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ABSTRACT:

A series of novel 4-anilinoquinoline derivativesre/esynthesized and evaluated
for their antiproliferative activities. Among them4h exhibited the most potent
cytotoxic activity with IGo values ranging from 1.5 to 3.9 nM against all é¢dst
cancer cell lines, and showed promising efficacynuitidrug resistant cancer cells.
Flow cytometry assay, immune-fluorescence stainmgrotubule dynamics assays
and competition assays with EBI identified thadth was a novel tubulin
depolymerization agent by binding to the colchicsite. Importantly, in vivo efficacy
evaluation of HCT116 xenograft modeldh showed efficient antitumor activity
without significant loss in body weight. All thestdts indicated that4h could be a

promising candidate for the treatment of cancer.
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1. Introduction

Microtubules, mainly composed off-tubulin heterodimers [1], are the basic
constituents of eukaryotic cell and play a cruc@é in many fundamental cellular
processes such as cell division, formation, reguiabf motility, cell signaling,
secretion, maintenance of cell shape, and intideeltransport [2-4]. Consequently,
the microtubule has become an attractive targethferdesign and development of
novel antimitotic agents for cancer therapy [5-A&htimitotic agents are generally
classified into two major categories: microtubulabdizing agents (e.g., paclitaxel)
and polymerization inhibitors (e.g., colchicine), [8]. Antitumor drugs targeting
microtubules can directly affect cell mitosis, dedd to cell division stagnated in
G2/M phase [6, 7].

These antimitotic agents were found targeting séveifferent binding sites,
including the taxane site, the vinca site, the lucioe site, and so on [10-12]. In
contrast to develop the taxane or vinca alkalomdlinig sites, more attention has been
drawn to the inhibitors which target to colchicisées, due to its potential of
overcoming the ABC-transporter-mediated drug rasist [13-15]. Currently, several
colchicine site inhibitors have been reported, sastcolchicine ), combretastatin
A-4 (CA-4, 2), etc. CA-4 was first isolated from the Africangbuwillow Combretum
caffrum and exhibited potent antitumor activity agairstesal cancer cells [16, 17].
CA4P @), a water-soluble phosphate prodrug of CA-4, reenlapproved by both the
FDA and EMA for using in anaplastic thyroid canddr7, 18]. Previously, a

4-anilinocoumarin derivatived] was synthesized by our group and showed potent



antiproliferative activity against all tested cancell lines. It had 1 values ranging
from 3.3 to 23.4 nM. Compountiwas also reported as microtubule agents by binding
to the colchicine site [19]. In the present stumlgeries of new quinoline derivatives
have been designed and synthesized as tubulinitmisipas an attempt to investigate
whether the coumarin ring could be replaced withghinoline one.

Quinoline-based derivatives, an important classheferocyclic compounds,
exhibit anticancer activity with different mechamis including alkylating agents [20],
tyrosine kinase inhibitors [21, 22] and tubuliniimitors [23, 24]. Molecular docking
analysis [25] Figures S1 in Supporting Information) proved that it was feasible to
replace the coumarin ring ¢f with the quinoline ring, and compouriBb was
designed. According to the docking results, andain be speculated thaBb is a
novel tubulin agent targeting colchicine sites. &h®n the structural modification
and optimization of compound3b, diverse derivativeslda-m and 15a-e) were

synthesized and evaluated for their antiproliferatbilities. Figure 1)
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Figure 1. Some reported tubulin depolymerization agents. ilraquinoline general

structurel3b is derived from a combination of 4-anilinocoumaiin

2. Resultsand discussion
2.1.Chemistry

4-Substituted quinoline derivativgé9a-d) were first prepared by the synthesis
method outlined irScheme 1. 5a-c in phosphorus oxychloride refluxed for 12 h to
give 6a-c. 6a-c and7a in isopropanol with catalytic amount of HCI (coneefluxed
for 2 h to give8a-c. 6b reacted with7b to give 8d by following the same route.
Compounds8a-d reacted with sodium hydride and iodomethane tainb®a-d,

respectively.
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Scheme 1. Reagents and conditions: (a) PQCB0 °C, 4 h. (b) HCI (conc.),
(Me),CHOH, 80 °C, 2 h. (c) NaH, G{ DMF, 0 °C, 1h, rt, 1 h.

Compoundsl3a-d and14a-m were synthesized by the synthesis route shown in
Scheme 2. 6a-c and 10a with catalytic amount of HCI (conc.) refluxed sopropanol
for 2 h to givella-c. 6b reacted withlOb to give 11d following the similar approach.
11a-d were treated with sodium hydride and iodomethangivte 12a-d, respectively.

Compoundsl?a-d in ethanol and water were added iron powder anch@mum



chloride to obtainl3a-d, respectively Then we used the appropriate various acyl
chlorides to react witli3b to obtainl14a-m, respectivelyAs shown inScheme 3,

compounddba-e were easily prepared frofdf react with different amines.

6a, R,=Cl 10a, X=0 11a, R=Cl, X=0 12a, R,=Cl, X=0

6b, R;=Me 10b, X=S 11b, R;=Me, X=0 12b, R;=Me, X=0

6c, R;=H 11¢, R;=H, X=0 12¢, R;=H, X=0
11d, R,=Me, X=S 12d, R;=Me, X=S
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13b, R;=Me, X=0 14a-m, R;=Me, X=0,
13¢, R;=H, X=0 R;=Carbonyl derivatives

13d, R;=Me, X=S

1

Scheme 2. Reagents and conditions: (a) HCI (conc.), (}@¢)OH, 80 °C, 2 h. (b)
NaH, CHl, DMF, 0 °C, 1 h, rt 1 h. (c) Fe powder, NE, CH;CH,OH/H,0O (3:1, v/v),

80 °C. (d) RCQCI, EtN, CHCly, rt, 0.5 h.
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Scheme 3. Reagents and conditions: (a) R’'NH RQGQOs;, CH;CN, 80 °C, 2 h.

2.2.Biological evaluation

2.2.1.In vitro antiproliferative activities.



The synthesized derivativ®s-d and13a-d were evaluated for antiproliferative
activities against MDA-MB-231 cells (human breaahecer cells) using MTT assay
and colchicine was included as the reference comgpd@6]. The results were
summarized inTable 1. Compound9b (containing methyl in the 2-position of the
A-ring) displayed potent inhibitory activity withnaCspvalue of 6.6 nM. In contrast,
both the 2-Cl analog®8) and 2-H analog9¢) showed poor inhibitory activities (k>
500 nM). The similar outcomes can be found in thegarison ofL3a and13C with
13b. It can be concluded that the methyl in the 24pasiof the A-ring is necessary to
maintain the inhibitory activity of the series afrapounds. It has been reported that
the in vitro phase | biotransformation of CA-4 irepatic microsomal involves
O-demethylation [27]. The compounds of the 4-methgl substituent group in the
B-ring were synthesized to block O-demethylationtabelic pathway. Compounds
9d and 13d (ICsp, 15.5 and 9.5 nM, respectively) presented a g$ligtecreased
inhibition activities compared t8b and 13b (ICs, 6.6 and 3.2 nM, respectivgly
when methylthio was introduced to the para-positbienzene. It should be noted
that both13b and 13d with amino group exhibited stronger inhibitory adies
compared to the corresponding compoufidsand 9d. It can be concluded that the
amino was an important group to maintain the aalif@rative activity. Among the
above compoundd,3b (containing methyl in the 2-position of the A-ringgmino in
the 3-position and methoxy group in the 4-positminthe B-ring) exhibited the

optimal antiproliferative activity.



