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2.1 COMPLEXES WITH HYDROGEN OR HYDRIDE LIGANDS 

Homoleptic ruthenium hydrides Li4RuH6, NaqRuI-I6 Mg2RuI-I6 and Ba2RuII6 have been 

prepared and character&d by X-ray and neutron powder diffraction. All of these compounds 

consist of isolated and stable [RttH614- anion [l]. Sixteen-electron dihydrogen compounds 

[RuH(H2)X(PCy3)2] (X=Cl, (l), or I, (2)) have been synthesised. X-ray crystallographic 

analysis of (2) revealed a slightly distorted octahedral geometry with a vacant site that is trans to the 

hydride ligand. A long H-H distance [l.O3(7)A] and a short non-bonding hydride-hydrogen 

distance [1.66(6)A] are reported in (2) [2]. 

KY3 

I /’ 

H,HRULH 
H 

I 
KY3 

(2) 

Complexes [RuX(H2)(dcpe2)]BPh.+ (dcpe = CyPCH2CH2PCy2; X = H, (3), or Cl, (4)) 

were prepared by protonation of [RuH(X)(dcpe)2J or by reaction of molecular hydrogen with the 5- 

coordinate muX(dcpe)d BPb. Complexes (3) and (4) have been studied by variable-temperature 

1H and 31P( 1H) NMR spectroscopies [3]. Reactions of [RuHz(H$(Cyttp)], (5), (Cyttp = 

PhP(CHZCH2_CH2PCy2)2) with CO2 or CS2 yield mer-[RuH(O$II)(Cyttp)], (6). or three 

isomers of [(RuH(S$H)(Cyttp)], (7a-c). Treatment of (5) with RN=C=NR (R = p-tolyl, Cy) 

gives the insertion product mer-[RuH(RNCHNR)(Cyttp)], with a structure similar to that of 

complex (6) [4]. 

(6) (7a) 
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(7b) (7c) 

Dihydrogen complexes truns-[Ru(H)(H$L2]BFd (L = dppe, (8), or depe, (9)) and the 

isotopomers trans-[Rug+, were prepared. tH NMR spectroscopic studies showed that 

the chemical shifts of the HD group for these two isotopomers are quite different due to the higher 

trans influence of D than H. The ruthenium complexes (8) and (9) have the strongest H-H 

interaction and the weakest metal-dihydrogen interaction compared with the iron and osmium 

analogues [5]. 

The kinetics of dissociation of Hz for the polyhydride complexes [RuH3(PPh&]-, 

[RuH4(PPh&l and 1 RuH5(PPh&l+ were determined by either ligand substitution or 2D NMR 

spectroscopy. The rates of dissociation increase with increasing protonation, which does not 

correlate with a transition from ‘classical’ to ‘non-classical (t$-Hz) structures [6]. [RuI-&t(PPh$J 

and its isotopomers have been investigated by variable-temperature ‘H, 2H, slP NMR techniques 

and 1H T, and T2 and 2H Tl relaxation time measurements. A dynamic structure involving fast 

pairwise approachment-detachment of the hydrogen-ligands in these complexes is suggested by 

these studies [7]. 

The complex RuH2(PPh3)4 (10) has been shown to effect regio- and stereoselective 

reduction of the hydroquinone all-trans-retinal complex [g]. In the presence of a hydrogen acceptor, 

complex (10) reacts with H2N(CH&OH and MeNH(CH&OH to give the corresponding lactams 

[91 

2.2 COMPLEXES WITH HALIDE AND PSEUDOHALIDE LtGMDS 

The complexes [Ru~C~~(PBU~)~][RUC~~(PBU~)~] (ll), [Ru2Cl3(PBu3)6] [BP~J] (12), 

[Ru$21=JPBu~)l (131, [Ru2Cl~PMe$‘h411 (14h ]Ru2Cl5(PMe3)41 (1% and ]Ru2Cle(PRt3)3] 

(16) have been prepared by the treatment of RuCl3.3H20 with the corresponding phosphines under 

carefully screened conditions. All of these compounds have been characterised by X-ray 

crystallography, EPR spectroscopy, cyclic voltammetry and magnetic susceptibility measurements. 

There is no Ru-Ru bonding in compounds (11) and (12); the Ru-Ru distances are 3.395(1)A and 

3.412(1)A respectively. In (13), the phosphine ligands are unsymmetrically distributed and there is 

no bonding interaction between the Ru(II) and Ru(III) centres. The Ru-Ru distance is 3279(2)A. 

In compounds (14) and (15) where the phosphine ligands are symmetrically distributed, the odd 

electron is delocalized and there is a weak bonding interaction with formal bond order of one-half. 
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Ruthenium-ruthenium distances are 2.994(4)A and 2.992(1)A respectively. Compound (16) 

consists of two Ru(III) centres which are 3.20( 1)A apart and there is essentially no Ru-Ru bond 

HOI. 

‘3u3P, /, 7~3 

B;;7Ruyi7Ru!7 PBu3 
PBu3 

Cations of (11) and (12) (13) 

Cl Cl 

(14) (15) 

a\ /\ /“, 
Et3~RkyRyEt3 

(16) 

The preparation, magnetic, EPR and electrochemical properties of the complexes 

[Ru3Ckj(PBt&][RuC14(PBtj)2], (17), [Ru3C16(PBu&][RuClq(PBu3)2], (18). 

[Ru$b(PBu&][BPhq] ,(19), and ~u3C16(PEt&][BPh4], (20), have been reported [ 111. They 

represent a new type of derivative of the [Ru3Cl&- ion where all six terminal chloride ions are 

replaced by phosphines. The Ru-Ru distances are in the range 3.078(l)-3.083(1& 

The EPR properties of [Ru~Cl#R~)~] (R = Bu, Et) support the view that the two ruthenium 

atoms in these molecules are neither bonded to each other nor significantly coupled [12]. 
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The electronic and structural characteristics of RuF4 and RuF5 were studied by ab initio 

(SCF-CI) calculations [ 131. In addition, the vibrational (IR and Raman) spectra of sammted vapours 

of trimeric ruthenium pentafluoride, (RuF& have been investigated [14]. Normal coordinate 

analyses for the compounds [RL&Y~_,]~- (X f Y = F, Cl, Br, n = O-6, z =l-3) were performed 

based on a general valence force field [ 151. The variations in electrode potentials (RuV/RU~~, 

Ru(IV)/Ru(III), and Ru(III)/Ru(II)) of substituted ruthenium halide complexes ranging stepwise 

from ~uX#- through [RuXS_,,(RCN),]z to [Ru(RCN@+(X = Cl, RCN = PHCN, MeCN, X = 

Br, RCN = PhCN) were studied by voltammeuic methods. The metal-based electrode potential is 

shown to be a linear function of stoichiometry. the effect of replacing each halide by nitrile on Etn is 

consistently +0.6V for Ru(III)/Ru(II)and Ru(IV)/Ru(BI) and +0.45V for Ru(V)/Ru(IV) [16]. 

Ruthenium trichloride has been used to catalyse the oxidation of several primary alcohols to 

aldehydes by NaOCl with more than 75% conversion efficiency and selectivities of 70%~904% [ 171. 

The same system has been employed in the oxidation of quinoline to quinolinic acid (20) [ 181. 

