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This report presents the development of a novel and primary model of sulfonamide compounds encompassing a
chromene azo motif with the intent of becoming applicable for drug candidates in the cases of drug-resistant
pathogens. The novel molecules (7a-n) have been synthesized via a two-step reaction. First, 4-((2, 4-dihy-
droxyphenyl)diazenyl)benzenesulfonamide (3a-e) were obtained through the reaction of their corresponding
diazotized 4-aminobenzenesulfonamides (1a—e) with resorcinol, followed by the heterocyclization of 3a-e with

arylidenemalononitriles (6a-d). Upon structural identification, the newly synthesized compounds were eval-
uated for their antibacterial and antifungal activities. Moreover, their cytotoxic screening was performed against
three cancer cell lines: HCT-116, HepG-2, and MCF-7. Further examinations were comprised of the inhibitory
effect analyses of the novel sulfonamide/chromene derivatives against the HDAC classes and the Tubulin
polymerization in order to discern the prime antitumor drug candidates.

1. Introduction

Drug resistance is a decisive threat to global public health and re-
presents a challenge to a wide range of disciplines, including; resistance
mechanisms, infection control, virulence genes, and drug design [1,2].
Two of the most common prevalent cases of drug resistance are in the
antimicrobial and antitumor pathogens. The development of anti-
microbial resistance has become a major problem in healthcare, which
arises mainly from the overuse and misuse of antibiotics that enhances
the manipulative properties of bacteria. In general, the deceptive me-
chanism of bacteria could be achieved through the neutralization of the
antibiotic or the alteration of their outer structure that prevents the
antibiotic’s abilities. Therefore, the treatment of infections provides
more obstacles as bacteria continues to evolve and as a lack of progress
in developing new antibiotics persists [1,2].

Additionally, in the cancer diagnoses research, drug resistance is
one of the greatest difficulties that causes failure in tumor treatment, a

recurrence of the disease, or even the death of a patient. Resistance to
drugs can be present during diagnosis or it can develop after the
treatment of the tumor. However, the development of new medication
continues to offer hope to prohibit the resistance capabilities of the
tumor cell lines [3-5].

Recently, the development of new materials with interesting bio-
logical activities is a major target to overcome the resistance toward the
present drugs. Chromene molecules are one of the most demanded
compounds that are recognized as one type of ‘privileged medicinal
scaffolds’ due to their unique pharmacological and biological activities
[6-13]. Derivatives of these molecules exhibit tremendous medicinal
behaviors such as antimicrobial and antifungal [12,14-16], anti-
proliferation [9-11,13,17-19], antioxidant [6,20], antispasmolytic,
estrogenic [21], antileishmanial [22], hypotensive [8], vascular-dis-
rupting activity [23], and blood platelet antiaggregating effects [24]. In
addition, these molecules have been used in the enhancement of cog-
nitive functions for the treatment of neurodegenerative symptom [25],
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as well as treating Alzheimer’s disease [26] and Schizophrenia disorder
[27]. Moreover, the incorporation of a suitable heterocyclic moiety
such as chromene derivatives with an azo linkage increases their
medicinal performance for particular usage as antibacterial [28,29],
antimicrobial [30,31], antioxidant [32], and other useful chemother-
apeutic agents [33].

Additionally, molecules containing sulfonamide moieties, sulfa
drugs, have been acknowledged for their remarkable medicinal and
biological applications [34-41]. Moreover, researchers have ex-
tensively employed sulfa drugs in infection treatments, particularly for
patients intolerant to antibiotics. The broad spectrum of the sulfona-
mide’s activities against Gram-positive and Gram-negative bacteria
arises from their capacity to hinder the production process of the folic
acid in the bacterial cells, subsequently, triggering their death. The
implementations of sulfonamide molecules encompass an assortment of
assays, including: antibacterial, antifungal, antitumor agents, antic-
onvulsants and protease inhibitors, carbonic anhydrase inhibitors,
diuretics, hypoglycemic agents, thyroid inhibitors, and HDAC inhibitors
[34-41]. In this report, our foremost passion is to create a new class of
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drug-like candidates, established from the merging of the 4H-chromene,
azo, and sulfonamide moieties as proposed in Fig. 1. The aforesaid
design was propositioned for synthesis due to the beneficial facets as
anticancer agents, resulting from the sulphonamide functionality as a
privileged motif binding to the HDAC target. The antimicrobial and
cytotoxicity effects of these novel materials have been exploited as well
as their in vitro HDACs inhibitory activity.

2. Results and discussions
2.1. Chemistry

2.1.1. Synthesis and characterization

It is established that the high reactivity of resorcinol is primarily
associated with the location of these two hydroxyl groups in the ben-
zene ring. As far as the reactivity of resorcinol is concerned, the hy-
drogen atoms adjacent to the hydroxyl groups, namely at carbon atoms
2, 4, and 6, are particularly reactive. The hydrogen atom located at the
5-position of the resorcinol molecule is basically non-reactive and,
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Fig. 1. The design of novel chromene linked to sulfonamide moiety.
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Scheme 1. Synthesis of 4-((2, 4-dihydroxyphenyl)diazenyl)benzenesulfonamide 3a—e.

therefore, does not take part in any chemical reactions under normal
reaction conditions [42]. A series of 4-((2, 4-dihydroxyphenyl)diazenyl)
benzenesulfonamide (3a—e) were synthesized in good yields by the
coupling of diazotized 4-aminobenzenesulfonamides (la-e) with re-
sorcinol in the presence of 10% sodium hydroxide. The diazotization
was carried out in the presence of nitrosyl chloride at 0-5 °C, Scheme 1.

The structures of the synthesized compounds 3a-e were established
on the basis of their analytical and spectral data. The infrared spectra of
compounds 3a-e displayed absorption band at 1597-1627 cm ™%,
which is a characteristic of the azo group (N=N) in addition to the
absorption of the hydroxyl, amino, imino, and sulfone moieties. The
representative '"H NMR spectrum of compound 3a (DMSO-dg) presented
singlet signals at § 7.45 and 12.19 ppm, assigned to the NH, and OH
protons, respectively, which is exchangeable with the D,O. A pair of
doublets at § 6.54 and 7.69 ppm and a singlet at 6.38 ppm was assigned
to the aromatic protons of the phenolic ring with the broad singlet at §
8.03 ppm attributable to the aromatic protons of the benzene sulfona-
mide. The mass spectrum of compound 3d revealed a molecular ion
peak at m/z 376 (2.76%), corresponding to the molecular formula
C15H12N404S5. The base peak was discovered to be at m/z 92 (100%),
which is a characteristic of the C¢HsNH moiety.

The reactivity of the nucleaphilic molecules, 4-((2, 4-dihydrox-
yphenyl)diazenyl)benzenesulfonamide (3a-e), towards the electro-
philic arylidenemalononitriles (6a—-d) was investigated. The reaction of
compounds 3a-e with benzaldehyde derivatives (4a-d) and
Malononitrile (5) in ethanol at a reflux temperature in the presence of a
catalytic amount of piperidine furnished the respective 4-((2-amino-3-
cyano-4-aryl-7-hydroxy-4-aryl-4H-chromen-6-yl)diazenyl] benzene-
sulfonamides (7a-n) in quantitative yields, Scheme 2.

The structure of the chromene derivative 7a, as a representative
example, was established based on the foundation of its spectral data.
The IR spectra showed the stretching vibration bands at 3439, 2190,
and 1589 cm ™! for (OH), (CN), and (N=N), respectively. Furthermore,
the (NH,) group divulged a resonance of a pair of bands at 3357 and
3203cm™'. The 'H NMR exhibited singlet signals at § 4.77 and
12.01 ppm for the CH-pyran at the 4-position and the (OH) group, re-
spectively [12]. Moreover, a broad signal at § 7.05 ppm was attributed
to the amino protons while the multiple signals at § 6.80, 7.12-7.20,
7.22-7.33, and 7.76 ppm was attributed to the aromatic protons of the

phenyl group at the 4-position in the pyran ring, while, the two
doublets at § 8.02 & 8.14 ppm to the aromatic sulfonamide protons.
Additionally, the '>*C NMR spectra revealed a characteristic signal at §
28.51 ppm, which corresponds to the C-4 of the pyran ring [12].

A plausible mechanism for the formation of the novel chromene
derivatives 7a-n was illustrated in Scheme 3. The proposed strategy
produces the suggestion that the deprotonation of the 4-((2, 4-dihy-
droxyphenyl)diazenyl)benzenesulfonamide (3a—-e) with piperidine
generated the aniones 4a-e that can, subsequently, perform the Mi-
chael addition with the arylidenemalononitriles 5a—d to give the non-
isolable Michael adducts 6a-m, which underwent spontaneous cycli-
zation to afford the chromene skeletons 7a-n.

2.1.2. UV-vis study

The UV-visible study of the sulfa containing azo chromophores
3a-e and their chromene counterparts’ 7a-n was performed in a DMF
solvent in order to discover their wavelength maximum (A\.x) values.
The obtained data, as presented in Table 1, revealed that the formation
of the chromene azo sulfa derivatives, in majority of cases, did not alter
the Anax values of their azo precursors due to the non-conjugated
system of the chromene sulfa moieties. All the sulfa azo chromophores
and their chromene analogues portrayed An.x values in the range of
387-445 nm.

