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ABSTRACT

New pharmacophore organoselenium compouhavés designed, synthesized and characterized
by various spectroscopic methods (IR, ESI-M$, *C and’’Se NMR) and further confirmed
by X-ray crystallographyCompoundl consists of two 3,5-bis(trifluoromethyl)phenyl tmi
which are connected to the selenium atam the organometallic C—Se bonih vitro DNA
binding studies ofl was investigated by absorption and emission itmaimethods which
revealed thatl recognizes the minor groove of DNA in accordanath wnolecular docking
studies with the DNA duplex. Gel electrophoretisasdemonstrates the ability bfto cleave
pBR322 DNA through hydrolytic process which wagtier validated by T4 religation assay. To
understand the drug—protein interaction of whicimdte molecular target was DNA, the
affinity of 1 towards HSA was also investigated by the speatfmscand molecular modeling

technigques which showed hydrophobic interactiotha subdomain IIA of HSA. Furthermore,

the intracellular localization df was evidenced by cell imaging studies using Hedlis.c
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pBR322 hydrolytic cleavage; GPx activity.

Abbreviations

UV-vis UV-visible

CT DNA Calf thymus DNA

Tris Tris(hydroxymethyl)aminometlean
EB Ethidium bromide

1. Introduction

Medicinal inorganic chemistry is an interdisciplipathrust area of chemical research; is
currently much more known for its many applicatianscatalysis and also has enormous
potential to act as therapeutic and diagnostic ggéimere is a growing interest in the field of
small molecules capable of binding to deoxyriboaieclacid (DNA) has received immense
influence in the development of new therapeutic atibds for cancer chemotherapy owing to
the fact that many present treatment regimes (Riliatibased drugs) in chemotherapy have failed
or fall short either in terms of efficiency or toky problems [1-3]Therefore, other non—
platinum complexes have been evaluated in canceameatherapy, and in particular
organometallic compounds have been extensivelystigaged for their medicinal properties [4—
6]. Koepf and Koepf—Maier started to explore the amies activity of titanocene dichloride, in
the 1970s with several clinical trials conducta@hl$ on actual patients with various forms of
cancer that have not responded to existing treasnémcluding surgery, chemotherapy, and
radiotherapy), although finally the compound was aoproved for use [7]Nevertheless, the
early and highly promising research onnE{CsHs).Cl, inspired other researchers to study the

anticancer properties of organometallic compoumdg) brought rational design and many new



ideas for the development of cancer chemotherapediigs. Among the non—platinum
complexes for metal based chemotherapy, organdmetalenium (Se)—containing molecules
are emerging as new chemotherapeutic agents dubeto ability to modulate multiple
physiological effects on a wide range of cancel tgples as well as reverse the activity of drug
resistance mechanisms to potentiate chemotherdpytharapy efficacy [8]. The trace element
selenium (Se), at very high doses is potentialct@id fatal for the human body, but the low
doses of Se supplementation (nutritional intak®®+#350ug per day) is seems to be beneficial
not only for cancer prevention, but also influerat@er functions in organism by reducing
inflammations, heart diseases and regulating tbhedbpressure. Moreover, selenium is essential
for cell metabolism as a constituent of severasetproteins, including glutathione peroxidase,
thioredoxin reductase etc which are primarily imaal in antioxidant functions and maintenance
of redox state [9]Since the discovery of the first GPx (GlutathionerdXidase) mimics
organoselenium compound, 2—phenyl-1,2—benzoisasderB—(2H)—one (ebselen),
considerable efforts have been made for the demigndevelopment of several organoselenium
compounds as GPx mimics for the treatment of okidastress initiated by excess reactive
oxygen species (ROS), and thereby preventing tthdaredamage [10].

DNA is the essential carrier of genetic informatizvhich is concerned with most
cancers resulting from DNA damage, and thus itoiss@ered as a main target for anticancer
drugs development. Interaction between small mddscand DNA is of great significance in the
elucidation of the mechanisms of anticancer drugisthe screening of DNA targeted drugs [11].

In view of the aforementioned fact, the presentknembodies the spectroscopic and
single crystal X—ray diffraction of the newly syetized bis(3,5—

bis(trifluoromethyl)phenyl)selane. It would be peent to mention here that synthesis of



compoundl was based on our understanding of a series dediges synthesized by our group,
wherein we found that the molecule having bistaftmethyl phenyl moiety displayed most
potent anticancer activity [12]. With this ratioealin vitro DNA binding profile of
organoselenium compouridwith CT-DNA and cleavage studieg 1 with pBR322 plasmid
DNA by agarose gel electrophoresis was evaluatké.rdle of organoselenium compouhdias
not only merely antioxidative (by detoxification réfactive oxygen species as part of glutathione
peroxidases), but rather acting as a DNA binding) @eaving agent. Furthermore, affinity bf
towards human serum albumin (HSA) was also invast since the drug—albumin interaction
plays an important role in drug distribution andphacokinetics which influences the solubility
of the prospective drug, extend its vivo half-life, slow down or prevent its passive
extravasations to the target tissues [13]. Thesdies provide an important rationale for the
design of new lead anticancer drugs and their Bpeiglivery at the active site of action, besides
providing the pharmacological profile vitro.

2. Results and Discussion

We report the synthesis of new organoselenium is{8s(triflouromethyl)phenyl)selane
compoundl and the detailed procedure was described in expeatal section (Scheme I) [14].
The product was isolated as a yellowish red sa@id] suitable crystals for X-rayffiaction
analysis was grown by slow evaporation of its soflutn CHCk/MeOH (8:2 v/v), over a period
of one week at room temperature. The resulting @mg@l was stable towards air and moisture
and readily soluble in DMSO and MeOH. The singlgstal X-ray analysis reveals that the
compoundl crystallizes in a triclinic crystal system with-1 space group. The unit cell
parameters were found to be= 8.7402(5) A, b= 8.9544(5) A, c= 12.4403(6) A, a =

107.674(4)°, = 102.497(4)°,y = 99.079(5)° with unit cell volumeV= 879.16(9) & A



perspective view of the ORTEP diagram and molecstiarcture of compountl was shown in
Figure 1. From the crystal structure it has beeseoled that two 3,5-bis(trifluoromethyl)phenyl
moieties are attached to the Selenium atom. Thee@=3ond angle is 100.9(2)as expected
for the divalent shSe atom with lone pair—lone pair repulsioBglected crystallographic data
for the compound were summarized in Table S1. drigstal packing of compountidisplayed
the common feature of layers of weakly interacttacked phenyl groups of one molecule with
the other. Besides, 3D supramolecular architeafitreompoundl was generated which shows
two types of secondary interactions, hydrogen aadkahalogen bonding between the identical
moieties of the same molecules (Figure 2). Theadis# between the hydrogen atoms of one
molecule with the fluorine atom of another moledsl®.658(2) A (H-F), and fall in the range of
moderate hydrogen bonding distance. Interestinbky,halogen (F-F) distance in compound
was 2.713(3) A, which was quite favorable for haloginteractions thereby helping the
molecules to interact and stay closer. Densitytional theory (DFT) is a popular computational
method of medicinal chemists widely used todaysfoeening of biologically relevant molecular
systems in a time and cost effective manner [1%, Tiee DFT studies were performed using
Turbomole 6.0 program with B3LYP functional andetrdifferent basis sets {6-31G(d,P),
LanL2MB, TZVP} for a close agreement of the optiedzstructure with the experimental crystal
structure. To have an idea about ionization paaéngilectron affinity and any potential optical
properties of the newly reported molecule the HOMQ@MO energies were also
computationally worked out. The most appropriatéamaf optimized structure with the crystal
structure was achieved at the B3LYP/TZVP level loéary in accordance with findings of
Taubert et al [17]In order to improve our calculations for HOMO andMO energies at a

reasonably lower computational cost, we performéagles point energy calculation of