COOH 

COOH 

(20) 

The indirect anodic oxidation of 2-methylnapthalene and naphthalene to 2-methyl-W 

naphthoquinone and naphthoquinone, respectively, was achieved with catalysts RuC13.3H20, 

Ru(acac)g and Ru(NH&Cle in an undivided cell using Pt electrodes. RuC13.3H20 and 

Ru(NI-I&C~ increase the selectivity for quinone formation, whereas Ru(acac)j has no such effect 

[ 191. Ruthenium trichloride efficiently catalyses the converson of j3-lactams to Cacyloxy-~lactams 

in the presence of MeCHO and molecular oxygen in an acid and EtOAC under buffer conditions 

WI. 
Cross-metathesis reactions of vinyltriethoxysilane with 1-alkenes, 2-alkenes, branched 

alkenes, cycloalkenes, styrene, vinylcyclohexene, vinylnimethylsilane and some functionalised 

alkene catalysed by RuC~~.“H~O and RuClZ(PPh& have been reported. Some of these reactions 

can be applied as novel methods for the synthesis of new silicon-containing olefins or as synthetic 

alternatives to well-known olefins [21]. The compound exe exe-7-oxabicyclo(2.2.l]hept-5-ene-2,3- 

dicarboxylic acid was polymerised by aqueous ring-opening metathesis polymerisation using RuC13 

to give poly (2.5[3&bis(carboxylic acid)furanylene]vinylenes with 60% cis conformation [22]. 

Catalytic dehydrogenation of methanol with RuCl3 under mflux conditions with excess NaOMe and 

small amounts of NaOH has been reported. Correlations between the coordination structum of the 

ruthenium centre and the catalytic activity were discussed [23]. Ruthenium trichloride also catalyses 

the oxidation of levulinic acid to succinic acid and formic acids by iV-bromoacetamide in perchloric 

acid media in the presence of mercuric acetate as a scavenger. Kinetic data have been used to 

discuss the mechanistic implication of the oxidation [24]. 
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The complex RuC12(PPh3)3 catalyses the reactions of o-H2NC6H4OH and o- 

HzNCgHqNH2 with ROH (R = Bu, aryl) giving the respective benzoxazoles, (Zl), and 

benzimidazoles, (22), in high yields [25]. 

o-H2NC&XH + ROH - R 

Ruf%(PPh3)3 
(equ. I) 

x=0 (21) 
NH (22) 

In the presence of NaOH cocatalyst (2.5 mol%), RuClZ(PPh& (0.1 mol%) catalyses 

hydrogenation of both aliphatic and aromatic ketones with rates up to 900 turnovers per hour at 

82°C. However, no hydrogenation occurs in the absence of NaOH according to reference [26]. It 

has been shown that the selectivity of the reactions of HOCH$I-I~OH with primary amines in the 

presence of RuCl2(PPh3)3 at 12o’C is highly dependent on the steric nature of the amine [27]. 

Dehydrogenative transformation of a-hydroxyesters or nitriles into a-keto esters or nitriles by km- 

Butyl hydroperoxide in the presence of ruthenium catalysts such as RuClz(PPh3)3, RuC13 and RuK! 

has been described [28]. 

Reaction of acid chlorides with H2 in the presence of 2,4,6collidine and catalytic amounts of 

either RuCl#h& or Ru(H)Cl(PPh3)3 in toluene gives estern. Acyhuthenium hydrides are thought 

to be the intermediates involved in this reaction [29]. In the presence of a triple catalytic system 

consisting of RuCl(OAc)(PPh&/hydroouinon~Co(salophen)(PPh~) under mild conditions at 2OC, 

aerobic oxidation of primary alcohols to aldehydes has been investigated [30]. Oxidation of long 

chain alcohols such as cctanol, dodecanol and hexadecanols to the corresponding aldehydes and 

carboxylic acids in the presence of the catalyst RuC12(PPh3)3 using N-methylmorpholine N-oxide 

or N-methylmotpholine and Hz02 as oxidising agents has also been reported [3 11. 

The synthesis and spectroscopic characterisation of a series of mixed halide-nitrile 

ruthenium complexes [Rt&j_n(RCN)n]Z (n = O-6; R = Ph, Me; X = Cl, Br) have been described 

[32]. It has been shown that the interaction of [RuO$l3]- and lRuO$Y#- with excess tert-butyl 

isocyanate in MeCN gives the anion [RuN(ButNC(0)NBut)C12]- [33]. The kinetics of the 

intramolecular photoinduced metaLmetal charge-transfer reaction in a mixed-valence complex (qu. 

2) and the reverse-electron-transfer rate coefficient have been studied by resonance Raman 

spectroscopy, static absorption spectroscopy and transient Stokes shift measurements [34]. 

[(NHs),Rum-NC-Feu(CN)sl‘ + hu _ [(NHs)5Run-NC-Fem(CN)51* 
(equ.2) 

Through-ligand electronic coupling in the complex cation [(NH3)5RuR1- 1,4- 

dicyanobenzene-Ru1r(NH&]5+ has been calculated with different donors or acceptors grafted on 

the benzene. The largest electronic coupling occurs at a full 4-N02-substitution on the benzene 
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[35]. The substitution reactions of the halide ion of [Ru@JIQX]*+ (X = Cl, Br) with SeCN- or 

SCN- in aqueous medium are pseudo-fmt-order with respect to SeCN- [36] or SCN- [37]. 

2.3 COMPLEXES WITH PHOSPHORUS DONOR LJGANDS 

Bis(tiglato)((R)-2,2’-bis(diphenylphosphino)-l,l’-~naphthyl] ruthenium(n) (23) is an 

active catalyst in the homogeneous asymmetric hydrogenation of tiglic acid. Its structure has been 

determined by single crystal X-ray crystallography. The tiglate ligands are rj~arboxylate-bound. 

The configuration at the metal is A, and the formation of the seven-membered chelate ring is h. 

Them is no bonding interaction between the C=C bonds of the substrates and the metal centre in the 

solid state or in noncoordinating solvents. It is believed that if the coordination of the C=C bond to 

ruthenium centre is necessary for insertion into a Ru-H bond, it must occur after reaction with Hz 

[381. 

R= C(CH,)=CHCH, 

(23) 
k 

Cationic complexes [RuX((S)-BINAP)(arene)]X (24) (X=Cl, Br, arene= benzene, p- 

cymene) in MeOH at 6O’C or under UV-irradiation at room temperature give monocationic 

trinuclear complexes [Ru3Xs((S)-BINAP)3]X in 40-625 yields which have been character&d by 

spectroscopic techniques and conductivity measurements. The molecular structure of [Ru&!l5((S)- 

BINAP)J[BF41, (25), has been established 1391. 

Treatment of [RuC12(r@benzene)l2 or RuClz( Sb(CgHg)3] with (R)- or (S)-BINAP 

produces BINAP-Ru(II) complexes which catalyse the highly enantioselective hydrogenation of 

functional&d ketones (equ. 3) [40]. The same catalyst has been employed in the hydrogenation @ 

substituted Q-&(acylamino) acrylic acid [41]. 

OH 
BINAP - Ru(p, 

(ew.3) 
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(24) 

f 

Ph2P, ,PPh, 

(25) 

+ 

The reaction product between commercially available BINAP and (RuC12(COD))a in the 

presence of triethylamine is a very active catalyst for the highly enantioselective reduction of P_keto 

esters under mild conditions [42]. 

(R,R)-(-)DIOP (26) 

(R R)-(-)NORPHOS (28) 

(2S,3S)-(-)CHIRAPHOS (27) 

(S)-(-)BINAP (29) 

A general synthetic route to mononuclear hexacoordinate chiral ruthenium complexes 

containing bidentate chiral phosphine ligands (26)-(29) has been reported [43]. These chiral 
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complexes have been used in the enantioselective synthesis of D- and Lthreonine. The key step is 

the stereoselective hydrogenation of acetoacetates via dynamic kinetic tesolution in the presence of 

these chiral metal complexes to give syn optically active alcohols 1441. 

