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Abstract

Microtubule-targeting agents (MTA) have enjoyecdhdigant clinical success for decades. However,
several mechanisms may cause inactivation of suefjsdleading to acquired resistance in patients
treated with them. Therefore, drugs containinglbesie-like skeleton and possessing dual inhibitory
activity may provide a new and differentiated treant for patients to overcome challenging
acquired resistance. A new compouf@d] displays promising anticancer activity withsgof 22 +

2 and 12 £ 0.1 nM in vincristine-resistant nasoghgeal (KB-Vin) cancer cells and
etoposide-resistant nasopharyngeal (KB-7D) canells and is better than vincristine, etoposide,
ABT-751, and MS-275. A mechanistic study revealbdt t16c interferes with the cell cycle
distribution and induces cell cycle arrest at the/N6 phase and severe mitotic spindle defects
followed by apoptosis. In addition, it produces mmumore significant cytotoxicity than vincristine
and etoposide in the corresponding resistant delig;ating that it may be a promising candidate to
overcome drug resistance in cancer cells. Compdsedalso displays inhibitory activity against
HDAC 1 and HDAC 2 with IG values of 1.07 uM, and 1.47 uM, respectively. Ehsdings may
lead to a new type of structural motif for futurevelopment of drugs that could overcome acquired

resistance to MTAs.



1. Introduction

Numerous templates and structures have been igenhtihrough drug discovery as potent

inhibitors of tumor cell$.Combination of two different mechanisms by the afssuitable scaffolds or

linkers in multi-target drug designs may be morkcatious than drugs that depend on a single

mechanisnf. Stilbene-based compounds, including)-étilbene (), (2)-stilbene 2) and

dihydrostilbened) which occur widely in nature products, have ated the interest of biologists and

chemists’ Resveratrol 4), a natural trihydroxy stilbene which was isolattdm Veratrum

grandiflorum, has shown anti-inflammatory and anti-oxidativefeets, and other promising

pharmacological properties relevant to variousaties. However, the major obstacle of resveratrol

in translating its effects in patients was poorailability due to its rapid metabolistf.

Histone deacetylases (HDAC) are drug targets ane baen highly explored for decadés their

significant roles in different human diseases. SAEBA vorinostat), PXD1016, belinostat) and

LBH-589 (7, panobinostat) all bearing a hydroxamic acid fiomal group, have been approved for

use in the treatment of cutaneous T cell lymphopejpheral T cell lymphoma and multiple

myeloma, respectively.In addition, benzamide containing HDAC inhibitossich as MS-2758(



Entinostat) and MGCDO0103®,(Mocetinostat), have also been entered into diritals for treatment

of various cancers (Figure %).

Microtubules are protein polymers which play impaitroles in several cellular processes, such as
cell division, cell migration and cell shape mai@ace. Anti-mitotic agents, including taxans, vinca
alkaloids, and colchicin€lQ), achieve potent activity against cancer cellsnbgrrupting cell cycle
progressior.*° However, drug resistance caused by different meéshe has created a great amount
of variation between individual patients. The bestwn mechanism is P-glycoprotein
(P-gp)-mediated multidrug resistance which providasopportunity for tumor cells to escape cell
death induced by chemotherdpy? In an effort to develop more structurally diverisibitors
towards microtubules, many effective compounds froatural sources have been examined.
Combretastatin A-41(, CA-4), isolated from the South African tr€embretum caffrum, contains a
stilbene skeleton and three methoxy groups, bind$é colchicine-binding site and shows strong
cytotoxicity against a variety of types of canceig(re 1). Similar to combretastatin, ABT-752(
E7010), an orally bioavailable sulfonamide, alsulsito the same colchicine-binding site and shows a
marked anticancer effett? Notably, neither of these compounds is a transmteted substrate of
membrane-bound P-glycoprotein, and this suggeatstibene could be used as the linker to combine
a benzamide with a sulfonamide to generate a sefiesmpounds capable of inhibiting HDAC and
microtubules as a therapeutic strategy in drugstasi nasopharyngeal cancer cells (Figure 2). Our

aim therefore, is to optimize an appropriate stilbb@s a linker to combine multiple active binding



groups and generate a series of N-phenyl-4-(2-(ghelfionamido)phenethyl)benzamides and related

substituted compounds as shown in Figure 3.

2. Results and Discussion

2.1 Chemistry

Scheme 1 shows the synthetic routes to compouts13d. Commercially available

nitrobenzaldehydes 19a-19c) underwent a Wittig reaction with

(4-(methoxycarbonyl)benzyl)-triphenylphosphoniuroide to produce compoung8a-20c, which

were then hydrogenated with a catalytic amountQ86 PPd/C to afford compoundia-21c. These

compounds were reacted with 4-methoxybenzensulfohigdride to produc®2a-22c which were

hydrolyzed by LiOH to afford8a-18c. The acid products were reacted witphenylenediamine to

get target compoundb3a-13c. Compound23c also reacted with NMDTHP to protect the amide

group, and this product was hydrolyzed by 10% THi&lding the designed compouri®d. The

synthesis of compoundsia-14g is shown in Scheme 2. Various substituted benzdfioesmide

groups were introduced into compou2tt to give compoundg4a-24g. Compound®4a-24g were

hydrolyzed by LIOH to afford acid intermediat€®5a-25g) which were then reacted with

o-phenylenediamine to get the target compoulis14g. In addition, compoun@3c was reacted



with various substituted anilines to produce thsigleed compound$5a-15e, which are shown in

Scheme 3. Scheme 4 shows the synthesis of comfd@arfcom compoun®0c. Compound®0c was

reduced by iron powder to get an amine prod2@) (CompoundL6a was produced fror@6 using the

similar reaction in Scheme 1.

Compound®29a and29b were synthesized from compouriga and30b respectively, by a SN

reaction, reduction and imine reduction as showddneme 6. The acid compouriis and31b were

produced by LiOH hydrolysis and then reacted withging reagents to give the designed compounds

16b and 16c, respectively. A biphenyl compouribd was synthesized from compou88 using

tetrakis(triphenylphosphine)palladium and phenylimic acid under Suzuki coupling reaction

conditions, as described in Scheme 6. The biphearjdoxylate was treated using a method similar to

that in Scheme 1 to obtain the desired target camgpd6d. The target compoundl7 without a

benzamide group was synthesized from compdi@achs shown in Scheme 7. The target compound

18, lacking a sulfonamide group, was produced frompound39 as displayed in Scheme 8. Both of

these two designed compounds were afforded by siattoutes similar to those in Scheme 1.



2.2 Biological evaluation

2.2.1 In vitro cell growth inhibitory activity

The synthetic compound$3-18) were evaluated for their antiproliferative adiyvagainst human

nasopharyngeal cancer KB cells. Compodiicand18 were usedo examine the importance of the

effect of sulfonamide and benzamide functional geoan the cytotoxicity. We found compoui8l

lacking the sulfonamide group had diminished aotifgrative activity in an SRB assay (Table 1),

indicating that the sulfonamide group is requireddnticancer activity against KB cells.

In order to investigate which of the HDAC inhibgowith various functional groups tends to

increase the antiproliferative activity toward cancells, we introduced a hydroxamic acid and a

benzamide group, giving compount?3a-13d and examined the anticancer activity in KB ceAls.

shown in Table 113d failed to show obvious growth inhibition activity KB cells, butl3c showed

significant growth inhibitory activity in KB cellsuggesting that the benzamide group may offer an

opportunity to improve the anticancer activity.dddition, the GJ, values of compounds3a-13c

indicate the sulfonamide group at tbeho position of stilbene together with a benzamide may

provide the most potent activity against KB cellse substituted functional group of the sulfonamide

as in13c was also considered. As shown in Table 1, remowvédanslocation of the methoxy group



(14a, 14b) or its replacement with electron-donating gro(fg-14f) resulted in decreased activity.

Further, the substituted groups of the benzamidesghat one fluorine atom at the 5’-position has an

antiproliferative activity similar to that df3c.

Variations in the stilbene linker, including a mgéne linkage, direct bonding or substitutideg

and16d) have been explored and heteroatoms have also hieeduced {6b and16c¢). It was found

16a and 16d displayed decreased activity whiléc exhibited the best antiproliferative activity of

these compounds, indicating that nitrogen subsgiiiutof the linker has the most potent

antiproliferative activity against the KB cells.

2.2.2 In vitro cell growth inhibitory activity in dug-resistant KB cells

We selected several compounii3q, 15c¢, 16b and 16¢) with significant antiproliferative activities

against KB cells and tested their growth inhibit@stivity in vincristine-resistant (KB-vin) and

etoposide-resistant (KB-7D) KB cancer cell lines shown in Table 2, the 6lvalues of12

(ABT751) dramatically increased in KB-vin cells whB shows a similar cell growth inhibitory

activity compared to the parent KB cells shownaible 1. The selected compounii3q 15¢, 16b and

16¢) also exhibit similar or better potency in inhibit of cell growth in two drug-resistant cancer

cells. In a clear result for instand&c shows improved anticancer activity in both KB-\éind KB-7D

cells compared to KB cells. Among the four compautested,16¢c exhibits the most potent cell

growth inhibitory activity in KB-Vin and KB-7D cedl



2.2.3 Inhibition of HDAC isoforms

In an attempt to evaluate the influence of compsurdd, 15c, 16b and16¢c on HDAC isoforms,

these compounds and the reference comp8Mb-275) were assayed for inhibitory activity agsi

HDAC class | isoforms (Table 3). We found all thathesized compounds showed no inhibitory

activity against HDAC 8 while compoundSc, 15c, and16b selectively inhibit the activity of HDAC

3. Compound6c displays strong inhibitory activity with Kgvalues of 1.07M, and 1.47M against

HDAC 1 and 2 respectively.

2.2.4 Cell death evaluation in drug-resistant cells

Based on the results in Table 1-3, we selecte@ ttwenpoundsli@c, 15¢, and16c) to examine

multiple apoptosis markers in KB-vin and KB-7D selAs shown in Figure 4, low concentrations of

16¢c (0.01 pM) induce significant activation of casp&se8, -9, and PARP in KB-vin cells. In

addition, 16¢c shows better potency thabc and 13c in activation of apoptotic death markers,

indicating16c may be a candidate to overcome resistance toisiima.

2.2.5 Evaluation of cell cycle progression and cédlath response in drug-resistant KB cells

We performed flow cytometry and western blot anal{@ investigate the effect @éc on cell cycle

progression and cell death in comparison A&{ABT-751),8 (MS-275), and vincristine or etoposide

in KB-vin and KB-7D cells. Compountbc failed to generate much more significant cellgiabG1

phase accumulation and severe apoptosis than hiee atugs in both cell lines after 24 h treatment

9



(Figure 5A-5D). Although treatment with 0.5 pMc induces more significant subG1 elevation than

vincristine (Figure 5A), the activated expressiewels of caspase-3, -8 and -9, PARP, @AgAX

were almost identical in vincristine-treated céfsgure 5C). In addition, the expressionybf2AX

was increased significantly in responseléz and reference compound8, (12, and etoposide) in

KB-7D cells (Figure 5D). These results show tharéhwas not much difference betwelt and

those reference compounds. Howeuéx leads to more dramatic apoptotic cell death thanother

compounds after 48 h treatment (Figure 6A-6D hotable that treatment with 0.05 Bt induces

a much more significant subG1 population of cefgre 6A) and cell apoptotic biomarkers in

KB-vin cells (Figure 6C) than 0.1 uM vincristine.shmilar effect can also be detected in KB-7D cells

(Figures 6B, 6D). These results confirm th&t can effectively overcome resistance in both of

vincristine- and etoposide-resistant KB cells.

