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IC50=0.04, 3.17, 6.43 UM for T47D, BT549, MDA-MB-231
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ABSTRACT : A series of novel 3-amidoindole derivatives posses8i4,5-trimethoxylphenyl
groups were synthesized and evaluated for theiipratiferative and tubulin polymerization
inhibitory activities.Some of them demonstrated moderate to potent éesivin vitro against six
cancer cell lines including MCF-7, MDA-MB-231, BT84T47D, MDA-MB-468, and HS578T.
The most active compourf¥ inhibited the growth of T47D, BT549, and MDA-MB-2%ell lines
with 1C5p values at 0.04, 3.17, and 6.4Bl, respectivelyMoreover, the flow cytometric analysis
clearly revealed that compound 27 significantlyilimied growth of breast cancer cells through
arresting cell cycle in G2/M phasea a concentration-dependent manner. In addition, the
compound also exhibited the most potent anti-tubabtivity with 1G, values of 9.5uM, which
was remarkable, compared to CA-4. Furthermor, nubdecdocking analysis demonstrated the
interaction of the compoun@7 at the colchicine-binding site of tubulin. Thegelninary results
suggest that compoun®7 is a very promising tubulin-binding agent and isrthry of further
investigation aiming to the development of new pb& anticancer agents.
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1. Introduction

Microtubules are the basic components of cell stingcand have been an important therapeutic
target in tumour cells due to their crucial rolescell proliferation, trafficking, signaling and
migration in eukaryotic cells [1-3]. Microtubulerggeting agents that are able to modulate the
microtubule assembly by inhibiting tubulin polyneaiion or blocking microtubule disassembly
have attracted considerable interest in anti-cathezapy [4-7].

In the last decade, a large number of structudiltgrse tubulin polymerization inhibitors have
been identified [8-12]. Among them, combretastadid (CA-4, Figure 1) is one of the most
well-known antitubulin agents and its correspondprgdrug salt CA-4P has shown promising
results in human cancer clinical trials [13]. Mogerestingly, the replacement ck-olefin moiety
of CA-4 with indole core led to discover a 3-ardate @) with potent antitubulin activity.
Subsequently, by introducing methylene, sulfur acatbonyl bridges, 3-benzylindole3)(
3-arylthioindole 4) and 3-aroylindole&) have been developed as significant inhibitorsublulin
polymerization with potent antiproliferative actieis [14-17]. However, chemical modification of
incorporating amido bridge into 3-arylindole wast rxhaustively explored. Inspired by these
observations and as a part of our continuing eftortthe development of nitrogen-containing
heterocycles as novel antitumor agents [18-22], dssigned a series of novel 3-amidoindole
derivatives6-34 by incorporating an amido bridge into 3-positionidole core (Fig. 1), which
have, to our knowledge, not been reported solfathe present study, we described the detailed
synthetic routes, antiproliferative and tubulinyokrization inhibitory activities of these

compounds.

<Insert figurel here>

2. Chemistry

The synthetic route for target compoun@s34 was illustrated in Schemg. Substituted
2-aminobenzonitrile85 were converted to the correspondidgethoxycarbonylaniline86
by treatment with neat ethyl chloroformate (CKED at reflux. The subsequent

condensation, followed byrhorpe-Ziegler cyclization with various-bromoketones using
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potassium carbonate as base in dimethylformarti@F) provided the common intermediates
N-1-ethoxycarbonyl-2-substituted-3-aminoindol&3. These intermediates were subsequently
converted into the corresponding N-unsubstitutetblim38 after alkaline hydrolysis using sodium
hydroxide (NaOH) in aqueous ethanol, which had bi#lestrated in detail in our previously
reported approach [23]. Subsequently, the direcicleophilic substitution of commercially
available 3,4,5-trimethoxybenzoyl chloride and 3wanlH-indoles 38 in the presence of
triethylamine in anhydrous tetrahydrofuran solutigave the desired 3-amidoindole derivatives
6-34 in yields of 54.5-92.1%, respectively. The struesuof target compoundé-34 were
characterized with spectroscopic techniques inodtH NMR, *C NMR, and HRMS

spectroscopic techniques, and the spectral date agth the proposed structures.

<|nsert schemel here>

3. Results and Discussion
3.1 In vitro antiproliferative activity

All the synthesized 3-amidoindole derivativés34 were evaluated for theimn vitro
antiproliferative activities against a panel of fuman cancer cell lines (MCF-7, MDA-MB-231,
BT549,T47D, MDA-MB-468, and HS578T) by using MTT assayelassay results expressed as
ICs0 (LM) were summarized in Tablke and compared with the inhibitory activities ofedarence
compound, CA-4, one of the most potent natural linkhinding anticancer agents. Here, theoC
value represents the concentration of one compeesulting in a 50% inhibition in cell growth

after 72 h incubation, and is the average of thmdependent experiments.

<Inserttablel here>

Table 1 summarizes the growth inhibitory effects3edmidoindole derivative6-34 against
six human cancer cell lines, with CA-4 as a refeeecompound. In most cases, the antiproliferative
activities of the compounds were greater againet Td7D, BT549, and MDA-MB-231 cells
compared with the other three cell lines. Among theget 3-amidoindoles, 5 compounds
demonstrated potent antiproliferative activitiesiagt T47D cell lines with the ig value of < 7

3
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uM. While the most active compound identified inststudy was derivative7, which inhibited the
growth of T47D, BT549, and MDA-MB-231 cancer ceflds with 1G, values at 0.04, 3.17, and
6.43uM, respectively.

Further analysis clearly revealed that differertipanliferative activities were observed when
various substituents'RR? groups were introduced into the indole ring. Conirey R* substituents
at the C-6 position of the indole ring, it is cleaat compounds bearing methoxy groupa-84),
exhibit generally lower potency than the correspogdierivatives substituted with methyl, chloro,
and hydrogen moieties. For the substituedt Bompounds with a bulky 4-phenylphenyl or
naphthalenyl grouplQ, 17, 12) resulted in a drastic reduction in antiproliferatactivities against
tested cancer cell lines. Futhermore, replaceméthieophenyl ring (R with a heterocyclic ring
such as a thiazoler a furan moietied to an almost complete loss in the activity, 19, 28), which
indicated that the phenyl substitution on the iedehgmight played a crucial role in modulating
the antitumor activity. In addition, a comparisdnsabstituent effects revealed that replacement of
the electron-donating groups on the phenyl rindnwiectron-withdrawing atoms strongly increased
growth inhibitory propertiest 9 versus?7, 8 and16 versusl4, 15, 18 20 and26, 27 versus22, 23,
25).

To investigate the mechanism of action of thesepmmds on cancer cells, one represented
analogue€7 was evaluated for the influence on the cell cyetegression. In this study, BT549 cells
were treated with 2, 4 and 8V concentrations of compourlZ for 24 h. As shown in FigR,
analogue?7 displayed26.29% (2uM), 35.92% (4uM), and 56.58% (& M) of cell accumulation in
G2/M phase respectively, whereas in control (utéctaells) 8.88% and CA-4 (positive control, 8
uM) 72.90% of G2/M phase were observed. These dtarlg suggested that compour2d

induced a significant cell cycle arrest at thgMs phase in a concentration-dependent manner,

compared to untreated cells.

