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Graphical Abstract

Reaction of strongly electron withdrawing cyano sitbted pyridyl oxime with metal precursor
afforded the neutral oximato metal complexes duthéodeprotonation of the oxime hydrogen
whereas reaction of weakly electron donating stuieti phenyl and methyl oximes yielded
cationic oxime complexes. The iridium complexes evédound to be more active against

MIAPaCa-2 cancer cell line.
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Abstract

The reaction of fg-cymene)RuGl, and [Cp*MCb]. (M = Rh/Ir) with chelating ligand 2-pyridyl
cyanoxime {pyC(CN)NOH} leads to the formation ofutel oximato complexes having the
general formula [(arene)M{pyC(CN)NOJ}CI] {arenep-cymene, M = Ru,X); Cp*, M = Rh @);
Cp*, M = Ir (3)}. Whereas the reaction of 2-pyridyl phenyloximpyC(Ph)NOH} and 2-
thiazolyl methyloxime {tzC(Me)NOH} with precursorompounds afforded the cationic oxime
complexes bearing formula [(arene)M{pyC(ph)NOH}Cland [(arene)M{tzC(Me)NOH}CI|
{arene =p-cymene M = Ru,4), (7); Cp*, M = Rh ©), (8); Cp*, M = Ir (6), (9)}. The cationic
complexes were isolated as their hexafluorophospbatts. All these complexes were fully
characterized by analytical, spectroscopic andydifiraction studies. The molecular structures
of the complexes revealed typical piano stool gaoyreeound the metal center within which the
ligand acts as a NNdonor chelating ligand. The Chemo-sensitivity \atiés of the complexes
evaluated against HT-29 (human colorectal cane®ad, MIAPaCa-2 (human pancreatic cancer)
cell line showed that the iridium-based complexesmauch more potent than the ruthenium and
rhodium analogues. Theoretical studies were cawigdio have a deeper understanding about

the charge distribution pattern and the varioustedeic transitions occurring in the complexes.

Keywords: Ruthenium, rhodium, iridium, oximes, dgicity



41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

1 Introduction

The study of half-sandwich arene ruthenium (arenp-Gymene and its derivatives)
Cp*Rh and Cp*Ir complexes represents one of thetnwessatile subject in the field of
organometallic chemistry because of their poterdjgblications in various areas [1-6]. These
complexes bearing the general formula [(arene)(MJ]L (M = Ru, Rh and Ir, L is a chelating
ligand and X is a halide) have been extensivelgistlias potential metal-based anticancer drugs
[7-11]. The coordination sphere of the metal centerthese half-sandwich complexes is
stabilized by the arene moiety which protects thetalis oxidation state occupying three
coordinating sites, the chelating ligand L whichntrols the reactivity through various
interactions and the M-CI bond which easily gessdciated and produces the active site for the
metal ion to target biomolecules [12, 13]. It i®sdhat the leaving group, the chelating ligand
and the arene substituent strongly influence tloéogical and structure activity relationship of
these complexes [14]. Sadketr al carried out number of experiments with chelatingl\ N,O-
and O,0- ligands to study the SAR activity of cgtot ruthenium(ll) complexes by increasing
the size of the arene ring [15]. Also it has beeosppsed by various research groups that the
cytotoxicity of half-sandwich metal complexes ireses with increase in size of the arene
substituent [16-18]. These complexes have alsdajisf their remarkable activity as catalyst in
various organic transformation reactions such adrdgenation, water oxidation and C-H
activation [19-21]. In recent years many half-samtmcomplexes with NNchelating nitrogen
donor ligands have been accomplished in our laborg2?2].

Oxime ligands in particular have developed a kewearést in the field of coordination
chemistry [23]. The oxime ligand can act as an denfitiate ligand and can coordinate with metal

ions either through nitrogen or oxygen atoms [23yanoximes having the general formula
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{HO-N=C(CN)-R}, where R is an electron withdrawimmgoup represents an important class of
biologically active compounds and transition metaimplexes of cyanoximes have shown
pronounced cytotoxicity and antimicrobial activiBb, 26]. The presence of the cyano group as
a substituent close to the oxime fragment increéisesacidity of the oxime several thousand
times greater than that of common oximes [27]. @&heons of 2-pyridyl oximes serve as a
versatile ligand for preparation of complexes withusual topologies exhibiting interesting
magnetic properties [28]. Oximes have the capgliitremain intact in the co-ordination sphere
of the metal by undergoing O-H bond cleavage tordffoximate derivatives [29]. Despite
having a rich diversified chemistry of metal oxilsuwed oximato complexes, it is noteworthy that
only a few half-sandwich platinum group metal oxioognplexes have been reported to date [30,
31].

In our present work we report the synthesis of eathm, rhodium and iridium half-
sandwich oximato and oxime complexes, their biaaliactivity and theoretical studies.
Ligands used in the present study are shown intchar
2 Experimental
2.1. Materials and methods

All reagents were purchased from commercial soustes used as received without
further purification. RuGIlnH,O, RhCh.nH,O, IrCl;.nH,O was purchased from Arora Matthey
limited. 2-acetylthiazole and 2-benzoylpyridine werobtained from Aldrich, 2-
pyridylacetonitrile was obtained from Alfa Aesar darmydroxylamine hydrochloride was
obtained from himedia. The solvents were purified dried according to standard procedures
[32]. The starting precursor metal complexgsdymene)RuGl, and [Cp*MCb], (M = Rh/Ir)

were prepared according to the literature meth@®8 [B4]. The oxime ligands 2-pyridyl
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cyanoxime, 2-pyridyl phenyloxime and 2-thiazolyl tndoxime were synthesized according to
published procedures [29, 35 and 36]. Infrared tspewere recorded on a Perkin-Elmer 983
spectrophotometer by using KBr pellets in the ranfjd00-4000 crit. *H NMR spectra were
recorded on a Bruker Avance Il 400 MHz spectromasing DMSO-gdas solvents. Absorption
spectra were recorded on a Perkin-Elmer Lambda\2&%/id spectrophotometer in the range of
200-800 nm at room temperature in acetonitrile. 3&ggectra were recorded using Q-Tof APCI-
MS instrument (model HAB 273). Elemental analyséshe complexes were performed on a
Perkin-Elmer 2400 CHN/S analyzer.
2.2.  Structure determination by X-ray crystallogngp

Suitable single crystals of complexds, (2) and @), were obtained by slow diffusion of
hexane into acetone solution and crystals of coxegléd), (5), (7) and 8) were obtained by
diffusing hexane into DCM solution. Single crysi&ray diffraction data for the complexes
were collected on an Oxford Diffraction Xcalibur £&emini diffractometer at 293 K using
graphite monochromated MoeKradiation § = 0.71073 A). The strategy for the data collection
was evaluated using the CrysAlisPro CCD softwang/stal data were collected by standard
“phi—omega scan” techniques and were scaled a&udiced using CrysAlisPro RED software.
The structures were solved by direct methods uSHELXS-97 and refined by full-matrix least
squares with SHELXL-97 refining or? 37, 38]. The positions of all the atoms were oigel
by direct methods. Metal atoms in the complex wecated from the E-maps and non-hydrogen
atoms were refined anisotropically. The hydrogemmet bound to the carbon were placed in
geometrically constrained positions and refinechusbtropic temperature factors, generally 1.2
Ueq Of their parent atoms. Crystallographic and stmectrefinement parameters for the

complexes are summarized in Table 1, and seleded lengths and bond angles are presented
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in Table 2. Figures 1-3 were drawn with ORTEP3 progwhereas Figures S2-S6 was drawn by
using MERCURY 3.6 program [39].

