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Compound 9:

Cell growth inhibition: IC5q = 49 nM (KB cells)
Tubulin polymerization inhibition: IC5q = 1.1 uM
HDAC 1 inhibition: IC5q = 0.221 uM

Docking pose of compound 9 in tubulin
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ABSTRACT. We report structure-activity relationships of IAaulfonyl indoline based benzamides.
The benzamide9] exhibits striking tubulin inhibition with an Kg value of 1.1uM, better than that of
combretastain A-43), and substantial antiproliferative activity agdim variety of cancer cells,
including MDR-positive cell lines with an kgvalue of 49 nM (KB), 79 nM (A549), 63 nM (MKN45),
64 nM (KB-VIN10), 43 nM (KB-S15), and 46 nM (KB-7DDual inhibitory potential of compour@l
was found as it demonstrated significant inhibitpogential against HDAC1, 2 and 6 in comparison to
MS-275 6). Some key interactions & with the amino acid residues of the active siteubiulin and
with amino acid residues of HDAC 1 isoform haverb&gured out by molecular modeling. Compound
9 also demonstrated significamtvivo efficacy in the human non-small cell lung cancedf%enograft

model as well as B-cell ymphoma BJAB xenograft turmodel.
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1. Introduction

Chemotherapy is one of the major approaches toecaneatment. The high risk of toxicity, drug
resistance, and lack of specificity limit the uderaditional cytotoxic agents in the clinic andsthin
turn has triggered the continuing search for neticancer agents [1]. ABT7511), colchicine ),
combretastatin A-43), combretastatin A-4P4), and AVE-8062 %) are some examples of antimitotic
agents (Figure 1) which inhibit not only the dynesniof tubulin polymerization but also serve as
structural scaffolds for novel potent lead anth@@ molecules [2,3].

Indolines are structurally essential elements ofdgically active natural compounds and as they are
widely used as pharmacophores in drug discover§] [they are extremely important in medicinal
chemistry. As a part of our drug discovery prograra,are actively involved in the design of indotine
based antiproliferative agents. In our previousky@raroyl-aminoindoline-sulfonamides were designed
in an effort to rigidify compoundl, an oral antimitotic agent and vascular disruptagent [6].
Compoundl binds competitively to the colchicine site of tlibuand inhibits tubulin polymerization
with resultant G2/M arrest and apoptosis. The psorgi findings of the study motivated us to
investigate indoline based constructs exertingcanter effects via diverse mechanisms.

Recent reports on the antiproliferative potentiabenzamides operating with diverse mechanisms
[7-15] also prompted us to desigiraryl-4-(((1-(arylsulfonyl)-indolin-7-yl)amino)mett)benzamides
as a new class of antiproliferative agents andishisported in this study. Literature survey résehat
tubulin inhibitors have demonstrated significamxfbility towards the inclusion of diverse antitumo
pharmacophores that enables the modulation of phelltargets [16, 17]. Indoline and indole based
scaffolds have been widely employed as structulfsfor the design of tubulin inhibitors as wal
flexible components of HDAC inhibitory model [6, -18]. The benzamide group represents a well-
accepted pharmacophore for HDAC inhibition as & himding group that chelates the zinc atom in its
active site [10]. MS-2756) [12 - 13] and Chidamider) approved by China’s FDA represents HDAC

inhibitor with a benzamide group [20]. Keeping this view, fusion of 7-aroyl-aminoindoline-



sulfonamide scaffold with a benzamide functionaéifjpeared to be a rational approach for designing
tubulin inhibitors capable of modulating the adivof HDAC enzymes. To add on, the strategy of

activating tubulin inhibitory framework towards thDAC inhibition has been attempted previously by

several research groups and optimistic results agaemed [17].

Furthermore, number of attempts were made to baiter insight into the SAR of these rigid
benzamide analogs and included: a) the influencel@ettronic effects was observed by placing a
differently substituted aryl sulfonyl group at tN& position of the indoline moiety, b) the 7-andii-
aroyl group in previously synthesized analogs vegaced byN- andO-benzyl functionalities, and an
ethyl or vinyl group was introduced as a linker bnzamide functionality to study the influence of
induced flexibility in the designed compounds, pp@priate comparisons were made by synthesizing
various indole-based target compounds to evalbateffect of planarity on the antiproliferativeisity,

d) regio effects of the benzamide group and compas of the designed compounds with the
biarylamine type compound were analyzed.

Thus the present study describes the first exptorabf the antiproliferative effects of 1-
(arylsulfonyl)indolines possessing a benzamide grdine synthesized compounds were evaluated for
thein vitro cytotoxic activity against a panel of human canagt lines including multidrug resistant
cancer cell lines and also for their effect on tirbpolymerization. Then-vivo efficacy along with
HDAC inhibitory potential of the most potent antfpferative agent and tubulin polymerization
inhibitor has also been explored.

2. Resultsand Discussion
2.1 Chemistry

In Schemes 1-3 the synthetic routes to the desigedpounds &28) are shown. Reaction of
compounds 29a-e with various substituted benzenesulfonyl chloridggelded 5-bromo-1-
(benzenesulfonyl)-7-nitroindolines which were supstly reduced to provide the corresponding

amines. The treatment of the amines (in the cas®mipounds synthesized fra?8a) with tributyltin



hydride (BuSnH) and 2,2’-azobis-(2-methylpropionitrile) (AIBN)itiated a free radical cascade
leading to the debrominated compoun@®af30g). Compounds30a-30k were then subjected to
reductive amination with 3- and 4-carboxybenzaldishgnd NaBKCN to afford the corresponding
acids Bla-g and 31i-n). For the synthesis of compoundlh, 30b was treated with 4-
(methoxycarbonyl)-phenyl)boronic acid in the presef Cu(OAc), myristic acid, and 2,6-lutidine
followed by LIOH-mediated ester hydrolysis. Theuléag carboxylic acids was further reacted wath

m, p-phenylenediamine and 2-aminophenol using PyBO®@goupling reagent and triethylamine as
the base, to obtain the desired benzami8&b) (Scheme 1). The synthetic route employed in seh&m
afforded the target benzamides in moderate to goelds (43 - 76 %). Significant variations were
observed in the vyields of the benzamides and eftéctifferently substituted benzene sulfonyl
functionality (at N position) along with the different placement ohbamide functionality could not be
ascertained on the reaction yields.

The  synthetic route to N-(2-aminophenyl)-4-(2-(1-((4-methoxyphenyl)sulfojgtiolin-7-
yhethyl)benzamide2p) is shown in Scheme 2HiIndole-7-carboxaldehyde was subjected to a Wittig
reaction with 4-methoxycarbonylbenzyltriphenylphlospium chloride to yield methylE}-4-(2-(1H-
indol-7-yl)vinyl)benzoate. Hydrogenation with Pd&hd subsequent reduction of the indole to an
indoline with sodium cyanoborohydride gave methy(24indolin-7-yl)ethyl)-benzoate 34). The
benzamide 46) was produced from compou®8 by a synthetic route similar to that shown in Soke

1 and involving sulfonylation, ester hydrolysisdaamidation witho-phenylenediamine. The benzamide
(27) with a vinyl linker, was synthesized in a mansienilar to that employed for compou@d keeping
the double bond at C7 intact. The synthetic routgpleyed afforded the target benzamides in
moderately good yields (65 %). The synthetic roitecompound28 is shown in Scheme 3ert-
Butyldimethylsilyl-protected 7-hydroxyindoline wagated with 4-methoxybenzenesulfonyl chloride in
pyridine followed by TBAF mediated deprotectiontbé tert-butyldimethylsilyl group in THF to afford

the 7-hydroxy-1-(4-methoxybenzene-sulfonyl)indol@®). Compound40, on reaction with methyl 4-



(chloromethyl)-benzoate in the presence ofC®; followed by the synthetic strategy employed in
previous schemes yielded the benzanZi@Bi¢Scheme 3). Benzamide 28 was obtained in 52 9d yia
synthetic strategy employed in scheme 3.

2.2 Biological Evaluation.

The synthesized compounds were evaluated for grmhithitory effectsn vitro against three human
cancer cell lines, oral epidermoid carcinoma (KHsgestomach carcinoma (MKN45 cells) and lung
adenocarcinoma (A549 cells). Compourgg, and6 were used as standards and the results, presented
in Table 1 revealed that the oral epidermoid cantia KB cells were the most sensitive to these
synthetic compounds. Compoufiéxhibited significant inhibitory effects againdtthe cell lines (1Go
=50 to 80 nM) with the most substantial activigaast KB cells (IGo = 50 nM). The inhibitory effects
of 9 were more potent than thoseloand6. A decrease in the inhibitory potential was obsdrwith
compound8 which bears an unsubstituted phenyl ring at thepbdition as compared to compouad
possessing a 4-methoxyphenyl ring at the sameigosltse of a dimethoxybenzenesulfonyl rird§)(
does not favor the activity and a remarkable deerda the cytotoxicity was observed wil as
compared to compoundsand9. Comparison of the cytotoxic effects &f with 9 further confirmed
that the 4-methoxybenzenesulfonyl group, a strattieature in compound, is required for significant
activity. CompoundLl with a 3-methoxyphenyl ring at N1 was found toll216 fold less active than
compound9. A clear dependence of the cell growth inhibitativity on the electronic factors could
not be established however as compoi@avith a 4-hydroxy substituted benzene sulfonyl gréailed
to show any potential comparable to that of compdiand was even less active thEwhich bears
chlorine at the para position of the phenyl rifigg N1 position. Beneficial effects of the benzylimaon
functionality at C7 position were clearly demonsacaby the relatively inferior potential of compalun
16, which possesses the biaryl amino moiety, whenpawed to compouné. However,16 was still
more active than the control compourideind 6 against all the cell lines examined. The significa

potential of compound9 further supported our attempt to design relativéligxible chemical



architectures by usinig-benzyl functionality in place of the biaryl amiaad amide groups at C7 of the
indoline. A drastic decline in the activity was ebsd when the benzyl amino group was moved from
C7 to the C5 or C6 position of indoline (comparenpound9 with 21 and 22). The influence of
planarity could be easily observed by comparisorthef decreased inhibitory effects 28 and 24,
possessing the indole moiety, wRhand22 bearing a non-planar indoline ring. ReplacementiH-
CH, functionality (7" position) with —NH-CO- functionality (compour6) resulted in drastic decline
in the cytotoxic potential against A549 cell line€ompounds with ethylene and vinyl linke26 @nd
27) for theN-phenylbenzamide at C7 position were also evalug@edipound6 has inhibitory effects
comparable to those of the biaryl amino compou®l. Better activity induced via an ethylene linker i
compoun26 as compared to compoud bearing a vinyl linker, further confirmed the faable trend
observed with increased flexibility at the C7 piosit Further insights into the structure activity
relationships were established by the observatianhibitory potential ofl7, 18, and19. An interesting
revelation was that the shift of the 2-plgroup to the 3- or 4-position showed that the angroup at
the 4-position was most favorable for the activatyl7 and 18 were found to have reduced activity
compared t®. The replacement of the amino group with a hydrgsgup onN-phenylbenzamide ring
(19) was not useful as the resulting compound displaysmplete loss of activity. Compou@ with a
m-substituted benzamide group showed weak inhibiatvity. Conversion of the connecting linker at
C7 of the indoline from NH-CKto O-CH, resulted in inhibitory activities comparable t@s$ke of the
most potent benzamide (comp&@and28). The structure activity relationships are presdnn Figure
3. The efficacy of compounds 16, and28 against P-gp170/MDR (KB-VIN10 and KB-S15) and MRP-
overexpressing (KB-7D) drug-resistant cell linesi®wn in Table 2. Benzamid8s 16, and28 were
equally effective towards the KB-derived MDR-pogtticell lines, even in the presence of high level
expression of drug-resistant efflux protein (MDRypor MRP) in KB-VIN10, KB-S15, and KB-7D.
Further mechanistic studies were performed ashmeptevious studies [18, 21, 22, 44] to evaluate

whether the benzamides inhibits the tubulin assgniltiie results are presented in Table 3 and Figure



Among the compounds, compouBd16, 17, 26, 27 and 28 induced significant inhibition of tubulin
polymerization with 1G, < 3 pM. Compoun® exhibited the best tubulin inhibitory activity Witan
ICs0 value of 1.1uM (Table 3). The inhibitory effects of compouBdon the tubulin polymerization
were found to be comparable to CA-8).( Overall, the results indicates that the compsund
substoichometrically inhibit tubulin assembly exicépse inactive. We further compared the binding
affinity potency of compoun6, 16, 28 at concentration of 1 and 5 uM with reference coamgls {, 2
and 3) using the H3-colchicine competition scintillatiggroximity assay due to their substantial
cytotoxic effects against the cancer cell lines B2R cell lines along with remarkable inhibition tbie
tubulin polymerization.The results indicated alk tthree compoundS, 16 and 28 exhibited better
affinity for the colchicine binding site than coicime itself.

To confirm the inhibition by the HDAC isoforms, theffect of compoun® and the reference
compound @) was observed against HDAC isoforms. (Table 4) THenzamide §) possesses
remarkable inhibitory effects against all the d¢ieles and significant tubulin polymerization inkibi.

It was also found to possess HDAC inhibitory patnwith ICso values of 0.221uM (HDAC1) and
0.662 uM (HDAC?2). Compound9 was 2.5-fold more potent thah (ICso = 0.544uM) against the
HDAC1 isoform and displayed comparable efficacyiagfathe HDAC2 isoform. The benzamid®) (
also inhibited HDACG6 isoform (1§ = 0.314 uM), however no inhibition against HDAC6 was
demonstrated by. This effect was further shown in western blot lgsia where treatment with
compound9 resulted in upregulation of acetyttubulin levels. (Figure 5) The results confirmdx t
dual inhibitory effects of compourll

A molecular docking analysis to elucidate inter@utsi between the synthesized compounds and
tubulin was performed. Firstp test the accuracy of the docking program, the co-crystallized inhibitor,
colchicine, was docked into the binding site of thbulin structure (PDB code: 1SAQ) usihgadl T
[23]. The docking results produced similar docking comiations to theo-crystallized colchicine (Fig.

S1) indicating that the docking program is reliailext, the synthesized compounds were docked into



the colchicine binding site (Fig. S2). The resoltshe docking study revealed that the binding sée

be separated into four sites (S1-S4) accordinpeartteracting residues and structure of the motem
compound9 (Fig. 6). It was found that the-(2-aminophenyb4-methylbenzamide moiety occupies
sites S1 and S3 where site S1 contains residué3&erhr179 and Alal80 that produces a hydrophobic
pocket with the aromatic ring of compoufdFig. 6B) and site S3 consists of residues Leu25&
Asn258 that create hydrophobic contacts with theédiei aromatic ring. Hydrogen bonding interaction
were observed with S1 residues Asn101, Thr179Gund83. Previous research has identified potential
inhibitors involved in similar hydrogen-bonding @nactions with these residues [24-25]. The second
portion of compoundd (1-(4-methoxybenzenesulfonyd,3-dihydro-1H-indol-7-amine) is located at
sites S2 and S4 (Fig. 6B). A hydrogen bond betwesidue Serl178 of site S2 and the methoxy group is
observed. Site S2 contains residues Leu248, LysBB&53, and Ala354 that create a hydrophobic
pocket occupied by the anisole moiety. The carltomsa in the side chain of Lys352, the backbone
atoms of Thr353 and hydrophobic residues Leu248 Ala854 create hydrophobic interactions with
anisole ring (Fig.6B). Site S4 creates another ¢yhobic pocket with residues Cys241, Ala250,
Lys254 and Leu255. Thus, the docking analysis ompmamund 9 reveals hydrogen bonds and
hydrophobic interactions with residues that stabithe compound within the tubulin binding site.

We further examined the structure activity relasioip (SAR) between the colchicine binding site
and the designed compounds using the computatsmiavare Forge [26]. Using Forge, we identified
the “average field of actives”, which highlight coran features between the active compounds (Fig.
7A). Forge also produced an activity cliff for eaobmpound using compourtilas a reference. The
results indicates the impact of structural chamgeke structure of the compounds on the activiityiv
the tubulin binding site. An “activity cliff summgr summarizes the activity cliff data across the
compounds in this study (Fig. 7B).

The average field of actives was produced usingatttere compound in this study. This model

indicates the electrostatic and hydrophobic intgwas of compounds in the binding site. The most



potent compound in this study, compou®dwas used to describe the model. The model cantin
negative electrostatic field at site S3 (Cyan, Fi§y). Residue Asn101 occupies this region and eseat
hydrogen bond with the carbonyl oxygen of compo@ndhich acts as a hydrogen bond acceptor. In
contrast, the positive electrostatic potential @ites the S1 site, which consists of residues Serl78
Thrl79 and Alal80 (Red, Fig. 7A). Favorable mogte occupy this site include an amino group to
serve as a donor for hydrogen bonds. The aromatis of compoun® occupies the hydrophobic areas
within the tubulin binding site (Yellow, Fig. 7A)As a result, compoun® occupies favorable
electrostatic fields within the tubulin bindingesit

The “activity cliff summary” of the tubulin bindingite combined the activity cliff obtained from all
pairs of compounds employing compounas the reference (Fig. 7B). Compourids 20, 21 and?22
were selected to further describe the model. AtShesite, compound9 (yellow) contains a hydroxyl
group on the ortho position in place of the amimoug present in compourf@ (grey). In addition,
compound19's terminal phenol ring in the S1 region is rotatedighly 90° when compared to
compound and is located within an unfavorable hydropholkeigion. This may be due to the different
characteristics of the aniline and the phenol nyoetcompound and 19, respectively (Fig. 7C). In
addition, the hydroxyl group on the terminal ringcompoundl9 form a hydrogen bond with residue
Glu183.

