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a b s t r a c t

In an systematic attempt todevelop novel Selective EstrogenReceptorModulators (SERMs), chiral 1-((4-(2-
(dialkylamino)ethoxy)phenyl)(2-hydroxynaphthalen-1-yl)methyl)piperidin-4-ols were designed based
on an accepted pharmacophore model. Simpler prototypes, viz. racemic 1-((2-hydroxynaphthalen-1-yl)
arylmethyl)piperidin-4-ols, were first synthesized to develop kinetic resolution to pure enantiomers.
Simultaneously, a series of racemic 1-((4-(2-(dialkylamino)ethoxy)phenyl)(2-hydroxynaphthalen-1-yl)
methyl)piperidin-4-ols were evaluated against estrogen-responsive humanMCF-7 breast cancer cells, but
the compoundswere found to bemoderately active. The lack of potency could be due to themolecular bulk
resulting in inadequate fit at the receptor. Subsequently, the molecular motif was modified to achiral 1-(4-
(2-(dialkylamino)ethoxy)benzyl)naphthalen-2-ols by removing the piperidinol moiety. Bioevaluation of
this new series of compounds displayed significantly enhanced cytotoxicity against MCF-7 cells. A repre-
sentative compound for this series showed estrogen receptor alpha binding activity and the action is that of
an antagonist.

� 2011 Elsevier Masson SAS. All rights reserved.
1. Introduction

Selective Estrogen Receptor Modulators (SERMs) are chemical
entities that alter the action of estrogen by binding to estrogen
receptors (ERa or ERb subtypes) in cells [1]. In some cases, a SERM
may antagonize the effects of estrogen, by preventing estrogen
molecules from binding to the receptor sites. In other cases, a SERM
may show estrogenic activity by mimicking estrogen. The phar-
macodynamic response to a SERM is determined by both the
position of the specific ER to which it binds, as well as the estrogen
receptor subtype [2].

Current uses of SERMs include treatment of breast cancer and
osteoporosis where estrogen receptors play an important role.
Although most SERMs decrease the risk of breast cancer, the side
effects of many of these drugs are deleterious [3]. For example,
a drug may inhibit estrogen receptors in the breast, yet stimulate
those in the uterus leading to increased risk of endometrial cancer.
: þ1 902 585 1114.

son SAS. All rights reserved.
These beneficial and harmful effects associated with a particular
SERM must be carefully weighed to ensure an advantageous result
[4]. Tamoxifen is currently the most widely used SERM and it
inhibits the growth of estrogen receptor-positive breast cancer [2].
Tamoxifen can also be used to treat women who are currently
healthy, yet who are at an increased risk for developing breast
cancer [5]. Although tamoxifen is a benchmark in the treatment of
estrogen-responsive breast cancer, its usage may be accompanied
by negative side effects such as endometriosis [6]. Raloxifene,
initially approved by the FDA in 1997 for the treatment of osteo-
porosis in postmenopausal women, is another SERM and it appears
to have greater positive than negative effects. Clinical trials have
shown raloxifene to be just as effective at preventing breast cancer
as tamoxifen [6,7] and, importantly, the incidence of uterine cancer
in these trials is substantially lower [6]. However, the observable
side effects of raloxifene are thrombosis and fatal stroke in post-
menopausal women [8].

The generic structure of the prototypical potential SERM
designed for our study is shown in Fig. 1, along with structures of
estradiol (the most potent estrogen) and raloxifene for comparison.
It is evident that the designed molecules contain phenolic and
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Fig. 1. Prototypical potential SERMs compared to 17-b-estradiol and several clinical SERMs.
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alcoholic hydroxyl groups positioned appropriately to mimic
estradiol. They also bear a dialkylaminoethoxyphenyl side-chain
found in clinical SERMs (Fig. 1) [9]. Additionally, they have
a chirality center making their topology non-planar like estrogen. It
was hypothesized that these features will render potent selective
estrogen receptor modulatory activity to the designed molecules.

A number of challenges are presented when dealing with the
development of a drug containing a chirality center. Regulatory
agencies have stopped approving racemic mixtures to be intro-
duced in the market as drugs. It is a well-established fact that the
desired biological response is due to one enantiomer only and that
the other enantiomer, in nearly all cases, is either inactive or toxic
[10]. Since our designed molecule has a chirality centre, we need
either to synthesize it in an optically pure form or to resolve the
enantiomeric pair into pure enantiomers.

To obtain the proof of concept in terms of biological activity and
to develop a procedure to prepare the prototypical molecules in
enantiomerically pure forms, two sets of experiments were simul-
taneously commissioned. First, a methodology was developed to
produce a simplified version of designedmolecules in optically pure
form (Series 1, Fig. 2). Also, we synthesized the designed molecules
devoid of the hydroxyl group at position 6 in racemic form (Series 2,
Fig. 2) in parallel for bioevaluation to ascertain that they have the
desired biological activity. Both series of molecules are easily
synthesized in racemic form by performing a Mannich reaction
between 2-naphthol, 4-piperidinol, and appropriate aromatic
aldehydes. Although the presence of two eOH groups mimicking
17-b-estradiol would have been ideal, we elected to synthesize
series 2 for the following reasons: a) chemical syntheses of these
analogs are short and less complicated, b) these compounds possess
the complimentary 3D shape for the ERa binding pocket, and c) the
lack of eOH groups mimicking 17-b-estradiol is not considered
detrimental as several clinical SERMs such as tamoxifen and laso-
foxifene also lack one or both eOH groups (Fig. 1).

We recently published the synthesis of compounds 1aej and
their enzyme-assisted kinetic resolution [10]. Herein, we report
R
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Series (+/-) 1a-j

Prototype for resolution studies

a Ar=Phenyl
b Ar=4-F-phenyl
c Ar=4-Cl-phenyl
d Ar=4-Me-phenyl
e Ar=4-OMe-phenyl
f Ar=3,4-Cl2-phenyl
g Ar=3,4-(OMe)2-phenyl
h Ar=3,4-(OMe)2-phenyl
i Ar=4-Pyridinyl
j Ar=2-Pyridinyl

Fig. 2. Racemic compounds for preliminary
cytostatic activity of enantiomerically enriched compounds 1aej
(Fig. 3) and their complementary monoacetate derivatives
(Ace1aej; Fig. 3) against three anticancer cell lines, and synthesis
of compounds 2aef and their cytotoxicity against estrogen-
responsive MCF-7 breast cancer cell line. A new series of
compounds (Series 3, Fig. 3) were designed based on the results
obtained on series 2 compounds (vide infra) and their cytotoxicity
was tested in MCF-7 cells.

2. Chemistry

Synthesis and enantiomeric enrichment of racemic Mannich
bases 1aej with uncertain absolute stereochemistry and enantio-
meric excess of resulting unreacted (L)1aeh & (D)1i,j, and acety-
lated (D)Ace1aeh& (L)Ace1i,jhasbeendescribed elsewhere [10].

Compounds of series 2 were synthesized in moderate yields by
performing a Mannich reaction [10,11] between 2-naphthol,
4-piperidinol and appropriate 4-(2-(dialkylamino)ethoxy)benzalde-
hydes (4aef) in the presence of catalytic amounts of p-toluenesulfonic
acid in amicrowave reactor (Scheme1). The productswere purified by
column chromatography and characterized by spectroscopicmeans. It
should be noted that all compounds of this series are new to the
chemical literature and they displayedmolecular dynamics (typical of
numerous piperidine containing compounds [11]) in their 1H and 13C
NMR spectra.

