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ABSTRACT

Oxidative stress (OS) and disturbed intracelluladox balance have been predominantly
observed in different types of cancer, includingdtecellular carcinoma (HCC). Agents which
can stop OS multi-stressor events and modulatentinecellular redox state are becoming a
major focus in HCC prevention. Among them, compaunith glutathione peroxidase (GPx)-
like activity are of particularly concern. We hereieport the synthesis of novel series of
organoselenocyanates and symmetrical diselenidexafd@nts, inspired by the natural redox
enzyme, GPx and the synthetic organoselenium ebsgigoxidants. Their cytotoxic activity
was evaluated against Hep G2 cells and their acrtobial activities were evaluated against
Candida albicans (C. albicans) fungus as well as againsEscherichia coli (E. coli) and
Saphylococcus aureus (S. aureus), gram-negative and gram-positive bacteria, respy.
These compounds were also tested for their antmxidactivities using 2,2-diphenyl-1-
picrylhydrazyl (DPPH), GPx-like activity and bleoniy dependent DNA damage assays and a
basic structure-activity relationship was subsetjyerestablished. The physicochemical
parameters and drug-likeness were computed empgjoyia Molinspiration online property
calculation toolkit and MolSoft software. Interesfiy, some compounds proved to be more

cytotoxic than ebselen and the known anticanceg &ru and in the same time they showed
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similar, sometime even more, antifungal activitarinthe reference antifungal drugs. Among
these compounds, compoud@ was considered to be the most interesting witle hadical-
scavenging activity comparable to ascorbic acid ar@Px-like activity similar to ebselen. As
most of these compounds comply with Lipinski's Ruté Five, they promise good

bioavailability, which needs to be studied as péftuture investigations.

Keywords:  ebselen; organoselenocyanates; diselenides; GRricsn multicomponent

reactions.

Abbreviations: Oxidative stress (OS); hepatocellular carcinord@Q); glutathione peroxidase
(GPx); reactive oxygen species (ROS); reactiveogén species (RNS); isocyanide based

multicomponent reactions (IMCRS).
1. Introduction

Overproduction of reactive oxygen (ROS) and nitroggecies (RNS) and diminished
antioxidant capacity have been observed in widegearof diseases ranging from
neurodegenerative diseases and inflammation to ccartoe role of antioxidant therapeutics is to
scavenge free radicals, recover the cellular “redomeostasis” and therefore they are widely
believed to reduce the risk of such diseases.i$hidere organoselenium compounds come into
play. These compounds attract the continuous istterechemists and medicinal biologists due
to their largely untapped pharmacological applaadi Selenium compounds are being used as
antioxidants, neuroprotectives, nootropics, anticty antinociceptives and antidepressants.[1,2]
It is noteworthy that not only the amount but atbe nature of the selenium containing
compounds is essential for its pharmacological mmte or toxicity. In this context,
organoselenium compounds have been found to betdess than some inorganic selenium
compounds. Therefore, there has been a growingesitén the synthesis of organoselenium
compounds.

Symmetrical diorganyl diselenides have become apot in selenium chemistry since they
are stable, easy to prepare and depending on bisitsents can have reduced toxicity.[3] Some
compounds play a leading role in reducing the akkancer incidence and mortality in many
tumors.[4,5] In this context, various diselenideavén shown promising hepatoprotective

properties as they were able to reduce hepatotgxiauced by heavy metals.[4,6] Considering



the fact that the difference between prevention &edtment are strictly dose dependent,
diselenides in this context can be model for catfuerapy and particularly for HCC.[7]

Recently, we have reported the synthesis of sategiontaining peptoids and peptide-like
compounds employing isocyanide based multicompomneattions (IMCRs).[8-10] Some of
these compounds were able to induce cell cycleydekduction of glutathione levels and
apoptosisvia dose-dependent activation of caspase 3 and 7 lanoma (A-431) and breast
cancer (MCF-7) cells.[7,10-15] Based on these temud in continuation of our previous work
on organoselenium compounds and HCC, we would tikedevelop further sophisticated
diorganyl diselenides and evaluate their antituaaivity on HCC cells.

Twenty years ago, it was found that ebselen behagathst OS in a similar manner as the
common enzyme GPx (Figure 1).[16-18][19,20] Moreerdly, it was reported that diphenyl
diselenide was able to increase both the celluRx &xpression and showed activity that was
two times higher than that of ebselen.[21] Anotingportant factor is the relatively low toxicity
of diphenyl diselenide which is attributed toiitsvivo stability. Recent evidence suggested that
diphenyl diselenide is a good substrate of hepatid cerebral thioredoxin reductase (TrxR)
proposing another rational for its potent antioxidaction (Figure 1).[22-24] These studies
stimulated the quest for new organic diselenidas would be better soluble, more efficient and
less toxic.

<Figurel>

The objective of this study was to synthesize nmaegies of organoselenocyanates and
symmetrical diselenides with the aim to find outrenefficient GPx mimics with a potent anti-
HCC activity.

2. Results and Discussions
2.1. Chemistry

Diverse trials were made to enhance ebselen catadgtivity.[25,26] These were only
focused to modulate the substituent effects whictuin have been marred with limited success.
Keeping this in mind and taking in consideratiohattdiphenyl diselenide potentially is more
efficient mimetic of native GPx than ebselen and ba re-reduced by thioredoxin reductases,
our primary objective was to devise a rapid synthes modified diphenyl diselenides, ideally

3



combining beneficial features found in diselenidesh)selen and yet unexplored of
selenocyanates.

The key intermediate 2-(chloroseleno)benzoyl cheiR), obtained from the reaction of
2,2 -diselanediyldibenzoic acidl) with thionyl chloride, possesses two electroghidienters
suitable for N-nucleophilic substitution.[27] The primary arontati amines 4-
aminophenylselenocyanate3) ( and 4-(2-(4-aminophenyl)diselanyl)benzenaming) (were
selected as selenium-based key synthons that eaabéss to symmetrical diselenides. In this
context, the selenenylationacylation ®fand 4 with 2 afforded the corresponding ebselen
selenocyanat® and ebselen diseleniéan good yields (71% and 68%, Scheme 1).[9,28,29]

Interestingly, 2,2diselanediyldibenzoic acidl) has not been involved in any isocyanide
based multicomponent reaction (IMCR) before. Thisnmoted us to investigate it Ugi four
component reaction (U4CR) which in turn would gieecess to highly functionalized
diaryldiseleno-peptidomimetic scaffolds (Schemedifferent in stability and redox properties
than selenocystein-based diselenide.

The U4CR comprises the one pot synthesig-aminoacyl amides from an aldehyde, amine,
acid and isonitrile.[30] The amine components erygdb in this exploratory investigation
were tryptamine and benzylamine, whereas in thigirstudy,tert-butylisocyanide, was chosen
because it is highly reactive and commercially Iade¢. Isobutyraldehyde and 4-
methylbenzaldehyde were used as examples of aliphatl aromatic aldehyde components
(Scheme 1).

<Scheme1 >

Further efforts were directed into the preparatdrorganoselenium cyclic imides which
recently received much attention in drug discovand development.[31] Organoselenium
cyclic imides have been used for the synthesisftérdnt prodrugs and drug delivery systems,
to estimate the characteristics of dual-acting slragd to evaluate the receptor-binding with
respect to their relative spatial arrangements$3233-35]

Cyclic imides form an integral part of different taglly occurring compoundseg.,
alkaloids like rebeccamycin) and therapeuticallptbrerwise biologically interesting compounds
(e.g., thalidomide, chlorophthalim, isogranulatimid&)gure 1).[36] Among these are herbicidal,
antimicrobial, anti-inflammatory, anticancer andidepressant compounds.[37] The observed

biological properties usually refer to their alyilib inhibit protoporphyrinogen IX oxidase which
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in turn is essential for chlorophyll and heme brasesis.[38,39] Furthermore, these compounds
are easily absorbed by cells ¢ivo) due to their hydrophobic and neutral nature. Muoeg, the
electrophilicity and size of the imide ring sulbstint(s) are pivotal in determining the bioactivity
via modulation of their steric properties.[40,41]

Regardless of the vast application Nfsubstituted cyclic imides, only few synthetic
procedures are available to date. Condensation afrane with anhydrides usually is the typical
method of choice. Herein we report the synthesisalénium containing cyclic imides by
dehydrative condensation of an anhydride (maleicgisic or glutaric anhydride) and selenium-
containing amines namely: 4-aminophenylselenocyanat3 and 4-(2-(4-
aminophenyl)diselanyl)benzenamidéSchemes 2 & 3)The later amine8 and4 were selected
as selenium-based key synthons that enable aacestehocyanate- and symmetrical diselenide-
containing cyclic imides.[11]

<Scheme 2 >

The synthesis of selenium-containing maleimidescisimides and glutarimides was carried
out in two steps. Reactions of maleic, succinic gludaric anhydrides witl3 and4 in toluene
and at room temperature afforded the correspondtiiregbstituted maleanili¢l0 and 16),
succinanilic(12 and18) and glutaranilic acidslé4 and20) in approximately quantitative yields.
Cyclic imides (1, 13, 15, 17, 19 and21) were obtained from their corresponding monoamidic
acids (0, 12, 14, 16, 18 and 20) via dehydration and subsequent ring-closure up onlegent
heating with acetic anhydride and sodium acetatehd®es 2 & 3). The reaction was
accomplished in 30 minutes and the product wadyeasilated by ice-water precipitation.
Purification was achieved by simple washing withesalf necessary, further purification can be
accomplished by column chromatography.

<Scheme 3 >

2.2. Pharmacology, toxicity and antioxidant profiles

2.2.1. Cytotoxic activity of redox active compounds in H8@ cancer cells

The cytotoxic activity of the synthesized compoundss assayed using Hep G2 cells in
order to check if any of them would be useful foidiepth biochemical investigations. It's worth
noting that Hep G2 cells are a suitable model for studying of intracellular trafficking,

hepatocarcinogenesis and drug targeting in vitep.Recently, these cells have been employed
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extensively as they exhibit large part of celldlanctions similar to those of normal hepatocytes,
such as expression of hepatocyte-specific cellasarreceptors and synthesis and secretion of
plasma proteins.[43,44] The cytotoxicity of the gmunds was determined using an MTT assay
using 5-fluorouracil (5-Fu) and ebselen as positiwetrol. The IG, values were estimated from
the respective dose response curves and are surechariTable 1.