Compounds20, 21 and 22 differ from compound® either on the location of the amine linker (at
position 7 in compoun@) or the linkage of the benzene-1,2-diamine (a& ausition in compoun§).
Compound?0 differs from compoun® on the linkage of the benzene-1,2-diamine andfoasd to be
rotated away from favorable hydrophobic regionsnfbun sites S2 and S4. The terminal anisole of
compound20 is also positioned outside of the favorable hytadpc region of site S2. Due to this, the
hydrophobic region in S2 repels the secondary atmier (7-position) and the indole of compouz@l
is positioned in an unfavorable hydrophobic regiorsite S4 (Fig. 7D). Compoun2l contains the

amine linker at the 5 position. Unlike compouhdhe terminal anisole of compoud is sandwiched



by unfavorable hydrophobic fields at site S1. Thbssitution at the indole (5 position) prevents the
structure from reaching the favorable hydropholaldf Therefore, the terminal anisole moiety does n
interact with site S2 (Fig. 7E). Finally, compou2® contains an indole substituted at position 6 t&y th
amine linker. The amine linker of compou2@ is positioned within a field that is favorable for
hydrophobic interactions in site S4. This sligtfetence occupies the hydrophobic region and pssti
the indole in a more unfavorable regids a result, the anisole of compou?iis positioned adjacent
to the favorable hydrophobic region in sites S2 &A¢Fig. 7F. The “activity cliff summary” details the
structural differences that have resulted in aalde activity profile of the compounds. Our anaysi
showed that compourloccupies many favorable fields when compared topoundsl9, 20, 21 and
22.

To elucidate binding interactions with HDAC, compdw® was docked into HDAC 1 (PDB ID:
5ICN) (Fig. 8A). Compound® contains typical features of a HDAC inhibitor —iazbinding group
(ZBG), a linker, and a cap to block the entrancéhtobinding site [27-28]. The ZBG of compou@d
consists of the N-(2-aminophenyl)formamide moiéiilis moiety contains a nitrogen and a carbonyl
oxygen that coordinates the zinc ion in the bindaitg (Fig. 8A). The nitrogen that links the two
aromatic structures in this moiety forms a hydrogend with residue G149. The hydrophobic tunnel is
occupied by the benzyl ring. The benzyl ring creaepi-pi interaction with the hydrophobic F150
residue. Moreover, compourgdconsists of a -[4-methoxybenzenesulfonyB,3-dihydroindole moiety
that functions as a cap. The cap creates pi-pkistgqanteraction with F205 and pi interactions with
Y204 and L271. The interactions formed betweenctqe and the enzyme surface may increase HDAC
specificity [27-29]. In contrast, HDACS8 has a M2i&&idue in place of L271 in HDAC1. The HDAC8
isoform is known to form a specific hydrophobic pabket [30] and compoun@ could not properly
exploit this subpocket. Therefore, the cap constnat only forms less interactions, but is alsared
away from the surface residues when compared tdodging pose in HDACL. (Fig. 8B). Moreover,

docking poses of compourgdin HDAC1 (PDB ID: 5ICN), 2 (PDB ID: 5IX0), and 620B ID: 5EF8)



were observed to be similar on superimposition.(8(@). Briefly, the ZBG coordinate the zinc ion and
the linker occupies the hydrophobic tunnel, as se¢fDAC1. The cap also creates similar interaction
with the surface residue leucine (L271, L276, and 2 for HDAC1, 2, and 6, respectively) when
compared to HDACL1 (Fig. 8C). Thus, the interadionith the surface residue leucine observed in
HDAC1, 2 and 6 are important for compouhtb effectively inhibit HDAC function.

The anticancer evaluation of compouhdas further extended ta vivo studies in human non-small
cell lung cancer A549 xenograft model as well a8BB-cell lymphoma xenograft tumor model. Both
tubulin inhibitors as well as HDAC inhibitors hademonstrated clinical benefits in advanced NSCLC
[31-32] and lymphomas [33-35]. Of particular mentiare the implications of US FDA approved
HDAC inhibitors such as SAHA, FK-228, PXD101 andi¥approved Chidamidéer) in the treatment
of lymphoma [36-40]. To add on, an indoline sulforide based HDAC inhibitor previously
synthesised by our research group displayed sogmifi antiproliferative effects against B-cell
lymphoma [41]. These factors collectively led uwyéstigate compoun® in NSCLC and BJAB
xenograft tumor models. As shown in Fig. 9a, coomul 9 caused significant reduction of the tumor
volume in the A549 tumor bearing nude mice (TGI2:96%, 50 mg/kg, ip, qd, ¥ < 0.01). In addition,
there was no significant change in body weightestteéd animals after treatment with compo@nd
Furthermore in vitro studies on B-cell lymphoma cells (BJAB) revealeattcompoun® was endowed
with potent cellular activity with an Kg value of 40 nM (results of MTT assay placed inrting
information). Thein vivo evaluation results of compourtd (intravenous injection) in subcutaneous
xenograft tumor model of BJAB also revealed remildanhibition of the tumor growth by benzamide
9. No significant change in body weight of testedn@ads was observed in this study also (Fig 10 and
11). Thus then vivo animal model experiments demonstrated that comp8upadssess significanh
vivo potential against NSCLC and B-Cell lymphoma. Thevivo evaluation of compouné in oral
epidermoid carcinoma (KB cells) is under progress.

3. Conclusion



A series of 1-arylsulfonyl indoline-based benzamiti@s been synthesized and evaluated against a
panel of human cancer cell lines. The results ofitio cytotoxicity studies indicated that compou$)d
16 and 28 were found to have promising antiproliferative @ityi with compoundd displaying striking
cell killing effects against the KB cells with a@s} value of 48 nM. Among them, compourfland28
were found to be more potent tubulin polymerizatiohibitors with an 1G, of 1.1 and 1.9 uM,
respectively, than the reference compoudsd3. The highlight of the present study demonstrated b
these compounds was the unaltered ability to inhhiie KB-derived MDR-positive cell lines, even in
the presence of high level expression of drug-tasisefflux protein (MDR-P-gp or MRP) in KB-
VIN10, KB-S15, and KB-7D cells. The most potentigrdliferative compound9) possessing the best
tubulin polymerization inhibitory activity also iftited HDAC 1, 2 and 6 confirming its dual inhikiyo
potential. Some of the important interactions & #ttive compounds with the amino acid residues of
tubulin and HDAC 1 isoform have been figured outrbglecular modeling which supports the results
of the in vitro assays. Compound also demonstrated promising significantvivo efficacy in the
human non-small cell lung cancer A549 xenograft eh@$ well as xenograft tumor model of BJAB.
These promising findings clearly indicate the nésddetailed preclinical and clinical investigatias
these scaffold could emerge as templates for fudbeelopment of potent anticancer agents.

4. Experimental Section

(A) Chemistry. Nuclear magnetic resonanct(and*C NMR) spectra were obtained with Bruker
Fourier 300 and DRX-500 NMR spectrometers, andgperted as chemical shifts in parts per million
(ppm, 0) downfield from TMS as an internal standard. Higlelution mass spectra (HRMS) were
recorded with a Finnigan MAT 95S mass spectromekbe purities of the final compounds were
determined using a Hitachi 2000 series HPLC systeimg an Agilent Zorbax Eclipse XDB:&column

(5 um, 4.6 mmx 150 mm) with the solvent system consisting of @utile (mobile phase A) and water

containing 0.1% formic acid and 10 mmol MPAc (mobile phase B), and were found to385%.



Flash column chromatography was performed usincpsgel (Merck Kieselgel 60, no. 9385, 230-400
mesh ASTM). All reactions were carried out undeatimosphere of dry nitrogen.
N-(2-Aminophenyl)-4-(((1-(phenylsulfonyl)indolin-7-yl)amino)methyl)benzamide (8)

To a solution of30a (0.21 g, 0.51 mmol), PyBOP (0.26 g, 0.51 mmolgtitrylamine (0.16 ml, 1.15
mmol) in DMF 1.5 mL, benzene-1,2-diamine (0.05 ¢#80mmol) was added and stirred at room
temperature. After being stirred for 2 h, the reacivas quenched with water, followed by extraction
with EtOAc (15 mL x 3). The combined organic layeas dried over anhydrous Mg$@nd
concentrated under reduced pressure. The residsi@uvdied by silica gel chromatography (EtOAc) to
give 8 as a brown solid in 71% yielg; ¢ 43.65. mp: 192-193 °CH NMR (300 MHz, DMSO-¢) : &
2.09 (t,J = 7.5 Hz, 2H), 4.01 (] = 7.2 Hz, 2H), 4.54 (d] = 4.8 Hz, 2H), 6.31 (tJ = 5.7 Hz, 1H), 6.36
(d, J = 6.9 Hz, 1H), 6.47 (d] = 8.1 Hz, 1H), 6.64 (m, 1H), 6.82 (dd,= 1.5 and 8.1 Hz, 1H), 6.91 (t]
= 7.8 Hz, 1H), 7.00 (m, 2H), 7.20 (dd,= 1.2 and 7.8 Hz, 1H), 7.50 - 7.74 (m, 7H), 8.01 (= 8.1 Hz,
2H). 3C NMR (75 MHz, CDCJ) § 29.01, 46.71, 53.72, 111.01, 113.14, 116.79, BL7.R4.05, 126.93,
127.17, 127.37, 127.45, 127.86, 128.51, 128.55,7629133.72, 134.41, 136.47, 138.86, 141.49,
143.19, 144.04, 165.67. HRMS (ESI) fosgB26N403S (M"): calcd, 498.1726; found, 498.1723.
N-(2-Aminophenyl)-4-(((1-((4-methoxyphenyl) sulfonyl)indolin-7-yl)amino)methyl)benzamide (9)

To a solution of30b (0.22 g, 0.51 mmol), PyBOP (0.27 g, 0.51 mmol}Ng¢0.17 mL, 1.15 mmol)
in DMF (1.5 mL), benzene-1,2-diamine (0.05 g, 48 a)mvas added and stirred at room temperature.
After being stirred for 2h, the reaction was quettivith H20O, followed by extraction with EtOAc (15
mL x 3). The combined organic layer was dried oaehydrous MgSO4 and concentrated under
reduced pressure. The residue was purified byasg@ chromatography (EtOAc) to gigeas a white
solid (0.18 g, 67% yield); tR = 43.65 min. mp: 1742 °C."H NMR (300 MHz, DMSO¢) & 2.14 (t,J
= 7.2 Hz, 2H), 3.82 (s, 3H), 3.98 &= 7.5 Hz, 2H), 4.53 (d] = 6.0 Hz, 2H), 4.91 (s, 2H), 6.28 (§,=
6.0 Hz, 1H), 6.39 (d,J = 6.6 Hz, 2H), 6.44 (d,] = 8.1 Hz, 1H), 6.61 (m, 1H), 6.79 (dd,= 1.5 and 8.1

Hz, 1H), 6.91 (tJ = 7.8 Hz, 1H), 6.98 (m, 1H), 7.05 (d,= 6.9 Hz, 2H), 7.18 (dd] = 1.2 and 7.8 Hz,



1H), 7.55 (d,J = 9.0 Hz, 2H), 7.59 (d,] = 8.4 Hz, 2H), 7.99 (dJ = 8.4 Hz, 2H), 9.61 (s, 1H}°C NMR
(75 MHz, DMSO¢dg) 6 26.55, 44.14, 51.04, 53.56, 108.34, 110.58, 112124.05, 121.29, 124.51,
125.85, 127.45, 131.14, 136.30, 138.94, 140.93414161.17, 163.08. HRMS (ESI) fopdE20N404S
(M + H"): calcd, 529.1910; found, 529.1905.
N-(2-Aminophenyl)-4-(((1-((3,4-dimethoxyphenyl)sulfonyl)indolin-7-yl)amino)methyl)benzamide
(10)

The title compoundO was obtained as a white solid in 50% yield inrailsir manner as described
for the preparation d¥; tg = 33.78 min. mp: 199-200 °GH NMR (300 MHz, DMSO#g) & 2.09 (t,J =
7.2 Hz, 2H), 3.43 (s, 3H), 3.83 (s, 3H), 3.96Jt= 7.5 Hz, 2H), 4.54 (d]J = 6.3 Hz, 2H), 4.90 (s, 2H),
6.31 (t,J = 6.3 Hz, 1H), 6.39 (d,] = 6.6 Hz, 1H), 6.46 (d] = 8.1 Hz, 1H), 6.61 (m, 1H), 6.76 — 6.81 (m,
2H), 6.90 (dJ = 7.5 Hz, 1H), 6.95 - 7.01 (m, 1H), 7.11 {ck 8.7 Hz, 1H), 7.18 (dd} = 1.2 and 7.5 Hz,
1H), 7.34 (ddJ = 2.1 and 8.4 Hz, 1H), 7.61 (d,J = 8.4 Hz, 2H), 7.99 (dJ = 8.1 Hz, 2H), 9.61 (s, 1H).
3¢ NMR (125 MHz, CDGJ) 6 26.53, 44.68, 50.87, 53.24, 53.50, 107.29, 107188.14, 110.61,
115.71, 117.11, 118.81, 121.96, 122.66, 124.57,8824125.06, 125.18, 125.49, 125.59, 130.31,

136.10, 138.09, 138.74, 141.37, 145.87, 150.53,146 HRMS (ESI) for gH3oN4OsS (M"): calcd,

558.1937; found, 558.1934.
N-(2-Aminophenyl)-4-(((1-((3-methoxyphenyl)sulfonyl)indolin-7-yl)amino)methyl)benzamide (11)
The title compoundll was obtained as a light brown crystalline solid5kP yield in a similar
manner as described for the preparatio®;az = 36.12 min. mp: 102-103 °CH NMR (500 MHz,
CDCl) § 2.13 (t,J = 7.5 Hz, 2H), 3.56 (s, 3H), 4.00 Jt= 7.5 Hz, 2H), 4.54 (d] = 5.5 Hz, 2H), 6.27 (t,
J=6.0 Hz, 1H), 6.39 (d] = 7.5 Hz, 1H), 6.44 (d] = 8.0 Hz, 1H), 6.83 - 6.86 (m, 2H), 6.91 - 6.96 (M
2H), 7.07 -7.11 (m, 2H), 7.26 - 7.35 (m, 4H), 7(60J = 8.0 Hz, 2H), 7.81 (s, 1H), 7.89 @z 8.0 Hz,
2H). °C NMR (75 MHz, CDCY) & 26.46, 44.65, 50.99, 52.85, 108.24, 109.03, 110.6%.33, 116.62,

117.12, 117.91, 121.71, 123.20, 124.59, 124.65,2P25125.60, 127.41, 130.25, 134.58, 136.00,



138.62, 138.69, 141.09, 156.79, 163.46, 168.67. BRMESI) for GoH2oN4sOsS (M + H): calcd,
529.1910; found, 529.1912.
N-(2-Aminophenyl)-4-(((1-((4-hydr oxyphenyl)sulfonyl)indolin-7-yl)amino)methyl)benzamide (12)

To a solution 0B (0.1 g, 0.19 mmol) in dichloromethane (10 mL),rotribromide (0.024 mL, 0.57
mmol) was added dropwise and the reaction mixtwae stirred at room temperature for overnight. The
mixture was quenched with water and extracted dithloromethane. The combined organic layer was
dried over anhydrous MgSGnd concentrated under reduced pressure to afoesidue which was
purified by silica gel chromatography (EtOAc) tovgil2 as a white solid in 76% yield; £ 30.95 min.
mp: 197-198 °C*H NMR (300 MHz, DMSOdg): § 2.14 (t,J = 7.2 Hz, 2H), 3.94 (tJ = 7.5 Hz, 2H),
4.52 (d,J= 6.0 Hz, 2H), 4.92 (s, 2H), 6.27 (§,= 6.3 Hz, 1H), 6.39 (dJ = 7.2 Hz, 1H), 6.44 (d] = 8.1
Hz, 1H), 6.62 (m, 1H), 6.79 - 6.84 (m, 3H), 6.9Q)(t 7.8 Hz, 1H), 6.96 — 7.01 (m, 1H), 7.18 (m, 1H),
7.43 (d,J= 9.0 Hz, 2H), 7.59 (d,J = 8.1 Hz, 2H), 8.00 (d,J = 8.4 Hz, 2H), 9.64 (s, 1H), 10.87 (bs, 1H);
¥%C NMR (300 MHz, CROD + DMSO-d;): 6 30.15, 48.58, 54.85, 112.32, 114.52, 117.37, 1117.6
118.57, 119.30, 125.30, 127.98, 128.59, 128.69,9128129.35, 129.62, 131.90, 132.03, 134.17,

134.58, 140.04, 142.81, 144.16, 145.60, 168.473.986 HRMS (ESI) for gH2eN404S (M"): calcd,

514.1675; found, 514.1678.
N-(2-Aminophenyl)-4-(((1-((4-chlor ophenyl)sulfonyl)indolin-7-yl)amino)methyl)benzamide (13)

The title compound3 was obtained as a white solid in 56% yield inrailsir manner as described
for the preparation 09; tz = 38.21 min. mp: 101-102 °GH NMR (500 MHz, CROD) & 2.17 (t,J =
7.5 Hz, 2H), 4.01 (tJ = 7.2 Hz, 2H), 4.53 (d,J = 6.0 Hz, 2H), 4.91 (s, 2H), 6.24 (8 = 6.3 Hz, 1H)
6.40 - 6.48 (m, 2H), 6.61 (m, 1H), 6.79 (dd; 1.5 Hz and 8.1 Hz, 1H), 6.93 - 6.98 (m, 2H), 7.18 (dd,
J=12and 7.8 Hz, 1H), 7.56 - 7.69 (m, 5H), 7.98 (d,= 8.0 Hz, 2H), 9.63 (s, 1H}*C NMR (125
MHz, CDCk) § 26.49, 44.70, 50.95, 108.32, 110.71, 115.51, H16121.80, 122.97, 124.59, 124.74,
125.20, 125.38, 125.83, 126.35, 126.60, 130.31,3B32135.60, 137.48, 137.52, 138.39, 138.69,

141.07, 141.31, 163.78. HRMS (ESI) foss8,:CIN,OsS (M"): calcd, 532.1336; found, 532.1339.



