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Discovery of
4-(3,5-dimethoxy-4-(((4-methoxyphenethyl)amino)methyl)phenoxy)-N-phenylaniline as a
novel c-Myc inhibitor against colorectal cancer in vitro and in vivo
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The 4-(3,5-dimethoxy-4-(((4-methoxyphenethyl)amino)methyl) phenoxy)-N-phenylaniline (42) as
a novel potent c-Myc inhibitor was identified. The results demonstrated that 42 showed good
binding affinity to c-Myc/MAX dimerization and DNA binding, downregulation of c-Myc
expression level, and exhibited excellent antitumor activity in vitro and vivo with low toxicity.
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Abstract : Proto-oncogene c-Myc plays an essential roleerdigwvelopment of colorectal cancer

(CRC), since downregulation of c-Myc inhibits isti@al polyposis, which is the most cardinal
pathological change in the development of CRC. lIderea series of novel
phenoxy-N-phenylaniline derivatives were designed synthesized. The cytotoxicity activities of
all the derivatives were measured by MTT assay iifferdnt colon cancer cells,
4-(3,5-dimethoxy-4-(((4-methoxyphenethyl)amino) mdthhenoxy)-N-phenylaniline 42) was
discovered, the lead compoudd with excellent cytotoxicity activity of 1= 0.32uM, 1C5o=
0.51uM , in HT29 and HCT 15 cells, respectively. Compod@ had a good inhibitory activity of
c-Myc/MAX dimerization and DNA binding. Besides, mpound42 could effectively induce
apoptosis and induced G2/M arrest in low conceptrsand GO/G1 arrest in high concentration to
prevent the proliferation and differentiation i@ cancer cells. Western blot analysis confirmed
the 42 strongly down-regulated expression of c-Myc. Feanthore, during 30 days treatmef#
exhibited excellent efficacy in HT29 tumor xenografodel without causing significant weight
loss and toxicity. Consequent2 could be a promising drug candidate for CRC therap
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1. INRODUCTION

Globally, colorectal cancer (CRC) is the secondlileg cause of cancer death, and the second
most common cancer in women and the third most camim men. According to Globocan[1],
the global prevalence of colorectal cancer in 20E8 estimated at over 6.3 million, with 1.8
million newly diagnosed and caused 880 792 dedths.World Economic Forum estimated the
total costs associated with colorectal cancer ib02@ be approximately USD 31.6 billion, CRC
resulted in a significant economic burden on p&iemd society[2-4]. Even though an increasing
number of potentially curative treatments includittgemotherapy agents, surgery, radiotherapy
and molecular targeting therapies have been deselfgy CRC, the clinical prognosis still remain
unsatisfactory, especially as CRC patients withastases[5-8]. Furthermore, tumor heterogeneity
leads to a significant consequence of resistapbreses to chemotherapies and targeted therapies.
The current first-line drugs for colorectal canpatients, such as irinotecan, 5-Fluorouracil asd it
derived prodrugs, platinum drugs, etc[7, 8]. Howeaé of them have poor clinical efficacy, poor
patient prognosis and serious drug resistance eTdrer;, seeking for a new and effective drug is an
enormous challenge for the therapy of CRC in tieréu

C-Myc is the member of the Myc proto-oncogene fgnalfrequent genetic abnormality seen in
CRC is the elevated expression of c-Myc, and thgomance of c-Myc expression in CRC has
been demonstrated in both studies of transgeni® raid clinical research, including tumor
growth, replication, metabolism, differentiatiomdaapoptosis[9-14]. Downregulation of c-Myc
can inhibit intestinal polyposis, which is the mastportant lesion in the process of colon
cancer[10, 15, 16]. Thus, c-Myc inhibitors couldph® suppress the initiation and progression of
tumors. Recently, lots of c-Myc inhibitors were aisered including Myc-Max protein-protein
interactions[17-19], such as 10058-F4, 10074-G54$R7, NUCC-0176242, or Myc-Max
protein-DNA binding interactions[20, 21], such asgydvb 3, KJ Pyr 9, or binding to c-Myc
G-quadruplex(G4) stabilizers[22, 23], such as lmdgsguinoline 5, IZCZ-3, etc. Despite plenty
of c-Myc inhibitors (shown irFigure 1) reported, there is no anti-Myc drug clinicallyadable.
Moreover, many of the known c-Myc inhibitors ard soitable for clinical studies because of low
potency or poor antitumor activity uivo[24, 25]. Thus, discovery of more novel c-Myc intdlos,
particularly with novel scaffolds is still necesgat present.

The c-Myc protein is the member of intrinsicallysdidered (ID) proteins[26, 27], which is
characterized by a lack of stable structure an@nsite backbone flexibility[28-30]. It is a
relevant yet challenging target for drug discov@tyB3]. In an effort to seek novel c-Myc
inhibitors, c-Myc—Max interactions inhibitors areost valuable for clinical research[34-37]. We
initially studied the core structures of these $madlecular inhibitors, and found most of these
inhibitors contained a long molecular structure;aaese of the c-Myc-Max dimer interface was a
left-handed, parallel and four-helix bundle, witace monomer consisted of two R-helices
separated by an annulus[28, 38].

To identify novel inhibitors, biphenyl group[39¥and diphenylamine group[42-46] were
found in a great many of antitumor drugs with gdudlogical activities, we designed by
incorporation of the core structure a long molecatamposed of three benzene rings. Therefore,
we synthesized a series of fused 3(or4)-(phenoxpfidhylaniline derivatives. In this study, we
discovered a novel c-Myc inhibitor compoudizl that potently decreased the expression of c-Myc



protein verified by western blot. Ixitro antiproliferative activity showed that compoundd
showed significant cytotoxicity in several colomcar cells, especially in HT29 cells ¢ 0.32
uM) and HCT15 cells (Ig= 0.51uM). The lead compound2 can induce apoptosis for HT29
and HCT15 cell lines and significantly induce GO/&test in high concentration and G2/M in
low concentration. Invivo HT29 xenograft model study showed that compod@dcould
significantly inhibit tumor growth without obviousxicity.

On the basis of these findings vino administration of compourdR as c-Myc inhibitor for the
treatment of colorectal cancer resulted in good-tantor activity and low toxicity. Thus,
compound42 represents a new class of c-Myc inhibitors asrgiateclinical agents against CRC.

2. RESULTSAND DISCUSSION
2.1. Design and synthesis of N-phenylaniline dénies

With considering the good anti-tumor activitiestioése c-Myc/MAX inhibitors, we studied the
core group of these inhibitors. Regarding the dj#gi of c-Myc/MAX protein binding[28, 34,
37], we designed and synthesized N-phenylanilinevaiéves with skeletal transition based on the
original small molecule c-Myc/MAX inhibitors. A ga¢ number of studies on the structural
modifications based on the N-phenylaniline, anditle®rporation with the N-phenylaniline may
enhance biological activities significantly[47-5lowever, there were few studies on small
molecular inhibitors of c-Myc. In order to designplenylaniline derivatives with a better
biological activity and novelty, we designed anahthgsized 3(or4)-(phenoxy)-N-phenylaniline
derivatives shown ischemel.

The chemistry efforts to obta##? and a series of analogues are outlineScimemes 2-3[52-55].
First, we synthesized 4-fluoro-2,6-dimethoxybenehigieB) by Vilsmeier-Haack reaction[52]
with commercial compound. Then, 3-(phenylamino)phenb)(was prepared by 3-aminophenol
and bromobenzene via Buchwald—Hartwig coupling treaf53]. Subsequently, in the
construction of the key intermediaiées6d, we screened out a mild reaction condition, compou
5, K;CO; and 4-Fluorobenzaldehyde with different substitseander argon atmosphere in
anhydrous DMSO was stirred at 1%D for 3 h, the yields of desired compound were B.
Finally, these intermediates were stirred with ediint amines in the presence of sodium
triacetoxyborohydride, under argon atmosphere ihydrous DMF at 8TC, to afford final
compound¥-38 with 45%-60% yields, as indicated Scheme 1. Analogously, compound2-45
were synthesized following the synthetic route digal inScheme 2.

2.2. Invitro cell viability

In order to assess the cytotoxicity of these fpralducts, the cytotoxicity on HCT116, HCT15,
HT29, DLD-1, SW620 were tested by MTT[56-58] and tesults achieved are showriTable 1.
Cisplatin and 5-Fluorouracil were effective druged in the clinical treatment of CRCJ7, 8], so
we chose them as positive drugs in the MTT test.

Firstly, we studied compound&16 with R5 group bearing different aliphatic alkylamai
substituents. R5 appendage carrying hydrophobigpgrehowed anti-proliferation activity against
HT29, HCT15, DLD-1 cancer cell lines. Furthermong found that compound2 showed an
outstanding antiproliferative activity in five CR@nes. To further investigate the activity
relationship (SAR) of R5 with extended chain lendtie R5 groups were replaced by various



substituents of 4-phenylethylamimgoups. Among these molecule®r{32), the compound®B2
exhibited excellent activities in HT29, HCT15, HABL DLD-1 cell lines with 1G, values of
1.02 uM, 1.25 pM, 0.98 uM, 1.12 uM, respectively.Next, we discussed the effects of the
R5-phenyl with methoxyl at C2-position and C3-piosit As a result, the activities of the
compounds were not increased significantly. Evesudih, we altered the linker length of R5
group and the pattern substitution of methoxyl geoun Region [1, but no more active
compounds were found.

Intriguingly, we changed the relative position bétaniline moiety relative to the oxygen that
went from relative position 1,3 to 1,4 withRegion [J, and discussed the position of methoxyl
substitution inRegion [1, compoundt2 showed an extraordinary anti-tumor activity agaiis29
with ICsp value of 0.32uM (As shown inFigure 2A), 3 fold than that oB2 and 31 fold than
positive drugs(Cisplatin: I§= 10.75uM, 5-Fluorouracil: IGy= 13.37uM).

Moreover, we analysed the toxicity of compoulZdhgainst the human non-tumor liver cell line
(LO2) by MTT assay. The results showrFigure 2B, revealed that the cytotoxicity of compound
42 was significantly lower than that of positive dsu@isplatin and 5-Fluorouracil, thus proving a
good invitro safety for compound?2.

2.3 Inhibition of compounds with c-Myc/MAX dimerizaticend DNA complex

To identified interaction of synthetic compoundsl @aMyc/MAX dimerization was determined
by Enzyme-Linked Immunosorbent Assay (ELISA)[37,].59he c-Myc/MAX inhibitor
sAJM589[60] was used as positive control in ELI8Stt As shown iTable 2, molecules with R5
group bearing aliphatic alkylamine analogues capsed inhibition of c-Myc/MAX dimerization,
suggesting that the substitutions of R5 group weoethy of further optimization. Subsequent
efforts were focused on the substitutions of arimahalogues of R5 group. Compared with
compound 32 substituted with a 2-(4-methoxyphenyl)ethan-1-amiof R5 group showed a
dramatic increase inhibitory activity of c-Myc/MARimerization. The reason may be that when
2-(4-methoxyphenyl)ethan-1-amine introduced inte tholecule, which enhanced hydrophobic
interactions of c-Myc/MAX dimerization. Next, we miinued to modify the relative position 1,3
to 1,4 withinRegion [1, compound42 showed increased inhibitory potency when compaoed
that of compound32. Among all the molecules, compouri2 showed significant inhibitory
activity of c-Myc/MAX dimerization with an Ig value of 63uM, and positive agent SAJM589
with an 1G value of 36uM.