B3LYP/TZVP optimized structure of compoutdvith larger TZVPP basis set [18]. Comparison
of selected geometrical parameters of the X-ragtatpgraphic structure and DFT optimized
structure of the bis(3,5-bis(triflouromethyl)pheysglane was depicted in Table 1. A high band
gap of 4.6 eV, predicted that the compound waslestaith respect to electron transfer. The
electron density plots and molecular surfaces oM@and LUMO (Figure 3), indicated that the
electron density in case of HOMO is concentrated@enium metal and in case of LUMO the
electron density is predominantly on the phenybsin Thus electron rich selenium atom of
compoundl has a nucleophillic character which also suppihisproposed pathway of its DNA
cleavage (see the Supporting Information Figurear®llS2 and Scheme II).
In order to assess the possible pharmacologicglepties of compound, a toxicity

profile evaluation was performed by employing th&IRIS software (http://www.organic—

chemistry.org/prog/peo/). As depicted in Table @npoundl does not show any toxicity risk

that is non—mutagenic, non—tumorigenic, non-irtitand no reproductive effect. The log P
(4.85) value was under the acceptable criteria Hg§) indicating that the compound was quite
hydrophilic in nature. Compouridalso shows moderate to good drug likeness (—2n@)drug
score (0.17) which revealed that it could be carsid as a drug candidate for oral absorption
(Figure S3Supporting Information).

2.1. DNA binding studies

DNA binding is very important in the developmentnaiv metal based chemotherapeutic agents.
The electronic absorption spectrum of comporid DMSO-buffer mixture exhibit an intense
transition at 270 nm, attributed to thes* transition of the ligand. Upon increasing the
concentration of CT DNA (0-4.66) x TOM, a concomitant increase in absorption intersitie

was observed with hyperchromism of 31.1-75.2 % wathshift of 4 nm in the intraligand band



(Figure 4). The observed hyperchromic effect suiggéesit compound binds to DNA by external
contact, and red shift was due to the participatibaromatic chromophores [19]. Since, DNA
possesses several hydrogen bonding sites whichacaessible both in major and minor grooves
[20]. So it is likely that —CEgroup present in the compound favor hydrogen baneith the
base pairs of DNA helix in the grooves. To compguantitatively the binding affinity of
compound, the intrinsic binding constak was calculated by monitoring the changes in
absorbance in the intraligand band at corresporidiggwith increasing concentration of DNA.
The K}, value of compound was found to be 4.2 x 1™ The magnitude of DNA binding
was greater for compound than previously synthesized Cu(ll)-Sn@#Vheterobimetallic
complex by our group (3.0 x 1m™).

Small molecules that bind and cleave at specifiA¢quencesre widely used as fluorescent
molecular probes for assessing the local struatfifgiomacromolecules such as nucleic acids
and proteins [21]. Therefore, the binding abilitf/tbe small molecules with DNA was also
investigated by fluorescence spectroscopic titrat@ompoundl emits intense luminescence
when excited at 270 nm in 0.01 Tris—HCI/50mM NaQ@ifér at room temperature with an
emission maximum appearing at 361 nm. On additibnnoreasing amount of CT DNA,
emission intensity of decreases by 3.14 times than those in the absémi¢A and saturates at
a ratio of [DNAJ/[1] is 1.5, respectively (Figure 5). The quenchingeaiission intensity of
suggested the occurrence of molecule—moleculeaiamitinteractions in the presence of DNA
or changes in compound environment, such as hydtmphnteractions with the DNA binding
sitesversushydrophilic interactions with the solvent moleail22]. The binding constant (K)
value forl was determined from Scatchard equation and foarmt2.07 x 10M™. To further

investigated the interaction of compoubavith the DNA threedimensional (3D) fluorescence



spectroscopy was performed on compodnd the absence and presence of CT-DNA (Figure
S4, Supporting Information). The 3D fluorescence speutiand contour ones of compouhd
consisted of two prominent peaks, peakid € 270 nm) and peak B, = 361 nm) showing
the fluorescence behavior. However, upon additibDNA, the fluorescence intensity of both
the peaks excitation peak A and emission peak Bedses significantly indicating either partial
intercalation or electron/energy transfer with dewltranded DNA which was in good
agreement with that derived by absorption speatrdlfluorescence measurements.
Competitive binding of drugs to DNA with EB couldopide rich information with
regard to the DNA bindingffinity [23]. The EB fluorescence intensity will be anbed in the
presence of DNA because of its intercalation inehelix, and it is quenched by the addition of
another molecule either by replacing the EB [24he Textent of reduction of the emission
intensity gives a measure of the binding properwityie compounds to CT-DNA. The emission
spectra of EB bound to DNA in the absence and poesef compound was shown in Figure 6.
Upon increasing concentration of the the emission band at 591 nm was quenched up to
44.71%, of the initial fluorescence intensity acpamed by red shift of 22 nm. The observed
decrease in the fluorescence intensity with a gtroed shift clearly indicates that the EB
molecule was displaced by thidrom their DNA binding sites [25]. Furthermoregthuenching
extents was evaluated quantitatively by employitgr&-Volmer equation. The sKvalue for
compoundl was found to be 1.2 revealing that some of thenaB displaced from their DNA
binding sites.
2.2. Fluorescence quenching studies with HSA
Human serum albumin is the most abundant plasmeeipr¢~60% of total plasma protein)

providing a depot and carrier for many endogenows éxogenous compounds with a crucial



effect on the drug distribution and pharmacokinet®&.[The emission quenching experiment of
HSA was carried out to study the interaction of poomd1 with HSA (Figure 7) [27]. The
fluorescence spectra of HSA in the absence andrmoesd compound as a quencher in Tris—
HCI buffer (pH 7.4) was monitored with an excitation wamgkl of 293 nm.

Upon the addition of increasing concentration ofmpoundl (3.33x10° to 26.6x10°> M) to
fixed amount of HSA, significant decrease in th&imsic fluorescence intensity of HSA was
observedat 362 nm with a slight blue shift in the waveldnglearly indicating that the
secondary structure of protein could be altered. [2®e observed blue shift was mainly
attributed to the reduction in the polarity of timcroenvironment around the Trp residues after
the addition ofl and the binding ol to the hydrophobic sites of HSA near the subdori&n
[29].

In order to speculate the possible fluorescence afiregn mechanism of HSA in presence of

compoundl, Stern—Volmer equation was applied:
K =1+K =1+K 7
F_ A qTo[Q] =1+ SV[Q] ( )

whereF, andF are the fluorescence intensities in the absence@sgnce of quencher, while
Kq is the biomolecular quenching rate constant efliftomolecules and so is the average life
time of the molecule without quencheg €108 s), Ky, is the Stern—Volmer quenching constant,
and [Q] is the concentration of the quencher, respegtividhe Stern—Volmer plots of,f~ versus
[Q] for the quenching of HSA fluorescence bgmpoundl was depicted in Figure S5 (See
Supporting Information) and the calculatégl, andK, value was found to be 7.63 x*1@"and
7.63 x 16 M7's™, respectively. The observed, value was larger than the limitingfflision
1o

constant<qi of the biomoleculesk; = 2.0x16° M~*s™), [30] indicating that the fluorescence

guenching was caused due to the specific interaofi@m@mpoundl with HSA, consistent with

9



the static quenching mechanism [31]. For statioghing, the Scatchard equation was employed

to calculate the binding constant and number afiibgpsites [32]:

[2="] =logK +nlog[Q) ®)

log

whereF, andF are the fluorescence intensities of HSA in the mtsand presence of quencher,
K and n are the binding constant and the numbeinaiirig sites, respectively. Thus,péot of
log[(Fo—F)/F] versus log[Q] was used to determiiébinding constant) from the intercept on Y—
axis andn (binding sites) from the slope (Figure SBupporting Information). From the
corresponding Scatchard plot, tKevalues were found to be 0.416 for compodnathile then
was calculated to be 1.46, respectively.

