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A series of unknown 3-(alkyl(dialkyl)amino)benzofuro[2,3-f]quinazolin-1(2H)-ones 4—17 has been
synthesized as new ellipticine analogs, in which the carbazole moiety and the pyridine ring were
replaced by a dibenzofuran residue and a pyrimidine ring, respectively. The synthesis of these benzo-
furoquinazolinones 4—17 was performed in a simple one-pot reaction using 3-aminodibenzofuran or its
2-methoxy derivative, as starting materials. From 3-(dipropylamino)-5-methoxybenzofuro[2,3-f] qui-
nazolin-1(2H)-one (13), we prepared 3-(dipropylamino)-5-hydroxybenzofuro[2,3-flquinazolin-1(2H)-
one (18), referred to as DPA-HBFQ-1. The cytotoxic activities of all the synthesized compounds, tested in
different human breast cancer cell lines, revealed that DPA-HBFQ-1 was the most active compound. In
particular, the latter was able to inhibit anchorage-dependent and -independent cell growth and to
induce apoptosis in estrogen receptor alpha (ERa)-positive and -negative breast cancer cells. It did not
affect proliferation and apoptotic responses in MCF-10A normal breast epithelial cells. The observed
effects have been ascribed to an enhanced p21CiP]/WAF] expression in a p53-dependent manner of tumor
suppressor and to a selective inhibition of human topoisomerase II. In addition, DPA-HBFQ-1 exerted
growth inhibitory effects also in other cancer cell lines, even though with a lower cytotoxic activity. Our
results indicate DPA-HBFQ-1 as a good candidate to be useful as cancer therapeutic agent, particularly
for breast cancer.

© 2015 Elsevier Masson SAS. All rights reserved.

1. Introduction

the advances in the anticancer therapies and the improvement of
disease-free and overall survival of patients with BC. The first-line

Breast cancer (BC) is the second most frequent malignancy and
the most common cancer among women in the industrialized
countries [1,2]. It represents a significant cause of death in spite of
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of treatment consists of both radiotherapy and chemotherapy
either alone or in combination with surgery [3]. Most of the
chemotherapeutic drugs remain the treatment of choice especially
for metastasis, but they are often associated with severe side ef-
fects. Thus, there is always a need to develop new, more powerful
and selective drugs with low side effects, which can represent a
valid alternative to the current pharmacological approaches [4—6].
Avariety of chemotherapeutics deleteriously damage DNA inducing
different outcomes, such as replication and transcription blockage,
mutagenesis and eventually cell death [7,8]. The possibility of
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Abbreviations

DPA-HBFQ-1 3-(dipropylamino)-5-hydroxybenzofuro[2,3-f]
quinazolin-1(2H)-one

BC Breast Cancer

DMF DiMethylFormamide

rt room temperature

h hours

eq. equivalent

MCF-7 Michigan Cancer Foundation-7

MCF-10A Michigan Cancer Foundation-10A
MTT Methylthiazol Tetrazolium Assay
MDA-MB-231 M.D. Anderson Metastatic Breast -231

Hela Henrietta Lacks

p53 protein 53

p21CPTWAFT protein 21

mRNA  Messenger Ribonucleic Acid

SD Standard Deviation

RT-PCR Real Time Polymerase Chain Reaction

cDNA  complementary DeoxyRibonucleic Acid
GAPDH Glyceraldehyde 3-Phosphate Dehydrogenase

bp base pair

siRNA  silencing Ribonucleic Acid

WT Wild Type

Ap53 Deleted p53 sites

pGL3 plasmid GL3

ADP Adenosine Diphosphate

PARP Poly Adenosindiphosphate-Ribose Polymerase
MCF-7 TR1 Michigan Cancer Foundation Tamoxifen-resistant 1
MS (EI) Electrospray lonization Mass Spectrometry
m/z mass/charge

LC-MS Liquid Cromatography Mass Spectrometry

TH NMR proton Nuclear Magnetic Resonance

13C NMR Carbon Nuclear Magnetic Resonance

) chemical shift
CDCl;  deuterated chloroform
DMSO-dgdeuterated dimethyl sulfoxide

ppm part per millions
S singlet

d doublet

t triplet

q quartet

m multiplet

] coupling constant
Hz hertz

TLC thin layer cromatography
mmol  millimoles

IR Infrared

Mp Melting point

Et,0 diethyl ether

DMEM Dulbecco's Modified Eagle Medium

(@AY Cytomegalovirus

DNase I Deoxyribonuclease I

NP-40 NonidetP-40

ECL Enhanced Chemiluminescence

SYBR green Synergy Brands Inc. green

ATCC American Type Culture Collection

FBS Fetal Bovine Serum

DMEM-F12 Dulbecco’s Modified Eagle Medium F12

MEM Minimal Essential Medium

luc luciferase

SDS-PAGE Sodium Dodecyl Sulfate PolyAcrilamide Gel
Electrophoresis

PBS Phosphate Buffer Saline

RNase Ribonulcease

RNAI Ribonuclease Acid interference

ICso Inhibitory Concentration 50

ANOVA Analysis of Variance.

resistance onset to chemotherapy is strictly dependent on DNA
repair efficiency in tumor cells [9—11]. Amongst a plethora of
anticancer DNA-targeted drugs, ellipticine (5,11-dimethyl-6H-pyr-
ido[4,3-b]carbazole) [12,13] (Fig. 1), an alkaloid derived from the
leaves of the evergreen tree Ochrosia elliptica [ 14] with a tetracyclic
planar structure [15], has been found to be a potent antineoplastic
agent exhibiting multiple mechanisms of action [16—19].

The anticancer action of ellipticine and its analogs [20] is based
mainly on DNA damage, via intercalation into DNA, inhibition of
topoisomerases, and formation of covalent DNA adducts mediated
by CYPs and peroxidases [14,21—30].

Ellipticine induces apoptosis in malignant cells with activation
of both the mitochondrial and death receptor pathways of caspase
[31]. Several studies have reported that ellipticine also changes the
tumor suppressor p53 conformation from mutant to wild type,
restores the sequence-specific DNA binding and transactivation of
p53-driven luciferase reporter, and activates mutant p53 to induce
p53 target genes, p21 and Mdmz2 in mouse xenograft tumor tissues
[31-33].

Fig. 1. Structure of ellipticine.

However, the therapeutic applications and beneficial effects of
ellipticine remain limited because the onset of some side effects
[17]. Under this point of view, the search for new ellipticine de-
rivatives that exhibit a higher antitumoral activity but less adverse
effects is always appreciated. Therefore, numerous libraries of
carbazole derivatives and carbazole isosteres (such as pyr-
imidocarbazoles, pyrrolopyrazinocarbazoles, benzofur-
opyrroloquinoxalines, pyridazinocarbazoles, benzofurophtalazines,
benzothienoquinolines, benzofuroquinolines, benzothieno-, ben-
zofuropyrrolopyrazines-, pyrido[3,2-b] carbazoles, and many
others) have been described [34].

More recently, a large number of ellipticine derivatives have
been synthesized and tested for antitumor activity in preclinical
models [35—39].

In this study we present the synthesis of new planar fused tet-
racyclic heterocycles, as ellipticine homologs structurally correlated
to 2-dialkylamino-5,11-dimethyl-6H-pyrimido-[5,4-b]carbazol-
4(3H)-ones [12], namely 3-(alkyl(dialkyl)amino)benzofuro [2,3-f]
quinazolin-1(2H)-ones 4—17 (Fig. 2) and of 3-(dipropylamino)-5-

Qg Y 1

R

Fig. 2. Benzofuroquinazolinone derivatives.
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hydroxybenzofuro[2,3-f|]quinazolin-1(2H)-one (18) referred to as
DPA-HBFQ-1.

Furthermore, we have demonstrated that some compounds of
this series exhibited a moderate antiproliferative activity, whereas
the derivative DPA-HBFQ-1 exerted higher and interesting bio-
logical activities, inducing growth inhibition and apoptosis of
breast cancer cells, and Tamoxifen-resistant breast cancer cells. This
occurs through the specific inhibition of topoisomerase II, the up-
regulation of p53 and the enhanced p21©P1/WAF1 gene expression.
Moreover, DPA-HBFQ-1 showed a good cytotoxic activity on rat
Leydig tumor cells R2C, human Ishikawa endometrial cancer cells,
cervical cancer Hela and human hepatoma HepG2 cells. These
outcomes appear very promising for the development of new ap-
proaches to cancer treatment, especially in case of drug resistance
occurrence.

