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Twenty novel chromene derivatives carrying different sulfonamide moieties (3e22) were designed and
synthesized. All the newly prepared compounds were evaluated for their in vitro anticancer activity
against breast cancer cell line (T47D). Most of the synthesized compounds showed good to moderate
activity (IC50 ¼ 8.8e108.9 mM), where compound 16 (IC50 ¼ 8.8 mM) exhibited higher activity compared
to doxorubicin (IC50 ¼ 9.8 mM). In order to determine the mechanism of the anticancer activity in T47D
cells, the effect of the most potent compounds (5e8, 11e14, and 16e18) on the aromatase activity was
tested. Most of the selected compounds showed significant inhibitory effect on the aromatase activity,
with compound 18 showing IC50 ¼ 4.66 mM. Furthermore, apoptosis studies were conducted on two of
the most potent compounds (8 & 16) to estimate the proapoptotic potential of our compounds. Both
induced the levels of active caspase 3, caspase 8 and caspase 9. Moreover, they surprisingly boosted the
Bax/Bcl2 ratio 5936 & 33,000 folds, respectively compared to the control. Moreover, they showed mild
cytotoxic effect (IC50 ¼ 183.8 mM & 172.04 mM, respectively) in normal breast cells 184A1. Finally, a
molecular docking study was performed to investigate the probable interaction with the aromatase
enzyme.

© 2016 Elsevier Masson SAS. All rights reserved.
1. Introduction

Breast cancer is one of the majority distinguished commonly
spread cancer among women in different age groups [1]. It was
categorized as the second leading cause of mortality among
women. This tumor is illustrated by excess production of estrogen
receptors for endogenous estrogens which is equally expressed in
pre and postmenopausal breast tissue [2,3]. This accounts for the
pathological effects of estrogens triggering cancer cell proliferation.
As a matter of fact, intratumoral local estrogen production is
controlled by the aromatase enzyme (CYP19), a member of the
cytochrome P450 which controls in situ aromatization of C19
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served.
androgens to C18 estrogens [4,5]. Thus, one of the lucrative thera-
peutic approaches of treating estrogen-dependent breast cancer is
the inhibition of bioconversion of androgens to estrogens by aro-
matase inhibitors (AIs) as a safer alternative to blockade of estrogen
receptors by estrogen receptor antagonists (ERAs) [4e6].

AIs are comprised of two major classes on basis of their struc-
tural chemotype; namely steroidal and non-steroidal AIs. By virtue
of their fewer incidence of side effects due to lack of estrogenic
activity on the uterus and vasculature, non-steroidal AIs are gaining
much popularity over the past few decades [6,7].

Recently, Pingaew et al. reported the synthesis of 1, 4-
disubstituted-1, 2, 3-triazole derivatives bearing sulfonamide
moiety (Fig. 1) which showed significant anti-proliferative activity
[10]. This was proved by evaluating their aromatase inhibitory ac-
tivity [10]. Interestingly, many of the tested sulfonamides exhibited
marked aromatase inhibitory activity (IC50 ¼ 0.2e9.4 mM).
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Fig. 1. Cytotoxic agents revealed by Pingaew et al. [7] and the most active compound
(A) against the aromatase enzyme (IC50 ¼ 0.2 mM).
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Moreover, their molecular docking was adopted to explore their
binding modes with the aromatase [10]. The results revealed that
most of their active compounds could snugly bind to the aromatase
through H-bonding and pep stacking without chelation of the
heme iron. Themost active compound (A) (IC50¼ 0.2 mM) displayed
H-bonding interactions with Met 374 which is suggested to be the
essential amino acid residue for the inhibitory activity. This was
supported by the fact that such amino acid participated in a water-
mediated H-bonding that facilitates the interaction between the
aromatase and the C3-keto oxygen of androstanedione (ASD) to
undergo enolization; the first step involved in its conversion to
estrogen. Compound (A) showed an IC50 of 0.2 mM against the
aromatase enzyme, thus it represents a good platform for the
design of novel non-steroidal AIs [10].

Accordingly, based on their SAR findings we designed a novel
series of chromene derivatives carrying different sulfonamide
Fig. 2. Analogue-based design of chromene
moieties, the designing strategy of which is illustrated in Fig. 2. Our
design strategy is three folds; i. tetrahydroisoquiniline ring (THIQ)
of the compound (A) was replaced with different acyclic and het-
erocyclic amines aiming to retain hydrophobic interactions with
the receptor, ii. The tetrazole ring was replaced with semi-rigid
open chain linker, finally, iii. The privileged chromene moiety was
preserved to attain proper hydrophobic interaction with CYP19. All
of the newly synthesized compounds will be evaluated for their
in vitro anticancer activity against breast cancer cell line (T47D). It
has been reported that the aromatase enzyme is overexpressed in
this cell line [11]. Moreover, the most potent molecules will be
evaluated for inhibition of the aromatase enzyme. Aromatase in-
hibition in cancer cells triggers apoptosis which synergistically
augments the anti-tumor effect [12]. Considering these literature
findings, the apoptotic effect of two of the most potent compounds
will be evaluated to trace the apoptotic potency of our compounds.
Finally, molecular docking of the compounds with the aromatase
enzymewill be performed to explore their bindingmode in a proof-
of-concept study.
2. Results and discussion

2.1. Chemistry

The aim of this work was to design and synthesize a novel series
of benzenesulfonamide incorporating biologically active chromene
moieties to evaluate their anticancer activity. Thus, interaction of 3-
acetyl-2-H-chromen-2-one 1 with dimethylformamide dimethyl
acetal (DMF-DMA) under reflux in dry xylene gave the strategic
starting material (E)-3-(3-(dimethylamino)acryloyl)-2H-chromen-
2-one 2. Compound 2 can be represented by three isomeric struc-
tures (2aec) (Scheme 1). Enaminone 2 was assigned an E-config-
uration based on its 1H-NMR spectrum which exhibited that the
coupling constant of the doublet signals for olefinic protons equals
to 12.4 Hz correlated to E-isomers. The behavior of enaminone 2
towards sulfa-drugs and dapsone was investigated. Thus, when
enaminone 2 was reacted with sulfa-drugs and/or dapsone in ab-
solute ethanol and glacial acetic acid (2:1), the corresponding
chromene-sulfonamide derivatives 3e22 (Schemes 2 and 3) were
obtained in good yield. The structures of the obtained compounds
were established on the basis of microanalysis, IR, 1H-NMR, 13C-
sulfonamide derivatives 3e20 as AIs.



Scheme 1. Synthetic pathway for compound 2.

Scheme 2. Synthetic pathways for compounds 3e20.
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NMR and mass spectral data. IR of 3e20 indicated the presence of
characteristic bands for NH, NH2, SO2 and two (CO) groups. The IR of
21 revealed the presence of characteristic bands for NH, SO2 and
two (CO) groups, while IR of 22 showed bands for NH, SO2 and four
(CO) groups. 1H-NMR of 3e22 established that these structures are
in (Z-form) not in (E-form), while the coupling constant of the
doublet signals for olefinic protons is in the range of 8.4e8.6 Hz.
Also, Z-form is stabilized by intramolecular hydrogen bonding