2.2. Biological screening

2.2.1. Antimicrobial screening

All the newly synthesized compounds (3a—e) and (7a-n) and their
precursors (1la—e) were screened for their antibacterial, antifungal, and
antimycobacterium activities via the agar diffusion well method [35]
while the inhibition zones and the minimum inhibitory concentrations
(MIC) were determined by the serial dilution method [36]. It is im-
perative to cite that the microbial activities of compounds 1 and 3 have
been evaluated in order to derive a comparison between the activity of
the chromene molecules containing azo sulfonamide and their pre-
cursor, which consequently clarify the role of the chromene moieties in
this class of activity. The activity of the synthesized compounds was
tested against four Gram-positive bacteria, including Streptococcus
pneumoniae (RCMB 010010), Bacillus subtilisC(RCMB 010067),
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Scheme 2. Synthesis of chromene derivatives 7a-n.

Staphylococcus aureus (RCMB 000106), and Methicillin-Resistant Sta-
phylococcus aureus (MRSA 2658 RCMB); three Gram-negative bacteria,
including Pseudomonas aeruginosa (RCMB 010043), Escherichia coli
(RCMB 010052), and Salmonella typhimurium (RCMB 000106); and four
fungi, including Aspergillus fumigatus (RCMB 02568), Syncephalas-
trumracemosum (RCMB 05922), Geotricumcandidum (RCMB 05097), and

Candida albicans (RCMB 05036), with a Mycobacterium tuberculosis
strain (RCMB 010094-8). Ampicillin, Ciprofloxacin, Amphotericin B,
and Vancomycin were exploited as control drugs. The observed anti-
microbial data of the target compounds and the reference drugs: the
inhibition zone (IZ) and the minimum inhibitory concentrations (MIC)
are given in Tables 2 and 3 and presented in Figs. 2 and 3. The data
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Scheme 3. Proposed mechanism for the formation of Chromene derivaties 7a-n.
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Table 1
UV-vis study of the new azosulfonamide bearing chromenes 7a-n and their precursors 3a-e.
(I? (”) Ar
RHN— O’N:N RHN_ﬁ N=N CN
HO OH HO 0} NH,
3a-e 7a-n
Compound R Ar Amax (nm)
3a H— 396
7a H— CeHs 395
7b H— CeH4F-4 398
3b (H) 400
H;C—C—
7c Q C¢H4CH,-4 398
H,C—C—
7d 9 CoH F-4 390
H;C—C—
7e ‘T\) CgH4Cl-2 397
H;C—C—
3c / 400
HN=G
NH
7f / CeHs 394
H,N-C
NH
78 CoH,F-4 387
HN-C
NH
7h / CgH4Cl-2 388
HN-C
NH
3d thiazol-2-yl 398
7i thiazol-2-yl CeH4CHs-4 390
7j thiazol-2-yl CeH,F-4 392
7k thiazol-2-yl CeH4Cl-2 392
3e 3-methyl-isoxazol-5-yl 401
71 3-methyl-isoxazol-5-yl CeH4CHs-4 445
7m 3-methyl-isoxazol-5-yl CgH4F-4 398
7n 3-methyl-isoxazol-5-yl CeH,Cl-2 396

disclosed that most of the tested compounds exhibited appreciable
bacterial and fungal inhibition in comparison to the reference drugs. In
general, the synthesized compounds were more active against the
Gram-negative bacteria, displaying an IZ value of more than 20. Among
the synthesized compounds, 7e-j were found to be more effective
against E. coli, with the IZ values ranging from 21 to 24 mm and the
MIC values from 0.49 to 3.9 pg/ml. Meanwhile, compounds 7e-g and
7j were discovered to be more active against S.T with IZ values of
22-26 mm. In the case of the antibacterial activity against the Gram-
positive bacteria, most of the novel compounds were found to be
comparable in activity to the reference drugs, MIC ranging from 3.9 to
0.49 pg/mlL. In particular, 7 g exhibited mild inhibitory activity to-
wards MRSA, IZ = 21.3mm and MIC = 3.9 pg/mL. Through in-depth
analyses of the novel derivatives, it was detected that the aromatic
substituents possessed an impact on the inhibitory activities of the
synthesized chromene azosulfonamide derivatives. For instance, the
most potent antimicrobial compounds 7e-g had a 2-chloro substituent
with terminal amino or acetyl groups, which assures the incidence of
broad activity against a wild bacterial range. Additionally, the combi-
nation of the halogen substituent with the heterocyclic aromatic sys-
tems of 3-methylisoxazolyl stemmed an accepted range of their anti-
microbial effects. Overall, the chromene fragments with the different
aryl or heteroaryl substituents revealed significant antimicrobial be-
havior. Moreover, the desired compounds were moderately or slightly
more active against the examined fungal species. Thus, our investiga-
tion of the antimicrobial activity of the novel derivatives displayed
more potency than the reference drugs against the Gram-negative
bacteria and mild activity towards the Gram positive, fungi, and the

mycobacterium strain.

2.2.2. Cytotoxic screening

The in vitro cytotoxic activity was performed, utilizing the MTT
assay [39] against three human carcinoma cell lines: human colon
carcinoma (HCT-116), human hepatocellular carcinoma (HepG-2),
human breast adenocarcinoma (MCF-7) cell lines. Doxorubicin was
used as a positive control, which has high cytotoxicity. The inhibitory
effects of compounds 1a—-e, 3a-e, and 7a-n on the growth of the three
cell lines are described in Table 4 and Fig. 4. As mentioned previously,
the cytotoxic activities of compounds 1 and 3 have been appraised in
order to derive a comparison between the activity of the chromene
molecules containing azo sulfonamide and their precursors, which
consequently elucidate the performance of the chromene moieties in
this class of activity. The sulfa compound class la-e exhibited less
potency as cell growth inhibitors. As anticipated, the inhibitory beha-
vior was increased by the 10-fold effect via the incorporation of the azo
moieties in compounds 3a—e. Moreover, the combination of the chro-
mene motifs into these derivatives enhanced the potent cytotoxicity
when evaluated against the reference drugs. Within the evaluation of
the azo/chromene-based sulfa molecules, it was discerned that the 4-
aryl substituents demonstrate more activity than their 2-postioned
analogues and the non-substituted rings. Hence, the 4-fluro divulged
the highest potent antiproliferative effect linked to the azo derivatives
of the sulfaisoxazole moiety, followed by the 4-methyl derivative of the
chromene compounds of the sulfacetamide structure, Fig. 4.

The cytotoxic effects of compounds on colon, breast, and liver cell
lines, following the exposure to different concentrations of the target
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Table 2

Antimicrobial activity of the synthetic compounds (Inhibition Zone, 1Z, diameter (mm)) (1 mg/mL in DMSO).
Compounds Gm + ve Gm-ve Fungi

S.P B.S S.A MRSA P.A E.C S.T AF S.R G.C CA

la NA 16.3 18.2 NA NA 17.8 18.9 15.2 17.3 19.3 NA
1b 20.4 26.8 19.2 19.2 17.6 21.6 24.3 22.4 NA 24.3 19.3
lc 17.1 19.3 16.2 NA NA 18.3 20.4 15.7 NA 18.1 14.2
1d 18.6 20.1 17.2 NA NA 16.4 19.8 13.2 12.3 15.6 NA
le 18.3 22.3 16.1 NA 14.3 19.6 21.6 18.3 NA 20.2 14.3
3a NA 22.3 25.6 NA NA 21.8 22.9 21.3 23.2 24.4 NA
3b 21.6 23.4 20.6 21.2 NA 21.4 24.2 22.3 21.4 24.6 NA
3c 21.5 23.2 20.1 NA NA 20.8 23.4 19.3 NA 21.6 20.8
3d 20.4 22.6 19.8 21.3 NA 19.3 21.8 21.3 20.8 21.6 NA
3e 19.3 21.3 23.3 14.6 NA 20.3 23.4 18.3 20.1 22.4 NA
7a NA 20.1 21.3 NA NA 19.4 21.2 16.3 18.4 19.9 NA
7b NA 18.1 20.3 NA NA 18.6 20.4 19.3 19.9 21.2 NA
7c 19.8 22.7 19.6 NA NA 21.2 23.2 20.6 21.2 22.1 NA
7d 17.6 19.2 17.3 NA NA 16.2 18.1 18.6 20.1 20.6 NA
7e 16.3 18.2 16.4 NA NA 15.2 15.8 17.3 19.4 20.1 NA
7f 18.9 20.1 21.3 18.3 NA 19.1 20.9 17.2 NA 19.1 16.6
78 18.3 19.6 18.4 NA NA 18.9 20.5 16.3 NA 18.6 16.1
7h 22.3 23.9 20.8 20.1 NA 189 20.5 20.8 NA 22.3 21.8
7i 19.2 20.9 17.2 NA NA 17.1 18.3 17.6 16.8 19.1 NA
7] 17.3 19.2 16.4 NA NA 14.6 17.3 15.2 14.6 15.9 NA
7k 17.9 20.1 16.9 NA NA 15.6 18.3 16.2 14.9 16.2 NA
71 16.4 16.9 17.2 NA NA 16.2 19.1 14.6 16.2 16.9 NA
7m 18.6 19.3 21.2 15.4 NA 19.3 21.6 17.6 19.2 21.1 NA
7n 20.4 21.7 23.8 18.4 NA 21.1 23.6 20.3 22.1 23.4 NA
Ampicillin 23.8 32.4 26.2 - - - - - - - -
ciprofloxacin - - - - 17.3 19.9 22.3 - - - -
Amphotericin B - - - - - - - 23.7 19.7 28.7 25.4
Vancomycine - - - 20.3 - - - - - - -

Mean zone of inhibition in mm from at least three experiments; (NA) means no activity.