The crystal structure of comple®)(contains disordered hexane molecule, which has
been removed by SQUEEZE method [40]. Crystal strecbf complex ) contains fourfold
disordered solvent molecule, which has been refiard removed by SQUEEZE method.
Crystal structure of comple8) contains solvent molecule in their solved strrestu
2.3. Biological studies

The complexes1(9) were dissolved in DMSO at 100 mM and stored & %2 until
required. The cytotoxicity of the complexes wasdstd against HT-29 (human colorectal
cancer) and MIAPaCa-2 (human pancreatic cancel)linel Cells were seeded into 96 well
plates at 1 x 10cells per well and incubated at 3¢ in a CQ enriched (5%), humidified
atmosphere overnight to adhere. The cells weresegto a range of drug concentrations in the
range of 0-100 uM for four days before cell sur/iwas determined using the MTT assay [41].
To each well MTT (0.5 mg/ml) in phosphate buffersaline was added and was further
incubated at 37C for 4 hours. The MTT was then removed from eaefii and the formazan
crystals formed were dissolved in 150 uM DMSO amel absorbance of the resulting solution
was recorded at 550 nm using an ELISA spectrophetemThe percentage of cell inhibition
was calculated by dividing the absorbance of tceatell by the control value absorbance
(exposed to 0.1 % DMSO). The d{values were determined from plots of % survivadiagt
drug concentration. Each experiment was repeates ttimes and a mean value obtained and

stated as 165 (LM) £ SD.
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2.4. Computational Methodology

The geometry optimization of all the complexes wdome in the gas phase using the
Density Functional Theory (DFT) based B3LYP metlmdonjugation with 6-31G** basis set
for lighter atoms (H, C, N, O, CI, S, P and F) aAdNL2DZ [42, 43] basis set for heavier atoms
(Ru, Rh and Ir). LANL2DZ is a widely used Effectiv@re Potential (ECP) basis set which
considers the core electrons as chemically ina@ne performs only on the valence electrons
and thus reduces the computational cost. Harmoaguéncy calculations were carried out at the
same level to ensure that the geometries are miaitmthe potential energy surface (PES).
Natural Bond Orbital (NBO) [44] analysis was cadrieut to get charges on individual atoms
present in the complexes. Time dependent-Densinhctianal Theory (TD-DFT) [45] has been
employed to evaluate the absorption spectra and etbetronic transitions of the metal
complexes. In order to incorporate the effect ef $blvent around the molecule, the Polarizable
Continuum Model (PCM) [46] was used in TD-DFT ca#tions. The composition of the
molecular orbital analysis was carried out using @hemissian software package [47]. All the
electronic energy calculations were carried outgissaussian 09 suite of program [48].

2.5. General procedure for synthesis of neutral glexes {-3)

A mixture of starting metal precursor (0.1 mmol)dalgand 2-pyridyl cyanoxime,
{pyC(CN)NOH} (0.2 mmol) were dissolved in dry meti@d (10 ml) and stirred at room
temperature for 8 hours (Scheme-1). A yellow calocempound precipitated out from the
reaction mixture. The precipitate was filtered, e with cold methanol (2 x 5 ml) and diethyl
ether (3 x 10 ml) and dried in vacuum.

2.5.1. [(p-cymene)Ru{pyC(CN)NO}CI] (1)



153 Yield: 62 mg (74%); IR (KBr, ci): 2959(m), 2203(m), 1603(m), 1482(m), 1443(m), 639,
154 1368(m), 871(m), 788(mfH NMR (400 MHz, DMSO-¢): § =9.20 (d, 1H,J = 8.0 Hz , Ckby),
155 7.94 (t, 1H, Chpy), 7.38 (t, 1H, Chjy), 7.30 (d, 1H,) = 8.0 Hz, Chpy), 1.01 (dd. 6H,) = 8 and
156 8 Hz, CHp.cym), 2.07 (S, 3H, Cl.cym), 2.62 (sept, 1H, Cleymy), 5.60 (d, 1H, J = 8.0 Hz, GH
157 ¢m), 5.68 (d, 1HJ = 4.0, CHyeymy), 5.80 (d, 1HJ = 8.0, CHyeymy), 5.87 (d, 1H,J = 8.0 Hz,
158 CHgpcym); HRMS-APCI (m/z): 417.0302 (M+H) UV-Vis { Acetonitrile, Amax nm €/10* M™
159  cmh)}: 237 (1.83), 302 (1.18), 370 (0.61); Anal. Céde C;7H1sCIN;ORuU (416.86); C, 48.98; H,
160  4.35; N, 10.08. Found: C, 49.14; H, 4.42; N, 1023

161  2.5.2. [Cp*Rh{pyC(CN)NO}CI] (2)

162 Yield: 66 mg (78%); IR (KBr. ci): 2918(m), 2212(m), 1602(m), 1481(m), 1444(m), 839,
163 1372(s), 1155(m), 766(mj)H NMR (400 MHz, DMSO- ¢): 8 =8.54 (d, 1H,J = 4.0 Hz, CHy),
164  7.88 (t, 1H, Chhy), 7.40 (t, 1H, Chby), 7.31 (d, 1H, = 8.0 Hz, CHyy), 1.59 (s, 15H, Cldp);
165 HRMS-APCI (m/z): 420.0451 (M+H) UV-Vis { Acetonitrile, Amax nm €/10% M cm™)}: 236
166 (1.78), 255 (1.35), 289 (1.08), 374 (0.71); Anahlcfor G7H1oCINsORh (419.71); C, 48.65; H,
167 4.56; N, 10.01. Found: C, 48.68; H, 4.62; N, 104.8

168  2.5.3. [Cp*Ir{pyC(CN)NO}CI] (3)

169  Yield: 80 mg (78%); IR (KBr. cil): 2922(m), 2204(m), 1605(w), 1483(m), 1394(s), &(35,
170 765(m); 'H NMR (400 MHz, DMSO-¢): 8 = 8.54 (d, 1H,J = 4.0 Hz, Chy), 7.80 (t, 1H,
171 CHy), 7.52 (d, 1H,J = 4 Hz, CHyy), 7.23 (t, 1H, Chjy), 1.62 (S, 15H, Cidpy); HRMS-APCI
172 (m/z): 510.0824 (M+H) UV-Vis { Acetonitrile, Amax NM €/10* M™* cmi!)}: 233 (1.46), 288
173 (0.96), 378 (0.53); Anal. Calc fors@#16CINzOIr (509.02); C, 40.11; H, 3.76; N, 8.26. Found: C,
174 40.28; H, 3.88; N, 8.38 %.