N-(2-Aminophenyl)-4-(((1-((4-fluor ophenyl)sulfonyl)indolin-7-yl)amino)methyl)benzamide (14)
The title compound4 was obtained as a white solid in 49% vyield inrailsir manner as described

for the preparation d¥; tg = 32.32 min. mp: 199-200 °éH NMR (300 MHz, DMSO«dg) § 2.15 (t,J =

7.2 Hz, 2H), 4.02 (t) = 7.2 Hz, 2H), 4.54 (d] = 6.00 Hz, 2H), 4.92 (s, 2H), 6.25 Jt= 6.0 Hz, 1H),
6.40 (d,J=7.2 Hz, 1H), 6.47 (d] = 7.8 Hz, 1H), 6.61 (m, 1H), 6.80 (d¥i= 1.2, 7.8 Hz, 1H), 6.91 (d,

= 7.8 Hz, 1 H), 6.96 (m, 1H), 7.19 (ddi= 1.2, 7.8 Hz, 1H), 7.40 - 7.43 (m, 2H), 7.60Jd; 8.1 Hz,
2H), 7.67 - 7.70 (m, 2H), 8.00 (d,= 8.1 Hz, 2H), 9.61 (s, 1H}’C NMR (75 MHz, CDC}) § 26.47,
44.71, 50.89, 108.28, 110.65, 113.47, 113.77, B19.%56.96, 121.86, 122.85, 124.59, 124.79, 124.89,

125.16, 129.86, 129.90, 135.64, 138.28, 138.74,184163.26. HRMS (ESI) for gH26FN4O3S (M" +

H): calcd, 517.1710, found, 517.1708.
N-(2-Aminophenyl)-4-(((1-((4-cyanophenyl)sulfonyl)indolin-7-yl)amino)methyl)benzamide (15)

The title compoundl5 was obtained as a pale yellow solid in 59% yieldai similar manner as
described for the preparation @ftz = 43.32 min. mp: 113-114 °GH NMR (300 MHz, DMSOdg) &
2.16 (t,J = 7.2 Hz, 2H), 4.06 (tJ = 7.2 Hz, 2H), 4.54 (d,) = 6.0 Hz, 2H), 4.92 (s, 2H), 6.25 (d,= 6.0
Hz, 1H), 6.39 (dJ = 6.9 Hz, 1 H), 6.48 (d,J = 8.1 Hz, 1H), 6.61 (m, 1H), 6.79 (dd,= 1.2 and 7.8 Hz,
1H), 6.91 - 6.98 (m, 2H), 7.18 (ddli= 1.2 and 7.8 Hz, 1H), 7.59 (dJ = 8.1 Hz, 2H), 7.81 (d] = 8.4
Hz, 2 H), 7.98 - 8.05 (m, 4H), 9.63 (s, 11C NMR (75 MHz, CDCJ) & 26.57, 44.71, 51.04, 108.46,
110.77, 114.44, 115.65, 117.02, 121.87, 122.79,1724124.61, 124.81, 125.19, 125.56, 126.15,
129.96, 130.43, 135.35, 138.05, 138.61, 140.99,176HRMS (ESI) for GHeNsOsS (M + H'):
calcd, 524.1756; found, 524.1758.
N-(2-Aminophenyl)-4-((1-((4-methoxyphenyl)sulfonyl)indolin-7-yl)amino)benzamide (16)

The title compound6 was obtained as a brown solid in 51% yield inrailsr manner as described
for the preparation o; tg = 34.89 min. mp: 100-101 °éH NMR (500 MHz, CDC}): § 2.23 (t,J=7.5
Hz, 2H), 3.81 (s, 3H), 4.02 3,= 7.5 Hz, 2H), 6.70 (d] = 7.0 Hz, 1H), 6.84 - 6.86 (m, 4 H), 7.08 - 7.14

(m, 4H), 7.31 (dJ = 7.5 Hz, 1H), 7.37 (d] = 8.0 Hz, 2H), 7.52 (d] = 9.0 Hz, 1H), 7.73 (s, 1H), 7.81



(d, J = 8.5 Hz, 2 H), 8.33 (s, 1H}*C NMR (75 MHz, CROD + DMSO-@): & 48.91, 55.72, 95.46,
109.59, 112.50, 114.74, 117.02, 117.51, 121.41,9P21123.23, 123.89, 126.92, 127.21, 127.28,
128.30, 129.12, 133.23, 136.55, 143.24, 144.87,7B4@64.02. HRMS (ESI) for £H26N404S (M"):
calcd, 514.1675; found, 514.1677.
N-(3-Aminophenyl)-4-(((1-((4-methoxyphenyl)sulfonyl)indolin-7-yl)amino)methyl)benzamide (17)

The title compound.7 was obtained as a brown solid in 51% yield innailar manner as described
for the preparation d; tz = 34.86 min. mp: 171-172 °¢d NMR (300 MHz, DMSO¢) & 2.14 (t,J =
7.2 Hz, 2H), 3.82 (s, 3H), 3.97 (= 7.2 Hz, 2H), 4.52 (d] = 6.00 Hz, 2H), 5.08 (s, 2H), 6.30 - 6.34
(m, 2H), 6.38 - 6.46 (M, 2H), 6.85 - 6.99 (m, 3AN5 (d,J = 9.0 Hz, 2H), 7.12 () = 1.8 Hz, 1H), 7.55
(d,J = 8.7 Hz, 2H), 7.59 (d] = 8.1 Hz, 2H), 7.93 (d] = 8.4 Hz, 2H), 9.91 (s, 1H)*C NMR (75 MHz,
CDCI%) 6 26.57, 44.67, 50.85, 52.98, 104.28, 107.53, 108.08.63, 110.56, 111.48, 125.34, 125.41,
125.50, 131.26, 135.86, 136.46, 138.80, 141.11,654460.93, 163.15. HRMS (ESI) fopdEi2gN4O4S
(M + H"): calcd, 529.1910; found, 529.1905.
N-(4-Aminophenyl)-4-(((1-((4-methoxyphenyl)sulfonyl)indolin-7-yl)amino)methyl)benzamide (18)

The title compound8 was obtained as a brown solid in 47% vyield inrailsr manner as described
for the preparation d; tr = 32.62 min. mp: 101-102 °¢4 NMR (500 MHz, CDC}) 6 2.14 (tJ = 7.5
Hz, 2H), 3.82 (s, 3H), 4.12 @,= 7.5 Hz, 2H), 4.51 (d] = 6.0 Hz, 2H), 6.26 (] = 6.0 Hz, 1H), 6.37 (d,
J=7.5Hz, 1H), 6.42 (d] = 8.0 Hz, 1H), 6.69 (d] = 8.5 Hz, 2H), 6.83 (d] = 8.5 Hz, 2H), 6.91 (§ =
7.5 Hz, 1H), 7.39 (d) = 8.0 Hz, 2 H), 7.50 (d, J = 8.0 Hz, 2H), 7.57J& 8.5 Hz, 2H), 7.65 (s, 1H),
7.83 (d,J = 8.0 Hz, 2H).2*C NMR (75 MHz, CDC}) & 26.57, 44.69, 50.85, 52.98, 108.16, 110.53,
111.48, 112.80, 119.77, 124.73, 124.79, 125.32,5025126.76, 127.04, 131.30, 135.84, 138.82,
140.80, 140.84, 160.93, 163.05. HRMS (ESI) fopHzsN4O,S (M + H): calcd, 529.1910; found,
529.1907.
N-(2-Hydroxyphenyl)-4-(((1-((4-methoxyphenyl)sulfonyl)indolin-7-yl)methyl)amino)benzamide

(19)



The title compound9 was obtained with 2-aminophenol as a yellow solid9% yield in a similar
manner as described for the preparatiord;ofx = 43.42 min. mp: 75-76 °CH NMR (500 MHz,
CDCly) § 2.15 (t,J = 7.5 Hz, 2H), 3.83 (s, 3H), 4.00 Jt= 7.5 Hz, 2H), 4.57 (d] = 6.0 Hz, 2H), 6.33 (t,

J = 6.0 Hz, 1H), 6.38-6.41 (m, 2H), 6.84 (b= 9.0 Hz, 2H), 6.92 (fJ = 7.5 Hz, 1H), 7.38 (dd] = 1.5,
8.0 Hz, 1H), 7.43 (m, 1H), 7.52 (d= 8.5 Hz, 2H), 7.63 (d] = 8.5 Hz, 2H), 7.70 (m, 1H), 8.13 (dii=
1.5, 8.0 Hz, 1H), 8.18 (dl = 8.0 Hz, 2H).X*C NMR (75 MHz, CDC}) § 26.59, 44.77, 50.87, 52.99,
108.16, 110.65, 111.48, 122.81, 123.19, 123.96,5124124.71, 125.40, 125.48, 125.52, 127.07,
128.30, 132.05, 135.89, 138.67, 139.40, 141.76,194460.93, 161.64. HRMS (ESI) fopdE28N404S
(M™): caled, 529.1671; found, 529.1675.
N-(2-Aminophenyl)-3-(((1-((4-methoxyphenyl)sulfonyl)indolin-7 yl)amino)methyl)benzamide (20)

The title compoun@0 was obtained as a white solid in 43% vyield in ailsinmanner as described
for the preparation d; tz = 35.73 min. mp: 99-100 °GH NMR (500 MHz, CDC}) : 6 2.12 (t,J = 7.0
Hz, 2H), 3.77 (s, 3H), 3.96 (,= 7.0 Hz, 2H), 4.55 (d] = 6.5 Hz, 2H), 6.18 (] = 6.0 Hz, 1H), 6.37 (d,
J=7.5Hz, 1H), 6.45 (d] = 8.5 Hz, 1H), 6.67 - 6.75 (M, 4H), 6.92 - 6.99 @H), 7.17 (dJ = 7.5 Hz,
1H), 7.44 (d,]J = 8.5 Hz, 2H), 7.49 (] = 8.0 Hz, 1H), 7.62 (d] = 7.5 Hz, 1H), 7.88 (d] = 8.0 Hz, 1H),
8.00 (s, 1H), 8.12 (s, 1H}°C NMR (75 MHz, CDCY): 6 29.23, 47.33, 53.51, 55.64, 107.07, 110.34,
110.81, 111.39, 113.22, 114.15, 127.44, 127.99,7529133.90, 138.52, 139.13, 141.46, 143.76,
163.59, 165.81. HRMS (ESI) for,6H2oN40:S (M + H'): calcd, 529.1910; found, 529.1912.
N-(2-Aminophenyl)-4-(((1-(4-methoxyphenylsulfonyl)indolin-5-yl)amino)methyl)benzamide (21)

The title compoun@1 was obtained as a brown solid in 68% yield inmailar manner as described
for the preparation d; tg = 32.33 min. mp: 173-174 °¢H NMR (300 MHz, DMSO-g) : & 2.59 (t,J =
8.1 Hz, 2H), 3.77 (tJ = 8.7 Hz, 2H), 3.80 (s, 3H), 4.31 (d, J = 5.7 BH), 4.89 (s, 2H), 6.27 (t, J = 6.0
Hz, 1H), 6.37 (dJ = 3.1 Hz, 1H), 6.46 (dd, J = 2.1 and 8.7 Hz, 1B)61 (m, 1H), 6.79 (dd, J = 1.2 and
8.1 Hz, 1H), 6.95 - 7.05 (m, 3H), 7.16 - 7.23 (H)27.46 (d,J = 8.4 Hz, 1H), 7.61 (d] = 9.0 Hz, 2H),

7.93 (d,J = 8.1 Hz, 2H), 9.63 (s, 1H}°C NMR (75 MHz, CROD + DMSO-d): & 28.84, 53.39, 55.16,



110.83, 113.13, 114.12, 117.18, 117.97, 123.90,586127.19, 127.31, 127.95, 128.01, 129.72,

133.12, 138.77, 141.43, 142.73, 144.22, 163.95,086THRMS (El) for GeH»gN4O4S (M"): calcd,

528.1831; found, 528.1829.
N-(2-Aminophenyl)-4-(((1-(4-methoxyphenylsulfonyl)indolin-6-yl)amino)methyl)benzamide (22)

The title compoun@2 was obtained as a brown solid in 65% yield innailar manner as described
for the preparation @; tz = 38.08 min. mp: 173-174 °¢d NMR (300 MHz, DMSOsg) & 2.72 (t,J =
8.4 Hz, 2H), 3.75 () = 8.4 Hz, 2H), 3.79 (s, 3H), 4.38 (@= 6.3 Hz, 2H), 4.88 (s, 2H), 6.25 (dii=
2.4 and 8.4 Hz, 1H), 6.56 - 6.64 (m, 2H), 6.77816(m, 3H), 6.96-6.99 (m, 3H), 7.16 (db= 1.2 and
7.8 Hz, 1H), 7.47 (d) = 9.0 Hz, 2H), 7.51 (d] = 8.4 Hz, 2H), 8.02 (d] = 8.1 Hz, 2H)**C NMR (75
MHz, CD;OD + DMSO-@): & 29.94, 47.49, 57.02, 111.77, 114.08, 115.71, ¥16116.33, 117.27,
117.52, 117.68, 117.79, 127.29, 128.51, 128.76,8629130.76, 130.88, 132.02, 135.72, 136.68,

139.76, 142.28, 145.46, 150.69, 150.91, 164.59,5066HRMS (El) for GoH»gN4O4S (M'): calcd,

528.1831; found, 528.1832.
N-(2-Aminophenyl)-4-(((1-((4-methoxyphenyl)sulfonyl)-1H-indol-7-yl)amino)methyl)benzamide
(23)

The title compoun@3 was obtained as brown solid in 62% vyield in a Eimmanner as described for
the preparation 0®; tz = 36.87 min. mp: 169-170 °¢éH NMR (300 MHz, DMSOd) & 3.81 (s, 3H),
4.57 (d,J = 5.4 Hz, 2H), 4.92 (s, 2H), 6.49 (= 7.5 Hz, 1H), 6.62 (m, 1H), 6.80 - 6.81 (m, 3B)93-
7.10 (m, 4H), 7.20 (d, J = 1.2 Hz, 1H), 7.48 J& 8.4 Hz, 2H), 7.69 — 7.72 (m, 3H), 7.99 {d= 8.1
Hz, 2H), 9.66 (s, 1H). HRMS (EI) for,gH26N404S (M"): caled, 526.1675; found, 526.1677.
N-(2-Aminophenyl)-4-(((1-((4-methoxyphenyl)sulfonyl)-1H-indol-6-yl)amino)methyl) benzamide
(24)

The title compoun@4 was obtained as a brown solid in 58% yield innailsir manner as described for
the preparation 08; tz = 43.62 min. mp: 179-180 °CH NMR (300 MHz, DMSO-g) & 3.75 (s, 3H),

4.45 (d, J = 5.7 Hz, 2H), 4.90 (s, 2H), 6.55 — §825H), 6.92 - 7.01 (m, 4H), 7.17 (dd, J = 1.2 &6



Hz, 1H), 7.24 (dJ = 8.4 Hz, 2H), 7.36 (d] = 6.6 Hz, 2H), 7.48 (d] = 9.0 Hz, 2H), 7.56 (d] = 8.4 Hz,
2H), 8.05 (d,J = 8.1 Hz, 2H).*C NMR (75 MHz, CDCY): § 46.97, 56.24, 95.42, 110.02, 112.55,
115.14, 116.68, 116.80, 121.07, 122.11, 123.46,8423127.00, 127.17, 127.28, 128.51, 128.92,

