] = 16.0 Hz, 1H), 6.85-6.87 (m, 1H), 7.19 (& 2.5
Hz, 1H), 7.25-7.28 (m, 2H), 7.51 (d= 8.5 Hz, 1H), 7.65 (d] = 16.0 Hz, 1H), 7.71 (d] = 8.0 Hz,

1H), 8.27 (bs, 1H).

4.1.3.6. 3-{3-[2-(1H-Indol-5-yl)-ethylsulfamoyl] -phenyl}-acrylic acid methyl ester (48). Compound
48 was synthesized using mixture of40 (1.0 g, 2.63 mmol), R{dba} (0.24 g, 0.26 mmol,
[(t-Bu)sPH]BF; (0.15 g, 0.52 mmol), $CO; (0.36 g, 2.63 mmol), TEA (0.74 mL, 5.26 mmol),
methyl acrylate (0.28 mL, 2.63 mmol), and DMF (1Q)nfollowed by general procedure for Heck
reaction in 81 % yield*H NMR (500 MHz, CDCJ): § 2.84 (t,J = 6.5 Hz, 2H), 3.25-3.29 (m, 2H),
3.83 (s, 3H), 6.42-6.45 (m, 2H), 6.83-6.85 (m, 1HRO (t,J = 2.5 Hz, 1H), 7.26-7.29 (m, 2H), 7.45

(t, J=7.5 Hz, 1H), 7.57 (d] = 16.5 Hz, 1H), 7.63 (d} = 7.5 Hz, 1H), 7.74-7.75 (m, 2H).

4.1.3.7. 3-{4-[2-(1-Methyl-1H-indol-4-yl)-ethylsulfamoyl] -phenyl}-acrylic acid methyl ester (49).
Compound49 was synthesized usirg mixture of4l (1.0 g, 2.85 mmol), Rfba} (0.26 g, 0.28
mmol), [(t-BupsPH]BF; ] (0.16 g, 0.56 mmol), ¥CO; (0.39 g, 2.85 mmol), TEA (0.93 mL, 8.55
mmol), methyl acrylate (0.42 mL, 3.42 mmol), and BXL0O mL) followed by general procedure for
Heck reaction in 56 % yieldH NMR (300 MHz, CDCJ): § 2.67 (t,J = 6.9 Hz, 2H), 3.17 () = 7.2
Hz, 2H), 3.69 (s, 3H), 3.84 (s, 3H), 6.50 Jc& 15.9 Hz, 1H), 6.54-6.56 (m, 1H), 6.89 {d¢= 6.3 Hz,
1H), 6.75 (t,J = 3.0 Hz, 1H),7.14-7.23 (m, 2H), 7.58 (= 8.4 Hz, 2H), 7.66 (d] = 15.9 Hz, 1H),

7.79 (d,J = 8.4 Hz, 2H).

4.1.3.8. 3-(4-{2-[ 1-(4-Methoxy-benzenesulfonyl )-1H-indol-4-yl] -ethyl sulfamoyl }-phenyl)-acrylic acid
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methyl ester (50). Compoundb0 was synthesized usiragmixture of42 (0.3 g, 0.62 mmol), R¢{dba)
(0.06 g, 0.06 mmol), [(t-BylPH]BF4] (0.03 g, 0.12 mmol), BCO; (0.08 g, 0.62 mmol), TEA (0.23
mL, 1.67 mmol), methyl acrylate (0.11 mL, 0.93 mjn@nd DMF (5 mL) followed by general
procedure for Heck reaction in 61 % yielét NMR (300 MHz, CDCJ): § 2.95 - 2.97 (m, 2H), 3.13
- 3.16 (m, 2H), 3.80 (s, 3H), 3.82 (s, 3H), 6.68872 (m, 2H), 6.97-6.99 (m, 3H), 7.18.Jt= 7.8 Hz,

1H), 7.62-7.72 (m, 6H), 7.81-7.99 (m, 4H).