A new method for the preparation of (P-P)Ru(O$ZR)z (R = CH3 and CF3; P-P = 6,6’- 

dimethyl- and 6,s-dimethoxybipheny1(2.2’_diyl)bis(diphenylphosphine) and l,l’-binaphthyl-2,2’- 

diylbis-(diphenylphosphine and -(di-p-tolylphosphiie) using the easily accessible starting materials 

(COD)~RU~(~-O~CCF~)~ has been described. (COD)Ru(q2-02CCH3)2 and 

(COD)~RU~C~~(NCCH~) have also been shown to be suitable precursor complexes for the in siru 

preparation of ruthenium (II) dicarboxylate and dichloro complexes of atropisomeric diphosphines, 

respectively. These chiral ruthenium complexes have been used in catalytic asymmetric 

hydrogenations of allylic alcohols, enamides and a p-keto ester [45]. 

Synthesis of axially disymmetric biphenylbiphosphine ligands. BIMOPS (30) and their 

ruthenium (II) complexes has been described. The ruthenium (II) complexes of (R)-BIMOPS have 

proven to be excellent catalysts in asymmetric hydrogenations of p-keto ester and a. ~unsaturated 

carboxylic acid [46]. 

Me 

he 

(30) 

Ar=Ph 
Ar = 4-MeqH, (31) 

Ruthenium complexes containing chiral phosphine (31) were prepared as catalysts for high 

enantioselectivity asymmetric hydrogenation, silylation and isomerisation reactions 1471. 

Treatment of Ru(acac)g with PPh3 and strong acid gives a ruthenium complex which is 

thought to be merjHRu(PR3)3(S)7J+ (S=solvent). The complex showed high catalytic activity and 

selectivity in hydrogenation of carboxylic anhydrides to the corresponding esters or lactones [48]. 

The catalytic oxygenation of alkenes by phosphino complexes of ruthenium has been reviewed [49]. 

Dehydmgenation of a cyclohexyl group in tricyclohexylphosphine complexes of ruthenium, 

RuH2(0COCF3)2(PCy3)2 give a novel dimeric compound [Ru(C&I~PC~~)(OCOCF~)&.~- 

OCOCF&t-OH2) (32); which contains two ruthenium(H) units bridged by two trifluoroacetato 

groups and one water molecule [Xl]. 
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(32) 

The preparation of [RuL5(C104)]C104 (L = PPh3, AsPhg, PMezPh, AsMeyPh, AsEt2Ph) 

from Ru(ClO& has been reported. Some of these complexes react with NO to give 

[RuL5(NO)](CIO& [51]. Ruthenium complexes of sulfonated phosphines have been used as 

catalysts in the selective hydrogenation of a$-unsaturated aldehydes [.52]. truns-[Rulll(NH$t 

UYOJN3 1 (H20)13+ was obtained through chemical and electrochemical oxidation of the 

corresponding ruthenium(I1) complex ion and was characterised by elemental analysis, 

spectroscopic and electrochemical methods [53]. 

2.4 COMPLEXES WITH SULFUR DONOR LIGANDS 

The complex lRu(dppe)(Z-Spy)pl, (33). has been prepared from [Ru(PPh&(2-Spy)21 and 

dppe. The molecular structure of (33) consists of a distorted octaheadral geometry defined by a 

dppe ligand and two didentate [~-SPY]- ligands. [54] . 

It has been shown that Rae-[Ru(Cl)(H)(PPh3)‘S4’].CH$& (‘S4’Hz = 12-bis (2-mer- 

captophenylthio)ethane, (34)) react with monodentate sulfur-donor ligands L to give diastereo- 

specifically the yellow product [Ru(L)(PPh3)‘S4’]. The diasteteoselectivity of these compounds has 

been discussed [55]. 
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The fit polysulftdo t&rosy1 ruthenium anion [ Ru~o)~3)(S4)2]-, (35), has been 

synthesised and stmctmnlly chamc&rised by X-ray fishy [?%I. 

i 

NO 

(35) 

I 

n 

0 0 

(361 

Geometric effects on the redox properties of ruthenium complexes ~uX$R$O)n(R$S)4.J 

(n = l-4) have been investigated. Using cyclic voltammetry, the oxidation potential EI~ vs n is 

shown to be linear with a slope of +0.22v. This suggests that the replacement of a sulfoxide ligand 

with a thioether donor will increase the energy of the HOMO(d,) by +20.08 kJ 1571. Synthesis. 

structure, spectroscopic and magnetic properties of [Rt&(PMe&]u (36) (n= -1,O; H&= 1,2- 

~~n~i~iol) have been reported [58]. 

Treating salts of [RuQjz+ (Q = (37)) with one equivalent of base under normal conditions 

has led to S-C bond cleavage and formation of the monocation [RuL]+ (HL = 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ This reaction 

suggests drastic C-S activation in coordinated thioethers. Its implication in the isolation of metal 

sulfur enzymes has been discussed [59]. 

(37) 

The sulfide RuS2 has been reported 

hydra-desulfurisation reactions for which the 

to be an active catalyst in both hydrogenation and 

active sites are anionic vacancies. The relationship 

between activity and acidic-basic properties of the active phase has been discussed 1601. RuS2 

catalysts supported on alumina have been used in thiophene h~~sul~~~tion, biphenyl 

hydrogenation and pyridine conversion reactions. Tbe ph~~~he~~ pmperties of such catalysts 

have been investigated by XPS, high resolution electron microscopy and temperature-programmed 

reduction data [61]. 
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The complex [Ru(PPh$L] (L = o-HSC&14SCH2CH$5Ct$-14SH-o) reacts with H2S at 

-7o’C in the absence of oxygen and water to give [Rt@-I$)(PPh3)L], which has been character&d 

by X-ray crystallography and NMR spectroscopy [62]. 

A labile, g-bound isomer of the [Ru(III)(EDTA)(DMSO)]- anion is formed in the reaction 

of [Ru(III)(EDTA)(H20)]- with a large excess of DMSO. However, the corresponding Ru(II)- 

DMSO complex is extraordinarily stable. These two species can he interconverted within the time 

scale of cyclic voltamrnetry [63]. 

The reaction of l&K$@MSO)4] with excess 2.6~dimethylpyrazine (dmpz) gives a mixture 

of two geometrical isomers of [RuC12(DMSO)2(dmpz)2], which were character&d by HPLC, 

cyclic voltammetry and solution spectroscopy. The more stable isomer is of cis-C12, cis-@MS0)2, 

tran.r-(dmpz)p configuration while the second isomer is of all-cis configuration [64]. 

Resonance Raman spectra of a series of ruthenium(I1) coordination polymers [ (Ru(L- 

L)xCl+MSO)4_,)u] (L-L = pyrazine, p-phenylenediamine or 1,4-diisocyanobenzene; x = 1 or 2) 

have been obtained. The mode of coordination and the possible structures of these polymers have 

been suggested based on IR and Raman data [65]. 

A series of ruthenium (II) bromide complexes [RuBqL4], [RuBrZ@MSO)u (L = PPh3, 

phen, bpy or o-phenylenediamine) have been prepared from [RuBr2(DMS0)3]. These compounds 

were characterised by analytical data and various physical methods [66j. 

The reactions of cis- and truns- RuC12(DMS0)4 with monodentate nitrogen donor ligands 

such as NH3, imidazole and benzimidazole yield a range of new derivatives which have been 

characterised by both spectroscopic and crystallographic methods [67]. The interaction of 

[RuCl2(DMS0)4] with 2-deoxyguanosine [68] and DNA [69] has been investigated in relation to 

its anticancer activity. 

