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Abstract

Two new arene compounds containing bis-diphosph&tbame (dppm) antert-butylpyridine
(tbp) ligands as important components in Ruthenihngomplexes were synthesized and
characterized by X-ray crystallography, and spscwpy of 'H-NMR, *C-NMR, 2D-NMR,
FTIR and CHN analysis. The synthesized complexee wealuated in vitro as anticancer agents
of human breast cancer cell lines, MCF-7 ad@€C-1937 using the MTT assayBoth
complexes showed an interesting behavior especiilyy compound of [Rpfcymene)
(dppm)C}). It exhibited anticancer activity against botkteal cell lines witlgreater IC50 values
than cisplatin against all breast cancer cellshBdCF-7 and HCC1937 cells exhibited 16-

fold sensitivity to thgRu(p-cymene)(dppm)G] compared to cisplatirkurthermorethe [Ru(p-



cymene)(dppm)G] complex significantly inhibited bothSaphylococcus  aureus
ATCC25923 ,and MRSA = methicillin - resistant Staphylococcus aureus with MIC/MBC
values of 8/20Qug. mL™* and 32/1284g. mL?, respectively. In addition, it showed inhibition
activity on Cryptococcus neoformans ATCC90113 flucytosine - resistant, CN90113, waimh

MIC/MBC value of 64/128g. mL™.
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1. Introduction

At the present time, some platinum drugs ldie-platin, carbo-platin and oxaliplatin are
commonly used in the treatment of numerous typesaater cells [1]. Nevertheless, these
kinds of drugs can cause side effects includingydedtion, risk of infection, kidney toxicity
and many other abnormalities [2]. Half sandwicthemium(ll)-arene complexes have been
widely investigated and challenged to develop tipbarmaceutical potential as anti-cancer
agents with lower toxicity to normal cells than tplam(ll) complexes. Half-sandwich
metallocenes are effectively used for medicinal lisppons. Various half sandwich
organometallic{® -arene)-ruthenium (Il) complexes with-cpmene ligands show promising
anticancer behavior [3-4]. A distorted psuedo-tetchal structure coordinated with p-
cymene to the ruthenium(ll) center, like the typiq@ano-stool” geometry, is of extensive
interest. Other coordinated bonds normally occuhwiinctional and chloro ligands. There
exist several types of functional ligands with Ngen [5], Oxygen [6], Sulfur [7] and
Phosphorus [8] donors. Most structures are dedigmée ionic complexes soluble in water
[9-10]. On the other hand, many neutral complexdésbé promise as anticancer drugs [11-
12] because they are kinetically stable, relatiMgpphilic, and their metal atoms are in
states of low oxidation [13]. Notable examplesanfticancer compounds are ruthenium
complexes consisting of diphosphine derivative g like 1,1-bis(diphenylphosphino)
methane (dppm) and 4,5-bis(diphenylphosphino)d®ethylxanthene (Xantphos).
Recently reported by Rodriguez-Barzano and cowsrket], they exhibited excellent IC50
values in nanomolar normoxic A2780 (human ovariarciooma) and HT-29 (human colon
carcinoma) cell lines. Their reported complexes lath in the form of neutral and ionic
structures of chelating bidentate diphosphine ligaiNevertheless, no study has been carried

out of the monodentate bonding of this kind of tiga



Here we present the synthesis and structure detatiom, by single crystal X-ray diffraction
and spectroscopic techniques, of half sandwichrakabmplexes of organometallic Ru(ll)-
p-cymene with two different kinds of P and N-donogalnds of 1,1-bis(diphenyl
phosphino)methane (dppm) atat-butylpyridine (tbp), respectively. The complexesvé
general structures of [Ru(p-cymene)(LJClwhere (L) = dppm and tbp and (p-cymene)®=
p-cymene. As a consequence of their particular chanstructure, dichloro ligands are
believed to display similar activity to tloes-dichloro motif of the well-established anticancer
drug cisplatin. We investigated the ability oésle two complexes to inhibit the growth of
the breast cancer cell lines MCF-7 and HCC-1931, also their anti-bacterial and anti-
fungal activities . The [Ru(p-cymene)(dppmjGlomplex is more encouraging than pyridine

ligand andcis-Platin for the treatment of breast cancer.