In order to further gain insight in the conformati changes of HSA, 3D fluorescence
spectral studies was carried out in the presend@bsence of compourdd The 3D fluorescence
spectra and contour ones of HSA and compdudiSA system were shown in FigureReak A
was the Rayleigh scattering pedlx(= Aem). Peak B (295, 332 nmiey, Aem) dominatingly
displays spectral behavior of the Trp residue, @edfluorescence intensity of this residue was
associated with its micro—environmenpolarity. The results revealed that fluorescentansity
of both peaks peak A and peBk(295, 332 nmjey Aem) decreases significantly indicating the
guenching of fluorescence induced by Trp residuel®A. However, the fluorescence intensity
of peak B was strongly quenched revealing thbihds to HSA near the tryptophan residues [33].
These results revealed that the interactioh with HSA induced micro—environmental changes
in the structure of HSA, corroborated well with @pectroscopic results.

2.3. DNA cleavage activity

10



The ability of compounds to cleave supercoiled ($BR322 DNA was assayed by gel
electrophoresis in the absence and/or presenocdeyhal agents. If one strand is cleaved, the SC
DNA produces a slower—moving nicked circular (N@)nh. If both strands are cleaved, the
linear (L) form is generated which migrates in betw the SC and NC forms [34]. With
increasing concentration df, the amount of SC form decreases gradually ande tinas
conversion to NC form with simultaneous increasdhi@ intensity of the latter form. It was
clearly observed that at 281 concentrationl was found to promote the cleavage of DNA from
supercoiled form (SC) to nicked circular form (NQJigure S7, Supporting Information)
revealing the single strand DNA cleavage. Quantibosof the both the forms originating from
SC and NC plasmids by using Vilber—INFINITY gel dogentation system were depicted in
Figure S7c and S7d (See Supporting Information).

To predict the cleavage mechanism of pBR322 pladdNA by compound., reactions
were carried out in the presence of hydroxyl rddszavengers (DMSO and EtOH), singlet
oxygen scavenger (NaNand superoxide dismutase (SOD) as superoxideradital (Q")
scavenger (Figure 9). The significant inhibitionctdavage in the presence of DMSO and EtOH
was observed indicating thatcleaves DNA might be through hydrolytic pathwapeTaddition
of NaN; (lane 6) decreases the strand scission implyiag ttie singlet oxygen or a singlet
oxygen-like entity may be also involved in the ghage reaction. However, SOD did not show
any effect on DNA cleavage which clearly rule cw participation of superoxide radical,{Q)
The results revealed that the presence of elecitbnorganoselenium compourdprovides an
inbuilt nucleophile Se, which facilitates the nuapéilic attack towards the phosphorus, followed
by the formation of five—coordinate phosphate imediate and subsequent rearrangement of the

phosphate allows the DNA to be cleaved readily é8uh SlI, Supporting Information). The
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DNA groove binding propensity of the compound wéso astudied using compourl DNA
minor groove binder DAPI and major groove bingerthgk green. The cleavage pattern
demonstratedhat the inhibition in the DNA cleavage activity svabserved in the presence of
DAPI revealing the minor groove binding.

To further confirm the hydrolytic pathway mediateg compoundl, DNA religation
experiment was performed in which supercoiled pBRBINA was treated with T4 ligase
enzyme and subjected to gel electrophoresis.vieis known that in DNA hydrolytic cleavage,

'—OH and 5-OPQ (5-OH and 3-phosphate) fragments must be exclusively afford tuat
these fragments can be enzymatically ligated [Bbkome cases, the hydrolytic products either
did not end at the required-phosphate and-30H (ribose) termini or the compound sometimes
bound to the termini of cleaved DNA. These reaswosild result in the religation being
incomplete or even failing completely [36]. Compdub yielded nicked DNA which was
religated by using T4 DNA ligase enzyme. Under expperimental conditions, the nicked form
(Form 1l) was religated to a large extent in thesence of T4 ligase enzynwhich was
guantitatively ascertained by comparison of compoueated DNA and control DNA alone in
supercoiled form providing direct evidence in fawafr hydrolytic mechanism (Figure 10).
Moreover, addition of T4 ligase showed significaatardation in mobility of religated DNA
relative to that of control supercoiled DNA as #atigely sharp bandduring electrophoresis.
Change in the electrophoretic mobility of plasmiti&d might be due to the strong binding of
DNA T4 ligase at the ligation site.

2.4. Glutathione Peroxidase Activity
Glutathione peroxidase (GPx) belongs to the faroflyselenoproteins and plays an important

role in the defense mechanisms oxidative damagealslyzing the reduction of a variety of
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hydroperoxides, using glutathione as the reducidgstsate. Therefore, much effort has been
made to mimic the function of GPx activity usingahorganoselenium molecules as a scaffold
in which the catalytic selenium is introduced fbertapeutic applications. The catalytic site of
GPx enzyme includes a selenocysteine residue ichwihie selenium undergoes a redox cycle
involving the selenol as the active form that gates the reduction of harmful peroxides in the
presence of cofactor glutathione (GSH) and thenetogects the lipid membranes as well as
biologically important molecules against oxidatig&ress [37, 38]. The enzyme-—catalyzed
reduction of peroxide by GSH was studied accortiindpe method reported by Tomoda et al by
using organoselenium compouhds a GPx mimic [39]In this assay, the catalytic GPx model
reaction was initiated by the addition of an excassount of HO, to a solution of GSH
containing a selenium catalyst and was monitoredJWyspectroscopy at 305 nm. The initial
reduction rates of ¥D, (vo) were obtained by monitoring the increase in Uaption at 305
nm due to the formation of corresponding disulf@&SSG). However, the reduction rate of
H,0, without any compound was very slow (1.21 mM mibut a considerable enhancement in
the Gpx activity was observed on increasing theceotration of organoselenium compouhd
(14.2 mM min") revealing thatl act as excellent GPx mimic (Figure 11). Therefdte
synthetic organoselenium compound involves thedrageavage of the aliphatic carbon-
selenium bond when employed as catalysts for tleicteon of hydroperoxides. The 3,5-
bis(trifluoromethyl)benzene was used as cofactowd the catalytic mechanism involves the
formation of different intermediates which was msgble for the reduction of hydrogen
peroxide with GSH (Scheme II).

2.5. Docking studies with DNA and HSA

13



To ascertained the groove binding mode of compolurabtained from gel electrophoretic
results, compoundl was docked on DNA duplex of sequence d(CGCGAATTGRERC
dodecamer (PDB ID: 1BNA). The resulting model shdwsat compound recognizes DNA in
the minor groove situated within G—C rich regioonfr chain A (G2A and C3A) through
aromatic benzene ring and stabilized by van derlWaateractions and hydrophobic contacts
with DNA functional groups. Moreover, fluorine aterof the compound may be engaging in
hydrogen—bonding interactions with DNA nucleobaBé&l4 (3.55, 2.71 A), DG16 (2.51, 3.00
A) and DG10 (2.46, 3.55 A) available in the minooayes in GC rich sequences (Figure 12).
The resulting relative binding energy of dockedahebmpoundd DNA was found to be —-3.77
Kcal/mol, indicated that compouridstrongly binds to the DNA, which is correlated hgith

the experimental DNA binding results.