Scheme 3. Synthetic pathways of compounds 21 and 22.
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(Schemes 2 and 3). 1H-NMR of 3 revealed signals at 8.6 ppm
assigned to CH chromene, 10.5 ppm attributed to SO2NH2, 12.0 ppm
due to NH group. 13C-NMR of 3 showed signals at 158.9 and
184.4 ppm for two (CO) groups. IR of 4 showed bands at 1720, 1696
and 1660 cm�1 for three (CO) groups. 1H-NMR of 4 revealed signals
at 1.9 ppm for (COCH3), 8.6 ppm assigned to CH chromene,
10.4 ppm attributed to SO2NH and 12.0 ppm due to NH groups. 13C-
NMR of 4 showed signals at 159.3, 172.5 and 182.4 cm�1 for three
(CO) groups. 1H-NMR of 5 showed signals at 8.6 ppm for NH2,
8.9 ppm assigned to CH chromene, 12.0 ppm due to NH group. 13C-
NMR of 5 showed signals at 158.4 ppm for imino group, 159.3 and
185.2 cm�1 for two (CO) groups. 1H-NMR of 6 exhibited signals at
2.3 ppm for CH3, 6.2 ppm for CH isoxazole, 8.6 ppm assigned to CH
chromene, 12.0 ppm due to NH group. 13C-NMR of 6 showed signals
at 12.5 ppm for CH3, 170.9 and 184.6 cm�1 for two (CO) groups. 1H-
NMR of 7 revealed signals at 2.0 and 2.1 ppm for two CH3 groups,
8.7 ppm due to CH chromene, 12.0 ppm for NH group. 13C-NMR of 7
exhibited signals at 6.2 and 10.7 ppm for two CH3 groups, 172.4 and
185.7 ppm for two (CO) groups. 1H-NMR of 10 showed signals at
2.6 ppm for CH3, 8.7 ppm for CH chromene, 12.0 ppm for NH group.
13C-NMR of 10 revealed signals at 16.4 ppm for CH3, 168.2,
184.6 ppm for two (CO) groups. 1H-NMR of 13 exhibited signals at
2.3 ppm for CH3, 8.7 ppm for CH chromene, 12.0 ppm for NH group.
13C-NMR of 13 showed signals at 23.8 ppm for CH3, 172.5 ppm for
two (CO) groups. 1H-NMR of 14 exhibited signals at 2.2 ppm for two
CH3 groups, 8.5 ppm for CH chromene, 12.0 ppm for NH group. 13C-
NMR of 14 exhibited signals at 21.5 ppm for two CH3 groups,
172.5 ppm for two (CO) groups. 1H-NMRof 15 showed signals at 2.2,
2.3 ppm for two CH3 groups, 8.7 ppm for CH chromene, 12.0 ppm
for NH group. 13C-NMR of 15 revealed signals at 19.0 and 21.5 ppm
for two CH3 groups, 166.7 and 172.5 ppm for two (CO) groups. 1H-
NMR of 16 exhibited signals at 3.8 ppm for OCH3, 8.6 ppm for CH
chromene,12.0 ppm for NH group. 13C-NMR of 16 showed signals at
56.7 ppm for (OCH3) group, 159.3 and 172.5 ppm for two (CO)
groups. 1H-NMR of 17 showed signals at 3.77 and 3.79 ppm for two
(OCH3) groups, 8.7 ppm for CH chromene, 11.9 ppm for NH group.
13C-NMR of 17 revealed signals at 55.0, 56.5 ppm for two (OCH3)
groups, 172.5 and 192.5 ppm for two (CO) groups. 1H-NMR of 18
revealed signals at 3.7, 3.9 ppm for two (OCH3) groups, 8.6 ppm for
CH chromene, 12.0 ppm for NH group. 13C-NMR of 18 exhibited
signals at 54.4, 60.6 ppm for two (OCH3) groups, 162.0, 184.6 ppm
for two (CO) groups. 1H-NMR of 19 showed signals at 8.1 ppm for
CH indazole, 8.5 ppm for CH chromene, 11.9 ppm for NH, 12.9 ppm
for NH indazole. 13C-NMR of 19 exhibited signals at 158.9 and
185.5 ppm for two (CO) groups. On the other hand, interaction of
compound 2 with dapsone in molar ratio (1:1 mol) the corre-
sponding mono compound 21 was formed, while the bis-
compound 22 was obtained under the same condition but in
molar ratio (2:1 mol) (Scheme 3). The structures of 21 and 22 were
confirmed on the basis of elemental analyses, IR, 1H-NMR, and 13C-
NMR data. IR of 21 showed characteristic bands at 3431, 3413,
3396 cm�1 (NH2, NH), 1718, 1654 cm�1 two (CO) groups, 1363,
1181 cm�1 (SO2). 1H-NMR of 21 revealed signals at 6.2 ppm for NH2,
8.6 ppm CH chromene, 10.8 ppm for NH group. 13C-NMR of 21
exhibited signals at 159.6 and 172.4 ppm for two (CO) groups. IR of
22 showed characteristic bands at 3421 and 3366 cm�1 (NH), 1718
and 1636 cm�1 for two (CO) groups, 1361 and 1181 cm�1 for (SO2).
1H-NMR of 22 revealed signal at 8.7 ppm for two CH chromene,
10.9 ppm for two NH groups. 13C-NMR of 22 exhibited signals at
159.6 and 172.5 ppm for four (CO) groups.

2.2. Biological evaluation

2.2.1. In vitro cytotoxic activity
Our biological evaluation journey started by evaluating the

in vitro anticancer activity of the synthesized series of chromene
derivatives bearing functional sulfonamidemoieties (2e22) against
breast cancer cell line (T47D) (Table 1). Doxorubicin (CAS 23214-92-
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8) was taken as the reference drug for its well-known clinical utility
in managing a wide range of tumors. All the tested chromenes
exerted gradual cellular log kill with an IC50 values ranging from
146.5 mM to 8.8 mM except for compounds 4 and 9 which did not
show any activity relative to doxorubicin under the experiment
conditions in T47D cells. Introduction of a sulfonamide moiety
resulted in significant increase in activity as compound 2
(IC50 ¼ 146.5 mM) bearing a terminal tertiary amine is compared
with compound 3 (IC50 ¼ 108 mM) that possesses a terminal
unsubstituted sulfonamide. This marked drop in IC50 value suggests
that a terminal sulfonamide group plays crucial role in the anti-
cancer activity.

Results showed that sulfonamide substituents having terminal
phenyl pyrazolyl, pyridyl, methyl substituted pyrimidinyl and
methoxy substituted pyrimidinyl possess significant anti-
proliferative activity suggesting that the aforementioned pharma-
cophores play crucial roles in manifesting anticancer activity.
Having a thorough investigation of the results, it could be deduced
that a terminal methoxy or dimethoxy substituted pyrimidinyl
group markedly enhances the activity as compounds 16, 17 and 18
showed IC50 values ranging from 37 mM and going down to 8.8 mM.
Among them compound 16 exerted the highest activity having IC50
value of 8.8 mM which is more potent than that of the reference
drug doxorubucin itself, whereas compound 18 had an IC50 of
9.8 mM that is comparable to that of doxorubicin. This finding is
coherent with previous conclusions made by Pingaew et al. [7] and
suggests that methoxy substituted pyrimidinyl groups are good
pharmacophoric moeities for anticancer activity.

On the other hand, compounds bearing a terminal five
membered heterocyclic rings showed low to moderate cytotoxicity
with IC50 values ranging from 68.4 mM to 94 mMwith the exception
of compound 9 which bears an unsubstituted thiazolyl ring and
showed no antiproliferative activity compared to doxorubucin.
Among these compounds, compound 7 that bears a dimethyl iso-
xazolyl ring (IC50 ¼ 68.4 mM) showed slight higher activity than its
methyl isoxazolyl analogue 6 (IC50 ¼ 75.6 mM). Compound 10
(IC50 ¼ 94 mM) bearing a methyl thiadiazolyl group showed much
lower activity which suggests that the thiadiazolyl group is not a
good candidate for future work.

Analyzing the IC50 values of the compounds, it is noticed that
those having a terminal six membered heterocylce moiety namely
Table 1
Biological evaluation of the newly synthesized compounds 2e22.

Compound No. IC50 against T47D (mM) % inh

2 146.5 e

3 108.9 e

4 NA e

5 87.6 30
6 75.6 28
7 68.4 20
8 9.2 70
9 e e

10 94.0
11 37.6 65
12 75.2 41
13 24.5 67
14 62.2 30
15 100.0 e

16 8.8 81
17 37.8 44
18 9.8 69
19 96.5 e

20 86.9 e

21 91.9 e

22 70.3 e

Doxorubicin 9.8 e

Letrozole e 58
compounds 11e18 (IC50 values ranging from 8.8 mM to 62 mM)
showed better activity than those bearing a terminal five
membered heterocyle namely compounds 6e10 (IC50 values
ranging from 68.4 mM to 94 mM) with the exception of compound 9
bearing an unsubstituted thiazolyl ring that showed no inhibitory
activity and compound 8 which has a terminal phenyl pyrazolyl
group and showedmarked potency with IC50 value of 9.2 mMwhich
is comparable to that of doxorubicin.

Moreover, compounds 19 (IC50 ¼ 96 mM) and 20 (IC50 ¼ 86 mM)
that possess a fused bicyclic ring showed lowest activities. This can
be accounted for by the bulkiness of the large hydrophobic groups
that hinders snuggle binding to the target enzyme.

Promisingly, p-methoxypyrimidinyl analogue 16 (IC50 ¼ 8.8 mM)
proved to be the most potent compound that manifested superior
antiproliferative activity to doxorubicin (IC50 ¼ 9.8 mM) against
T47D cell line. Surprisingly, the same result was observed for
compound 8 bearing a phenyl thiazolyl moeity (IC50 ¼ 9.2 mM)
which suggests that both compounds are good platform for further
optimization to develop potent anticancer agents.