Table 3

The antimicrobial activity of the synthetic compounds (Minimum inhibitory concentration, MIC, pg/mL).
Compounds Gm + ve Gm-ve Fungi

S.p B.S S.A MRSA PA E.C S.T AF S.R G.C CA

1b 3.9 0.49 3.9 3.9 15.63 1.95 0.49 0.98 NA 0.49 3.9
3a NA 0.98 0.49 NA NA 0.98 0.98 0.98 0.98 0.49 NA
3b 0.98 0.98 3.9 1.95 NA 1.95 0.49 0.98 1.95 0.49 NA
3c 1.95 0.98 3.9 NA NA 1.95 0.98 3.9 NA 1.95 1.95
3d 3.9 0.98 3.9 1.95 NA 3.9 0.98 1.95 1.95 0.98 NA
3e 3.9 1.95 0.98 32.5 NA 3.9 0.98 7.81 3.9 0.98 NA
7b NA 7.81 3.9 NA NA 3.9 3.9 3.9 3.9 1.95 NA
7c 3.9 0.98 3.9 NA NA 1.95 0.98 1.95 1.95 0.98 NA
7f 3.9 3.9 1.95 7.81 NA 3.9 1.95 15.63 NA 3.9 15.63
78 0.98 0.49 1.95 3.9 NA 0.98 0.49 1.95 NA 0.98 0.98
7n 3.9 0.98 0.49 7.81 NA 1.95 0.49 3.9 0.98 0.98 NA
Ampicillin 0.98 0.24 0.49 - - - - - - - -
Ciprofloxacin - - - - 15.63 3.9 1.95 - - - -
Amphotericin B - - - - - - - 0.98 3.9 0.49 0.49
Vancomycine - - - 3.9 - - - - - - -

Results are mean values from at least three experiments; (NA) means no activity.

compounds, and the cell viability was assessed, using the MTT method.
Data are presented as ICsy (ug/mL) values.

2.2.3. In vitro histone deacetylase (HDACs) inhibitory activity

The selective HDAC inhibitors provide a powerful chemical tool to
dissect the individual functions of the HDAC isoforms and finally pro-
vide lead antitumor drug candidates. To assess the isoform selectivity of
the 8-ethoxy-3-nitro-2H-chromene analogues, HDAC1 and HDAC2, re-
presenting class I, and HDACS, representing class II, were used in the in
vitro inhibitory assay. Only the analogs exhibiting potent cytotoxic ef-
fects were used in the assay: 7a, 7¢, 7d, 7i, 7j, 7 1, and 7 m, in com-
parison with the referenced HDAC inhibitor Vorinostat. The ICso values
for the selected compounds that displayed relatively good inhibitory
activity toward HADCI, 2, and 8 at 10uM had been determined in

Table 4. As can be witnessed in Table 4, the chromene analogues 7d, 7i,
and 7 1 manifested inhibitory activities against HDAC1 and 2 at, mostly,
micromolar and submicromolar concentrations of 0.92-12.86 uM with
a selective tendency towards HDAC1 and 2. For example, compounds
7d had ICsq values of 1.94 and 2.53 for HDAC 1 and 2, respectively. In
contrast, the chromene analogue 7 1 displayed effective inhibitory ac-
tivity against HDAC1 over HDAC2 and HDACS. In addition, the enzyme
inhibitory activities of the most desired compounds were well-corre-
lated with their antiproliferative activities. Compounds 7a, 7¢, 7d, 7i,
7j, 71, and 7 m with stronger antiproliferative activities also exerted
higher inhibitory activities against the HDACs.

The perceptible rationale behind compound 7d exhibiting non-se-
lectivity against HDAC1 and 2 is attributable to the electron-with-
drawing substituents on the aryl moieties, acetyl and 4-fluro. In
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contrast, the derivatives 7i and 7 m with a 4-CH; substituent as an
electron-donating group, accompanied by the heteroaryl, thiazol, and
oxazole moieties, presented selectivity tendencies towards HDACI only.
Considering the obtained biological data, we could preliminarily arrive
at the conclusion that some target compounds might be potent HDAC
enzyme inhibitors. Thus, they assemble promising lead compounds for
the development of novel anti-tumor drugs that can potentially alter the
disease state via inhibiting HDACs.

2.2.4. Tubulin inhibitory effect screening
Microtubule-targeting agents affect microtubule functions and

S.R
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Fig. 2. Inhibition zone values (IZ) are reported for
systematic compound comparisons. The values are
color-coded, according to the following scheme: red
23-33, yellow 18-22, green < 15, and grey (not
tested). The color bars mark the matrix positions of
the compounds in a particular bacteria type: gm
+ve, gm —ve, fungi, and MRSA.

G.C
C.A

Fig. 3. Minimum inhibitory concentration values
(MIC). The values are color-coded, according to the
following scheme: spectrum colors; violet to yellow
to green 6-10, blue to violet 14-17, and red > 5,
with the grey color indicating missing data. The
color bars mark the matrix positions of the com-
pounds in a particular bacteria type: Gram positive,
Gram negative, fungi, and MRSA.

S.R
G.C
C.A

hinder the mitosis process, resulting in necrosis and apoptosis.
Throughout our investigation, we delve into the influence of two
chosen derivatives on the Tubulin polymerization, using the HCT-116
cancer cell line. The data exhibited a moderate effect on the inhibition
of the Tubulin polymerization in comparison to Colchicine, reported in
Table 5. As witnessed from the table, the derivative 7c¢ with an electron-
donating substituent (4-CH3) demonstrated more activity in the selec-
tive comparison with 7d with an electron-withdrawing group (4-F) for
the inhibition of the Tubulin polymerization. The intention of selecting
7c and 7d for this evaluation was as they are prime instances of se-
lectivity and non-selectivity against the HDAC behavior, which is
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Table 4
Cytotoxicity of the chromene derivatives against the three cancer cell lines.
. H N //o n /,o
R™ S RS H o
o Ar N /7 N_/
N Z ° N RO S
[~ T < ST
HO 0" "NH, HO OH NH,
7a-n 3a-e 1a-e
Compounds R Ar 1Cso (M)
HCT-116 MCEF-7 HepG-2
la H - 93.5 143.43 256.1
1b COCH3 - 113.4 105.9 90.6
lc NH,—C=(NH)— - 97.1 104.5 204.9
1d Thiazol-2-yl - 79.9 81.8 89.3
le 3-methyl-isoxazol-5-yl 67.1 67.1 84.5
3a H - 39.5 40.2 60.7
3b COCH3 - 235 24.6 26.1
3c NH,—C=(NH)— - 62.0 55.2 89.7
3d Thiazol-2-yl - 58.2 58.4 75.4
3e 3-methyl-isoxazol-5-yl - 48.1 42.7 51.8
7a H CeHs 43 1.8 9.7
7b H CeH4F-4 11.8 9.6 10.1
7c COCH3 CeH4CH3-4 8.3 5.6 9.8
7d COCH3 CeH4F-4 5.4 5.7 5.3
7e COCH, CeH4Cl-2 11.8 17.9 15.1
7f NH,—C=(NH)— CeHs 39.8 37.2 45.3
7g NH,—C—(NH)— CeH4Cl-2 10.3 13.0 10.4
7h NH,—C=(NH)— CoH F-4 5.3 10.3 4.4
7i Thiazol-2-yl CeH4CH3-4 10.6 9.5 11.3
7] Thiazol-2-yl CecH4F-4 5.5 4.7 5.5
7k Thiazol-2-yl CeH,4Cl-2 14.8 189 13.4
71 3-methyl-isoxazol-5-yl Ce¢H4CHs-4 4.8 8.6 4.7
7m 3-methyl-isoxazol-5-yl CegH,4F-4 3.4 2.2 1.7
7n 3-methyl-isoxazol-5-yl CeH4Cl-2 12.6 13.0 8.9
Doxorubicin - 1.6 1.9 2.2
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Fig. 4. Invitro cytotoxic activity. The ICs, values of the target compounds were introduced in the bar shape for the comparison of the effect of the aryl substitution on
the chromene derivatives versus the reference drug.
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Table 5
The inhibitory effect analyses of chromene derivatives against the HDAC classes
and the Tubulin polymerization.