2. Results and discussion
2.1. Chemistry

3-Aminodibenzofurans 1a-b, were used as starting materials in
the synthesis of a series of new 3-(alkyl(dialkyl)amino)benzofuro
[2,3-f]quinazolin-1(2H)-ones 4—17 via a one-pot three-component
reaction (Scheme 1) [29,34,40]. Compound 1a was prepared,
however, according to a reported method [41]. The amino de-
rivatives 1a-b were reacted with ethoxycarbonylisothiocyanate, to
give the thiourea intermediates 2, followed by the addition of the
appropriate alkylamine or dialkylamine and HgCl, to give the
ethoxycarbonylguanidine intermediates 3. The latter intermediates
were subjected to thermal cyclization at 160 °C in the same reaction
medium followed by filtration of the HgS by-product to give the 3-
(alkyl(dialkyl)amino)benzofuro[2,3-f]quinazolin-1(2H)-ones 4—17,
respectively. This sequential one-pot three-component synthesis
proved to be rapid, simple and efficient.

It is worthy to note that at the end of the reaction, all the mer-
cury salt used was recovered as a black precipitate of HgS, and the
absence of mercury in the final samples has been verified by mass
spectrometry.

Finally, considering that several ellipticine analogues, active as
antitumor agents (e.g. Elliptinium [42,43]), possess a hydroxy group
as substituent on the tetracyclic nucleus, the methoxy derivative 13
underwent demethylation, upon heating in anhydrous pyridine
hydrochloride under reflux, to give the 3-(dipropylamino)-5-
hydroxybenzofuro[2,3-f] quinazolin-1(2H)-one (18, DPA-HBFQ-1)
with moderate yield (30%) (Scheme 2).

In addition to the common IR bands and NMR signals of both
compounds 13 and 18, the IR spectrum of compound 18 is char-
acterized by the presence of a stretching vibration band at
3390 cm™! corresponding to the O—H at position 5. Its 'H NMR
spectrum showed this O—H group as broad signal at 8.23 ppm.
Moreover, the 'H NMR spectrum of 13 is characterized by a third
CHj3 signal at 3.95 ppm corresponding to the OCH3 group at position
5.
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Scheme 2. Reagents: (i) anhydrous pyridine hydrochloride (5 eq.), reflux, 2 h.
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Fig. 3. Structure of 2-Methyl-9-hydroxyellipticinium (19), Retelliptine (20) and Ellip-
tinium (21).

19 20

2.2. Biology

2.2.1. Inhibitory effect of DPA-HBFQ-1 on breast cancer cell growth

The idea behind the synthesis of our library of ellipticine analogs
was inspired from the interesting biological activities of ellipticine.
Since its isolation, approximately five decades ago, a large number
of ellipticine derivatives have been synthesized and evaluated for
their antitumor activity in preclinical models and, as well, some of
them reached phase I in clinical trials [43,44], in particular 2-
methyl-9-hydroxyellipticinium (19) and Retelliptine (20), while
Elliptinium (21) was tested in phase II clinical trials (Fig. 3) [43].

These compounds showed moderate antitumor activity in pa-
tients with metastatic breast cancer [42,45] along with toxic effects
[21].

In this context, we have synthesized novel compounds 4—18, as
carbazoles bioisosters, to be evaluated for their effects on breast
cancer cells growth. The human ERa" (MCF-7) and ERo.~ (MDA-MB-
231) breast cancer cell lines, and breast non-tumorigenic epithelial
cells (MCF-10A) were used for this study. The synthesized 3-
alkyl(dialkyl)aminobenzofuro[2,3-f] quinazolin-1(2H)-ones 4—17
and the 3-dipropylamino-5-hydroxybenzofuro[2,3-flquinazolin-
1(2H)-one (18, DPA-HBFQ-1), which structures have been reported
in Table 1 and Scheme 2, respectively, were evaluated on cell pro-
liferation using MTT assay [30,46,47] (Figure S1).

Some of these compounds, particularly 6, 7 and 8, showed
moderate antigrowth properties in MCF-7 cells, equal to 10%, 25%
and 15% respect to vehicle-treated cells, highlighting the impor-
tance of the dialkyl substituents on nitrogen in position 3. Next, we
introduced a methoxy group in position 5 and amongst these de-
rivatives only the three compounds 12, 13 and 14 appeared to be
active, exhibiting the 15%, 37% and 25% of cell proliferation inhi-
bition, respectively (Figure S1).

Similar results have been obtained in MDA-MB-231 cell lines,

Scheme 1. Reagents: (i) EtOCONCS (1 eq.), DMF, 4 h, rt; (ii) alkylamines or dialkylamines (3 eq.), HgCl, (1 eq.), 10 min, 0 °C, then 18 h, rt; (iii) 2 h, 160 °C.
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Table 1
Library of 3-(alkyl(dialkyl)amino)benzofuro[2,3-flquinazolin-1(2H)-ones 4-17.
Compounds R R’ R"

4 H H (CH;),CH3
5 H H (CHz)3CHs
6 H CH,CH3 CH,CH3
7 H (CH3)>CH3 (CH2)>CH3
8 H (CH)3CH3 (CH2)3CH3
9 H Pyrrolidin-1-yl _
10 H Morpholin-1-yl _
1 H Piperidin-1-yl _
12 OCH3 CH,CH3 CH,CH3
13 OCH3 (CH2)2CH3 (CH2)2CH3
14 OCH3 (CH;)3CH3 (CH;)3CH3
15 OCH3 Pyrrolidin-1-yl _
16 OCH3 Morpholin-1-yl _
17 OCH3 Piperidin-1-yl _

whereas we did not notice any effect on human normal breast
derived cell line, MCF-10A, vitality (data not shown).

Based on these outcomes, we decided to maintain the dipropyl
group on the nitrogen in position 3 (compound 13) and to replace
the present 5-methoxy group with a hydroxyl group, obtaining the
DPA-HBFQ-1.

The latter structural modification improved the antiproliferative
activity; indeed the treatment with DPA-HBFQ-1 at 1 uM for 5 days
has been able to reduce cell viability in MCF-7 (58%) and MDA-MB-
231 (60%). Furthermore, DPA-HBFQ-1 did not elicit any significant
inhibitory activity in MCF-10A cells (Figure S2A), under the same
conditions. The ICsq values were 33.00 + 0.30 uM, 0.66 + 0.04 uM
and 0.65 + 0.03 uM in MCF-10A, MCF-7 and MDA-MB-231 cells,
respectively (Figure S2B) for DPA-HBFQ-1, and 1.20 + 0.20 uM,
1.25 + 0.30 uM and 1.82 + 0.15 uM for ellipticine, respectively, used
as reference molecule. The antiproliferative activity mediated by
this molecule has been evaluated using anchorage-independent
soft agar growth assay. Consistently with MTT assays, DPA-HBFQ-
1 treatment significantly reduced colony formation in both breast
cancer cells (Figure S2C).

2.2.2. DPA-HBFQ-1 increased p21“P1/WAF! proteins in breast cancer
cells in p53-dependent manner

Numerous studies reported that the cytotoxic activity induced
by ellipticine is mediated by the tumor-suppressor protein p53
[48,49], which functions generally as a transcription factor able to
induce growth arrest or apoptosis of damaged or malignant cells.
Approximately 55% of human tumors have genetically identifiable
loss of p53 function [50], and it has been shown that ellipticine is
responsible of p53 nuclear stabilization by restoring its sequence-
specific DNA binding and transcription function [28,31,34].
Through this mechanism, ellipticine induces cell cycle progression
arrest [26,28] or, in turn, may indirectly inhibit ubiquitination
preventing the nuclear export of p53. To determine whether the
cell growth inhibition activity of DPA-HBFQ-1 was mediated by
changes in cell cycle regulatory proteins, we examined the effects of
treatment on p53 and p21°P1/WAF! expression (Fig. 4A), in human
normal breast derived cell line, MCF-10A, and in human breast
cancer cell lines, MCF-7 and MDA-MB-231. Cells were treated with
DPA-HBFQ-1 at 0.1 pM and 1 pM concentrations for 48h and whole
cell lysates were analyzed using immunoblotting assay. As shown
in Fig. 4A, we did not observe any significant variation in the levels
of p53 and p21°P1/WAF1 jn MCF-10A cells. In contrast, the treatment
with DPA-HBFQ-1 resulted in an increase of p53 and p21¢iP1/WAF1
protein expression in MCF-7 and MDA-MB-231 cells, in a dose
dependent manner. In the same experimental condition, we
observed a significant up-regulation of p21“P1/WAFl i[iRNA levels in

both breast cancer cells, but no change of p53 mRNA levels (Fig. 4B),
suggesting how the increase of p53 upon DPA-HBFQ-1 exposure, is
essentially due to an enhanced p53 stability.