<Insert figure2 here>

3.2. Immunocytochemistry

To confirm the mechanism of action of these complsumve further investigated the effect of

the most active compourf¥ on tubulin organization in intact cells, and thenmotubule structure
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of cells was visualizedia immunocytochemistry. Confocal images depicted il B, displayed
that botha-tubulin andg-tubulin microtubules formed an intact network withe filaments in the
untreated BT549 cells. However, cells treated wi€huM of 27 for 6 h resulted in significant
disruption of both tubulin subtypes, loss of ceatuktructure, and formation of cell membrane
rounding. Furthermore, a 6 h exposure of BT54%dell20uM of compound7 led to an absolute
loss of microtubule formation (microtubules becashert and wrapped around the nucleus) and
remarkably affected the cell shape (turned roumtise results reveal that compo@¥dacts as an
antitubulin inhibitor by blocking cell cycle prog®ion and metaphase by disrupting spindle

assembly.

<Insert figure3 here>

3.3. Inhibition of in vitro tubulin polymerization

To investigate whether the antiproliferative adtes of these derivatives were related to an
interaction with the microtubule system, elevenrespntative active compounds were selected for
the evaluation of theiin vitro inhibitory activities against tubulin polymerizati at 10 uM
concentration, and CA-4 was also used as the referd he results were summarized in Tablk
was clear that there was a positive correlatiowéen the inhibition of tubulin polymerization and
antiproliferative activity of the tested compoundehe most potent compoun®?7 displayed
anti-tubulin activity with an 16 value of 9.5uM, which was in the same range as the reference

compound CA-4 (I = 4.2uM).

<|nsert table2 here>
3.4. Molecular studies

To investigate the possible binding mode for tleses of compounds, we selected the most
active compoun@7 to perform the molecular docking simulations oa tiolchicine binding site of
tubulin. As shown in Fig. 4, the results obtainge aimilar to those reported for arylindole
derivatives, with the trimethoxyphenyl ring in pnomty of BCys241 and the 2-chlorophenyl ring at
C-2 position of the indole setting up hydropholniteractions with th@Lys254,aVall81,Asn258
and pMet259 side chains [15]. On the other hand, thrgdrdgen bonds was observed: (i) The
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1-NH of the indole ring established a H-bond wiffhr179 (2.2 A); (ii) The carbonyl group of the
4-chlorobenzoyl moiety forms a hydrogen bond vBiksn258 (2.7 A). (i) One of the oxygens of
trimethoxyphenyl ring established a H-bond witbys241 (2.8 A).

<Insert figure4 here>

4. Conclusion

In the present study, 3,4,5-trimethoxylphenyl guyere introduced in 3-position of indole
cores to generate a series of novel 3-amidoindelwatives. The antiproliferative activities of the
synthesized compounds vitro were evaluated against MCF-7, MDA-MB-231, BT5497D,
MDA-MB-468, and HS578T cell lines. Most compoundasbnstrated significant antiproliferative
activity against six human cancer cell lines emptbyn this study. The Kg values of the most
promising compoun@7 were 0.04, 3.17, and 6.4 against T47D, BT549, and MDA-MB-231
cell lines, respectivelyMoreover, an immunofluorescence study of compoRnidevealed that its
target was most likely tubulin. In addition, theng@ound 27 also exhibited the most potent
anti-tubulin activity with 1@, values of 9.51M, which was remarkable, compared to CA4. These
preliminary results demonstrate that compof@ids a very promising tubulin-binding agent and is

worthy of further investigation aiming to the dem@inent of new potential anticancer agents.

5. Experimental protocols
5.1 Chemistry

'H NMR and®C NMR spectra were recorded on a Mercury-Plus 4@@tsometer in CDGlor
DMSO-d; solution and chemical shifts were recorded ingppgr million (ppm) with TMS as the
internal reference. High-resolution mass spectraRMI$) performed on an Agilent
QTOF 6540 mass spectrometer. Melting points (mpewaken on a Buchi B-545 melting point
apparatus and are uncorrected. Unless otherwigsl netagents were purchased from commercial
suppliers and used without further purification Metall solvents were redistilled before use.
General procedure for the preparation of 3-amidaledderivative$-34.

To a solution of 3-amidoindole derivativés34 (1.50 mmol) in THF (10 mL), triethylamine
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(0.227 g, 2.25 mmol) was added at 0°C. At this terajure, the reaction mixture was stirred for 20
min before the addition of 3,4,5-trimethoxybenzolgloride (2.25 mmol) in dry THF (5 mL). The
resulting mixture was stirred at room temperatune& h and was then concentrated on a rotary
evaporator. The crude product obtained was pounéal 20 mL of water and extracted with
dichloromethane. The combined organic extracts wla@ged over anhydrous MgSOand
concentrated in vacuo. The crude residue was pdrllly column chromatography using a mixture
of petroleum ether and acetone as an eluent to thigewhite solid compounds in yields of
54.5-92.1%.

5.1.1 N-(2-(4-fluorobenzoyl)-6-methyl-1H-indol-3-8l4,5-trimethoxybenzamidé)( Yield, 78.0%;
mp: 251.2—-251.8°CH NMR (400 MHz, DMSO-g) &: 2.44 (s, 3H, Ch), 3.71 (s, 3H, CkD), 3.79

(s, 6H, 2xCHO), 6.92-6.97 (m, 3H, ArH), 7.25 (dd, = 8.8 Hz,J, = 5.2 Hz, 3H, ArH), 7.55 (d] =
8.0 Hz, 1H, ArH), 7.81 (dd}); = 4.0 Hz,J;, = 6.0 Hz, 2H, ArH), 10.01 (s, 1H, NH), 11.68 ($],1
NH). **C NMR (100 MHz, DMSO-g) &: 186.63, 165.43, 152.82, 140.45, 136.85, 135.80,90,
129.78, 122.55, 121.88, 121.66, 119.80, 115.60,3915112.49, 105.24, 60.48, 56.32, 22.07.
HRMS (ESI) m/z: calcd for &H23FN,Os (M+H™) 463.1591 found 463.1752.

5.1.2 3,4,5-trimethoxy-N-(6-methyl-2-(4-methylbehzbH-indol-3-yl)benzamidery. Yield, 92.1%;
mp: 252.2-252.6°C*H NMR (400 MHz, DMSO-g) &: 2.26 (s, 3H, Ch), 2.44 (s, 3H, Ch), 3.71

(s, 3H, CHO), 3.79 (s6H, 2xCHO0), 6.93 (dJ= 4.0 Hz,2H, ArH), 7.22 (dJ= 7.6 Hz, 2H ,ArH),
7.27 (s, 1H, ArH), 7.42 (s, 1H, ArH), 7.55 (@i= 8.8 Hz, 1H, ArH), 7.67 (d) = 8.0 Hz, 2H, ArH),
9.99 (s, 1H, NH), 11.61 (s, 1H, NHJC NMR (100 MHz, DMSO-g) &: 187.69, 165.41, 152.78,
142.47, 140.37, 136.73, 136.12, 135.65, 129.90,472922.43, 121.89, 119.76, 112.47, 108.15,
105.31, 60.48, 56.32, 22.07. HRMS (ESI) m/z: céitedCy7Ho6N20s (M+H") 459.1842 found
459.2006.

