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Abstract: Organoselenocyanates are an interesting category of organoselenium compounds as they
usually warrant potential biological activity and give access to other selenium (Se) reactive species,
such as selenides diselenides, selenols, and seleninic acids. Twenty-three naphthalene-based
organoselenocyanates were synthesized and assessed for their potential anticancer and antimicrobial
activities. Among the synthesized compounds, 4,4'-diselanediylbis(naphthalen-1-amine) (3), 5-imino-
4-((4-selenocyanatonaphthalen-1-yl)diazenyl)-4,5-dihydro-1H-pyrazol-3-amine (5a), 5-amino-4-((4-
selenocyanatonaphthalen-1-yl)diazenyl)-2,4-dihydro-3H-pyrazol-3-one (5b) demonstrated pronounced
anti-cancer activity against the breast cancer (MCF-7) cells with minimal cytotoxicity to the primary
fibroblasts (W1-38). Moreover, 5-imino-4-((4-selenocyanatonaphthalen-1-yl)diazenyl)-4,5-dihydro-
1H-pyrazol-3-amine (5a) and 2-(naphthalen-2-yloxy)-N-(4-selenocyanatonaphthalen-1-yl)acetamide
(8) exhibited a comparable cytotoxicity to adrucil (5-FU) and showed an interesting therapeutic index
(TI) (e.g., 15 and 12, respectively). Fortunately, 4,4'-diselanediylbis(naphthalen-1-amine) (3), 5-imino-
4-((4-selenocyanatonaphthalen-1-yl)diazenyl)-4,5-dihydro-1H-pyrazol-3-amine (5a), 5-amino-4-((4-
selenocyanatonaphthalen-1-yl)diazenyl)-2,4-dihydro-3H-pyrazol-3-one (5b) manifested also potential
antimicrobial properties against Escherichia coli bacteria and Candida albicans yeast. Our results point
to selective cytotoxicity against MCF-7 cells and good antimicrobial activity for some of the
synthesized naphthalene-based organoselenocyanates and therefore considered potential drug
candidates.
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1. Introduction

Se element is a substantial micronutrient in the core of various key enzymes and
proteins, known for their antioxidant activities in the human body [1-3]. Moreover, it is crucial
for the proper immune system function and the metabolism of thyroid hormones [1,2,4]. Not
surprisingly, the progression of different diseases, such as autoimmune diseases and cancer,
have been attributed to Se deficiency [3,5,6]. On the other hand, adequate supplementation of
Se is supported in cancer chemoprevention and autoimmune disease management [3,7-9].
Moreover, the regular function of several enzymes (e.g., glutathione peroxidase, thioredoxin
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reductases, and iodothyronine deiodinases) relies on the Se redox center [4,10-12]. In general,
organoselenium compounds are more bioactive than inorganic Se compounds [1-4,6,13]. This
might be due to the superior amphiphilicity and better pharmacokinetics of organoselenium
compounds compared to the inorganic Se compounds [2,3,13-17]. Therefore, organoselenium
compounds have recently attracted the interest of medicinal chemists due to their
unprecedented pharmacological applications [14,18-21]. They manifested antioxidants,
chemopreventive, anticancer, and antiviral activities, and there is growing evidence
demonstrating the potential of these compounds as chemotherapeutic agents [2,4,15,16,22-24].
Indeed, Se compounds were also used in materials science as potential semiconductors and are
therefore implemented in supercapacitors, photocells, sodium-ion batteries, optoelectronics,
and Hqevolution catalysts [25].

Organoselenocyanates are among the most investigated organoselenium compounds

[26-31]. The selenocyanate group is not only a pharmacophore for the antitumor activity but
also a key synthon in the preparation of other organoselenium functional scaffolds such as
diselenide, selenate, and selenide [26,27,32-34]. Therefore, scientists' focus has recently been
on developing selenocyanates, which encompass good physicochemical properties
[25,26,29,30,32,35]. These compounds can metabolize to other bioactive Se metabolites such
as selenol, seleninic acid, diselenide, and selenide [27,32,36].
Ebselen (1) is among the early discovered Se-based heterocycles with antioxidant and anti-
inflammatory properties and recently reached 3 trials for various neurodegenerative disease
treatment [31]. p-Xylene selenocyanate (I1) has shown potential in vivo chemopreventive
activity against various cancer models such as lung colon and oral tumors (Figure 1) [31,37].
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Figure 1. Biologically active selenocyanates and naphthalene-containing drugs.
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Additionally, benzyl selenocyanate dietary intake has been associated with small
intestinal adenocarcinoma inhibition [31,35]. Furthermore, incorporating selenocyanate moiety
into the backbone of several bioactive compounds enhanced the compounds' overall
pharmacological activity [38,39]. For example, the selenocyanate-based compound
selenocoxib-1 (I11) has shown potential antiproliferative activity at sub-micromolar
concentrations against prostate cancer growth (Figure 1) [38]. Similarly, the aspirin-derived
selenocyanate (I1V) has also shown exciting anticancer activity against colorectal cancer and
induced apoptotic cell death by poly (ADP-ribose) polymerase (PARP) cleavage and caspase
3/7 activation [39]. On the other hand, naphthalene scaffolds have attracted our attention since
they present in the structure of a vast number of clinical drugs such as naproxen (V),
nabumetone (V1), and methallenestril (V11) (Figure 1) [40-45].

Recently, we prepared naphthalene-based diselenides (VII1-X) with pronounced
anticancer activity against the MCF-7 cancer cells [41]. Furthermore, the parent naphthalene
diselenide VIII and pyrazoles IX and X were among the cytotoxic compounds and showed
lower toxicity to the normal lung fibroblasts WI-38 with potential TI (<11) [41]. Furthermore,
these compounds manifested interesting antimicrobial activities like ampicillin and
clotrimazole drugs [41].

In continuation of our projects directed towards developing novel naphthalene-based
anti-HepG2 and anti-MCF-7 potential drugs [41], we are further interested in the synthesis of
naphthalene-based selenocyanate analogs. The aim to design and synthesize safer and more
potent naphthalene-based candidates will be of substantial interest to pharmaceutical societies.
Therefore, we proposed replacing the diselenide functionality with a selenocyanate might
improve the overall anticancer activity. Naphthalene-based selenocyanate analogs are
unknown, and there is no report regarding their antitumor and antimicrobial properties. Indeed,
there is broad proof in the literature that organoselenocyanates have an immense scope of
biological applications, as some have already entered clinical trials [27,28,31,32,35].
Therefore, our aim was further extended to develop a naphthalene-based selenocyanate analog
to our previously reported naphthalene based-symmetrical diselenides and evaluate their
corresponding antitumor and antimicrobial activities following the same protocols to obtain
evidence regarding the structural requirements underlying their potential activities.

Since hardly any broad research on aromatic selenocyanates is present in the literature,
our attention was directed to synthesizing this chemically stable class of compounds. Herein
we report the synthesis of naphthalene-based selenocyanates, estimate their antiproliferative
activity against MCF-7, and compare their cytotoxicity in WI-38. Furthermore, the
naphthalene-based organoselenocyanates were examined against Candida albicans yeast and
Staphylococcus aureus and Escherichia coli bacteria.

2. Materials and Methods

Melting points were measured on the Gallenkamp instrument in degrees centigrade
(uncorrected). Elemental analyses were performed at Cairo University. The IR spectra were
recorded (KBr, v cm™) at Mansoura University on Mattson 5000 FTIR Spectrophotometer. The
Mass spectra were measured at Cairo University on GC-MS-QP-100 EX Shimadzu instrument.
The 'H NMR and the 3C NMR (100 MHz) spectra were measured at Cairo University using
Varian Spectrophotometer at 300, 400, and 500 MHz, employing the TMS internal reference
and CDCls; or DMSO-ds as the solvents. The chemical shifts (6) in parts per million were
recorded to the residual peak of solvents. Biological experiments were carried out at Mansoura.
https://biointerfaceresearch.com/ 3 of 23
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Compounds number 2 and 3 were prepared according to the known literature procedures
[41,46].