2.2.3. DPA-HBFQ-1 transactivated p21P1/WAF! gene nromoter via
p53 binding site

Since p21°P1/WAF1 is one of the best-characterized bona fide p53
target genes, we focused our attention on p21 promoter gene.
Several evidences reported that the human p21“P/WAF! promoter
has two p53 binding sites (or response elements, REs) that conform
to the p53 consensus binding sequence (Fig. 5A): the more distal
(5') site at —2283 bp that binds p53 relatively strongly and the more
proximal (3’) site at —1391 bp that binds p53 more weakly
[42,43,48,51—-53]. The above-mentioned evidences prompted us to
investigate whether DPA-HBFQ-1 could transactivate the p21P1/
WAF1 sromoter gene. Thus, MCF-7 cells were transiently transfected
with a luciferase reporter construct containing the upstream region
of the p21Cipl/WAFl gene spanning from —2320 to +300 bp, and
treated with DPA-HBFQ-1 (0.1 uM and 1 pM) for 24 h. We found a
significant activation of p21P1/WAFL 4fter treatment with DPA-
HBFQ-1. Conversely, we observed that in breast cancer cells tran-
siently transfected with a construct containing p21PY/WAF1 5rq
moter lacking p53 consensus sequences, DPA-HBFQ-1 was no
longer able to induce p21°PYWAFl promoter activity (Fig. 5B).
Similar results were obtained in MDA-MB-231 cells (data not
shown).

To demonstrate that the down-regulatory effects induced by
DPA-HBFQ-1exposure on p21“PTWAFl hromoter were exclusively
mediated by p53, we transfected MCF-7 cells with p21P1/WAF1 fy]]
length construct in the presence of p53 siRNA. As expected, in the
latter conditions, the activation of p21“PVWAF! hromoter was no
longer noticeable (Fig. 5C). This well correlates with the dramati-
cally reduction of the up-regulatory effects on p21Cip1/WAF 1 protein
content, induced by DPA-HBFQ-1, in the same experimental con-
dition (Fig. 5D).

Taken together, our findings demonstrated the crucial role of
p53 in DPA-HBFQ-1-induced up-regulation of p21©P1/WAF1 These
functional studies evidenced, then, the ability of DPA-HBFQ-1 to
up-regulates p21“PYWAF hromoter gene and that this trans-
activation was dependent on p53, since p21°PYWAF1 promoter
construct deleted of p53 response elements was no longer able to
be activated from DPA-HBFQ-1 exposure. Indeed, the crucial role of
p53 in mediating the inhibitory activity of DPA-HBFQ-1 in p21 “PV/
WAFT activation and expression was definitively demonstrated in
breast cancer cells through the p53 silencing.

2.2.4. DPA-HBFQ-1 induced apoptosis in breast cancer cells

Given that p53 and p21°PVWAFL ihduce apoptotic cascade,
acting as tumor suppressor genes, we investigated whether DPA-
HBFQ-1 treatment could induce cell death by apoptosis in our
model system. First, we evaluated the proteolysis of poly (ADP-
ribose) polymerase (PARP), a known substrate of effector caspases,
by immunoblotting analysis (Figure S3A). We found an increase in
the protein levels of the proteolytic form of PARP (116 kDa) in MCF-
7 cells under DPA-HBFQ-1 treatment, while PARP-cleavage levels
were unchanged in MCF-10A cells. Subsequently, we determined
whether DPA-HBFQ-1 treatment may induce changes in the
internucleosomal fragmentation profile of genomic DNA, a diag-
nostic hallmark of cells undergoing apoptosis (Figure S3B). Marked
DNA fragmentation in MCF-7 cells was evidenced after 48 h
exposure with DPA-HBFQ-1. Again, no DNA fragmentation was
observed in the normal breast cell line. Similar results were ob-
tained in MDA-MB-231 cells (data not shown).
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2.2.5. DPA-HBFQ-1 inhibited MCF-7 Tamoxifen-resistant breast
cancer cells growth

The onset of acquired tamoxifen resistance represents a crucial
and high-frequency therapeutic problem which, over the years,
became a very attractive field of study for many researchers. Several
molecular mechanisms were proposed to be responsible of
tamoxifen resistance occurrence and tumors relapse, so that the
discovery of new pharmacological tools or targets is still chal-
lenging. Under this point of view, we addressed our attention to the
capability of DPA-HBFQ-1 to affect growth of Tamoxifen-resistant
malignant breast cells (MCF-7 TR-1) by using MTT assay and
anchorage-independent soft agar growth assay (Fig. 6A and B).
After 3 and 5 days of treatment, we observed that DPA-HBFQ-1
reduced the cell vitality; in addition the compound inhibited colony
formation of MCF-7 TR-1 after 14 days of treatment. These results
appear to be correlated with clonogenic assay experiments,
demonstrating that DPA-HBFQ-1 is able to reduce cell colony for-
mation in Tamoxifen-resistant breast cancer cells (Fig. 6C). The
calculated ICsq values for DPA-HBFQ-1 and ellipticine were of
1.0 +£ 0.2 uM and 1.75 + 0.3 pM, respectively.

Moreover, upon DPA-HBFQ-1 treatment (0.1 uM and 1 uM) we
also observed an up-regulation of p53 and p21P1/WAF! expression

(Fig. 6D), a marked DNA fragmentation and an increase in the levels
of the proteolytic form of PARP (Fig. 6E and F). These findings are in
agreement with the experiments previously discussed and per-
formed in MCF-7 and MDA-MB-231 cancer cell lines and highlight,
again, the potential development of DPA-HBFQ-1 as alternative
and/or adjuvant compound, also in hormonal-resistant breast
cancer therapy.

2.2.6. DPA-HBFQ-1 inhibitory activity on human Topoisomerase |
and Il

Many literature data reported that ellipticine is able to interfere
with DNA-metabolizing enzymes, such as topoisomerases [54,55].
With the aim to test if the most active compound DPA-HBFQ-1,
structurally correlated to ellipticine, could act as topoisomerases
poison, we performed inhibition assays using human topoisomer-
ase I and II. No inhibition activity on human topoisomerase I was
observed (Fig. 7, panel A) upon DPA-HBFQ-1 exposure at the two
doses used in this assay (10 and 50 uM), so that the enzyme is able
to produce relaxed topoisomers (lanes 6 and 7). The same com-
pound was able to inhibit topoisomerase II activity in a dose
dependent manner (Fig. 7, panel B, lanes 7 and 8), resulting in a fail
of intact kDNA migration on agarose gel (because its big size). In the
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cells, **P < 0.05 compared to DPA-HBFQ-1 treated cells.