5.1.3 N-(2-benzoyl-6-methyl-1H-indol-3-yl)-3,4,5xtethoxybenzamide8), Yield, 79.5%; mp:
250.1-250.7°C*H NMR (400 MHz, DMSO-g) &: 2.44 (s, 3H, Ch), 3.71 (s, 3H, CkD), 3.78 (s,
6H, 2xCHO), 6.90 (s2H, ArH), 6.96 (dJ= 8.4 Hz, 1H, ArH), 7.28 (s H, ArH), 7.42 (tJ=14.8
Hz, 2H, ArH), 7.49 (dJ = 7.2 Hz, 1H, ArH), 7.55 (dJ = 8.4 Hz, 1H, ArH), 10.01 (s, 1H, NH),
11.65 (s, 1H, NH)*C NMR (100 MHz, DMSO-¢) &: 187.98, 165.38, 152.78, 140.38, 138.77,
136.84, 135.82, 132.32, 129.30, 122.48, 121.81,9B19112.49, 105.27, 60.48, 56.35, 22.08.
HRMS (ESI) m/z: calcd for &H24N205 (M+H") 445.1685 found 445.1847.

5.1.4 N-(2-(4-chlorobenzoyl)-6-methyl-1H-indol-3-814,5-trimethoxybenzamide 9)( Yield,
77.7%; mp: 252.2-252.8°CH NMR (400 MHz, DMSO-g) &: 2.44 (s, 3H, Ch), 3.70 (s, 3H,
CHs30), 3.80 (spH, 2xCHO), 6.90 (s2H, ArH), 6.96 (dJ = 8.4 Hz, 1H, ArH), 7.27 (d, 1H, ArH),
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7.46 (sJ = 8.4 Hz,2H, ArH), 7.55 (d,J = 8.0 Hz,2H, ArH), 7.72 (dJ= 8.4 Hz, 2H, ArH), 10.00 (s,
1H, NH), 11.70 (s, 1H, NHJ*C NMR (100 MHz, DMSO-¢) 5: 186.82, 165.49, 152.82, 140.43,
137.55, 136.96, 136.07, 131.03, 129.72, 128.56,0027122.62, 121.66, 120.04, 112.50, 105.19,
60.45, 56.30, 22.09. HRMS (ESI) m/z: calcd fegtGsCIN,Os (M+H") 479.1295 found 479.1403.

5.1.5 N-(2-(biphenylcarbonyl)-6-methyl-1H-indol-B-8,4,5-trimethoxybenzamide 1Q). Yield,
83.0%; mp: 267.2—267.6°CH NMR (400 MHz, DMSO-g) &: 2.45 (s, 3H, Ch), 3.61 (s, 3H,
CH30), 3.70 (spH, 2xCHO0), 6.96 (dJ = 12.4 Hz, 3H, ArH), 7.29 (4H, ArH), 7.39-7.46 (m3H,
ArH), 7.55 (dd,J; = 7.6 Hz,J, = 8.8 Hz, 3H ,ArH), 7.67 (d)= 7.6 Hz, 2H ,ArH), 7.84 (d)= 8.0
Hz, 2H, ArH), 10.02 (s, 1H, NH), 11.70 (s, 1H, NEC NMR (100 MHz, DMSO-g¢) : 187.51,
165.42, 152.75, 139.54, 137.63, 136.88, 135.88,982929.36, 128.54, 127.28, 127.12, 126.71,
122.53, 122.02, 120.08, 105.29, 60.36, 56.21, 22HHRMS (ESI) m/z: calcd for £H2gN2O5
(M+H") 521.1998 found 521.2107.

5.1.6 3,4,5-trimethoxy-N-(6-methyl-2-(thiophenea?Pbonyl)-1H-indol-3-yl)benzamidgll). Yield,
69.0%; mp: 244.2—244.5°CH NMR (400 MHz, DMSO-g) &: 3.73 (s, 3H, ChD), 3.83 (s6H,
2xCH;0), 7.14(dJ = 6.0 Hz,2H, ArH), 7.19 (tJ = 8.4 Hz,2H, ArH), 7.51 (s, 1H, ArH), 7.73 (d,

= 8.4 Hz, 1H, ArH), 7.84 (d] = 3.6 Hz, 1H, ArH), 8.04 (d] = 4.8 Hz,1H, ArH), 10.32 (s, 1H, NH),
11.95 (s, 1H, NH)}*C NMR (100 MHz, DMSO-g) &: 179.28, 165.44, 153.00, 143.45, 140.68,
136.16, 135.34, 134.30, 130.41, 129.70, 128.78,7823.22.30, 120.95, 119.03, 112.47, 105.47,
60.52, 56.43. HRMS (ESI) m/z: calcd fops819CIN,OsS (M+H') 471.1093 found 471.0816.

5.1.7 N-(2-(2-naphthoyl)-6-methyl-1H-indol-3-yl4FH-trimethoxybenzamidely). Yield, 79.7%;
mp: 257.7-258.8°C*H NMR (400 MHz, DMSO-g) &: 2.44 (s, 3H, Ch), 3.68 (s,9H, 3xCHO),
6.70 (s, 2H, ArH), 6.95 (dl = 8.0 Hz, 1H, ArH), 7.28 (sLH, ArH), 7.45 (tJ= 15.2 Hz, 1H, ArH),
7.55-7.59 (m3H, ArH), 7.73 (dJ= 6.8 Hz, 1H, ArH), 7.93-7.87 (i2H, ArH), 8.16 (dJ= 8.0 Hz,
1H, ArH), 9.93 (s, 1H, NH), 11.68 (s, 1H, NHC NMR (100 MHz, DMSO-g) &: 188.68, 165.37,
152.65, 140.35, 136.34, 133.66, 131.25, 129.65,5428.27.90, 127.29, 126.55, 125.11, 122.60,
121.24, 112.57, 105.13, 60.47, 56.22, 22.12. HRMSI) m/z: calcd for gH2eN.Os (M+H")
495.1842 found 495.1947.

5.1.8 N-(2-(4-fluorobenzoyl)-1H-indol-3-yl)-3,4 Briethoxybenzamideld). Yield, 88.3%; mp:
255.2—-255.9°C*H NMR (400 MHz, DMSO-g) &: 3.70 (s, 3H, CkD), 3.79 (sfH, 2xCHO0), 6.92
(s,2H, ArH), 7.12 (tJ = 14.8 Hz, 1H, ArH), 7.26 (1= 16.0 Hz, 2H, ArH), 7.35 (1 = 15.2 Hz, 1H,
ArH), 7.50 (d,J= 8.4 Hz, 1H, ArH), 7.65 (dJ = 8.4 Hz, 1H, ArH), 7.81-7.84 (n2H, ArH), 10.03

