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Abstract

The ylide-phosphonium salt [PEH,.C(O)CHCI]*CI" was reacted with Pd(OAc)o give
the chloro-bridged dinuclear complex [Pd{C(H)REtO)CH.CI}(u-Cl)(OAc)]., which
experienced bridge cleavage reactions with triplmosphine (PPH and pyridine (Py), and
to prepare the new orthometallated complexes [P&)CsH,PPRC(H)C(O)CHCIIL]CI,
[L=PPh; (1) and Py 2)]. The complexes were identified and characterimeshg various
techniques. X-ray crystallography was used to dater the crystal structure df, which
revealed the presence of an orthometallatgd, ®Ph unit. CT-DNA binding interaction of
the synthesis compounds was tested by fluorescepeetroscopy, UV-Vis absorption
spectroscopy, and the viscometric titration methdde analysis of the obtained data
indicated that the Pd complexes could bind to DNA groove binding by the partial
intercalation mode. The emission titration of ba&viserum albumin (BSA) with two Pd
complexes showed a static process for the fluorescguenching mechanism of BSA. In
addition, the results of competitive binding by Be¥, Ibuprofen and Digoxin site markers
revealed that the complexes were bound to thd sitBSA. The donor (BSA) - acceptor (Pd
complexes) distance was calculated using fluoresceasonance energy transfer (FRET).
Notably, molecular docking studies were used ferdbatermination of DNA and BSA-Pd (I1)

complexes binding. Finally, the two complexes bikRd significantin vitro cytotoxicity



against human leukemic T cell (Jurkat) and chronyelogenous leukemia (K562) cancer
cell lines wusing MTT([3-(4,5-dimethylthiazol-2-yD;5-diphenyl-tetrazolium bromide]
colorimetric.In cell cycle analysis conducted on Jurkat and KBélls treated with ligand
and Pd complexes, a decrease in DNA cell contestsaift in the main population of cells

toward the subG1 phase were observed.

Keyword: Orthometallated complexes; BSA binding; CT-DNAding; Anticancer activity;

Molecular docking

1. Introduction

Phosphorus ylides are useful ligands in many swiglde to their ambidentate characters
[1,2]. The reactivity and coordination chemistry them are important in organometallic
chemistry and their application in synthetic chémgifas been well recorded [3,4]. Recently,
orthometallation of these ligands has been repoligdmany researchers because of
regioselectivity at Ph rings of the phosphine, singwthat the orthopalladated complexes
derived from CH activation at Ph rings belong te Bhor R’ substituents of the ylidic carbon
[5,6]. Because of some problems associated withinpla-based anticancer drugs, such as
limited solubility, limited spectrum of tumors, étxicity and neurotoxicity, significant
attempts are being made to improve the effectier@dsthem [7]. Thus, various new
complexes have been synthesized in order to overdbose disadvantages. The complexes
of ylide palladacyclic have received special atantdue to their potential application in
organic synthesis [5]. Ylide palladacyclic is a dreggeneous cyclic organic compound;
palladium is the core of a specific structure diadd by intramolecular connections [8].
Recently, the preparation of a wide variety of re@mnplexes with medicinal properties such

as anticancer activity and their biomolecular iatéion studies has been reported [9,10].



Among metal-based complexes, palladium complexes iateresting anticancer drugs
[11,12]. Anticancer properties of ylide palladasychave been specified due to their
cytotoxity assessment [13]. The initial way for cantherapy will be metallodrugs started in
the interaction between DNA and coordination com@dgl4]. There are three important
styles of interactions between DNA and metal comgde these include intercalation, groove
binding and electrostatic interaction [15].

The most abundant proteins in blood plasma arersetbumins, whose major physiological
function is to carry various ligands to a particui@rget organ [L6Bovine Serum Albumin
(BSA) was chosen because of the advantages of fic& @and accessibility and the similarity
of the tertiary structure to the human serum allourfHSA). Moreover, three sites of
albumins are the specific binding sites for phameadéical metals [17-19].

In our work, synthesis of two new phosphorus ypadadacyclic complexes was done using
triphenylphosphine (PBhand pyridine (Py) , something not reported befothen it was
characterized by Elemental analysis, spectrosamgihods (UV-vis, FT-IR and NMR), and
single crystal X-ray structure analysis. Additidpabiological application of them has been
reported. Because of medical significance, low @ghareasy accessibility, natural
fluorescence emission, and the structural simylaoit bovine serum albumin (BSA) with
human serum albumin (HSA), it was utilized as thwetgin modeling for drug delivery
[20,21]. The BSA binding capacity and site selective bigdimere monitored by UV
absorption and fluorescence spectroscopy in thenalesand presence of the complexes. In
addition, the complex-DNA interaction was verifidoy UV visible absorption and
fluorescence emission spectroscopy, molecular dggckand the viscometery method.
Furthermore, the molecular docking technique wagopaed on BSA. Additionally, the
prepared complexes exhibited antitumor activity arydotoxic activity against human

leukemic T cell (Jurkat) and chronic myelogenouskémia (K562) cancer cell lines, as



evaluated by the MTT ([3-(4,5-dimethylthiazol-2-@)5-diphenyl-tetrazolium

bromide]assay.

2. Experimental
2.1. Materials

All solvents and starting materials were obtainexhf Sigma Aldrich or Alfa Aesar
and used without further purification. Methyleneidl(MB), Calf thymus DNA (CIDNA),
and BSA were supplied by Sigma Aldrich. Stock sohd of BSA and CT-DNA were
prepared by dissolving in a Tris buffer (NaCl (58 Tris—HCI (5 mM) at the pH of 7.3).
The UV absorbance ratio §&/A2s0) of the solutions of CT-DNA was over 1.8, showihg
purity of DNA [22]. The CTDNA concentration was standardized by the UV-Visaption
method, using its molar absorption coefficiest ¥ 6600 M' cm™) [23,24]. Distilled
deionized water as the solvent and dimethylsulfleXidMSO) as the ceolvent were used
for the preparation of the stock solution of thenptex. The final DMSO concentration never
exceeded 0.13% (v/v). Jurkat (human leukemic T lge#) chronic myelogenous leukemia

(K562) was bought from the National Cell Bank ostear Institute, Tehran, Iran.

2.2. Measurements

Infrared spectra were recorded on a FT-IR JASCORI80S spectrometer using KBr
pellets. UV-visible spectra were recorded with a ST® 7580 UV-Vis-NIR
spectrophotometer. Cary Eclipse fluorescence spauttometer was the secondhand for
fluorescence emission. A 500 MHz Bruker spectremeperating at 500.13MHz foH and
161.97MHz for®'P was referenced tosFO, (85%) for *'P{*H}-NMR spectra, which were
obtained in CDGl For viscometric titrations, a cannon Fenske rautriscometer was used

in a thermostatic water bath at 298 °K. Cells wemdivated in the Dulbecco’s Modified



Eagle Medium (DMEM) supplemented in the activatetalf bovine serum (FBS). 5 mM L-
glutamine, 10Qug.mI* streptomycin, and 100 U.thpenicillin were used. Afterward, the cell
lines were grown in a humidified atmosphere coman5% CQ at 37 °C. Elemental
analyses were performed on a Leco, CHNS-932 apmaréhe Tm spectra were recorded on
a Varian BioCary-100 UV-Vis spectrophotometer usangj cm path length cell. CD spectra
were recorded on an Aviv Circular Dichroism Specteter, the model 215 (USA), using a

cylindrical cuvette with 0.1 cm path length.