control experiment (vehicle) the enzyme binds KDNA and releases
intact monomeric rings visible at the bottom of gel as two DNA
bands, which represent the nicked open circular minicircles and
fully closed circular rings (decatenation products, lane 4). A linear
DNA product (lane 3) has also been loaded on gel, in order to
exclude any production of linear DNA under these conditions. In
these assays, we used ellipticine as reference molecule, which has
been already reported to be a strong and non-specific topoisom-
erase I and II inhibitor and, as well, a DNA intercalating agent
[54,55]. Ellipticine clearly blocked human topoisomerases I and II
(Fig. 7, panel A, lanes 4 and 5, panel B, lanes 5 and 6) and behaved as

a typical intercalator, binding DNA and inducing an electrophoretic
mobility shift both in pHOT1 (panel A, lanes 4 and 5, single band
consistent with supercoiled DNA) and in kDNA decatenated prod-
ucts (panel B, lane 5). Thus, DPA-HBFQ-1 showed a behavior
different to that of ellipticine, because it did not inhibit topoisom-
erase I activity and was not been able to intercalate DNA, being,
instead, a selective inhibitor of human topoisomerase Il in dose
dependent manner. These results well correlate and strengthen the
previously discussed effects on p53and p21Cip”/WAF1 up-regulation
elicited by DPA-HBFQ-1, responsible of the antitumor activity via
apoptosis induction.
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Fig. 7. Human topoisomerase I and II assays. A: relaxation assay. Supercoiled DNA was incubated without or with human topoisomerase I in the absence or presence of the test
compounds at the indicated doses: Lane 1, super coiled DNA, lane 2, relaxed DNA marker, lane 3, vehicle (DMSO), lane 4 and 5, ellipticine 10 and 50 puM respectively, lane 6 and 7,
DPA-HBFQ-1 10 and 50 uM respectively. B: decatenation assay. KDNA was incubated without or with human topoisomerase Il in the absence or presence of the test compounds at
the indicated doses: Lane 1, kKDNA, lane 2, decatenated DNA marker, lane 3, linear kDNA, lane 4, vehicle (DMSO), lane 5 and 6, ellipticine 10 and 50 uM respectively, lane 7 and 8,

DPA-HBFQ-1 10 and 50 uM respectively.

2.2.7. Cytotoxic activity of DPA-HBFQ-1 on different cancer cell
lines

The cytotoxic activity of DPA-HBFQ-1 was evaluated, as well, on
others tumor cell lines, i.e. rat Leydig tumor cells R2C, human Ish-
ikawa endometrial cancer cells, cervical cancer HeLa and human
hepatoma HepG2 cells. The ICsy values were determined and
showed in Table 2, using ellipticine as reference molecule. The re-
sults indicated that DPA-HBFQ-1 exerted a good anti-proliferative
activity not only in breast cancer cells but also in the above
mentioned cancer cell lines, most probably due to the above dis-
cussed biological activities that could be confirmed in further
studies, even though in a less extent. These latter outcomes make
this compound of particular pharmaceutical interest, broadening
its potential therapeutic applications.

3. Conclusions

In summary a new library of fourteen carbazole bioisosters,
namely  3-alkyl(dialkyl)aminobenzofuro|2,3-f]quinazolin-1(2H)-
ones 4—17, was synthesized in a sequential one-pot three-compo-
nent reaction, starting from 3-aminodibenzofurans, and assayed on
breast cancer cells showing a moderate antiproliferative activity.
Out of this library, the derivative DPA-HBFQ-1, prepared starting
from 13, showed an effective growth inhibition in ERa", ERe.~ and
tamoxifen-resistant breast cancer cell lines, without affecting the
growth of normal epithelial breast cells. These effects are mediated
by the ability of compound DPA-HBFQ-1 to up-regulate the cell
cycle regulators p53 and p21Cip”/WAF1 and to selectively inhibit the
human topoisomerase II. Moreover, its cytotoxic activity was
assessed also on different cancer cell lines with promising out-
comes. Our results might be seminal for future studies regarding
DPA-HBFQ-1 as potential pharmacological tool to be implemented
in the novel strategies for breast cancer treatment, also in the
occurrence of resistance to hormonal therapies.

Table 2
Effects of DPA-HBFQ-1 on growth inhibition of different cancer cell lines. ICsq values
were reported in pM and represents the mean + SD of three separate experiments.

R2C Ishikawa Hela HepG2
DPA-HBFQ-1 1.20 + 0.1 0.98 + 0.2 0.70 + 0.1 0.89 +0.3
ellipticine 2.0+0.2 1.50 £ 0.3 1.00 + 0.2 290+03

4. Experimental section
4.1. Synthesis and characterization

Commercial reagents were purchased from Aldrich, Acros Or-
ganics and Alfa Aesar and used without additional purification.
Melting points were determined on a Kofler melting point appa-
ratus. Elemental analyses were performed at the “Institut de
Recherche en Chimie Organique Fine” (Rouen). The IR spectra were
recorded on a Perkin Elmer BX FT-IR using KBr wafer technique.
Mass spectra were taken on a JEOL JMS GCMate spectrometer at
ionising potential of 70 eV (EI) or were performed using a spec-
trometer LC-MS Waters alliance 2695 (ESI+). "H NMR (400 MHz for
H, 100 MHz for the '3C) 1H and '3C NMR chemical shifts () were
reported in parts per million (ppm) and were referenced to the
solvent peak; CDCl3 (7.26 ppm for 'H and 76.90 ppm for 3C) and
DMSO-dg (2.50 ppm for 'H and 39.70 ppm for *C). Multiplicities
are represented by s (singlet), d (doublet), t (triplet), q (quartet) and
m (multiplet). Coupling constants (]) are reported in Hertz (Hz).
Thin layer chromatography (TLC) was performed on silica gel 60F-
264 (Merck). 3-Aminodibenzofuran (1a) was prepared as described
in the literature [41] and the 3-amino-2-methoxy-dibenzofuran
(1b) was purchased from Sigma—Aldrich.

4.1.1. General procedure for the preparation of 3-(alkyl(dialkyl)
amino)benzofuro[2,3-f] quinazolin-1(2H)-ones (4—17)

To a solution of the 3-aminodibenzofuran (1a) or 3-amino-2-
methoxy-dibenzofuran (1b) (2.67 mmol) in DMF (40 mL), ethox-
ycarbonylisothiocyanate (2.67 mmol) was added and the reaction
mixture was stirred at room temperature (RT) for 4 h. The reaction
mixture was then cooled to 0 °C, the alkyl(dialkyl)amine
(6.67 mmol) was added, followed by the addition of HgCl,
(2.67 mmol) and the resulting mixture was stirred at RT overnight.
The reaction mixture was then heated under reflux at 160 °C for 2 h,
cooled, filtered through a celite pad and concentrated in vacuum.
The solid obtained was crystallized from acetonitrile.

4.1.1.1. 3-(Propylamino )benzofuro[2,3-flquinazolin-1(2H)-one  (4).
Brown powder (25% yield). Mp > 260 °C. IR (KBr) (cm™1): 3344 (v
NH), 2959 (v CH arom.), 2874 (v CH aliph.), 1674 (v C=0), 1636 (v
C=N), 1518 (v C=C), 1475 (v C=C), 1340, 1186, 740, 634. 'H NMR
(DMSO0-ds): 6 0.94—1.07 (t, 3H, CH3), 1.50—1.70 (m, 4H, CH,CH,CH3),
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6.55 (br, 1H, NH), 7.35—7.55 (m, 3H, Ar), 7.75 (d, 1H, ] = 8.10 Hz, Ar),
8.10 (d, 1H, ] = 7.20 Hz, Ar), 8.30 (d, 1H, ] = 8.76 Hz, Ar), 11.10 (br, 1H,
NH). 13C NMR (DMSO-dg): 161. 00 (C=0), 156. 57 (C10a), 155.76
(C3), 153.56 (C11a), 148.90 (C4a), 146.26 (C6b), 130.02 (C6), 126.21
(C9), 123.39 (C8), 123.33 (C7), 119.97 (C5), 119.72 (C10), 111.98
(C11b), 100.31 (C6a), 48.89 (CH>), 21.72 (CHy), 11.58. (CH3). MS (EI)
m/z (%): 293 (M*, 100), 278 (39) (M — CH3), 264 (100) (M* —
CHZCH3), 235 (77) (M+' — CH,CH,CH3 ) Anal. Calcd for Cy17H15N305:
C, 69.61; H, 5.15; N, 14.33. Found: C, 69.64; H, 5.11; N, 14.36.