<Tablel>

Interestingly, the substitution pattern plays didgt role in the activity of the diselenides,
showing that it is not general selenium cytotoyicithe compounds under investigation could be
divided into two classes: 1) cytotoxic compoundsedo reduce the viability of Hep G2 tumor
cells (with higher 1€, than ebselen) and 2) non-cytotoxic compoun@tass 1 compounds were
further divided into two subclasses based on theient of cytotoxicityi.e. compounds with
good cytotoxicity (IGo < 8 pM) (10, 11, 16 and14) and compounds with modest to very low
cytotoxicity (17, 19 and21).

In culture, cells became rounded, cell layer plyteondensed forming cell-free areas, and
cells were detached from the culture plate. Ondtieer hand, compounds falling under the
second class i.e. non-cytotoxic onés€g, 7, 8, 9, 12, 13, 15, 18 and20) were unable to reduce
the survival of Hep G2 cells at all.

A basic SAR shows a correlation between chemicaktires and the cytotoxic activities.
Maleimides {1 and17) and their corresponding-substituted maleanilic acidt(Q and16) were
among the most potent cytotoxic compounds compapetheir succinimides 18 and 19),
glutarimides(15 and21), N-substituted succinanili¢l2 and 18) and glutaranilic acidsl4 and
20) analogues.

Contrary to our expectations, ebselen like compsunénd 6 showed moderate to low
cytotoxicity. This may be attributed to their p@miubility and lipophilicity. The same holds true
in case of peptidomimetic compounds8 and9. The degree of bulkiness and low solubility
together with their high molecular weight and langelecular volumes may affect their action on

various levels, cell penetration and localizatiombthe receptors/enzymes binding sites.

2.2.2.Assessment of antioxidant activity

" The cytotoxicity threshold is at g< 14 pM.
" Having lower 1Gythan 5-Fui.e. ICso < 8 UM.



The last decade has witnessed a growing interegshendevelopment of selenium and
selenium- based quinones redox modulators becdubkeiorole in the etiology of tumorigenesis
via modulation of oxidative stress (OS). Interestinglthe mechanism of action of
organoselenium compounds depends on their envinohnas they have the possibility to
function as antioxidant catalysts in normal cehsl gro-oxidants in cells exposed to oxidative
stress. These agents do not themselves changeedox balance, but their activities are
depending upon the cellular redox state in whigy tére placed.

Mount evidence suggested that regular uptake abxadants is required to scavenge ROS
and RNS to reduce the risk of cancer, diabetesalsas aging and neurodegeneration related
diseases. This ultimately accentuates the rolenbbxddants in disease prevention.[45,46] The
same holds true for electrophiles (diselenidess®lenocyanates are electrophiles, the latter not
unlike isothiocyanates responsible for the brocanticancer effect).

As part of our research, we herein aim to evalulagepotency of the newly synthesized
organoselenium compounds as reliable antioxiddDBPH, GPx-like activity and bleomycin
dependent DNA damage assays were used for thesassgisof the compounds antioxidant

activities.

2.2.2.1. DPPH free radical scavenging assay

The DPPH method is a standard to estimate the (ch8mantioxidant property of nutritional
products and chemicals like novel organoseleniumpmunds. It is one of the most efficient
methods for evaluating the radical-scavenging acbyg a chain-breaking mechanism.[47,48]
This assay is based on the ability of DPRHoe decolorized in the presence of antioxidaris.
corresponding DPPH radical-scavenging activity wetermined by the decrease in absorbance
at 517 nm due to reduction by the antioxidant (AH}eaction with a radical species:DPRHR
- DPPH-R.

The method is fast, efficient and as being standamhparative data are abundant. However,
one must be aware that chemical antioxidant agtites not necessarily translate imovivo
action, and that ADME factors are not covered eitfide results of the DPPH free radical

scavenging activity compiled in Figure 2.



Compound16 was the most active compound in this assay witk fidical scavenging
activity higher than ebselen and similar activibyascorbic acid. Furthermore, compoud@s
18, 20, 5, 6, 12 and 17 showed amoderate radical scavenging activity. The rest lod t
compounds showed low radical scavenger activat\8, 7, 9, 11, 13, 14, 15, 19 and21.

<Figure2>

In general, it was found that the amide acitiy (2, 14, 16, 18 and 20) show considerable
better free radical-scavenging activity more thia@irt corresponding cyclic imidedY, 13, 15,
17, 19 and21). Surprisingly, the corresponding ebselen seleanate5 and ebselen diseleniée

show only moderate antioxidant activity in thisass

2.2.2.2. Glutathione peroxidase-like activity assay

GPx probably is the best studied selenoenzyme.olmuaction with its thiol cofactor
glutathione (GSH), it catalyzes the reduction afopeles and protects cellular components and
lipid membranes against OS. The enzyme catalyte iscludes selenium which undergoes a
redox cycle affording the selenol (RSeH) activerfdhat is able to reduce peroxides (hydrogen
peroxides and organic peroxides). It's also woremtioning that all the GPx family [classical
cytosolic GPx (cGPx), phospholipid hydroperoxidexGPPHGPXx), plasma GPx (pGPx) and
gastrointestinal GPx (giGPx)] all require seleniatrtheir active sites to exercise their catalytic
activity.[49]

Ever since the initial observations by Weneedl .[50,51]and Siest al. that ebselen mimics
the activity of GPx and many organoselenium compsumave been devised as synthetic GPx
mimics.[52][16,53][54,55] This includes benzoselesianones, selenenamides, selenosubtilisin
and diaryl diselenides. The latter have recentifaetied considerable attention as it behaved as
good mimics of GPx in biological systenmsvitro.[56-60][61,62] Therefore we examined novel
symmetrical diselenides and their selenocyanatl®gnes for their GPx mimicking activity.

Different methods are reported in the literature dstimate catalytic activities of
organoselenium compounds as the GPx mimics, thaskide high-performance liquid
chromatography (HPLC) and NMR based dithiol-disléftonversion assays.[63,64]

In this study, we have evaluated the GPx activify the NADPH-reductase coupled

assay.[65] The principle of this assay relies am titansformation of the oxidized glutathione
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(GSSG), which is produced upon reduction of peregidy GPx, to its reduced state by
glutathione reductase. This results in the oxisatibNADPH to NADP which is accompanied
by decrease in the cofactors absorbance at 340rawidpmg a spectrophotometric means for
monitoring GPx like activity of the investigated nspounds (Figure 3).[65] The values
represented in figure 3 are expressed after baakgroorrection for the reaction with,&, and
GSH.
<Figure 3>

An inspection of the data indicates that compo@fcexhibited the most potent GPx-like
activity, compared to ebselen, followed ky, 7, 8, 18, 19, 20 and 21. On the other hand,
compound$®, 11, 14 and15 showed moderate GPx activity.

In contrast to expectation, ebselen selenocyabhated ebselen diselenidewere not active
in this assay. This unexpected behavior may betaltiee electronic nature of the substituents at

the phenyl groups in thgara position that, unlikely as it seems, diminish @®x-like activity.

2.2.2.3. Bleomycin DNA damage Assay

The pro-oxidant activities of the aforementioneanpounds were assessd@ bleomycin
induced DNA damage assay. This assay has beensewddas a specific, yet sensitive, method to
estimate the pro-oxidant activity of drugs and faaatioxidants.[66,67] The bleomycins are
family of antibiotics that exhibit antitumor actiyiby F&€* assisted cleavage of DNA. Briefly, If
the compounds are able to reduce the bleom¥eiii-to bleomycin-F&, DNA degradation
in this system would be stimulated, resultinga positive test for pro-oxidant activity.

Among the tested compounds (Table 2), compodfd42 and17 manifest the lowest DNA
degradation potency induced by bleomycin-Fe comgfexthermore, compounds 13 and 14
show activity similar to ascorbic acid. This ultirely reveals that these manifested poor

prooxidant activity.

<Table2>

2.2.3.Antimicrobial evaluation



To study the cytotoxic activity beyond a human tek we also studied the effect on lower
organisms i.e. fungi and bacteria. Thus the antwbial activity of the compounds was
evaluated against gram-negatiizscherichia coli (E. coli) and gram-positivestaphyl ococcus
aureus (S aureus) as well as against the pathogenic fun@aadida albicans (C. albicans). A
standard agar diffusion assay was used and theetBasn[mm] of inhibition zones are
summarized in Table 3.

<Table3>

In general, most compounds exhibited toxicity agligram-positive $ aureus) bacteria,
more than the gram-negative. (coli) bacteria. In this context, compount® and 16 were the
most active ones againsd. aureus with up to 95 % relative activity (compared to tkeown
drug, ampicillin). Compound#4, 18, 20 and 21 showed good-moderate activity (90 % activity
index). Against gram-negati\e coli only compound.7 showed a moderate toxicity.

In the case o€. albicans, compoundd0 and 13 exhibited activity similar to the antifungal

drug colitrimazole with activity indices of 96 ad0%, respectively.

2.2.4.Physicochemical parameters and drug-likeness assass

Whilst the spectrum of activities associated wittms of the compounds against Hep G2
cell, bacteria but especially agairSt albicans are promising, it should be further checked
whether these compounds might have the requireavailability. One such test is compliance
with the traditional Lipinski Rule of Five whichdicates if a chemical substance can be orally
active in humans by estimating molecular propesiegEh are important for
drug's pharmacokinetics.[68] The overall physicocital properties of the test compounds and
the drug-likeness model score (collective property physicochemical properties,
pharmacokinetics and pharmacodynamics of a comp@inebresented by a numerical value)
were computed employing the Molinspiration onlimegerty calculation toolkit and MolSoft
software (MolSoft, 2007).[69,70]

Lipinski’'s Rule states that most molecules with gjanembrane permeability should have
partition coefficient values (logP) of the compounds in th&anol-water systers 5, molecular
weight< 500, number of hydrogen bond acceptor0 and number of hydrogen bond doners
5.[71]
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In a physicochemical perspective (Table 4), alltite# studied compounds have hydrogen
bond acceptors (HBA) far fewer than 8 and hydrogend donors (HBD) far fewer than 4. This
in turn fits with the Lipinski’'s rule of five indi¢eng that these compounds may have good
absorption or permeability properties through tih@dgical membranes. Furthermore, most of
the compounds’ lipophilicity, expressed as logPs faaind to be below 5 confirming their drug-
relevant properties.