2.2.6 Compound 16c¢ influences microtubule dynamicsells

Paclitaxel and vincristine have been recognizeditstic arrest inducers which induce stabilizatosn

destabilization of microtubules, respectively. Warfd that treatment witt6c triggers obvious G2/M

(mitotic) arrest between 18-24 h time points in KBrand KB-7D cells (Figures 7A, 7B). In addition,

we observed using deconvolution fluorescence mioqg that paclitaxel-induced aggregation of

microtubule (round dots) and vincristine-inducedh@imal spindles (reticular structure) spread in

cells after 24 h treatment. A similar effectddic and vincristine on tubulin polarization change was

detected (Figures 8A and 8B), suggesfifigmay have the same effect as vincristine on disynutf

10



microtubule dynamics. Further, we carried out ic¢thular tubulin polymerization assay to directly

determine the potency of inhibitory activity of ¢#ler compounds (paclitaxel, vincristine, &lit) on

blocking dynamics of tubulins in KB-Vin and KB-7Delts. As shown in Figure 9A and 9B,

paclitaxel showed significant induction of polynzed tubulin in cells. Compoundiéc shows

significant inhibition of tubulin polymerization iKB-Vin and KB-7D cells. Notably, significant

decrease of the polymerized tubulin (P) was deteicteells treated with 0.1 uM dc, indicating

compoundl6c is much more potent than vincristine in both cele$. Taken together, our results

demonstrated a consistent outcome by using twcerdift experiments to confirrh6c shows

promising activity in inhibiting tubulin polymerizan in cells.

3. Conclusion

In this paper we have described the synthesis @  series of

N-phenyl-4-(2-(phenylsulfonamido)phen-ethyl)benzéesi (3-18). Of all the synthesized

compounds, compountbc was identified as a potent tubulin inhibitor dersibating much better

cellular cytotoxicity than reference compoutgdsr 12 with a mean Gh value against the KB cell line

of 10 nM. In addition, compountiéc also demonstrated over 100- and 40-fold antituafbcacy

against KB-Vin and KB-7D cancer cells with meand®alues of 22 nM and 12 nM respectively. It

also displayed selective suppression of the funatioclass | HDAC isoforms. Althougtte did not

exhibit remarkable inhibitory activity against HDAQts overcoming drug resistance in KB-Vin and

KB-7D cells may be caused by the presence of thedmide functional group. This study provides a

11



lead compound for development of novel tubulin lfoirs with HDAC inhibition and may provide a

new strategy for the treatment of drug-resistarmceer cells.

12



4. Experimental section

4.1 Chemistry

Nuclear magnetic resonancéi(and**C NMR) spectra were obtained with a Bruker DRX-500
spectrometer operating at 500 and 125 MHz and Brie&arier 300 and 75MHz. Chemical shifts are
reported in parts per million (pprd) downfield from TMS as an internal standard. Hrgkelution
mass spectra (HRMS) were measured with an AB SCIQXTAR® XL) High Resolution
Electrospray (ESI) Mass Spectrometry spectrombtelting points were measured with Buchi B-545
(Buchi, Switzerland). Purity of the final compounalas achieved with a Hitachi 2000 series HPLC
system using C-18 column (Agilent ZORBAX Eclipse BIZ18 5 um. 4.6 mm x 150 mm). Flash
column chromatography used silica gel: SILICYCLHi¢8Flash Irregular Silica Gel P60, 40 - 63
um, 60 A (R12030B)
N-(2-Aminophenyl)-4-(4-((4-methoxyphenyl)sulfonanajphenethyl)benzamide (13a)

A mixture of23a (0.97 mmole), N,N,N’,N’-tetramethyl-O-(1H-benz@tzol-1-yl)uronium
hexafluorophosphate (HBTU, 1.26 mmole), N,N-diisgpiethylamine (DIPEA, 1.26 mmole),
o-phenylenediamine (1.16 mmole) and DMF (2 mL) wiasesl at rt overnight. The reaction was
guenched with water and extracted with EtOAc. Tdgdue was purified by flash chromatography
over silica gel to afford compouri®a in 56% yield.*H-NMR (500 MHz, DMSQ@ls) & (ppm):
2.78-2.80 (m, 2H), 2.85-2.87 (m, 2H), 3.77 (s, 3HB5 (s, 2H), 6.58 (] = 7.5Hz, 1H), 6.76 (d] =
7.5Hz, 1H), 6.93-6.97 (m 3H), 7.02-7.07 (M, 4HL47(d,J = 7.5Hz, 1H), 7.26 (d] = 8Hz, 2H), 7.64

(d,J = 8.5Hz, 2H), 7.85 (d] = 8Hz, 2H), 9.56 (s, 1H) 9.98 (s, 1KJC-NMR (125 MHz, DMSOdg) 5

13



(ppm): 36.43, 37.09, 56.08, 114.75, 116.61, 116126,80, 123.91, 126.87, 127.11, 128.19, 128.75,
129.31, 129.49, 131.77, 132.67, 136.25, 137.35,514345.57, 162.78, 165.64. mp = 191.7—-
192.4°C. HRMS (ESI) for §H2gN304S [M+H]": Calcd., 502.1795; Found, 502.1801.
N-(2-Aminophenyl)-4-(3-((4-methoxyphenyl)sulfonanadphenethyl)benzamide (13b)

The title compound was obtained as a white sol@li%o yield from compoungé3b in a manner
similar to that described for the preparationd. *H-NMR (500 MHz, DMSOsg) & (ppm): 2.822.88
(m, 4H), 3.77 (s, 3H), 4.86 (s, 2H), 6.59)& 7.5Hz, 1H), 6.78 (d] = 8Hz, 1H) 6.83-6.88 (m, 2H),
6.95-6.99 (m, 2H), 7.04-7.10 (m, 3H), 7.16Jd; 8Hz, 1H), 7.26 (d] = 8Hz, 2H), 7.67 (dJ = 8.5Hz,
2H), 7.86 (d,J = 8Hz, 2H), 9.58 (s, 1H), 10.01 (s, 1FC-NMR (125 MHz, DMSOds) § (ppm):

36.85, 56.08, 114.76, 116.63, 116.76, 118.08, B20.33.92, 124.56, 126.88, 127.12, 128.20, 128.73,
129.38,131.73, 132.68, 138.47,142.57, 143.583¥4362.83, 165.61. mp =175.4-176.1°C. HRMS
(ESI) for GgHagN30,S [M+H]*: Caled., 502.1795; Found, 502.1802.
N-(2-Aminophenyl)-4-(2-((4-methoxyphenyl)sulfonanadphenethyl)benzamide (13c)

The title compound was obtained as a white sol®5% yield from compoungé3c in a manner

similar to that described for the preparatiori8d ‘H-NMR (500 MHz, DMSO#d) & (ppm): 2.72,
2.76 m, 2H), 2.79-2.81 (m, 2H), 3.79 (s, 3H), A82H), 6.60 (tJ = 7.5Hz, 1H), 6.78 (dd,= 1, 8Hz,
H), 6.89 (d,J = 7.5Hz, 1H), 6.96 (t] = 7.5Hz, 1H), 7.05-7.11 (m, 3H), 7.13 (&= 7.5Hz, 1H), .22 (d,
J=6.5Hz, 1H), 7.27 (d] = 8Hz, 1H), 7.61 (d] = 9Hz, 2H), 7.89 (dJ = 7.5Hz, 2H), 9.49 s, 1H), 9.59

(s, 1H).2*C-NMR (125 MHz, DMSOdg) & (ppm): 32.32, 35.72, 56.12, 114.78, 116.65, 116.82

123.91, 126.92, 126.98, 127.08, 127.13, 128.20,682829.26, 130.24, 132.65, 132.83, 135.10,

14



138.36, 134.56, 145.87, 162.77, 165.71. mp = 189020°C HRMS (ESI) for &H2gN304S [M+H]":
Calcd., 502.1795; Found, 502.1803.
N-Hydroxy-4-(2-((4-methoxyphenyl)sulfonamido)phemgt)benzamide (13d)

A mixture of18c (1.13 mmole), HBTU (1.47 mmole), DIPEA (1.47 mmadé&d DMF(3 mL) was
stirred briefly thero-(tetrahydro-2H-pyran-2-yl)hydroxylamine (1.36 mmpWas added at rt and the
mixture was stirred overnight. The residue wasfmatiby flash column over silica gel to afford an
oily product which was dissolved in MeOH (4 mL) at@Po TFAaq) (4 mL) was added at rt. After
stirring for 4 h, the mixture was purified by flashromatography over silica gel to afford compound
13d in 35% yield.*H-NMR (500 MHz, DMSO¢g) § (ppm): .70-2.73 (m, 2H), 2.76-2.80 (m, 2H),
3.79 (s, 3H), 6.89 (dd,= 1, 7.5Hz, 1H), 7.05-7.11 (m, 4H), .20-7.23 (H)37.61 (d,J = 9Hz, 2H),
7.67 (d,J = 8Hz, 2H), 8.96 (s, 1H), 9.48 (s, 1H), 11.131¢d). **C-NMR (125MHz, DMSOde) 5
(ppm): 32.27, 35.70, 56.11, 114.77, 126.95, 127128,67, 129.24, 130.18, 130.84, 132.90, 135.22,
138.26, 145.54, 162.74. mp = 164.4-164.9°C. HRMSIYEor CoH23N,0sS [M+H]": Calcd.,
427.1322; Found, 427.1328.

