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Abstract: The synthesis and biological evaluation of a nelraly of 4-(1,2-
diarylbut-1-en-1-yl)isobutyranilides is describdthe new compounds were found to
be cytotoxic in the micromolar range in two humammor cell lines, MCF-7
(mammary gland adenocarcinoma) and Hela (cervixn@cinoma) and two
human ovarian cancer cell lines (A2780 and OVCAR®tailed studies on the most
active compoundég show that it was able to induce apoptosis and estgg
topoisomerase Il as a possible intracellular targeé relevance of the interaction of
the most active compound with topoisomerase llamanstrated and supported by
docking studies.
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1. Introduction

Breast cancer is the second most common cancéeiworld and ranks as the fifth
cause of death from cancer overall. In less deeglapegions it is the most frequent
cause of cancer death in women and the second raas®e developed regions after
lung cancef. Drugs that inhibit estrogen receptor (ER) or thiatk the production of
estrogens still remain frontline interventions he ttreatment and management of
breast canceér.Among them, tamoxifen1( Figure 1), the lead compound of the
selective estrogen receptor modulators (SERM)omsidered the gold-standard for



the targeted therapy of all stages of breast caim&uding male breast canckeand

is used in more than 120 countries in the wbrld.

However, the adverse side effects associated ® dhig® and the intrinsic or
acquired resistance to the therapy representsuseniostacles in the use of tamoxifen.
Indeed, a 30 % of ER-positive patients do not redpo tamoxifen therapy and the
emergence of resistance to the treatment has dessrved in 30-40% of patients
taking the drug more than 5 years.

The primary mechanism of action of tamoxifen anditsf active metabolite 4-
hydroxytamoxifen involves a competitive inhibitiaf estrogens to EE but high
concentrations of tamoxifen are also effective he absence of ER expression in
breast cancer, melanoma, glioma, leukemia and paticrcarcinoma'™** Moreover,

it has been observed that besides acting as SE&RMyxifen can induce apoptosis in
both ERe-positive and ERx-negative breast cancer cells through severalndisti
pathways including production of oxidative stressduction of mitochondrial
permeability transition, ceramide generation asl el changes in cell membrane
fluidity.* Both ERa-dependent and ER-independent pathways for tamoxifen-
induced programmed cell death are critical for segstul therapy and interestingly, it
was also suggested that EBRndependent induction of apoptosis could be a majo
mechanism of the observed antitumor effect of tafend**™ Tamoxifen also inhibits
DNA topoisomerases and as a cationic drug is @plbretically taken up by hepatic
mitochondria to achieve high concentrations abldantubit both -oxidation and
respiration-°

In this context, we have previously demonstrated slmame tamoxifen analogs, an
interesting cytotoxic activity on human breast @mnzll line MCF-7-” Most of these
compounds exerted a significant antiproliferativhea also on two estrogen
independent human tumour cell lines, suggestinglkecnlar target different from the
estrogen receptor. In particular, the most int@rgstesults were obtained for two
derivatives carrying an isobutyramide moiety ase sitlain and notably, the isomer
with the ethyl chain syn with respect to the amiliportion (Figure 1, Mod B) has
shown a 4 fold more potent cytotoxic activity thtae reference drug on both estrogen
dependent (MCF-7) and estrogen independent (Heluagah cell lines. Furthermore,
the ability of these compounds to inhibit the rekion activity of supercoiled



pBR322 DNA mediated by topoisomerase Il was demmatest, suggesting the
nuclear enzyme as a potential intracellular target.

On the basis of these results, we report hereythitesis of a new series of tamoxifen
analogs characterized by the triarylskeleton stlisti with the isobutyramide
moiety. We describe the synthesis of twenty-oneehcempounds bearing different
substituents in the rings A and B (Figure 1) aneirtlantiproliferative activity on a
panel of tumour cell lines. For the most cytotoxderivatives, the effect on
topoisomerases | and Il relaxation is reportedttfasmore, cytofluorimetric analysis
was performed to investigate the mechanism ofdmsth. Docking studies suggest a

plausible explanation of the biological experiméptadences.
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Figure 1. Structures of tamoxifenl) and general structures of the obtained
compounds.

2. Results and discussion
2.1. Chemistry

The preparation of the compound’s library is basedhe McMurry reaction (Scheme
1) in agreement with our previous resdfts.

Building blocks4a was easily prepared by reaction ppanisaldehyde2) with the
lithium derivative ofN-(4-bromophenyl)isobutyramide to provide the cgoomexling
hydroxyl-amide (Scheme 2) in good yield (60%). Takker was then oxidized in the
presence of Jones reagent to form the keto-adade very good yield (85%). Keto-



amide 4b was easily prepared by acylation of commerciallyailable 4-

aminobenzophenondd).
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Scheme 1. Synthetic scheme for the obtained compounds, Xstawucture for
compoundsb.

Subsequently, keto-amiddswere treated under McMurry olefination conditionith
various ketones/j, to provide a mixture dt/Z isomers § and7) that were separated
by flash column chromatography or by crystallizativom average to very good
yields (50 — 86%). Demethylation of compourtis 7b, 6¢, 7c, 6g and7g with BBr;
at -78 °C afforded their corresponding derivati@bs 9b, 8c, 9c, 8g and9g in very
good vyields (75 — 80%) (Scheme 1). The stereoctaenaissignments of the, Z
isomers were determined on the basis of 2D-NOESpemments as previously
described’” For three of the aforementioned compounéa, (b and 6f), the
corresponding crystal structures were also obtayesingle-crystal X-ray diffraction
experiments down to T = 100(2) K and were in acanog with the 2D-NOESY



assignments (see Supporting Information). Fromctrdormational viewpoint, in the
solid state the three derivatives adopt a simNané mill’ motif, with the aromatic
rings being significantly staggered with respectthie central double bond. Short
intermolecular CI-- - Cl contacts are also set U§f isuggesting the possible presence
of T-shaped halogen borffisn the solid state for this structure. The intezdseader
can find full details of the crystallographic argbywithin the Supporting Information
(Section S2 Sl). CCDC 1436893-143689mtain the supplementary crystallographic
data for this paper. The data can be obtained dfegharge from The Cambridge

Crystallographic Data Centre via www.ccdc.cam.agefistructures.
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Scheme 2. Preparation ofla.

2 OCH,4

A different approach to obtain the final producihva phenyl A ring was selected as
presented in Scheme 1. Although, in this case, wvlhaminobenzophenondd) was
reacted with propiophenonBa) to furnish compoundO only theZ stereoisomer was
obtained. Acylation ofi0 in the presence of isobutyroyl chloride provideé final
compound6a. In our hands, the formation of the final prod8ctor 9c directly from

keto-amidetb and 4-hydroxy propiophenongd) resulted unsuccessful.

2.2. In vitro antiproliferative activity

The antiproliferative activity of the new tamoxifderivatives was evaluated by ian
vitro assay performed on two human tumor cell lines, MCfnmammary gland
adenocarcinoma) and HelLa (cervix adenocarcinomajomparison with the well-
known drug tamoxifenl)), taken as reference. The obtained results, expdess Gb

values, i.e. the concentration of compound ablantebit 50% cell growth with
respect to the control culture, are shown in Table

Most of the synthesized tamoxifen analogues shownteresting antiproliferative
activity, with Gkp values in the micromolar range with a higher ayxat ability on

HeLa cells than on MCF-7 cells. An opposite behanias expected, was found for



tamoxifen, which shows on breast cancer cellssg ¥allue about half with respect to
that obtained for HelLa.

Moreover, the comparison between the obtainedtseanl the chemical structures of
the new derivatives, allowed some interesting stimgeactivity relationships to be
revealed. In detail, the analogues devoid of ayl aarbstituents@a and7a) such as
those characterized by a methoxy in (Bb and7b) show a scarce antiproliferative
effect. Interestingly, the insertion of a hydroxfgnction in the same position
(compounds8b and9b), renders the compounds more active, likely suyggs role
for the hydrophilicity and/or for a hydrogen bonahadr in the cytotoxic effect.