129.25, 133.49, 136.51, 143.64, 144.56, 146.93,916365.69. HRMS (EI) for gHagN40sS (M°):

calcd, 526.1675; found, 526.1677.
N*-(2-aminopheny!)-N*-(1-((4-methoxypheny!)sulfonyl)indolin-7-yl)ter ephthalamide (25)
The title compoun@5 was obtained as a yellow solid in 58% yield inmiler manner as described for
the preparation dd. *H NMR (300 MHz, DMSO-g) : § 2.31 (t,J = 6.6 Hz, 2H), 3.83 (s, 3H), 4.08 (3,
= 7.5Hz, 2H), 4.98 (s, 2H), 6.62 (§,= 7.2 Hz, 1H), 6.80 (dd,) = 1.2 and 6.9 Hz, 1H), 6.98 — 7.06 (m,
4H), 7.20 - 7.27 (m, 2H), 7.57 (d,= 8.7 Hz, 2H), 7.99 (dJ = 8.1 Hz, 1H), 8.10 (dJ = 8.4 Hz, 2H),
8.17 (d,J = 8.4 Hz 2H), 9.82 (s, 1H), 10.24 (s, 1HJC NMR (75 MHz, DMSO-¢) : § 29.05, 53.69,
56.28, 115.09, 116.58, 116.70, 121.84, 122.80,4823.27.29, 127.61, 127.87, 128.76, 130.16, 131.16,
133.28, 137.24, 138.17, 139.30, 143.73, 164.06,5864.65.18.
N-(2-Aminophenyl)-4-(2-(1-((4-methoxyphenyl)sulfonyl)indolin-7-yl)ethyl)benzamide (26)

Compound37 (1 g, 2.2 mmol) was dissolved in dioxane (15 mhg &M LiOHq) (12 mL) was added
to the solution. The reaction mixture was stirred@’C for 3h and then was evaporated under reduced
pressure. The reaction mixture was quenched witemveand the pH was adjusted with 3N kgl The
reaction mixture was extracted with ethyl acet&@ L x 3). The combined organic layer was dried
over anhydrous MgS{) concentrated under reduced pressure to give atid.obtained acid was
subjected to the amide formation in a similar mano@ive25 as described for the preparatiorBads a
brown solid in 65% vyield;gt= 36.87 min. mp: 157-158 °GH NMR (500 MHz, CDC}) 6 2.11 (t,J =
7.5 Hz, 2H), 3.09 (1) = 7.5 Hz, 2H), 3.37 (1 = 7.5 Hz, 2H), 3.82 (s, 3H), 3.88 {t= 8.0 Hz, 2H), 6.80
(d,J = 8.5 Hz, 2H), 6.88 (d, J = 7.5 Hz, 1H), 7.07(% 7.5 Hz, 2H), 7.15 (d] = 7.5 Hz, 1H), 7.30 (d]
= 8.0 Hz, 1H), 7.39 (d] = 8.5 Hz, 2H), 7.92 (d] = 8.0 Hz, 2H)**C NMR (75 MHz, CDC}) 5 26.26,

31.33, 33.34, 50.08, 52.96, 111.35, 115.57, 116199,89, 122.02, 122.79, 124.41, 124.47, 124.73,



126.31, 126.35, 127.10, 128.97, 133.06, 135.31,263838.74, 143.98, 160.74, 163.44. HRMS (ESI)
CagH20N304S (M + HY): caled, 528.1957; found, 528.1956.
(E)-N-(2-Aminophenyl)-4-(2-(1-((4-methoxyphenyl)sulfonyl)indolin-7-yl)vinyl)benzamide (27)

The title compoun@7 was obtained as a brown solid in 65% yield in allainmanner as described
for the preparation a26; tg = 43.62 min. mp: 121-122 °GH NMR (500 MHz, CDC}) & 2.22 (t,J =
7.5 Hz, 2H), 3.82 (s, 3H), 4.04 (= 7.5 Hz, 2H), 6.81 (d] = 9.0 Hz, 2H), 6.85 - 6.87 (m, 2H), 6.98 (d,
J=7.5Hz, 1H), 7.08 - 7.11 (m, 1H), 7.16 - 7.19 @Hl), 7.36 (dJ = 8.0 Hz, 1H), 7.41 (d] = 9.0 Hz,
2H), 7.67 - 7.71 (m, 3H), 7.85 - 7.90 (m, 3H). HRNES) for CoH2gN304S (M - H'): calcd, 524.1644;
found,. 524.1648.
N-(2-Aminophenyl)-4-(((1-((4-methoxyphenyl)sulfonyl)indolin-7-yl)oxy)methyl)benzamide (28)

The title compoun@8 was synthesized as a light brown solid in 52%dyieding compoundl in a
similar manner as that described for the synthefs®s tg = 33.81 min. mp: 179-180 °GH NMR (300
MHz,DMSO-ds) § 2.37 (t,J = 7.5 Hz, 2H), 3.82 (s, 3H), 4.01 &= 7.5 Hz, 2H), 4.93 (s, 2H), 5.27 (s,
2H), 6.62 (tJ = 6.6 Hz, 1H), 6.80 (d] = 8.1 Hz, 2H), 6.96 - 7.02 (m, 4H), 7.10J& 7.8 Hz, 2H), 7.20
(d, J = 6.9 Hz, 1H), 7.55 (d] = 9.0 Hz, 2H), 7.66 (d] = 8.1 Hz, 2H), 8.01 (d] = 8.4 Hz, 2H), 9.67 (s,
1H). *C NMR (75 MHz, CDCJ): § 26.70, 50.29, 52.91, 67.54, 111.25, 111.28, 124.73.99, 125.05,
126.81, 127.21, 128.59, 130.71, 136.42, 138.45,304860.55. HRMS (ESI) for £H2sN30sS (M +
H™"): calcd, 530.1750; found, 530.1752.
1-(Phenylsulfonyl)indolin-7-amine (30a)

The title compoun®0a was obtained in 80% yield from compoul@h in a manner similar to that
described for the synthesis of compowth. *H NMR (500 MHz, CDC}) § 2.11 (t,J = 7.5 Hz, 2H),
3.98 (t J= 7.5 Hz, 2H), 4.71 (s, 2H), 6.39 - 6.41 (m, 16159 (d,J = 7.5 Hz, 1H), 6.89 - 6.92 (m, 1H),
7.36 - 7.39 (m, 2H), 7.54-7.57 (m, 1H), 7.61-7(6Y 2H).

1-((4-M ethoxyphenyl)sulfonyl)indolin-7-amine (30b).



A mixture of 5-bromo-7-nitro-indoline2@a) (2.18 g, 9.0 mmol) and 4-methoxybenzene-1-sulfony
chloride (1.85 g, 9.0 mmol) in pyridine (6 mL) wasfluxed overnight. After cooling, the reaction
mixture was quenched with,B and extracted with Gi€l,. The combined organic layer was dried over
anhydrous MgSg) then concentrated under reduced pressure. Tioueewas purified by silica gel
chromatography (EtOAm-hexane = 1: 4) to give a yellow solid (3.47 g, 9gi#d). The solid residue
was dissolved im-PrOH (45 mL) and KD (5 mL). To this solution, Fe powder (2.31 g, 4t&ol) and
ammonium chloride (887 mg, 16.6 mmol) was addedthadeaction mixture was refluxed for 6 h. The
progress of the reaction was monitored by TLC. Upompletion of the reaction, the reaction was
filtered over celite. The filtrate was concentratedl HO was added. Extraction was with EtOAc (50
mL x 3). The combined organic layer was dried amnydrous MgS@and concentrated under reduced
pressure to vyield the amine (2.73 g, 85% yield).e Thixture of the obtained residue,
azobisisobutyronitrile (1.19 g, 7.3 mmol) and ttydtin hydride (6.43 g, 22.1 mmol) were refluxed in
toluene (30 mL) overnight. After cooling, the reant mixture was quenched with,8 and extracted
with CH,Cl,. The combined organic layer was dried over anhyslrMgSQ, concentrated under
reduced pressure and dried under vacuum. The eesidis purified by silica gel chromatography
(EtOAc: n-hexane = 1: 1) to giv0b (1.82 g, 84% vyield)*HNMR (500 MHz, CDC})  2.15 (t,J = 7.5
Hz, 2H), 3.82 (s, 3H), 3.95 {,= 8.0 Hz, 2H), 4.70 (s, 2H, D exchangeable protons), 6.41 Jd; 7.5
Hz, 1H), 6.58 (dJ = 8.0 Hz, 1H), 6.81-6.84 (m, 2H), 6.89 - 6.92 (Hl), 7.52 -7.55 (m, 2H).
1-((3,4-Dimethoxyphenyl)sulfonyl)indolin-7-amine (30c)

The title compoun®0c was obtained in 78% yield from compou2@h in a manner similar to that
described for the synthesis of compowdth. *"H NMR (500MHz, CDC}) § 2.16 (t,J = 7.5 Hz, 2H),
3.60 (s, 3H), 3.91 (s, 3H), 3.95 Jt= 7.5 Hz, 2H), 4.39 (s, 2H,J0 exchangeable protons), 6.54 Jd&;
7.5 Hz, 1H), 6.82 - 6.87 (m, 3H), 6.95 - 6.96 (1H),17.37 (dd,J = 2.0, 8.0 Hz, 1H).

1-((3-Methoxyphenyl)sulfonyl)indolin-7-amine (30d)



The title compoun®0d was obtained in 73% yield from compou2®a in a manner similar to that
described for the synthesis of compo@dth. ‘H NMR (500 MHz, CDCY): § 2.13 (t,J = 7.5 Hz, 2H),
3.60 (s, 3H), 3.96 (1] = 7.5 Hz, 2H), 4.70 (s, 2H,JD exchangeable protons), 6.42Jd& 7.0 Hz, 1H),
6.60 (d,J = 8.0 Hz, 1H), 6.91 - 6.97 (m, 3H), 7.07 (m, 1A¥2 (M, 1H).
1-((4-Chlorophenyl)sulfonyl)indolin-7-amine (30e)

The title compoun®0e was obtained in 71% yield from compou2@h in a manner similar to that
described for the synthesis of compowth. *H NMR (500 MHz, CDCY) § 2.23 (t,J = 7.5 Hz, 2H),
3.99 (t,J = 7.5 Hz, 2H), 4.49 (s, 2H,J D exchangeable protons), 6.54 Jd; 7.0 Hz, 1H), 6.80 (d] =
8.0 Hz, 1H), 6.96 - 6.99 (m, 1H), 7.35 (d= 8.5 Hz, 2H), 7.56 (d] = 8.5 Hz, 2H).
1-((4-Fluor ophenyl)sulfonyl)indolin-7-amine (30f)

The title compoun@®0f was obtained in 72% yield from compou2®a in a manner similar to that
described for the synthesis of compodth. ‘H NMR (500 MHz, CDC}) & 2.16 (t,J = 7.5 Hz, 2H),
3.99 (t,J = 7.5 Hz, 2H), 4.69 (s, 2H, D exchangeable protons), 6.42 Jd&; 7.5 Hz, 1H), 6.60 (d] =
8.0 Hz, 1H), 6.90 (tJ = 7.5 Hz, 1H), 7.05 (m, 2H) 7.63 (m, 2H).
4-((7-Aminoindolin-1-yl)sulfonyl)benzonitrile (30g)

The title compoun®0g was obtained in 75% yield from compouP@h in a manner similar to that
described for the synthesis of compo®dth. ‘H NMR (500 MHz, CDC}) & 2.22 (t,J = 7.5 Hz, 2H),
4.09 (t, J = 7.5 Hz, 2H), 4.23 (s, 2H, M exchangeable protons), 6.43 Jd; 7.5 Hz, 1H), 6.54 (d] =
8.0 Hz, 1H), 6.97 () = 7.5 Hz, 1H), 7.89 (d] = 8.5 Hz, 2H), 8.03 (d] = 8.0 Hz, 2H).

1-((4-M ethoxyphenyl)sulfonyl)indolin-5-amine (30h)

The mixture of 5-nitro-indoline20b) (1 g, 6.09 mmol) and benzenesulfonyl chlorid®7lg, 6.09
mmol) in pyridine (3 mL) was refluxed overnight.téf cooling, the reaction mixture was quenched
with water and extracted with dichloromethane. Thmbined organic layer was dried over anhydrous
MgSOs and concentrated under reduced pressure. Theueesidtained was purified by silica gel

chromatography (EtOAm-hexane = 1: 4). A mixture of the obtained solidBB8Lg, 5.47 mmol), iron



powder (611 mg, 10.9 mmol), ammonium chloride (1g4&@7.3 mmol) in isopropanol (45 mL) and
water (5 mL) was refluxed for 6 h. The progresshef reaction was monitored on TLC. On completion
of the reaction, the reaction was filtered overteellhe filtrate was concentrated and water watedd
to it. Extraction was done with ethyl acetate (50 xn3). The combined organic layer was dried over
anhydrous MgS@and concentrated under reduced pressure. Theingstdsidue was purified by silica
gel chromatography (EtOAc:-hexane = 1: 1) to give compoufih in 75% yield*H NMR (500 MHz,
CDCl) 8 2.66 (t,J = 8.5 Hz, 2H), 3.81 (s, 3H), 3.85 {t~= 8.5 Hz, 2H), 6.49 (s, 1H), 6.59 @~ 8.5
Hz, 1H), 6.85 (dJ = 9.0 Hz, 2H), 7.45 (d] = 8.5 Hz, 1H), 7.62-7.64 (m, 2H).

1-((4-M ethoxyphenyl)sulfonyl)indolin-6-amine (30i)

The title compound0i was obtained in 71% yield from compou®@t in a manner similar to that
described for the preparation @h. *H NMR (500 MHz, DMSOs) & 2.61 (t,J = 8.0 Hz, 2H), 3.73 (t,
J=8.0 Hz, 2H), 3.81 (s, 3H), 6.74 @= 8.0 Hz, 1H), 6.93 (d] = 8.00 Hz, 2H), 7.12 (s, 1H), 7.41 (H,
= 7.5 Hz, 1H), 7.67 (d] = 8.5 Hz, 2H).

1-((4-M ethoxyphenyl)sulfonyl)-1H-indol-7-amine (30j)

The title compoun®0j was obtained in 71% yield from compou?@l in a manner similar to that
described for the preparation 8h. '"H NMR (500 MHz, CDCY) 6 3.79 (s, 3H), 6.61 (d] = 4.5 Hz,
1H), 6.85 - 6.89 (m, 3H), 7.01 (d,= 7.5 Hz, 1H), 7.08 - 7.11 (m, 1H), 7.55 {d= 4.5 Hz, 1H), 7.79 -
7.81 (d,J = 7.5 Hz, 2H).

1-((4-M ethoxyphenyl)sulfonyl)-1H-indol-6-amine (30k)

The title compoun@®@0k was obtained in 69% yield from compou2@k in a manner similar to that
described for the preparation 2%i. '"H NMR (500 MHz, CDCJ) & 3.80 (s, 3H), 6.51 (d] = 3.0 Hz,
1H), 6.74 (ddJ = 1.5, 8.5 Hz, 1H), 6.86 (d,= 8.5 Hz, 2H), 7.29 (d] = 8.5 Hz, 1H), 7.36 (d] = 3.0
Hz, 1H), 7.48 (s, 1H), 7.79 (d,= 8.5 Hz, 2H).

4-(((1-(Phenylsulfonyl)indolin-7-yl)amino)methyl)benzoic acid (31a)



The title compoun®la was obtained in 66% yield from compouB@h in a manner similar to that
described for the preparation 2b. *"H NMR (500 MHz, DMSOdg) & 2.15 (t,J = 7.5 Hz, 2H), 3.99 (t,
J=7.5Hz, 2H), 4.61 (d] = 6.0 Hz, 2H), 6.25 - 6.29 (m, 1H), 6.39 {d= 7.5 Hz, 1H), 6.45 (d] = 8.5
Hz, 1H), 6.89 - 6.93 (m, 1H), 7.23-739 (M, 2H),47-57.59 (m, 2H), 7.62 (d,= 8.0 Hz, 2H), 7.98 (d]

= 8.5 Hz, 2H).

