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ABSTRACT

Nineteen organoselenides were synthesized anddtdste their intrinsic cytotoxicity in
hepatocellular carcinoma (HepG2) and breast adeciooma (MCF-7) cell lines and their
corresponding selective cytotoxicity (SI) was estied using normal lung fibroblast (WI-38)
cells. Most of the organic selenides exhibited g@odicancer activity, and this was more
pronounced in HepG2 cells. Interestingly, the nagtiinone- ), thiazol- (2), and the azo-
based 13) organic selenides demonstrated promising Sl ¢upe). Furthermore, the amide,
napthoquinone, and azo-basedl3 and 15 organic selenides were able to down-regulate the
expression of Bcl-2 and up-regulate the expredsiesls of IL-2, IL-6and CD40 in HepG2 cells
compared to untreated cells. Moreover, most ofsirghesized candidates manifested good free
radical-scavenging and GPx-like activities compkrab vitamin C and ebselen. The obtained
results suggested that some of the presented megl@nium candidates have promising anti-

HepG2 and antioxidant activities.
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1. Introduction

Oxidative stress (OS) is involved in the aetiolagyseveral diseases, including cancer,
rheumatoid arthritis, Alzheimer’s disease, and lhgton’s disease [1, 2]. The development of
agents able to counteract OS progression is begponucial in disease prevention and adjuvant
therapy. Therefore, various exogenous antioxiddrase been extensively investigated to
inhibit/reduce oxidative damage and prevent/slow dlevelopment of diseases. This approach
depends on the ‘one-shot’ administration of antlaxis (e.g., ascorbic acid, tocopherols, and
flavonoids), which react in stoichiometrical rati@sth stressors (e.g., reactive oxygen and
nitrogen species (ROS and RNS) to form benign camgs [3, 4]. This strategy is, however,
limited by the side effects or the cytotoxicity esisted with the high concentrations of
administered antioxidants [5-7]. In view of therfar, interest in synthesizing novel antioxidants
that catalytically inhibit cellular oxidation andtard disease progression has recently arisen. Of
particular therapeutic significance, organic salesi have been vastly studied owing to their
significant chemopreventive and antioxidant aaigit[8-11]. Furthermore, selenium is crucial
for the proper immune system function and viralpepsion [12]. An overwhelming number of
reports have related selenium-body disorders witinareased risk of many illnesses, including
cancer and liver diseases [13, 14]. In the pastyfears, an enormous effort has been directed
towards the synthesis of new organic selenides toafld be used as potential cancer
chemopreventive agents (Figure 1). For example, slmthetic organic selenides 1,4-
phenylenebis(methylene)selenocyan@X$C) () andp-methoxy-benzyl selenocyanate (BSC)
(I1) have shown excellent cancer chemopreventive iaetivin several experimental tumour
models (e.g., colon, lung, and oral) [15-21]. Farthore, the water-soluble cyclic selenide trans-
3,4-dihydroxyselenolane (DHS)I() exhibited good GPx-like catalytic activity anderesting
radioprotective effects [22, 23].

Figurel

Since 2009, we reported several organic selenldearfdV) with promising antioxidant
and GPx-like activitie$24-27]. The possible mode-of-action(s) by whickgh agents manifest

their antioxidant effects was(were) found to bated to the ROS and glutathione (GSH) levels



modulation in tumour cells. Interestingly, we rejedr organoselenium candidates with better
antioxidant and GPx-like activities than vitamira@d ebselen, respectively [28].

Very recently, we also reported the synthesis abeel series oN-substituted amidic
acid organic selenides, and their cytotoxicity,i@ntant and anti-apoptotic activities were
tested in oligodendrocytes [29]. Among the testedmmounds, (Z2)-4-((4-((4-
bromobenzyl)selanyl)phenyl)amino)-4-oxobut-2-en@icid (/1) didn't show any cytotoxic
effect on the viability of the 158 N oligodendroegt(IGy>100). On the other hand, it showed
remarkable anti-apoptotic properties at low micrtanaoncentration (1, 5, and 10 uM) by
diminishing the formation of the sub-G1 peak ofjoliendrocytes and therefore was considered
a promising target for chemopreventive applicati@$j.

Based on our findings, we synthesized new orgaanggh compounds to obtain deeper
insight into the potential use of these agents rdgancer and antioxidant candidates. The
anticancer activity of the compounds was assessetyHepG2 and MCF-7 cell lines and
compared with their cytotoxicity to normal WI-38lise Furthermore, the antioxidant potential of
the compounds was investigated by employing diffedhemical assays, such as the ABTS,
DPPH, bleomycin-dependent DNA damage, and GPxdgsays. Finally, the druggability of the

prepared organic selenides was computed usingegbeSivisSADME web tool.

2. Results and Discussions

2.1. Design and synthesis of organic selenides

As a part of our project aimed towards the synthesi organic selenides-based
chemotherapeutic agents [30, 31, 36-38], we hemport the synthesis of a novel class of
organic selenide compound$Z0) using readily available organoselenium buildingckk The
key starting building blocks for the synthesis bk torganoselenium agents were the 4-
selenocyanatoanilin@) [28], 4-(2-(4-aminophenyl)diselanyl)benzenan®h [25] and 4-methyl-
5-selenocyanatothiazol-2-aminky.

Organoselenium compoundss were synthesized via the nucleophilic substitutbthe
halogen atom at the corresponding alkyl, benzygjinone halides by thim situ-generated 4-
aminobenzeneselenolate anion, while organic sedenigb were synthesized via a Michael-
type addition (Scheme 1) by employing differentivated olefins. On the other hani?,N*-



bis(4-selenocyanatophenyl)malonamid® (vas synthesized in good yields (87 %) by the
reaction with malonyl chloride and selenoanilthie dry benzene (Scheme 1).
Scheme 1

Notably, selenaheterocycles constitute an imposgahtlass of organic selenides because
of their widespread use in medicinal chemistry [28,36, 39, 40]. In this context, 4-methyl-5-
selenocyanatothiazol-2-amin&0f was synthesized in 85 % vyield by the selenocyanaif 4-
methylthiazol-2-amine9) using the known selenocyanating agent triselerdicyanide (TSD).
Similarly, organoselenium compounds 2-((2-amino-dtmithiazol-5-yl)selanyl)acetonitrile
(11) and methyl 3-((2-amino-4-methylthiazol-5-yl)se/§propanoate 12) were synthesized
from thein situformed 2-amino-4-methylthiazole-5-selenolate sodisalt either via Michael-

type addition or nucleophilic substitution (Sche®)e

Scheme 2
We next directed our attention to the developmdndazm -based organic selenides as

many azoic derivatives have been reported to ihkilei synthesis of DNA and RNA, as well as
several proteins [41, 42]. The -N=N- motif is assdnto be responsible for the interaction with
the active site in proteins [43]. Subsequentlye@es of selenocyanatet3, 14, 15 and19) and
diselenide-basedl§, 17, 18 and20) azoic-based organoselenium compounds were pickigre
the classical coupling of the 4-selenocyanatoamilin @) and  4-(2-(4-
aminophenyl)diselanyl)benzenamin3) ( with different activated substrates (e.g., ethyl
acetoacetate, phenol, anthranilic acid, and 4-yiteiazol-2-amine) (Scheme 3).

Scheme 3

2.2. In vitro biological studies:
2.2.1. Organic selenide effects on the viability of HepG2, MCF-7 and
WI-38 cdlls

Not surprisingly, organoselenium compounds haveived much attention as potential
drug candidates owing to their redox-modulatingvétgt[44-48]. Therefore, they have become a
major focus of modern drug development as antioxgland chemopreventive agents [49, 50].

