© 2018. This manuscript version is made available under the CC-BY-NC-ND
4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Accepted Manuscript =

Novel selenadiazole derivatives as selective antitumor and radical scavenging agents

Ana Carolina Ruberte, Daniel Plano, Ignacio Encio, Carlos Aydillo, Arun K. Sharma,

Carmen Sanmartin /
PII: S0223-5234(18)30628-7
DOI: 10.1016/j.ejmech.2018.07.063

Reference: EJMECH 10598

To appearin:  European Journal of Medicinal Chemistry

Received Date: 15 May 2018
Revised Date: 23 July 2018
Accepted Date: 27 July 2018

Please cite this article as: A.C. Ruberte, D. Plano, I. Encio, C. Aydillo, A.K. Sharma, C. Sanmartin, Novel
selenadiazole derivatives as selective antitumor and radical scavenging agents, European Journal of
Medicinal Chemistry (2018), doi: 10.1016/j.ejmech.2018.07.063.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ejmech.2018.07.063

Potent eytostatic
(MCF-T. Gls

good selectivit




Highlights

e 27 novel BSCA derivatives were designed and syizbds

e« Compound? potently inhibited cancer cell viability and shaWwhigh
selectivity.

e Compound?7 neither induced apoptosis nor had effect on cgtllec
progression.

* Compound showed significant high radical scavenging adtivit



Novel selenadiazole derivatives as selective
antitumor and radical scavenging agents

Ana Carolina Ruberté’, Daniel Planb®? Ignacio Encid, Carlos
Aydillo*? Arun K. Sharmdand Carmen Sanmartin

!Department of Organic and Pharmaceutical Chemisimyyersity of Navarra,
Irunlarrea 1, E-31008 Pamplona, Spain.
%Instituto de Investigacién Sanitaria de Navarré§MR), Irunlarrea 3, E-31008
Pamplona, Spain.
*Department of Pharmacology; Penn State CancetutestiCH72;
Penn State College of Medicine, 500 University BriMershey, PA 17033, USA.
“Department of Health Sciences, Public UniversitiNaf/arra, Avda. Barafiain s/n, E-

31008 Pamplona, Spain.

* Prof. Carmen Sanmartin

Department of Organic and Pharmaceutical Chemistry
University of Navarra

Irunlarrea, 1, E-31008 Pamplona

SPAIN

+34 948 425 600 (Telephone)

+34 948 425 649 (Fax)

e-mail: sanmartin@unav.es



Abstract

Twenty-seven novel benzg[1,2,5]selenadiazole-5-carboxylic acid (BSCA) datives
were designed and synthesized. Anti-proliferatistvay of these structures was tested
in vitro against a panel of five human cancer cell linesluding prostate (PC-3), colon
(HT-29), leukemia (CCRF-CEM), lung (HTB-54) and &seé (MCF-7). Four
compounds§, 6, 7 and19) showed potent inhibitory activity with glvalues below 10
UM in at least one of the cancer cell lines. Thiedwity of these compounds was
further examined in two non-malignant cell linesided from breast (184B5) and lung
(BEAS-2B). Compound? exhibited promising anti-proliferative activity (§ = 3.7

HM) in MCF-7 cells, together with high selectivitydex (S1>27.1).

The induction of cell death by compouidvas independent of the apoptotic process
and it did not affect cell cycle progression eithéikewise, radical scavenging
properties of the new selenadiazole derivativeewenfirmed by testing their ability to
scavenge DPPH radicals. Four compountis2( 8 and 9) showed potent radical
scavenging activity, compourftibeing the most effective. Overall, while compouhd
was identified as the most cell growth inhibitoryeat and selectively toxic to cancer
cells, compound® proved to be the most potent antioxidant amongstienadiazole
derivatives synthesized. This series of compouadisserve as an excellent scaffold to
achieve new and potent antioxidant compounds us$efideveral diseases, i.e. cancer,
neurodegenerative, heart diseases and leishmanemisidering the high radical

scavenging activity and low toxicity showed by mofthe compounds.

Keywords: Anti-proliferative activity, radical scavengingglenadiazole, selenium.



1. Introduction

Cancer is a major public health problem worldwide do its high incidence, morbidity
and mortality [1]. According to the American Can&wciety, 1,735,350 new cancer
cases are projected to occur in the United Stat&918 [2], the most prevalent being

prostate, breast, lung, and colorectal cancers [3].

There are many different types of cancer treatmeintduding surgery, radiation
therapy, and/or systemic therapy (e.g., chemotlyeiiapmunotherapy). Chemotherapy
is an effective treatment against cancer but isnofissociated with undesired side
effects, making the seeking of new chemotherapigsiaity. Over the last decade,
selenium (Se) compounds have been demonstrateaveihhibitory effects on cancer
cell growth and proliferation. Many mechanisms afti@n have been identified,
including the induction of apoptosis, the modulatiaf the activity of some kinases,
antioxidant effects mainly through selenoproteidl pr a combination of these and
other mechanisms [5, 6]. Several chemical enthi@ge been identified: methylseleno
derivatives such as methylseleninic acid and sebetisionine, isoselenocyanates,
selenosemicarbazones, selenourea scaffolds, sgtaraies and diselenides, or sugar-
conjugated Se analogues [7-9] as attractive scaffédbr the development of new

anticancer agents.

Recently, fused selenoheteroaryl derivatives haeeived great attention due to their
possible usefulness as therapeutic drugs for cammeatment. Some representative
examples include 2-Phenyl-1,2-benzisoselenazdipfihe (ebselen, EBS) [10], 2,2'-

(1,2-Ethanediyl)bis(1,2-benzoselenazoli3]dne) (ethaselen, BBSKE) [11] and 1,2,5-
selenadiazole derivatives [1Higure 1). EBS shows high antioxidant capacity through

the catalysis of several essential reactions fer gglotection of cellular components



from oxidative and free radical damage, acting asiraetic of glutathione peroxidase
[13]. Besides, it is noteworthy for its excellemigomacological profile as well as for its
therapeutic safety as demonstrated by outcomebadePll clinical trials for prevention

of noise-induced hearing loss [14].

On the other hand, BBSKE has demonstrated antiokided anti-inflammatory
activities, as well as important antitumoral eféeict lung [11] and colon cancer models,
alone or in combination with cisplatin or sunitinthrough apoptosis induction [15, 16].
Furthermore, it inhibited the proliferation of PGaBd DU-145 prostate cancer cell lines
by cell cycle arrest at the S phase and the inoluaif apoptosis [17]. In addition, it

presents an excellent pharmacological profile hasve in Phase | clinical trials [18].

Other well documented seleno heteroaryl derivataresl,2,5-selenadiazole derivatives
(Figure 1), that have been identified as novel agents witti-@oliferative effect
against human cancer cells through the inductioapwoiptosis or cell cycle arrest with
the involvement of oxidative stress. Among thenfbdnzof][1,2,5]selenadiazol-6-yl)-
benzene-1,2-diamine&D-1in Figure 1) is a potent apoptosis inducer in glioma acting
through the mitochondrial pathway [19]. Moreovehese 1,2,5-selenadiazole
compounds have shown to be less toxic to non-tunoets [12, 20, 21]. There have
been many reports related to structural modificegtian this chemical scaffold,
particularly at position “5”. So, Xieet al [22] described novel 5-susbstituted
selenadiazolesSD-2 in Figure 1) as apoptosis inducers in A375 human melanoma
cells, with some of themSD-3 in Figure 1) acting as intracellular redox balance
disruptors [20]. In addition, the introduction omgle groups, i.e. 5-methyl or 5-nitro
(SD-4in Figure 1), enhanced the anticancer activity alleviatingtthecity to the main
organs [21]. On the other hand, some of these &tifumalized selenadiazole derivatives

(SD-3 in Figure 1) have demonstrated better anti-proliferative digtiand higher



stability than the reference drug mitomycin, aicllly used anti-bladder cancer drug

[12].

(0]
0
/ {0
N
Se
Ebselen (EBS) [8, 12]

Ethaselen (BBSKE) [9, 13, 14, 15]

2,2'-(1,2-Ethanediyl)bis(1,2-benzoselenazol-
3(2H)-one

(2-Phenyl-1,2-benzisoselenazol-
3[2H]-one)

1,2,5-selenadiazole

. o
O N NH,
N N7 SD-1[17]
O N 4-(Benzo[c][1.2,5]selenadiazol-
N O 6-yl)-benzene-1,2-diamine
N Se e N NO;
SD-3 [10, 18] N Se

4-(Benzo[c][1,2,5]selenadiazol-5- SD-2 [20]

N
yDbenzene- 1.2-diamine derivatives 5.2 3-di-p-tolylquinoxalin-6-

SD-4 [19]
yl)benzo[c][1,2,5]selenadiazole S:Nitrobenzofe][1,2,5]

selenadiazole

Figure 1. Structures of EBS, BBSKE and 5-substituted 1s&enadiazole.

Based on the above facts and as a continuatioargirevious work [23], we optimized
the bioactive entity benzd[1,2,5]selenadiazol-5-carboxylic acid (BSCA) by
manipulating the “5” position with a wide variety moieties (compound$-27, Figure

2) using an amide linkage. The amide linkage wasehdecause of it plays a major
role in biological systems, including peptides aptbteins [24]. Likewise, this
functionality is widely used in medicinal chemistand it is present in numerous

anticancer drugs such as flutamide, bicalutamidesanafenib [25, 26].
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Figure 2. General structure of the novel selenadiazole comg®u

All the synthesized compounds were testeditro against a panel of five human tumor
cell lines and two non-malignant cell lines in artie determine their anti-proliferative
activity and their selectivity. Likewise, the cagddp of the synthesized compounds to
interact with the stable radical 2,2-diphenyl-1rpicydrazyl (DPPH) was examined.
The most active and selective compound (compoQndas further evaluated for its
apoptotic effects and cell cycle distribution. Thi&ucture of this compound was

confirmed by X-ray diffraction.
2. Results and discussion

2.1. Design



The novel BSCA analogs were designed by optimizthg parent scaffold by

manipulating the “5” position with a variety of neties using the following criteria:

a)

b)

d)

2.2.