Synthesis of compounds of series 3 is depicted in Scheme 2.
4-(Dialkylaminoethoxy)benzaldehydes (4aeh), synthesized from
commercially available dialkylaminoethyl chloride (Scheme 1) [12]
or from 4-hydroxybenzaldehyde, dibromoethane and dialkylamine
(Scheme 2) [13], were reduced [14] to the corresponding benzyl
alcohol 5aeh. Subsequent benzylation reaction [15] of 2-naphthol
with these benzyl alcohols in the presence of boron trifluoride
etherate resulted in formation of the desired 1-(4-(2-(dialkylamino)
ethoxy)benzyl)naphthalen-2-ols (3aeh; Scheme 2). Compounds
3aeh, hitherto unknown in chemical literature, were unambigu-
ously characterized by spectroscopic means. These compounds
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a -NR2=-NMe2
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f -NR2=-morpholinyl
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Fig. 3. Molecular structures of compounds bioevaluated.
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were subsequently converted to corresponding water-soluble HCl
salts by passingHCl gas to their ethereal solution. The vacuum-dried
solid precipitate was used for MCF-7 cytotoxicity assays.

3. Biological results and discussion

Mannich bases are known to possess anticancer activity which is
attributed to their ability to deaminate under physiological condi-
tions and to form an electrophilic reactive intermediate capable of
alkylation of the cellular nucleophiles [16,17]. Enantiomerically
enriched compounds (L)1aeh, (D)1i,j, (D)Ace1aeh and (L)
Ace1i,j were subjected to cytostatic evaluation against murine
leukemic L1210 and human lymphoblast Molt4/C8 and CEM cell
lines [18]. Melphalanwas used as the reference drug. The results are
presented in Table 1.

As evident from the table, all tested compounds are inferior to
melphalan as a cytotoxin against selected tumor cell lines.
However, most of them are moderately cytostatic with their IC50 in
the middle micromolar range. Compounds (L)1eeg and their
acetylated counterparts (D)Ace1eeg were the two cytostatic
agents with lowest average IC50 values. Pyridine-containing
analogs displayed the least cytostatic activity in the series.

The main focus of this investigationwas on compounds of series
2. Compounds 2aef were evaluated against estrogen-responsive
MCF-7 breast cancer cells. The IC50 values are presented in
Table 2. The cytotoxicity potential of most compounds of series 2
were found to be comparable to that of tamoxifen and were not
considered an improvement. This incited us to reconsider our
design in terms of the fit of prototypical molecules in the ERa ligand
binding region. Based on the reported binding of estradiol [9] and
raloxifene [20] in the ERa ligand binding domain, it is expected that
the tertiary amine will bind with Asp 351 whereas the hydroxy
group of the piperidinol ring will associate with His 524. However,
when the skeleton of compounds 2aef was compared with that of
estradiol, superimposing the tetralin ring of estradiol with the
naphthalene ring of the compounds of series 2, it became apparent
that the hydroxyl group on piperidinol did not align with the
estradiol aliphatic hydroxyl group. To accurately ascertain this, we
decided to perform docking studies on the two enantiomers of 2b,
a representative compound from series 2, in the ERa ligand binding
domain. The results of the docking studies indicated that while
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Scheme 1. Synthetic scheme adopted to prepare compounds of series
both enantiomers of 2b were able to fit in the ERa ligand binding
domain, the R-enantiomer showed relatively better binding than
the S-enantiomer. This may be responsible for the relatively higher
MCF-7 IC50 value for the racemic mixture.

Our analysis suggested that in order to have tighter binding of
the ligands with the ERa ligand binding domain, the position of the
aliphatic hydroxyl has to be modified and this avenue is currently
being investigated in our laboratory. We envisioned that the
predicament caused by the current location of 4-piperidinol ring
leading to less than optimal binding with the ERa site (at least in
one enantiomer) can easily be solved by removing the piperidinol
ring altogether. Also, this will make the compounds achiral which
eliminates the requirement of optical resolution. Although this
exercise will lead to the loss of a potential H-bond donor/acceptor
system, it may not be detrimental to the desired biological activity
(clinical SERM tamoxifen does not possess any hydroxyl group;
Fig. 2). To gain confidence and to verify this argument, we docked
the analog of compound 2b devoid of the piperidinol ring (3b,
Fig. 3) in the ERa ligand binding domain and found that it indeed
showed a tighter and comfortable binding. Fig. 4 clearly highlights
the interaction of the tertiary amine with Asp 351. The naphthalene
ring nicely fits in the hydrophobic pocket with arene-H interactions
of Phe 404 and Leu 387.

The new scaffold resulting from the loss of 4-piperidinol moiety
from compounds of series 2 constitute compounds of series 3.
Synthesis of this series was possible by reductive deamination [21]
of compounds of series 2 but owing to relatively lower yields of
series 2 compounds, we elected to synthesize series 3 compounds
directly by C-1 benzylation of 2-naphthol [15]. The cytotoxicity
results, shown in Table 2, clearly established compounds of series 3
as important leads toward the development of future SERMs. All
compounds except 3f displayed 3e6 fold improvement over
tamoxifen in the MCF-7 cytotoxicity assay. Compound 3f with
morpholine in the basic side-chain displayed moderate cytotoxicity
values with IC50’s in the range of 25e50 mM. This is a significant
improvement over IC50 of 423.7 mM for 2f, the morpholine analog
from series 2. Themost potent cytotoxic compound in series 3 is 3g,
which contains a 4-methylpiperidine ring in the basic side-chain.

We next determined the ability of the most potent candidate 3g
to bind and antagonize human ERa using a commercial kit [23]. The
results of this colorimetric assay are displayed in Fig. 4. The agonist
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estradiol (E2) and antagonist tamoxifen (TEM) controls were used
at 25 mMwhereas the test compound 3gwas used at concentrations
of 25 and 2.5 mM. Fig. 5 clearly shows that compound 3g is an
antagonist at the concentrations used and is a considerably more
potent ER binder and antagonist than tamoxifen.

4. Conclusion

In conclusion, our iterative study which began with design,
synthesis and bioevaluation of 1-((4-(2-(dialkylamino)ethoxy)
phenyl)(2-hydroxynaphthalen-1-yl)methyl)piperidin-4-ols as poten-
tial SERMs has led to the identification of simpler 1-(4-(2-(dia-
lkylamino)ethoxy)benzyl)-naphthalen-2-ols as lead prototypes for
further development. These compounds displayed superior cytotox-
icity toward estrogen-responsive human MCF-7 breast cancer cells
than tamoxifen. A representative compound for the series has also
shown significant binding and antagonistic effects against humanERa
in an in-vitro ELISA assay. We are actively pursuing modification on
thismotif to improveERa-dependentbreastcancercytotoxicityaswell
as ERa antagonistic activitywhichwill translate into in-vivo efficacy in
breast cancer animal models.