In addition, compounds interfered with c-Myc/Max/BNbinding behavior was identified by
Electrophoretic Mobility-Shift Assay (EMSA)[37, 561, 62]. As shown iTable 3, the different
binding inhibition rates were displayed, DMSO asgehicle control, and among these molecules,
compound42 was demonstrated excellent potent disruption igtiof the c-Myc/Max/DNA
complex. InFigrue S1(Supporting Informationkigure S1), the data showed compou## could
interfered with c-Myc/Max binding DNA in a conceation-dependent manner, when the
concentration of42 was increased to 40M, almost complete inhibition of c-Myc/Max/DNA
binding.

2.4 Molecular docking study
To further investigate the possible binding modeddfwith c-Myc/Max, the protein crystal
structure of Myc/Max (PDB ID:1NKP)[28] was usedthis study. As illustrated ifigure 3, the



predicted binding mode and the detailed interactidbncompound42 with Myc/Max were
elucidated. Compourd could tightly bind to the basic/helix-loop-heliicine zipper (bHLHZ)
domains of Myc-Max. It was clearly seen that NHNfphenylaniline Region 1) segment and
Ala237 formed hydrogen bond, and N-phenylanilineracted with ILe242, arg226, His223 via
hydrophobic features, respectively. Besides, twthmey groups oRegion [ segment interacted
with Arg913 by hydrogen bond. More importantly, MHRegion [ segment and Arg913 formed
an additional hydrogen bond. Furthermore, the phgrmoup inRegion [J among Lys939, Lys918,
Arg914 formed hydrophobic interaction, respectivélgiditionally, the whole molecule located in
Myc-Max dimer interface and protein-DNA interfagehich indicated that the binding stability of
the molecule and Myc-Max proteins that could disreyMyc/Max/DNA complex formation. All
characteristics of molecular binding mode couldfigtee the significant cytotoxicity activity of
compoun42.

2.5. Colony formation assay of compouti

Plate clone formation test[61] of compoudd was indicated irFigure 4, HT29 cells and
HCT15 cells were treated with compou#®] then incubated overnight at 3 for 15days. The
colony formation rate of HCT15 cells and HT29 calkscreased dramatically in the treatment
groups. It can be appreciatedrigure 4, that when the concentration 4% was increased to 1.25
uM, almost no colony formation was observed in HE28s. Similarity, when the concentration
of 42 reached 2.5uM in HCT15 cells, almost complete inhibition of ool formation was
observed. As was expected, the results of plaengdbrmation corresponded with the results of
MTT assay.

2.6. Flow cytometry of compount®.

To investigate the effect of the cell cycle disition and the cell apoptosis rate by compound
42 HT29 and HCT15 cells were treated at different cemtrations of42 for 24 h[61]. As
displayed inFigure 5A, cell cycle progression was significantly arrest¢d>0/G1 phase both in
HT29 and HCT15 cells, and the differentiation of &tell cycle distribution was evidently in a
dose-dependent manner with compoutitl The induction of cell cycle arrest inhibited cell
proliferation that reflected their capabilitiesdisrupt binding to the c-Myc/Max/DNA complex.

As represented ifrigure 5B, 42 was found to significantly affect HT29 and HCT1élls
apoptosis in a dose-dependent manner with diffel@rcentration. Compound2, at a
concentration of 1QM, causes apoptosis of HT29 and HCT15 cells afteh,2Zdemonstrating that
the inhibition ofc-Myc in proliferating cells waplendid.

2.7. Western blot assay of compoutid

The ability of42 to inhibit c-Myc expression was detected by westaot [62]. The results
showed tha#l2 decreased the expression level of c-Myc proteih o HT29 cells and HCT15
cells. As shown inFigure 6, it was clearly seen that downregulation of c-Mymtein was
achieved in a dose-dependent manner with compdnthese results suggest that compodad
might target the c-Myc/Max in HT29 cells and HCTddlls, thus presumably down-regulating its
expression.

2.8. Invivo effects 0f42 on HT29 tumor xenograft model



The invitro promising results achieved with compoutitiprompted us to study the wvo[61,
63] activity of this compound. Female BALB/c nuddcen (6-7 weeks old) bearing HT29
xenograft tumors were treated with by oral administration for 30 days. As illustrated-igure
7, compound42 remarkably inhibited tumor growth in a dose-demamridnanner. Tumor growth
inhibitions (TGIs) of 71.58%, 61.21%, 55.17% weltserved in the HT29 xenograft model at
dose of 120mg/kg, 80mg/kg, 40mg/kg, respectivelyltpbrouracil was used as positive control at
dose of 30mg/kg, the mice body weight was signifiyareduced after 10 days of treatment. On
the contrary, during 30 days treatment with exhibited excellent anti-tumor efficacy without
causing significant weight loss and toxicity.

3. CONCLUSIONS

In this investigation, a series of N-phenylardligerivatives were designed and synthesized, and
the in vitro cell viability against CRC lines wasatuated. Among these synthetic molecules,
derivative42 showed good iwnitro antiproliferative activities against HT29, HCTHCT16 with
IC50 values of 0.32M, 0.51uM, 0.82uM, respectively. Additionally, SAR study presentadt
the junction of Regionl] with Region (1 to C-4 position, and Regionl connected to
N-(2,6-dimethoxybenzyl)-2-(4-methoxyphenyl)ethaashine might make an enormous
contribution to the biological activity. BesiddsMSA binding ability test and molecular docking
study demonstrated thd® exhibit an excellent binding affinity to c-Myc/Maxa its unique
structural features. The target compoutiishowed explicit induced apoptosis for HT29 and
HCT15 in a dose-dependent manner, and cell cyclestaat the GO/G1 phase on HT29 and
HCT15 cells. Furthermore, western blot analysiswatb down-regulation of the expression of
c-Myc in HT29 and HCT15 cells by compou#®, which could indicate that compoudd would
be inhibiting Myc/MAX interaction. More importantiywe demonstrated that compoudd
revealed eminent antitumor ability iivo on HT29 tumor xenograft model with generating no
significant weight loss and toxicity. All of theusties illustrate here suppof is a promising
novel drug candidate for therapy of CRC.

4. EXPERIMENTAL SECTION

4.1 Chemistry. All reagents and solvents were obtained from stahdappliers and used without
further purification. Anhydrous solvents were driadd purified by standard chemical reagent
purification *H (400 MHz) and**C NMR (101 MHz) spectra were recorded on a Bruké#s0
spectrometer at 25C with CDCk. Chemical shifts are represented d(ppm) values with
tetramethylsilane (TMS) as an internal standaravtesolution and high-resolution ESI-MS was
taken on a Bruker Amjzon mass spectrometer. Allctieas were measured by thin-layer
chromatography (TLC) under ultraviolet light (254ron 365nm) and purified by Silica Gel
Column Chromatography (300-400 mesh). All the fipralducts were tested by the Waters 2695
HPLC system, the purity of the final compounds weaar 95% for biological testing.

Synthesis of  4-fluoro-2,6-dimethoxybenzaldehyde .(3) To a  solution of
1-fluoro-3,5-dimethoxybenzerie(10 g, 64.06 mmol) under argon atmosphere in augdDMF
(20 mL) was stirred at 8C for 20 min, POGI(11.77 g, 76.87 mmol) was added in 15min, the
reaction mixture was stirred at room temperature3® min, then heated at 6@ for 4 h. The



reaction was completed, allowed to cool to roomperature, poured into ice-water (400 mL).The
aqueous phase was adjusted to pH=9-10 by 4N Natdceed with ethyl acetate (2 x 400 mL),
combined organic phases and washed with brined diter anhydrous MgSOThe organic layer
was removed by rotary evaporation in vacuo, putifig column chromatography to afford 7.35g
white solid product. Yield 62.30%H NMR (400 MHz, CDC}) & 10.44 (s, 1H), 6.77 (s, 2H), 3.91
(s, 6H). ESI-MS: mass calcd for [M + H|CsHFO3) 185.05;found m/z, 185.06.

Synthesis of 3-(phenylamino)phenol (5 mixture of 3-aminophend (5 g, 45.82 mmol) and
bromobenzene (8.63 g, 54.98 mmol), sodium tertsbdéo (1.32 g, 137.46 mmol), BrettPhos
Palladacycle (182.78 mg, 0.23 mmol, 0.5 mmol %) eundrgon atmosphere in anhydrous
1,4-dioxane 25 mL was stirred at 80 for 2 h. The reaction was completed monitored’b@.
The reaction mixture was concentrated in vacuoedd®0 mL water, extracted with ethyl acetate
(2 x 400 mL), combined organic phases and washtdhsine, dried over anhydrous MgsOhe
organic layer was concentrated in vacuo and pdrliesilica gel chromatography to afford 4.31 g
brown solid. Yield 86.01%H NMR (400 MHz, CDC}) § 7.28 (dd,J = 7.0, 1.5 Hz, 1H), 7.25 (s,
1H), 7.14 — 7.06 (m, 3H), 6.95 (d#i= 10.5, 4.2 Hz, 1H), 6.64 — 6.58 (m, 1H), 6.561 &, 2.2 Hz,
1H), 6.37 (ddd,) = 8.0, 2.3, 0.7 Hz, 1H), 5.68 (s, 1H), 4.71 (s).1ESI-MS: mass calcd for [M +
H]* (C1o2H12NO) 186.08; found m/z, 186.09.

General procedure A for the synthesis of 6a-6 a solution of 3-(phenylamino)pher®(3 g,
16.20 mmol) and KCO; (6.72 g, 48.59 mmol), 4-Fluorobenzaldehyde witifiedént substituents
(16.20 mmol) under argon atmosphere in anhydrou$SD[5 mL) was stirred at 160G for 3 h
and monitored by TLC. The reaction was quenchedoty water (100 mL), extracted with DCM,
dried over anhydrous MgSQconcentrated in vacuo to get crude products,pamified by silica
gel chromatography to get desired compounds.
2,6-dimethoxy-4-(3-(phenylamino)phenoxy)benzaldeby@a) The title compound was prepared
from 5 and 4-fluoro-2,6-dimethoxybenzaldehydellowing the general procedure &f. Yield:
85.21%, brown solid"H NMR (400 MHz, CDCJ) 6 10.30 (s, 1H), 7.25 — 7.20 (m, 2H), 7.17 (s,
1H), 7.07 — 7.02 (m, 2H), 6.92 (= 7.4 Hz, 1H), 6.80 (ddd,= 8.1, 2.2, 0.8 Hz, 1H), 6.73 (=
2.2 Hz, 1H), 6.53 (ddd] = 8.1, 2.3, 0.8 Hz, 1H), 6.10 (s, 2H), 3.74 (s).6ESI-MS: mass calcd
for [M + H]" (C»H1aNO,) 350.13; found m/z, 350.23.
2-methoxy-4-(3-(phenylamino)phenoxy)benzaldehydé)(6The title compound was prepared
from 5 and4-fluoro-2-methoxybenzaldehydellowing the general procedure Af Yield: 82.35%,
white solid."H NMR (400 MHz, CDC}) § 10.31 (s, 1H), 7.77 (d,= 8.6 Hz, 1H), 7.30 — 7.23 (m,
3H), 7.09 (dJ = 7.6 Hz, 2H), 6.96 () = 7.4 Hz, 1H), 6.87 (dd] = 8.1, 1.6 Hz, 1H), 6.78 (§,=
2.1 Hz, 1H), 6.62 — 6.52 (m, 3H), 5.90 (s, 1H),53(8, 3H). ESI-MS: mass calcd for [M + H]
(CooH17NO3) 320.12; found m/z, 320.13.
3-methoxy-4-(3-(phenylamino)phenoxy)benzaldehyde)(6The title compound was prepared
from 5 and4-fluoro-3-methoxybenzaldehydellowing the general procedure Af Yield: 78.82%,
colorless oil*H NMR (400 MHz, CDC}) *H NMR (400 MHz, CDC}) & 9.89 (s, 1H), 7.51 (dl =
1.7 Hz, 1H), 7.39 (dd] = 8.2, 1.8 Hz, 1H), 7.29 — 7.22 (m, 3H), 7.08Xd, 7.8 Hz, 2H), 6.97 (dd,
J=15.6, 7.8 Hz, 2H), 6.83 (dd= 8.1, 2.0 Hz, 1H), 6.77 #,= 2.1 Hz, 1H), 6.56 (ddl= 8.1, 2.2
Hz, 1H), 3.96 (s, 3H). ESI-MS: mass calcd for [NH}F (C,oH1/NO3) 320.12; found m/z, 320.12.
4-(3-(phenylamino)phenoxy)benzaldehydéd). The title compound was prepared freirand
4-fluorobenzaldehydfllowing the general procedure Af Yield: 73.55%, colorless oitH NMR