Several electron-withdrawing or electron-donatimgups were substituted in
the phenyl ring in order to modulate the electrodistribution. Moreover,
several chemical Se forms, with proven antitumefécts, e. g. selenol [27]
and methylseleno [28] were also incorporated inrdpaosition of the phenyl

ring.

Modulation of the length of the linker between #raide and R groups, from 0
to 4 methylenes (carbon atoms), with the aim difig the optimal chain length

required for activity.

Several heterocycles (mono- and bi-cyclic) withvam cytotoxic effects, such
as 2-aminothiazole [29, 30], aminoquinoline [31-3Bd 2-aminobenzothiazole

[34, 35], which also have antioxidant capacity [36]

Alkyl, cycloalkyl and hydroxyalkyl chains in ordés modulate the lipophilicity

along with the entropy of the molecules.

Finally, a symmetric bi-functionalized amine wagdido obtain compoun#,
in order to evaluate whether the presence of anseselenadiazole ring would

impact on the antitumor activity.

Chemistry

The synthetic procedures for the preparation of tHrgeted compoundsl7) are

summarized inSchemes land 2. The benzdf][1,2,5]selenadiazole-5-carboxylic acid

(BSCA) was obtained as previously reported by . [€hlorination of this acid with

thionyl chloride, followed by reaction with the cesponding amines at room



temperature in dry chloroform and 1 equivalent reétlhylamine have been used to
prepare compounds-27. The starting amines that are not commerciallylabke, such
as 4-(methylselanyl)anilineri) and 4-aminobenzeneselen8i)( were synthesized as
shown inScheme 2The amine7i was synthesized by treating a methanolic solution o
4-Aminophenylselenocyanate and sodium hydroxidd (0) with iodomethane in a
1:1.5 molar ratio at room temperature for 40 mirArdinophenylselenocyanate was
prepared following a previously described synthptimcedure [23]. The synthetic route
for amine8i was based on the reaction between 4-bromoanilesalenourea in a

1:1.1 molar ratio at reflux in absolute ethanosalwent for 2 h.

0 0 %
N
1o NH, | HO N a =N R@ﬂ S
e \N/Se B — \N/Se B — \N
NH, 1-26
BSCA llV
0
N N
=oVene
N N =N
o 27

Reagents: (I) SeO,; fusion (260 °C) (II) SOCl,; reflux (III) CHCl;/ TEA; 1 eq. R-(CH,),-NH, (IV) CHCl;/ TEA; 0.5 eq.
piperazine.

Scheme 1General schematic for the synthesis of novel B8i€Avatives(1-27).

H)N, LN H,N
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Se/§N i Se™ Br SeH
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H,N

Reagents: (I) NaOH/MeOH; 1.5 eq. CH;l (IT) EtOH; 1.1 eq. selenourea

Scheme 2Schematic for the synthesis of amifesnd8i.



The structures of all the compounds were confirm&dg spectroscopic methods (IR,

'H-NMR, *C-NMR) and elemental analyses, as described iExperimental Section.

In general, the IR spectra of the compounds digglaabsorption bands around 3395-
3093 cnt originated from the N-H stretching vibration. Téteong bands between 1689
and 1620 cm corresponded to carbonyl bonds stretching. Ingmeanf ‘H-NMR
spectra revealed one sharp peak in the range 86-B218 ppm due to the presence of
the secondary amide proton. The presence of meihyds linker between the amide
group and phenyl ring led to a decrease in the aamhift of this sharp peak from
10.56 ppm (compountl) to 9.37, 8.90, 8.82 and 8.78 ppm (compou2@<2, 23 and
25, respectively). The proton signals for the hetgfoang containing Se appear as a
singlet between 8.69 and 5.64 ppm, and two mut8pleom 7.36 to 8.72 ppm. The
chemical shift of the methyl group attached to ¢halcogen elements (oxygen, sulfur
or Se) appear at 3.76 (compouris2.48 (compoun®) and 2.34 ppm (compound,
respectively. For the methylene linker (-Hdirectly attached to oxygen and nitrogen
atoms, the proton signals show in the range of-3.22 ppm, and the rest of protons for
other methylene linkers appear at higher field3§1L.48 ppm). Similarly, in th&C-
NMR spectra, the chemical shifts appeared betwegh72 and 37.71 ppm while

methylene groups signals were observed in 33.15926pm region.
2.3. Biological evaluation
2.3.1. Anti-proliferative activity

All the newly synthesized compounds were screenethkir anti-proliferative activity
against a panel of five human tumor cell lines: pyrocytic leukemia (CCRF-CEM),
lung carcinoma (HTB-54), colon carcinoma (HT-29ogiate adenocarcinoma (PC-3)

and breast adenocarcinoma (MCF-7). Tihevitro inhibition of cell viability was

10



analyzed by a colorimetric microassay based omdtiection of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) accandi to a method previously
described [37]. The five cell lines were treatedhweach compound for 72 h at two
concentrations (10@M and 10uM). Compound21 was not tested at 1QtM due to
solubility problemsThe data are expressed as percentage of cell gego®HEM at least
3 independent experiments performed in quadruglscfiable SJ1). Results at 1M

concentration are summarizedrigure 3.
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Figure 3. Anti-proliferative effect of synthesized compourids 6 (A), 7 — 13 (B), 14 —
20 (C)and21 — 27 (D)on five human cancer cell lines after 72 h of meait with a

dose of 1QuM for each compound.

As shown inFigure 3, some compounds were active under our experimeatdlitions,
MCF-7 cells being the most sensitive cells. Theseilts allowed us to determine some

preliminary structure-activity relationships, since

a) The length of the linker between the phenyl ring #me amide group seems

not to be important for inhibition of cell viab¥it as no significant

11



b)

d)

differences were observed with the increase ofittker length (compounds

1, 20, 22, 23and25).

Among the different substituents on the phenyl rimgethylchalcogen
(methoxy, methylthio, methylseleno) groups seenmeté the most active
ones (compoundS, 6 and 7 respectively). Nevertheless, the presence of
three methoxy groups leads to a lower anti-prdiige effect (compound

10).

Great differences in the cell viability can be atvee among mono- and bi-
cyclic heterocycles with proven cytotoxic effectqius, compound9, with
a benzothiazole substituent, inhibited viabilityMCF-7 and HTB-54 cells,
while compoundL6, with a thiazole group, showed negligible effegaiast

all tested cell lines.

The incorporation of nitrogen atom into a six-membgcle (piperidyl or
piperazinyl in compound$3 and27, respectively) in the “5” position of the
selenadiazolic core seems to decrease the inhibiedfect of these
derivatives as compared to the analog carbocyabstg#uent (cyclohexyl in

compoundL?).

As shown inFigure 3, compounds, 6, 7 and19were found to be the most active, with
reduction of the cell growth by >50%, after 72 htrefatment at 1QM, in at least two
cell lines. They were further tested at four diéier concentrations (1, 10, 50 and 100
UM), in order to establish their dose-response eu¥s a guide with regard to
selectivity, these compounds were further examioedoxicity in two non-malignant
cell lines, one established from normal breasu&sgl84B5) and another established

from normal bronchial epithelium (BEAS-2B). Resuliee expressed as 4gl TGI,

12



LCso, and selectivity index (Sl) that was calculatedtlas ratio of the Gpvalues

determined for the non-malignant and the tumords ¢&lso (184B5)/ G (MCF-7)

and Gko (BEAS-2B) / Gko (HTB-54)). The obtained results are showTables 1and

2. EBS and BBSKE were used as reference drugs,ngikiat both are seleno

heterocyclic compounds that are currently undeniadi trials. BBSKE has been

synthesized according to a previously reported hgtit route [38], with minor

modifications described in the supplementary malteRurthermore, doxorubicin [39]

and etoposide [40, 41] were used as positive clsnttae to the promising results

shown by these compounutsvitro andin vivo against different tumor types.

Table 1. Anti-proliferative activity (average G, TGl and LGy values
expressed in uM) of selenadiazoles, 7 and19 and EBS, BBSKE, doxorubicin and

etoposide.

Cell lines
HT-29 PC-3 CCRF-CEM

Glsd TGI® LCs® Gls® TGI® LCs’  Glsd TGIP LCs

403 >100 >100 gog >100  >100 83.9 >100 >100

534 >100 >100 74 >100 >100 62.4 >100 >100

88 >100 >100 gg >100  >100 85.6 >100 >100

223 >100 >100 10.9 >100 >1C 1 >100 >100 >1(

>100 >100 >100  >100  >100 >1C ! 57.1 73.8 90

203 332  46.0 24.8 39.1  61. 5.0 8.5 25
doxorubicin 0.1 4.0 251  1x1®6 1.2 6.6 3x16 7x102 0.3

31.6 >100 >100 0.6 40 79 1.6 50.5 89.

2 Glso: concentration that reduces by 50% the growthezfted cells with respect
to untreated controls.

® TGI: concentration that completely inhibits thél ggowth.

¢ LCsp: concentration that kills 50% of the initial cells

4NCI data (http:/dtp.nci.nih.gov).

®n.d., not determined.

13



Table 2. Anti-proliferative activity (average &, TGl and LGy values

expressed in uM) and selectivity (calculated Suga) of selenadiazolés 6, 7 and19
and EBS, BBSKE, doxorubicin and etoposide.

Cell lines
MCF-7 184B5 HTB-54 BEAS-2B

Comp. Gl TGI® LCs® Glsg TGI® LCsf | SI Gl TGI® LCsf Gls® TGIP LCgC | SIY
5 771 >100 >10C >100 >100 >100( >1.3 @ 18.7 >100 >100 >100 >100 >10pD >5.4
6 6.2 >100 >100 822 >100 >100| 13.2 180 >100 >100 96.4 >100 >10p 5.4
7 3.7 86.9 >100 >100 >100 >100| >27.1 63 >100 >100 >100 >100 >1o<f >15.9
19 13.7 727 >10C 956 >100 >100( 7.0 65 >100 >100 >100 >100 >100 >15.4
EBS 588  >100 >10C 30.1 >100 >100| 0.51 686 837 987 495 769 >1000.72
BBSKE 24.2 407 728 192 315 43, 0. 19.7  30.3 40.90.62 30.3 40.0| 1.04
doxorubicin | 2x10° 0.3 7.8 1.2 4.6 8.1 57 <i1xto 1.3 35 0.1 1.5 1.8| >13

etoposidé 199  >100 >10C nd’ nd.  nd n.d. nd. nd nd nd ngd

& Glsg: concentration that reduces by 50% the growthredited cells with respect to
untreated controls.
® TGI: concentration that completely inhibits thél ggowth.
¢ LCsq: concentration that kills 50% of the initial cells.
43S|: Selectivity index was calculated as the rafithe Gk values determined for the
non-malignant and the tumoral cells §1184B5)/ Gk, (MCF-7) and Gy (BEAS-2B)

| Glso (HTB-54)).
®NCI data (http://dtp.nci.nih.gov).
"n.d.: not determined.