2.3. Synthesis of compounds
1. Synthesisof [Pd(CICH,COCH (PPh3)L)]CI, L= PPhs (1)

First, the phosphorus ylide, [P#H,C(O)CHCI][CI], was prepared according to our
previous study [1]. Then, palladium (ll) acetate2@mmol, 0.053 g was added to a solution
of mono-phosphonium salt [P§H,C(O)CHCI][CI] (0.5 mmol, 0.194 g) in 15 mL of
methanol and the resulting solution was stirredoatn temperature for 24 h. The resulting
solution was concentrated by reducing the solvemacuum to 2 mL. N-hexane (15 mL) was
then added to separate [Pd(CKCHDCHPPB)(1-Cl)], as an orange solid washed with
diethyl ether, collected and air-dried. After thB®hk (0.2 mmol, 0.052 g) was added to a
solution of [Pd(CICHCOCHPPE)(u-Cl)]2 (0.1 mmol, 0.098 g) in dichloromethane (15 mL).
The resulting mixture was stirred at room tempeegaftar 12 h. The suspension formed was

filtered off, washed with diethyl ether, and dritedgive 5 as a yellow powder.

Yield: 85%; IR (KBr, cn): v(C=0): 1663 crt, v (P-C) = 650-750 cih ‘H NMR
(400.13MHz, DMSOds, ppm):& 4.5 - 4.7 (d, 2H, Ch), 5 4.9 (t, 1H, CH)5 7.2-7.9 (m, 29H,
aromatic),*C{*H} NMR (DMSO-ds, ppm): 5 = 37.3 (d,"Jpc = 56 Hz), 49.24 (Giphatd,
119.04, 121.16, 121.26, 122.34, 123.43, 123.62,2524125.17, 126.05, 126.35, 126.64,

127.37, 128.63, 129.14, 129.46, 129.72, 131.06,2r31131.60, 131.72, 132.05, 132.22,



133.39, 133.45, 135.54, 135.66, 135.78, 135.83,1437137.20, 138.38, 138.80, 141.72,
146.46, 150.67, 153.30 {Gmaid, 194.92 (s, COR'P {*H} NMR (DMSO-ds, ppm): & ~ 17
(s, 1P, CHP), 31 (s, 1P, PdP), Elemental Anal. €afor GgH3.Cl,ORPd: C, 62.01; H,

4.11%. Found: C, 61.92; H, 3.98%.

2. Synthesis of [Pd(CICH,COCH (PPh3)L)]CI, L=Py (2)

Pyridine (0.2 mmol, 0.016 g) was added to a satutb [Pd(CICHCOCHPPR)(u-Cl)].
(0.1 mmol, 0.098 g) in dichloromethane (15 mL). Thsulting mixture was stirred at room
temperature for 12 h. The suspension formed wésrdd off, washed with diethyl ether,

collected, and dried to give a brown powder.

Yield: 80%:; IR (KBr, cnt): v (C=0):1668 crit, v (C-N) = 1602 crit, v (PC) = 650-750 cin

. 'H NMR (400.13MHz, DMSQdgs, ppm):& 4.3 - 4.4 (d, 2H, CH), 5 4.5 (t, 1H, CH)3 7 -

8.1 (m, 19H, aromatic}’C{*H} NMR (DMSO-ds, ppm): 5 = 37.5 (d,"Jpc = 57 Hz), 49.35
(Caliphatic), 119.15, 121.44, 124.32, 125.64, 126127.37, 129.42, 129.65, 130.05, 130.87,
132.75, 133.17, 133.55, 135.46, 135.79, 138.30,6840141.77, 142.09, 144.18, 145.38,
151.21, 154.56 (Caromatic), 195.44 (s, C&®, {*H} NMR (DMSO-ds, ppm):8 ~ 17 (s, 1P,
CHP), Elemental Anal. Calc. Forg,.Cl,ONPPd: C, 55.02; H, 4.02; N, 2.05%. Found: C,

54.94; H, 3.82; N, 1.96%.
2.4. X-ray crystallography

X - ray diffraction data collection was carried out 286 K using the X-scan

technique and the X-RED32, developed by Stoe & €8£)2 package. The single crystal
structure was solved by direct methods and refilbgd employing SHELXL-2016/6
(Sheldrick, 2016program and using the ORTEP crystallographic softvpackage. Table S1

shows the corresponding crystallographic data.



2.5. Studies of DNA binding

For DNA-binding studies, first, a stock solution@f-DNA was prepared in the Tris-
HCI buffer (5 mM Tris-HCI, 50 mM NaCl at pH 7.2) @rstored at 4 °C. Then electronic
absorption spectra were recorded in the-200 nm range usingxso = 6600 M* cmi* [25];
this was done by increasing gDof CT-DNA to the complexe& and2 solutions in the Tris
buffer at room temperature. Each sample was ddor 5 min to reach equilibrium before

recording the UVvisible spectrum by electronic absorption measurgnaed fluorescence

guenching experiments. In addition, the stock smubf CT-DNA was prepared in the Tris-
HCI buffer (5 mM Tris-HCI, 50 mM NacCl at pH 7.2) é@stored at 4 °C. Concentrated stock
solutions of Pd complexes were prepared by dissglthem in DMSO and diluted with the
buffer to develop the vital suitable concentrationsall experiments. The final DMSO
concentration did not exceed 0.13% v/v and our dergs displayed good stability, as tested
by electronic absorption spectrometry. All DNA-bingl studies were done at room
temperature by electronic absorption spectroscopy dluorescence spectroscopy
measurement. The test was done in the case atiattihodel and differentiated with the real
system biological environment of blood. Also, inr@omplexes, the ylide ligand could do
the penetration phenomenon in the cell membranausecof its hydrophobic nature due to

hydrolysis, but Pd remained in the aqueous soly26h

2.6. Studies of protein binding

The fluorescence quenching of the tryptophan redsainof BSA, via the Pd
complexes as a quencher, with variable complex/Btédar ratios was proved in the range of
285-485 nm, at room temperature, and in the Trifebat 343 nm. In addition, titration of

BSA and the marker compounds with the complexes dua® to investigate the comptex



BSA interaction by the existing BSA site markeiigg $ (Eosin-Y), site Il (Ibuprofen), and

site 11l (Digoxin).