Compounds Inhibitory activity
HDAC (ICsp, pM) Tubulin polymerization
Class I Class II
HDAC1 HDAC2 HDACS8 HCT-116 (uM) Inhibition %
7a 3.82 4.74 7.2 - -
7c 7.18 4.4 > 10 7.18 92.44
7d 1.94 2.53 9.5 8.84 87.12
7i 1.36 3.64 > 10 - -
7] 3.82 1.2 > 10 - -
71 0.92 12.86 > 100 - -
7m 7.18 5.01 6.5 - -
Vorinostat 0.82 0.93 1.98 - -
Colchicine - - - 0.16 86.3

Data are presented as average ICso (M) values for at least three experiments.
perceptible from the HDAC activity panel.
2.3. Docking studies of 7d, 7i, and 7 m into the HDAC2 enzyme

To further investigate the interactions between these compounds
and the HDACs, we performed the docking simulations, using the MOE
Suite. Following the ligand preparation, the compounds were docked
into the binding pockets in the HDAC2 isoform as an example of class I
HDAGs. As shown in Fig. 5A (PDB ID: 4LY132) [46], the docking si-
mulations suggested that the chromene compounds 7d, 7i, and 7 m
interact with the active site in a fashion similar to the benzamide ligand
observed in the reported crystal structure of the HDAC 2 (PDB ID:
41LX7Z), Fig. 5. Firstly, the docking pose of the benzamide ligand in the
complex with HDAC2, Fig. 5A, consists of a long, narrow tunnel,
leading to a cavity that contains the catalytic Zn>* ion, which is pen-
tacoordinated with Asp181, His183, and Asp269 as well as with the
carbonyl oxygen and the NH, of the benzamide. In addition to the si-
multaneous bidentate chelate formation with Zn?™, there is also a hy-
drogen bonding interaction with His145, Asp181, and Tyr308 through
its benzamide NH and NH, fragments. According to the detailed in-
teraction analyses reported in Table 6, the active derivatives 7d, 7i and
7 m chelate mainly to the Zn?>* ion through its sulfonamide group by
dual metal interactions. In addition, these molecules experienced in-
teresting hydrogen bonding interactions with three important amino
acid residues Tyr308, Glyl54, and His146 through the NH and SO,
fragments by a 1.5-3.1 A distance range. Moreover, the aryl chromene
moiety forms a m-w interaction with certain aromatic amino acids:
Pro211, Phel55, Phe210, Leu276, and Tyr209, with the p-position
substituents (F and Methyl) that might play an important role in in-
creasing their binding affinity for the HDAC2 enzyme. This interaction
analyses represented the role of the aryl substitution in HDAC se-
lectivity and might be responsible for their antiproliferative effects.

The data reported in the table are extracted from MOE program
showing the corresponding amino acids residues in enzyme pocket,
corresponding fragments of ligands, interaction distances, types of in-
teraction, and their binding energy to selected drugs.

3. Conclusion

This research depicts a breakthrough of a novel series of azosulfo-
namides bearing 4H-chromenes, which were designed, synthesized, and
evaluated for their inhibitory activity against the HCT-116, MCF-7, and
HepG-2 cell lines. The incorporation of the chromene moieties into the
azosulfonamide molecules instigated a substantial triumph in their
cytotoxicity evaluation against their corresponding precursors.
Furthermore, some of these 4H-chromene/sulfonamide derivatives
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displayed potent antiproliferative activities and were more potent to-
wards the examined tumor cell lines in comparison to the Doxorubicin
reference drug. Additionally, certain mechanisms were explored such as
the HDAC inhibitory analyses, which established the existence of the
submicromolar inhibitory concentrations against the HDAC 1 and 2
subtypes. In order to gain insight into the inhibition procedure of the
HDAC enzymes and to verify the ligand-binding interactions, the blind
docking protocol was adopted. The application of the sulfa drugs as
both a zinc binding group (ZBG) and internal cavity motifs, attached to
the chromene substructure, demonstrated high potential as potent an-
ticancer molecules, mediated through the selective HDAC inhibition. To
broaden our comprehensive study, we administrated assessments for
the novel derivatives’ antibacterial, antifungal, and antimycobacterium
activities, which illustrated palpable bacterial and fungal inhibition
when employing an evaluation against the reference drugs.

4. Experimental
4.1. Chemistry

The starting reagents and solvents were purchased from the Aldrich
chemical company and were used as received. The melting points were
determined with a Mel-Temp apparatus and are uncorrected. All the
new compounds were characterized by the 'H NMR and 'C NMR, using
Varian Gemini NMR spectrometer (Varian, Inc., Palo Alto, CA)
(300 MHz, internal standard: tetramethylsilane), and 'H NMR
(400 MHz), '3C NMR (100 MHz) and '°C DEPT at 135° and '°F NMR
spectra on a Gemini 200 NMR spectrometer, and were measured in
DMSO-dg at room temperature. The chemical shifts (§) were reported in
ppm to a scale calibrated for tetramethylsilane (TMS), which is used as
an internal standard. The IR spectra (KBr pellets) were recorded using a
FTIR Bruker Vector 22 spectrophotometer (Bruker Corp., Billerica, MA)
(v max in cm ™ 1) at the Microanalytical Center, Faculty of Science, Cairo
University. The mass spectra were determined on a Shimadzu GC/MS-
QP5050A spectrometer. Elemental analysis was carried out at the
Regional Center for Mycology and Biotechnology (RCMP), Al-Azhar
University, Cairo, Egypt and the results were within = 0.25%. The
follow up of the reactions and the check of the purity of the compounds
were made by the TLC on silica gel-protected aluminum sheets (Type 60
GF254, Merck), and the spots were detected by exposure to a UV-lamp
at A 254 nm for a few seconds.

4.1.1. General procedure for the synthesis of 4-((2,4-dihydroxyphenyl)
diazenyl)benzenesulfonamide (3a—e)

4-Aminobenzenesulfonamide(la-e) (10 mmol) was suspended in
water (50 mL). HCI (10 mL, 36.5%) was added dropwise to this solution
with stirring. The mixture was gradually heated up to 70 °C till a clear
solution was obtained. The solution was cooled to 0-5 °C in an ice bath.
A sodium nitrite solution (0.5g in 5mL H,0) was then added over a
period of 5 min with stirring. Resorcinol (1.1 g, 10 mmol) was dissolved
in 10% of the NaOH solution and kept at 0-5°C. Subsequently, the
diazonium salt solution was added with the occasional slow stirring to
the resorcinol solution for 15-30 min. After acidification, the formed
precipitate was filtered, dried, and recrystallized from absolute ethanol
to give the pure products 3a-e.

4-((2, 4-dihydroxyphenyl)diazenyl)benzenesulfonamide (3a)

Yellow crystals (87%), m.p. 130 °C; IR (KBr) cm ™ Opax 3518 (OH),
3401, 3180 (NH,), 1627 (N=N), 1328, 1156 (S=0); 'H NMR (DMSO-
de, ppm) &8: 1.95 (2H, s, NH, D,O exchangeable),6.38 (1H, s, Ar-H),
6.65 (2H, d, J = 7 Hz, Ar-H), 7.45 (1H, s, OH, D,0, exchangeable) 7.68
(2H, d, J = 7 Hz, Ar-H), 7.97 (3H, m, Ar-H), 12.18 (1H, s, NH, D,O
exchangeable); '*C NMR (DMSO-ds, ppm) & 104.2, 107.5, 122.1,
124.4,126.3, 131.2, 140.5, 153.1, 154.6, 160.1 (Ar-C). MS (m/z), 293;
Anal. Calcd; for C;5H;1N304S: %C: 49.14, %H: 3.78; %N: 14.33. Found:
%C: 49.10, %H: 3.64; %N: 14.41.

N-((-4- [(2,4-dihydroxyphenyl)

diazenyl)phenyl)  sulfonyl)
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D)

Fig. 5. Docking modes of active compounds in the binding pocket of HDAC2. Interactions between the protein (PDB ID: 4LY1), the ligands of compound 7d, 7i, 7m,
and the benzamide inhibitor are shown as dotted lines; the zinc ion as a black ion; the residues as colored codes as presented in the software; and the ligands as black
line models. (A) Predicted binding mode of benzamide inhibitor with HDAC2. (B) Predicted binding mode of 7d with HDAC2. (C) Predicted binding mode of 7i with
HDAC2. (D) Predicted binding mode of 7m with HDAC2.

acetamide (3b) exchangeable), 6.35 (1H, d, J = 7.1 Hz, Ar-H), 6.50 (1H, d, Ar-H), 6.72

Red crystals (84%), m.p. 150 °C; IR (KBr) cm ™ Umax 3480 (OH), (1H, s,Ar-H), 7.66 (1H, d, J = 7.1 Hz, Ar-H), 7.97 (2H, d, J = 8.4 Hz,
3250 (NH), 1625(C=0), 1597 (N=N), 1308, 1142 (S=0); 'H NMR  Ar-H), 8.12 (2H, d, J = 8.4Hz, Ar-H), 10.6 (1H, s, OH, D,O ex-
(DMSO-dg, ppm) &: 2.25 (3H, s, CHj), 6.20 (1H, s, OH, D,O changeable), 12.30 (1H, s, NH, D,O exchangeable); *C NMR (DMSO-

10
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Table 6
Description of the docking data of selected target compounds.