<Table 4>

Only compounds, 7, 8 and9 violate the rule as they were found to be toogdhgbc (logP
>5) and their molecular masses were beyond the iliei> 700 Daltons.

3. Conclusion

The facile synthesis of novel organoselenocyanatled symmetrical diselenides was
described. Most compounds were readily synthesizawo steps in good to moderate yields
and were evaluated for their vitro cytotoxic activity against Hep G2 cell line, graragative,
gram-positive bacteria and a pathogenic yeastetre@l, compouni6 was considered to be the
most interesting with a free radical-scavengingvagtcomparable to ascorbic acid and a GPx-
like activity similar to ebselen. On the other hatiek simple amides and cyclic imides proved to
be better toxins than the ebselen and Ugi-derigatiCompound40, 11 and 14 were able to
reduce the viability of Hep G2 tumor cells alreadier 48 h incubation at concentrations below
10 uM, especially the activity of some cyclic imidelenocyanatesl@, 14) againstCandida
fungus is of relevance, as the activity valuessarelar to those of reference antimycotics. These
initial results suggest further investigations gsanwider arsenal of cancer and primary cells and
against different organisms, especially humanopgghic fungi.

Also the free radical scavenging ability, as meaduory DPPH assay, was more enhanced in
the simple amides and imides (schemes 2 & 3). Cam®10, 18 and 20 were the strongest
radical scavengers among the tested compoundswidl by compound$, 6, 12 and 17.
Furthermore, the pro-oxidant activity was estimatisthg bleomycin dependent DNA damage.
Compared to the standard antioxidant ascorbic amdipoundslO, 12 and 17 showed the
highest protection. Compound8, 14 and6 showed activity similar to ascorbic acid. The GPx-

like activity was evaluated in a NADPH-reductasepled assay. Compouri® was the most
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potent one, followed by, 8, 17, 18, 19, 20 and21. The larger and more lipophilic molecules
synthesized initially (Scheme 1) are mostly outsiteerealm guarded by Lipinski’'s Rule of Five,
whereas the simpler amides and imides (schemes32 @&mply with Lipinski’'s Rule of Five.
However, this cannot explain the equally lowenattiin the non cell-based assays.

While it is premature to estimate why the disel®hsubstituted maleanilic acid6 was
particularly the most active organoselenium compgloarthe most of performed assays, one may
speculate that this compound may hit specific talliarget(s) and cause a widespread
modification of proteins and enzymes for the banaffiactivation. Furthermore, it’s likely that
that such compound might also be taken up by esits modifiedin vivo into active metabolic
intermediates. As this is an immensely unknownsctEfscompounds and hence it is too early to
speculate over details on their exact metabolidmarmpacokinetics in animals and enrichment of
such compounds in specific tissues or degrada#itthpugh these issues are clearly important
and will form part of future studies. Ultimatelys dhe structure of this compound provides
considerable scope for modifications, and the smgithof derivatives is now straightforward,
this will become a promising starting point to ftgumodulations of its activity through the
design, synthesis and evaluation of structuralaveisi of compound®. It will also be necessary
to produce a wider range of such compounds, inetudiome tellurium-containing analogues,
and to screen for further activities and selegtjvéalso in order to derive reliable structure—
activity relationships.

Our studies clearly demonstrate differential bebtiavof diselenides, dependent on the
substitution pattern. We see evidence that suctpoands can not only play a role in anticancer
redox processes but also may have even more valaatifungal, but clearly at this point the
compound base is still too meager to jump to caichs. Structurally it may be wise to not stick
any longer to the old gold standard of ebselenclvhiad the advantage of a first player. A clear
QSAR will require a larger and diverse set of coommts to obtain a better understanding of the
mode(s) of action. Eventually, this justifies thelimation of more in-depth studies and
additional experiments to investigate the exacte®)dof action responsible for the pronounced
biological activity apparently exhibited by thismapound ando identify possible intracellular
targets (such as specific organelles, membrangsateins). Additionally, we are fully aware
that these findings raise wealth of more questidAgt example, what are the possible
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applications and the corresponding pharmacological pharmacokinetic properties of such
compound?

We see plenty of room for further, multi-discipligastudies involving synthetic, bioorganic
and medicinal chemistry, cell biology, and pharni@gp in order to develop a strategy to treat

cancer or yeast infections by applying organosalarcompounds.

4. Experimental protocols

4.1. Material and methods

All chemical reagents for the synthesis of compeuwere purchased from Sigma-Aldrich-
Fluka or Merck (AMD) and used without further pigé#tion unless stated otherwise. Reactions
in inert atmosphere were carried out under argd) (4sing standard Schlenck techniques. Silica
gel 60 (Macherey-Nagel, 50-20@m) was used for column chromatography. Unless noted
otherwise, the dimensions of columns used werecth5diameter) and 25-30 cm (height of
silica gel). TLC plates (silica gel 60,4z 0.20 mm) were purchased from Merck. NMR
spectroscopy™H NMR spectra were recorded at 400 ME; NMR spectra at 100 MHz on a
Bruker DRX 500 or Avance 500 spectrometer. Chemgdafts are reported im (ppm),
expressed relative to the solvent signal at 7.26 (PDCk, *H NMR) and at 77.16 ppm (CD§!
13C NMR), as well as 3.31 ppmtH NMR, CD;OD) and 49.00 ppm™~C NMR, CD;OD).
Coupling constantsJ] are given in Hz. MS analysis: analyses were peréa using a TSQ
guantum mass spectrometer equipped with an EStesa@nd a triple quadrupole mass detector
(Thermo Finnigan). HRMS: high-resolution mass smeuoetry was performed on an Accela
UPLC-system (Thermo-Fisher) coupled to a lineamp-fa-Orbitrap combination (LTQ-
Orbitrap), operating in positive ionization modé&ese spectra indicated99% MS-purity of the
prepared compounds.

DNA (Calf Thymus typel), bleomycin sulfate, thiobdéwric acid (TBA), 1,1-diphenyl-1-
picrylhydrazyl (DPPH), ethylenediaminetetraaceticida(EDTA), and ascorbic acid were
obtained from Sigma. All other chemicals were addlgtical grade. Compound 1, 3 and 4 were

synthesized according to the literature reportethote[72-74]
4.2 Synthesis and characterization
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Preparation of sodium diselenide

A mixture of sodium hydroxide (4.4 g, 110 mmol)leseum powder (8.8 g, 111.40 mmol) and
rongalite (sodium formaldehyde sulfoxylate) (8.87¢,50 mmol) in 60 cfof water was stirred
under nitrogen for 30 min. After the selenium hathpletely dissolved a brownish red solution

was generated.
Synthesis of 2,2’-diselenobis[benzoic acitl)] (

A stirred solution containing-aminobenzoic acid (14.0 g, 34.91 mmol), 20%cof conc.
hydrochloric acid and 20 chof water in an ice bath (undef6), was added dropwise to sodium
nitrite (9.0 g, 134.31 mmol) in 20 énof water. A solution of 2- carboxybenzodiazonium
chloride resulted; this was added dropwise to @estisolution containing sodium diselenide
which was prepared in advance by the reaction &nsen powder (8.8 g, 111.40 mmol),
rongalite (8.8 g, 74.50 mmol) and sodium hydroxii& g, 110 mmol) in 60 cfrof water. The
mixture was stirred for an additional 2 h afterigitial evolution of nitrogen gas stopped. It was
confirmed that the solution was basic using litnpaper. The reaction mixture was acidified
with hydrochloric acid and the precipitated solidsacollected by filtration, washed with water,
and dried in a desiccators to give 2,2'-diselenbleiszoic acid]. Yield: 20.0 g, 90%. M.p. 293
°C.

General procedure for the preparation of ebselenateyes5 and6

Thionyl chloride (2.5 mL, 34.0 mmol) was added tsetenidel (1.0 g, 2.5 mmol) in a three
necked round bottomed flask. The reaction mixtuas Wweated to reflux for 6 h. Excess thionyl
chloride was removed under vacuum. The obtainedueswvas dissolved in dichloromethane
(10 mL). A solution of amine (5.0 mmol) and triellapine (2.1 mL, 15 mmol) in
dichloromethane (15 mL) was added to the reactiodume at 0°C. The ice bath was removed
and the reaction mixture was stirred for additioB&t. The reaction mixture was poured into
water and extracted with dichloromethane (2x20 nile organic layer was washed with HCI
(2 N), an aqueous solution of NaHg@ %w/v), and water. The organic layer was driedrov
sodium sulfate and evaporated to give a dark breelid, which was purified by column
chromatography on silica gel.

General procedure for the preparation of peptidevatves?7, 8 and9
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As a general procedure, a mixture {1 mmol), aldehyde (2 mmol), amine (2 mmol) and
isonitrile (2.2 mmol) in 2 mL methanol was stirred room temperature overnight. Upon
completion (monitored by TLC), 10 mL water were eddo dissolve the sticky product. The
agueous layer was extracted three times withGQIHthe organic layers were combined, dried
over NaSO, and concentrated to yield a sticky product whiaswurified by chromatography

on silica gel.

General procedure for the preparation of amidesdifd12, 14, 16, 18 and20

To a stirring solution of anhydride (1 mmol) in digluene (5 mL) was added dropwise a
solution of amine (1 mmol) at room temperature. friveture was vigorously stirred for 3 h, and
the formed precipitate was separated by s filtrafldre cake was washed with toluene and dried

under reduced pressure.
General procedure for the preparation of cyclidesill, 13, 15, 16, 19 and21.