2.7. Molecular docking of complexes with bio-macr omolecules

Molecular docking simulation was performed in tetady in order to survey the non-
covalent interactions between the new synthesipeatptexes with BSA and DNA. Also, the
binding affinity and the binding region of thesemgdexes with bio-macromolecules was
considered by the docking procedure. Free bindmgrgy QAG) between complexes and
macromolecules was calculated via molecular dockinmlation. To prepare the complexes
structures as ligands, the three dimensional strectf the pph3 complex (complé) was
obtained by converting the CIF file to PDB file ngiOpen Babel 2.3.2 software [27]. The
chemical structure of pyridine containing complegriiplex2) was prepared using the Gauss
View 5.0 software. Molecular energy optimizationtbis complex structure was performed
using Gaussian 09 software (Quantum Chemistry mpkaby employing the density
functional theory (DFT) method with Becke's thremgmeter hybrid functional (B3LYP)
through the 3-21G basis set. Crystallographic sires of BSA and DNA as the receptors
were selected from the RCSB protein data b@mtto://www.pdb.org). The BSA (PDB ID:
4F5S) with 2.47A resolution and DNA (PDB ID: 2GVRjth the 1.65A resolution of the
self-complementary dodecamer 5-d(CGCGAATTCGCG)v&re chosen for docking
simulation. Excessive molecules such as hetero satand waters were removed. Free
molecular docking packages, Auto Dock 4.2.6 andoAdbck Tools 1.5.6, were used in this

study for docking simulation [28,29].

The PDB formats of complexes and bio-macromolexulere modified by computing polar

hydrogens, Gasteiger and Kollman charges. At fitsg blind docking approach was



employed to probe the possible binding sites witd highest binding energy affinity of
complexes to the three dimensional structure of B&A DNA [30]. Finally, focus docking
was done on the best binding site. The grid boxegmssions size at the grid points in x*y*z
directions were set to 60*60*60°Avith 0.375 A grid spacing for both bio-macromolkesu
The Lamarckian genetic algorithm method with theigireed 100 numbers run of genetic
algorithm has been mentioned [29]. All parameteefault values in Auto Dock Tools

software weradjusted in this docking study.

2.8. Cytotoxicity assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetdmimbromide (MTT) assay was
used to calculate the cytotoxic activity of themmexesl and2 against Jurkat and K562
cancer cell lines. This test was carried out usiritxed concentration of tumor cells that had
been scattered in the wells of a 96-well plate wahiable concentrations of the synthesized
complexes (0—100 mmol dm_3) and incubated for 483 F.C, 5% CQ 95%air humidified).
Next, 20ul of the MTT solution (5 mg.rlin phosphate buffer solutions) was added to each
well and the plates were incubated for 4 h at’87 Afterwards, 100ul of the medium
including MTT was quietly substituted by dimethyllfexide (DMSO) and pipetted to
dissolve any formazan crystal wrought. Finallyeathe complete dissolution of the dye, the
optical density (OD) was measured at 560 nm by me&an enzyme-linked immunosorbent
assay (ELISA) plate reader (Bio-Tek's ELx808, USAhe ratio inhibition of the cells was
measured as follows: % Inhibition= 100 - [(test @@M-treated OD) x 100]. Non-treated
cultures in all treatments consisted of only the $solvent at a concentration identical to
those in the test wells. kg(value of 50% maximal inhibitory concentration)sadetermined

using the non-linear regression of concentratiespoase curves [31,32].



2.9. Cdll cycleanalysis by flow cytometry

The effects of ylide ligand and complexeand?2 on cell cycle changes in Jurkat and
K562 cells were studied by propidium iodide stagniosing flow cytometry. Cells at
concentration of 1xT@ml/well were seeded in 24-well plates in triplieand treated with the
compounds at concentrations equal to theip Malues calculated from the results of MTT
cytotoxicity assay. After 48 h of culture at' @7in a CQ incubator, the cells were harvested
and then permeable with 1ml hypotonic solution aonihg sodium citrate (1%) and triton X-
100 (0.1%). Then propidium iodide (Sigma Aldrichtei8heim, Germany) at final
concentration of 50 pg/ml was added. After 2 h bation at 4C, cells were examined for
the intensity of fluorescent dye by flow cytome{Becton Dickinson, San Diego, CA) in
FL2 channel. The results were analyzed by Flowditware version 7 (TreeStar Inc,
Ashland, OR). Cells treated with cisplatin were sidered as positive control and those

treated only with DMSO (untreated) considered amhee control.

3. Resultsand discussion
3.1. Synthesis and spectroscopic char acterization

In this work, the reaction of mono phosphonium s@i) (scheme 1) with
palladium(ll) acetate in a 2:1 ratio in methanotl &t room temperature for 24 h resulted in
the chloro-bridged dinuclear complex [Pd{C(H)BE(O)CHCI}( u-Cl)(OAc)]. (B) (scheme
1) [1]. The treatment of PRhand Py with (B) (2 : 1 M ratio) in dichlorometi&at room
temperature for 12 h yielded yellow solids solubl¢he DMSO solvent; their stoichiometry
corresponded to cationic orthometalated derivatij@sl(CICHCOCH(PPB)PPR)|CI
(complex1) and [Pd(CICHCOCH(PPB)PY)]CI (complex2) in good yields. So, complexes

were characterized using FT-IR and NMR spectroseopethods. The crystal structure of the



complex1 was addressed by X-ray crystallography studiegufiei 1). The spectroscopic data
of 2 was in accordance with the similar structure. TRi@pectrum of the complexdsand2
showed strong bands at 1630-1670"dimat were assigned to(C=0)stretching bands. The
C-bonding of the ylide-phosphonium salt could baateded from the IR spectrum, since a
decrease in the C=0 stretch was observed [33,84fhérmore, three bands at 650-750%cm
were due tov (P-C), lower than the parent phosphonium saB5]lbecause of the
elimination of electron density in the P—C bonanfarming the coordination of the ligand to
Pd through the carbon, not through oxygen; this wasfirmed for the complek by X-ray
diffraction. Additionally, the IR spectra of theroplex2 showedv (C=N) as a strong band at
1602 cnt. Also, the strong bands at 1580 and 1335'cmere due to asymmetric and
symmetricv (COOQ) stretching bands, respectively, which werescstent with monodentate
acetate, and the band at 470'cwas due to (Pd-OAc) [36].

The'H NMR spectra ofl and2 showed signals for the PC(H) at 4.5-4.9 ppm, tvhiere
shifted up field in comparison with the parent ghtumnium salt (5.5), similar to other C-
coordinated phosphonium ylide complexes [34]. Femtiore, the aromatic protons were
observed in the ~7-8 ppm range and signals foptbh®ons of CH were assigned at 4.3-4.7
ppm.In 3P {1H} NMR spectra ofl and2, signals due to PC(H) groups were 17 ppm and at
23 ppm for extra phosphonium salt, so we purifizdemove it. Also, the signal due to PdP

for the complexXl was assigned at 31 ppm.