4.1.4. Syntheses of hydroxamic acids 11-18.

4.1.4.1. N-Hydroxy-3-[4-(1H-indol-4-ylsulfamoyl)-phenyl] -acrylamide (11). Compound 11 was
synthesized using free acid (0.82 g, 2.39 mmolaiabd after hydrolysis of compoud@ (1 g, 1.81
mmol), and a mixture of EDC+HCI (0.55 g, 3.58 mm&iOBt (0.48 g, 3.58 mmol), NMM (0.92 mL,
8.36 mmol) and NEDTHP (0.31 g, 2.63 mmol) followed by general pragedfor hydroxamic acid
synthesis in 49% vyield (from3); mp: 158-159C; purity: 95.13 %'H NMR (300 MHz, CROD): §
6.40 (t,J = 3.0 Hz, 1H), 6.53 (d] = 15.9 Hz, 1H), 6.84 (dl = 6.9 Hz, 1H), 6.93 (t) = 7.8 Hz, 1H),
7.05 (d,J = 3.3 Hz, 1H), 7.11 (d] = 7.1 Hz, 1H), 7.22 (d] = 15.9 Hz, 1H), 7.47 (dl = 8.4 Hz, 2H),
7.68 (d,J = 8.4 Hz, 2H). MS (ESI) m/z: 356.1 (M*H HRMS (ESI) for G;H1sN30.S (M-H"): calcd,

356.0895; found, 356.1869.

4.1.4.2. N-Hydroxy-3-{4-[ (1H-indol-4-ylmethyl)-sulfamoyl] -phenyl}-acrylamide (12). Compound12
was synthesized using free acid (1.1 g, 2.08 mmoblgined after hydrolysis of compoudd (1.2 g,
3.02 mmol), and a mixture of EDCeHCI (0.72 g, 7/@&0l), HOBt hydrate (0.62 g, 3.12 mmol),
NMM (1.2 mL, 7.28 mmol) and N)OTHP (0.40 g, 3.08 mmol) followed by general pragedfor
hydroxamic acid synthesis 53% vyield (overall frdd); mp: 161-163C; purity: 98.45 %'H NMR
(300 MHz, CROD): 6 4.35 (s, 2H), 6.46 (dl = 3.0 Hz, 1H), 6.55 (d] = 15.6 Hz, 1H), 6.84 (dl =
7.5 Hz, 1H), 6.96 (t) = 8.1 Hz, 1H), 7.19 (d] = 3.0 Hz, 1H), 7.24 (d] = 8.1 Hz, 1H), 7.55-7.61 (m,

3H), 7.76 (dJ = 8.1 Hz, 2H). MS (ESI) m/z: 370.1 (M*H HRMS (ESI) for GgH17N30sS (M-H"):
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calcd, 370.0940; found, 370.0862.

4.1.4.3. N-Hydroxy-3-{4-[ 2-(1H-indol-4-yl)-ethyl sulfamoyl] -phenyl }-acrylamide (13). Compoundl3
was synthesized using free acid (1.0 g, 2.70 mnobiigained after hydrolysis of compoud8 (1 g,
2.60 mmol), and a mixture of EDCeHCI (0.77 g, 41®5o0l), HOBt hydrate (0.62 g, 4.05 mmol),
NMM (1.13 mL, 8.1 mmol) and N¥#OTHP (0.38 g, 3.24 mmol) followed by general pragedfor
hydroxamic acid synthesis 56% yield (overall frdB); mp: 164-165C; purity: 97.52 %*H NMR
(300 MHz, CROD): § 2.96-3.01 (m, 2H), 3.23 (§,= 8.1 Hz, 2H), 6.37 (d] = 3.0 Hz, 1H), 6.57 (d,
J=15.6 Hz, 1H), 6.74 (d = 6.9 Hz, 1H), 6.97 (d] = 8.1 Hz, 1H), 7.17 (d] = 3.0 Hz, 1H), 7.21 (d,
J=7.2 Hz, 1H), 7.56-7.64 (m, 3H), 6.74 (b= 8.1 Hz, 2H). MS (ESI) m/z: 386.1 (M+H HRMS

(ESI) for GgH1N30,S (M+H"): caled, 386.1095; found, 386.11609.