2.1. Synthesis and characterization.

2.1.1. Synthesis of 4-selenocyanatonaphthalen-1-amine (2)[46].

Selenium dioxide (SeO3) (0.34 g, 1.5 mmol) was added to solution of malononitrile (0.1
g, 0.75 mmol) in DMSO (1 mL). The solution was stirred for 20 minutes and filtered.
Naphthylamine (0.32 g, 1.12 mmol) was added to the filtrate and stirred for 1 h more. The
mixture was diluted with 8 ml water, and the solid formed was filtered and recrystallized from
methanol.

2.1.2. Synthesis of 4,4'-diselanediylbis(naphthalen-1-amine) (3)[41].

Sodium borohydride (NaBHi) (113.4 mg, 3 mmol) was gradually added to
aminonapthylselenocynate (2) (494.4 mg, 2 mmol) in ethanol (10 ml). The mixture was further
stirred for 30 min and then poured into cold water. The resulting yellow precipitate was filtered
and recrystallized from methanol.

2.1.3. Synthesis of 2-chloro-N-(4-Selenocyanatonaphthalen-1-yl) acetamide (6).

Chloroacetyl chloride (1.8 ml, 4 mmol) was added to solution of 4-
selenocyanatonaphthalen-1-amine (2) (0.48 g, 2 mmol) and K>COs (2 g, 2 mmol) in acetone
(20 ml). The mixture was heated for 4 hrs and then poured into 8 ml water. The solid obtained
was collected, dried, and recrystallized from methanol.

2.1.4. Synthesis of the diazo derivatives 4a and 4b.

4-Selenocyanatonaphthalen-1-amine (2) (0.12 g, 0.5 mmol) was suspended in 2.5 ml
HCI. The resulting solution was cooled to 4 °C, and NaNO> (0.9 g in 2 ml water, 1.1 mmol)
was then added. The solution formed was poured carefully into a 10 ml solution (H20: ethanol
(2:1)) of sodium acetate (1.0 g) and malononitrile/ ethyl cyanoacetate (0.6 mmol). The solution
was stirred for additional 120 minutes and then poured into 22 ml of water. The solid result
was washed with water and recrystallized from methanol.

2.1.5. Synthesis of the pyrazoles (5a, 5b).

A dioxane solution (5 ml) of the azoic dyes 4a or 4b (0.02 mol) and hydrazinium
hydroxide (0.02 mol) was heated for 14 hrs. The solid produced was recrystallized from
(EtOH/DMF).

2.1.6. The reaction of a-chloroacetamide 6 with different nucleophiles.

Dioxane solution (5 ml) of a-chloroacetamide 6 (0.17 mg, 0.5 mmol), triethylamine
(0.5 mmol) and the selected nucleophile (0.5 mmol) was heated for 13 hrs. The solution was
then added to ice, and the solid produced was recrystallized from methanol.
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2.1.7. The Ugi four-component reaction.

Methanol solution (1 ml) of 4-selenocyanatonaphthalen-1-amine (2) (0.5 mmol),
aldehyde (0.5 mmol), amine (0.5 mmol) and isonitrile (0.6 mmol) was stirred at 27 °C for
twenty-four hrs. Water (5 ml) was added and extracted with DCM. The DCM layer was dried
over sodium sulfate and purified by flash chromatography.

2.1.8. The preparation of maleanilic acid 14 and glutaranilic acid 15.

Acetone solution (12 mL) of anhydride (0.5 mmol) and 4-selenocyanatonaphthalen-1-
amine (2) (2) (0.12 mg, 0.5 mmol) was heated for 6 hrs. Water was added to the solution, and
the solid separated was filtered and recrystallized from methanol.

2.1.9. The preparation of cyclic imides 17, 19.

Acids (32 or 33) (0.5 mmol) and sodium acetate (50 mg) were heated in acetic
anhydride (4 mL) for 4 hrs at 50 °C. Ice was added, and the solid separated was recrystallized
from methanol.

2.2. Anticancer activity.

The breast adenocarcinoma (MCF-7) and normal fibroblast (W1I-38) cells were obtained
from American Type Culture Collection. Dulbecco's modified Eagle's medium was used as the
culture medium for the cells, and the cytotoxicity was evaluated using the reported MTT assay
[49]. Fluorouracil (5FU) was used as the positive reference, and the 1Cso values were obtained
from the corresponding dose-response curve.

2.3. Antimicrobial activity.

The antimicrobial activity of organoselenocyanates was evaluated against Candida
albicans yeast and Escherichia coli gram-negative and Staphylococcus aureus gram-positive
bacteria by the agar well diffusion assay. Briefly, 0.1 mL of suspension containing 1x10*
spores/mL of Candida albicans spread on potato dextrose agar medium, and 1x10® CFU/mL
of bacteria spread on nutrient agar. After solidification of the medium, 6 mm diameter paper
discs saturated with 20 pl of organoselenocyanates (ImM in DMSO) were added to the agar
plates and incubated at 35°C for 48 h, and the inhibition zones were measured. Clotrimazole
and ampicillin were chosen as positive references. The relative activity index (%) was
estimated as follows:

Activity index%= (organoselenocyanates inhibition zones / inhibition zone of clotrimazole or
ampicillin) x100.

3. Results and Discussion

3.1. Design and synthesis of the naphthalene-based organoselenocyanates.

4-Selenocyanatonaphthalen-1-amine (2) was prepared by the reaction of naphthyl
amine (1) with triselenium dicyanide (TSD), prepared in situ from malononitrile and SeO, in
DMSO. Alkaline hydrolysis of selenocyanate 2 afforded 4,4'-diselanediylbis(naphthalen-1-
amine) (3). The latter can also be prepared via reduction using NaBHa in ethanol (Scheme 1).
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Scheme 1. Synthesis of 4-selenocyanatonaphthalen-1-amine (2), 4-(2-(1-aminonaphthalen-4-

yl)diselanyl)naphthalen-1-amine (3), and the corresponding azo selenocyanates (4a-b,5a-b). Conditions and
reagents: (i) CH2(CN),/SeO,/DMSO; (ii) K.COs/H,0 or NaBH4/EtOH; (iii) NaNO./HCI; (iv) NH2NH./dioxane.

4-Selenocyanatonaphthalen-1-amine (2) is a primary aromatic amine. Therefore the
chemical reactivity of its amino group was preliminarily investigated using the azo-coupling
reaction using different active methylenes, namely, malononitrile and ethyl cyanoacetate. The
respective diazo derivatives 4a and 4b were synthesized by diazotization of 1 at 0-5 °C in HCI
(Scheme 1).

The structure of the diazo derivatives 4a and 4b were established using spectral
analysis. The IR spectra of compound 4a showed the distinctive NH absorption band at 3443
cm?, two characteristic CN bands at 2189 and 2151, and the Se-C band at 512 cm?
Furthermore, *H-NMR spectra of compound 4a manifested the aromatic signals at § 7.43-7.25
ppm, singlet signal for the NH at 7.06 ppm. The IR spectra of 4b showed the distinctive NH
absorption band at 3443 cm™, the CN band at 2226 cm™, the C=0 ester band at 1743 cm%, and
the Se-C band at 510 cm™. The *H-NMR spectra of compound 4b manifested the aromatic
signals at 6 8.03-7.60 ppm, the singlet signal for NH at 7.19, and the characteristic chemical
shift of the ethyl group, i.e., quartet signal at 4.56 ppm for the methylene fragment and triplet
signal at1.06 ppm for the methyl fragment.