5. Experimental section

5.1. Chemistry

5.1.1. General
Melting points were determined on a MEL-TEMP II apparatus.

The IR spectra were recorded on a Nicolet AVATAR 300 FT-IR
instrument by making KBr discs for solid samples and thin films
for oils. The 1H NMR and 13C NMR spectra were recorded on
a Bruker AC-300 Avance spectrometer or Bruker ARX-300 spec-
trometer at 300 and at 75.5 MHz, respectively. The chemical shift
values are on d scale and the coupling constants (J) are in Hz. The
Table 1
Cytostatic potency of compounds (L)1aeh; (D)1i,j and (D)Ace1aeh; (L)Ace1i,j again

Ar (L)1aeh; (D)1i,j IC50 (mM)

L1210 Molt4/C8

a Phenyl 50 � 1 43 � 4
b 4-F-phenyl 44 � 0 41 � 3
c 4-Cl-phenyl 46 � 2 33 � 7
d 4-Me-phenyl 44 � 1 39 � 6
e 4-MeO-phenyl 42 � 2 35 � 7
f 3,4-Cl2-phenyl 43 � 0 36 � 2
g 3,4-(OMe)2-phenyl 50 � 3 18 � 3
h 3,4-(OCH2O)-phenyl 45 � 1 44 � 4
i 4-Pyridyl 154 � 23 107 � 65
j 2-Pyridyl 118 � 34 52 � 14

Melphalana 2.13 � 0.03 3.24 � 0.79

a The data for melphalan are reproduced from Dimmock et al. Eur. J. Med. Chem. 35 (
HRMS were recorded in positive ion mode on an Ion Spec Fourier
transform mass spectrometer. CEM Discover S-class microwave
reactor was used for the synthesis of compounds. All chemicals
used were purchased either from Aldrich Chemical Co. or Fluka
Chemicals Co., Canada and used without further purification.
Analytical TLCs were performed on pre-coated Merck silica gel
60F254 plates; the spots were detected under UV light. Silica gel
(100e200 mesh) was used for column chromatography. After
column chromatography, fraction containing products were evap-
orated under reduced pressure and dried 12 h under high vacuum
to give the product otherwise specified. Some reactions were
conducted under an atmosphere of nitrogen when anhydrous
solvents were used.

5.1.2. General procedure for the synthesis of 4-(dialkylaminoethoxy)-
benzaldehydes 4aef

In a dried single-neck round bottom flask, 4-hydroxy-l
benzaldehyde (40 mmol), potassium carbonate (122 mmol) and
dry acetone (160 ml) were taken and the contents refluxed for 2 h.
The reaction mixture was brought to room temperature and cata-
lytic amount of potassium iodide was added, followed by the
gradual addition of appropriate dialkylaminoethyl chloride hydro-
chloride (45 mmol) dissolved in dry acetone (50 ml) through
a pressure-equalizing addition funnel and the reaction mixturewas
allowed to reflux again. The contents were regularly monitored for
reaction progress by TLC using 10% methanol/dichloromethane as
the solvent system. The reaction was generally complete in
10e13 h. At this point, reaction mixture was filtered under suction
and the solid inorganic salts werewashedwith acetone (3� 60ml).
The solvent was evaporated under reduced pressure and the
residue was purified by column chromatography over silica gel
(6e8% methanol in dichloromethane, v/v as eluent) to afford the
pure aldehydes 4aef as colorless oils in 49e92% yields. The struc-
tures of 4aef were unambiguously established from the
st murine L1210, and human Molt4/C8 and CEM T-lymphocyte cell lines.

(D)Ace1aeh; (L)Ace1i,j IC50 (mM)

CEM L1210 Molt4/C8 CEM

36 � 6 58 � 17 38 � 8 31 � 14
24 � 2 45 � 2 40 � 4 27 � 1
19 � 4 41 � 3 35 � 5 28 � 2
29 � 2 45 � 2 47 � 8 35 � 7
14 � 1 43 � 2 42 � 5 22 � 0
17 � 3 31 � 1 34 � 3 15 � 1
25 � 7 48 � 2 12 � 2 24 � 8
37 � 7 48 � 3 69 � 10 51 � 4
133 � 44 80 � 5 59 � 1 79 � 0
54 � 21 92 � 10 49 � 10 55 � 1
2.47 � 0.03

2000) 967e977 [19].



Table 2
In-vitro cytotoxicity data of compounds of series 2 and 3 against MCF-7 breast
cancer cells.

Compound ID IC50 (mM) against MCF-7

Series 2 Series 3

a 22.6 10.18

b 19.0 6.20

c 52.3 7.54

d 37.5 6.71

e 36.4 6.82

f 423.7 >25; <50

g e 4.38

h e 6.21
Tamoxifena 31.0

a The data for tamoxifen is reproduced from Seeger et al. J. Steroid Biochem. Mol.
Biol. 84 (2003) 255e257 [22].
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comparison of their spectral data with reported values [13,24,25].
The spectroscopic data of compound 4b which is not reported in
literature is being included here.

5.1.2.1. 4-(Diethylaminoethoxy)benzaldehyde (4b). Colorless oil,
yield 92%. UV (EtOH) lmax: 224, 273 and 319 nm. IR (nujol): 2966,
2872, 2826, 1693, 1604, 1509, 1466, 1361,1260, 1185 1158, 1016 and
832 cm�1. 1H NMR (300 MHz, CDCl3): d 1.06 (6H, t, J ¼ 7.2 Hz, 2�
CH3), 2.64 (4H, q, J ¼ 7.2 Hz, 2� NCH2), 2.89 (2H, t, J ¼ 6.0 Hz,
eNCH2), 4.11 (2H, t, J ¼ 6.3 Hz, OCH2), 7.01 (2H, d, J ¼ 8.7 Hz, 2�
AreH), 7.83 (2H, d, J¼ 8.7 Hz, 2� AreH), 9.87 (1H, s, CHO). 13C NMR
(75.5 MHz, CDCl3): d 11.85 (2� CH3), 47.89 (2� NCH2), 51.57 (NCH2),
67.12 (OCH2), 114.83 (C-2 & C-6), 129.92 (C-1), 131.93 (C-3 & C-5),
163.96 (C-4), 190.74 (C]O). HRMS m/z calculated for C13H19NO2
[M þ H]þ 222.1416, observed [M þ H]þ 222.1411.

5.1.3. General procedure for the synthesis of compounds 2aef
A mixture of 2-naphthol (12 mmol), 4-hydroxypiperidine

(12 mmol), appropriate (dialkylamino)ethoxybenzaldehydes
(10mmol) and catalytic amount of p-TSA (50mg)were irradiated in
Fig. 4. Compound 3b docked in the ERa Ligand binding domain. A. Important amino acid re
countor of 3b indicating important interactions with amino acid residues in the ERa Ligan
Discover S-Class CEM microwave oven for 7e10 min. (2.5 min � 3
or 4, to avoid overheating). The reaction mixture was cooled and
purified by column chromatography over silica gel using methanol-
dichloromethane (8e10%) as eluent to afford the pure compounds
2aef in 38e47% yields. The structures of compounds 2aef were
unambiguously established from the analysis of their spectral data
(IR, 1H, 13C NMR and mass spectra). It should be noted that the peak
for the two eNCH2 carbons of the 4-hydroxypiperidine ring were
consistently not seen at room temperature due to the molecular
dynamics as mentioned in the Results and Discussion section.