(s, 1H, NH), 11.84 (s, 1H, NH)*C NMR (100 MHz, DMSO-g) &: 186.85, 165.62, 152.80, 140.48,
137.43, 137.06, 136.46, 131.15, 130.67, 129.51,6P2828.23, 123.57, 122.65, 121.01, 119.51,
112.48, 105.30, 60.45, 56.33. HRMS (ESI) m/z: cébedCosH21FN,Os (M+H™) 448.1434 found
448.1577.
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5.1.9 3,4,5-trimethoxy-N-(2-(4-methylbenzoyl)-1eah3-yl)benzamidg14). Yield, 75.3%; mp:
241.5-241.8°C*H NMR (400 MHz, DMSO-g) &: 2.26 (s, 3H, Ch), 3.70 (s, 3H, CkD), 3.78 (s,
6H, 2xCHO0), 6.92 (s2H, ArH), 7.12 (dJ= 7.2 Hz, 1H, ArH), 7.28 (d)J= 7.6 Hz, 2H, ArH), 7.33

(t, J=14.8 Hz, 2H, ArH), 7.50 (d] = 6.6 Hz, 1H, ArH), 7.64 (d) = 8.0 Hz, 1H, ArH), 7.69 (d] =

7.6 Hz, 2H, ArH), 10.00 (s, 1H, NH), 11.77 (s, I#H). **C NMR (100 MHz, DMSO-¢) 5: 187.83,
165.54, 152.78, 142.67, 140.37, 136.12, 135.95,922927.85, 125.86, 123.94, 121.86, 120.26,
119.23, 113.10, 105.32, 60.46, 56.32, 21.42. HRMSIY m/z: calcd for gH24N2Os (M+H™)
445.1685 found 445.1888.

5.1.10 N-(2-benzoyl-1H-indol-3-yl)-3,4,5-trimethbepzamide 15). Yield, 74.5%; mp:
248.6—248.9°C*H NMR (400 MHz, DMSO-g) &: 3.70 (s, 3H, CHD), 3.78 (s6H, 2xCHO), 6.90
(s,2H, ArH), 7.12 (tJ = 14.8 Hz, 1H, ArH), 7.34 (] = 15.2 Hz,1H, ArH), 7.43 (t,J = 14.8 Hz, 2H,
ArH), 7.51 (d,J = 8.4 Hz, 2H, ArH), 7.65 (d] = 8.0 Hz, 1H ,ArH), 10.02 (s, 1H, NH), 11.80 (s,,1H
NH). **C NMR (100 MHz, DMSO-g) 5: 188.14, 165.52, 152.77, 138.59, 136.24, 132.28,87,
129.36, 129.14, 128.73, 128.51, 127.71, 126.01,9023121.88, 119.42, 105.28, 60.48, 56.36.
HRMS (ESI) m/z: calcd for &H2,N,05 (M+H") 431.1529 found 431.1704.

5.1.11 N-(2-(4-bromobenzoyl)-1H-indol-3-yl)-3,4rbrethoxybenzamidel§). Yield, 81.0%; mp:
253.3-253.8°C*H NMR (400 MHz, DMSO-g) &: 3.72 (s, 3H, ChD), 3.81 (spH, 2xCH0), 6.91
(s,2H, ArH), 7.13 (tJ = 15.2 Hz, 1H, ArH), 7.36 (] = 15.2 Hz, 2H, ArH), 7.50 (dl = 8.4 Hz, 1H,
ArH), 7.61 (d,J = 7.6 Hz, 2H, ArH), 7.67 (d] = 7.6 Hz,3H, ArH), 10.01 (s, 1H, NH), 11.85 (s, 1H,
NH). *C NMR (100 MHz, DMSO-g¢) &: 187.17, 165.63, 152.82, 140.43, 137.70, 136.34,5P,
131.20, 129.71, 127.52, 126.25, 123.90, 121.76,4%20119.59, 113.16, 105.18, 60.45, 56.32.
HRMS (ESI) m/z: calcd for &H21BrN,Os (M+H™) 509.0634 found 509.10735.

5.1.12 N-(2-(biphenylcarbonyl)-1H-indol-3-yl)-3,4methoxybenzamidel). Yield, 74.3%; mp:
266.6—267.1°C*H NMR (400 MHz, DMSO-g) &: 3.61 (s, 3H, CHD), 3.70 (s6H, 2xCHO), 6.94
(s,2H, ArH), 7.13 (tJ = 14.8 Hz, 1H, ArH), 7.35-7.47 (mMH, ArH), 7.53 (tJ = 16.4 Hz, 3H, ArH),
7.64-7.69 (m2H, ArH), 7.85 (d,J = 8.0 Hz, 2H, ArH), 10.02 (s, 1H, NH), 11.84 (s,,1&H).*C
NMR (100 MHz, DMSO-¢) 4: 187.68, 165.55, 152.75, 139.51, 137.45, 136.20,0b, 129.80,
129.38, 128.58, 127.86, 127.14, 126.74, 124.03581913.16, 105.31, 60.37, 56.22. HRMS (ESI)
m/z: calcd for GiH26N2Os (M+H™) 507.1842 found 507.1927.

5.1.13 3,4,5-trimethoxy-N-(2-(3-methoxybenzoyl)idbl-3-yl)benzamidelB). Yield, 70.0%; mp:
256.1-256.6°C*H NMR (400 MHz, DMSO-g) &: 3.71 (d,J = 6.8 Hz, 6H, 2xCHD), 3.78 (s6H,
2xCH;0), 6.91 (s2H, ArH), 7.02-7.12 (m2H, ArH), 7.26 (s1H, ArH), 7.33 (d,J = 8.0 Hz, 2H,
ArH), 7.50 (d,J = 8.4 Hz,1H, ArH), 7.67 (dJ= 8.0 Hz, 1H, ArH), 10.13 (s, 1H, NH), 11.82 (s,,1H
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NH). *C NMR (100 MHz, DMSO-g¢) &: 187.76, 165.49, 159.24, 152.80, 139.68, 136.30,5D,
129.78, 129.61, 123.75, 122.57, 121.64, 118.88,7913112.46, 105.23, 60.50, 56.30, 55.48.
HRMS (ESI) m/z: calcd for &H24N20¢ (M+H") 461.1634 found 461.1855.

5.1.143,4,5-trimethoxy-N-(2-(thiophene-2-carbonyl)-1H-oh@-yl)benzamide 10). Yield, 80.1%;
mp: 245.2—246.0°C‘H NMR (400 MHz, DMSO-¢) &: 3.73 (s, 3H, CkD), 3.83 (s6H, 2xCHO),
7.14 (d,J=5.2 Hz,3H, ArH), 7.20 (t,J= 8.4 Hz,1H, ArH), 7.35 (tJ=15.2 Hz, 1H ,ArH), 7.50 (d,
J=8.0 Hz,1H, ArH), 7.70 (dJ = 8.0 Hz, 1H, ArH), 7.86 (d) = 7.2 Hz, 1H, ArH), 8.02 (d]= 4.8
Hz, 1H, ArH), 10.28 (s, 1H, NH), 11.79 (s, 1H, NH}C NMR (100 MHz, DMSO-g) 5: 179.45,
165.46, 152.99, 143.70, 136.06, 135.05, 134.18,912928.72, 125.88, 123.61, 122.03, 119.11,
113.15, 105.45, 60.51, 56.42. HRMS (ESI) m/z: cébedCyHo0N20sS (M+H') 437.1093 found
437.1213.