Table 1. The in vitro antiproliferative activities oPa-d and 13a-d against

MDA-MB-231 cells

6 3 i 3
7 Z N7 2R,

Compd X R R, | Cso®, NM
9a @) Cl H >500
9 @) Me H 6.6 +0.7
9c @) H H >500
ad S Me H 155+0.2
13a @) Cl NH, 43.1+0.6
13b @) Me NH 3.2+0.8
13c @] H NH, >500
13d S Me NH 95+04

colchicine 38.2+1.8

8 50% inhibitory concentration after drug treatmébata are expressed as the mean +
SD from the dose-response curves of at least thdspendent experiments.

Although 13b showed the best antiproliferative activity againdDA-MB-231
cells, the compound still suffered from poor watelubility. In order to improve the
solubility of 13b, we subsequently modified the 3-amino group oninB-rwith
aliphatic chain to obtain diverse derivatiigs-m and15a-e. As expected iTable 2,
compounds containing different aliphatic chain als 14a-d, caused gradient
decrease of inhibitory activities with the increasehe length of the alkyl chain, with
ICs0 values ranging from 9.1 to 82.4 nM. There wasighsldecrease in inhibitory

activity compared td.3b when propylene bond was introduced to the amidsbtain



14e, with an 1Govalue of 43.4 nMThe results indicated that introduction of the
unsaturated bond decreased the antiproliferatitigitgc According to our previous
experience [19], chlorinated alkanes with differeh&in length were also introduced
to furnish derivativesl4f-i. As expected, the antiproliferative activities thiese
compounds decreased with the increase of the lesfgtie alkyl chain. Surprisingly,
14h with three carbon chlorinated alkane did not fiitoi the patternl4h showed
potent antiproliferative activity with an kgvalue of 3.9 nM against MDA-MB-231
cell. The specific mechanism is still unclear. Tdidorine of 14f was replaced with
bromine to obtain compouridj (ICso, 87.2 NM) resulting in decreased activity. The
results indicated that the chlorine product waserotent than bromine derivative.
Introduction of ester bonds to obtaihidk-m caused a great decrease of
antiproliferative activities compared #38b. Then the chlorine ot4f was replaced
with a series of different amines to explore mdfeative compoundslba-€), but the
tactics resulted in decreased activifialfle 3). The results suggested that chlorine
product was more potent than ester bonds or ander@gatives.

Table 2. The in vitro antiproliferative activities di4a-m against MDA-MB-231 cells

5 4 H
6 X3
2
7 Z N
Compd Rs |Csoa, nM Compd Rs |Csoa, nM

l4a U 9.1+0.2 14h J__a 3901




14b J_ 185+15 14i ., 3633:678
14c 0 58417 | 14 M s 872+143
14d I 824%63 | 14 Ao >500
1) [0}
14e J_ 43.4+9.9 14 A0 44261328
N O
0 (@]
14f 1 a 6639 | 14m MO/ 185.5 + 69.8
(0]
149 ‘/\)K/\a 96.6 £ 0.7 | colchicine 382+1.8

4 50% inhibitory concentration after drug treatmébata are expressed as the mean +
SD from the dose-response curves of at least thdspendent experiments.

Table 3. The in vitro antiproliferative activities dba-e against MDA-MB-231 cells

0}
0
\N/@NJ]\/R“
H

5 4
6 X3
2
7 g N
Compd R4 |Cs0”, NM
158 SN, >500
15b \/NO\ 394.0 + 46.2
15¢ AT 256.0+7.5
15d A >500
15e \/\EwN@ 83.6 £4.5

colchicine 38.2+1.8




4 50% inhibitory concentration after drug treatmébata are expressed as the mean +
SD from the dose-response curves of at least thdspendent experiments.

Although several compounds displayed potent antturactivity with low
nanmolar 1G, values, these compounds were also subject tohthkkenge of poor
water solubility. It is a major obstacle for furthiesting in vivo. According to the
solubility detecting resultsT@ble S1 in Supporting Information), compoundl4h
was identified for further biological activity ewaltion.

The antiproliferative activity ofl4h on normal human cell lines and various
human tumor cell lines was investigated, with caicte as the positive control.
These tumor cells were derived from human colongJwovarian and breast cancers
(Table 4). 14h possessed potent inhibitory activity withsvalues ranging from 1.5
to 75.6 nM. It is worth noting that4h is more potent than colchicine against all the
tested tumor cell lines.

Table 4. Activity of compoundl4h and colchicine against various human tumor

cell lines and non-tumoral cell lines

. |C50a, nM
tumor type cell line —
14h colchicine
HCT-8 3.4+0.2 134+0.1
colon
HCT116 2.7+0.2 139+15
lung A549 3.2+0.3 32.7+0.1
ovarian A2780S 22+0.2 12.3+0.6
- + +
breast MCF-7 1.5+0.1 13.4+0.8
MDA-MB-231 3.9+0.1 38.2+1.8
LO2 75.6 £0.9 26.5+0.7
normal

HEK-293 45.3+0.8 10.2+0.9




4 50% inhibitory concentration after drug treatmébata are expressed as the mean +

SD from the dose-response curves of at least thdspendent experiments.

2.2.2. Effect on multidrug resistant cells

Drug resistance is a major obstacle for the firs-chemotherapy [13, 28]. The
common mechanism of resistance identified in pnéi or clinical study involves
two main categories: the overexpression of a aallwhembrane protein called
P-glycoprotein (P-gp) and changing in the levelexbression of differerft-tubulin
isotypes [-Ill gene) [29-33]. As it has been known, paclitaxesistant HCT-8/T
(human colon cancer cell line), vinblastine resistdCT-8/V (human colon cancer
lines), and adriamycin resistant MCF-7/ADR (humaealst cancer cell line) are all
P-gp overexpressed, and paclitaxel resistant AZ7@/man ovarian cancer cell lines)
are B-tubulin Il overexpressed [34-37]. Hence, the atfiof 14h in these resistant
and their related sensitive cancer cells was coethavith paclitaxel, vinblastine and
adriamycin as reference compounds. As showiahle 5, 14h exhibited potent
cytotoxic activity against A2780/T (kg of 3.7 nM), HCT-8/T (IGy of 3.5 nM),
HCT-8/V (ICso of 3.5 nM), and MCF-7/ADR (I& of 3.3 nM). Compared with
paclitaxel, colchicine, vinblastine, and adriamycit¥h had much lower drug
resistance indexes (1.0 for HCT-8/T, 1.0 for HCV;8..3 for MCF-7/ADR, 1.7 for
A2780/T) than paclitaxel (567.4 for HCT-8/T and 2@l for A2780/T), vinblastine

(101.8 for HCT-8/V) and adriamycin (1222.6 for MCQFADR). These results



indicated thatl4h might be useful in the treatment of tumors witkis&nce to other

anti-tubulin drugs.

Table5. Drug tolerances at4h against different drug resistant cancer cells

|C50a, nM b
compd RR
HCT-8 HCT-8/T
14h 3.4%£0.2 3.5%+0.3 1.0
paclitaxel 174 +£0.1 9885.0 £ 2.8 567.4
|C5o, nM
compd RR
HCT-8 HCT-8/V
14h 3.4%+0.2 3507 1.0
vinblastine 20.2+0.1 2059.0 £5.9 101.8
|C5o, nM
compd RR
MCF-7 MCF-7/ADR
14h 1.5+0.1 3.3+x04 2.3
adriamycin 448 +0.1 54750.0 + 6.6 1222.1
|C5o, nM
compd RR
A2780S A2780/T
14h 22+0.2 3.7+£0.5 1.7
paclitaxel 12.3+0.1 25120.0+ 2.7 2042.3

4 50% inhibitory concentration after drug treatméddta are expressed as the mean *
SD from the dose-response curves of at least thdspendent experiments.

P Resistance ratio: (g of drug resistant cancer cell) / (¢df parental cancer cell).