As shown inTables 1and 2, the selected cancer cell lines present diffesensitivity

profiles to the action of these derivatives. Thtlgsee compounds6( 7 and 19)

effectively inhibited cell viability with GJ, values ranging from 3.4M to 18 uM on

solid tumors (MCF-7, HTB-54 and PC-3 cell linespwever, these compounds were

inactive against liquid tumors (CCRF-CEM cell line)

Interestingly, these selenadiazoles exhibited greatti-proliferative activity than EBS

in solid tumors, along with higher selectivity in@s Tables 1and 2). For instance,

compounds (Glsp= 6.2uM) and7 (Glsp= 3.7 uM) in MCF-7 cells were 9.5 and 15.9

times more active, respectively, than standard By, = 58.8 uM) and they also

14




showed at least 25.9 and 53.1 times higher seigctndex, respectively. Besides, we
have improved significantly the selectivity indexes BBSKE and the potency of

starting compound, BSCA [23].

Moreover, compound, with two Se atoms in the structure and having, @lue of 3.7

puM and SI > 27.1 in MCF-7 cell line, emerged as thest active and selective
derivative. Taking into account the effects on tiedl viability in the four cancer cell
lines tested, together with the selectivityables 1 and 2), derivative7 was selected as

the lead compound for further biological evaluation
2.3.2. Evaluation of cell cycle progression and apoptosiaduction

Various scientific pieces of evidence show thatc8mpounds are potent antitumor
agents owing to the induction of apoptosis anditingbition of cell proliferation [6,

42]. Compound/ presented notable inhibitory activity in MCF-7 IselTherefore, we

decided to evaluate whether this activity was eelab its ability to induce apoptosis
and / or its effect on the cell cycle progressionMCF-7 cells. This study was
conducted using the Apo Dirét kit (BD Pharmigen) [43] based on the TUNEL
technique with 50 pM of the compound and 72 h ehtiment. Camptothecin was

employed as a positive control.

As shown inFigure 4, the obtained results demonstrated that the itibbiof cell
growth was independent both of the apoptotic pmcasd effect on cell cycle

progression.

15
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Figure 4. The activity of compound was independent of apoptotic process and it did
not modulate cell cycle progression. (A) Bar chragresenting the distribution of cells
in different phases of the cell cycle. (B) Percgetaf apoptotic cells were calculated.
Results are expressed as mean = SD of at least thependent experiments

performed in duplicate. *p< 0.05, **p<0.01 and **&p.001 with respect the control.

2.4. X-ray crystallography of N-(4-
(methylselanyl)phenyl)benzof][1,2,5]selenadiazole-5-carboxamide (compound

7)

The structure of the lead compounavas further confirmed by X-ray diffraction after
developing a single crystal. Structure and crygiatking of the compound are
presented inFigures 5 and 6, respectively, and selected interatomic distarees
angles for this structure are collectedraible S2andS3in the Supplementary material.
The crystal data and structure refinement aredisteTable S4 Hydrogen bonding

interactions in the crystal structure are giveiatle S4

16



Figure 5. ORTEP diagram of compourtiwith displacement ellipsoids drawn at 50%
probability level.

Figure 6. Crystal packing of compound; some hydrogen atoms were omitted for

clarity.

2.5. DPPH free radical-scavenging activity.

Se compounds, including EBS, show potential chemagrtive activity, which has
been related to their strong antioxidant activityl dheir ability to interact with redox

status of the cell [44]. We decided to evaluate #mioxidant capacity of the

selenadiazole derivatives using the DPPH methbH [4

Determinations were performed at five different @amtrations of all the synthesized

compounds ranging from 3.13 x1® 0.25 mg/mL and were recorded at different time

17



points (30, 90", 180"). The ascorbic acid was used as thiiymsontrol and the EBS

was used as a reference compound.

The resultsKigure 7) demonstrated that only four compountls2, 8 and9) were able
to scavenge the DPPH activity, with values abov& 2 inhibition at 0.25 mg/mL.
Compound9 presented DPPH scavenging values greater than 400@2% mg/mL,
displaying greater radical scavenging than EBSallinas shown irFigure 7, these
compounds exhibited concentration-dependent but hote-dependent radical

scavenging activityn vitro.

Time (minutes)

90"

B g
Vo
(l
-
2 ) 0y el
. (— — =
ummmmwmwm

DPPH scavenging activity (%)
g

313E05 313604 313600 45501 5001

PR B 313602 e0n 2.50€-01

Concentration (mg /mL)

Figure 7. Analysis of DPPH radical scavenging activity fongmoundsl, 2, 8 and9

at different concentrations and different time p®in

3. Conclusion

In this study a series of twenty-seven selenadeaderivatives were synthesized and
their anti-proliferative effect against five hum#&mor cell lines by standard MTT

assay, and antioxidant activity using DPPH testewaraluated. Results demonstrated
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that “5” position is a favorable site to carry euodifications, given that many analogs
formed by decorating several substituent over plosition through an amide linkage
displayed better anti-proliferative effects thaa prarent structure (BSCA). Compounds
5, 6, 7 and19 were the most potent in inhibiting viability of laast one cancer cell line
with Glsg values ranging from 3.7 to 9.8 uM. These actisitsere 10-fold more potent
than the reference EBS and the selectivity indexa® greater than EBS and BBSKE.

Furthermore, the radical scavenging capacity, @& 8 and9 was greater than EBS.

Taking together all the results, compouhdmerged as the most promising and suggest
the importance of methylphenylselane group for BSCAffold. It is interesting to note
that contrary to the parent compound (BSCA) and E&8npound7 induced cell
growth inhibition independent of the apoptotic @es and without affecting the cell
cycle progression. This behavior is quite uniqud amrrants further investigation of
the in-depth mechanism by which this compound igemity exerting inhibition of
viability of breast cancer cells while sparing tten-tumoral 184B5 cells. It is clear that
compound?7, with Glsg greater than 100 uM in normal cells and promisimg-a
proliferative activity in MCF-7 cells (G§ = 3.7 uM) is highly promising as a lead for

developing effective new chemotherapeutics, pderbufor breast cancer.

Compound on the other hand having better radical scavenagatiyity than EBS may
prove to be potent antioxidant. These data sudgastppropriate manipulation of EBS
structure can lead to a set of promising small dikey anti-cancer molecules with
diverse mechanisms of action. Given the greatexcteity and moderate antioxidant
activity, these compounds can serve as excellaffodds to achieve new and potent
antioxidant compounds useful for several diseasel 8s cancer, neurodegenerative,

heart and leishmaniasis diseases.
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4. Experimental

4.1. Chemistry
4.1.1. Material and methods

Melting points (mp) were determined with a MettleP82 + FP80 apparatus
(Greifensee, Switzerland). The protofH) and carbon C) NMR spectra were
recorded on a Bruker 400 Ultrashield™ spectromg®ireinstetten, Germany) using
DMSO-ds as solvent. The IR spectra were obtained on amid@ficolet FT- IR Nexus
spectrophotometer with KBr pellets. Purity of alldl compounds was 95% or higher
and was dwtermined by elemental microanalysesethout on vacuum-dried samples
using a LECO CHN-900 Elemental Analyzer. FurthemndZolumn Chromatography
using Silica gel 60 (0.040 - 0.063 mm) (Merck KGa¥grmstadt, Germany) and Thin
Layer Chromatography (TLC) assays were carried iouAlugram® SIL G/U\bs,
sheets (Layer: 0.2 mm) (Macherey-Nagel, Duren, Gegh Chemicals were purchased
from E. Merck (Darmstadt, Germany), Panreac Quin8cA. (Montcada i Reixac,
Barcelona, Spain), Sigma-Aldrich Quimica, S.A. @dendas, Madrid, Spain), Acros
Organics (Janssen Pharmaceuticalaan 3a, 2440 @=tgium) and Lancaster

(Bischheim-Strasbourg, France).
4.1.2. Benzo|c][1,2,5]selenadiazole-5-carboxylic agidSCA)

This compound was prepared according to a prewopsblished procedure [23].
Briefly, a mixture of 3,4-diaminobenzoic acid andCs was heated at 260 °C. The

crude product was washed with water and recrysgallirom dioxane.