2. Experimental Section
2.1 Materials

The chemicals of [RuGh®-p-cymene)(-Cl)], were purchased from Merckiert-
butylpyridine (tbp) was obtained from Sigma-Aldrickhe tetrahydrofuran, diethyl ether and
acetonitrile solvents were reagent grades from RBkcan and used as received without any

further purification.
2.2 Instrumentation

The melting points were determined using a Thom&OMER, Unimelt 0-360°C

apparatus. FTIR spectra (KBr disk, 46@00 cnt') were recorded with a BX PerkinElmer

FTIR spectrophotometeld NMR data were measured using a CP&llvent with a Bruker



300 MHz NMR spectrometer. Tetramethylsilane (TM@pwsed as an internal standard. The
orange single crystal of [Ru(p-cymene)(dppm)®@as obtained by recrystallization and the
diffraction collected with a Bruker APEX-1I CCD diactometer with graphite-
monochromated Mo & radiation §= 0.71073 A), 33925 reflections. The diffractiontala
were obtained by SMART, SAINT v8.34A and SADABS [1bhe structure was solved by
ShelXS [16]. The anisotropic thermal parametersewmafined to all non-hydrogen. All
hydrogen atoms were placed in calculated, ideatipns and refined using a riding model.
TheOlex2 [17], WinGXv2014.1 [18] andMercury3.8 [19] programs were used to prepare the
materials and molecular graphics for publicationrystallographic data of [Ru(p-
cymene)(dppm)G] has been deposited at Cambridge Crystallograprata Center via
http://www.ccdc.cam.ac.uk/ data_request/cif (omfrthe Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB21EZ, U.K.; fax4 1223 336 033 or emalil
deposit@ccdc.cam.ac.uk) with the CCDC1486230 andeareceived upon request. The X-

ray data are reported as supplementary crystalibge data.
2.3 Synthesis pathway

The complexes of [Ru(p-cymene)(dppnpCGind [Ru(p-cymene)(tbp)gll were synthesized
in the same procedure. The starting material ofJIRp-cymene))i-Cl)]. dimer (0.1837 g,
0.3 mmol) was dissolved in warm THF (15 mL) anidretl continuously for 1 hour. The
dppm (0.192 g, 0.5 mmol) or tbp (0.2 mL, 1.2 mmigiands were slowly added to the warm
(40°C) Ru(ll) dimer solutions. Diethyl ether (5 mL) wadded for precipitation. The solution
was kept at room temperature for over one week.n@#raprecipitates of [Ru(p-
cymene)(dppm)G] and brownish-orange precipitates of [Ru(p-cymébe)Ch]) were
obtained. The products were filtered and washedetwiith diethyl ether and the synthesized

complexes crystallized in a mixture of THF.ethykate (2:1 ratio) after a week. The



resulting crystals of [Ru(p-cymene)(dppmyClvere separated and dried under vacuum. The

obtained complexes are readily soluble in DMSO.
2.3.1 Synthesis of [Ru(p-cymene)(dppn3)ClI

Yield : 69 %. Melting point: 178-188C. Anal Calcd for RugHssP.Cl, (690.55): C,
60.87; H, 6.02. Found: C, 60.21; H, 6.22. IR: 2985-H), 1436 YC=C), 1094 ¢P-Ph), 800
(5C-H para disubstituted benzene), 70B-C) cm'. *H NMR (300 MHz, CDCJ) 12 signals:
3 (ppm): 7.61(dd, 4H,Jun = 6.3 Hz), 7.21 (t, 2HJuy = 7.2 Hz), 7.10 (t, 4H)uy = 6.6 Hz),
5.15 (d, 2H,Juy = 6.0 Hz), 4.90 (d, 2H)uy = 5.4 Hz), 4.60 (d, 4Hluy = 7.3 Hz), 3.75 (¢,
4H, Juy = 6.5 Hz), 2.47 (M, 4Hluy = 6.9 Hz), 1.91 (s, 3H), 1.85 (t, 2By = 6.5 Hz), 1.71