Schemel

3.2. Molecular structure of the complex

Single Xray crystallography was utilized to study the swsihed complexes. The

ORTEP view of the complek is displayed in Figure 1. Table 1 represents éhecsed bond



distances and angles. The data showed that thelewthpas crystallized in the monoclinic
space group, with four molecules within the unill.cBistortion from the regular square
planar geometry was indicated by the bond anglesnar the Pd centefhe Pd_G, bond

distance (2.001(4) A) was within the range gengraéiported for C,C-orthopalladated

complexes [37,38].

Bond lengths and angles at Pd were slightly distbr{C1—Pd) 2.001(4), (P2—Pd)
2.3108(12), (CI1—Pd1) 2.3828(12), (C37—Pd1) 2.1%4@2—Pd1—Cl1) 94.91(5), (C1—
Pd1—C37) 85.44(16).The stabilized resonance construction for the pargide-
phosphonium was destroyed because of complexatwenefore, the C1-C2 bond lengths
(1.408(5) A) were slightly longer than the corresging distance found in similar non
complexed phosphoranes (1.407(8)A, suggesting thisitbond has been relatively week.
Although the C38-O1 bond lengths (1.216(6)) A waherter than those observed in a similar
ligand (1.256(2) A) [39], they showed that the Gwimg of the ligand kept the charge

density at C and discontinued the conjugation.

Figurel

Tablel

3.3. Stability of complex in solution

The electronic spectra of the complexes displaykdral around 250 nm which could
be attributed to the m* electron transition of triphenylphosphine groupshe structure of
complexes. The stability of the compounds in the $solution was tested by electronic

absorption (S2). No changes were observed in absoebafter incubating the synthesized



complexes in DMSO with increasing time to 10 dayss confirmed the stability of the

complexes and the preservation in solution.

3.4. DNA-binding studies

3.4.1. Electronic absor ption investigations

One of the commongsensitive, reproducible and simple techniques talystthe
binding mode of DNA with metal complexéeselectronic absorption spectrometry [40]. The
electronic absorption spectra of the complexes wemerded for a stable concentration of the
free metal complexes [6xFQM] by increasing CIDNA; the results are shown in Figure 2,
which represents the mode of interactions [41]. @bsorption band was around 250 nm for
the complexes, which could be assigned to the ligaad transition [42]. Thus, the titration
data obtained by adding DNA to the complexes shaWwed decrease of absorbency with no
shift of the absorption peak in the UV-vis spectruthereby confirming that the
complexes/CT-DNA interactions were not intercalatéd determine the binding power of
the Pd complexes along with CT-DNA, the intrinsinding constant, i was calculated via
the Wolfe-Shimmer equation (1%3]

[DNA]/(ea €r) = [DNA])/(ep-€5) + 1/Kp(ep - €) Q)
,where [DNA] is the DNA concentration, amg & ande, correspond to gd[complex], the
destruction coefficients for the free complex, @hne entirely attached form of the complex,
respectively. A plan of [DNA]J&; — &) vs. [DNA]gave a slope and an intercept fit eqieal
1/(ep — &) and 1/K(ep — &) (Figure 2). The intrinsic binding constantpjiKcould be obtained
from the ratio of the slope to the intercept [4}e calculated Kvalue of the complexes was
about 4.9 x 19M™? for the complext and 2.3x 1®M™ for the complex2 at 298 K,
indicating the high binding ability of the complexevith CT-DNA. DNA has different
hydrogen bonding sites in its grooves. Therefohe, ylidic ligand would encourage the

intercalation of the phenyl group in the groove moéree energyAG) of compound-DNA



complexes could be achieved from the amountsrafitg constant (k) through the van’t
Hoff equation (2)[45]

AG =-RT InK (2)
Binding constants are typical of the stability aingpound-DNA complexes, while free

energy shows the spontaneity/non-spontaneity of cdbrapound-DNA binding. The free
energy of the complexesand2 was -9.13 Kcalmét and -8.7 Kcalmat, respectively, and
the negative values showed the spontaneity ofahgpound-DNA interaction.

Figure2

3.4.2. Fluorescence emission titration

To study whether the type of the binding of thecBohplexes to DNA was the groove
or intercalative mode, the comparative methylengee fMB) displacement assay was used.
The emission intensity of MB was quenched by thditeah of CT-DNA [46]. This emission
guenching process also indicated the alteratioriegrexcited state electronic structure as a
result of the electronic interactions in the MB-DNAmplexes [47]. Figure 3 shows that the
fluorescence intensity of MB-DNA was increadsd adding the complexes. This revealed
that the complex was bound to the base pairs of M8\ The Fluorescence intensity of the
MB probe molecule ([IDNA]/[MB] = 10) at 680 nm waslightly increased by adding the two
complexesl and2 to DNA,; this established that the DNA/Pd complek#sraction was in
the partial intercalative mode. Moreover, from thlet of Fo/F vs. [complex], the apparent
DNA binding constant (k) was calculated using the following equation: [49]
Kme [MB] = Kapp[cOmplex] 3)
.where Kz is the DNA binding constant of MB, [MB] is the ammtration of MB, and
[complex] is the concentration of the complex a®b@uenching of the DNA-bound
methylene blue fluorescence emission intensiiye value of Ky, was 1.2x1G and

1.04x16 M™* for the complexed and 2, respectively, which was slightly less than the



binding constant of the classicaitercalators and metallointercalators (1017 [50],

revealing that the compounds were bound to DN#éngroove binding mode.

Figure3

3.4.3. CD spectroscopy

Circular dichroic (CD) studies are useful in id@ntig the changes in the morphology
of DNA. CD spectra of DNA showed two characteridiends; the first one at 245nm was
related to the helicity of the right handed B-foamd the second one at 260-285 nm was due
to base stacking [51]. This method could be usefuhonitoring the changes in the DNA
structure in the presence of the synthesized comaplas drugs in solution, resulting in some
changes in the intensity and wavelength of its @Bca [52]. Thus, less or no perturbation
was displayed by the simple groove binding and eklectrostatic interaction of small
molecules with DNA; on the other hand, increasidg tintensities of both bands
demonstrated that the stabilization of the rightded B conformation of CT-DNA could be
improved by intercalation, as observed in the atassntercalator methylene blue [53,54].
The CD spectra of DNA in the absence and preseha®maplexes were recorded in the
range of 230-330 nm at 26 using a bandwidth of 1 nm, a step interval ofri, an average
time of 1 second, and the resolution of 1 nm. lkerdomplexed and2, the CD spectra of
DNA exhibited changes in intensity by the additadrcomplexes, without any changes in the
wavelength (Fig. 4). The less decrease of the hegatinds and the decrease of the positive
bands demonstrated that the two complexes weredbtmuthe DNA via groove mechanism

with the partial intercalative mode in the DNA-bgsers[55-57].