2.2.3.Cell cycle effects.
To explore whether the cytotoxicity a#h was due to the cell cycle arrest, the
effect on cell cycle progression was measured ysiogidium iodide (PI) staining by

flow cytometry in A2780S [38]. As depicted Figure 2, 14h caused a remarkable



G2/M arrest in a concentration-dependent mannedly O534% of the A2780S cells
were arrested in G2/M phase in the control grotier&4 h treatment, the percentage
of G2/M peak increased to 80.67% when cells wepnsad to 30 nM of4h. The

results suggest tha#h significantly induced cell cycle arrest in the @2phase in

A2780S cells.
A2780S Control A2780S 3nM A2780S 10nM A2780S 30nM
3 s G0/G1:44.30% . G0/G1:27.95% _ GO Gl:2.68°o; G0/G1:230%
$:40.36% "1 S:32.57% LF §:22.69% ~ $:17.03%
i G2/M:15.34% G2/M:39.48% G2M:74.62% | G2/M:80.67%
2 g B+

Figure 2. Effects of14h on cell cycle phase arrest in A2780S cells. Geéige treated

with 3, 10, and 30 nM caf4h for 24 h.

2.2.4.Immunofluorescence staining.

To investigate whether the antitumor activities 1dh was derived from an
interaction with tubulin, the ability ol4h to alter the microtubule network was
examined by treating with different concentratimfscompoundl4h for 24 h and
stained for DNA (blue) and-tubulin (green). The confocal microscopy of A2780S
cells shown inFigure 3 exhibited a well-organized microtubule network time
absence of drug treatment. Treatment with paclitasesed the microtubule fibers
near the nucleus assemble in clusters. In contcatitilar microtubules in A2780S
cells almost completely depolymerized when expdsedolchicine at 100 nM14h

significantly disrupted microtubule formation andhiited similar effects as



colchicine. In comparison with colchicind4dh obviously inhibited microtubules
polymerization at 5 nM; moreovet4dh completely disrupted the microtubules
polymerization at a concentration of 50 nM. Theulsssuggested thd#h is most

likely targeting tubulin and more active than caobome as a novel polymerization

inhibitor.
PTX COL 14h 14h
DMSO (100 nM) (100 nM) (5 nM) (50 nM)
- . . .
h .. . .
\
Merge ’
-~ ™ -
v S

Figure 3. Effects of14h on the microtubule network of A2780S cells. A278@Hs
were untreated (control) and treated widh (5, 50 nM), paclitaxel (100 nM), or
colchicine (100 nM) at the appropriate concentratior 24 h. Microtubules and

unassembled tubulin are shown in green and thenindblue.

2.2.5.Effects on microtubule dynamics.
It is well-known that the tubulin binding agents reveivided into two types:
microtubule stabilizing agents (e.g., paclitaxeid goolymerization inhibitors (e.qg.,

colchicine).14h was employed at 0.4, 2, and (18I for microtubule dynamics assays



to make clear which type of the compourth related to [39]. Eigure 4) Similar but
superior to colchicinel4h can inhibit tubulin polymerization in a concenioat
dependent manner. These data indicated that thkeamisen ofl4h was in accordance
with polymerization inhibitors, suggesting that quwund 14h might bind to the

colchicine site as a novel tubulin depolymerizatgent.

0.401 —— DMSO
—— COL (10 pM)
0.35- —=— 14h (0.4 pM)
14h (2.0 pM)

——  14h (10 pM)

Absorbance (340 nM)
(=] (=]
N w
¢ <

0.20 T T T T 1
0 10 20 30 40 50

Time/min

Figure 4. Effect of 14h on tubulin polymerization assay. Colchicine (M) was
used as a reference, while DMSO (0.1% v/v) was ased vehicle control. Tubulin
had been preincubated for 5 min with at 0.4, 2, and 1M at room temperature
before GTP was added to start the tubulin polynaéion reactions. The reaction was

monitored at OD340 nm at 37 °C.

2.2.6.EBI competition assay.
N, N’-ethylenebis (iodoacetamide) (EBI), an alkylatingemt, specifically
cross-link the Cys239 and the Cys354 residuesp-ofibulin involved in the

colchicine-binding site [40]. An EBI competitionsay was carried out in HepG2



cells to confirm whether compouridh directly binds to the colchicine binding site.
EBI could form ap-tubulin adduct which could be easily detected bgsisrn blot
analysis. Antimitotic drugs occupied colchicinediimy site could prevent the
formation of the EBI-tubulin adduct [40]. Similar to colchicine, compall4h (1,

5, and 25uM) dose-dependently inhibited the formation of faibulin adduct band,
resulting in the disappearance of the adduct b¥mtristine has a distinct binding

site from colchicine, was used as a negative cb(figure5).

+ EBI (100 pM)
Colchicine Vincristine 14h
Compound DMSO EBI
5 5 25 1 5 25

p-tubulin native
p-tubulin-EBI adduct

p-actin

Figure 5. EBI assay: competition assay®t (1, 5, 25uM), vincristine (5, 251M),

and colchicine (M) with EBI (100uM) on HepG2 cells.

2.3.Molecular modeling.

To rationalize our experimental findings, moleculdmcking simulations of
compoundl14h on tubulin were performed using a procedure regogireviously
[41-45]. The overview of the binding site bth is shown inFigure 6A. This binding
pocket is located at the interface betweendthandp-subunits of the tubulin dimer;
14h can enter the pocket like colchicine. The quimmlinng of 14h forms
hydrophobic interactions with the residues of Le8f24Ala25@, Leu25@, and

Ala3548. The tail alkyl chain slightly extends into tlaesubunit. Eigure 6B) The



right length of the alkyl chain is very importamthich may lead to the formation of
halogen bond, hydrophobic interactions or otheeranttions between the chlorine
atom of the alkyl chain and the amino acid resichfdbea-subunit. This may explain

the fact thafli4dh is more potent compared to the other compounds.

Figure 6. The structures are docked into the colchicine-ligdiite (PDB code 5eyp)
(A) Superimposed molecular models bth (purple) and colchicine (green). (B)

Hydrophobic interactions betweédh and tubulin.

2.4.Animal tumor models and treatment.

HCT116 xenograft model was established in nude noicketermine whether the
antitumor ability of14h could also be reflected in vivo. HCT116 cells (6%1were
inoculated in each flank of null mice. Once the tunmume reached a size of around
100 mm, 14h was injected at doses of 2.5 mg/kg once everyratag 5-Fluorouracil
(5-Fu), as a positive control drug, was administtavery seven days with 100 mg/kg
iv for comparison [44]. As shown Figure 7, 14h caused a significant suppression of
tumor growth and the average inhibitory rate redd#30% at day 18, while 5-Fu at

a dosage of 100 mg/kg caused 60.76% tumor redudiimough 5-Fu at 100mg/kg



showed better antitumor activity thddh, the dose is much higher thadh. The
results demonstrated thadh could be used as a potential candidate for cancer
treatment. During the therapy, only slight weighgd (<10%) was observed in both of
the two drug treatment groups. Serious side-effeaish as feeding and abnormal

behaviorwere not observed iiMh-treatment group.
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Figure 7. Antitumor effect ofl4h and 5-Fu on the HCT116 xenograft models

3. Conclusion

In our research, 26 novel 4-anilinoquinoline deliwes were synthesized and
evaluated for their antiproliferative activitiesmdng them, compount4h exhibited
potent antitumor abilities in several human tumeil dines including multidrug
resistant human tumor cell lines, and significantiguced cell cycle arrest in the
G2/M phase in A2780S cells. The immunofluorescaagsays, microtubule dynamics
experiment, EBI assay and molecular modeling stuiientified that compouni4h
is a novel depolymerization agent binding to thielticine site. Then in vivo activity
was evaluated on HCT116 xenografts models wherepoand 14h showed a
favorable effect on inhibiting the tumor growth mout significant body weight loss
or behavior disorders. Therefore4h as a novel class of tubulin depolymerization

agent may be a potent anticancer agent.