175 2.6.  General procedure for synthesis of cationimptex g-9)
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A mixture of starting metal precursor (0.1 mmol)daligand 2-pyridyl phenyloxime
{pyC(Ph)NOH} or 2-thiazolyl methyloxime {tzC(Me)NOH(0.2 mmol) and 2.5 equivalents of
NH4PF; were dissolved in dry methanol (10 ml) and stire¢édroom temperature for 8 hours
(Scheme-2 and 3). The solvent was evaporated $ictueewas dissolved in dichloromethane and
filtered through celite, the filtrate was concetegthto 1 ml and excess hexane was added to
precipitate the compound. The precipitate was ctdiand dried in vacuum.

2.6.1. [(p-cymene)Ru{pyC(Ph)NOH}CI](PFs) (4)

Yield: 96 mg (78%); IR ((KBr. ci): 3314(b), 3090(s), 2967(w), 1598(s), 1472(s), 6(BH,
1192(s), 1031(s) 838(s)Hd NMR (400 MHz, DMSO-g): 9.45 (d, 1H,J = 8.0 Hz, CHy), 8.04
(t, 1H, CHyy), 7.66 (t, 1H, Chkhy), 7.54-7.59 (m, 3H, CH), (a), 7.29-7.32 (m, 3H, Chi),
1.06 (d 3H,J = 8.0 Hz, Chp.cym), 1.13 (d, 3HJ = 8.0 Hz, Chpeym), 2.26 (S, 3H, Ch.cymy),
2.70 (sept, 1H, CHeymy), 5.72 (d, 1H, = 8.0 Hz, Chbcym), 6.02 (d, 1H,J = 8.0 Hz, Chpcym),
6.12 (d, 1HJ = 8.0 Hz, Chb.cym), 6.19 (d, 1H,J = 8.0 Hz, Chb.cym), OH not observed; HRMS-
APCI (m/z): 469.0652 (M-P§": UV-Vis {Acetonitrile, Amax M €/10* M cm™)}: 233 (2.28),
272 (0.95), 376 (0.29); Anal. Calc fobEl4CIFsN,OPRU (613.93); C, 43.04; H, 3.94; N, 4.56.
Found: C, 43.21; H, 4.06; N, 4.63 %.

2.6.2. [Cp* Rh{pyC(Ph)NOH}CI](PF) (5)

Yield: 108 mg (87%); IR (KBr. cif): 3314(b), 3112(m), 2922(m), 1595(s), 1470(w), &8,
1189(s), 1027(s), 841(s) NMR (400 MHz, DMSO-¢): 3 =8.77 (d, 1H,J = 4.0 Hz, Chjy)),
8.06 (t, 1H, Chhy), 7.77 (t, 1H, Chky), 7.59-7.63 (m, 3H, CHl) (ay), 7.40-7.45 (m, 3H,
CHan), 1.77 (s, 15 H, CHdps), OH not observed; HRMS-APCI (m/z): 471.0721 (MsPFUV-
Vis {Acetonitrile, Amax NM €/10* M?* cmb)}: 266 (0.75), 357 (0.30); Anal. Calc for

C22H25CIFgN2,OPRN (616.77); C, 42.84; H, 4.09; N, 4.54. FounddZ91; H, 3.96; N, 4.67 %.

10
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2.6.3. [Cp*Ir{pyC(Ph)NOH}CI](PFs) (6)

Yield: 110 mg (78%); IR (KBr. cif): 3438(b), 3137(m), 2975(m), 1624(s), 1457(w), &(8%),
1142(s), 1033(s), 843(s)¥4 NMR (400 MHz, DMSO-¢): 5 =8.78 (d, 1H,J = 4.0 Hz, CHy),
7.92 (t, 1H, Ckhy), 7.79 (t, 1H, Chy), 7.48-7.53 (m, 3H, CH). (an), 7.43-7.47 (m, 3H,
CHan), 1.77 (s, 15 H, CHdp), OH not observed; HRMS-APCI (m/z): 561.1283 (MsPFUV-
Vis {Acetonitrile, Amax NM €/10* M?* cm)}: 296 (0.78), 360 (0.59); Anal. Calc for
CooH25CIFsN,OPIr (706.08); C, 37.42; H, 3.57; N, 3.97. Found3Z.58; H, 3.65; N, 4.11 %.
2.6.4. [(p-cymene)Ru{tz(CH3)NOH}CI](PFe) (7)

Yield: 88 mg (79%); IR (KBr. ci): 3594(s), 3429(b), 3109(m), 2970(m), 1631(s), 5(50),
1471(w), 1381(s), 1140(s), 1040(m), 846(s);NMR (400 MHz, DMSO-g): & = 11.3 (s, 1H,
OH), 8.50 (d, 1H, = 4.0 Hz, Chi,) 7.89 (d, 1H, = 8.0 Hz, Ch,), 2.52 (s, 3H, Ch), 1.10 (d,
3H,J = 8 Hz, CHpeym), 1.18 (d, 1H,) = 8 HZ, CHpcymy), 2.29 (S, 3H, Chl.eym)), 2.75 (sept, 1H),
6.06 (d, 1HJ = 4 Hz, CHycym), 5.89 (d, 2H,) = 8 Hz, CHycym), 5.64 (d, 1HJ = 4 Hz, CH,
oym); HRMS-APCI (m/z): 413.0118 (M-RF; UV-Vis {Acetonitrile, Amax "M /107 M cmi™)}:
297 (0.48), 350 (0.32); Anal. Calc fordB,CIFsN,OPRuUS (557.88); C, 32.29; H, 3.61; N, 5.02.
Found: C, 32.41; H, 3.69; N, 5.13 %.