Figure4



3.4.4. Thermal denaturation studies

DNA denaturation studies can be used to distingthshnature of the interaction of
the complexes with DNA via the groove or intercdalatmode. The melting temperature
(Tm) is related to the stability of the double balistructure of DNA [58], which is raised
sharply in the presence of metallo-intercalatoise mall shift in the Tm value of CT
DNA could propose nonclassical modes such as partial intercalation, \grobinding,
and/or surface binding modes [59,60]. The meltingres of CT- DNA in the absence and
presence of the complexes are shown in Figure & n¢lting temperature of CTDNA was
found to be 82 °C in the buffer. After the additiofh the Pd(Il) complexes, Tm was
increased to 86.16 and 85.22 °C for the compldxasd?2, respectively. Since increasing
Tm in 4-12 °C range was due to the intercalatiothefcompounds into DNA base pairs and
this range for non-intercalative binding mode waé @C, this amount for our complexes
showed the possibility of the partial intercalatibetween the CT DNA and the two

complexes [60].

Figure5

3.4.5. Viscosity measurement

The DNA length [/Lo) and relative viscosityy(;°) are measured Hy/Lo = (7/7°)*3
wheren and L are the specific viscosity and the molecular lengthDNA at a gained
complex/DNA ratio, respectively; alsg’ andL, are the corresponding values for the alone
DNA [61]. For an intercalated molecule, a hypothetical ns¢he amount of DNA viscosity
was considered because of the insertion betweeb#e base pairs and the lengthening of
the DNA double helix [62].

Additionally, the bounded molecules via the groovechanism made minor or no effect on

the viscosity of the DNA solution [63]. Howevergthiscosity of CT-DNA was not seriously



affected through the addition of the two complekesd2 (S3). This presentation suggested
that the Pd complexes might be bound to DNA upoaoge binding with a slight

intercalative style.

3.5. Protein binding experiments

Serum albumins are well known for binding to smaibmatic groups mainly
containing part of the protein in blood plasmaytipday a significant part in drug delivery.
Thus, to identify the possible binding interactibatween BSA and complexes, emission

titration and absorption experiments were usetettnbient temperature.

3.5.1. Fluor escence spectroscopy studies

Tryptophan emission quenching experiments were tesstudy the interaction of the
complex with the protein; f tyrosine fluorescenseanized, it has been totally quenched and
phenylalanine has a very low quantum yield [64]e Effect of the Pd complexes on the BSA
fluorescence emission can be seen in Figure 6inkbesities of the fluorescence emission of
BSA were decreasedregularly with the addition eftiko complexeg4, 2, which established
the interaction between the complex and BSA. Stéoimer equation (4) has also been used
in the data analysis of the fluorescence quencltand the quenching ability of the
complexes: [65]

Fo/F =1+ k1[Q] =1 + Kev[Q] 4)

, Where g and F are the fluorescence powers in the abserntprasence of the complexes as
the quencher, respectively, [Q] is the concentratibthe quencher, &is the Stern—Volmer
quenching constanty is the average life time of the fluorophore withquencher, andgks

the bimolecular quenching rate constant. In thigaech, the value of {was 1.58x10M™



and 1.56x1® M for Pd complexesl and 2. Since the value of, for tryptophan
fluorescence is 2x 10s [63], the quenching rate constan§, kan be measured via the
following equation:

Kq= Ksv/ 10 (5)
The obtained values forgkwere 79x1¢° and 78x16* M'S™ for the complexed and 2
respectively. Also, the highest concentration ofdt diverse quenchers with the biopolymer
is 2x10° M™'S™ [66]. Therefore, the amount calculated was gretitan k of the scatter

procedure. This exhibited that a static quenchieghmanism was operative [67].

Figure 6

3.5.2. Determination of the binding constant (K,) and the number of binding sites (n) on
BSA

The number of binding sites and the binding corisfan the static quenching
interaction can be calculated according to thefailhg equationf68]

Log (ko - F)/F = logks+ n log [Q] 6) (

, Where K is the binding constant of the complex with protand n is the average number of
the binding sites per alboumin molecule. The plabgf[(Fy — F)/F] vs. Log [Q] is exposed in
Figure 6. K and n can be determined from the slope of sudbtafhe values of Kand n at
298 K were 1.58x10M™ and 0.99 for the complek and 1.56x1DM™ and 0.98 for the
complex2. The values of n point were such that there wég ame class of binding site for

the two Pd complexes on BSA.

3.5.3 Determination of site selective binding



BSA crystal structure comprises three distinct dougding domains (sites I, I, and

[II) [69]. Sites I, Il and Il in serum albumin arsuggested to correspond to Eosin-Y,
Ibuprofen and Digoxin binding sites, respectivel@]l The experiments, due to competition,
were done through Eosin-Y, Ibuprofen and Digoxirathieve the drug binding sites. In this
test, the BSA/site marker concentration proponti@s 1:1 (6 x 18 M: 6 x 10° M). Figure 7

shows that by the addition of the site specifichgrinto the BSA solution, the fluorescence
intensity was significantly decreased. Thus, EQ. \@s used for the calculation of the
binding constants (Table 2). So, in the presendeosin-Y probe, the binding constant of the
complexesl and2 was decreased. The results pointed to the congoetif Eosin-Y and

Ibuprofen with the complexes. Thus, the complekesd?2 could bind to the site | and the

site Il of serum albumin, respectively.

Figure?

Table?2

3.6. Molecular docking

3.6.1. Molecular docking study of the complexeswith BSA

The lowest free binding energ)@) calculated for the complek and the comple® to
BSA was -7.19 Kcalmdiand -10.68 Kcalmé! in docking simulation, respectively. In order
to study the fluorophore residue (Tryptophan) qhérg in the presence of complexes , the
distance between the best docked conformer of ctimplex1 and the compleX and
Trpl34 and Trp213 as a fluorophore residue of bdarum albumin was measured. The
length between the compléxand Trp134 wad9.7A and that between the complexand
Trp213 was 22.5A (Fig.8A). Also, these distancestiie complex2 were 27.0A and 20.0A

for Trpl34 and Trp213, respectively (Fig.9A). Thataoned distances for both complexes



were less than 80 A. In order to do the quenchihgrotein fluorescence emission, this
distance was enough in the presence of the ligandhi{s study, the complet and the
complex?2). Docking simulation confirmed our findings by @pnental quenching studies
[71,72].For the better study of the interacted residueh wie new synthesized complexes,
all docking conformations between the complexes BSA were examined. Residues
interacted with complexXl included: Thr2, His3, His9, Argl0, Lys12, Aspl3spR36,
Lys239, Asp254, Asp255, Ala257, Asp258, Leu259 bBysR61. In Fig.8B, 8C and 8D, the
interaction of the complek with BSA is represented by three and two-dimeraionodes,
respectively. AutoDookTools has the ability to mmisthe non-covalent interactions such as
hydrogen bondz—n stacking andt-cation interactions between the receptor residinesthe
ligand from the output file of the docking proceelufhe receptor residues and the ligand
must have close contacts with each other for thgses of interactions. The amino functional
group of ArglO from BSA participated in hydrogenndoformation via the methoxy
functional group of the complek The measured distance between the hydrogen atdm a
the oxygen atom in hydrogen bonding was 2.1A (/BY.8Due to presence of aromatic rings
in the complexl molecular structure, the formation of other nowalent interactions,
especiallyzn-cation interaction andi—n stacking interaction by the compleix occurred.
Lys261 and His3 are the residues with which themerml havern-cation andr—n stacking
interaction, respectively. The distances betweesdlresidues and the aromatic ring of the
complex 1 that participated in the interactions were 3.6Ad 5.8A for ther-cation
interaction and tha—r stacking interaction, respectively (Fig.8B and.8€). According to
the best docking conformer results, the comgdldxad hydrophobic interactions with His3,

His9, Lys12, Aspl3, Asp254, Asp258, and Lys261g.8D (spoked arcs)).