2.2.2. Evaluation of aromatase inhibitory activity
Gaining insight into the antiproliferative activity against breast

cancer cell line T47D of our novel series of chromene derivatives
(3e22), eleven of the most potent compounds (5, 6, 7, 8, 11, 12, 13,
14, 16, 17 and 18) were further chosen to be evaluated for their
aromatase inhibitory activity in an attempt to explore their prob-
able mode of action. Their percentage inhibition was determined
and the IC50 values for the compounds that exhibited percentage
inhibition above 50% (8, 11, 13, 16 and 18) were recorded that
indicate the dose that prevents the proliferation of half of the
population (Table 1, Fig. 3). Letrozole; a well-known FDA approved
AI, was taken as the reference drug.

Results showed that most of the tested compounds have mod-
erate to high aromatase inhibitory activity ranging from 20% to 81%
and their IC50 values varied from 12.5 mM down to 4.66 mM. Five of
our compounds (8, 11, 13, 16 & 18) showed higher percentage in-
hibition of the aromatase enzyme compared to letrozole (70%, 65%,
67%, 81%, 69% & 58%) where all of them exhibited higher potencies
relative to the reference drug (IC50 values 5.089 mM, 12.53 mM,
9.52 mM, 6.07 mM, 4.66 mM vs 29.5 mM for letrozole) where com-
pound 16 bearing a terminal methoxypyrimidinyl group showed
ibition of aromatase enzyme IC50 of aromatase enzyme (mM)

e

e

e

e

e

e

5.089
e

e

12.53
e

9.52
e

e

6.07
e

4.66
e

e

e

e

e

29.50



Fig. 3. The effect of the synthesized compounds (5e8, 11e14, and 16e18) on aroma-
tase activity.
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the highest aromatase inhibitory activity (81%) while compound 18
bearing a terminal dimethoxypyrimidinyl moiety showed the
lowest IC50 value (4.66 mM). Scrutinizing the aromatase inhibitory
results reveals that the compounds bearing terminal six membered
heterocycle moiety (11e14 and 16e18) showed better aromatase
inhibitory activity (30%e81%) than those bearing terminal five
membered heterocycle (5e8) which showed lower aromatase
inhibitory activity ranging from 20% to 30% with the exception of
compound 8 bearing a phenyl pyrazolyl group showing 70% inhi-
bition and an IC50 value of 5.089 mM (Fig. 3).

These deduced SAR results are again coherent with the previous
SAR results observed in the T47D cell line analysis, suggesting that
the presence of a terminal lipophilic six membered heterocycle or
alternatively a bulky lipophilic phenylpyrazolyl group favors the
aromatase inhibitory activity and consequently improved anti-
proliferative activity against breast cancer cells.

2.3. Apoptosis studies

Apoptosis is a programmed routine by which cells signal their
own termination. This “self-automated” death is critical for main-
tenance of cellular homeostasis that conserves its integrity [13]. For
cancer cells to proliferate and divide unconditionally, they
cunningly “switch off” apoptosis. Thus, induction of apoptosis
serves as a logic tactic for tumor suppression [14].

From literature survey, we came to know that inhibition of the
aromatase enzyme leads consequently to induction of apoptosis
[12]. Since our targeted compounds proved to have significant
aromatase inhibitory activity, we were endeavored to explore their
ability to induce the apoptosis cascade. Herein, two of the most
potent compounds against T47D cell line (compounds 8 & 16,
IC50 ¼ 9.2 mM & 8.8 mM, respectively) were selected as a repre-
sentative molecules to conduct apoptosis studies in an attempt to
reveal the proapoptotic potential of our synthesized chromene-
sulfonamide derivatives.

2.3.1. Effects on activation of proteolytic caspases cascade
The crucial mediators of apoptosis comprise a family of cys-

teineaspartic proteases known as caspases [15]. Their activation
plays a pivotal role in the programmed cell death or apoptosis.
Accordingly, the effects of compounds 8 & 16 on caspase 3 were
evaluated and compared to that of letrozole as a reference drug, in
order to trace their apoptotic effect and then their effects on cas-
pases 8 & 9 were measured in order to gain insight whether they
induce apoptosis through the intrinsic or the extrinsic pathway or
through induction of both apoptotic pathways (Fig. 4). Our results
showed that compounds 8 & 16 markedly increased the level of
active caspase 3 by 45 & 20.6 folds, respectively compared to
control cells. This implies that compound 8 induced caspase 3
approximately three times compared to letrozole whereas com-
pound 16 produced a 1.3 fold increase in caspase 3 induction
Furthermore, both compounds 8 & 16 produced a significant in-
crease in caspase 8 by 40 & 21.75 folds, respectively, and to a lesser
extent caspase 9 was also increased by almost 10 & 9.91 folds,
respectively, compared to the control (Fig. 4). These results suggest
that these compounds may have activated both intrinsic and
extrinsic pathways of apoptosis.

2.3.2. Effects on mitochondrial apoptosis pathway (Bcl-2 family)
proteins

Mitochondrial apoptotic pathway is chiefly regulated by the
members of the Bcl-2 family [16]. Among these, Bcl2 and Bax finely
tune this programmed process. The Bcl2 protein inhibits apoptosis
(anti-apoptotic) while Bax stimulates it (pro-apoptotic). Thus, the
balance between these two different opposing proteins regulates
the cell fate [17,18]. Increments in the Bax/Bcl2 ratio trigger the
release of mitochondrial cytochrome C into the cytosol which in
turn potentiates a cascade of caspases that ultimately leads to
activation of caspase 3; the apoptosis executioner [19,20]. In this
study, T47D cells were treated with the IC50 of compounds 8 & 16
and their effect on the expression levels of Bcl2, Bcl-xl and Baxwere
determined as illustrated in Table 2.

As shown by the results, compounds 8 & 16 boosted the level of
the pro-apoptotic protein; Bax by approximately 16,000 folds and
7190 folds, respectively. Moreover, compound 8 markedly reduced
the levels of the anti-apoptotic proteins Bcl2 and Bcl-xl by
approximately 369 folds and 1965 folds, respectively compared to
the control, while compound 16 produced a 819.65 folds decrease
in Bcl2 and a 111.35 folds reduction in Bcl-xl levels in comparison to
the control.

A rather more indicative and precise value for apoptosis induc-
tion is the Bax/Bcl2 ratio as it gives amore accurate estimation of the
overall proapoptotic activity of the molecule. Analyzing the results
reveals that compounds 8 & 16 interestingly boosted the Bax/Bcl2
ratio by approximately 33,000 folds and 5936 folds, respectively, as
compared to the control. Collectively, these findings that both
compounds markedly increased Bax level, downregulated Bcl2 and
Bcl-xl levels, concomitantly with tremendously augmenting the
Bax/Bcl2 ratio proved undoubtedly their pro-apoptotic effect.

2.3.3. Cell cycle analysis
In general, anticancer agents abort the growth and proliferation

of cancerous cells by arresting cell division at various checkpoints
[21]. Treatment of the cancer cells with potent anticancer agents
unravel the distinguish cells in various phases of the cell cycle. In
the current study, T47D cells were treated with compound 8 at its
IC50 (9.2 mM). The obtained data (Fig. 5) obviously indicate that
compound 8 arrested the cell cycle at G2/M phase when compared
to untreated control (44.5% and 15.81%, respectively). Parallel to
these findings, the cell population in G1 and S phases markedly
decrease after treatment (9.2% and 14.6% vs 64.92% and 17.14%,
respectively). These results reveal that in T47D cells, cell cycle arrest
in the G2/M phase contributes to the compound cytotoxicity.

2.3.4. Cytotoxicity test
The cytotoxic effects of compound 8& 16were tested on normal

breast cells 184A1 using SRB assay (Skehan et al.) [22]. Both com-
pounds showed mild cytotoxic effect with an IC50 of 183.8 mM &
172.04 mM, respectively (Fig. 6). This result indicates the selectivity
of compounds 8&16 for tumor breast cancer cells and their relative
safety for normal breast cells.
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Fig. 4. The effect of compounds 8 & 16 on the active caspases; 3, 8 & 9 in T47D cells.

Table 2
Effect of compound 8 & 16 on the genes expression of some apoptosis key markers.

Compound No. BAX (IU/mL) BCL2 (IU/mL) BCL-xL (IU/mL)

8 402,127 1540 384
16 176,887 693 6776
Control 24.6 568,019 754,565

Fig. 5. Effect of compound 8 on the ph
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3. Molecular docking

Molecular docking of chromene derivatives (3e22) to the aro-
matase enzyme was performed to investigate their binding in-
teractions and to explore their binding modes. Moreover, our lead
compound was also docked in order to investigate its binding
pattern to the aromatase active site.
ases of the cell cycle in T47D cells.