2.6.5. [Cp* Rh{tzC(CH 3)NOH}CI](PFs) (8)

Yield: 84 mg (75%); IR (KBr. ci): 3618(s), 3433(b), 3138(m), 2824(w), 1598(s), Qv
1382(w), 1139(m), 1027(w), 842(s¥d NMR (400 MHz, DMSO-¢): 5 = 11.81 (s, 1H, OH),
8.14 (d, 1HJ = 4 Hz, CHy), 8.08 (d, 1HJ = 4 Hz, CHy), 2.56 (s, 3H, Ch), 1.78 (s, 15 H,
CHcpy); HRMS-APCI (m/z): 415.0131 (M-RF; UV-Vis { Acetonitrile, Amax nm €/10* M™
cm)}: 230 (0.53), 287 (0.35), 351 (0.32); Anal. Cdtr CysH»CIFsN,OPRhS (560.73); C,

32.13; H, 3.77; N, 5.00. Found: C, 32.19; H, 31855.12 %.

11
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2.6.6. [Cp* I r{tzC(CH3)NOH}CI](PFe) (9)
Yield: 100 mg (77%); IR (KBr. ci): 3619(s), 3339(b), 3136(m), 2926(m), 1599(m), &(4%),
1387(m), 1144(w), 1036(m), 844(sSX NMR (400 MHz, DMSO-¢): 5 = 11.81 (s, 1H, OH),
8.25 (d, 1H,J = 4 Hz, CHy), 8.23 (d, 1HJ = 4 Hz, CHy), 2.58 (s, 3H, Ch), 1.77 (s, 15 H,
CHcps); HRMS-APCI (m/z): 505.0761 (M-RJ; UV-Vis {Acetonitrile, hmaxnm €/10* M™ cmi
)} 290 (0.76), 360 (0.346); Anal. Calc for§E1,1CIFsN,OPIrS (650.04): C, 27.72; H, 3.26; N,
4.31. Found: C, 27.90; H, 3.32; N, 4.41 %.
3. Results and discussion
3.1. Synthesis of the complexes

The neutral metal oximato complexet-3) were isolated by the reaction of metal
precursors with 2-pyridyl cyanoxime. The neutraltah&€omplexes were formed as a result of
deprotonation of the oxime hydrogen as confirmedspgctroscopic and X-ray diffraction
studies. It is assumed that the presence of th@ocgmoup as a substituent in 2-pyridyl
cyanoxime increases its acidity leading to its depration and resulting in elimination of HCI.
Furthermore deprotonation of oxime hydrogen geeeran anionic charge on oxime-O which
was found to be delocalized over the 2-pyridyl @pame moiety as reflected from the bond
lengths values (Table 2). The cationic metal oxiooenplexes 4-9) were prepared by the
reaction of metal precursors with 2-pyridyl phemnytoe and 2-thiazolyl methyloxime.
Deprotonation of oxime hydrogen was not observedhisa case with phenyl and methyl as
substituent. The cationic complexes were isolatéth Wk counter ion. All these complexes
were isolated as yellow solids except complexXeand9) which were isolated as orange solids.
These complexes are non-hygroscopic, stable iasawell as in solid state. They are soluble in

common organic solvents like acetone, acetonitdilhloromethane and DMSO but insoluble in
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hexane and diethyl ether. All these complexes weftly characterized by spectroscopic
techniques.
3.2.  Spectral studies of the complexes

The IR spectra of all the complexes shows charatitestretching frequencies for C=N
and C=C around 1450-1620 ¢mand these values are shifted to higher frequersieompared
to the free ligand following coordination of thgdind to the metal atom. The=R stretching
frequencies for the neutral complexés3f appeared in the lower frequency region aroundt220
2212 cnt as compared to the free ligand at 2229 amich may be due to delocalization of the
anionic charge on oxime-O. The disappearance ofQHestretching frequency around 3100-
3400 cnt in the neutral complexed-Q) indicates the deprotonation of the oxime hydrogen
which is also confirmed from the crystal structurBise presence of the OH stretching frequency
around 3100-3450 chin cationic complexest(9) suggests that the binding occurs through the
nitrogen atom. In addition, the cationic metal ctemps @-9) displayed a strong intense band
around 838-849 cthcorresponding to the P-F stretching frequencyefdounter ion [49].

In the®H NMR spectra of the complexes the signals foratteenatic protons of the ligand
was observed in the downfield region around 7.3®-%pm. The shift of the ligand resonance
signals clearly indicates the coordination of tigarid to the metal ion. The disappearance of the
OH proton signal in the neutral complexds3] as compared to the free ligand at 13.02 ppm
indicates the deprotonation of the hydroxyl protdhe OH proton resonance for complexes (
9) was observed as singlet around 11.3-11.9 pprrecéisply. Besides these resonance signals
for the aromatic part of the ligand complexgs4 and7) displayed an unusual pattern of signal
for the p-cymene moiety. The aromatic proton signal for fheymene ligand showed four

doublets for complexed) and @) at around 5.60-6.19 ppm and three doublets forptex (7)
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268 around 5.64-6.06 ppm instead of two doublets instlagting metal precursor. And also methyl
269  protons of isopropyl group displayed two doubleis domplex 4) and ) and one doublet of
270  doublet for complex1) around 1.01-1.18 ppm instead of one doublet erttetal precursor.
271 This surprising pattern of signals is due to deswtniration of thep-cymene ligand upon
272 coordination of the oxime ligand and these resatesin good agreement with similar reported
273  complexes [50]. Complexed,(4 and 7) displayed septet and singlet around 2.07-2.75 ppm
274  corresponding to the methine protons of the isogrgmup and methyl group of thecymene
275 ligand. The methyl proton resonance for compleg8esd Q) was observed as a singlet at 2.56
276 and 2.58 ppm. In addition, to all these signalsrang peak for the Cp*Rh complexes 6 and
277  8) and the Cp*Ir complexes3(6 and9) was observed between 1.59-1.78 ppm for the methyl
278  protons of the pentamethylcyclopentadienyl ligand.

279 In the mass spectra of the neutral completed),(the molecular ion peak was observed
280 as (M+HY) ion peak at m/z: 417.0302, m/z: 420.0451 and &1£.0824 respectively. Whereas
281 the mass spectra of the cationic complexe9)(displayed their molecular ion peaks at m/z:
282 469.0652, m/z: 471.0721, m/z: 561.1283, m/z: 41830Im/z: 415.0131 and m/z: 505.0761
283  which corresponds to the [M-EF ion. The mass spectra values of the complexesigiro
284  support the formation of the complexes.