Complex 2 and BSA interactions were analyzed for all dockoanformations. The

residues participated in this reaction were foumbe residues that interacted with the



complex2 included: Glul00, Leul03, Serl04, Ile202, GIn203242, Cys245, and His246.
Interactions of the compleXwith BSA are demonstrated by the three and twmedisional
mode in Fig.9B and Fig.9C, respectively. Accordinghe best docking conformer results,
the complex2 had hydrophobic interactions with Leul03, Serl®202, GIn203, Lys242,
Cys245, and His246 (Fig.9C (spoked arcs)). Pyridiegerocyclic ring in the compleR
structure facilitated the formation of the hydrogeond, where the hydrogen bond was
formed between the oxygen (OE1) of Glul00 and titeogen of pyridine (Fig. 9C (green
dashed line)). Also, the Pd atom of the ligand wsracted (external bond) with the side-
chain of Glul00 by oxygen (OE1) (Fig. 9C (purpleel). The ability of the external bond
formation as well as hydrogen bonds due to the@gdn of the pyridine ring by the complex
2 showed the high affinity of the compl@to BSA rather than the compléxn a molecular

docking study.

Figure8
Figure9

3.6.2. Molecular docking study of the complexes with DNA

The calculated lowest free binding ener@ys] of the molecular docking simulation
of the complext and the comple®2 with DNA was -7.07 Kcalmél and -12.50 Kcalmd,
respectively. The interaction between DNA and bsyinthesized complexes was of the
groove type, as determined from docking resultdyara (Fig.10A and Fig.11A). The other
docked conformers revealed the partial intercafatimode, supporting the experimental
absorption spectroscopy findings in this study. Ixrniag f all conformations from docking

between DNA and the complek identified the main nucleotides participating inet



interaction with the complex. These nucleotideduded: DG2, DC3, DG4, DA5, DAG,
DT7, DT8, DG16, DA17, DA18, DT19, and DT20. Hydrogeonding was formed between
the methoxy functional group of the complg&xand the exocyclic amino groups of DG4,
DAS5, DAG6, DG16, DA17, and DA18 nucleotides. The sw@wad distance between the donor
(N) and acceptor (O) atoms in hydrogen bonding betwDG4 and the compldxwas 2.8A
(Fig.10B). Purines nucleotides played a major mléydrogen bonding formation with the
complex1. The presence of aromatic rings caused the foomaif the non-covalent—
stacking interaction between the nucleotides armmaigs and the phenyl groups of the
complex1. The nucleotides taking part in non-covalent stacking interactions were DG4,
DA5, DA6, DG16, DA17, and DA18 (Fig.10B and Fig.)0CThe three-dimensional
interaction between the compldxand DNA is shown in these figures. Based on these
figures, the length of the non-covalertr stacking interaction between the compleand
DA5 and DA6 was 4.8A and 5.4A, respectively (Fig)LOIn addition, ther—n stacking
interaction distance between DA17 and DA18 and dbmplex 1 was 4.5A and 5.2A,
respectively (Fig.10C). The two dimensional repnéggon of the complext and DNA
interaction is demonstrated in Fig.10D. Accordiagttis figure, DA17, DA18 and DT19 had

the hydrophobic interaction with the complkxspoked arcs in Fig.10D).

All conformers from the molecular docking studyveén the comple and DNA
indicated that main nucleotides with which the ctex® had interacted. They were DT8,
DC9, DG10, DC11, DG12, DA17, DA18, DT19, and DT20ckeotides. In Figll.B, the
three-dimensional interaction between the best elbdonformer of the complekxand DNA
is indicated. The two-dimensional representatiorihef interaction between the compl2x
and DNA is depicted in Fig.11C. The complaxhad hydrophobic interaction with DT8,
DC9, DA18, DT19, and DT20 nucleotides (spoked amcBig.11C). Like the interaction of

the complex2 with BSA, the compleX could form hydrogen bond via the nitrogen of the



pyridine ring with the oxygen (OP1) of DG10 (FILC ( the green dashed line)), and the
palladium atom could form the external bond whike bxygen of DG10 (Fig. 11C (purple

line)).

Totally, the external bond formation via palladilatom, van der Waals interactions, and
strong hydrogen bonds formation by the nitrogethefpyridine ring caused the comp2io
have high affinity binding for both bio-macromoléesi in docking studies. The outstanding
tendency of the compleXto DNA proposed the usage of this palladium asva synthesized
complex serving as an anticancer. All non-covaietgractions (hydrogen bondingication
and n—r stacking interactions) distances between BSA aNd\ vith the complexl are

shown in the three- dimensional scheme in Fig & Bnd Fig 10 (B,C), and in Table 3.

Figure 10
Figurell

Table3

3.7. Selective cancer cytotoxic activity

Cytotoxic activity of the ylide ligand and the colepesl and2 was evaluated against
human leukemic T cell (Jurkat) and chronic myelagyenleukemia (K562) cell lines. The
viability of the treated cell lines was determiradter 48 hours via a standard bioassay, by the
MTT-dye reduction method. The cytotoxic activity @$platin as the standard reference was
evaluated for the comparison purposes.
As shown in Figure 12, both the ligand and the demgs1 and2 could dose-dependently
decrease the viability of Jurkat and K562 cell $ire¢ the evaluated doses. The comgdlex
the doses ranged from 1 to 100 uM, exerting 10%4% @nd 10.5% - 95% toxicity against

K562 and Jurkat cancer cells, respectively. Adddity, the complexX2 at the doses ranged



from -1 to 100 pM, exerting 20% — 98% and 2.5% %9Xxicity against K562 and Jurkat
cancer cells, respectively. The ligand at the saoreentrations was found to exert 2.2% -
98% cytotoxic effect against the K562 cell line,ilhshowed 3.2% — 93 % cytotoxicity
against the Jurkat cell line. The cytotoxicity dagapressed as g values, are presented in
(Table 4). 1Go (LM) values of cisplatin, as the reference antearompound and a standard
drug on K562 and Jurkat cells, are shown; the tedolr the ligand and complexes in
comparison with the reference were noticeable.r€kalts implicated that the ligand and the
two complexesl and2 could highly and significantly exert a cytotoxidesft against K562
and Jurkat cancer cell line&ccording to the 16, values, the cytotoxicity of against K562
cells was more thaf, probably due to the presence of the triphenylphiogmoiety in its
molecular structure, could improve the cytotoxit\aty [73]. Also, the 1@ value of ligand

in that cells is near to cis-platin, but for comy@sl and?2 these values had been better. No
considerable difference in cytotoxicity of the campds against Jurkat cells was detected,
suggesting that Complexésand2 may do not increase the cytotoxicity of the ligawahinst
this cell line, or the difference between the bipdal nature and origin of the tumor cell lines
has resulted in their different sensitivity to tt@mpounds. The results have been supported
by the other in vitro studies reporting the cytatoactivity of the ylide complexes against

cancer cell lines [74,75].