(s, 2H), 0.94 (d, 6HJy = 6.9 Hz).
2.3.2 Synthesis of [Ru(p-cymene)(tbpCl

Yield : 61 %. Melting point: 178-188C. Anal Calcd for RugH26NCl, (690.55): C,
51.70; H, 6.17; N, 3.17. Found: C, 51.48; H, 6.883.13. IR: 3073C-H, aromatic ring),
2958 (C-H, alkyl) , 1617 YC=C), 835 §C-H para disubstituted benzene) tmH NMR
(300 MHz, CDC}) 8 signalsd (ppm): 8.81(d, 2H,Jyn = 6.3 Hz), 7.23 (d, 2HJyn = 7.2 Hz),
5.38 (d, 2HJun = 6.0 Hz), 5.20 (d, 2H)uy = 5.4 Hz), 2.93 (M, 4H)uy = 6.9 Hz), 2.06 (s,
3H), 1.24 (d, 2HJun = 6.5 Hz), 1.23 (s, 2H}’C NMR (300 MHz, CDGJ): 163, 115, 122,
103, 97, 83, 77, 35, 30, 27, 18 ppm. Fi@ NMR spectrum was assigned on the basis of the

proton-decoupled’C and the HMQC, DEPT 135, DEPT 90 spectra (Suppi¢ang data).

2.4 Antibacterial assay

All  compounds were dissolved in dimethyl sulfoxidend tested against

Saphylococcus aureus ATCC25923, a clinical isolate of methicillin-resst S. aureus



(MRSA) SK1, andEscherichia coli ATCC25922 by a microdilution method involving a
modification of Clinical and Laboratory Standaradstltute (CLSI) MO7-A9 [20]. The MICs
are the lowest concentration of synthesized comg®unith visible growth inhibition.
Synthesized compounds of higher concentrations tihe MIC, and the MIC were streaked
onto a nutrient agar plate and incubated under opo@ite conditions. The lowest
concentration of compounds showing no growth wasmded as the MBC. Vancomycin and

gentamicin were used as standard antibacteriatsf@npositive inhibitory controls.

2.5 Antifungal assay

The MICs of synthesized compounds were determingda bmodification of the
microbroth dilution CLSI M27-A3 [21] against yeasfCryptococcus neoformans
ATCC90113) and a modification of the microbrothutibn CLSI M38-A2 [22] against a
clinical isolate ofMicrosporum gypseum MU-SH4. Microtiter plates were incubated afG5
for 48 h forC. neoformans. The MFCs of the active compounds were determinedhb
streaking method on Sabouraud’s dextrose agar. Atephin B was used as a positive

inhibitory control for the yeasts.

2.6 Cell culture

Human breast adenocarcinoma cell lines, includinGFVf (BRCA1 wild type,
estrogen receptor (ER) positive) and HCC1937 (BR@Adant, triple-negative breast cancer
(TNBC)) were purchased from the American Type QultGollections (ATCC, Rockville,
MD). MCF-7 cells were grown in Dulbecco’s modifiesgle’s medium (DMEM) without
phenol red, while HCC1937 cells were grown in Rdswark Memorial Institute 1640
medium (RPMI 1640) without phenol red. Both mediarevsupplemented with 10% fetal
bovine serum (FBS) and 1% penicillin-streptomyéit.cell lines were cultured at a constant

temperature of 37°C in a 5% carbon dioxide fCiaumidified atmosphere.



2.7 In vitro cytotoxicity assay

The cytotoxic effect of both complexes on MCF-7 &C1937 cells was performed
by the tetrazolium salt reduction (MTT) assay. Teousand cells were plated in each well
of 96-well culture plates and grown at°87in 5% CQ. After 24 h of seeding cells, the
medium was removed and cells were treated withewdifft concentrations of the two
complexes. [Ru(p-cymene)(dppm)Casdissolved in 1% DMSO at final concentratiofis o
0.01, 1, 5, 10,50 and 100 uM an&Ru(p-cymene)(tbp)Gl was dissolved in 1% DMSO at
final concentrations of 100, 200, 500, 1000 and®2@™. The cells were then incubated at
37°C in 5% CQ for 48 h, after which each well was washed twictn k00 pl of phosphate
buffered saline (PBS). Then 100 pl of 0.5 mg/ml 3{4,5-dimethylthiazol-2-yl]-2,5
diphenyltetrazolium bromide was added and the platere further incubated at €7 in 5%
CO;, for 4 h. Subsequently, the medium was removed28@dul of 100% DMSO was added
to dissolve the purple formazan crystal. The albmuwb of each well was determined
spectrophotometrically at 570 nm. The percentageebiviability was calculated as follows,
% cell viability = (absorbance of the ruthenium gdex treated cells)/(absorbance of the
vehicle treated cells) x 100. The inhibiting cortcation of each ruthenium complex that
reduced the number of viable cells to 50%s¢Cwas derived by plotting log of the
percentage cell viability versus concentration. UReswere derived from four independent

experiments each performed in at least triplicate.