Moreover, the diazo compounds 4a-b were further used as synthons for the preparation
of pyrazole selenoheterocycles. Within this context, pyrazole derivatives 5a-b were furnished
in good yields (65%) by the reaction of the diazo agents 4a-b with hydrazinium hydroxide in
dioxane (Scheme 1). The IR spectra of 5a showed the distinctive absorption band of NH at
3449 cm, the CN band at 2246 cm™, and the Se-C band at 496 cm™. The *H-NMR spectrum
of compound 5a manifested the aromatic signals at § 7.45-7.23, the NH signal at 6.97 ppm,
and its MS spectrum showed molecular ion peaks at 367 (M*!, 0.87), and a base peak at m/z
88. Furthermore, the IR spectra of 5b showed the distinctive absorption band of NH at 3445
cm™, the CN band at 2192 cm™, the C=0 band at 1618 cm™, and the Se-C band at 514 cm™.
The H-NMR spectrum of compound 5b revealed the aromatic signals at § 7.60-7.32 ppm, the
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NH signal at 6.90 ppm, and the ethyl group’s characteristic chemical shift, i.e., quartet signal
at 4.17 ppm for the methylene fragment and triplet signal at1.35 ppm for the methyl fragment.

Furthermore, 2-chloro-N-(4-selenocyanatonaphthalen-1-yl)acetamide (6) was obtained
from the reaction of 4-selenocyanatonaphthalen-1-amine (2) with chloroacetyl chloride
(Scheme 2). The former was used to attain another level of diversity via nucleophilic
substitution reactions with different nucleophiles such as thiophenol, 2-naphthol, morpholine,
and 4-phenyl-5-selenocyanatothiazol-2-amine in refluxing dioxane. The corresponding
phenylthio 7, naphthalenyloxy 8, morpholino 9, and thiazol-2-ylamino 10 derivatives were
obtained in good-moderate yields (up to 70%) (Scheme 2).

The IR spectra of 7 showed the distinctive absorption band of the NH at 3448 cm™, CN
at 2066 cm™, C=0 at 1685 cm™, C-S-C at 680 cm™, and Se-C at 519 cm™. The 'H-NMR
spectrum of compound 7 exhibited a singlet signal at & 10.42 ppm respective to the NH and the
aromatic protons at & 7.48 -7.28 ppm, and a singlet signal the CH. at 3.46 ppm.
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Scheme 2. Synthesis of 2-chloro-N-(4-selenocyanatonaphthalen-1-yl)acetamide (6), and its corresponding
nucleophilic substitution reactions. Conditions and reagents: (i) Ko.COzs/acetone; (ii) dioxane/reflux.
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The IR spectra of 8 showed the distinctive absorption band of NH band at 3365 cm™,
CN at 2151 cm™, C=0 at 1665 cm™, C-N at 1256 cm™, and Se-C at 515 cm™. The 'H-NMR
spectrum of compound 8 exhibited a singlet signal at & 10.41 ppm corresponding to NH and
the aromatic signals at 6 7.80-7.45 ppm, singlet signal for 2H at 4.49 ppm. The IR spectra of 9
showed the distinctive absorption band of NH at 3460 cm™, CN at 2145 cm™, C-H at 2964 cm’
1 C=0 at 1633 cm™, C-N at 1286 cm™ and Se-C 505 cm™. The 'H-NMR spectrum of
compound 9 showed a singlet signal at 6 8.32 ppm corresponding to NH and the aromatic
signals at & 7.52-7.49 ppm, triplet signal for 4H at 3.50 ppm, singlet signal for 2H at 3.35 ppm,
triplet signal for 4H at 2.63 ppm. The IR spectra of 10 showed the distinctive absorption band
of NH band at 3678 cm™, cyanide at 2188 cm™, C=N at 2151 cm™, C=0 at 1648 cm™, C-S-C
at 693 cm™, and Se-C at 519 cm™®. The *H-NMR spectrum of compound 10 showed a singlet
signal at 6 10.50 ppm corresponding to NH and the aromatic signals at & 7.64-7.34 ppm, singlet
signal for 2H at 4.17 ppm.

Moreover, 2-chloro-N-(4-selenocyanatonaphthalen-1-yl)acetamide (6) was subjected
to further derivatization via azo-coupling with different aromatic amines, namely: p-anisidine,
p-nitroaniline, and p-hydroxyaniline (Scheme 3). The IR spectra of 11 showed the distinctive
absorption band of NH at 3447 cm™, CN at 2151 cm™, C-N at 1247 cm™ and Se-C at 514 cm-
1. The 'H-NMR spectrum of compound 11 exhibited a singlet signal for NH at 10.56 ppm, a
singlet signal for NH at 9.80 ppm, and the aromatic signals appear at & 8.33-7.21 ppm, singlet
signals for 3H at 4.10 ppm. The IR spectra of 12 showed the distinctive absorption band of NH
at 3448 cm™, CN at 2150 cm™®, C-N at 1263 cm™ and Se-C at 518 cm™. The H-NMR spectrum
of compound 12 showed a singlet signal for NH at 11.03 ppm, a singlet signal for NH at 10.08
ppm, and the aromatic signals appear at & 8.15-7.05 ppm. The IR spectra of 13 showed the
distinctive absorption band of OH at 3444 cm™, NH at 3231 cm™, CN at 2149 cm, C-N at
1258 cm™ and Se-C at 513 cm™. The *H-NMR spectrum of compound 13 showed a singlet
signal for NH at 10.40 ppm, a singlet signal for NH at 10.04 ppm, and a singlet signal for OH
at 9.64 ppm; the aromatic signals appear at 6 8.06-7.61 ppm.
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Scheme 3. Azo-coupling reactions of 2-chloro-N-(4-selenocyanatonaphthalen-1-yl)acetamide (6). Conditions
and reagents: (i) NaNO,/HCI/EtOH.
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Our attention was then oriented to preparing naphthalene-based cyclic imides, which
have drawn much interest in chemotherapy [47,48]. They form an integral part of various
alkaloids such chlorophthalim, rebeccamycin, and isogranulatimide [48]. Indeed, they
exhibited various pharmacological activities (e.g., antioxidant, antidepressant, neuroprotective,
and antinociceptive) owing to their lipophilic nature, which in turn enabled their smooth
absorption by cells [47]. The reactions of 4-selenocyanatonaphthalen-1-amine (2) with maleic
and glutaric anhydrides in refluxing acetone furnished N-substituted maleanilic 14 and
glutaranilic 15 acids in good yields (Scheme 4).

The IR spectra of 14 showed the distinctive absorption band of OH band at 3487 cm™,
NH at 3450 cm™, C-H at 2998 cm™, CN at 2267 cm™, and C=0 at 1708 cm™, C-N at 1263 cm’
L-and Se-C at 497 cm™. The *H-NMR spectrum of compound 14 showed a singlet signal at &
10.53 and 8.29 ppm corresponding to COOH and NH, respectively. The aromatic signals
appear at 6 7.94-7.82 ppm, doublet of doublet signals for 2H at 6.75 (dd, 2H, 2CH) ppm. The
IR spectra of 15 showed the distinctive absorption of the OH band at 3564 cm™, NH at 3448
cm?, C-H at 2932 cm™?, CN at 2196 cm™, C=0 at 1649 cm™, C-N at 1254 cm™ and Se-C at
459 cm™. The 'H-NMR spectrum of compound 15 showed a singlet signal at §10.66, and 8.42
ppm corresponding to COOH and NH, respectively. The aromatic signals appear at § 7.74-7.52

ppm, singlet signal for 6H at 2.45 ppm.
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Scheme 4. Synthesis of N-substituted maleanilic14 and glutaranilic 15 acids and their acid-catalyzed