4. Experimental
4.1.Chemistry.

All the chemical solvents and reagents used inghidy were analytically pure
without further purification and commercially aable. TLC was performed on 0.20
mm silica gel 60 k4 plates (Qingdao Ocean Chemical Factory, ShandGhma).
Visualization of spots on TLC plates was done by lig¥t and . NMR data were
measured forH at 400 MHz and for®C at 101 MHz on a Bruker Avance 400
spectrometer (Bruker Company, Germany) using TM&rasiternal standard. Mass
spectra (MS) were obtained by Q-TOF Priemier magssctsometer (Micromass,
Manchester, UK).
4.1.1.General preparation @-d (method A).

To a solution of8a-d (1.0 equiv) in DMF cooled at 0°C was added sodium
hydride (60% oil suspension, 3.0 equiv), followedrbethyl iodide (3.0 equiv). The
mixture was stirred at 0 °C for 1 h, then allowedwtarm to room temperature and
stirred for 1 h. The reaction mixture was dilutedhwethyl acetate, washed with
saturated NaHC®aq, brine, dried over N8O, filtered and concentrated under
vacuum. The residue was purified by flash chromaiolgy using ethyl acetate and
petroleum ether (v/v, 1:3) as eluent to give tHe tompound®a-d.
4.1.1.1.2-chloroN-(4-methoxyphenylN-methylquinolin-4-amine9a).

Compounda was prepared fror@a (0.33 g, 1.2 mmol), NaH (0.14 g, 3.5 mmol)

and CHI (0.22 mL, 3.5 mmol) as described for method Aashite solid, yield 57%.



H NMR (400 MHz, CDCJ) § 7.96 (dd,J = 8.4, 1.2 Hz, 1H), 7.81-7.74 (m, 1H),
7.62-7.56 (m, 1H), 7.29 (8, = 7.6 Hz, 1H), 7.19 (d] = 8.8 Hz, 2H), 6.93 (d] = 9.2
Hz, 2H), 6.71 (s, 1H), 3.86 (s, 3H), 3.56 (s, 3HC NMR (101 MHz, DMSO)5
158.36, 156.90, 148.63, 141.43, 138.26, 131.33,8128127.10, 123.94, 123.63,
120.79, 115.86, 111.00, 55.81, 39.08. MS (ESI, n289.13 [M + HJ.
4.1.1.2.2-methylN-(4-methoxyphenylN-methylquinolin-4-aminedp).

Compoundb was prepared fror@b (0.13 g, 0.5 mmol), NaH (0.60 g, 1.5 mmol)
and CHI (0.09 mL, 1.5 mmol) as described for method Aashite solid, yield 52%.
'H NMR (400 MHz, DMSO) 7.83 (d,J = 8.4 Hz, 1H), 7.56-7.46 (m, 2H), 7.21-7.14
(m, 1H), 7.06 (s, 1H), 6.90 (d,= 9.0 Hz, 2H), 6.83 (d] = 9.0 Hz, 2H), 3.70 (s, 3H),
3.36 (s, 3H), 2.62 (s, 3H}*C NMR (101 MHz, DMSO)Y 159.62, 155.61, 153.43,
149.57, 144.34, 129.30, 128.96, 125.09, 124.41,7¥23121.71, 115.16, 111.95,
55.64, 43.48, 25.55. MS (ESI, m/z): 279.14 [M + H]+
4.1.1.3. N(4-methoxyphenylN-methylquinolin-4-aminedqc).

Compoundc was prepared fror8c (0.25 g, 1.0 mmol), NaH (0.12 g, 3.0 mmol)
and CHI (0.187 mL, 3.0 mmol) as described for method Aadgght yellow solid,
yield 56%.'H NMR (400 MHz, CDCJ) § 8.74 (d,J = 5.2 Hz, 1H), 8.02 (d] = 8.4 Hz,
1H), 7.61 (dJ = 8.8 Hz, 1H), 7.57-7.51 (m, 1H), 7.24-7.16 (m)16198 (d,J = 5.1
Hz, 1H), 6.91 (dJ = 9.0 Hz, 2H), 6.79 (d] = 9.0 Hz, 2H), 3.76 (s, 3H), 3.41 (s, 3H).
¥c NMR (101 MHz, DMSO)s 158.09, 150.86, 148.82, 144.01, 143.57, 140.37,
133.25, 131.27, 129.84, 128.66, 124.12, 122.10281916.58, 107.54, 57.57, 45.24.

MS (ESI, m/z): 265.13 [M + H]



4.1.1.4.2-methylN-(4-(methylthio)phenyl) N-methyl quinolin-4-amin€9d).
Compoundd was prepared fror8d (0.14 g, 0.5 mmol), NaH (0.60 g, 1.5 mmol)
and CHiI (0.09 mL, 1.5 mmol) as described for method Adight yellow solid, yield
49%.'H NMR (400 MHz, CDCY) 6 8.00 (d,J = 8.4 Hz, 1H), 7.66 (d] = 8.0 Hz, 1H),
7.60 (t,J = 7.6 Hz, 1H), 7.32-7.27 (m, 1H), 7.18 (M= 8.8 Hz, 2H), 7.03 (s, 1H),
6.79 (d,J = 8.4 Hz, 2H), 3.43 (s, 3H), 2.71 (s, 3H), 2.443(d). *C NMR (101 MHz,
DMSO) é 160.08, 152.99, 149.61, 147.96, 129.77, 129.48,682 125.22, 124.57,

122.58, 120.25, 115.34, 42.17, 25.47, 16.44. M3, (B&): 295.17 [M + H].

4.1.2.General preparation dBa-d (method B).

To compoundl3a-d (1.0 equiv) in a solution of ethanol and water (8/¢) was
added iron powder (5.0 equiv) and ammonium chlo¢i@ equiv). The reaction was
stirred at 80 °C for 2 h, then cooled to room terapge, and filtered through Celite.
The filter cake was washed with dichloromethanel #re filtrate was concentrated
under pressure. The residue was dissolved in dmmethane, washed with water,
dried over NgSQ,, filtered, and concentrated. The residue was iedriby flash
chromatography using ethyl acetate and petroledrar €t//v, 1:1) as eluent to give
the title compound&3a-d.
4.1.2.1. N(2-chloroquinolin-4-yl)-4-methox\N-methylbenzene-1, 3-diamin&3ga)

Compoundl3a was prepared frorh2a (0.40 g, 1.2 mmol), Fe (0.32 g, 6.0 mmol)
and NH,CI (0.33 g, 6.0 mmol) as described for method B agite solid, yield 70%.