N-(2-Aminophenyl)-4-(2-(phenylsulfonamido)phenethikenzamide (14a)

The title compound was obtained as a solid in 6@%6l yrom compoun@5a in a manner similar to
that described for the preparationi8a. *H-NMR (500 MHz, DMSOes) & (ppm): 2.72-2.79 (m, 4H),
4.88 (s, 2H), 6.61 (] = 7Hz, 1H), 6.78 (dd] = 1, 8Hz, 1H), 6.88 (dd} = 1, 8Hz, 1H), 6.95 (t,J =
7Hz, 1H), 7.08-7.10 (m, 1H), 7.12-7.16 (m, 2H),3(Ad,J = 1, 7.5Hz, 1H), 7.27 (d, = 8.5Hz, 2H),

7.54-7.70 (m, 5H), 7.89 (d,= 8Hz, 2H), 9.60 (s, 1H), 9.70 (s, 1AC-NMR (125MHz, DMSO¢) &

15



(ppm): 32.37, 35.76, 116.60, 116.74, 123.88, 126.90.05, 127.15, 127.17, 128.24, 128.63, 128.96,
129.72,130.32, 132.68, 133.21, 134.81, 138.480B4143.61, 145.80, 165.65. mp = 158.7-159.4°C.
HRMS (ESI) for G/H26N30sS [M+H]": Calcd., 472.1689; Found, 472.1696.
N-(2-Aminophenyl)-4-(2-((3-methoxyphenyl)sulfonanadphenethyl)benzamide (14b)

The title compound was obtained as solid in 49%gyi®m compound®5b in a manner similar to
that described for the preparationl8t. *H-NMR (500 MHz, DMSOe) & (ppm): 2.72-2.79 (m, 4H),
3.73 (s, 3H), 4.87 (s, 2H), 6.61 Jt= 7Hz, 1H), 6.78 (dd] = 1, 8Hz, 1H), 6.93 (dd,= 1.5, 7.5Hz, H),
6.95 (t,J = 7Hz, 1H), 7.11-7.19 (m, 5H), 7.21-7.28 (m, 4F¥6 (t,J = 8.5Hz, 1H), 7.90 (d] = Hz,
2H), 9.58 (s, 1H), 9.67 (s, 1HYC-NMR (125MHz, DMSOsg) § (ppm): 32.34, 35.77, 55.99, 11.94,
116.63, 116.76, 119.09, 119.14, 123.93, 126.89,062127.13, 127.18, 128.22, 128.59, 130.27,
130.90, 132.69, 134.85, 138.43, 142.32, 143.59,814359.84, 165.64. mp = 169.1169.9°C. HRMS
(ESI) for GgHagN30,S [M+H]*: Caled., 502.1795; Found, 502.1800.
N-(2-Aminophenyl)-4-(2-((4-fluorophenyl)sulfonamidphenethyl)benzamide (14c)

The title compound was obtained as solid in 52%gdyi®m compound@5c in a manner similar to
that described for the preparationl8t. *H-NMR (500 MHz, DMSOeg) & (ppm): 2.77-2.81 (m, 4H),
4.86 (s, 2H), 6.60 (f] = 7.5Hz, 1H), 6.78 (d] = 8Hz, 1H), 6.85 (dJ = 7.5Hz, 1H), 6.96 () = 7.5Hz,
1H), 7.09 (tJ = 7Hz, 1H), 7.14-7.17 (m, 2H), 7.25 (¥ 7.5Hz, 1H), 7.28 (d] = 7.5Hz, 2H), 7.40 (t,
J=8.5Hz, 2H), 7.73-7.76 (m, 2H), 7.90 (t= 8Hz, 2H), 9.59 (s, 1H), 9.72 (s, 1HJC-NMR (125
MHz, DMSO-dg) 6 (ppm): 32.39, 35.78, 116.65, 116.78, 116.81, 18,6193.91, 126.92, 127.12,

127.31, 127.27, 128.24, 128.61, 130.09, 130.17,383A32.70, 134.66, 137.44, 138.70, 143.57,
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145.79, 163.71, 165.70. mp = 178.9-179.6°C. HRMSIYFor Go7H2sFNs05S [M+H]": Calcd.,
490.1595; Found, 490.1603.
N-(2-Aminophenyl)-4-(2-((4-chlorophenyl)sulfonamigphenethyl)benzamide (14d)

The title compound was obtained as solid in 47%gyi®m compound®5d in a manner similar to
that described for the preparationiga. *H-NMR (500 MHz, DMSOes) & (ppm): 2.77-2.79 (m, 4H),
4.86 (s, 2H), 6.60 (1] = 7.5Hz, 1H), 6.78 (d] = 8Hz, 1H), 6.86 (d] = 8Hz, 1H), 6.96 (t) = 7.5Hz,
H), 7.10 (tJ = 7.5Hz, 1H), 7.14-7.16 (m, 2H), 7.25-7.28 (m, 3AHp4 (dJ = 8.5Hz, 2H), 7.68 (d] =
8.5Hz, 2H), 7.89 (d] = 8Hz, 2H), 9.59 (s, 1H), 9.79 (s, 1HJC-NMR (125 MHz, DMSOds) 5 ppm):
32.38, 35.74, 116.65, 116.81, 123.91, 126.92, B2147.15, 127.33, 127.40, 128.25, 128.60, 129.02,
129.88, 130.36, 132.70, 134.59, 137.52, 138.06,683839.98, 143.57, 145.77, 165.69. mp =
198.3-199.0°C. HRMS (ESI) for£H,sCIN3OsS [M+H]": Calcd., 506.1300; Found, 506.1305.
N-(2-Aminophenyl)-4-(2-((4-bromophenyl)sulfonamidefenethyl)benzamide (14e)

The title compound was obtained as a solid in 4846 yrom compoun@5e in a manner similar to
that described for the preparationiga. *H-NMR (500 MHz, DMSOes) & (ppm): 2.69-2.81 (m, 4H),
4.87 (s, 2H), 6.59 (td, = 1, 7.5Hz, 1H), 6.78 (dd,= 1, 7.5Hz, 1H), 6.87 (dd,= 1, 8Hz, 1H), 6.96 (td,
J=1.5, 8Hz, 1H), 7.11 (td,= 2, 7.5Hz, 1H), 7.16 (i = 7.5Hz, 2H), 7.27 (§ = 8Hz, 3H), 7.63 (dd,
J=2.5,9.5Hz, 2H), 7.78 (dd,= 1.5, 6.5Hz, 2H), 7.90 (d,= 8Hz, 2H), 9.58 (s, 1H), 9.79 s, H).
¥C-NMR (125 MHz, DMSOdg) § (ppm): 31.25, 32.36, 36.25, 116.62, 116.76, 123.98.88, 27.02,

127.11, 127.15, 127.33, 127.39, 128.26, 128.59,1029.30.35, 132.73, 132.83, 134.58, 138.65,
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140.42, 143.58, 145.75, 165.64. mp = 189.5-190.PFRMS (ESI) for G/H2sBrNzOsS [M+H]:
Calcd., 550.0795; Found, 550.0801.
N-(2-Aminophenyl)-4-(2-((4-cyanophenyl)sulfonamidahenethyl)benzamide (14f)

The title compound was obtained as a solid in 5l yrom compoun@5f in a manner similar to
that described for the preparationi8g. *H-NMR (500 MHz, DMSOe) & (ppm): 2.75-2.82 (m, 4H),
4.86 (s, 2H), 6.60 (f] = 7.5Hz, 1H), 6.78 (d] = 8Hz, 1H), 6.81 (dJ = 7.5Hz, 1H), 6.96 (1] = 7.5Hz,
1H), 7.10 (tJ = 7THz, 1H), 7.15-7.19 (m, 3H), 7.27 (tk 8.1Hz, 3H), 7.85 (d] = 8.5Hz, 2H), 7.90 (d,
J = 7.5Hz, 2H), 8.05 (d] = 8.5Hz, 2H), 9.59 (s, 1H), 10.00 (s, 1EC-NMR (125 MHz, DMSOds)

o (ppm): 32.40, 36.26, 115.59, 116.63, 116.80, 12,8123.90, 126.93, 127.14, 127.25, 127.45,
127.67, 127.85, 128.27, 128.58, 130.47, 132.73,.963334.25, 138.91, 143.58, 145.18, 145.71,
165.68. mp = 132.6-133.4°C. HRMS (ESI) fold,5N40sS [M+H]": Calcd., 497.1642; Found,
497.1648.

N-(2-Aminophenyl)-4-(2-((3,4-dimethoxyphenyl)sulfamido)phenethyl)benzamide (149)

The title compound was obtained as a white sold9%o yield from compoun#ésg in a manner
similar to that described for the preparationd. *H-NMR (500 MHz, DMSOes) & (ppm): 2.722.80
(m, 4H), 3.68 (s, 3H), 3.79 (s, 3H), 4.87 (s, 26150 (t,J = 7Hz, 1H), 6.78 (d] = 7Hz, 1H), .92-6.98
(m, 2H), 7.02 (dJ = 8.4Hz, 1H), 7.09-7.17 (m, 4H), 7.24 (dd; 2.4, 8.7Hz, 2H), 7.27 (d,= 8.4Hz,
2H), 7.89(d,J = 8.1Hz, 2H), 9.49 (s, 1H), 9.59 (s, 1RPC-NMR (125 MHz, DMSOds) & (ppm):

31.15, 32.34, 35.74, 58.07, 56.29, 109.83, 1111.5@,63, 116.76, 120.80, 123.92, 126.74, 126.88,
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126.97, 127.12, 128.20, 128.57, 130.15, 132.67,313843.59, 145.87, 149.02, 152.51, 165.64. mp
=171.9-172.4°C. HRMS (ESI) for,H3oNz05S [M+H]": Calcd., 532.1901; Found, 532.1906.
4-(2-((4-Methoxyphenyl)sulfonamido)phenethyl)-N-ph@lbenzamide (15a)

The title compound was obtained as a white soldlli%s yield from compoun@3c in a manner
similar to that described for the preparatiod2d. *H-NMR (500 MHz, DMSOdg) & (ppm):2.762.78
(m, 2H), 2.81-2.83 (m, 2H), 3.79 (s, 3H), 6.89 (@d,1, 8Hz, 1H), 7.05-7.12 (m, 5H), 7.22 (dg; 1,
7Hz, 1H), 7.30 (dJ = 8.5Hz, 2H), 7.34 () = 8Hz, 2H), 7.62 (d) = 9Hz, 2H), 7.77 (dJ = 8Hz, 2H),
7.87 (d,J = 8.5Hz, 2H), 9.49 (s, 1H), 10.14 (s, 1HC-NMR (125 MHz, DMSOds) & (ppm):32.29,
35.74,56.12, 114.79, 120.82, 124.03, 126.99, B2127.09, 128.11, 128.71, 129.05, 129.28, 130.25,
132.80, 133.02, 135.04, 138.35, 139.71, 146.06,796265.87mp = 166.4167.3°CHRMS (ESI)
for CogHo7N204S [M+H]™: Calcd., 487.1686 ; Found, 487.1693.
N-(2-Hydroxyphenyl)-4-(2-((4-methoxyphenyl)sulfonado)phenethyl)benzamide (15b)

A mixture of23c (2.21 mmole), HBTU (2.87 mmole), DIPEA (2.87 mmp@-benzyloxyaniline
(2.65 mmole) and DMF (4 mL) was stirred at rt ovgin. The reaction was quenched with water and
extracted by EtOAc. The residue was purified bgtlahromatography over silica gel to afford an
intermediate compound. Then a mixture of the intgtiate compound, 10% palladium on carbon (0.4
g) in MeOH (40 mL) was stirred at rt under hydrogeernight. The organic layer was filtrated and
the residue was purified by flash chromatographsr @ilica gel to afford compouridbb in 32%
yield. *H-NMR (500 MHz, DMSOe) & (ppm): 2.76-2.81 m, 4H), 3.79 (s, 3H), 6.83)(t 7.5Hz,