(400 MHz, CDC}) 6 9.92 (s, 1H), 7.88 — 7.82 (m, 2H), 7.31 — 7.25 8M), 7.09 (ddd,) = 7.9,
4.8, 1.8 Hz, 4H), 6.97 (dd, = 10.5, 4.2 Hz, 1H), 6.90 — 6.85 (m, 1H), 6.781( 2.2 Hz, 1H),
6.59 (dddJ = 8.1, 2.2, 0.7 Hz, 1H), 5.79 (s, 1H). ESI-MS: maalcd for [M + H] (CigH1sNO,)
290.11; found m/z, 290.12.

General procedure B for the synthesis of 7-:3B0 a solution of6(a-d) (0.30mmol) , sodium
triacetoxyborohydride (127 mg, 0.60 mmol), diffareamines (0.36mmol), added acetic acid
(0.03mmol) under argon atmosphere in anhydrous @MfL) was stirred at 8%C for over
night and monitored by TLC. The reaction was queddby cold water (100 mL), extracted with
ethyl acetate, dried over anhydrous MgS€oncentrated in vacuo to get crude products, and
purified by flash column chromatography to get desicompounds.
3-(3,5-dimethoxy-4-((methylamino)methyl)phenoxy)thenylaniline (7) The title compound
was prepared froda andmethylamine hydrochloridiollowing the general procedure Bf Yield:
52.50%, brown solid®H NMR (400 MHz, CDC}) & 7.28 (d,J = 7.8 Hz, 2H), 7.22 (] = 8.1 Hz,
1H), 7.10 (dJ = 7.9 Hz, 2H), 6.96 ({] = 7.3 Hz, 1H), 6.84 (d] = 8.1 Hz, 1H), 6.73 (s, 1H), 6.56
(d, J = 7.9 Hz, 1H), 6.23 (s, 2H), 4.21 (s, 2H), 3.816H), 2.54 (s, 3H)"*C NMR (101 MHz,
CDCly) 6 160.42, 160.03, 157.26, 145.23, 142.27, 130.49,412 121.76, 118.68, 112.52, 111.12,
107.78, 101.09, 94.70, 56.01, 40.47, 31.19. ESI-M@ss calcd for [M + H] (CxH24N205)
365.18; found m/z, 365.19. Purity 95.1% by HPLC.
3-(4-((cyclopropylamino)methyl)-3,5-dimethoxyphengdxN-phenylaniline ~ (8) The title
compound was prepared froBa and cyclopropanamindollowing the general procedure 8f
Yield: 61.05%, brown solidH NMR (400 MHz, CDC}) § 7.25 (d,J = 7.2 Hz, 2H), 7.19 () =

8.1 Hz, 1H), 7.09 (dJ = 7.6 Hz, 2H), 6.95 (1] = 7.4 Hz, 1H), 6.80 (ddl = 8.0, 2.0 Hz, 1H), 6.71
(t, J=2.2 Hz, 1H), 6.54 (ddl = 8.1, 2.2 Hz, 1H), 6.26 (s, 2H), 5.81 (s, 1HD24(s, 2H), 3.77 (s,
6H), 2.20 (tt,J = 7.2, 3.7 Hz, 1H), 0.71 (m, 2H), 0.52 (= 6.6 Hz, 2H)*C NMR (101 MHz,
CDCly) 6 159.82, 145.11, 142.36, 130.39, 129.38, 121.68,58] 112.16, 110.77, 107.44, 95.18,
55.92, 40.47, 29.37, 4.40. ESI-MS: mass calcd Kb+ H]" (Co4H26N205) 391.19; found m/z,
391.20. Purity 96.7% by HPLC.
3-(4-((isopropylamino)methyl)-3,5-dimethoxyphenoxi{}phenylaniline (9).The title compound
was prepared froria and propan-2-amindollowing the general procedure Bf Yield: 52.36%,
brown solid*H NMR (400 MHz, CDC}) & 7.29 (s, 2H), 7.25 (s, 1H), 7.20 {t= 8.1 Hz, 1H),
7.10 (d,J=7.7 Hz, 2H), 6.95 () = 7.3 Hz, 1H), 6.82 (d] = 8.1 Hz, 1H), 6.70 (d] = 2.0 Hz, 1H),
6.55 (dd,J = 8.1, 1.7 Hz, 1H), 6.25 (s, 2H), 5.92 (s, 1HR2A(s, 2H), 3.77 (s, 6H), 2.95 (dt=
12.9, 6.4 Hz, 1H), 1.23 (d,= 6.4 Hz, 6H)*C NMR (101 MHz, CDGJ) 5 159.57, 157.93, 145.09,
142.36, 130.38, 129.38, 121.64, 118.55, 112.05671007.33, 95.42, 55.88, 46.94, 40.29, 37.81,
23.17. ESI-MS: mass calcd for [M + H|CxH»gN-03) 393.21; found m/z, 393.21. Purity 98.1%
by HPLC.

3-(4-((dimethylamino)methyl)-3,5-dimethoxyphenoxyHphenylaniline ~ (10). The title
compound was prepared fradda anddimethylaminefollowing the general procedure Bf Yield:
45.77%, brown solid."H NMR (400 MHz, CDCJ) § 7.31 — 7.27 (m, 2H), 7.23 (d,= 8.1 Hz,
1H), 7.11 (dJ = 7.6 Hz, 2H), 6.97 () = 7.3 Hz, 1H), 6.86 (dd} = 8.1, 1.9 Hz, 1H), 6.76 (§,=

2.2 Hz, 1H), 6.58 (dd] = 8.0, 2.1 Hz, 1H), 6.25 (s, 2H), 5.89 (s, 1HR24(s, 2H), 3.81 (s, 6H),
2.72 (s, 6H)°C NMR (101 MHz, CDG)) & 161.35, 160.49, 156.76, 145.32, 142.18, 130.58,
129.43,121.90, 118.78, 112.95, 111.44, 108.054994.50, 56.04, 49.03, 42.40, 29.70. ESI-MS:



mass calcd for [M + H](Co3H26N,03) 379.19; found m/z, 379.20. Purity 95.3% by HPLC.
2,2'-((2,6-dimethoxy-4-(3-(phenylamino)phenoxy)bstiazanediyl)bis(ethan-1-ol) (11). The
titte compound was prepared fro6a and 2,2'-azanediylbis(ethan-1-ofpllowing the general
procedure oB. Yield: 56.15%, yellow oil"H NMR (400 MHz, CDC}) & 7.29 (d,J = 7.8 Hz, 1H),
7.23 (d,J =8.1 Hz, 1H), 7.11 (d] = 7.9 Hz, 1H), 6.97 () = 7.3 Hz, 1H), 6.86 (ddl = 8.2, 1.5
Hz, 1H), 6.76 (s, 1H), 6.58 (dd,= 7.9, 1.6 Hz, 1H), 6.25 (s, 1H), 5.88 (s, 1HR5(s, 1H), 3.99
(s, 2H), 3.81 (s, 3H), 3.28 (s, 2HC NMR (101 MHz, CDGJ) 5 160.02, 130.58, 129.41, 121.84,
118.76, 112.88, 111.44, 108.05, 94.65, 56.15, 5&1(B5, 47.58. ESI-MS: mass calcd for [M +
H]" (CasH3oN0s) 439.22; found m/z, 439.23. Purity 97.2% by HPLC.
N-(2-((2,6-dimethoxy-4-(3-(phenylamino)phenoxy)bgiiamino)ethyl)acetamide (12)The title
compound was prepared frdda andN-(2-aminoethyl)acetamid®llowing the general procedure
of B. Yield: 61.42 %, brown offtH NMR (400 MHz, CDC}) & 7.27 (d,J = 7.0 Hz, 2H), 7.20 (t]

= 8.1 Hz, 1H), 7.13 — 7.08 (m, 2H), 7.00 (s, 1H46(t,J = 7.3 Hz, 1H), 6.83 (ddl = 8.1, 1.5 Hz,
1H), 6.64 (tJ = 2.2 Hz, 1H), 6.55 (dd,= 8.1, 1.6 Hz, 1H), 6.26 (s, 2H), 6.08 (s, 1H®23(s, 2H),
3.77 (s, 6H), 3.39 (d) = 5.3 Hz, 2H), 2.84 — 2.73 (m, 2H), 1.97 (s, 33 NMR (101 MHz,
CDCly) 8 170.65, 159.51, 158.60, 158.02, 145.15, 142.43,3173 129.36, 121.57, 118.51, 111.85,
110.59, 107.22, 95.44, 55.88, 46.94, 40.29, 372%117. ESI-MS: mass calcd for [M + H]
(CasH29N30,4) 436.22; found m/z, 436.23. Purity 98.1% by HPLC.
2-(4-(2,6-dimethoxy-4-(3-(phenylamino)phenoxy)behpiperazin-1-yl)ethan-1-ol (13)The title
compound was prepared frdda and2-(piperazin-1-yl)ethan-1-dbllowing the general procedure
of B. Yield: 53.18%, brown oiH NMR (400 MHz, CDC}) § 7.28 (dd,J = 7.0, 1.4 Hz, 2H), 7.23
(t, J=8.1 Hz, 1H), 7.14 — 7.08 (m, 2H), 6.96Jt 7.4 Hz, 1H), 6.84 (dd] = 8.1, 1.5 Hz, 1H),
6.75 (t,J = 2.2 Hz, 1H), 6.57 (dd] = 8.1, 1.6 Hz, 1H), 6.25 (s, 2H), 5.88 (s, 1HP8&(s, 2H),
3.76 (s, 6H), 3.70 — 3.65 (m, 2H), 2.93 (s, 7HJ22= 2.66 (m, 2H)"*C NMR (101 MHz, CDG))