25 COMPLEXES WITH NITROGEN DONOR LtGANDS 

25.1 Complexes with 2,2 ‘-bipyridine ligands 

Three redox series of Ru(bpy)(L), (H2L = 1,2dihydroxybenzene, 2-aminophenol, 1,2- 

diaminobenzene) and Ru@y)4L were prepared. Their electronic, ESR spectroscopic and electro- 

chemical properties have been discussed [70]. Four different synthetic routes can result in the 

immobilization of Ru(bpy)z(bpdc) (Hzbpdc = 2,2’-bipyridine-4,4’-dicarboxylic acid) upon the 

surface of polycrystalline SnO2 electrodes [71]. The possibility of using the dimer 

[(bpy)2(Cl)Os(TMB)Ru(NH3)5]4+ (TMB = 4,4’-trlmethylene-bis(pyridine)) for kinetics studies 

using the pulsed-accelerated-flow method has been investigated [72]. The electrochemistry of the 

binuclear complex [(NC)Ru(II)(bpy)2(CN)-Ru(II)(bpy)2(CN)]2+ and of the trinuclear complex 

[(NC)Run(bpy),(CN)-Ru11(bpy)2(NC)-RuII(b)]2+ has been studied in MeCN and DMF. 

These polynuclear complexes give rise to very extended redox series, consisting of 2 or 3 metal- 

centered l-electron reversible oxidation steps and 7 or 10 ligand-centered l-electron reversible 

reductions for the binuclear and trinuclear complexes [73]. Some physical properties of the two 

coordination isomers of the bis(2,2’-bipyridyl)ruthenium(II) complex of 3-(pyrazin-2-yl)-1,2,4- 
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triaxole have been mpmted. In particular, the acid-base pmpertiea were analysed with respect to the 

nature of the ligand and the coordination mode of the triaxole ring [74]. A decanuclear 

ruthenium(II)-polypyridine complex of formula [Ru( (p-2,3-dpp)Ru[(R-2,3- 

dpp)Ru(bpy)J&](pFs)u) (dpp = 23-bis(2-pyridyl)pymzlne) has been prepared from the reaction 

of a [Ru(23-dpp)#+ core with three [Ru[(p-2,3-dpp)Ru(bpy)212c12]4+ units. Its absorption 

spectrum, luminescence and electro-chemical properties have also beeu reported [75]. A series of 

hexanuclear rutheniumO_poly-pyridine complexes of simk nature have also been studied [76]. 

Spectral differences between enantiomeric and race& [Ru(bpy)j12+ on layered clays and probable 

causes for the observation have been described in f77]. 

A convenient method for the preparation of rn~~~ ~1~~~ complexes within the 

super-cages of xeolite Y, together with their electronic absorption and Raman spectra, has been 

reported [78]. 

The complex [@pyhRu(l,3-M%Lum)]2+ (1,3-Me~Lum = 1 ,fdimethyllumazine) has been 

prepared and character&d by spectroscopic and electrochemical methods [79]. The electrode 

potentials of [Ru(bpy)#+fi+~ and Co(Cph redox systems have been analysed in different solvents 

or their mixtures. C!orrelatlon between the electrode potential for a subsequent electron transfer with 

the free energy of the ion transfer from one solvent to another has been sought. [PO]. 

-l-he synthesis, spectroscopic and electrochemical pmperdes of mononuclear and dinuclear 

Ru~y~ complexes with bpzt (38) and mbpt (39) have been described and the structures of these 

complexes have been pmposed [gl]. 

Hbpxt (38) bbpt (39) 

The complex cation [Ru(iI)(bpy)@py3]+ was generated in nominally neutral aqueous 

solution via reduction of IRu (bpy)#+ by e-a9. It reacts with the radical R* originating tiom the 

scavenging of H* and KlH by alcohol and formate ion to give lR~~(bpy)#pyR~)]+ and eventually 

DWO@PY) @FY~~I~ after proto~~on WI. 
It has been shown that the rate constant of excited state electron transfer reactions of RuI$+ 

complexes (L = ~~l~‘-~~yl-2~-~p~yl) with aromatic amines is sensitive to the size of the 

ligand and the natum of the amine 1831. ~l~~h~ and spectroscopic proper& of m~ium 

bipyridyl dimers bridged by disu~ti~t~ ~~~~~es such as l,~~y~xy-l,5~h~xy- 

and l-~n~~h~~~qu~o have been described [84]. The one-electron reductions of ten 

ruthenium(R)-dimiue complexes of the general formula [Ru(bpy)~_ru_,(bpm)m(z)#+ (bpm = 

(40); bpx = (41); m and z = 0, 1,2,3 and m+z 5 3) have been investigated and the relevance of the 

results to the use of the complexes as electron-transfer photosensitizers has been discussed [8S]. 
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Ruthenium complexes (42), (43) and (44) have been synthesised and characterised by 

spectmscopic techniques. Spectroscopic data suggest the existence of the pyridine-bonded isomer 

of CCNpy in (42) [86]. 

(PY)@PY)Y$@-N ~~12+ [ ~CN--nun(~~~~14+ (PY)@‘PY)~R~-N 0 

(421 (43) 

CN-Feu(CN)s l- 
(44) 

A binuclear ~~niurn~~-~~t~) complex, consisting of a ~~t~h~ derivative 

covalent@ bonded to a derivative of IR@(bpy@+, has been prepamd. Cyclii vohammetry reW 

seven one-electron redox process in the potential range of +1.5 to -1.W vs SCE. Its emission 

spectrum revealed hnuinescene quenchiig but the mechanism has not been elucidated [87]. 

Features of the emission spectra resulting from the lowest excited state of [Ru(bpy-Hs)@+ 

and [Ru(bpy-Da)@+ in [Znfbpy-Hg)3](ClO.& nave been resolved. A large number of vibronic 

satellites have been identified aud assigned [88]. The oxidative quenching by methyl viologen of the 

lowest luminescent excited state of nine ~~e~urn~)~e complexes in H2O/CH3CN has been 

studied by pulsed laser flash photolysis. There is a weak AC? dependence of back electron transfer 

within the geminate redox pairs form& in the quenching of excited Ru(II) complexes by methyl 

viologen (891. Marcus theory has been applied to explain the radiation-induced electron-transfer 

processes in ruthenium(II)-diimine complexes of the general formula 

[Ru(bpy)lm.~(bpm)m(bp,)Z12+ WI. 

A new technique for the detection of amino acids has been developed. The method is based 

on their chemiluminescence reaction with [Ru(bpy)3]3+. The key experimental parameter in the 

application of this method is the pH [91]. S~l~~h~~ studies of both the oxidised and 
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reduced forms of [Ru(bpy~ClQCN have revealed evidence of valence delocalisation of the single 

oxidised complex [92]. 

Upon Nd-YAG laser irradiation of a LB film containing [Ru(bpy)J2* derivative metal 

complex, strong second-harmonic radiation at 532nm has been observed [93]. Kinetic data and 

mechanisms of the photo-induced oxidation of ascorbic acid by molecular oxygen, catalysed by 

[Ru(bpy)#+ or l&t(bpz)#+, have been reported [94]. Transfer of [R&$2+ (L = bpy, 2,2’-bi- 

pyrimidine or 2,2’-bipyraxine) in their ground states across the wa~/l,2-~chl~~e interface 

has been classified as the mversible tram&r of a divalent cation. ~~~i~d~ of these complexes 

leads to the photoinduced charge transfer across the w~/l~~~~ into&tee 1951. 

It has been reported that the quenching rate the excited [RuL#+* complexes (L = 4,4’- 

dialkyl-2,2’-bipyridine) by substitituted styrylpyrldines is neither influenced by an increase in size of 

the alkyl group of the photo-sensitker nor by the substituent in the quencher. Energy transfer seems 

to be dominant [96]. 