GPx-like activity was reported mainly for symme#liciselenides [33, 48, 51-53]. Our group
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has explored the antioxidant activity of severajamic selenides, such as tetrazole-derived and
guinone-based organic selenides. Within this cdnte® reported several selenium-containing
compounds with better antioxidant properties and-{& activity than the classic antioxidants
ascorbic acid and ebselen, respectively [32, 3353

Based on our previous broad-spectrum cytotoxictseening of different classes of
organoselenium compounds [27, 31-36], we found thatorganic selenides cytotoxicity is
generally more pronounced in HepG2 and MCF-7 cé&herefore, the antiproliferative activities
of the newly synthesized compounds were prelimipasraluated in these cancer cells (Table 1).

Tablel

Furthermore, to narrow our focus to the most irgiéng compounds, the selective cytotoxicity of
these compounds was further evaluated using noMha8 cells.
In the case of HepG2 cells, most of the organoggieicompounds exhibited good cytotoxicity
with ICs9 values>10 uM and, in some cases, showed better cytotgxibian the known
anticancer medication fluorouracil (5-FU). Selenathaquinoneb and azoic selenocyanate$
and 15 were found to be the most cytotoxic withsdGralues< 1 uM. On the other hand,
compared with the effects on HepG2 cells, the oyicity to MCF-7 cells was less pronounced,
and most of the compounds exhibited moderate tocktatoxicity. Selenopropanenitriléa and
selenopropanoaté were the most cytotoxic with kgvalues< 10 uM, while compounds, 6,
11, 12, and16 exhibited a cytotoxic range with égvalues< 20 uM.
In chemotherapy, minimal cytotoxicity to healthyllseand high cytotoxicity towards tumour
cells is desirable. The SI therefore reflects tifier@ntial cytotoxicity of a compound to healthy
and tumour cells. The higher the Sl value of a coumg is, the greater its selectivity. In general,
Sl values above 10 indicate cytotoxic selectivityl are recommended to ensure the safety of a
drug candidate [55]. In this regard, most of thatsgsized compounds showed promising Sl
values in the case of HepG2 cells compared to MCEHE. Among these compounds, organic
selenides, 4c, 7a, 12, 13, 14, 15, and16 were highly selective for HepG2 cells with SI vedwof
76, 63, 57, 39, 29, 22 and 14, respectively.
Another selectivity pattern was observed in MCFells; indicating that selenium cytotoxicity is
not general. In this regard, compoungls7a, 7b, 11, 12, and 16 were the most selective
compounds with Sl values of 12, 9, 8, 6, 5 and His Tesult is quite interesting and supports

more studies employing a wider panel of cell modealdudingin vivoinvestigations.



2.2.2. Evaluation of Bcl-2, CD40, IL-2 and IL-6 molecular biomarkers
in HepG2 cells

We have previously shown that the underlying deadthanism(s) of organoselenium
compounds may be due to apoptosis induction [2§4,T30s was confirmed via the estimation of
various cellular alterations (e.g., cell morpholpggll cycle delay, and activation of caspase 3/7
and caspase 8) [24, 30]. Very recently, we have discribed that organic selenides can
modulate the expression levels of some tumor probkeomarkers (e.g., Ki-67, Bcl-2, and
caspase-8) leading to apoptosis inducfizi 28].

In order to further understand the expected modgf{($ction of the synthesized compounds,
here, we selected the most promising and diverganar selenidegc, 5, 13, and 15 and
investigated their ability to induce apoptosis irp&2 cells via modulation the expression of
some pro-inflammatory cytokines (IL-2 and IL-6)et&D40 protein (necessary for mediating a
broad variety of inflammatory responses and mendfethe tumor necrosis factor receptor
family), and the anti-apoptotic Bcl-2 protein.

Figure2
Experimental results (Figure 2) showed that comdsuit, 5, 13 and 15 were able to down-
regulate the expression of Bcl-2 and up-regulageettpression levels of IL-2, IL-&1d CD40 in
HepG2 cells compared to untreated cells. InterglsticompoundS increased the expression
levels of IL-2 by 1.5-fold compared to the untrehtentrol; whereas, compounds, 5, and13
modulated the IL-6 level at most a 2.2-fold inceeds expression when compared to the
untreated control cells. Furthermore, compoudwas able to down-regulate, by 55%, the
expression levels of Bcl-2 compared to the untekatells. Finally, compound43 and 15

demonstrated a 1.3-fold increase in the expredsia of CD40 compared to the untreated cells.

2.2.3. Assessment of the antioxidant profiles of the organic selenides

Recently, redox modulators have gained great istedee to their chemotherapeutic
potential not only as anticancer candidates bui alks chemopreventive agents [56, 57]. The
behaviour of such compounds depends on their suding environment, as they may function
as pro-oxidant catalysts in cells with diminishegti@xidant capacity or as antioxidants in

normal cells [58-60]. Among these agents, orgaelersdes have been reported to effectively
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and selectively attack the disturbed intracellukdox balance in different microorganisms and
various tumours rich in ROS [18, 61-63]. Fortuityysrganic selenides are generally good
nucleophiles, which has led to the rational desifirseveral synthetic organic selenides as

antioxidant agents [64].

2.2.3.1. DPPH and ABT Sradical scavenging assays

There are various methods used for the evaluafitimecantioxidant properties of organic
compounds; however, the ABTS and DPPH assays arsidewed rapid tools to evaluate the
radical-scavenging activities of natural produats foods as well as several organic selenides
[65-69].

The antioxidant activity of a compound is assedsgedts ability to decolorize the DPPldnd
ABTS radicals, and the corresponding radical-scavengatigity is estimated by the decrease in
the absorbance at 517 and 734 nm, respectivelpmifit C was used as the positive control
(Table 2).

Table2

As depicted in Table 1, compounds, 7b, 11, 12 and16 were the most active organic selenides
in both assays, manifesting good free radical-sugimg activity comparable to that of vitamin
C. This result was not surprisingly, as all of the®@mpounds possess only the selenium redox
functionality that might be responsible for theiaxidant activity.

There is, of course, also the chance that suchtsigeay possess pro-oxidant activity. Therefore,
the bleomycin-induced DNA damage assay was useddluate the pro-oxidant activity of the
synthesized compounds. This assay has been rgutiset as a preliminary method to estimate
the potential pro-oxidant nature of drugs and aajptastic agents [70, 71]. Bleomycin is a
glycopeptide antibiotic that complexes with dioxggand divalent metal ions (mainly ¥g
generating free radicals [70h the modified assay used [72, 73], an increaséhé optical
density indicates that more bleomycin®Fmolecules are converted into bleomycirf-Fevhich
induces DNA damage, supporting the idea of thegxidant activity of these compounds, and
vice versa. As shown in Table 2, most of the compsudid not show any remarkable pro-
oxidant activity except for compourfs] which induced DNA degradation significantly more

than the other investigated compounds (Table 2).



2.2.3.2. Glutathione peroxidase-like activity assay

Because organic selenides manifest an antioxidamterof-action like that of the
glutathione peroxidase (GPx) human selenoenzynee (GRx-like activity of the synthesized
candidates was further estimated by employing tA®RH-reductase coupled assay [74-77].
Spectrophotometrically, the GPx activity of the thasized compounds was estimated by the
decrease in absorbance (340 nm) due to the oxidafidNADPH to NADP, and ebselen was
used as the positive control (Figure 3).