4.1.1.2. 3-(Butylamino)benzofuro[2,3-f]quinazolin-1(2H)-one (5).
White powder (25% yield). Mp > 260 °C. IR (KBr) (cm™1): 3260 (v
NH), 3046 (v CH arom.), 2958 (v CH aliph.), 2864 (v CH aliph.), 1681
(v C=0), 1634 (v C=N), 1457 (v C=C), 1348, 1186, 712. 'H NMR
(DMSO-ds): 6 0.90—0.95 (t, 3H, CH3), 1.23—1.38 (m, 2H, CH>CH3),
1.55-1.60 (m, 2H, CH,CH,CH,CH3), 3.48-3.52 (m, 2H,
NCH,(CHz),CH3), 6.40 (br, 1H, NH), 7.30—7.60 (m, 3H, Ar), 7.65—7.90
(m, 1H, Ar), 8.15 (d, 1H, J = 7.80 Hz, Ar), 8.40 (d, 1H, ] = 7.80 Hz, Ar),
1110 (br, 1H, NH). 13C NMR (DMSO-dg): 159.87 (C=0), 156. 43
(C10a),155.46 (C3),153.45 (C11a),150.27 (C4a), 147.21 (C6b), 129.04
(C6),126.23 (C9), 123.37 (C8), 123.11(C7), 119.83 (C5), 119.77 (C10),
111.27 (C11b), 101.23 (C6a), 45.98 (CH;), 30.38 (CH>), 18.96 (CHy),
13.04 (CH3). MS (ESI™): 308 (M™ +1). Anal. Calcd for CigH17N305: C,
70.34; H, 5.58; N, 13.67. Found: C, 70.31; H, 5.60; N, 13.70.

4.1.1.3. 3-(Diethylamino )benzofuro[2,3-flquinazolin-1(2H)-one (6).
Orange powder (50% yield). Mp > 260 °C. IR (KBr) (cm™!): 3334 (v
NH), 3119 (CH arom.), 2977 (v CH aliph.), 2932 (v CH aliph.), 1668 (v
C=0), 1596 (v C=C), 1457 (v C=C), 1304, 1187, 1021, 819, 739. 'H
NMR (DMSO-dg): 6 1.10—1.15 (t, 6H, NCH,CH3), 3.57—3.61 (q, 4H,
NCH>CH3), 7.25 (br, 1H, NH), 7.26—7.50 (m, 3H, Ar), 7.76 (d, 1H,
J=8.04 Hz, Ar), 8.06 (d, 1H, J = 7.60 Hz, Ar), 8.25 (d, 1H, ] = 8.52 Hz,
Ar). 3C NMR (DMSO-dg): 160.31 (C=0), 155.04 (C10a), 154.89 (C3),
152.83 (Cl11a), 149.99 (C4a), 144.30 (C6b), 126.03 (C6), 125.92 (C9),
123.40 (C8), 123.32 (C7), 120.43 (C5),119.92 (C10), 111.66 (C11b),
102.34 (C6a), 41.53 (2CH>), 13.26 (2CH3). MS (EI) m/z (%): 307 (M*,
100), 278 (100) (M* — CyH5s). Anal. Calcd for CigH17N305: C, 70.34;
H, 5.58; N, 13.67. Found: C, 70.37; H, 5.55; N, 13.69.

4.1.14. 3-(Dipropylamino)benzofuro|2,3-flquinazolin-1(2H)-one (7).
Yellow powder (30% yield). Mp = 246 °C. IR (KBr) (cm™'): 3346 (v
NH), 3135 (v CH arom.), 2963 (v CH aliph.), 1662 (v C=0), 1583 (v
C=C), 1456 (v C=C), 1186, 825, 745, 519. '"H NMR (DMSO-ds):
0 0.82—0.92 (t, 6H, CH3), 1.50—1.70 (m, 4H, CH,CH3s), 3.45—3.55 (t,
4H, NCH,CH,CH3), 7.22 (d, 1H, J = 8.70 Hz, Ar), 7.30—7.50 (m, 2H,
Ar), 7.75 (d, 1H, ] = 8.01 Hz, Ar), 8.08 (d, 1H, ] = 7.60 Hz, Ar), 8.25 (d,
1H, J = 8.58 Hz, Ar), 11.25 (br, 1H, NH). 13C NMR (DMSO-dg): 161.98
(C=0), 157.32 (C10a), 155.61 (C3), 153.34 (Clla), 147.80 (C4a),
146.20 (C6b), 129.02 (C6), 125.86 (C9), 123.37 (C8), 123.29 (C7),
119.87 (C5),119.72 (C10), 111.63 (C11b), 100.01 (C6a), 48.78 (2CH>),
20.72 (2CH,), 10.98 (2CH3). MS (EI) m/z (%): 335 (M*, 100), 306 (75)
(M* — CH,CH3), 292 (61) (Mt — CH,CH,CH3). Anal. Calcd for
CaoHa1N305: C, 71.62; H, 6.31; N, 12.53. Found: C, 71.59; H, 6.34; N,
12.55.

4.1.1.5. 3-(Dibutylamino )benzofuro[2,3-f]quinazolin-1(2H)-one (8).
White powder (48% yield). Mp = 192 °C. IR (KBr) (cm~1): 3129 (v
NH), 3051 (CH arom.), 2958 (CH aliph.), 2869 (CH aliph.), 1660 (v
C=0), 1592 (v C=C), 1457 (v C=C), 1176, 1020, 743. 'H NMR
(DMSO-dg): & 0.89—0.94 (t, 6H, (CH»)3CH3), 1.28—1.40 (m, 4H,
(CH,),CH>CH3), 1.50—1.60 (m, 4H, CH,CH>CH,CH3), 3.53—3.60 (m,
4H, NCH»(CH3),CH3), 7.10—7.60 (m, 3H, Ar), 7.77 (d, 1H, ] = 7.80 Hz,
Ar),8.06(d, 1H, ] = 7.20 Hz, Ar), 8.24 (d, 1H, ] = 7.80 Hz, Ar), 11.30 (br,
1H, NH). 3C NMR (DMSO0-dg): 160.23 (C=0), 155.65 (C10a), 153.36
(C3), 150.11 (C11a), 148.65 (C4a), 145.06 (C6b), 126.50 (C6), 125.89

(C9), 123.40 (C8), 123.31 (C7), 119.89 (C5), 116.82 (C10), 111.66
(C11b),103.50 (C6a), 46.89 (2CH>), 29.70 (2CH;), 19.44 (2CH,), 13.87
(2CHs3). MS (ESIT): 364 (M* +1). Anal. Calcd for CoHpsN305: C,
72.70; H, 6.93; N, 11.56. Found: C, 72.73; H, 6.89; N, 11.53.

4.1.1.6. 3-(Pyrrolidin-1-yl)benzofuro[2,3-flquinazolin-1(2H)-one (9).
White powder (40% yield). Mp > 260 °C. IR (KBr) (cm™!): 3448 (v
NH), 3043 (CH arom.), 2952 (v CH aliph.), 1681 (v C=0), 1598 (v C=
(), 1462 (v C=C), 1191, 832, 743. 'H NMR (DMSO-dp): 6 1.79—1.89 (t,
4H, CH, pyrrolidine), 3.42—3.47 (t, 4H, NCH,, pyrrolidine), 7.19 (d,
1H, J = 8.55 Hz, Ar), 7.27—7.40 (m, 2H, Ar), 7.69 (d, 1H, ] = 7.86 Hz,
Ar), 790 (dd, 1H, J; = 8.63 Hz, J, = 1.35 Hz, Ar), 818 (d, 1H,
J = 8.53 Hz, Ar), 11.10 (br, TH, NH). 3C NMR (DMSO0-ds): 161. 21 (C=
0), 156. 53 (C10a), 155.65 (C3), 153.51 (C11a), 148.67 (C4a), 146.45
(C6b),130.87 (C6),126.34(C9), 123.45 (C8),123.56 (C7),120.04 (C5),
119.87 (C10), 112.21 (C11b), 101.34 (C6a), 58.42 (2CH;), 23.21
(2CH3). MS (ESI™): 306 (M" +1). Anal. Calcd for CigH15N30;: C,
70.81; H, 4.95; N, 13.76. Found: C, 70.84; H, 4.92; N, 13.80.