To validate the role of hydrophilicitglogP* values for compoundg-10 (Table 1)
were calculated. The partition coefficientogP) is used to estimate the lipophilicity
and solubility of chemical compounds, where a higilegP value indicates greater
lipophilicity and poor aqueous solubility. Actuallyhe above assumptions appear
supported by thelogP values and by the presence of the hydroxR.inindeed, as
regard theclogP, it drops from 6.28 and 6.33 féa, 7a and6b, 7b, respectively, to
5.80 for compound8b, 9b.

Moreover, a hydrogen bond donor in IRads to a significant antiproliferative effect
(8¢ and 9c), considerably higher than the one obtained ferahalogue$c and7c
carrying a benzyloxy substituent in the same pmsjtiand even higher to those
obtained for the analogu&b and9b. Indeed, the G} values of8c and9c are about
half of those calculated foBb and 9b highlighting for these latter isomers a
significantly lower cytotoxicity. This latter regusuggests that, in addition to the
hydrogen bonding ability, also the aryl carryingg thydroxyl group could play an
important role for the cell effect.

The addition to8c and 9c of a methoxy group in Rposition (6e and 7€) does not
appreciably affect the antiproliferative activitijus indicating a more crucial role for
the hydroxyl that the methoxy substituent undeminonce again the importance of
the occurrence of a hydrogen bond. SimilarlygoGlalues of6¢c and 7c appear
comparable to those obtained for the corresponaietnoxy analogue$d and7d.
Derivatives bearing a chloride in bothh &d R (6f, 7f, 6g, 79, 8g and9g), show an
interesting antiproliferative effect; indeed, compd 6g showed the lowest Gl
values in both cell lines. Among this latter serieE analogues, neither the
hydrophilicity nor the hydrogen bond donor grougrseto be important for the
cytotoxic effect, probably overhung by the prevaglieffect of chloride.



Finally, the intermediat&0 appears unable to exert any effect on cell6aaand7a,
thus substantiating a key role for linked functiogaoups to the triarylethylene
skeleton.

In addition, the antiproliferative activity of alhe compounds was evaluated in A2780
(human ovarian carcinoma) and OVCAR5 (human ovaegjaithelial carcinoma) cell
lines (Table 1). Most of compounds were less adiinam in MFC7 and Hela cells

with ICsg values in the macromolar range.

Glso (UM)*
Compound clogP®
MCF-7 HelLa A2780 OVCARS5

6a >30 >30 >50 >50 6.28
7a >30 28.1+1.0 31.6+3.4 >50 6.28
6b >30 >30 >50 >50 6.33
7b 27.9+0.8 10.1+0.5 17.4+1.9 >50 6.33
6C >30 10.2+2.3 8.840.5 >50 7.93
7c >30 >30 >50 >50 7.93
6d 29.0+1.0 4.2+0.7 >50 >50 7.99
7d >30 >30 >50 >50 7.99
6e 13.6+1.6 5.8+0.7 13.641.2 20.3+2.6 5.86
e 9.0+0.7 3.740.1 5.7+0.5 23.6+2.5 5.86
6f 8.3+0.5 3.3+0.5 8.4+0.7 >50 7.56
7f 17.5+3.0 8.240.4 >50 >50 7.56
69 6.6+0.8 2.2+0.7 3.8+0.5 >50 7.62
79 13.2+1.3 5.5#2.0 8.2+0.6 >50 7.62
8b 14.7+1.7 9.9+0.5 34.0+4.0 42.0+4.6 5.80
9b 16.4+0.6 9.941.7 32 6+3.2 >50 5.80
8c 8.1+1.2 3.840.9 3.7+0.6 8.7+1.1 5.80
9c 8.5+0.8 5.1+0.8 4.6+0.3 12.1+0.9 5.80
8g 12.5+0.5 8.740.4 15.7+2.0 28.842.2 7.08
99 26.6+1.0 20.340.2 28.142.7 32 3+7.6 7.08
10 >30 >30 >50 >50 5.05
1 6.5+0.8 12.0¢0.9 | 303450 320+28 | 6.1(6.8)°7

Table 1. Cell growth inhibition in the presence of examinedmpounds and
tamoxifen as reference druvalues are the mean + SD of at least three independ
experiments® clogP = calculated octanol-water partition coeffitie

2.3. Effect on topoisomer ase relaxation activity



In a previous paper, we demonstrated for some ayimtamoxifen derivatives, the
ability to inhibit relaxation activity catalysed hgpoisomerase i’ To verify if this
enzyme could represent a possible cellular tarded dor the here reported
compounds, we assayed the ability of compo6gdthe most cytotoxic derivative,
especially on the non estrogenic HelLa cells, ansvofless activée and9c, to affect
the relaxation of pPBR322 supercoiled DNA by topomspase Il. Compound was
also tested in the same experimental conditionsdonparison. Figure 2 shows the
catalytic activity of the enzyme that converts pias DNA (DNA) into relaxed
topoisomers (topo Il). The well-known topoisomerdéismhibitor drug m-amsacrine
(mAMSA) was used as a reference atuld concentration. In the presence6gf the
occurrence of a slight band corresponding to silect DNA can be observed at 10
MM concentration, indicating a certain inhibition tble topoisomerase Il activity. By
increasing the concentration &y up to 50 UM, a concurrent increase in the
supercoiled DNA can be observed, thus confirmirg itihibitory effect toward the
enzyme. Compound&e and9c, which show GJ, values appear approximately half
with respect tdg (Table 1), demonstrate a similar effect also endatalytic activity
of the enzyme. Indeed, for boie and 9c an inhibitory effect comparable to that
observed at 25M 6g can be obtained only at %M. Finally, compound., which, as
expected, induces only a weak antiproliferativee@ffon non-estrogenic HelLa cells

causes a lower effect with respecttp confirming ER as its main biological target.
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Figure 2. Effect of derivative6g, 6e, 9c and1 on relaxation of supercoiled plasmid
DNA by topoisomerase Il. Supercoiled DNA (lane DNMas incubated with
topoisomerase Il in the absence (lane topo Il)iarttle presence of test compound at
indicated concentrationsxtAMSA was used as reference drug.

Based on the above results, it appeared of intdcesstablish if the effect on
topoisomerase could be due to a poisoning effélserahan to an aspecific inhibition
of the relaxation activity. In this connection, twbthe most cytotoxic derivatives on
HelLa cells,6f and6g, were tested for the ability to stabilize the gkdale complex

and the obtained results are shown in Figure 3h Botmpounds show the ability to
act as topoisomerase Il poisons, as demonstratethdyoccurrence of the band

corresponding to linear DNA.
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Figure 3. Effect of derivative6f and 6g on the stabilization of covalent DNA-
topoisomerase |l complex. Supercoiled DNA (lane DNwas incubated with
topoisomerase Il in the absence (lane topo Il)iaride presence of test compounds at
indicated concentrationsxtAMSA was used as reference drug.

Otherwise,6g appears unable to exert any effect on relaxatfosupercoiled DNA
catalyzed by topoisomerase I: indeed there ardlifferences in topoisomers pattern
in the absence (topo I) or in the presence of {M06g (Figure 4). Overall, these data
point to the topoisomerase Il as a possible intiadlee target responsible for the
cytotoxicity of 6g, while exclude the involvement of topoisomerasi laccordance

with previous results obtained for analogues oft4-t@moxifen’’

supercoiled DNA—>| ;~

Figure 4. Effect of derivative6g on relaxation of supercoiled plasmid DNA by
topoisomerase |. Supercoiled DNA (lane DNA) wasubrated with topoisomerase |



in the absence (lane topo I) and in the presencéesif compound at 10QM
concentration.