1H), 6.91 (tJ = 7.5Hz, 2H), 7.01-7.11 (m, 5H), 7.21 (ds .5Hz, 1H), 7.29 (d] = 8Hz, 2H), 7.61 (d,
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J = 9Hz, 2H), 7.68 (dJ = 8Hz, 1H), 7.88 (dJ = 8Hz, H), 9.45 (s, 1H), 9.74 (s, 1HJC-NMR (125
MHz, DMSO-) 6 (ppm):32.27, 35.74, 56.11, 69.62, 79.15, 114.77, 114.59.,54, 124.42, 126.05,
126.46, 126.97, 127.96, 128.86, 129.24, 130.22,383246.25, 149.68, 162.72, 165.63. mp =
175.2-175.9°CHRMS (ESI) for GgHo7N,0sS [M+H]": Calcd., 503.1635; Found, 503.1642.
N-(2-Amino-5-fluorophenyl)-4-(2-((4-methoxyphenybhffonamido)phenethyl)benzamide (15c)

The title compound was obtained as a white sol&6¥o yield from compound3c in a manner
similar to that described for the preparation@d. *H-NMR (500 MHz, DMSO#€) & (ppm): 2.742.77
(m, 2H), 2.79-2.81(m, 2H), 3.80 (s, 3H), 5.19 (d),%6.35 (tdJ = 2.5, 8.5Hz, 1H), 6.54 (dd, 3,
11Hz, 1H), 6.89 (dd] = 1, 7.5Hz, 1H), 7.06 (d, = 9Hz, 2H), 7.05-7.14 (m, 3H), 7.22 (= .5Hz,
1H), 7.27 (d,J = 8Hz, 2H), 7.61 (d) = 9Hz, 2H), 7.89 (d] = 8Hz, 2H), 9.49 (s, 1H), 9.51 (s, 1H).
13C-NMR (125 MHz, DMSO#dg) § (ppm):32.34, 35.73, 56.12, 101.85, 102.05, 102.43, 1024619,
119.86, 126.97, 127.08, 128.23, 128.59, 128.93,012929.26, 130.24, 132.56, 132.83, 138.36,
145.87, 145.96, 160.51, 162.41, 162.77, 165198~ 216.5-217.3°G4RMS (ESI) for
CagH27FN3O4S [M+H]": Calcd., 520.1701; Found, 520.1707.
N-(3-Aminophenyl)-4-(2-((4-methoxyphenyl)su Ifonado)phenethyl)benzamide (15d)

A mixture of23c (1.67 mmole), HBTU (2.17 mmole), DIPEA (2.17 mmole-phenylenediamine
(2.00 mmole) and DMF (3 mL) was stirred at rt ovgin. The reaction was quenched with water and
extracted with EtOAc. The residue was purified laglh chromatography over silica gel to afford an
intermediate compound. Then a mixture of the intgtiate compound, 10% palladium on carbon (0.5

g) in MeOH (50 mL) was stirred at rt under hydrogaernight. The organic layer was filtrated and
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the residue was purified by flash chromatographsr @iica gel to afford compouridd in 45%
yield. 'H-NMR (500 MHz, DMSO#€) & (ppm): 2.74-2.76 (m, 2H), 2.79-2.81 (m, 2H), 3(383H),
5.03 (s, 2H), 6.30 (dff = 2, 8Hz, 1H), 6.84, (d] = 8Hz, 1H), 6.88 (dd] = 1.5, 8Hz, 1H), 6.94 (f] =
8Hz, 1H), 7.04-7.11 (m, 5H), 7.21 (db= 1.5, 7.5Hz, H), 7.27 (d,= 8Hz, 2H), 7.61 (dd] = 2, 7Hz,
2H), 7.83 (d,J = 8Hz, 2H), 9.83 (s, 1H}*C-NMR 125 MHz, DMSOs) & (ppm):32.32, 35.71, 56.11,
106.66, 108.94, 110.21, 114.77, 126.97, 128.04,622829.25, 130.21, 133.30, 138.30, 140.22,
145.81, 149.33, 162.74, 165.68p 210.3-210.9°CHRMS (ESI) for GgH2gN320,S [M+H]": Calcd.,
502.1795; Found, 502.1801.
N-(4-Aminophenyl)-4-(2-((4-methoxyphenyl)sulfonanajphenethyl)benzamide (15€)

The title compound was obtained as a white soldli% yield from compoun@3c in a manner
similar to that described for the preparatiodd. *H-NMR (500 MHz, DMSOes) & (ppm): 2.732.75
(m, 2H), 2.78-2.81 (m, 2H), 3.79 (s, 3H), 4.882), 6.53 (d,) = 9Hz, 2H), 6.89 (dd] = 1, 7.5Hz,
1H), 7.06 (dd,) = 2, 7Hz, 2H), 7.07-7.11 (m, 2H), 7.21 (dcs 1.5, 7Hz, 1H), 7.25 (d, = 8Hz, 2H),
7.35 (d,J = 8.5Hz, 2H), 7.61 (ddl = 1.5, 7Hz, 2H), 7.83 (d, = 8Hz, 2H), 9.49 (s, 1H), 9.77 (s, 1H)
¥C-NMR (125 MHz, DMSOdg) 5 (ppm):32.30, 35.71, 56.11, 79.17, 79.43, 79.70, 114.15,7B,
122.70, 126.90, 127.86, 128.59, 128.65, 129.25,283032.82, 133.36, 135.07, 138.33, 145.51,
145.59, 162.77, 165.00. mp = 184.9-185.5°C. HRMSI)Eor CgH2eN30,4S [M+H]": Calcd.,

502.1795; Found, 502.1805.
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(E)-N-(2-Aminophenyl)-4-(2-((4-methoxyphenyl)sulfamido)styryl)benzamide (16a)

The title compound was obtained as a white soldl8% yield from compoun@8 in a manner
similar to that described for the preparatiol®d. *H-NMR (500 MHz, DMSOdg) & (ppm): 3.63 (s,
3H), 4.89 (s, 2H), 6.61 (8,= 7.5Hz, 1H), 6.79 (d] = 8Hz, 1H), 6.91 (dJ = 8.5Hz, 2H), 6.96 () =
7Hz, 1H), 7.00 (dJ = 8.5Hz, 2H), 7.15 (dd] = 2.5, 6.5Hz, 1H), 7.18 (d,= 7.5Hz, 1H), 7.24 () =
4Hz, 2H), 7.27 (d) = 16.5Hz, 1H), 7.52 (dl = 1.5Hz, 2H), 7.54 (d] = 1.5Hz, 2H), 7.70 (] = 9.5Hz,
1H), 7.99 (d,J = 8Hz, 2H), 9.66 (s, 1H), 9.76 (s, 1HC-NMR (125 MHz, DMSOde) § (ppm): 55.90,
114.69, 116.64, 116.78, 123.83, 125.96, 126.07,/22826.98, 127.19, 128.56, 128.79, 128.88,
129.13, 133.44, 133.75, 140.54, 143.66, 162.70,3¥65np = 210.7-211.4°C. HRMS (ESI) for
CagH26N304S [M+H]™: Calcd., 500.1639; Found, 500.1645.
N-(2-Aminophenyl)-4-((2-((4-methoxyphenyl)sulfonadw)phenoxy)methyl)benzamide (16b)

The title compound was obtained as a white sol@li% yield from compoundla in a manner
similar to that described for the preparation8d. *H-NMR (500MHz, DMSOelg): 3.74 (s, 3H), 4.87
s, 2H), 5.00 (s, 2H), 6.60 (t= 7.5Hz, 1H), 6.78 (dl = 8Hz, 1H), 6.86 (tJ = 7.5Hz, 1H), 6.90-6.92 m,
3H), 6.97 (tJ = 9Hz, 1H), 7.05 (t) = 7.5Hz, 1H), 7.15 (d] = 7.5Hz, 1H), 7.25 (d] = 8Hz, H), 7.41
(d, J = 8Hz, 2H), 7.59 (dJ = 6Hz, 2H), 7.92 (dJ = 8Hz, 2H), 9.38 (s, 1H), 9.65 (s, 1H§C-NMR
(125 MHz, DMSOsdg) 6 (ppm): 56.00, 69.21, 113.42, 114.42,116.62, 18,6.21.15, 123.75, 125.85,
126.80, 127.02, 127.23, 128.12, 129.25, 132.76,2834.39.60, 140.79, 143.64, 151.41, 162.64,
165.57. mp = 144.6-145.4°C. HRMS (ESI) for,6N305S [M+H]": Calcd., 504.1588; Found,

504.1593.
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N-(2-Aminophenyl)-4-(((2-((4-methoxyphenyl)sulfonado)phenyl)amino)methyl)benzamide (16c)

The title compound was obtained as a solid in 5¥ldyrom compound@lb in a manner similar
to that described for the preparationldé. *H-NMR (500 MHz, DMSOes) & (ppm): 3.81 (s, 3H),
4.32 (s, 2H), 4.86 (s, 2H), 5.76 (s, 1H), 6.36-§uh] 2H), 6.59 (t) = 7.5Hz, 1H), 6.65 (d] = 7Hz,
1H), .77 (dJ = 7Hz, 1H), 6.89 (tJ = 7.5Hz, 1H), 6.96 (td] = 1, 7.5Hz, 1H), 7.06 (d}, = 9Hz, 2H),
7.15d,J=7.5Hz, 1H), 7.32 (d] = 8Hz, 2H), 7.36 (d] = 9Hz, 2H), 7.88 (dJ = 8Hz, 2H), 9.20 (s, 1H),
9.58 (s, 1H):*C-NMR (125 MHz, DMSOds) 5 (ppm): 46.42, 56.10, 111.57, 114.62, 116.09, 19,6.5
116.75, 121.76, 123.84, 126.91, 127.10, 127.20,882128.20, 128.25, 129.59, 132.27, 133.59,
143.56, 143.88, 144.57, 162.83, 165.67. mp = 20684°C. HRMS (ESI) for &H27N404S
[M+H]": Calcd., 503.1748; Found, 503.1752.
N-(2-Aminophenyl)-2'-((4-methoxyphenyl)sulfonamidg},1'-biphenyl]-4-carboxamide (16d)

The title compound was obtained as a solid in 48 yrom compoun@6 in a manner similar to
that described for the preparation18f. *H-NMR (500 MHz, DMSOe€) § (ppm): 3.81 (s, 3H), 4.90
(s, 2H), 6.62 (t, J = 7.5Hz, 1H), 6.80 {ds 8Hz, 1H), 6.96-7.00 (m, 3H), 7.06 Jt= 5Hz, 1H), 7.19 (d,
J=7.5Hz, 1H), 7.29-7.30 (m, 3H), 7.35 (t& 8.5Hz, 2H), 7.47 (d] = 9Hz, 2H), 7.95 (d) = 8Hz,
2H), 9.42 (s, 1H), 9.71 (s, 1HFC-NMR (125 MHz, DMSOde) 5 (ppm): 56.07, 114.64, 116.67,
116.81, 123.85, 127.01, 127.24, 127.53, 127.929P2829.09, 129.59, 132.77, 133.45, 133.99,
138.51, 142.29, 143.67, 162.65, 165.55. mp = 72.8°T. HRMS (ESI) for gH24N304S [M+H]™:

Calcd., 474.1482; Found, 474.1490.
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4-M ethoxy-N-(2-phenethylphenyl)benzenesulfonamide (17)

A mixture of38 (2.00 mmole), 4-methoxybenzenesulfonyl chlorid2@2mnmole) and pyridine (4
mL) was stirred at rt overnight. The reaction wasriched with water and extracted withCH. The
residue was purified by flash chromatography ovlarasgel to afford compoundl7 in 61% yield.
H-NMR (500 MHz, DMSO#g) § (ppm): 2.64-2.68 (m, 2H), 2.76-2.79 (m, 2H), 3(393H), 6.88 (d,
J=1, 8Hz, 1H), 7.04-7.21 (m, 8H), 7.25-7.28 (m)2H61 (dd,J = .5, 7Hz, 2H), 9.46 (s, 1H).
13C-NMR (125 MHz, DMSOdg) 5 (ppm): 32.63, 35.95, 56.10, 114.77, 126.25, 126186.95,

127.00, 128.64, 128.71, 129.25, 130.17, 132.88/063338.60, 142.15, 162.76. mp = 131.9-132.3°C.
HRMS (ESI) for GiH,,NOsS [M+H]": Calcd., 368.1315; Found, 368.1321.
N-(2-Aminophenyl)-4-phenethylbenzamide (18)

The title compound was obtained as a white sol®4i?o yield from compound9 in a manner
similar to that described for the preparationd. *H-NMR (500 MHz, DMSO#g) & (ppm): 2.912.96
(m, 4H), 4.84 (s, 2H), 6.59 (,= 7.5Hz, 1H), 6.77 (d] = 7.5Hz, 1H), 6.95 (td] = 0.5, 8Hz, H),
7.13-7.18 (m, 2H), 7.22-7.28 (m, 4H), 7.33d¢ 8Hz, 2H), 7.87 (dJ = 8Hz, 2H), 9.58 (s, 1H).
¥C-NMR (125 MHz, DMSOdg) 5 (ppm): 37.12, 37.20, 116.64, 116.80, 123.91, 126126.90,
127.12,128.22,128.72, 128.79, 128.88, 132.656B4143.56, 145,68, 165.69. mp = 185.1-185.7°C.
HRMS (ESI) for GiH,:N,O [M+H]": Calcd., 317.1648; Found, 317.1655.
Methyl-4-(4-nitrostyryl)benzoate (20a)

A mixture of19a (16.5 mmole), (4-(methoxycarbonyl)benzyl)triphghydsphonium bromide

(16.5 mmole), NaOH (21.5 mmole) and THF (40 mL) wtsed at rt overnight. The reaction was
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guenched with water and extracted withCH. The residue was purified by flash chromatography
over silica gel to afford compour@da in 67% yield *H-NMR (300 MHz, DMSQ@) 5 (ppm): 3.86 (s,
3H), 7.52 (s, 1H), 7.60 (s, 1H), 7.81 {c= 8.4Hz, 2H), 7.91 (d] = 9Hz, 2H), 7.99 (d] = 8.4Hz, 2H),
8.25 (d,J = 9Hz, 2H).

Methyl-4-(3-nitrostyryl)benzoate (20b)

The title compound was obtained as a white sol@li%o yield from compounii9b in a manner
similar to that described for the preparatior2@d. ‘H-NMR (300 MHz, CQOD) § (ppm): 3.89 (s,
3H), 6.82 (dJ = 12.3Hz, 1H), 6.88 (d] = 12.3Hz, 1H), 7.31 (d] = 8.4Hz, 2H), 7.48 (d] = 7.8Hz,
1H), 7.57 (d,J = 7.8Hz, 1H), 7.90 (d] = 4.8Hz, 2H), 8.04-8.06 (m, 2H).
Methyl-4-(2-nitrostyryl)benzoate (20c)

The title compound was obtained as a white sol6% yield from compoundi9c in a manner
similar to that described for the preparatio2@d. *H-NMR (300 MHz, CDC}) & (ppm): 3.86 (s, 3H),
6.78 (d,J = 12Hz, 1H), 7.00 (d] = 12Hz, 2H), 7.10 (dJ = 8.1Hz, 2H), 7.17-7.20 (m, 1H), 7.35-7.44
(m, 2H), 7.82 (ddJ = 1.5, 6.6Hz, 2H), 8.09-8.12 (m, 1H).

Methyl 4-(4-aminophenethyl)benzoate (21a)

A mixture of methyl-4-(4-nitrostyryl)benzoate (12@mole), 10% palladium on carbon (0.5 g) in
MeOH (50 mL) was stirred at rt under hydrogen oigérhh The organic layer was filtered and the
residue was purified by flash chromatography ovlarasgel to afford compoun@a in 88% yield.
'H-NMR (300 MHz, DMSOd)) & (ppm):2.68-2.71 (m, 2H), 2.81-2.84 (m, 2H), 3.81 (s, 3HJ9 (s,

2H), 6.43 (d,) = 8.4Hz, 2H), 6.82 (d] = 8.4Hz, 2H), 7.31 (d] = 8.4Hz, 2H), 7.83 (d] = 8.4Hz, 2H).
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Methyl 4-(3-aminophenethyl)benzoate (21b)

The title compound was obtained as solid in 81%gyi®m compound®0b in a manner similar to
that described for the preparatior2af. *H-NMR (300 MHz, DMSOek) & (ppm):2.69-2.74 (m, 2H),
.86-2.92 (m, 2H), 3.82 (s, 3H), 4.90 (s, 2H), 66341 (m, 3H), 6.88 () = 7.5Hz, 1H), 7.35 (d] =
8.4Hz, 2H), 7.85 (dd] = 1.8, 6.6Hz, 2H).

Methyl 4-(2-aminophenethyl)benzoate (21c)

The title compound was obtained as a white solid7i% yield from compoungOc in a manner
similar to that described for the preparatio2td. *H-NMR (300 MHz, DMSO#€l) & (ppm): 2.682.74
(m, 2H), 2.84-2.89 (m, 2H), 3.82 (s, 3H), 4.872), 6.44 (tdJ = 1.2, 7.2Hz, 1H), 6.60 (dd,= 0.9,
8.1Hz, 1H), 6.84-6.89 (m, 2H), 7.41 (= 8.1Hz, 2H), 7.85 (d] = 8.1Hz, 2H).

Methyl 4-(4-((4-methoxyphenyl)sulfonamido)phenethiyénzoate (22a)

The title compound was obtained as a solid in 8&l yrom compoun@lain a manner similar to
that described for the preparationl@f "H-NMR (300 MHz, DMSO#g) § (ppm):2.75-2.78 (m, 2H),
2.83-2.85 (m, 2H), 3.77 (s, 3H), 3.81 (s, 3H), §@2 = 8.4Hz, 2H), 7.01 (d] = 9.3Hz, 4H), 7.25 (d,
J = 8.4Hz, 2H), 7.62 (d] = 9Hz, 2H), 7.80 (d] = 8.4Hz, 2H).

Methyl 4-(3-((4-methoxyphenyl)sulfonamido)phenethlyénzoate (22b)

The title compound was obtained as a solid in 8&8dyrom compoun@1b in a manner similar

to that described for the preparationldf ‘H-NMR (300 MHz, DMSOd) & (ppm):2.79-2.84 (m,

4H), .77 (s, 3H), 3.82 (s, 3H), 6.80 (s 7.5Hz, 1H), 6.85 (dd] = 2.1, 7.2Hz, 1H), 6.94 (3,= 1.8Hz,
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1H), 7.01-7.09 (m, 3H), 7.24 (d= 8.4Hz, 2H), 7.64 (d] = 9Hz, 2H), 7.81 (dJ = 9.3Hz, 2H), 10.04
(s, 1H).
Methyl 4-(2-((4-methoxyphenyl)sulfonamido)phenethiyénzoate (22c)

The title compound was obtained as a solid in 96 yrom compoun@1c in a manner similar to
that described for the preparationl@f *H-NMR (300 MHz, CDC}) § (ppm): 2.74-2.80(m, 4H),
3.83(s, 3H), 3.91(s, 3H), 5.99(s, 1H), 6.88(d, 8.7Hz, 2H), 7.08-7.13(m, 6H), 7.63(t= 9Hz, 2H),
7.93(d,J = 8.4Hz, 2H).
4-(4-((4-Methoxyphenyl)sulfonamido)phenethyl)benezacid (23a)

The mixture oR2a (1.88mmole), 1N lithium hydroxide solution (4mibdal,4-dioxane (8 ml) was
stirred at 40°C overnight. The reaction was coneg¢ed and quenched with 3N hydrogen chloride
solution and water. The water layer was filteredltitain compoun@3ain 84% yield without further
purification.*H-NMR (300 MHz, DMSO#g) & (ppm): 2.75-2.77 (m, 2H), 2.81-2.84 (m, 2H), 3(37
3H), 6.93 (d,J = 8.4Hz, 2H), 7.00-7.04 (m, 4H), 7.21 (= 8.4Hz, 2H), 7.62 (d] = 9.0Hz, 2H), 7.77
(d, J = 8.4Hz, 2H).
4-(3-((4-Methoxyphenyl)sulfonamido)phenethyl)benezacid (23b)

The title compound was obtained as a solid in 7&dyrom compoun@2b in a manner similar
to that described for the preparatior2dé. *H-NMR (300 MHz, DMSOels) & (ppm):2.80 (s, 4H),
3.77 (s, 3H), 6.79-6.87 (m, 2H), 6.95 (s, 1H), 77009 (m, 3H), 7.17 (d] = 8.1Hz, 2H), 7.64 (d] =

8.7Hz, 2H), 7.78 (dJ] = 8.1Hz, 2H).
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4-(2-((4-Methoxyphenyl)sulfonamido)phenethyl)benzacid (23c)

The title compound was obtained as a solid in 8&#¥6yrom compoun@3c in a manner similar to
that described for the preparation28f. *H-NMR (300 MHz, CROD) & (ppm): 2.81-2.85 (m, 4H),
.83 (s, 3H), 6.94 (d] = 7.5Hz, 1H), 6.99 (dd] = 2.1, 7.2Hz, 2H), 7.01-7.15 (m, 3H), 7.21Jc
8.1Hz, 2H), 7.63 (d] = 9Hz, 2H), 7.90 (d] = 8.1Hz, 2H).