esterification and dehydration. Conditions and reagents: (i) acetone/55 °C; (ii) ethanol/H>SOy; (iii)
Ac;0/NaOAc.
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Furthermore, the acid-catalyzed esterification of the monoamidic acids 14 and 15
afforded the corresponding ethyl esters 16 and 18, respectively (Scheme 4). The IR spectra of
14 showed the distinctive absorption band of NH band at 3447 cm™, CN at 2198 cm™, C=0 at
1774 cm™, C=0 amid at 1623 cm™, C-N at 1256 cm™, C-O at 1020 cm™ and Se-C at 459 cm"
!, The *H-NMR spectrum of compound 14 showed a singlet signal at § 8.30 ppm corresponding
to NH, and the aromatic signals appear at 6 7.76-7.43 ppm, doublet of doublet signals for H
6.61ppm, doublet of doublet signals for H 6.59 ppm, quartet signals for 2H at 3.40 ppm, quartet
signal for 2H 1.26 ppm. The IR spectra of 15 showed the distinctive absorption band of NH
band at 3448 cm™, C-H at 2933 cm™, CN at 2196 cm™, C=0 at 1706 cm™, and C=0 amid at
1649 cm, C-N at 1260 cm™, C-O at 1027 cm™and Se-C at 451 cm™. The *H-NMR spectrum
of compound 15 showed a singlet signal at 6 9.99 ppm corresponding to NH, and the aromatic
signals appear at 6 7.56-7.96 ppm, quartet signals for 2H at 4.09 ppm, triplet signals for 4H at
2.36ppm, multiplet signals for 2H at 2.41 ppm, quartet signals for 3H at 2.60 ppm.

NO,
0

i

SeCN

23,73%

| (iv)
j (@)
b 0 o0
9¢
SeCN

SeCN

SeCN
20, 75%

22,65%

7(

SeCN
21, 68%

Scheme 5. The U-4C reaction of 4-selenocyanatonaphthalen-1-amine (2). Conditions and reagents: (i) 4-
selenocyanatonaphthalen-1-amine (2) (1 mmol), paraformaldehyde (1 mmol), acetic acid (1 mmol), and
Me,CNC (1.1 mmol)/MeOH,; (ii) 4-selenocyanatonaphthalen-1-amine (2) (1 mmol), furfuraldehyde (1 mmol),
acetic acid (1 mmol), and Me,CNC (1.1 mmol)/MeQOH,; (iii) 4-selenocyanatonaphthalen-1-amine (2) (1 mmol),
4-nitrobenzaldehyde (1 mmol), acetic acid (1 mmol), and (iv) toluenesulfonylmethyl isocyanide (1.1
mmol)/MeOH.
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On the other hand, cyclic imides 17 and 19 were also achieved by dehydration followed
by ring-closure of the N-substituted maleanilic 14 and glutaranilic 15 acids upon heating with
acetic anhydride (Scheme 4).

The IR spectra of 17 showed the distinctive absorption band of the cyano group at 2196
cm?, C=0 at 1653 cm™, C-N at 1261 cm™ and Se-C at 454 cm™. The *H-NMR spectrum of
compound 17 showed the aromatic signals appear at 6 7.73-7.23 ppm, double of doublet signals
for 2H 6.67 ppm.

The IR spectra of 19 showed the distinctive absorption band of the cyano group at 2199
cm?, C=0 at 1670 cm?, C-N at 1257 cm™ and Se-C at 502 cm™. The *H-NMR spectrum of
compound 19 showed the aromatic signals appear at 6 7.27-7.13 ppm, triplet signals for 4H at
2.50 ppm, multiplet signals for 2H at 2.25 ppm.

To this end, our preliminary studies disclosed that 4-selenocyanatonaphthalen-1-amine
(2) possesses an active aromatic amino group. Therefore, the reactivity of 2 was further
investigated in the Ugi four-component reaction (U-4C), which gives access to peptidomimetic
compounds (Scheme 5) [49-53]. Commercially available aldehydes (e.g., furfuraldehyde, 4-
nitrobenzaldehyde, and paraformaldehyde) were employed as the carbonyl building block. For
the library validation, the high reactivity and commercially available tert-butyl isocyanide
(Me,CNC) and toluenesulfonylmethyl isocyanide were also incorporated, whereas acetic acid
was used as the acid component [6,54].

The U-4CR one-pot sequence was started by reacting aldehyde methanolic solution
with the amine, followed by adding the isocyanide and then carboxylic acid. Naphthalene
selenocyanate-based peptidomimetic compounds 20, 21, 22, and 23 were obtained in good
yields (Scheme 5). In this context, the IR spectra of 20 showed the distinctive absorption band
of NH band at 3401 cm™, CN at 2200 cm™, C=0 at 1652 cm™, C-N at 1253 cm™and Se-C at
457cm™. The *H-NMR spectrum of compound 20 showed a singlet signal at § 10.02 ppm
corresponding to NH, and the aromatic signals appear at 6 8.01-7.89 ppm, singlet signal for 2H
at4.67 ppm, singlet signal for 3H at 2.50 ppm, singlet signal for 9H at 1.22 (s, 9H, 3CH3) ppm.
The IR spectra of 21 showed the distinctive absorption bands of the 2NH at 3388 cm™, CN at
2199 cm, C=0 at 1660 cm™, C-N at 1259 cmtand Se-C at 513 cm™. The *H-NMR spectrum
of compound 21 showed a singlet signal at 6 9.62 ppm corresponding to NH, and the aromatic
signals appear at & 8.65 — 8.28 ppm. As multiplet for 3H at6.86 ppm, singlet signal for H at
5.91 ppm, singlet signal for 3H at 1.93 ppm, singlet signal for 9H at 1.29 ppm.

The structure of 22 was established based on its elemental analysis and spectral data.
The IR spectra of 22 showed the distinctive absorption band of NH band at 3378 cm™, CN at
2199 cm, C=0 at 1625 cm™, C-N at 1285 cm™, C-S-C at 672 cm™and Se-C at 512 cm™. The
'H-NMR spectrum of compound 22 showed a singlet signal at § 9.05 ppm corresponding to
NH, and the aromatic signals appear at & 7.34-7.54 ppm, singlet signal for 2H at 4.60 ppm,
singlet signal for 2Hat4.28 ppm, singlet signal for 3Hat 2.50 ppm, singlet signal for 3H at
2.32ppm. The IR spectra of 23 showed the distinctive absorption band of NH band at 3447 cm”
1 CN at 2150 cm™, C=0 at 1626 cm™, C-N at 1286 cm™, C-S-C at 688 cm™ and Se-C at 487
cm™. The *H-NMR spectrum of compound 23 showed a singlet signal at §8.92 ppm
corresponding to NH, and the aromatic signals appear at 6 8.30-7.19 ppm, singlet signal for 2H
at 4.84 ppm, singlet signal for 3H at 2.39-2.36ppm, singlet signal for 3H at 2.36ppm.
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3.2. Organoselenocyanates cytotoxicity evaluation against MCF-7 and normal WI-38.

As far as chemistry is concerned, it is now worth further investigating the possible
pharmacological applications of the newly synthesized compounds. Therefore, our efforts were
directed to evaluate their cytotoxicity against MCF-7 and compare it with their respective
cytotoxicity in healthy WI-38 using the MTT assay. The positive control used is 5-FU, and the
ICs0s were deduced from their respective dose-response curves. Furthermore, the therapeutic
indices (TI) provide a basic index for estimating the efficacy and safety of a drug and are
calculated according to the following equation: Tl = ICso for the WI-38 cells/ICso for the MCF-
7 cells (Table 1).

The tested compounds could be classified according to their cytotoxicity into three
categories: (a) cytotoxic compounds (e.g., 3, 5a, 5b, and 8); (b) compounds with moderate
cytotoxicity (e.g., 4a, 7, 9, 11, 12, 13, and 18); and (c) non-cytotoxic compounds (e.g., 6, 10,
17, 19, 20, 21, 22, and 23) (Table 1).