4.1.3. General procedure for the synthesis of compoub6)(
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A mixture of BSCA (0.5 g, 2 mmol) and thionyl chiibe (20 mL) was stirred at reflux
for 2 h. The reaction was monitored by IR spectwpgc Formation of the acyl chloride
was confirmed following the wavenumber position infrared spectroscopy peaks:
carbonyl group showed up around: 1682'camnd the simple bond of OH group was
detected around 3448 ¢€nin the starting acid whereas the carbonyl in thg elcloride
arose around 1750 ¢ The resulting acyl chloride was isolated by mtat
evaporation of the thionyl chloride under vacuurd #re excess of thionyl chloride was
removed with 3 fractions of toluene (40 mL). Theulting acyl chloride was used
without further purification. A solution of the agesponding amine (2 mmol) in dry
chloroform (15 mL) was added to a mixture of acllocide (0.5 g, 2 mmol) and
triethylamine (0.28 mL, 2 mmol) in dry chloroforsdQ mL). The mixture was stirred at
room temperature for 12-48 h. The product was tedldy filtration or by rotatory
evaporation of the solvent under vacuum and wastidd water (3 x 50 mL). Final

product was purified by washing, recrystallizationcolumn chromatography.
4.1.3.1. N-Phenylbenzo[c][1,2,5]selenadiazole-5-carboxam(itle

From benzaf][1,2,5]selenadiazole-5-acyl chloride and aniliiéne resulting product,
N-phenylbenzdf][1,2,5]selenadiazole-5-carboxamid€l), did not require further
purification. A brown powder was obtained. Yield %; mp: 245-246 °C. IR (KBrj
3276 (N-H); 1650 cil (C=0).'H NMR (400 MHz, DMSO¢s) 5 (ppm): 10.56 (s, 1H,
NH), 8.52 (s, 1HH4), 8.01 (dd,Je.7 = 9.3;J64 = 1.7 Hz, 1HH), 7.96 (dd J;.4 = 0.7,
1H, H;), 7.82 (dd, 2HJy 3 = Jg5 = 8.5;Jr.4 = Js.a» = 0.9 Hz,Hy + Hg?), 7.41 - 7.36
(dd, J3s = Js.4 = 7.6 Hz, 2H,Hs+ Hs), 7.14 (tt, 1H,H4). *C NMR (100 MHz,
DMSO-ds) 5 (ppm): 165.6 C=0), 161.2 + 160.0Q; + Cg), 139.8 + 135.9Cs + Cy),
129.6 + 128.9Q3 + Cs +Cx), 124.9 + 124.0 + 123.5 + 121.84(+ C; + Cy + Cy +

Cs). "'Se NMR (76 MHz, DMSGds) & (ppm): 1561.1. Elemental analysis calculated
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(%) for Ci3H9N3SeO-1/2 HO: C: 50.17, H: 3.22, N: 13.51; found: C: 50.27,3:84, N:

13.41.
4.1.3.2. N-(p-Tolyl)benzo[c][1,2,5]selenadiazole-5-carboxa®(2)

From benzaf][1,2,5]selenadiazole-5-acyl chloride angttoluidine. The resulting
product, N-(p-tolyl)benzof][1,2,5]selenadiazole-5-carboxamid@),( did not require
further purification. A brown powder was obtainé&teld: 81 %; mp: 237-238.5 °AR
(KBr): v 3284(N-H), 1645 cni (C=0).*H NMR (400 MHz, DMSOd) 5 (ppm): 10.49
(s, 1H, NH), 8.51 (s, 1HH4), 8.01 (ddJs.7 = 9.3;Js.4 = 1.7 Hz, 1HHs), 7.95 (dd J7.4=
0.5 Hz, 1H,H-), 7.70 (dJs> = Js-6 = 8.4 Hz, 2HH3 + Hs), 7.18 (d, 2HH» + Hg),
2.29 (s, 3H, -@3). *C NMR (100 MHz, DMSOds) & (ppm): 165.4 C=0), 161.2 +
160.0 Cs + Cg), 137.3 + 136.0 + 133.&f + C4 + Cs), 129.9 + 128.9Q5 + Cs + Cg),
123.9 +123.4 + 121.34+ C; + Cy + Cg¢), 21.4 (CHs). ""Se NMR (76 MHz, DMSO-
ds) 6 (ppm): 1560.5. Elemental analysis calculated (&6)G4H1:N3OSe-2H,0: C:

51.70, H: 3.69, N: 12.92; found: C: 52.14, H: 3.8812.94.
4.1.3.3. N-(4-Chlorophenyl)benzolc][1,2,5]selenadiazole-Soaxamide(3)

From benzaf|[1,2,5]selenadiazole-5-acyl chloride and 4-chlavibae. The resulting
product, N-(4-chlorophenyl)benzg][1,2,5]selenadiazole-5-carboxamid8),( did not
require further purification. A brown powder wastaibed. Yield: 63 %; mp: 233-235
°C. IR (KBr): v 3273 (N-H), 1648 cnt (C=0).'H NMR (400 MHz, DMSOsdg) &
(ppm): 10.69 (s, 1H, N), 8.53 (s, 1HH4), 7.99 (ddJs.7 = 9.3;J6.4 = 1.7 Hz, 1HHe),
7.97 (dd,J;.4 = 0.7 Hz, 1HH-), 7.86 (dJ».5 = Jss = 8.8 Hz, 2HH» + Hg), 7.45 (d,
2H, Hz + Hs). *C NMR (100 MHz, DMSOds) & (ppm): 165.7 €=0), 161.2 + 160.0
(Cs + Cg), 138.8 + 135.6@1- + Cs), 129.5 + 128.7 + 128.4( + Cg+ Cx + Cs), 124.0

+123.6 +122.8C4 + C7 + C» + Cg). ""Se NMR (76 MHz, DMSGds) 5 (ppm): 1562.2.
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Elemental analysis calculated (%) for,BsCIN;OSe: C: 46.37, H: 2.38, N: 12.48;

found: C: 46.07, H: 2.74, N: 12.45.
4.1.3.4. N-(4-Nitrophenyl)benzo|c][1,2,5]selenadiazole-5-baxkamidg4)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and 4-nitidiae. The product was
purified by recrystallization from ethanol. A yellopowder was obtained. Yield: 9 %;
mp: 245-256 °CIR (KBr): v 3395(N-H), 1665 (C=0), 1334 cth(NO,). 'H NMR (400
MHz, DMSO-dg) & (ppm): 11.08 (s, 1H, N), 8.57 (s, 1HH.), 8.29 (d,Js-» = Js-¢ =
9.1 Hz, 2HH3 + Hsg), 8.09 (d, 2HH2 + Hg¢’), 8.00 (ddJs-7 = 9.4;J6.4 = 1.08 Hz, 1H,
He), 7.97 (d, 1HH-). *C NMR (100 MHz, DMSOds) & (ppm): 166.3 C=0), 161.2 +
159.8 Cs + Cg), 146.0 + 143.5G4 + Cy), 135.0 + 128.6Cs + Cg), 125.6 + 124.1
+120.8 C4+ C7+ Cy + Cy + Cs + Cg). ''Se NMR (76 MHz, DMSGdg) & (ppm):
1565.2. Elemental analysis calculated (%) fesHgN,OsSe-HO: C: 42.74, H: 2.74, N:

15.34; found: C: 42.30, H: 3.06, N: 14.90.
4.1.3.5. N-(4-Methoxyphenyl)benzolc][1,2,5]selenadiazolegsboxamidg5)

From benzaf][1,2,5]selenadiazole-5-acyl chloride amngtanisidine. The resulting
product N-(4-methoxyphenyl)benzo][1,2,5]selenadiazole-5-carboxamidg),( did not
require further purification. A yellow powder wabtained. Yield: 68 %; mp: 233-234
°C. IR (KBr): v 3284 (N-H), 1640 cnt (C=0).'H NMR (400 MHz, DMSO-g) §
(ppm): 10.44 (s, 1H, N), 8.50 (s, 1HH,), 8.01 (d,Js.7 = 9.3 Hz, 1HHs), 7.95 (d, 1H,
H7), 7.72 (dJr.3 = Jss = 8 Hz, 2HHy» + Hg), 6.96 (d, 2HH3 + Hs), 3.76 (s, 3H,
O-CH3). °C NMR (100 MHz, DMSQdg) & (ppm): 165.1 €=0), 161.2 + 160.1G; +
Cs),156.6 Cs), 136.0 + 132.9Gs + Cy), 128.9 Cq), 123.9 + 123.3 + 122.T¢ + C;

+ Cy + Cg), 114.7 C3 + Cs), 56.1 (OCHs). "'Se NMR (76 MHz, DMSQds) 5 (ppm):

1560.0. Elemental analysis calculated (%) fagHziN3O.Se-1/2HO: C: 48.01, H:
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3.70, N: 12.00; found: C: 48.09, H: 3.63, N: 11.74.

4.1.3.6. N-(4-(Methylthio)phenyl)benzo|c][1,2,5]selenadiagzed-carboxamide

(6)

From benzadf][1,2,5]selenadiazole-5-acyl chloride and 4-(methmg)aniline. The
product was purified by recrystallization from atba A yellow powder was obtained.
Yield: 21 %; mp: 260-261 °GR (KBr): v 3093(N-H), 1647 crit (C=0).'H NMR (400
MHz, DMSO-<ds)  (ppm): 10.55 (s, 1H, N), 8.51 (s, 1HH.), 8.00 (d,Js.7 = 8 Hz, 1H,
He), 7.95 (d, 1HH-), 7.78 (d,J>.3 = Js5 = 8 Hz, 2H, H + Hg), 7.30 (d, 2HH3 +
Hs), 2.48 (s, 3H, S-B3). °C NMR (100 MHz, DMSOds) & (ppm): 165.4 C=0),
161.2 + 160.0G5 + Cg), 137.2 + 135.7 + 133.€C¢ + Cy + C4), 128.8 + 127.7C¢ +
Cs + Cs), 124.0 + 123.5 + 121.9 + C; + C» + Cg), 16.2 (SCH3). "'Se NMR (76
MHz, DMSOds) & (ppm): 1561.3. Elemental analysis calculated (Yor f

C14H11N30,SSe: C: 48.27, H: 3.16, N: 12.07; found: C: 47H73.64, N: 11.85.
4.1.3.7. 4-(Methylselenyl)anilin€7i)

1.5 mmol of the iodomethane was added to a metitasolution of 1 mmol of4-
Aminophenylselenocyanate and 43 mL of sodium hyidieox0.4 N) and stirred at room
temperature for 40 min. The reaction medium was theured into water and the
product was isolated by filtration and extractiothvwdichloromethane (3 x 50 mL). The
product was purified by column chromatography dicasigel using dichloromethane as
eluent. 4-Aminophenylselenocyanate was preparddwolg the synthetic procedure
previously described [23]. Yield: 22 %. IR (KBK):3447-3355(N-H,), 3213 (=C-H),
2924 (Se-Chj), 1619-1492 ci (C=C).*H NMR (400 MHz, CDCJ) 5 (ppm): 7.32 (d,