Methyl 4-(2-(phenylsulfonamido)phenethyl)benzoaié)

The title compound was obtained as a solid in 846 yrom compoun@1c in a manner similar to
that described for the preparationld@f *H-NMR (300 MHz, DMSOdg) & (ppm): 2.73-2.74 (m, 4H),
3.82 (s, 3H), 6.89 (dd,= 1.5, 7.2Hz, 1H), 7.05-7.12 (m, 5H), 7.22J& 6.9Hz, 1H), 7.29-7.37 (m,
4H), 7.61 (dd,) = 1.8, 6.6Hz, 2H), 7.77 (dd,= 1.2, 8.7Hz, 2H), 7.87 (d,= 8.4Hz, 2H), 9.50 (s, 1H).
Methyl 4-(2-((3-methoxyphenyl)sulfonamido)phenethlyénzoate (24b)

The title compound was obtained as a solid in 8&¥6yrom compoun@1c in a manner similar to
that described for the preparation1@f *H-NMR (300 MHz, CDCI3) (ppm): 2.70-2.77 (m, 4H),
3.71 (s, 3H), 3.91 (s, 3H), 6.02 (s, 1H), 7.07-{h68H), 7.17-7.34 (m, 2H), 7.93 (@= 8.4Hz, 2H).
Methyl 4-(2-((4-fluorophenyl)sulfonamido)phenethydenzoate (24c)

The title compound was obtained as solid in 85%gdyi®m compoundl1c in a manner similar to
that described for the preparatiorl@f *H-NMR (300 MHz, DMSO#d) § (ppm): 2.77 (s, 4H), 3.83 (s,
3H), 6.84-6.87 (m, 1H), 7.07-7.10 (m, 2H), 7.1827(fh, 1H), 7.29 (dJ = 8.1 Hz, 2H), 7.37 (1 =

8.7Hz, 2H), 7.70-7.75 (m, 2H), 7.87 (= 8.4Hz, 2H).
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Methyl 4-(2-((4-chlorophenyl)sulfonamido)phenethygénzoate (24d)

The title compound was obtained as solid in 89%gdyi®m compoundl1c in a manner similar to
that described for the preparationld@f *H-NMR (300 MHz, CDC}) & (ppm): 2.74-2.82 (m, 4H), 3.91
(s, 3H), 6.04 (s, 1H), 7.08-7.15 (m, 6H), 7.40Xd, 8.7Hz, 2H), 7.62 (d] = 8.7Hz, 2H), 7.94 (d] =
8.4Hz, 2H).

Methyl 4-(2-((4-bromophenyl)sulfonamido)phenethybbzoate (24€)

The title compound was obtained as a solid in 8846 yrom compoun@1c in a manner similar to
that described for the preparationl@f *H-NMR (300 MHz CDC}) & (ppm): 2.74-2.82 (m, 4H), 3.92
(s, 3H), 5.95 (s,1H), 7.08-7.16 (m, 6H), 7.56-7(61) 4H), 7.95 (dJ = 8.4Hz, 2H).

Methyl 4-(2-((4-cyanophenyl)sulfonamido)phenethybbzoate (24f)

The title compound was obtained as a solid in 7i&6lyrom compoun@1c in a manner similar to
that described for the preparationd@f *H-NMR (300 MHz, CDC}) & (ppm): 2.75-2.84 (m, 4H), 3.91
(s, 3H), 6.99 (dJ = 7.8Hz, 1H), 7.08-7.20 (m, 5H), 7.76 (dds 1.2, 8.1Hz, 4H), 7.94 (d,= 8.1Hz,
2H).

Methyl 4-(2-((3,4-dimethoxyphenyl)sulfonamido)phethgl)benzoate (249)

The title compound was obtained as solid in 84%gdyi®m compoundl1c in a manner similar to
that described for the preparatiorl@f *H-NMR (300 MHz, DMSO#€) § (ppm): 2.74 (s, 4H), 3.65 (s,
3H), 3.78 (s, 3H), 3.84 (s, 3H), 6.93-6.96 (M, 1THN3-7.10 (M, 3H), 7.15-7.23 (m, 3H), 7.28J¢;

8.4Hz, 2H), 7.86 (dJ = 8.1Hz, 2H).
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4-(2-(Phenylsulfonamido)phenethyl)benzoic acid (35a

The title compound was obtained as a solid in 78l yrom compoun@4ain a manner similar to
that described for the preparatior28t. *H-NMR (300 MHz, DMSOe) & (ppm): 2.68-2.78 (m, 4H),
6.86-6.89 (m, 1H), 7.05-7.15 (m, 2H), 7.19-7.26 8i), 7.54-7.60 (m, 2H), 7.63-7.72 (m, 2H), 7.84
(d, J = 8.1Hz, 2H), 9.67 (s, 1H), 12.77 (s, 1H).
4-(2-((3-Methoxyphenyl)sulfonamido)phenethyl)benezacid (25b)

The title compound was obtained as a solid in 88 yrom compoun@4b in a manner similar
to that described for the preparatior2dé. *H-NMR (300 MHz, DMSOe€) & (ppm): 2.65-2.77 (m,
4H), 3.71 (s, 3H), 6.92 (d,= 2.4Hz, 1H), 6.93-7.26 (m, 8H), 7.45 (it 2.4, 8.1Hz, 1H), 7.84 (dd,
= 2.4, 8.1Hz, 2H).
4-(2-((4-Fluorophenyl)sulfonamido)phenethyl)benzoacid (25c¢)

The title compound was obtained as solid in 84%dyi®m compound4c in a manner similar to
that described for the preparation28t. *H-NMR (300 MHz, DMSO#€) & (ppm): 2.76 (s, 4H), 6.85
(dd,J = 1.5, 7.5Hz, 1H), 7.06-7.15 (m, 2H), 7.22 (dg; 2.4, 7.8Hz, 2H), 7.26 (d,= 8.1 Hz, 2H),
7.39 (t,J = 8.7Hz, 2H), 7.73 (dd] = 5.1, 8.7Hz, 2H), 7.85 (d,= 8.4Hz, 2H).
4-(2-((4-Chlorophenyl)sulfonamido)phenethyl)benzacid (25d)

The title compound was obtained as a solid in 8&lyrom compoun@4d in a manner similar to
that described for the preparation28t. *H-NMR (300 MHz, DMSO#€) & (ppm): 2.75 (s, 4H), 6.87
(dd,J = 1.5, 7.2Hz, 1H), 7.08-7.11 (m, 2H), 7.22-7.26 8H), 7.61-7.69 (m, 4H), 7.85 (d=

8.1Hz, 2H).
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4-(2-((4-Bromophenyl)sulfonamido)phenethyl)benzaicid (25e)

The title compound was obtained as a solid in 86l yrom compoun@4e in a manner similar to
that described for the preparatior28t. *H-NMR (300 MHz, DMSO#g) & (ppm): 2.70-2.80 (m, 4H),
6.87 (ddJ = 1.8, 7.5Hz, 1H), 7.07-7.17 (m, 2H), 7.22-7.25 @H), 7.59 (d,) = 8.4Hz, 2H), 7.77 (d,
J=8.7Hz, 2H), 7.85 (d] = 8.4Hz, 2H), 9.78 (s, 1H).
4-(2-((4-Cyanophenyl)sulfonamido)phenethyl)benzaicid (25f)

The title compound was obtained as a solid in 8ieXa yrom compoun@4f in a manner similar to
that described for the preparation28a. *H-NMR (300 MHz, MeOD)s (ppm): 2.84-2.88 (m, 4H),
6.87 (ddJ = 7.8, 14.4Hz, 1H), 7.05-7.12 (m, 1H), 7.16-7.8% 4H), 7.80 (d,) = 8.7Hz, 1H),
7.89-7.94 (m, 4H), 7.99 (d,= 8.7Hz, 1H).
4-(2-((3,4-Dimethoxyphenyl)sulfonamido)phenethylymmic acid (259)

The title compound was obtained as a solid in 9686 yrom compoun@4g in a manner similar to
that described for the preparation28t. *H-NMR (300 MHz, DMSO#€) & (ppm): 2.72 (s, 4H), 3.65
(s, 3H), 3.77 (s, 3H), 6.92-6.95 (m, 1H), 7.03-T1154H), 7.19-7.25 (m, 4H), 7.83 (@= 8.4Hz, 2H).
Methyl (E)-4-(2-aminostyryl)benzoat@6)

A mixture of15c (1.67mmole), iron powder (5.01mmole), ammoniunodde (3.34mmole),
water (4ml) and isopropyl alcohol (16ml) was stirreflux for 3hrs. The reaction was quenched
with water and extracted by ethyl acetate. Theltesivas purified by flash chromatography over
silica gel to afford26 in 45% vyield.*H-NMR (300 MHz, CRROD) & (ppm): 3.86 (s, 3H), 6.54 (td,=

1.5, 7.8Hz, 1H), 6.67 (s, 2H), 6.77 (dds 0.9, 8.1Hz, 1H), 6.90 (dd,= 1.5, 7.8Hz, 1H), 7.03 (td,
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= 1.5, 8.7Hz, 1H), 7.31 (d,= 8.7Hz, 2H), 7.80 (d] = 8.7Hz, 2H).
Methyl (E)-4-(2-((4-methoxyphenyl)sulfonamido)styjigenzoatg27)

The title compound was obtained as solid in 85%gdyi®m compoun®6 in a manner similar to
that describe for the preparation1a *H-NMR (300 MHz, CDCY) & (ppm): 3.73 (s, 3H), 3.96 (s,
3H), 6.57 (dJ = 9Hz, 2H), 7.16-7.33 (M, 4H), 7.45-7.49 (m, 4ABH6-7.70 (m, 1H), 7.93 (d,=
8.4Hz, 2H), 8.10 (s, 1H), 8.62 (@= 4.8Hz, 1H).
(E)-4-(2-((4-methoxyphenyl)sulfonamido)styryl)benzacid (28)

The title compound was obtained as solid in 66%gdyi®m compoun®7 in a manner similar to
that describe for the preparation28s. *H-NMR (300 MHz, DMSO#g) § (ppm): 3.66 (s, 3H),
6.58-6.70 (M, 2H), 6.92-7.02 (m, 4H), 7.15-7.19 ), 7.61-7.71 (m, 4H), 8.01-8.12 (m, 2H),
9.61(s, 1H).