Fig. 7. 2D diagram of ASD with the aromatase.
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The interaction of the co-crystallized natural substrate andros-
tanedione (ADS) (Fig. 7) displayed hydrogen bonding of the CO
group at position 17 with the amino group of the key amino acid
Met374 which is well known to initiate the enzymatic oxidation
cascade. Moreover, the steroidal backbone forms hydrophobic
interaction with amino acid residues (i.e. Ile133, Trp224 and
Leu477).

Our lead compound shows good interaction CDOCKER score
(�44.51913 Kcal/mol). Scrutinizing its binding mode disclosed that
the oxygen of the sulfonamide group formed 2 significant H-bonds
with the key amino acid Met 374 and anchoring the compound into
the active pocket (Fig. 8). Meanwhile the compound interacts with
a hydrophobic site (Trp 224, Val 370 and Ala306) through its cou-
marinyl moiety.

By analyzing the binding pattern between the most active
compound (18) and the aromatase enzyme and investigating the
interaction energy, thoroughly investigating the binding patterns of
the ligand reveals that it was able to form H-bonds and hydro-
phobic interactions with the amino acid residues in the active site
with excellent CDOCKER interaction energy score (�58.7918 Kcal/
mol) which is superior to the lead compound CDOCKER score
(�44.51913 Kcal/mol). Compound 18 forms two significant H-
Fig. 6. The effect of compounds 8 & 16 on the viability percentage of 184A1 normal
breast cells.
bonds between the sulfonyl oxygen and the key amino acidMet 374
(2.32 Å) and the amino acid Arg 115 (2.5 Å) while its coumarinyl
moiety fits into a hydrophobic pocket (Cys 437, Ala 307 and Ala306)
while its methoxyprimidinyl group forms hydrophobic interactions
with another hydrophobic pocket (Leu 477, Val 370 and Trp 224)
(Figs. 8 and 9).

4. Conclusion

In summary, we designed and synthesized a novel series of
chromene derivatives bearing sulfonamide moieties based on
structural diversification of a lead compound (A) revealed by Pin-
gaew et al. in 2015 that proved to have potent aromatase inhibitory
activity (IC50 ¼ 0.2 mM). The antiproliferative activities of the syn-
thesized compounds was evaluated against T47D cell line where
most of the targeted compounds showed moderate to excellent
antiproliferative activities with IC50 values ranging from 108.9 mM
down to 8.8 mM. Further investigation of their expected mode of
action directed us to estimate their ability to inhibit the aromatase
enzyme and thus suppress breast cancer growth. Eleven of the
most potent compounds against the T47D cell line were chosen for
this study. Results revealed that all the tested compoundswere able
to inhibit the aromatase activity in considerable ratios ranging from
20% up to 81% inhibition where five compounds showed superior
inhibitory potency to letrozole. This clearly demonstrates that these
compounds suppress breast cancer proliferation through inhibition
of CYP19. Endeavored by the previous findings and inlighted by
literature search that directly correlates aromatase inhibition to
apoptosis induction [8,9], we further conducted apoptosis studies
to estimate the proapoptotic potential of our compounds. Two of
the most potent compounds on T47D (8 & 16, IC50 ¼ 9.2 mM &
8.8 mM, respectively) were chosen for further apoptosis studies.
Compounds 8 & 16 boosted the Bax/Bcl2 ratio, they also markedly
induced the levels of caspase 3, caspase 8 and caspase 9 as previ-
ously discussed.

To our knowledge, cytotoxic compounds exert their anti-
proliferative activity either by apoptosis induction or by arresting
the cell cycle at definite checkpoints or a combination effect of both
apoptosis induction and cell cycle block. Thus, we studied the effect
of compound 8 on the cell cycle in the aim of fully profiling the
antiproliferative activity of our compounds. Scruitinizing the cell
cycle analysis results revealed that compound 8 arrests cell prolif-
eration in the G2/M phase.



Fig. 8. Binding modes of lead compound (to the left) and of compound 18 (to the right). Both compounds show two H-bonds with Met374 and Arg 115, also hydrophobic in-
teractions between the coumarinyl moiety and amino acids Cys 437, Ala 307 and Ala 306 in addition to hydrophobic interaction between the dimethoxypyrimidinyl group and
amino acids Leu 477, Val 370 and Trp 224 (Hydrophobic pocket color is ranging from brown to blue according to degree of hydrophobicity). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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Induction of the mitochondrial apoptotic protein Bax, together
with downregulation of the antiapoptotic proteins Bcl2 and Bcl-xl,
synchronized with the induction of both caspase 8 and caspase 9
and the ultimate induction of the executioner caspase 3 proved that
our compounds exert their apoptotic effect through triggering both
the mitochondrial-intrinsic pathway and the receptor-mediated
extrinsic pathway. These findings were coherent with our earlier
results that our compounds have potential aromatase inhibitory
activities.

Further molecular docking studies were conducted in order to
explore the binding modes and possible interactions with the
target enzyme. Molecular docking studies revealed that most of the
Fig. 9. 3D diagram of the interaction of compound 18 in the active site of the aro-
matase enzyme (PDB: 3EQM) showing two hydrogen bonds with Met 374 and Arg 115.
Atoms are coloured by atom type and hydrogen bonds are represented by green dots.
(For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
sulfonamide series could snugly fit into the aromatase active site
with low interaction energies. Moreover, most of the investigated
compounds were able to form H-bonds with the key amino acid
Met 374.

5. Experimental

5.1. Chemistry

Melting points (uncorrected) were and determined in open
capillary on a Gallen Kamp melting point apparatus (Sanyo Gallen
Kamp, UK). Precoated silica gel plates (Kieselgel 0.25 mm, 60 F254,
Merck, Germany) were used for thin layer chromatography. A
developing solvent system of chloroform/methanol (8:2) was used
and the spots were detected by ultraviolet light. IR spectra (KBr
disc) were recorded using an FT-IR spectrophotometer (Perkin
Elmer, USA). 1H-NMR spectra were scanned on a NMR spectro-
photometer (Bruker AXS Inc., Switzerland), operating at 500 MHz
for 1H and 125.76 MHz for 13C. Chemical shifts are expressed in d-
values (ppm) relative to TMS as an internal standard, using DMSO-
d6 as a solvent. Elemental analyses were done on a model 2400
CHNSO analyser (Perkin Elmer, USA). All the values were within
±0.4% of the theoretical values. Electron impact Mass Spectra were
recorded on a, Shimadzu Gc-Ms-Qp 5000 instruments (Shimadzu,
Tokyo, Japan). All reagents used were of AR grads. The starting
material 3-acetyl-2-H-chromen-2-one 1was purchased from sigma
(USA) and was directly used for the preparation of target
compounds.

5.1.1. (E)-3-(3-dimethylamino) acryloyl)-2H-chromen-2-one 2
To a solution of 3-acetyl-2-H-chromen-2-one 1 (1.88 g,

0.01 mol) in dimethylformamide-dimethylacetal (1. 19 g, 0.01 mol)
in dry xylene (20mL) was refluxed for 24 h the obtained solid while
hot was collected by filtration and recrystallized from ethanol to
give compound 2.

Yield, 88%; m.p. 158.0 �C. IR: 3080 (arom.), 2997, 2931, 2839
(aliph.), 1718,1635 (2CO). 1H-NMR: 3.1 [s, 6H, N-(CH3)2], 6.0, 7.2 [2d,
2H, CH]CH, J ¼ 12.4 Hz], 7.3e7.8 [m, 4H, AreH], 8.5 [s, 1H, CH
chromene]. 13C-NMR: 45.4 (2), 96.7, 116.3, 119.2, 125.0, 127.3, 130.1,
145.6, 154.3 (2), 159.2,182.6. MSm/z (%): 243 (Mþ) (15.29), 98 (100).
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Anal. Calcd. for C14H13NO3 (243.26): C, 69.12; H, 5.39; N, 5.76.
Found: C, 69.47; H, 5.14; N, 5.53.

5.1.2. Synthesis of chromene-sulfonamide derivatives (3e20)
5.1.2.1. General procedure. A mixture of 2 (1.88 g, 0.01 mol) and
sulfa-drugs (0.012 mol) in absolute ethanol (10 mL) and glacial
acetic acid (5 mL) was refluxed for 21 h, then left to cool. The solid
product formed was collected by filtration and recrystallized from
ethanol-dimethylformamide to give 3e20.