A reaction mixture containing the appropriate gcid schemes 2, 3) in 5 mL of acetic anhydride
and 100 mg of sodium acetate was heated for 2 leruredlux. The reaction was cooled and
guenched with water. The aqueous solution was ertlawith CHCI,, dried with NaSO;,

filtered, and the solvent was evaporated.
4.2.1. 2-(4-selenocyanatophenyl)benzo[ d] [ 1,2] sel enazol-3(2H)-one (5)

Yield: 0.266 g (71%)*HMNR (400 MHz, DMSO-g) & ppm: 7.46-7.53 (m, 1H, phenyl SeCN),
7.68-7.73 (d, 1H, J= 8.06, PhSeCN), 7.73-7.82 i, &= 7.6), 7.89- 7.94 (m, 1H, PhSeCN),
8.06-8.12 (m, 1H, phenyl SeCNy*C NMR (100 MHz, DMSO-¢) & ppm: 165.23, 140.97,
138.70, 134.58, 132.56, 128.37, 128.04, 126.39,8729.25.57, 119.93, 105.31; MS (ESt)z

= found 381.2 [M+1], 403 [M'+Na]; calcd. 379.9; HRMS calcd. for 14E1sN.OSe [M*+Na]:
402.8898, found 402.88586 [MNal.

4.2.2. 2,2(4-( disdeno)phenyl)benzo[ d][ 1,2] selenazol-3(2H)-one (6)

Yield: 0.481 g (68%)HMNR (400 MHz, DMSO-@) 5 ppm: 7.44-7.50 (m, 2H, PhSe), 7.53-
7.64 (m, 2H, PhSe), 7.66-7.75 (m, 8H), 7.88-7.932(d, J= 7.80), 8.08-8.14 (d, 2H, J= 8.00):
13C NMR (100 MHz, DMSO-g) 5 ppm: 165.12, 139.88, 138.80, 133.60, 132.35, D32.38.51,
127.95, 126.58, 126.28, 125.93, 125.40, 125.18;(KSl): m/z = found 709.0 [M+1], 731.8
[M*+Na]; calcd. 707.79; HRMS calcd. for o481eN.0>Se; [M*+Na]: 730.7798, found
730.77648 [M+Na].
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4.2.3. N,N-(1-(tert-butylcarbamoyl)-2-methyl propyl)-N-(2-(1H-indol-3-yl)ethyl)-2-
(diseleno)benzamide (7)

Yield: 0.697 g (70%)*HMNR (400 MHz, CDC}) & ppm: 0.89-0.95 (d, 6H, J= 5.0G4p-propyl),
1.03- 1.07 (d, 6H, J= 6.080-propyl), 1.28-1.31 (s, 9H;butyl), 1.32-1.34 (s, 9H;butyl), 2.49-
2.78 (m, 6H, CH), 2.98-3.19- (m, 4H, C}), 3.39-3.47- (t, 2H, J= 10.70), 3.57-3.65- (t, 2,
11.60, CH), 4.27-4.40 (s, 2H), 6.50-6.62 (s, 1HY,966.86 (m, 3H), 7.02-7.11 (m, 5H), 7.13-
7.22 (m, 3H), 7.48-7.55 (s, 1H), 7.84-7.92 (t, 2H4,7.96), 8.11-8.19 (d, 2H, 5.49), 8.23-8.32 (s,
1H); *C NMR (100 MHz, DMSO-g) & ppm: 172.22, 169.85, 136.04, 131.71, 131.65, B30.6
130.23, 127.00, 126.83, 126.74, 122.12, 121.87,3119418.36, 118.31, 111.01, 60.37, 51.20,
28.61, 28.56, 28.52, 26.16, 25.55, 21.03, 20.078%8MS (ESI):m/'z = found 997.5 [M+1],
1035.4 [M+K]; calcd. 996.33; HRMS calcd. for s&siNsOsSe [M*+Na]: 1019.3198, found
1019.3112 [M+Na).

4.2.4. N,N-((tert-butyl carbamoyl)(p-tolyl)methyl)-N-(2-(1H-indol-3-yl)ethyl)-2-
(diseleno)benzamide (8)

Yield: 0.753 g (69%)*HMNR (400 MHz, CDC}) & ppm: 1.27-1.35 (s, 18H;butyl), 2.29-2.36

(s, 6H,P-CHg), 4.40 -4.71 (m, 4H, Ch), 5.24-5.49 (m, 4H, C}), 5.71-5.91 (s, 2H, CH), 6.94-
7.18 (m, 22H, Ph), 7.35-7.41 (s, 2H), 7.62-7.72K); *C NMR (100 MHz, DMSO-g) § ppm:
171.61, 171.56, 168.36, 138.41, 138.38, 136.52,4638.32.20, 132.16, 132.10, 132.07, 130.47,
129.65, 129.61, 129.40, 128.24, 128.21, 127.42,72264.82, 64.77, 60.36, 52.84, 52.78, 51.59,
28.55, 28.34, 21.11, 21.02, 14.17; MS (ESWJz = found 1114.7 [N+Na]; calcd. 1092.33;
HRMS calcd. for GoHesNsOsSe [M*+Na]: 1115.3198, found 1013.7488.

4.2.5. N,N-(1-(tert-butylcarbamoyl)-2-methyl propyl)-N-benzyl -2- (di sel eno)benzamide (9)

Yield: 0.685 g (77%)'HMNR (400 MHz, CDC4) & ppm: 0.96-1.04 (d, 12H, J= 6i3p-propyl),
1.31- 1.38 (s, 18Ht-butyl), 2.69-2.77 (s, 2H), 3.87-4.02 (m, 2H), 44485 (m, 4H, phenyl),
6.95- 7.24 (m, 16H), 7.59-7.72 (s, 2H, phen$iZ NMR (100 MHz, DMSO-¢) 5 ppm: 172.32,
169.22, 136.23, 136.17, 135.83, 131.81, 130.94,6¥3030.02, 128.35, 128.29, 128.18, 128.14,
127.51, 126.71, 126.67, 126.47, 51.08, 28.71, 22834, 19.91, 19.63; MS (EShvz = found
891.4 [M+1], 913.5 [M+Na]; calcd. 890.28; HRMS calcd. for 44E5eN;0,Se [M*+Nal:
913.2698, found 913.2681 [MNa].

4.2.6. (2)-3-(4-selenocyanatophenyl carbamoyl)acrylic acid (10)
Yield: 0.269 g (91%)HMNR (400 MHz, DMSO-d) & ppm: 6.30-6.35 (dd, 1H, J= 11.95,

CH=), 6.46-6.50 (dd, 1H, J= 12.01, =CH), 7.68-7(304H, Ph), 10.32-10.72 (s, 1H, COOH);
13C NMR (100 MHz, DMSO-g) 5 ppm: 166.81, 163.41, 139.82, 134.78, 131.53, B30.20.67,
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120.58, 117.11, 114.99, 105.34; MS (ESHjz = found 297.1 [M+1]; calcd. 295.97: HRMS
calcd. for GiHgN,O3Se [M'+1]: 296.97794, found 296.97709 [ML].

4.2.7. 1-(4-selenocyanatophenyl)-1H-pyrrole-2,5-dione (11)

Yield: 0.144 g (52%)*HMNR (400 MHz, DMSO-@) 5 ppm: 7.23-7.31- (s, 2H, CH=CH), 7.43-
7.55 (d, 2H, J=8.43, Ph), 7.84-7.96 (d, 2H, J= 8589;3C NMR (100 MHz, DMSO-g) 5 ppm:
169.59, 143.05, 134.81, 134.22, 134.01, 132.52,882927.97, 124.76, 123.10, 105.28; MS
(ESI): m/z = found 279.2 [M+1]; calcd. 277.96; HRMS calcd. for 1EgN20,Se [M+NHy]:
295.99894, found 296.96283 M1+ NH,].

4.2.8. 3-(4-selenocyanatophenyl carbamoyl)propanoic acid (12)

Yield: 0.265 g (89%)™HMNR (400 MHz, DMSO-d) 5 ppm: 2.51-2.65 (m, 4H, G 7.53-7.76
(s, 4H, Ph), 9.94-10.42 (s, 1H, COOC NMR (100 MHz, DMSO-¢) § ppm: 173.66,170.54,
170.45, 140.45, 134.85, 120.15, 120.06, 115.99,380%1.00, 28.58; MS (ESljn/z = found
299.3 [M'+1]; calcd. 297.99; HRMS calcd. for 1{E1;o0N,OsSe [M™+1]: 298.99794, [M+Na]:
320.9798, found 298.99273 [M1], 320.97473 [M+Nal].

4.2.9. 1-(4-selenocyanatophenyl)pyrrolidine-2,5-dione (13)

Yield: 0.134 g (48%)'HMNR (400 MHz, DMSO-@) 5 ppm: 2.77-2.80 (s, 4H, Gl 7.25-7.42
(d, 2H, J= 8.49, Ph), 7.74-7.88 (d, 2H, J= 8.56); PIt NMR (100 MHz, DMSO-g) § ppm:
176.69, 133.89, 133.57, 128.52, 123.75, 105.2%28S (ESI):mVz = found 280.30 [NH1];
calcd. 279.98; HRMS calcd. for 1{EgN-O,Se [M]: 279.98, found 278.96779 [}

4.2.10. 4-(4-sel enocyanatophenyl car bamoyl ) butanoic acid (14)

Yield: 0.290 g (93%)HMNR (400 MHz, DMSO-¢) 5 ppm: 1.75-1.86 (p, 2H,:37.38, 3=
14.70, CH), 2.20-2.32 (t, 2H, J= 7.28, GH 2.33-2.42 (1, 2H, J=7.41, GH 7.51-7.79 (m, 4H,
Ph), 9.66-10.49 (s, 1H, COOHf’C NMR (100 MHz, DMSO-¢) 6 ppm: 174.05, 171.08,
140.44, 136.41, 134.83, 120.31, 120.22, 116.05,340535.36, 32.87, 20.25; MS (EShvz =
found 313.00 [M+1], 335.2 [M+Na]; calcd. 312.00; HRMS calcd. for ;4:,N,OsSe
[M*+Na]: 334.9898, found 334.99078 [WNal].