4.1.4.4. N-Hydroxy-3-{3-[ 2-(1H-indol-4-yl)-ethyl sulfamoyl] -phenyl}-acrylamide (14). Compoundl4
was synthesized using free acid (1.0 g, 2.70 mnobilgained after hydrolysis of compoudé (1 g,
2.60 mmol), and a mixture of EDC<HCI (0.77 g, 41©85,ol), HOBt hydrate (0.62 g, 4.05 mmol),
NMM (1.13 mL, 8.1 mmol) and N)OTHP (0.38 g, 3.24 mmol) followed by general pragedfor
hydroxamic acid synthesis 51% yield (overall frd6); mp: 161-163C; purity: 100.00 %'H NMR
(500 MHz, DMS0):5 2.70 (t,J = 7.0 Hz, 2H), 2.93-2.98 (m, 2H), 6.29 (s, 1HF®(d,J = 16.0 Hz,
1H), 6.83 (tJ = 8.5 Hz, 1H), 7.23-7.25 (m, 3H), 7.59 (tk 16.0 Hz, 1H), 7.75 (dl = 8.5 Hz, 3H),
7.84 (d,J = 8.0 Hz, 2H). MS (ESI) m/z: 386.1 (M¥H HRMS (ESI) for GoH1oN30,S (M+H"):

calcd, 386.1095; found, 386.1169.

4.1.4.5. N-Hydroxy-3-{4-[ 2-(1H-indol-5-yl)-ethyl sulfamoyl] -phenyl }-acrylamide (15). Compoundl5
was synthesized using free acid (1.0 g, 2.70 mnobiigained after hydrolysis of compoudd (1 g,
2.60 mmol), and a mixture of EDCeHCI (0.77 g, 41©5ol), HOBt hydrate (0.62 g, 4.05 mmol),
NMM (1.13 mL, 8.1 mmol) and N)OTHP (0.38 g, 3.24 mmol) followed by general pragedfor

hydroxamic acid synthesis 48 % vyield (overall frd@); mp: 159-160C; purity: 96.10 %'H NMR
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(300 MHz, MeOD)$ 2.78 (tJ = 7.2 Hz, 2H), 3.15 (] = 7.5 Hz, 2H), 7.73 (d] = 3.0 Hz, 1H), 6.57
(d,J = 15.6 Hz, 1H), 6.81-6.85 (m, 1H), 7.18-7.24 ()17.44 (d,J = 15.6 Hz, 1H), 7.56 (d] =
8.4 Hz, 1H), 7.71 (dJ = 8.1 Hz, 2H). MS (ESI) m/z: 386.1 (M£H HRMS (ESI) for GoH1oN304S

(M+H™): calcd, 386.1095; found, 386.1169.

4.1.4.6. N-Hydroxy-3-{3-[ 2-(1H-indol-5-yl)-ethyl sulfamoyl] -phenyl }-acrylamide (16). Compoundl6
was synthesized using free acid (1.0 g, 2.70 mnobiigained after hydrolysis of compoudd (1 g,
2.60 mmol), and a mixture of EDCeHCI (0.77 g, 41®%o0l), HOBt hydrate (0.62 g, 4.05 mmol),
NMM (1.13 mL, 8.1 mmol) and N¥OTHP (0.38 g, 3.24 mmol) followed by general pragedfor
hydroxamic acid synthesis 38 % vyield (overall frd8); mp: 162-163C; purity: 97.86 %'H NMR
(500 MHz, MeOD):$ 2.73 (t,J = 7.5 Hz, 2H), 3.15 (t] = 7.5 Hz, 2H), 6.30 (d] = 3.0 Hz, 1H), 6.50
(d,J = 16.0 Hz, 1H), 6.81 (dl = 8.5 Hz, 1H), 7.15 (d] = 3.0 Hz, 1H), 7.20-7.21 (m, 2H), 7.46 t,
= 7.5 Hz, 1H), 7.54 (d) = 15.5 Hz, 1H), 7.67-7.71 (m, 2H), 7.88 (s, 1H)SNESI) m/z: 386.1

(M+H"). HRMS (ESI) for GoH1oNs0,S (M+H"): calcd, 386.1095; found, 386.1169.