5.1.3.1. 1-[[4-(2-(Dimethylamino)ethoxy)phenyl](2-hydroxynaphtha-
len-1-yl)methyl] piperidin-4-ol (2a). Light yellow solid, yield 38%,
m.p. 86e88 �C. UV(EtOH) lmax: 231, 280 and 334 nm. IR (KBr): 3393,
2936, 2801, 1608, 1511, 1455, 1367, 1240, 1167, 1053, 1011, 946, 832,
and 816 cm�1. 1H NMR (300 MHz, CDCl3) d 1.52e1.64 (2H, m, CH2),
1.81e1.89 (2H, m, CH2), 2.30 (6H, s, 2� NCH3), 2.35 (2H, brs, NCH2),
2.66e2.70 (4H, m, 2� NCH2), 3.72 (1H, brs, OCH), 3.99 (2H, t,
J ¼ 5.7 Hz, OCH2), 5.17 (1H, brs, Ar2CHN), 6.80e6.83 (2H, m, 2�
AreH), 7.14e7.28 (6H, m, 6� AreH), 7.65e7.68 (2H, m, 2� AreH).
13C NMR (75.5 MHz, CDCl3): d 28.51 (2� CH2), 46.12 (2� NCH3),
58.49 (NCH2), 66.13 (OCH2), 69.85 (OCH), 71.20 (Ar2CHN), 115.18,
116.65, 120.30, 121.47, 122.81, 126.80, 127.25, 129.10, 129.27, 129.74,
130.56, 132.20, 132.64, 155.66 & 158.83 (Ar). HRMS m/z calculated
for C26H32N2O3 [M þ H]þ 421.2413, observed [M þ H]þ 421.2464.

5.1.3.2. 1-[[4-(2-(Diethylamino)ethoxy)phenyl](2-hydroxynaphtha-
len-1-yl)methyl] piperidin-4-ol (2b). Light brown solid, yield 41%,
m.p. 64e66 �C. UV(EtOH) lmax: 232, 280 and 337 nm. IR (KBr):
3408, 2967, 2932, 2850,1609,1511,1453,1304,1239,1178,1053, 945
and 832 cm�1. 1H NMR (300 MHz, CDCl3): 0.99e1.07 (6H, m, 2�
CH3), 1.27 (1H, brs, OH), 1.75 (4H, brs, 2� CH2), 1.98 (2H, brs, NCH2),
2.58e2.65 (6H, m, 3�NCH2), 2.84 (2H, t, J¼ 6.0 Hz, NCH2), 3.78 (1H,
brs, OCH), 3.98 (2H, t, J ¼ 6.0 Hz, OCH2), 5.08 (1H, m, Ar2CHN),
6.78e6.81 (2H, m, 2� AreH), 7.14e7.46 (6H, m, 6� AreH),
7.65e7.80 (2H, m, AreH), 13.58 (1H, brs, OH). 13C NMR (75.5 MHz,
CDCl3): 12.05 (2� CH3), 35.08 (2� CH2), 48.12 (2� NCH2), 52.05
(NCH2), 66.68 (OCH2), 71.22 (Ar2CHN), 115.18, 116.65, 120.29, 121.47,
121.82, 122.80, 126.79, 127.23, 129.11, 129.27, 129.74, 130.57, 132.08,
132.64, 155.66 and 158.89 (Ar). HRMS m/z calculated for
C28H36N2O3 [M þ H]þ 449.2726, observed [M þ H]þ 449.2773.

5.1.3.3. 1-[[4-(2-(Diisopropylamino)ethoxy)phenyl](2-hydroxynaph-
thalen-1-yl) methyl]piperidin-4-ol (2c). Light brown solid, yield
44%, m.p. 81e83 �C. UV(EtOH) lmax: 232, 280 and 334 nm. IR (KBr):
3422, 2965, 2870, 1609, 1511, 1466, 1362, 1241, 1178, 1052, 951, and
829 cm�1. 1H NMR (300 MHz, CDCl3): 1.04 (12H, d, J ¼ 6.3 Hz, 4�
sidues on the protein surface in the ligand binding domain shown with 3b. B. Proximity
d binding domain.



Fig. 5. Human ERa binding affinity tested using ActiveMotif’s NR Peptide ERa Color-
imetric ELISA kit following manufacturer’s instructions. E2 (25 mM): positive (agonist)
control treated with 25 mM estradiol; TEM (25 mM): negative (antagonist) control
treated with 25 mM tamoxifen. The most potent compound from series 3, i.e. 3g, was
assayed at 25 mM and 2.5 mM concentration.
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CH3), 1.29 (1H, brs, OH), 1.63e1.76 (4H, m, 2� CH2), 1.97 (2H, brs,
NCH2), 2.70e2.80 (4H, m, NCH2), 3.01e3.05 (2H, m, 2� NCH),
3.81e3.86 (3H, m, OCH2 & OCH), 5.08 (1H, brs, Ar2CHN), 6.79e6.82
(2H, m, 2� AreH), 7.16e7.28 (2H, m, 2� AreH), 7.35e7.66 (3H, m,
3� AreH), 7.70e7.84 (3H, m, 3� AreH), 13.58 (1H, brs, OH). 13C
NMR Data (75.5 MHz, CDCl3): 20.77 (4� CH3), 29.72 (CH2), 35.25
(CH2), 44.43 (2� NCH), 49.70 (NCH2), 69.12 (OCH2) 70.85 (Ar2CHN),
114.67, 116.25, 119.89, 121.08, 122.40, 126.40, 128.71, 129.34, 131.44,
132.24, 155.24 and 158.64 (Ar). HRMS m/z calculated for
C30H40N2O3 [M þ H]þ 477.3039, observed [M þ H]þ 477.3116.

5.1.3.4. 1-[(2-Hydroxynaphthalen-1-yl)[4-[2-(pyrrolidin-1-yl)ethox-
y]phenyl]methyl] piperidin-4-ol (2d). Light brown solid, yield 39%,
m.p. 102e104 �C. UV(EtOH) lmax: 232, 279 and 334 nm. IR (KBr):
3404, 3058, 2927, 2836, 1608, 1503, 1436, 1354, 1239, 1175, 1139,
1062, and 816 cm�1. 1H NMR (300 MHz, CDCl3): 1.45 (2H, brs, CH2),
1.69 (6H, brs, 3� CH2), 1.81 (2H, brs, NCH2), 2.31 (1H, brs, OH), 2.65
(6H, brs, 3� CH2), 2.89 (2H, brs, NCH2), 3.85 (1H, brs, OCH), 4.07
(2H, brs, OCH2), 5.09 (1H, brs, Ar2CHN), 6.81e6.84 (2H, m, 2�
AreH), 7.15e7.48 (5H, m, 5� AreH), 7.66e7.81 (3H, m, 3� AreH).
13C NMR Data (75.5 MHz, CDCl3): 23.34 (2� CH2), 29.82 (2� CH2),
54.58 (2� NCH2), 55.15 (NCH2), 66.51 (OCH2), 71.29 (Ar2CHN),
114.39, 118.95, 119.04, 122.52, 123.35, 126.40, 128.39, 129.10, 129.40,
131.40, 132.57, 133.22, 152.12 and 157.19. HRMS m/z calculated for
C28H34N2O3 [M þ H]þ 447.2569, observed [M þ H]þ 447.2773.