Similarly, the quenching of Trp214 residues insgrece of compound was also
validated by molecular docking technique. HSA casg® three homologous domains (denoted
[, 1, and IIl): | (residues 1-195) Il (196—-383) carlll (384-585); each domain has two
subdomains (A and B) that assemble to form heareth molecule. The principal region of drug
binding sites of HSA are located in hydrophobic itas in subdomain 1IA and 1A,
corresponding to site | and site Il, respectivehyg dryptophan residue (Trp—214) of HSA in
subdomain 1lIA [40, 41]. The model revealed that #t@mmpoundl was inserted in the
hydrophobic cavity of site I, and was close proxynid the tryptophan residue of HSA (Trp214),
suggesting the existence of hydrophobic interadbetmveen them. Such finding provides a good
structural basis to explain the very efficient fleecence quenching of HSA emission in the
presence of compourid At the same time, there were considerable nurabbydrogen bonds

and electrostatic interactions between Arg-160AxtE-257 and Ala—291 and fluorine atoms of
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compoundl. On the other hand, the amino acid residues witinatic ring could match with
that of the benzene ring of compouhdnd stabilized by—x staking interaction in space to firm
the binding environment of the compouh(Figure 13 and Figure S8, Supporting Information).
2.6. Docking studies with Glutathione peroxidase

To gain insights into the biological effects of angselenium compound serve as Glutathione
peroxidase mimics, compourddwas successively docked with the target enzymentterstand
the interaction of compouridwith the target active—sit&he active sites of GSH peroxidase are
found in flat depressions on the molecular surfand are readily accessible from solvent
channels in the crystals. The catalytic triad ofX8Hs composed of the selenocysteine, a
glutamine and tryptophan amino acid residues [£4posure of the catalytically active
selenocysteine residues at the molecular surfaceonsistent with the easy access of the
substrates and thus the high reaction rates of @3bkidase [43]. The resulting docked model
clearly indicated that some aromatic amino aciddreess Alal138, Cys152, Serl57, Argl53,
Met140, Thrl37, Asnl14, Asnl154, Aspl55 and Trpld8faund in the close proximity with
that of compoundlL showing the electrostatic interactions in the acthite (Figure 14)The
amino acid residues Pro143, lle146, Vall51 of GRd was involved in the van der Waal
interactions with compound. Similarly, the selenium atom was involved in vder Waal
interactions with Leul39 amino acid residues. Farrtiore, hydrogen bonding of Trypl48,
Asnl154 and Aspl55 residues at the active site #iéh fluorine atom of the compountd
enhances the reactivity of Se towards hydroperexidd]. The total interaction energy was
found to be —10.39 kcal/mol, indicating that ther-Acovalent interactions are important criteria
for the catalytic reduction of hydrogen peroxidel arganic peroxides. The results suggested

that high GPx activity of compouridwas due to the presence of hydrogen bonding, ektatic
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and van der Waal interactions within the active sit GPx catalytic triad. Therefore, compound
1 was acting as a GPx mimic, whickfextively scavenged hydroperoxides and protected the
mitochondria against oxidative damage.

2.7. Cell imaging studies

The anticancer activity of organoselenium compolivdas investigated against HelLa cell line
by using the MTT assay and confocal microscopyd@li viability and cell imaging studies
respectively for documenting intracellular changkge to apoptosis. The HelLa cells were
incubated with an increasing concentration loseparately for 24 h. The results revealed
concentration—dependent decline in the numberaiflgiHelLa cells. It was found that at |30
concentration cell viability was reduced to aro@&dpercent. While, at 40M concentration cell
viability was reduced to less than 50 percent. dasing concentration further resulted in
progressive decrement in cell viability as showfrigure S9 (See Supporting Information).

To gain further insight in the mechanism of celathe confocal microscopy was performed as a
preliminary investigation of its applicability as anticancer therapeutics. The control and
treated cells were stained with Pl (Propidium ledjda nucleus specific dye that helps in
understanding nuclear morphology. Cell imaging odpRlium lodide stained cell that were
already treated with compouddevealedhuclear condensation with blebbing and fragmematio
of nuclei, which was typical of late apoptosis énhs Figure 15 c). However, no such blebbing
was observed in control (inset in Figure 15 f). fEfigre, the potential compouridto initiate
nuclear blebbing in HelLa cancer cell line suggéstsfficacy for utilizing it in anti—cancer

chemotherapeutics.

3. Experimental
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3.1. Reagents and Materials

All reagents were commercially available and usedwpplied without further purification. 6X
loading dye (Fermental Life Science) and Superdopégasmid DNA pBR322 (Genei) were
utilized as received.

HSA (fatty acid free, 99%) was purchased from Sigmd used without further purification.
Human serum albumin of 1x1T0M was prepared by dissolving protein in Tris—HQiffbr
solution at pH 7.3. The protein concentration watednined spectrophotometrically using an
extinction coéficientof 35219 M* cm™* at 280 nm. NaCl (analytical grade, 1 M) solutioasw
used to maintain the ionic strength offfen at 0.1 M, pH was adjusted to 7.3 by using HCI.
Working standard solution was obtained by approgudgution of the stock solution.

3.2. Methods and instrumentation

The Crystal structure was solved using Super Nowual Bource X-ray Diffractometer system
(Agilent Technologies) equipped with a CCD areadietr and operated at 250 W power (50 kV,
0.8 mA) to generate Mo dradiation { = 0.71073 A) and Cu &radiation { = 1.54178 A) at
293(2) K.'H and**C NMR spectra were recorded on Bruker—Avance DPXNIIR 400 MHz
spectrometer with TMS as an internal standard.|Rh&pectra were recorded as KBr pellets with
Shimadzu IR-408 Perkin-Elmer 1800 (FTIR) and itsies are given in cth Chemical shifts
are expressed in parts per milliah gpm). HRESIMS were recorded on G6540-UHD LC/MS
Q-TOF Agilent Technologies. Silica gel coated alumn plates were used for TLC. All the
reagents used were of analytical grade. Electr@mectrum was recorded on UV-1700
PharmaSpec UV-vis spectrophotometer (Shimadzu) M8O cuvettes of 1 cm path length.
Data were reported iknha/nm. Fluorescence measurements were determinedRbr-2301 PC

spectrofluorophotometer (Schimadzu). DNA cleavageeements were performed with the help
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of Axygen made electrophoresis supported by a Geowveer supply with a potential range of
50-500 volts, visualized and photographed by aerHiNFINITY gel documentation system.
3.3. Synthesis of Bis(3,5-bis(triflouromethyl)phmgfane (). Selenium powder (1.98 g, 25.0
mmol) was stirred for 15 min in dry THF, in a tweaked 50 ml round bottomed flask, followed
by addition of distilled SECI, (2.00 g, 28.0 mmol) at @C. The mixture was kept on stirring for
another 1 h to obtain a clear brownish red solutib8eC}. In another two necked 100 ml round
bottomed flask freshly activated Mg turnings weigowously stirred in THF for 5 min, followed
by addition of 1-bromo—3,5-bis(trifluoromethyl)bene (7.28 g, 25 mmol) and kept on stirring
for 6 h. After formation of Grignard reagent, Sg0I5 eqiv.) solution was added drop wisa
cannulation at —78C and allowed to warm to room temperature. The n@sxjof the reaction
was monitored by thin layer chromatography. Aftemgpletion, the mixture was poured into
water and extracted with ethyl acetate (3 x 50 file combined organic layers were dried over
sodium sulfate and solvents were removed underuvadbrough rotary evaporator. The crude
extract was purified by column chromatography usdiegane:ethyl acetate (5:1) to afford pure
bis(3,5-bis(triflouromethyl)phenyl)selane as a gwish red solid in 85% vyield (10.73g)H
NMR (400 MHz, CDCY): & 7.78 (s, 4H), 7.92 (s, 2H}°C NMR (100 MHz, CDG)): § 121.6,
122.3, 123.7, 131.5, 132.1, 132.3, 132.6, 1328e NMR:$ 485.185. HRESI-MS found for
CieHoF12Se [M+H]: 506.1634 (calcd. CigHeF12Se [M+H]: 506.1671) {See Supporting
Information Figures S10-S13}.