Figurel
Table4

3.8. Effects of compounds on cell cycle
In order to determine the effects of ligand anccBhplexes on cell cycle progression, Jurkat

and K562 cell lines were cultured in the presencth® compounds for 48 h and then were



stained with propidium iodide to be analyzed for®bbntent by flow cytometry. As shown
in Figure 13, the ligand and two compleXeand?2 have significantly induced apoptosis in
treated cells. Cisplatin as positive control indiegcumulation of 42.7+6.5% of Jurkat and
41.2+8% of K562 cells in subG1 phase (apoptotitst&lompared to the negative controls
(<4.1%). The percentages of compound-treated Juckds underwent apoptosis were
41.1+3.9 (ligand), 44.9+5.8 (comple&y and 55.2+6.2 (comple®). Similarly, treatment of
K562 cells with the compounds significantly shiftid@ main population of cells toward the
subG1l phaserhe complexesimultanously with inducing accumulation of celis SubG1
phase, have efficiently decreased the percentaderkat cells (27.3£2.3%) and K562 cells
(27.4+£8.2%) in GO-G1 phase as compared to thaegative control51-55%) suggesting
an induction of subG1 arrest in the cells. A repn¢ative example of flow cytometry
analysis of cell cycle distribution in treated Jatrknd K562 cells is shown in Figure 14.
Thus, the effects of ylide and Pd complexes on @glle changes were determined by the
propidium iodide staining using flow cytometry. Bidium iodide is a fluorescent dye with
the ability to enter the cells and bind DNA. Evdioa of cell cycle phases in treated cells
showed that the ligand and Pd complexes have damdaNA content by inducing apoptosis
and accumulation of cells in subG1 phase. The p&ge of subG1l cells and decreased
number of GO-Glcells treated with Pd complexes weEnaparable to those treated with
cisplatin. Reduction in the number of GO-G1 celiggested their ability to induce subG1

arrest.

Figure2 Figure 3

3.9. Energy transfer between Pd complexes and BSA



A non-destructive spectroscopic procedure for noomg the proximity and the

relevant angular orientation of fluorophores ioflescence resonance energy transfer (FRET)
[76]. It has been used to measure the donor-aacepstance in macromolecular and
biological systems. In addition, the overlap betmvége excitation band of the acceptor and
the donor is significant and the distance betwéemtis within 2—8 nm [77]. The efficiency
of energy transferE) then depends on the distanBg, between the acceptor and the donor,
as shown by the equation (7): [78]
E=1-Flh=(R")/ (R’ +1°) (7)
, Wherer is the distance between the donor and acceptoriRaisdthe critical energy transfer
distance at which 50% of the energy is transfetedhe acceptor; it is defined by the
following equation[79]

Ro’= 8.8 x 107°k*N™“*®J (8)

In Eq. (8),k? is the orientation space factor afe: 2/3 for the random orientation is as in the
unsolidified solution. N is the ordinary deflectegedium index in the range of wavelength
with the significant spectrab is the fluorescence quantum output of the donud, &is the
effect of the spectral overlay between the emissmectrum of the donor and the absorption
spectrum of the acceptor (Figure 15) which couldbtained from the following equation:
[80]

J = DFM)eMAAN] / [SF()AA] (9)
F (1) is the modified fluorescence intensity of the aioim the wavelength arrayto /1 +AA,
ande (1) is the extermination constant of the acceptar. & the present case,= 1.336 and
®= 0.15 [81]. Pursuant to equations (7)—(9), J=3186%, 1.13x10" cn?L mol™, R, = 2.15,
2.6 nm,E=0.11, 0.12 and=2.06, 2.01 nm for the complexg&sand?2, respectively. The mean

distance between the donor and the acceptor wéseo2-8 nm range and ®Rp<r < 1.9R,,



thereby indicating that the energy transfer fromAB® the Pd complexes might have

occurred with high probability.

Figure4

4. Conclusion

Two new orthometallated complexes were promotedeumild conditions by the
reaction of [Pd{C(H)PPJC(O)CH.CI}(u-Cl)(OAc)], with PPh and Py as the chelating
ligands, yielding the two mononuclear orthometatiacomplexesl and 2. Single X-ray
crystallography method was applied to characteheestructure of the compleéx showing a
monoclinic geometry for the Pd atom. The DNA bimgdiproperties of the prepared
complexes were checked out using fluorescence reigeopy, electronic absorption, and
viscometry measurements. The complex-CT-DNA intgvacfor the two complexl and 2
was via groove binding with the partial intercadati according to the results. The quenching
of BSA emission through the complex was of theistitrm, as shown by the reactivity
toward BSA. Site marker competitive analysis shoted the two Pd complexes could bind
to the BSA molecule in one site. The molecular dogkstudies also supported the above
results and successfully verified the interactioodm of the complex with DNA and BSA.
Cytotoxic activity of the Pd complexes against K&6®1 Jurkat cell lines demonstrated the
potent effect against K562 and Jurkat cancer sedkland confirmed the anti-tumor activity
of Pd compounds. Cell cycle analysis showed thattmplexes have significantly increased
the proportion of subG1 cells and effectively restlicGO-G1 cells implying the effect of
compounds on cell cycle arrest by decreasing ddiARontent and inducing cell death. The
binding distances with BSA based on the Fosteesy illustrated that the energy transfer

could occur from BSA to the ylide complexes.
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Figures captions

Scheme 1. (A) PPh, dichloromethane, 60 °C; (B) Pd(OAgcinethanol, room temperature, 24
h; (C) (PPBh), (Py), dichloromethane, room temperature, 12 h.

Figure 1. ORTEP diagram of the compléx

Figure 2: UV-Vis of the complex 1 (A) and the complex 2 (B)he buffer solution (5 mM
Tris-HCI/50 mM NaCl at the pH of 7.2). Ahrough adgiCT-DNA. [Complex] = 6 x 18
mol L'}, [DNA] = 6 x 10°mol L. The arrow shows that the absorption intensigesices
the enhanced DNA concentration. Supplement: Dei§iBNA]/[ ea -&f] vs. [DNA] for the
titration of the complexes with DNA.

Figure 3: Emission spectra of the DNA-MB set in the presesidbe complex 1 (A) and the
complex 2 (B). [DNA] = 6 x 10 M, [Complex] = 0-1 x 18 M, [MB] = 6 x 10°M. The
arrow demonstrates that the emission intensith@nged via increasing the complex
concentration.

