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Abstract

A series of four new, cyclometallated ruthenium(@®mplexes was synthesized from
3-acetyl-8-methoxy-2H-chromen-2-one functionalizgll)- substituted thiosemicarbazones
and characterized through various spectral andyticel methods. The molecular structures
of the complexed, 2 and4 were determined by single-crystal X-ray diffractianalysis,
which confirmed that the complexes possess a thstactahedral geometry with the ligands
coordinating in a dibasic tridentate fashion viaNCand S atoms. DNA [Calf Thymus DNA
(CT-DNA)] and protein [Bovine Serum Albumin (BSAxé Human Serum Albumin (HSA)]
binding studies indicated an intercalative modéiofling with DNA and static quenching
mechanism with proteins. The compounds cleaved npthsDNA (pBR322) without
application of any external agent and acted weftees radical scavengers. A good spectrum
of antimicrobial activity was observed against ftwacterial and five fungal pathogens. Two
cancerous cell lines, MCF-7 (human breast cancet)Ab49 (human lung carcinoma) were
employed to test theim vitro cytotoxic activity using MTT assay. The complexés4)
showed better activity with lower kgvalues overisplatin. Further non toxic nature of the
complexes have been examined with human normatikecgte cell line HaCaT. Further,
the results of Lactate dehydrogenase release (ldddE)Nitric Oxide (NO) release supported
the cytotoxic nature of the compounds. The resuiitall the biological studies carried out
implied that the compleR bearing an ethyl substituent was observed to bbdke
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1. Introduction

Development of structurally novel and biologicaflgplicable transition metal complexes is
of paramount importance in the field of inorganisearch. Increasing attention is on
producing metal mediated drugs, primarily with miai side effects and of highly targeted
delivery [1]. Thiosemicarbazide is one such ligaydtem whose diverse applicatiovig.
antitumor, antifungal, antibacterial, antiviral, tiparasitic, etc., have attracted numerous
chemists and their activities were found to impraygwn complexation with metals [1-6].
They usually have two coordination sites (N anda&) a possibility of an additional donor
site greatly enhances their biological and catalgttivities [7]. These Schiff base ligands act
as chelating agents and can offer a variety ofdioation modes [8]. Coumarin derivatives
condensed with thiosemicarbazides provide the akaie additional donor site and exhibit
noticeable activities. It is a naturally occurrimgmpound widespread in plants. Their
anticoagulant and antithrombotic actions were clity proven. Investigation on coumarin
compounds also revealed that they possess antiadctantifungal and anticancer
properties [9,10]Coumarin derivatives target a number of pathwaysaimcer cells such as
cell cycle arrest, antimitotic activity, inhibitioof kinase, angiogenesis, heat shock protein
(HSP90), telomerase, carbonic anhydrase, etc [@ohiocin, clorobiocin and coumermycin
A; are some of the commercially available coumarisebdaantibiotics [11,12]. Since
coumarins and thiosemicarbazides are individuaitiva in biological processes [2,3,13], the
complexation of coumarin thiosemicarbazones wittmetal would certainly end up in
increased activity. The drawbacks observed witplatin made the chemists to search for
new metal drugs and ruthenium complexes are foarukta better alternative for platinum
since it can avail different coordination modes][Bable oxidation states and mimic iron in
binding with biomolecules [15,16The synthesis of NAMI-A [17], KP1019 [18], NKP-1339
and their clinical trials in anticancer treatmedépicts the effect of ruthenium complexes in
chemotherapy [19,20]. Although the potential ohertium complexes in therapy is assured,
a thorough understanding of their unique modesctbm, identification of their biological
targets and improving their selectivity are needbt focused still [21]. Demoret al
evidenced the anti-trypanosomal [22] and anti-tumactivities[21] of organoruthenium
thiosemicarbazone complexes in two separate wdtksumber of articles are available in
displaying the cytotoxic nature of ruthenium(ll) neplexes, including those reported by
Garza-Ortizet al [23], Juinn Chowet al [24] and Changt al [25].



The potentiality of reported ruthenium compounalschemotherapy triggered us to
develop new ruthenium based complexes. Our seasthted in the synthesis and evaluation
of biological activities of 3-acetyl-8-methoxy coanm thiosemicarbazones appended Ru(ll)

complexes.

2. Results and Discussion

2.1. Synthesis and Characterization

The cyclometallated ruthenium(ll) complexes wer¢aoted by the direct reaction of the
3-acetyl-8-methoxy-2[H]-chromene-2-oneN){substituted thiosemicarbazonésl 1) with
[RUHCI(CO)(PPh)3] in benzene under reflux conditions, as mentiome&cheme 1. The
complexes were characterized by IR, elemental apalyUV-Visible,'H and **C NMR
spectroscopic techniques. The structures of thepteas {, 2and4) were confirmed by X-
ray crystallography. The ligands were observed ndeogo C—H activation at the ortho
position of HC-C=N, leading to the formation of a five-memberatiacycle and behaved as
a dibasic tridentate donor. The new complexiesd)( were stable to air and light, non-
hygroscopic in nature and were soluble in commorgamic solvents such as
dichloromethane, chloroform, benzene, acetonitet®anol, methanol, dimethylformamide
and dimethylsulfoxide and the complexes were stabl@queous solutions such as 1%
aqueous DMSO, phosphate buffer—-DMSO (99:1) and-H@s-DMSO (99:1), which was
confirmed by UV-Vis spectroscopic techniques (B).
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Scheme 1. Synthesis of new Ruthenium(ll) Complexes

The IR spectral bands of the new ruthenium(Il) claxes (-4) were observed in the
ranges 1590-1598 cihfor C=N stretching vibratiorj26] and 729-752 cit for C-S stretch
[26,27]. The strong band that appeared around 1988 cm*was assigned to the terminally



coordinated carbonyl group of the complefe4[26]. In addition, vibrations corresponding
to the presence of triphenylphosphine also presethie region 1407-1434, 1089-1090, 694-
696 cm' [20,27].

The electronic spectra of the complexes displdyeadd and weak absorption bands
in the region around 244-397 nm. The absorptioreiesl at 244-279 nm is most likely due
to a transition involving only ligand orbitala/f*and nft*) [28]. The bands appearing at
around 318-324 nm were assigned to ligand to nuétaige transfer transitions [7]. The

absorption at 397 nm is probably due to metalgand charge transfer transitions [27,28].

The'H-NMR spectra of the complexes recorded in DMSOwsftball the expected
signals (Fig.S2-S5). In the spectra of complexed),( a singlet appeared in the range
of 5 1.88-2.09 ppm has been assigned to the N=G-@blp protons [29]. Th&H-NMR
spectra of the complexes confirmed the deprotamatidhe C4-H and hydrazinic N(2)H protons
of the ligandsH,L** signifying the coordination of ligands in the amio form after
deprotonation at C4 carbon atom of the pyrone aimg) enolization and deprotonation of the
-NH-C=S group prior to coordination of thiolate glir atom [26,27] respectively. All the
aromatic protons resonated in the expected rangé 0fl5-7.59 ppn{7] and a singlet
corresponding to the —OGHyroup occurred aroundl 3.79-3.91 ppm [30]. A broad singlet
appeared ai 5.74 ppm owing to the Ntprotons forl. In the spectra of the complex2s3
and4, a quatret, triplet and singlet were observed G09-6.295 6.63-6.68 an@ 8.49 ppm
respectively due to the terminal —NH protons of sistituted thiosemicarbazone ligands
H,L?*respectively [26]. In the spectra of the complefzand3), a doublet and a triplet was
observed around 2.10-3.11 and 0.73-1.15 ppm due to the methyl group of prot@®.[In
addition, a multiplet ab 2.23-3.60 ppm corresponding to the methylene gafuprotons
was observed in the spectrum3dR6].