Complexes containing the [Ru(bpy)(terpy)]2+ moiety as a photosensitiser, 4-CN-py as a 

bridging ligand, and [Ru(NH$5]“+ as an electron donor (n = 2) or acceptor (n = 3) capping group 

have been synthesised aud character&d by electrochemical and specaoscopid: techniques [97]. The 

interligand electron transfer dynamics in the excited metal-to-ligand charge transfer state of 

[Ru(bpy)#+ in several solvents have been investigated by using picosecond time-resolved 

absorption polarisation spectroscopy 1981. Luminescence from the excited state of lR~@py)3]~+, 

which is incorporated into a silk fihroin membrance has been studk,l. The emission lifetime is 

longer (1700 ns) compared to the value (598 ns) in aqueous solution, which suggests the presence 

of a rigid binding site for the complex [99]. 

Photocutrent deriving from [Ru(bpy)#+, oxygen and triethanolamine in a hydrogen matrix 

has been observed [lOO]. Syntheses, photophysical and electrochemical properties of three new 

ruthenium(II) complexes based on the ligand (45) have been described [loll. 

9pY (45) tap (46) 

The photoelectrochemistry of a series of complexes [Ru~~y)i(~)~_ij2’ (tap = (46)) has 

been examined ou a transparent SnO.2 ekemxle under pulsed laser ~l~ati~ [ 1tEJ. 

Time-resolved emission studies have been performed on a series of eovalently linked 

Ru~ip~ne~-dons-adepts complexes. A representative example of these complexes is (47). 
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It has been observed that excitation to the Ru(bipyridineQ3 metal-to-ligand charge-transfer smte led 

to a long-lived charge-separated state [ 1031. 

(47) 

The cation [Ru(bpy)312+ has been used to enhance the chemi-luminescent intensity in the 

thertnolysis of (48) [WI. 

(48) dppz (49) 



The oxidative q~n~hing of excited [R~~Y~~]~~ and its derivatives by ni~~t~~, 

q&ones and methylviologen has been studied in MeCN. The relationship between the quenching 

rate constant, electron-tmnsfer distanoa and exoergicity has been discussed [ 103. 
‘l&e quenching of excited @&@py)#+ by %-, generated from K~18-crown-6 ether, in 

MeC!N has been studied, The products are ~u~Y~]~ and C&. Them was no evidence for 92 

beiig formed as singlet molecular oxygen even though sufficient energy exists f106j. Roth 
~u~~~l~, (a p~~h~~, and methyl viologen, (a quencher), can be iuunobilised within 

a oarrageenan hydrogel matrix at an ekctmde surface. The electrochetnistry and puts of 

thii system have been establiihed [XV]. 
The huninescence of [Ru(bpy)#+ has been studied in the sol-get reaction system of 

(EtC&Si. The specuum showed a blue shift during the &-gel stage, suggesting that @u@py)@+ 

WBS entangkd by siloxane polymers [108]. 
Tt has been observed that the quenching of excited [Rufbpy)#+ and [Ru(bpz>#+ by 

ferrocene derivatives occurted bluely by both energy-transfer and ehxtron-transfer reactions 
[109]. The lumin~ence pmperks of rRu~~(dppz~lz~, (dppz = (49)), in sodium dodecyl 

sulfate aqueous sohrtions above the critical micellar concentration has been investigated. ShieMing 

of the ~~0~~~ l&and (at which q~~ng of the emission occuts) knu water molecules 

by the mice&r core was use& to explain the photochemical observation f 1 103. 

The lu~ne~~~ and p~~~c~ properties of the two isomeric he~m~~c 

mnplexes I(bpyhRu(bpt)Os(bpy);13*, (501, and [{~ylzos(bpt)Ru(bpytz?3+, WI, have been 
studied. The pmperties of (SO) and (S1) were ~~ with those of the crag dinuclear 
hotnotnetaltic complexes. The latter is inert, and exhibits l~e~en~ only from tbe Os-based 

component [Ill]. 
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(52) 

0 
0 0 NH-CH, 8 0 

0 

(54) 

The isolation and characterisation of the intermediate complex cation 

[Ru(bpy)2(MeCN)L]2+, which is produced on the photolysis of [Ru(bpy)2L](pFsh in MeCN (L= 

4-methyl-2-(pyridin2-yl)-1,2,4-triaxole. has been mported. The niaxole ligand is coordinated to the 

ruthenium centre in a monodentate fashion [ 1131. Continuous and pulsed laser flash photolysis 

techniques have been.applied to determine the efficiency with which the redox products are released 

upon the oxidative quenching of excited mu(bpy)J2+ methyl viologen in the presence and absence 

of triethanolamine as a sacrifical electron donor in aqueous solution [114]. A system for 

electrogenerated chemilumine-scence based on the reaction of electrogenerated ~u(bpy)#+ with 

tryptophan has been established. This system will be useful for the selective and sensitive detection 

of tryptophan. [115]. 

It has been shown that [Co(EDTA)]- can be reduced to [Co(EDTA)12- by quenching 

oxidatively the photoexcited cation [R~(bpy)3]~+ in the presence of a sacrificial donor such as 

EDTA, n-m- 1,2-cyclohexanediaminetetraacetic acid or oxalic acid [ 1161. 

Oxidative electron transfer was a main mechanism of quenching the fluorescence of 

[Ru(bpy)312+ by Pt(IV) complexes [Pt(M13)nX6_u]Z* (n = O-6; X = Cl, Br) [117]. The 

photosensitised decomposition rate of [Co(ox)3]3- using [Ru(bpy)#+ and [Ru(ibiq)@py)]2+ ( i- 

biq = (55)), has been shown to be rem-order and fit order respectively [118]. 

i-biq (55) (56) N N = bpy 
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The effects of solvent, pH, and binding to poly-electrolytes on the spectroscopic and 

photophysical pmperties of ~~@py)~(HA’r)]~+, (56), have been discussed [ 11191. The synthesis 

and photophysical properties of ruthenium(n) complexes (57) and (58) have been described 

[120]. 

BL,,= 2,.5-dpp 
Bb= B&= 2,3dpp (57) 

BL,=BI+,= IS&= 2,3-dpp (58) 

The positive-ion fast-atom bombardment (FAB) mass spectra of tbe binuclear [CN-RI@&- 

CN-R(L’)#N]+ and trinuclear [~-Ru~~~-CN-RU~)~-CN-RU~)-~~~ complexes L = bpy; 

L’ = bpy or l,~O-ph~~~li~) have been compared with those of the mononuclear NC-Ru(L‘h- 

CN species [x21]. In polychmmophoric ruthenium complexes [NC-Ru~)2-CN-Ru~)z-C~+, 

[NC-Ru(L),-CN-RU(L”~-NC-RU(L)$~+ (L = bpy, L’ = bpy or l,lO-phenandroline, L” = bpy or 

4,4’-dicarboxy -2,2’-bipyridine) photoinduced energy transfer from C- to IWonded Ru-units has 

been observed 11221. Ru~e~urn and osmium bipyridine complexes ~n~i~ng the ligand (59) 

have been synthesised aud their absorpdon spectra and luminescence proper&s have been studied 

[ 1231. 

The synthesis, electrochemistry and photophysical properdes of the dinuclear complex (60) 

have been described and compared with the properdes of [(bpy~Ru~Mebpy-Mebpy)]z+ and 

f(Mebpy-Mebpy)Re(Co)3pyl+ Webpy = 1,2-bis(~-methyl-2,~-bip~yl-~yl) ethane) f124]. 