'H NMR (400 MHz, DMSOY 7.90 (d,J = 8.0 Hz, 1H), 7.73-7.59 (m, 2H), 7.36-7.31



(m, 1H), 6.89 (d,) = 8.4 Hz, 1H), 6.70 (s, 1H), 6.59 (s, 1H), 6.50)¢& 8.4 Hz, 1H),
4.98 (s, 2H), 3.82 (s, 3H), 3.43 (s, 3H5C NMR (101 MHz, DMSO)$ 157.01,
148.69, 145.66, 141.15, 139.77, 138.64, 131.23,0P27123.91, 123.42, 120.68,
114.44,112.21, 111.89, 111.29, 55.92, 38.97. M3, (f/z): 314.10 [M + H].
4.1.2.2 4A-methoxyN-methylN-(2-methylquinolin-4-yl)benzene-1,3-diaminE3p)
Compoundl3b was prepared frorh2b (6.0 g, 18.5 mmol), Fe (5.2 g, 92.5 mmol)
and NH,CI (5.0 g, 92.5 mmol) as described for method B &ght yellow solid, yield
78%."H NMR (400 MHz, CDCJ) § 8.48 (d,J = 8.0 Hz, 1H), 7.58 (1] = 7.6 Hz, 1H),
7.39 (d,J = 8.6 Hz, 1H), 7.14 (t) = 7.6 Hz, 1H), 6.72 (d] = 8.4 Hz, 1H), 6.67 (s,
1H), 6.55 (dJ = 2.0 Hz, 1H), 6.41 (dd] = 8.4, 2.1 Hz, 1H), 4.04 (s, 2H), 3.87 (s, 3H),
3.53 (s, 3H), 2.89 (s, 3H}*C NMR (101 MHz, DMSO) 155.35, 144.62, 143.40,
139.44, 132.00, 130.77, 129.14, 126.05, 124.88681109.66, 108.69, 55.95, 44.71,
22.94,19.13, 14.02. MS (ESI, m/z): 294.15 [M + H]
4.1.2.3.4-methoxyN-methylN-(quinolin-4-yl)benzene-1,3-diamin&3c)
Compoundl3c was prepared frorhi2c (0.50 g, 1.6 mmol), Fe (0.45 g, 8.0 mmol)
and NH,CI (0.43 g, 8.0 mmol) as described for method B gsllow solid, yield 73%.
'H NMR (400 MHz, DMSOY 8.91 (d,J = 8.4 Hz, 1H), 8.56 (d] = 7.6 Hz, 1H), 8.12
(s, 2H), 7.85-7.81 (m, 1H), 6.94 (@= 8.4 Hz, 1H), 6.75-6.65 (m, 2H), 6.58 (M=
8.0 Hz, 1H), 5.11 (s, 2H), 4.15 (s, 3H), 3.83 (d).3°C NMR (101 MHz, DMSO)%
155.52, 147.85, 146.02, 139.59, 139.23, 134.65,3P30127.29, 125.11, 118.96,
118.19, 113.16, 111.50, 110.91, 100.11, 56.04,A4NS (ESI, m/z): 280.40 [M +

H]*.



4.1.2.4 4-methylthioN-methylN-(2-methylquinolin-4-yl)benzene-1,3-diaminE3d)
Compoundl3d was prepared frorh2d (0.40 g, 1.2 mmol), Fe (0.33 g, 6.0 mmol)
and NH,CI (0.32 g, 6.0 mmol) as described for method B &ght yellow solid, yield
77%.*H NMR (400 MHz, CDCY) § 8.57 (d,J = 8.4 Hz, 1H), 7.68-7.57 (m, 1H), 7.41
(d, J = 8.8 Hz, 1H), 7.33 (d] = 8.4 Hz, 1H), 7.22-7.15 (m, 1H), 6.76 (s, 1HH®B(d,
J=2.3 Hz, 1H), 6.43 (dd] = 8.4, 2.4 Hz, 1H), 4.59 (s, 2H), 3.59 (s, 3HYL(s, 3H),
2.38 (s, 3H).13C NMR (101 MHz, DMSOY) 156.89, 155.23, 149.46, 148.25, 140.40,
133.00, 132.64, 126.47, 125.95, 121.22, 118.74,0118113.18, 109.98, 108.12,

44.81, 20.62, 16.78. MS (ESI, m/z): 310.20 [M + H]

4.1.3.General preparation d#a-m (method C).

To a solution ofL3b (0.9 g, 0.34 mmol 1.0 equiv) in dichloromethane (9.0 mL)
was added RC£ZI (0.41 mmol 1.2 equiv) and triethylamine (0.095 mL, 0.68 mmol,
2.0 equiv), and the mixture stirred at room tempeeafor 30 min. When completed,
the solvent was removed under vacuum and the reswias purified by flash
chromatography using dichloromethane and methawe| 0:1) as eluent to give
compoundd4a-m.
4.1.3.1. N(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amindj)enyl)acetamide
(14a)

Compoundl4a was prepared froni3b and acetyl chloride as described for
method C as a light yellow solid, yield 41951 NMR (400 MHz, CDC}) & 8.42 (s,

1H), 8.18 (d,J = 8.0 Hz, 1H), 7.83 (s, 1H), 7.60-7.48 (m, 2H}L97.11 (m, 1H), 6.83



(s, 1H), 6.69 (dJ = 8.8 Hz, 1H), 6.46 (dd] = 8.4, 2.4 Hz, 1H), 3.86 (s, 3H), 3.49 (s,
3H), 2.79 (s, 3H), 2.22 (s, 3H}*C NMR (101 MHz, DMSO)5 169.07, 158.67,
154.13, 147.72, 146.32, 143.40, 129.71, 128.82,6827125.30, 124.73, 121.13,
118.55, 116.82, 112.21, 111.09, 56.36, 43.91, 2425837. MS (ESI, m/z): 336.20 [M
+ H]".

4.1.3.2. N(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amind)enyl)propionamide
(14b)

Compoundl4b was prepared fromk3b and propionyl chloride as described for
method C as a light yellow solid, yield 48951 NMR (400 MHz, CDC}) & 8.44 (s,
1H), 8.07 (d,J = 8.4 Hz, 1H), 7.82 (s, 1H), 7.60-7.50 (m, 2HY.97.13 (m, 1H),
6.87 (s, 1H), 6.66 (d] = 8.8 Hz, 1H), 6.45-6.37 (m, 1H), 3.86 (s, 3HUE(S, 3H),
2.75 (s, 3H), 2.45 (g} =7.6 Hz, 2H), 1.28-1.24 (m, 3HPC NMR (101 MHz, DMSO)
0 172.69, 158.75, 154.11, 146.23, 143.50, 129.68,8R2 125.29, 124.72, 121.19,
118.47, 116.68, 112.20, 111.14, 56.39, 43.94, 292859, 9.99. MS (ESI, m/z):
350.17 [M + HT.
4.1.3.3.  N(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amind)enyl)butyramide
(14c)

Compoundl4c was prepared froni3b and butyryl chloride as described for
method C as a light yellow solid, yield 43%. NMR (400 MHz, CDC}) § 8.41 (s,
1H), 7.95 (dJ = 8.0 Hz, 1H), 7.82 (s, 1H), 7.63 (@= 8.4 Hz, 1H), 7.51 () = 7.6
Hz, 1H), 7.16 (tJ = 7.6 Hz, 1H), 6.91 (s, 1H), 6.62 (@= 8.8 Hz, 1H), 6.35 (d] =

7.2 Hz, 1H), 3.80 (s, 3H), 3.42 (s, 3H), 2.69 (8),32.37 (t,J = 7.2 Hz, 2H),



1.85-1.66 (m, 2H), 1.01 (§ = 7.6 Hz, 3H)*C NMR (101 MHz, DMSO) 171.81,
159.56, 153.45, 149.48, 145.83, 144.01, 129.24,0029128.72, 125.03, 124.48,
121.84, 117.93, 116.35, 112.08, 56.35, 43.56, 3&842, 18.96, 14.07. MS (ESI,
m/z): 364.21 [M + H].