From the*C-NMR spectra of the complexds4 (Fig. S6-S9), the carbon resonance
signals of C=N group appeareddat61.9-166.0 ppm [31]. Peaksfal62.9-166.4 ppm were
assigned to C-S carbon at¢2v,32] and the methoxy carbon appeared &6.1 ppm [30].
Complexesl-4 exhibited resonance &t 127.4-133.6 ppm due to the carbon atoms of the
triphenylphosphine groups [7]. A singlet &t193.6-208.6 ppm is assigned to the terminal
carbonyl carbon atom [7,33h complexes2 and 3, the methyl carbon peak appeared at
22.0 andd 22.1 ppm, respectively, while in compl@xthe methylene carbon was observed at
6 31.1 ppm [30].



2.2. X-Ray crystallography

The molecular structures of the complexgés2 and 4) have been determined by
single crystal X-ray diffraction method and theiRTEP drawings along with the atom
numbering scheme are shown in Fig. JA3summary of the structure refinement of the
complexes are given in Table 1 and selected bosthrdies and bond angles of the

complexesdl, 2and4 are given in Table 2.
2.2.1. Crystal structure description of new Ru(ll)complexes

Though attempts were made to obtain crystalsldhalfour synthesized complexes,
crystals suitable for X-ray diffraction studies tbibe obtained only for complexds2 and
4, and their structures have been solved by X-rffyadtion techniqued-rom the symmetry
of the reflections and the solution of the struesynt is clear that the crystals belong to the
orthorhombic system with the,f3121Space group (comple¥) and triclinic system with the
P-1 space group (complex and 4). The ORTEP diagrams showed that the
thiosemicarbazone ligand is coordinated to the hn@tathrough the pyrone carbon (C3), N1
hydrazinic nitrogen, and thiolate sulfur atoms wiitle formation of two five-member ring
with a bite angle N(1)-Ru(1)-S(1) of 79.03(9)° fowmplex1, 79.56(5)° for complex,
79.75(3)° for complex, and a bite angle of C(3)-Ru(1)-N(1) of 78.10(1#)Ff complexl,
78.16(8)° for comple®, 78.24(4)° for complexd. The Ru(1)-N(1) bond distance is 2.091(3)
A for complex1, 2.094(2) A for complexX, 2.0844(10) A for compled, the Ru(1)-S(1)
distance is 2.4534(1) A for compléx 2.4433(7) A for comple®, 2.4334(3) A for complex
4 and the Ru(1)-C(3) distance is 2.072(4) A for ctaxpl, 2.058(2) A for complex2,
2.061(1) A for complexd. The remaining three sites are occupied by phasghatoms of
two triphenylphosphine ligands which are mutuatlgns to each other with Ru(1)-P(1) and
Ru(1)-P(2) distances of 2.3759(11) A and 2.3844@2pr complex1, 2.3780(7) A and
2.3582(6) A for complexX, 2.3664(3) A and 2.3717(3) A for compldx and a carbonyl
group with Ru(1)-C(14) distances of 1.851(4) A é@mmplex1, Ru(1)-C(15) distances of
1.846(2) A for complex, Ru(1)-C(20) distances of 1.8564(12) A for compleXhetrans
arrangement of bulky triphenylphosphine ligands nhba&ydue to the presence of CO, a
strongern-acidic ligand that completes the hexa coordinatiaight have forced the bulky
triphenylphosphine to takeans position for steric reasons. The observed bontnies are
comparable with those found in other reported mithhea complexes containing
triphenylphosphine [7,16,22,26,34,39This bond lengthening could be attributed to the



strong trans influence of the bulkier triphenylpbloime ligands. The two triphenylphosphine
ligands which are mutuallirans to each other and are slightly bent towards thbargyl
group due to the steric requirements of somewhttybthelating ligand, causing a slight
deviation from a lineatrans arrangement, which is evident from the bond armgl®(1)—
Ru(1)-C(14)= 87.4(1)° for complek, P(1)-Ru(1)-C(15)= 89.46(8)° for complex P(1)-
Ru(1)-C(20)= 89.12(4)° for complek are smaller than bond angle of P(1)-Ru(1)-N(1)=
89.92(9)° for complext, P(1)-Ru(1)-N(1)= 89.62(6)° for compleéX P(1)-Ru(1)-N(1)=
90.07(3)° for complex, and P(2)—-Ru(1)-N(1)= 92.01(9)° for complexP(2)—Ru(1)-N(1)=
90.56(6)° for complexX2, P(2)—-Ru(1)-N(1)= 92.01(3)° for complex The carbonyl group
occupies the siterans to N(1). Thecis bond angles found in the complexes agree well with
those reported for similar ruthenium complexes §/26,34,35]. Thetrans angles
C(14)-Ru(1)-N(1) = 176.84(15)° for complek C(15)-Ru(1)-N(1) = 178.39(9)° for
complex2, C(20)-Ru(1)-N(1) = 177.76(4)° for compldx P(2)-Ru-P(1) = 174.82(4)° for
1, 176.46(2)° for2, 174.65(11)° fol3 and S(1)-Ru(1)-C(3) = 156.83(12)° fbr 157.61(7)°
for 2and 157.97(3)° fod, deviated from linearity. The distorted octahedi®evidenced by
the longer Ru—P bonds when compared to the eqabhtwnds and also the deviation from

the correspondings andtrans bond angles of 90° and 180°.

Fig. 1. ORTEP diagram dRu(8MAC-tsc)CO(PPh3);] (1)
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Fig. 3. ORTEP diagram dRu(8MAC-ptsc)CO(PPhs);] (4)



Table 1. Crystallographic data of the complexésZand4)

Identification code [Ru(8MAC- [RU(8MAC- [RU(8MAC-
tsc)CO(PP})] mtsc)CO(PP¥)] iotSC)CO(Psz

Empirical formula GoH41N304P,RUS G1H43N3O4PRUS. CseHasN3O4PRUS.
(0.34)H0 (0.5)CHCI;

Formula weight 942.93 962.99 1061.48

Temperature 90.0(5) K 90.0(5) K 90.0(5) K

Wavelength 0.71073 A 0.71073 A 0.71073 A

Crystal system Orthorhombic Triclinic Triclinic

Space group P212121 P-1 P-1

Unit cell dimensions

a 16.648(3) A 10.9779(3) A 13.2638(6) A

b 10.358(2)A 11.5073(3) A 13.3525(6) A

c 24.080(5) A 17.6704(5) A 14.2108(7) A

a Q0 86.8063" 86.438(2)

B Q0° 83.3108° 86.217(2y

Y 90° 88.4161° 71.830(2)