4.1.4.7.  N-Hydroxy-3-{4-[ 2-(1-methyl-1H-indol-4-yl)-ethyl sulfamoyl] -phenyl}-acrylamide  (17).
Compoundl17 was synthesized using free acid (0.15 g, 0.39 mnudidained after hydrolysis of
compound49 (1 g, 2.50 mmol), and a mixture of EDC*HCI (0.09D8 mmol), HOBt hydrate (0.08
g, 0.58 mmol), NMM (0.11 mL, 1.05 mmol) and MBITHP (0.05 g, 0.43 mmol) followed by
general procedure for hydroxamic acid synthesi®/6¥ield (overall from49); mp: 147-148°C;
purity: 98.80 %1H NMR (300 MHz, MeOD):5 2.98 (t,J = 6.9 Hz, 2H), 3.22 (t) = 7.1 Hz, 2H),
3.75 (s, 3H), 6.34 (dl = 3.3 Hz, 1H), 6.57(d) = 15.6 Hz, 1H), 6.78 (d] = 7.2 Hz, 1H), 7.03 (d] =
7.8 Hz, 1H), 7.07-7.09 (m, 2H), 7.19 (M= 8.1 Hz, 1H), 7.56-7.62 (m, 3H), 7.72 (& 8.1Hz, 2H).
MS (ESI) m/z: 400.1 (M+H. HRMS (ESI) for GgH2:N30,S (M+H): calcd, 400.1331; found,

400.1321.
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4.1.4.8.

N-Hydr oxy-3-(4-{ 2-[ 1- (4-methoxy-benzenesul fonyl)-1H-indol -4-yl] -ethyl sulfamoyl } -phenyl )-acrylam
ide (18). Compoundl8 was synthesized using free acid (0.2 g, 0.38 mmbkgined after hydrolysis
of compound0 (0.21 g, 0.34 mmol), and a mixture of EDCeHCI (0)9.58 mmol), HOBt hydrate
(0.08 g, 0.58 mmol), NMM (0.11 mL, 1.05 mmol) an¢H)}DTHP (0.05 g, 0.43 mmol) followed by
general procedure for hydroxamic acid synthesi®#9ield (overall from50); mp: 142-144°C;
purity: 97.13 %*H NMR (300 MHz, MeOD)$ 2.95 - 2.97 (m, 2H), 3.12- 3.15 (m, 2H), 3.803(d),
6.57 (d,J = 15.3 Hz, 1H), 6.72 (s, 1H), 6.97- 7.00 (m, 3AN8(t,J = 7.2 Hz, 1H), 7.56-7.63 (m,
4H), 7.70 - 7.73 (m, 2H), 7.79 -7.86 (m, 3H). MSS(Em/z: 554.2 (M-H). HRMS (ESI) for

CosH25N307S, (M-H+): calcd, 554.1134; found, 555.1053.
4.2. Biology

4.2.1. Tumor Cell Culture.

All human cancer cells were maintained in RPMIA6dedium supplemented with 10% FBS
and penicillin (100 units/ml)/streptomycin (1@@/ml)/amphotericin B (0.2%g/ml). All cells were
maintained in humidified air containing 5% g&x 37°C and cultured every 2-3 days. All cellsaver
cultured in tissue culture flasks in a humidifiad @ntaining 5% C®@ and 95% air at 37 ° C and

cultured every 2-3 days.

4.2.2. The Sulforhodamine B Assays

Cells were seeded at the density of 5000 cells/wtl 96-plate overnight. Basal cells were
fixed with 10% trichloroacetic acid (TCA) to repesd cell population at the time of compound
addition (To). After additional incubation of DMSO (C) or diffent doses of test compounds (Tx) for
48 h, cells were fixed with 10 % TCA and stainednw&RB at 0.4 % (w/v) in 1 % acetic acid.

Unbound SRB was washed out using 1 % acetic acldS&B bound cells were solubilized with 10
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mM Trizma base. The absorbance was read at a weytklef 515 nm. The 50% growth inhibition

(Glso) was calculated by 100 - [{F Tg) / (C — To)] x 100.