4-(((2-((4-M ethoxyphenyl)sulfonyl)indolin-7-yl)amino)-methyl)benzoic acid (31b)

To a stirred solution 080b (1.80 g, 5.94 mmol) and 4-carboxybenzaldehyde8® & 5.94 mmol) in
MeOH (10 mL), few drops of glacial AcOH were add&hdium cyanoborohydride (560 mg, 8.92
mmol) was added and the reaction mixture was dtataoom temperature overnight. The reaction was
guenched with D then extracted with EtOAc. The combined orgaaijet was dried over anhydrous
MgSO, and concentrated under reduced pressure. Theleesias purified by silica gel chromatography
(EtOAc: n-hexane = 1: 0.95 with 0.5% AcOH) to give compo@dit (1.76 g, yield 68%)"H NMR
(500 MHz, DMSO#g) 5 2.10 (t,J = 7.5 Hz, 2H), 3.79 (s, 3H), 3.93 {t= 7.5 Hz, 2H), 4.48 (d] = 6.0
Hz, 2H), 6.35 (dJ) = 7.5 Hz, 1H), 6.38 (d] = 8.5 Hz, 1H), 6.85 - 6.88 (m, 1H), 7.00 {d 9 Hz, 2H),
7.49 - 7.51 (m, 2H), 7.54 (d,= 8.0 Hz, 2H), 7.91 (dl = 8.5 Hz, 2H).
4-(((2-((3,4-Dimethoxyphenyl)sulfonyl)indolin-7-yl Jamino)methyl)benzoic acid (31c)

The title compoun@lc was obtained in 71% yield from compouB@t in a manner similar to that
described for the preparation &fb. *H NMR (500 MHz, CROD) & 2.10 (t,J = 7.5 Hz, 2H), 3.36 (s,
3H), 3.85 (s, 3H), 3.96 ( = 7.5 Hz, 2H), 4.53 (s, 2H), 6.36 (@= 7.5 Hz, 1H), 6.48 (d] = 7.5 Hz,
1H), 6.70 (d,J = 2.0 Hz, 1H), 6.88-6.91 (m, 1H), 7.02 (M= 7.5 Hz, 1H), 7.38 (dd] = 2.0, 7.5 Hz,
1H), 7.60 (d,) = 8.5 Hz, 2H), 7.97 (d] = 8.5 Hz, 2H).
4-(((2-((3-M ethoxyphenyl)sulfonyl)indolin-7-yl)amino)methyl)benzoic acid (31d)

The title compoun®1d was obtained in 73% yield from compouB@t in a manner similar to that

described for the preparation 2fb. *H NMR (500 MHz, DMSO#d) 6 2.08 (t,J = 7.5 Hz, 2H), 3.53 (s,



3H), 3.96 (tJ = 7.5 Hz, 2H), 4.50 (d] = 6.0 Hz, 2H), 6.34 (d] = 7.5 Hz, 1H), 6.40 (d] = 8.5 Hz, 1H),
6.86 - 6.89 (M, 2H), 7.21 - 7.25 (m, 2H), 7.43)(t 8.0 Hz, 1H), 7.60 (d] = 8.5 Hz, 2H), 7.96 (d] =
8.5 Hz, 2H).

4-(((2-((4-Chlor ophenyl)sulfonyl)indolin-7-yl)amino)methyl)benzoic acid (31e)

The title compoun@le was obtained in 62% yield from compouB@E in a manner similar to that
described for the preparation &fb. *H NMR (500 MHz, DMSOsdg) & 2.13 (t,J = 7.5 Hz, 2H), 3.98 (t,
J=7.5Hz, 2H), 4.48 (d] = 6.0 Hz, 2H), 6.36 (d] = 7.0 Hz, 1H), 6.40 (d] = 8.5 Hz, 1H), 6.87 - 6.90
(m, 1H), 7.53 (dJ = 8.0 Hz, 2H), 7.55 - 7.57 (m, 4H), 7.91 {d= 8.0 Hz, 2H).
4-(((1-((4-Fluor ophenyl)sulfonyl)indolin-7-yl)amino)methyl)benzoic acid (31f)

The title compound31lf was obtained in 64% from compou®df in a manner similar to that
described for the preparation &fb. *"H NMR (500 MHz, DMSOs) & 2.12 (t,J = 7.5 Hz, 2H), 3.98 (t,
J=7.5 Hz, 2H), 4.49 (d] = 6.0 Hz, 2H), 6.36 (dJ = 7.0 Hz, 1H), 6.40 (d] = 8.5 Hz, 1H), 6.89 (m,
1H), 7.36 (tJ = 9.0 Hz, 2H), 7.54 (d] = 8.5 Hz, 2H), 7.64 - 7.67 (m, 2H), 7.93 {c; 8.0 Hz, 2H).
4-(((1-((4-Cyanophenyl)sulfonyl)indolin-7-yl)amino)methyl)benzoic acid (31g)

The title compound3lg was obtained in 65% from compouBfg in a manner similar to that
described for the preparation 2fb. *H NMR (500 MHz, DMSOd) & 2.22 (t,J = 7.5 Hz, 2H), 4.09 (t,
J=7.5Hz, 2H), 4.23 (d] = 6.0 Hz, 2H), 6.43 (d] = 7.5 Hz, 1H), 6.53 (d] = 8.0 Hz, 1H), 6.97 (§ =
8.0 Hz, 1H), 7.60 (dJ = 8.0 Hz, 2H), 7.81 (d] = 8.0 Hz, 2H), 7.89 (d] = 8.0 Hz, 2H), 8.03 (d] = 8.0
Hz, 2H).
4-((1-((4-M ethoxyphenyl)sulfonyl)indolin-7-yl)amino)benzoic acid (31h)

To a flame-dried 100 mL pear shaped flask was addganethoxycarbonyl)phenyl)boronic acid
(0.18 g, 1.0 mmol), 20 mol % of solid Cu(OA¢P.03 g, 0.16 mmol), crystalline myristic acid19.g,
0.33 mmol) and dry toluene (5 mL).The resultingpsmsion was stirred for 10 min and 2,6-lutidine
(0.20 mL, 1.73 mmol) was added by syringe. Afterr3d, 30b (0.20 g, 0.66 mmol) was added and

stirred vigorously at ambient temperature for 24The reaction mixture was filtered and washed by



CH.CIl, and EtOAc. The organic layers were dried over MgSfncentrated and purified by flash
column chromatography (EtOAcr-hexane = 1: 3) to give the residue. 1M Lig}i(0.37 mL) was
added to the solution of the residue (0.08 g, tni&ol) in dioxane (5 mL) and the reaction mixtureswa
heated to 46C for 18 h. After cooling to room temperature, teaction mixture was neutralized to pH
= 7, extracted with water (10 mL) and chloroforn#lfehloroform/ IPA = 3/1; 10mL x 3). The organic
layers were dried over MgS@nd the residue was recrystallized from methamelfford 31h (0.07 g,
96%) as a white solidH NMR (500 MHz, CDCJ) § 2.26 (t,J = 7.0 Hz, 2H), 3.83 (s, 3H), 4.02 {t=
7.5 Hz, 2H), 6.75 (dJ = 7.0 Hz, 1H), 6.93 (d] = 9.0 Hz, 2H), 7.01 (d] = 8.5 Hz, 2H), 7.11 (m, 1H),
7.34 (d,J = 8.5 Hz, 1H), 7.50 (d] = 9.0 Hz, 2H), 7.79 (br, 1H), 7.88 (@= 9.0 Hz, 2H).

3-(((1-((4-M ethoxyphenyl)sulfonyl)indolin-7-yl)amino)methyl)benzoic acid (31i)

The title compoun@li was obtained in 69% yield from compou8@b using 3-formylbenzoic acid
in @ manner similar to that described for the prafien of31b. *"H NMR (500 MHz, CROD) 5 2.18 (t,
J=17.0 Hz, 2H), 3.88 (s, 3H), 3.99 {t= 7.0 Hz, 2H), 4.58 (d] = 6.5 Hz, 2H), 6.19 (1] = 6.0 Hz, 1H),
6.39 (d,J = 7.5 Hz, 1H), 6.48 (d] = 8.5 Hz, 1H), 6.69 - 6.79 (m, 2H), 7.21 {d= 7.5 Hz, 1H), 7.57 (d,
J= 8.5 Hz, 2H), 7.59 (tJ = 8.0 Hz, 1 H), 7.69 (d] = 7.5 Hz, 1H), 7.91 (d] = 8.0 Hz, 1H), 8.17 (s,
1H).
4-((1-((4-methoxyphenyl)sulfonyl)indolin-7-yl)car bamoyl)benzoic acid (31))

To a solution 0of30b (1 g, 3.28 mmol) in dry pyridine (5 mL), methyl(dhlorocarbonyl)benzoate
(0.652 g, 3.28 mmol) was added. The reaction mextuas stirred at room temperature for 2h. The
reaction was then quenched with@Hand extracted with EtOAc (3 x 50 mL). The combirmeganic
layer was dried over anhydrous MgSénd concentrated under reduced pressure. The mnmixtas
purified by silica gel chromatography (EtOAz:hexane = 1: 1) to give residue (1.52 g, 65 % Yield
The resulting residue was dissolved in dioxane HhdL LIOH (aq, 1M) was added to it. The reaction
mixture was stirred for 5 h at 40 C . The reaction was concentrated under reducesspre and then

was added water. The mixture was acidified with 3HSI| and extracted with ethyl acetate. The



combined organic layer was dried over anhydrous ®lg&d concentrated under reduced pressure to
yield 31j in 96% yield.*H NMR (300 MHz, DMSO-g) : § 2.31 (t,J = 7.2 Hz, 2H), 4.08 () = 7.5 Hz,
2H), 7.00 - 7.02 (m, 3H), 7.23 (t, J = 7.5 Hz, 1AB5 (d, J = 6.9 Hz, 2H), 7.93 @= 7.2 Hz, 1H),
8.09 — 8.18 (m, 4H), 10.25 (s, 1H).

4-(((2-(4-M ethoxyphenylsulfonyl)indolin-5-yl)amino)methyl)benzoic acid (31k)

The title compoun®1k was obtained from compourd®h using 4-formylbenzoic acid in 61% yield
in @ manner similar to that described for the prafian of31b. 'H NMR (500 MHz, DMSOds) & 2.54
(t, J= 8.5 Hz, 2H), 3.73 (1] = 8.5 Hz, 2H), 3.78 (s, 3H), 4.25 (= 4.5 Hz, 2H), 6.32 (s, 1H), 6.40 (dd,
J=2.0, 8.5 Hz, 1H), 6.99 (d,= 9.0 Hz, 2H), 7.17 (d] = 9.0 Hz, 1H), 7.40 (d] = 8.0 Hz, 2H), 7.55 (d,
J=9.0 Hz, 2H), 7.86 (d] = 8.0 Hz, 2H).
4-((1-(4-M ethoxyphenylsulfonyl)indolin-6-yl)amino)benzoic acid (31l)

The title compoundll was obtained from compour8di in 68% vyield in a manner similar to that
described for the preparation &fb. *"H NMR (500 MHz, DMSOs) & 2.54 (t,J = 8.5 Hz, 2H), 3.79 (t,
J = 8.5 Hz, 2H), 3.81 (s, 3H), 4.65 @@= 6.0 Hz, 2H), 6.51 (d] = 8.0 Hz, 1H), 6.90 (dJ = 8.5 Hz,
2H), 7.12 (s, 1H), 7.39 (d,= 8.5 Hz, 1H), 7.43 (d] = 8.5 Hz, 2H), 7.47 (d] = 8.5 Hz, 2H), 7.98 (d]
= 8.5 Hz, 2H).
4-(((2-((4-M ethoxyphenyl)sulfonyl)-1H-indol - 7-yl)amino)methyl)benzoic acid (31m)

The title compoundlm was obtained in 71% yield from compouifj in a similar manner as
described for the preparation 2fb. *H NMR (500 MHz, CROD) & 3.80 (s, 3H), 4.53 (s, 2H), 6.44 (d,
J=7.5Hz, 1H), 6.68 (d] = 3.0 Hz, 1H), 6.80 (d] = 7.5 Hz, 1H), 6.93 - 7.00 (m, 3H), 7.40 = 8.5
Hz, 2H), 7.61 - 7.62 (m, 3H), 7.96 @@= 8.5 Hz, 2H).
4-(((2-((4-M ethoxyphenyl)sulfonyl)-1H-indol-6-yl)amino)methyl)benzoic acid (31n)

The title compound1n was obtained in 67% yield from compouB@k in a similar manner as
described for the preparation 2fb. *H NMR (500 MHz, CROD) & 3.85 (s, 3H), 4.54 (s, 2H), 7.15 (d,

J=3.0 Hz, 1H), 7.35 (dd] = 1.5, 8.5 Hz, 1H), 7.46 (d,= 8.5 Hz, 2H), 7.66 (s, 1H), 7.88 (@= 8.5



Hz, 1H), 7.93 (d,J = 3.0 Hz, 1H), 8.03 (d] = 8.5 Hz, 2H), 8.21 (d] = 8.5 Hz, 2H), 8.71 (d] = 8.5 Hz,
2H).
Methyl 4-(2-(1H-indol-7-yl)ethyl)benzoate (33)

To a solution of indole-7-carboxaldehyde 32 (1.0 g, 6.8 mmol) and 4-
methoxycarbonylbenzyltriphenylphosphonium chlorf{@®7 g, 6.8 mmol) stirring in dichloromethane
(4 mL), sodium methoxide (0.37 g, 6.8 mmol) waseatitb the reaction slowly at room temperature
with continuous stirring 4h. The reaction mixtureasvquenched with water and extracted with
dichloromethane. The combined organic layer wasddaver anhydrous MgS{Qconcentrated under
reduced pressure and dried in vacuum. The residsepwrified by silica gel chromatography (EtOAc:
n-hexane = 1: 4) to give a solid residue (1.39 gj4#o yield. To the mixture of the residue in etHano
was added a catalytic amount of 10% palladium abaa (139 mg) and the reaction was stirred at
room temperature for 3h under hydrogen. The reactiocture wa3 filtered over celite and the filtrate
was concentrated. The residue was purified byastiel chromatography (EtOAn:hexane = 1: 4) to
give compound3 in 87% vyield."H NMR (500 MHz, CROD) & 3.09 - 3.17 (m, 4H), 3.91 (s, 3H), 6.55
(m, 1H), 7.00 (dJ = 7.5 Hz, 1H), 7.06 - 7.14 (m, 2H), 7.24 {ds 8.5 Hz, 2H), 7.52 (d] = 7.5 Hz, 1H),
7.94 (d,J = 8.5 Hz, 2H).

(E)-M ethyl 4-(2-(1H-indol-7-yl)vinyl)benzoate (34)

To a solution of indole-7-carboxaldehyd&2) (1.0 g, 6.8 mmol) and 4-methoxycarbonyl-
benzyltriphenylphosphonium chloride (3.07 g, 6.8 ahnstirring in dichloromethane (4 mL), sodium
methoxide (0.37 g, 6.8 mmol) was added to the i@actowly at room temperature with continuous
stirring 4h. The reaction mixture was quenched wititer and extracted with dichloromethane. The
combined organic layer was dried over anhydrous ®lg$oncentrated under reduced pressure and
dried with vacuum. The residue was purified bycsilgel chromatography (EtOAr:hexane = 1: 4) to
give a solid residue of compoud (1.39 g) in 74% yield'H NMR (500 MHz, CDCJ) & 3.08 (t,J =

8.5 Hz, 2H), 3.63 () = 8.5 Hz, 2H), 3.93 (s, 3H), 6.74 @@= 7.5 Hz, 1H), 7.01 (d] = 16.0 Hz, 1H),



7.07 (dd,J = 1.5, 7.5 Hz, 1H), 7.18 (d,= 16.0 Hz, 1H), 7.20 (d] = 8.5 Hz, 1H), 7.52 (d] = 8.5 Hz,
2H), 8.00 (dJ = 8.5 Hz, 2H).
Methyl 4-(2-(indolin-7-yl)ethyl)benzoate (35)

To a solution of compound4 (1.0 g, 3.5 mmol) in acetic acid (5 ml), sodiumacgborohydride
(0.06 g, 0.93 mmol) was slowly added and the reaatnixture was stirred overnight. The pH of the
reaction mixture was adjusted with 1N Na@jtat 0°C. The reaction mixture was then quenched with
water and extracted with dichloromethane (50 x 3).nilhe combined organic layer was dried over
anhydrous MgS@and concentrated under reduced pressure. Theueesids purified by silica gel
chromatography (EtOAm-hexane = 1: 4) to giv85 (805 mg) in 80% yield'H NMR (500 MHz,
CD;0D) 4 2.92 - 3.00 (m, 4H), 3.28 (m, 2H), 3.42Jt 8.5 Hz, 2H), 3.90 (s, 3H), 6.67 {t= 7.5 Hz,
1H), 6.84 (d,J = 7.5 Hz, 1H), 6.98 (] = 7.5 Hz, 1H), 7.26 (dl = 7.0 Hz, 2H), 7.98 (d] = 7.5 Hz, 2H).
(E)-Methyl 4-(2-(indolin-7-yl)vinyl)benzoate (36)

The title compoun®6 was obtained 91% vyield in a similar manner as rilgsd for the preparation
of 34. *H NMR (500 MHz, CDC}) § 3.08 (t,J = 8.5 Hz, 2H), 3.63 (] = 8.5 Hz, 2H), 3.93 (s, 3H), 6.74
(d,J = 7.5 Hz, 1H), 7.01 (d] = 16.0 Hz, 1H), 7.07 (dd, = 1.5, 7.5 Hz, 1H), 7.18 (d,= 16.0 Hz, 1H),
7.20 (d,J = 8.5 Hz, 1H), 7.52 (d] = 8.5 Hz, 2H), 8.00 (d] = 8.5 Hz, 2H).