4.1.3.4. N-(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amind)enyl)pentanamide
(14d)

Compoundl4d was prepared frori3b and pentanoyl chloride as described for
method C as a light yellow solid, yield 46%. NMR (400 MHz, CDC})  8.65 (d,J
= 8.4 Hz, 1H), 8.54 (s,1 H), 7.90 (s, 1H), 7.62( 7.6 Hz, 1H), 7.32 (d] = 8.4 Hz,
1H), 7.16 (tJ = 7.6 Hz, 1H), 6.82 (d] = 8.4 Hz, 1H), 6.75-6.62 (m, 2H), 3.96 (s, 3H),
3.62 (s, 3H), 2.98 (s, 3H), 2.44 {t= 7.6 Hz, 2H), 1.76-1.66 (m, 2H), 1.47-1.36 (m,
2H), 0.95 (tJ = 7.2 Hz, 3H)**C NMR (101 MHz, DMSOY 172.34, 157.22, 154.60,
148.62, 140.78, 139.69, 132.80, 129.41, 126.54,8425121.33, 120.53, 118.77,
117.97, 112.61, 106.78, 56.55, 45.67, 36.17, 27284, 20.19, 14.20. MS (ESI,
m/z): 378.25 [M + H].
4.1.3.5. N(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amindjenyl)acrylamide
(14e)

Compoundl4e was prepared from3b and acryloyl chloride as described for
method C as a light yellow solid, yield 46%. NMR (400 MHz, DMSO)S 9.35 (s,
1H), 7.87 (s, 1H), 7.82 (dl = 8.8 Hz, 1H), 7.55-7.46 (m, 2H), 7.22-7.16 (m,)1H
7.08 (s, 1H), 6.95 (d] = 8.8 Hz, 1H), 6.73-6.60 (m, 2H), 6.15 (dd= 16.8, 2.0 Hz,

1H), 5.72-5.62 (m, 1H), 3.80 (s, 3H), 3.36 (s, 3RIH2 (s, 3H)*C NMR (101 MHz,



DMSO) 6 164.04, 157.23, 154.72, 148.86, 140.87, 139.79,78B3 132.17, 129.03,
127.69, 126.53, 125.88, 121.86, 120.62, 119.13,0¥1812.76, 106.97, 56.62, 20.23.
MS (ESI, m/z): 348.05 [M + H]
4.1.3.6.
2-chloroN-(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amind)enyl)acetamide
(14f)

Compoundl4f was prepared frorti3b and 2-chloroacetyl chloride as described
for method C as a light yellow solid, yield 47%. NMR (400 MHz, DMSO) 9.48
(s, 1H), 7.88-7.74 (m, 2H), 7.59-7.47 (m, 2H), 7(BQ = 7.2 Hz, 1H), 7.09 (s, 1H),
6.97 (t,J = 8.4 Hz, 1H), 6.74-6.62 (m, 1H), 4.34 (s, 2HB1(s, 3H), 3.36 (s, 3H),
2.63 (s, 3H).13C NMR (101 MHz, DMSOY) 165.28, 158.94, 153.93, 148.12, 146.15,
143.64, 129.62, 127.99, 125.16, 124.80, 121.35991816.17, 112.46, 111.67, 56.53,
43.79, 24.81. MS (ESI, m/z): 370.20 [M +™H]
4.1.3.7.
3-chloroN-(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amind)enyl)propanamide
(149)

Compound 14g was prepared froml3b and 3-chloropropanoyl chloride as
described for method C as a light yellow solid]d/ié5%."H NMR (400 MHz, CDC})
§ 8.39 (s, 1H), 8.03 (dl = 8.0 Hz, 1H), 7.92 (s, 1H), 7.59 (#l= 8.4 Hz, 1H), 7.54 (t,
J=7.6 Hz, 1H), 7.18 (t) = 7.6 Hz, 1H), 6.89 (s, 1H), 6.67 (@z= 8.8 Hz, 1H), 6.42
(d,J = 8.8 Hz, 1H), 3.89 (] = 6.4 Hz, 2H), 3.85 (s, 3H), 3.44 (s, 3H), 2.87 6.4

Hz, 2H), 2.73 (s, 3H):°C NMR (101 MHz, DMSO} 164.02, 157.00, 155.09, 148.64,



141.09, 132.57, 132.18, 128.99, 127.68, 126.45,8025121.59, 118.90, 118.34,
112.72, 107.35, 56.61, 45.45, 20.70. MS (ESI, n3a%.18 [M + HJ.

4.1.3.8.
4-chloroN-(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amindj)enyl)butanamide
(14h)

Compound 14h was prepared froml3b and 4-chlorobutanoyl chloride as
described for method C as a light yellow solid]d/i¢9%.'H NMR (400 MHz, CDC})
$8.35 (d,J = 2.4 Hz, 1H), 7.96 (d] = 8.4 Hz, 1H), 7.84 (s, 1H), 7.62 (dt= 8.4, 0.8
Hz, 1H), 7.55-7.50 (m, 1H), 7.20-7.15 (m, 1H), 6(821H), 6.65 (dJ = 8.8 Hz, 1H),
6.38 (dd,J = 8.8, 2.4 Hz, 1H), 3.83 (s, 3H), 3.67Jt 6.4 Hz, 2H), 3.43 (s, 3H), 2.70
(s, 3H), 2.61 (tJ = 6.8 Hz, 2H), 2.26-2.15 (m, 2H)*C NMR (101 MHz, CDG)) 5
169.92, 159.15, 154.13, 148.99, 144.01, 143.70,0R29128.47, 124.97, 124.35,
121.93, 116.90, 113.69, 112.14, 110.42, 55.97,3412.96, 34.38, 27.85, 25.26. MS
(ESI, m/z): 398.34 [M + H]
4.1.3.9.
5-chloroN-(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amind)enyl)pentanamide
(14i)

Compound 14i was prepared froml3b and 5-chloropentanoyl chloride as
described for method C as a light yellow solid,ldid7%."H NMR (400 MHz,
DMSO0) § 9.05 (s, 1H), 7.82 (d] = 8.4 Hz, 2H), 7.52 () = 7.6 Hz, 2H), 7.19 (] =
7.6 Hz, 1H), 7.06 (s, 1H), 6.90 (d,= 8.8 Hz, 1H), 6.62 (dd] = 8.6, 2.0 Hz, 1H),

3.80 (s, 3H), 3.63 (J = 9.0 Hz, 2H), 3.35 (s, 3H), 2.62 (s, 3H), 2.38J(t 7.2 Hz,



2H), 1.74-1.68 (m, 2H), 1.66-1.60 (m, 2HC NMR (101 MHz, DMSO) 171.64,
158.78, 154.04, 146.33, 143.49, 129.63, 128.74,88B27125.27, 124.71, 121.23,
118.54, 116.79, 112.24, 111.24, 56.40, 45.54, 438%1, 31.99, 24.73, 22.84. MS
(ESI, m/z): 412.20 [M + H]

4.1.3.10.
2-bromoN-(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amind)enyl)acetamide
(14))

Compoundl4j was prepared frorti3b and 2-bromoacetyl bromide as described
for method C as a light yellow solid, yield 53%i. NMR (400 MHz, DMSO) 9.59
(s, 1H), 7.85-7.78 (m, 2H), 7.59-7.47 (m, 2H), 7257 (m, 1H), 7.09 (s, 1H), 6.96
(d, J = 8.8 Hz, 1H), 6.69 (dd] = 8.4, 2.4 Hz, 1H), 4.16 (s, 2H), 3.81 (s, 3HR (S,
3H), 2.63 (s, 3H)*C NMR (101 MHz, DMSO) 171.09, 157.36, 154.66, 147.42,
141.00, 139.57, 133.11, 128.54, 126.61, 126.02,3521120.48, 117.89, 116.13,
112.66, 106.84, 56.89, 45.78, 20.48. MS (ESI, n##2}.20 [M + HJ.
4.1.3.11.
Methyl-2-((2-methoxy-5-(methyl(2-methylquinolin-4¥gmino)phenyl)amino)-2-oxo
acetate 14k)

Compound14k was prepared froni3b and methyl 2-chloro-2-oxoacetate as
described for method C as a light yellow solid]d/i86%."H NMR (400 MHz, CDC})
$9.48 (s, 1H), 8.35 (dl = 2.8 Hz, 1H), 8.03 (s, 1H), 7.61-7.54 (m, 2HRZ77.15 (m,
1H), 6.93 (s, 1H), 6.71 (d,= 8.8 Hz, 1H), 6.50 (dd} = 8.8 Hz,J = 2.4 Hz, 1H), 3.97

(s, 3H), 3.88 (s, 3H), 3.46 (s, 3H), 2.74 (s, 3HE NMR (101 MHz, DMS0)5



161.22, 159.06, 155.09, 153.82, 145.96, 143.71,6¥29128.20, 126.70, 124.99,
121.46, 119.44, 115.26, 112.60, 112.21, 56.69,1538.59, 24.85. MS (ESI, m/z):
380.15 [M + HJ.