Figure3

As shown in Figure 2, organoselenium compoufds, 11, 12, 13, 16 and 7b were the most
active in this assay, showing comparable activtyhtat of ebselen. The rest of the compounds
showed good to moderate GPx-like activity.

3. Conclusion

A novel library of organoselenium compounds haslggepared with comparable ease using a
plenty of readily available substrates, and thelteg organic selenides were obtained in good
to excellent yields. The antiproliferative activity the compounds was evaluated in two cancer
cell lines, Hep G2 and MCF-7. The selective cytatitx of the synthesized compounds was
evaluated using normal WI-38 cells.

In general, most of the organoselenium compountdg@good cytotoxicity, and this cytotoxic
effect was more pronounced in HepG2 cells than @RV cells. In the case of HepG2,
selenonapthoquinorteand azoic selenocyanate$ and15 were found to be the most cytotoxic
with 1Csp values < 1 pM. In the case of MCF-7 cells, selenopropideitr7a and
selenopropanoatéb were the most cytotoxic ones withsfGralues<10 uM. Interestingly, a
promising selectivity was observed when comparimgdytotoxicity in HepG2 and MCF-7 cells
with that in normal WI-38 cells. In this contextpst non-heterocyclic organic selenid&s4c,

7a, 12, 13, 14, 15, and16) were highly selective for HepG2 cells with S| vedwf above 14 and
up to useful 76 times. On the other hand, seldgtior MCF-7 cells was generally lower than
that for HepG2. Such a differential selectivitytpat is quite interesting and is a strong hint that

general selenium toxicity is not the governing dacif the observed cytotoxic effects.



We also showed that organic selenides can induoptegis in HepG2 cells by potentially
modulation the expression of the IL-2 and IL-6 prflammatory cytokines, the Bcl-2 anti-
apoptotic protein, and the CD40 protein which imtis involved in the inflammatory responses.
Within this context, compound&, 5, 13 and15 were able to up-regulate the expression levels
of IL-2, IL-6 and CD40 and down-regulate the expression of Bok®in HepG2 cells compared
to control cells. This provides additional hints the existence of alternative mode-of-action of
anti-HepG2; however, the cellular and molecular ma@tsms underlying the role of organic
selenides in facilitating tumour cell apoptosis agmambiguous.

Furthermore, the selenium redox centres point tdsvaantioxidant activity. Especially
compounds7a, 7b, 11, 12 and 16 exhibited interesting free radical-scavenging \atgti
comparable to that of vitamin C. These results wardine with those obtained from the
bleomycin-dependent DNA damage assay, as noneeo$yhthesized compounds, except for
compoundB, showed any pro-oxidant activity. Of course, anyhsterlox activity, because of the
underlying general selenium toxicity above a caertecommended daily intake, is only relevant
in the context of a use as adjuvants or co-treatnmea cancer therapy, and of course not as a
substitute for vitamin C.

Furthermore, most of the organoselenium compournxtiébiged good GPx-like activity, and
again compounds also performing best as antioxsdanitiepG2 cytotoxins were the most active
in this assay¥q, 6, 11, 12, 13, 16 and 7b), showing comparable activity to that of ebselen.
Finally, based on the SwissADME web interface, mofthese compounds featured good
pharmacokinetic parameters.

To this point, the preliminary cell-based studiesl ahein vitro redox assays point towards a
selective cytotoxicity and good antioxidant acyvaf some of these compounds. The distinct
selectivity patterns warrant more studies usingi@ewarsenal of primary and cancer cells. To
obtain a clear QSAR, diverse structural sets ofawogelenium compounds are required to
determine the underlying cytotoxicity and seleg¢yivimechanism(s) of these classes of
compounds. Finally, any emerging top compounds ree¢ended to studies including animal
models to assess whether a suitable lead can bifieie.

Overall, we have clearly shown that synthetic orgeselenides can be tailored to achieve
increased selectivity in anticancer activity. Basadthe above results, we believe that even

better candidates than those shown here can bdogede At this stage, it is too premature to



disclose the results of pharmacokinetic studieariimals or the degradation/accumulation of
such candidates in specific tissues. Nonethelbssetcases are highly important and will form

part of our future studies in appropriate animatieis.

4. Experimental
4.1 Material and methods

All chemical reagents for the synthesis of compeuwere purchased from Sigma-Aldrich-

Fluka or Merck (AMD) and used without further pigé#tion unless stated otherwise. Reactions
in inert atmosphere were carried out under argd) (4sing standard Schlenck techniques. Silica
gel 60 (Macherey-Nagel, 50-20@m) was used for column chromatography. Unless noted
otherwise, the dimensions of columns used werecthdiameter) and 25-30 cm (height of
silica gel). TLC plates (silica gel 60,4z 0.20 mm) were purchased from Merck. NMR
spectroscopy™H NMR spectra were recorded at 400 ME; NMR spectra at 100 MHz on a
Bruker DRX 500 or Avance 500 spectrometer. Chemgdafts are reported im (ppm),
expressed relative to the solvent signal at 7.26 (DCk, *H NMR) and at 77.16 ppm (CD§!
3C NMR), as well as 3.31 ppnfH NMR, CD;0OD) and 49.00 ppm'{C NMR, CD;OD).
Coupling constantsJ] are given in Hz. MS analysis: analyses were peréa using a TSQ
guantum mass spectrometer equipped with an EStesand a triple quadrupole mass detector
(Thermo Finnigan). HRMS: high-resolution mass smeoetry was performed on an Accela
UPLC-system (Thermo-Fisher) coupled to a lineamp-fa-Orbitrap combination (LTQ-
Orbitrap), operating in positive ionization modé&e§e spectra indicated99% MS-purity of the
prepared compounds.
DNA (Calf Thymus typel), bleomycin sulfate, thiobdéwric acid (TBA), 1,1-diphenyl-1-
picrylnydrazyl (DPPH), ethylenediaminetetraaceticida(EDTA), and ascorbic acid were
obtained from Sigma. All other chemicals were adlgtical grade. Compound 1, 3 and 4 were
synthesized according to the literature reportethote[25, 28, 81].

4.2. Biological assays

4.2.1. Cytotoxicity assay

The HepG2 human liver carcinoma, breast adeno@r@an(MCF-7) and lung fibroblast (WI-

38) cell lines were purchased from American Typdt@ea Collection (HTBI37; Rockville,
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MD, USA). The cells were cultured in Dulbecco’s nimdl Eagle’s medium (DMEM)
supplemented with 10% (v/v) calf serum (Hyclone dmories, Ogden, UT), 60 mg/mL
penicillin G and 100 mg/mL streptomycin sulfate mtained at 37°C in a humidified

atmosphere containing about 15% (v/v) G®air.

MTT [3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrabum bromide] (Sigma) was used to
measure the metabolic activity of cells which caduce it by dehydrogenases to a violet colored
formazan product. Briefly, 120 pL aliquots of alcispension (50,000 cells mLin 96-well
microplates were incubated at 37 °C and 10% @Ml allowed to grow for two days. Then 60
uL of serial dilutions of the test compounds weddexl. After 48 h of incubation at 8¢ and
10% CQ, 75 uL MTT in phosphate buffered saline (PBS) waded to a final concentration of
0.5 mg mL*. After 2 h the precipitate of formazan crystalssveantrifuged, and the supernatant
discarded. The precipitate was washed three timts 300 pL PBS and dissolved in 100 pL
DMSO. The resulting color was measured at 590 ninguan ELISA plate reader. All
investigations were carried out in two parallel exments. The 16 values were determined as
the concentrations of tested materials, which skiods@6 of the absorbance of untreated control
cells as estimated from the dose-response curvEkiosouracil (5-Fu) was used as a positive

control.