Methyl 4-((2-((4-methoxyphenyl)sulfonamido)phenoxygthyl)benzoate (30a)

A mixture of29a (2 mmole), methyl 4-(bromomethyl)benzoate (2.06at@)) K.CO; (2.2 mmole)
and DMF (4 mL) was stirred at rt overnight. Theatean was quenched with water and filtered with
gravity to get a white solid. Then a mixture of thieite solid, 10% palladium on carb{®5 g) in
MeOH (50 mL) was stirred at rt under hydrogen oigdth Remove the palladium was removed and
the residue and 4-methoxybenzenesulfonyl chlo2d20(mmole) and pyridine (4 mL) was stirred at
rt overnight. The reaction was quenched with watet extracted with C§€l,. The residue was
purified by flash chromatography over silica geafford compoun@®0a in 54% yield *H-NMR (300

MHz, DMSQOde) 3 (ppm): 3.73 (s, 3H), 3.85 (s, 3H), 4.98 (s, 2H3566.90 (m, 4H), 7.06 (8= 7.2Hz,
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1H), 7.27 (dJ = 8.1Hz, 1H), 7.38 (d] = 8.1Hz, 1H), 7.55 (d] = 8.7Hz, 2H), 7.87 (d] = 8.1Hz, 2H),
9.40 (s, 1H).
Methyl 4-(((2-((4-methoxyphenyl)sulfonamido)phengihino)methyl)benzoate (30b)

A mixture of29b (2 mmole), 4-methoxybenzenesulfonyl chloride (21@@ole) and pyridine (4
mL) was stirred at rt overnight. The reaction wasriched with water and extracted withCH. The
organic layer was collected and dried over anhyslldgSQ and concentrateith vacuo to yield an
oily intermediate. Then a mixture of the oily intexdiate, 10% palladium on carbon (0.5 g) in MeOH
(50 mL) was stirred at rt under hydrogen overnighie palladium was removed and the organic layer
was concentrateich vacuo to yield an orange solid. A mixture of orange dpinethyl
4-formylbenzoate (2.02 mmole), sodium cyanoboroit(2.4 mmole) and MeOH (40 mL) was
stirred at rt overnight. The reaction was filteraith gravity to afford compound@0b in 74% vyield.
'H-NMR (500 MHz, DMSOds) & (ppm): 3.81 (s, 3H), 3.83 (s, 3H), 4.31 (s, 2HJ5(s, 1H), 6.31 (d,

J = 8Hz, 1H), 6.40 (d) = 7.5Hz, 1H), 6.71 (d] = 7.5Hz, 1H), 6.87 () = 8Hz, 1H), 7.05 (d] = 9Hz,
2H), 7.27 (dJ = 8Hz, 2H), 7.61 (d) = 9Hz, 2H), 7.85 (dJ = 8Hz, 2H), 9.18 (s, 1H).
4-((2-((4-Methoxyphenyl)sulfonamido)phenoxy)methlyénzoic acid (31a)

The title compound was obtained as a solid in 8&l yrom compoun@0a in a manner similar to
that described for the preparation28f. *H-NMR (500 MHz, DMSO#s) § (ppm):3.73 (s, 3H), 4.98
(s, 2H), 6.86-6.91 (m, 4H), 7.06 {t= 7.5Hz, 1H), 7.27 (d] = 8Hz, 1H), 7.36 (d] = 8Hz, 2H), 7.56

(d, J = 9Hz, 2H), 7.88 (d] = 8.5Hz, 2H), 9.38 (s, 1H).
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4-(((2-((4-Methoxyphenyl)sulfonamido)phenyl)aminokthyl)benzoic acid (31b)

The title compound was obtained as a solid in 888 yrom compound@0Ob in a manner similar
to that described for the preparatior2dé. *H-NMR (300 MHz, DMSOes) & (ppm): 3.80 (s, 3H),
4.25 (s, 2H), 6.32-6.41 (m, 2H), 6.73 (dds 1.5, 7,8Hz, 1H), 6.83 (§,= 7.5Hz, 1H), 7.02 (d] =
8.7Hz, 2H), 7.18 (d] = 8.1Hz, 2H), 7.61 (d] = 9Hz, 2H), 7.80 (d] = 8.4Hz, 2H).

Methyl 2'-nitro-[1,1'-biphenyl]-4-carboxylate (33)

A mixture of 1-bromo-2-nitrobenzene (2 mmole), a&ts (0.2 mmole), 2N COzq) (6 mL) and
(4-(methoxycarbonyl)phenyl)boronic acid (3 mmoleEtOH (10 mL) and toluene (10 mL) was stirred
at 105 °C overnight. The residue was purified kaslil chromatography over silica gel to afford
compound33 in 65% vyield.*H-NMR (500 MHz, DMSO#dg) & (ppm): 4.83 (s, 3H), 7.43 (d] =8Hz,
2H), 7.52 (dd,]J = 1.5, 8Hz, 1H), 7.62 (tdl = 1, 8Hz 1H), 7.74 (td] = 1, 7.5Hz 1H), 7.96 (dd}, = 1,
8Hz, 1H), 8.08 (dJ = 8Hz, 2H).

Methyl 2'-amino-[1,1'-biphenyl]-4-carboxylate (34)

The title compound was obtained as a solid in 8&fd yrom compoun@3 in a manner similar to
that described for the preparation2df. *H-NMR (300 MHz, DMSO#s) § (ppm):3.86 (s, 3H), 4.88
(s, 2H), 6.64 (tdJ = 1.2, 7.2Hz, 1H), 6.77 (dd,= 1.2, 8.1Hz, 1H), 7.01 (dd,= 1.5, 7.5Hz, 1H), 7.06
(td,J = 1.8, 9Hz, 1H), 7.57 (d, = 8.4Hz, 2H), 8.00 (d] = 8.4Hz, 2H).

Methyl 2'-((4-methoxyphenyl)sulfonamido)-[1,1'-bignyl]-4-carboxylate (35)
The title compound was obtained as a solid in 8% yrom compoun@4 in a manner similar to

that described for the preparatiorildf *H-NMR (300 MHz, DMSO#d) § (ppm):3.80 (s, 3H), 3.88 (s,

34



3H), 6.93 (d,J = 8.7Hz, 2H), 7.09-7.16 (m, 1H), 7.27-7.31 (m, 5HB4 (d,J = 8.4Hz, 2H), 7.42 (d]
= 9Hz, 2H), 7.88 (dJ = 8.4Hz, 2H), 9.46 (s, 1H).
2'-((4-Methoxyphenyl)sulfonamido)-[1,1'-biphenyl]-4arboxylic acid (36)

The title compound was obtained as a solid in 8&8fd yrom compouna@5 in a manner similar to
that described for the preparation28t. *H-NMR (300 MHz, DMSOdg) & (ppm):3.80 (s, 3H), 6.94
(d,J = 9Hz, 2H), 7.07-7.10 (m, 1H), 7.25-7.32 (m, 5A%3 (d,J = 9Hz, 2H), 7.87 (d] = 8.4Hz, 2H),
9.46 (s, 1H).
1-Nitro-2-styrylbenzene (37)

The title compound was obtained as a solid in 7&¥6yrom compound9c in a manner similar to
that described for the preparation20f. *H-NMR (300 MHz, CDCJ) & (ppm): 6.77 (dJ = 12Hz,
1H), 6.90 (d,J = 12Hz, 1H), 7.03-7.07 (M, 2H), 7.15-7.17 (m, 3HR7-7.28 (m, 1H), 7.37-7.40 (m,
2H), 8.07-8.10 (m, 2H).
2-Phenethylaniline (38)

The title compound was obtained as a solid in 6686 yrom compoun@7 in a manner similar to
that described for the preparation2df.. *H-NMR (500 MHz, CDCJ) & (ppm): 2.87-2.90 (m, 2H),

2.94-2.97 (m, 2H), 6.87-6.92 (m, 2H), 7.07-7.10 R), 7.17-7.25 (m, 5H).
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4.2 Biology

4.2.1 Cell lines and reagents

We thank Dr. Jang-Yang Chang (National Cheng Kungéfsity, Taiwan) for generous gifts of

KB, KB-vin, and KB-7D cells. Cells were maintained5% fetal bovine serum (FBS)-supplemented

RPMI 1640 medium (GIBCO, Grand Island, NY, USA) dfd penicillin—streptomycin (GIBCO) at

37 °C in a humidified incubator containing 5% £ @ntibodies against various proteins were

obtained from the following sources: PARP (Poly-AbiBose polymerase) was obtained from Santa

Cruz Biotechnology Inc. (Dallas, TX, USA). Casp&se&aspase 9, arH2AX were obtained from

Cell signaling (Danvers, MA, USA). GAPDH arfitActin were from Millipore (Billerica, MA,

USA). Caspase 3 and was obtained from Novous €Laiti, CO, USA). Anti-mouse and anti-rabbit

IgGs were from Jackson ImmunoResearch LaboratfNest Grove, PA, USA).

4.2.2 HDAC Isoform Inhibition

HDAC Enzyme Inhibition Assays. Enzyme inhibitionsags were conducted by the Reaction

Biology Corporation (Malvern, PA, USA, www.reactlmnlogy.com). Compounds were dissolved in

DMSO and tested in 10-dosesi@node with 3-fold serial dilution starting at L.

4.2.3 SRB (Sulforhodamine B) assay

Cells were seeded in 96-well plates and culturestroght followed by the exposure to gradient

concentrations of different compounds for 48 heByi cells in Tz group were fixeieh situ with 10%

trichloroacetic acid (TCA) to represent a measurdnoé the cell population at the time of drug

addition (Tp). After an additional 48 h incubation with or watlt compounds in medium with 5%
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FBS, the assay was terminated by 10% TCA in CTLteeatment groups. SRB dye purchased from
Sigma (St. Louis, MO, USA) at 0.4% (w/v) in 1% acedtcid was added to stain the cells. Unbound
dye was removed with 1% acetic acid and the plat® air dried. Bound dye was subsequently
solubilized with 10 mM trizma base, and the absonckavas read at a wavelength of 515 nm.
4.2.4 FACScan Flow Cytometric analysis

Cells were seeded in 6-well plates (2.5%d@ll) and treated with DMSO or indicated compounds
with various concentrations for indicated timesll€eere washed with phosphate-buffered saline,
fixed in ice cold 70% EtOH at -20 °C overnight, astdined with propidium iodide (80 pg/mL)
containing Triton X-100 (0.1%, v/v) and RNase A@40g/mL) in phosphate-buffered saline. DNA
content was analyzed with the FACScan and CellQagfsivare (Becton Dickinson, Mountain View,
CA, USA).
4.2.5 Immunoblotting

Cells were seeded in dishes and allowed to attaemight. The cells were treated with drugs at
indicated concentrations for indicated times. After indicated exposure time, cells were lysed and
the immunoblotting was performed as described preshy**
4.2.6 Deconvolution microscopy

Cells were grown on glass coverslips. After treattwath indicated drugs for 24 h, the cells were
fixed with 4% paraformaldehyde for 15 min then peamilized with 0.5% Triton X-100. The
coverslips were washed with phosphate-bufferethsdPBS) and blocked with PBS containing 2%

bovine serum albumin, incubated with an antibodgcejr to beta-tubulin (1:250 dilution, T4026)
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(Sigma, St. Louis, MO, USA) followed by Alexa 48®njugated anti-mouse (1:250) (Biotium,
Fremont, CA, USA) and Antifade Mounting Medium wilDAPI (Vector Laboratories, Inc.,

Burlingame, CA, USA). For images captured, cellssavassessed by Wide-field Delta Vision
deconvolution microscope (Applied Precision Incagke, ID, USA), equipped with an inverted
microscope (IX-71; Olympus, Tokyo, Japan), 100x2INA oil immersion objective lens, and camera
(CoolSnap ES2; Photometrics, Tucson, AZ, USA). lesagere reconstructed by using SoftWorx
v6.1.1 software (Applied Precision Inc.), and amaty with Volocity software (Perkin-Elmer,

Waltham, MA, USA), as described previously.

4.2.7 Intracellular tubulin polymerization assay

The intracellular tubulin polymerization assay wasried out as previously describdBriefly,
following treatment with paclitaxel, vincristine @6c in KB-Vin and KB-7D cells for 16 h, the cells
were harvested collected by low-speed centrifugatind immediately lysed at 37 °C for 5 min in
the dark in a hypotonic buffer containing 1% NoniBe40, 1 mmol/L MgGl, 2 mmol/L EGTA, 50
mmol/L Tris—HCL (pH 6.8), and 10 uL/mL proteaseibitor cocktail (Sigma, St. Louis, MO, USA).
The resulting cell lysate was centrifuged at 1368 for 10 min at room temperature to separate
soluble tubulin from polymerized tubulin, and thellpet containing the polymerized tubulin was
resuspended in an equal volume of hypotonic lylsatker. The supernatant and pellet fractions were

then electrophoresed on SDS—polyacrylamide gels.
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Figure Captions

Figure 1. Reported stilbene-based compounds, and HDACwndii inhibitors.