Table 1. Organoselenocyanates cytotoxicity against MCF-7 and WI-38 cells and their respective T1 values.?

1Cs0 (UM)

Compounds MCF-7 WI-38 TIP
5-FU 7.82+0.13 4.11+0.63 4
3 11.8+0.18 e 8
4a 42.4+2.34 62.4+4.06 2
5a 13.6£1.20 c- 7
5b 6.5+0.16 c- 15
6 c_ c_ d_
7 24.8+£1.30 81.4+4.38 4
8 8.2+0.38 >100 12
9 38.7+1.86 74.8+£3.45 3
10 c_ c_ d_
11 41.2+1.99 81.4+£5.15 3
12 34.5£1.34 86.5+4.42 4
13 23.4+1.05 c- 4
14 18.5+0.98 c- 5
16 28.9+1.43 80.5+5.42 5
17 c_ c_ d_
18 36.1+2.04 76.3+3.08 2
19 c. c. d_
20 [ [ d_
21 c_ c_ d_
22 c_ c_ d_
23 c_ c_ d_

2The antiproliferative activity of MCF-7 and WI-38 cells was estimated after forty-eight hrs of incubation
with serial concentrations of organoselenocyanates by MTT assay. "T1 is calculated by dividing the respective
I1Cs0s of WI-38 over the 1Csps of MCF-7 for each compound; °No growth inhibition was observed at the tested
concentration ranges (1Cso>100 pM); 9T1 values were not significant.

Furthermore, candidates with high TI are often preferred as they can selectively kill
cancer cells at lower doses without affecting normal cells. Within this context, significant
selective toxicity zones were observed in the case of high and moderate cytotoxic compounds
(e.g.,3,4a,5a,5b,7,8,9,11, 12, 13, 14, 16, and 18). The TI values varied from two to fifteen-
fold in the magnitude of MCF-7 cells killing compared to the healthy W1I-38 cells. Interestingly,
most of the TI values were higher than that of 5-FU proposing their selective and effective
antitumor activities. A preliminary relationship between the compounds' structure and their
corresponding cytotoxic/selective activities revealed that the pyrazole- 5b and 8 naphthalen-2-
yloxy-based were among the potent compounds and exhibited comparable cytotoxicity to 5-
FU as well as TI values 15 and 12, respectively. Despite our exciting results, these data are
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preliminary in nature and require more in-depth studies using additional tumor and primary
cells.

3.2.1. Organoselenocyanates antimicrobial activities

The interesting cytotoxic activity of organoselenocyanates encouraged us to further
study their activity beyond the mammalian cells; we also, i.e., against lower organisms (e.qg.,
bacteria and fungi). Therefore, the organoselenocyanates antimicrobial activities were
estimated against Candida albicans yeast and Escherichia coli gram-negative and
Staphylococcus aureus gram-positive bacteria using the agar diffusion assay (Table 2).
Clotrimazole and ampicillin were used as the antifungal and antibacterial references,
respectively. The relative activity indices were calculated as follows: activity index= 100
*(organoselenocyanates inhibition zones/reference drugs inhibition zones) and inhibition zone
diameters are outlined in Table 2.

Table 2. Organoselenocyanates antimicrobial inhibition zones diameters (in mm) and their activity index.?

E. coli S. aureus C. Albicans
Compound Inhibition zone | % Activity | Inhibition zone | % Activity | Inhibition zone | % Activity
diameter (mm) index diameter (mm) index diameter (mm) index
3 20 83 15 68 23 82
4a 8 33 5 23 2 7
5a 19 79 15 68 20 71
5b 21 88 18 82 24 86
6 3 13 2 9 b. b.
7 16 67 17 77 13 46
8 17 71 13 59 11 39
9 9 38 7 32 5 18
10 2 8 b_ b_ b_ b_
11 8 33 6 27 10 36
12 10 42 10 45 14 50
13 10 42 11 50 8 29
14 15 63 10 45 7 25
16 13 54 11 50 9 32
17 b_ b_ b_ b_ b_ b_
19 2 8 2 9 b. b.
20 b_ b_ 2 9 b_ b_
21 2 8 b_ b_ b_ b_
22 4 17 2 9 b. b.
23 7 29 3 14 b. b.
Ampicillin 24 100 22 100 b. b.
Colitrimazole b b b- b 28 100

2nhibition zone diameters are in millimeters and recorded after forty-eight hrs.” Antimicrobial values below
six mm are worthless and refer to inactive compounds.

Generally, most of the organoselenocyanates manifested enhanced antibacterial activity
against the gram-negative Escherichia coli bacteria compared to the Staphylococcus aureus
gram-positive bacteria. Within this regard, compounds 3, 5a, 5b, 7, and 8 were among the
potent compounds against Escherichia coli with 67-88 activity indices.

The same activity was observed in the case of Candida albicans, where
organoselenocyanates 3, 5a, and 5b manifested 71-86 activity indices concerning
Colitrimazole. These potential results were in line with that obtained from the anticancer
screening and point toward interesting properties of some organoselenocyanates, which require
further studies using a wider number of human pathogens.
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4. Conclusions

Twenty-three naphthalene-based organoselenocyanates were synthesized in good-
moderate yields, and their anticancer and antimicrobial properties were also evaluated. 4,4'-
Diselanediylbis(naphthalen-1-amine) (3), 5-imino-4-((4-selenocyanatonaphthalen-1-
yl)diazenyl)-4,5-dihydro-1H-pyrazol-3-amine (5a), 5-amino-4-((4-selenocyanatonaphthalen-
1-yl)diazenyl)-2,4-dihydro-3H-pyrazol-3-one (5b) exhibited potential anti-MCF-7 activity and
showed TI values up to fifteen folds which were higher than that of the 5-FU proposing their
interesting anti-cancer activity.

Furthermore, the naphthalene-based organoselenocyanates pharmacological potential
was studied beyond the cancer cells to lower organisms (e.g., Escherichia coli, Staphylococcus
aureus, and Candida albicans). Coincidentally, 4,4'-diselanediylbis(naphthalen-1-amine) (3),
5-imino-4-((4-selenocyanatonaphthalen-1-yl)diazenyl)-4,5-dihydro-1H-pyrazol-3-amine (5a),
5-amino-4-((4-selenocyanatonaphthalen-1-yl)diazenyl)-2,4-dihydro-3H-pyrazol-3-one  (5b)
exhibited also good antimicrobial activities compared to the reference drugs. Herein there is
proof that these agents play a role in the antitumor mechanism and the antimicrobial process.
However, itis still too early to conclude. A reliable structure-activity relationship requires more
diverse naphthalene-based organoselenocyanate scaffolds within this context. While it might
show that naphthalene-based organoselenocyanate has not a great activity, there is enough
proof s to ensure further experiments and additional studies to investigate their possible
mode(s) of action. Ultimately, these results boost more questions, such as their possible
pharmacokinetic profiles and pharmacological applications.
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Supplementary Data

Melting points were measured on Gallenkamp instrument in degree centigrade
(uncorrected). Elemental analyses were performed at Cairo University. The IR spectra were
recorded (KBr, v cm™) at Mansoura University on Mattson 5000 FTIR Spectrophotometer. The
Mass spectra were measured at Cairo University on GC-MS-QP-100 EX Schimadzu
instrument. The *H NMR and the *C NMR (100 MHz) spectra were measured at Cairo
University using Varian Spectrophotometer at 300, 400 and 500 MHz, employing the TMS
internal reference and CDClz or DMSO-ds as the solvents. The chemical shifts () in parts per
million were recorded with respect to the residual peak of solvents. Biological experiments
were carried out at Mansoura University, Faculty of Pharmacy.