5.1.15 3,4,5-trimethoxy-N-(2-(4-methoxybenzoyl)midbl-3-yl)benzamide2Q). Yield, 64.9%; mp:
256.0—-256.7°C*H NMR (400 MHz, DMSO-g) &: 3.72 (d,J = 3.2 Hz, 6H, 2xCKD), 3.78 (s6H,
2xCHz0), 6.94 (s, 1H, ArH), 6.96 (s, 3H, ArH), 7.12 (05 8.4 Hz, 1H, ArH), 7.33 (tJ = 15.2 Hz,
1H, ArH), 7.49 (d,J = 8.0 Hz, 1H, ArH), 7.63 (dJ = 8.0 Hz, 1H, ArH), 7.79 (d) = 8.4 Hz, 2H,
ArH), 10.00 (s, 1H, NH), 11.75 (s, 1H, NHJC NMR (100 MHz, DMSO-g¢) &: 186.80, 165.59,
162.96, 152.81, 140.39, 135.99, 131.79, 131.11,992928.03, 125.66, 124.01, 121.78, 120.21,
118.71, 113.93, 113.05, 105.35, 60.48, 56.30, 55HRMS (ESI) m/z: calcd for £H24N2Og
(M+H") 461.1634 found 461.1858.

5.1.16 N-(6-chloro-2-(4-fluorobenzoyl)-1H-indol-8-8,4,5-trimethoxybenzamide(21). Yield,
76.2%; mp: 254.1-254.6°CH NMR (400 MHz, DMSO-g) &: 3.71 (s, 3H, CkED), 3.79 (s6H,
2xCH;0), 6.92 (s2H, ArH), 7.16 (dJ = 8.8 Hz, 1H, ArH), 7.26 (t) = 15.6 Hz, 2H, ArH), 7.51 (s,
1H, ArH), 7.69 (dJ= 8.8 Hz, 1H, ArH), 7.83 (dd}; = 5.6 Hz,J, = 5.6 Hz,2H, ArH), 10.08 (s, 1H,
NH), 11.98 (s, 1H, NH)-*C NMR (100 MHz, DMSO-g) 5: 186.85, 165.62, 152.83, 140.53, 136.36,
132.20, 132.11, 129.57, 128.26, 123.53, 122.57,0021119.26, 115.73, 115.51, 105.27, 60.49,
56.34. HRMS (ESI) m/z: calcd for,€H,0CIFN,Os (M+H") 483.1045 found 483.1143.

5.1.17 N-(6-chloro-2-(4-methylbenzoyl)-1H-indol43-¥,4,5-trimethoxybenzamide 23). Yield,
74.6 %; mp: 255.7-256.5°CH NMR (400 MHz, DMSO-g) &: 2.26 (s, 3H, Ch), 3.70 (s, 3H,
CH30), 3.78 (sBH, 2xCHO0), 6.91 (s2H, ArH), 7.14 (dJ= 8.4 Hz, 1H, ArH), 7.23 (d)= 7.6 Hz,
2H, ArH), 7.50 (s,1H, ArH), 7.68 (d,J = 8.0 Hz, 3H, ArH), 10.05 (s, 1H, NH), 11.92 (s,,1¥H).
3C NMR (100 MHz, DMSO-g) &: 187.67, 165.57, 152.86, 142.98, 140.52, 136.28,7B, 129.60,
129.20, 127.85, 123.69, 122.65, 120.83, 119.21.4¥1205.39, 60.52, 56.38, 21.43. HRMS (ESI)
m/z: calcd for GeH23CINLOs (M+H™Y) 479.1295 found 479.1388.

5.1.18 N-(6-chloro-2-benzoyl-1H-indol-3-yl)-3,4fhvtethoxybenzamide28). Yield, 85.1%; mp:
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259.2-259.9°C*H NMR (400 MHz, DMSO-¢) &: 3.70 (s, 3H, CkD), 3.77 (spH, 2xCHO), 6.89
(s,2H, ArH), 7.15 (d,J = 8.8 Hz, 1H, ArH), 7.43 (t) = 15.2 Hz, 2H ,ArH), 7.52 (d] = 6.0 Hz,2H,
ArH), 7.69 (d,J = 8.8 Hz, 1H, ArH), 7.78 (d] = 7.6 Hz, 2H, ArH), 10.07 (s, 1H, NH), 11.95 (s,,1H
NH). ¥*C NMR (100 MHz, DMSO-¢) &: 186.85, 165.52, 152.83, 140.53, 136.36, 132.2@,11,
130.61, 129.57, 128.26, 123.53, 122.57, 121.00,2619115.73, 115.51, 111.24, 105.27, 60.49,
56.34. HRMS (ESI) m/z: calcd for,@H,,CIN,Os (M+H") 465.1139 found 465.1256.

5.1.19 N-(6-chloro-2-(4-methoxybenzoyl)-1H-indo#B3,4,5-trimethoxybenzamidé€24). Yield,
87.0%; mp: 256.0-256.6°GH NMR (400 MHz, DMSO-g) &: 3.72 (d,J = 4.4 Hz, 6H, 2xCHD),
3.78 (s,6H, 2xCHO0), 6.96 (t,J = 8.4 Hz, 4H, ArH), 7.14 (d) = 8.8 Hz, 1H, ArH), 7.51 (slH,
ArH), 7.67 (d,J = 8.4 Hz, 1H, ArH), 7.79 (d] = 8.4 Hz, 2H, ArH), 10.05 (s, 1H, NH), 11.91 (s,,1H
NH). *C NMR (100 MHz, DMSO-g¢) &: 186.61, 165.55, 163.06, 152.82, 140.48, 136.83,8P,
130.83, 130.21, 129.77, 128.67, 123.54, 122.70,8220118.71, 113.99, 112.38, 105.38, 60.48,
56.31, 55.83. HRMS (ESI) m/z: calcd fopeH23CIN,Og (M+H™) 495.1245 found 495.1353.

5.1.20 N-(6-chloro-2-(3-methoxybenzoyl)-1H-indo#B3,4,5-trimethoxybenzamide25). Yield,
65.3%; mp: 254.2-254.7°CH NMR (400 MHz, DMSO-g) &: 3.71 (d,J = 2.4 Hz, 6H, 2xCkD),
3.78 (s,6H, 2xCHO), 6.91 (s2H, ArH), 7.07 (d,J =4.8 Hz, 1H, ArH), 7.14 (dJ = 8.8 Hz, 1H,
ArH), 7.26 (s,1H, ArH), 7.34 (dJ= 4.8 Hz, 2H, ArH), 7.51 (slH, ArH), 7.67 (dJ = 8.8 Hz, 1H,
ArH), 10.07 (s, 1H, NH), 11.96 (s, 1H, NHJC NMR (100 MHz, DMSO-g) &: 187.76, 165.49,
159.24, 152.80, 139.68, 136.37, 130.59, 129.78,6129.23.75, 122.57, 121.64, 118.88, 113.79,
112.46, 105.23, 60.50, 56.30, 55.48. HRMS (ESI): métcd for GgH23CIN,Op (M+H") 495.1245
found 495.1353.