4.2.3. HeLa Nuclear Extract HDAC Activity Assay

HDAC Fluorescent Activity Assay Kit (BioVisiorCA) was used to detect HelLa nuclear
extract HDAC activity according to manufacturerisstructions. Briefly, the HDAGuorometric
substrate and assay buffer were added to HeLaaruektracts in a 96-well format and incubated at
37°Cfor 30 min. The reaction was stopped by addingnksdeveloperand the mixture was
incubated for another 30 min at 37A¢lditional negative controls included incubatiorthvaut the
nuclear extract, without the substrate, or withooth. A fluorescence plate reader with excitatibn a

355 nm and emissiat 460 nm was used to quantify HDAC activity.

4.2.4. HDAC Biochemical Assays.

The HDACSsin vitro activities of human recombinant HDAC 1, 2, 4, 6d &8 were conducted
by Eurofin Panlabs (Taipei, Taiwan). In brief, icaied compounds were incubated with specific
HDAC enzyme and Fluor-de-Lys deacetylase substritaor-de-Lys deacetylsubstrate were

spectrofluorimetric quantitated compared to control

4.2.5. Western Blot Analysis

Cells were incubated with indicated compounds tbhZand lysed with ice-cold lysis buffer (20
mM Tris-HCI pH 7.5, 150 mM NaCl, 1 mM NBDTA, 1 mM EGTA, 1% NP-40, 1% Sodium
Deoxycholate, 0.1% SDS, 2.5 mpAglycerolphosphate, 1 mM M&,O7, 5 mM NaF, 1 mM Ng/O,4
and protease inhibitor cocktail from Millipore) are for 30 min followed by centrifugation at 13000
rom for 30 min. Protein concentrations were deteedi and equal amounts of protein were
separated by 8-15% sodium dodecyl sulfate-polyaande gel electrophoresis (SDS—-PAGE) and
transferred to poly(vinylidene difluoride) (PVDF) mbranes. Membranes were immunoblotted with

specific antibodies overnight at 4°C and then adpli¢o appropriate horseradish
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peroxidase-conjugated anti-mouse or anti-rabbit Ig&ondary antibodies for 1 h at room
temperature. Signals were detected using an entlardemiluminescence (Amersham,

Buckinghamshire, UK).

4.2.6. Immunohistochemistry (IHC).

Formalin-fixed paraffin-embeded tumor sections waubmitted to Rapid Science Co., Ltd. to
conduct the immunohistochemistry staining. In Qrigimor sections were deparaffinized,
rehydration and immersed in 3%®} to inactivate endogenous peroxidase. For antigémval,
slides were incubated in buffer with pH 9 at 80%&might. After PBS washing, the slides were
blocked with fatty-free milk and incubated with mpary antibody at 4°C overnight. The secondary
antibody was added and then Mayer's Hematoxylinteo was used for counterstaining. For
hematoxylin and eosin stain (H&E stain), the tursections were incubated in hematoxylin solution

and then counterstained with eosin.

4.2.7. Antitumor Activity in vivo.

Male nude mice were injected subcutaneously wighsdime volume of BD Matrigel Matrix HC
(catalog 354248, BD bioscience), and PC3 cells @ieell/mouse) into the flank of each animal.
When the tumors had grown to around 100%remimals were divided into three groups (n=6) and
receive the following treatment by intraperitonggéction for 18 days during the study: (a) vehicle
alone, Compound 13 at (b) 20 mg/kg or (c) 40 mgkgry other day (g2d). Compound 13 was
dissolved in vehicle (5% Cremophor EL + 5% DMSOO0O®®dextrose). Tumor size was measured
twice weekly and calculated from V = %2, where w = width (w) and | = length (l). The miwere
housed on Taipei Medical University Laboratory AainCenter, TMU, on a 12-hour light cycle at
21-23 °C and 60-85% humidity. Nude mice wagntained in accordance with the Institutional

Animal Careand Use Committee procedures and guidelines (IAGUQ.AC-2013-0139).
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4.2.8. Satistical and Graphical Analyses.