4.1.3.12. Ethyl-2-((2-methoxy-5-(methyl(2-methylquinolin-4)gimino)phenyl)amino)
-2-oxoacetateldl)

Compound 14l was prepared froml3b and ethyl 2-chloro-2-oxoacetate as
described for method C as a light yellow solid,|di€5%. '*H NMR (400 MHz,
CDCl) § 9.50 (s, 1H), 8.35 (d} = 2.8 Hz, 1H), 8.02 (d] = 8.0 Hz, 1H), 7.61 (d] =
8.4 Hz, 1H), 7.57-7.52 (m, 1H), 7.20 Jt= 7.6 Hz, 1H), 6.93 (s, 1H), 6.71 (@@= 8.8
Hz, 1H), 6.49 (ddJ = 8.8, 2.4 Hz, 1H), 4.41 (d,= 7.2 Hz, 2H), 3.87 (s, 3H), 3.45 (s,
3H), 2.73 (s, 3H), 1.42 (f] = 7.2 Hz, 3H).X*C NMR (101 MHz, DMSO) 160.74,
159.37, 155.17, 153.57, 145.73, 143.93, 129.43,7828126.67, 124.90, 121.73,
119.11, 114.99, 112.57, 63.09, 56.69, 43.43, 28.482. MS (ESI, m/z): 394.11 [M
+ H]".
4.1.3.13.
Methyl-5-((2-methoxy-5-(methyl(2-methylquinolin-4¥gmino)phenyl)amino)-5-oxo
pentanoateldm)

Compoundl4m was prepared frorhi3b and methyl 5-chloro-5-oxopentanoate as
described for method C as a light yellow solid,ldid7%."H NMR (400 MHz,
DMSO0) 5 9.05 (s, 1H), 7.85-7.76 (m, 2H), 7.56-7.48 (m, ZHp1-7.16 (m, 1H), 7.06
(s, 1H), 6.90 (dJ = 8.8 Hz, 1H), 6.61 (dd] = 8.8, 2.4 Hz, 1H), 3.78 (s, 3H), 3.57 (s,

3H), 3.35 (s, 3H), 2.62 (s, 3H), 2.38 Jt= 7.2 Hz, 2H), 2.31 (t) = 7.6 Hz, 2H),



1.82-1.71 (m, 2H)**C NMR (101 MHz, DMSO)Y 173.49, 171.31, 159.51, 153.48,
149.39, 145.93, 143.98, 129.11, 128.62, 125.03,5024121.80, 118.06, 116.49,
112.08, 56.35, 51.68, 43.56, 35.47, 33.11, 25.884& MS (ESI, m/z): 422.26 [M +

H]*.

4.1.4.General preparation d#la-e (method D).

To a solution of compound4f (90 mg, 0.27mmol, 1.0 equiv) in acetonitrile
heated at 80°C was added 3-methylaminopropionifl€2mmol, 1.2 equiv) and
potassium carbonate (0.54mmol, 2.0 equiv) refluoe®h. The reaction mixture was
cooled and the solvent removed under reduced presthe residue was partitioned
between brine and ethyl acetate. The aqueous Vegerextracted with ethyl acetate.
The combined organics were dried overn8@, and concentrated. The residue was
purified by flash chromatography using dichloronzet® and methanol (v/v, 9:1) as
eluent to give the produdba. Under the same conditionEb-e can be obtained by
replacing 3-methylaminopropionitrile with differeamines.
4.1.4.1.2-((2-cyanoethyl)(methyl)amindy-(2-methoxy-5-(methyl(2-methylquinolin-
4-yl)amino)phenyl)acetamidéd%a)

Compound 15a was prepared froml4f and 3-methylaminopropionitrile as
described for method D as a light yellow solid,|gi€6%.'H NMR (400 MHz,
CDCl) § 9.55 (s, 1H), 8.36 (d} = 2.8 Hz, 1H), 7.98 (d] = 8.0 Hz, 1H), 7.62 (d] =
7.6 Hz, 1H), 7.55-7.50 (m, 1H), 7.20-7.14 (m, 161P1 (s, 1H), 6.67 (d] = 8.8 Hz,

1H), 6.42 (dd,J = 8.4, 2.8 Hz, 1H), 3.85 (s, 3H), 3.44 (s, 3HPA(s, 2H), 2.87 (1] =



6.7 Hz, 2H), 2.72 (s, 3H), 2.59 &= 6.7 Hz, 2H), 2.47 (s, 3H}°C NMR (101 MHz,
DMSO) é 168.77, 159.61, 153.41, 149.53, 144.65, 144.29,312 129.03, 128.24,
124.96, 124.56, 121.92, 120.00, 117.48, 113.68,291211.92, 61.54, 56.48, 52.76,
43.54, 42.61, 25.55, 16.30. MS (ESI, m/z): 418M7{H]".

4.1.4.2.
N-(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amind)enyl)-2-(3-methylpiperidin-
1-yl)acetamide15b)

Compoundl5b was prepared fromi4f and 3-methylpiperidine as described for
method D as a light yellow solid, yield 74%l NMR (400 MHz, CDC}) 5 9.96 (s,
1H), 8.42 (dJ = 2.6 Hz, 1H), 8.01 (d] = 7.8 Hz, 1H), 7.62 (d] = 8.4 Hz, 1H), 7.53
(t, J= 7.6 Hz, 1H), 7.17 () = 7.6 Hz, 1H), 6.90 (s, 1H), 6.65 (dbi= 8.8Hz, 2.4Hz,
1H), 6.38 (dd,) = 8.8, 2.4 Hz, 1H), 3.85 (d,= 8.4 Hz, 3H), 3.45 (s, 3H), 3.09 (s, 2H),
2.80 (d,J = 9.8 Hz, 2H), 2.73 (s, 3H), 2.22 Jt= 9.0 Hz, 1H), 1.95 (] = 9.4 Hz, 1H),
1.84-1.54 (m, 5H), 0.93 (d,= 6.4 Hz, 3H)**C NMR (101 MHz, DMSO) 168.80,
159.59, 153.42, 149.50, 144.37, 129.28, 129.05,3128124.95, 124.57, 121.92,
117.21, 113.15, 112.01, 62.38, 61.71, 56.65, 54341, 32.18, 31.48, 25.53, 22.54,
19.56. MS (ESI, m/z): 433.06 [M + H]
4.1.4.3.
N-(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amindjenyl)-2-morpholinoacetami
de (15¢)

Compoundl5c was prepared fromdd4f and morpholine as described for method

D as a light yellow solid, yield 71944 NMR (400 MHz, CDC}) § 9.82 (s, 1H), 8.37



(d,J = 2.6 Hz, 1H), 7.97 (d] = 8.4 Hz, 1H), 7.62 (d] = 8.4 Hz, 1H), 7.53 (§ = 7.6
Hz, 1H), 7.15 (tJ = 7.6 Hz, 1H), 6.91 (s, 1H), 6.66 @@= 8.8 Hz, 1H), 6.39 (dd] =
8.8, 2.4 Hz, 1H), 3.86 (s, 3H), 3.83-3.77 (m, 48144 (s, 3H), 3.16 (s, 2H), 2.71 (s,
3H), 2.68-2.61 (m, 4H)*C NMR (101 MHz, DMSO)5 168.24, 159.59, 153.41,
149.47, 144.42, 129.16, 128.21, 124.94, 124.58,9121117.35, 113.35, 112.36,
112.06, 66.98, 62.03, 56.74, 53.59, 43.51, 25.52 (K5I, m/z): 421.16 [M + H]
4.1.4.4.
N-(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amind)enyl)-2-thiomorpholinoacet
amide (5d)