4.1.1.7. 3-(Morpholin-1-yl)benzofuro[2,3-f]quinazolin-1(2H)-one
(10). White powder (51% yield). Mp > 260 °C. IR (KBr) (cm~1): 3452
(v NH), 3108 (CH arom.), 2968 (v CH aliph.), 1671 (v C=0), 1588 (v
C=C), 1452 (v C=C), 1181, 1118,1004, 889, 743. 'H NMR (DMSO-ds):
0 3.68—3.80 (m, 8H, CH» morpholine), 7.38—7.53 (m, 3H, Ar), 7.78 (d,
1H, J = 8.10 Hz, Ar), 8.04 (d, 1H, ] = 8.70 Hz, Ar), 8.32 (d, 1H,
J = 8.40 Hz, Ar), 11.55 (br, 1H, NH). >*C NMR (DMSO-dg): 161.32 (C=
0), 157.21 (C10a), 155.32 (C3), 153.22 (C11a), 149.11 (C4a), 146.76
(C6b), 130.21 (C6),126.45 (C9), 123.56 (C8), 123.45 (C7), 120.67 (C5),
119.56 (C10), 112.45 (C11b), 103.10 (C6a), 65.21 (2CH,), 58.70
(2CHp). MS (ESIT): 322 (M™ +1). Anal. Calcd for CigH15N303: C,
67.28; H, 4.71; N, 13.38. Found: C, 67.31; H, 4.74; N, 13.36.

4.1.1.8. 3-(Piperidin-1-yl)benzofuro|[2,3-flquinazolin-1(2H)-one (11).
White powder (38% yield). Mp > 260 °C. IR (KBr) (cm™!): 3421 (v
NH), 3056 (v CH arom.), 2932 (v CH aliph.), 1671 (v C=0), 1588 (v
C=C), 1462 (v C=C), 1259, 1176, 837, 749. '"H NMR (DMSO-ds):
0 1.10—1.15 (m, 2H, CH, piperidine), 1.40—1.55 (m, 4H, CH, piperi-
dine), 3.58—3.61 (m, 4H, NCH,, piperidine), 7.18 (d, 1H, ] = 8.58 Hz,
Ar), 7.28—7.42 (m, 2H, Ar), 7.70 (d, 1H, ] = 7.75 Hz, Ar), 8.01 (d, 1H,
J = 7.62 Hz, Ar), 8.20 (d, 1H, ] = 8.47 Hz, Ar), 11.30 (br, 1H, NH). 13C
NMR (DMSO-dg): 159.56 (C=0), 156.13 (C10a), 155.65 (C3), 153.40
(C11a), 147.32 (C4a), 145.32 (C6b), 127.44 (C6), 126.37 (C9), 123.32
(€8), 121.15 (C7), 119.97 (C5), 117.27 (C10), 111.65 (C11b), 103.53
(C6a), 45.65 (2CHa), 25.17 (2CHy), 23.95 (CHy). MS (EI) m/z (%): 319
(M-, 100), 290 (100). MS (ESI*): 320 (M +1). Anal. Calcd for
Ci9H17N30,: C, 71.46; H, 5.37; N, 13.16. Found: C, 71.44; H, 5.40; N,
13.19.

4.1.1.9. 3-(Diethylamino)-5-methoxybenzofuro[2,3-f]quinazolin-
1(2H)-one (12). Yellow powder (55% yield). Mp > 260 °C. IR (KBr)
(cm™1): 3412 (v NH), 2971 (v CH aliph.), 1659 (v C=0), 1598 (v C=
(), 1443 (v C=C), 1353, 1173, 1056, 1019, 845, 738. 'H NMR (DMSO-
dg): 6 1.12—1.18 (m, 6H, CH3), 3.60—3.67 (m, 4H, CH,CH3), 3.90 (s,
3H, OCH3), 7.26—7.50 (m, 2H, Ar), 7.70 (d, 1H, ] = 8.28 Hz, Ar), 7.87 (s,
1H, Ar), 8.07 (d, J = 8.56 Hz, 1H, Ar), 10.30 (br, 1H, NH). 13C NMR
(DMSO-dg): 161.01 (C=0), 155.56 (C10a), 149.35 (11a), 148.58 (C3),
147.59 (C5), 129.21 (C6b), 125.21 (C4a), 123.95 (C9), 122.98 (C8),
119.87 (C7), 115.36 (C10), 111.59 (C11b), 107.30 (C6a), 103.55 (C6),
56.75 (OCH3), 42.21 (2CHy), 13.20 (2CH3). MS (EI) m/z (%): 337 (M,
100), 308 (]00) (M+' - CH2CH3), Anal. Calcd for C19H19N303Z C,
67.64; H, 5.68; N, 12.45. Found: C, 67.69; H, 5.65; N, 12.48.

4.1.1.10. 3-(Dipropylamino)-5-methoxybenzofuro[2,3-f]quinazolin-
1(2H)-one (13). Yellow powder (60% yield). Mp = 254 °C. IR (KBr)
(cm™1): 3146 (v NH), 3055 (v CH arom.), (2961 (v CH aliph.), 1665 (v
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C=0), 1586 (v C=C), 1460 (v C=C), 1270 (v;s — C—0—C), 1106
(vs = C—0—C), 745, 721. TH NMR (DMSO-dg): 6 0.88—0.92 (t, 6H,
CHyCHs), 1.56—1.65 (m, 4H, CH,CH>CH3), 3.51-3.55 (m, 4H,
NCH,CH,CH3), 3.95 (s, 3H, OCH3), 7.35—7.44 (m, 2H, Ar), 7.73 (d, 1H,
] =8.40 Hz, Ar), 7.88 (s, 1H, Ar), 8.07 (d, 1H, ] = 7.60 Hz, Ar), 11.36 (br,
1H, NH). 13C NMR (DMSO-dg): 161.35 (C=0), 156.00 (C10a), 150.33
(C11a), 149.86 (C3), 148.11 (C5), 144.17 (C6b), 125.99 (C4a), 124.37
(C9), 123.39 (C8), 120.28 (C7), 115.71 (C10), 112.02 (C11b), 108.25
(C6), 103.96 (C6a), 57.41 (OCH3), 49.21 (2CH>), 2118 (2CH>), 11.49
(2CH3). MS (El) m/z (%): 365 (M*™, 100), 322 (50) (M* —
CH,CH,CH3), 294 (100). MS (ESIT): 366 (M™ +1). Anal. Calcd for
C1H23N303: C, 69.02; H, 6.34; N, 11.50. Found: C, 69.04; H, 6.31; N,
11.53.

4.1.1.11. 3-(Dibutylamino)-5-methoxybenzofuro[2,3-f]quinazolin-
1(2H)-one (14). Yellow powder (70% yield). Mp = 196 °C. IR (KBr)
(cm™1): 3126 (v NH), 3050 (v CH arom.), 2955 (v CH aliph.), 1656 (v
C=0), 1599 (v C=C), 1462 (v C=C), 1187, 1052, 799, 740, 556. 'H
NMR (CDCl3): 6 0.80—0.97 (m, 6H, CH3), 1.25—1.48 (m, 4H, CH,CH3),
1.51-1.90 (m, 4H, CH,CH,CH3), 3.60—3.80 (m, 4H, NCH>), 3.95 (s,
3H, OCH3), 7.25—7.40 (m, 2H, Ar), 7.50 (s, 1H, Ar), 7.60 (d, 1H, ] = 8.10
Hz, Ar), 7.80 (d, 1H, J = 7.20 Hz, Ar), 9.42 (br, 1H, NH). °C NMR
(DMSO-de): 161.02 (C=0),155.51 (C10a), 149.85 (C11a), 149.38 (C3),
147.56 (C5), 127.93(C6b), 125.52 (C4a), 123.91 (C9), 122.91(C8),
119.80 (C7), 115.27 (C10), 111.56 (C11b), 107.57 (C6), 103.44 (C6a),
56.85 (OCH3), 46.41 (2CHy), 27.48 (2CHy), 19.30 (2CHy), 13.51
(2CH3). MS (EI) my/z (%): 393 (M*, 77), 294 (100). MS (ESI"): 394
(M™ 41). Anal. Calcd for C3H»7N305: C, 70.21; H, 6.92; N, 10.68.
Found: C, 70.24; H, 6.89; N, 10.71.