Volume 4152.4(14) & 2213.09(10) A 2383.80(19) A

z 4 2 2

Density 1.508 Mg/nf 1.445 Mg/m 1.479 Mg/m

Absorption coefficient | g 557 mnt 0.525 mnt 0.548 mnt

F(000) 1936 991 1090

Crystal size 0.18x 0.13x 0.05 mm | 0.21x0.20x 0.05 mm | 0.24 0.23x 0.08 mm

Crystal shape plate Plate Lath

6 range for datal.487to 26.799 1.868 to 30.029 1.437 to 34.998

collection

Limiting indices

-20chs 21, -13<k< 12,
-30<I< 27

-15<h< 15, -16<k< 16,
-24<I< 24

-21 <h< 21,
20, -22<I< 22

-2kk<

Independent reflection

563045 (R(int)=0.0699)

12872 (R(int)=0.0300)

71724 (R(int)=0.0220

Absorption correction

multi-scan

multi-scan

multi-scan

Refinement method | Fyll-matrix least{ Full-matrix least-| Full-matrix least-
squares ofF2 squares Oif* squares OifF*

Data/Restraints/ 63045/2/565 12872/3/588 71724/2/636

Parameters

Goodness-of-fit ofr* | 1.026 1.006 1.029

Final R indices| R1 = 0.0323, wrR2:+R1 = 0.0429, wR23xR1 = 0.0315, wR2%

[1>20(D] 0.0700 0.0890 0.0837

Rindices (all data) R1 = 0.0418, wR2 #R1 = 0.0706, wR2 *R1 = 0.0384, wR2 =

0.1008 0.0881

0.0663




Table 2.Selected bond lengths (A) and bond angles (°)®@tthmplexesl( 2 and4)

BOND LENGTHS

1 2
Rul C14 1.851(4) Rul C15 1.846(2) Rul C20 1.85854(1
Rul C3 2.072(4) Rul C3 2.058(2) Rul C3 2.0616(11
Rul N1 2.091(3) Rul N1 2.094(2) Rul N1 2.084%(10
Rul P1 2.376(1) Rul P1 2.3780(7) Rul P1 2.3664(3
Rul P2 2.385(1) Rul P2 2.3582(6) Rul P2 2.3717(3
Rul S1 2.453(1) Rul S1 2.4433(7) Rul S1 2.4334(3
BOND ANGLES

1 2 4
S1Rul Cl4 | 102.51(12) SIRulC16  102.04(7) S1GaQl | 101.52(4)
SIRuULC3 | 156.83(1) SIRulC3| 157.61(7) S1 Rul CB157.97(4)
SIRULNI | 79.03(9) SIRULN1| 79.56(5) S1 Rul N179.75(3)
SIRULP1 | 89.25(4) SIRUlP1| 88.00(2) S1Rul P188.38(1)
SIRULP2 | 86.40(4) SIRUlP2| 88.55(2) S1 Rul P286.66(1)
PLRulC3 | 94.6(1) PLRul C3| 89.59(7) P1Rul C3 2.4293)
PLRulN1 | 89.92(9) PLRulN1| 89.62(6) P1 Rul N1 90.07(3)
PLRul P2 | 174.82(4) PLRul P2|  176.45(2) P1 Rul PR174.66(2)
P1Rul Cl4 | 87.4(1) P1Rul C15  89.46(7) P1 Rul C288.12(4)
P2 Rul C14 | 90.85(12) P2 Rul C15  90.46(7) P2 Rul CP00.90(4)
P2Rul C3 | 90.55(11) P2Rul C3| 93.91(7) P2Rul C3 .920®)
P2RuULN1 | 92.01(9) P2RulN1| 90.56(6) P2 Rul N1 91.02(3)
N1 Rul C14 | 176.8(1) N1 Rul C15 178.39(9) N1 Ra0 C| 177.76(5)
NIRul C3 | 78.1(1) N1Rul C3| 78.16(8) N1 Rul C3 8.27(4)
C3Rul C14 | 100.5(2) C3Rul C15 100.2(1) C3 Rud C2100.51(5)
C11S1Rul | 94.92) C11SIRul  95.44(8) C11 S1 Ri95.20(4)
C15P1Rul | 117.2(1) Cl6 PLRu]l 117.82(8) C33WPIL R| 112.18(4)
C21P1Rul | 115.7(1) C22P1Rul  115.99(8) C21WPI R| 116.06(4)
C27 PLRul | 113.4(1) C28 PLRul  111.11(8) C27 WP R| 117.07(4)
C33P2Rul | 116.8(1) C34P2Rul  113.25(8) C39P2 R| 114.18(4)
C39 P2 Rul | 106.5(2) C40 P2Rul| 117.45(8) C45P2Rul  112)12(4
C45P2Rul | 118.1(2) C46 P2Rul  111.78(8) C51 P2 R| 116.47(4)
N2 N1Rul | 125.0(2) N2 N1 Rul| 124.5(1) N2 N1 Rul 4.53(8)
C10 N1 Rul | 118.3(3) CION1Rul 118.1(2) C10 N1 Ry118.28(8)
C2C3Rul | 112.1(3) C2C3Rul| 113.0(2) C2C3Rul 2.88(8)
C4C3Rul | 132.6(3) C4C3Rul| 130.7(2) C4C3Rul 0.9%09)
04 C14Rul | 177.5(3) O4CI15Rul 178.5(2) 04 C20 RI176.78(1)

While dealing with the hydrogen-bonding interantiin complex 2), we found the

donor—acceptor interactions between the O(2) oxygem of the molecule with O(5) oxygen

atom of the water came from solvent of crystali@aiO(2)----O(5)= 3.015 A (Fig. 4; Table

S1). In complex4) we found the donor—acceptor distance (3.006 Ajesponding to the



0O(4)-O(4) bond between the carbonyl oxygen atontheffirst molecule and the carbonyl
oxygen atom of the second moleculdis interaction gave a pseudo binuclear structural

appearance to the compléxFig. 5; Table S1).