4.2.11. 1-(4-selenocyanatophenyl)pi peridine-2,6-dione (15)

Yield: 0.126 g (43%)'HMNR (400 MHz, DMSO-g) 8 ppm: 2.08-2.28 (m, 6H, Gi} 7.72-7.91
(d, 2H, J=8.42, CbJ, 7.24-7.46 (d, 2H, J=8.45, PHYC NMR (100 MHz, DMSO-g) & ppm:
172.26, 172.14, 140.48, 134.07, 131.45, 130.86,7630.30.11, 124.44, 105.21, 26.73, 21.00;
MS (ESI): mz = found 311.1 [M+NH4], 318.1 [M+Na]; calcd. 293.99; HRMS calcd. for
C12H10N20.Se [MF+1]: 294.99794, [M+K]: 334.09624, found 294.00063 [M1], 334.99084
[M¥+K].
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4.2.12. (Z, 2)-3, 3-(4-(diseleno)phenyl carbamoyl)acrylic acid (16)

Yield: 0.489 g (91 %)'HMNR (400 MHz, DMSO-¢) § ppm: 3.32-3.43 (s, 2H, NH), 6.43-6.53
(d, 2H, J=11.95, CH=), 6.19-6.37 (d, 2H, J=12.0CH}, 7.08-7.32 (m, 2H, Ph), 7.52-7.62 (m,
6H, Ph), 10.02-10.88 (s, 2H, COOHJC NMR (100 MHz, DMSO-g) § ppm: 166.79, 163.23,
136.01, 133.04, 131.56, 130.23, 124.41, 120.14;(ESl): m/z = found 540.5 [M+1]; calcd.
539.93; HRMS calcd. for #£H1eN20sSe [M*+1]: 540.93794, [M+Na]: 562.9198, found
540.94191 [M+1], 562.92402 [N+Nal].

4.2.13. 1, 1'-(4-(diseleno)phenyl)-1H-pyrrole-2,5-dione (17)

Yield: 0.227 g (45%)"HMNR (400 MHz, DMSO-@) § ppm: 7.22-7.26 (s, 4H, CH=CH), 7.36-
7.41 (d, 4H, J=8.42, Ph), 7.59-7.67 (m, 2H, PHj977.84 (d, 2H, J= 8.40, PH}C NMR (100
MHz, DMSO-&) 6 ppm: 169.69, 134.74, 131.37, 130.10, 127.53, Bt s (ESI):n/z = found
521.2 [M+NHy]; calcd. 521.2 [M+NH,]; HRMS calcd. for GgH1:N2OsSe [M*+1+NHy):
522.95688, found 522.94966 [M1+NH,].

4.2.14. 3, 3™-(4-(diseleno)phenyl carbamoyl)propanoic acid (18)

Yield: 0.511 g (94%)*HMNR (400 MHz, DMSO-g) § ppm: 2.51-2.65 (m, 8H, Gi{ 7.40-7.65
(m, 8H, Ph), 10.03-10.19 (s, 1H, COOHJC NMR (100 MHz, DMSO-g) & ppm: 173.70,
170.31, 170.22, 139.59, 139.48, 133.29, 123.38,6561919.56, 31.05, 31.00, 28.67; MS (ESI):
m/z = found 543.2 [M]; calcd. 543.97; HRMS calcd. for »620N.0sSe [M*+1]: 544.97794,
[M*+Na]: 566.9598, found 544.97367 [ML], 566.95533 [M+Na].

4.2.15. 1, 1-(4-(diseleno)phenyl)pyrrolidine-2,5-dione (19)

Yield: 0.208 g (41%)*HMNR (400 MHz, DMSO-@) 5 ppm: 2.70-2.80 (s, 8H, Gl 7.20-7.29
(d, 4H, J= 8.48, Ph), 7.69-7.82 (d, 4H, J= 8.46); PIC NMR (100 MHz, DMSO-¢) 5 ppm:
176.76, 132.31, 131.14, 129.68, 127.98, 28.46; ESI) m/z = found 531.1 [M+Na]; calcd.
507.94; HRMS calcd. for £gH16N20sSe [M*+Na]: 530.9298, found 530.93427 [WNal].

4.2.16. 4, 4~(4-(methyl selanyl) phenyl car bamoyl) butanoic acid (20)

Yield: 0.526 g (92%)*HMNR (400 MHz, DMSO-g) 5 ppm: 1.76-1.84 (m, 4H, Gl 2.25-2.29
(m, 4H, CH), 2.33-2.39 (m, 4H, CB, 6.42-6.59 (s, 1H), 7.16-7.29 (s, 1H), 7.32-7(d11H),
7.45- 7.64 (m, 8H, Ph), 9.99-10.10 (s, 1|l|3}3 NMR (100 MHz, DMSO-g) 6 ppm: 174.07,
174.03, 170.95, 170.86, 139.56, 139.45, 136.06,2P34.34.06, 133.32, 133.19, 123.45, 119.81,
119.72, 119.63, 114.39, 35.41, 35.36, 32.91, 32033, 19.94; MS (ESI)/'z = found 573.4
[M*+1], 594.8 [M+Na]; calcd. 572.00; HRMS calcd. for »&,4/N,0,Se [M'+1]: 573.00794,
[M*+Na]: 594.9898, found 573.00407 [ML], 594.98679 [NM+Na].

4.2.17. 1, 1'-(4-(methylselanyl) phenyl)piperidine-2,6-dione (21)
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Yield: 0.493 g (92%)"HMNR (400 MHz, DMSO-¢) 5 ppm: 2.01-2.25 (m, 12H, G 7.14-
7.33- (d, 4H, J= 8.35, Ph), 7.68-7.86- (d, 4H, J398Ph);*C NMR (100 MHz, DMSO-¢) &
ppm: 172.24, 139.21, 131.44, 130.10, 119.77, 119068336, 26.69; MS (ESDm/z = found
537.8 [M'+1], 558.7 [M+Na]; calcd. 535.98; HRMS calcd. for ,&E,0N.0:Se [M*+K]:
575.0783, found 574.9896 [MK].

4.3.Biological assays

4.3.1. Cytotoxicity assay

The Hep G2 human liver carcinoma cell line was pased from American Type Culture
Collection (HTB-37; Rockville, MD, USA). The cells were cultured Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% (vAglfcserum (Hyclone Laboratories,
Ogden, UT), 60mg/mL penicillin G and 100mg/mL stoepycin sulfate maintained at 3C in a
humidified atmosphere containing about 15% (v/v)@Cair.

MTT [3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetralum bromide] (Sigma) was used to
measure the metabolic activity of cells which aapable of reducing it by dehydrogenases to a
violet colored formazan product. Briefly, 120 pligalots of a cell suspension (50,000 cells' mL
1) in 96-well microplates were incubated at 37 °@ 40% CQ and allowed to grow for two
days. Then 60 pL of serial dilutions of the teshpounds were added. After 48h of incubation
at 37°C and 10% CQ 75 uL MTT in phosphate buffered saline (PBS) wadded to a final
concentration of 0.5 mg il After 2 h the precipitate of formazan crystalssweantrifuged and
the supernatant discarded. The precipitate wasedasith 100 uL PBS and dissolved in 100 pL
DMSO. The resulting color was measured at 590 ninguan ELISA plate reader. All
investigations were carried out in two parallel exxyments. The 16 values were determined as
the concentrations of tested materials, which skics@%6 of the absorbance of untreated control
cells as estimated from the dose-response curvelsiosouracil (5-Fu) and ebselen were used as

a positive control.

4.3.2. Invitro studies

4.3.2.1. DPPH free radical scavenging activity

The hydrogen atom or electron donation abilityted torresponding compounds was measured
by the bleaching of the purple color of a methamsblution of diphenylpicrylhydrazyl (DPPH).
This spectrophotometric assay uses stable radipaenylpicrylnydrazyl (DPPH) as a reagent.
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The test compounds were dissolved in methanol taimla final concentration of 1 mg/ml. 200
pnL of each sample were added to 0.4 ml of 0.1 mMPBRNn methanol. After 30 min of

incubation in the dark, the absorbance was reathstga blank at 517 nm. Ascorbic acid
(vitamin C) and ebselen were used as standardxahdiat (positive control). Blank sample was
run without DPPH and using methanol instead of $aniypegative control sample was run with
methanol instead of tested compound. The radiclesing activity was calculated from the

following equation:

1%= (Ablank'AsampIQ/(A blani)X100

4.3.2.2. Glutathione peroxidase like activity

GPx kit (Biodiagnostic, Egypt) was used for theedetination of GPx according to Paght
al.[71] The reaction mixture contained 1 ml assay é&utb0 mM phosphate buffer containing
0.1 % triton X-100) and 0.1 ml NADPH reagent (24 qirlutathione, 12 unit Glutathione
reductase and 4.8 pmol NADPH) and 0.01 ml (41 pddjetd compounds and the reaction was
started by the addition of B, (0.8 mM). The contents were mixed well and the dirsaces
were recorded at 340 nm over a period of 3 min rejadleionized water. The change of
absorbance per minute {&.m / min) was estimated using ebselen (41 uM) aspibstive
control. The values represented in figure 3 areresqed after background correction for the
reaction with HO, and GSH. In case of colored compounds, their iieivwere estimated after

subtracting their own absorbances at the used leagth.
4.3.2.3. Bleomycin-dependent DNA damage

The reaction mixture contained calf thymus DNA (th§/ml), bleomycin sulfate (0.05 mg/ml),
MgCl, (5 mM), FeC4 (50 mM), samples to be tested (2 mM) and L-ascoabid was used as
positive control. The mixture was incubated at’G7or 1 hour. The activity of test compounds
was evaluated as malondialdehyde (MDA) equivalérttgobarbituric reactive substances which
arose from deoxyribose degradation of DNA were sses® The reaction was terminated by
addition of 0.05 ml EDTA (0.1 M). The color was @ésped by adding 0.5 ml thiobarbituric
acid (1% w/v) and 0.5 ml HCI (25% v/v). The tubesxapped with a screw cap and heated at 80
°C for 30 min. After cooling in ice water, the miréuwas then shaken and centrifuged and the

extent of DNA damage was measured by increasesarbance at 532 nm.
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4.3.2.4. Antimicrobial activity

Chemical compounds were individually tested agagraim positive &aphylococcus aureus)
and gram negativeEécherichia coli) bacterial pathogens as well @andida albicans fungus
(yeast) strain. Antimicrobial tests were carried by the agar well diffusion method using 100
L of suspension containing 1>10FU/mL of pathological tested bacteria and Ixdiores/mL

of fungi spread on nutrient agar (NA), and potaéxttbse agar (PDA) medium respectively.
After the media had cooled and solidified, papecslid 6 mm diameter soaked with 20 pl of the
test compounds (1mg/ml) were added to the agaepkd incubated at 30°C. After incubation
time, antimicrobial activity was evaluated by measy the zone of inhibition against the test
organisms and compared with that of the standalg dntibacterial activity of a common
standard antibiotic ampicillin and the antifungaltemazole were chosen as positive control
using the same procedure as above at the sament@ticen. The relative (%) activity index was
calculated as shown below:

% activity index= (inhibition zone of the test cooymds/ inhibition zone of the standard drug)
x100.
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Figures captions

Figure 1. Chemical structures of most important organosetarand cyclic imides.