5.1.2.1.1. (Z)-4-(3-Oxo-3-(2-oxo-2H-chromen-3-yl) prop-1-
enylamino) benzenesulfonamide 3. Yield, 91%; m.p. 292.6 �C. IR:
3336, 3250 (NH2, NH), 3095 (arom.), 1697, 1662 (2CO), 1355, 1166
(SO2). 1H-NMR: 6.5, 7.3 [2d, 2H, CH]CH, J¼ 8.4 Hz]. 7.4e8.5 [m, 8H,
AreH], 8.6 [s, 1H, CH chromene], 10.5 [s, 2H, SO2NH2], 12.0 [s, 1H,
NH]. 13C-NMR: 98.2, 115.7 (2), 116.4, 119.1, 125.2, 126.5, 127.9, 128.0
(2), 130.8, 133.9, 143.1, 146.3, 154.6, 154.7, 158.9, 184.4. MS m/z (%):
370 (Mþ) (8.28), 93 (100). Anal. Calcd. for C18H14N2O5S (370.38): C,
58.37; H, 3.81; N, 7.56. Found: C, 58.08; H, 3.46; N, 7.82.

5.1.2.1.2. (Z)-N-4-(3-Oxo-3-(2-oxo-2H-chromen-3-yl) prop-1-
enylamino) phenylsulfonyl) acet-amide 4. Yield, 84%; m.p. 217.2 �C.
IR: 3246 (NH), 3091 (arom.), 2974, 2873 (aliph.), 1720, 1682, 1660
(3CO), 1369, 1159 (SO2). 1H-NMR: 1.9 [s, 3H, COCH3], 6.6, 7.3 [2d, 2H,
CH]CH, J ¼ 8.5 Hz]. 7.4e8.5 [m, 8H, AreH], 8.6 [s, 1H, CH chro-
mene], 10.4 [s, 2H, SO2NH], 12.0 [s, 1H, NH]. 13C-NMR: 19.0, 94.8,
112.7 (2), 115.6, 116.4, 125.2, 126.8, 127.5, 128.7 (2), 130.1, 130.2,
144.8 (2), 154.6 (2), 159.3, 172.5, 182.4. MSm/z (%): 412 (Mþ) (11.73),
93 (100). Anal. Calcd. for C20H16N2O6S (412.42): C, 58.25; H, 3.91; N,
6.79. Found: C, 58.01; H, 3.56; N, 6.42.

5.1.2.1.3. (Z)-N-Carbamimidoyl-4-(3-oxo-3-(2-oxo-2H-chromen-
3-yl) prop-1-enylamino) benz-enesulfonamide 5. Yield, 89%; m.p.
301.8 �C. IR: 3433, 3329, 3232 (NH2, NH), 3100 (arom.), 1719, 1708
(2CO), 1610 (CN), 1361, 1174 (SO2). 1H-NMR: 6.5, 7.2 [2d, 2H, CH]
CH, J¼ 8.4 Hz]. 7.3e8.2 [m, 8H, AreH], 8.6 [s, 2H, NH2], 8.9 [s,1H, CH
chromene], 10.4 [s, 2H, SO2NH þ NH imino], 12.0 [s, 1H, NH]. 13C-
NMR: 98.0, 112.8 (2), 115.6, 119.1, 125.2, 126.6, 127,8, 130.5 (2), 131.2,
133.9, 142.5, 146.7, 151.8, 154.6, 158.4, 159.3, 185.2. MS m/z (%): 412
(Mþ) (3.54), 121 (100). Anal. Calcd. for C19H16N4O5S (412.42): C,
55.33; H, 3.91; N, 13.58. Found: C, 55.64; H, 4.22; N, 13.90.

5.1.2.1.4. (Z)-N-(3-Methylisoxazol-5-yl)-4-(3-oxo-3-(2-oxo-2H-
chromen-3-yl) prop-1-enylami-no) benzenesulfonamide 6.
Yield, 88%; m.p. 201.6 �C. IR: 3260, 3183 (NH), 3088 (arom.), 2895,
2839, (aliph.), 1722, 1683 (2CO), 1610 (CN), 1375, 1184 (SO2). 1H-
NMR: 2.3 [s, 3H, CH3], 6.2 [s, 1H, CH isoxazole], 6.5, 7.1 [2d, 2H, CH]
CH, J ¼ 8.4 Hz], 7.2e8.5 [m, 8H, AreH], 8.6 [s, 1H, CH chromene],
10.6 [s,1H, SO2NH],12.0 [s,1H, NH]. 13C-NMR: 12.5, 95.7,104.3,113.1
(2), 115.9, 116.4, 124.6, 125.1, 126.4, 129.1, 130.8 (2), 132.4, 144.4,
145.5, 153.7, 154.6, 158.1, 159.3, 170.9, 184.6. MS m/z (%): 451 (Mþ)
(7.39), 97 (100). Anal. Calcd. for C22H17N3O6S (451.45): C, 58.53; H,
3.80; N, 9.31. Found: C, 58.25; H, 3.47; N, 8.94.

5.1.2.1.5. (Z)-N-(3,4-Dimethylisoxazol-5-yl)-4-(3-oxo-3-(2-oxo-
2H-chromen-3-yl) prop-1-enyl-amino) benzenesulfonamide 7.
Yield, 81%; m.p. 212.8 �C. IR: 3412, 3326 (NH), 3097 (arom.), 2946,
2886 (aliph.), 1718, 1654 (2CO), 1608 (CN), 1345, 1165 (SO2). 1H-
NMR: 2.0, 2.1 [2s, 6H, 2CH3], 6.2, 6.7 [2d, 2H, CH]CH, J ¼ 8.5 Hz].
6.9e8.5 [m, 8H, AreH], 8.7 [s, 1H, CH chromene], 10.4 [s, 1H,
SO2NH], 12.0 [s, 1H, NH]. 13C-NMR: 6.2, 10.7, 98.7, 104.7, 113.1 (2),
118.6 (2), 125.0, 127.6, 128.1, 128.3, 129.1 (2), 132.8, 142.6, 144.9,
153.8 (2), 161.6 (2), 172.4, 185.7. MS m/z (%): 465 (Mþ) (4.87), 168
(100). Anal. Calcd. for C23H19N3O6S (465.48): C, 59.35; H, 4.11; N,
9.03. Found: C, 59.11; H, 4.36; N, 9.34.

5.1.2.1.6. (Z)-4-(3-Oxo-3-(2-oxo-2H-chromen-3-yl) prop-1-
enylamino)-N-(thiazol-2-yl) benze-nesulfonamide 8. Yield, 79%;
m.p. 284.5 �C. IR: 3391, 3283 (NH), 3102 (arom.), 2956, 2861
(aliph.), 1716, 1667 (2CO), 1607 (CN), 1366, 1183 (SO2). 1H-NMR: 6.5,
6.7 [2d, 2H, CH]CH, J ¼ 8.4 Hz], 6.9e8.5 [m, 10H, AreH], 8.6 [s, 1H,
CH chromene], 10.6 [s, 1H, SO2NH], 12.0 [s, 1H, NH]. 13C-NMR: 98.3,
108.6, 112.9 (2), 115.7, 119.1, 124.9, 125.2, 126.5, 128.2, 130.5 (2),
133.9, 137.3, 143.3, 146.8, 154.6, 154.7, 159.3, 169.0, 185.4. MS m/z
(%): 453 (Mþ) (33.42), 101 (100). Anal. Calcd. for C21H15N3O5S2
(453.49): C, 55.62; H, 3.33; N, 9.27. Found: C, 55.36; H, 3.65; N, 9.04.

5.1.2.1.7. (Z)-4-(3-Oxo-3-(2-oxo-2H-chromen-3-yl) prop-1-
enylamino)-N-(1-phenyl-1H-pyraz-ol-5-yl) benzenesulfonamide 9.
Yield, 89%; m.p. 203.0 �C. IR: 3226 (NH), 3031 (arom.), 2926, 2863
(aliph.), 1718, 1654 (2CO), 1609 (CN), 1334, 1152 (SO2). 1H-NMR: 5.8,
6.7 [2d, 2H, CH]CH, J ¼ 8.4 Hz], 6.9e8.5 [m, 15H, AreH], 8.7 [s, 1H,
CH chromene], 10.6 [s, 1H, SO2NH], 12.0 [s, 1H, NH]. 13C-NMR: 98.7,
106.7, 115.8 (2), 116.4 (2), 124.7 (2), 125.2, 126.5 (2), 129.1 (3), 129.2,
130.5 (2), 140.0 (3), 146.0 (3), 154.6 (2), 158.6, 185.0. MSm/z (%): 512
(Mþ) (5.26), 142 (100). Anal. Calcd. for C27H20N4O5S (512.54): C,
63.27; H, 3.93; N, 10.93. Found: C, 62.91; H, 3.66; N, 11.36.