2.4. Deter mination of apoptosis

With the aim to investigate the mechanism of celhttt induced by6g, a flow
cytometric analysis was performed on HelLa cellslled with Annexin V and
propidium iodide (PIl). Compountiwas taken as reference. The results, shown as dot
plots in Figure 5B, indicate that incubation of Hetells in the presence of iV 69
induces a significant decrease in viability, accbsed by a concurrent increase in
apoptotic cells. In particular, upon treatment with the percentage of viable cells
diminishes from 95.3% in the control (Fig. 5A) t4.3% while the percentage of
apoptotic cells (both early and late fractionsy&ases from 3.8% to 66.2% (Figure
5A and 5B) indicating that tamoxifen analogue irehkiccell death through the
activation of the apoptotic process. Also compouna@auses apoptosis on cells
(Figure 5C) and in these experimental conditiosight difference in percentage of
cell death (57.9% vs 66.2%) occurs.

w0t 10
FITC-A FITC-A

Figure 5. Dual parameter cytogram of FITC-labeled annexirvérsus propidium
iodide staining. HelLa cells were incubated in theemce (A) and in the presence of
6g (B) or1 (C) at 50uM for 28 hours before staining.

As previously demonstrated for several cytotoximpounds:* mitochondria can
participate to intrinsic apoptosis process throtlgh release of pro-apoptotic factors
following mitochondrial membrane depolarizationttis connection, the effect 6§

and for comparison of, on mitochondria was investigated by staining whideLa



cells with the green fluorescent monomeric dye JE-This lipophilic cationic
fluorochrome selectively enters in mitochondriaven by the mitochondrial
membrane potential, negative inside. The uptakmitochondria, by increasing the
concentration of JC-1, induces the formation ofraggtes characterized by a high
level of red fluorescence. A compound that induzesllapse in membrane potential
provokes the leak of the dye from mitochondria ytoplasm as monomers, resulting
in a decrease of red fluorescence. The obtainedtseshown in Figure 6 as dot plots,
demonstrate that HelLa cells incubated wdthat 10, 15 and 2%M undergoes a
notable concentration-dependent decrease in remteBaence with respect to the
control. In particular, the percentage of cells hwitlepolarized mitochondrial
membrane (i.e. JC-1 monomers) increases from 4.0%heé untreated sample
(control), to 80.3% following incubation for 28 hsun the presence 6f at 25uM,
the higher considered concentration. A dose-depgnaé@ochondrial depolarization
is observed also fdk, nevertheless for this latter compound a sigmifidawer effect
is observed in accordance with the cytotoxicityadg#town in Table 1.
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Figure 6. Mitochondrial membrane potential assessed by figtometry after JC-1
staining. HelLa cells were incubated in the abséoaetrol) or in the presence tfor
69 at indicated concentration for 28 hours beforastg.

2.5. Molecular modeling

In order to better understand the intermoleculateractions between the
Topoisomerase |I/DNA complex and the ligands, malec docking studies were
performed. All the docked structures share the shmding site, located between
four nucleobasis, namely G13, C8, A12 and T9 adngrtb Wuet al*® Although the
ligands exhibit many different binding modes, thaimfeature shared by all of them
is the intercalation between the nucleobasis ofeast one aromatic ring. This
stacking interaction is likely to account for timhibition of topoisomerase enzymatic
activity caused by the analyzed compounds.

The binding energies calculated with the Autodoorisg function (Section S60 Sl)
are all largely negative, suggesting a strong bigdiffinity of tamoxifen derivatives
for the proposed binding site, although it was possible to effectively rank the
compounds, due to the small binding energy diffeesnobserved among them, that
are in general lower than the suggested signifeaticeshold (2.5 kcal/mol).
However, two of the most active compounds accordinthe biological studiesf
and6g, share the same orientation in the active siéekatg with the nucleobases and

forming a H-bond with G13 (Figure 7). This oriemat is also common to the

compounddg.

Figure 7. Docking poses of compoun@$ (represented in blue) ardj (represented
in orange). In both cases a H-bond between theiargidup of the molecules and
Guanine 13 is observed.



3. Conclusions

A new library of 4-(1,2-diarylbut-1-en-1-yl)isobusnilide derivatives has been
described. The biological data on four differenbtazx cell lines showed interesting
activity for most of the described compounds. Thesence of the OH group or Cl
moieties in the aromatic ring B seems to improwedytotoxic activity while methoxy

or hydroxyl substituents in the aromatic ring Atloé tamoxifen skeleton don't affect
positively the cytotoxicity of the compounds. Futtibiological experiments point out
topoisomerase Il as a possible intracellular targsponsible for the cytotoxicity of
these compounds and interestingly a correlatiowdst antiproliferative effect and
topoisomerase Il inhibition is demonstrated for thast active derivatives. Moreover,
the occurrence of cell death through the activatibthe intrinsic apoptotic pathway
is proved. Docking studies showed for the mostvactcompounds the same
orientation in the shared binding site by stackang forming H-bond. In conclusion,
interestingly, notwithstanding the common genemnalrylskeleton, the here reported
tamoxifen analogs show a different biological geofivith respect to the reference
drug, being more cytotoxic on non estrogenic dekkd and affecting the catalytic
activity of the topoisomerase Il. Altogether, thessults show 4-(1,2-diarylbut-1-en-
1-yl) isobutyranilide as an interesting scaffold for ti#ainment of new anticancer

compounds.

4. Experimental section

4.1. General procedures

All reactions were carried out in oven-dried glagssvand dry solvents under
nitrogen atmosphere. Unless otherwise stated, allests were purchased from
Sigma Aldrich and used without further purificatidBubstrates and reagents were
purchased from Sigma Aldrich and used as receiVé&ih layer chromatography
(TLC) was performed on Merck precoated 8Qfplates. Reactions were monitored
by TLC on silica gel, with detection by UV light§2 nm) or by a solution gb-
anisaldehyde with heating. Flash chromatography pexformed using silica gel
(240-400 mesh, Merck). All tested compounds posskagurity of > 98% confirmed

via elemental analyses (CHN) in Perkin Elmer 2408trument.*H-NMR spectra



were recorded on Bruker DRX-400 instruments andreperted relative to residual
CHCl; and acetonesd**C-NMR spectra were recorded on the same instrunf@fes
MHz) and are reported relative to CRGInd acetonegd Chemical shifts d) for
proton and carbon resonances are quoted in partampkon (ppm) relative to
tetramethylsilane (TMS), which was used as an matestandard. COSY, HSQC,
HMBC and NOESY experiments were used in the strat@ssignment. MS spectra
were recorded using electrospray ionization (E&thhique on a Waters Micromass
Q-Tof micro mass spectrometer.

4.2. Synthesis

4.2.1. Synthesis of N-(4-(4-methoxybenzoyl)phenyl)isobutyramide (4a). To a cold

at -78 °C solution oN-(4-bromophenyl)isobutyramide (0.72 g, 3.0 mmolYHF (17
mL), n-BuLi (5.6 mL, 1.6 M in Hexane, 9 mmol) was addedpivise and the new
solution was stirred for 10 minutes at the sameytature. Therp-anisaldehyde?)
(0.36 mL, 3.0 mmol) was added and the resultedisoluvas stirred for another 1 h at
-78 °C and 1 h at r.t. After the completion of tieaction, the solvent was evaporated
in vacuum, EtOAc was added and the organic layes washed with sat. Ni&I,
water and brine, dried with N&QO,, filtered and evaporated. The residue was purified
by flash column chromatography (Hex/EtOAc 6:4) tmvide N-(4-(hydroxy(4-
methoxyphenyl)methyl)phenyl)isobutyramide as o0il0%6 yield). R = 0.36
(Hex/EtOAc 6:4);"H NMR (CDCk) :0 = 7.51 — 7.48 (2H, m), 7.34 (1H, br. s), 7.29
(2H, d,J 6.8 Hz), 7.24 (2H, dJ 8.8 Hz), 6.86 (2H, dJ 8.8 Hz), 5.31 (1H, s), 3.80
(3H, s), 2.58 — 2.47 (1H, m), 1.26 (6H,X6.8 Hz);**C NMR (CDC}E): § = 175.3,
158.9, 138.3, 137.2, 134.4, 128.5, 127.8, 119.8,8,179.06, 55.27, 36.66, 19.63;
MS: 300.37 (M+H). To a cold at 0 °C solution ofN-(4-(hydroxy(4-
methoxyphenyl)methyl)phenyl)isobutyramide (0.33.¢ mmol) in acetone (49 mL),
Jones reagent (9.1 mL) was added and the new @olwias stirred for 30 minutes at
the same temperature. After the completion of daetion, 2-propanol was added and
the solvent was evaporated in vacuum. Then, EtOAs added and the organic layer
was washed with water and brine, dried with,®&,, filtered and evaporated in
vacuum till dryness to provide keto-amid@a as white amorphous solid (85% yield).
Ri = 0.44 (Hex/EtOAc 1:1)*H NMR (CDCh): 6 = 7.87 (1H, br. s), 7.80 (2H, d 8.8



Hz), 7.77 (2H, d,) 8.8 Hz), 7.69 (2H, dJ 8.8 Hz), 6.97 (2H, dJ 8.8 Hz), 3.90 (3H,
s), 2.64 — 2.54 (1H, m), 1.27 (6H, 316.8 Hz);**C NMR (CDCE): 6 = 194.9, 176.0,
163.8, 142.4, 134.5, 132.8, 131.7, 131.3, 119.6,.3,156.03, 37.35, 20.05; MS:
298.36 (M+H).