285 The absorption spectra of the complexes were redorid acetonitrile at IH M

286  concentration at room temperature and the pldtesva in (Figure S1). The electronic spectra of
287 the complexes display absorption band in the higimargy region around 230-305 nm which
288 can be assigned as ligand centetredt and nat*transition [51]. The low spin Ru(ll), Rh(lll) and
289  Ir(lll) complexes provides filled « (t2g) orbitals of proper symmetry which can interactrwow

290 lying n* orbitals of the ligand. Therefore a metal to hgacharge transfer (MLCT) band is
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expected in their absorption spectra. The bandkariower energy region around 350-380 nm
can be assigned as metal to ligand charge trafde®T) dn(M) to = (L) transition [52].
3.3.  Molecular structures of complexes

The molecular structures of some of the respecireplexes were established by single
crystal X-ray analysis. Suitable single crystalsevattached to a glass fiber and transferred into
the Oxford Diffraction Xcalibur Eos Gemini difframneter. The crystallographic details and
structure refinement details are summarized in d48blThe geometrical parameters around the
metal atom involving ring centroid are listed inbla 2. Complex 1) crystallized in
orthorhombic system with space graBpa2. ComplexesZ, 3 and8) crystallized in monoclinic
crystal system with space groBgi:/c whereas complexed)(and {) crystallized withP2;/n and
P2,/m space group in monoclinic crystal system. Comg®xcrystallized in triclinic system
with space group T.

The molecular structures of the complexes revealégpical three legged “piano stool”
geometry about the metal center with the metal atoordinated by the arene/Cp* ring im%
n°manner, two nitrogen donor atoms from chelatingrigjin a bidentate’ NN’ fashion and one
chloride atom. The metal atom in these complexsgugated in a pseudo-octahedral arrangement
with the ligand coordinating through the pyridinedaoxime nitrogen atom forming a five
membered metallocyclic ring. The bite angle valt$)-Ru(1)-N(2) in ruthenium complexes
are 77.81(13)1), 75.66(7) 4) and 78.0(10)4). The average Ru-C distances in complexgs (
and @) are almost equal 2.203 and 2.205 A, while in demf7) the Ru-C distance is 2.179 A.
The Ru-centroid of the arene ring distances in dergs () and @) are equal 1.696 A while in
complex {) it is slightly longer 1.728 A. The bite angle was N(1)-M(1)-N(2) in rhodium and

iridium complexes are 78.06(16))( 78.0(3) B), 74.92(11) %) and 75.16(15)8). The average
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M-C distances (where M = Rh/Ir) are {2.165,(2.170 8), 2.157 ) and 2.1498) A} while the
distance between the metal to centroid of the @pj is found to be in the range of 1.775-1.803
A respectively. The M-N and M-CI bond distances éhM = Ru, Rh and Ir) in all these
complexes are found to be in close agreement withrigusly reported values for ruthenium,
rhodium and iridium complexes with NNdonor ligands [53]. Surprisingly, the molecular
structures of complexesl,(2 and 3) revealed the deprotonation of the oxime hydrogen
generating an anionic charge on oxime-O. This atmusabehavior of deprotonation of the
oxime hydrogen is not surprising as the presenadeatron withdrawing cyano group increases
the acidity of the oxime fragment. It was furthéserved that the anionic charge on the oxime-O
was delocalized over the 2-pyridyl cyanoxime maiéfiiis is supported by the oximate C(6)-
N(2) {1.330(5) (), 1.334(7) 2) and 1.360(11)3) A} and N(2)-O(1) {1.271(4) 1), 1.262(5) )
and 1.254(9)3) A} bond lengths which is slightly larger and sfealthan the corresponding C-
N {1.287(2) A} and N-O {1.367(2) A} bond in the feeligand indicating their partial double
bond character and delocalization of the anioniargh (Scheme-1) [54]. These results are
further supported by the theoretical calculatiorss veell (Table S1). A similar pattern of
delocalization of charge was reported for the aydtalated iridium complex [Ir(ppypyald)]
(ppy = 2-phenylpyridine, pyald = 2-pyridinealdoxijmghere the anionic charge was delocalized
over the pyridine aldoxime moiety [55]. The posttigharge of the ruthenium atom in complex
(1) is balanced by one negative charge from chlorateand one negative charge from the
oxime-O. Similarly in complexe) and @), the positive charge of the metal atom is baldnce
by one anionic charge from Cp* ligand, one chloim®and anionic oxime-O.

Further the crystal structure of complei) (displayed three different types of

intermolecular hydrogen bonding; the first betwdka anionic oxime-O and hydrogen atom
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from pyridine (2.393 A), the second between therexO and methine hydrogen (2.383 A) and
third from the aromatic hydrogen @cymene ligand (2.531 A). Also C-HCI (2.848 A)
interaction between the chloride atom and H-atompwfidine ring (Figure S2) has been
observed. Crystal structure of compl&) éxhibits two different types of C-H-Cl (2.813 and
2.902 A) interactions between the chloride atoracittd to metal and H-atom of Cp* group and
pyridine and also C-H- (2.904 A) interaction was observed between thehghéd atom and
Cp* group (Figure S3). The crystal structure of ptew (3) is stabilized by C-H-x (2.756 A)
interaction between the methyl-H atom and Cp* gremal C-H--Cl (2.917 A) interaction
between chloride atom and methyl H atom of Cp’al#o exhibits two types of intermolecular
hydrogen bonding C-H--O (2.713 A) between the anionic oxime-O and methyf Cp* and
C-H--N (2.689 A) interaction between nitrogen atom ofray group and pyridine-H atom
(Figure S4). The crystal packing of comple®) @nd 6) forms a dimeric unit via weak
intermolecular C-H-+O (2.700 and 2.848 A) and O-HCI (2.228 and 2.245 A) interactions
between the methyl-H atom of Cp* and oxime-O antinexH atom and chloride atom attached
to metal ion (Figure S5). Further the crystal g of complex §) crystallized with one water
molecule which forms four different types of intext@cular hydrogen bonding the first between
the hydrogen atom of water molecule and chloridemaiO-H--Cl (2.807 A), the second
between the fluorine atom of counter iongRRd H-atom of water molecule O-HF (2.319 A),
the third between the O-atom and H-atom of Cp* gréuH--—-O (2.507 A) and the last between
the O-atom and H-atom of oxime moiety O-HO (1.829 A) (Figure S6). These weak
interactions play an important role in the formataf supramolecular motifs.