Methyl 4-(2-(1-((4-methoxyphenyl)sulfonyl)indolin-7-yl)ethyl)benzoate (37)

Compound 36 (800 mg, 2.84 mmol) was dissolved in pyridine (5L)mand 4-
methoxybenzenesulfonyl chloride (0.58 g, 2.84 mnwds added to it. The reaction mixture was
refluxed overnight and the solvent was evaporateteureduced pressure then the reaction mixture was
guenched with water and extracted with dichlororaeth The combined organic layer was dried over
an anhydrous MgS{) concentrated under reduced pressure. The reswdsepurified by silica gel
chromatography (EtOAcn-hexane = 1: 4) to giv87 (1.15 g) in 92% yield’H NMR (500 MHz,
CD;0D) § 2.12 (t,J = 7.5 Hz, 2H), 3.09 (] = 8.5 Hz, 2H), 3.37 () = 8.5 Hz, 2H), 3.82 (s, 3H), 3.86

(s, 3H), 3.87 (tJ = 8.5 Hz, 2H), 6.80 (d] = 8.5 Hz, 2H), 6.88 (d] = 7.5 Hz, 1H), 7.07 () = 7.5 Hz,



1H), 7.16 (dJ = 7.5 Hz, 1H), 7.30 (dJ = 8.5 Hz, 2H), 7.39 (dJ = 8.5 Hz, 2H), 7.92 (d] = 8.5 Hz,
2H).
Methyl (E)-4-(2-(1-((4-methoxyphenyl)sulfonyl)indolin-7-yl)vinyl)benzoate (38)

The title compound®8 was obtained 91% yield in a similar manner as desdrfor the preparation
of 36. 'H NMR (500 MHz, CDC}) & 2.21 (t,J = 7.5 Hz, 2H), 3.82 (s, 3H), 3.92 (s, 3H), 4.04¢ 7.5
Hz, 2H), 6.80 (dJ = 7.5 Hz, 2H), 6.98 (dJ = 7.5 Hz, 1H), 7.14 - 7.18 (m, 4H), 7.40 (W 7.5 Hz,
2H), 7.64-7.67 (m, 1H), 7.85 (d,= 16.0 Hz, 1H), 8.01 (dl = 8.5 Hz, 2H).

1-((4-M ethoxyphenyl)sulfonyl)indolin-7-ol (40)

To a solution 0f39 (0.42 g, 3.11 mmol) antdért-butyldimethylsilyl chloride (0.56 g, 3.73 mmol) in
dichloromethane (30 mL), DIPEA (1.10 mL, 6.21 mmaegs added to the reaction at room temperature.
The reaction mixture was stirred for overnight, mgheed with water and extracted with
dichloromethane (20 mL x 3). The combined orgaraget was dried over anhydrous MgS$O
concentrated under reduced pressure to give aueg@B7 mg, 85% vyield). The mixture of crude
residue and 4-methoxybenzenesulfonyl chloride (320 1.5 mmol) in pyridine (2 mL) was heated at
100°C overnight. The reaction solvent was evaporatettureduced pressure to give a black residue,
which was purified by silica gel chromatography@Et: n-hexane = 1: 1) to afford a yellow liquid,
yield 91%. To a solution of the obtained residud iF (10 mL), 1M tetrabutylammonium fluoride in
THF (3 mL) was added to the reaction dropwise 8C0The reaction mixture was stirred at room
temperature for 1 h and then quenched with watéreatracted with dichloromethane (15 mL x 3). The
combined organic layer was dried over anhydrous ®lg8oncentrated under reduced pressure. The
residue obtained was purified by silica gel chragetphy (EtOAc:n-hexane = 1: 1) to affordO in
93% vyield.'H NMR (500 MHz, CDC}) & 2.38 (t,d = 7.5 Hz, 2H), 3.82 (s, 3H), 3.99 {t= 8.0 Hz, 2H),
6.60 (d,J = 7.5 Hz, 1H), 6.84 - 6.88 (m, 2H), 6.98 - 7.01, (), 7.56 - 7.57 (m, 2H), 8.20 (s, 1H).

4-(((1-((4-M ethoxyphenyl)sulfonyl)indolin-7-yl)oxy)methyl)benzoic acid (41)



The mixture of40 (0.40 g, 1.3 mmol), 4-chloromethylbenzoic acid myeester (239 mg, 1.3 mmol)
and potassium carbonate (269 mg, 1.9 mmol) in aeet@80 mL) was refluxed for 6h. The reaction
mixture was quenched with water and extracted witthloromethane (20 mL x 3). The combined
organic layer was dried over anhydrous MgS(d concentrated under reduced pressure to give a
residue, which was purified by silica gel chromagqipy (EtOAc:n-hexane = 1: 4) in 76% vyield. To the
solution of obtained residue (451 mg, 0.9 mmoljlioxane (10 mL), 1M LiOkg) (5 mL) was added
and stirred at 46C. After being stirred overnight, the reaction rabet was concentrated under reduced
pressure. The residue was dissolved in water andettrated HCI was added up to acidic pH to give
41 as white precipitates in 91% yieftH NMR (500 MHz, CQOD) § 2.41 (t,J = 7.5 Hz, 2H), 3.80 (s,
3H), 4.03 (tJ = 7.5 Hz, 2H), 5.23 (s, 2H), 6.74 @= 7.5 Hz, 1H), 6.87 - 6.92 (m, 3H), 7.04-7.07 (m,
1H), 7.52 - 7.53 (m, 2H), 7.59 - 7.61 (t 8.0 Hz, 2H), 7.98 (d] = 8.0 Hz, 2H).

(B) Biology

Reagents for cell culture were obtained from GIB&I- Life Technologies (Gaitherburg, MD).
Microtubule-associated protein (MAP)-rich tubulirasvpurchased from Cytoskeleton, Inc. (Denver,
CO). PH]Colchicine (specific activity, 60-87 Ci/mmol) wamirchased from PerkinElmer Life Sciences
(Boston, MA).

Cell culture

Human cancer cell lines, oral epidermoid carcingKt cells), stomach carcinoma (MKN45 cells) and
lung adenocarcinoma (A549 cells) were maintainedRMI 1640 medium containing 10% fetal bovine
serum, 100 units/mL penicillin, 100 mg/mL streptanimyand 2.5 mg/mL amphotericin B. Cells were
cultured in tissue culture flasks in a humidifiettubator at 37 °C, in an atmosphere of 5% CO2 and
95% air.

The sulforhodamine B assays

Counted cells were seeded in 96-well plates in omadvith 5% FBS. After 24 h, cells were fixed with

10% trichloroacetic acid (TCA) to represent celpplation at the time of compound addition (TO).



After additional incubation of DMSO or test compdufior 48 h, cells were fixed with 10% TCA and
then stained with SRB at 0.4% (w/ v) in 1% acetidaUnbound SRB was washed out by 1% acetic
acid and SRB-containing cells were solubilized wilmMTrizma base. The absorbance was read at a
wavelength of 515 nm. Using the following absorte&nmeasurements, such as time zero (T0), control
growth (C), and cell growth in the presence of tdoepound (Tx), the percentage of growth was
calculated at each of the compound concentratimelde Growth inhibition of 50% (G¢) was
calculated from the equation [(Ti - Tz)/(C-Tz)] 8A.= 50, which provides the compound concentration
resulting in a 50% reduction in the net proteinréase (as measured by SRB staining) in contras cell
during the incubation with the compound.

Tubulin polymerization in vitro assay [42, 43]

Turbidimetric assays of microtubules were perfornasddescribed by Bollag al [44]. In brief,
microtubule-associated protein (MAP)-rich tubuliron bovine brain, Cytoskeleton, Denver, C.0O.) had
been dissolved in reaction buffer (100 mM PIPES ), 2 mM MgC}, 1 mM GTP) in preparing of 4
mg/mL tubulin solution. Tubulin solution (240 g MARh tubulin per well) was placed in 96-well
microtiter plate in the presence of test compowrd&% (v/v) DMSO as vehicle control. The increase i
absorbance was measured at 350 nm in a PowerWaviicioplate Reader (BIO-TEK Instruments,
Winooski, VT) at 37 °C and recorded every 30 s30rmin. The area under the curve (AUC) used to
determine the concentration that inhibited tubuyimlymerization to 50% (I§3). The AUC of the
untreated control and L4@M of colchicine was set to 100% and 0% polymeraatirespectively, and

the 1G5, was calculated by nonlinear regression in at ldaiee experiments.

Tubulin competition binding scintillation proximity assay ([3H] Colchicine Binding Assay)

The assay was performed according to the methamtezpin previous studies [45-47]. In the stutly,

3
uM tubulin was incubated with 5.0M [ H]-colchicine at either 1.0 or 50M concentrations of test

compounds in a buffer containing 0.05 M PIPES (p8),6lmM EGTA, 10 % glycerol, 1ImM Mgg&l

and 1 mM GTP. Streptavidin-labeled poly (vinyluehe) SPA beads were then added to the reaction



mixture. The radioactive counts were then direatigasured by a scintillation counter, and the
inhibition constant (K was calculated using the Cheng-Prusoff equation.
HDAC enzymesinhibition assays

Enzyme inhibition assays were performed by the ®eadBiology Corporation, Malvern, PA.
(http://lwww.reactionbiology.com). The substrate #DAC-1, -2, -3, -4, -6, -7, -8, -9, and -10 is a
fluorogenic peptide derived from p53 residues 3B2-FRHKK(Ac)]. Compounds were dissolved in
DMSO and tested in 10-dosesidnode with 3-fold serial dilution starting at 1®1. Trichostatin A
(TSA) and MS-275 were used as the reference congsoun
Western blot analysis

Cell lysates were prepared, and proteins were atgghby 7.5-15% SDS-PAGE, transferred onto
PVDF membrane, and then immunoblotted with spedcifitbodies. Proteins were visualized with an
ECL detection system. Compound tested in a 10-tdgevith 3-fold serial dilution starting at 10M.
Molecular modeling studies

The crystal structure (PDB ID: 1SAQ) of tubulin wd®wvnloaded from Protein Data Bank [48he
structure was prepared using the drug design piatieeadl T [23]. The binding site was defined as a
radius of 10A from the co-crystallized ligand. Té@mpounds were protonated in aqueous solution and
were docked into the binding site using FlexX dagkmodule in LeadIT. The docking strategy was
performed by the hybrid (enthalpy and entropy) apph. The scoring parameters were used with the
default settings.

The LeadIT docking poses were then added to thepatational program Forge [26] to generate
molecular force fields. The activity miner [49] rhetlology of Forge identifies the “average fielddan
“activity cliff’. The average field compares activaolecules to identify common electrostatic and
hydrophobic fields. The activity cliff representsngpound pairs where small structural differences th
causes large changes in activity. The activityf &if each compound pair was summarized into aajlob

activity atlas model. The default settings weredusegenerate the molecular force fields.



Antitumor activity in vivo

The human non-small cell lung cancer A549 cells evanplanted subcutaneously (s.c.) with
1@ cells into the flank of the 4-week-old male balblede mice. After tumor volume average around
200 mni, mice were separated into two groups (n = 6), robnfvehicle) and compound®
(intraperitoneal injection daily, dissolved in 59080 + 5% Cremophor + 90% dextrose). Tumor
volumes were monitored daily at first week and ttveice weekly until tumor volumes of control group
approached 1000 miriTumor volume was calculated from tWL)/2. W, width and L, length.

Male nude mice (NOD-SCID) were inoculated subcutasty with the same volume of BD Matrigel
Matrix HC (catalog 354248, BD bioscience), and BJédlis (1 x 10 cell/mouse) into the flank of each
animal. When the tumors had grown to around 20C,ramimals were divided into two groups (n = 5)
and received the following treatments (a) contrtd CL0% DMSO, 20% Cremophor EL, and 70%
Normal Saline) (b) intravenous injection of compduh at 50 mg/kg daily for 5 days in 1 week.
Compound9 was dissolved in vehicle (10% DMSO, 20% CremopBbrand 70% Normal Saline).
Tumor size was measured twice weekly and calculfated V = *'w?/2, where w = width (w) and | =
length (I). The mice were housed on Taipei Medigaiversity Laboratory Animal Center, TMU, on a
12-h light cycle at 21 - 23C and 60-85% humidity. Nude mice were maintaimeddcordance with the
Institutional Animal Care and Use Committee procedwand guidelines.

Statistical and Graphical Analyses.

The log rank test was used to determine the statistignificance of the difference between the TTE
values of two groups. Statistical and graphicalys®s were performed with Prism 3.03 (GraphPad) for
Windows. The two-tailed statistical analyses weyedticted at P = 0.05. KaplaMeier plots show the
percentage of animals remaining in the study vetisus. The KaplanMeier plots use the same data set

as the log rank test.
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ABBREVIATIONSUSED

HDAC, histone deacetylases; CA-4, combretastatid; AGA-4P, combretastatin A-4P; AIBN, 2,2'-

azobis-(2-methylpropionitrile); LIOH, lithium hydxade; IPA, isopropanol; TBDMSCI, tert-

Butyldimethyilsilyl chloride; DIPEA, N,N-Diisopropylethylamine; TBAF, Tetra-

butylammoniumfluoride; PyBOP, (Benzotriazol-1-ylottpyrrolidinophosphonium

hexafluorophosphate.

References

1.

2.

S.K. Grant, Therapeutic protein kinase inhibit@s]l. Mol. Life Sci. 66 (2009) 1163-77.

(&) M.J. Pérez-Pérez, E.M. Priego, O. Bueno, M.&rtids, M.D. Canela, S. Liekens, Blocking
blood flow to solid tumors by destabilizing tubulen approach to targeting tumor growth, J. Med.
Chem. 59 (2016) 8685-8711. (b) V. Chaudhary, J.@&ghateri, H.P. Dhaked, A.S. Bhoyar, S.K.
Guchhait, D. Panda, Novel combretastatin-2-amindéxole analogues as potent tubulin assembly
inhibitors: exploration of unique pharmacophorigawt of bridging skeleton and aryl moiety, J.
Med. Chem. 59 (2016) 3439-3451. (c) T.F. GreenaN8ng, L.M. Greene, L. S.M. Nathwani,
J.K. Pollock, A.M. Malebari, T. McCabe, B. Twamléy,M. O’Boyle, D.M. Zisterer, M.J Meegan,
Synthesis and biochemical evaluation of 3-phenaxryelarylazetidin-2-ones as tubulin-targeting
antitumor agents, J. Med. Chem. 59 (2016) 90-1d)3P( Zhou, Y. Liu, L. Zhou, K. Zhu, K. Feng,
H. Zhang, Y. Liang, H. Jiang, C. Luo, M. Liu, Y. Wg Potent antitumor activities and structure
basis of the chirap-lactam bridged analogue of combretastatin A-4 ibigdo tubulin, J. Med.
Chem 59 (2016) 10329-10334.

(@) D.T. Hung, T.F. Jamison, S.L. Schreiber, Un@eding and controlling the cell cycle with
natural products, Chem. Biol. 3 (1996) 623-639.0b). Chaplin, M.R. Horsman, D.W. Siemann,

Current development status of small-molecule vasalisrupting agents, Curr. Opin. Inv. Drugs 7



(2006) 522-528. (c) G.C. Tron, T. Pirali, G. Sorlka, Pagliai, S. Busacca, A.A.Genazzani,
Medicinal chemistry of combretastatin A4: presemd éuture directions, J. Med. Chem.49 (2006)
3033-3044 (d) Q. Li, H.L Sham, Discovery and depatent of antimitotic agents that inhibit
tubulin polymerization for the treatment of cancé&xpert Opin. Ther. Patents 12 (2002)
1663-1702. (e) K. Nepali, R. Ojha, H.Y. Lee, J.Ru. Early investigational tubulin inhibitors as
novel cancer therapeutics, Expert Opin. Investig. rugd 25
(2016) 917-936.

(a) D.L. Boger, C.W. Boyce, R.M. Garbaccio, J.A.ldberg, CC-1065 and the duocarmycins:
synthetic studies, Chem. Rev. 97 (1997) 787-828.Yb Mirim, S.G. Kim, Stereoselective
synthesis of cis-2,3-disubstituted indolines via ama-alkylation/Michael cascade reaction,
Tetrahedron Lett56 (2015) 7034-7037.

A. Yacovan, R. Ozeri, T. Kehat, S. Mirilashvili, Bherman, A. Aizikovich, A. Shitrit, E. Ben-
Zeev, N. Schutz, O.B. Kashtan, A. Konson, V. Beh&M. Becker, 1-(Sulfonyl)-5-
(arylsulfonyl)indoline as activators of the tumocelicspecific M2 isoform of pyruvate kinase,
Bioorg. Med. Chem. Lettl2 (2012) 6460-6468.

(a) J.Y. Chang, H.P. Hsieh, C.Y. Chang, K.S. Hsi.Xhiang, C.M. Chen, C.C Kuo, J.P. Liou,
7-Aroyl-aminoindoline-1-sulfonamides as a novekslaf potent antitubulin agents,Med. Chem.

49 (2006) 6656-6659. (b) J.P. Liou, K.S. Hsu, KQo, C.Y. Chang, J.Y. Chang, A novel oral
indoline-sulfonamide agent, N-[1-(4-methoxybenzetfesyl)-2,3-dihydro-1H-indol-7-yl]-
isonicotinamide (J30), exhibits potent activity exg& human cancer cells in vitro and in vivo
through the disruption of microtubule, J. PharmaEap. Ther. 323 (2007) 398-405.