5.1.3.5. 1-[(2-Hydroxynaphthalen-1-yl)[4-[2-(piperidin-1-yl)ethoxy]
phenyl]methyl] piperidin-4-ol (2e). Off white solid, yield 42%, m.p.
83e85 �C. UV(EtOH) lmax: 232, 280 and 334 nm. IR (KBr): 3417,
2933, 2852, 1609, 1511, 1453, 1367, 1304, 1268, 1239, 1179, 1052, 946
and 829 cm�1. 1H NMR (CDCl3, 300 MHz): 0.88 (2H, brs, CH2), 1.28
(2H, brs, CH2), 1.43e1.59 (6H, m, 3� CH2), 1.74 (IH, brs, OH), 1.98
(2H, brs, NCH2), 2.47 (6H, brs, 3� NCH2), 2.72 (2H, brs, NCH2), 4.03
(3H, brs, OCH2 & OCH), 5.07 (1H, brs, Ar2CHN), 6.80 (2H, brs, 2�
AreH), 7.15e7.37 (6H, m, 6� AreH), 7.45e7.67 (2H, m, 2� AreH).
13C NMR (75.5 MHz, CDCl3): 24.45 (CH2), 26.15 (4� CH2), 55.31
(2� NCH2), 58.16 (NCH2), 66.09 (OCH2), 71.21 (Ar2CHN), 115.06,
116.64, 120.29, 121.45, 122.79, 126.78, 129.11, 129.26, 129.74, 130.59,
132.14, 132.63, 155.64 and 158.83. HRMS m/z calculated for
C29H36N2O3 [M þ H]þ 461.2726, observed [M þ H]þ 461.2785.

5.1.3.6. 1-[(2-Hydroxynaphthalen-1-yl)[4-(2-morpholinoethoxy)phenyl]-
methyl] piperidin-4-ol (2f). Light yellow solid, yield 47%, m.p. 97e99 �C.
UV(EtOH) lmax: 232, 280 and 334 nm. IR (KBr): 3425, 2930, 2854,
1608, 1511, 1453, 1268, 1241, 1179, 1116, 1052, 946 and 832 cm�1. 1H
NMR (CDCl3, 300 MHz): 1.64e1.76 (4H, m, 2� CH2), 1.98 (1H, brs, OH),
2.55 (8H, brs, 4� NCH2), 2.76 (2H, brs, NCH2), 3.71 (4H, brs, 2� OCH2),
4.04 (3H, brs, OCH2 & OCH), 5.08 (IH, s, Ar2CHN), 6.79e6.82 (2H, m, 2�
AreH), 7.14e7.45 (6H, m, 6� AreH), 7.66e7.82 (2H, m, 2� AreH). 13C
NMR (75.5MHz, CDCl3): 26.49 (2� CH2) 54.41(2�NCH2), 57.94 (NCH2),
66.07 (OCH2), 67.28 (2� OCH2), 71.19 (Ar2CHN), 115.22, 116.61, 120.29,
121.42, 122.80, 126.78, 129.28, 129.76, 130.51, 132.29, 132.61, 155.64 and
158.77. HRMS m/z calculated for C28H34N2O4 [M þ H]þ 463.2519,
observed [M þ H]þ 463.2553.

5.1.4. General procedure for the synthesis of 4-[2-(4-methylpiperidin-
1-yl)ethoxy]benzaldehyde (4g) and 4-(2-(azepan-1-yl)ethoxy)benzal
dehyde (4h)

In a dried single-neck round bottom flask, appropriate amine
(4-methylpiperidine or hexamethyleneimine, 21 mmol), potassium
carbonate (65 mmol) and dry acetone (80 ml) were taken and the
contents refluxed for 2 h. The reaction mixture was brought to
room temperature and catalytic amount of potassium iodide was
added, followed by the gradual addition of 4-(2-bromoethoxy)
benzaldehyde [26] (21 mmol) dissolved in dry acetone (50 ml)
through a pressure-equalizing addition funnel and the reaction
mixture was allowed to reflux again. The contents were regularly
monitored for reaction progress by TLC using 10% methanol/
dichloromethane as the solvent system. The reaction was generally
completed in 10e13 h. At this point, the reaction mixture was
filtered under suction and the solid inorganic salts were washed
with acetone (3 � 60 ml). The solvent was evaporated under
reduced pressure and the residue was purified by column chro-
matography over silica gel (6e8% methanol in dichloromethane,
v/v as eluent) to afford pure aldehydes 4g and 4h as colorless oils in
62 and 63% yields respectively.

5.1.4.1. 4-[2-(4-Methylpiperidin-1-yl)ethoxy]benzaldehyde (4g).
Colorless oil, yield 62%. UV(EtOH) lmax: 217 and 273 nm. IR
(nujol): 2923, 2947, 2719, 2745, 1695, 1602, 1509, 1260, 1160, 1025
and 832 cm�1. 1H NMR (CDCl3, 300 MHz): d 0.94 (3H, d, J ¼ 6.0 Hz,
CH3), 1.30e1.37 (3H, m, CH2 & CH), 1.62e1.66 (2H, m, CH2),
2.09e2.16 (2H, m, NCH2), 2.83 (2H, t, J ¼ 5.7 Hz, NCH2), 2.96e3.00
(2H, m, NCH2), 4.20 (2H, t, J ¼ 5.7 Hz, OCH2), 7.01 (2H, d,
J ¼ 8.4 Hz, 2� AreH), 7.83 (2H, d, J ¼ 8.7 Hz, 2� AreH), 9.87
(CHO). 13C NMR (75.5 MHz, CDCl3): d 21.79 (CH3), 30.45 (CH),
34.32 (2� CH2), 54.49 (2� NCH2), 57.24 (NCH2), 66.42 (OCH2),
114.87 (C-2 & C-6), 130.29 (C-1), 131.92 (C-3 & C-5), 163.82 (C-4),
190.70 (C]O). HRMS m/z calculated for C15H21NO2 [M þ H]þ

248.1645, observed [M þ H]þ 248.1646.

5.1.4.2. 4-[2-(Azepan-1-yl)ethoxy]benzaldehyde (4h). Colorless oil,
yield 63%. UV (EtOH) lmax: 217 and 276 nm. IR (nujol): 2924, 2851,
1694, 1600, 1509, 1312, 1258, 1159, 1022 and 832 cm�1. 1H NMR
(300 MHz, CDCl3): d 1.64e1.71 (8H, m, 4� CH2), 2.86 (4H, brs, 2�
NCH2), 3.05 (2H, t, J ¼ 5.7 Hz, NCH2), 4.21 (2H, t, J ¼ 6.0 Hz, OCH2),
7.03 (2H, d, J ¼ 8.4 Hz, 2� AreH), 7.85 (2H, d, J ¼ 8.4 Hz, 2� AreH),
9.89 (CHO). 13C NMR (75.5 MHz, CDCl3): d 27.02 (2� CH2), 27.87 (2�
CH2), 55.82 (2� NCH2), 57.95 (NCH2), 66.89 (OCH2), 114.86 (C-2 &
C-6), 129.90 (C-1), 131.92 (C-3 & C-5), 163.96 (C-4), 190.72 (C]O).
HRMS m/z calculated for C15H21NO2 [M þ H]þ 248.1645, observed
[M þ H]þ 248.1649.

5.1.5. General procedure for the synthesis of 4-(dialkylaminoethoxy)
benzyl alcohols 5aeh

In a round bottom flask, a solution of the compound 4aeh
(4.5 mmol) in methanol (25ml) was taken and sodium borohydride
(3.1 mmol) was added in small lots at room temperature. The reac-
tionwasmonitored by TLC using 10%methanol/dichloromethane as
the solvent system. The reaction was completed in 3e5 h. After
completion of reaction, the methanol was removed under reduced
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pressure. Water (15 ml) was added and the reaction mixture was
extracted with ethyl acetate (3 � 50 ml). The organic layer was
washed with water (3 � 50 ml) and dried over anhydrous sodium
sulfate. The solvent was removed under reduced pressure and dried
under high vacuum to afford the desired alcohols 5aeh as colorless
oils in 76e95% yields. The structures of the compounds 5aeh were
unambiguously established by comparing their spectral data with
reported values [14]. Compound5gwas found to be new to chemical
literature; its spectral data is reported below.