4.2.2. Detection of Bcl-2, IL-2, I1L-6 and CD40 protein expression levels.

Bcl-2, CD40, IL-2 and IL-6 levels were evaluatedHepG2 cells treated with the corresponding
ICs0s of each compound and incubated for 48 hrs andpbaced with their levels in control

untreated HepG2 cell line. The cells were harvebiedpplying trypsin and lysed by freezing
with liquid nitrogen and then thawing with gentlexmg and the total proteins were isolated.

Protein levels of the anti-apoptotic marker BCL-2rev then measured using enzyme-linked

11



immunosorbent assay (ELISA) according to the martufars’ instructions (Biomatik, USA).
Enzyme-linked immunosorbent assay was used fortijative detection of CD40, IL-2 andIL-6

(ebioscience).

4.2.3. DPPH freeradical scavenging activity

The hydrogen atom or electron donation abilityted torresponding compounds was measured
by estimating the bleaching of the purple color adfmethanolic solution of DPPH. This
spectrophotometric assay uses stable DRBH reagent. The sample was prepared by adding
200 pL of the organic selenides (1 uM in methatmB00 pl DPPH in methanol. After 30 min

of incubation in the dark, the absorbance was eginst a blank at 517 nm. Ascorbic acid
(vitamin C) and ebselen were used as a standalak@ant (positive control). A blank sample
was run without DPPH. A negative control sample was using methanol instead of the
sample. The radical scavenging activity was catedlausing the following equation: 1%=

(AbIank'AsampIa/(Ablank)Xloo

4.2.4. Bleomycin-dependent DNA damage

The assay was performed according to the reporettdad with minor modifications [29, 32, 33,
36]. The reaction mixture contained 0.5 mg/ml tiayimus DNA, 0.05 mg/ml bleomycin sulfate,
5 mM magnesium chloride, 50 mM ferric chloride, Xntested compound. L-ascorbic acid (2
mM) was used as a positive control. The mixture imasbated at 37C for 1 hour. The activity

of test compounds was evaluated as malondialdeagd&alents. Thiobarbituric acid reactive
substances, which arose from deoxyribose degradafi®NA were assessed. The reaction was
terminated by addition of 0.05 ml 0.1 M EDTA. Thelar was developed by adding 0.5 ml of
1% wi/v thiobarbituric acid and 0.5 ml of 25% v/v HRQ5% v/v). The tube was capped with a
screw cap and heated at &8 for 30 min. After cooling in ice water, the mixéuwas then
shaken and centrifuged and the extent of DNA damage measured by an increase in

absorbance at wavelength 532 nm.
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4.2.5. ABTSassay

The antioxidant activity of the investigated compds was assessed using 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid (ABTS) methdtle radical cation derived from ABTS
was prepared by the reaction of 60 mM ABTS solutioiih 0.3 M Manganese dioxide solution
in 0.1 M phosphate buffer, pH 7. Then, the mixtw&s shaken, centrifuged, filtered, and the
absorbance (Anro) Of the resulting green-blue solution (ABTS radlisalution) was measured
at wavelength 734 nm. Then, 50 pl of 1 mg/ml teshgound in phosphate buffered methanol
was added. The absorbance.{Awas measured. The reduction in color intensitg @xpressed
as % inhibition. The % inhibition for each compousadalculated from the following equation

Inhibition% = (Acontrol'AtestmpIQ/(AcontroDX100
Ascorbic acid (vitamin C) was used as standard-@fitiant (positive control). A blank sample
was run without ABTS and using MeOH/phosphate buffel) instead of the sample. A

negative control sample was run with MeOH/phospbatéer (1:1) instead of tested compound.

4.2.6. Glutathione peroxidase like activity

GPx kit (Biodiagnostic, Egypt) was used for theedetination of GPx according to Pagéaal.
[40] The reaction mixture contained 1 ml assay éruf0 mM phosphate buffer containing 0.1
% triton X-100) and 0.1 ml NADPH reagent (24 pmolut@thione, 12 unit Glutathione
reductase and 4.8 pmol NADPH) and 0.01 ml (41 pddjetd compounds and the reaction was
started by the addition of J, (0.8 mM). The contents were mixed well and the dhmaces
were recorded at 340 nm over a period of 3 min rejadleionized water. The change of
absorbance per minute {&.m / min) was estimated using ebselen (41 puM) aspibstive

control. The values represented in figure 3 areresqed after background correction for the
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reaction with HO, and GSH. In case of colored compounds, their itietsvwere estimated after

subtracting their own absorbances at the used \eagth.

4.2.7. Statistical analysis.

Statistical analysis, curve fitting and graphs weeeformed using IBM SPSS Statistics
Version 16 (SPSS Inc, Chicago) and GraphPad Prignd2/(GraphPad Software Inc). Data
were analyzed by One-Way ANOVA and Tukey post Hestsd. Data are given as mean £SD of

three independent experiments. P value less tif&nvias considered statistically significant.

4.3. Synthesisand char acterization
Synthesis of 2-methyl-3-bromo-l,4-naphthoquinone2|3
In 25 ml glacial acetic acid, sodium acetate (085, 17 mmol) and 2-methyl-1,4-
naphthoquinone (6.5 mg, 31.5 mmol) were mixed togetBromine (1 ml) was then added and
the mixture was lifted to settle for four days e tdark. The yellow crystals formed mass formed
was removed and the supernatant liquid was pounetb @50 gm ice. The yellow precipitate

formed was filtered off and recrystallized from hmatol.

Synthesis of 4-selenocyanatoaniline (2)

Selenium dioxide (6 mmol) was added under stirtm@ solution of malononitrile (3 mmol) in
DMSO (15 ml). The mixture was stirred at room tenapgre for 15 min in order to obtain
triselenium dicyanide. When the exothermic reachad finished aniline (5 mmol) was added.
The mixture was stirred for 20 min. Water (150 mBs added to the reaction mixture and the
resulting precipitate (4-selenocyanatobenzenamwey filtered off, dried and used without

further purifications.
Synthesis of 4-(2-(4-aminophenyl)diselanyl)benzernaen(3)

Under argon, NaBlH(3 mmol) was added in small portions with cautiona solution of 4-
selenocyanatobenzenamine (1 mmol) in absolute etid® ml). The mixture was stirred at
room temperature for 2 h. The solvent was removetbureduced pressure and the remaining
residue was dissolved in dichloromethane, washédl water (3x50 ml). The organic layer was
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separated, dried with anhydrous,8@y and removed under vacuum. The residue was purified

by chromatography on silica gel (petroleum eth#hryleacetate 4:2).

Synthesis of 4-methyl-5-selenocyanatothiazol-2-am{i0)

To a well stirred solution of malononitrile (40 m@6 mmol) in DMF (0.5 mL), Sef)(84 mg,
0.75 mmol) was added. The mixture became reddigh 510 min and an exothermic reaction
with vigorous gas evolution began during the néxiniin. When the gas evolution was ceased
the reaction mixture was filtered to remove anydsopresent, then aminothiazole (114 mg, 1
mmol) was added with stirring. Stirring was congdufor additional 1 h at room temperature.
The homogenous solution was diluted with ice-cotden, the precipitate formed was filtered off
and dried to givdO.

General procedure I:Synthesis of organic selenidéds-c and 7a-b via reduction of3 and

subsequemucleophilicsubstitution or Michael addition type reactions

Compound3 (1 mmol) and appropriate halo/activated olefin deives (2.2 mmol) were
dissolved in EtOH (15 ml). NaBH113.49 mg, 3 mmol) was added portion wise overThen

the reaction was stirred for additional 5 hrs. Dinganic layer was dried and evaporated under
vacuum. The residue was purified by silica gel amtography.