Fig. 5. ORTEP diagram gRu(8MAC-ptsc)CO(PPhs),] (4) with hydrogen bonding



2.3. DNA binding studies
2.3.1. UV-Vis absorption spectral titrations

The electronic absorption spectra of the compldxek(25 uM) in the absence and
presence of CT-DNA (2.5-25 uM) are depicted in Fg.By using absorption spectral
technique, the intrinsic binding constant,Kalue of the compounds was determined from
the absorptivity changes of the respective compswpbn the incremental addition of CT-
DNA. The LMCT absorption band of the compl&at 322 nm exhibited a hypochromism of
about 31.91 % with a red shift of 3 nm. The absormpbands of comple2 and3 showed
hypochromism of about 39.06 % and 44.04 % withthdzzhromic shift of 3 nm and 4 nm at
322 and 320 nm respectivelihereas, the absorption bands of the complak283 nm and
393 nm exhibited the same phenomenon of hypochromisabout 31.42 % and 34.74 %,
with a red shift of about 3 nnthe decrease in absorbance with increase in caatent of
CT-DNA may be due to the decrease in transitiorbabdities as a result of partial transfer
of electrons from ther orbital of the DNA base pairs to the coupletl orbital of the
coordinated Schiff base to metal due to overlappa®j. The extent of hypochromism in the
charge transfer band is an indication of the stfewnd intercalative interaction [36]. Above
spectral results obviously inferred that the comedeinteract with CT-DNA via intercalation
mode. The intrinsic binding constant;Kwas calculated from the ratio of slope to the y
intercept in plots of [DNA]/4a —&¢] versus [DNA] (Inset of Fig. 6) and are given iable 3.
The obtained binding constant values showed thatctfrtlometallated Ru(ll) complexes
behaved as potent binders to DNA through intercaladnd the order of binding affinity of
the complexes with CT-DNA i8 > 2 > 1 > 4. This may be due to the presence of different
substitutents in the terminal nitrogen atom of ligands. These results are comparable with
earlier reports describing the intercalative mode various ruthenium intercalators
[20,26,34,37-39].
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Fig. 6. Absorption titration spectra of complexed-4) (25 pM) with increasing
concentrations (2.5-25 pM) of CT-DNA (Tris HCI beff pH 7.2). Inset: Binding isotherms
of the complexe&-4 with CT-DNA

2.3.2. EB-DNA quenching studies

The result obtained from the above experimentgesigd that all the complexes can
bind with CT-DNA. Further, the binding mode of themplexes with CT-DNA has been
confirmed by ethidium bromide (EB) displacementlgs. Upon each successive addition of
complexes to CT-DNA pretreated with EB ([DNA]J/[EB] 1), a gradual quenching of the
fluorescence intensity was observed (Fig. 7). Téwuction of the fluorescence emission
intensity gives criteria to analyze the DNA bindimgppensity of the complexes and stacking
interaction (intercalation) between the adjacentfOdse pairs [40]. As the concentration of
the complexes increased from 10-100 pM, the enmnissand of DNA-bound EB exhibited
guenching up to 26.17, 30.88, 33.98 and 22.99 #heofnitial fluorescence intensity together



with a red shift of 2-4 nm for complelx 2, 3 and4 respectively. This gives a direct evidence
for the intercalative binding mode of the complexégth DNA. The quenching data were
calculated by using Stern-Volmer plot and quencluimigstant is obtained as a slope from the
plot of lo/lcorr Versus [Q] and are given in Table 3. The data gldotvat DNA-bound EB can
be more readily replaced by the complexes in therd@ > 2 > 1 > 4, among the complexes
1-4, the ligand having terminal ethyl group showeddreaffinity towards the DNA when
compared to the phenyl and methyl group and hydragem in theN-terminal position [26].
Further, the calculated d« values of the compounds are significant when coatp#o the
reported values [26,27,34].
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Table 3 The binding constant (&) and quenching constant{)Kvalues for the interactions
of the complexesl4) with CT-DNA

Compounds Binding constant Quenching constant
Kpin M KsyM™
Complex1 7.5280+0.321 x10 2.79+0.003 x19
Complex2 9.2713+0.306 x10 3.43+0.006 x1d
Complex3 13.873620.320 x10 6.19+0.008 x1d
Complex4 6.2265+0.286 x10 2.75+0.002 x1d

2.3.3. Viscosity measurements

In order to confirm the binding mode of the comgexwith CT-DNA, viscosity
measurements were carried out by keeping the DNisaxatration (100 uM) as constant and
varying the concentrations of the compounds (20418K. From Fig. 8, it is obvious that the
relative viscosity of DNA solutions increased upmereasing the concentration of the
complexes. Viscosity of DNA will increase while thbemplex intercalates between adjacent
DNA base pairs, which leads to an increase in épastion of base pairs at the intercalation
site, resulting an increase in the overall DNA kxjg1,42] and the above results concluded
that compounds interacted with CT-DNA through aericalative mode. In addition, from the
plot we concluded that the ability of the complexesincrease the viscosity of CT-DNA
depends upon the substitution on tii¢erminal nitrogen of the ligand and the increasing
order of viscosity of CT-DNA by the complexes (5IH-Ethyl) 3 > (NH-methyl) 2 > (NH-
Hydrogen) 1> (NH-Phenyl) 4which is consistent with their DNA binding results.
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Fig. 8 Effect of the complexed.{4) on viscosity of CT-DNA



2.4. pBR322 DNA cleavage studies

The newly synthesized organoruthenium(ll) complefded) were studied for their
chemical nuclease activities by the agarose gaitrelghoresis method with supercoiled
pBR322 DNA as the substrate, in the absence ofredtagents in a medium of 5 mM Tris-
HCI/50 mM NaCl buffer (pH 7.2). The DNA cleavagefigéncy was measured by
determining the ability of the compound to contbd supercoiled DNA (SC Form) to Linear
circular form or nicked form (NC Form). All the foucyclometallated ruthenium(ll)
complexes efficiently cleaved the supercoiled pBRI2NA to nicked form and linear
circular form (Fig. 9). From Fig. 9 we inferred thihe complexes to influence nuclease
activity in the ordeB > 2 > 1= 4, which may be due to the change in the electron titumar
accepting ability pertaining to theN-terminal substituent of the ligand and subsequent
change in the polarisability on metal. Among thenptexes, comple8 with more electron
donating ethyl substitution on terminal nitrogelmtcauses stronger distortion on DNA
strand showing more efficient DNA cleavage. Theeobsd result pattern is parallel to their
DNA binding affinity.

Fig. 9. Gel electrophoresis diagram showing the cleavdgaupercoiled pBR322 DNA by
complexesl-4in 5% DMSO and 95% 5 mM Tris—HCI/50 mM NaCl buftgrpH 7.2 and 37
°C with an incubation time of 2 h. Lanes M: Markeane C 1. Compleg (50 uM). Lane C
2: Complex2 (50 uM); Lane C 3: Complex (50 uM); Lane C 4. Complek (50 uM); Lane
S: Metal precursor (50 pM); Forms SC, NC, and L€ supercoiled, nicked circular, and

linear circular DNA, respectively.



2.5. Protein Binding Studies

The intrinsic fluorescence of BSA and HSA is mwidue to tryptophan residue
[43,44]. The binding of new Ru(ll) complexés4 with BSA and its homologue HSA was
investigated by fluorescence emission spectrosceipge the albumin solution exhibits an
intense emission bandet= 290 NnMm) atem max= 345 nm (for HSA) and 346 nm (for BSA)
which is assigned to the existence of tryptophdihe emission titration studies have been
performed at room temperature using BSA (@®)/ HSA (10 uM) with increasing
concentrations of complexes-4 (0-100 uM) in the range 290-500 nm. However, no
emission peak appeared around 340-345 nm when th#sEium complexes were excited
with the same excitation wavelength, suggestingtti@ruthenium complexes4 would not
induce fluorescence interference to serum albumithinv the investigated excitation
wavelength range. Addition of the above test compsuto BSA solution resulted in a
significant decrease in the fluorescence interedif$SA at 346 nm, up to 63.39, 74.89, 78.71
and 72.34 % of the initial fluorescence intensitys®A with 2-6 nm blue shift for complexes
1, 2, 3 and4 respectively (Fig. 10). Addition of the compoundsHSA solution resulted in a
high quenching of the emission band of HSA at 3dbup to 51.00, 57.37, 65.91 and 45.62
% of the initial fluorescence intensity togethethna blue shift of 2-4 nm for compléx 2, 3
and 4 respectively (Fig. 11). From the above observatiaves may conclude that definite

interaction is taking place between the complexessrum albumins.