3.4. Computational Details
3.4.1. DFT studies

The DFT calculations were performed using TURBOMOBE computational chemistry
program [45]. The geometry optimization of the BiS¢bis(triflouromethyl)phenyl)selane was

carried out with B3LYP functional [46] which haspaioven track record of predicting the
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structures and the energetics accurately [47]. & bisis sets 6-31G(d,p) [48], LanL2MB [49]
and TZVP [50] were examined for the perfect matglohthe optimized structure of compound
1 to its crystal structure [51]. The single poinmtesgy calculation of the B3LYP/ TZVP
optimized structure was attempted using TZVPP lseti§52].

3.4.2. Molecular docking studies

The molecular docking studies were performed ugirgus lab software, [53-58h interactive
molecular graphics program for calculating and ldigpg feasible docking modes of pairs of
protein, enzymes and DNA moleculéMinimization was performed by geometry
convergence function of ArgusLab software accordinogHartree—Fock calculation
method.Semi—emperical PM3 method was used for the georakwptimization of ligand and
charm force field was used for the preparationeseptor after that we have performed docking
in which ligand is used as a flexible mode. Thestaly structure of the B-DNA dodecamer
d(CGCGAATTCGCG) (PDB ID: 1BNA), human serum albumin (PDB ID: 1h9apd
glutathione peroxidase (PDB ID: 1GP1) were downdshdrom the protein data bank.
Visualization of the docked file has been done giddiscovery studio molecular graphics
programs.

3.5. DNA Binding and cleavage Experiments

DNA binding experiments include absorption spectii@ces and emission spectroscopy
conformed to the standard methods and practicegopsdy reported in literature, [56-58]
whereas DNA cleavage experiment has been perfobyetthe standard protocol [59]. While
measuring the absorption spectra an equal amoubiN# was added to both the compound
solution and the reference solution to eliminaie absorbance of the CT DNA itself, and Tris

buffer was subtracted through base line correction.
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3.6. Fluorescence quenching studies with HSA

Fluorescence quenching measurements were carrieat evcitation and emission wavelengths
set at 293 and 200-800 nm, respectively. The idieraof compound. (0.67x10° to 4.6x10°

M) with the HSA content of fixed concentration (8.8 10° M) was studied. The intensity at
362 nm (Trp—214) was used to calculate the bindomgstant (K) and 3D fluorescence spectra of
HSA (1.5 mM) in the absence and presence of conppauiil.5 mM) were recorded in Tris—
HCI bufer (pH 7.3) at room temperature by using Hitachi2®0 fluorescence
spectrophotometer.

3.7. Glutathione Peroxidase Assay

The GPx activity of the organoselenium compoudd was determined through a
spectrophotometric method at 305 nm. The test mextantained GSH (2 mM), EDTA (20 mM),
glutathione reductase (2.5 U/mL), and NADPH (2 mim.05 M potassium phosphate buffer,
pH 7.0. The GPx samples (30-0.3 ml) were added to the test mixture at 25 4ad the
reaction was started through the addition @OH(2.5 mM). The initial reduction rates were
calculated from the oxidation rate of NADPH. Théiah reduction rate was determined at least
three times and calculated from the first 5-10%hef reaction using 6220 Mm™ as the
extinction coefficient for NADPH.

3.9. In—vivo study of Bis(3,5-bis(triflouromethyigmyl)selanel)

The efficacy of compountlas an anti—-cancerous chemotherapeutics in livevealundertaken

in HelLa cell line.

3.10. Maintenance of cell lines
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HelLa cell line was maintained in DMEM (Dulbeco’s tifiied Eagle Medium) medium
supplemented with 10% FBS (Fetal Bovine Serum) &f46l antibiotics and antimycotic
(Himedia) as per manufacturer’s protocol. Cellsenvecubated in C@incubator at 5% C@and
37°C temperature.

3.11. Cell Proliferation and viability assay

To measure cell viability and growth MTT assay wase. In this assay, cells seeded in 96—well
plates (5x18cells/ well) in duplicate were cultured in compl®EM medium. Cells were
treated with different concentrations of compoun(LO, 20, 30, 40, 50 uM) separately for 24
hours. The cells, after treatment were incubateti WMTT for 2 hours. The yellow tetrazolium
salt (MTT) is reduced in metabolically active celtsform insoluble purple formazan crystals,
which are solubilised by the addition of DMSO (SamThe colour was then quantified by
spectrophotometric measurement at 570 nm wavelemyth microtiter plate reader (Bio—Rad
model 680 microplate reader).

3.12. Confocal imaging of compound 1 treated Hetlisc

We proceeded for utilization of “compoudtias an anti-cancerous chemotherapeutics in HeLa
cell line treated with “compount!’. In this study HelLa cells were incubated sepdyateth 30

uM of compoundl for 60 min in dark. Cells were washed for 5mintwitX PBS (Phosphate
buffered saline, pH 7.4) twice. Cells were stainvaith lug/ml concentration of Propidium
lodide (PI) for 5 min in dark. Cells were washed %min with 1X PBS (Phosphate buffered
saline, pH 7.4) twice. Cells collections after eatdp was done by centrifugation at 2000 rpm
for 2min. Cells were mounted with DABCO on slideorfrol for compoundl was also taken.
Slides were observed under 63X oil objective lerisZeiss, LSM 510 Meta Confocal

microscope.
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4. Conclusion

The new organoselenium compouddwas synthesized and thoroughly characterized by
spectroscopic (IR*H, **C, ""Se NMR, HRESI-MS), analytical techniques and furtradidated
by X-ray crystallography. The DFT study a&f was also performed by using Turbomole
computational chemistry program (B3LYP/TZVP methaa)d the HOMO-LUMO gap of 4.6
eV indicated the stability of moleculm vitro DNA binding profile of compound was carried
out by using various biophysical techniques in atance with molecular docking studies which
revealed thafl binds to DNA through external contact and hydrogending, in addition to
selective recognition towards the minor groove diAD Compoundl cleaves supercoiled
plasmid pBR322 DNAvia hydrolytic cleavage mechanism induced by the rydidic Se atom
which was further supported by DNA relegation as$gy employing T4 DNA ligase.
Furthermore, affinity ofl towards HSA was also investigated by fluorescempeetsoscopy to
understand the carrier role of serum albuminlfam blood under physiological conditions. The
antitumor activity ofl was investigated by using MTT assay and confodélimmaging studies
which showed nuclear condensation and blebbingléndie HelLa cells typical of late apoptosis
or necrosis. Therefore, compouba@ct as a promising candidate for GPx mimic angatential

to initiate nuclear blebbing in HeLa cancer celelwarrants furthan vivoinvestigation.
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Scheme 1.Synthesis of bis(3,5—bis(trifluoromethyl)phenylmses.
Scheme II.Proposed mechanism for the Glutathione Peroxidetseéty of compound.

Fig. 1. ORTEP diagram of compourid
Fig. 2. Molecular structure of compourdidshowing Ball and stick model.

Fig. 2. Diagramatic representation of 3D (a) view in wiranie model and (b) CPK model
in compoundL.

Fig. 3. Electrostatic potential map and HOMO-LUMO Energgasation of compoundl.

Fig. 4. Absorption spectra of compouridin 5mM Tris HCI/ 50 mM NaClbuffer upon the
addition of calf thymus DNA; Inset: Plots of [DNAR—& (m? cm) vs [DNA] for the
titration of CT DNA with compound. A, experimental data points; full lines, linear
fitting of the data. [compound] = 6.67x10° M, [DNA] = (0-4.66) x 10° M. Arrow

shows change in intensity with increasing concéiotmaof DNA.