5.1.5.1. [4-[2-(4-Methylpiperidin-1-yl)ethoxy]phenyl]methanol (5g).
Colorless oil, yield 88%. UV (EtOH) lmax: 225 and 272 nm. IR (nujol):
3361, 2932, 2868, 1611,1511,1455,1321,1298,1244,1172,1053,1009
and 821 cm�1. 1H NMR (300 MHz, CDCl3): d 0.95 (3H, d, J ¼ 5.4 Hz,
CH3), 1.28e1.36 (3H, m, CH2 & CH), 1.63e1.67 (2H, m, CH2),
2.08e2.16 (2H, m, NCH2), 2.79 (2H, t, J ¼ 6.0 Hz, NCH2), 2.96e3.00
(2H, m, NCH2), 4.10 (2H, t, J ¼ 5.7 Hz, OCH2), 4.62 (2H, s, CH2OH),
6.89 (2H, d, J ¼ 7.8 Hz, 2� AreH), 7.30 (2H, d, J ¼ 7.5 Hz, 2� AreH).
13C NMR (75.5 MHz, CDCl3): d 21.81 (CH3), 30.51(CH), 34.10 (2�
CH2), 54.46 (2� NCH2), 57.48 (NCH2), 64.88 (CH2OH), 66.00 (OCH2),
114.65 (C-2 & C-6), 128.55 (C-3 & C-5), 133.56 (C-1), 158.36 (C-4).
HRMS m/z calculated for C15H23NO2 [M þ H]þ 250.1802, observed
[M þ H]þ 250.1802.

5.1.6. General procedure for the synthesis of compounds 3aeh
To a solution of 4aeh (12.7 mmol) and 2-naphthol (12.7 mmol)

in dry 1,4-dioxane (60 ml), boron trifluoride etherate (38 mmol)
was added slowly at 0 �C. After the addition of boron trifluoride
etherate, the reaction mixture was stirred at room temperature
until TLC showed completion of reaction. The reaction was gener-
ally complete in 3e5 h. After the completion of reaction, ethyl
acetate was added and the reaction mixture was washed with
saturated solution of sodium bicarbonate (3 � 100 ml), followed by
water (3 � 100 ml) and with brine (3 � 100 ml). The organic layer
was dried over anhydrous sodium sulfate. It was then evaporated
under reduced pressure to obtain the crude product, which was
purified by column chromatography over silica gel using methanol-
dichloromethane (8e10%) as eluent to afford pure compounds
3aeh in 45e70% yields.

5.1.6.1. 1-[4-[2-(Dimethylamino)ethoxy]benzyl]naphthalen-2-ol (3a).
Off white solid, yield 45%,m.p.122e125 �C. UV (EtOH) lmax: 229, 280
and 334 nm. IR (KBr): 3370, 3060, 2938, 2825,1593,1507,1465,1369,
1244,1176,1078,1045and806 cm�1.1HNMR (300MHz, CDCl3) d2.43
(6H, s, 2�NCH3), 2.83 (2H, t, J¼ 5.4Hz,eNCH2), 4.01 (2H, t, J¼ 5.4Hz,
OCH2), 4.37 (2H, s, ArCH2Ar), 6.66 (2H, d, J ¼ 8.1 Hz, 2� AreH), 7.08
(2H, d, J¼ 8.1 Hz, 2� AreH), 7.18 (1H, d, J¼ 9.0 Hz, AreH), 7.30 (1H, t,
J¼ 6.9 Hz, AreH), 7.42 (1H, t, J¼ 7.8 Hz, AreH), 7.66 (1H, d, J¼ 8.7 Hz,
AreH), 7.77 (1H, d, J¼ 8.1Hz, AreH), 7.88 (1H, d, J¼ 8.7Hz, AreH).13C
NMR (75.5 MHz, CDCl3): d 29.77 (ArCH2Ar), 45.22 (2� NCH3), 57.89
(NCH2), 64.81 (OCH2),114.42 (Ar),118.26 (Ar),118.72 (Ar),122.64 (Ar),
123.29 (Ar), 126.31 (Ar), 128.08 (Ar), 128.46 (Ar), 129.04 (Ar), 129.22
(Ar), 133.39 (Ar), 133.78 (Ar), 152.16 (Ar), 156.50 (Ar). HRMS m/z
calculated for C21H23NO2 [M þ H]þ 322.1802, observed [M þ H]þ

322.1790.

5.1.6.2. 1-[4-[2-(Diethylamino)ethoxy]benzyl]naphthalen-2-ol (3b). Off
white solid, yield 65%, m.p.105e107 �C. UV (EtOH) lmax: 229, 279 and
334 nm. IR (KBr): 3411, 3059, 2973, 2935, 2857,1582,1507,1443,1354,
1241, 1176, 1036, 994 and 804 cm�1. 1H NMR (300 MHz, CDCl3): d 1.18
(6H, t, J¼ 7.2 Hz, 2� CH3), 2.76 (4H, q, J¼ 7.2 Hz, 2�NCH2), 2.93 (2H, t,
J ¼ 6.0 Hz, eNCH2), 4.02 (2H, t, J ¼ 6.0 Hz, OCH2), 4.37 (2H, s,
ArCH2Ar), 6.68 (2H, d, J ¼ 8.4 Hz, 2� AreH), 7.09 (2H, d, J ¼ 8.4 Hz,
2� AreH), 7.17 (1H, d, J¼ 8.7 Hz, AreH), 7.32 (1H, t, J¼ 7.8 Hz, AreH),
7.43 (1H, t, J¼ 6.9 Hz, AreH), 7.65 (2H, d, J¼ 9.0 Hz, AreH), 7.76 (1H, d,
J ¼ 8.1 Hz, AreH), 7.89 (1H, d, J ¼ 8.4 Hz, AreH). 13C NMR (75.5 MHz,
CDCl3): d 10.70 (2� CH3), 29.82 (ArCH2Ar), 47.32 (2� NCH2), 51.57
(NCH2), 65.39 (OCH2), 114.41 (Ar), 118.33 (Ar), 118.86 (Ar), 122.72 (Ar),
123.32 (Ar), 126.34 (Ar), 128.10 (Ar), 128.47 (Ar), 129.14 (Ar), 129.21
(Ar), 133.10 (Ar), 133.78 (Ar), 151.97 (Ar), 156.67 (Ar). HRMS m/z
calculated for C23H27NO2 [M þ H]þ 350.2115, observed [M þ H]þ

350.2101.