5.1.21 N-(6-chloro-2-(3-bromobenzoyl)-1H-indol-3-yl)-3,4/5methoxybenzamide 2¢). Yield,
65.4%; mp: 241.2—241.9°CH NMR (400 MHz, DMSO-g) &: 3.70 (s, 3H, CkD), 3.79 (s6H,
2xCHz0), 6.95 (s2H, ArH), 7.14 (dJ= 8.4 Hz, 1H, ArH), 7.36 (t)= 15.2 Hz, 1H, ArH), 7.52 (s,
1H, ArH), 7.70 (dd,J; = 8.4 Hz,J, = 12.4 Hz, 3H, ArH), 7.85 (slH, ArH), 10.27 (s, 1H, NH),
12.05 (s, 1H, NH)*C NMR (100 MHz, DMSO-¢) §: 187.76, 165.49, 159.24, 152.80, 139.68,
136.37, 130.59, 129.78, 129.61, 123.75, 122.57,6121120.95, 119.53, 118.88, 113.79, 112.46,
105.23, 60.50, 56.30. HRMS (ESI) m/z: calcd fossHGoCIBrN.Os (M+HY) 543.0244 found
543.0329.

5.1.22 N-(6-chloro-2-(4-chlorobenzoyl)-1H-indol-8-8,4,5-trimethoxybenzamide27). Yield,
67.8%; mp: 248.1-248.9°CH NMR (400 MHz, DMSO-g) &: 3.71 (s, 3H, CHD), 3.80 (s6H,
2xCH;0), 6.93 (s2H, ArH), 7.14 (dJ = 8.8 Hz, 1H, ArH), 7.46 (d) = 8.0 Hz, 2H, ArH), 7.53 (s,
1H, ArH), 7.70 (dJ= 8.8 Hz, 1H, ArH), 7.75 (d] = 8.0 Hz,2H, ArH), 10.20 (s, 1H, NH), 12.03 (s,
1H, NH).C NMR (100 MHz, DMSO-g¢) &: 186.85, 165.62, 152.80, 140.48, 137.33, 137.06,
136.46, 131.15, 130.67, 129.51, 128.62, 128.23,5123122.57, 121.01, 119.51, 105.30, 60.45,
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56.33. HRMS (ESI) m/z: caled for:@4,0ClN,Os (M+H*) 499.0749 found 499.0849.

5.1.21 N-(6-chloro-2-(furan-2-carbonyl)-1H-indol-3-yl)-3 3-trimethoxybenzamide 2§). Yield,
62.7%; mp: 241.2—241.8°CH NMR (400 MHz, DMSO-g) &: 3.75 (s, 3H, ChD), 3.85 (s6H,
2xCHz0), 6.95 (s1H, ArH), 7.15 (d,J = 8.8 Hz, 1H, ArH), 7.24 (2H, ArH), 7.42 (s1H, ArH),
7.54 (s,1H, ArH), 7.81 (dJ = 8.8 Hz, 1H, ArH), 8.03 ($H, ArH), 10.52 (s, 1H, NH), 11.87 (s, 1H,
NH). *C NMR (100 MHz, DMSO-g¢) &: 165.62, 153.09, 152.01, 140.80, 140.48, 136.30,7D,
129.86, 126.62, 124.29, 121.64, 120.87, 120.47,8119113.14, 112.54, 105.55, 60.54, 56.48.
HRMS (ESI) m/z: calcd for §H16CIN;Os (M+H") 455.0932 found 455.1026.

5.1.22 N-(6-chloro-2-(thiophene-2-carbonyl)-1H-imdayl)-3,4,5-trimethoxybenzamid29). Yield,
66.0%; mp: 244.2—244.5°CH NMR (400 MHz, DMSO-g) &: 3.73 (s, 3H, CkD), 3.83 (s6H,
2xCH;0), 7.14(dJ= 6.0 Hz,2H, ArH), 7.19 (tJ = 8.4 Hz,2H, ArH), 7.51 (s, 1H, ArH), 7.73 (d,

= 8.4 Hz, 1H, ArH), 7.84 (d] = 3.6 Hz, 1H, ArH), 8.04 (d] = 4.8 Hz,1H, ArH), 10.32 (s, 1H, NH),
11.95 (s, 1H, NH)*C NMR (100 MHz, DMSO-g) &: 179.28, 165.44, 153.00, 143.45, 140.68,
136.16, 135.34, 134.30, 130.41, 129.70, 128.78,782322.30, 120.95, 119.03, 112.47, 105.47,
60.52, 56.43. HRMS (ESI) m/z: calcd fogs819CIN,OsS (M+H') 471.1093 found 471.0816.

5.1.21 N-(6-chloro-2-(3,4-difluorobenzoyl)-1H-indol-3-y84,5-trimethoxybenzamide0). Yield,
76.8%; mp: 254.3—254.8°CH NMR (400 MHz, DMSO-g) &: 3.72 (s, 3H, ChD), 3.80 (s6H,
2xCH;0), 6.96 (s2H, ArH), 7.16 (ddJ, = 0.4 Hz,J, = 0.4 Hz, 1H, ArH), 7.47-7.52 (n2H, ArH),
7.60 (s,1H, ArH), 7.74 (ddJ; = 0.8 Hz,J; = 0.8 Hz, 2H, ArH), 10.15 (s, 1H, NH), 12.04 (s,,1H
NH). **C NMR (100 MHz, DMSO-g) &: 185.54, 165.62, 152.87, 140.66, 136.53, 130.90,34,
127.88, 123.48, 122.53, 121.15, 119.61, 118.68,5018117.94, 117.76, 112.49, 105.21, 60.51,
56.30. HRMS (ESI) m/z: calcd for§H:14CIFoN.Os (M+H™) 501.0951 found 501.1049.

5.1.22  N-(6-chloro-2-(3-hydroxy-4-methoxybenzo}tdol-3-yl)-3,4,5-trimethoxybenzamide
(31). Yield, 54.5%; mp: 247.7—248.0°&4 NMR (400 MHz, DMSO-g) &: 3.72 (d,J = 4.4 Hz, 6H,
2xCH;0), 3.79 (spH, 2xCHO), 6.89 (dJ = 8.8 Hz,1H, ArH), 6.98 (s, 2H, ArH), 7.14 (dd; =
2.0 Hz,J, = 1.6 Hz, 1H, ArH), 7.29 (d) = 6.8 Hz, 2H, ArH), 7.49 (d) = 1.6 Hz, 1H, ArH), 7.68 (d,

J = 8.8 Hz, 1H, ArH), 10.06 (s, 1H, NH), 11.84 (s,,I4H).**C NMR (100 MHz, DMSO-¢) &:
186.76, 165.54, 158.62, 152.84, 152.00, 146.66,454(36.01, 131.02, 129.97, 128.48, 123.62,
122.52, 120.72, 118.72, 116.04, 112.33, 114.45,.310560.48, 56.30, 56.08. HRMS (ESI)
m/z: calcd for G/H,eN2Og (M+K ™) 544.1689 found 544.4191.