Data are expressed as the standard error of tha (@&aE.M.). Statistical analysis
comparisons of the significant differences betw#®n mean values was performed using
one-way ANOVA. A probability of 0.01 or less wasetieed statistically significant. The

following notation is used throughout the manuscrig<0.01, relative to the control.



3. Results and Discussion
3.1 Synthesis and characterization

Two novel ruthenium(ll) complexes [Ru(p-cymeneapCh] and [Ru(p-
cymene)(tbp)CGl were synthesized by the reaction of [RuCl((p-cye@u-Cl)]. with the P
and N donors of 1,1-bis(diphenylphosphino) methamed tert-butyl pyridine in

tetrahydrofuran, respectively (scheme I).
<< Scheme | >>

The elemental analysis data of both complexes sporeded to the theoretically
calculated values. The differences of C, H and M [Ru(tbp)(p-cymene)G] complex)
percentages between the calculated and experimaitas deviate within 0.04-0.6 %. The
FTIR spectra displayed some characteristic peaksh& 1600-700 cth region (see
supplementary data, S1). The [Ru(p-cymene)(dppshx@mplex exhibited the stretching
modes of P-C(Phenyl) at 520 ¢rand 490 cnt corresponding to the frequencies reported by
Jensen and Nielsen, 1963 [23]. P-C(alkyl) streigHrequencies appeared in the range of
700-1100 crit. The [Ru(p-cymene)(tbp)glcomplex showed the stretching modes of C=C
and C=N in the pyridine ring in the region of 14P20 cni. Importantly, these peaks do
not exist in the FTIR spectrum of the starting mate[RuCl(p-cymene){-Cl)]., which is
evidence that the functional ligand coordinatedhwithe Ru(ll) center. The vibrational
frequencies of C=C and C=N were compared with tee fitert-butylpyridine which are in
the range of 1500-1700 ¢m A shift of ca. 100 cn was observed. This red shifting
frequency may be a result of the decrease of C=€ @nN bond ordercaused byre-
backbonding from the d-orbital of Ru(ll) to tm& orbital of the pyridine moiety. Likewise,
the C-P stretching mode of [Ru(p-cymene)(dppn])Gl different from its free dppm ligand

(1000 cni [24]) for almost 500 cfh.



For 'H-NMR spectra (see supplementary data, S2) of bothplexes measured in
CDCls, the prospective resonances are detected fopthgngene) and the functional ligands
of dppm and tbp. In consequence of the coordinadiothe functional ligands, downfield
shifts of 0.15-0.25 ppm of the ligand ring protarg noticed in comparison with the free
ligands. Likewise, downfield shifts were also fouiad the coordinated (p-cymene) in both
complexes compared to th@cymene ligand in RuCl(p-cymeng)Cl)], complex. The
chemical shifts are presented in the experimentatian. The*C-NMR spectra (see
supplementary data, S3) of [Ru(p-cymene)(tbg])&le in good agreement with the resonance

signals of its structure.