5.1.6.3. 1-[4-[2-(Diisopropylamino)ethoxy]benzyl]naphthalen-2-ol (3c).
Brown viscous oil, yield 68%. UV (EtOH) lmax: 229, 277 and 334 nm. IR
(nujol): 3385, 3057, 2967, 1610, 1507, 1436, 1359, 1242, 1174, 1029, 991
and 810 cm�1. 1H NMR (300 MHz, CDCl3) d 1.10 (12H, d, J ¼ 3.9 Hz,
4� CH3), 2.88 (2H, brs, eNCH2), 3.12 (2H, brs, 2� NCH), 3.92 (2H, brs,
OCH2), 4.40 (2H, s, ArCH2Ar), 6.79 (2H, d, J¼ 7.2Hz, 2� AreH), 7.14 (2H,
d, J ¼ 7.2 Hz, 2� AreH), 7.20 (1H, d, J ¼ 8.7 Hz, AreH), 7.36 (1H, t,
J¼ 6.6 Hz, AreH), 7.48 (1H, t, J¼ 6.3 Hz, AreH), 7.71 (1H, d, J¼ 8.4 Hz,
AreH), 7.82 (1H, d, J¼ 7.5 Hz, AreH), 7.95 (1H, d, J¼ 8.1 Hz, AreH). 13C
NMR (75.0 MHz, CDCl3): d 20.55 (4� CH3), 29.85 (ArCH2Ar), 44.67
(2� NCH), 50.14 (NCH2), 68.74 (OCH2), 114.57 (Ar), 118.18 (Ar), 118.73
(Ar), 123.03 (Ar), 123.37 (Ar), 126.53 (Ar), 128.30 (Ar), 128.53 (Ar),
129.19 (Ar),129.40 (Ar),132.23 (Ar),133.72 (Ar),151.49 (Ar),157.16 (Ar).
HRMS m/z calculated for C25H31NO2 [M þ H]þ 378.2428, observed
[M þ H]þ 378.2417.

5.1.6.4. 1-[4-[2-(Pyrrolidin-1-yl)ethoxy]benzyl]naphthalen-2-ol (3d).
Off white solid, yield 56%, m.p.117e119 �C. UV (EtOH) lmax: 229, 278
and 337 nm. IR (KBr): 3436, 3054, 2930, 2874,1626, 1511, 1438,1357,
1242, 1174, 1057, 1000 and 812 cm�1. 1H NMR (300 MHz, CDCl3):
d 1.87 (4H, brs, 2� CH2), 2.84 (4H, brs, 2� NCH2), 3.00 (2H, brs,
NCH2), 4.06 (2H, t, J¼ 4.8 Hz, OCH2), 4.35 (2H, s, ArCH2Ar), 6.64 (2H,
d, J ¼ 7.5 Hz, 2� AreH), 7.06 (2H, d, J ¼ 7.8 Hz, 2� AreH), 7.20e7.30
(2H, m, AreH), 7.40 (1H, t, J ¼ 7.2 Hz, AreH), 7.64 (1H, d, J ¼ 8.7 Hz,
AreH), 7.75 (1H, d, J ¼ 8.1 Hz, AreH), 7.86 (1H, d, J ¼ 8.4 Hz, AreH).
13C NMR Data (75.5 MHz, CDCl3): d 23.28 (2� CH2), 29.76 (ArCH2Ar),
54.47 (2� NCH2), 54.75 (NCH2), 65.45 (OCH2), 114.42 (Ar), 118.24
(Ar), 118.67 (Ar), 122.63 (Ar), 123.28 (Ar), 126.30 (Ar), 128.08 (Ar),
128.46 (Ar), 129.05 (Ar), 129.23 (Ar), 133.44 (Ar), 133.77 (Ar), 152.17
(Ar), 156.40 (Ar). HRMS m/z calculated for C23H25NO2 [M þ H]þ

348.1958, observed [M þ H]þ 348.1952.

5.1.6.5. 1-[4-[2-(Piperidin-1-yl)ethoxy]benzyl]naphthalen-2-ol
(3e). Off white solid, yield 52%, m.p. 171e173 �C. UV (EtOH) lmax:
227, 279 and 334 nm. IR (KBr): 3358, 3055, 2937, 2845, 1582, 1508,
1435, 1355, 1274, 1174, 1039, 996 and 810 cm�1. 1H NMR (300 MHz,
CDCl3) d 1.38e1.78 (6H, m, 3� CH2), 2.97 (2H, brs, NCH2), 3.44 (4H,
brs, 2� NCH2), 4.24 (2H, brs, OCH2), 4.30 (2H, s, ArCH2Ar), 6.87
(2H, d, J ¼ 7.8 Hz, 2� AreH), 7.19 (2H, d, J ¼ 8.1 Hz, 2� AreH), 7.27
(2H, d, J ¼ 8.1 Hz, 2� AreH), 7.40 (1H, t, J ¼ 7.2 Hz, AreH), 7.71
(1H, d, J ¼ 8.7 Hz, AreH), 7.79 (1H, d, J ¼ 8.1 Hz, AreH), 7.86 (1H, d,
J ¼ 8.4 Hz, AreH), 9.63 (IH, brs, OH). 13C NMR (75.5 MHz, CDCl3):
d 21.60 (CH2), 22.91 (2� CH2), 29.47 (ArCH2Ar), 53.19 (2� NCH2),
55.36 (NCH2), 62.54 (OCH2), 114.97 (Ar), 118.63 (Ar), 118.69 (Ar),
122.70 (Ar), 123.47 (Ar), 126.55 (Ar), 128.20 (Ar), 128.79 (Ar),
129.66 (Ar), 133.68 (Ar), 134.79 (Ar), 152.92 (Ar), 155.99 (Ar). HRMS
m/z calculated for C24H27NO2 [M þ H]þ 362.2115, observed
[M þ H]þ 362.2112.

5.1.6.6. 1-[4-(2-Morpholinoethoxy)benzyl]naphthalen-2-ol (3f). Off
white solid, yield 70%, m.p. 129e132 �C. UV (EtOH) lmax: 227, 277
and 336 nm. IR (KBr): 3378, 2935, 2866, 2813, 1610, 1511, 1438,
1358, 1297, 1240, 1059, 982 and 815 cm�1. 1H NMR (300 MHz,
CDCl3): d 2.69 (4H, brs, 2� NCH2), 2.86 (2H, t, J¼ 5.1 Hz, NCH2), 3.78
(4H, brs, 2� OCH2), 4.07 (2H, t, J ¼ 4.8 Hz, OCH2), 4.37 (2H, s,
ArCH2Ar), 6.69 (2H, d, J ¼ 8.1 Hz, 2� AreH), 7.08 (2H, d, J ¼ 8.1 Hz,
2� AreH), 7.19 (1H, d, J ¼ 8.7 Hz, AreH), 7.82e7.34 (1H, m, AreH),
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7.42 (1H, t, J¼ 7.2 Hz, AreH), 7.67 (1H, d, J¼ 8.7 Hz, AreH), 7.78 (1H,
d, J ¼ 8.1 Hz, AreH), 7.88 (1H, d, J ¼ 8.4 Hz, AreH). 13C NMR
(75.5 MHz, CDCl3): d 29.76 (ArCH2Ar), 53.69 (2� NCH2), 57.46
(NCH2), 64.73 (OCH2), 66.06 (2� OCH2), 114.56 (Ar), 118.08 (Ar),
118.53 (Ar), 122.96 (Ar), 123.29 (Ar), 126.51 (Ar), 128.29 (Ar), 128.53
(Ar), 129.22 (Ar), 129.29 (Ar), 133.06 (Ar), 134.71 (Ar), 151.56 (Ar),
156.54 (Ar). HRMSm/z calculated for C23H25NO3 [MþH]þ 364.1907,
observed [M þ H]þ 364.1904.