General procedure ll:Synthesis of organic selenideand6 via reduction of3 and subsequent

nucleophilicsubstitution reaction

Compound3 (1 mmol) and appropriate halo quinone derivative (@mol) were dissolved in
EtOAc (20 ml). Water (20 ml) and tricaprylmethylammium chloride (45 mg, 5% mol) were
then added. NaBH(189.15 mg, 5 mmol) was added portion wise overThen the reaction was
stirred for additional 3 hrs. The organic layer whged and evaporated under vacuum. The
residue was purified by silica gel chromatography.

General procedure lll:Synthesis of organic selenigigia reaction with malonyl chloride

To a solution o2 (1 mmol) in dry benzene (15 mL), malonyl chlor{@5 mmol) was added and
the mixture was stirred at room temperature for Bie formed precipitate was collected and
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further washed with benzene and dried under vaculihe purity of compoundB was
satisfactory for further use. If necessary, furtherification using silica gel chromatography was
performed.

General procedure 1V:Synthesis of organic selenidé$ and 12 via reduction of10 and

subsequemucleophilicsubstitution or Michael addition type reactions

Compound10 (1 mmol) and appropriate halo/activated olefin dgives (2.2 mmol) were
dissolved in EtOH (15 ml). NaBH(113.49 mg, 2.5 mmol) was added portion wise dier
Then the reaction was stirred for additional 5 Aitse organic layer was dried and evaporated
under vacuum. The residue was purified by silidecgeomatography.

General procedure VSynthesis of organic selenocyanate azoic d§ek/, 18 and20.

4-aminophenylselenocyanat®) (1.97g, 0.01 mol) was dissolved in agueous aeatid (8 ml,
1:1), cooled to 0-5°C, then added a cold solutibrsadium nitrite (0.7g, 10 mmol, in 3 ml
water), while maintaining the temperature at 0-57@e formed diazonium salt solution was
added dropwise to a cooled and stirred mixturecti@a methylene/aromatic compounds (0.01
mol) and sodium acetate (2.0g), dissolved in (100mb0% aqueous ethanol). Stirring was
continued for 1.5 h. The resulting crystals werlected, washed with water, and purified by
silica gel chromatography.

2-((4-Aminophenyl)selanyl)acetonitrile (4a)

2-((4-Aminophenyl)selanyl)acetonitrile was synthesized from 4-(2-(4-
aminophenyl)diselanyl)benzenami8g170 mg, 0.5 mmol), CICKN (69.5ul, 1.1 mmol), and NaBH
(57 mg, 1.5 mmol) in ethanol (10 ml). The produmtniation was followed by TLC petroleum ether:
EtOAc= 8:2, R= 0.36. Yellow oil; Yield: 113 mg (53%JH NMR (400 MHz, DMSOY 7.40 — 7.29 (m,
2H, Ar-H), 6.64 — 6.55 (m, 2H, Ar-H), 5.45 (s, 2NH,), 3.67 — 3.62 (s, 2H, SeGH™C NMR (100
MHz, DMSO) § 149.94, 136.71, 119.10, 114.72, 110.66, 8.65. ESI){ m/z= found 212.20 [Nk1],
235.40 [M+Na]; calcd. 211.98 [M.

4-(Benzylselanyl)aniline (4b)

4-(Benzylselanyl)anilinavas synthesizettom 4-(2-(4-aminophenyl)diselanyl)benzenam®€170 mg,
0.5 mmol), PhCKCI (126.5ul, 1.1 mmol), Starks’ catalyst (22.5 mg, 2.5% naid NaBH (57 mg, 1.5
mmol). The product formation was followed by TLCthoéeum ether: EtOAc= 12:2,;R 0.36, purified
by column silica gel chromatography with petroleether: EtOAc = 6:1.5. Colorless oil; Yield: 224 mg
(85%)H NMR (300 MHz, CDC}) § 7.28 — 7.18 (m, 2H, Ar-H), 7.14 — 7.08 (m, 2H, A)-6.94 — 6.81
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(m, 2H, Ar-H), 6.50 — 6.39 (m, 2H, Ar-H), 3.85 @H, SeCH), 3.62 (s, 2H, NB); *C NMR (100 MHz,
CDCl) 6 146.68, 138.65, 137.03, 131.32, 130.48, 120.38,4B] 115.63, 32.51; MS (ESk/z= found
263.85 [M+1]; calcd. 263.02 [M; HRMS calcd. for GH;3NSe [M+1]: 264.02860, found 264.02748
[M*+1].

4-((2,2-Diethoxyethyl)selanyl)aniline (4c)

4-((2,2-Diethoxyethyl)selanyl)anilinevas synthesized from 4-(2-(4-aminophenyl)diseldrgizenamine
3 (170 mg, 0.5 mmol), 2-bromo-1,1-diethoxyethane5(jtb 1.1 mmol), Starks’ catalyst (22.5 mg, 2.5%
mol) and NaBH (57 mg, 1.5 mmol). The product formation was fakal by TLC petroleum ether:
EtOAc= 12:2, R= 0.39, purified by column silica gel chromatographiyh petroleum ether: EtOAc=
6:1.5. Colorless oil; Yield: 257 mg (890/%)-1 NMR (300 MHz, CDCJ) 6 7.42 — 7.34 (d) = 7.37 HZ, 2H,
Ar-H), 6.62 — 6.55 (dJ = 6.58, 2H, Ar-H), 4.66 (t) = 5.7 Hz, 1H, CH), 3.67 — 3.46 (m, 4H, 2g}8.03
(d,J=5.7 Hz, 2H, SeC}), 1.19 (tJ = 7.1 Hz, 6H, 2CH); **C NMR (75 MHz, CDC}) § 146.17, 135.90,
117.11, 115.70, 102.30, 61.70, 32.23, 15.23; MS)(E%z= found 312.04 [M#+Na]; calcd. 289.06 [M;
HRMS calcd. for GH;gNO,Se [M™+Na]: 312.0498, found 312.04597 [WNa].
2-((4-Aminophenyl)selanyl)-3-methylnaphthalene-1¢dene (5)
2-((4-Aminophenyl)selanyl)-3-methylnaphthalene-dlidne =~ was  synthesized from  4-(2-(4-
aminophenyl)diselanyl)benzenami8g170 mg, 0.5 mmol), 2-methyl-3-bromo-l,4-naphthiogume (275
mg, 1.1 mmol), Starks’ catalyst (Aliquat 336) (221§, 2.5% mol) and NaBH57 mg, 1.5 mmol). The
product formation was followed by TLC petroleum exthEtOAc= 8:3, R= 0.32, purified by column
silica gel chromatography with petroleum ether: &¢© 3:1. Brown solid; Yield: 305.50 mg (89%); mp
162-164°C. "H NMR (300 MHz, DMSO) 7.97 (ddt,J = 11.8, 6.9, 3.4 Hz, 2H, Ar-H), 7.87 — 7.77 (m,
2H, Ar-H), 7.28 — 7.19 (m, 2H, Ar-H), 6.55 — 6.4#%,(2H, Ar-H), 5.39 (s, 2H, Nk, 1.98 (s, 3H, Ch);
%C NMR (75 MHz, CDCJ) 5 181.84, 181.73, 149.10, 147.31, 147.24, 135.69,083 133.77, 131.69,
131.65, 126.34, 126.27, 114.65, 111.92, 16.50; &&){ m/z= found 344.95 [Nk+1], 366.20 [M+Na];
calcd. 343.01 [M]; HRMS calcd. for GH.aNO,Se [M™+Na]: 366.00037, found 365.99930 [WNal].
2,3-bis((4-Aminophenyl)selanyl)naphthalene-1,4-d®ii6)