The structure of the [Ru(p-cymene)(dppm)CGlomplex was determined by single
crystal x-ray diffraction. Its molecular structusrgth atom numbering is displayed in Figure
1, selected bond lengths and angles are given loheTh The crystal structure of [Ru(p-
cymene)(dppm)G] is a triclinic system with &-1 space group. The mononuclear complex
of Ru(ll) is in four coordinations witht conjugated carbons in cymene, and in dppm through
one of the phosphorus atoms and two choro ligahds gshe piano-stool distorted psuedo-
tetrahedral geometry. The Ru-C(p-cymene) lengthsbatween 2.161(4)and 2.23588)the
average distance between Ru(ll) and the centroiti@p-cymene ring is 1.6941(16) A: and
the average length of Ru-Cl is 2.4095(9) A. All shemeasurements are similar to the
relevant complexes in [25-26]. The length of RisP.350(8) A which is also close to the
other compounds [27-28]. The bond angles aroundl)Rare in the range of 82.45(3)0
160.65(10). The largest angle can be observed in the C(2RR- It is probably due to the
steric bulk of the phosphinomethane groups. Innfudecular structure, intramolecula Tt
stacking is observed of the two opposed phenylsrimgthe dppm ligand. The centroid-
centroid distance is 3.955(3) A as shown in Figurén addition, there is intermoleculssTt

stacking of two dppm phenyl rings amért stacking between the cymene and dppm phenyl



rings of two alternate adjacent molecules (FigyreTis stabilizes the crystal packing with a
centroid-centroid (Cg5---Cg5) distance of 4.328%3)The et stacking between the cymene

ring (Cgl) and the phenyl ring (Cg2) of dppm, CgGg2 stabilizes at 4.460(2) A.

In addition, the intermolecular contacts in thekpag were studied by Hirshfeld
surface analysis. The Crystal Explorer program ff\&tlal., 2012) [31] was used to generate
Hirshfeld surfaces mapped oveékom The mapping ofd,om was used to analyze the
intermolecular contact distance,andd. , from the Hirshfeld surfaces between the nearest
atom inside and outside molecules, respectivelyshfield surfaces mapped ovékom,
shown in Figure 3, reveal a pair of hydrogen-borefgesenting acceptors on the surfaces
and they are shown as bright-red spots at Cl12HE---CI1(#1) and at CI2 of C3-H3---
Cl2(#1) with distances of 3.725(4) and 3.529(4Ydspectively (for symmetry operation #1 :
-X,1-y,1-z). Two-dimensional fingerprint plots (Radt al., 2008) [32] are shown in Figure 4
as the combination ade andd; and provide a summary of intermolecular contactshie
crystal. The overall two-dimensional fingerprinopls depicted in Fig. 4a, and those for the
contacts of H---H , H---CI/Cl|---H, C---H/H---C arshown in Fig 4b-d. The greatest
contribution to the overall Hirshfeld surface, i#.8%, is provided by H---H contacts in
crystal packing. The contribution of 9.9 % from the-CI/CI---H contacts corresponds to the
C—H---Cl interactions, which are represented by pf asymmetric spikes dt + d; ca 3.2
A ° (Fig. 4c). The asymmetrical peaks of the dedited finger print plot of Figure 4d,
indicate C---H/H---C contacts with 14.3% + d; ca 3.6 A, representingt1t stacking

interactions in crystal packing.
<< Table 1 >>
<<Figure 1>>

<<Figure 2>>



<<Figure 3>>
<<Figure 4>>
3.2 Absorption

The absorption spectra of the [Ru(p-cymene)(dppgh)@hd [Ru(p-cymene)(tbp)¢ll
complexes (Figure 5) in chloroform were measuredthe range of 200-800 nm. The
absorption bands of [Ru(p-cymene)(dppm)@hd [Ru(p-cymene)(tbp)gllcomplexes in the
visible region appear at the maximum wavelengthalfforption at 397 nm and 420 nm,
respectively, providing low molar extinction coefénts (< 1,700 Mcm™) which are
ascribed to d-d transition of Ru(ll). In contrastyt* transition with high molar extinction

coefficients (> 10,000 Mcm?) is to be found in the non-visible UV region.
<<Figure 5>>
3.3 Antimicrobial activity of the [Ru(p-cymene)(dppCl,] and [Ru(p-cymene)(tbp)gll
complexes

Using the agar microdilution method, we testedahgmicrobial activity of the two
studied compounds against three types of bacteamelyS aureus (SA), methicillin -
resistant S aureus (MRSA) andE. coli ATCC25922 (EC). Growth inhibition was compared
with that of the antibacterial drugs, vancomycidl gentamicin. In addition, we measured the
antifungal activity of the complexes against ongetpf yeast@. neoformans ATCC 90113).

A comparison of these results with those producgdthe standard antifungal drug
amphotericin B is presented in Table 2. No actiwigs found from checking against each

tested organism.