4.1.1.12. 5-Methoxy-3-(pyrrolidin-1-yl)benzofuro[2,3-f]quinazolin-
1(2H)-one (15). White powder (54% yield). Mp > 260 °C. IR (KBr)
(cm™1): 3432 (v NH), 2955 (v CH aliph.), 1681 (v C=0), 1599 (v C=
(), 1466 (v C=C), 1355, 1193, 1060, 740, 555. 'H NMR (DMSO-ds):
6 190-193 (m, 4H, CH; pyrrolidine), 3.53—3.55 (m, 4H,
CH,—N—CH, pyrrolidine), 3.94 (s, 3H, OCH3), 7.35—7.41 (m, 2H, Ar),
7.70 (d, 1H, ] = 8.32 Hz, Ar), 7.85 (s, 1H, Ar), 8.04 (d, 1H, ] = 7.08 Hz,
Ar), 11.30 (br, 1H, NH). >C NMR (DMSO-d): 161.11 (C=0), 155.49
(C10a), 149.75 (C11a), 149.43 (C3), 147.48 (C5), 128.05 (C6b), 125.36
(C4a), 123.87 (€9), 123.21 (C8), 119.98 (C7), 115.29 (C10), 111.54
(C11b), 107.58 (C6), 103.54 (C6a), 56.42 (OCH3), 49.05 (2CH>), 24.87
(2CHy). MS (EI) m/z (%): 335 (M'+, 100), 320 (25) (M- — CH3). MS
(ESI*): 336 (M™ +1). Anal. Calcd for C1gH17N303: C, 68.05; H, 5.11; N,
12.53. Found: C, 68.01; H, 5.08; N, 12.56.

4.1.1.13. 5-Methoxy-3-(morpholin-1-yl)benzofuro[2,3-f]quinazolin-
1(2H)-one (16). White powder (40% yield). Mp > 260 °C. IR (KBr)
(cm™1): 3435 (v NH), 2956 (v CH aliph.), 1678 (v C=0), 1587 (v C=
(), 1451 (v C=C), 1261, 1169, 1117, 1061, 1010, 872, 744, 556. "H NMR
(DMSO-dg): 6 3.60—3.75 (m, 8H, CH, morpholine), 3.95 (s, 3H,
OCHj3), 7.35—7.50 (m, 2H, Ar), 7.75 (d, 1H, J = 8.28 Hz, Ar), 7.95 (s, 1H,
Ar), 810 (d, 1H, ] = 8.56 Hz, Ar), 11.20 (br, 1H, NH). 3C NMR (DMSO-
dg): 161.13 (C=0), 155.54 (C10a), 149.86 (C11a), 149.32 (C3), 147.56
(C5), 134.32 (C6b), 125.45 (C4a), 124.12 (C9), 123.76 (C8), 120.76
(C7), 115.76 (C10), 111.89 (C11b), 108.21 (C6), 103.78 (C6a), 56.54
(OCH3), 65.05 (2CHy), 57.23 (2CH3). MS (EI) m/z (%): 351 (M ™, 100).
MS (ESI™): 352 (M" +1). Anal. Calcd for CigH17N304: C, 64.95; H,
4.88; N, 11.96. Found: C, 64.92; H, 4.90; N, 12.00.

4.1.1.14. 5-Methoxy-3-(piperidin-1-yl)benzofuro[2,3-f]quinazolin-
1(2H)-one (17). Yellow powder (83% yield). Mp > 260 °C. IR (KBr)
(cm™1): 2941 (v CH aliph.), 2841 (v CH aliph.), 1678 (v C=0), 1586 (v
C=C), 1463 (v C=C), 1353, 1232, 1058, 798, 739, 555. 'H NMR
(DMSO-dg): 6 1.47—1.70 (m, 6H, CH; piperidine), 2.93—3.02 (m, 4H,
H,C—N—CH, piperidine), 3.96 (s, 3H, OCH3), 7.32—7.50 (m, 2H, Ar),

7.75 (d, 1H, ] = 8.28 Hz, Ar), 7.92 (s, 1H, Ar), 8.10 (d, 1H, ] = 8.56 Hz,
Ar), 9.80 (br, TH, NH). 13C NMR (DMSO0-ds): 160.23 (C=0), 155.61
(C10a), 149.43 (C11a), 149.12 (C3), 147.34 (C5), 128.31 (C6b), 125.63
(C4a), 123.85 (C9), 122.89 (C8), 119.83 (C7), 115.84 (C10), 111.48
(C11b), 107.37 (C6), 104.32 (C6a), 60.02 (2CH,), 56.71 (OCH3), 25.17
(2CHy), 23.91 (CHy). MS (EI) m/z (%): 349 (M++,100), 334 (27) (M* —
CHs). MS (ESI*): 350 (M" +1). Anal. Calcd for CooH19N303: C, 68.75;
H, 5.48; N, 12.03. Found: C, 68.78; H, 5.51; N, 11.99.

4.1.2. 3-(Dipropylamino)-5-hydroxy-benzofuro[2,3-flquinazolin-
1(2H)-one (18, DPA-HBFQ-1)

A mixture of 3-dipropyl-5-methoxybenzofuro[2,3-flquinazolin-
1(2H)-one (13) (1.37 mmol, 0.50 g) and anhydrous pyridine hy-
drochloride (6.85 mmol, 0.79 g) was heated to reflux for 2h. The
reaction mixture was left to cool to room temperature, and then
ice-cold water was added. The product was extracted with Et;0
(50 mL). The organic layers were washed with an aqueous solution
of HCI (2N), dried (MgS04) and concentrated to give green powder
(30% yield). Mp > 260 °C. IR (KBr) (cm~'): 3390 (v O—H), 3182 (v
NH), 2931 (v CH aliph.), 1668 (v C=0), 1355, 1177, 1029, 744. 'H
NMR (DMSO-dg): 6 0.89—0.97 (t, 6H, CH3), 1.54—1.63 (m, 4H,
CH,CH,CH3), 3.57—3.61 (m, 4H, CH»,CH,CH3), 7.33—7.43 (m, 2H, Ar),
7.71-7.73 (m, 2H, Ar), 8.02 (d, 1H, ] = 7.36 Hz, Ar), 8.23 (br, 1H, OH),
11.33 (br, 1H, NH). '3C NMR (DMSO-ds): 161.25 (C=0), 155.96
(C10a), 150.49 (C11a), 146.90 (C3), 146.52 (C5), 141.53 (C6b), 126.04
(C4a), 124.31 (C9), 123.31(C8), 120.37 (C7), 116.18 (C11b), 111.98
(C10), 107.85 (C6), 102.99 (C6a), 49.01 (2CHy), 21.15 (2CH,), 11.44
(2CH3). MS (EI) m/z (%): 351 (M', 100), 278 (78). Anal. Calcd for
C20H21N303: C, 68.36; H, 6.02; N, 11.96. Found: C, 68.32; H, 6.05; N,
11.93.

4.2. Biological methods

Dulbecco's Modified Eagle's Medium/Nutrient Mixture F-12
Ham, DMEM, Minimum Essential Medium, MEM, Ham's F-10
Nutrient Mixture, 100 bp DNA ladder, 1-Glutamine, penicillin,
streptomycin, bovine serum albumine, phosphate-buffered saline
were purchased from Invitrogen (Carlsbad, CA,USA), Dual luciferase
kit, FUGENE 6, CMV renilla luciferase plasmid was provided by
Promega (Madison, WI, USA). The RETROscript kit and DNase I were
purchased from Ambion (Austin, TX, USA). Aprotinin, leupeptin,
phenylmethylsulfonyl fluoride, sodium orthovanadate, formalde-
hyde, NP-40, MTT, dimethyl sulphoxide, by Sigma (Milan, Italy). ECL
System, antibodies against p53, p21, GAPDH and beta-actin were
provided by Santa Cruz Biotechnology (Santa Cruz, CA, USA), Tri-
azol, SYBR Green Universal PCR Master Mix by Biosystems (Forster
City, CA, USA). Human Topoisomerase I and II, pHOT1 and kDNA
were purchased from TopoGEN (Port Orange, FL).