8 160.54, 157.23, 145.23, 142.25, 130.49, 129.41,812 118.69, 112.62, 111.18, 107.79, 99.99,
94.89, 59.16, 57.64, 55.93, 50.55, 48.17. ESI-M8&ssrtalcd for [M + H] (Cy7H3aN30,) 464.25;
found m/z, 464.26. Purity 96.5% by HPLC.
3-(4-((4-ethylpiperazin-1-yl)methyl)-3,5-dimethoxypnoxy)-N-phenylaniline  (14). The title
compound was prepared froéa and 1-ethylpiperazindollowing the general procedure &
Yield: 62.33%, brown solidH NMR (400 MHz, CDCJ) 6 7.29 (s, 1H), 7.25 (s, 1H), 7.20 Jt=
8.1 Hz, 1H), 7.10 (dJ = 8.0 Hz, 2H), 6.95 () = 7.3 Hz, 1H), 6.81 (d] = 8.1 Hz, 1H), 6.71 (s,
1H), 6.55 (ddJ = 8.1, 1.9 Hz, 1H), 6.24 (s, 2H), 5.88 (s, 1HR43(s, 2H), 3.73 (s, 6H), 2.72 (@,

= 46.0 Hz, 8H), 2.50 — 2.44 (m, 2H), 1.10Jt= 7.1 Hz, 3H)*C NMR (101 MHz, CDG)) §
160.30, 158.01, 145.04, 142.40, 130.34, 129.38,612118.55, 112.07, 110.73, 107.38, 95.41,
55.82, 52.10, 51.92, 51.50, 48.48, 11.67. ESI-M&ssrtalcd for [M + H](Cy7H33N305) 448.25;
found m/z, 448.25. Purity 95.4% by HPLC.
(1s,3s)-N-(2,6-dimethoxy-4-(3-(phenylamino)phendsghzyl)adamantan-1-amine  (15). The
titte compound was prepared fr@a andamantadindollowing the general procedure Bf Yield:
41.27%, yellow solid*H NMR (400 MHz, CDC}) & 7.28 (s, 1H), 7.24 (s, 1H), 7.21 (b= 8.1 Hz,
1H), 7.12 (dJ = 7.7 Hz, 2H), 6.94 (] = 7.3 Hz, 1H), 6.85 (d] = 8.1 Hz, 1H), 6.69 (s, 1H), 6.55
(dd,J =8.0, 1.6 Hz, 1H), 6.23 (d,= 8.1 Hz, 2H), 4.16 (s, 2H), 3.82 (s, 6H), 2.133(d), 2.00 (s,
6H), 1.64 (s, 6H)-°C NMR (101 MHz, CDGJ) § 159.91, 159.42, 157.66, 145.22, 142.36, 130.38,
129.34, 121.57, 118.62, 111.91, 110.82, 107.57,98)®5.45, 58.30, 56.16, 38.68, 35.58, 33.64,
29.11. ESI-MS: mass calcd for [M + H]C31Hz6N,05) 485.27; found m/z, 485.28. Purity 97.3%



by HPLC.

(2,6-dimethoxy-4-(3-(phenylamino)phenoxy)phenyl)rhatol (16) The title compound was
prepared fronéa (50 mg, 0.142mmoland NaBH (2 mg, 0.057 mmol) stirred in MeOH at room
room temperature for 2min. The reaction was comatsd in vacuo to get crude products, and
purified by silica gel chromatography to @&t Yield: 65.25 %, colorless ofiH NMR (400 MHz,
CDCl) 6 7.28 — 7.24 (m, 2H), 7.19 @,= 8.1 Hz, 1H), 7.08 (d] = 7.6 Hz, 2H), 6.96 (d] = 7.3
Hz, 1H), 6.79 (ddJ = 8.0, 1.9 Hz, 1H), 6.72 (8 = 2.2 Hz, 1H), 6.54 (dd] = 8.1, 1.8 Hz, 1H),
6.26 (s, 2H), 5.78 (s, 1H), 4.73 (s, 2H), 3.77 @Bl). ESI-MS: mass calcd for [M + H]
(Cy1H21NOy) 352.15; found m/z, 352.16. Purity 96.9% by HPLC.
3-(4-((benzylamino)methyl)-3,5-dimethoxyphenoxy)gienylaniline (17). The title compound
was prepared fronba and phenylmethanamindollowing the general procedure &:. Yield:
58.02%, brown solidH NMR (400 MHz, CDCJ) § 7.31 (dt,J = 9.7, 4.2 Hz, 5H), 7.23 (d,= 6.4
Hz, 2H), 7.19 (tJ = 8.1 Hz, 1H), 7.08 (d] = 7.8 Hz, 2H), 6.94 () = 7.3 Hz, 1H), 6.78 (dd] =
8.0, 1.6 Hz, 1H), 6.72 (8 = 2.1 Hz, 1H), 6.54 (dd} = 8.1, 2.0 Hz, 1H), 6.26 (s, 2H), 5.75 (s, 1H),
3.84 (s, 2H), 3.76 (s, 2H), 3.73 (s, 6HC NMR (101 MHz, CDGCJ) 6 159.45, 158.45, 157.27,
144.94, 142.43, 140.86, 130.30, 129.39, 128.20,6¥726.21.62, 118.50, 111.91, 111.74, 110.49,
107.19, 95.62, 55.73, 53.12, 41.05. ESI-MS: maksidar [M + H]" (C,gH2aN,03) 441.21; found
m/z, 441.21. Purity 95.6% by HPLC.
3-(4-(((4-fluorobenzyl)amino)methyl)-3,5-dimethoxypnoxy)-N-phenylaniline (18). The title
compound was prepared froda and (4-fluorophenyl)methanamindollowing the general
procedure oB. Yield: 53.72%, yellow solidH NMR (400 MHz, CDC}) § 7.32 — 7.23 (m, 4H),
7.18 (t,J = 8.1 Hz, 1H), 7.07 (d] = 7.7 Hz, 2H), 7.02 — 6.91 (m, 3H), 6.77 (dd; 8.1, 1.4 Hz,
1H), 6.71 (tJ = 2.0 Hz, 1H), 6.53 (dd,= 8.1, 1.7 Hz, 1H), 6.25 (s, 2H), 5.80 (s, 1HR23(s, 2H),
3.72 (s, 8H)*C NMR (101 MHz, CDG)) & 163.03, 160.61, 159.44, 158.39, 157.37, 144.99,
142.46, 136.61, 136.58, 130.32, 129.75, 129.67,592929.39, 121.60, 121.25, 118.50, 115.01,
114.80, 111.97, 111.59, 110.50, 107.23, 95.59,3%2.33, 40.92. ESI-MS: mass calcd for [M +
H]" (CogH27FN,O3) 459.20; found m/z, 459.21. Purity 98.1% by HPLC.
3-(4-(((4-chlorobenzyl)amino)methyl)-3,5-dimethoXygnoxy)-N-phenylaniline (19) The title
compound was prepared froa and (4-chlorophenyl)methanaminéollowing the general
procedure oB. Yield: 58.87%, brown solidH NMR (400 MHz, CDC}) § 7.27 — 7.22 (m, 6H),
7.19 (d,J=8.1 Hz, 1H), 7.10 — 7.05 (m, 2H), 6.93Xt 7.4 Hz, 1H), 6.80 — 6.75 (m, 1H), 6.71 (t,
J = 2.2 Hz, 1H), 6.56 — 6.51 (m, 1H), 6.25 (s, 26180 (s, 1H), 3.81 (s, 2H), 3.72 (s, 8HC
NMR (101 MHz, CDC}) & 159.44, 158.34, 157.46, 144.99, 142.45, 139.2@,343 130.33,
129.58, 129.39, 128.28, 121.61, 118.51, 112.01,3511110.53, 107.26, 95.54, 55.73, 52.25,
40.86. ESI-MS: mass calcd for [M + H]C,gH»7CIN,Os) 475.17; found m/z, 475.17. Purity 97.1%
by HPLC.

3-(4-(((4-bromobenzyl)amino)methyl)-3,5-dimethoxygioxy)-N-phenylaniline (20).The title
compound was prepared fro®a and (4-bromophenyl)methanaminéollowing the general
procedure oB. Yield: 61.25%, brown solidd NMR (400 MHz, CDC)) 6 7.42 (d,J = 8.3 Hz,
2H), 7.26 — 7.17 (m, 5H), 7.08 (d~ 7.6 Hz, 2H), 6.94 () = 7.4 Hz, 1H), 6.80 — 6.76 (m, 1H),
6.72 (t,J = 2.2 Hz, 1H), 6.56 — 6.52 (m, 1H), 6.25 (s, 2bl}7 (s, 1H), 3.81 (s, 2H), 3.72 @5

6.5 Hz, 8H).*C NMR (101 MHz, CDG)) & 159.43, 158.33, 157.46, 144.97, 142.44, 139.79,
131.23, 130.33, 129.96, 129.39, 121.63, 120.42,511812.01, 111.35, 110.55, 107.26, 95.54,
55.73, 52.28, 40.85. ESI-MS: mass calcd for [M + (@hsH»7BrN,03) 519.12, 521.12; found m/z,



519.13, 521.13 . Purity 96.8% by HPLC.
4-(((2,6-dimethoxy-4-(3-(phenylamino)phenoxy)benayhino)methyl)phenol (21). The title
compound was prepared frada and4-(aminomethyl)phendbllowing the general procedure of
B. Yield: 48.73%, brown oil'H NMR (400 MHz, CDC}) § 7.26 — 7.22 (m, 2H), 7.18 @,= 8.1
Hz, 1H), 7.07 (ddJ = 8.5, 1.0 Hz, 2H), 7.02 (d,= 8.4 Hz, 2H), 6.93 (tJ = 7.3 Hz, 1H), 6.81 —
6.77 (m, 1H), 6.69 (t) = 2.2 Hz, 1H), 6.58 — 6.51 (m, 3H), 6.23 (s, 2b1B4 (s, 1H), 3.89 (s, 2H),
3.70 (s, 6H), 3.62 (s, 2HYC NMR (101 MHz, CDG)) 5 159.46, 158.21, 157.75, 156.24, 145.01,
142.45, 130.33, 129.97, 129.71, 129.37, 121.60,511815.76, 111.97, 110.61, 110.16, 107.34,
95.46, 55.74, 52.09, 40.74. ESI-MS: mass calcdNbr H]" (CygH2gN»04) 457.20; found m/z,
457.21. Purity 97.3% by HPLC.
3-(3,5-dimethoxy-4-(((4-methoxybenzyl)amino)methpyienoxy)-N-phenylaniline (22)The title
compound was prepared frofa and (4-methoxyphenyl)methanamirfellowing the general
procedure oB. Yield: 55.61%, brown solidH NMR (400 MHz, CDCJ) 6 7.35 (d,J = 8.5 Hz,
2H), 7.26 (s, 2H), 7.20 (§ = 8.1 Hz, 1H), 7.10 (d] = 7.7 Hz, 2H), 6.95 () = 7.3 Hz, 1H), 6.88
—6.83 (m, 3H), 6.66 (] = 2.1 Hz, 1H), 6.53 (ddl = 8.0, 1.9 Hz, 1H), 6.20 (s, 2H), 5.98 (s, 1H),
4.07 (s, 2H), 3.91 (s, 2H), 3.77 (s, 3H), 3.7364). *C NMR (101 MHz, CDG)) & 159.85,
159.65, 157.58, 145.19, 142.35, 131.06, 130.41,382924.88, 121.68, 118.60, 114.11, 112.13,
110.86, 107.53, 95.06, 55.90, 55.29, 49.65, 3EI-MS: mass calcd for [M + A} CagH3zgN-0.)
471.22; found m/z, 471.22. Purity 96.2% by HPLC.
3-(3,5-dimethoxy-4-(((4-methylbenzyl)amino)methyignoxy)-N-phenylaniline (23).The title
compound was prepared froda and p-tolylmethanamindollowing the general procedure Bf
Yield: 52.72%, brown solidH NMR (400 MHz, CDC}) § 7.21 — 7.18 (m, 2H), 7.15 (dd= 10.1,
3.5 Hz, 3H), 7.11 () = 8.1 Hz, 1H), 7.04 (d] = 7.9 Hz, 2H), 7.01 (ddl = 8.5, 1.0 Hz, 2H), 6.86
(dd,J=10.5, 4.2 Hz, 1H), 6.72 (dd,= 8.1, 1.5 Hz, 1H), 6.64 (§,= 2.2 Hz, 1H), 6.48 — 6.44 (m,
1H), 6.17 (s, 2H), 5.74 (s, 1H), 3.80 (s, 2H), 3(682H), 3.65 (s, 6H), 2.25 (s, 3HIC NMR
(101 MHz, CDC}) 5 159.49, 158.27, 157.70, 145.00, 142.43, 136.68,363 130.31, 129.38,
129.00, 128.39, 121.61, 118.52, 111.97, 110.55291007.28, 95.50, 55.75, 52.35, 40.73, 21.11.
ESI-MS: mass calcd for [M + H](CxH3oN-Os) 455.23; found m/z, 455.24. Purity 98.6% by
HPLC.
3-(4-(((benzo[d][1,3]dioxol-5-yImethyl)amino)methyB,5-dimethoxyphenoxy)-N-phenylaniline
(24). The title compound was prepared froba and benzo[d][1,3]dioxol-5-ylmethanamine
following the general procedure Bf Yield: 58.36%, brown solidH NMR (400 MHz, CDC})) &
7.28 (d,J = 8.5 Hz, 2H), 7.20 () = 8.1 Hz, 1H), 7.10 (d] = 7.6 Hz, 2H), 6.99 (s, 1H), 6.95 {t,