Bioorganic Chemistry 92 (2019) 103262

Comp. Fragment Target residues(distance, A) Interaction Binding energy (dG)
7d Acetyl C=0 Zn + 2 (Asp269, Asp181, His183), 1.92, 2.03, 2.05 Coordination bonding —16.5
Tyr308, 2.74
Sulphonamide- SO2 Tyr308, 2.74 Hydrogen bonding
His146, 2.65 Hydrogen bonding
Sulphonamide- NH Gly154, 1.85 Hydrogen bonding
Sulphonamide- Benzene Phe210, Phel55, , Tyr308 Hydrophobic interaction
Chromene Asp104, Pro211, Glu208 Hydrophobic
7i Thiazole Phel55, Met35 Hydrophobic
Sulphonamide- SO2 Zn + 2 (Asp269, Asp181, His183), 1.92, 2.03, 2.05 Coordination bonding —-16.4
His146, 3.11 Hydrogen bonding
Tyr308, 2.57
Sulphonamide- NH Asp269, 2.05 Hydrogen bonding
Sulphonamide- Benzene His183, Leu276 Aromatic stacking
Chromene Pro211, Phe210, Tyr209 Hydrophobic
71 Isoxazole Leul44, Cys156, Gly306 Hydrophobic —15.6
Sulphonamide- SO2 Zn + 2 (Asp269, Asp181, His183), 1.92, 2.03, 2.05 Coordination bonding
His146 , 2.41 Hydrogen bonding
Tyr308, 2.28
Sulphonamide- Benzene His183, Phel55, Phe210 Aromatic stacking
Chromene Asp104, Glyl154, Leu276 Hydrophobic
Benzamide Benzamide ring His183, Tyr308, Phel55 Aromatic stacking —-14.5

Benzamide C=0
Aniline NH2 Tyr308, 2.69
His145, 2.83
Asp181, 2.85
His185, 3.7

Thiophene His146, Phel55, Leul44

Zn + 2 (Asp269, Asp181), 3.19, 2.69

Coordination bonding
Hydrogen bonding
Hydrogen bonding
Hydrogen bonding
Hydrogen bonding
Hydrophobic interaction

de, ppm) &: 16.2 (CH3), 104.1, 107.3, 122.6, 124.5, 126.2, 130.2, 140.3,
156.5, 152.1, 160.5 (Ar-C), 170.10 (C=0). MS (m/z), 335; Anal. Calcd;
for C;14H;3N305S: %C: 50.14, %H: 3.91; %N: 12.53. Found: %C: 65.23,
%H: 3.82; %N: 12.63.

N-carbamimidoyl-4-((2,4-dihydroxyphenyl) diazenyl) benze-
nesulfonamide (3c¢)

Orange crystals (92%), m.p. 136 °C; IR (KBr) em ™ v 3594,
3436, 3338 (OH, NH, NH,), 1626 (N=N), 1340, 1132 (5=0); '"H NMR
(DMSO-dg, ppm) 8: 6.41 (1H, bs, Ar-H), 6.55 (1H, d, J = 7.1 Hz, Ar-H),
6.89 (2H, bs, NH,), 7.69 (1H, d, J = 7.1 Hz, Ar-H), 7.93 (4H, bs, Ar-H),
9.80 (1H, s, OH, D,0 exchangeable), 10.6 (1H, s, NH, D,O exchange-
able), 12.80 (1H, s, NH, D,O exchangeable); 13C NMR (DMSO-dg, ppm)
§:103.0, 109.6, 121.7, 126.9, 129.6, 132.1, 144.1, 152.5, 157.2, 157.9
(Ar-C), 163.9 (C=N). *C NMR-DEPT (135°) §: 102.8, 109.4, 121.5,
126.5, 126.7, 129.4 for ArCH’s. MS (m/z), 335; Anal. Calcd; for
C13H13N504S: %C: 46.56, %H: 3.91; %N: 20.88. Found: %C: 46.63, %H:
3.73; %N: 20.90.

4-((2,4-Dihydroxyphenyl) diazenyl)-N-(thiazol-2-yl) benzene-
sulfonamide (3d)

Orange crystals (89%), m.p. 133 °C; IR (KBr) cm ™ vax 3447 (OH),
3150 (NH), 1623 (N=N), 1326, 1142 (S=0); 'H NMR (DMSO-ds, ppm)
8. 6.38 (1H, s, ArH), 6.52 (1H, d, J = 7.1 Hz, Ar-H), 6.84(1H, d, Ar-H),
7.25 (1H, d, J = 8 Hz, thiazol-H), 7.68 (1H, d, J = 8 Hz, thiazole-H),
7.94 (4H, bs, Ar-H), 9.46 (1H, s, OH, D,0O exchangeable), 12.27 (1H, bs,
NH, DO exchangeable); *C NMR (DMSO-de, ppm) &: 102.9, 108.2,
109.5, 121.7, 124.3, 126.9, 129.2, 132.6, 142.4, 152.4, 157.3, 163.9,
168.8 (Ar-C); '3C NMR-DEPT (135°) &: 102.6, 108.0, 109.3, 121.5,
124.1, 126.7, 128.9 for ArCH’s. MS (m/z), 376; Anal. Calcd; for
C15H15N404S5: %C: 47.86, %H: 3.21; %N: 14.88. Found: %C: 47.70, %
H: 3.34; %N: 14.78.

4-((2,4-Dihydroxyphenyl)diazenyl)-N-(3-methylisoxazol-5-y1)
benzenesulfonamide (3e)

Red crystals (82%), m.p. 153 °C; IR (KBr) cm ™l vy 3422 (OH),
3150 (NH), 1616 (N=N), 1346, 1154 (S=0); "H NMR (DMSO-ds, ppm)
§: 2.30 (3H, s, CHs), 6.17 (1H, s, ArH), 6.30 (1H, d, J = 7.1 Hz, Ar-H),
6.50(1H, d, Ar-H), 6.39 (1H, s, isoxazole-H), 7.67 (1H, d, J = 7.1 Hz,
Ar-H), 8.01 (4H, bs, Ar-H), 10.70 (1H, s, OH, D,0 exchangeable), 11.50
(1H, s, NH, D,0O exchangeable); 12.1 (1H, bs, NH, D,O exchangeable);
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13C¢ NMR (DMSO-dg, ppm) 6: 11.98(CHs), 95.4, 103.0, 109.8, 122.1,
128.2, 128.9, 132.9, 139.3, 153.5, 157.3, 157.9, 164.4 (Ar-C). 3C
NMR-DEPT (135°) §: 95.2, 102.7, 109.6, 121.9, 127.8, 128.6 for
ArCH’s. MS (m/z), 374; Anal. Calcd; for C;6H;4N405S: %C: 51.33, %H:
3.77; %N: 14.97. Found: %C: 51.30, %H: 3.82; %N: 14.86.

4.1.2. General procedure for the synthesis of 4-(2-amino-3-cyano-4-aryl-7-
hydroxy-4-aryl-4H-chromen-6-yl)diazenyl] benzenesulfonamides (7a—n)

To a mixture of 4-((2, 4-dihydroxyphenyl)diazenyl)benzenesulfo-
namide (3a-e) (10mmol) and arylidenemalononitriles (5a-d)
(10 mmol) in 20 mL ethanol, a few drops of piperidine was added. The
reaction mixture was refluxed for 1 h. After cooling, the precipitate was
filtered, washed with water, and recrystallized from the appropriate
solvent to yield the pure products 7a-n.

4-((2-Amino-3-cyano-7-hydroxy-4-phenyl-4H-chromen-6-yl)
diazenyl) benzenesulfonamide (7a)

Brown crystals (86%), m.p. 165°C (EtOH); IR (KBr) em ™Y Opax
3439 (OH), 3357, 3203 (NH,), 2190 (CN), 1589 (N=N), 1341, 1152
(S=0); 'H NMR (DMSO-dg, ppm) &: 4.77 (1H, s, pyran-H), 6.80 (1H, d,
Ar-H), 7.05 (2H, bs, NH,, D,0 exchangeable), 7.18-7.20 (2H, m, Ar-H),
7.22-7.33 (2H, m, Ar-H),7.76 (1H, d, Ar-H), 8.02 (2H, d, Ar-H), 8.14
(2H, d, Ar-H), 11.97 (1H, s, NH, D0 exchangeable); 1*C NMR (DMSO-
ds, ppm) 8: 28.5 (pyran-CH), 60.1, 104.1, 116.1 (CN), 123.1, 124.5,
125.2, 126.0, 128.1, 129.0, 129.3, 132.3, 140.1, 142.1, 148.2, 154.2,
160.1, 170.5 (Ar-C + pyran-C2 & pyran-C3). MS (m/z), 447; Anal
Calcd; for C55H;7N504S: %C: 59.05, %H: 3.83; %N: 15.65. Found: %C:
59.15, %H: 3.63; %N: 14.53.