Bidemate chelating ligand (61), isolated from an as&i&n, forms a complex with cis- 

[Ru~2((d~~yl~ as shown in equ. 4. The product has been isoIated as the [We]-, (62), and Cl-, 
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(631, salts. Intercalation of (63) in calf-thymus DNA as well as photoactivated cleavage of 

double-stranded supercoiled DNA PBR322 under visible-light irradiation were observed [ 1251. 
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Br 

cis-RuC&( (ds)bpy)a 

(61) 

X= PF,- (62) 

X=Cl- (63) 

Irradiation of the synthetic amino acid (64) in MeCN with 460 nm, 6 ns laser pulses 

resulted in net electron transfer between the bipyridinium group and phenothiaxine group, mediated 

by the ruthenium chromophore, as observed by transient absorption spectroscopy [ 1261. The lysine 

derivative Boc-Lys(R)-OH (Boc = Me3COOC, R = (65)) has been prepared and its redox 

properties have been studied [ 1271. 

(64) 

Single crystals and powder of the layered, wide bandgap semiconductor, Cd2P286, were 

intercalated with [Ru(bpy)#+ by a cation exchange mechanism. The luminescence of the 

intercalated material has been examined in the range 1.8-77X and compared with the luminescence 

properties of the host lattice and the free intercalate [ 1283. The intercalation of [Ru(bpy)#+ into 

the interlayer region of V205.nH~O gel by the reaction of the complex with undried V205 gel has 

been demonstrated [ 1291. 



The nature of the hydrophobic binding of [Ru@py)312+ and methyl viologen to Nafion was 

investigated by meastig steady-state emission of mu(bpy)@+ in Nafion aqueuus solutions. The 

effects of both quenchers aud chemically inert ions on the emission have been established [ 130]. 

A water insoluble copolymer pendant R&g complex {poly_Ru(bpy.>32’-~g~C} was 

prepared from a water soluble fRu(bpy@+ pendant complex of the copolymer of ~~~y~~- 

~nyi~2,~-bip~d~e and ~-vinylp~~~one* and was character&d by IR, visible absorption, 

emission spectroscopies and emission decay measurments [131]. Luminescence of acrylic acid& 

methyl-4’.vinyl-2,2’-bipyridine copolymer containing [Ru(bpy)#* complex was quenched by 

methylviologen and propylviologen sulfonate. A strong pH dependence of the cage escape quantum 

yieid for both quenchers has heen observed 11321. 

Second harmonic generation and very weak two-photon emission were observed for the 

alkylated ~thenium-bip~dine complexes (66), (671, and (681, whereas only tw~photon 

emission was observed for [Ru(bpy)#+. The presence of two amide bonds in one bipyridine 

ligand for (66) - (68) most probably enhanced the molecular hyperpolarisability as compared to 

IRub~~>33~+ 11331. 

0 

@ 
0 

N 

N 4 Ru’ 

0 
N/I ’ 

N Gw 0 

n= 12 (66) 

n= 16 (67) 

n= 18 (68) 
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Photoinduced electron transfer kinetics, with respect to photoelectron conversion of 

[Ru(bpy)3]2+ in heterogeneous LB films has been studied by nanosecond laser photolysis [134]. 

Conducting films onrtaining ruthenium complexes (69) have been synthesised by copolymerisation 

of the Ru complex monomer with pyrrole, 3-~~yl~i~h~e, l-~~yl-3-~~l-~-y~e~yl)- 

phylum or 2,~-bit~ophene. The italic com@exes show rapid and reversible 

electrochemistry in MeCN [1351. 

n 

R=HorMe 

Y=S,NHor N 

x= cl-, ClO4-, 
MeCN, Hz0 

A surfactant such as [Ru~y~~py-C,~)]z+ (Cl9 = ~z~oC(~~t6~3) has been 

used to identify insoluble electroactive species in fW at the air/water interface. The effects of 

several parameters, such as electrode surface hydrophobkity and transfer conditions, have been 

discussed [136]. 

Ruthenium complexes containing ligands (70) and (71) have been prepared. Upon 

electrochemical reduction of the complexes, coupling reactions occur to ligands which give thin, 

metal-complex-containing polymeric films on elecnode snrfaces [ 1371. 

(70) (71) 



68 

Monolayer films of (72) and (73) on a Langmuir trough contacted by the horizontal 

touch method with an InSn oxide coated glass or a highly oriented pyrolytic graphite electrode have 

been characterised by imaging of their electrogenemted chemiluminescent emission [ 1381. 

N&H,,,, 1 

(72) 

The electron-transfer process at electrodes coated with [Ru(bpy)2Cl(PVP)lCl (PVP= l- 

ethenyl-2pynolidinone polymer), polyaniline and poly(l-hydroxyphenaxine) has been analysed 

from the optical probe-beam deflection signals, together with cyclic voltammograms. With this 

technique, it is possible to determine whether cations or anions are used as the charge-compensating 

ions in the electron-transfer process [ 1391. 

f CQ- CW,,- P-I,- 
I 

-5: 
@332)11 

if’ 

2+ 

2(PF,)- 

(74) 
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A series of copolymers of styrene and 4-vinylpyridine and their corresponding 

[Ru(bpy)#+ containing metallopolymers have been synthesised and characterised using IR, UV- 

visible, emission spectroscopy and microanalysis [ 1401. Treatment of IV-Dodecylacrylamide-4- 

vinyl-4’-methyl-2,2’-bipyridine copolymer with [Ru(bpy)3]C12 yielded a polymeric ruthenium 

complex (74). Complex (74) formed a stable condensed monolayer on H20, and the monolayer 

could be transferred to a solid support to give a bilayer ruthenium-contaming film 11411. 

25.2 Complexes with phenanthroline ligands 

Dinuclear complexes of the type [A-Ru(pheQ-p-X-A-Ru(phen)#+ (phen = (75); 

X=(76) or (77)] have been synthesised in high yield using the chiral building block h- 

[Ru(phen)2(py)#+. The stereochemistry of the products has been studied by 1H NMR 

spectroscopy and one of the dinuclear complexes (X=(76)) has been characterised by 2-D COSY 

lH NMR spectroscopy [142]. 

No 

? N 

0 N 

t 0 
N 

(77) 

A new method has been established for the enantiomeric resolution of [Ru@hen)#+ and 

[Ru(bpy)2(ppz)]2+ (ppz = (78)) by passing an aqueous solution through a column containing 

DNA adsorbed onto hydroxylapatite. A single pass results in a fraction of > 99% enzuniomerically 

pure isomers [ 1431. 

(78) 
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The kinetics of aqua ligand substitution of phen and bpy in cis-[Ru(bpy)#I~O)~]*+ has 

been studied by a spectrophotometric method in the 35-WC temperature range. A rate law 

operating within pH 3.65-5.5 has been proposed [ 1441. 

The binding structures of enantiomeric and racemic [Ru(phen)#+ with sodium 

montmorillonite have been investigated by means of X-ray diffraction and electric dichroism 

measurements. The electron density curves along the c axis of a clay layer have been established for 

the powder samples of clay-chelate adducts [ 1451. 

The complex cations [Ru@hen)J*+ and [Ru(bpy)#+ photoinitiated the grafting of 

acrylamide, acrylic acid, acrylonitrile, methyl acrylate, methacxylamide and glycidyl methacrylate 

onto cellulose triacetate in the presence of [SzO@. It is believed that excited ruthenium(n) 

complexes interact with [S20@- to form sulfate anion-radicals, and their reaction with cellulose 

hiacetate gives radicals which react with vinyl monomers to yield a copolymer [ 1461. 

The photo-induced electron-transfer of ruthenium complex (79) to stearyl viologen (So) in 

barium stearate LB film assembly systems has been studied by a steady-state quenching technique. 

The electron-transfer from the excited state of (79) to (80) across two barium stearate monolayers 

was found to be impossible by electron tunnelling during the lifetime of excited (79) [147]. 