= 7.4 Hz, 1H), 6.90 (dJ = 7.9 Hz, 1H), 6.84 (dd] = 8.1, 1.6 Hz, 1H), 6.74 (d,= 7.9 Hz, 1H),
6.67 (t,J = 2.2 Hz, 1H), 6.52 (dd] = 8.0, 1.7 Hz, 1H), 6.19 (s, 2H), 5.92 (s, 2HR%A(s, 2H),
3.90 (s, 2H), 3.75 (s, 6HYC NMR (101 MHz, CDG)) 5 160.08, 159.67, 157.35, 148.17, 147.94,
145.21, 142.31, 130.44, 129.41, 125.31, 123.86,7421118.64, 112.32, 111.01, 110.18, 108.43,
107.69, 102.21, 101.31, 94.87, 55.95, 49.76, 38BSI-MS: mass calcd for [M + H]
(CyoH28N205) 485.20; found m/z, 485.20. Purity 95.4% by HPLC.
(R)-3-(3,5-dimethoxy-4-(((1-phenylethyl)amino)metighenoxy)-N-phenylaniline (25)The title
compound was prepared fradda and(R)-1-phenylethan-1-aminfellowing the general procedure
of B. Yield: 51.83 %, brown solidH NMR (400 MHz, CDCJ) 6 7.51 — 7.45 (m, 2H), 7.32 (dddl,
=9.4,6.6, 1.9 Hz, 4H), 7.24 @,= 1.9 Hz, 1H), 7.17 (§ = 8.1 Hz, 1H), 7.09 (dd} = 8.5, 1.0 Hz,
2H), 6.95 (tJ = 7.3 Hz, 1H), 6.81 (dd| = 8.1, 1.5 Hz, 1H), 6.67 (§,= 2.2 Hz, 1H), 6.50 (dd} =



8.1, 1.6 Hz, 1H), 6.16 (s, 2H), 5.92 (s, 1H), 388 = 6.7 Hz, 1H), 3.97 — 3.92 (m, 2H), 3.71 (s,
6H), 1.64 (d,J = 6.8 Hz, 3H)*C NMR (101 MHz, CDGJ) 5 159.64, 159.27, 157.75, 145.10,
142.40, 130.33, 129.39, 128.70, 128.30, 127.57,622118.54, 112.10, 110.75, 107.49, 95.04,
57.98, 55.80, 38.52, 21.10. ESI-MS: mass calcdNbr H]" (C,gH3oN»03) 455.23; found m/z,
455.23. Purity 97.7% by HPLC.
(R)-3-(3,5-dimethoxy-4-(((1-(4-methoxyphenyl)ethgthino)methyl) phenoxy)-N-phenylaniline
(26). The title compound was prepared fr@da and (R)-1-(4-methoxyphenyl)ethan-1-amine
following the general procedure Bf Yield: 50.07 %, brown solidH NMR (400 MHz, CDC})) &
7.30 — 7.25 (m, 4H), 7.18 @,= 8.1 Hz, 1H), 7.09 (d] = 7.7 Hz, 2H), 6.94 (1) = 7.3 Hz, 1H),
6.86 (d,J = 8.6 Hz, 2H), 6.79 (ddl = 8.1, 1.4 Hz, 1H), 6.69 (#,= 2.1 Hz, 1H), 6.53 (dd] = 8.1,
1.6 Hz, 1H), 6.23 (s, 2H), 5.79 (s, 1H), 3.80 (8),3.71 (s, 6H), 3.69 (s, 2H), 1.34 (b= 6.6 Hz,
3H). **C NMR (101 MHz, CDG)) 5 159.40, 158.47, 158.46, 157.24, 144.94, 142.46,283
129.38, 127.86, 121.59, 118.49, 113.57, 111.81.471007.16, 95.65, 56.83, 55.68, 55.28, 39.50,
24.26. ESI-MS: mass calcd for [M + H]|CsH3N0,) 485.24; found m/z, 485.25. Purity 98.3%
by HPLC.

3-(3,5-dimethoxy-4-((phenethylamino)methyl)phenoxyyphenylaniline  (27). The title
compound was prepared frdda and2-phenylethan-1-aminellowing the general procedure Bf
Yield: 61.09%, brown solidH NMR (400 MHz, CDCJ)  7.28 (d,J = 4.6 Hz, 3H), 7.22 (ddl =
7.6, 2.9 Hz, 2H), 7.17 — 7.12 (m, 2H), 7.09J0¢; 7.6 Hz, 2H), 6.96 (1) = 7.4 Hz, 1H), 6.83 (dd,
J=8.1,1.5Hz, 1H), 6.71 (#,= 2.2 Hz, 1H), 6.53 (dd} = 8.1, 1.7 Hz, 1H), 6.18 (s, 2H), 5.85 (s,
1H), 4.19 (s, 2H), 3.65 (s, 6H), 3.11 (5 6.2 Hz, 2H), 3.06 (d] = 6.2 Hz, 2H)*C NMR (101
MHz, CDCk) 8 159.92, 159.62, 157.36, 145.21, 142.24, 136.80,483 129.42, 128.92, 128.90,
127.05, 121.83, 118.69, 112.52, 110.96, 107.594945.88, 47.27, 40.17, 32.62. ESI-MS: mass
calcd for [M + HJ (CogH30N-03) 455.23; found m/z, 455.24. Purity 96.5% by HPLC.
3-(4-(((4-chlorophenethyl)amino)methyl)-3,5-dimetkgphenoxy)-N-phenylaniline  (28) The
titte compound was prepared fr@da and2-(4-chlorophenyl)ethan-1-amiriellowing the general
procedure oB. Yield: 53.57%, brown solid.'H NMR (400 MHz, CDC})  7.29 (s, 2H), 7.25 (d,
J=2.5Hz, 2H), 7.21 (d] = 8.1 Hz, 1H), 7.09 (dd} = 7.5, 5.3 Hz, 4H), 6.96 (§,= 7.3 Hz, 1H),
6.83 (ddJ=8.1, 2.1 Hz, 1H), 6.71 (,= 2.1 Hz, 1H), 6.53 (ddl = 8.1, 2.2 Hz, 1H), 6.19 (s, 2H),
5.86 (s, 1H), 4.17 (s, 2H), 3.67 (s, 6H), 3.07J& 6.4 Hz, 2H), 3.02 (d) = 6.4 Hz, 2H)>C
NMR (101 MHz, CDC)) & 160.43, 159.67, 157.11, 145.27, 142.19, 134.98,1863 130.55,
130.30, 129.44, 129.10, 121.89, 112.72, 111.03,.680794.81, 55.95, 46.78, 40.05, 31.53.
ESI-MS: mass calcd for [M + H](C,gH26CIN,O3) 489.19; found m/z, 489.20. Purity 98.5% by
HPLC.

3-(4-(((4-fluorophenethyl)amino)methyl)-3,5-dimetkgphenoxy)-N-phenylaniline  (29) The
titte compound was prepared frdda and 2-(4-fluorophenyl)ethan-1-amirfellowing the general
procedure oB. Yield: 48.28%, yellow solidH NMR (400 MHz, CDCJ) & 7.25 (t,J = 7.9 Hz,
2H), 7.20 — 7.06 (m, 5H), 6.99 — 6.90 (m, 3H), 6@d,J = 8.0, 1.5 Hz, 1H), 6.70 (§,= 2.0 Hz,
1H), 6.52 (ddJ = 8.1, 1.7 Hz, 1H), 6.23 (s, 2H), 5.81 (s, 1HB13(s, 2H), 3.67 (s, 6H), 2.80 (dd,
J = 11.0, 5.3 Hz, 4H)*C NMR (101 MHz, CDGJ) & 162.60, 160.18, 159.34, 158.41, 157.28,
144.98, 142.46, 136.02, 135.99, 130.30, 130.14,073029.38, 121.59, 118.49, 115.12, 114.92,
111.94, 111.39, 110.42, 107.17, 95.56, 55.66, 5135, 35.31. ESI-MS: mass calcd for [M +
H]" (CagH2oFN,O3) 473.22; found m/z, 473.23. Purity 97.1% by HPLC.
3-(3,5-dimethoxy-4-(((4-methylphenethyl)amino)meliphenoxy)-N-phenylaniline  (30). The



titte compound was prepared fro®a and 2-(p-tolyl)ethan-1-aminefollowing the general
procedure ofB. Yield: 55.37%, yellow oil'H NMR (400 MHz, CDCJ) 'H NMR (400 MHz,
CDCly) 8 7.26 (s, 1H), 7.23 (0} = 5.4 Hz, 1H), 7.17 (1 = 8.1 Hz, 1H), 7.10 — 7.03 (m, 6H), 6.93
(t, J=7.3 Hz, 1H), 6.77 (dd] = 8.0, 1.6 Hz, 1H), 6.70 (8, = 2.2 Hz, 1H), 6.52 (ddl = 8.1, 1.8
Hz, 1H), 6.22 (s, 2H), 5.89 (s, 1H), 3.86 (s, 2BB5 (s, 6H), 2.83 (dd, = 10.6, 5.3 Hz, 4H), 2.29
(s, 3H).*C NMR (101 MHz, CDG)) 5 159.43, 158.29, 157.67, 145.06, 142.48, 136.73,583
130.31, 129.38, 129.09, 128.68, 121.58, 118.52,98]11110.47, 110.08, 107.24, 95.47, 55.68,
49.79, 40.94, 35.14, 21.0ESI-MS: mass calcd for [M + H](CsH3N,03) 469.24; found m/z,
469.25. Purity 97.4% by HPLC.
4-(2-((2,6-dimethoxy-4-(3-(phenylamino)phenoxy)bghamino)ethyl)phenol (31) The title
compound was prepared froda and4-(2-aminoethyl)phendbllowing the general procedure of
B. Yield: 51.03 %, brown oif*H NMR (400 MHz, MeOD) 7.21 (td,J = 8.2, 4.6 Hz, 3H), 7.11 —
7.04 (m, 4H), 6.89 — 6.84 (m, 2H), 6.77 (s, 1HY46(dd,J = 4.4, 2.2 Hz, 2H), 6.51 — 6.47 (m,
1H), 6.36 (s, 2H), 4.21 (s, 2H), 3.79 (s, 6H), 3-13.12 (m, 2H), 2.94 — 2.87 (m, 2HC NMR
(101 MHz, CDC}) 5 165.12, 163.81, 160.91, 160.36, 150.01, 146.9@,043 133.31, 132.73,
130.79, 124.57, 121.86, 119.31, 116.20, 114.04,7810105.23, 98.17, 59.12, 43.41, 34.69.
ESI-MS: mass calcd for [M + H](CxH3oN-Os) 471.22; found m/z, 471.23. Purity 95.8% by
HPLC.