4.2.2. Synthesis of N-(4-benzoylphenyl)isobutyramide (4b). To a cooled at 0 °C
solution of 4-aminobenzophenorte,(5.0 g, 25.0 mmol) it-butyl methyl ether (123
mL) and 40% NaOH (3 mL), isobutyryl chloride wagded (3.2 mL, 30 mmol) and
the new solution was stirred for 30 minutes atAfter the completion of the reaction,
the solvent was evaporated in vacuum, EtOAc wagdadad the organic layer was
washed with water and brine, dried with, 8@, filtered and evaporated in vacuum
till dryness to provide compourth as white amorphous solid (85% yield).#R0.25
(Hex/EtOAc 7:3)"H NMR (CDCk): 6 = 7.82 (2H, d,) 8.8 Hz), 7.81 (1H, br. s), 7.78
(2H, d,J 7.6 Hz), 7.71 (2H, d) 8.8 Hz), 7.60 (1H, d) 7.6 Hz), 7.49 (2H, d) 7.6
Hz), 2.64 — 2.54 (1H, m), 1.28 (6H, 7.2 Hz);**C NMR (CDCE): 6 = 195.8, 175.8,
142.3, 137.9, 132.8, 132.2, 131.6, 129.8, 128.8.81136.78, 19.55; MS: 268.34
(M+H").

4.2.3. General procedurefor the synthesis of analogues 6 and 7.

4.2.3.1. Synthesis of (Z)-N-(4-(1,2-diphenylbut-1-en-1-yl)phenyl)isobutyramide
(6a) and (E)-N-(4-(1,2-diphenylbut-1-en-1-yl)phenyl)isobutyramide (7a). To a
cold at -10 °C suspension gh (1.2 g, 18 mmol) iTHF (18 mL), TiCk (0.82 mL,
7.5 mmol) was added dropwise and the new mixture stared for another 10
minutes in the same temperature and after wasxegflfior 2 h. Then, a solution of
keto-amidedb (0.50 g, 1.9 mmol) and propiophenoi@,(0.28 g, 2.1 mmol) iTHF
(37 mL), was added to the cooled suspension ofitdi@um reagent at 0 °C, and the
reaction mixture was refluxed for 2.5 h. After tbempletion of the reaction, the
reaction mixture was cooled to r.t. and poured afi®% aq KCOs solution (15 mL).
Vigorous stirring was maintained for 5 min, and thepersed insoluble material was
removed by vacuum filtration using celite. The aigaayer was separated and the
aqueous layer was extracted 3 times with EtOAc. ddmbined EtOAc extracts were
washed with water and brine, dried with,8@, filtered and evaporated. The residue
was purified by flash column chromatography (He®/E&t 8:2) to provide a mixture

of the 2 diastereomer6a and 7a (86% total yield). The 2 diastereomers were



separated by crystallization from MeOH to providempound6a as crystals and
compound9a as white amorphous solid in a rat@a/7a = 3. 6a: R = 0.30
(Hex/EtOAc 8:2);'H NMR (CDCk): 6 = 7.38 — 7.35 (2H, m), 7.31 — 7.25 (3H, m),
7.20 (2H, dJ 8.4 Hz), 7.19 (2H, dJ 7.2 Hz), 7.15 — 7.14 (3H, m), 7.05 (1H, br. s),
6.84 (2H, dJ 8.4 Hz), 2.49 (2H, g) 7.6 Hz), 2.47 — 2.38 (1H, m), 1.21 (6H,Jd{.2
Hz), 0.956 (3H, tJ 7.6 Hz);**C NMR (CDCb): 6 = 175.3, 144.1, 143.0, 142.8, 139.7,
139.0, 136.4, 131.9, 130.3, 130.1, 128.7, 128.5,202126.8, 119.4, 37.20, 29.61,
20.07, 13.94; MS: 370.52 (M+M Anal. Calcd for GgH,/NO: C, 84.51; H, 7.37; N,
3.79. Found: C, 83.65; H, 7.16; N, 3.65a: R; = 0.30 (Hex/EtOAc 8:2)'H NMR
(acetone-g): 0 = 9.11 (1H, br. s), 7.72 (2H, 4,8.8 Hz), 7.38 (2H, t) 8.8 Hz), 7.30
(1H, t,J 8.8 Hz), 7.20 (2H, dJ 8.8 Hz), 7.03 — 6.99 (3H, m), 6.93 (2H,Jd3.4 Hz),
6.83 (2H, dJ 8.8 Hz), 2.68 — 2.61 (1H, m), 2.53 (2H,J47.6 Hz), 1.19 (6H, d] 7.2
Hz), 0.948 (3H, tJ 7.6 Hz);**C NMR (acetone<): J = 175.0, 143.3, 142.3, 138.7,
138.4, 138.3, 137.8, 130.8, 130.6, 129.5, 128.7,8,2126.6, 125.7, 118.8, 35.72,
28.82, 19.02, 12.89; MS: 370.51 (M¥HAnal. Calcd for GeH7NO: C, 84.51; H,
7.37; N, 3.79. Found: C, 83.64; H, 7.14; N, 3.66.

4.232. Synthess of (E)-N-(4-(1-(4-methoxyphenyl)-2-phenylbut-1-en-1-
yl)phenyl)isobutyramide (6b) and (Z2)-N-(4-(1-(4-methoxyphenyl)-2-phenylbut-1-
en-1-yl)phenyl)isobutyramide (7b). According to the general procedure, compounds
6b and 7b were obtained from keto-amiddéa and propiophenone5d) after
purification by flash column chromatography (Hex?Bic 7:3) and evaporation of the
solvent as a mixture of diastereomers (74% yielthe 2 diastereomers were
separated by crystallization from MeOH to providenpound6b as crystals and
compound7b as white amorphous solid in a ratth/7b = 0.15.6b: R = 0.42
(Hex/EtOAc 7:3);"H NMR (CDCk): 6 = 7.28 — 7.21 (9H, m), 7.04 (1H, br. s), 6.90
(2H, d,J 8.4 Hz), 6.83 (2H, d) 8.0 Hz), 3.85 (3H, s), 2.52 (2H, §,7.2 Hz), 2.47 —
2.40 (1H, m), 1.21 (6H, dl 6.8 Hz), 0.960 (3H, 1) 7.2 Hz);**C NMR (CDCE): 6 =
175.4, 159.2, 143.2, 142.6, 140.1, 138.7, 136.5,4,3131.9, 131.2, 130.3, 128.4,
126.6, 119.5, 114.4, 55.84, 37.21, 29.61, 20.0594t3VIS: 400.54 (M+H); Anal.
Calcd for G/H29NO,: C, 81.17; H, 7.32; N, 3.51. Found: C, 80.35; H,17 N, 3.37.
7b: R = 0.42 (Hex/EtOAc 7:3)*H NMR (CDCh): § = 7.55 (2H, dJ 8.0 Hz), 7.28
(1H, br. s), 7.23 — 7.13 (7H, m), 6.79 (2H,J8B.4 Hz), 6.56 (2H, d) 8.4 Hz), 3.70
(3H, s), 2.58 — 2.52 (1H, m), 2.50 (2H,Xj{.8 Hz), 1.29 (6H, d] 6.8 Hz), 0.947 (3H,



t, J 6.8 Hz);"*C NMR (CDCk): § = 175.7, 158.4, 143.3, 142.3, 140.6, 138.6, 137.3,
136.2, 132.4, 130.7, 130.3, 128.4, 126.6, 120.3,.61155.63, 37.26, 29.59, 20.12,
13.97; MS: 400.53 (M+H; Anal. Calcd for GHHoNO,: C, 81.17; H, 7.32; N, 3.51.
Found: C, 80.34; H, 7.12; N, 3.38.