Figure 2. Rational design of target compounds.

Figure 3. Structures of synthetic compound8<18).

Figure 4. Compoundl6c induces significant apoptosis in KB-vin and KB-7é&lls.

Figure 5. Effect of Compound6c and the comparators on cell cycle progression afidleath for
24 h.

Figure 6. Effect of Compound6c and the comparators on cell cycle progression afidleath for
48 h.

Figure 7. Compoundl6c induces G2/M arrest followed by subG1 accumulation.

Figure 8. Compoundl6c induces changes in microtubule assembly.

Figure 9. Effect of 16c on tubulin polymerization in KB-Vin and KB-7D csll



Table 1. Antiproliferative activity (Gio) of compoundsi3-18)

Compounds KB cancer cell line Compounds KB cancer cell line
Glso (uM * SD?) Glso (uM * SD?)
13a >10 15a 0.137 +0.0069
13b 0.678 £0.2174 15b 0.472 +£0.0408
13c 0.023 + 0.0008 15c 0.066 + 0.0007
13d >10 15d 0.697 £ 0.1000
14a 0.456 + 0.0425 15e 0.286 + 0.0133
14b 0.462 + 0.0525 16a 0.660 * 0.0262
14c 0.884 + 0.1364 16b 0.060 + 0.0043
14d 0.448 £ 0.0151 16¢ 0.012 + 0.0006
14e 0.124 + 0.0096 16d 0.442 +£0.0180
14f 0.790 £ 0.2840 17 4.409 + 0.2760
149 0.888 +£0.1349 18 >10
12 (ABT-751) 0.801 + 0.0800 Etoposide 8.392 + 1.3804
Vincristine 0.00186 + 0.0030 8 (MS-275) 6.632 +£ 0.2197

@SD: standard deviation. All experiments were inaeleatly performed at least three times.



Table 2. Antiproliferative activity (Géo) of compoundsi3c, 15¢, 16b and 16c) against

drug-resistant KB cancer cell lines

Compounds

Glso (UM + SD?)

KB-Vin cancer cell KB-7D cancer cell
Glso (UM + SD?)

13c
15c
16b
16¢
12 (ABT-751)
8 (MS-275)
Vincristine

Etoposide

0.031 +0.0011

0.029 + 0.0018

0.042 + 0.0021

0.022 + 0.0023

2.073 £0.0257

7.713 £1.4524

0.219 + 0.0344

0.022 + 0.0001

0.012 + 0.0006

0.062 + 0.0022

0.012 + 0.0001

0.444 + 0.0545

5.685 + 0.2587

98.627 +1.2395

a SD: standard deviation. All experiments were jpahelently performed at least three times.



Table 3. HDACs 1, 2, 3, 8 isoform inhibitién

HDAC ICso (uM)

Compound
HDAC 1 HDAC 2 HDAC 3 HDAC 8
13c 1.19 >10 2.55 >10
15c >10 9.08 1.75 >10
16b 5.45 4.95 7.92 >10
16¢ 1.07 1.47 2.27 >10
8 0.54 0.61 0.62 9.88

a These assays were conducted by the Reactionggi@orporation, Malvern, PA. All compounds

were dissolved in DMSO and tested in 10-dosg ibde with 3-fold serial dilution starting at 10
puM.



Scheme 1. Synthetic route to compound8a-13d®
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®Reagents and conditions: a) (4-(methoxycarbonyDkimiphenylphosphonium bromide, NaOH,
THF, rt; b) 10% Pd/C, i MeOH, rt; ¢) 4-methoxybenzenesulfonyl chloridgrigine, rt; d) 1M
LiOH (5., p-dioxane, 40°C; e) fot3a-13c, HBTU, DIPEA,o-phenylenediamine, DMF, rt; fdi3d, i.
NH,OTHP, HBTU, DIPEA, DMF, rt, ii. 10%TFAq) MeOH, rt



Scheme 2. Synthetic route to compoundéa-14g®

e

c 24a R,=4'-H
24b R,= 3'-OCHj3
24c Ry= 4'-F
24d R,= 4'-Cl
24e R,=4"-Br
24f Ry=4'-CN
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OH
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25a R,= 4'-H

25b R,= 3'-OCH3
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14d R,= 4-Cl

14e Ry= 4'-Br

14f Ry,= 4-CN

14g R,= 3'4'-diOCHj

®Reagents and conditions: a) substituted benzewoesulthloride, pyridine, rt; b) 1M LiOHg,)
p-dioxane, 40°C; c) HBTU, DIPEA)-phenylenediamine, DMF, rt

Scheme 3. Synthetic route to compoundSa-15¢*

23c 15a R;= 4'-H
16b Rz= 2'-OH
15¢c R3= 2'-NH,, 5'-F
15d R3= 3'-NH,
15e Ry= 4'-NH,

®Reagents and conditions: a) ftha, 15¢c and15e, substituted aniline, DMF, rt; fai5b and 15d, i.
HBTU, DIPEA, substituted aniline, DMF, rt, ii. 10%GF, H,, MeOH, rt



Scheme 4. Synthetic route to compourd@éa®

®Reagents and conditions: a) Fe powder, ammoniunoridel IPA, HO, reflux; b)

p-methoxybenzenesulfonyl chloride, pyridine, rt; M LiOHq) p-dioxane, 40°C; d) HBTU,
DIPEA, o-phenylenediamine, DMF, rt

Scheme 5. Synthetic route to compoundéb and16¢®

~
b

29a X = OH ~

29b X = NH,

0 O
N\S s
X 02 02
IR LN
NO,
O OH
(o] (o]

30a X = OH 31a X = OH
30b X = NH 31b X = NH

16b X =0
16¢ X = NH

®Reagents and conditions: a) &, i. K,COs, methyl 4-formylbenzoate, DMF, rt; ii. 4410%Pd/C,

MeOH, rt; iii. 4-methoxybenzenesulfonyl chloride, yrpline, rt; for 30b, .
4-methoxybenzenesulfonyl chloride, pyridine, rt;Hp, 10%Pd/C, MeOH, rt; iii. NaBECN, methyl



4-formylbenzoate, MeOH, rt; b) 1M LiQk, p-dioxane, 40°C; c) HBTU, DIPEA,
o-phenylenediamine, DMF, rt

Scheme 6. Synthetic route to compourdéd?®
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®Reagents and conditions: a) Pd(BRh2N KoCOsnqy 4-(methoxycarbonyl)phenylboronic acid,
EtOH, toluene, reflux; b) Fe powder, ammonium cdadler IPA, HO, reflux; c¢)

4-methoxybenzenesulfonyl chloride, pyridine, rt; Oyl LiOHq) p-dioxane, 40°C; e) HBTU,
DIPEA, o-phenylenediamine, DMF, rt

Scheme 7. Synthetic route to compourdd®
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®Reagents and conditions: a) Benzyltriphenylphospimrbromide, NaOH, THF, rt; b) 10%Pd/C,
H,, MeOH, rt; c) 4-methoxybenzenesulfonyl chloridgrigine, rt
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Scheme 8. Synthetic route of compound§®

39 0o 18

®Reagents and conditions: a) HBTU, DIPEAphenylenediamine, DMF, rt
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Figure 1. Reported stilbene-based compounds, and HDACwndit inhibitors
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Figure 3. Structures of synthetic compound8<18).
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Figure 4. Compoundl6c induces significant apoptosis in KB-vin and KB-78&lls. (A-B) Effects of
indicated compounds on apoptosis in KB-vin and KB-¢klls. Compound6c increased levels of

the cleaved (activated) forms of PARPI2AX, caspase-3, -8, and -9 in a concentration-deeet
manner.
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Figure 5. Effect of Compound6c and the comparators on cell cycle progression atiddeath for
24 h. (A,C) Effects of indicated compounds on cgtlle alteration (A) and apoptosis (C) in KB-Vin
cells. (B, D) Effects of indicated compounds on cgtle alteration (B) and apoptosis (D) in KB-7D
cells. Cells were treated with indicated compouwith indicated concentrations for 24 h, and cell
lysates were analyzed and immunoblotted using figtemetry or indicated antibodies to observe
cell cycle changes and protein expression levelS, MS-275 8). ABT, ABT-751 (@2). Vin,

vincristine.
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Figure 6. Effect of Compound6c and the comparators on cell cycle progression atiddeath for
48h. (A,C) Effects of indicated compounds on cgtlle alteration (A) and apoptosis (C) in KB-Vin
cells. (B, D) Effects of indicated compounds on cgtle alteration (B) and apoptosis (D) in KB-7D
cells. Cells were treated with indicated compouwih indicated concentrations for 48 h, and cell
lysates were analyzed and immunoblotted using figtemetry or indicated antibodies to observe
cell cycle changes and protein expression levelS, MS-275 8). ABT, ABT-751 (@2). Vin,
vincristine.
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Figure 7. Compoundl6c induces G2/M arrest followed by subG1l accumulati@nB) Effects of
16¢ on cell cycle alterations in KB-Vin (A) and KB-7(B) cells. Cells were treated with indicated
compounds with indicated concentrations for indidatimes, and cell lysates were analyzed using
flow cytometry to observe cell cycle changes.
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Figure 8. Compoundl6c induces changes in microtubule assembly. Effectd6ofon (-tubulin
cytoskeleton morphology in KB-Vin (A) and KB-7D (Rklls. Cells were treated with indicated
compounds with indicated concentrations for 24rd eells were fixed and stained with indicated
antibody as described in Materials and Methods, Vincristine. Pac, paclitaxel. Left panel, nuclei
labeled with DAPI (blue fluorescence). Central gan@crotubule networks (green fluorescence).
Right panel, merged images. Scale bamb
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Figure 9. Effect of 16c on tubulin polymerization in KB-Viméd KB-7D cells.Drug resistant cell
line KB-Vin (A) and KB-7D (B) were lysed with a hgponic buffer in response to different drug
treatments for 16 h. Following cell lysis the pobmized (P) and the soluble (S) protein fractions
were separated by centrifugation, and each fragt@sresolved on adjacent lanes by electrophoresis
and stained witt-tubulin. The percentage of polymerized tubulin veddained by dividing the
densitometric value of the polymerized tubulin e ttotal tubulin content: P/(S+P)*100%. Vin,
vincristine. Pac, paclitaxel.



Research highlights

1. N-phenyl-4-(2-phenylsulfonamido)-benzamides act as Microtubule-targeting
agents.

2. 16c displays promising anticancer activity against resistant cancer cells.

3. 16c¢ induces cell cycle arrest at the G2/M phase.

4. 16c significantly inhibits microtubule polymerization.

5. 16c exhibited inhibitory potential against HDAC 1, 2 and 3.
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