3-(3,5-dimethoxy-4-(((4-methoxyphenethyl)amino)megiiiphenoxy)-N-phenylaniline (32) The
titte compound was prepared frofa and 2-(4-methoxyphenyl)ethan-1-amirfellowing the
general procedure . Yield: 58.95 %, brown solidH NMR (400 MHz, CDC}) & 7.25 (t,J =
7.9 Hz, 2H), 7.18 (1) = 8.1 Hz, 1H), 7.08 (dd} = 8.5, 2.1 Hz, 4H), 6.94 (§,= 7.3 Hz, 1H), 6.85
—6.76 (m, 3H), 6.70 (dl = 1.9 Hz, 1H), 6.52 (ddl = 8.1, 2.1 Hz, 1H), 6.22 (s, 2H), 5.85 (s, 1H),
3.84 (s, 2H), 3.77 (s, 3H), 3.67 (s, 6H), 2.83J¢ 5.8 Hz, 2H), 2.79 (d) = 6.0 Hz, 2H)>C
NMR (101 MHz, CDC})) & 160.25, 159.73, 158.67, 157.23, 145.26, 142.26,483 129.92,
129.41, 128.46, 121.78, 118.68, 114.29, 112.52,0011107.67, 101.40, 94.81, 55.91, 55.29,
47.02, 39.72, 31.23. ESI-MS: mass calcd for [M ¥ (@sH3:N,0,) 485.24; found m/z, 484.25.
Purity 96.9% by HPLC.
3-(3,5-dimethoxy-4-(((2-methoxyphenethyl)amino)megiiiphenoxy)-N-phenylaniline (33) The
titte compound was prepared frofa and 2-(2-methoxyphenyl)ethan-1-amirfellowing the
general procedure . Yield: 47.64 %, brown solidH NMR (400 MHz, CDC}) & 7.25 (t,J =
7.9 Hz, 2H), 7.20 — 7.11 (m, 3H), 7.08 {d5 7.6 Hz, 2H), 6.94 (1] = 7.3 Hz, 1H), 6.88 — 6.76 (m,
3H), 6.70 (tJ= 2.1 Hz, 1H), 6.51 (ddl = 8.1, 1.7 Hz, 1H), 6.22 (s, 2H), 5.83 (s, 1HB73(s, 2H),
3.75 (s, 3H), 3.67 (s, 6H), 2.87 (s, 4HC NMR (101 MHz, CDGCJ) 5 159.40, 158.37, 157.68,
157.45, 145.01, 142.45, 130.42, 130.29, 129.38,22827.38, 121.59, 120.40, 118.52, 111.92,
110.40, 110.38, 107.17, 95.52, 55.70, 55.26, 48133)6, 30.36. ESI-MS: mass calcd for [M +
H]" (CsgH3N,04) 485.24; found m/z, 484.25. Purity 97.5% by HPLC.
3-(3,5-dimethoxy-4-(((3-methoxyphenethyl)amino)megiiiphenoxy)-N-phenylaniline (34).The
titte compound was prepared frofa and 2-(3-methoxyphenyl)ethan-1-amirfellowing the
general procedure . Yield: 52.11 %, brown solidH NMR (400 MHz, CDC}) & 7.24 (t,J =
7.9 Hz, 2H), 7.17 () = 8.0 Hz, 2H), 7.07 (d] = 7.7 Hz, 2H), 6.93 (] = 7.3 Hz, 1H), 6.81 — 6.67
(m, 5H), 6.52 (ddJ = 8.1, 1.8 Hz, 1H), 6.22 (s, 2H), 5.87 (s, 1HB33(s, 2H), 3.76 (s, 3H), 3.66
(s, 6H), 2.83 (ddJ = 15.7, 5.8 Hz, 4H)°C NMR (101 MHz, CDG)) & 159.68, 159.38, 158.42,
157.33, 145.01, 142.49, 141.90, 130.29, 129.38,312921.55, 121.22, 118.48, 114.43, 111.87,



111.42, 111.17, 110.41, 107.16, 95.56, 55.66, 559487, 41.13, 36.07. ESI-MS: mass calcd for
[M + H]" (CsgH3N20,) 485.24; found m/z, 484.25. Purity 98.1% by HPLC.
3-(3,5-dimethoxy-4-(((3-(4-methoxyphenyl)propyl)am)methyl)phenoxy)-N-phenylaniline

(35). The title compound was prepared fro6a and 3-(4-methoxyphenyl)propan-1l-amine
following the general procedure Bf Yield: 55.61 %, brown oitH NMR (400 MHz, CDC}) &
7.28 —7.22 (m, 2H), 7.18 @,= 8.1 Hz, 1H), 7.11 — 7.05 (m, 4H), 6.93Xt 7.3 Hz, 1H), 6.83 —
6.77 (m, 3H), 6.70 () = 2.2 Hz, 1H), 6.56 — 6.51 (m, 1H), 6.24 (s, 2bIR7 (s, 1H), 3.83 (s, 2H),
3.76 (s, 3H), 3.73 (s, 6H), 2.60 (dt= 24.7, 7.5 Hz, 4H), 1.88 — 1.77 (m, 2 NMR (101
MHz, CDCk) 8 159.47, 158.32, 157.72, 157.59, 145.03, 142.49,263 130.31, 129.38, 129.29,
121.56, 118.50, 113.75, 111.94, 110.60, 110.49,280'B5.52, 55.77, 55.27, 48.19, 40.99, 32.66,
31.33. ESI-MS: mass calcd for [M + H]|Cs1H3aN,0,) 499.25; found m/z, 499.26. Purity 98.6%
by HPLC.

3-(3-methoxy-4-(((4-methoxyphenethyl)amino)methyigmoxy)-N-phenylaniline (36).The title
compound was prepared froBb and 2-(4-methoxyphenyl)ethan-1-amitiellowing the general
procedure oB. Yield: 50.09 %, brown solidH NMR (400 MHz, CDC)) 6 7.24 (ddJ = 11.2, 4.6
Hz, 2H), 7.16 (tJ = 8.1 Hz, 1H), 7.12 (d] = 8.1 Hz, 1H), 7.10 — 7.04 (m, 4H), 6.92X& 7.3 Hz,
1H), 6.84 — 6.79 (m, 2H), 6.79 — 6.75 (m, 1H), 6(69 = 2.2 Hz, 1H), 6.56 (d] = 2.2 Hz, 1H),
6.51 (dddJ = 7.6, 5.6, 2.0 Hz, 2H), 5.83 (s, 1H), 3.76 (s),58467 (s, 3H), 2.84 (dd,= 10.9, 4.2
Hz, 2H), 2.77 (dd) = 10.7, 3.9 Hz, 2H)>C NMR (101 MHz, CDG)) 5 158.71, 158.44, 158.06,
157.29, 144.99, 142.49, 131.96, 130.64, 130.31,692929.38, 122.74, 121.54, 118.50, 113.90,
111.96, 110.61, 110.32, 107.37, 102.46, 55.34,%%Q2.33, 48.72, 35.08. ESI-MS: mass calcd for
[M + H]" (CogH3oN203) 455.23; found m/z, 455.23. Purity 95.4% by HPLC.
3-(2-methoxy-4-(((4-methoxyphenethyl)amino)methyigmoxy)-N-phenylaniline (37) The title
compound was prepared frofe and 2-(4-methoxyphenyl)ethan-1-amirellowing the general
procedure oB. Yield: 55.62 %, brown oil'H NMR (400 MHz, CDC}) § 7.24 — 7.20 (m, 2H),
7.12 (t,J= 8.2 Hz, 3H), 7.06 — 7.02 (m, 2H), 6.96 — 6.88 8ir), 6.85 — 6.78 (m, 3H), 6.71 (dH,

= 8.0, 1.5 Hz, 1H), 6.64 (8 = 2.2 Hz, 1H), 6.45 (dd] = 7.9, 2.0 Hz, 1H), 5.76 (s, 1H), 3.80 (s,
3H), 3.76 (s, 5H), 2.88 (8, = 6.8 Hz, 2H), 2.78 (t] = 6.9 Hz, 2H)*C NMR (101 MHz, CDG) &
159.21, 158.13, 151.46, 144.70, 143.78, 142.69,8636.31.86, 130.09, 129.68, 129.32, 121.28,
121.08, 120.63, 118.30, 113.98, 112.67, 111.45.280906.14, 56.02, 55.29, 53.54, 50.62, 35.21.
ESI-MS: mass calcd for [M + H](CyH3oN-Os) 455.23; found m/z, 455.24. Purity 97.3% by
HPLC.

3-(4-(((4-methoxyphenethyl)amino)methyl)phenoxy)tenylaniline (38).The title compound
was prepared fror6d and2-(4-methoxyphenyl)ethan-1-amif@lowing the general procedure of
B. Yield: 53.78 %, brown oiftH NMR (400 MHz, CDCJ) § 7.25 — 7.19 (m, 4H), 7.14 @,= 8.1
Hz, 1H), 7.09 (dJ = 8.6 Hz, 2H), 7.03 (dd] = 8.5, 1.0 Hz, 2H), 6.98 — 6.93 (m, 2H), 6.90 (@d,
=10.5, 4.2 Hz, 1H), 6.84 — 6.79 (m, 2H), 6.76 7Z26(m, 1H), 6.67 (t)= 2.2 Hz, 1H), 6.51 — 6.47
(m, 1H), 5.79 (s, 1H), 3.74 (s, 3H), 3.73 (s, 2BB5 (dd,J = 10.8, 3.8 Hz, 2H), 2.74 §,=7.0
Hz, 2H)."*C NMR (101 MHz, CDG)) § 158.64, 158.12, 156.01, 145.01, 142.56, 135.30,063
130.35, 129.71, 129.54, 129.42, 121.53, 119.11,521814.01, 111.96, 110.70, 107.49, 55.31,
53.32, 50.76, 35.41. ESI-MS: mass calcd for [M + WgH2eN-0,) 425.22; found m/z, 425.23.
Purity 98.2% by HPLC.

Synthesis of 4-(phenylamino)phenol (40)hetitle compound was prepared from 4-aminophenol
and bromobenzene following procedure the same mpaands. Yield: 82.37 %, brown solidH



NMR (400 MHz, CDC}) 6 7.24 — 7.18 (m, 2H), 7.04 — 6.99 (m, 2H), 6.93864m, 2H), 6.83 (t,
J=7.3 Hz, 1H), 6.80 — 6.74 (m, 2H), 5.46 (s, 14§4 (s, 1H). ESI-MS: mass calcd for [M +'H]
(C12H1NO) 186.08; found m/z, 186.09.