D. Raffa, B. Maggio, F. Plescia, S. Cascioferro,P&scia, M.V. Raimondi, G. Daidone, M.
Tolomeo, S. Grimaudo, A.D. Cristina, R.M. PipitofRe,Bai, E. Hamel, Synthesis, antiproliferative
activity, and mechanism of action of a series ¢f(2E)-3-phenylprop-2-enoyllamino}benzamides,

Eur. J. Med. Chem. 46 (2011) 2786—-2796.



8.

10.

11.

12.

13.

14.

15.

T. Shao, J. Wang, J.G. Chen, X.M. Wang, H. Li, XLRY. Li, G.D. Yang, Q.B. Mei, S.Q. Zhang,
Discovery of 2-methoxy-3-phenylsulfonamino-5-(quabln-6-yl or quinolin-6-yl)benzamides as
novel PI3K inhibitors and anticancer agents bydmstere, Eur. J. Med. Cheifb (2014) 96-105.
C.S. Jiang, X.M. Wang, S.Q. Zhang, L.S. Meng, Watu, J. Xu, S. Lu, Discovery of 4-
benzoylamino-N-(prop-2-yn-1-yl)benzamides as noretroRNA-21 inhibitors, Bioorg. Med.
Chem. 232015) 6510-6519.

P. Bertrand, Inside HDAC with HDAC inhibitors, Eur.Med. Chem. 45 (2010) 2095-2116.

A. Saito, T. Yamashita, Y. Mariko, Y. Nosaka, K.uthkiya, T. Ando, T. Suzuki, T. Tsuruo, O.
Nakanishi, A synthetic inhibitor of histone deadasg, MS-27-275, with marked in vivo antitumor
activity against human tumors, Proc. Natl. Acad. i.ScU. S. A. 96
(1999) 4592-4597.

P. Marielle, P. Marina, B. Monica, F. Daniela, i9is¢ deacetylase inhibitors: from bench to clinic,
J. Med. Chem. 51 (2008) 1505-1529.

E. Hu, E. Dul, C.M. Sung, Z.X. Chen, G.F. Kirkpakj K. Zhang, R.G. Johanson, A. Liu, G.
Lago, Hofmann, R.; Macarron, M.; Frailes, D.; PerBz Krawiec, J.; Winkler, J.; Jaye, M.
Identification of novel isoform-selective inhibiorwithin class | histone deacetylases, J.
Pharmacol. Exp. Ther. 21 (2003) 720-728.

M. Fournel, C. Bonfils, Y. Hou, P.T. Yan, T. Boutg@. Kalita, J. Liu, A.H. Lu, N.Z. Zhou, M.F.
Robert, J. Gillespie, J.J. Wang, S. Croix, J. RaBil Lefebvre, O. Moradei, D. Delorme, A.R.
Macleod, J.M. Besterman, Z. Li, MGCDO0103, a novebtype-selective histone deacetylase
inhibitor, has broad spectrum antitumor activityvitro and in vivo, Mol. Cancer Ther. 7 (2008)
759-768.

M. Loprevite, M. Tiseo, F. Grossi, T. Scolaro, @n8no, A. Pandolfi, R. Favoni, A. Ardizzoni, In
vitro study of CI-994, a histone deacetylase irtbihiin non-small cell lung cancer cell lines,

Oncol. Res. 15 (2005) 39-48.



16. K. Nepali, S. Kumar, H.L. Huang, F.C. Kuo, C.H. |.€C. Kuo, T.K. Yeh, Y.H. Li, J.Y. Chang,
J.P. Liou, H.Y. Lee, 2-Aroylquinoline-5,8-diones petent anticancer agents displaying tubulin

and heat shock protein 90 (HSP90) inhibiti@ng. Biomol. Chem14 (2016 716-723.



17. a) H.Y. Lee, J.F. Lee; S. Kumar, Y.W. Wu, W.C. Hgan, M.J. Lai, Y.H. Li, H.L. Huang,

18.

F.C. Kuo, C.J. Hsiao, C.C. Cheng, C.R. Yang, Lli¢u, 3-Aroylindoles display antitumor activity
in vitro and in vivo: Effects of N1-substituents @ological activity, Eur. J. Med. Chem. 125
(2017)1268-1278. b) Y.W. Wu, K.C. Hsu, H.Y. LeeCTHuang, T.E. Lin, Y.L. Chen, T.Y. Sung,
J.P. Liou, W.W. Hwang-Verslues, S.L. Pan, W.C. Hjfam A Novel Dual HDAC6 and Tubulin
Inhibitor, MPTOB451, Displays Anti-tumor Ability iHuman Cancer Celis Vitro andin Vivo.
Front Pharmacol. 13 (2018) 205. c) Zhang,K¥ng, Y.; Zhang, JSu, M. Zhou, Y. Zang, Y. Li,

J. Chen, Y. Fang, Y Zhang, X Lu, W, Design, synthesis and biological evaluatidrcolchicine
derivatives as novel tubulin and histone deacetythsal inhibitors, Eur. J. Med. Chem. 95 (2015)
127-35. d) Zhang, X.; Zhang, J.; Su, M.; Zhou, &hen, Y.; Li, J, Lu, W, Design, synthesis and
biological evaluation of '4ddemethyl-4-deoxypodophyllotoxin derivatives as eladubulin and histone
deacetylase dual inhibitors, R2@v. 4 (2014) 40444-40448 . ) Hassanzadeh, M.hBemadeh, K.;
Amanlou, M, A comparative study based on dockingl anolecular dynamics simulations
over HDAC-tubulin dual inhibitors, J. Mol. Grapki& Modelling 70 (2016) 170-180 f) Zhang,
X.; Zhang, J.; Tong, L.; Luo, Y.; Chen, Y. The disery of colchicine-SAHA hybrids as a new
class of antitumor agents, Bioorg. Med. Chem. Z1.8 3240-3244. g) Lamaa,D.; Lin, H.P.; Zig,
L.; Bauvais, C.;Bollot, G.; Bignon, J.;Levaiquei.; Pamlard, O.; Dubois, J.; Ouaissi,
M.; Souce, M.; Kasselouri, A.; Saller, F.;BorgelD.; Chantal Jayat-Vignoles, C.;Al-
Mouhammad, H.; Feuillard, J.; Benihoud, K.; AlanMl,.; Hamze, A, Design and Synthesis of
Tubulin and Histone Deacetylase Inhibitor BasedsorCombretastatin A-4, J. Med. Chem. 61
(2018) 6574-6591

a) S. Kumar, S. Mehndiratta, K. Nepah].K. Gupta, S. Koul, P.R. Sharma, A.K. Saxena,
K.L. Dhar, Novel indole-bearing combretastatin agales as tubulin polymerization inhibitors,
Org. Med. Chem. Lett. 3 (2013) 3. b) C.C. Kuo, H.P. Hsieh, W.Y. Pan,.CCRen, J.P. Liou, S.J.

Lee, Y.L. Chang, L.T. Chen, C.T. Chen, J.Y. ChaB§ROL075, a Novel Synthetic Indole



19.

20.

Compound with Antimitotic Activity in Human CanceCells, Exerts Effective Antitumoral
Activity in Vivo, Cancer Res. 64 (2004) 4621-46d8M.J. Lai, J.Y. Chang, H.Y. Lee, C.C. Kuo,
M.H. Lin, H, H.P. Hsieh, C.Y. Chang, J.S. Wu, SWu, K.S. Shey, J.P. Liou, Synthesis and
biological evaluation of 1-(4'-Indolyl and 6'-Quimyl) indoles as a new class of potent anticancer
agents, Eur. J. Med. Chem. 46 (2011) 3623} Lee, S.L. Pan, M.C. Su, .Y.M. Liu, C.C.
Kuo, Y.T. Chang, J.S. Wu, C.Y. Nien, S. MehndirataY. Chang, S.Y. Wu, M.J. Lai, J.Y.
Chang, J.P. Liou, Furanylazaindoles: potent antieaagents in vitro and in vivo. J. Med. Chem.
56 (2013) 8008-8018.

(a) M.J. Lai, H.L. Huang, S.L. Pan, Y.M. Liu, C.Peng, H.Y. Lee, T.K. Yeh, P.H. Huang,
C.M. Teng, C.S. Chen, H.Y.Chuang, J.P.Liou, Sgsith and Biological Evaluation of 1-
Arylsulfonyl-5-(N-hydroxyacrylamide)indoles as PoteHistone Deacetylase Inhibitors with
Antitumor Activity in Vivo, J. Med. Chem. 55 (2013y77-3791. (b) S. Mehndiratta, R.S. Wang,
H.L. Huang, C.J.Su, C.M. Hsu, Y.W. Wu, S.L.Pan,P.J Liou, 4-Indolyl-N-
hydroxyphenylacrylamides as potent HDAC class | HBdinhibitors in vitro and in vivo, Eur. J.
Med. Chem. 134 (2017) 13-23. (¢) S. Mehndirattd,. ¥sieh, Y.M. Liu, A.W. Wang, H.Y. Lee,
L.Y. Liang, S. Kumatr, C.M. Teng, C.R. Yang, J.Pow,i Indole-3-
ethylsulfamoylphenylacrylamides: Potent histonecdgdase inhibitors with anti-inflammatory
activity, Eur. J. Med. Chem. 85 (2014) 468-479. Kd Nepali, H.Y. Lee, M.J. Lai, R. Ojha,
T.Y.Wu, G.X.Wu, M.C.Chen, J.P.Liou, Ring-openetktrahydroy-carbolines display
cytotoxicity and selectivity with histone deacesgasoforms, Eur. J. Med. Chem. 127 (2017) 115-
127.

Z.Q. Ning, Z.B. Li, M.J. Newman, S. Shan, X.H. WabgS. Pan, J. Zhang, M. Dong, X. Du, X.P.
Lu, Chidamide (CS055/HBI-8000): a new histone dedase inhibitor of the benzamide class
with antitumor activity and the ability to enhanicemune cell-mediated tumor cell cytotoxicity,

Cancer Chemother. Pharmacol. 69 (2012) 901-909.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

C.Y. Chang, H.Y. Chuang, H.Y. Lee, T.K. Yeh, C.Qud& C.Y. Chang, J.Y. Chang, J.P. Liou.
Antimitotic and vascular disrupting agents: 2-hydr3,4,5-trimethoxybenzophenones. Eur. J.
Med. Chem. 77 (2014) 306-14.

H.Y. Lee, J.Y. Chang, C.Y. Nien, C.C. Kuo, K.H. BhC.H. Wu, C.Y. Chang, W.Y. Lai, J.P Liou.

5-Amino-2-aroylquinolines as Highly Potent Tubulolymerization Inhibitors. Part 2. The Impact

of Bridging Groups at Position C-2. J. Med. Chesh(3011) 8517-8525.

B. LeadIT, http://www. biosolveit. de/Leadl&ccessed 12th Mar 2011.

X.C. Huang, R.Z. Huang, S.H. Gou, Z.M. Wang, Z.Xad, H.S. Wang, Combretastatin A-4
Analogue: A Dual-Targeting and Tubulin Inhibitor @aining Antitumor Pt(IV) Moiety with a
Unique Mode of Action, Bioconjugate Chemistry 2018) 2132-2148.

J.W. Zhang, F. Li, Y. Li, Y.Y. Guo, J.H. Wang, S.\®hang, Structural Analysis for Colchicine
Binding Site-Targeted ATCAA Derivatives as Melanodatagonists, Med. CheniO (2014) 277-
286.

Forge, 10.4.2; Cresset: Litlington, Cambridgeshire, UK.

K.J. Falkenberg, R.W. Johnstone, Histone deacetyland their inhibitors in cancer, neurological
diseases and immune disorders, Nature Reviews Disgpveryl3 (2014) 673-691.

S. Choi, M.K. Pflum, The structural requirementshigtone deacetylase inhibitors: suberoylanilide
hydroxamic acid analogs modified at the C6 posjt®inoorg. Med. Chem. Lett. 22 (2012) 7084-6.

Y. Kong, M. Jung, K. Wang, S. Grindrod, A. Veler&A. Lee, S. Dakshanamurthy, Y. Yang, M.
Miessau, C. Zheng, A. Dritschilo, M.L. Brown, Hig® deacetylase cytoplasmic trapping by a novel
fluorescent HDAC inhibitor, Mol. Cancer Thdi0 (2011) 1591-9.

A.A. Tabackman, R. Frankson, E.S. Marsan, K. Pérl¢, Cole, Structure of 'linkerless' hydroxamic
acid inhibitor-HDAC8 complex confirms the formati@i an isoform-specific subpocket, J. Struct.
Biol. 195 (2016) 373-378.

C. Hardin, E. Shum, A.P. Singh, R. Perez-SolelChkng, Emerging treatment using tubulin

inhibitors in advanced non-small cell lung cané&eqpert Opin. Pharmacother. 18 (2017) 701-716.



32.

33.

34.

35.

36.

37.

38.

39.

C. Damaskos, I. Tomos, N. Garmpis, A. KarakatdanDimitroulis, A. Garmpi, E. Spartalis,

C.F. Kampolis, E. Tsagkari. A.A. Loukeri, G.A. Margs, M. Spartalis, N. Andreatos, D. Schizas,
S. Kokkineli, E.A. Antoniou, A. Nonni, G. Tsourdisf K. Markatos, K. Kontzoglou, A. Kostakis,
P. Tomos, Histone Deacetylase Inhibitors as a Noaajeted Therapy Against Non-small Cell
Lung Cancer: Where Are We Now and What Should Weeek?, Anticancer Res. 38 (2018) 37-
43.

I. Kuppens, Current State of the Art of New Tubuhhibitors in the Clinic, Cur. Clin. Phatrt
(2006) 57-70.

C. DumontetM.A. Jordan, Microtubule-binding agents: a dynafietd of cancer therapeutics,
Nat. Rev. Drug Disca® (2010) 790-803.

S.Q. Guo, Y.Z. Zhang, Histone Deacetylase IntwbitAn Important Mechanism in the Treatment

of Lymphoma, Cancer Biol. Me® (2012) 85-89.

P.P. Pandolfi, Histone deacetylases and transani@titherapy with their inhibitor§€anc.
Chemother. Pharmaceal8 (2001)S17S519; b) X. Cai, H.X. Zhai, J. Wang, J. Forrester, H, Qu
Yin, C.J. Lai, R. Bao, C. Qian, Discovery of 7-@-dthynylphenylamino)-7-methoxyquinazolin-6-
yloxy)-Nhydroxyheptanamide (CUDc-101) as a potenttracting HDAC, EGFR, and HER2

inhibitor for the treatment of cancer, J. Med. Ch&@1(2010) 2000 - 2009.

A. Marks, Discovery and development of SAHA as aticancer agent, Oncogene 26 (2007) 1351

- 1356.

L. Barbarotta, K. Hurley, Romidepsin for the treatmhof peripheral T-celllymphoma, J. Adv.
Pract. Oncol. 6 (2015) 22 - 36.

X. Qian, G. Ara, E. Mills, W.J. LaRochelle, H.Schienstein, M. Jeffers, Activity of the histone
deacetylase inhibitor belinostat (PXD101) in pneicil models of prostate cancer, Int. J. Canc.

122 (2008) 1400 - 1410.



40.

41.

42.

43.

44,

45,

46.

X. Lu,Z. Ning, Z. Li, H. Cao, X. Wang, Development of damide for peripheral T-cell

lymphoma, the first orphan drug approved in Chinaactable Rare Dis. Res. 5 (20185 - 191.

H.L. Huang, C.Y Peng, M.J. Lai, C.H. Chen, H.Y. Led,C.Wang, J.P. LiouS.L. Pan, C.M. Teng,
Novel oral histone deacetylase inhibitor, MPTOEO®Z8plays potent growth-inhibitory activity
against human B-cell lymphoma in vitro and in vi@ncotarget 6 (2015) 4976-91.

C.C. Kuo, H.P. Hsieh, W.Y. Pan, C.P. Chen, J.PuLB.J. Lee, Y.L. Chang, L.T.Chen, C.T. Chen,
J.Y. Chang, BPROLO75, a novel synthetic indole coamg with antimitotic activity in human cancer
cells, exerts effective antitumoral activityvivo, Cancer Res. 64 (2004) 4621-4628.

C.Y. Nien, Y.C. Chen, C.C Kuo, H.P. Hsieh, C.Y. @9aJ.S. Wu, S.Y. Wu, J.P. Liou, J.Y. Chang, 5-
Amino-2-Aroylquinolines as highly potent tubulin lgmerization inhibitors, J. Med. Chem. 53
(2010) 2309-2313.

D.M. Bollag, P.A. McQueney, J. Zhu, O. HensensKbupal, J. Liesch, M. Goetz, E. Lazarides,
C.M. Woods, Epothilones, a new class of microtusidédilizing agents with a taxol-like mechanism
of action, Cancer Res. 55 (1995) 2325-2333.

a) S.K. Tahir, P. Kovar, S.H. Rosenberg, S.C. N@pi® colchicine competition-binding
scintillation proximity assay using biotin-labeledulin, Biotechniques 29 (2000) 156-160. b) J.P.
Liou, J.Y. Chang, C.W. Chang, C.Y. Chang, N. Mahind F. M. Kuo, H. P. Hsieh, Synthesis and
Structure-Activity Relationships of 3-Aminobenzopbees as Antimitotic Agents. J. Med. Chem. 47
(2004) 2897-2905.

a) S.K. Tahir, E.K. Han, B. Credo, H.S Jae, J.A&téhpol, C.D. Scatena, J.R. Wu-Wong, D. Frost,
H. Sham, S.H. Rosenberg, S.C. Ng, A-204197, a ndwlih-binding agent with antimitotic
activity in tumor cell lines resistant to known matubule inhibitors, Cancer Res. 61 (2001)
5480-5485. bA. Lambier, Y.A. Engelborghs, Quantitative Anakysif Tubulin colchicine Binding to

Microtubules. Eur. J. Biochert09 (1980) 619-624.