3.4. Chemosensitivity studies
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The oximato and oxime metal complexds9f were tested for thein vitro activity
against two cancer cell lines HT-29 (human colaedaancer) and MIAPaCa-2 (human
pancreatic cancer) using the MTT assay. The regpohthe cell line HT-29 and MIAPaCa-2 to
the test complexed{9) and cisplatin is presented in graphical form igufe 4 and in tabular
form in Table 3. Complexed) and 8) were found to be inactive against both the aded with
ICs0 values > 10QuM. Complexes 4) and 6) were found to be less active against HT-29 cell
line whereas complex) was found to be more active against MIAPaCa-2loed. In contrast
complexes Z) and () displayed moderate activity against both cekedirwith 1Go value in the
range of 8.28 to 23.7dM. However, among all the ruthenium, rhodium andium complexes,
the iridium complexes3), (6) and Q) with cyano, phenyl and methyl substituted oximes
displayed high cytotoxicity. The iridium complexegre found to be highly active against HT-
29 cancer cell line with 1§ values in the range of 5.82 to 10.5. Also, the iridium
complexes exhibits high potency against MIAPaCaR Ime with 1G5y values ranging from
2.89 to 9.659uM. However among all the iridium complexes, théiiwim oximato compound3)
with cyano substituent was found to be the mosemotowards MIAPaCa-2 cell line (&=
2.87 + 0.26uM) with 1Cs value comparable to that of cisplatin {4G 2.84 + 2.05uM). This
high remarkable activity of the iridium based coexgs suggests that the presence of the
substituent in the chelating ligand plays a crucié and affects the cytotoxicity [8]. This study
demonstrates that the cytotoxicity of the complesas be finely tuned by changing the nature
and position of the substituent in the chelatigad without changing the arene systems.

3.5.  Optimized structural geometry
The comparison of the geometric parameters (seldmed lengths and bond angles) of

the optimized structures and the crystal structofebe complexesl(9) are listed in Table S1.
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The calculated bond lengths and the bond angléseo€omplexes are in good agreement with
the experimental data indicating the reliability ohe theoretical method (B3LYP/6-
31G**/LanL2DZ) used in the present study. It shob&lnoted that a slight discrepancy from the
experimental value in N(2)-Ru(1)-CI(1), N(1)-Ru(@)¢1) and N(2)-Rh(1)-Cl(1) bond angle for
complexesY), (4) and @) has been observed (Table S1).

3.6. Molecular electrostatic potential (MESP)

MESP is an important quantity to understand sites électrophilic attack and
nucleophilic attack as well as hydrogen bond irtioas [56, 57]. The MESP diagram for all the
complexes are shown in Figure 5. The red regioresgmts the negative electrostatic potential,
which is related to the nucleophilic reactivity wias the blue regions represents the positive
electrostatic potential and is related to the ebgttilic reactivity. The red regions in complexes
containing 2-pyridyl cyanoxime and 2-pyridyl phemxiime does not change much drastically,
but in complexes containing 2-thiazolyl methyloximée intensity of red color decreases
slightly in complexes8) and @) as compared to comple¥)(

3.7.  Charge Distribution
The charges on the selected atoms as obtainedNB@ analysis are listed in Table S2.

The charge on the metal (Ru, Rh and Ir) for comgde§k-9) ranges between -0.028 e (complex
7) and 0.0248 e (comple®), which are less than their formal charges of R@)(and +3 (Rh/Ir).
Moreover, as indicated in Table S2, the negatigegd on the N1 decreases in all the complexes
as compared to their charge in isolated ligandesé&lhresults confirm that the ligands transfer
their negative charges to the metal on complex &ion. The charge on the chloride atom for
all the complexes ranges between -0.342 e and 60240t should be noted that the negative
charges on chloride for ruthenium complexes arepawatively lower whereas it is higher for
rhodium and iridium complexes. These lowering oérges in ruthenium complexes are the
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reflection of the negative charges on ruthenium mer (1) and ) and very small positive
charge of 0.002 e on Ru in compleR.(As observed from the experimental results, thdahe
neutral complexesl( 2 and3) the anionic charge on oxime-O was delocalized twe 2-pyridyl
cyanoxime moiety, therefore we further tried tatifyshese results with theoretical data as well.
In isolated ligand, 2-pyridyl cyanoxime, the chaxgm the O1, N2 and C6 are found to be -
0.545, -0.037 and 0.062 e. On complex formatioe, rlegative charges on the O1 and N2
decreases and attains a value of -0.381, -0.38%03( and 0.159, 0.126, 0.107 e respectively,
whereas C6 attains negative charges of -0.050360ahd -0.036 e (Table S2). These results
confirm that the anionic charge on the oxime-Oakdalized on complex formation. Moreover,
as seen from the bond lengths values (Table 2)camplex formation, the N2-O1 bond is
shortened and attains a partial double bond claradtereas the N2-C6 bond is elongated as
compared to the bonds in isolated ligand.

3.8.  Frontier Molecular Orbital and Absorption spiec
It is well known that the frontier molecular orbga(HOMO and LUMO) help in

characterizing the electron donating and electaegting ability of a molecule. Moreover, the
HOMO-LUMO energy gap has been utilized as an ingrdrtparameter to understand the
reactivity of a molecule. A lower HOMO-LUMO gap nrealesser stability and higher reactivity
whereas for higher HOMO-LUMO gap, it is the revers#se. The details of the frontier
molecular orbitals are shown in Figure 6 where tb& and the green regions represent the
positive and the negative phase respectively. Tieegy gap is least for compleg) (whereas it

is highest for complex8j. It should be noted that the energy gap is lesstie complexes
containing 2-pyridyl phenyloxime indicating its $estability and greater reactivity as compared
to the complexes containing ligand 2-pyridyl cyainox and 2-thiazolyl methyloxime. The %
composition of molecular orbital analysis as showiiable S3, predicts that for the complexes
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containing 2-pyridyl cyanoxime (complexgés2 and3), the maximum percentage of HOMO i.e.
42%, 35% and 39% is located on the ligand itseHe Bame case can be encountered for
complexes ) and @) as well whereas for complexed),((6) and ©) most percentage of HOMO
is located on the metal (Table S3). On the othadhthe LUMO is located mainly on the ligand
for almost all the complexes except for compl2) (here it is located on the Rh metal (about
37%).

The electronic absorption spectra were calculatethgu the TD-DFT method in
acetonitrile solvent employing PCM model. The cllted and the experimental absorption data,
HOMO-LUMO energy gaps, and the character of eleotrtransitions are listed in Table 4. The
H—L transitions for complexesl), (3), (7) and @) occurring at 492, 468, 450 and 485 nm
corresponds to ILCT character, for complexd$, (6) and Q) at 453, 464 and 463 nm
corresponds to MLCT character whereas for compld®esand 6) at 512.44 and 477 nm
corresponds to LMCT and LLCT character. These MLE€Haracter can be assigned as
drqiM)—r1d{L) transitions, ILCT character are fo¥»riJtransitions and LLCT foPr(Cl)—nr*(L)
transitions. In agreement with the experimentalltes few MLCT transitions has also been
observed at 357 nn#), 359, 335 nm7), 336 nm 8 and 350 nm9). Further, few ILCT and
LLCT transitions have been observed between 230r894vhich are in well agreement with the
experimental data.