Synthesis of 2,6-dimethoxy-4-(4-(phenylamino)phegibenzaldehyde (41)Yhe title compound
was prepared from 40 and 4-fluoro-2,6-dimethoxyldéaehyde following general procedure A.
Yeid:76.55%, colorless oitH NMR (400 MHz, CDCJ) 6 10.32 (s, 1H), 7.26 — 7.21 (m, 2H), 7.07
— 7.02 (m, 4H), 6.96 (d] = 8.8 Hz, 2H), 6.93 (tJ = 7.4 Hz, 1H), 6.12 (s, 2H), 3.72 (s, 6H).
ESI-MS: mass calcd for [M + H{C,1H1gNO,) 350.13; found m/z, 350.14.
4-(3,5-dimethoxy-4-(((4-methoxyphenethyl)amino)mgfiphenoxy)-N-phenylaniline (42).The
titte compound was prepared frodl and 2-(4-methoxyphenyl)ethan-1-amirfellowing the
general procedure @&. Yield: 56.35 %, brown oifH NMR (400 MHz, CDC}) & 7.25 (t,J = 7.8
Hz, 2H), 7.08 (tJ = 8.3 Hz, 4H), 7.01 (d] = 8.1 Hz, 2H), 6.95 (d] = 8.8 Hz, 2H), 6.90 () =
7.3 Hz, 1H), 6.81 (d) = 8.5 Hz, 2H), 6.17 (s, 2H), 5.68 (s, 1H), 3.842(d), 3.77 (s, 3H), 3.66 (s,
6H), 2.81 (dd,J = 13.1, 5.6 Hz, 4H)"°C NMR (101 MHz, CDGCJ) & 159.38, 158.75, 157.99,
150.95, 143.82, 138.93, 132.05, 129.69, 129.40,6820.20.28, 120.09, 116.99, 113.82, 109.89,
94.39, 55.66, 55.28, 49.97, 41.03, 34.86. ESI-M8&ssrtalcd for [M + H] (CzoH3N,0,) 485.24;
found m/z, 485.25. Purity 98.6% by HPLC.
4-(3,5-dimethoxy-4-(((3-methoxyphenethyl)amino)mgfiphenoxy)-N-phenylaniline(43) The
titte compound was prepared frodl and 2-(3-methoxyphenyl)ethan-1-amirfellowing the
general procedure d&. Yield: 51.21 %, brown oifH NMR (400 MHz, CDC}) 6 7.28 — 7.25 (m,
1H), 7.24 (dd) = 5.7, 3.8 Hz, 1H), 7.21 — 7.16 (m, 1H), 7.09657/(m, 2H), 7.01 (dd] = 8.6, 1.0
Hz, 2H), 6.98 — 6.93 (m, 2H), 6.90 Jt= 7.3 Hz, 1H), 6.79 — 6.71 (m, 3H), 6.17 (s, 2b1B6 (s,
1H), 3.85 (s, 2H), 3.77 (s, 3H), 3.65 {d= 7.9 Hz, 6H), 2.85 (ddl = 12.5, 5.6 Hz, 4H)"*C NMR
(101 MHz, CDC}) 5 161.02, 159.93, 159.71, 149.71, 143.49, 139.68,953 129.77, 129.42,
121.13, 120.95, 120.90, 119.69, 117.32, 114.23581®3.70, 55.82, 55.22, 47.29, 40.00, 32.87.
ESI-MS: mass calcd for [M + H](CsgH3N,O,) 485.24; found m/z, 485.25. Purity 95.8% by
HPLC.

4-(3,5-dimethoxy-4-(((2-methoxyphenethyl)amino)mgfiphenoxy)-N-phenylaniline(44) The
titte compound was prepared frodl and 2-(2-methoxyphenyl)ethan-1-amirfellowing the
general procedure &. Yield: 47.38 %, brown oifH NMR (400 MHz, CDC}) § 7.19 (d,J = 7.2
Hz, 1H), 7.16 (s, 1H), 7.12 — 7.05 (m, 2H), 7.08.98 (m, 2H), 6.94 (dd] = 8.5, 0.9 Hz, 2H),
6.90 — 6.85 (m, 2H), 6.84 (d,= 7.3 Hz, 1H), 6.80 — 6.77 (m, 1H), 6.75 Jd; 8.2 Hz, 1H), 6.10
(s, 2H), 5.60 (s, 1H), 3.79 (s, 2H), 3.70 (s, 3B1K9 (s, 6H), 2.79 (s, 4H}°C NMR (101 MHz,
CDCly) 6 160.92, 159.60, 157.50, 149.69, 143.45, 139.75,183 129.42, 128.49, 125.30, 120.93,
120.86, 120.83, 119.65, 117.36, 110.48, 93.75,5%58.20, 45.68, 40.21, 28.4ASI-MS: mass
calcd for [M + HJ (CsoH3N-0,) 485.24; found m/z, 485.25. Purity 96.1% by HPLC.
4-(3,5-dimethoxy-4-(((3-(4-methoxyphenyl)propyl)amimethyl)phenoxy)-N-phenylaniline(45)
The title compound was prepared frdfhand3-(4-methoxyphenyl)propan-1-amifa@lowing the
general procedure d@. Yield: 53.13 %, brown oitH NMR (400 MHz, CDCJ) § 7.28 (s, 1H),
7.24 (s, 1H), 7.10 — 7.06 (m, 3H), 7.05 — 7.01 3i), 6.98 — 6.94 (m, 2H), 6.90 (dii= 11.6, 4.1
Hz, 1H), 6.81 — 6.77 (m, 2H), 6.18 (s, 2H), 5.691(d), 3.94 (s, 2H), 3.76 (s, 3H), 3.73 (s, 6H),
2.71 — 2.66 (m, 2H), 2.59 — 2.54 (m, 2H), 1.97 901(m, 2H)**C NMR (101 MHz, CDCI3)%
160.89, 159.85, 157.92, 149.86, 143.53, 139.59,783229.42, 129.29, 120.90, 120.87, 119.76,
117.28, 113.83, 93.71, 55.85, 55.24, 45.80, 3884,6, 28.18. ESI-MS: mass calcd for [M + H]



(C31H34N204) 499.25; found m/z, 499.26. Purlty 95.8% by HPLC.
4.2. Biological Assays

4.2.1 Cell culture. All the cell licenced in this investigation weretaimed from the American Type
Culture Collection (Manassas, VA, USAJells were cultured at 3T with 5% CQ in RPMI 1640,
L-15 Medium or DMEM, supplemented with 10%(v/v) detbovine serum (Gibco) and 1%(v/v)
penicillin-streptomycin (HyClone).

4.2.2 Cell viability assayEvaluation of cytotoxicity was performed using #@ T assay.Cells were
seeded at a cell density of 2-4 1ells/0.1 mL/well in a 96-well plate. The composndere added 24
h plating at the indicated concentratioAfter treatment for 72 h, a volume of 2Q of MTT solution

(5 mg/mL) was added to each well and incubatedatititional 2-4 h incubation at 3T. Then the
medium was discarded, and the formazan salt waslded with 150uL DMSO for10-15 min.The
absorbance values (OD) of the 96-well plate wassomeal at 570 nm using a Spectra MAX M5
microplate spectrophotometer (Molecular Devices, O8A). The I1G, values were the means of at
least three independent experiments and calculgtésraphPad Prism5 software.

4.2.3 Purification of c-Myc and Max.Human Myc bHLHZip domain (residues 353-439), anaxi)
(151 amino acids residues) were expressedescherichia coli strain BL21DE3 an N-terminal
hexa-histidine (His 6) tag proteins by backbonetaepET151D/-TOPO. Bacterial culture and protein
purification were conducted by previous publisheethods[61, 62], Bacteria were cultured at°@7
225 rpm for overnight and for another 20 h to esgpreproteins in 0.8 mM
isopropyl-L-thio-B-D-galactopyranoside (IPTG, Sigm@&hen, cultures were harvested and lysed in a
buffer (8 M urea, 100 mM NalRCQ,, and 10 mM Tris), proteins were purified by NTA-Bgarose
chromatography columns (Qiagen, Inc. Chatswortd)dialyzed in storage buffer(TrisHCI 50 mM, pH
6.5, NaCl 150 mM, and 30% glyceroRroteins were quantified by using Nanodrop andzetl in
Enzyme-Linked Immunosorbent Assay (ELISA) and Elgathoretic Mobility-Shift Assay (EMSA).

4.2.4 Enzyme-Linked Immunosorbent Assakurified Myc bHLHZip domain (5.g, 50uL/well, in 1

x buffer: 10mM EDTA, 1 x PBS (pH = 7.0), 500 mM KGO0 mM MgC}, 5% glycerol, 0.1% NP40,
1.5mM DTT) were coated on an ELISA plate (Costar ¢&C for 24 h. The plates were rinsed with 1 x
buffer for three times and blocked with 200 (per well) of blocking buffer (3% BSA, 0.5 x beff) for

2 h at 37°C. Then rinsing three times with 1 x buffer forogal 40min, 10QuL of 1 x buffer containing
Max (6.5ug/per well) and different concentrations of compaailOpM, 30 uM, 60 uM, 90 uM, 120
uM, 150 uM.) were added to the wells, DMSO as vehicle cdntraMyc/MAX inhibitor SAJM589 as
positive control All test mixtures contained 5% DMSO. The platesen@cubated for 1 h at 37°C and
30 min at 23°C, wells were washed four times with X bufferand incubated with rabbit anti-c-Myc
antibody (ab39688, Abcam) for 1 h at 37°C. Thenhedsthree times with 1 x buffer, 1@ of the
same buffer containing a secondary HRP goat abbitdgG (ab205718, Abcam) was added and
incubated for 1.5 hour at 37°C, tetramethylbenad{iMB, Sigma)was added to measure enzyme
activity, and the absorption at 450 nm was detebie8pectra MAX M5 microplate spectrophotometer
(Molecular Devices, CA, USA). Data was analyzeddwgphPad Prism5 software.



4.2.5 Electrophoretic Mobility-Shift AssayEMSA were prepared as previously reported methdds[2
56], the double-stranded DNA biotinylated oligoregtide (5-CACCCGGTCACGTGGCCTACAC-3,
50 nM) containing c-Myc/Max dimers binding site apgrified proteins (Myc/Max complex, 50 nM)
were performed. Binding reaction buffer contain€inM EDTA, 1 x PBS (pH = 7.0), 500 mM KClI,
30 mM MgClh, 5% glycerol, 0.1% NP40, 1.5mM DTT, 10%DMSO. Compds were dissolved in
DMSO for test, DMSO as control. Proteins interatttmmplex and 20M compounds were prepared
for 1.5 h at room temperature, then added the Diigodor further 0.5 h. Data were detected by
BioRad FX molecular imager (BioRad, CA) and anatybg Image J (Bio-Rad, USA).

4.2.6 Molecular docking study.To apprehend the potential binding modes4afin c-Myc/Max,
molecular docking analysis was performed using ®@iscy Studio 3.5(DS 3.5, Accelrys Inc., San
Diego, CA, USA). The crystal structure of the Myai (PDB ID:1NKP) was obtained from the
RCSB Protein Data Bank. The crystal structure & thMyc/Max domain were removed water
molecules and hydrogen atoms were added to theiprdn the course of docking, the binding site was
set 15 A, and the other docking parameters werasseéefault value.