J3-2=J5.6=8.0 Hz, 2HH3+ Hs), 6.63 (d, 2HH>+ Hg), 2.29 (s, 3H, SEH;3).
4.1.3.8. N-(4-(Methylselanyl)phenyl)benzolc][1,2,5]selenaxiite-5-
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carboxamidg7)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and 4-(meskigényl)aniline Ti).
The crude product was purified by washing with oblorm (3 x 15 mL). A yellow
powder was obtained. Yield: 38 %; mp: 258-260IRC(KBr): v 3296(N-H), 1647 cm

1 (c=0).'H NMR (400 MHz, DMSOds) 5 (ppm): 10.56 (s, 1H, N), 8.51 (s, 1HH.),
8.00 (d,Js.7 = 8.9 Hz, 1HHe), 7.94 (d, 1HH>), 7.76 (d,J>.3 = Js5 = 7.6 Hz, 2HH»>
+Hg), 7.42 (d, 2HH3 + Hs), 2.34 (s, 3H, Sed8s). *C NMR (100 MHz, DMSOds) 5
(ppm): 165.9 C=0), 161.2 + 160.0qs + Cg), 138.1 + 135.7(s + Cy), 131.1 + 128.8
+126.8 Cs + C3 + C4+ Cy), 124.0 + 123.5 + 122.0C4 + C; + C, + Cq), 7.8 (Se-
CHs). "'Se NMR (76 MHz, DMSQds) & (ppm): 1561.5, 189.3. Elemental analysis
calculated (%) for €H1:N3O.Se-1/2HCI: C: 40.65, H: 2.66, N: 10.16; found: C:

41.06, H: 3.09, N: 10.45.
4.1.3.9. 4-Aminobenzeneselen@l)

12 mmol of the 4-bromoaniline was added to a sotudf 13.2 mmol of selenourea in
15 mL of absolute ethanol and stirred at reflux Zoh. The product was isolated by
filtration and washed with water (50 mL). The résig product, 4-
aminobenzeneselendi), did not require further purification. Yield: 2. IR (KBr): v
3428-3322(N-H,), 3232 (=CH-), 2681 (SeH), 1618-1486 trC=C).'H NMR (400
MHz, DMSO-de) & (ppm): 7.11 (ds» = Js.6 = 8 Hz, 2H,H3 + Hs), 6.50 (d, 2HH, +
He), 5.22 (s, 2H, -M,), 3.85 (s, 1H, -S4). Elemental analysis calculated (%) for

CeH/NSe-1/2HO: C: 39.79, H: 4.42, N: 7.74; found: C: 40.81,3B9, N: 7.94.

4.1.3.10. N-(4-Hydroselenophenyl)benzolc][1,2,5]selenadiazZelearboxamide

(8
From benzaf][1,2,5]selenadiazole-5-acyl chloride ardaminobenzeneselenoBi).
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The resulting product, N-(4-hydroselenophenyl)benzj[1,2,5]selenadiazole-5-
carboxamide §), did not require further purification. A brown \wder was obtained.
Yield: 80 %; mp: 253.4-255.8 °C. IR (KBN):3273(N-H), 1647 cni (C=0).'H NMR
(400 MHz, DMSO#) & (ppm): 10.66 (s, 1H, N), 8.52 (s, 1HH.), 7.99 (ddJs.7 = 9.3;
Js-o = 1.5 Hz, 1HHo), 7.97 (ddJ7.6 = 0.7 Hz, 1HH>), 7.81 (d J>3 = Js.5 = 8 Hz, 2H,
H. + Hg), 7.57 (d, 2HHz + Hs). **C NMR (100 MHz, DMSOds) & (ppm): 165.7
(C=0), 161.2 + 160.0G; + Cg), 139.2 +135.6¢1- + Cs), 132.4 + 128.7(s + Cz +
Cs), 124.0 +123.6 + 123.1 + 116.6(+ C4 + Co + C4 + Cg). "'Se NMR (76 MHz,
DMSO-ds) & (ppm): 1562.4. Elemental analysis calculated (%pr f

Ci13HgN3OSe- 1/2H0: C: 40.01, H: 2.56, N: 10.77; found: C: 39.82,229, N: 10.97.
4.1.3.11. N-(p-Mercaptophenyl)benzo[c][1,2,5]selenadiazoledrboxamideg9)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and-aminothiophenol. The
resulting product, N-(p-mercaptophenyl)benzd[1,2,5]selenadiazole-5-carboxamide
(9), did not require further purification. An orangewder was obtained. Yield: 51 %;
mp: 189.0-188.6 °CIR (KBr): v 3399 (NH), 1654 cih (C=0).'H NMR (400 MHz,
DMSO-dg) & (ppm): 8.49 (s, 1HH,), 7.99 (d,J7.6 = 9.3 Hz, 1HH-), 7.91 (dd,Je.4 =
1.7 Hz, 1HHe), 7.15 (dJr.3 = Jss = 8.5 Hz, 2HH» + Hg), 6.66 (d, 2HH3 + Hs),
5.64 (s, 1H, 8). *C NMR (100 MHz, DMSOds) & (ppm): 191.9 C=0), 161.6 +
159.7 Cs+ Cg), 151.5 Cy) 137.1 + 136.9Q5 +C4 + Cs), 126.6 + 125.0 + 124.@C§

+ Cg + C;) 115.3 + 110.1G4 + C» + Cg). ''Se NMR (76 MHz, DMSQs) & (ppm):
1573.7. Elemental analysis calculated (%) fagHgN3;OSSe: C: 46.71, H: 2.71, N:

12.57; found: C: 46.51, H: 3.07, N:12.40.

4.1.3.12. N-(3,4,5-Trimethoxyphenyl)benzo|c][1,2,5]selenadiaz5-carboxamide

(10
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From benzaf][1,2,5]selenadiazole-5-acyl chloride arRj4,5-trimethoxianiline. The
resulting product, N-(3,4,5-trimethoxyphenyl)benzd[1,2,5]selenadiazole-5-
carboxamide X0), did not require further purification. A yellonowder was obtained.
Yield: 50 %; mp: 207.2-208.3 °C. IR (KBR):3272(N-H), 1651 cnT (C=0).'H NMR
(400 MHz, DMSO#€) & (ppm): 10.45 (s, 1H, N), 8.53 (s, 1HH4), 8.02 (dJs.7= 9.3
Hz, 1H,Hg), 7.95 (d, 1HH-), 7.28 (S, 2HH» + Hg), 3.80 (s, 6H, 2083), 3.66 (s, 3H,
OCH3). *C NMR (100 MHz, DMSOdg) & (ppm): 165.3 C=0), 161.2 + 160.0G; +
Cg), 153.5 Cs + Cs), 136.0 + 135.8 + 134.8 + 128.8+ Cg + Cy- + Cy), 124.0 +
123.4 C; + C4), 99.0 Co + C¢), 61.0 (OCH3), 56.6 (2GCH3). 'Se NMR (76 MHz,
DMSO-ds) & (ppm): 1561.6. Elemental analysis calculated (%pr f

Ci16H15N30,Se- 1/2HO: C: 47.89, H: 3.99, N: 10.47; found: C: 47.25,4#0, N: 10.15.
4.1.3.13. N-Ethylbenzo|c][1,2,5]selenadiazole-5-carboxam{dé)

From benzaf][1,2,5]selenadiazole-5-acyl chloride anethylamine solution. The
mixture was filtered and the product was isolatgddiatory evaporation of the solvent
and purified by successive washing with water (30 and hexane (15 mL). A brown
powder was obtained. Yield: 5 %; mp: 161-164 °C (Kk®r): v 3282(N-H), 2982 (C
spf), 1637 cnit (C=0).*H NMR (400 MHz, CDC}) & (ppm): 8.18 (s, 1HHJ), 7.92 (dd,
Jo-7 = 9.3;J6.4 = 1.2 Hz, 1HHg), 7.90 (d, 1HH7), 6.34 (s, 1H, M), 3.62-3.53 (m, 2H,
-CHy-), 1.32 (t,J chs.cHz= 7.3 Hz, 3H, -@l3). *C NMR (100 MHz, DMSOdg) & (ppm):
166.0 C=0), 161.1 + 160.2Q; + Cg), 135.6 + 128.7Qs + Cg), 123.8 +122.7Q, +
C;), 35.2 (€Hy), 155 (€Hj). Elemental *“analysis calculated (%) for

CoHgN3OSe- 1/2HO: C: 41.04, H: 3.80, N: 15.96; found: C: 41.50,36, N: 15.23.
4.1.3.14. N-Cyclohexylbenzo[c][1,2,5]selenadiazole-5-carboida{12)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and cycloHaryine. The resulting
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product,N-cyclohexylbenzdf][1,2,5]selenadiazole-5-carboxamidE?), did not require
further purification. A white powder was obtainedeld: 63 %; mp: 242.6-246.4 °C.
IR (KBr): v 3303(N-H), 2934-2854 (cyclohexane, C%p1631 crit (C=0).'H NMR
(400 MHz, TFA)d (ppm): 11.00 (s, 1H, N), 7.79 (s, 1HH,), 7.41 (bs, 2HH¢ + H>),
3.42-3.41 (bs, 1HH1), 1.55-1.37 (bs, 2H2a + Hay), 1.22-1.21 (bs, 2HHea + Hep),
1.14-1.00 (bs, 1HH,y), 0.89-0.81 (bs, 4H{3y +H3y +Hsa +Hsy), 0.65-0.61 (bs, 1H,
Hy). Elemental analysis calculated (%) forald:14N3OSe- 1/2H0O: C: 49.37, H: 4.75,