Compounds was prepared from compouB8d344 mg, 1 mmol), 2,3-dichloronaphthalene-1,4-di¢226
mg, 1 mmol), Starks’ catalyst (45 mg, 5% mol) andism tetrahydridoborate (189.15 mg, 5 mmol). The
progress of the product formation was followed HyCTpetroleum ether: EtOAc= 4:1.5; R 0.28,
purified by column silica gel chromatography withtrpleum ether: EtOAc= 3:1. Brown solid; Yield:
610.50 mg (78%JH NMR (400 MHz, DMSO) 7.96 (m, 3H, Ar-H), 7.84 (m, 3H, Ar-H), 7.29 (mH3
Ar-H), 6.52 (m, 3H, Ar-H), 3.36 (s, 4H, 2NH *C NMR (100 MHz, DMSO)» 180.06, 175.00, 149.62,
148.64, 142.37, 136.48, 134.23, 131.90, 131.10,8226.14.47, 111.04. MS (ESin/z = found 522.40
[M*+Na]; calcd. 499.95 [M.

3-((4-Aminophenyl)selanyl)propanenitrile (7a)

Compound7a was prepared from compoudd340 mg, 1 mmol), 3-chloropropanenitrile (197 mg 2
mmol), and sodium borohydride (113.49 mg, 3 mmpolEtOH (15 ml). The progress of the product
formation was followed by TLC petroleum ether: Et&24:1, R= 0.32. White powder; Yield: 357 mg
(79%)."H NMR (400 MHz, DMSOY 7.26 — 7.22 (m, 2H, Ar-H), 6.56 — 6.52 (m, 2H, /); 5.29 (s, 2H,
NH,), 2.88 (t,J = 7.49 Hz, 2H, Ch), 2.75 — 2.70 (t) = 6.84 Hz, 2H, Ch). **C NMR (100 MHz, DMSO)

5 149.06, 136.09, 134.21, 119.77, 114.74, 110.94R28.17. MS (ESIyn/z= found 248.60 [N+Na];
calcd. 226.09 [M]; HRMS calcd. for GH;gN.Se [M™+Na]: 226.0009, found 248.9901 [MNa].

Methyl 3-((4-aminophenyl)selanyl)propanoate (7b)

Compoundrb was prepared from compouBd340 mg, 1 mmol), methyl 3-chloropropanoate (262.2
mmol), and sodium borohydride (113.49 mg, 3 mmolEtOH (15 ml). The progress of the product
formation was followed by TLC petroleum ether: Et€A4:1, R= 0.31. Yellow oil; Yield: 404 mg
(78%).'H NMR (400 MHz, DMSO0)5 7.21 (d,J = 8.4 Hz, 2H, Ar-H), 6.53 (d] = 8.4 Hz, 2H, Ar-H),
5.24 (s, 2H, NH), 3.58 (s, 3H, Ch), 2.86 (t,J = 7.1 Hz, 2H, CH), 2.62 (t,J = 7.2 Hz, 2H, CH). *°C
NMR (100 MHz, DMSO) 172.11, 148.78, 135.95, 114.69, 111.95, 51.3B57342.71. MS (ESIm/z=
found 282.10 [M+Na]; calcd. 259.01 [M; HRMS calcd. for GH;aNO,Se [M™+Na]: 259.0112, found
260.0184 [M+1].

17



N1,N3-bis(4-Selenocyanatophenyl)malonamide (8)

CompoundB was prepared from compoud197 mg, 1 mmol), and malonyl chloride (B 0.5 mmol)

in benzene (15 ml). The progress of the produan&tion was followed by TLC petroleum ether:
EtOAc= 4:1, R= 0.34. White powder; Yield: 361 mg (78%MH NMR (400 MHz, DMSO)$ 10.43 (s,
1H, NH), 7.69 (m, 8H, Ar-H), 3.53 (s, 2H, GH'*C NMR (101 MHz, DMSOY 165.64, 140.16, 134.86,
120.38, 116.73, 105.35, 46.03. MS (E®t)z= found 463.20 [M]; calcd. 463.92 [M]; HRMS calcd. for
Cy7H1:N,0,Se [M+Na): 463.9291, found 464.9219 [M].

4-Methyl-5-selenocyanatothiazol-2-amine (10)

Compoundl0 was prepared from malononitrile (40 mg, 0.6 mnIPMF (0.5 mL), Se@(84 mg, 0.75
mmol), and 4-methylthiazol-2-amine (114 mg, 1 mmdlhe progress of the product formation was
followed by TLC petroleum ether: EtOAc= 3:1; R 0.32. Reddish brown powder; Yield: 186.0 mg
(85%). '"H NMR (400 MHz, DMS0)3 5.75 (s, 2H, Nk), 1.99 (s, 3H, CH. *C NMR (100 MHz,
DMSO0) 6 167.81, 147.59, 105.20, 100.35, 17.14. MS (68lg= found 259.20 [N+1+K]; calcd. 218.93
[M7].

2-((2-Amino-4-methylthiazol-5-yl)selanyl)acetonikei (11)

Compoundll was prepared from compoud@ (218 mg, 1 mmol), chloroacetonitrile (70, 1.1 mmol)
and sodium borohydride (95 mg, 2.5 mmol) in EtOH (). The progress of the product formation was
followed by TLC petroleum ether: EtOAc= 4:1;R0.35. Red powder; Yield: 100 mg (43%)} NMR
(400 MHz, CDCJ) & 5.18 (s, 2H, NH), 3.23 (s, 2H, Ch), 2.43 (s, 3H, Ch. *C NMR (100 MHz,
CDCly) 6 170.67, 158.42, 117.14, 98.25, 16.43, 9.81. MS)(E8/z = found 256.00 [N+Nay]; calcd.
232.95 [M]; HRMS calcd. for GH/N3SSe [M]: 232.9526, found 455.941 [MNal].

Methyl 3-((2-amino-4-methylthiazol-5-yl)selanyl)ppanoate (12)

Compoundl2 was prepared from compoud@ (218 mg, 1 mmol), methyl 3-chloropropanoate (122
1.1 mmol) and sodium borohydride (95 mg, 2.5 mnilIEtOH (15 ml). The progress of the product
formation was followed by TLC petroleum ether: Et63A4:1, R= 0.35. Red powder; Yield: 243 mg
(87%).'H NMR (400 MHz, CDCJ) & 5.31 (s, 2H, NH), 3.69 (s, 3H, OCH), 2.85 (t,J = 7.4 Hz, 2H,
CH,), 2.71 (t,J = 8.8 Hz, 2H, CH), 2.30 (s, 3H, Ch). *C NMR (100 MHz, CDGJ) 5 172.49, 169.83,
155.31, 99.87, 51.78, 34.79, 24.22, 16.26. MS (E8/x = found 281.10 [Nk1]; calcd. 279.978 [M;
HRMS calcd. for @H1,N,O.SSe [M]: 279.978, found 280.985 [M1].
4-((4-Selenocyanatophenyl)diazenyl)phenol (13)

Compoundl13 was prepared from compourd(1.97g, 0.01 mol), phenol (0.94 ml, 0.01 mmol), and
sodium nitrite (0.7g, 10 mmol, in 3 ml water). Tpogress of the product formation was followed by
TLC petroleum ether: EtOAc= 4:1;R0.39. Yellowish powder; Yield: 2.5 g (83%MH NMR (400 MHz,
DMSO0)§ 7.91 — 7.72 (m, 6H, Ar-H), 7.52 (s, 1H, OH), 7-:06.92 (m, 2H, Ar-H)*C NMR (100 MHz,
DMSO) 6 161.36, 152.11, 145.15, 133.87, 126.32, 125.18 312 115.99, 105.09. MS (ESln/z =
found 302.00 [M]; calcd. 302.991 [M); HRMS calcd. for GH¢N;OSe [M]: 302.991, found 303.984
[M*+1].