Synthesis and characterization

Synthesis of 4-selenocyanatonaphthalen-1-amine (2) [46]

Se0O> (0.34 g, 1.5 mmol) was added to solution of malononitrile (0.1 g, 0.75 mmol) in
DMSO (1 mL). The solution was stirred for 20 minutes and filtered. Naphthylamine (0.32 g,
1.12 mmol) was added to the filtrate and stirred for 1 h more. The mixture was diluted with 8
ml water and the solid formed was filtered and recrystallized from methanol (Melting point =
165 °C; literature melting point 160—170 dec).

Synthesis of 4,4'-diselanediylbis(naphthalen-1-amine) (3) [41]

Sodium  borohydride (1134 mg, 3 mmol) was gradually added to
aminonapthylselenocynate (2) (494.4 mg, 2 mmol) in ethanol (10 ml). The mixture was further
stirred for 30 min and then poured on cold water. The resulting yellow precipitate was filtered
and recrystallized from methanol.

Yellow crystals; yield 759.1 mg (57%); mp 192-194 °C (ethanol); Rt = 0.14 [pet. ether /ethyl acetate

(4:2)]; IR (KBr): vmax. cmt: 3363 (NHy), 2292 (C-H),1229 (C-N), 757 (Se-Se), 493 (Se-C); EIMS m/z
(%) 443 (M*, 14.3), 444 (M*+1, 27).

General procedure for the synthesis of diazo derivatives 4a and 4b

4-Selenocyanatonaphthalen-1-amine (2) (0.12 g, 0.5 mmol) was suspended in 2.5 ml
HCI. The resulting solution was cooled to 4 °C, and NaNO2 (0.9 g in 2 ml water, 1.1 mmol)
was then added. The solution formed was poured carefully to 10 ml solution (H20: ethanol
(1:1)) of sodium acetate (1.0 g) and malononitrile/ ethyl cyanoacetate (0.6 mmol). Solution was
stirred for additional 120 minutes and then poured into 22 ml water. The solid resulted was
washed with water and recrystallized from methanol.

N-(4-Selenocyanatonaphthalen-1-yl)carbonohydrazonoyl dicyanide (4a)

Brown crystals; yield 104 mg (64%); mp 173-175 °C (methanol); R = 0.11 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3443 (NH), 2189 (CN), 1254 (C-N), 512 (Se-C);
EIMS m/z (%) 325 (M*, 0.49):; *H NMR (300 MHz, DMSO-d6) & 8.02-7.70 (m, 4H, Ar-H),
7.43-7.25 (m, 2H, Ar-H), 7.06 (s, H, NH) ppm.
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Ethyl-2-cyano-2-(2-(4-selenocyanatonaphthalen-1-yl)hydrazono)acetate (4b)

Brown-black crystals; yield 108 mg (58%); mp 177-179 °C (methanol); Rf = 0.13 [pet.
ether /ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3443 (NH), 2932 (C-H), 2226 (CN), 1743
(C=0), 1251 (C-N), 510 (Se-C); EIMS m/z (%) 372 (M*, 2.78); *H NMR (300 MHz, DMSO-
d6) 5 8.03-7.60 (m, 4H, Ar-H), 7.41-7.36 (m, 2H, Ar-H), 7.19 (s, H, NH), 4.56 (g, J = 7.22 Hz,
2H, CHy), 1.06 (t, J = 7.02 Hz, 3H, CHa).

General procedure for the synthesis of pyrazoles (5a, 5b) via cyclo-condensation of 4a and
4b with hydrazine hydrate.

A dioxane solution (5 ml) of the azoic dyes 4a or 4b (0.02 mol) and hydrazinium
hydroxide (0.02 mol) was heated for 14 hrs. The solid produced was recrystallized from
(EtOH/DMF).

4-((4-selenocyanatonaphthalen-1-yl)diazenyl)-4H-pyrazole-3,5-diamine (5a)

Brown crystals; yield 436 mg (61%); mp 183-185 °C (ethanol); Rt = 0.10 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3449 (NHy), 2772 (C-H), 1251 (C-N), 496 (Se-C);
EIMS m/z (%) 357 (M*, 0.69); *H NMR (300 MHz, DMSO-d6) & 8.06-7.75 (m, 4H, Ar-H),
7.45-7.23 (m, 2H, Ar-H), 6.97 (s, H, NH), 2.50 (s, H, CH).

5-amino-4-((4-selenocyanatonaphthalen-1-yl)diazenyl)-2,4-dihydro-3H-pyrazol-3-one (5b)

Brown crystals; yield 443 mg (62%); mp 186-188 °C (ethanol); R = 0.11 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3445 (NH), 2928 (C-H), 1618 (C=0), 1253 (C-N),
514 (Se-C); EIMS m/z (%) 358 (M*, 0.14); *H NMR (300 MHz, DMSO-d6) & 8.73-7.94 (m,
2H, Ar-H), 7.60-7.32 (m, 4H, Ar-H), 6.90 (s, H, NH), 2.35 (s, H, CH).

2-Chloro-N-(4-Selenocyanatonaphthalen-1-yl) acetamide (6)

Chloroacetyl chloride (1.8 ml, 4 mmol) was added to solution of 4-
selenocyanatonaphthalen-1-amine (2) (0.48 g, 2 mmol) and K>COs (2 g, 2 mmol) in acetone
(20 ml). The mixture was heated for 4 hrs and then poured into 8 ml water. The solid obtained
was collected, dried and recrystallized from methanol.

Light green crystals; yield 460 mg (71%); mp 170-172 °C (methanol); Rs = 0.1 [pet. ether /ethyl acetate

(4:2)]; IR (KBr): vmax. cm: 3443 (NH), 2952 (C-H), 2150 (CN), 1663 (C=0), 1261 (C-N), 670 (C-
Cl), 512 (Se-C); EIMS m/z (%) 324 (M*, 19.08); *H NMR (300 MHz, DMSO-d6) 5 10.5 (s, H, NH),
7.80(m, 4H, Ar-H), 7.72 (m, 2H, Ar-H), 4.48 (s, 2H, CHy).

General procedure for the reaction of a-chloroacetamide 6 with different nucleophiles (4-phenyl-
5-selenocyanatothiazol-2-amine, thiophenol, a-naphthol, and morpholine)

Dioxane solution (5 ml) of a-chloroacetamide 6 (0.17 mg, 0.5 mmol), triethylamine
(0.5 mmol) and the selected nucleophile (0.5 mmol) was heated for 13 hrs. The solution was
then added to ice and the solid produced was recrystallized from methanol.
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2-(Phenylthio)-N-(4-selenocyanatonaphthalen-1-yl)acetamide (7)

Brown crystals; yield 125 mg (63%); mp 186-188 °C (methanol); Rf =0.2 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3448 (NH), 2929 (C-H), 2066 (CN), 1685
(C=0),1271 (C-N), 680 (C-S-C), 519(Se-C); EIMS m/z (%) 398 (M*, 0.26); *H NMR (300
MHz, DMSO-d6) 6 10.42 (s, H, NH), 7.48-7.42 (m, 5H, Ar-H), 7.31-7.28 (m, 6H, Ar-H), 3.46
(s, 2H, CH>).

2-(Naphthalen-2-yloxy)-N-(4-selenocyanatonaphthalen-1-yl)acetamide (8)

Brown crystals; yield 127 mg (59 %); mp 193-195 °C (methanol); Rf = 0.21 [pet. ether
lethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3365 (NH), 2855 (C-H), 2151 (CN), 1665
(C=0),1256 (C-N), 515 (Se-C); EIMS m/z (%) 432 (M*, 0.16); *H NMR (300 MHz, DMSO-
d6) 8 10.51 (s, H, NH), 8.15-8.11 (m, 6H, Ar-H), 7.80-7.45 (m, 2H, Ar-H), 7.45-7.08 (m, 5H,
Ar-H), 4.49(s, 2H, CH>).