Figure 4: CD spectrum of [CT-DNA] = (1 x I®&mol L) in the absence and presence of
[complexes] = (6 x 1O mol L) in the 5 Mm Tris HCI with the 50 Mm NaCl (pH 7.2)

Figure5: Plots of the changes of absorbance at 250 nmBNA] = (6 x 10° mol L) on
heating in the absence and presence of [compl€&]*=10° mol L) in the 5 mM Tris HCI
with the 50 Mm NacCl.

Figure 6: Emission spectra of BSA with the titration of t@mplex 1 (A) and the complex 2
(B). [BSA] = (6 x 10° M), [complex] = (0—6 x 18). The arrow displays the alteration by
enhancing the amounts of the complex. SupplemémsRf B/F vs [Q] x 16.

Figure 7: The effect of site markers, Eosin-Y (site I), ibofen (site 11) and digoxin (site 111)
upon the emission of the complex 1 (A) and the demp (B), as connected to BSA. [BSA]
= [site markers] = 6 xIfM; [Complex] = (0-6 x 19 M). (- - - - free BSA).

Figure 8: The lowest binding free energy conformation of tbenplex1 and BSA (A). The
three-dimensional representation of the interadbietween the complek and the interacted
residues. The green spheres present the hydrogeh(B. Solid spheres indicate the close
contacts and the yellow solid long lines represeoation andr—n stacking interactions (B
and C), respectively. The two-dimesnional repres@n of the interactions between the



complex1 and the residues prepared by LigPlet.4.4 software. Hydrophobic interactions
are indicated by the spoked arcs (D).

Figure 9: The lowest binding free energy conformation of tbenplex2 and BSA (A). The
three-dimesnional representation of the interadbietween the compleX and the interacted
residues. Solid spheres indicate the close contBgtg he two-dimensional representation of
the interactions between the compl@xand the residues prepared by LigPletl.4.4
software. Hydrophobic interactions, the hydrogendyaand the external bond are indicated
by the spoked arcs, the green dashed line andutipéedine, respectively (C).

Figure 10: The lowest binding free energy conformation of toenplex1 and DNA. The
groove binding mode of interaction is obvious (Ahe three-dimensional representation of
the interaction between the compléxand nucleotides. Solid spheres indicate the close
contacts, the yellow solid long lines represent tiret stacking interaction, and the green
spheres present the hydrogen bonds (B and C). whalitnesnional representation of the
interactions between the complex 1 and nucleotpiepared by LigPIdtv1.4.4 software.
Hydrophobic interactions are indicated by the splakes (D).

Figure 11: The lowest binding free energy conformation of toenplex2 and DNA. The
groove binding mode of interaction is obvious (Ahe three-dimensional representation of
the interaction between the complex 2 and nuclesticolid spheres indicate the close
contacts (B). The two-dimensional representatiothefinteractions between the compkex
and the nucleotides prepared by LigPletl.4.4 software. Hydrophobic interactions, the
hydrogen bond, and the external bond are indidayeithe spoked arcs, the green dashed line
and the purple line, respectively (C)

Figure 5. Dose-dependent cytotoxic activity of Pd complexexssus K562 and Jurkat cancer
cell lines (concentrations: -1, 1, 10, 25, 50 aA@ uM). Data are the average £ SD of three
independent analyses. All information representstartial differences from the untreated
control by p < 0.05.

Figure 13: Effects of ylide ligand and Pd complexes on cetlleyphases of Jurkat and K562
cell lines. Cells were cultured in the presencearhpounds at concentrations equal tgIC
values) for 48 h. After staining with propidium idd changes in cell cycle phases were
analyzed by flow cytometry. Cells treated only witMSO solvent at the highest
concentration used in the tests were considereggative control (C-). Data were
statistically analyzed by ongay analysis of variance and presented as meams#iatd error
of three independent experiments. **p<0.01, *pd@1 are for the percentage of cells
accumulated in subG1 phase compared to the negatnteol.

Figure 14: Flow cytometry analysis of the effects of ylidedigi and Pd complexes on cell
cycle phases of Jurkat and K562 cell lines. Histogy are representative of one experiment
out of three independent experiments.

Figure 6: The overlap region between BSA fluorescence andahgplex 1, 2 spectrum.
[BSA] = [Complex] =10uM.



Table 1: Selected bond lengths (A) and angles (°)

Table 2: The calculated amounts of, KM™) for the free complexes and the competition of
the site marker via testing the complex —BSA system

Table 3: The measured distance between the complex 1 vtk &d DNA residues. The
three-dimensional interaction mode of these noratemt interactions in this table is
indicated in the related figures.

Table 4: Cytotoxicity data (IC50) of the ylide ligand andlladium (lI) complexes against
K562 and Jurkat cancer cell lines
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Tablel

Atoms

Cl—Pd1

C37—Pd1

Cl1—Pd1

P2—Pd1

C25—P2

C31—P2

C19—P2

Bond lengths Atoms Bond angles
2.001 (4) Cl1—Pd1—C37 85.44 (16)
2.144 (4) Cl1—Pd1—P2 92.40 (12)
2.3828 (12) C37—Pd1—P2 167.50 (14)
2.3108 (12) Cl—Pd1—Cl1 171.31 (14)
1.834 (4) C37—Pd1—Cl1 88.41 (12)
1.821 (5) P2—Pd1—Cl1 94.91 (5)

1.823 (5)




Table?2

BSA BSA-Eosin-Y BSA-ibuprofen BSA-digoxin

Complex 1 1.59x10 6.2x10" 1.56x10 1.37x10

Complex 2 1.74x10 1.37x16 1.73x10 1.21x16




Table3

Bio-

Non-covalent

macr omolecule Interacting residue Bonding/I nteractions Distance
BSA Complex 1:UNK1:01-BSA:Arg10:HH | Hydrogen Bonding 2.1A
BSA Complex 1:UNK1- BSA:Lys261:NZ n-cation interactions 3.68
BSA Complex 1:UNK1-BSA:His3 n—x stacking interactions 5.8
DNA Complex 1:UNK1:01-DNA:DG4:N7 Hydrogen Bonding 2.8 A
DNA Complex 1:UNK1-DNA:DA5 n—n stacking interactions 48 A
DNA Complex 1:UNK1- DNA:DA6 n—n stacking interactions 54A
DNA Complex 1:UNK1- DNA:DA17 n—n stacking interactions 45A
DNA Complex 1:UNK1- DNA:DA18 n—n stacking interactions 52A




Table4

K562 Jurkat
Ligand 18.5+1 8.510.5
Complex 1 11.2+1 7.5%0.6
Complex 2 15.6+1 7.7£0.4
Cigplatin 19.4+0.9 25+1.2



» Thereactivity and coordination chemistry of phosphorous ylides are important.
» The complex was characterized by single crystal X-ray diffraction study.
» The complexesinteract with CT-DNA viagroove binding with partial intercalation.

» The complexes exhibit significant in vitro cytotoxicity against cancer cell lines.