4-((2-Amino-3-cyano-7-hydroxy-4-(4-fluorophenyl)-4H-
chromen-6- yl) diazenyl) benzene sulfonamide (7b)

Brown crystals (83%), m.p. 210°C (EtOH); IR (KBr) cm ™ vy
3495 (OH), 3355, 3180 (NH,), 2193 (CN), 1604 (N=N), 1340, 1153
(S=0); 'H NMR (DMSO-ds, ppm) &: 4.80 (1H, s, pyran-H), 6.81 (1H, d,
Ar-H), 7.07-7.26 (4H, m, Ar-H and NH,; D,0 exchangeable), 7.94 (2H,
d, J = 7Hz, Ar-H), 8.02 (2H, d, J = 7 Hz, Ar-H), 8.02 (2H, d, J = 7 Hz,
Ar-H), 11.97 (1H, s, NH, D,0 exchangeable); *C NMR (DMSO-ds, ppm)
8: 29.0 (pyran-CH), 59.1, 105.1, 115.1, 116.0, 117.1 (CN), 123.2,
124.1, 124.6, 130.2, 133.9, 137.1, 140.5, 148.1, 154.1, 159.2, 160.3,
177.1 (Ar-C + pyran-C2 & pyran-C3). MS (m/z), 465; Anal. Calcd; for
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Cy2H16FN504S: %C: 56.77, %H: 3.46; %N: 15.05. Found: %C: 56.67, %
H: 3.32; %N: 15.10.

N-4-((2-amino-3-cyano-7-hydroxy-4-(p-tolyl)-4H-chromen-6-yl)
diazenyl)phenyl)sulfonyl) acetamide (7c)

Orange crystals (83%), m.p. 155°C (EtOH); IR (KBr) cm ™Y Opax
3490 (OH), 3350, 3150 (NH,), 2217 (CN), 1723 (C=0), 1598 (N=N),
1367, 1143 (S=0); "H NMR (DMSO-ds, ppm) &: 2.18 (3H, s, COCH,),
2.38 (3H, s, Ar-CH3), 5.06 (1H, s, pyran-H), 6.84 (1H, s, Ar-H), 6.99
(1H, d, Ar-H), 7.05 (2H, d, Ar-H), 7.19(1H, S, NH), 7.39 (2H, d, Ar-H),
7.93(2H, d, Ar-H), 8.33(1H, s, Ar-H), 8.05(1H, s, NH, D,O exchange-
able), 12.13 (1H, s, NH (Hydrazo), D,O exchangeable); '*C NMR
(DMSO-ds, ppm) &: 16.1 (CH;), 21.1 (CHs), 30.1 (pyran-CH), 59.5,
105.1, 116.0 (CN), 121.9, 124.2, 124.5, 125.3, 128.1, 129.6, 134.1,
134.3, 138.5, 140.3, 150.1, 154.1, 160.1, 172.5 (Ar-C + pyran-C2 &
pyran-C3), 176.4 (C=0). MS (m/z), 503; Anal. Calcd; for Co5H51N5OsS:
%C: 59.63, %H: 4.20; %N: 13.91. Found: %C: 59.52, %H: 4.37; %N:
13.97.

N-4-((2-amino-3-cyano-4-(4-fluorophenyl)-7-hydroxy-4H-
chromen-6-yl)diazenyl) phenylsulfonyl) acetamide (7d)

Orange crystals (85%), m.p. 162 °C (EtOH); IR (KBr) cm ™% vpax
3412 (OH), 3316, 3188 (NH,), 2192 (CN), 1700 (C=0), 1604 (N=N),
1314, 1138 (S=0); 'H NMR (DMSO-dg, ppm) 6: 2.16 (3H, s, CH3CO),
4.77 (1H, s, pyran-H), 6.39 (1H, s, Ar-H), 6.72 (1H, s, Ar-H), 6.73 (2H,
d, Ar-H), 7.08-7.22(4H, m, Ar-H and NH,), 7.74(2H, d, Ar-H), 7.96
(2H, d, Ar-H), 8.00 (2H, d, Ar-H), *C NMR (DMSO-ds, ppm) &: 21.1
(CH3), 30.0 (pyran-CH), 58.8, 105.1, 115.1, 116.0 (CN), 123.1, 124.1,
124.6, 125.2, 128.1, 130.2, 134.2, 138.4, 140.1, 150.3, 155.3, 160.2,
173.0 (Ar-C + pyran-C2 & pyran-C3), 177.2 (C=0). MS (m/z), 507;
Anal. Caled; for Co4H,gFN505S: %C: 56.80, %H: 3.58; %N: 13.80.
Found: %C: 56.91, %H: 3.45; %N: 13.70.

N-(4-((2-amino-4-(2-chlorophenyl)-3-cyano-7-hydroxy-4H-
chromen-6-yl)diazenyl) phenylsulphonyl)acetamide (7e)

Orange crystals (80%), m.p. 177 °C (EtOH); IR (KBr) em ™ Uy
3447 (OH), 3350, 3100 (NH,), 2193 (CN), 1690 (C=0), 1598 (N=N),
1398, 1150 (S=0); 'H NMR (DMSO-de, ppm) &: 2.23 (3H, s, CH5CO),
5.29 (1H, s, pyran-H), 6.72 (1H, s, Ar-H), 6.79(1H, d, Ar-H), 7.05 (1H, s,
NH, D0 exchangeable), 7.09-7.41(4H, m, Ar-H and NH,), 7.75 (1H, d,
Ar-H), 8.08 (4H, br s, Ar-H), 11.86 (1H, s, NH, D,0 exchangeable); '°C
NMR (DMSO-ds, ppm) &: 20.4 (CH,), 30.0 (pyran-CH), 58.8, 105.0,
117.0 (CN), 123.1, 124.1, 124.6, 125.6, 127.1, 127.3, 129.2, 129.7,
133.7, 141.2, 142.0, 148.0, 154.6, 173.0 (Ar-C + pyran-C2 & pyran-
C3), 176.0 (C=0). Anal. Calcd; for Cy4H;gCIN5OsS: %C: 55.02, %H:
3.46; %N: 13.37. Found: %C: 55.23, %H: 3.56; %N: 13.26.

4-((2-Amino-3-cyano-7-hydroxy-4-phenyl-4H-chromen-6-yl)
diazenyl)-N-carbamimidoyl benzenesulfonamide (7f)

Orange crystals (88%), m.p. 156 °C (EtOH); IR (KBr) em ™Y Oy
3428 (OH), 3343, 3208 (NH,), 2190 (CN), 1589 (N=N), 1398, 1137
(S=0); 'H NMR (DMSO-de, ppm) 8: 4.78 (1H, s, pyran-H), 6.77 (2H, br,
NH,), 6.80 (1H, s, NH), 6.82 (1H, s, NH), 7.03 (2H, s, NH,), 7.22 (3H, t,
Ar-H), 7.31 (3H, t, Ar-H), 7.77 (1H, d, Ar-H), 7.9 (2H, d, Ar-H), 8.05
(2H, d, Ar-H), 11.90 (1H, s, NH); *C NMR (DMSO-ds, ppm) &: 36.3
(pyran-CH), 57.3, 108.4,112.4 (CN), 119.9, 122.5, 124.2, 126.5, 126.6,
127.0, 128.3, 134.0, 144.0, 145.8, 151.9, 152.7, 153.4, 158.0, 159.4
(Ar-C + pyran-C2 & pyran-C3). *C NMR-DEPT (135°) &: 36.0, 108.1,
122.2, 123.9, 126.2, 126.3, 126.7, 128.0 for ArCH’s. MS (m/z), 489;
Anal. Calcd; for Co3H;9N704S: %C: 56.43, %H: 3.91; %N: 20.03. Found:
%C: 56.55, %H: 3.84; %N: 20.12.

4-((2-amino-4-(2-chlorophenyl)-3-cyano-7-hydroxy-4H-
chromen-6-yl)diazenyl)-N-carbamimidoylbenzenesulfonamide
78

Orange crystals (86%), m.p. 182 °C (EtOH/Dioxane); IR (KBr) cm ™ b
Vmax 3422 (OH), 3343, 3216 (NH,), 2194 (CN), 1586 (N=N), 1398,
1139 (S=0); 'H NMR (DMSO-ds, ppm) &: 5.30 (1H, s, pyran-H), 6.78
(2H, br, NH,), 6.80 (2H, s, NH,), 7.03 (2H, s, NH,), 7.13 (1H, s, NH),
7.20-7.28(2H, m, Ar-H), 7.41 (1H, d, Ar-H), 7.77 (1H, d, Ar-H),
7.88(2H, d, Ar-H), 8.05(2H, d, Ar-H), 11.82(1H, s, NH Hydrazo); 3¢
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NMR (DMSO-ds, ppm) 8: 33.4 (pyran-CH), 55.9, 108.0, 111.3 (CN),
119.4, 122.5, 123.6, 126.5, 127.5, 128.1, 129.2, 130.0, 131.9, 134.9,
141.2, 145.7, 152.1, 153.0, 153.09, 158.0, 159.4 (Ar-C + pyran-C2 &
pyran-C3). 3C NMR-DEPT (135°) §: 33.4, 107.9, 122.3, 123.3, 126.3,
127.2,127.8, 129.0, 129.8 for ArCH’s. Anal. Calcd; for C,3H;gCIN,0,4S:
%C: 52.72, %H: 3.46; %N: 18.71. Found: %C: 52.74, %H: 3.50; %N:
18.63.