Fig. S10 in the supporting information shows theaaption spectra of BSA and HSA
in the absence and presence of complexes. The balp®ar intensity of serum albumins
showed hypochromism with a small blue shi#tZ-5 nm) in the presence of complexed,
indicating a static quenching mechanism of the rmealbumins by complexes. By using
Stern Volmer quenching equation, the values of3texn Volmer quenching constants(iK
and the quenching constantgjor complexes interacting with serum albumins A&#3SA)
were calculated. The Stern Volmer quenching congthtained as a slope of the plot of [Q]
verses the ratio of the fluorescence intensityhiem absence J{)l and in the presence of the
qguencher (1) (Fig. 12; Table 4) and the resultiofelthe order3 > 2 > 1 > 4. The observed
Ksv values are comparable to those reported faratithenium complexes [20,26,34,38,39].
The quenching constant valueg £k10'*M™ s™) suggested the good binding affinity of the
complexes with serum albumitigough static quenching mechanism [45].



The binding constant &, and number of binding site (n) can be calculatedhfthe
Scatchard equation and are given in Table 4 (R, ftom these values we knew that the
complexes 1-4) showed strong binding affinity with serum albusnifrurther, the obtained
results suggested that compleXied act as potent binders with serum albumins. Froen th
results, we confirmed that the Ru(ll) complexesihgwa large hydrophobic area can interact
more efficiently with serum albumins via a statatlpvay. The obtained binding constant and
guenching constant values revealed that the ruihihl) complexes bind to both the
albumins in the following orde3 >2 > 1 > 4. This observed trend can be explained on the
basis of electron donating ability and hydrophdgief the compounds. Increase in the
electron-donating ability of the-terminal substituent of the coordinated ligand@ases the
electron density on the electron deficient metakee[46]. As seen from the results, complex
3 with the enhanced hydrophobicity showed the beastitg ability [34]. The obtained
guenching constant and binding constant valuetedet new cyclometallated ruthenium(ll)

complexes agree well with those reported for oth#renium(ll) complexes [20,47,48].
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Table 4: Stern volmer quenching constant (&), Quenching constant (k), binding

constant (Kuyin) and number of binding sites (n) for the interactons of ligands and

complexes (1-4) with BSA/HSA

Compounds Stern-Volmer Quenching Binding constant n
Ke/M™ Constant (k) Kpin/M™
M1t

BSA

Complex1 1.784+0.090x1D  1.784+0.090x1H  4.363+0.182x1D  1.3569+0.041
Complex2 3.147+0.012x1H  3.147+0.012x18  6.914+0.088x1D  1.3384+0.020
Complex3 3.904+0.033x1H  3.904+0.033x1H  1.361+0.105x1®  1.3996+0.024
Complex4 2.552+0.002x1d  2.552+0.002x18  3.490+0.043x10  1.2991+0.045
HSA

Complex1 1.100+0.012x1d  1.100+0.012x1H  3.808+0.039x1bH  1.1371+0.009
Complex2 1.367+0.021x1d  1.367+0.021x1¥  4.460+0.014x1H  1.1306+0.015
Complex3 2.091+0.067x1d  2.091+0.067x1H  9.131+0.041x1H  1.1716+0.043

Complex4

0.830+0.015x1D

0.830+0.015x1¥

3.212+0.015x1H

1.1493+0.015




2.5.1. Conformational Investigation

Synchronous fluorescence experiments have beerorpedl to determine the
conformational changes in serum albumins such a8 BS&d HSA in the presence of
compounds. In the synchronous fluorescence spefttre tyrosine residue of both the serum
albumins, the addition of the compounds to thetsmiuof BSA/HSA showed hypochromism
with negligible shift in the emission wavelengthgFS11-S12). Synchronous fluorescence
spectra of BSA anA = 60 nm exhibited a decrease in fluorescence sitienip to 70.69-
78.04 % at 340 nm with significant blue shift fayneplexes 1-4) (Fig. S13), whereas the
spectra corresponding to the tryptophan residu¢SA, the addition of the compounds to the
solution of HSA showed hypochromism upto 43.96-62%6 for complexesi(4) (Fig. S14).
The obtained results clearly revealed that compsueitéctively bind with serum albumins

and affect the conformation of the tryptophan amdsine micro regions.
2.5.2. Three-dimensional fluorescence spectra analg

Three dimensional fluorescence spectroscopic Sudiave been performed to
investigate the microenvironmental changes in BS¥Hduring interaction with the
compounds. Fig. 14-15 shows the three dimensiomé$ston spectra and contour ones of
serum albumins in the absence and presence of niuth@l) complexes and their
corresponding characteristic parameters are prdviiéable S2. The emission intensity of
peak ‘A’ corresponding to the Rayleigh first ordeattering peak increased upon adding the
complexes to serum albumins. This is due to thepmamd formation of serum albumins
with our ruthenium(ll) complexes leading to an mase in the diameter of the
macromolecule which in turn resulted in the enharer@ of scattering effect [49 he
fluorescence intensity of peak ‘B’ correspondingthe tryptophan and tyrosine residues
decreased with slight blue shift. The obtained ltesunferred that the molecular
conformational and microenvironment changes ofgnobccurred after interaction with the

complexes.
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2.6.1n vitro Antioxidant activity

The compounds which exhibit radical scavengingiviigt are receiving much
attention because they possess interesting anéicamanti-inflammatory and anti-ageing
activities [50]. The analysis of the DPPH radicz\genging ability of cyclometallated Ru(ll)
complexes have been carried out along with thedstahVitamin C. The results showed that
the activity of the compounds is higher than thhtthee standard, the DPPH scavenging
activity of the Ru(ll) complexes (8.23-9.85 uM) ltak the order o3 >2>1>4 (Fig. 16
and Fig. S15). Complex3 shows the best DPPH scavenging activity among the
complexes. The phosphomolybdenum assay is quavgitatince the antioxidant activity is
expressed as the number of equivalents of ascaduic(Table 5). Four new cyclometallated
Ru(ll) complexes exhibited higher activity thanithgarent ligands among them compl&x
contains the more electron donating ethyl substituait terminal nitrogen showed higher
activity. A comparison of the radical scavenginghaty of Ru(ll) complexesl—4with that
of the reported Ru(ll) Schiff base complexes mayeat that our new Ru(ll) complexés

4 act as potent radical scavengers [51].
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Fig.16. The DPPH radical scavenging activity of the [RU{@D)(PPh)s] and new Ru(ll)
complexes1-4)



Table 5 Estimation of Total antioxidant capacity of [RUKICO)(PPh)s] and new Ru(ll)

complexes1-4)