The [Ru(p-cymene)(dppm)gl complex shows antibacterial activities at
concentrations < 3249. mL™. However, the [Ru(p-cymene)(tbp}lcomplex does not
exhibit such activities in the studied system. Témults imply that the dppm ligand may have
a strong influence on the bacterial growth inhdmtimechanism not shown by the free
ligand. The [Ru(p-cymene)(dppm}Icomplex significantly inhibited Saphylococcus
aureus ATCC25923, MRSA = methicillin - resistant Staphylococcus aureus with MIC/MBC
values of 8/200 and 32/128). mL?, respectively. The variation in the antimicrotaativity
of the free ligand and the different metal compseagainst the different microorganisms is
due either to the differences in the ribosomeseicrobial cells or the impermeability of
the microbe cells. It is worth noting that chelatis able to increase the ability of the
complexes to permeate the microorganism cell menelsry decreasing the polarizability of
the metal, as explained by Tweedy’s chelation hg¢@8]. The [Ru(p-cymene)(dppm){I
has a more lipophilic structure than that of thei(fRcymene)(tbp)G] due to the extra
phenyl rings in the diphosphinomethane group. faten through the cell walls of bacteria
is, therefore, much more possible than it is witle {Ru(p-cymene)(tbp)g]l complex,

leading to greater inhibition of bacterial growth.

The data obtained from the experiments suggesttdhb [Ru(p-cymene)(dppm)4L|
compound exhibits mild to good antifungal activitgterestingly, the compound was more

effective against bacteria than against fungi.
<< Table 2 >>
3.4 Anticancer activity

The antiproliferative property of the new ruthen{lijarene complexes, [Ru(p-
cymene)(dppm)G] and [Ru(p-cymene)(tbp)ellwere tested in two different human breast

cancer cells using the MTT assay. The percentagelb¥iability was assessed as shown in



Figure 4 and 5. As can be seen in Figure 6, foh égee of breast cancer cell, the observed
cell growth inhibitory effect of [Ru(p-cymene)(dpp@i,] varied at similar concentrations.
The same results for the [Ru(p-cymene)(tbg)CGlomplex show clear differences at
concentrations from 100 uM to 1000 uM, and no v@anmaat concentrations from 1000 pM
to 2000 uM. Representative results showed thapéneentage cell viability of both breast
cancer cells decreased as concentrations of [Ruffene)(dppm)G] and [Ru(p-
cymene)(tbp)Gl increased. The cytotoxic activities of the rutivem complexes, compared
to cisplatin, were determined as thesdalues and are summarized in Table 3. Both
ruthenium complexes can inhibit breast cancer gefiwth, but with different cellular
responses. Interestingly, [Ru(p-cymene)(dppnj)Clexhibited significantly greater
cytotoxicity than [Ru(p-cymene)(tbp)fflagainst cells of both cisplatin-resistant MCFadtla

cisplatin-sensitive, BRCA1l-defective HCC1937 .

A feature of the antiproliferative activity studiavas tested as chemotherapeutic agents
candidates for both cisplatin-resistant, BRCAl-cetept MCF-7 and cisplatin-sensitive,
BRCAL1-deficient, triple-negative HCC1937 cells I ttwo ruthenium(ll) arene complexes
with different ligands, [Ru(p-cymene)(dppm)Chnd [Ru(p-cymene)(tbp)gll as shown in
Figure 6, 7 and Table 3. Both ruthenium complexested cytotoxicity against both breast
cancer cells in a concentration-dependent manherag of interest that the cytotoxicity of
[Ru(p-cymene)(dppm)@]  was clearly greater than that of cisplatin or u(®
cymene)(tbp)CGl against all breast cancer cells. Both MCF-7 andCH937 cells were
16times more sensitive to the [Ru(p-cymene)(dppsh)@ian to cisplatin. Compared to
cisplatin, [Ru(p-cymene)(tbp)g}lwas less cytotoxic to the same cells by factérssoand 16
respectively. Compared to [Ru(p-cymene)(dppr])@ was respectively 247 and 275times
less cytotoxic. The greater cytotoxicity of [Ru(preene)(dppm)CG] may be attributed to the

larger size and surface area of its structure aedeffect that has on the activity of the