4. Conclusion

In summary, we have successfully synthesized ruthenrhodium and iridium half-
sandwich oximato and oxime complexes. These coreplevere full characterized by various
spectroscopic studies and X-ray analysis. The dgamder study preferably bind to the metal in

a bidentatex”? NN’ fashion using pyridine and oxime nitrogen atomra- structure of
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complexes 1-3) reveals the deprotonation of the oxime hydrogemdeading to the formation
of neutral complexes. Chemosensitivity activityttid complexes carried out against HT-29 and
MIAPaCa-2 cancer cell lines displayed that someth&f complexes are cytotoxic however
iridium-based complexes displayed more potency thainenium and rhodium complexes. In
particularly the neutral iridium oximato compounaisssessed the highest activity among other
cationic iridium oxime complexes. Further, TD-DF&laulated absorption spectral data are in
well agreement with experimental results.
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12, Union Road, Cambridge CB2 1EZ, UK; Fax: +443336033.
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Refinement method

squares on £
Data/restraints/parameters

Goodness-of-fit on & 1.00

Final R indices [I>2sigma(l)]

0498
R indices (all data)
0.0526
Largest diff. peak and hole 0.583 and -0.461
(e.&3)
CCDC No. 1486252

Full-matrix least-

3438/1/211

R1=0.0322, wR2 =

R1 =0.0425, wR2 =

Full-matrix least-

squares on ¥
3956/0/213

1.057

R1 = 0.0566, wR2 =
0.0966
R1 =0.1081, wR2 =
0.1077

0.790 and -0.865

1486253

Full-matrix least-

squares on ¥
78/39/213

1.085

R1 =0.0526, wR2 =
0.1118
R1=0.0713, wR2 =
0.1217

2.329 and -1.955

1486254

Full-matrix least-

squares on ¥
5682/0/311

1.090

R1=0.0331, wR2 =
0.0728

R1 =0.0426, wR2 =
0.0777

0.377 and -0.519

1486255

Full-matrix least-

squares on %
6373/136/412

1.059

R1=0.0473, wR2 =
0.1153
R1 =0.0649, wR2 =
0.1241

0.449 and -0.350

1486256

Full-matrix least-

squares on %
3037/172/229

1.005

R1 =0.0524, wR2 =
0.1426
R1 =0.0640, wR2 =
0.1540

0.871 and -0.857

86267

593 Table 1 Crystal data and structure refinement patars of complexes.

Compounds 1 [2] [3] [4]PFs [5]PFs [7]PFRs [8]PFsH,0O

Empirical formula Q7H13C|N3ORU Q7H190|N30Rh Q7H19C|N30||’ qusz;ClFeNzOPRU Q2H25C|F6N20PRh Qst()ClFeNzOPRUS G{,HnglFeNzOzPRhS

Formula weight 416.86 419.71 509.00 613.92 616.77 57.88 578.74

Temperature (K) 292(2) 291(2) 295(2) 292(2) 296(2) 291(2) 295(2)

Wavelength (A) 0.71073 0.71073 0.71073 0.71073 w31 0.71073 0.71073

Crystal system Orthorhombic Monoclinic Monoclinic okbclinic Triclinic Monoclinic Monoclinic

Space group Pcaz P2/c P2/c P2/n PT P2/m P2/c

a (Ao (°) 14.9960(5)/90 8.3023(9)/90 8.3165(6)/90 9IAY90 9.0597(5)/67.455(5) 10.5576(7)/90 12.6559(5

b (R)/B (°) 7.8142(2)/90 27.612(2)/112.173(12)  27.5547/11B).388( 14.1127(6)/98.340(4) 12.7557(7)/82.956(5) 9.3658(04.388(7) 10.8936(4)/98.858(4)

7

c (A ©) 14.6872(4)/90 8.1421(8)/90 8.2007(5)/90 19%9Y/90 13.2635(8)/87.886(5)  13.2319(10)/90 16.38490

Volume (A3) 1721.07(9) 1728.5(3) 1737.61(18) 2486.38(19) 14448 1267.34(16) 2224.75(15)

z 4 4 4 4 2 2 4

Density (calc) (Mg/d) 1.609 1.613 1.946 1.640 1.458 1.462 1.728

Absorption coefficient 1.073 1.149 7.844 0.865 0.815 0.919 1.117

() (mn D)

F(000) 840 848 976 1232 620 556 1160

Crystal size (m) 0.24 x 0.19 X 0.09 0.24 x 0.19 X 0.08 0.29 x 0.2502 0.29x0.24x0.12 0.21x0.19x0.15 0.3625 x 0.23 0.25x0.21 X 0.19

Theta range for data collection 3.05t028.74° 30838.74° 3.031028.73° 3.07 t0 29.07° 3.22td29 3.58 t0 28.93° 3.14t0 29.01°

Index ranges -20<=h<=16, - -6<=h<=11, - -11<=h<11, - -10<=h<=12, - -11<=h<=11, - -12<=h<=14, - -13<=h<=15, -
10<=k<=9, - 36<=k<=36 - 30<=k<=36, - 18<=k<=10, - 16<=k<=11, - 11<=k<=12, - 12<=k<=13, -
17<=I<=18 10<=I<=10 10<=I<=5 26<=I<17 17<=I<17 10<=I<17 22<=|<20

Reflections collected 6209 8785 9093 9847 9798 4790 8932

Independent reflections 3438 [R(int) = 0.0311]  3@8ANnt) = 0.0602] 3978 [R(int) = 0.0494] 5682 [Ri) = 0.0186] 6373 [R(int) = 0.0329] 3037 [R(iNt0H230] 5071 [R(int) = 0.0261]

Completeness to theta = 25.00°  99.7 % 99.5 % 99.6 % 99.6 % 99.5 % 98.3 % 99.5 %

Absorption correction Semi-empirical from Semi-empirical from  Semi-empirical from  Semi-empirical from  Semi-empirical from  Semi-empirical from  Semi-empirical from
equivalents equivalents equivalents equivalents equivalents equivalents equivalents

Max. And min. transmission 0.9096 and 0.7828 0.94r870.7700 0.8589 and 0.2094 0.9033 and 0.7875 87H.8nd 0.8474 0.8164 and 0.7331 0.8159 and 0.7677

Full-matrix least-

squares on ¥
80715

1.049

R1 =0.0475, wR2 =
0.1064

R1 =0.0706, wR2 =
0.1211

0.734 and -0.393

1486258
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Structures were refined ¢h": WR = [E[W(Fo” - FY)7 / Zw(Fo))?]Y, wherew ™ = [Z(F¢°)+(@P)®+bP] andP = [max(Fq”, 0)+2F /3
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Table 2 Selected bond lengths (A) and bond ar(g)esf complexes.