Compounds g Ascorbic acid equivalents/ml
[RUHCICO(PPB)3] 07.02+0.08

Complexl 50.03+0.73

Complex2 59.16+0.65

Complex3 63.38+0.89

Complex4 49.33+0.54

2.7. Antimicrobial activity

In vitro antimicrobial activities of four new complexéds4 were investigated with
few pathogenic bacteria such d#&%seudomonas aeruginosa, Streptococcus pneumonie,
Saphylococcus aureus, Salmonella paratyphi and with few fungi Candida albicans,
Aspergillus niger, Trichophyton rubrumi, Candida tropicalis and Aspergillus fumigatus. The
results are expressed as the zone of inhibitionmamémum inhibitory concentration (MIC)
and the effect of the compounds was susceptibkldm concentration used for inhibition
(Table S3-S6). For comparison, MIC values for pesitcontrol such as Gentamicin for
bacteria and Ketaconazole for fungi are also giv@n. comparing the activity of the
complexescomplex3 was more active on bacteria nam&yaureus, S. pneumonie andP.
aeruginosa. When tested agains® paratyphi, both the complexed and 3 showed
comparable activity. CompleX was much more efficient in inhibiting the growthfangal
species likeT. rubrum (ICsp = 16.93+0.31 puM)A. fumigatus (ICsp = 15.78+0.18 uM) an@.
albicans (ICsp = 14.43+£0.17 uM), whereas complg&xvas the most active against niger.
Complexesl and3 were approximately equally active overtropicalis. All the compounds
showed lower activity than the controls used. Oljecamplex3 was the better candidate for
the growth inhibition of the microorganisms. Themqdexes showed different degrees of
antimicrobial activity due to the structural vareis of themselves and variation on the group
of microorganisms [52]. Tested complexes had betteimicrobial activity than the ligands
against all pathogens. This may be explained byetiy's chelation theory [53], which stated
that, upon complexation the polarity of metal ioetgy reduced which increases the
lipophilicity of the metal complexes facilitatindiém to cross the cell membrane easily
[53,54]. The antimicrobial activity against the twh disc with 10% aqueous DMSO showed

no zone of inhibition. In addition, antimicrobiadtevity of the complexes was compared with
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2.8. Cytotoxicity studies
2.8.1. Antiproliferative Studies - Cancer Cell Growh Inhibition

Significant results obtained from DNA/protein bimg, antioxidant and antimicrobial
studies motivated us to further explore their aotiferative activities. The compounds were
subjected to study the vitro cytotoxicity by MTT assay towards following threell lines:
human lung cancer cells (A549), human breast caoceks (MCF-7) and human normal
keratinocyte cell lines (HaCaT). Cytotoxic activafcisplatin against all the above cell lines
was investigated under the same experimental donditfor comparison purposes. The
anticancer activity was assessed on the basis ©f@lues (the concentration of a drug
required to inhibit the growth of 50% of the celés)d the obtained values of the complexes
against selected three tumor cell lines are shawhable 7. The results revealed that Ru(ll)
complexes exhibited potent antitumor activitiesnthlaeir parent ligands and standard drug
cisplatin against the selected cell lines in different coniaions and the antitumor activities
are concentration-dependent (Fig. S16 - S18). mdrubreast cancer cell lines (MCF-7), the
anticancer activity of the complexes follows thel@rcisplatin (16.79+0.08) < complex
(3.93+0.08)< complexl (3.86+£0.11) < comple® (3.77+0.09)< complex3 (3.72+0.11). The
cytotoxic nature of the compounds against humag tancer cell lines (A549) is in the order
cisplatin (15.10+0.05) < compleXd (4.31+0.08)< complex 1 (4.12+0.11) < complexX
(3.93+0.13)< complex3 (3.81+0.10).

From the results we knew that cyclometallated Rw@mplexes I-4) appeared to be
more cytotoxic against A549 and MCF-7 cells ovagirtiparent ligands. On the basis of the
results, the antiproliferative activity of the coleyes has been arranged in the order
3>2>1>4. The observed trend may be due to the presendé&f@fent substituents in the
terminal nitrogen atom of the ligands. The anti@nactivity of the complexes increased
with increase in the electron donating ability leé substituent on the terminal nitrogen of the
coordinated thiosemicarbazones. It is notable ¢batplex3 having more electron donating
ethyl group at terminal nitrogen has a high antifexative activity, as compared with
remaining complexes against both the cell lines BviCand A549) and its Kg value which
is almost five times greater than thatadplatin indicated its high cytotoxic effects against
human cancer cells. Interestingly, this observedidris in agreement with their previous
biological studies, suggesting that the anticarativities of the tested compounds against
cancer cell lines may be related to their abilityritercalate the base pairs of the DNA and/or

their free radical scavenging activity. The compasiwere also screened for their activity on



the human normal keratinocyte cells (HaCaT) to eranthe selectivity of the compounds

for cancer cells rather than normal cell lines #mal results inferred that the complexes are
significantly non toxic to normal cells. The anticar activity of our new cyclometallated

Ru(ll) complexess are superior to those reportedesother Ru(ll) Schiff base complexes

against A549 cell lines and MCF-7 cells [14,20,2]27,56-59].

Table 7. The 1G, values for the human breast cancer cell line MCHRdman lung
carcinoma cancer cell line A549 and human normaatkeocyte cells (HaCaT) with new

organometallic Ru(Il) complexes for 48h

Compounds |6 values (M)
MCF-7 A549 HaCaT
Cisplatin 16.79+0.08 15.10+0.05 >40

[RUHCICO(PPBh)3] 20.1040.18 15.96+0.21 >40

Complex1 3.96+0.11 4.12+0.11 >40

Complex2 3.74+0.09 3.93+0.13 >40

Complex3 3.72+0.11 3.81+0.10 >40

Complex4 3.85+0.08 4.31+0.08 >40

2.8.2. LDH assay

To further evaluate the toxicity of the compoundstivity of LDH was measured.
LDH is a stable cytoplasmic enzyme released int dblture medium due to the loss of
membrane integrity resulting from apoptosis of £elence, LDH release is used to analyse
drug induced cytotoxicity of cancer cells [60]. Wiheancer cell lines A549 and MCF-7 were
treated with the I6 concentration of the new cyclometallated rutherflincomplexesl-4
for a period of 48 h, a significant increase of LDelease in the culture medium was
observed (Fig. 19). These results indicated thigieffcy of the complexes in inducing cell
death by collapsing the membrane integrity. The mewxes showed good level of LDH
leakage in A549 and MCF-7 cells compared cteplatin. This study authenticate that
complex3 was more effective followed by compl@x1l and4. The ruthenium(ll) complexes

showed significant activity when compared with &aglier reports [34].
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Fig. 19 Percentage of lactate dehydrogenase releasédaeblyuman cancer cell lines A549
and MCF-7 after an incubation period of 48 h witmplexesl-4. Error bars represent the

standard mean error (n= 6).
2.8.3. Nitric oxide assay

The nitric oxide (NO) assay is also an importanasuge of cytotoxicity, as NO has
been shown to directly inhibit methionine adenosynsferase, leading to glutathione
depletion, and its reaction with superoxide gemsralie strong oxidant peroxynitrite, which
can initiate lipid peroxidation or cause a direahibition of the mitochondrial respiratory
chain [61]. In the present study NO release byrtee ruthenium(ll) complexe&-4 was
evaluated using A549 and MCF-7 cells. The quariifo of the nitrite produced in the cell
media by the Griess assay is an indirect but dbsttere measurement of the amount of NO
produced by the cells. It is interesting to notat tithe complexes were found to release more
NO than thecisplatin and control (Fig. 20). In addition, compl@&was more effective in
enhancing the level of NO in the culture medium #dreactivity follows the orde3 >2 > 1
> 4 and hence the results confirmed the cytotoxicmgaikof the studied compounds.
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Fig. 20. Nitrite released (nmoles) by the human cancdrliogls A549 and MCF-7 after an
incubation period of 48 h with complex&s4. Error bars represent the standard mean error
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3. Conclusion