4.2.3.3. Synthesis of (Z)-N-(4-(2-(4-(benzyloxy)phenyl)-1-phenylbut-1-en-1-
yl)phenyl) isobutyramide (6¢c) and (E)-N-(4-(2-(4-(benzyloxy)phenyl)-1-
phenylbut-1-en-1-yl)phenyl) isobutyramide (7c). According to the general
procedure, compoundéc and 7c were obtained from keto-amidéb and 1-(4-
(benzyloxy)phenyl)propan-1-one 54) after purification by flash column
chromatography (Hex/EtOAc 7:3) and evaporatiorhefgolvent as white amorphous
solids in a raticsc/7c = 0.33 (62% vyield)6c: Ry = 0.41 (Hex/EtOAc 7:3)*H NMR
(acetone-g): 6 = 9.08 (1H, br. s), 7.71 (2H, 4,8.8 Hz), 7.47 (2H, br. d] 6.8 Hz),
7.39 (2H, tJ 6.4 Hz), 7.28 (1H, t 6.8 Hz), 7.18 (2H, d] 8.8 Hz), 7.09 (2H, d] 8.8
Hz), 7.05 — 6.98 (3H, m), 6.94 (2H, di#i8.4 HzJ 1.6 Hz), 6.84 (2H, dJ 8.8 Hz),
5.05 (2H, s), 2.69 — 2.59 (1H, m), 2.50 (2HJqd,.6 Hz), 1.19 (6H, d] 6.8 Hz), 0.950
(3H, t,J 7.6 Hz);"*C NMR (acetone-): 6 = 175.7, 158.0, 144.2, 142.1, 139.2, 139.0,
138.8, 138.2, 135.2, 131.4, 131.3, 130.2, 130.0,0,2128.4, 128.0, 126.3, 120.0,
114.8, 70.15, 36.44, 29.24, 19.72, 13.71; MS: 4§M+H"); Anal. Calcd for
Cs3H3sNO.: C, 83.33; H, 6.99; N, 2.94. Found: C, 82.49; F¥% N, 2.81.7c. R =
0.45 (Hex/EtOAc 7:3)*H NMR (acetone-¢): J = 8.89 (1H, br. s), 7.48 (2H, br. ),
6.8 Hz), 7.43 — 7.30 (8H, m), 7.27 (2H,J088.0 Hz), 7.13 (2H, d] 8.8 Hz), 6.88 (2H,
d,J 8.8 Hz), 6.84 (2H, d) 8.8 Hz), 5.07 (2H, s), 2.60 — 2.51 (1H, m), 2.2B61(q,J
7.2 Hz), 1.13 (6H, dJ 6.8 Hz), 0.933 (3H, t) 7.6 Hz);**C NMR (acetone-: J =
174.8, 157.4, 143.9, 141.1, 138.2, 137.5, 134.6,9.3130.8, 129.3, 128.4, 128.1,
127.7, 127.6, 126.5, 118.2, 114.2, 69.52, 35.7044818.98, 12.98; MS: 476.63
(M+H™); Anal. Calcd for GHasNO,: C, 83.33; H, 6.99; N, 2.94. Found: C, 82.48; H,
6.80; N, 2.82.

4.2.3.4. Synthesis of (E)-N-(4-(2-(4-(benzyloxy)phenyl)-1-(4-methoxyphenyl)but-
1-en-1-yl)phenyl) isobutyramide (6d) and (Z)-N-(4-(2-(4-(benzyloxy)phenyl)-1-(4-
methoxyphenyl)but-1-en-1-yl)phenyl) isobutyramide (7d). According to the
general procedure, compourtitband7d were obtained from keto-amida and 1-(4-

(benzyloxy)phenyl)propan-1-one 54) after purification by flash column



chromatography (Hex/EtOAc 6:4) and evaporatiorhefgolvent as white amorphous
solids in a ratiosd/7d = 1 (69% yield).6d: R; = 0.50 (Hex/EtOAc 6:4)*H NMR
(acetone-g): o = 8.87 (1H, br. s), 7.48 (2H, br. 86.8 Hz), 7.48 — 7.38 (4H, m), 7.34
(1H, t,J 7.2 Hz), 7.17 (2H, d] 8.8 Hz), 7.11 (2H, d] 8.8 Hz), 6.95 (2H, d] 8.8 Hz),
6.86 (2H, d,J 8.8 Hz), 6.83 (2H, d) 8.8 Hz), 5.06 (2H, s), 3.83 (3H, s), 2.60 — 2.53
(1H, m), 2.49 (2H, qJ 7.6 Hz), 1.13 (6H, dJ 7.2 Hz), 0.940 (3H, t) 7.6 Hz);**C
NMR (acetone-g): o = 174.8, 158.6, 157.3, 140.8, 138.5, 137.8, 13136,4, 136.1,
134.8, 130.9, 130.8, 130.4, 128.4, 127.7, 127.8.111114.2, 113.5, 69.51, 54.60,
35.71, 28.82, 18.99, 13.03; MS: 506.67 (M¥HAnal. Calcd for G4HzsNOs: C,
80.76; H, 6.98; N, 2.77. Found: C, 79.93; H, 6 M82.65.7d: R; = 0.46 (Hex/EtOAc
6:4); 'H NMR (acetone-g): 6 = 9.08 (1H, br. s), 7.70 (2H, d.8.4 Hz), 7.48 (2H, dJ
7.2 Hz), 7.40 (2H, t) 7.2 Hz), 7.34 (1H, t) 7.2 Hz), 7.16 (2H, d] 8.4 Hz), 7.10 (2H,

d, J 8.8 Hz), 6.86 (2H, d) 8.8 Hz), 6.83 (2H, dJ) 8.8 Hz), 6.61 (2H, dJ 8.8 Hz),
5.07 (2H, s), 3.69 (3H, s), 2.68 — 2.61 (1H, M382(2H, q,J 7.2 Hz), 1.19 (6H, d)
6.8 Hz), 0.935 (3H, tJ 7.2 Hz);**C NMR (acetone: 6 = 175.6, 158.5, 158.0,
141.3, 139.6, 138.9, 138.6, 138.3, 136.5, 135.2,3,3131.4, 130.1, 128.9, 128.2,
128.1, 119.7, 115.0, 113.5, 70.37, 55.08, 36.4242919.57, 13.53; MS: 506.66
(M+H™); Anal. Calcd for G4H3sNOs: C, 80.76; H, 6.98; N, 2.77. Found: C, 79.94; H,
6.77; N, 2.67.