N: 13.29; found: C: 49.92, H: 5.19, N: 13.27.
4.1.3.15. N-(Piperidin-1-yl)benzo[c][1,2,5]selenadiazole-5+t@xamide(13)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and piper&inThe resulting
product, N-(piperidin-1-yl)benzaf][1,2,5]selenadiazole-5-carboxamid@3), did not
require further purification. A brown powder wastahed. Yield: 56 %; mp: 103.3-
101.9 °C.IR (KBr): v 2935-2855 (C 7), 1621 cnt (C=0). 'H NMR (400 MHz,
DMSO-ds) § (ppm): 7.90 (dJ7.6 = 9.2 Hz, 1HH7), 7.82 (s, 1HH.), 7.49 (dd Js==1.5
Hz, 1H,Hs), 3.61 (bs, 2H, A1), 3.33 (bs, 2H, Bs), 1.47 + 1.60 (bs+ bs, 6HHZ +
2H3 + 2H4). °C NMR (100 MHz, DMSOdg) & (ppm): 168.3 C=0), 160.2 + 159.8
(Cs + Cg), 137.8 Cs) + 129.0 Cq), 124.5 + 121.5Q4 + C7), 48.9 + 43.2Cy + Cs),
26.8 + 26.1 + 24.90y + Cs + C4). "'Se NMR (76 MHz, DMSQis) § (ppm): 1548.0.
Elemental analysis calculated (%) for,813N30Se: C: 48.99, H: 4.45, N: 14.28; found:

C:49.29, H: 4.96, N: 14.44.
4.1.3.16. N-(Pyridin-4-yl)benzo[c][1,2,5]selenadiazole-5-carkamide(14)

From benzaf|[1,2,5]selenadiazole-5-acyl chloride and 4-amimigiye. The resulting
product, N-(pyridin-4-yl)benzo][1,2,5]selenadiazole-5-carboxamidel4), did not

require further purification. A brown powder wastahed. Yield: 83 %; mp: 277.4-
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280.1 °C. IR (KBr)v 3266(N-H), 1689 cm'(C=0).'H NMR (400 MHz, DMSO#) 5
(ppm): 10.88 (s, 1H, N), 8.55 (s, 1HH,), 8.50 (d,J3> = Js. = 5.8 Hz, 2HH3 +
Hs), 7.97 (ddJs7 = 9.3;J5.4 = 1.4 Hz, 1HHe), 7.94 (d, 1HH,), 7.81 (d, 2HH» +
He). °C NMR (100 MHz, DMSOds) & (ppm): 166.6 C=0), 161.2 + 159.8; + Cg),
151.2 + 146.6Cs + Cs + Cy1’), 135.0 + 128.6Cs + Cg), 124.1 + 124.0G, + Cy),
114.9 C» + Cg). ""Se NMR (76 MHz, DMSQts) 5 (ppm): 1565.0. Elemental analysis
calculated (%) for GHgN,OSe- 1/2HCI: C: 44.83, H: 2.65, N: 17.43; found:46:47,

H: 2.72, N: 17.46.

4.1.3.17. N-(4-Morpholinophenyl)benzo|c][1,2,5]selenadiaz&ezarboxamide

(19

From benzaf|[1,2,5]selenadiazole-5-acyl chloride and 4-morphadniline. The
resulting productN-(4-morpholinophenyl)benzo][1,2,5]selenadiazole-5-carboxamide
(16), did not require further purification. A yellowoprder was obtained. Yield: 88 %;
mp: 278.4-279.8 °C. IR (KBr}: 3273(N-H), 2965-2824 (C <P, 1644 cni (C=0). H
NMR (400 MHz, DMSO€g) § (ppm): 10.41 (s, 1H, N), 8.48 (s, 1HH.), 8.00 (dd Je.7
=9.3;J5.4 = 1.7 Hz, 1HHe), 7.94 (dd J;.4 = 0.6 Hz, 1HH-), 7.67 (d >3 = Jg5 = 9.0
Hz, 2H,H» + Hg), 6.96 (d, 2HH3 + Hs), 3.74 (t,JcHz-cH= 4.7 Hz, 4H, 2 -€l,-0-),
3.08 (t, 4H, 2 -Bl»-N-). 3C NMR (100 MHz, DMSOdg) 5 (ppm): 165.0 C=0), 161.1
+ 160.1 C3 + Cg), 148.6 + 136.0G4 + C1), 131.9 + 128.9CGs + Cg), 123.9 + 123.2
+122.4 C4 + C7 + Cp + Cg), 116.1 Ca + Cs), 67.0 (2 €Hp-0O-), 49.6 (2 €Hx-N-).
"'Se NMR (76 MHz, DMSGdg) 8 (ppm): 1559.5. Elemental analysis calculated @) f
Ci7HieN4 OSe-1/2HO: C: 51.38, H: 4.28, N: 14.10; found: C: 51.26, 441, N:

13.89.

4.1.3.18. N-(Thiazol-2-yl)benzo[c][1,2,5]selenadiazole-5-cakamide(16)
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From benzaf][1,2,5]selenadiazole-5-acyl chloride and 2-amiiextbl. The resulting
product, N-(thiazol-2-yl)benzof][1,2,5]selenadiazole-5-carboxamidel6), did not
require further purification. A yellow powder wastained. Yield: 70 %; mp: 284.2-
285.1 °CIR (KBr): v 3276(N-H), 1662 cni (C=0).'H NMR (400 MHz, DMSO#ds) 5
(ppm): 12.96 (s, 1H, N), 8.69 (s, 1HH4), 8.07 (d,Js.7= 8.7 Hz, 1HHe), 7.94 (d, 1H,
H7), 7.59 (s, 1HHz), 7.31 (s, 1HH.). **C NMR (100 MHz, DMSOds) & (ppm):
165.6 €=0), 161.3+ 159.90; + Cg + Cy), 138.2 + 133.3(s + C3), 128.4 Ce), 124.8

+ 124.1 Cs + C7), 114.9 Cs). "Se NMR (76 MHz, DMSGQds) § (ppm): 1565.0.
Elemental analysis calculated (%) forg@sN,OSSe: C: 38.84, H: 1.96, N: 18.12;

found: C: 38.53, H: 2.24, N: 17.82.

4.1.3.19. N-(4-(p-Methoxybenzyl)piperazin-1-yl)benzo[c][1 [B&lenadiazol-5-

carboxamidg17)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and 1-(4-noetfbencyl)piperazine.
The reaction mixture was then poured into water #rel product was isolated by
extraction with dichloromethane (3 x 50 mL). Thesuking product, N-(4-(p-
methoxybenzyl)piperazin-1-yl)benz[l,2,5]selenadiazol-5-carboxamid&7), did not
require further purification. A brown powder wasahed. Yield: 45 %; mp: 93.5-94.3
°C. IR (KBr):v 2804-2763 (C <), 1622 cni (C=0).*H NMR (400 MHz, DMSO¢dg) &
(ppm): 7.90 (dJ7.6= 9.1 Hz, 1HH7), 7.83 (s, 1HH4), 7.49 (ddJs.s = 1.3 Hz, 1HH¢),
7.21 (d,Jr.5 = Js5 = 8.5 Hz, 2HH» + Hg), 6.87 (d, 2HHz + Hs), 3.72 (s, 3H, O-
CHs), 3.65 (s, 2H, -Bl,-benzyl), 3.43 - 3.42 (bs, 4H, 2Hz-N,), 2.33 + 2.37 (bs + bs,
4H, 2 (H,-N,).2*C NMR (100 MHz, DMSOdg) § (ppm): 168.4 C=0), 160.3 + 159.7
+159.2 C3 + Cg+ Cy), 137.2 Cs), 131.1 + 130.3 + 129.T¢ + Cy- + C, + Cg), 124.5
+121.9 C4 + C7), 114.4 C3 + Cs), 62.0 (CHp-benzyl), 55.8 (OEHs). ""'Se NMR (76

MHz, DMSOds) & (ppm): 1549.3. Elemental analysis calculated (Yor f
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Ci9H20N4O.Se: C: 54.94, H: 4.85, N: 13.49; found: C: 54.905123, N: 13.44.
4.1.3.20. N-(Quinolin-8-yl)benzolc][1,2,5]selenadiazole-5-tarxamidg(18)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and 4-amiriagline. Final product
was purified by washing with a mixture bfN-dimethylformamide/ethanol (5:5; v:v).
A green powder was obtained. Yield: 23 %; mp: 3881.1 °C. IR (KBr)y 3332 (N-
H), 1660 cni (C=0).*H NMR (400 MHz, DMSO#dg) & (ppm): 10.83 (s, 1H, N), 9.01
(d, Jys = 3.5 Hz, 1HH4), 8.71 (d,J¢5= 7.5 Hz, 1HH¢), 8.55 (s, 1HH4), 8.47 (d,
Jioe= 8.2 Hz, 1HH10), 8.05 (d,Js.7 = 9.4 Hz, 1HH¢), 8.02 (d, 1HH-), 7.78 (d, 1H,
Ho), 7.70 (d, ¢.9=3.9 Hz, 1HHg), 7.70 (d, 1HHs). **C NMR (100 MHz, DMSOds)
§ (ppm): 164.6 C=0), 160.8 + 159.6Qs + Cg), 149.8 Cs), 139.1 + 137.3 + 135.3
+134.4 Cs + C;- + Cy + Cq'), 128.4 +127.6 + 127.85¢ + C+ + Cy), 124.2 + 123.3 +
122.9 C4 + C; + Cs + Cio), 117.9 Cg). "'Se NMR (76 MHz, DMSQdg) 5 (ppm):
1564.0. Elemental analysis calculated (%) fesHzoN,OSe- 1/2HO: C: 53.00, H: 2.76,

N: 15.46; found: C: 53.49, H: 3.14, N: 15.40.