coordinated diphenylphosphino ligand. The hydroptiob of the complex, and itSt
extended system could also be associated withupgerer uptake into breast cancer cells
[24.] These results agree very well with a previstiedy which showed that ruthenium(ll)
complexes containing 1;bis(diphenylphosphino) ferrocene (dppf) exerted eahanced
anticancer activity against S-180 murine asceticasaa 180, DU145 human prostate
carcinoma, K562 chronic myeloid leukemia and A54@8nan lung carcinoma [25]. It was
also interesting that HCC1937, known to be a BRGafective (5382insC mutation) cell
line lacking an estrogen receptor (ER), was sigaiftly more sensitive than the BRCA1-
competent MCF-7 cell line. Ruthenium sensitivitythe BRCAl-mutated cells might be
related to dysfunctional BRCAL that is unable tpaie DNA damage induced by [Ru(p-
cymene)(dppm)G] treatment, ultimately leading to breast cancell death [26-29].
However, the precise molecular mechanisms of aatiothis ruthenium(ll)-arene complex
remain largely unexplored and are of great intef@sfurther investigation. Our results are
the first evidence of the anticancer activity ofu[B-cymene)(dppm)G] against both
cisplatin-resistant and BRCA1-defective breast eamells. Therefore, the ruthenium(ll)
arene complex containing diphenylphosphino ligamiild be a promising therapeutic

ruthenium-based agent for breast cancers.
<< Table 3 >>
<<Figure 6>>

<<Figure 7>>



4. Conclusion

The structures of half sandwich [Ru(p-cymene)(dpieh and [Ru(p-cymene)(dppm)gl
complexes are pseudo-tetrahedral distorted geomethe [Ru(p-cymene)(dppm)gl
complex presents as a promising powerful anticaagainst MCF-7 and HCC1937 breast
cell lines with a lower 16 than that of cisplatin, while [Ru(p-cymene)(tbpj&hows much
lower activity. It is favored by the diphosphinggdnd more than the pyridine moiety.
Although the mechanism of the inhibition of growthn cancer cells is not yet well
understood, the binding of synthesized rutheniumpmexes to DNA cancer cells is the main
reason for their anticancer effect. Chloro ligaadslabile which can cause further hydrolysis
and allow Ru(ll) to attach to base pairs of DNA @amcells. The [Ru(p-cymene)(dppm)ClI
exhibits moderate to good activity against SA arlRIA bacteria but only weak inhibition of

CN yeast growth.
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Table 1 Selected bond lengths (A) and bond an(flesf [Ru(p-cymene)(dppm)gll complex

Ru(1)-P(1) 2.3500(8)
Ru(1)-ring centroid 1.6941(16)
Ru(1)-CI(1) 2.4150(9)
Ru(1)-CI(2) 2.4040(9)
P(1)-C(11) 1.825(3)
P(1)-C(17) 1.823(4)
P(1)-Ru(1)-CI(1) 87.85(3)
P(1)-Ru(1)-CI(2) 88.78(3)

Table 2. Antimicrobial activity levels of [Ru(p-cymene)(dpp@i;] and [Ru(p-

cymene)(tbp)GJ complexes and starting materials in dmso.

Bacteria (1g/mL) Yeast (1g/mL)

Compounds SA MRSA EC CN90113

MIC MBC MIC MBC MIC MBC MIC MFC
[Ru(dppm)(pcymene)Gl | 8 200 32 128 NA NA 64 128
[Ru(tbp)(p-cymene)Q@] NA NA NA NA NA NA NA NA
[[RuCl((p-cymene))- NA NA NA NA NA NA NA NA
Chlal
dppm NA NA NA NA NA NA NA NA
tbp 0.5 NA NA NA NA NA NA NA
Vancomycin - 1 1 2 - - - -
Gentamicin - 1 1 - 0.5 - - -
Amphotericin B - - - - - 0.25 0.5

SA = Saphylococcus aureus ATCC25923 , MRSA = methicillin - resistan®aphylococcus aureus, Escherichia coli
ATCC25922, CN90113 €ryptococcus neoformans ATCC90113 flucytosine - resistant MIC = minimummhibitory
concentration ((g/mL) , MBC= minimum bactericidal concentratiopg(mL) , MFC= minimum fungicidal concentration