4.2.3.5. Synthesis of (E)-N-(4-(2-(4-hydroxyphenyl)-1-(4-methoxyphenyl)but-1-
en-1-yl)phenyl) isobutyramide (6e) and (Z)-N-(4-(2-(4-hydroxyphenyl)-1-(4-
methoxyphenyl)but-1-en-1-yl)phenyl) isobutyramide (7€). According to the
general procedure, compourtésand 7e were obtained from keto-amida and 1-(4-
hydroxyphenyl)propan-1-onéd) after purification by flash column chromatography
(Hex/EtOAc 6:4) and evaporation of the solvent ds im a ratio6e/7e = 1 (56%
yield). 6e: Ry = 0.26 (Hex/EtOAc 6:4)*H NMR (acetone-g): 6 = 8.86 (1H, br. s),
8.16 (1H, br. s), 7.37 (2H, d,8.4 Hz), 7.16 (2H, d] 8.4 Hz), 7.00 (2H, d] 8.4 Hz),
6.94 (2H, d,J 8.8 Hz), 6.82 (2H, dJ 8.8 Hz), 6.68 (2H, dJ 8.8 Hz), 3.83 (3H, s),
2.59 — 2.52 (1H, m), 2.47 (2H, §,7.2 Hz), 1.12 (6H, d] 6.8 Hz), 0.940 (3H, 1 7.2
Hz): *C NMR (acetone<): = 174.8, 158.5, 155.7, 141.1, 138.7, 137.3, 136.2,
133.3, 130.9, 130.7, 130.4, 118.1, 114.8, 113.45%435.70, 28.83, 18.99, 13.06;
MS: 416.55 (M+H); Anal. Calcd for G;Ho9NOs: C, 78.04; H, 7.03; N, 3.37. Found:
C, 77.28; H, 6.84; N, 3.23e: R; = 0.28 (Hex/EtOAc 6:4)*H NMR (acetone-¢): 6 =



9.13 (1H, br. s), 8.25 (1H, br. s), 7.70 (2HJ&.4 Hz), 7.15 (2H, d] 8.4 Hz), 6.99
(2H, d,J 8.8 Hz), 6.82 (2H, dJ 8.8 Hz), 6.68 (2H, dJ 8.8 Hz), 6.61 (2H, dJ 8.8
Hz), 3.68 (3H, s), 2.68 — 2.61 (1H, m), 2.46 (2H) .6 Hz), 1.19 (6H, d) 6.8 Hz),
0.932 (3H, tJ 7.6 Hz);*C NMR (acetone+): = 175.6, 158.5, 156.4, 141.7, 139.8,
138.8, 137.8, 136.7, 134.2, 132.2, 131.3, 130.9,9,1115.5, 113.5, 55.09, 36.42,
29.08, 19.54, 13.47; MS: 416.56 (M¥{Anal. Calcd for GiH.oNOs: C, 78.04; H,
7.03; N, 3.37. Found: C, 77.28; H, 6.83:; N, 3.24.

4.2.3.6. Synthesis of (2)-N-(4-(2-(2,4-dichlor ophenyl)-1-phenylbut-1-
enyl)phenyl)isobutyramide  (6f) and  (E)-N-(4-(2-(2,4-dichlor ophenyl)-1-
phenylbut-1-enyl)phenyl)isobutyramide (7f). According to the general procedure,
compounds 6f and 7f were obtained from keto-amidetb and 1-(2,4-
dichlorophenyl)propan-1-oné&d) after purification by flash column chromatography
(Hex/EtOAc 8:2) and evaporation of the solvent dtevamorphous solids in a ratio
6f/7f = 2.2 (50% yield)6f: Ry = 0.30 (Hex/EtOAc 8:2)'H NMR (acetone-g): d =
8.89 (1H, br. s), 7.42 — 7.39 (5H, m), 7.34 — 121, m), 6.92 (2H, dJ 8.8 Hz), 2.57
—2.51 (1H, m), 2.45 (2H, @,7.6 Hz), 1.11 (6H, d] 6.8 Hz), 0.949 (3H, 1] 7.6 Hz);
3C NMR (acetone<): 6 = 175.5, 143.1, 142.0, 140.4, 138.8, 138.3, 13¥34.7,
133.1, 134.1, 130.3, 129.7, 129.5, 128.9, 127.6,4,2118.8, 36.35, 28.40, 19.59,
12.91; MS: 439.41 (M+B; Anal. Calcd for GgH2sCIoNO: C, 71.23; H, 5.75; N, 3.20.
Found: C, 70.50; H, 5.59; N, 3.08: R; = 0.24 (Hex/EtOAc 8:2)'H NMR (acetone-
dg): 6 = 9.15 (1H, br. s), 7.74 (2H, 4,8.8 Hz), 7.39 (1H, dJ 1.6 Hz), 7.29 — 7.24
(4H, m), 7.06 — 7.00 (4H, m), 6.92 (1HJt8.4 Hz), 2.68 — 2.61 (1H, m), 2.49 (2H, q,
J 7.6 Hz), 1.18 (6H, d] 6.8 Hz), 0.968 (3H, 1) 7.6 Hz);*C NMR (acetone): 6 =
175.6, 143.2, 142.1, 140.5, 139.4, 138.7, 137.4,7.3133.1, 131.1, 129.9, 129.4,
128.0, 127.2, 126.9, 119.8, 36.43, 28.24, 19.58322MS: 439.41 (M+H); Anal.
Calcd for GgH2sCIb,NO: C, 71.23; H, 5.75; N, 3.20. Found: C, 70.48;53H0; N,
3.05.

4.2.3.7. Synthesis of (E)-N-(4-(2-(2,4-dichlorophenyl)-1-(4-methoxyphenyl)but-1-
enyl)phenyl) isobutyramide (6g) and (Z)-N-(4-(2-(2,4-dichlorophenyl)-1-(4-
methoxyphenyl)but-1-enyl)phenyl) isobutyramide (7g). According to the general
procedure, compound8g and 7g were obtained from keto-amid&a and 1-(2,4-

dichlorophenyl)propan-1-oné&d) after purification by flash column chromatography



(Hex/EtOAc 6:4) and evaporation of the solvent dstevamorphous solids in a ratio
60/7g = 1 (58% yield).6g: R = 0.54 (Hex/EtOAc 6:4)'H NMR (acetone-¢): 6 =
8.90 (1H, br. s), 7.41 — 7.38 (3H, m), 7.29 (1HJ)®.4 Hz), 7.26 (1H, d) 2.0 Hz),
7.23 (2H, d,J 8.8 Hz), 6.97 (2H, dJ 8.8 Hz), 6.89 (2H, dJ 8.4 Hz), 3.83 (3H, s),
2.58 — 2.52 (1H, m), 2.48 (2H, §,7.6 Hz), 1.11 (6H, d] 6.8 Hz), 0.956 (3H, 1] 7.2
Hz); **C NMR (acetone): § = 175.5, 159.5, 141.6, 140.7, 138.7, 138.1, 137.9,
135.2, 134.7, 134.7, 132.9, 131.0, 130.4, 129.5,4,2118.8, 114.2, 55.30, 36.37,
28.46, 19.63, 13.01; MS: 469.42 (MPHAnal. Calcd for G/H27CI,NO;: C, 69.23;
H, 5.81; N, 2.99. Found: C, 68.52; H, 5.65; N, 288 R; = 0.51 (Hex/EtOAc 6:4);
'H NMR (acetone-¢): = 9.10 (1H, br. s), 7.73 (2H, d,8.8 Hz), 7.40 — 7.39 (1H,
m), 7.29 (1H, dJ 8.4 Hz), 7.26 (1H, d] 2.0 Hz), 7.23 (2H, d] 8.4 Hz), 6.90 (2H, d,
J 8.8 Hz), 6.63 (2H, d] 8.8 Hz), 3.68 (3H, s), 2.68 — 2.61 (1H, m), 2.2B(q,J 7.6
Hz), 1.19 (6H, d,) 6.8 Hz), 0.954 (3H, t] 7.2 Hz);*C NMR (acetone): = 175.1,
158.2, 141.0, 140.1, 138.7, 137.3, 137.1, 134.8,113133.5, 132.3, 130.6, 129.4,
128.8, 126.7, 118.9, 112.8, 54.41, 35.78, 27.82)41912.36; MS: 469.43 (M+H:
Anal. Calcd for G;H2;CIbNOs: C, 69.23; H, 5.81; N, 2.99. Found: C, 68.51; H4%
N, 2.85.