Fig. 5. Emission spectra of compoufidn Tris—HCI buffer (pH 7.3) in the presence andaire
of CT DNA at room temperature. Arrow shows changeintensity with increasing

concentration of DNA.

Fig. 6. Emissionquenching spectra of CT DNA bound ethidium bromiidéhe presence of (a)
compoundl in buffer 5 mM Tris—HCI/50 mM NacCl, pH = 7.3 at 2&. Arrow shows

change in intensity with increasing concentratibetbidium bromide.

Fig. 7. The fluorescence quenching spectra of HSA by diffeconcentrations of compoutd
with the excitation wavelength at 293 nm in 5 mMsFHCI/50 mM NaCl buffer, pH 7.3,

at room temperature: [HSA], 6.67 x £0M; the concentration of compourd was
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0.67x10° to 4.6x10° M. Arrow shows the intensity changes upon incregsi

concentration of the quencher.

Fig. 8.3D fluorescence spectrum and corresponding cowmliagrams of (a) HSA, and (b) compound
1-HSA system. The concentration of HSA is fixed .&trhM and that of compouridis fixed

at11.5 mM. pH = 7.3, at room temperature.

Fig. 9. Cleavage of pBR322 plasmid DNA (300ng) byn 50 mM Tris—HCI/NaCl buffer (pH,
7.3) after incubation for 45 min in ptesence of @ ferent scavenging and groove
binding agents; Lane 1, DNA control; Lane 2, DNAL+ DMSO (0.4 nM); Lane 3,
DNA + 1 + EtOH (0.4 mM); Lane 4, DNA 4 + NaN; (0.4 mM); Lane 5, DNA # +
SOD (0.25 mM); Lane 6, DNA % + DAPI (8uM); Lane 7, DNA +1 + MG (2.5uL of a
0.01 mg/ml solution); (b) Quantification of band aiie gel electrophoresis originating
from Form I, Form Il and Form Il pBR322 plasmid BNy 1 in the presence of various
radical scavengers and groove binding agents. 2ijegiiton of gel images for the
cleavage of pBR322 plasmid DNA Hyin presence of different radical scavengers (c)

Form | bands, (d) Form Il bands and (e) Form Ihds

Fig. 10. AgaroseGel electrophoresis for the (a) ligation pBR322spiad DNA linearised by
compoundL. Lane 1, DNA control; Lane 2, pBR322 plasmid DNAaved by compound
1; Lane 3, ligation of nicked pBR322 plasmid DNA B§ DNA ligase in presence af
(b) Quantification of band area in gel electrophigresginating from Form | and Form I
pBR322 plasmid DNA by compourid 2D projection of gel images for the cleavage of
pBR322 plasmid DNA by compourlin presence and absence of T4 DNA ligase (c)

Form | bands and (d) Form Il bands.
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Fig. 11. (a) Electronic absorption spectra in the presence of @knic compoundl. Arrow
shows the changes in intensity at different tinterwals. (b) Scavenging effects on the
hydrogen peroxide upon increasing concentratiorcashpoundl (30 pl-0.4 ml), as

determined through the Glutathione Peroxidase assay

Fig. 12. Molecular docked model of compourddwith DNA [dodecamer duplex of sequence
d(CGCGAATTCGCG) (PDB ID: 1BNA)]. (Relative negative binding energy3.77

Kcal/mol).

Fig. 13 Molecular docked model of (a) compoufd(stick representation) located within the
hydrophobic pocket in subdomain IIA of HSA. (b) Theteraction mode between
compoundL (showing stick representation) and HSA (cartoamijo

Fig. 14.Molecular Docked model of (a) compouhdstick representation) located within the active
site of glutathione peroxidase (PDB ID: 1GP1). ZB) diagram showing the binding site
residues around compouftdn the active site.

Fig. 15. Confocal images showing compouhdreated (a, b, ¢) and control (d, e, f) HeLa
Cells nuclei were counter stained with Propidiurdide (shown in red). DIC images
HeLa cell are shown in panels a, d and PI stainetenwere shown in b, e while c, f §
corresponding merge images. Note that arrow heathsat ¢ shows clear nuclg

blebbing in compound treated HeLa cells while arrows in inset f poinvéods intag

nuclei in untreated control cells. Images were nakeder 63x oil objective lens of LS

510 Meta confocal microscope, Zeiss.

Table 1: Selected Geometrical Parameters (Bond Lengths BoAd Angles in deg) for the
Bis(3,5—bis(triflouromethyl)phenyl)selane.
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tGeometrical parameter experimental

Theor. computed using B3LYP functional

TZVP LanL2MB 6-31G
3C—S¢ 1.91% 1.9: 1.93¢ 1.942
19 C—Se 1.9¢ 1.9: 1.93: 1.942
24C—C 2¢ 1.51 1.51 1.5C 1.4¢
25H—F 3¢ 2.44¢ 2.8¢ 2.4¢ 2.4¢
C3—Se—C19 100.9: 100.41: 99.53: 96.71
C2—CZ—Sc« 122.4: 121.85: 120.4: 119.4¢
C2¢—C 24—C 2¢ 119.6: 120.72: 120.6: 119.6(
C2(—C 1<—Se—C 42.2¢ 49,277 47 .5¢ 48.3¢

4Dihedral angle.tAtom labeling is based on Fig S1

Table 2: Osiris calculations of compountl showing the toxicity risk profile and molecular
properties.

Compound Toxicity risks Mecular properties

MUT TUM  IRRI REP MW cLogP S D-L D-S
1 [ ] [ ] [ ] [ ] 506.0 4.85 -6.66 -279 0.17

MUT = Mutagenic, TUM = Tumorigenic, IRRI = IrritankEP = Reproductive eftective

FS2

F1
C1

F14

F26
F44 Fal F29

Figure 1la
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Figure 4
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Table 1: Selected Geometrical Parameters (Bond Lengths BoAd Angles in deg) for the
Bis(3,5—bis(triflouromethyl)phenyl)selane.

tGeometrical parameter experimental Theor. computed using B3LYP functional

TZVP LanL2MB 6-31G
3C—S¢ 1.91% 1.9¢ 1.93¢ 1.94:
19 C—Se 1.9¢ 1.9¢ 1.93: 1.94:
24C—C 2¢ 1.51 1.51 1.5C 1.4¢
25H—F 3¢ 2.44F 2.8¢ 2.4¢ 2.4¢
C3—Se—C19 100.9: 100.41: 99.53: 96.71
C2—C3-Sce 122.4: 121.85: 120.4: 119.4¢
C2¢—C 24—C 2¢ 119.6: 120.72: 120.6: 119.6(
C2(—C 1¢—Se—C & 42.2¢ 49.27 47.5¢ 48.3¢

®Dihedral angle.tAtom labeling is based on Fig S1

Table 2: Osiris calculations of compountl showing the toxicity risk profile and molecular
properties.

Compound Toxicity risks Mecular properties

MUT TUM  IRRI REP MW cLogP S D-L D-S
1 [ ] [ ] [ ] [ ] 506.0 4.85 -6.66 279 0.17

MUT = Mutagenic, TUM = Tumorigenic, IRRT = I'fitaniREP = Reproductive effective
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Resear ch Highlights
* New molecular drug candidate was synthesized and characterized.
* DNA/HSA binding studies revealed the el ectrostatic interaction into the minor groove.
» Compound 1 show single strand cleavage via hydrolytic pathway.