2-Morpholino-N-(4-Selenocyanatonaphthalen-1-yl)acetamide (9)

Yellow brown crystals; yield 122 mg (65%); mp 183-185 °C (methanol); Rt = 0.30 [pet.
ether /ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3460 (NH), 2964 (C-H), 2145 (CN), 1633
(C=0),1286 (C-N), 505(Se-C); EIMS m/z (%) 375 (M*, 8.00); *H NMR (300 MHz, DMSO-
d6) 6 8.32 (s, H, NH), 8.13 -7.74 (m, 4H, Ar-H) ,7.52-7.49 (m, 2H, Ar-H), 3.44 (s, 2H, CH>),
3.50-3.40 (m, 8H, 4CHy>).

2-(4-phenyl-5-selenocyanatothiazol-2-ylamino)-N-(1-elenocyanatonaphthalen-4-yl)acetamide
(10)

Green crystals; yield 194 mg (68%); mp 190-192 °C (methanol); Rs = 0.09 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3447 (NH), 2151 (CN),1650 (C=0), 1266 (C-N),
693 (C-S-C), 519(Se-C); EIMS m/z (%) 569 (M*, 1.17); *H NMR (300 MHz, DMSO-dé6) &
10.50 (s, H, NH), 8.10 -7.88 (m, 4H, Ar-H), 7.83-7.77 (m, 2H, Ar-H), 7.64-7.34 (m, 5H, Ar-
H), 4.47 (s, 2H, CHy); **C NMR (75 MHz, DMSO) & 169.72, 165.75, 135.84, 133.53, 128.92,
128.50, 128.20, 128.12, 127.94, 127.73, 127.59, 126.83, 125.45, 124.61, 123.48, 121.48,
109.22, 104.89, 103.32, 103.13, 56.22.

N-(4-Methoxyphenyl)-2-((4-Selenocyanatonaphthalen-1-yl)amino)acetohydrazonoyl chloride
(11)

To a cooled solution of 4-methoxyaniline (0.12 g, 0.5 mmol) in HCI (2 ml) was added
NaNO; (0.7 g in 2 ml water, 1.1 mmol) at 4 °C. To this solution, sodium acetate (1 g) and a-
chloroacetamide 6 (0.5 mmol) in (20 ml of ethanol: water (1:1)) was added and mixture was
stirred for 120 minutes. The solid was recrystallized from methanol.

N-(4-Methoxyphenyl)-2-((4-Selenocyanatonaphthalen-1-yl)amino)acetohydrazonoyl chloride
(11)

Brown black crystals; yield 163 mg (71%); mp 183-185 °C (methanol); Rs = 0.11 [pet.
ether /ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3447 (NH) , 2151 (CN), 1247 (C-N), 514 (Se-
C); EIMS m/z (%) 473 (M*, 0.49); *H NMR (300 MHz, DMSO0-d6) & 10.56 (s, H, NH), 8.33-
8.21 (m, 4H, Ar-H), 8.09-7.82 (m, 2H, Ar-H), 7.80 (s, H, NH), 7.71-7.59 (m, 4H, Ar-H) ppm.
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N-(4-Nitrophenyl)-2-((4-Selenocyanatonaphthalen-1-yl)amino)acetohydrazonoyl chloride
(12)

To a cooled solution of 4-nitroaniline (0.12 g, 0.5 mmol) in HCI (2 ml) was added
NaNO:z (0.7 g in 2 ml water, 1.1 mmol) at 4 °C. To this solution, sodium acetate (1 g) and a-
chloroacetamide 6 (0.5 mmol) in (20 ml of ethanol: water (1:1)) was added and mixture was
stirred for 120 minutes. The solid was recrystallized from methanol.

N-(4-Nitrophenyl)-2-((4-selenocyanatonaphthalen-1-yl)amino)acetohydrazonoyl chloride
(12)

Red black crystals; yield 163 mg (69%); mp 187-189 °C (ethanol); Rf = 0.13 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3448 (NH), 2151 (CN), 1263 (C-N), 518 (Se-C);
EIMS m/z (%) 473 (M*, 0.09); *H NMR (300 MHz, DMSO-d6) & 10.56 (s, H, NH), 8.33-8.21
(M, 4H, Ar-H), 8.09-7.82 (m, 2H, Ar-H), 7.80 (s, H, NH), 7.71-7.59 (m, 4H, Ar-H) ppm.

N-(4-Hydroxyphenyl)-2-((4-Selenocyanatonaphthalen-1-yl)amino)acetohydrazonoyl chloride
(13)

To a cooled solution of 4-aminophenol (0.12 g, 0.5 mmol) in HCI (2 ml) was added
NaNO- (0.7 g in 2 ml water, 1.1 mmol) at 4 °C. To this solution, sodium acetate (1 g) and a-
chloroacetamide 6 (0.5 mmol) in (20 ml of ethanol: water (1:1)) was added and mixture was
stirred for 120 minutes. The solid was recrystallized from methanol.

Red brown crystals; yield 167 mg (75%); mp 189-191 °C (ethanol); R = 0.12 [pet. ether
lethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3444 (OH), 3231 (NH), 2149 (CN), 1258 (C-N),
513 (Se-C); EIMS m/z (%) 445 (M* +1, 0.11); *H NMR (300 MHz, DMS0-d6) & 10.40 (s, H,
NH), 8.12-8.08 (m, 4H, Ar-H), 7.82-7.80 (m, 2H, Ar-H), 7.76-7.61 (m, 4H, Ar-H) ppm.

General procedure for the Ugi four component reaction with using compound (2)

Methanol solution (1 ml) of 4-selenocyanatonaphthalen-1-amine (2) (0.5 mmol),
aldehyde (0.5 mmol), amine (0.5 mmol) and isonitrile (0.6 mmol) was stirred at 27 °C for
twenty-four hrs. Water (5 ml) was added and extracted with DCM. The DCM layer was dried
over sodium sulfate and purified by flash chromatography.

General procedure for the preparation of maleanilic acid 14 and glutaranilic acid 15

Acetone solution (12 mL) of anhydride (0.5 mmol) and 4-selenocyanatonaphthalen-1-
amine (2) (0.12 mg, 0.5 mmol) was heated for 6 hrs. Water was added to the solution and the
solid separated was filtered and recrystallized from methanol.

4-0x0-4-((4-Selenocyanatonaphthalen-1-yl)amino)but-2-enoic acid (14)

Brown yellow crystals; yield 109 mg (63%); mp 176-178 °C (methanol); Rs = 0.45
[CH2Cl/MeOH (5:2)]; IR (KBr): vmax. cm™: 3487 (O-H), 3450 (NH), 2998 (CH), 2267 (CN),
1708 (C=0), 1263 (C-N), 497(Se-C); EIMS m/z (%) 347 (M*+1, 0.11); HNMR (300 MHz,
DMSO-d6) 5 10.53 (s, H, CO2H), 5 8.29 (s, H, NH), 7.94-7.82 (m, 4H, Ar-H), 7.24-6.90 (m,
2H, Ar-H), 6.75 (d, J= 12 Hz, 2H, 2CH).
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5-0x0-5-((4-Selenocyanatonaphthalen-1-yl) amino) pentanoic acid (15)

Brown crystals; yield 122 mg (62%); mp 169-171 °C (methanol); Rf = 0.42
[CH2Cl/MeOH (5:2)]; IR (KBr): vmax. cm™: 3564 (O-H), 3448 (NH), 2932 (C-H), 2196
(CN), 1774 (C=0), 1254 (C-N), 45 (Se-C); EIMS m/z (%) 362 (M*, 0.42); *H NMR (300 MHz,
DMSO-d6) 6 10.66 (s, H, COOH), 8.42 (s, H, NH), 8.16-7.80 (m, 4H, Ar-H), 7.46-6.56 (m,
2H, Ar-H), 2.57-2.36 (m, 6H, 3CH), 2.08-1.92 (m, 2H, CH>).