5.1.2.1.8. (Z)-N-(5-Methyl-1,3,4-thiadiazol-2-yl)-4-(3-oxo-3-(2-
oxo-2H-chromen-3-yl) prop-1-enylamino) benzenesulfonamide 10.
Yield, 77%; m.p. 260.1 �C. IR: 3421, 3357 (NH), 3067 (arom.), 2932,
2836, (aliph.), 1733, 1685 (2CO), 1613 (CN), 1358, 1188 (SO2). 1H-
NMR: 2.6 [s, 3H, CH3], 6.5, 6.7 [2d, 2H, CH]CH, J ¼ 8.5 Hz]. 7.2e8.5
[m, 8H, AreH], 8.7 [s, 1H, CH chromene], 10.5 [s, 1H, SO2NH], 12.0 [s,
1H, NH]. 13C-NMR: 16.4, 98.3, 112.4 (2), 115.8, 116.4, 125.2, 126.5,
128.0, 128.1, 130.5 (2), 134.0, 144.5, 145.9, 146.2, 154.6, 154.7, 159.3,
168.2, 184.6. MSm/z (%): 468 (Mþ) (12.36), 91 (100). Anal. Calcd. for
C21H16N4O5S2 (468.51): C, 53.84; H, 3.44; N, 11.96. Found: C, 53.49;
H, 3.12; N, 12.31.

5.1.2.1.9. (Z)-4-(3-Oxo-3-(2-oxo-2H-chromen-3-yl) prop-1-
enylamino)-N-(pyridin-2-yl) benze-nesulfonamide 11. Yield, 77%;
m.p. 274.2 �C. IR: 3302, 3290 (NH), 3101 (arom.), 2931, 2889, 2819
(aliph.), 1718, 1668 (2CO), 1608 (CN), 1386, 1184 (SO2). 1H-NMR: 6.5,
6.9 [2d, 2H, CH]CH, J ¼ 8.6 Hz], 7.0e8.5 [m, 12H, AreH], 8.7 [s, 1H,
CH chromene], 10.5 [s, 1H, SO2NH], 12.0 [s, 1H, NH]. 13C-NMR: 98.1,
108.4, 112.7 (2), 115.7 (2), 116.6, 124.7, 128.9 (2), 129.1 (3), 137.0 (2),
144.8, 145.4, 147.6, 154.3 (2), 155.7 (2), 184.7. MS m/z (%): 447 (Mþ)
(11.32), 231 (100). Anal. Calcd. for C23H17N3O5S (447.46): C, 61.74; H,
3.83; N, 9.39. Found: C, 61.38; H, 4.13; N, 9.10.

5.1.2.1.10. (Z)-4-(3-Oxo-3-(2-oxo-2H-chromen-3-yl) prop-1-
enylamino)-N-(pyrimidin-2-yl)-benzenesulfonamide 12. Yield, 80%;
m.p. 279.9 �C. IR: 3410, 3261 (NH), 3080 (arom.), 2941, 2872 (aliph.),
1716, 1653 (2CO), 1608 (CN), 1338, 1163 (SO2). 1H-NMR: 6.0, 6.8 [2d,
2H, CH]CH, J ¼ 8.4 Hz], 6.9e8.5 [m, 11H, AreH], 8.7 [s, 1H, CH
chromene], 10.4 [s, 1H, SO2NH], 12.0 [s, 1H, NH]. 13C-NMR: 95.2,
112.6 (2), 115.9 (2), 116.7, 125.7 (2), 130.1 (2), 130.2 (2), 133.7, 144.1,
145.8, 153.5 (2), 157.7 (2), 158.7, 173.7, 182.6. MS m/z (%): 448 (Mþ)
(5.72), 157 (100). Anal. Calcd. for C22H16N4O5S (448.45): C, 58.92; H,
3.60; N, 12.49. Found: C, 58.57; H, 3.93; N, 12.18.

5.1.2.1.11. (Z)-N-(4-Methylpyrimidin-2-yl)-4-(3-oxo-3-(2-oxo-
2H-chromen-3-yl) prop-1-enyla-mino) benzenesulfonamide 13.
Yield, 92%; m.p. 241.5 �C. IR: 3481, 3376 (NH), 3037 (arom.), 2912,
2876 (aliph.), 1718, 1654 (2CO), 1596 (CN), 1370, 1186 (SO2). 1H-
NMR: 2.3 [s, 3H, CH3], 6.6, 6.8 [2d, 2H, CH]CH, J ¼ 8.5 Hz], 6.9e8.5
[m, 10H, AreH], 8.7 [s, 1H, CH chromene], 10.5 [s, 1H, SO2NH], 12.0
[s, 1H, NH]. 13C-NMR: 23.8, 104.0, 112.4, 115.2 (2), 116.4, 119.1, 125.2,
126.5, 127.6, 128.7, 130.3 (2), 134.0, 145.0, 146.9, 153.4, 154.6 (2),
157.4, 168.4, 172.5 (2). MS m/z (%): 462 (Mþ) (8.47), 107 (100). Anal.
Calcd. for C23H18N4O5S (462.48): C, 59.73; H, 3.92; N, 12.11. Found:
C, 59.44; H, 4.30; N, 12.46.

5.1.2.1.12. (Z)-N-(4,6-Dimethylpyrimidin-2-yl)-4-(3-oxo-3-(2-
oxo-2H-chromen-3-yl) prop-1-enylamino) benzenesulfonamide 14.
Yield, 88%; m.p. 185.3 �C. IR: 3421, 3296, (NH), 3100 (arom.), 2966,
2851 (aliph.), 1718, 1700 (2CO), 1597 (CN), 1381, 1159 (SO2). 1H-
NMR: 2.2 [s, 6H, 2CH3], 6.5, 6.8 [2d, 2H, CH]CH, J¼ 8.5 Hz], 6.9e8.0
[m, 9H, AreH], 8.5 [s, 1H, CH chromene], 10.4 [s, 1H, SO2NH], 12.0 [s,
1H, NH]. 13C-NMR: 21.5 (2), 103.8, 112.3, 114.0 (2), 115.1, 116.4, 125.2,
126.4, 127.3, 128.9, 130.4 (2), 133.8, 144.4, 146.0, 154.6, 154.7, 156.7,
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167.8 (2), 172.5 (2). MS m/z (%): 476 (Mþ) (9.17), 121 (100). Anal.
Calcd. for C24H20N4O5S (476.50): C, 60.49; H, 4.23; N, 11.76. Found:
C, 60.14; H, 5.51; N, 11.41.

5.1.2.1.13. (Z)-N-(2,6-Dimethylpyrimidin-2-yl)-4-(3-oxo-3-(2-
oxo-2H-chromen-3-yl) prop-1-enylamino) benzenesulfonamide 15.
Yield, 82%; m.p. 215.1 �C. IR: 3409, 3372 (NH), 3090 (arom.), 2923,
2839 (aliph.), 1718, 1684 (2CO), 1610 (CN), 1371, 1187 (SO2). 1H-
NMR: 2.2, 2.3 [s, 6H, 2CH3], 6.5, 6.9 [2d, 2H, CH]CH, J ¼ 8.6 Hz],
7.1e8.5 [m, 9H, AreH], 8.7 [s, 1H, CH chromene], 10.4 [s, 1H, SO2NH],
12.0 [s, 1H, NH]. 13C-NMR: 19.0, 21.5, 95.3, 105.7, 115.5 (2), 116.4,
119.1, 127.6 (2), 129.1 (2), 130.5 (2), 131.8, 147.2 (2), 154.6 (2), 159.3
(2), 159.6, 166.7, 172.7. MSm/z (%): MSm/z (%): 476 (Mþ) (11.32), 106
(100). Anal. Calcd. for C24H20N4O5S (476.50): C, 60.49; H, 4.23; N,
11.76. Found: C, 60.85; H, 3.97; N, 12.12.

5.1.2.1.14. (Z)-N-(5-Methoxypyrimidin-2-yl)-4-(3-oxo-3-(2-oxo-
2H-chromen-3-yl) prop-1-enyl-amino) benzenesulfonamide 16.
Yield, 84%; m.p. 255.9 �C. IR: 3419, 3216, (NH), 3031 (arom.), 2909,
2801 (aliph.), 1718, 1654 (2CO), 1610 (CN), 1334, 1152 (SO2). 1H-
NMR: 3.8 [s, 3H, OCH3], 6.6, 6.9 [2d, 2H, CH]CH, J¼ 8.4 Hz], 7.0e8.5
[m, 10H, AreH], 8.6 [s, 1H, CH chromene], 10.4 [s, 1H, SO2NH], 12.0
[s, 1H, NH]. 13C-NMR: 56.7, 104.0, 112.6 (2), 115.5, 119.1, 125.2, 126.5,
127.9, 128.4, 129.8 (2), 133.6, 144.5 (2), 144.9, 145.1, 146.0, 151.3,
154.6, 159.3 (2), 172.5. MSm/z (%): 478 (Mþ) (16.07), 142 (100). Anal.
Calcd. for C23H18N4O6S (478.48): C, 57.73; H, 3.79; N,11.71. Found: C,
57.46; H, 4.07; N, 12.05.