5.1.6.7. 1-[4-[2-(4-Methylpiperidin-1-yl)ethoxy]benzyl]naphthalen-2-ol
(3g). Off white solid, yield 65%, m.p.154e156 �C. UV (EtOH) lmax:
229, 279 and 334 nm. IR (KBr): 3408, 3057, 2947, 2930, 2869, 2795,
1608, 1507, 1357, 1267, 1241, 1177, 1060, 984 and 814 cm�1. 1H NMR
(300 MHz, CDCl3): d 0.85 (3H, d, J ¼ 6.3 Hz, CH3), 1.03e1.16 (2H, m,
CH2), 1.22e1.32 (1H, m, CH), 1.50e1.54 (2H, m, CH2), 1.90e1.97 (2H,
m, NCH2), 2.61 (2H, t, J ¼ 5.7 Hz, NCH2), 2.81e2.85 (2H, m, NCH2),
3.96 (2H, t, J ¼ 6.0 Hz, OCH2), 4.28 (2H, s, ArCH2Ar), 6.76 (2H, d,
J ¼ 8.4 Hz, 2� AreH), 7.11 (2H, d, J ¼ 8.4 Hz, 2� AreH), 7.21e7.27
(2H, m, 2� AreH), 7.37 (1H, t, J ¼ 7.2 Hz, AreH), 7.68 (1H, d,
J ¼ 9.0 Hz, AreH), 7.77 (1H, d, J ¼ 8.1 Hz, AreH), 7.85 (1H, d,
J ¼ 8.4 Hz, AreH). 13C NMR (75.5 MHz, CDCl3): d 22.28 (CH3), 29.48
(ArCH2Ar), 30.64(CH), 34.45 (2� CH2), 54.24 (2� NCH2), 57.49
(NCH2), 66.04 (OCH2), 114.66 (Ar), 118.65 (Ar), 118.81 (Ar), 122.66
(Ar), 123.51 (Ar), 126.53 (Ar), 128.11 (Ar), 128.75 (Ar), 129.51 (Ar),
133.69 (Ar), 133.74 (Ar), 152.93 (Ar), 156.94 (Ar). HRMS m/z calcu-
lated for C25H29NO2 [M þ H]þ 376.2271, observed [M þ H]þ

376.2266.

5.1.6.8. 1-[4-[2-(Azepan-1-yl)ethoxy]benzyl]naphthalen-2-ol (3h).
Off white solid, yield 70%, m.p. 125e128 �C. UV (EtOH) lmax: 229,
276 and 336 nm. IR (KBr): 3415, 3060, 2926, 2851,1609, 1508, 1435,
1354, 1257, 1242,1174, 1034, 994 and 804 cm�1. 1H NMR (300MHz,
CDCl3): d 1.62e1.71 (8H, m, 4� CH2), 2.83e2.86 (4H, m, 2� NCH2),
2.98 (2H, t, J ¼ 5.4 Hz, NCH2), 4.04 (2H, t, J ¼ 5.7 Hz, OCH2), 4.38
(2H, s, ArCH2Ar), 6.72 (2H, d, J ¼ 8.4 Hz, 2� AreH), 7.10 (2H, d,
J ¼ 8.1 Hz, 2� AreH), 7.20 (1H, d, J ¼ 8.7 Hz, AreH), 7.32 (1H,
t, J ¼ 8.1 Hz, AreH), 7.43 (1H, t, J ¼ 7.2 Hz, AreH), 7.68 (1H, d,
J ¼ 8.7 Hz, AreH), 7.78 (1H, d, J ¼ 8.1 Hz, AreH), 7.90 (1H,
d, J ¼ 8.4 Hz, AreH). 13C NMR (75.5 MHz, CDCl3): d 26.84 (2� CH2),
27.04 (2� CH2), 29.81 (ArCH2Ar), 55.77 (2� NCH2), 56.20 (NCH2),
65.68 (OCH2), 114.55 (Ar), 118.16 (Ar), 118.70 (Ar), 122.84 (Ar),
123.31 (Ar), 126.42 (Ar), 128.20 (Ar), 128.48 (Ar), 129.16 (Ar),
129.21 (Ar), 129.89 (Ar), 132.68 (Ar), 133.72 (Ar), 151.77 (Ar),
156.91 (Ar). HRMS m/z calculated for C25H29NO2 [M þ H]þ

376.2271, observed [M þ H]þ 376. 2265.
5.2. Molecular modeling

Molecular mechanics and docking calculations were performed
using the Molecular Operating Environment (Chemical Computing
Group, Montreal, Canada). The ligand binding domain of the human
estrogen receptor as deduced by protein X-ray crystallography (PDB
ID: 1ERR) was retrieved from the Protein Data Bank (www.pdb.org)
and prepared using the MMFF94 force field and charge groups. The
model was reduced to include only one of two active sites, residues
were physiologically protonated/deprotonated to pH 7.4, and
minimization with heavy atom tethers was used to remove
potential bad contacts. The bound raloxifene was used as the
primary template for docking of the molecules described in this
paper [20]. In the docking methodology, up to 30 conformations
were retained, triangle-matching was used for placement and
London dG and/or Affinity dGwere used for scoring. Bindingmodes
presented graphically are representative of the highest-scored
conformations.
5.3. Methods for in-vitro biological assessments

5.3.1. Cytotoxicity activity
The Molt4/C8, CEM and L1210 assays were conducted using

a literature methodology [18]. Briefly, the tumor cells were seeded
in 96-well microtiter plates and exposed to different concentra-
tions of the test compounds. After 2 days (L1210) and 3 days (Molt4/
C8 and CEM), cell number was determined using a Particle counter
(Coulter Z-1, Analis, Ghent, Belgium). The IC50 represents the
compound concentration required to inhibit tumor cell prolifera-
tion by 50%. MCF-7 cytotoxicity was measured using an MTS assay
[27]. MCF-7 cells in DMEM containing 10% heat-inactivated fetal
bovine serum (FBS) were seeded into 24-well plates (30,000 cells/
well). After treatment, the MTS assay (CellTiter 96 AQueous Non-
Radioactive Proliferation Assay; Fisher Scientific Ltd., Nepean,
Ontario, Canada) was performed following the manufacturer’s
instruction. The cytostatic activity and cytotoxicity assays were
performed in triplicate.

5.3.2. NR peptide ERa ELISA assay
The assay has 96-well plate coated with a peptide that binds

only to estrogen receptor that is in the ligand-activated confor-
mation. Estrogen receptor captured through this interaction is then
quantified through use of an estrogen receptor a antibody followed
by colorimetric detection. This assay was performed to evaluate the
antagonistic action of the most potent compound 3g according to
the manufacturer’s instructions. The kit contained a 96-well plate
coated with peptide containing an ERa co-activator binding motif.
All of the reagents were included in the kit. The vehicle control
solution contained the MCF-7 nuclear extract as well as diluent
buffer. Blank solution contained only diluent buffer. The 1 mM
stock solutions of tamoxifen (TEM, antagonist control) and estra-
diol (E2, agonist control) were diluted to 25 mM. Compound 3bwas
dissolved in water to form a 1 mM stock solution. This stock solu-
tion was diluted to 25 mM and 2.5 mM for the ELISA assay. Nuclear
extracts of 50 mg per well was used, except for the agonist and
antagonist controls, which had 15 mg of nuclear extract per well as
suggested by the manufacturer’s instructions. The developing and
stop solutions were added at the end of the procedure, allowing the
amount of active co-activator-ERa complex to be quantified. The
absorbance was measured on a Bio-Rad microplate reader. This
assay was performed in duplicate at both concentrations.
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