Complex 1 2 3 4 5 7 8
M(1)-CNT 1.696 1.799 1.803 1.696 1.788 1.728 1.775
M(1)-N(1) 2.073(3) 2.093(4) 2.084(7) 2.0587(18) @®B) 2.09(2) 2.108(3)
M(1)-N(2) 2.028(3) 2.065(4) 2.039(7) 2.0854(19) @®B) 2.08(3) 2.131(4)
M(1)-CI(1) 2.3897(11) 2.3870(16) 2.391(2) 2.4191(7) 2.4225(10)  2.415(2) 2.3991(12)
M(1)-Cqve 2.203 2.165 2.170 2.205 2.157 2.179 2.149
N(2)-O(1) 1.271(4) 1.262(5) 1.254(9) = - - N
N(2)-C(6) 1.330(5) 1.334(7) 1.360(11)
N(1)-M(1)-N(2)  77.81(13) 78.06(16)  78.0(3) 75.66(7) 74.92(11)  78.0(10) 75.16(15)
N(1)-M(1)-Cl(1) 85.22(9) 87.07(13) 84.8(2) 85.10(6) 87.58(9) 88.4(5) 88.51(10)
N(2)-M(1)-Cl(1) 84.87(9) 86.72(14)  85.6(2) 84.20(5) 89.30(9) 81.1(6) 89.14(11)
N(1)-M(1)-CNT  132.9 132.5 133.8 132.0 129.6 132.3 28.6
N(2)-M(1)-CNT  130.6 130.4 131.2 131.5 130.5 133.0 324
Cl(1)-M(1)-CNT 127.3 125.5 125.7 129.2 127.7 127.8 126.3

CNT represents the centroid of the arene/Cp* rityg: represents the average bond distance of

the arene/Cp* ring carbon and metal atom.
Table 3 Response of HT-29 (human colorectal canaed MIAPaCa-2 (human pancreatic
cancer) to complexed-Q) and cisplatin. Each value represents the meataridard deviation

from three independent experiments.

Complexes ICs0 (LM)
HT-29 MIAPaCa-2
1 >100 >100
2 23.74 £4.25 9.16 £ 2.89
3 5.82+241 2.87 £0.26
4 68.83 £ 27.0 26.42 £ 0.67
5 42.32 + 10.69 67.18 £ 3.16
6 7.92 +£1.00 8.35+0.29
7 12.56 £4.45 8.28 £0.42
8 >100 >100
9 10.54 £4.73 9.65+1.68
Cisplatin 0.25+0.11 2.84 +2.05

ICs0 = concentration of the drug required to inhibg tirowth of 50% of the cancer cells (uUM).
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602 Table 4 Energy gap, theoretical and experimentabdion bands, electronic transitions and
603 dominant excitation character for various singkates of the complexed-Q) calculated with

604 TD-DFT method.

The most important Calculated Energy gap Oscillator Dominant excitation Experimental

orbital excitations A (nm) E (eV) strength (f) ~ Character A (nm)
Complex1

H—L 492.28 3.67 0.0021 2L1(ILCT)

H-3—L 371.17 4.50 0.0025 2LA(ILCT) 370

H-1-L 362.01 3.93 0.0488 2L1(ILCT)

H—L+3 304.45 4.61 0.1337 E2L1(ILCT) 302

H—L+4 301.08 4.89 0.0161 E2Cp*(LLCT)

H-2—L+6 238.25 5.91 0.0034 GiL1(LLCT) 237

H-5-L+2 235.61 5.92 0.0485 RulL1(MLCT)
Complex2

H—L 512.44 3.65 0.0046 1-%Rh(LMCT)

H-2—L+2 364.41 4.59 0.0306 EIRh(LMCT) 374

H—L+3 293.93 4.65 0.0438 E2L1(ILCT) 289

H-6—-L+1 253.61 5.77 0.1544 RBL1(MLCT) 255
Complex3

H—L 467.55 3.70 0.0036 2L1(ILCT)

H-2—L 376.61 4.26 0.0523 CHLA(LLCT) 378

H-3—-L+1 290.41 5.24 0.0192 E2Ir(LMCT) 288

H-1-L+2 283.58 4.68 0.0903 E2L1(ILCT)

H-6—-L+2 232.24 6.20 0.0153 +L1(MLCT) 233
Complex4

H—L 452.56 3.42 0.0024 RuL2(MLCT)

H-2—L 379.18 4.09 0.0245 2L2(ILCT) 376

H-1-L+2 357.48 4.46 0.0106 RulL2(MLCT)

H-4—L+1 271.57 4.86 0.0021 E3RU(LMCT) 272

H-4—L+3 231.48 5.51 0.0180 E2L2(ILCT) 233
Complex5

H-L 476.51 3.48 0.0093 SHL2(LLCT)

H-1—L+2 357.91 4.27 0.1024 CIRU(LMCT) 357

H-2—L 345.27 3.95 0.0105 EHL2(LLCT)

H-6—-L+1 267.72 5.28 0.0341 E2Rh(LMCT) 266
Complex6

H—L 464.21 3.32 0.0223 Ir+ShL2(MLCT/

LLCT)

H-1-L+1 352.62 4.52 0.0372 EHL2(LLCT) 360

H-7—L 294.49 5.07 0.0102 +L2(MLCT) 296

H-3—-L+1 290.68 5.13 0.0026 E2L2(ILCT)
Complex7

H—L 450.26 3.39 0.0038 -3L3(ILCT)
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605

H-3—L 359.31 4.01 0.0091 RuL3(MLCT) 347

H-3—-L+1 334.71 5.01 0.0036 RuL3(MLCT)

H-4—L 293.24 5.59 0.0598 RuL3(MLCT) 297

H—L+3 291.42 5.30 0.0328 E3Ru(LMCT)
Complex8

H—L 484.85 3.87 0.0028 3L3(ILCT)

H-1-L+2 345.81 4.52 0.0506 E3L3(ILCT) 349

H-3—L 335.78 4.40 0.0238 RhRL3(MLCT)

H-3—-L+2 285.07 4.73 0.0296 RKWL3(MLCT) 287

H-8—L+1 229.87 5.27 0.0127 RBL3(MLCT)
Complex9

H—L 463.13 3.72 0.0010 +L3(MLCT)

H-1-L+1 350.0 4.81 0.0182 +L3(MLCT) 360

H-2—L 288.36 4.37 0.0250 3L3(ILCT)
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Highlights

+ Neutra oximato and cationic oxime complexes of ruthenium, rhodium and
iridium were isolated with electron withdrawing and electron donating

substituted pyridyl oximes.

+* DFT calculations demonstrate that the calculated values are in good agreement with
the experimenta data.

% Iridium based oximato and oxime complexes exhibited better activity than

ruthenium and rhodium complexes.