5.1.2.1.15. (Z)-N-(2,6-Dimethoxypyrimidin-4-yl)-4-(3-oxo-3-(2-
oxo-2H-chromen-3-yl) prop-1-enylamino) benzenesulfonamide 17.
Yield, 80%; m.p. 215.0 �C. IR: 3421, 3219 (NH), 3100 (arom.), 2941,
2870 (aliph.), 1710, 1654 (2CO), 1609 (CN), 1380, 1164 (SO2). 1H-
NMR: 3.77, 3.79 [2s, 6H, 2OCH3], 5.9 [s, 1H, CH pyrimidine], 6.2, 6.8
[2d, 2H, CH]CH, J ¼ 8.4 Hz], 6.9e8.6 [m, 8H, AreH], 8.7 [s, 1H, CH
chromene], 10.6 [s, 1H, SO2NH], 11.9 [s, 1H, NH]. 13C-NMR: 55.0,
56.5, 85.0, 98.7, 109.9 (2), 115.7, 116.9, 125.1, 126.3, 128.1, 129.6, 130.7
(2), 133.9, 144.2, 146.0, 150.8, 154.6, 158.8, 159.2, 164.7, 172.5, 192.5.
MS m/z (%): 508 (Mþ) (13.57), 153 (100). Anal. Calcd. for
C24H20N4O7S (508.50): C, 56.69; H, 3.96; N, 11.02. Found: C, 56.36;
H, 3.65; N, 11.34.

5.1.2.1.16. (Z)-N-(5,6-Dimethoxypyrimidin-4-yl)-4-(3-oxo-3-(2-
oxo-2H-chromen-3-yl) prop-1-enylamino) benzenesulfonamide 18.
Yield, 78%; m.p. 209.9 �C. IR: 3356, 3212 (NH), 3078 (arom.), 2951,
2836 (aliph.), 1718, 1646 (2CO), 1593 (CN), 1340, 1161 (SO2). 1H-
NMR: 3.7, 3. 9 [2s, 6H, 2OCH3], 6.5, 6.9 [2d, 2H, CH]CH, J ¼ 8.6 Hz],
7.1e8.5 [m, 9H, AreH], 8.6 [s, 1H, CH chromene], 10.6 [s, 1H, SO2NH],
12.0 [s, 1H, NH]. 13C-NMR: 54.4, 60.6, 98.6, 115.4 (2), 116.4, 118.9,
125.1, 126.4, 127.7, 129.9, 130.5 (2), 130.8, 133.9, 144.0, 146.9, 150.9,
154.6, 154.7, 158.9, 159.3, 162.0, 184.6. MSm/z (%): 508 (Mþ) (11.22),
151 (100). Anal. Calcd. for C24H20N4O7S (508.50): C, 56.69; H, 3.96;
N, 11. 02. Found: C, 56.92; H, 4.32; N, 11.28.

5.1.2.1.17. (Z)-N-(1H-Indazol-6-yl)-4- (3-oxo-3-(2-oxo-2H-chro-
men-3-yl) prop-1-enylamino) be-nzenesulfonamide 19. Yield, 81%;
m.p.198.7 �C. IR: 3367, 3317 (NH), 3100 (arom.), 2944, 2861 (aliph.),
1718, 1653 (2CO), 1609 (CN), 1388, 1154 (SO2). 1H-NMR: 6.5, 6.8 [2d,
2H, CH]CH, J ¼ 8.5 Hz], 6.9e7.9 [m, 11H, AreH], 8.1 [s, 1H, CH
indazole], 8.5 [s, 1H, CH chromene], 10.3 [s, 1H, SO2NH], 11.9 [s, 1H,
NH], 12.9 [s, 1H, NH indazole], 13C-NMR: 88.6, 100.4, 104.1, 115.3 (2),
115.8, 116.4, 117.0, 119.1, 120.2, 125.1, 126.4, 127.8, 128.4, 130.8 (2),
133.8, 140.6, 144.0, 145.0, 146.9, 154.6, 154.7, 158.9, 185.5. MS m/z
(%): 486 (Mþ) (4.88), 169 (100). Anal. Calcd. for C25H18N4O5S
(486.50): C, 61.72; H, 3.73; N, 11. 52. Found: C, 61.43; H, 4.01; N,
11.90.

5.1.2.1.18. (Z)-4-(3-Oxo-3-(2-oxo-2H-chromen-3-yl) prop-1-
enylamino)-N-(quinoxalin-2-yl) benzenesulfonamide 20. Yield,
78%; m.p. 250.0 �C. IR: 3408, 3250 (NH), 3069 (arom.), 2961, 2844
(aliph.), 1729, 1639 (2CO), 1609 (CN), 1351, 1161 (SO2). 1H-NMR: 6.4,
6.9 [2d, 2H, CH]CH, J ¼ 8.5 Hz], 7.2e8.5 [m, 13H, AreH], 8.6 [s, 1H,
CH chromene], 10.5 [s, 1H, SO2NH], 11.9 [s, 1H, NH]. 13C-NMR: 98.6,
112.7 (2), 115.5, 118.9, 125.1, 126.3, 127.3, 129.1 (2), 130.1 (2), 130.5,
130.7 (2), 133.1, 134.3, 134.8, 138.1, 144.2, 146.0, 154.6, 154.8, 159.2,
172.5, 184.5. MSm/z (%): 498 (Mþ) (9.76), 128 (100). Anal. Calcd. for
C26H18N4O5S (498.51): C, 62.64; H, 3.64; N, 11. 24. Found: C, 62.26;
H, 3.30; N, 10.88.

5.1.2.1.19. (Z)-3-(3-(4-(4-Aminophenylsulfonyl) phenylamino)
acryloyl)-2H-chromen-2-one 21. A mixture of 2 (1.88 g, 0.01 mol)
and dapsone (2.48 g, 0.01 mol) in absolute ethanol (10 mL) and
glacial acetic acid (5 mL) was refluxed for 11 h. The obtained solid
while hot was recrystallized from dioxane to give 21.

Yield, 75%; m.p. 249.9 �C. IR: 3431, 3413, 3396 (NH2, NH), 3079
(arom.), 2967, 2881 (aliph.), 1718, 1654 (2CO), 1363, 1181 (SO2). 1H-
NMR: 6.1, 6.8 [2d, 2H, CH]CH, J ¼ 8.6 Hz], 6.2 [s, 2H, NH2], 6.9e8.5
[m,12H, AreH], 8.6 [s, 1H, CH chromene], 10.8 [s, 1H, NH]. 13C-NMR:
91.6, 112.9 (2), 113.1 (2), 116.4, 117.6, 125.2, 128.9 (2), 130.6 (4), 131.8
(2), 136.1, 143.6, 145.8, 155.3 (3), 159.6, 172.4. MS m/z (%): 446 (Mþ)
(2.98), 92 (100). Anal. Calcd. for C24H18N2O5S (446.48): C, 64.56; H,
4.06; N, 6.27. Found: C, 64.31; H, 4.38; N, 6.00.

5.1.2.1.20. (2Z,20Z)-3,30-(4,40-sulfonylbis(4,1-phenylene)bis(azane-
diyl))bis(4-(3-oxo-3-(2-oxo-2H-chromen-3-yl)prop-2-en-1-one 22.
A mixture of 2 (3.76 g, 0.02 mol) and dapson (2.48 g, 0.01 mol) in
absolute ethanol (10 mL) and glacial acetic acid (5 mL) was refluxed
for 12 h. The obtained solid while hot was recrystallized from acetic
acid to give 22.

Yield, 73%; m.p. 221.6 �C. IR: 3421, 3366 (NH), 3091 (arom.),
2964, 2871 (aliph.), 1718, 1636 (4CO), 1361, 1181 (SO2). 1HNMR: 6.2,
6.6 [2d, 4H, 2CH]CH, J¼ 8.5 Hz], 6.9e8.5 [m,16H, AreH], 8.7 [s, 2H,
2CH chromene], 10.9 [s, 2H, 2NH]. 13C NMR: 96.7 (2), 112.8 (4), 116.4
(2), 118.6 (2), 125.6 (2), 126.7 (4), 130.6 (4), 133.7 (2), 134.2 (2), 141.6
(2),144.7 (2),151.4 (2),153.6 (2),159.6 (2),172.5 (2). MSm/z (%): 644
(Mþ) (37.19), 303 (100). Anal. Calcd. for C36H24N2O8S (644.65): C,
67.07; H, 3.75; N, 4.35. Found: C, 67.38; H, 3.41; N, 4.04.