Ethyl 3-ox0-2-((4-selenocyanatophenyl)diazenyl)botate (14)

Compound14 was prepared from compourtd(1.97g, 0.01 mol), ethyl acetoacetate (1.28 ml10.0
mmol), and sodium nitrite (0.7g, 10 mmol, in 3 rmater). The progress of the product formation was
followed by TLC petroleum ether: EtOAc= 4:1; R0.36. Yellowish powder; Yield: 2.7 g (82%H
NMR (400 MHz, DMSO) 11.55 (s, 1H, NH tautomer), 7.75 — 7.69 (m, 2HHr 7.50 (m, 2H, Ar-H),
4.36 — 4.28 (g = 7.37 Hz, 2H, Ch), 3.35 (s, 1H, CH), 2.39 (s, 3H, COgH1.28 (t,J = 7.1 Hz, 3H,
CHs). *C NMR (100 MHz, DMSO)5 193.74, 162.32, 143.61, 135.36, 132.60, 116.68,4D] 61.28,
25.30, 13.85. MS (ESI)m/z = found 362.30 [WM#Na]; calcd. 339.01 [M; HRMS calcd. for
C1aH13N30:Se [M]: 339.991, found 338.004 [ivH].
2-Amino-5-((4-selenocyanatophenyl)diazenyl)benzadid (15)

Compoundl5 was prepared from compoud1.97g, 0.01 mol), anthranilic acid (1.37 ml, O@inol),
and sodium nitrite (0.7g, 10 mmol, in 3 ml wat@e progress of the product formation was followsgd
TLC petroleum ether: EtOAc= 4:1,;R 0.30. Yellowish powder; Yield: 2.86 g (83%H NMR (400
MHz, DMSO0) s 7.96 (d,J = 7.5 Hz, 1H, Ar-H), 7.87 (d] = 8.3 Hz, 1H, Ar-H), 7.77 (dd] = 13.2, 6.6
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Hz, 2H, Ar-H), 7.67 — 7.61 (m, 2H, Ar-H), 7.18 Jt= 7.5 Hz, 1H, Ar-H)*C NMR (100 MHz, DMSO}
168.94, 143.22, 136.40, 135.11, 134.55, 133.97,183122.77, 122.27, 114.92, 105.23. MS (ESlg=
found 369.1 [M+Na]; calcd. 345.99 [M; HRMS calcd. for GH1oN,O.Se [M]: 345.996, found 344.989
[M*-H].

4,4'-((Diselanediylbis(4,1-phenylene))bis(diazend-2liyl))diphenol (16)

Compound16 was prepared from compourdd(3.43 g, 0.01 mol), phenol (1.88 ml, 0.02 mmol)dan
sodium nitrite (1.4g, 20 mmol, in 6 ml water). Tpeogress of the product formation was followed by
TLC petroleum ether: EtOAc= 4:1,;R 0.39. Yellowish powder; Yield: 5.08 g (92%H NMR (400
MHz, DMSO) § 10.49 (s, 2H, 20H), 7.89 — 7.71 (m, 12H, Ar-HR%(t,J = 6.0 Hz, 4H, Ar-H).*C
NMR (100 MHz, DMSO) 151.50, 145.20, 134.80, 133.34, 132.68, 131.5Z7,9R2 122.98, 115.91. MS
(ESI): m/z= foun 553.2 [M]; calcd. 553.97 [M]; HRMS calcd. for G;H1gN,O.Se [M*]: 553.976, found
552.968 [M-H].

Diethyl 2,2'-((diselanediylbis(4,1-phenylene))bisddene-2, 1-diyl))bis(3-oxobutanoate) (17)
Compoundl7 was prepared from compourdd(3.43 g, 0.01 mol), ethyl acetoacetate (2.56 n020.
mmol), and sodium nitrite (1.4g, 20 mmol, in 6 mater). The progress of the product formation was
followed by TLC petroleum ether: EtOAc= 4:1; R0.37. Yellowish powder; Yield: 5.6 g (91%H
NMR (400 MHz, DMSO)5 11.58 (s, 2H, NH tautomer), 7.69 — 7.58 (m, 4HH3r 7.45 — 7.38 (m, 4H,
Ar-H), 4.31 (q,J 7.09 Hz, 4H, 2CBh), 3.36 (s, 2H, 2CH), 2.43 (s, 6H, 2COgHL.28 (t,J = 9.2, 5.1 Hz,
6H, 2CH). *C NMR (100 MHz, DMSO) 193.68, 162.43, 142.70, 133.86, 124.20, 116.0@2654.90,
25.40, 13.88. MS (ESIn/z= foun 649.4 [M+Na]; calcd. 626.01 [M; HRMS calcd. for G;H,¢N,OsSe
[M™]: 626.018, found 649.007 [MNal].
5,5'-((Diselanediylbis(4,1-phenylene))bis(diazend-2liyl))bis(2-aminobenzoic acid) (18)

Compoundl8 was prepared from compou8d3.43 g, 0.01 mol), anthranilic acid (2.74 ml, Oraghol),
and sodium nitrite (1.4g, 20 mmol, in 6 ml wat@e progress of the product formation was followsgd
TLC petroleum ether: EtOAc= 4:1,;R 0.30. Yellowish powder; Yield: 5.94 g (93%H NMR (400
MHz, DMSQO)$ 12.71 (s, 2H, COOH), 8.99 (&1, NH tautomer), 8.29 — 8.24 (m, 3H, Ar-H), 8.28.47
(m, 3H, Ar-H), 8.03 (dJ = 7.1 Hz, 2H, Ar-H), 7.95 (dd] = 9.6, 5.8 Hz, 6H, Ar-H), 4.59 (s, 2H, NH
%C NMR (100 MHz, DMSOY 182.13, 166.26, 135.79, 134.80, 133.93, 133.62,2B3 127.10, 126.50,
125.25, 122.57. MS (ESlm/z= foun 703.60 [M+Na+K]; calcd. 639.98 [M.
4-Phenyl-5-((4-selenocyanatophenyl)diazenyl)thia2ehmine (19)