5.1.22 3,4,5-trimethoxy-N-(6-methoxy-2-(4-methorygbgl)-1H-indol-3-yl)benzamide3Z). Yield,
86.0%; mp: 258.8-259.7°CH NMR (400 MHz, DMSO-g) &: 3.72 (s, 6H, 2xCkD), 3.79 (s6H,
2xCH;0), 3.83 (s,3H, CH0), 6.77 (ddJ; = 1.6 Hz,J, = 2.0 Hz, 1H, ArH), 6.91-6.95 (m, 3H,
ArH), 6.98 (s, 2H, ArH), 7.57 (dl = 8.8 Hz, 1H, ArH), 7.76 (d] = 8.4 Hz, 2H, ArH), 10.08 (s, 1H,
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NH), 11.55 (s, 1H, NH):*C NMR (100 MHz, DMSO-g) 8: 186.22, 165.33, 162.66, 159.04, 152.84,
137.47, 131.88, 131.41, 129.93, 126.63, 123.32,3220120.32, 118.13, 112.21, 105.36, 60.49,
56.31, 55.77, 55.62. HRMS (ESI) m/z: calcd fortGeN,O7 (M+H™) 491.1740 found 491.1912.

5.1.213,4,5-trimethoxy-N-(6-methoxy-2-benzoyl-1H-indgih®enzamide 33). Yield, 84.2%; mp:
259.3-259.6°C*H NMR (400 MHz, DMSO-g) &: 3.71 (s, 3H, ChD), 3.79 (spH, 2xCHO), 3.83
(s,3H, CHO0), 6.77 (ddJ; = 1.6 Hz,J, = 2.0 Hz, 1H, ArH), 6.91-6.93 (m, 3H, ArH), 7.43 Jt=
14.8 Hz,2H, ArH), 7.50 (dJ= 7.2 Hz, 1H, ArH), 7.60 (d] = 9.2 Hz, 1H, ArH), 10.11 (s, 1H, NH),
11.59 (s, 1H, NH)}*C NMR (100 MHz, DMSO-g) &: 187.43, 165.29, 159.29, 152.82, 140.47,
138.94, 137.79, 132.15, 129.81, 129.20, 128.49,312423.47, 121.11, 118.00, 112.34, 105.30,
94.12, 60.50, 56.37, 55.63. HRMS (ESI) m/z: catid €¢H24N-0s (M+H™) 461.1634 found
461.1740.

5.1.22 3,4,5-trimethoxy-N-(6-methoxy-2-(4-methytogt)-1H-indol-3-yl)benzamide 34). Yield,
88.9%; mp: 253.2—253.7°CH NMR (400 MHz, DMSO-g) &: 2.27 (s, 3H, Ch), 3.71 (s, 3H,
CH30), 3.80 (spH, 2xCHO), 3.83 (s3H, CH0), 6.77 (ddJ; = 2.0 Hz,J, = 0.8 Hz, 1H, ArH),
6.91 (d,J = 1.6 Hz, 1H, ArH), 6.96 (s, 2H, ArH), 7.22 (8= 8.0Hz,2H, ArH), 7.59 (dJ = 8.8 Hz,
1H, ArH), 7.66 (dJ = 8.0 Hz, 2H, ArH), 10.09 (s, 1H, NH), 11.56 (s,, #H).**C NMR (100 MHz,
DMSO-&) 6: 187.17, 165.27, 159.18, 152.83, 142.26, 140.45,.6b6, 136.27, 129.85, 129.37,
129.06, 126.43, 123.47, 120.94, 118.01, 112.25,05.3B, 94.13, 60.47, 56.33, 55.62, 21.40.
HRMS (ESI) m/z: calcd for §H2eN2>Os (M+H™) 475.1791 found 475.1990.

5.2 Biological evaluation

5.2.1 Antitumor activity

The antitumor activities of compounds-34 were evaluated with MCF-7, MDA-MB-231,
BT549, T47D, MDA-MB-468, and HS578T cell lines byhet standard MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazafn bromide) assain vitro. The cancer cell lines
were cultured in RPMI-1640 medium supplemented wif®o FBS. Tested compounds were
prepared by dissolving in dimethyl sulfoxide (DMS&)100 mM and diluted with the medium into
a series of concentrations. Exponentially growirglscwere plated in 96-well plates X20°
cells/well) and incubated at 37 °C for 24 h foaaekiment. The culture medium was then changed,
and cells grew in medium with the tested compoum€SO (0.1%) and CA-4 were used as
negative and positive control, respectively. Celsre incubated at 37 °C for 72 h. After the
treatment period, 1QL of MTT solution (5 mg/mL) was added to each wald the plates were

incubated for 4 h at 37°C. The medium was thenraigal and formazan crystals were dissolved in
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DMSO (150uL) for about 10 mins. The absorbance at 570 nm YAlsthe suspension was
measured by a microplate reader (Bio-Rad laboedprUSA). The inhibition percentage was
calculated using the following formula: % inhibitic= (AbSontror—AbScompound/AbScontro< 100%.
The 1Gpvalues of the tested compounds and CA-4 were meady treating cells with drugs of
various concentrations and analyzed by use of tisenpstatistical package (GraphPad Software,
San Diego, CA, U.S.A)).
5.2.2 Flow-activating cell sorting (FACS) analysis

Flow cytometric analysis analysis was performeddtimate the effect of compoud on cell
cycle phase distribution of human breast cancétines (BT549). When the cells grew to about
70% confluence in 60 mm dishs over night, they wecebated with compoun®7 at 2, 4, and 8
uM concentrations for 24 h. Control and treatedscelére harvested, washed with PBS, and fixed
in 75% ice-cold ethanol at 4 °C overnight. They evdren washed with PBS, incubated with 50
ug/mL of RNase at 37 °C for 30 min, stained with g@mL of propidium iodide, and then
subjected to flow cytometry (Beckman Coulter).
5.2.3 Immunocytochemistry

BT549 cells (2 x 10cells/well) were plated on glass coverslips invig} plates and allowed

to attach overnight. After treatment with compow@®(10 and 20uM) or 0.1% DMSO for 6 h,
cells were rinsed twice, fixed with 4% paraformdigege, and permeabilized with 0.1% Triton
X-100. After blocking with 5% BSA for 60 min, thewerslips were incubated overnight at 4°C
with primary antibodiesof-tubulin mouse monoclonal antibody afidubulin rabbit monoclonal
antibody). After washing, the cells were incubatath the following secondary antibodies: Alexa
Fluof® 555 conjugate anti-rabbit IgG and FITC AffiniPugeat anti-mouse 1gG. Nuclei were
visualized by inclusion of DAPI. Images were takesing a laser scanning confocal microscope
(Carl Zeiss LSM 880).
5.2.4 In vitro tubulin polymerization assay

The in vitro tubulin polymerizationactivity assay was performed following our prewlyu
reported method [25].

5.2.5 Molecular modeling

Molecular docking simulation studies were carriagd by using the SURFLEX module of
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SYBYL 7.3 package [26], and the tubulin structuraswdown loaded from the PDB data bank

(http://www.rcsb.org/-PDB code: 5lyj) [27]. The diad molecule was initially built in Sybyl 7.3.
Structural energy minimization process was perfarmesing the Tripos force field with a
distance—dependent dielectric and powell gradilgardhm with a convergence criterion of 0.005
kcal/mol A. Meanwhile, partial atomic charges wesdculated using Gasteiger—Hiickel method.
The best of the 20 conformations with differentresowere obtained. During the docking process,
all the other parameters were assigned their defallies. The best ranking pose was visualized
with PyMOL [24].
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Figure captions

Fig. 1 The structures of CA-4, representative 3-substitumelole derivatives with potent anti-tubulin adv
and the general structure of target compounds 6-34.