4-((2-amino-3-cyano-4-(4-fluorophenyl)-7-hydroxy-4H-
chromen-6-yl)diazenyl)-N-carbamimidoylbenzenesulfonamide
(7 h)

Orange crystals (83%), m.p. 230 °C (EtOH); IR (KBr) em ™Y Omayx
3427 (OH), 3342, 3209 (NH,), 2191 (CN), 1588 (N=N), 1399, 1139
(S=0); 'H NMR (DMSO-d, ppm) &: 4.81 (1H, s, pyran-H), 6.76 (2H, b
s, NH,), 6.79 (1H, s, Ar-H), 6.82 (1H, s, NH), 7.05 (2H, s, NH,), 7.13
(2H, t, Ar-H), 7.25 (2H, m, Ar-H), 7.77(1H, d, Ar-H), 7.89 (2H, d, Ar-H),
8.05(2H, d, Ar-H), 11.98 (1H, NH, Hydrazo); *C NMR (DMSO-ds, ppm)
é: 35.7 (pyran-CH), 57.0, 108.4, 112.2, 114.9 (CN), 115.1, 119.8,
122.5, 124.0, 126.6, 128.8, 128.9, 134.9, 141.0, 145.8, 151.9, 152.5,
153.5, 158.0, 159.3, 159.5, 162.0 (Ar-C + pyran-C2 & pyran-C3). *3C
NMR-DEPT (135°) §: 35.4, 108.1, 114.6, 114.8, 122.2, 123.8, 126.3,
128.6, 128.7 for ArCH’s. MS (m/z), 507; Anal. Calcd; for Co3H;gFN,0,4S:
%C: 54.43, %H: 3.57; %N: 19.32. Found: %C: 54.47, %H: 3.65; %N:
19.41.

4-((2-amino-3-cyano-7-hydroxy-4-p-tolyl-4H-chromen-6-yl)dia-
zenyl)-N-(thiazol-2-yl) benzenesulfonamide (71)

Orange crystals (82%), m.p. 175°C (EtOH); IR (KBr) em™ L Omax
3460 (OH), 3347, 3100 (NH5), 2192 (CN), 1586 (N=N), 1328, 1142
(S=0); 'H NMR (DMSO-dg, ppm) &: 2.23 (3H, s, Ar-CH3), 4.72 (1H, s,
pyran-H), 6.80 (1H, d, J = 8 Hz, thiazole-H), 6.84 (1H, d, J = 8 Hz,
thiazole-H), 7.0 (2H, s, NH,), 7.08 (4H, bs, Ar-H), 7.25(1H, dd, Ar-H),
7.55 (1H, dd, NH, Ar-H), 7.85 (1H, dd, NH, Ar-H), 7.93 (2H, d, Ar-H)
8.06 (2H, d, Ar-H), 8.44 (1H, S, OH), 12.07 (1H, bs, NH Hydrazo); 1°C
NMR (DMSO-dg, ppm) &: 20.5 (CH3), 36.1 (pyran-CH), 59.0, 80.0,
108.4, 108.6, 112.7 (CN), 120.0, 122.7, 126.9, 127.0, 128.9, 130.0,
135.0, 135.7, 141.9, 143.6, 145.6, 152.4, 152.8, 153.6, 159.4, 161.1,
168.8 (Ar-C + pyran-C2 & pyran-C3). *C NMR-DEPT (135°) §: 35.8,
108.1, 108.3, 122.5, 124.1, 124.2, 126.6, 126.7, 128.6, 129.8, 130.3,
161.1 for ArCH’s. MS (m/z), 544; Anal. Calcd; for CogHooNgO4Ss: %C:
57.34, %H: 3.70; %N: 15.43. Found: %C: 57.27, %H: 3.73; %N: 15.52.

4-((2-amino-3-cyano-4-(4-fluorophenyl)-7-hydroxy-4H-
chromen-6-yl)diazenyl)-N-(thiazol-2-yl) benzenesulfonamide (7j)

Orange crystals (93%), m.p. 166 °C (EtOH); IR (KBr) em ™l vy
3490 (OH), 3337, 3150 (NH,), 2192 (CN), 1603 (N=N), 1328, 1142
(S=0); 'H NMR (DMSO-ds, ppm) &: 4.80 (1H, s, pyran-H), 6.80 (1H, d,
J = 8 Hz, thiazole-H), 6.84 (1H, d, J = 8 Hz, thiazole-H), 7.07 (2H, t,
Ar-H), 7.22-7.27 (3H, m, Ar-H), 7.76 (1H, d, Ar-H), 7.93 (2H, d, Ar-H),
8.07 (2H, d, Ar-H),12.04 (1H, s, NH, hydrazo), 12.79 (1H, bs, NH); '°C
NMR (DMSO-ds, ppm) &: 35.8 (pyran-CH), 57.11, 108.45, 108.65,
112.38,115.01, 115.22, 119.94 (CN), 122.83, 124.13, 124.50, 126.93,
128.97, 129.05, 135.07, 141.1, 143.61, 152.53, 152.78, 153.76,
159.43, 162.11, 168.94 (Ar-C + pyran-C2 & pyran-C3). >C NMR-DEPT
(135°) §&: 35.57, 108.2, 108.39, 112.57, 114.76, 122.59, 123.85,
124.25, 126.68, 128.72, 128.8 for ArCH’s. MS (m/z), 548; Anal. Calcd;
for CosH17FNgO4Ss: %C: 54.74, %H: 3.12; %N: 15.32. Found: %C:
54.73, %H: 3.20; %N: 15.37.

4-((2-amino-4-(2-chlorophenyl)-3-cyano-7-hydroxy-4H-
chromen-6-yl)diazenyl)-N-(thiazol-2-yl) benzenesulfonamide (7 k)

Orange crystals (91%), m.p. 182°C (EtOH); IR (KBr) em ™Y Opax
3424 (OH), 3331, 3100 (NH,), 2188 (CN), 1589 (N=N), 1328, 1147
(S=0); 'H NMR (DMSO-ds, ppm) &: 5.30 (1H, s, pyran-H), 6.79 (1H, d,
J = 8 Hz, thiazole-H), 6.82 (1H, d, J = 8 Hz, thiazole-H), 7.03 (2H, s,
NH,), 7.12 (1H, d, Ar-H), 7.22-7.26 (3H, m, Ar-H), 7.41 (1H, d, Ar-H),
7.76 (1H, d, Ar-H), 7.91 (2H, d, Ar-H), 8.07 (2H, d, Ar-H), 11.89 (1H, s,
NH); '3C NMR (DMSO-ds, ppm) &: 33.7 (pyran-CH), 55.80, 108.3,
111.3, 119.4 (CN), 122.8, 123.4, 125.1, 126.8, 127.5, 128.2, 129.3,
130.14, 135.0, 141.9, 143.7, 152.5, 153.1, 154.0, 159.4, 168.0(Ar-
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C + pyran-C2 & pyran-C3. 'C NMR-DEPT (135°) §: 33.50, 108.12,
122.6,123.1,124.8,126.5,127.3,127.9, 129.1, 129.8 for ArCH’s. Anal.
Caled; for CosH17CINgO4S: %C: 53.14, %H: 3.03; %N: 14.87. Found:
%C: 53.27, %H: 3.12; %N: 14.89.

4-((2-Amino-3-cyano-7-hydroxy-4-(p-tolyl)-4H-chromen-6-yl)
azo] -N-(3-methyl isoxazol-2-yl) benzene sulfonamide (7 1)

Orange crystals (95%), m.p. 162°C (EtOH); IR (KBr) em ™ Oy
3420 (OH), 3366, 3150 (NH,), 2193 (CN), 1614 (N=N), 1333, 1156
(5=0); 'H NMR (DMSO-dg, ppm) &: 2.28 (3H, s, CH3), 5.29 (1H, s,
pyran-H), 6.15 (1H, s, isoxazole-H), 7.09 (2H, s, NH,), 7.13-7.72 (11H,
m, Ar-H + NH), 11.79 (1H, s, OH); '*C NMR (DMSO-de, ppm) &: 14.1
(CH3), 33.5 (pyran-CH), 60.0, 105.0, 118.0 (CN), 122.0, 124.0, 124.1,
124.5, 126.1, 126.4, 127.0, 128.5, 129.2, 129.7, 134.0,140.0, 142.0,
148.0, 150.0, 155.0, 157.0, 160.0, 176.0 (Ar-C + pyran-C2 & pyran-
C3). MS (m/z), 542; Anal. Calcd; for Co7H55NgOsS: %C: 59.77, %H:
4.09; %N: 15.49. Found: %C: 59.82, %H: 4.01; %N: 15.55.

4-((2-amino-3-cyano-4-(4-fluorophenyl)-7-hydroxy-4H-
chromen-6-yl)diazenyl)-N-(3-methyl isoxazol-2-yl) benzene sulfo-
namide (7 m)

Brown crystals (96%), m.p. 177 °C (EtOH); IR (KBr) em ™ vy
3446 (OH), 3350, 3154 (NH,), 3010 (CH aromatic), 2840 (CH ali-
phatic), 2193 (CN), 1655 (N=N), 1333, 1157 (S=0) 1167 (C-F); H
NMR (DMSO-dg, ppm) &: 2.07 (2H, s, NH,, D,O exchangeable), 2.29
(3H, s, CH3), 4.80 (1H, s, pyran-H), 6.17 (1H, s, isoxazole-H), 6.80(1H,
d, Ar-H), 7.07 (2H, bs, NH,), 7.12 (2H, d, Ar-H), 7.24, (2H, d, Ar-H),
7.75 (1H, d, Ar-H), 7.99 (2H, d, Ar-H), 11.52 (1H, s, NH), 11.94 (1H, s,
NH, Hydrazo); *C NMR (DMSO-dg, ppm) &: 11.89 (CH3), 35.84 (pyran-
CH), 56.9, 108.7, 112.4, 115.0, 115.23 (CN), 119.9, 123.1, 123.4,
128.0, 128.9, 129.07, 135.2, 140.3, 141.1, 153.0, 153.3, 154.3, 157.3,
159.4, 170.4 (Ar-C + pyran-C2 & pyran-C3). '3C NMR-DEPT (135°) §:
35.58, 95.16, 108.5, 114.76, 114.97, 122.87, 123.16, 127.7, 128.73,
128.81 for ArCH’s. °F NMR §: —116.16. MS (m/z), 546; Anal. Calcd;
for Cu6H19FNgOsS: %C: 57.14, %H: 3.50; %N: 15.38. Found: %C: 57.20,
%H: 3.61; %N: 15.45.