Compound15d was prepared froni4f and thiomorpholine as described for
method D as a light yellow solid, yield 69%l. NMR (400 MHz, CDCY) 5 9.77 (s,
1H), 8.37 (dJ = 2.8 Hz, 1H), 8.02 (d] = 8.4 Hz, 1H), 7.60 (d] = 8.4 Hz, 1H), 7.53
(t, J = 7.2 Hz, 1H), 7.17 () = 7.2 Hz, 1H), 6.90 (s, 1H), 6.68 (@= 8.8 Hz, 1H),
6.41 (dd,J = 8.8, 2.6 Hz, 1H), 3.88 (s, 3H), 3.45 (s, 3HL33(s, 2H), 2.92-2.84 (m,
4H), 2.81-2.75 (m, 4H), 2.73 (s, 3HJC NMR (101 MHz, DMSO} 168.48, 158.53,
154.24, 145.14, 143.63, 129.93, 128.30, 127.43,3025124.88, 121.05, 118.19,
113.94, 112.15, 111.17, 62.52, 56.80, 55.10, 4430043, 28.11, 24.48. MS (ESI,
m/z): 437.25 [M + H].
4.1.4.5.
N-(2-methoxy-5-(methyl(2-methylquinolin-4-yl)amind)enyl)-2-((2-(phenylamino)e

thyl)amino)acetamidelbe)



Compound15e was prepared fromi4f and N-phenylethane-1, 2-diamine as
described for method D as a light yellow solid,|di€9%.'H NMR (400 MHz,
CDCl) § 9.76 (s, 1H), 8.44 (dl = 2.4 Hz, 1H), 8.11 (d] = 8.0 Hz, 1H), 7.51-7.60 (m,
2H), 7.15-7.21 (m, 3H), 6.87 (s, 1H), 6.77-6.61 &hi), 6.45 (ddJ = 8.8, 2.4 Hz,
1H), 3.87 (s, 3H), 3.48 (s, 3H), 3.46 (s, 2H), 3(83 = 5.6 Hz, 2H), 2.96 (t} = 5.6
Hz, 2H), 2.77 (s, 3H)"*C NMR (101 MHz, DMSOY 169.79, 159.50, 153.51, 149.26,
144.79, 144.23, 129.38, 129.12, 128.25, 125.00,5824121.84, 117.51, 116.23,
113.85, 112.48, 112.12, 56.56, 52.61, 48.58, 4343803, 25.44. MS (ESI, m/z):

470.37 [M + HI.

4.2.Biological assay methods.
4.2.1.Cell proliferation assay.

The anti-proliferation activities of the compounasre tested in HCT116 cells,
A549 cells, A2780S cells, A2780/T celldCT-8 cells, HCT-8/T cells, HCT-8/V cells
MDA-MB-231 cells, MCF-7 cells, and MCF-7/ADR cell€ells in logarithmic phase
were seeded in 96-well plates and allowed to adhéren the cells were incubated
with indicated concentrations of the compounds48rh. MTT was subsequently
added for an extra 2-3 h of incubation. The MTTnfazan precipitate was dissolved
in DMSO, and the absorbance was measured at a evatbl of 570 nm by a
Spectramax M5 microtiter plate luminometer (MolecuDevices, Sunnyvale, CA,
USA).

4.2.2.Flow cytometry.



A2780S cells were incubated with various conceiuinat of selected compound
or DMSO vehicle for 24 h at 37 °C. The cells werashed by PBS, and then the cell
DNA was stained with 5Qg/mL PI containing 1 mg/mL of DNase-free RNaseAdor
minimum of 9 min. The samples were analyzed byoavftytometer (BD FACS
Calibur, Franklin Lakes, NJ, USA).
4.2.3.Immunofluorescence staining.

The immunofluorescence study of microtubule systeas conducted generally
as describe. A2780S cells were seeded into 96platiés and then treated with the
selected compound, paclitaxel, colchicine, and DMfSGndicated for 24 h. The cells
were fixed with 4% paraformaldehyde and then peaedrwith PBS containing 0.5%
Triton X-90. After blocking for 30 min in 5% goatemum albumin at room
temperature, cells were incubated with a monoclardlbody (antie-tubulin) at
room temperature for 1 h. Then the cells were wésheee times by PBS following
staining by fluorescence antibody and labeling wélei by DAPI. Cells were finally
washed thrice and visualized using a fluoresceniceostope (OLYMPUS, Tokyo,
Japan).
4.2.4.In vitro tubulin polymerization assay.

An amount of 2 mg/mL tubulin (Cytoskeleton) resusged in PEM buffer [80
mM PIPES (pH 6.9), 0.5 mM EGTA, 2 mM MgCland 15% glycerol] and then was
preincubated with compounds or vehicle DMSO on REG containing GTP was
added to the final concentration of 3 mg/mL befaletecting the tubulin

polymerization reaction. The reaction was monitolsd a spectrophotometer in



absorbance at 340 nm at 37 °C every 2 min. Thé ¢macentrations of the compound
were list as followsi4h (0.2, 2, and @M), colchicine (SuM).
4.2.5.EBI Competition Assay.

Six-well plates were seeded with HepG2 cells at® eells per well. Cells were
first incubated with compount4h (1, 5, and 25uM), vincristine (5 and 2.M), or
colchicine (5uM) for 2 h and afterward treated with EBI (10M). After 1.5 h, the
cells were harvested and cell extracts were prepfme Western blot analysis. An
amount of 20ug of proteins was subjected to gel electrophoresgg 9%
polyacrylamide gels. The proteins were transferoeto PVDF membranes, then
blocked by 5% nonfat milk for 1 h, and subsequeittubated with antg-tubulin
antibody (Cell Signaling Technology, no. 2146) iérh at 4 °C. Next, the membranes
were washed extensively. Immunoreactive proteingewénally detected by
chemiluminescence (Millipore, USAB-actin was also examined to approve equal
loading of protein.
4.2.6.Molecular docking.

Tubulin was chosen as the target receptor. ThetBIatare of the receptor was
gained from Protein Data Bank. The docking proceduas performed in Discovery
Studio 3.1 package. In the process of docking,emmetwere prepared by Discovery
Studio modules, all water molecules were eliminagdidatoms within 9 A of ligands
were defined as binding site, and Goldscore wasaihas the fitting function

4.2.7.Animal tumor models and treatment.



We established HCT116 in vivo xenograft model inm&thod similar as
described. We used 5-to-6-week-old female Balb/@ athymic nude mice,
respectively, and implanted the indicated numbecetits suspended in 90 CE HBSS
in the right flank of mice. When tumor volumes rieed 90 mr, the animals were
treated with vehicle (containing 2.5% Tween-80 aribo ethanol), 5-Fu (90 mg/kg,
every 7 days), ot4h (2.5 mg/kg, every 2 days). Signs of toxicity andrtality were
observed daily. Tumor volumes and body weights weeasured every 2 days when
administrated with a caliper (calculated volume (nm (@/6) x length x width x
width). The antitumor activity of compound was exsked by tumor inhibitor = (1 -
tumor weight of treated group/tumor weight of cohggroup) x 90%.
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Highlights

Twenty-six novel 4-anilinoquinoline derivatives were synthesized and evaluated
for their antiproliferative activities.

The structure-activity relationship was discussed in different ways.

Compound 13bh exhibited the most potent activity against al tested tumor cell
lines and showed promising efficacy in multidrug resistant cancer cells.
Compound 13bh was identified as a novel tubulin depolymerization agent by
binding at the colchicine site.

Compound 13bh exhibited potent inhibitory activity against tumor growth in

Vivo.