5.2. Biological evaluation

5.2.1. In-vitro anticancer evaluation
The cytotoxic activity in vitro of the novel synthesized com-

pounds was measured in T47D breast cancer cells and 184A1
normal breast cells using the sulforhodamine B stain (SRB) assay
and the method of Skehan et al. [19]. The human breast cancer cell
line T47D (obtained from National Cancer Institute, Cairo, Egypt)
and the 184A1 normal breast cells (obtained from VACSERA, Cairo,
Egypt) were maintained at 37 �C in 5% CO2 as sub confluent
monolayers in 80 cm3 culture flasks (Nunclon) and were subculture
once or twice weekly in RPMI 1640 (Invitrogen/Life Technologies)
supplemented with 10% heat inactivated fetal bovine serum FBS
(Hyclone), and 1% penicillin-streptomycin-amphoterecin-B. Pas-
sage levels were in the range of 5e20 according to the original
receipt. Cells were harvested from exponential phase cultures by
trypsinisation, counted and plated in 96-well flat bottomed
microliter plates (Greiner Labortechnik, Germany) (100 mL cell
suspension containing 104 cells per well). Following plating and a
24-h recovery to allow cells to resume exponential growth, 100 mL
culture medium or culture medium containing the drug was added
to the wells. Test compounds were dissolved in DMSO as a
0.1 mol L�1 stock solution (the final concentration of DMSO in
culture medium was less than 0.1%) and diluted with phosphate
buffered saline (PBS) to from 10 mmol L�1 stock solution. Different
concentrations of each test compound (5, 12, 25 and 50 mmol L�1)
were added to the cell monolayer. Triplicate wells were prepared
for each individual dose. Monolayer cells were incubated with the
compound(s) for 48 h at 37 �C and in an atmosphere of 5% CO2.
Forty eight hours after drug addition, cells were fixed with 50%
trichloroacetic acid at 4 �C (50 mL/well) for 1 h, washed with 1%
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acetic acid and stained for 30 min with 50 mL of 0.4% (m/V) SRB
dissolved in 1% acetic acid. Excess unbound dye was removed by
four washes with 1% acetic acid and attached stain was recovered
with Tris-EDTA buffer. Color intensity was measured using an
enzyme-linked immunosorbent assay ELISA reader. Optical density
was read at 540 nm [19]. The relation between the surviving frac-
tion and drug concentration was plotted to get the survival curve
for the breast cancer cell line (T47D) after specified time and the
dose-response curves were analyzed using the Emax model (Eq. (1))
[23]

% Cell viability ¼ ð100� RÞ �
 
1� ½D�m

Km
d þ ½D�m

!
þ R (1)

Where R is the residual unaffected fraction (resistance fraction); [D]
is the drug concentration used, Kd is the drug concentration that
produces 50% reduction of the maximum inhibition rate, and m is a
Hill-type coefficient. IC50 was defined as the drug concentration
that produces 50% reduction in the color intensity compared to that
of the control (i.e., Kd ¼ IC50 when R ¼ 0 and Emax ¼ 100 � R). The
results are shown in Table 1.

5.2.2. Effect of the synthesized compounds on aromatase activity
T47D cells were cultured using RPMI 1640 (Invitrogen/Life

Technologies) supplemented with 10% FBS (Hyclone), and 1%
penicillin-streptomycin. The aromatase activity was tested using
Aromatase (Cytochrome P450 19A1) human ELISA Kit (Biovision,
Milpitas, CA 95035, USA) (Catalog #K3599-100). The cells were
seeded at a density (1.2e1.8 � 10,000 cells/well) in a volume of
100 ml complete growth medium þ100 mL of the tested compound
per well in a 96-well plate for 24 h before the enzyme assay for
aromatase according to the manufacturer's instructions.

5.2.3. Determination of the aromatase IC50
T47D cells were treated with serial dilutions of the selected

potent compounds for 24 h and then the aromatase activity was
determined using Aromatase (Cytochrome P450 19A1) human
ELISA Kit (Biovision, Milpitas, CA 95035, USA) (Catalog #K3599-
100) according to the manufacturer's instructions.

5.2.4. Determination of the active caspase-3
To determine the effect of the synthesized compounds on

apoptosis, the active caspase-3 level was measured by using
Quantikine -Human active Caspase-3 Immunoassay (R&D Systems,
Inc. Minneapolis, USA) according to the manufacturer protocol.
Briefly, after washing the cells with PBS, the cells were collected
and lysed by adding it to the extraction buffer containing protease
inhibitors (1 mL per 1 � 107 cells) then the lysate was diluted
immediately prior to the assay. At the end of the assay the optical
density of each well was determined within 30 min using a
microplate reader set at 450 nm.

5.2.5. Determination of caspase-8 & caspase-9
Cells were grown in RPMI 1640 containing 10% fetal bovine

serum at 37 �C, stimulated with the compounds to be tested for
caspases 8 & 9, using human caspase-8 ELISA kit (EIA-4863) and
human caspase-9 ELISA kit DRG® Caspase-9 (EIA-4860) (DRG In-
ternational Inc., USA). Cells were lysed with cell extraction buffer.
This lysate was diluted in standard diluent buffer over the range of
the assay and measured for human caspase-8 & caspase-9 content,
separately. For each assay the cells were plated in a density of
1.2e1.8 � 10,000 cells/well in a volume of 100 ml complete growth
medium þ100 mL of the tested compound per well in a 96-well
plate for 48 h before the enzyme assay for caspase-8 & 9
according to the manufacturer's protocol. Finally, the absorbance of
each microwell was read using a microplate reader set at 450 nm.

5.2.6. RNA extraction, real time PCR analysis and quantification of
gene expression

The gene expression of Bax, Bcl-2, Bcl-xl was assessed by total
RNA extraction from cells using RNeasy Mini Kit® (Qiagen Inc.
Valencia, CA, USA). cDNA library was constructed from different
treatments using High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA). The archived cDNA libraries
were then subjected to quantitative real time PCR reactions [24]
using cyber green fluorophore (Fermentas Inc., Glen Burnie, MD,
USA). Primer sequences for each gene were as follows: Bcl-2 for-
ward primer GGG-TAC-GAT-AAC-CGG-GAG-AT and reverse primer
CTG-AAG-AGC-TCC-TCC-ACC-AC; Bax forward primer TCT-GAC-
GGC-AAC-TTC-AAC-TG and reverse primer TGG-GTG-TCC-CAA-
AGT-AGG-AG; Bcl-xl forward primer GGC GGA TTT GAA TCT CTT
TCT C and reverse primer TTA TAA TAG GGA TGG GCT CAA CC;
GAPDH was used as reference housekeeping gene with forward
primer TGC-ACC-ACC-AAC-TGC-TTA-G and reverse primer GAT-
GCA-GGG-ATG-ATG-TTC [21].

5.2.7. Analysis of cell cycle distribution
To determine the effect of compounds 8 & 16 on the cell cycle

distribution T47D cell line; cell cycle analysis was performed using
the CycleTEST™ PLUS DNA Reagent Kit (Becton Dickinson Immu-
nocytometry Systems, San Jose, California, USA). Control cells with
known DNA content (PBMCs) were used as a reference point for
determining the DI (DNA Index) for the test samples. The cells were
stained with propodium iodide stain following the procedure
provided by the kit and then run on the DNA cytometer. Cell cycle
distribution was calculated using CELLQUEST software (Becton
Dickinson Immunocytometry Systems, San Jose, California, USA).

5.3. Molecular docking

Molecular docking was performed to elucidate interactions of
investigated compounds toward its target protein namely the
aromatase enzyme. Initially, the crystal structure of the human
placental aromatase (cytochrome P450, member 19A1) co-
crystallized with the androstanedione (ASD) substrate was
retrieved from the Protein Data Bank (PDB ID: 3EQM). Docking
study was performed using Accelerys software (Discovery Studio
2.5) in the computer drug design lab in pharmaceutical chemistry
department, faculty of pharmacy, Ain Shams University. The protein
was prepared for docking process according to the standard protein
preparation procedure integrated in Accelry's discovery studio 2.5
and prepared by prepares protein protocol. Androstandione, lead
compound (hit 1) and our ligands were drawn as a database and
prepared by prepare ligand protocol to generate 3D structure and
refined using CHARMM force field with full potential. Docking
simulations were run using CDOCKER protocol where maximum
bad orientations was 800 and orientation vdW energy threshold
was 300. Simulated annealing simulationwould be then carried out
consisting of a heating phase 700 K with 2000 steps and a cooling
phase back to 5000 steps. The binding energy was calculated as a
score to rank the docking poses. The top 10 docking poses would
were finally saved. Docking poses were ranked according to their
CDOCKER interaction energy, and the top pose was chosen for
analysis of interactions for each compound.
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