(ng/mL), NA = non active



Table 3. ICso mean values (uM) for [Ru(p-cymene)(dppm]CIRu(p-cymene)(tbp)G], and
cisplatin against MCF-7 and HCC1937 cells afteth4@f treatment. (All data are the mean

and standard errors obtained from four independepériments, each performed in at least

triplicate)

1Cs0 (UM)
Metal complexes
MCF-7 HCC1937
Cisplatifi” 422+8" 23.4+7"
[Ru(p-cymene)(dppm)gll 26+0.2" 1.4+0.3"
[Ru(p-cymene)(tbp)Gl 642.6 +6.6" 385.1 +5.3"

Statistical significance differences are indicabgd p<0.01, compared to the dgvalues of
the same complex on cell lines, anpk0.001, compared to the d§values of the complexes

on each cell line.
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Scheme 1. Synthesis of the [Ru(dppm)(p-cymenejCland [Ru(tbp)(p-cymene)¢ll

complexes.
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Figure 1. An ORTEP structure of [Ru(p-cymene)(dppm)Complex with atom numbering



ACCEPTED MANUSCRIPT

: intra-n---n stacking
[Cg2---Cg4 = 3.955(3)A]

- 1 inter-n--n stacking
[Cg5---Cg5 = 4.328(3)A)]

- ! inter-n---w stacking
[Cg1--Cg2 = 4.460(2)A]

Figure 2. The packing interactions of [Ru(p-cymene)(dppra)Cbmplex



Figure 3. Hirshfeld surface analysis mapped for [Ru(p-cym@mm)Ch] complex over

d norms showing hydrogen bonds of C-H---Cl with idsigring molecules.
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Figure 4. Two-dimensional fingerprint plots of [Ru(p-cyme(@pm)Ch] complex:

(a) overall interactions and pictured into conttibas from different contacts, (b) H---H ,

(c) H---Cl/CI---H and (d) C---H / H---C, respectiye
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Figure 5 Normalized absorption spectra of [Ru(p-cymene)fd)ipl,] and

[Ru(p-cymene)(tbp)C]
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Figure 6. Antiproliferative effect of [Ru(p-cymene)(dppm}bn human breast cancer cells
using the MTT assay. MCF-7 and HCC1937 cells weyatéd with various concentrations of
[Ru(p-cymene)(dppm)G] at 37C in 5% CQ for 48 h. Each result point was the percentage

of cell viability mean values + standard error at¢a from four independent experiments.
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Figure 7. Antiproliferative effect of [Ru(p-cymene)(tbp)Zlon human breast cancer cells
using the MTT assay. MCF-7 and HCC1937 cells wezatéd with various concentrations of
[Ru(p-cymene)(tbp)G] at 37C in 5% CQ for 48 h. Each result point was the percentage of

cell viability mean values + standard error obtdifrem four independent experiments.



Highlight for review

Synthesis, X-ray structure of organometallic ruthenium (11) p-cymene complexes based

on P- and N- donor ligands and their in vitro antibacterial and anticancer studies

Various organometallic (n® -arene)-ruthenium (I1) complexes with half sandwich of p-
cymene ligand offer a promising behavior of medicina applications like anticancers and
antibacterial activities. The monodentate bonding of 1,1-bis(diphenylphosphino)methane
(dppm) to ruthenium(ll) complex in the model of [Ru(p-cymene)(dppm)Cl;] was
synthesized. It showed the biological activities of the growth inhibition of breast cancer cell
lines (MCF-7 and HCC1937) with satisfied 1Cso values which are lower than that of cisplatin
drug for over 16-folds. The result was aso compared to the complex of [Ru(p-
cymene)(tbp)Cl,] ; thp = tert-butylpyridine. It was found that the pyridine complex showed
much lower activity than it is with the diphosphino complex. In addition, the complex of
[Ru(p-cymene)(dppm)Cl,] significantly inhibited Staphylococcus aureus ATCC25923,
MRSA = methicillin - resistant Staphylococcus aureus with MIC/MBC values of 8/200 and
32/128 11g. mL™, respectively while the [Ru(p-cymene)(tbp)Cl,] complex showed none of

inhibition.