* Molecular docking studies revealed minor groove binding in the GC rich sequences.
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Nuclear blebbing of biologically active organoselanom complex towards
human cervical cancer cell (HeLa):In vitro DNA/HSA binding, cleavage and
cell imaging studies

Masood Ahmad RizviMehvash Zakf, Mohd. Afzal? Manoj Mane® Manjeet Kumat, Bhahwal
Ali Shah! Saurabh Srivastav,Saripella Srikrishna, Ghulam Mustafa Peerzadand Sartaj
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**Department of Chemistry, Aligarh Muslim Universityigarh—202002, India

SCentre for Material Characterization, CSIR Natior@themical Laboratory (NCL) Pune India.
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LDepartment of Biochemistry, Faculty of Science,d@as Hindu University, Varanasi 221005,
India

*Corresponding author: Tel.+91 9358255791

E—mail address: tsartaj62@yahoo.com (S. Tabassum)

Crystallographic Details:

A colorless single crystal (0.552 x 0.332 x 0.24Im*n of CieHgF1.Se [bis(3,5-
bis(trifluoromethyl)phenyl)selane] was placed i @m diameter nylon CryoLoops (Hampton
Research) with Paraton-N (Hampton Research). Toe Yeas mounted on a Super Nova Dual
source X-ray Diffractometer system (Agilent Teclogis) equipped with a CCD area detector
and operated at 250 W power (50 kV, 0.8 mA) to gateeMo Ku radiation § = 0.71073 A) and
Cu Ko radiation § = 1.54178 A) at 293(2) K. A total of 6955 reflexis were collected of which
4721 were unique. The range @fwas from 6.06 to 58.22°. Analysis of the data skaw
negligible decay during collection. Using Olex2e thtructure was solved in Pspace group,
with Z = 2, with the XS structure solution prograrsing Direct Methods and refined with the
XL refinement package using Least Squares mininozafll non-hydrogen atoms were refined
anisotropically with hydrogen atoms generated s riding the coordinates of their parent
atoms. Final full matrix least-squares refinememfdconverged to R= 0.0874 [I>2 (1)] and
WR; = 0.1801 (all data) with GOF = 1.1.



Figure S10ptimized Structure of Bis(3,5-bis(triflourometipienyl)selane using B3LYP
functional and TZVP basis set.

FigureS2.Metal centeretHOMO and benzene ring based LUMO molecular orlstaf’ (3,5—
bis(triflouromethyl)phenyl)selane
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Figure S3.In vitro screening of complek by employing the OSIRIS software.
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Figure S4.3D fluorescence spectrum and corresponding comtiaigrams of (a) Complek and (b)
complex1-DNA system. The concentration of complex is fie¢d..21 mM and that of DNA
is fixed at 10.2 mM. pH = 7.3, at room temperature.
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Figure S5. Stern—Volmer plots showing HSA tryptophan quenchtagised by compleg at

room temperature (pH 7.4B:x = 295 NnMAem = 332 nm).
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Figure S6.Logarithmic plot of the fluorescence quenchindd&A for the calculation of binding

constant (K) and number of binding sites (n) fomptex1 HSA at room temperature.
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gel images for the cleavage of pBR322 plasmid DNAdifferent concentration of

complex1for (c) Form | bands and (d) Form Il bands.
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Figure S10.IR Spectra of Bis(3,5-bis(triflouromethyl)phenylmese.
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Figure S11."H NMR of Bis(3,5-bis(triflouromethyl)phenyl)selane.
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Table S1 Crystal data and structure refinement of Bis(Bisttriflouromethyl)phenyl)selane.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 58.22°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness—of—fit on F2

Final R indices [I>2(1)]

R indices (all data)

Largest diff. peak and hole

CieHeF12Se
505.17
293(2)
0.71073 A (Mo)
triclinic
P-1
a=8.7402(5) Ap = 107.674(4)°
b= 8.9544(5) A B = 102.497(4)°
G 12.4403(6) Ay = 99.079(5)°
879.16(9)
2
1.908
2.256
488.0
0.552 x 0.332 x 0.241 mm
8®68.22°
-10<h<11,-12<k<10,-14<1<17
6955
4721[R(int) = 0.0216]
97%
Semi—empirical from equivalents
Full-matrix least-squares on F2
72140/262
3.263
R=0.0874, wRR=0.1801
R, =0.1007, wR=0.1824
52land —1.09 eR




Table S2 Fractional Atomic Coordinates (x1f) and Equivalent Isotropic Displacement
Parameters (&x10%) for Bis(3,5-bis(triflouromethyl)phenyl)selane. U, is defined as 1/3 of
the trace of the orthogonalised | tensor.

Atom

Sel
F1
F5
F14
F26
F28
F29
F41
F44
F45
F52
F53
F58
C3
C4
C6
C9
Cl1
C13
C15
C17
C22
c23
C25
c27
C37
C7
Cc2
C1

X

4353.5(9)
1341(7)
8072(10)
10601(5)
7698(7)
8637(6)
6685(8)
6870(8)
8033(10)
5598(10)
251(8)
9404(8)
408(12)
4285(7)
5845(7)
5639(7)
8023(7)
5819(7)
6959(7)
8012(7)
5518(8)
6922(7)
4085(7)
2839(8)
2756(8)
9171(9)
6884(11)
7012(11)
1218(10)

y
3152.2(8)

-3847(10)
-1538(13)
7518(5)
-1498(8)
8589(5)
-3485(7)
1021(6)
2975(8)
2412(11)
-2131(9)
7987(7)
-3529(16)
894(7)
3797(7)
297(7)
5845(7)
2900(7)
5262(7)
4940(7)
-1356(7)
3473(7)
-2368(7)
-135(8)
-1753(8)
7487(9)
2499(9)
-1946(10)
-2807(10)

Z
2179.6(5)
-1399(6)
1159(8)
6251(4)
2668(5)
6373(6)
1313(9)
5813(5)
7227(5)
6658(8)
-986(8)
4818(5)
-95(8)
1588(4)
3705(5)
1816(4)
5205(5)
4428(5)
4089(5)
5925(5)
1292(5)
5536(5)
538(5)
841(5)
310(5)
5653(7)
6317(6)
1572(7)
-517(7)

U(eq)
50.6(3)
217(5)
223(6)
77.1(13)
132(2)
124(2)
214(5)
120(2)
197(4)
196(5)
195(4)
151(3)
297(8)
36.1(14)
35.5(14)
36.2(14)
37.3(14)
36.1(14)
36.1(14)
37.2(14)
36.5(14)
34.3(14)
35.7(14)
42.5(16)
40.5(15)
58(2)
58(2)
63(2)
67(2)



Table S3 Anisotropic Displacement Parameters (%10%) for compound 1. The Anisotropic
displacement factor exponent takes the form: #[h%a**Us+...+2hkaxbxU,J]

Atom U U U3 U Us U-

Sel 63.6(5)  40.4(4) 34.2(4) 2.7(3) 5.8(3) 22.8(3)
F1 71(4) 213(8) 172(6) -152(6) -46(4) 38(5)
F5 183(7)  442(15)  320(10)  332(11) 209(8) 257(9)
F14 48(3) 51(3) 97(3) 8(2) 11(2) 3(2)
F26 124(5) 166(6) 94(4) 38(4) 21(3) 84(5)
F28 81(4) 32(3) 228(7) 2(3) 57(4) 7(3)
F29 109(5) 51(4) 365(11) -4(5) -78(6) 43(4)
F41 214(7) 66(4) 107(4) 58(3) 42(4) 52(4)
F44 228(8) 163(6) 116(5) 116(5)  -107(5) -108(6)
F45 229(9)  313(11)  278(10) 268(9) 210(8) 187(8)
F52 102(5) 108(6) 235(8) 30(5)  -102(5) 18(4)
F53 159(6) 118(5) 125(5) 87(4) -43(4) 81(4)
F58 197(9)  396(16) 150(7) 134(9) 81(6)  -232(11)
c3 43(4) 39(4) 23(3) 10(3) 6(3) 7(3)
c4 37(4) 37(4) 29(3) 4(3) 72) 18(3)
c6 46(4) 35(4) 22(3) 8(2) 3(3) 7(3)
co 27(3) 37(4) 45(4) 9(3) 8(3) 11(3)
c11 33(4) 29(3) 39(3) 5(3) 8(3) 5(3)
c13 43(4) 39(4) 29(3) 15(3) 8(3) 12(3)
c15 46(4) 38(4) 25(3) 9(3) 3(3) 15(3)
c17 54(4) 37(4) 24(3) 16(3) 12(3) 13(3)
c22 41(4) 34(3) 30(3) 9(3) 13(3) 14(3)
c23 50(4) 31(3) 28(3) 13(3) 15(3) 4(3)
c25 50(4) 46(4) 30(3) 13(3) 10(3) 11(3)
c27 47(4) 41(4) 28(3) 11(3) 10(3) 0(3)
c37 51(5) 40(4) 72(5) 19(4) 3(4) 3(4)
c7 93(6) 45(5) 42(4) 21(3) 23(4) 14(4)
c2 97(7) 56(5) 47(4) 17(4) 20(4) 47(5)