Electron-transfer quenching of excited (79) by octahecanethiol in a barium stearate LB assembly 

matrix has also been studied by steady-state fluorescence spectroscopy [148]. The complexes 

[Ru(phen)g]Clp and [Ru(bpz)3]Cl2 (bpz = (41)) have been used to sensitise photopolymerisation 

of acrylamide in aqueous solution [149]. 

[Ru(dpphen)312+ (79) 

dpphen 

~3v-w17 -+w- @=,)l,cH, 

(80) 

The binding interactions of enantiomers of [Ru@hen)$*+ and [Ru(dppz)#+ (dppz = 

dipyridophenazine) with Z-form poly-d(GC) have been investigated by photophysical studies. 

Parallel enhancements in the steady-state luminescent intensity and lengthening of the luminescent 

lifetime have been observed for ruthenium enantiomers with ZDNA as well as for B-DNA, but with 

enantioselectivities reversed [ 1501. Molecular modelling and potential energy minimization 

calculations which incorporate solvent effects have been used to investigate the complexation of A- 



71 

and A-[Ru(phen)#+ to DNA. The most stable binding geometry for both enantiomers is the one 

in which a phenanthroline ligand is positioned in the major groove [151]. 

In the presence of double helical polynucleotldes, the efficiency of oxidative or reductive 

electron-transfer between photoexcited [Ru(phen)s]*+ and cationic quenchers such as methy- 

lviologen increases l-2 orders of magnitudes compared to the efficiency of the same quenching in 

microhomogeneous aqueous medium. The role of the nucleic acid double helix in these reactions 

has been discussed [ 1521. Molecular mechanics calculations and molecular dynamics simulations 

have been used to investigate the binding of the partially inserted major groove complex of h- 

[Ru(phen)#+ with DNA. Energy refinements of this ruthenium complex showed a clear 

preference for binding at purine-3’.5’-pyrimidine sites [ 1531. 

The sterically crowded cis-[Ru(drnp),$2](PF,j)~ (dmp = (81); S= MeCN or H20) has been 

shown to hydroxylate methane under mild conditions utilising Hz02 as the primary oxidant. 

Ruthenium(W) has been suggested as the active oxidant from spectroscopic data [St]. 

25.3 Complexes with other N-heterocyclic lipa& 

The synthesis, electrochemical and spectroscopic properties of [Ru(dpb)#F& (dpb= 

(82)) have been reported. The principal features controlling the electrochemistry and spectroscopic 

properties are the ligand reduction potential and the steric crowding around the metal centre. The 

metal complex also shows a low energy emission spectrum which is consistent with predictions 

based on the energy gap law [ 1551. 

N 

ax 0 
000 

< 
N 0 

dpb (82) 
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Ruthenium complexes [RuL312+ (L = (83), (84) and (85)) have been characterised by 

UV-visible spectroscopy and cyclic vohammetry. The possibility of using these complexes in solar 

energy conversion has been evaluated [ 1561. 

R 

R= H (83) 
R=Ph (84) 

(85) n= 3-6, 10 

Photoaquation using near-UV-visible radiation of ck-[Ru(NH&Lz] (L = pyridine, 4- 

picoline, isonicotinamide (isn), or 4-acetylpyridine) and cis-[Ru(NHg)4(isn)Q] in acidic medium 

has been studied. The cis metal complexes have ligand-field and metal-to-ligand charge-transfer 

states as the lowest energy excited states [157]. Synthesis, spectroscopic and electrochemical 

properties of homoleptic ruthenium complexes containing ligands (86). (87), (88) and (89) have 

been described. Complete assignments of the 13C and 1H NMR spectra of the ligands and their 

complexes are available [ 1581. 

R= H (86) 
R=CH, (87) 

R= H (88) 
R= CH, (89) 

Ruthenium(H) complexes [Ru(NI-I3)5L](PP& (L = isonicotinamide or pyraxine) and 

ruthenium(III) complexes [Ru(NH3)5L](PP& (L = 4-N,N-dimethylamino pyridine or 4- 

aminopyridine) have been shown to form adducts with 18-crown-6 ether in MeCN. A red shift in 
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the metal-to-ligand charge-transfer band for the ruthenium(II) complexes is observed, and this 

compares with a blue shift in the ligand-to-metal charge-transfer band for ruthenium(III) complexes. 

A negative shift of the Ru(lII)/Ru(II) redox potential for these complexes has also been observed 

[159]. 

The cage escape efficiency, (a measure of the competition between back electron transfer and 

diffusionsl separation of the geminate xedox pair formed within the solvent cage), for the sacrifical 

reductive quenching of the excited states of homoand hetemleptic mthenium(II)-diimine complexes 

of bpy, bpm, (40), and bpz, (41), has been determined [X0]. 

Binuclear complexes [Ru(L)#pbimH2)Ru(L)#+ (L = bpy, phen; bpbimI-Iz= (90)) have 

been prepared. Both the oxidation potentials and absorption spectra are strongly dependent on the 

solution pH, which is responsible for the depmtonation of the N-H group on the coordinated ligand 

(90). It has been shown that the metal-metal interaction of the deprotonated blnuclear complexes is 

4-6 times longer than that of protonated complexes [161]. Electronic excited states of these 

binuclear complexes have been studied by laser photolysis kinetic spectroscopy [162]. 

bpbimHa (90) 

Generation of cathodic and anodic currents based on photoexcited [Ru(bpz)312+ (bpz= 

(41)) in aqueous solution in the presence of [S20@ and EDTA has been described. A theoretical 

analysis has been developed to account for the dependences of the photocurrent on applied potential, 

concentration of wu(bpz)#+, [S20& and EDTA. pH and light intensity [163]. The oxidation 

rate of [C2O4]% by [S20#- in an aqueous solution containing [Ru(bpz)#+ is greatly increased 

by irmdiadon with visible light. The mechanism may involve a chain reaction initiated by a reductive 

quenching of photoexcited [Ru(bpz)#+ with [C2O4]% [164]. 

Electroabsorption spectra for the charge-transfer transitions of [Ru(NI-I~)~L]~+ and 

[ (Ru(NI-I3)5]2L]4+/5+, (L = pyrazine or 4,4’-bipyridine) have been recorded. Experimental 

estimates of the susceptibility of the transition dipole moment to an electric field, the change in 

polarisability and the magnitude of the change in permanent electric dipole moment associated with 

most of the metal-to-ligand and metal-to-metal charge-transfer transitions in these complexes have 

been made [165]. 

Dibenzo-24crown-8 ether was used to encapsulate donor and acceptor charge-trsnsfer sites 

in a ligand-bridged mixed-valence complex [ (Ru(NIQ)2(4,4’-bpy)]s+ in order to investigate the 

molecular aspect of solvent reorganisation in electron transfer reactions. The energetic effects of 

crown encapsulation have been monitored directly by intervalence charge-transfer absorption 
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measurements in nitromethane solutions. Complete crown binding has only a modest negative 

effect on the energetics of solvent morganisation [ 1661. 

Five supramolecular systems containing [Ru(ttp)#+ (ttp = (91)) photosensitiser co- 

valently linked to an electron acceptor such as methylviologen and/or an electron donor such as PIZ, 

(92), or DPAA, (93), have been synthesised. The spectroscopic and electrochemical properties of 

these systems have been investigated [ 1671. 

up (91) 

gym Meo~ypJoMe 
I 

PTZ (92) DPAA (93) 

A bis(terpyridine)ruthenium(II) catenate, (94), which contains a pseudooctahedral 

coordination geometry has been synthesised. The catenate obtained consists of two interlocking 3% 

membered rings and is nonluminescent [ 1681. 