47.

48.

49.

S.K. Tahir, M.A. Nukkala, N.A.Z. Mozny, R.B. Cred®.B. Warner. Q. Li, KW. Woods, A.
Claiborne, S.L. Gwaltney, D.J. Frost, H.L. ShanH.Rosenberg, S.C. Ng, Biological activity of A-
289099: an orally active tubulin-binding indolyl@axdine derivativeMol. Cancer Ther2 (2003), 227-233.

H.M Berman, J. Westbrook, Z. Feng, G. GilllandNTBhat, H. Weissig, I.N. Shindyalov, P.E.
Bourne, The Protein Data Bank, Nucleic Acids RageaB (2000) 235-242.

M. Cruz-Monteagudo, J.L. Medina-Franco, Y. Perestilla, O. Nicolotti, M.N. Cordeiro, F. Borges,

Activity cliffs in drug discovery: Dr Jekyll or MHyde? Drug Discov Today 19 (2014) 1069-80.



Figure Captions

Figure 1. Structures of antimitotic agents and benzamided&DAC inhibitors

Figure 2. Structures of designed compoun8<7)

Figure 3. Structure activity relationships for 1-arylsulfdirydoline-benzamides

Figure 4. The effect of compound8, 16, and 27 on in vitro tubulin polymerization. MAP-rich
tubulins were incubated at 37 °C in the absence$0Ms a control] or presence of colchiciRedr
serial concentrations of synthetic compounds). Alrsace at 350 nm was measured every 30s for 30
min and is presented as the increased polymerizemtubule.

Figure 5. Expression pattern of acetylatedubulin in A549 cells. Cells were treated with iears
concentrations of indicated compounds for 6 h, #mesessed by western blot analysis.

Figure 6. Docking pose of compound 9 in Tubulin. (A) The stick model of compoun@ (blue)
with interacting tubulin residues (grey). Residaes grouped into four sections as shown. Dotted
green lines denotes hydrogen bond. (B) 2D reprasentof compound interaction in tubulin.
Dotted red lines indicate hydrogen bonds. Residuegreen denote hydrophobic interactions.
Residues are grouped and listed as shown. Resaeesouped and listed as shown.

Figure 7. Average molecular fields and activity cliff summary of compounds in tubulin. (A)
Field regions obtained from active tubulin inhilbgoRed color shows positive field region, blue
color shows negative field region, and yellow cabows hydrophobic interactions sites required for
activity. (B) Analysis of the electrostatic and hgphobic areas for tubulin binding site with
compounds 19 (C), 20 (D), 21 (E), and 22 (F) wereesimposed with compound 9 (grey). Red
circle denotes regions where compounds are misaligm electrostatic or hydrophobic areas. Red
and cyan color indicates positive or negative edstatics, respectively. Green color shows
favorable hydrophobic regions, while pink indicategavorable hydrophobic energies.

Figure 8. Docking poses of compound 9in HDAC isozymes. (A) The docking pose of compound
9in HDAC 1 (PDB ID: 5ICN). (B) Superimposed dockirgsults of compound 9 in HDAC1
(yellow), 2 (PDB ID: 5IX0, green), and 6 (PDB IDEB8, pink). (C) Docking results of compound 9
in HDACS8 (PDB ID: 3SFH). Dotted green line represechelation to zinc. Zinc ion represented as
grey sphere. Red circle highlights contrastingaefresidue in HDAC isozymes.

Figure 9 Anti-cancer activity of compoun@in human non-small cell lung cancer A549 xenograft
model.



Figure 10 The anticancer effect of Intravenous injectiomampound to subcutaneous xenograft
tumor model of BJAB.

Figure 11 The mouse (a) and the tumor (b) images of therebahd 50 mg/kg compouriigroups
in the day 25 after the first dose. The resultaiofor weight in the day 25 after the first dose (c)



Table 1. ICs values (nM + SB) of compounds and reference compounds

Cell Type (1Go + SDZ nM)

compd KB A549 MKN45
8 26050 87030 780+140
9 49+46 7948 63+32
10 14004630 2700+790 2300+1300
11 780%250 1100486 800230
12 440+90 860+23 780465
13 210+11 560+170 460+37
14 540+24 930+79 870+14
15 560+130 920488 880+29
16 120+4 190432 140+49
17 200 + 51 450420 420417
18 260+61 570+160 480+100
19 8700+1900 105004820 100004230
20 2200+860 5700+2100 3900+360
21 2100380 8900+1400 5000550
22 870+310 2400+450 2100+130
23 130423 640+170 440+46
24 1440+300 3900+570 2500280
25 - > 10000 -
26 110430 200+13 130445
27 2300 2704101 200+10
28 54+7 10045 7823
1 250465 - 170+9
2 13+4 - 1543
6 520+130 1200+88 1200+11

®SD: standard deviation, all experiments were inddpatly performed at least three tim¥3ata

from reference 17
- not determined



Table 2. Growth inhibition by9, 16, and28 against KB-derived drug-resistant cell lines

ICs0 % SO

Vincristine  Paclitaxel VP-16 2 9 16 28

Compd nM° nM° HMP nM° nM nM nM
KB 0.6 £ 4.1+ 1.1+ 10.4+ 48.6 + 116.2 + 54,2 +

(Parental) 0.2 1.6 0.5 2.5 46.4 3.9 6.8
KB-VIN10 90.1 + 16500 =+ 23 + 122 + 64.7 + 114.3 + 64.9 +

(MDR 1) 7.4 707 9.4 24.5 4.8 3.8
KB-S15 17.6 + 273 + 35+ 354 + 43.9 + 106.0 + 55.7 +

(MDR 1) 0.5 15 0.3 3.8 2.8 11.5 4.6
KB-7D 1.2 + 7.9+ 54 + 4.2 + 46.6 + 78.3 542 +

(MRP 1) 0.4 0.5 3.5 1.9 1.0 9.2 6.8

3SD: standard deviation. All experiments were indejemtly performed at least three timi#3ata

from reference 18.



Table 3. Inhibition of tubulin polymerization and colchicifending inhibition by compounds 16,
27, and referenceg 2, and3.

. % Colchicine competition
Tubulin

Compound Coo (UM bindind’ at concentration of:
1uM S5 uM
8 3.2 - -
9 1.1 69.9+3.1 85.2+5.5
10 >10 - -
11 3.5 - -
12 3.3 - -
13 4 - -
14 3.7 - -
15 6.4 - -
16 2.3 64.3+29 98.8+7.9
17 2.3 - -
18 3.7 - -
19 >10 - -
20 8.5 - -
21 >10 - -
22 >10 - -
23 3.7 - -
24 >10 - -
25 - - -
26 2.5 - -
27 2.7 - -
28 1.9 325+6.2 77.7+10.2
1 3.2 40.2+1.3 71.6+2.3
2 4.9 21.8+7.8 539+25
3 2.1 80.3+1.3 84.1+154

3nhibition of tubulin polymerizatiofilnhibition of ’H] colchicine binding. Tubulin was at 1 uM;
[*H] colchicine was at 5 uM; test compounds were @it SpM;



ACCEPTED MANUSCRIPT

- Not determined



Table 4. HDAC inhibition activity and isoform selectivity dfenzamid® and referencé

ICsp (UM)*
Compd HDAC1 HDAC2 HDAC3 HDAC4 HDAC6 HDAC7 HDAC8 HD&9 HDAC10
9 0.221 0.662 0.314 10
6 0.544 0.613 >30 9.884
Trichostatin A 0.0249 0.0391 0.0262 ND 0.00355 ND 0.427 ND 0.071

*These assays were conducted by the Reaction Bi@ogyoration, Malvern, PA. All compounds were dlsed in
DMSO and tested in 10-dosesi@node with 3-fold serial dilution starting at M.
- Empty cells indicate no inhibition or compoundiety that could not be fit to an l§gcurve

ND, not determined
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Figure 2. Structures of designed compoun8<7)



Schemel. Synthetic Approaches to Compourgig4

5-bromo-7 5

-nitroindoline (29a) H Nf‘\

S-nitroindoline (29b) 2, 2% T2 —L
6-nitroindoline (29c¢) 7 \ Sy X
7-nitroindole (29d) 028 \ Z )

6-nitroindole (29e)

30a, 7-NHp, X = H
30b, 7-NH,, X = 4'-OCH,
30¢c, 7-NHj, X = 3',4-OCH;
30d, 7-NH,, X = 3-OCH;
30e, 7-NHj,, X = 4'-Cl

30f, 7-NH,, X = 4-F

30g, 7-NH,, X = 4-CN
30h, 5-NHj,, X = 4-OCH,
30i, 6-NH,, X = 4-OCH,

N
N—
6~ N 3
7 . =
0,8 X
N \ g4
-
COOH

31a, X = H (7-position)

31b, X = 4'-OCHj3 (7-position)
31c, X = 3',4'-OCH3 (7-position)
31d, X = 3'-OCHj5 (7-position)
31e, X = 4'-Cl (7-position)

31f, X = 4'-F (7-position)

319, X = 4'-CN (7-position)
31k, X = 4'-OCHj (5-position)
311, X = 4'-OCHj, (6-position)

30j, 7-NHj, X = 4-OCHj (indole) 31m, X = 4-OCHj (7-position, indole) COCH Loon
30k, 6-NHj,, X = 4-OCHj (indole) 31n, X = 4-OCHj (6-position, indole) i 3]
HS
N——
6 \F N 3
7 OZS\G/X
c , . \ V4N
o3
0”7 "NH
2N 2
X 3R
et
8, X =H, R=2"-NH, (7 position) @
9, X = 4-OCHs, R = 2"-NH, (7-position) " NH 028©
10, X = 3',4-OCH,3, R = 2"-NH; (7-position) 2 H7(©/ OCHs
11, X = 3-OCHj, R = 2"-NH, (7-position) @
12, X = 4'-OH, R = 2"-NH, (7-position)
13, X = 4'-Cl, R = 2"'-NH, (7-position)
14, X = 4'F, R = 2"-NH, (7-position) @[B @3
15, X = 4'-CN, R = 2"-NH, (7-position) N N
17, X = 4-OCHa, R = 3"-NH, (7-position) NH osz oo Oy NH OZSO ocH
18, X = 4'-OCHjy, R = 4"'-NH, (7-position) ° 3
19, X = 4'-OCHjy, R = 2"'-OH (7-position) o
21, X = 4-OCHj, R = 2""-NH, (5-position) o
22 X = 4-OCHs, R = 2""-NH, (6-position) D HN™™0
23, X = 4-OCHj, R = 2""-NH, (7-position, indole) HN ”2“‘\@
24, X = 4-OCHs, R = 2""-NH, (6-position, indole) 20 25

®Reagents and conditions: (a) i. substituted berszafomyl chlorides, pyridine, reflux; ii. Fe, N&I,
IPA/H,0, reflux; iii. AIBN, BusSnH, toluene, reflux; foBOh-k: (a) i. 4-methoxybenzenesulfonyl
chloride, pyridine, reflux; ii. Fe, NKCI, IPA/H,O, reflux; (b) 4-carboxybenzaldehyde, Naf&HN,
MeOH, AcOH, rt; for  3lh: Cu(OAc), myristic acid, 2,6-lutidine,
4-(methoxycarbonyl)phenyl)boronic acid, toluene fat 31i: i) 3-carboxybenzaldehyde, NaBEN,
MeOH, AcOH, rt; for31j: methyl 4-(chlorocarbonyl)benzoate , pyridine,iijtLiOH (aq), dioxane,
40 1 C (c) o-phenylenediamine, PyBOP, ;B DMF, rt; for 12: BBr3, CH,Cl,, rt; for 17:
m-phenylenediamine, PyBOP, ;8 DMF, rt; for 18: p-phenylenediamine, PyBOP, s8t DMF, rt;
for 19: 2-aminophenol, PyBOP, &, DMF, rt.



Scheme 2. Synthetic Approaches to Compouris26®

AN
N
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p (34 7-CH=CH- g; ;g:zg:z 26, 7-CHp-CH,-
, 7-CH=CH- 27, 7-CH=CH-
35, 7-CH,-CHo- (indoline) 7-CH=CH

36, 7-CH=CH- (indoline)

®Reagents and conditions: F26: (a) i. 4-methoxycarbonylbenzyltriphenylphosphanighloride,
sodium methoxide, Cicly, rt; . Pd/C, H, CHs;OH, r; for 27:
4-methoxycarbonylbenzyltriphenylphosphonium chleridsodium methoxide, GRBl,, rt; (b)
NaCNBHs, AcOH, rt; (c) 4-methoxybenzenesulfonyl chloriggridine, reflux; (d) i. 1M LiOHhg),
dioxane, 40°C; ii. o-phenylenediamine, PyBOP, &t DMF, rt.

Scheme 3. Synthetic Approaches to Compou2idf



O~ OH 41 0] 28

NH,
®Reagents and conditions: (a) i. TBDMSCI, DIPEA, LCH, rt; ii. 4-methoxybenzene sulfonyl
chloride, pyridine, reflux; iii. TBAF, THF, OC to rt; (b) i. methyl 4-(chloromethyl)benzoate,

K2CO;, KI, acetone, reflux; ii. 1M LiOk), dioxane, 46C; (c) o-phenylenediamine, PyBOP, 3,
DMF, rt.

N
H



Y, NHCH, > OCH, > NH
= CH,CH, >CH=CH Indoline ring favored
over indole ring

|
2"-NH, favored over O\ @I\E
3"NH, and 4"NH,.  OH, NH2 2\ ozs\©

2"-OH not tolerable
-4"-CONH favored over 4'-OCHg most
-3"-CONH favored

Figure 3. Structure activity relationships for 1-arylsulfémydoline-benzamides
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Figure 4. The effect of compound8, 16, and 28 on in vitro tubulin polymerization. MAP-rich
tubulins were incubated at 37 °C in the absence$OMs a control] or presence of colchiciRedr
serial concentrations of synthetic compounds). Ateace at 350 nm was measured every 30 s for
30 min and is presented as the increased polyntenzerotubule.
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Figure 5. Expression pattern of acetylatedubulin in A549 cells. Cells were treated with iears
concentrations of indicated compounds for 6 h, #sessed by western blot analysis.
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Figure 6. Docking pose of compound 9 in Tubulin. (A) The stick model of compoun@ (blue)
with interacting tubulin residues (grey). Residaes grouped into four sections as shown. Dotted
green lines denotes hydrogen bond. (B) 2D reprasentof compound interaction in tubulin.
Dotted red lines indicate hydrogen bonds. Residnegreen denote hydrophobic interactions.
Residues are grouped and listed as shown.



A C Compound 19 E Compound 21

« ctivity CIiF Summary of Positive Electrostatics

Figure 7. Average molecular fields and activity cliff summary of compounds in tubulin. (A)
Field regions obtained from active tubulin inhilbgoRed color shows positive field region, blue
color shows negative field region, and yellow cabows hydrophobic interactions sites required for
activity. (B) Analysis of the electrostatic and hgphobic areas for tubulin binding site with
compounds 19 (C), 20 (D), 21 (E), and 22 (F) wereesmposed with compound 9 (grey). Red
circle denotes regions where compounds are misaligm electrostatic or hydrophobic areas. Red
and cyan color indicates positive or negative edstatics, respectively. Green color shows
favorable hydrophobic regions, while pink indicategavorable hydrophobic energies.
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Figure 8. Docking poses of compound 9in HDAC isozymes. (A) The docking pose of compound
9in HDAC 1 (PDB ID: 5ICN). (B) Superimposed dockirggults of compound 9 in HDAC1
(yellow), 2 (PDB ID: 5IX0, green), and 6 (PDB IDEB8, pink). (C) Docking results of compound 9
in HDACS8 (PDB ID: 3SFH). Dotted green line represechelation to zinc. Zinc ion represented as

grey sphere. Red circle highlights contrastingaefresidue in HDAC isozymes.
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Figure 9 Anti-cancer activity of compounl in human non-small cell lung cancer A549 xenograft
model.
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Figure 10 The anticancer effect of Intravenous injectioca@mpound to subcutaneous xenograft
tumor model of BJAB.
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Figure 11 The mouse (a) and the tumor (b) images of therabanhd 50 mg/kg compouriigroups
in the day 25 after the first dose. The resultaiofor weight in the day 25 after the first dose (c)



Research highlights

A series of 1-Arylsulfonyl Indoline-Benzamides has been synthesised.
Compound 9 remarkably suppressed the growth of cancer cell lines.

The benzamide 9 displayed striking tubulin inhibition.

Compound 9 exhibited significant inhibitory potential against HDAC 1, 2 and 6.
Compound 9 also demonstrated significant in vivo efficacy
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