4.2.7 Flow cytometry Flow cytometry (FCM) was used to detect the cgtlle distribution and the cell
apoptosis rate induced by compoutiti HT29 cells and HCT15 cells were seeded in a 6-plalie at
3x10 cells per well and incubated for 24 h, and treat#d compound2 for 24 hrespectivelyCells
were harvested and fixed with ice-cold 70% ethandl °C for 12 h, and then ethanol was removed and
the cells were washed with cold PBSfter that, the cells were detached from the plasing
trypsinization, collected by centrifugation at 10Q0n for 5min.Then the cells were resuspended in
binding buffer and stained by Cell Cycle Detecti¢ih(keygentec, KGA512) and Annexin V-FITC/PI
double-labeling (keygentec, KGA107lhe resulting samples were analyzed by flow cytoynesing

an ACEA NovoCyte Advanteon (ACEA Biosciences InGA).

4.2.8 Western blot analysisCells were seeded in 60 x 15 mm dishes overnigbt o treatment and
incubated with the indicated doses of compod®dor 24 h at 37 °C.Then, cell pellets were colldcte
and resuspended withNP40 lysis buffer (Beyotimdjictv was added with extra-proteasome inhibitor
PMSF and phosphatase inhibitor Cocktail(Sigma). &oell protein lysates were incubated on ice for
30 min and centrifuged at 12000 rpm and 4 °C fon@. The supernatants were determined using the
BCA ProteinAssay Kit (Solarbio PC0020). The samplesre separated by SDS-PAGE (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis)d transferred to polyvinylidene fluoride
membranes (Millipore). The membranes were incubatetl °C overnight with the primary antibodies
in 5% BSA/TBST buffer with gentle shaking. After skdng, the membranes were incubated for 1 h at
room temperature with appropriate peroxidase-caipd)secondary antibodies (anti-lgG-HRP1:5000,
CST) and washed again, protein bands were visuhlizeng enhanced ECL western blotting detection
reagents (Millipore) followed by capturing photosittw chemiluminescence systenfntibody
information: c-Myc Antibody (1/1000dilution, CST#9403);actin (1/1000dilution, CST#4970).

4.2.9 Colony formation assayTo test the survival of cells treated with compdd®, HT29 cells and
HCT15 cells (500 cells/well) were plated in a 6-wshte and incubated overnight at %7, followed

by the indicated doses of compout®i(0 - 5.0uM, DMSO as control) for 15 days with fresh medium.
The cell culture was terminated when the cell fatroelony was observed, then the supernatant was



removed and washed with PBS buffer solution for ttimes, then it was fixed with 4%
polyformaldehyde for 15 min, before the solutionswabandonedColonies were fixed with 4%
paraformaldehyde and stained with a 0.5% crystletvisolution for 15 min, then the crystal violet
solution was removed and PBS buffer solution waslus scour off the dyeing liquor. The data were
expressed from three independent experiments. Tmbar of colonies in treated cultures was
expressed as a percentage of the control cultures.

4.2.10 In Vivo Study.Animal studies were conducted under the approvaéhefExperimental Animal
Management Committee of Sichuan University. The demBALB/c nude mice were purchased
(Beijing HFK Bioscience Co. Itd., Beijing, China)iT29 cells (8x 1) were injected subcutaneously
into 6-7 weeks old female BALB/c mice. Once therage tumor volume grew to approximately 100
mn?¥, the mice were divided into five groups randomiiy§, each group). The mice were treated daily
for 30 days by via oral gavage administration witthicle control(10%DMSO, 1%Tween-80 and
saline), 42(40mg/kg, 80mg/kg, 120mg/kg dissolved in 10%DMSCyTween-80 and saline),
5-Fluorouracil (positive control, 30mg/kg dissolved10%DMSO, 1%Tween-80 and saline) .Tumor
size and body weights were determined every twes.dale tumor volume was measured by Vernier
calipers and calculated as [0.5 x shortest diarhetEmgest diameter]. Inhibition rate of tumor gitbw
was calculated using the following formula: 100 X [(tumor volume final — tumor volume initial)
for treated group]/ [(tumor volume final — tumorlume initial) for the vehicle-treated group]}.

4.3 Statistical analysisData were analyzed by using descriptive statissicgle factor analysis of
variance (ANOVA), and presented as mean valueandstrd deviation (SD}tatistical analysis of all
results (mean + SEM) was evaluated by unpairestttp < 0.05; **p < 0.01; **p < 0.001, NS (no
significance): p > 0.05.
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Table 1. In vitro antiproliferative activities

Compound ICso(uM) 2
Cell lines
HT29 HCT15 HCT116 DLD-1 SW620

7 7.43+0.81 8.93+0.62 >20 11.87+1.23  15.04+1.52

12.28+1.17 6.14+0.56 >20 >20 >20
9 >20 >20 >20 >20 >20
10 >20 15.61+1.02 12.86+0.95 >20 >20
11 >20 8.97+0.49 >20 >20 >20
12 3.96+0.17 5.09+0.33 18.2+1.82 6.01+0.32 11.93+1.07
13 >20 6.43+0.57 >20 >20 >20
14 >20 5.09+0.43 >20 >20 >20
15 3.53+0.07 6.51+0.18 >20 7.37+0.67 >20
16 13.88+2.01 12.13+1.36 >20 18.13+2.21 >20
17 3.34+0.67 5.02+0.23 4.07+0.82 5.22+0.16 7.49+0.54
18 2.75%+0.33 3.64+0.25 4.22+0.38 2.65+0.72 6.771£0.47
19 3.351+0.14 4.85+0.29 3.31+0.36 3.74+0.42 6.3410.87
20 3.06+0.38 5.41+0.46 6.231£0.31 3.52+0.50 11.21+0.11
21 2.184+0.12 3.43+0.28 3.36+0.39 2.69+0.15 7.9410.92
22 1.89+0.14 2.6510.12 2.62+0.55 1.91+0.23 6.971£0.46
23 3.884+0.18 5.40+0.39 13.81+1.95 6.08+0.82 11.79+2.28
24 8.50+0.62 8.93+0.83 >20 8.57+1.36 >20
25 5.12+0.58 7.5510.77 >20 8.57+0.95 18.67+1.82
26 1.63+0.04 4.6910.24 2.44+0.18 3.50+0.56 8.25+0.37
27 6.06+0.47 6.14+0.30 13.63+0.93 6.77+£0.49 11.62+1.39
28 2.82+0.28 3.76x0.12 5.40+0.39 3.40+0.13 10.04+0.72
29 2.52+0.18 2.3440.09 3.19+0.13 2.87+0.35 8.95+0.14
30 1.25+0.06 2.8810.16 3.32+0.22 1.86+0.09 5.77+0.41
31 2.93+0.08 6.14+0.39 15.73+2.15 4.03+0.26 12.70£1.82
32 1.02+0.21 1.25+0.13 0.98+0.12 1.12+0.05 6.2310.43
33 2.12+0.38 1.19+0.34 3.40+£0.18 2.32+0.29 3.65+0.12
34 2.33+0.31 1.29+0.06 4.02+0.24 2.35+0.12 3.93+0.09
35 3.3240.21 0.73+0.18 2.851+0.13 2.54+0.06 6.40+0.68
36 3.97+0.08 1.02+0.05 2.67+0.51 4.06+0.28 7.84+0.06
37 2.751£0.25 3.35+0.51 3.11+0.04 5.92+0.19 10.96+1.33
38 6.891+0.14 2.1840.12 3.99+0.27 4.65+0.06 14.60£1.85
42 0.32+0.05 0.51+0.09 0.82+0.32 1.31+0.26 3.78+0.54
43 3.62+0.14 1.65+0.17 3.91+0.26 5.47+0.08 6.12+0.31
44 2.21+0.19 3.77£0.24 4.1+0.16 3.59+0.27 8.76+0.51
45 6.89+0.36 2.1840.13 3.23+0.08 4.65+0.22 14.60+2.11

Cisplatin 10.75+0.97 8.92+0.32  13.78+#1.21 15.22+2.16 17.3%1.
5-Fluorouracil  13.37+1.08 10.86+0.91 12.31+1.51 11.40+1.32 15.288:1

4C50, the meant SD value of triplicate measurement, inhibitoryivitg was assayed by treatment with



substances for 72 h.
Table 2. The compounds binding inhibition of Myc/M ax dimerization confirmed by EL1SA

Compound ELISA IGy(uM) 2 Compound ELISA IGy(uM)
7 >150 26 108+25
8 >150 27 96+18
9 >150 28 92+20
10 >150 29 95+25
11 >150 30 8712
12 >150 31 83t14
13 >150 32 69+15
14 >150 33 7219
15 147421 34 7816
16 >150 35 14721
17 125+15 36 102+17
18 137+20 37 107+14
19 123+18 38 116+15

20 129+17 42 63+13
21 123£16 43 7516
22 86+15 44 14721
23 119+20 45 72+15
24 105£18 SAJM 589 369
25 11622

4C50, the meant SD value of triplicate measurement.



Table 3. The compounds binding inhibition rates at 20 uM detected by EM SA

Compound Relative inhibition (96) Compound Relative inhibition (%)
7 2.5 26 36.1
8 1.7 27 45.1
9 N/A® 28 437
10 3.2 29 40.5
11 6.1 30 46.2
12 10.2 31 51.7
13 N/A 32 75.1
14 8.9 33 67.4
15 12.6 34 60.8
16 N/A 35 63.4
17 26.4 36 42.1
18 21.2 37 42.3
19 25.7 38 35.6
20 29.3 42 83.2
21 31.8 43 65.2
22 48.7 44 57.3
23 324 45 70.6
24 42.1 DM SO 0
25 30.5

#Relative inhibition was calculated by the ratio perimental group and control (DMSO)
® Not tested

All data represent three independent experiments.
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Figure 2. The effect of compound2 on CRC cells and normal liver cell LO2 viability. (Ane compoundi2
with IC50 in HT29, HCT15, HCT116, DLD-1, respective(f) Toxicities of42, 5-Fluorouracil, and Cisplatin

against LO2. The data were expressed from threspertient experimen(dl = 3 per group, mean + SD).



Figure 3. (A) Predicted binding modes d2(green) with key amino acid residues of c-Myc/M@) Predicted
binding modes ofl2 in c-Myc/Max dimer face. (C) In silico binding modé¢ 42 complex with Myc-Max-DNA.
(PDB code: 1NKP).
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Figure 4. Colony formation assay @R in HT29, HCT15. The colony clusters were detecfesr 45days
treatment with42.
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Figure 5. Flow cytometry of compound2. (A) Cells were cultured witd2 from O to 5uM for 24 h, the cell
cycle distribution was analyzed by flow cytometifyea propidium iodide staining. (B) Cells were trehteith

indicated concentrations of compougifor 24 h, and the level of apoptosis was evalubteBITC-Annexin V/PI

and analysis of apoptotic cells analyzed by flowooyetry. Data shown were from three independeneéxgnts
(N = 3 per group, mean * SD). *P < 0.05 vs DMS®, < 0.01 vs DMSO; **P < 0.001 vs DMSO.
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RESEACH HILIGHTS

® Novel 3(or4)-(phenoxy)-N-phenylaniline derivatives were designed and synthesized.

® Invitro study manifested that 42 showed remarkable activity with lower toxicity, could also
induce cell apoptosis and arrest cell cycle distribution at GO/G1 phase.

® Compound 42 exhibited a good binding affinity to c-Myc/Max dimerization and DNA
complex.

® Compound 42 displayed downregulation the c-Myc expression level by western blot.

® Compound 42 showed potent effect in vivo with low toxicity.
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