Figurer 2. In vitro DPPH free radical scavenging assay.

Figure 3. Glutathione peroxidase-like activity assay.
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Tables

Table 1 Influence of the compounds- 21 on the viability of Hep G2 cells.

Compd. No. ICs0 (LM)
5-Fu 8
Ebselen 25
5 64
6 40
7 45
8 a
9

10

11 0.6
12 a
13 a
14

15 47
16 3
17 13
18 a
19 14
20 67
21 35

The metabolic activity of the cells was measuretera8h of incubation with different
concentrations of the investigated compounds bynsiehan MTT assay. The Jgwas determined
from the dose-response curves as the mean of tvadlgdeexperiments; 5-fluorouracil (5-Fu) was

used as a positive contrélno growth inhibition was recorded.
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Table 2. Bleomycin-dependent DNA damage assay

Compd. No. Absorbance of samples
vitamin C 0.062
5 0.090
6 0.060
7 0.070
8 0.073
9 0.073
10 0.051
11 0.082
12 0.053
13 0.065
14 0.068
15 0.078
16 0.089
17 0.055
18 0.088
19 0.074
20 0.083
21 0.090

& ascorbic acid is used as standard for antioxidefntity

® values are means of 3 replicates.
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Table 3. Diameters (in mm) of inhibition zones of agar d#fon assays against a variety

of fungi and bacteria (growth was quantified aflerand 2 days).Please note that

compounds not diffusing well in agar may be undareged in their activity.

Diameter inhibition zone in mm (% activity index)

Compd. No.

E. coli S aureus C. albicans
5 - - -
7 - - -
8 - 12 (55) -
9 - - -
10 - 16 (73) 27 (96)
11 - - -
12 - 15 (68) -
13 - 21 (95) 28 (100)
14 - 20 (91) -
15 - - -
16 - 21 (95) -
17 7 (29) - -
18 - 20 (91) 19 (68)
19 - 14 (64) -
20 - 20 (91) 16 (57)
21 - 21 (90) -
Ampicillin 24 (100) 22 (100) -
Colitrimazole - - 28 (100)

@ Diameters (mm) of zones of inhibition (agar difrssassay) are provided. In each case, 6 mm digtks w

20 pg of the test compounds were incubated. Anlipiciind colitrimazole were used as the positive

control. Values below 6 mm (25 %) are of limitedueas they refer either to inactive or non-diffugsi

compounds.
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Table 4. Calculated pharmacokinetic parameters.

Drug-likeness Lipinski
Compd. No. MW LogP HBA HBD o
score violations

5 378.15 3.4 3 0 -0.52 0
6 704.26 6.9 4 0 -0.22 2
7 995.04 8.9 10 4 -0.28 2
8 1091.1 9.4 10 4 0.31 2
9 888.91 8.3 8 2 0.07 2
10 295.15 1.3 5 2 -0.23 0
11 277.14 15 4 0 -1.72 0
12 297.17 1.3 5 2 -0.16 0
13 279.15 0.6 4 0 -1.67 0
14 311.19 1.8 5 22 -0.24 0
15 293.18 0.7 4 0 -1.53 0
16 542.30 2.8 8 4 0.08 1
17 502.24 3.2 6 0 -1.54 1
18 542.30 2.8 8 4 0.08 1
19 506.27 14 6 0 -1.50 1
20 570.36 3.9 8 4 0.00 1
21 534.33 15 6 0 -1.36 1

MW, molecular weight; logP, logarithm of compoundrition coefficient betweem-octanol and water; HBA,

number of hydrogen bond donors; HBD, number of bgdn bond acceptors.
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Figures
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Figure 1. Chemical structures of selected organoselenidgyclic imides of biological or

pharmaceutical relevance
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Figurer 2. In vitro DPPH free radical scavenging assay.
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Figure 3. Glutathione peroxidase-like activity assay. Thectn was monitored to completion

and the reaction rate was linear throughout thieestitne course.
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Schemes
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Scheme 1. Synthesis ofb-selenobenzoic acid derivatives (peptoid and ehsslpe). Reagent
and reaction conditions: (a) SQC(b) dichloromethane, triethylamine, rt, Yields3-81%; (c)
aldehyde (2 mmol), amine (2 mmol), isonitrile (Bathol), methanol, rt, Yields 69-77%.
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Scheme 2. Synthesis 0fN-(4-selenoisocyanato-phenyl)-substituted amidosacahd cyclic

imides. Reagent and reaction conditions: (a) tauet Yields 89-93%; (b) acetic anhydride,
sodium acetate, reflux, Yields 43-52%.
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Scheme 3. Synthesis ofN-(4-amino-phenyl)-substituted amido-acids and cyatides.(a) toluene, rt,
Yields 91-94%; (b) acetic anhydride, sodium aegtaflux, Yields 41-92%.
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Compound 5

Acq. File: DSE_014_B 130502.wiff

A (‘CFPTED MANU SCRIPT

Acq. Date: Thursday, May 02, 2013
Acq. Time: 11:13
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Compound 13

Acq. File: DSE_066 b 130826.wiff
Acq. Date: Monday, August 26, 2013
Acq. Time: 11:58
[™4Q1: Exp 1, 0.005 to 0.185 min from Sample 1 (DSE_066_b_130826) of DSE_066_b_130826 wiff (Turbo Spray) Max. 2.9¢6 cps
‘ 2.9e¢6 335.0
2,56
2.0e6
2
&
2 15e6
E 333.2
£
£ 1o0e6]
1
| . 3371
— f
303.1 i - 389.7 5273, . |
0.0» 1192 1402 175.3 1813 20932233 239.3 2453 2813 313218093 35113654 4135 4278 443.7457.4 4876 5154 5313 |
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 ||
m/z, Da _
B Q1 Exp 2, 0.050 t0 0,231 min from Sample 1 (DSE_066_b_130826) of DSE_066_b_130826 wiff (Turbo Spray) Max. 1,266 cps
311.3
1.20e6
|
1.00e6 -
166.1
| 279.2
8.00e5 |
<3
8
z | — 3095
7 600e5- 1064 s, D0 o |
2 277.1 | |
4.00e5 3076 43155
4.3 295.2 | -~ |
- I 1 |
200e5-1112.8 | 2754 || 12040l 355 5
i 1872 1972 2265 5494 ill1299.ds | | 332 5
Jlz7 1431 Al 12217 50 2esallh | AlsInel 3280 357.4 4438 4sm4 507.35109 5276 2528
0.00B4 i Sty bl ottt M il S A L L T o b syl i i S B
120 140 160 180 200 240 260 280 300 320 340 380 380 400 420 440 460 480 500 520 540
m/z, Da
— 20000
| L
L _.ri“
I— 15000
2 2
2 2 -
L I L
8.00 7.50
ppm (f1) B
- |
— 10000
— 5000
____._._JL_.-....._J L_.__L_.‘_l____n_.... -0
2 2 4 -
2 il 1]
—r T 1 [ T T o1 T [ T T T 1 [ T T T T [ T T T T [ T T T T [ T T T T [ T T 11
80 7.0 6.0 50 40 30 20

S21




8 1= =N [ )
— Tk oo

== =Jch e
== LD O
=N =]
T = R = LR

fod QOB
T

— 500

200 150 100 50 0

JPSE08S b 20120710 02 verticalScaleFacter = 1

Normaiz ed inlensity
bbb

&
G R P

= TR

R R

T T T A T T T T T T T T T T o
180 52 144 o 0 ] 5

Chemical Shift (ppm)

S22



=
=
~
O
2]
Z
<
=
a)
84
—
[a W
84
O
O
<

3&5\“ T e
W ooww Boowoowmoomoowow
1 e l b1k i
W g | g |
, el
. 40
L 05
y19r
§
wi g
£0hs <
s i
B -
#1
\ b i)
sherg i e ogn) 0000350 0 30ioe 038 A g U 7000900 285 10 g
e
L T L L - A
AT o s 1oy S e 107 s
, , , ,
U 1 7551 403
)
) m
#7 §
7
03
1 m
Sdogap g vep)

Ve o9nL 0060 00360, 0261 553500 e 31 005000 2340 g

9511 ‘ot 'hoy

€102 60 AtneNepuon 1egeq oy
F31%°R0L0ET 830 380 o174 "boy

GGG 96

P
00656996

zu 066 0% 055 om
S | | 1 | l | | ]
R L ‘jv T Sy L R i 1
|
90876 196 T
90865 696 LICL6 146
4
806667096
Ep—
(15667396
é&z.swoe % 3
9 SN
g al
dd"uno™"8s 90YdINd