4.1.3.21. N-(Benzo[d]thiazol-2-yl)benzo|c][1,2,5]selenadiaeeb-carboxamide

(19

From benzaf][1,2,5]selenadiazole-5-acyl chloride and 4-aminddmhiazol. The
resulting productN-(benzof]thiazol-2-yl)benzo€][1,2,5]selenadiazole-5-carboxamide
(20), did not require further purification. A yellopowder was obtained. Yield: 50 %;
mp: >300 °CIR (KBr): v 3348 (N-H), 1631 cih (C=0).'H NMR (400 MHz, DMSO-
ds) 6 (ppm): 8.75 (s, 1HH,), 8.13 (ddJs.7= 9.4; Js.4= 1.3 Hz, 1HHg), 8.04 (d,Jy.5=
7.6 Hz, 1H,H4), 7.99 (d, 1HH-), 7.81 (d,Je.7 = 7.6 Hz, 1HH7), 7.49 (t,Js 5= 7.6
Hz, 1H, H¢),7.37 (t, 1H, Hg). Elemental analysis calculated (%) for

C14HgN,OSSe- 1/2K0D: C: 45.62, H: 2.17, N: 15.21; found: C: 45.22,250, N: 14.96.
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4.1.3.22. N-Benzylbenzo[c][1,2,5]selenadiazole-5-carboxan(i2i@)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and 2-benaytee. The product was
purified by recrystallization from isopropanol. &llow powder was obtained. Yield:
46 %; mp: 177.5-179°C. IR (KBr} 3272 (N-H), 3026(C sp?), 1631(C=0), 1600-
1400 cm' (-HC=CH-).*H NMR (400 MHz, DMSOds) & (ppm): 9.37 (tJnm-chz = 5.6
Hz, 1H, NH), 8.41 (s, 1HH,), 7.98 (ddJs7 = 9.3;J6.4 = 1.2 Hz, 1HHe), 7.91 (d, 1H,
H-), 7.39-7.31 (m, 4HH» + Hy + Hs + Hg), 7.26 (t,ds3 = Jrs = 6.4 Hz, 1HH.),
4.53 (d, 2H, -El2-). °C NMR (100 MHz, DMSOds) & (ppm): 166.4 C=0), 161.2 +
160.2 Cs + Cg), 140.2 + 135.3@- + Cs), 129.2 + 128.7 + 128.2 + 127.C¢(+ Cy +
Cs + Cy4+ Cs+ Cgq), 123.9 + 123.0G4 + Cy), 43.8 (CHy-). Elemental analysis
calculated (%) for gH11N3OSe: C: 53.16, H: 3.48, N: 13.29; found: C: 521803.79,

N: 13.13.
4.1.3.23. N-(4-Bromobenzyl)benzo[c][1,2,5]selenadiazole-5katamidg21)

From benzdf][1,2,5]selenadiazole-5-acyl chloride and 4-bronmmatydamine. The
resulting productN-(4-bromobenzyl)benzo][1,2,5]selenadiazole-5-carboxamidzl),
did not require further purification. A white poerdwas obtained. Yield: 74 %; mp:
187.8-190 °CIR (KBr): v 3273(N-H), 1625 cni (C=0).'H NMR (400 MHz, DMSO-
de) & (ppm): 9.38 (tIn-crz= 5.7 Hz, 1H, M), 8.41 (s, 1HH4), 7.96 (ddJs.7 = 9.3; 6.
4= 1.4 Hz, 1HH), 7.93 (d, 1HH), 7.54 (d Js-» = J5.¢ = 8.3 Hz, 2HH 3 + Hs), 7.33
(d, 2H,Hy» + Hg), 4.50 (d, 2H, -El,-)."*C NMR (100 MHz, DMSOdg) & (ppm): 166.4
(C=0), 161.2 + 160.1(; + Cg), 139.7 + 135.2Cs + Cy), 132.1 + 130.4 + 128.6% +
Cy + Cy + Cs +Cg), 123.9 + 123.07 + 120.Tf + C7 + Cy), 43.2 (CHy-). "'Se NMR
(76 MHz, DMSOds;) o (ppm): 1559.5. Elemental analysis calculated (%) f

C14H10BrN;OSe-1/2H0O: C: 41.58, H: 2.72, N: 10.40; found: C: 41.98, H88, N:
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10.89.
4.1.3.24. N-Phenethylbenzolc][1,2,5]selenadiazole-5-carbox@e?2)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and 2-phethyamine. The
product was purified by recrystallization from isopanol. A yellow powder was
obtained. Yield: 33 %; mp: 194.1-195 °C. IR (KBr)3294(N-H), 3061-3028 (C s,
1634 (C=0), 1600-1400 cih (-HC=CH-). *H NMR (400 MHz, DMSOds) & (ppm):
8.90 (t,Inn-cHe= 5.3 Hz, 1H, M), 8.30 (s, 1HH4), 7.91 (dd Js.7= 9.3;J5.4= 1.5 Hz,
1H, He), 7.90 (dd,J7.4 = 0.8 Hz, 1HH-), 7.34 - 7.26 (M, 4HH» + Hs + Hs +Hg),
7.21 (tt,dr3= Jrs = 6.8,y = Jr.g = 1.6 Hz, 1HH4), 3.54 (q,Jchz-cHz= JchaNn=
7.4 Hz, 2H, -®Gl,-NH), 2.89 (t, 2H, -&,-Ph). 3C NMR (100 MHz, DMSOdg) 5
(ppm): 166.3 C=0), 161.1 + 160.2Q5 + Cg), 140.3 + 135.6(s + C1), 129.6 +129.2 +
128.7 + 127.0Gs + Cy + Cg + Cys + Cs + Cg), 123.8 + 122.8G4 + C7), 41.9 (CHy-
NH), 35.8 (CH,-Ph). Elemental analysis calculated (%) fagtisN3OSe: C: 54.55, H:

3.94, N: 12.73; found: C: 54.30, H: 4.32, N: 12.74.
4.1.3.25. N-(3-Phenylpropyl)benzo|c][1,2,5]selenadiazole-54waxamide(23)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and 3-phemfyylamine. The
resulting productN-(3-phenylpropyl)benza][1,2,5]selenadiazole-5-carboxamides3],
did not require further purification. A brown powde&as obtained. Yield: 86 %; mp:
147-148 °CIR (KBr): v 3288(N-H), 3024 (C sp?), 1632(C=0), 1600-1400 ch (-
HC=CH-).*H NMR (400 MHz, DMSOds) & (ppm): 8.82 (tJnm-crz2= 4.9 Hz, 1H, NH),
8.31 (s, 1HH,), 7.92 (dJs.7 = 9.3 Hz, 1HH¢), 7.88 (d, 1HH>), 7.31-7.21 (m, 4HH»

+ Hg +Hs +Hg), 7.17(t,ds3 = Jors = 7.0 Hz, IHH4), 3.33 (qJchz-che= 7.4 Hz, 2H,
-CH2-NH), 2.65 (t, 2H, -E®i,-Ph), 1.86 (m, 2H, -CHCH»-CH,-)."*C NMR (100 MHz,

DMSO-dg) & (ppm): 166.3C=0), 161.1 + 160.2 Qs + Cg), 142.6 + 135.7 Gy + Cs),
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129.2 + 129.1 +128.8 + 126.6€4{+ C, + C3 + C4 + Cs + Cq), 123.8 + 122.8Q4 +
C7), 335 + 31.6 EHy-NH + -CHy-CH,-CH,- + -CH»-Ph). "Se NMR (76 MHz,
DMSO-ds) & (ppm): 1557.4. Elemental analysis calculated (&) @i6H15N3O0Se- 2

H,O: C: 54.40, H: 4.53, N: 11.90; found: C: 54.90,4:88, N: 11.80.

4.1.3.26. N-(3-Hydroxypropyl)benzo[c][1,2,5]selenadiazole-arboxamidg24)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and 3-aminpr@panol. The
product was purified by recrystallization from didmethane. Yield: 18 %; mp: 158-
160 °C. IR (KBr):v 3295 (N-H), 2948 (C, sf), 1637 (C=0), 1600-1400 c(-
HC=CH-).*H NMR (400 MHz, DMSOds) & (ppm): 8.76 (tnn-crz2= 5.2 Hz, 1H, NH),
8.33 (s, 1HHJ), 7.94 (ddJs7 = 9.3;J6.4 = 1.5 Hz, 1HHo), 7.89 (d, 1HH-), 3.49 (t,
JeHz-cH2=5.9 Hz, 2H, -®1,-OH-), 3.36 (qJcHz-cH2= 6.7 Hz, 2H, -®1,-NH-), 1.76-1.69
(M, 2H, -CH-CH,-CH»).1*C NMR (100 MHz, DMSOds) 5 (ppm): 166.3 C=0),
161.1 + 160.2G3 + Cg), 135.7 Cs), 128.7 C¢), 123.8 + 122.8Q4 + C7), 59.5 (CHo-
OH-), 37.7 + 33.2 EHo-NH- + -CH,-CH»>-CHy-). 'Se NMR (76 MHz, DMSQd) 5
(ppm): 1557.6. Elemental analysis calculated (%)dH11 N3O.Se-HO: C: 39.74, H:

3.64, N: 13.91; found: C: 39.87, H: 3.74, N: 13.68.
4.1.3.27. N-(4-Phenylbutyl)benzolc][1,2,5]selenadiazole-54osaxamidg(25)

From benzaf][1,2,5]selenadiazole-5-acyl chloride and 4-pheogtamine. The
resulting product,N-(4-phenylbutyl)benza@][1,2,5]selenadiazole-5-carboxamid25),
did not require further purification. A brown powdeas obtained. Yield: 786; mp:
170.6-171.1 °CIR (KBr): v 3299 (N-H), 3026C, sp?), 1632(C=0), 1600-1400 cih(-
HC=CH-).'H NMR (400 MHz, DMSO¢) 5 (ppm): 8.78 (t,Jnw-crz = 5.2 Hz, 1H, M),
8.32 (s, 1HH,), 7.93 (dJs.7= 9.3 Hz, 1HH¢), 7.89 (d, 1HH>), 7.27(t,J».3=Js.5=7.5

Hz, 2H,H2'+ He), 7.21 (d, 2HH3'+ H3'), 7.16(t,J4'.3': J4'_5 =7.1 Hz, lH,H4'), 3.34 (q,
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Jerz-cHz= 6.10 Hz 2H, -Elo- NH), 2.62 (tJchz-cHz=7.17,2H, -CH»-Ph), 1.61 (m, 4H, -
CH,-CH»-CH»-CH,-). °C NMR (100 MHz, DMSOds) & (ppm): 166.2 C=0), 161.1 +
160.2 Cs + Cg), 143.0 + 135.7Cs + Cy), 129.2 + 129.1 + 128.7 + 126.64+ Cy
+Cy + Cq4 + Cs + Cg), 123.8 + 122.7Q4 + C7), 35.7 +29.5 + 29.4 GH,- NH + NH-
CH,-CH,- + -CH,-CH,-Ph + CH»-Ph). ”’Se NMR (76 MHz, DMSQds) & (ppm):
1557.6. Elemental analysis calculated (%) farHz/N3OSe: C: 56.99, H: 4.75, N:

11.73; found: C: 56.95, H: 5.04, N: 11.49.
4.1.3.28. N-(4-Hydroxybutyl)benzo|c][1,2,5]selenadiazole-5dsaxamide(26)

From benzdf][1,2,5]selenadiazole-5-acyl chloride and 4-aminbttanol. The product
was purified by recrystallization from THF. A whip@wder was obtained. Yield: 61 %;
mp: 160-162 °C. IR (KBr)v 3293(N-H), 2943-2867 (C, <P, 1630 (C=0), 1600-1400
cm® ((HC=CH-). 'H NMR (400 MHz, DMSOds) & (ppm): 8.76 (tJnr-crz2 = 5.0 Hz,
1H, NH), 8.34 (s, 1HHJ), 7.94 (d,Js.7 = 9.2 Hz, 1HHs), 7.89 (d, 1HH), 3.46-3.42
(m, 2H, -GH,-OH-), 3.34-3.29 (qJcrz.chz= 6.1 Hz, 2H, -Gl- NH-), 1.62-1.56 (m,
2H, -CH-CH»-CH,-OH), 1.53-1.48 (m, 2H, -NH-CHCH,-CH,-).**C NMR (100 MHz,
DMSO-ds) § (ppm): 166.2 C=0), 161.1 + 160.2Q5 + Cg), 135.7 Cs), + 128.7 Co),
123.75 + 122.7 @7 + -CH»-OH-), 61.3 (EH,-NH-), 30.9 (-CH-CH,-CH,-OH), 26.6
(-NH-CH,-CH»-CHy-). "'Se NMR (76 MHz, DMSQds) & (ppm): 1557.5. Elemental
analysis calculated (%) fori€H13N30.Se: C: 44.29, H: 4.36, N: 14.09; found: C:44.19,

H: 4.33, N: 13.61.

4.1.4. Synthesis ofPiperazine-1,4-diylbis(benzo[c][1,2,5]sel enadiazol-5-ylmethanone

(27)

A mixture of BSCA (0.5 g, 2 mmol) and thionyl chiibe (20 mL) was stirred at reflux

for 2 h. The reaction was monitored by IR specpgc The resulting acyl chloride was
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isolated by rotatory evaporation of the thionylaide under vacuum and the excess of
thionyl chloride was removed with 3 fractions ofutene (40 mL). The resulting acyl
chloride was used without further purification. Aligion of the piperazine (0.09 g, 1
mmol) in dry chloroform (15 mL) was added to a manet of the resulting acyl chloride
(0.5 g, 2 mmol) and triethylamine (0.28 mL, 2 mmiol)dry chloroform (40 mL). The
mixture was stirred at room temperature for 72 e Pproduct was isolated by filtration
and washed with water (3x 50 mL). The resulting dpici, piperazine-1,4-
diylbis(benzog][1,2,5]selenadiazol-5-ylmethanone27f, did not require further
purification. A brown powder was obtained. Yield® 9; mp: 229.4-231.3 °C. IR
(KBr): v 1620 cni (C=0).*H NMR (400 MHz, DMSO) & (ppm): 7.91 (d, 4H, g +
2H7), 7.55 (s, 2HH.,), 3.69-3.57 (bs, 8H, 2 K»-CH>). **C NMR (100 MHz, DMSO-
de) & (ppm): 168.8 (£2=0), 160.3 + 159.7 @3 + 2Cg), 136.8 (Ls), 129.1 (L), 124.6
+ 122.2 (£, + 2C7), 40.31 (2CH»-CH,). ""Se NMR (76 MHz, DMSQd) & (ppm):
1550.3. Elemental analysis calculated (%) fQgHz4NgO.Se-1/2H0: C: 42.09, H:

2.92, N: 16.37; found: C: 42.32, H: 3.14, N: 16.03.
4.2. Biological evaluation
4.2.1. Anti-proliferative activity

The cell lines were obtained from the American T¢hature Collection (ATCC). Five
tumor cell lines (MCF-7, PC-3, HT-29, HTB-54 and RI&CEM) were grown in RPMI
medium (Gibco), supplemented with 10 % fetal bowseeum (FBS; Gibco) and 1 %
antibiotics (10.00 units/mL penicillin and 10.00 {rgL streptomycin; Gibco). 184B5
cells were grown in DMEM / F12 (1 : 1) (1X) + Glax ™ medium (Gibco)
supplemented with 5 % FBS, 1 % antibiotics and gpBment cocktail containing 1

mL of hydrocortisone (100 nm; Aldrich), 1 x ITS (hpa), 10 mL of sodium pyruvate
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(2 mM; Lonza), 10 pL of EGF (20 ng /mL; Aldrich) 50 pL of trans-retinoic acid
(0.3 nM; Aldrich). BEAS-2B were grown in DMEM medu (Gibco), supplemented
with 10 % FBS and 1 % antibiotics. Cells were prese in tissue culture flasks at 37

°C and 5% C@ Culture medium was replaced every three days.

The effect of each compound on cell viability wastéd using the MTT assay [46].
Each compound was dissolved in dimethyl sulfox@d®IEO) at a concentration of 0.01
M. Sterile filtration of the compounds was achiewesing 0.2 uM filter disk. Serial
dilutions were prepared with non-supplemented celltuedium. The inhibition of cell
viability was determined at four different concaibn ranging from 1 to 100 uM.
Cells were seeded at 1 x*1fer well in the case of MCF-7, PC-3, HT-29, HTB-54
184B5 and BEAS-2B cells onto flat-bottomed 96-wallture plates and 4 x i@er
well in the case of CCRF-CEM cells onto round-bwigal 96-well culture plates. They
were treated with either DMSO or increasing conedian of the corresponding
compound for 72 h. Then, they were incubated withub of 3-(4,5-dimethylthiazol-2-
yh)-2,5-diphenyltetrazolium bromide (MTT) (2 mg /mdtock; Aldrich) for 4 h and
analyzed for their ability to generate a purplenfazan dye. These formazan crystals
were dissolved in 150 uL of DMSO. The absorbance meaasured at a wavelength of
550 nm and the ratio of viable cells was calculatedsults are expressed ass¢sl
concentration that reduces by 50% the cell growith wespect to untreated controls;
TGlI, concentration that completely inhibits celbgth of treated cells with respect to
untreated controls; and g concentration that kills 50% of the initial cells
Furthermore, the selectivity index (SI) was caltedaas the ratio of the &lvalues
determined for the non-malignant and the tumordk q&lso (184B5)/Gky (MCF-7)
and Gk, (BEAS-2B)/Gky, (HTB-54)). Data were obtained from at least three

independent experiments performed in quadruplicates
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4.2.2. Evaluation of cell cycle progression and apoptosiaduction

For the MCF-7 cells, the apoptosis evaluation agltiaycle analysis of the cells were
determined using the Apo Dirétt kit (BD Pharmingen), based on the TUNEL
technique, according to the procedure describethéymanufacturer. To fix the cells,
they were suspended in 1% paraformaldehyde in PBIS=(7.4) at a concentration of
1x1C cells/mL and placed on ice for 60 min. Then, cellsre centrifuged, washed,
adjusted to 1x10cells/mL in 70% ethanol and incubated on ice forrBi. After
fixation, the cells were stained. Briefly, the selMvere centrifuged, washed and
resuspended in FITC dUTP-DNA labelling solution amclubated for 60 min at 37 °C.
Finally, at the end of the incubation time, thealere rinsed with 1 mL of the Rinse
Buffer, and the cells were resuspended in PI/RNataening Buffer, incubated for 30
min at RT, in the dark. These cells were analyaetidw cytometer (Coulter Epics XL,

Beckmam Coulter).
4.3. X-ray crystallography of compound 7

Single  crystals of N-(4-(methylselanyl)phenyl)benzg[1,2,5]selenadiazole-5-
carboxamide, (compound were grown from solution of DMSO by slow evaparat

A suitable crystal was selected and mounted orl@argop using paratone oil, for data
collection on a '‘Bruker SMART APEX CCD' diffractotee The crystal was kept at
room temperature (~25 °C) during data collectiosing Olex2 [47], the structure was
solved with the XS [48] structure solution prograsing Direct Methods and refined

with the XL [48] refinement package using Least &gg minimization.
4.4. DPPH free radical- scavenging assay

The DPPH method is one of the most efficient meshtmt evaluating the radical-

scavenging action by a chain-breaking mechanis [A8is bioassay is a standard to
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b)

estimate the antioxidant property of chemicals Iilevel selenadiazole compounds,
previously described by Svinyarov [45]. This isd@®n the reduction of a stable free
radical, DPPH with the presence of antioxidantstH®/donation of a hydrogen atom.
Then, this reduction of DPPH causes the decreags absorbance at 517 nm and we

can determine the corresponding DPPH radical- sing activity.

A methanolic solution (0.04 mg/mL) of DPPH (Aldrjchvas prepared daily and
protected from light. Besides, each compound waglly dissolved in DMSO at a
concentration of 1.25 mg/mL and serial dilutionsalbsolute methanol were prepared
(0.25, 0.0625, 0.000625, 0.0000625 mg/mL). The lblah colourless sample was
prepared with DMSO mixed with absolute methanolthet same concentrations of
DMSO in samples. Nevertheless, for coloured sampiks compound9, the most
concentrated dilution was used as a blank. 750fidach sample were dissolved in 750
pL of solution of DPPH, and the control was prefdatessolving 750 pL of each blank
in 750 pL of solution of DPPH. After 30, 90 and 1®ih of incubation at 37 °C in the
dark, the absorbance was read against a blank7atrdl The ascorbic acid (vitamin C)
was used as the positive control and the EBS wed as a reference compound. All the
measurements were carried out in triplicate. Resark expressed as the percentage of

the radical scavenger, calculated using the folgwiormula:

For colourless samples:

(Acontrol - Ablank) - (Asample_ Aplank)

% DPPH radical scavenging =

(Acontrol - Ab]ank)

For coloured samples:

(Acontrol - Ablank) - (Asample_ Asample blank)

% DPPH radical scavenging =

(Acontrol - Ab]ank)
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