Each experiment was performed independently at these times and the data are presented as
mean £ SEM for the indicated number of separatemx@nts. Student’s t-test was used to compare
the mean of each group with that of the controligrim experiments and one-way ANOVA was used
in animal study. P-values less than 0.05 were densd significant (P < 0.05, *P < 0.01, **P <

0.001).
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Figure Caption

Figure 1. Various examples of HDIs

Figure 2. Design and rationale of the study

Figure 3. Series of 4,5-indolyl-N-hydroxyphenylacrylamides

Figure 4. (A) Effect of a-tubulin acetylation and histone H3 acetylation in cultured
human prostate cells (PC-3) by compound 13 and reference 1. Cells were treated with
1 uM of compound 13 and reference 1 for 24 h and subjected to western blot analysis.
Quantification analysis of western blot using ImageJ software; (B) acetyl-a-tubulin
and (C) acetyl-histone 3 were analyzed in both cells

Figure 5. Inhibition of prostate cancer (PC-3) cells xenograft growth in nude mice (n
= 7-8). Compounds 12 was suspended in 1% carboxymethyl cellulose and 0.5%
Tween 80. Left panel, tumor growth of PC3 xenograft nude mice treated with or
without compound 13 by ip (20 and 40 mg/kg) with a frequency of g2d. Tumor
growth is tracked by the mean tumor volume (mm®) + S.E and calculated as % tumor
growth inhibition (%TGI). Tumor volume was determined using caliper
measurements and was calculated as the product of 1/2 x length x width®. Right panel,
body weight (g) of the mice. *, p < 0.05, and ** p < 0.01 as compared with the control

group.

Figure 6. Immunohistochemistry of protein expressions in PC-3 xenograft model.
Formalin-fixed paraffin-embedded sections from PC3 xenograft tumors were stained
with H&E stain, acetyl-hisotne 3, HDAC 1 and 2 antibodies.



Table 1 Inhibition of HeLa Nuclear Extract HDAC Activity and Antiproliferative
Activity against Human Cancer Cell Lines by 11 to 18 and Reference Compounds

Cell type (Glso = SD, uM?)

IC50 £ SD
(V) Prostate Lung MDE:ArfIa\l/ISEB-Z Pancreatic
HeLa nuclear PC-3 A549 31 AsPC-1
Cpds. HDAC

11 > 1000 3.49+0.17 >10 >10 >10
12 7.17 £3.13 086007 165+027 355+0.29 456+1.91
13 8.56 + 3.67 0.14+0.02 025+0.01 0.32+£0.07 0.24+£0.03
14 30.45+£7.93 031008 087003 206+0.66 3.85+1.05
15 76.13 £ 33.3 0.31 £0.05 0.60+£0.16 991+204 3.97%x1.22
16 52.17 £10.2 033001 082+£0.02 247+0.38 2.78+1.36
17 143 +£3.91 015003 025+0.01 0.08+£0.01 0.16+0.02
18 60+ 12 288+039 435+063 585+0.09 1246224

9% 295%45 0.62x+0.2 1.02+£0.2 0.48x0.1 ND
SAHA (1) 131.26 +30.0 0.60+£0.06 1.73+£0.02 267050 5.44%+0.49
PXD101 (3) 81+21 0.31+0.02 0.23+0.01 0.28+0.04 0.65+0.12
LBH589.HCI (4) 4.90+1.74 0.07+0.01 0.15+0.01 0.06%0.03 0.03+0.002
MS-275 (6) > 1000 043006 576+057 141+£0.13 6.90+£1.30

#SD: standard deviation. All experiments were independently performed at least three times.



Table 2 Activities of 13 and 17 and Reference Compounds 1, 3 and 6 Against HDAC
Isoforms 1, 2, 4, 6, and 8.

HDAC Isoforms 1Cso (NM)?