New potential anticancer active cyclometallated IRu€omplexes {-4) were
synthesized by the complexation of 3-acetyl-8-meylsoumarin-MN-substituted
thiosemicarbazones with [RuHCI(CO)(RRh Elemental analyses and spectroscopic
characterizations (IR, UV-Vis'H NMR and**C NMR) supported the formation of the
complexes. The crystal structures of the compleixes and4 have been solved by X-ray
crystallographic analysis. Intercalative bindingdaoof the compounds with CT-DNA was
suggested by the spectral, EB displacement assé&yD&IA viscosity measurements. The
compounds were able to bind well with BSA/HSA andtatic quenching mechanism was
observed. 3D fluorescence experiments indicated fttleanges in the protein
microenvironment. The compounds have good radmaalenging property and antimicrobial
studies revealed the significant activity of thempmunds. The complexes were better in

damaging cancerous cell lines than thgolatin. They were found to be non toxic against



human normal keratinocyte cell line HaCaT. Comlgnine overall results, it is evident that
the biological activity of the complexes followsetpattern3 >2 > 1 > 4 and the promising
results obtained from the biological studies sutggbshat the complexes can act as good
probes for further exposure in pharmaceutical appbns..

4. Experimental section

4.1. Materials and methods

All the reagents used were of analytical or chathicpure grade. Solvents were
purified and dried according to standard proced[62F 3-acetyl-8-methoxy-2H-chromen-2-
one [63] and the metal precursor [RUHCI(CO)(RE3h were prepared according to the
literature procedures [64]. The 3-acetyl-8-meth@kchromen-2-one-4(N)-substituted
thiosemicarbazoned,L ' were prepared with a slight modification of theaged method
[37,63]. Buffers were prepared from doubly distlieater. Ethidium bromide (EB), bovine
serum albumin (BSA), calf thymus DNA (CT-DNA) and(85-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) were purchasednir HiMedia and used as received.
Melting points were measured in a Lab India appatainfrared spectra were measured as
KBr pellets on a JASCO FT-IR 4100 instrument betw4@0—4000 crit. Elemental analyses
of carbon, hydrogen, nitrogen and sulfur was deitegth by using Vario EL-IIl CHNS
analyser. The electronic spectra of the complexesewecorded with a JASCO V-630
spectrophotometer using DMSO as the solvent in8@-200 nm range. Emission spectra
were recorded by using JASCO FP 6600 Spectrofluceinté! and™*C NMR spectra of the
compounds were recorded in DMSO with a Bruker imagnt with 400 MHz and 100 MHz

respectively, chemical shift relative to tetramésiigine.
4.2. X-ray Crystallography

Suitable single crystals for the complexek, @ and 4) were obtained from
dichloromethane/methanol medium. Single crystabdatllections and corrections for the
new Ru(ll) complexesl( 2 and4) were carried out with a Bruker kappa APEX-1I DUO00
CCD diffractometer using graphite monochromatedKo(A= 0.71073 A) radiation at 90.05
K. All the calculations were done by using SHELXB[85] and SHELXL-2014/7 programs
[66].



4.3. General procedure for the synthesis of new rbenium(ll) complexes
[Ru(8MAC-Rtsc)(CO)(PPhs),]

A solution of 3-acetyl-8-methoxy-coumarin thioseartzazone/ 3-acetyl-8-methoxy-
coumarin-4N)-methylthiosemicarbazone/3-acetyl-8-methoxy-couma(N)-ethylthiosemi
carbazone / 3-acetyl-8-methoxy-coumaritNjphenylthiosemicarbazone (0.105 mmol) in 10
cm® of benzene was added dropwise to a boiling saiutib [RuHCI(CO)(PPE)3] (0.105
mmol) in benzenand refluxed for 7 h and allowed to stand for 4sdayyroom temperature.
Reddish orange solid formed was filtered, washeth wetroleum ether (60-80 °C) and
recrystallized from dichloromethane and methanodtane (1:1 v/v).

4.3.1. Synthesis of [Ru(8MAC-tsc)(CO)(PP4),] (1)

Yield: 68 %. Mp. 163 °C. Anal. calcd. forsgH41N3O4sP.RUS: C, 63.67; H, 4.39; N, 4.45; S,
3.39. Found: C, 63.59; H, 4.30; N, 4.40; S, 3.35%-IR (v, cm Y in KBr: v(C=0 lactone)
1687, v(C=N) 1590, v(C-S) 729,v(C=0) 1914, 1434, 1089, 695 (for PPhUV-Vis
(DMSO), hmax(€): 267 (15,252) nm (dfimol™cm™) (Intraligand transition); 324 (16,786) nm
(dm’mol™cm™) (LMCT s—d). *H NMR (400 MHz, DMSO-g, & ppm,J Hz): § 7.15-7.31
(m, 31H, Ar-H),6 6.62-6.66 (t, 1HJ=7.2, C6-H),5 6.91-6.93 (d, 1HJ=8, C7-H),5 3.79 (s,
3H,-OCH), § 2.09 (s, 3H,-Ch), & 5.74 (br s, 2H, -Nb). *C NMR (100 MHz, DMSO-¢ §
ppm): 8 201.4 (G0O), 6 162.9 (C-S)p 161.9 (C=N),0 151.2 (C=0)p 112.6 (C2),0 145.7
(C3), 6 126.3 (C4)p 121.4 (C5)p 125.5 (C6)H 121.1 (C7)p 139.1 (C8)p 127.9 (C9)H
18.2 (-CH), 6 56.1 (OMe),d 128.6-133.3 (PR Complex1 was recrystallized from
dichloromethane and methanol mixture (1:1 v/v) igdyred transparent, needle like crystals
suitable for X-ray analysis.