(00000}

0000002

0000008

000000¢

0000008

0000009

0000002

0000008

0000006

00000004

(000004}

S-23



= 4000 i
| = | 4000
” ‘ 3000 |
\ ||||| | = 2000 L
||\J' \ = 1000 =
/ E
0 B
: T E-1000 — 3000
8 E -
T T | T I T 1T I LI o -
7.80 7.70 7.60 i
ppm (f1)
L2000
| 1000
A . L " |
L'_I -
0 8 |
9 0
| ' ' | ' |
100 50 0.0
ppm (f1)
113 989 856 i
732 542 365
300 EE 384 N
77T 333 3711
111 T A
L 100
50
MM o
T T | T | T T | i
150 100 50 0

ppm (1)

S24



=] =]

Hoamaized hlensity
=

SEDEE_20130708_04

VerticalScaleFactor = 1

i20 115 110

=)

o

a0

Chemical Shift (ppm)

S-25

TS

To

30




=
=
~
O
2]
Z
<
=
a)
84
—
[a W
84
O
O
<

- e ||‘ma,N‘.E\ﬂ‘ﬂ‘ — e — T
O N I AL T .
| g " j_é ;ﬁ ,
GO YR o OB L g P ‘ _ i
W oy 10 L
ot A
w3
4 w
g
R
| e
i
S0 Bl Hesdg o) v} 061 "HE0 35010 (10849073901 e e k70007 79 1 g
QW
O L T L
it ik TN A L ©
050 310 Vi g £ Vo g5 g ) -
;
@1
g
\
"
Y
01
03
; S
6138
shogg) O350 S0 Ukl a0l ') 8

Tei0L seurl oy

£10z 10 Aung_*Aepsany, segeq "boy
J3ITILOET G 630 350 terrd by

Zu 05 owm Q,Nm 0l 00§
PR N T ) [ T[S S (R O S | VO S S Y VI T T o S e R T | VIR T L
I ! A_:i ﬁ..._a_ﬁ _:ﬁ_ﬁ,_,ﬁ;é_::, ARy o [
30956 016 HOBFEE1S
GOTRC 1§
Ll.’
61806 7(§
[ N
AN RARY
L
wdd /98912060 MS p19¢6°97¢
0 sq ﬁ
9l oN
W al
dd"ung8s 90Ud 1Nd

P05E6° 8¢S

NN [~
LEVEG DTG

61/60/e0 ueqeen sod 13 qq90 490

0000004

000000

0000008

000000

0000005

0000009

000000L

S-26



3000
= 2000 i
|| = 1000
il fl = B
(SRESY IS o G | =
! = 1000 B
4 3 e
0 i F
| T T T T T T
7.50
| 5000
ppm {f1)
( [ [ 5000
|
I|| : -
—._.—._.Jl\.___._,_u
I__'_I L
8 B B
0 [
||||||||||||||||||||||||||||||||||||||||||
2.002.95@ 90 25 S0 75@.70@.650 N
ppm (F1)
il -
S
4 3 8
0 9 0 L
T T | T T T | T T | T T | T | T T T T
80 7.0 6.0 5.0 40
ppm (f1)
; T 5
] 31 B¢ L
g 51 87 4 150
7 53 32 3
1 1 1 1‘1 2 L
100
|
|
|50
N
i—pJ—m-—D
T [ [ [
150 100 50
ppm (t1)

S-27



=]

Mo sz ed Inten sy
=)

[}

- - T

&
2

&

DSEDGE b 20130711 0 erticalScaleFactor = 1

140

130

120 110 100
Chemical Snit (ppm)

S-28

a0




=
=
~
O
2]
Z
<
=
a)
84
—
[a W
84
O
O
<

098 008

st gag'g vep

_Ezﬁ 0519
i

VS8 Sug

009 sk ooy e

¢

cor

90T m

96T

90°¢

Y. ,
Vg it

{Fead o) it 602061590350 10 (802061 7360”350 | 3eg WoL UL 1670010600 7431 1 |

QoL

098 008

058

005 sy ooy Ige 0e 0%

e
064

[w
3

5o cag 7 Xepy

i frﬁ
(3]

89

9 N gelots VWSOS | SO
7oy ‘ism 096y |

7

Al
v Tt ovgp T &

i ,,f YT
|
f
9% ;
W yiz Ve

AR Vi
g | yg EORE 1607
83 0158

L2
=
Aususiul

93yl
8

A e

(feic oqr ) W 0061 B30 3500 (80L06) 6903501 | apues Woy Ui gl 0 15000} 9310+ g

66:11 teury ‘hoy

£107 ‘80 ATne_'Aepuoi e3eq “boy
J3T4°80L0ET 630 350 toTTd 'boy

43 It 626

udd g6910064 WS

0 sa
9 SN
e al

dd"una~8s 9044 INd

3
ey
S

S N

§l0ch 707

G1/60/6; ueqeens sod [sg 699 S

0000004

0000002

000000¢

000000

0000005

0000009

S-29



I Ll‘i LL"
NERVAN LW

L

1 2 2
a9 0

ppm (f1)

2

[= T -y
[=) =] o [=]

[=) [=] [=] (=]

= (==

-500

5.0

0.0

R TT]

N T N

N Pk Ta S )

= ST YT N
— = R
T U TE

T I RT- TN

LTI

LIhSEE=]

S L= 1]

|
(=] -
=]

-
=]

ppm (1)

150

100

50

S-30



Nomalzed ntensly

.: _
= & e

&
P /T NPT

DSENG) 2013008 05 vertica |s§:|e1=acior =1

i

=

;.32
L

B 15 75

160

152

128 120 12 14 2]

BB
Chemical Shift [com)

S31

40



e 0ee 00¢ 082 092 0%

MBI

eqzu

e
0s¢ 007 056

058 000 056 008 A AR R
ey BCP58 167

bl [

3 sy

¥ T L
§I6¢ gogg LorsS HS ,ﬂ ;e
0600 0E6h

L
6oy T,gm.

£99e 0pe

r g
L m (4

60l | gz TSI |

861 £ | leay

£9000° 167

| W I

000000k

o ;
s

r 0000007

000000¢

99}
%7 wdd 29891081 1S
0 50
, 9 SN
owms
- dd"una ™8 90 1Nd

- 000000
sl e Veids oginy) 1106106607350 0 (414061 60°360) | eueg woyuul 570000600 74340 g |
I Bz

e
o

it to Vige

5 o 0l

0000003

=
=
~
O
2]
Z
<
=
a)
84
—
[a W
84
O
O
<

0000008

W ? -y ¥

f = 00ooooz

4 e
e (0080 #0L I

(feidgoqny) w0610 e 38010 1040050073501 o oy g1 001500018340 - J000oog

| sl 7 xen

LEIET teury boy

€102 'L1 Ktnp 'Aepseupey :e3eq “boy
JFTHLILOCT 4 690 360 ‘eTHd "oy

S-32



= 2000 6000
|‘ .“ — 1000 B
Ill| };II C — 5000
I I WY WSS [SNW S | P -
B — |E L
2 2 C L
T -1000
o] E| —
II|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| __4000
8.10 8.00 7.90 7.80 7.70 7.60 7.50 7.40 7.30 i
ppm (f1) L
| 3000
.' L
2000
. l 1000
H ik
/| | ~
JL.L'—JLJ&_ 1 —_— A JILL -._,J\.L)Nd'l o
e — [
2 2 6|
0 1 o[
T | T T T T | T T T T | T T T T | T T | T T T T | T T T T | T T T T | T T T T _
100 90 8.0 70 6.0 5.0 40 30
ppm (f1)
6 4 87 6 25 2 -
21 40 4 14 2 4 0
22 D4 1 D4 5 7 0
7T 43 3 332 b 6 1
1] 1 1‘ 1 11 1 1 — 100
ANY B
I L
[
— 50
[ L
It [
s 2 "Ju - " H-iﬁ-l-—u

150
ppm (f1)

100 50

S-33



Fi—

oz——4

[TET2

Lot
0B |
GLen—
Laae-
&1
0 he—

)

il

&8 3
M

4 ELOTI— 3
2

b=

0 3
=
E_ BRETI
2
gosi—
8 BUFEI—
al
m_
w
(]
(]

L s L
-

1 NG L .
- @O o o @ o

Apsis)ig pe TpRULD N

=]

20

ad T 70
Chemical Shaft [pom)

85

00

120

125

135 130

140

S-34



=
=
~
O
2]
Z
<
=
a)
84
—
[a W
84
O
O
<

0
B W6 W W MW W W 0
Tw LA ] R f I
0880 e oW ol .
it #05
90 w
a ?w
ols o
7 -7
B
sthgeE7 en Ve oqn e, 01035000 208061 0360 ) e ol Ul k70 g0 a0 U g
B0
WO B W moW W W W W (A4
LR A R Nl W a%jj
a.gm:f,;e%\F,MNZE 242:? i 4 ﬂt Am Euﬂa o
Sty g s PO gy :
it
o s
|
;
7 19
, i
, 7 )
#)
£
163 f
shon] e e anL 205y 04073500 208301 03501 shes oy i 1930

A L

€10 '20 doqueydeg 'fepucy seqeq “boy
J3THZ060ET 040 350 (o114 “boy

7 o,s gm %
| = _ T 16066 f;
NP ] IR L I
[L6G6°019 861367809 (1066 /86
90066 L6 LOv00 CLG |
| I—
GLO66 88E |
I
(8986 96§ i
L|_ |
wdd /296912060 MS LL8E6 006
0 sa
9 SN L
ggzres  al
_ dd"uno 85 90udINd
I L
G9/86 (66

60/60  ueqeens sod [S5 020 490

904807

90+0°%

90+80'9

90+30'8

L0+80°}

1047}

S35



_ 2500
' F- 2000 L
L 1500 B
' 1 E i
\I, U |00 L
. |i'L"i | ‘ |L'Id| c 2000
- ’ F-500
| / i vl il E -
LA VR | } Wy :_D L
= — |E =
3 4 4. |20 i
g 4 3 - — 1500
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII |
240 230 220 210 200 190 180 N
ppm (f1)
1000
I— 500
—JL —f)d‘{L’Wm Mh _—U
Lt P 5
1 800 1 34 -
0 560 0 B4 o
I T T T T | T T T
10.0 50
opm (1)
83 67 6572720 62330 r
00 98 5402032 48764 112 45 r
44 00 59F4433 308881 4397 39 B
T O70 3333333 21111 522 0§ 70
1|111 1‘111‘11J1111]J1 1 21‘ L
\/ J 4 = C
W v |60
50
40
30
I —20
10
-0
—-10

ppm (1)

150

100

S-36



Nomaized

[CSEITL_2N3OTH0 04 werticalScaleFactor = 1

0.8

=
s
TRTRIRTRE| FTRTISTETA (RUTY (871

ensity
[=]

b

b

B o e B L L L L e e R R A g LR R R e R R
138 2 X & & 72 i e

Chemical Shift {ppm)

S-37



Compound 21

w
TP

| Moz |
LOEVT IE} |
{qﬁ bk by |
(YA
wE |

UL vl

L2l TO g VO B gl

el

£'8eC |
S W
| Ll e |
| 5581 -
, ; i)

Feu
| b |

| 989 P ’
W [ o |

————

sdo " Arsudul

| 1o -
Loyt |

| g ,
| B o'z & 10 ,
| feiégoqny) WNELLOE T 0038 7061 7T0,07350) | e Woy 1200000 28310 W |
, (AelCS w\,|\s\rr|\|\\|r zue) 904 |
Isgogart e DR .