4.2.1. Cell cultures

All the cell lines used in these studies (with the exception of
MCF-7 TR1) were acquired from American Type Culture Collection
(ATCC, Manassas, VA) where they were authenticated, stored ac-
cording to supplier's instructions, and used within a months after
frozen aliquots resuscitations. MCF-7 cells were cultured in DMEM-
F12 containing 10% fetal bovine serum (FBS), 1% .-Glutamine, 1 mg/
mL penicillin—streptomycin. MCF-10A normal breast epithelial
cells were grown in DMEM-F12 plus glutamax containing 5% horse
serum (Invitrogen Carlsbad, CA, US), 1 mg/mL pen-
icillin—streptomycin, 0.5 mg/mL hydrocortisone, and 10 mg/mL
insulin. MDA-MB-231 cells were cultured in DMEM containing 5%
FBS, 1% 1-Glutamine, 1 mg/mL penicillin—streptomycin. Every 4
months cells were authenticated by single tandem repeat analysis
at our Sequencing Core, morphology, doubling times, estrogen
sensitivity, and mycoplasma negativity were tested (MycoAlert,
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Lonza). MCF-7 TR1 cells were generated in the laboratory of Dr.
Fuqua as previously described [56] and maintained with 10~% M of
4-hydroxytamoxifen. R2C cells were cultured in Ham's F-10
nutrient mix containing 15% Horse serum, 2.5% FBS, 1% L-Glutamine
and 1 mg/mL penicillin—streptomycin. Ishikawa and Hela cells
were cultured in MEM containing 10% FBS, 1% r-Glutamine, 1%
NEAA, and 1 mg/mL penicillin—streptomycin. HepG2 cells were
cultured in DMEM containing 10% FBS, 1% L-Glutamine and 1 mg/
mL penicillin—streptomycin.

4.2.2. Plasmids

The human wild-type p21°PTYWAFl hromoter-luciferase (luc)
reporter (WT) and its deletion construct that lacks the two p53-
binding sites (Ap53) were kind gifts from Dr. T. Sakai (Kyoto Pre-
fectural University of Medicine, Kyoto, Japan).

4.2.3. Western blot analysis

Cells were treated as indicated before lysis. Equal amounts of
cell extracts were subjected to SDS-PAGE, as described [57,58] Blots
are representative of at least three independent experiments.

4.2.4. Real-time RT-PCR

The gene expression of p53, p21 and GAPDH was evaluated by
real-time RT-PCR. Total RNA was reverse transcribed with RETRO-
script kit. 5 pl of diluted (1:3) cDNA was analyzed in triplicate by
real-time PCR in an iCycler iQ Detection System (Bio-Rad) using
SYBR Green Universal PCR Master Mix, following the manufac-
turer's recommendations. Each sample was normalized on its
GAPDH mRNA content. Primers used for the amplification were:
forward 5'-CCGTGTTGGTTCATCCCTGTA-3' and reverse 5'-
TTTTGGATTTTTAAGACAGAGTCTTTGTA-3'(p53); forward 5'-GCAT-
GACAGATTTCTACCACTCC-3' and reverse 5'-AAGATGTA-
GAGCGGGCCTTT-3/(p21); forward 5'-CCCACTCCTCCACCTTTGAC-3’
and reverse 5-TGTTGCTGTAGCCAAATTCGTT-3' (GAPDH). The
relative gene expression levels were calculated as described
[59,60].

4.2.5. Clonogenic assay

MCF-7 (1000 cells/plate) or MCF-7 TR-1 (1000 cells/plate) cells
were plated in 12-multiwell plates. After an overnight incubation,
cells were treated with 100 pM of DPA-HBFQ-1 for 24 h. Cells were
then washed, and fresh media were added. After 14 days of incu-
bation, surviving colonies were fixed and stained with Crystal Vi-
olet stain. Experiments were repeated, and data are representative
of replicate experiments.

4.2.6. DNA fragmentation

Cells were collected and washed with PBS and pelleted at
1800 rpm for 5 min. The samples were resuspended in 0.5 mL of
extraction buffer (50 mmol/L Tris—HCI, pH 8; 10 mmol/L EDTA, 0.5%
SDS) for 20 min in rotation at 48C. DNA was extracted three times
with phenol-chloroform and one time with chloroform. The
aqueous phase was used to precipitate nucleic acids with 0.1 vol-
umes of 3M sodium acetate and 2.5 volumes cold ethanol overnight
at —20 °C. The DNA pellet was resuspended in 15 pL H,O treated
with RNase A for 30 min at 37 °C. The extracted DNA was subjected
to electrophoresis on 1.5% agarose gels, stained with ethidium
bromide and then photographed.

4.2.7. Transient transfection assays

MCF-7 cells were transiently transfected using the FUGENE 6
reagent with p53 or p21 gene promoter, different deleted seg-
ments, and treated as indicated. Empty vectors were used to ensure
that DNA concentrations were constant in each transfection.
Luciferase activities were assayed using Dual Luciferase assay

system (Promega) [61,62].

4.2.8. RNA interference (RNAi)

MCF-7 cells were transfected with RNA duplex of stealth RNA
interference (RNAi)-targeted for human p53 mRNA sequence 5'-
GCCAAGUCUGUGACUUGCACGUACU -3’ (Life Science) or with a
stealth RNAi-negative control (Life Science) to a final concentration
of 100 nM using Lipofectamine 2000 as recommended by the
manufacturer [63,64].

4.2.9. Cell proliferation assays

Cell proliferation was determined by using 3-(4,5-
dimethylthiazol-2-yl1)-2,5-diphenylformazan (MTT) assay as
described [65—68] Data are representative of three independent
experiments, each performed in triplicate. The ICs9 values were
calculated using GraphPad Prism 4 (GraphPad Software, Inc., San
Diego, CA) as described [69—71].

4.2.10. Soft agar anchorage-independent growth assays

Cells (104/well) were plated in 4 mL of 0.35% agarose with 5%
charcoal stripped-FBS in phenol red-free media, with a 0.7% agarose
base in six well plates. Two days after plating, media containing
vehicle or treatments as indicated were added to the top layer, and
replaced every 2 days. After 14 days, 300 mL of MTT was added to
each well and allowed to incubate at 37 °C for 4 h. Plates were then
placed at 4 °C overnight and colonies >50 mm diameter from
triplicate assays were counted. The data are representative of three
independent experiments, each performed in triplicate [72,73].

4.2.11. Human Topoisomerase I relaxation assay

Relaxation assays were performed in a final volume of 20 puL and
assembled as follows. 0.25 pg of supercoiled pHOT1 in TE buffer
[TE: 10 mM Tris-HCl (pH 7.5), 1 mM EDTA] (TopoGEN, Port Orange,
FL) was added to a solution containing water (variable volume) and
1X assay buffer (10 mM Tris-HCI (pH 7.9), 1 mM EDTA, 0.5 mM Nadcl,
0.1% bovine serum albumin, 0.1 mM spermidine and 5% glycerol).
Next, the compounds to be tested were added and the reaction
initiated by addition of recombinant human topo I (2 U) (TopoGEN,
Port Orange, FL). The reactions were incubated at 37 °C for 30 min
and terminated by the addition of 5 x stop buffer (5% sarkosyl, 25%
glycerol, 0.125% bromophenol blue). Samples underwent to Pro-
teinase K digestion (50 pg/mL) at 37 °C for 30 min, followed by
extraction with an equal volume of chloroform:isoamylic alcohol
(24:1), vortexed and centrifuged for 30 s. The upper aqueous phase
was withdrawn, loaded onto a 1% agarose gel containing 1X TAE
buffer (diluted from 50X buffer containing 242 g Tris base, 57.1 mL
glacial acetic acid and 100 mL of 0.5 M EDTA) without ethidium
bromide (EB). After the run, agarose gel was colored with 1X TAE
buffer containing EB (0.5 pg/mL) for 30 min and destained with
distilled water for 15 min, then visualized using a UV
transilluminator.

4.2.12. Human Topoisomerase Il decatenation assay

Decatenation assays were performed in a final volume of 20 pL,
as follows. 0.3 pg of kinetoplast DNA (kDNA) (topoGEN, Port Or-
ange, FL) were added to a solution containing water, 1X assay buffer
[which contains: 50 mM Tris-HCl, pH of 8, 150 mM NaCl, 10 mM
MgCl,, 0.5 mM Dithiothreitol (DTT) and 30 pg/mL bovine serum
albumin (BSA)], and 1 mM ATP. The compounds to be tested were
added and the reaction started by the addition of 3 U of human
topoisomerase Il (topoGEN, Port Orange, FL) and incubated at 37 °C
for 30 min. At the end, 5X stop buffer has been added and the
samples were treated as described in the previous paragraph. The
aqueous phase has been loaded on a 1% agarose gel containing 1X
TAE buffer with EB (0.5 pg/mL) and visualized using an UV
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transilluminator.

4.2.13. Statistical analysis

Data were analyzed for statistical significance (P < 0.05) using
One-way ANOVA followed by Dunnett's test performed by Graph
Pad Prism 4. Standard deviations (SD) are shown.
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