4.2.3.8. Synthesis of (Z2)-4-(1,2-diphenylbut-1-en-1-yl)aniline (10). According to the
general procedure, compoudd was obtained from 4-aminobenzopheno#e and
propiophenone @ after purification by flash column chromatograptilex/EtOAc
8:2) and evaporation of the solvent as white ammuplsolid (40% yield). R= 0.24
(Hex/EtOAc 8:2);'H NMR (CDCk): 6 = 7.37 (2H, tJ 7.2 Hz), 7.31 — 7.27 (3H, m),
7.23 - 7.13 (5H, m), 6.69 (2H, d.8.8 Hz), 6.40 (2H, d) 8.8 Hz), 2.48 (2H, 9] 7.6
Hz), 0.950 (3H, tJ 7.6 Hz);**C NMR (CDCb): 6 = 144.7, 144.0, 143.5, 141.4, 139.4,
134.7, 132.3, 130.4, 130.1, 128.6, 128.4, 127.®.5,2115.2, 29.55, 13.99; MS:
300.42 (M+H); Anal. Calcd for GoHxiN: C, 88.25; H, 7.07; N, 4.68. Found: C,
87.35; H, 6.87; N, 4.50.

4.2.4. General procedurefor the demethylation of compounds 6 and 7.

4.24.1. Synthesis of (E)-N-(4-(1-(4-hydroxyphenyl)-2-phenylbut-1-
enyl)phenyl)isobutyramide (8b). To a cold at -78 °C solution of compouttt
(0.050 g, 0.125 mmol) in Ci&l, (8.9 mL), BBg (0.625 mmol, 1.0 M in CkCl,, 5

equiv per bond, 0.625 mL) was added dropwise aededhction was kept for another



1 h at the same temperature. Then, the solutioncealed at 0 °C, neutralized with
MeOH and HCI 1 N was added. The organic phase wiaaated twice with EtOAC.
The combined organic extracts were washed withmeatd brine, dried with N&O;,
filtered and evaporated. The residue was purifigdldsh column chromatography
(Hex/EtOAc 6:4) to provide compourd@h as oil (75% vyield). R= 0.34 (Hex/EtOAc
6:4); *H NMR (CDCk): 6 = 7.28 (1H, br. s), 7.20 — 7.11 (9H, m), 6.83 (4¥,d,J
7.6 Hz), 2.53 — 2.45 (3H, m), 1.21 (6H,Jd6.8 Hz), 0.951 (3H, t] 7.6 Hz);"*C NMR
(CDClg): 6 = 175.4, 155.2, 143.2, 142.3, 140.6, 138.5, 1363K.3, 131.9, 131.4,
130.3, 128.4, 126.6, 119.6, 115.8, 37.26, 29.606013.95; MS: 386.50 (M+H
Anal. Calcd for GgH2/NO2: C, 81.01; H, 7.06; N, 3.63. Found: C, 80.17; 836 N,
3.47.

4.2.4.2. Synthesis of (Z2)-N-(4-(1-(4-hydr oxyphenyl)-2-phenylbut-1-
enyl)phenyl)isobutyramide (9b). According to the general procedure, compo@hd
was obtained from compourdb after purification by flash column chromatography
(Hex/EtOAc 6:4) and evaporation of the solvent ds(05% vyield). R = 0.34
(Hex/EtOAc 6:4)"H NMR (CDCk): 6 = 7.53 (2H, d,) 8.0 Hz), 7.29 (1H, br. s), 7.21
(2H, d,J 8.4 Hz), 7.18 (2H, d] 8.0 Hz), 7.14 — 7.11 (3H, m), 6.72 (2H,J8B.4 Hz),
6.50 (2H, dJ 8.4 Hz), 2.59 — 2.53 (1H, m), 2.49 (2H,Jj7.2 Hz), 1.29 (6H, d] 6.4
Hz), 0.942 (3H, tJ 6.8 Hz);*C NMR (CDC}): § = 175.5, 153.8, 142.4, 141.5, 140.0,
137.6, 136.4, 135.4, 132.1, 130.2, 129.7, 127.%,002119.6, 114.4, 36.79, 29.04,
19.67, 13.62; MS: 386.53 (M+H Anal. Calcd for GeHo7NO2: C, 81.01; H, 7.06; N,
3.63. Found: C, 80.16; H, 6.84; N, 3.51.

4.243. Synthesis of  (Z)-N-(4-(2-(4-hydroxyphenyl)-1-phenylbut-1-en-1-
yl)phenyl)isobutyramide (8c). According to the general procedure, compo@aed
was obtained from compour@t after purification by flash column chromatography
(Hex/EtOAc 6:4) and evaporation of the solvent ds(80% vyield). R = 0.28
(Hex/EtOAc 6:4)'H NMR (acetone-g): 6 = 8.90 (1H, br. s), 8.23 (1H, s), 7.40 — 7.37
(4H, m), 7.29 (1H, tJ 7.2 Hz), 7.25 (2H, dJ 8.4 Hz), 7.01 (2H, dJ 8.8 Hz), 6.82
(2H, d,J 8.8 Hz), 6.69 (2H, d] 8.4 Hz), 2.58 — 2.52 (1H, m), 2.43 (2H,J4{.6 Hz),
1.12 (6H, d,J 6.8 Hz), 0.930 (3H, tJ 7.6 Hz);**C NMR (acetone): § = 175.0,
156.4, 144.7, 142.2, 138.9, 138.0, 134.0, 131.3,992128.6, 127.0, 119.0, 115.4,



36.36, 29.24, 19.48, 13.41; MS: 386.53 (M¥HAnal. Calcd for GgH,7NO,: C,
81.01; H, 7.06; N, 3.63. Found: C, 80.19; H, 61853.48.

4.24.4. Synthesis of  (E)-N-(4-(2-(4-hydroxyphenyl)-1-phenylbut-1-en-1-
yl)phenyl)isobutyramide (9c). According to the general procedure, compo@ad
was obtained from compount after purification by flash column chromatography
(Hex/EtOAc 6:4) and evaporation of the solvent ds(80% vyield). R = 0.36
(Hex/EtOAc 6:4);'H NMR (acetone-¢): 6 = 9.08 (1H, br. s), 8.18 (1H, s), 7.70 (2H,
d,J 8.8 Hz), 7.17 (2H, d) 8.8 Hz), 7.06 — 7.00 (3H, m), 6.99 (2H,Jd8.8 Hz), 6.93
(2H, d,J 8.0 Hz), 6.66 (2H, d] 8.8 Hz), 2.70 — 2.60 (1H, m), 2.48 (2H,)7.2 Hz),
1.19 (6H, d,J 6.8 Hz), 0.951 (3H, t) 7.2 Hz);**C NMR (acetone): § = 174.8,
155.8, 143.7, 141.8, 138.7, 138.3, 137.8, 133.D0,7,3130.6, 129.6, 127.3, 125.5,
118.9, 114.8, 35.75, 28.62, 19.02, 13.01; MS: 3BGM+H"); Anal. Calcd for
Co6H27/NO;: C, 81.01; H, 7.06; N, 3.63. Found: C, 80.18; 66 N, 3.49.

4.2.4.5. Synthesis of (E)-N-(4-(2-(2,4-dichlor ophenyl)-1-(4-hydroxyphenyl)but-1-
en-1-yl)phenyl) isobutyramide (8g). According to the general procedure, compound
8g was obtained from compoundg after purification by flash column
chromatography (Hex/EtOAc 6:4) and evaporationhef $olvent as oil (80% yield).
Rr = 0.32 (Hex/EtOAc 6:4)'H NMR (acetone-¢): 6 = 8.90 (1H, br. s), 8.43 (1H, br.
s), 7.40 — 7.38 (3H, m), 7.28 (1H, 318.0 Hz), 7.25 (1H, d) 2.0 Hz), 7.14 (2H, dJ
8.4 Hz), 6.89 (2H, d] 8.8 Hz), 6.88 (2H, d] 8.4 Hz), 2.58 — 2.52 (1H, m), 2.49 (2H,
q,J 7.6 Hz), 1.11 (6H, dJ 6.8 Hz), 0.953 (3H, tJ 7.6 Hz);**C NMR (acetone-): &

= 175.6, 157.2, 141.9, 140.8, 138.6, 138.3, 1334,7, 134.2, 132.9, 131.0, 130.4,
129.4, 127.4, 118.7, 115.6, 36.37, 28.45, 19.63)43VIS: 455.41 (M+H); Anal.
Calcd for GeH2sClI,NO,: C, 68.73; H, 5.55; N, 3.08. Found: C, 68.03; 05 N,
2.95.