4-((2-amino-4-(2-chlorophenyl)-3-cyano-7-hydroxy-4H-
chromen-6-yl)diazenyl)-N-(3-methyl isoxazol-2-yl) benzenesulfo-
namide (7n)

Brown crystals (96%), m.p. 182°C (EtOH); IR (KBr) cm™': vy
3420 (OH), 3366, 3150 (NH,), 3060 (CH aromatic), 2193 (CN), 1655
(N=N), 1333, 1156 (S=0), 1083 (C-Cl); 'H NMR (DMSO-ds, ppm) §:
2.29 (3H, s, CH3), 5.30 (1H, s, pyran-H), 6.16 (1H, s, isoxazole-H), 6.79
(1H, s, Ar-H), 7.04, (2H, bs, Ar-H), 7.13 (1H, d, Ar-H), 7.21-7.26 (2H,
m, Ar-H), 7.41 (1H, d, Ar-H), 7.74 (1H, d, Ar-H), 7.97 (2H, d, Ar-H),
11.49 (1H, s, OH), 11.93 (1H, s, NH); 3C NMR (DMSO-de, ppm) §:
11.95 (CHj), 33.80 (pyran-CH), 55.8, 95.4, 108.5, 111.4, 119.4 (CN),
122.90,123.1,127.5,128.2,129.3,132.0, 135.2, 140.3, 142.01, 153.4,
154.51, 157.3, 159.4, 170.05 (Ar-C + pyran-C2 & pyran-C3). 1*C NMR-
DEPT (135°) §: 33.54, 95.2, 108.26, 122.62, 122.91, 127.34, 127.67,
127.97, 129.11, 129.91 for ArCH’s. Anal. Calcd; for Cy6H;9CINgOsS:
%C: 55.47, %H: 3.40; %N: 14.93. Found: %C: 55.51, %H: 3.57; %N:
14.75.

4.2. Biological studies

4.2.1. Antimicrobial screening

The microorganism inoculums were uniformly spread, using sterile
cotton swabs on a sterile Petri dish with malt extract agar (for fungi)
and nutrient agar (for bacteria). One hundred cubic millimeters of each
sample was added to each well (10-mm-diameter holes were cut in the
agar gel, 20 mm apart from one another). The systems were incubated
for 24-48 hr. at 37 °C (for bacteria) and at 28 °C (for fungi). After in-
cubation, the microorganism’s growth was observed. The inhibition
zones of the bacterial and fungal growth were measured in millimeters.
The tests were performed in a triplicate [35,36].
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4.2.2. Cytotoxic screening

Human colon carcinoma (HCT-116), human hepatocellular carci-
noma (HEPG-2),and human breast adenocarcinoma (MCF-7) cell lines
were obtained from the American Type Culture Collection (ATCC,
Rockville, MD). The cells were grown on RPMI-1640 medium supple-
mented with 10% inactivated fetal calf serum and 50 ug/mL genta-
mycin. The cells were maintained at 37 °C in a humidified atmosphere
with 5% CO, and were subcultured two to three times a week. Potential
cytotoxicity of the compounds was evaluated on tumor cells using the
method of Gangadevi and Muthumary [37]. The cells were grown as
monolayers in growth RPMI-1640. The monolayers of 104 cells adhered
at the bottom of the wells in a 96-well microliter plate incubated for
24 h at 37 °C in a humidified incubator with 5% CO,. The monolayers
were then washed with sterile phosphate buffered saline (0.01 M pH
7.2) and simultaneously the cells were treated with 100 uL from dif-
ferent dilutions of tested sample in fresh maintenance medium and
incubated at 37 °C. A control of untreated cells was made in the absence
of tested sample. Positive controls containing doxorubicin were also
tested as a reference drug for comparison. Six wells were used for each
concentration of the test sample. Every 24 h’ observation under the
inverted microscope was made. The number of the surviving cells was
determined by staining the cells with crystal violet [38,39] followed by
cell lysing using 33% glacial acetic acid and the absorbance read at
590 nm using a microplate reader (SunRise, TECAN, Inc, USA) through
mixing. The absorbance values from untreated cells were considered as
100% proliferation. The number of viable cells was determined using
microplate reader as previously mentioned and the percentage of via-
bility was calculated as [1-(ODt/ODc)]x100% where ODt is the mean
optical density of wells treated with the tested sample and ODc is the
mean optical density of untreated cells. The relation between surviving
cells and drug concentration wasplotted to get the survival curve of
each tumor cell line after treatment with thespecified compound. The
50% inhibitory concentration (ICsp), the concentration required to
cause toxic effects in 50% of intact cells, was estimated from graphic
plots.

4.2.3. In vitro cell-based HDACs screening

The In vitro HDACs inhibition assays were conducted as previously
described [40]. In brief, 10 pL of the enzyme solution (HDAC1, HDAC2,
and HDAC8) was mixed with different concentrations of the selected 8-
ethoxy-3-nitro-2H-chromene derivatives (50 puL), positive drug control
SAHA and MS275, using 100% and none of the HDACs groups as
control groups, and the mixture. After incubation at 37 °C for 10 min,
the fluorogenic substrate Ac-Leu-GlyLys(Ac)-AMC (40 pL) was added
and then the mixture was incubated at 37 °C for 30 min. The reaction
was quenched with 100 L of the stop buffer, containing trypsin and
TSA. After incubation at 37 °C for 20 min, the fluorescence intensity was
measured, using a microplate reader at the excitation and emission
wavelengths of 390 and 460 nm, respectively. The inhibition ratios
were calculated from the fluorescence intensity readings of the tested
wells relative to those of the control wells. In the IC50 determination,
each compound was tested at 8 concentrations, starting from 10 p M
with a 3-fold-dilution in a singlet. The IC50 values were calculated,
using a regression analysis of the concentration/inhibition data [40].

4.2.4. Tubulin polymerization assay

The HCT-116 cell line was obtained from the American Type
Culture Collection; they were cultured, using DMEM (Invitrogen/Life
Technologies) and supplemented with 10% of FBS (Hyclone), 10 pu g/
mL of insulin (Sigma), and 1% of penicillin—streptomycin. The plate
cells (cells density 1.2-1.8 x 10,000 cells/well) in a volume of 100u 1
complete growth medium and 100u 1 of the tested compound per well
in a 96-well plate for 18-24 h before the enzyme assay for Tubulin. The
microtiter plate provided in this kit has been pre-coated with an anti-
body specific to TUBb. The standards or samples were then added to the
appropriate microtiter plate wells with a biotin-conjugated antibody
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specific to TUBb. Next, the Avidin conjugated to Horseradish
Peroxidase (HRP) was added to each microplate well and incubated.
After the TMB substrate solution was added, only those wells that
contained TUBb, a biotin-conjugated antibody and enzyme-conjugated
Avidin, exhibited a change in color. The enzyme-substrate reaction is
terminated by the addition of the sulphuric acid solution, and the color
change is measured spectrophotometrically at a wavelength of
450nm = 10nm. The concentration of TUBbD in the samples is then
determined by comparing the O.D. of the samples to the standard curve.
[41-43]

4.3. Molecular modeling

The newly synthesized compounds were docked into the HDAC 2
isoform as an example of the class I HDACs crystal structure of (PDB
ID: 4LXZ). The AutoDock 3.0 [44] and the MOE software [45] were
used for all the docking calculations. The AutoDock Tools [44] package
was employed to generate the docking input files and to analyze the
docking results. A grid box size of 90 X 90 X 90 points with a spacing
of 0.375 A between the grid points was generated that covered almost
the entire protein surface. The ligands were fully flexibly docked. All
the non-polar hydrogens and the crystal water molecules were removed
prior to the calculations. The docking grid was centered on the mass
center of the bound benzamide drug. In each case, 100 docked struc-
tures were generated, using the genetic algorithm searches. A default
protocol was applied with an initial population of 50 randomly placed
conformations, a maximum number of 2.5 X 105 energy evaluations,
and a maximum number of 2.7 x 104 generations. A mutation rate of
0.02 and a crossover rate of 0.8 were used. The heavy atom comparison
root mean square deviations (RMSD values) were calculated, and the
initial ligand binding modes were plotted. The protein-ligand interac-
tion plots were generated, using MOE 2012.10. The quantum me-
chanical calculations and the surface molecular orbitals were generated
by the simulation module in the MOE software.
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