General procedure for the preparation of ethyl ester derivatives 16 and 18

Ethanolic (15 ml) solution of acids (32 or 33) (0.5 mmol) and conc. H2SO4 (100 ul) was
stirred at 28 °C for 8 hrs. Water was added to the solution and the solid separated was
recrystallized from diethyl ether.

Ethyl 4-ox0-4-((4-selenocyanatonaphthalen-1-yl)amino)but-2-enoate (16)

Brown crystals; yield 224 mg (60%); mp 167-169 °C (diethyl ether); Rf = 0.14 [pet.
ether /ethyl acetate (4:2)]; IR (KBr): vmax. Cm™: 3447 (NH), 2928 (C-H), 2198 (CN), 1774
(C=), 1623 (C=0),1256 (C-N), 1020 (C-0), 459 (Se-C); EIMS m/z (%) 374 (M*, 0.20); 'H
NMR (300 MHz, DMSO-d6) § 7.76-7.43 (m, 6H, Ar-H), 7.33-7.18 (m, 2H, Ar-H) in HNMR
6.61-6.59 (d, J = 12.01 Hz, 2H, 2CH), 4.10 (q, 2H, CH), 1.21 (t, J = 7.3, 0.8 Hz, 3H, CHb).

Ethyl 5-ox0-5-((4-selenocyanatonaphthalen-1-yl) amino) pentanoate (18)

Brown crystals; yield 121 mg (62%); mp 172-174 °C (diethyl ether); Rf = 0.12 [pet.
ether /ethyl acetate (4:2)]; IR (KBr): v max. Cm 1: 3448 (NH), 2933 (C-H), 2196 (CN), 1706
(C=0), 1649 (C=0), 1260 (C-N), 1027 (C-0), 451 (Se-C); EIMS m/z (%) 390 (M*, 4.12) ; 'H
NMR (300 MHz, DMSO-d6) 6 9.99 (s, 1H, NH), 7.56-7.96 (m, 4H, Ar-H), 7.48-6.98 (m, 2H,
Ar-H), 4.09 (q, J=7.3,0.78 Hz, 2H, CH>), 2.54-2.36 (t, 6H, 3CH>), 1.26 (g, 3H, CH3).

General procedure for the preparation of cyclic imides 17, 19

Acids (32 or 33) (0.5 mmol) and sodium acetate (50 mg) were heated in acetic
anhydride (4 mL) for 4 hrs at 50 °C. Ice was added and the solid separated was recrystallized
from methanol.

1-(4-Selenocyanatonaphthalen-1-yl)-1H-pyrrole-2,5-dione (17)

Red crystals; yield 102 mg (62%); mp 175-177 °C (methanol); R¢= 0.12 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™:, 2928 (C-H), 2196 (CN), 1653 (C=0), 1261 (C-N),
454 (Se-C); EIMS m/z (%) 328 (M*, 5.99); *H NMR (300 MHz, DMSO-dg) 7.73-7.23 (m, 4H,
Ar-H), 7.25 (d, J = 12.9 Hz, 2H, Ar-H), 6.67 (d, J = 11.4 Hz, 2H, 2CH); *C NMR (75 MHz,
DMSO-de) 6 170.33, 170.24, 134.95, 133.37, 130.37, 130.17, 129.66, 129.26, 128.02, 127.03,
126.49, 12551, 123.78, 123.55.

1-(4-Selenocyanatonaphthalen-1-yl)piperidine-2,6-dione (19)

Red crystals; yield 110 mg (64%); mp 173-175 °C (methanol); Rs= 0.10 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3061 (C-H), 2199 (CN), 1670 (C=0), 1257 (C-N),
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502 (Se-C); EIMS m/z (%) 344 (M*+1, 1.04); H NMR (300 MHz, DMSO-dg) & 7.27-7.13 (m,
4H, Ar-H), 7.65 (d, J = 7.7 Hz, 2H, Ar-H), 2.50-2.25 (m, 6H, 3CH>).

N-(tert-Butyl)-2-(N-(4-Selenocyanatonaphthalen-1-yl)acetamido)acetamide (20)

Yellow crystals; yield 121 mg (75%); m p 186-188 °C (ethanol); R = 0.12 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3401 (NH), 2927 (C-H), 2199 (CN), 1663 (C=0),
1253 (C-N), 457(Se-C); EIMS m/z (%) 403 (M*, 1.26); 'H NMR (300 MHz, DMSO-ds) & 10.02
(s, H, NH), 8.01-7.89 (m, 4H, Ar-H), 7.32 — 6.78 (m, 2H, Ar-H), 4.67 (s, 2H, CH>), 2.50 (s,
3H, CH3), 1.22 (s, 9H, 3CHb).

N-(tert-Butyl)-2-(furan-2-yl)-2-(N-(4-Selenocyanatonaphthalen-1-yl)acetamido)acetamide
(21)

Yellow crystals; yield 160 mg (68%); m p 190-192 °C (ethanol); R¢= 0.14 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3388 (NH), 2929 (C-H), 2199 (CN), 1650 (C=0),
1259 (C-N), 513(Se-C); EIMS m/z (%) 469 (M*, 1.97); *H NMR (300 MHz, DMSO-ds) 5 9.62
(s, H,NH), 8.65-8.28 (m, 4H, Ar-H), 8.09 (d, J = 23.7 Hz, 2H, Ar-H), 6.86-6.34 (m, 3H, Furyl-
H), 5.91 (s, H, CH), 1.93 (s, 3H, CHs), 1.29 (s, 9H, 3CHz3); *C NMR (75 MHz, DMSO-d¢) &
169.34, 146.40, 144.07, 137.35, 133.89, 128.09, 127.61, 125.24, 124.50, 122.88, 117.03,
112.85, 110.97, 109.55, 106.03, 104.84, 75.34, 59.77, 29.59, 22.36.

N-(2-ox0-2-((Tosylmethyl)amino)ethyl)-N-(4-Selenocyanatonaphthalen-1-yl)acetamide (22)

Brown crystals; yield 167 mg (65%); m p 187-189 °C (ethanol); R¢= 0.13 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™: 3378 (NH), 2979 (C-H), 2199 (CN), 1625 (C=0),
1285 (C-N), 672 (C-S-C), 512(Se-C); EIMS m/z (%) 515 (M*, 0.32); *H NMR (300 MHz,
DMSO-ds) & 8.97-8.67 (m, 4H, Ar-H), 8.50-7.94 (m, 2H, Ar-H), 7.34-7.54 (m, 4H, Ar-H), 4.60
(s, 2H, CH2), 4.28 (s, 2H, CH>), 2.50 (s, 3H, CHs), 2.32 (s, 3H, CHg).

2-(4-Nitrophenyl)-2-(N-(4-Selenocyanatonaphthalen-1-yl)acetamido)-N-
(tosylmethyl)acetamide (23)

Orange crystals; yield 232 mg (73%); m p 193-195 °C (ethanol); R¢= 0.13 [pet. ether
/ethyl acetate (4:2)]; IR (KBr): vmax. cm™t: 3447 (NH), 2936(C-H), 2150 (CN), 1626 (C=0),
1286 (C-N), 688 (C-S-C), 487(Se-C); EIMS m/z (%) 636 (M*, 1.62) ; *H NMR (300 MHz,
DMSO-ds) 5 8.92 (s, H, NH), 8.30-7.87 (d, J = 12.9 Hz, 4H, Ar-H), 7.85-7.70 (m, 4H, Ar-H),
7.61-7.51 (m, 4H, Ar-H), 7.33-7.19 (m, 2H, Ar-H), 5.95 (s, H, CH), 4.84 (s, 2H, CH>), 2.39 (s,
3H, CHa), 2.36 (s, 3H, CHs).
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