Cc1 58(6) 62(6) 62(5) 21(4) -1(4) -12(4)



Table S4 Bond Lengths foiBis(3,5—bis(triflouromethyl)phenyl)selane.
Atom Atom

Atom Atom
Sel C3
Sel C4
F1 C1
F5 C2
F14 C37
F26 C2
F28 C37
F29 C2
F41 C7
Fa4 C7
F45 C7
F52 C1
F53 C37
F58 C1
C3 C6

Length/A

1.916(6)
1.913(5)
1.243(9)
1.212(9)
1.300(8)
1.271(8)
1.336(8)
1.285(9)
1.278(8)
1.246(8)
1.284(9)
1.258(10)
1.291(8)
1.191(10)
1.383(8)

C3
C4
C4
C6
C9
C9
C9
Cl1
C15
C17
C17
C22
C23
C25
Cc27

C25
Cl1
C13
C17
C13
C15
C37
C22
C22
C23
C2

C7

Cc27
Cc27
C1

Length/A

1.384(8)
1.378(8)
1.383(8)
1.401(8)
1.383(7)
1.379(8)
1.508(9)
1.389(7)
1.374(8)
1.373(8)
1.496(9)
1.493(8)
1.374(8)
1.380(8)
1.473(9)

Table S5 Bond Angles foBis(3,5-bis(triflouromethyl)phenyl)selane.
Atom Atom Atom

Atom Atom Atom

C4
C6
C6
C25
Cl
Cl1
C13
C3
C13
C15
C15
C4 Cl11
C4 C13
C22 C15
Cé C17

Sel
C3
C3
C3
C4
C4
C4
C6
C9
C9
C9

C3

Sel
C25
Sel
Sel
C13
Sel
C17
C37
C13
C37
C22
C9

(04°]

C2

Angle/’

100.9(2)
122.4(4)
120.0(6)
117.4(5)
123.2(5)
119.8(5)
117.0(4)
119.2(6)
120.4(6)
120.0(6)
119.6(6)
119.6(6)
120.3(5)
119.7(5)
117.2(6)

F14
F14
F28
F53
F53
F53
F41
F41
F44
F44
F44
F45
F5

F5

F5

C37
C37
C37
C37
C37
C37
C7
C7
C7
C7
C7
C7
C2
Cc2
Cc2

F28
C9

C9

F14
F28
C9

F45
C22
F41
F45
C22
C22
F26
F29
C17

Angle/’

106.0(6)
113.0(6)
111.2(6)
105.2(7)
108.1(7)
112.8(6)
103.4(8)
113.4(6)
104.6(8)
106.0(8)
115.7(7)
112.6(7)
104.5(9)
109.9(8)
115.9(6)



C23
C23
Cl1
C15
C15
C17
c27
C23
C23
C25

C1l7
Cl7
C22
C22
C22
C23
C25
c27
c27
c27

C6
Cc2
C7
Cl
C7
c27
C3
C25
C1
C1

120.5(6)
122.2(6)
119.3(6)
120.7(5)
120.0(5)
119.6(6)
119.9(6)
120.8(6)
120.5(6)
118.7(6)

F26
F26
F29
F1

F1

F52
F58
F58
F58

C2
C2
C2
C1
C1
C1
C1
C1
C1

F29
C17
C17
F52
Cc27
Cc27
F1

F52
Cc27

Table S6 Torsion Angles foBis(3,5-bis(triflouromethyl)phenyl)selane.
Angle/’

A

Sel
Sel
Sel
Sel
C3
C3
C3
C3
C3
C3
C4
C4
C4
C4
C6
C6
C6
C6
Cé6
(04°]
(04°]
Cl1
Ci11
Ci11
Ci11

B
C3
C3
Cc4
C4
Sel
Sel
C6
Cé6
C25
C25
Sel
Sel
Cl1
Cl1
C3
C17
C17
C17
C17
C15
C15
C4
C22
C22
C22

C

C6
C25
Cl1
C13
C4
C4
C17
C1l7
c27
c27
C3
C3
C22
Cc22
C25
C23
Cc2
Cc2
Cc2
C22
C22
C13
C7
C7
C7

D
c17
c27
c22
o)
c11
C13
c23
c2
c23
c1
C6
C25
C15
C7
c27
c27
F5
F26
F29
c11
C7
C9
F41
F44
F45

-176.0(4)
174.6(4)
-178.5(4)
176.8(4)
-42.4(5)
139.5(5)
1.6(8)
-179.5(6)
1.8(9)
-177.5(6)
-37.7(5)
146.8(5)
1.5(9)
179.8(6)
-1.0(9)
-0.9(8)
-70.2(10)
50.8(10)
162.8(7)
-0.7(9)
-179.0(6)
-1.4(9)
50.0(10)
170.9(8)
-67.0(9)

99.9(7)
113.5(6)
111.7(7)
101.0(8)
115.3(8)
116.7(7)

105.3(10)
102.4(10)
114.3(8)



C13 C4 Cl1 C22 -0.4(8)

C13 c9 C15 C22 -1.1(9)
C13 c9 C37 F14 -139.9(6)
C13 c9 C37 F28 100.9(8)
C13 c9 C37 F53 -20.8(10)
C15 c9 C13 c4 2.2(9)
C15 c9 C37 F14 41.6(9)
C15 c9 C37 F28 -77.5(8)
C15 c9 C37 F53 160.8(7)
C15 C22 c7 F41 -131.7(7)
C15 C22 c7 F44 -10.8(11)
C15 C22 c7 F45 111.3(9)
C17 C23 c27 C25 -0.8(8)
C17 C23 c27 c1 178.5(6)
c23 C17 o7. F5 108.7(10)
c23 C17 o7. F26 -130.3(7)
C23 C17 c2 F29 -18.3(11)
C23 c27 c1 F1 -38.3(12)
C23 c27 c1 F52 -156.7(9)
C23 c27 c1 F58 83.9(13)
C25 c3 C6 c17 -0.6(8)
C25 c27 Cc1 F1 141.0(9)
C25 c27 Cc1 F52 22.6(12)
C25 c27 Cc1 F58 -96.8(13)
c37 c9 C13 ca -176.3(6)
c37 c9 C15 C22 177.4(6)
c2 C17 C23 c27 -179.7(6)

Table S7 Hydrogen Atom Coordinates (Ax1%) and Isotropic Displacement Parameters
(A?x10°) for Bis(3,5-bis(triflouromethyl)phenyl)selane.

Atom X y z U(eq)
H6 6617 985 2311 43
H11 5068 1917 4177 43
H13 6993 5857 3594 43
H15 8739 5322 6671 45

H23 4015 -3462 184 43



ACCEPTED MANUSCRIPT

H25 1924 262 697 51