4.3.2. Synthesis of [Ru(8MAC-mtsc)(CO)(PP),] (2)

Yield: 62%. Mp. 206 °C. Anal. calcd. fors@43N304P,RuUS: C, 64.00; H, 4.45; N, 4.39; S,
3.34. Found: C, 63.63; H, 4.49; N, 4.34; S, 3.30F%-IR (v, cm Y in KBr: v(C=0 lactone)
1682, v(C=N) 1592, v(C-S) 745,v(C=0) 1930, 1407, 1089, 696 (for PPhUV-Vis
(DMSO), hmax(): 244 (86,054) nm (dfimol™cm™) (Intraligand transition); 318 (47,292) nm
(dm’mol™cm™) (LMCT s—d), 531 (1057) nm (dfmol‘cm™) (forbidden d&-d transition).
'H NMR (400 MHz, DMSO-g, & ppm,J Hz): 5 7.13-7.30 (m, 31H, Ar-H)5 6.74-6.78 (t,
1H, J=7.6, C6-H),5 6.85-6.87 (d, 1HJ)=7.2, C7-H),5 3.89 (s, 3H,-OCH), 5 2.09 (s, 3H,-
CHs), 8 6.09-6.29 (g, 1H, terminal -NH,2.10-2.11 (d, 3HJ=4.8,-NH-CH). **C NMR (100



MHz, DMSO-d;, § ppm): 8 193.6 (G0), § 163.2 (C-S)5 162.6 (C=N),8 150.1 (C=0)3
112.5 (C2),6 145.7 (C3), § 126.3 (C4)5 121.6 (C5)5 126.3 (C6),5 121.1 (C7),5 139.1
(C8),d 137.6 (C9),6 18.1 (-CH), 6 56.1 (OMe),5 22.0 (-NH-CH), 6 127.4-133.6 (PP
Needle shaped, transparent red colour crystals vedtained by recrystallization of

complex2 in dichloromethane and methanol mixture.
4.3.3. Synthesis of [Ru(8MAC-etsc)(CO)(PRIy] (3)

Yield: 66 %. Mp.146 °C. Anal. calcd. fors@14sN3O4P,RUS: C, 64.31; H, 4.68; N, 4.32; S,
3.30. Found: C, 63.25; H, 4.60; N, 4.27; S, 3.26F%-IR (v, cmi %) in KBr: v(C=0 lactone)
1687, v(C=N) 1590, v(C-S) 752,v(C=0) 1938, 1434, 1090, 696 (for PPhUV-Vis
(DMSO), Amax(€): 245 (77,054) nm (dfmol*cm ™) (Intraligand transition); 318 (43,524) nm
(dm’molcm™) (LMCT s—d). 'H NMR (400 MHz, DMSO-g, § ppm, J Hz): § 7.13-7.63
(m, 31H, Ar-H),s 6.72-6.75 (t, 1HJ=7.2, C6-H),0 6.89-6.91 (d, 1HJ=7.6, C7-H)6 3.77 (s,
3H,-OCH), § 1.88 (s, 3H,-Ch), & 6.39-6.68 (t, 1H, terminal -NH} 2.21-2.36 (m, 2H,
J=4.8,-NH-CH), 5 0.70-0.73 (t, 3HJ=7.2,-CH-CHs). 1°C NMR (100 MHz, DMSO-¢ &
ppm): & 203.4 (G&0), § 165.8 (C-S)5 163.2 (C=N),5 153.1 (C=0)3 112.4 (C2)5 145.7
(C3), & 129.5 (C4)5 127.4 (C5)5 127.9 (C6)5 121.1 (C7)5 139.5 (C8) 130.5 (C9)5
18.0 (-CHy), 5 56.1 (OMe) 31.1 (-NH-CH), 22.0 (terminal -Chk), & 128.3-133.6 (PP

4.3.4. Synthesis of [Ru(8MAC-ptsc)(CO)(PP4),] (4)

Yield: 67%. Mp. 193 °C. Anal. calcd. forsgH4sN3O4sP.RUS: C, 65.99; H, 4.45; N, 4.12; S,
3.14. Found: C, 65.01; H, 4.37; N, 4.05; S, 3.09%-IR (v, cm %) in KBr: v(C=0 lactone)
1682,v(C=N) 1598,v(C-S) 743y(C=0) 1921, 1432, 1089, 694 (for PPHIV-Vis (DMSO),
Amax (€): 250 (99,515) nm (dfmolcm™) (Intraligand transition); 279 (80,102) nm
(dm®mol™cm™) (Intraligand transition); 397 (37,552) nm (&mol‘cm™) (LMCT s—d).'H
NMR (400 MHz, DMSO-g, 4 ppm,J Hz): 6 6.96-7.34 (m, 36H, Ar-H) 6.69-6.78 (m, 2H,
C6-H and C7-H)p 3.80 (s, 3H,-OCh), & 1.99 (s, 3H,-CH), 3 8.49 (s, 1H, terminal -NH).
¥C NMR (100 MHz, DMSO-¢ & ppm): & 208.6 (GO), 5 166.4 (C-S)5 166.0 (C=N),
153.1 (C=0)p 112.9 (C2)p 145.8 (C3),5 1296.4 (C4)p 120.2 (C5)p 121.3 (C6)p 118.5
(C7),6 141.3 (C8)p 139.2 (C9)p 18.6 (-CH), 5 56.1 (OMe),s 127.5-133.4 (PR Single
crystals suitable for X-ray diffraction studies wearbtained by recrystallisation of compkx

in dichloromethane and methanol solution.



4 .4. Biomolecular interaction studies

The stability of the complexes was performed in lagueous DMSO, phosphate
buffer—-DMSO (99:1) and Tris-HCI-DMSO (99:1). Thalstity was analyzed by monitoring
the electronic spectra over 24 h at room tempegadara JASCO 4100 spectrophotometer.
DNA binding studies, DNA viscosity studies, DNA al@age experiments and protein
binding studies have been carried out accordirtheanethod described in our earlier reports
[26,34,59].

4.5.1n vitro antioxidant assays

The DPPH radical scavenging assay of the compobasi®een done according to the
reported method [67]. In this study, various comions of the experimental standard
ascorbic acid, [RuHCI(CO)(PBJ] (20-100 uM) and complexes (2-10 uM) in methanetav
taken. Total antioxidant activity of the compoundss determined by the phosphomolybdate
method [68].

4.6.1n vitro antimicrobial assay

Antimicrobial activities of the compounds were exsibd by agar well diffusion
method [69] as reported, by takingtaphylococcus aureus, Streptococcus pneumonie,
Pseudomonas aeruginosa, Salmonella paratyphi and fungus such a€andida albicans,
Trichophyton rubrum, Aspergillus niger, Aspergillus fumigatus and Candida tropicalis.
Gentamicin and Ketaconazole were used as positwérals to study the antibacterial and
antifungal activities respectively. The antimicrabiactivity of the test compounds was
checked with various concentrations (25 pg/ml, §0nl and 100 pg/ml) against all the test
pathogens. Each experiment was performed in tami@and the results are represented as

average zone of inhibition and minimum inhibitopncentration of all the test pathogens.

4.7. Cytotoxicity studies

Cytotoxic activity of the compounds was tested witman lung cancer cell lines
A549, human breast cancer cell lines MCF-7 and mun@mal keratinocyte cells (HaCaT)
by using MTT assay, which was done according tcetnéier literature methodg0] and 1Go
values obtained from nonlinear regression usingpf®ad Prism 5 [71]. The LDH release
[72] and NO releasgr3] assays of the compounds was evaluated by dherereported

methods.
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HIGHLIGHTS

>
>

Four new organoruthenium(l1) complexes have been synthesized and characterized
The DNA/protein interactions of ligands and complexes were studied by a variety of
techniques

The antimicrobial activity against four different bacteria and five fungi have also been
examined

The antiproliferative activity was evaluated against MCF-7 and HeL a cell lines

The complexes 1-4 showed potent anticancer activity over the standard drug,
Cisplatin

Assay on HaCaT cell lines showed that the compounds were non-toxic to those cells.