Fig. 2. Effect of compoun®7 and CA-4 on cell cycle and apoptosis in BT549scdflow cytometry analysis of
BT549 cells treated witB7 for 24 h. (A) Control; (BR7, 2uM; (C) 27, 4 uM; (D) 27, 8 uM; (E) CA-4, 8 uM.

Fig. 3. Effect of compound27 on tubulin expresion in BT549 cell. Cells were dexk on glass coverslips,
incubated with compoun2i7 (10 uM, 20 uM) for 6 h, then fixed and processed for confocelroscopy.

Fig. 4. Docked pose 027 (cyan stick) overlayed with CA-4 (magenta) in ¢odine binding site of tubulin. The
main interacting residues are shown and labeled.bldck dashed lines are the potential H-bond batvizys241
(2.0 A), Thr179 (2.9 A), Asn258 (2.2 A). Final figufor docking pose was generated by PyMOL [24].
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Fig. 2. Effect of compoun@7 and CA-4 on cell cycle and apoptosis in BT549scdflow cytometry analysis of
BT549 cells treated witB7 for 24 h. (A) Control; (BR7, 2uM; (C) 27, 4 uM; (D) 27, 8 uM; (E) CA-4, 8 uM.

19



Nucleus a-tubulin B-tubulin Merge

10pM

20pM

605

Fig.3. Effect of compound27 on tubulin expresion in BT549 cell. Cells were degk on glass coverslips,
incubated with compoun2i7 (10 uM, 20 uM) for 6 h, then fixed and processed for confocelrascopy.
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Fig. 4. Docked pose 027 (cyan stick) overlayed with CA-4 (magenta) in ¢odine binding site of tubulin. The
main interacting residues are shown and labeled.bléck dashed lines are the potential H-bond bevizys241
615 (2.8 A), Thr179 (2.2 A), Asn258 (2.7 A). Final figufor docking pose was generated by PyMOL [24].
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Scheme 1Synthesis of the target compound$38. Reagents and conditions: GICO.Et, reflux; (b) KCOs,
a-bromoketonesDMF, rt.; (c) 2M NaOH, reflux; (dB,4,5-trimethoxybenzoyl chlorid€tN, THF, r.t.

Table 1 Cytotoxic activities of compounds-634 against a panel of human cancer cell lines

In vitro cytotoxicity 1Csg(uM) 2

Comp. R R?

MCF-7 MDA-MB-231 BT549 T47D MDA-MB-468 HS578T
6 CH; 4-FGH,4 8.89+0.64 5.17+0.49 8.66+0.27 5.72+0.66 6.16+0.24 8.95+0.43
7 CH; 4-CH;CgH4 69.48+7.52 33.431£2.71 69.75+2.09 40.16+1.07 712% 43.68%4.05
8 CH; CsHs 32.74+7.03 16.60+3.33 42.26+2.25 >100 >100 49.0B823
9 CH; 4-CICsH, 3.85+0.87 3.22+0.43 4.81+0.57 6.25+0.25 4.12+0.39 3.59+0.07
10 CH O >100 18.21+2.23 >100 >100 >100 >100
11 CH Qg\ >100 >100 >100 >100 >100 >100
12 CH m >100 >100 39.75+3.36 >100 >100 53.324+6.62
13 H 4-FCH, 77.92+10.01 50.76+3.86 42.58+2.97 60.86+3.32 >100 >100
14 H 4-CHCeH, 50.00+14.35 12.61+1.78 17.07+0.87 20.06+2.04 D0 50.49+2.26
15 H GHs >100 17.22+2.04 >100 >100 >100 >100
16 H 4-BrGH, 7.14+£1.15 6.47+0.95 10.31+1.42 9.55+0.31 7.87+0.55 7.52+0.61
17 H (OO >100 >100 >100 >100 >100 22.24+1.42
18 H 3-CHOGCsH, >100 >100 65.53+7.13 53.39+3.25 >100 9.06+4.22
19 H Q;\ >100 >100 >100 >100 >100 29.57+1.13
20 H 4-CHOGCH, 10.70+0.77 34.96+2.92 10.37+0.23  5.56+0.37 7.0880. >100
21 Cl 4-FGH, 61.08+17.61 46.65+7.47 35.54+3.13 76.17+2.93 >100 >100
22 Cl 4-CHCeH, 34.33+2.98 33.65+0.61 25.05+2.09 16.65+0.34 5.7130 14.19+0.54
23 GHs 51784584 3266527  26.89+1.78 4551#2.69 1100 >100
24 4-CHOGH, 17.62+0.40 9174101  11.14%043 11.09+1.31  8.6AR0. 15.93+1.27
25 Cl 3-CHOCsH,4 >100 >100 >100 52.41+1.06 >100 >100
26 Cl 3-BrGHa. 23.02+2.47 26.75+£1.12 8.42+1.06 14.07+0.61 20.7240 4.10+0.27
27 Cl 4-CIGH, 10.87+0.87 6.43+1.12 3.17+0.46 0.04+0.06 7.92+1.36 >100
28 Cl Q} >100 >100 >100 >100 >100 >100
29 Cl Q;\ 47.46+3.29 >100 37.51+7.14 31.45+1.87 15.33+3.11 .231.61
30 Cl 3,4-BCeH, 10.14+1.16 >100 51.25+5.85 >100 >100 64.57+5.73
31 Cl 3-OH-4-CHOCgsH,4 32.60+0.68 22.18+1.38 7.48+0.19 9.28+0.13 23.2082. 4.35%0.14
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32 CHO 4-CHOCH, 79.27+3.05 48.84+2.76 18.20+0.13  6.30+0.52 26.331 10.44+0.66

33 CHO CeHs >100 >100 >100 >100 >100 >100
34  CHO 4-CHCgH, >100 >100 >100 >100 >100 >100
CA-4 (nM) 3.00+0.65 3.17+0.57 1.71+0.44  1.89+0.34 55%0.18 1.36+0.23

450% inhibitory concentration and mean + SD of ¢hirelependent experiments performed in duplicate.

630
Table 2 Tubulin polymerization inhibitory activitie s of representative selected compounds
Comp. B R2 - T-uk-)l-JIinaponmerization
% inhibition ICso(1M)
6 CH, 4-FCqH,4 17 b
9 CH; 4-CICsH,4 15 -
16 H 3-BrGsH4 37 -
20 H 4-MeOGH,4 20 -
22 Cl 4-CH;CgH4 36 -
23 Cl CeHs 41 -
24 Cl 4-CH;0OCsH, 47 -
26 Cl 3-BrCGsH4 25 -
27 Cl 4-CICsH4 59 9.5
31 Cl 3-OH-4-CHOC:H, 30 -
32 CH;0 4-MeOGH 25 -
CA-4 80 4.22
& Compounds were tested at a final concentratickOpif. b_: not tested.
635
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Highlights

» Based on our previous work, a series of novel 3-amidoindole derivatives were
synthesized. » 1Csp of compound 27 were 0.04, 3.17, and 6.43 uM against T47D,
BT549, and MDA-MB-231, respectively. » Compound 27 exhibited remarkable

anti-tubulin activity with 1Csq of 9.5 uM, compared to CA-4.