R — —

g s W
|+ b SRR

|

c ow W
Cglzg i |

08g162 7
150007

ﬁﬁm 19 :

|

e

| |

, Fgoon¢
|

|

sdo *Ausuanul

| | {53008
, i

- 9800
| | |

|
| | 9071
| -\
N\

| e
*

o360 | e woy U 5B} 091000 FLEEI |

| \ (s cony) v ezL0c 0L 3500 EELOR
,aéﬂf é (19T ‘EUTL *bot
i —-
_1 ¢107 ‘62 Ammp Repsonl ,.,ﬁ_\,g

_ J3THEZLOET @ 0L0 850 FPTH

— 10000

— 5000

3000

=

g B
& €
el

—-1000

|
7.50

0
ppm (f1)

|
50

I
6.0

7.0

|
80

0.0

1.0

20

30

40

pom (1)

S-38



100

50

|
100

ppm (f1)

S-39



=
=
~
O
2]
Z
<
=
a)
84
—
[a W
84
O
O
<

w L mosow s ﬁ L I
T AR ,,s_,%:ﬁ J,%o
0 b UE‘ T L]
| tl i
M
&t
, 40 &y
%
G
0y §
7 oL
08
7 05
L
803895 ) BI608) 191 ¥
ety “Eé EIEGI L9 3500 60018173601 e oy 570 hggr g 26k 1
B 7L
W g: Ghomowomomom W omowom wom
B e i ,
o L0y %_g . mﬂ{% fg% I %% IR
%
o W .
3; ? L
:
518 w
Cl m
@
_ )
)
e
500 G |
. e g ey e ] e Lo oy i
BELTT tourg by

€107 51 2oqueadeg *Repsanyg seqeg “boy
JINGTAOET 191 850 tornd “boy

omo.

m
) 06 02 016
B P V E%EJ
||
Eg TNy
/G 0
2667118 = S BN NSO PH PO
748e=y 7.‘
0667118 ng
o
Tq 5
m
B
05 2
c
=
ﬁ 9
09 2
8
j
ﬁE
| ﬁom
| -
| 06
| :
| -0l
| QL4 oisnjul Joaup ;pOLjR
wdd 10, 0 13 uo enysod co_«mN___o_
3904 561 91§30 iduwes
18075162 78S BN PN PO ¥H "D (o11eD) Ueegeyg i)
6v86€=Y
890¢16

(0000G1-0006H SwIn4 153 4+ %_Em_wm
QN G2 Y OVO000 LY STARESSHIETIE) SOULOlES
 LaoenoN s DGOSR “SHLHIS3)

191350 Nd Z5hT T ENOeiee) g0gH7IZ2HeL S0d191350\ \SEHIONa

S-40



5000

o o

100

S41

150

s 8§ 8 8 § s
= & E = - 7 = I 1
el el s wa e v by waa baw v e b e Laaay
45.91|/
~ b e
——— =5 i e T
Cm—— L
D
™~
o ST
- ~
A -
oy
e [
.=
-t
I-I.-.ln o B
! o
L=
- L)
m ]
[ n
i o
B =1
-2
g o
L =1
e iu| 0
._.(:....r... | -
Jl,l/r/ .
—t—] — %J{z L=
__ e -
- - — Ty . o f
S £ I
- W [ [ M=l o
E
| &

ppm (f1)




=
=
~
O
2]
Z
<
=
a)
84
—
[a W
84
O
O
<

sdoga g e

Il

(A1)

i

90

L i} G U516
4 §l6s L%

06601
§1%

L8017 ¢he0b

(1 0ok o0k 0% 006 09

I

;uéé;% [

T
808 08

5608

6L¢ 4996 .ﬁ A

sdo ‘Apsuoug

R0

gt

gls 7Y
15y

Yo el

eads oqnL) 206, "631”350.0 (6600189173501 | g oy U 162000500 20 0 g |

LT

I sthgay ¢ e

00 05k

.i.ii

H

e S
T
;

Qosol

w
youul el
10l ;
et
4168

488

L1B

(6 006 0% OB OGL 0L (G 009 066 005 0% P 0%

aj ,
g [ 11

R

i A 1 e 4|
Berim vac TR 0090 v ge LT

m,
ol 10¢

01

561

sdo ‘Aususug

507

G150
57

G0t
96ip

ek 391 V30515917350 (1300013501 ) 0BG ) S G D 0 8 10

§hi1 eury, oy

£102 61 Jequegdeg 'Repsanyy tegeq *boy
J3INB1606T 691 550 :o[14 'boy

b/l

0L0b 0004 066 096 096

__; ,::,7;4; E_c
0
a5ty i
o ,, §278'966 AN e
$626220) e udd 05197 :
oIl s r
6178066 =285 BN N E0 K ) 08
BLy9g=Y F
0vE 066 i
Fog
[ 0
02
0.85¢=4 - m
£626 020 0l
-8
L
08
08
wdd s91)' L v paip poyapy O
J80Y §€C |53 uoi aaysod :uojjeziuo|
2128610, = PG BNON 0 ¥H 59 , 60} 830 ‘oldueg
$0098=4 (0ure) ueeqyg jual
£2266101

[00'0051-0005H] swIn4 153+ WL :L

GBI KA 6000001 bZ-H#BSSIZZIIEL S006013S0
) SIL4(53-{+)
8551022461 50d69)3501 \SHINQ

691 350 Nid 97:2¢T EM0TIZe

S-42



—4000
\ — 500 E-2000 |
! |||| A L 1 £ 1900 1l 3000
W B |' l;'ll " =100 ||
R — | Il E
L o L =500
L S~ = -
E— - 3 L
% - ] [I— =--500
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| g E ;_1000 N
8.0508.000F 950V 900 850y 8007 .75 700 TI [T T[T —2000
ppm (f1) 120 110 100 080 080 -
ppm (f1)
{
|
|
I.’ |
i i |
JJ‘ MU .
Wy b Ees R o
02 2 0 35 3 1 2
73 3 g 40 1 0 3
T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T
80 7.0 6.0 50 4.0 30 20 1.0
3 6 515 93 04437 3 622
2 8 0766208718 3 330 8 1 B 764 7 97
2 9 6110076 21 9 8281 3 2 5B 1 500 §
7 6 333 332322211111 1] 1 B 6 51 0 §r
11 111‘1‘]1‘[11J1j1J1‘1J E‘ 5 1222 1
."I A - - |/ L
! / . /"/
— 1500
— 1000
i B
|
|
| | -
|
— 500
|

150 100 50
ppm (1)

S43




mwmwlmfu i

L8 Bl — e

oy .n.N||J

LET—
S

VerticalScaleFactor =1

168_30130018_D4

DSE

MBS PEZIBUADN

15

20

40

45

0 65

75

Chamical Shift {ppm)

100

105

(=1
=

S-44



Compound 8

00} CS€1 COEL 024 o0z O
S o

Y5

5005809 B}

i

Bep0l

| q ,
il 396 EMB% L 8939 089L 20

— 1000

066 006 C%h ok 068 006 OS2

00

" ge | |t ™!

Ehy | 60 298

,, g_gé

(rd
#0

e pge TTOY

A

sdo “Apsusiul

709

0L

708

ety 905

117350 10(61505) 044”3601 § ¢dues Woyuw

N800 951 m

L |

BE0L gzg
| 1

il
B
S0 L

I
AL

140

400
&8I0

0 06 006 08 08 5L OOL 09 000 06C 006 th b 060 ¢ 0%

_ ,;Qz ,mr :m&.sigsiié%sjé%éé% %}ﬁ 4 I

EE

G115 553 0169 ;ﬁ
[

gl TUS

G668

|z e ) over o
t o P g

i
7 {50

507

#1t

(e oany) 160610217350 4 (6160610217350 s Woyuw 31 5000 B3 40+ g

2450 2400 2350 2300 2250 2200

ppm (t1)

§b:11 teut, by

£107 ‘67 dequepdeg ‘Aepsanyy teqeq “boy
JITN'6T60ET 0LT 350 0174 "oy

10

20

30

4.0

1

o
0

50

o S
Q. ~
ol
g

[ Mt i

pm (t1)

S45



[ ] L R [ T s T — Z500
653 4 3 4 22 4337 27 7 59 8 64 13 8
118 a8 9 BB 77T 6 87 3 87 o3 101 =
776 33 2 22 222 2 44 0 22 1 g8 114
I 1|1 111J1'11‘1‘ SETEj._ 22J271 -
' | L 2000
— 1500
| -
| -
— 1000
[ | i
— 500
| -
| -
|
[ Lo

150 100 50 0
pom (t1)
D“"E'?ﬁ:gﬁiﬁ VerticalSealeFactor = 1 2 o
gEq8 @ -
= T T
0259 o
E i
0203
F nas3
2 3 =3
FE < d g (s
£ 0.109 5|.‘ I y
=z =
0053
]

T T T T T T T T
128 120 112 o< el an T 64 50 48 40 24 18 B [1]
Chemical Shift (ppm)

S-46