Compoundl9 was prepared from compoud1.97g, 0.01 mol), 4-phenylthiazol-2-amine (1.76 D1
mmol), and sodium nitrite (0.7g, 10 mmol, in 3 rmater). The progress of the product formation was
followed by TLC petroleum ether: EtOAc= 4:1; R0.32. Yellowish powder; Yield: 2.86 g (86%NH
NMR (400 MHz, DMSO) 8.59 (s, 1H, NH), 8.22 (dd,= 8.0, 1.3 Hz, 2H, Ar-H), 7.80 (d,= 8.6 Hz,
2H, Ar-H), 7.67 (d,J = 8.6 Hz, 2H, Ar-H), 7.51 (dt] = 6.3, 4.4 Hz, 3H, Ar-H)**C NMR (101 MHz,
DMSO) § 170.13, 157.00, 152.76, 139.60, 134.14, 133.48,103 129.85, 128.47, 123.65, 122.90,
105.12. MS (ESI)m/z= found 384.00 [M]; calcd. 384.99 [MI.
5,5'-((Diselanediylbis(4,1-phenylene))bis(diazend-2liyl))bis(4-phenylthiazol-2-amine) (20)
Compound20 was prepared from compouBd3.43 g, 0.01 mol), 4-phenylthiazol-2-amine (3.52 002
mmol), and sodium nitrite (1.4g, 20 mmol, in 6 rmater). The progress of the product formation was
followed by TLC petroleum ether: EtOAc= 4:1; R0.29. Yellowish powder; Yield: 6.82 g (95%NH
NMR (400 MHz, DMSQO) 8.49 (s, H, NH), 8.22 — 8.19 (m, 4H, Ar-H), 7.%45 { = 8.6 Hz, 4H, Ar-H),
7.60 (d,J = 8.6 Hz, 4H, Ar-H), 7.53 — 7.45 (m, 6H, Ar-HC NMR (100 MHz, DMSQ)$ 175.66,
169.83, 156.08, 152.07, 139.77, 133.51, 132.00,0130.29.68, 128.45, 122.50. MS (ESt)iz= found
742.50 [M+Na]; calcd. 717.973 [M).
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Scheme 1. Synthesis of organoselenium age#t8. Reagents and conditions: (i) Aniline (1 mmol),
malononitrile (0.6 mmol), selenium dioxide (1.2 Mim®MSO (0.5 ml); (i) Amine2 (1 mmol), NaBH

(3 mmol), 2 h; (iii) Amine3 (1 mmol), NaBH (3 mmol), EtOH (15 ml), 6 h, rt; (iv) Aming (1 mmol),
AcOEt:H,O (1:1), tricaprylmethylammonium chloride (5 mol 9aBH, (5 mmol), 4 h, rt; (v) Amin&

(2 mmol), malonyl chloride (0.5 mmol), benzene (@M.
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Scheme 2. Synthesis of organic selenid&$12. Reagents and conditions: i) 4-Methylthiazol-2-aen({1
mmol), malononitrile (0.6 mmol), selenium dioxid®.15 mmol), DMF (0.5 ml); ii) 4-Methyl-5-
selenocyanatothiazol-2-amid® (1 mmol), NaBH (2.5 mmol), EtOH (15 ml), 6 h, rt.
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Scheme 3. Synthesis of selenocyanate- and diselenide-basectompounds. Reagents and conditions:
Amine (1 mmol), AcOH (8 mL), NaN&(10 mmol), OC.
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Table 1 Effect of organoselenium compoundt0 on the viability of HepG2, MCF-7 and WI-
38 cells and their corresponding selectivity indice

Compounds HepG2 MCF-7 WI-38
ICs0(LM)* Sr ICso(M)* Sr ICso(M)*
5-FuP 8.8+0.68 1 5.4%0.2 1 4.1+0.6
4a 9.2+1.13 4 42.8+3.6 1 34.1+2.4
4b 6.8+0.49 8 92.9+4.7 1 51.5+3.1
4c 3.1+0.37 14 27.142.7 2 42.6+2.9
5 0.940.07 76 14.7+1.6 5 68.1+3.8
3+0.26 13 23.0+2.1 2 39.7+2.6
7a 4.2+0.37 22 7.6+0.6 12 91.9+4.8
7b 5.8+0.63 14 8.4+0.9 9 79.244.2
8 n.d’ - 84.5+4.5 0 10.3+1.0
11 8.6+0.74 9 18.9+1.9 4 75.5+3.8
12 1.3+0.05 63 10.5+1.3 8 82.4+4.4
13 1.1+0.08 57 32.4+2.8 2 62.5+3.6
14 0.8+0.06 39 56.3+3.8 1 31.0+2.2
15 1+0.08 56 38.743.2 2 56.4%3.5
16 2.5+0.18 29 12.8+1.6 6 72.6+3.9
17 3.240.23 4 71.3+4.2 0 13.3+1.3
18 2.8+0.17 6 61.2+3.9 0 17.6+1.6
19 4.9+0.53 3 65.5+4.1 0 15.8+1.6
20 2.6+0.13 9 51.2+3.9 1 23.241.9

The metabolic activity of the cells was estimatdgra48 h of incubation with different concentraisoof the
investigated compounds by means of an MTT assEye 1G, value was determined from the dose-response curves
as the mean of two parallel experimefiBtuorouracil (5-Fu) was used as a positive confrBklectivity index (SI)
is the ratio of the IG value for normal cells (WI-38) to the 4§ values for HepG2 and MCF-7 celfsNo growth

inhibition was recorded.
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Table 2. Evaluation of the redox-modulating activity oetbompounds using the DPPH, ABTS
and bleomycin-dependent DNA damage assays.

Compound No. DPPH Assay ABTS assay Bleomycin-dependent DNA
damage assay
Inhibition % Fold Inhibition % Fold Absor bance®
4a 142+13 0.2 11.3+£1.9 0.1 0.088 +0.0075
4b 19.1+£26 0.2 99+11 0.1 0.129 + 0.0106
4c 17.4+2.3 0.2 20.2+25 0.2 0.107 £ 0.0083
5 30.1+1.9 0.3 40.7 +3.6 0.4 0.054 +0.0043
6 16.3+2.2 0.2 31.3+29 0.3 0.072 +0.0063
7a 88.8+5.3 1.0 75.2+£6.2 0.8 n.d
7b 80.9+8.1 0.9 63.5+4.3 0.7 0.087 £ 0.0074
8 4.7+0.9 0.1 104+1.1 0.1 0.163 £ 0.0123
11 63.6 £4.8 0.7 75.1+4.6 0.8 0.097 + 0.0082
12 841+4.1 0.9 95.1+53 1.0 n.d
13 242 +39 0.3 175+£1.6 0.2 0.091 +0.0077
14 13.1+1.1 0.1 32527 0.4 0.08 = 0.0064
15 20.3+2.1 0.2 321+23 0.4 0.096 + 0.0081
16 62.3+4.3 0.7 51.7+3.9 0.6 0.072 £ 0.0062
17 9.5+0.85 0.1 4.8 +0.56 0.1 0.105 + 0.0096
18 10.4 £0.52 0.1 13.1+1.1 0.1 0.109 +0.0082
19 9.8 +0.65 0.1 15.2+£0.92 0.2 0.072 £0.0051
20 12.3+1.9 0.1 3.7+0.51 0.0 0.114 + 0.0095
Vitamin C 89.6 +3.5 1 91.4+5.9 1 0.288 £ 0.026

4The absorbance (Au) was read at 517 nm after 30tesnVitamin C was used as positive control in@#PH and
the ABTS assays and as a reducing agent in thenytgn-dependent DNA damage assay. Values are esquiess
the mean + SD. Compounds were dissolved in meth@anobtain a final concentration of 1 mM, 200 pL exfch
sample was added to 400 pl of 0.1 mM DPPH in methdfor the ABTS assay, the absorbanceg,{@) of the
resulting green-blue solution (ABTS radical sola)ievas measured at 734 nm after the addition gil58f 1 mg/ml
solutions of the tested compound in phosphate-tedfenethanof: Absorbance was not recorded.
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» Nineteen organosel enides were synthesized.

« Cytotoxicity was evaluated in HepG2 and MCF-7 cell lines.

« Sdective cytotoxicity was estimated using normal WI-38 cells.

«  Compounds modulated the expression of Bcl-2, IL-2, IL-6 and CD40 in HepG2 cells.
« Redox profiles were estimated employing ABTS, DPPH, and GPx-like activity assays.
«  Compound exhibited good anti-HepG2 and antioxidant activities.
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