Compd

1 2 4 6 8
13 1.28 0.90 > 100 8.32 > 100
17 1.34 0.53 > 100 6.80 > 100
1 110.0 120.0 > 1000 110.0 > 1000
3 20 50 >1000 9.85 70
4 1.06 0.18 > 100 14.4 > 100
6 99 740 >10000 >10000 >10000

®These assays were conducted by Eurofins Panlabs Taiwan Ltd. All compounds were dissolved in
DMSO and tested in 10-dose I1Csy mode with 3-fold serial dilution starting at 10 pM All experiments
were independently performed at least three times.
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Figure 4. (A) Effect of a-tubulin acetylation and histone H3 acetylation in cultured
human prostate cells (PC-3) by compound 13 and reference 1. Cells were treated with
1 uM of compound 13 and reference 1 for 24 h and subjected to western blot analysis.
Quantification analysis of western blot using ImageJ software; (B) acetyl-a-tubulin
and (C) acetyl-histone 3 were analyzed in both cells
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Figure 5. Inhibition of prostate cancer (PC-3) cells xenograft growth in nude mice (n
= 7-8). Compounds 12 was suspended in 1% carboxymethyl cellulose and 0.5%
Tween 80. Left panel, tumor growth of PC3 xenograft nude mice treated with or
without compound 13 by ip (20 and 40 mg/kg) with a frequency of g2d. Tumor
growth is tracked by the mean tumor volume (mm?®) + S.E and calculated as % tumor
growth inhibition (%TGI). Tumor volume was determined using caliper
measurements and was calculated as the product of 1/2 x length x width?. Right panel,
body weight (g) of the mice. *, p < 0.05, and ** p < 0.01 as compared with the control

group.
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Figure 6. Immunohistochemistry of protein expressions in PC-3 xenograft model.
Formalin-fixed paraffin-embedded sections from PC3 xenograft tumors were stained
with H&E stain, acetyl-hisotne 3, HDAC 1 and 2 antibodies.



Scheme 1. Synthetic approaches to amines 20 to 25 ?

H H H
H a N N b N
o — L ) —— U
NO, NH, CN
19 20 26

NH,
21

(o) N N c (ji) d X
—_— — 1
H>\5_'©i/) OZN—//_I/ / H2N—/_/ /
4

27: 4-CHO 29: 4-CH=CH-NO, 22:4-CH,-CH,-NH,
28: 5-CHO 30: 5-CH=CH-NO, 23:5-CHy-CHy-NH,

le

R R R
N ¢ N d N
) — / /
H (0]
N02 NH2
31: R1: CH3 33: R1: CH3 24: R1: CH3
32:Ry: o 34:R;: /OO\ 25: Ry: 0
O\S;L‘ S;ﬁ \©\S/‘H
0, 0z 0,
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40-42 psi, CH30H, rt; (c) CH3NO,, ammonium acetate, reflux; (d) NaBH4, MeOH, [2]
Fe, NH,CI, IPA: H,0 (4:1), reflux; (e). NaH, Mel (31) or
4-methoxybeznzenesulfonylchloride (32), DMF, 0°C to rt.



Scheme 2. Synthetic approaches to compounds 11 to 18."
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Reagents and conditions: (a) bromobenzenesulfonyl chlorides, pyridine, ACN, rt; (b)
methyl acrylate, Pdy(dba)s, [(t-Bu)sP]BF4, K,CO3 TEA, DMF, 100-105 °C; (c) (i) 1N
LiOH (aq.), 40 °C; [ii] EDC*HCI, HOBt, NMM, NH,OTHP, NMM, rt; [iii] 10%
TFA(aq), CH30H, rt



Research Highlights

1. Rationally designed 4-Indolyl-N-hydroxyphenylacrylamides compounds evaluated for
their anticancer activity.

2. These compounds have shown potent inhibitory activity against HDAC isoformsl1, 2 and
6 in HDAC isoform assay.

3. Human prostate cancer xenograft model indicated potent activity of these compounds
against prostate cancer with 62.2 % dose dependent TGl.

4. Immunohistochemistry analysis revealed that these compounds selectively inhibit
expression of HDAC 2 in PC-3 cancer model.

5. Activities attributed to increased HDAC3 Acetylation and increases a-tubulin expression
as indicated by western blot analysis.