4.2.4.6. Synthesis of (Z)-N-(4-(2-(2,4-dichlor ophenyl)-1-(4-hydroxyphenyl)but-1-
en-1-yl)phenyl) isobutyramide (9g). According to the general procedure, compound
9g was obtained from compoundg after purification by flash column
chromatography (Hex/EtOAc 6:4) and evaporationhef $olvent as oil (80% yield).
Rf = 0.32 (Hex/EtOAc 6:4)'H NMR (acetone-¢): § = 9.13 (1H, br. s), 8.18 (1H, br.
s), 7.72 (2H, dJ 8.4 Hz), 7.40 — 7.38 (1H, m), 7.27 (1H,Jd8.0 Hz), 7.26 (1H, dJ



2.0 Hz), 7.22 (2H, dJ 8.8 Hz), 6.80 (2H, dJ 8.8 Hz), 6.54 (2H, d) 8.8 Hz), 2.70 —
2.60 (1H, m), 2.47 (2H, 4l 7.6 Hz), 1.18 (6H, dJ 6.8 Hz), 0.947 (3H, 1) 7.2 Hz);
13C NMR (acetone): 6 = 175.7, 156.6, 141.9, 140.9, 139.3, 138.1, 13T734..7,
134.4, 134.2, 132.8, 131.3, 130.1, 129.4, 127.8,5,1114.9, 36.40, 28.40, 19.67,
13.03; MS: 455.40 (M+H; Anal. Calcd for GgHosCILNOy: C, 68.73; H, 5.55; N,
3.08. Found: C, 68.05; H, 5.41; N, 2.94.

4.3. Biological evaluation

4.3.1. Cdl cultures

HelLa (human cervix adenocarcinoma cells) and MC|uman mammary gland
adenocarcinoma cells) were grown in Nutrient MigtuF-12 [HAM] (Sigma
Chemical Co.) and Dulbecco’s Modified Eagle’s MedifSigma Chemical Co.),
respectively. 10% Heat-inactivated fetal calf seiimeitrogen), 100 U/mL penicillin,
100 pg/mL streptomycin and 0.2%g/mL amphotericin B (Sigma Chemical Co.) were
added to both media. Ovarian cancer cell lines A28 OVCARS were cultured in
RPMI1640 (Lonza), with the addition of 10% Fetalvdee Serum (FBS, Lonza) and
2mM Glutamine (Lonza). The cells were cultured @@ in a moist atmosphere of

5% carbon dioxide in air.

4.3.2. Inhibition growth assay

HelLa and MCF-7 (4-%510% cells were seeded into each well of a 24-well oglture
plate. After incubation for 24 h various concentmas of the test agents and
tamoxifen (, T-5648 Sigma-Aldrich) were added and the cellsaviken incubated in
standard conditions for a further 72 h. A trypameblassay was performed to
determine cell viability. Cytotoxicity data were prssed as &l values, i.e. the
concentration of the test agent inducing 50% radnah cell number compared with
control cultures. A2780 and OVCARS5 were plated atomcentration of 15 000
cell/mL. 72 h later cells were treated with thefetiént compounds, after 72 h cell

survival was assessed by MTS assay and dose-resporngs were plotted.

4.3.3. Topoisomer ase-M ediated DNA Relaxation



Supercoiled pBR322 plasmid DNA (0.25 ug, FermehtBsSciences) was incubated
with 1U topoisomerase Il (human recombinant topois@se lla, USB Corporation)
or 2U topoisomerase | (human recombinant topoisaseet, TopoGen) and the test
compounds as indicated, for 60 min at 37 °C iuR@eaction buffer.

Reactions were stopped by adding 4 pL stop bufét codium dodecyl sulfate
(SDS), 0.125% bromophenol blue, and 25% glycerb0, pg/mL proteinase K
(Sigma) and incubating for a further 30 min at 8 The samples were separated by
electrophoresis on a 1% agarose gel at room temuperd he gels were stained with
ethidium bromide 1 pg/mL in TAE buffer (0.04 M Tsaeetate and 0.001 M EDTA),
transilluminated by UV light, and fluorescence esioa was visualized by a CCD
camera coupled to a Bio-Rad Gel Doc XR apparatus.

4.3.4. Topoisomerase | I-mediated DNA cleavage

Supercoiled pBR322 plasmid DNA (0.28) was incubated with 10 U topoisomerase
I (human recombinant topoisomerase d| USB) and the test compounds, as
indicated, for 60 min at 37 °C in 2L reaction buffer.

Reactions were stopped by addingld stop buffer (5% SDS, 0.125% bromophenol
blue and 25% glycerol), 50g/mL proteinase K (Sigma) and incubating for aHart
30 min at 37 °C. The samples were separated byr@ghwresis on a 1% agarose gel
containing ethidium bromide Ofxg/mL in TBE buffer (0.09 M Tris-borate and 0.002
M EDTA), transilluminated by UV light, and fluorestece emission was visualized by

a CCD camera coupled to a Bio-Rad Gel Doc XR appsra

4.3.5. Evaluation of apoptotic cell death by Annexin V-FITC and propidium
iodide staining

To detect phosphatidylserine translocation fromitimer face to the outer surface of
plasma membrane a FITC Annexin V Apoptosis Deteckd | (BD Pharmigen) was
used.

HeLa cells (2.0 x 1) were seeded into each cell culture plate. Afteubation for 24

h the test agents were added to the complete medlitthe indicated concentrations
and cells were incubated for a further 28 h. Afteatment, cells were centrifuged and
resuspended at @ells/mL in binding buffer. Cell suspensions (100 were added

with Annexin V-FITC and propidium iodide (PI) asdicated by the supplier's



instructions, and incubated in the dark for 15 naih room temperature. The
populations of Annexin V-positive/Pl-negative cdksrly apoptosis) and Annexin V-
positive/Pl-positive cells (late apoptosis) werealeated by FACSCanto Il flow
cytometer (Becton-Dickinson, Mountain View, CA).

4.3.6. Deter mination of mitochondrial membrane potential on whole cells

The mitochondrial membrane potential was evalubiedsing the BD™ MitoScreen
Kit (BD Pharmigen) containing the membrane-permealipophilic cationic
fluorochrome 5,5,6,6’-tetrachloro-1,1’,3,3’-tettaglbenzimidazolcarbocyanine
iodide (JC-1), according to Cossarizza et afeLa cells (2.0 x 10 were seeded into
each cell culture plate. After incubation for 24he test agents were added to the
complete medium at the indicated concentrations e&lts were incubated for a
further 28 h. After treatment, cells were centrédgresuspended in JC-1 Working
Solution and incubated for 30 min at 37°C in d@cubator. Following incubation,
cells are washed twice, resuspended in Assay Bafféranalyzed by a FACSCanto lI
flow cytometer (Becton-Dickinson, Mountain View, €A

4.4. Molecular modeling

All the synthesized compounds were docked in tlupcside binding site in the
crystal structure of the topoisomerase Il beta/Diidmplex (3QX3.pdi3f using
AutoDock 4.2 softwaré’A Lamarkian genetic algorithth was employed for the
docking simulation, performing 100 independent rpes molecule. In each run, a
population of 50 individuals evolved along 27000ngmations and a maximum
number of 25 million energy evaluations was perfdmThe best fit (lowest docked
energy) solutions of the 100 independent runs wé&veed for subsequent analysis.

The visual inspection of docked structures waseawut using VMD?
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Highlights

* We describe the synthesis of a new library of 4-(1,2-diarylbut-1-en-1-yl)isobutyranilide derivatives
» Anti-proliferative activity in 4 cell lines indicates activity at low micromolar range
e The most active compound was able to induce apoptosis

» The most active compound seems to target topoisomerase |l