4 H,(CH,OCW, H2 d 
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The absorption spectrum of the excited state of [R~(Cl-ptpy)2]~+ (Cl-ptpy = (95)) in 

ethanol has been measured by laser flash spectroscopy at room temperature and assigned to the 

metal-to-ligand charge-transfer triplet state [ 1691. 

Photophysical data and spectroscopic data of some para-substituted phenylterpyridine 

Ru(II) complexes along with molecular orbital studies of the iron(n), ruthenium(II) and osmhrm(II) 

compounds [M(R-ptpy)]z+, (R = II, CH3, OH, 0CH3 and Cl) have been reported. The visible 

charge-transfer absorption of ~Ru(R-p~y)]z+ is almost twice as intense as observed for 

[Ru(~y)~12+ with a red shift of about 50 nm f170J. 

R 
R= Cl (95) 

R= --C&$=&+$&e (96) 

R= -CH2-N 
3 

(97) 

R= -CH, (99) 

Ruthenium(1~ complexes with modified terpy ligands (96) (97) and (98) have been 

prepared. For the system consisting of two different ligands bonded to the metal centre, one bearing 

an electron acceptor (viologen) and the other being end-linked to a pyrrole ring via its N atom, 

ekctro polymerisation to give an ekctrically conductive film on the surface of a platinium electrode 

has been achieved. The modified electmde thus obtained can act as a photoekctmde [171]. 

The large difference in the affinity of N-methylpyraxinium cations for the [Rum(EDTA) 

(H20)]- and [Rurr(EDTA)(H20)]2- gives a pattern of irreversibility in the electro-chemical 

responses exhibited by these complexes. Estimates of the equilibrium constants, rate constants and 

formal potentials have been m&e from the spectml and electmchemkal rn~~ [172]. 

An unsy~~cal binuekar ~~e~urn(~) complex, (99), has been synthesised and 

character&l by ‘H NMR s-y [ 1731. 



76 

Ruthenium(H) complexes (100) and (101) containing the ligand 6-(2-thienyl)-2,2’- 

bipyridine have been character&d by tH NMR spectroscopy and X-ray crystallography [ 1741. 

Ruthenium(R) complexes @u(NH&(bptz)12+ and [ (R~(NH$4)2(bptz)]~+ (bptz = (102)) 

have been synthesised and character&d. Reversible metal oxidations for the binuclear complex are 

at +1.56V and +0.72V vs SCE and AE (2-l) = 84OmV, which suggest that a large degree of Ru-Ru 

communication occurs through the bptz bridging ligand [ 1751. 

bptz (102) 

N-N 

(103) 

Direct synthetic routes to isomer-k [RuCl2L2] and [RuL3](ClO&.H20 (L = (103)) 

complexes, based on the reaction of RuC13.3H20 and [Agb]C104, have been sought. The 

complexes have been characterised by elemental analysis, as well as by spectroscopic and 

electrochemical methods [176]. The complex cis-[RuR1L(C1)(H20)] (L = (104)) has been 

characterised by spectroscopic and crystallographic methods. A cyclic voltammogram of the 

complex shows three reversible/quasi-reversible couples at 1.29,0.93 and 0.23V vs SCE assigned to 

the couples Ru(V)/Ru(IV), Ru(IV)/Ru(III) and Ru(III)/Ru(II). It has been shown that the complex 

is an active catalyst for the electrochemical oxidation of alcohols and tetrahydrofuran [ 1771. 

L’ (104) 
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Octahedral ruthenium metal complexes K[RuQL$, K[Ru@L2] and Kz[RuQLs] t&Q= 

phthalic acid; Lt = quinoline, isoquinoline, a- and P-picoline, py; L2 = 2-aminopytrolidine, o- 

phenanthroline, 3-aminopyridine. bpy and L3 = 8-hydroxyquinodine) have been prepared and 

character&d based on elemental analyses, magnetic and conductivity measurements, IR and 

electronic spectroscopies [ 1781. 

The complexes [Ru(glygly)(PPh3)2(CH3OH)l, (log), and [Ru(glyglygly)(PPh3)212, 

(106), (glygly = diglycine; glyglygly = triglycine) have been characterised by X-ray analysis and 

electrochemical methods [ 1791. 

6leOH 

(105) (106) 

The tumour-inhibiting complex truer-imidaxolium bis(imidaxole)tetrachlotoruthenate(III) 

has been shown to bind DNA and inhibit DNA synthesis catalysed by E. Coli DNA polymerase I. 

The kinetics of the reaction with DNA are reminiscent of those for cisplatin [180]. The photo- 

induced intramolecular electron transfer in cytochrome c ruthenium polypyridine derivatives with 

other metalloproteins has been reviewed [ 1811. 

(107) 

25.4 Complexes with macrocyclic ligands 

Reactions of [Ru(TPP)]z (TPP = (107)) with HBr, HCI or 12 give paramagnetic complexes 

[Ru(TPP)X2] (X = Br, Cl or I). [Ru(TPP)Br2] has been structurally character&d. The Ru-Br 
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distance, 2.425(2)& is the shortest repmted for any Ru-Br bond Treatment of [Ru(‘lTP)Br~ with 

PhLi yields diamegnetic [Ru(TPP)Phz], which can be thermally decomposed to [Ru(TPP)Phl[1821. 

The synthesis of ruthenium ‘picket-fence.’ porphyrins (108) which bear optically active a- 

methoxy-a-(trifluoromethyl)phenylacetyl residue on both sides of the porphyrin plane, and the 

chiral recognition in the complexation of racemic benzylmethyphenylphosphine to the a$,a$- 

isomer of (108) to give one of three possible product diastereoisomers with high stereoselectivity 

have been described [183]. 

(108) 

The photophysical properties of a soluble oligomeric ruthenium phthalocyanine, (109), 

containing bidentate bridging ligands have been compared with those of a monomeric analogue. 

The triplet states have been character&d by time-resolved absorption spectroscopy [184]. 

(109) ‘Bu 
/ 

2- 

‘Bu 
= 

‘Bu 

‘Bu’ 
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(110) 

0 I 
2- 

The synthesis and semiconducting properties of the tetrazine-bridged phthalocyaninato 

ruthenium complex (110) and the monomeric complex (111) have been reported [ 1851. 

(Phthalocyaninato)ruthenium complexes with biaxially coordinated azanaphthalenes or pyridine 

have been prepared and characterised by IR, 1H NMR, and UV-visible spectroscopy, and by 

TG/DTA and FD-MS techniques [186, 1871. Ruthenium(H) complexes with macrocyclic ligands 

(112~(118) have been prepared and characterised by 1H NMR and UV spectroscopies, and 

electrochemical techniques [188]. 

a3 

x 
/ 

N 

N. 

e 

$ 

m3 
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n= 0, R= Et 
n= 1. R= Me 

(116) 

25.5 Complexes with other mixed donor ligands 

The kinetics of oxidation of aromatic hydrocarbons and tetrahydrofuran by trans- 

[Ru(VI)(L)O#+ (L = bpy, (119). (120) and (121)) have been studied. A hydrogen-atom 

abstraction mechanism has been suggested for the oxidation of C-H bonds by truns-dioxo 

ruthenium(V1) complexes [189]. The synthesis and spectroscopic characterisation of chiral 

K[RuLCl2(H20)] (122) have been reported [l!JO]. 

Me\ npe 
N 

6 $ ok0 
(119) 

Me 

(121) 
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- R= CHs, CH 2-Ph 
~2W m-(a3)2 
cH2-s-cH2 

CH2C&I,0H 
CH,-C,H,N, 
(CHi)sC(NI-I,)=NH 
CH2COOH 
CH2SH 

(122) 

Ruthenium(III) Schiff base complexes of the structural types (123) and (124) have been 

prepared and characterised by various physical methods. The reversible binding of CO to these 

complexes in DMP, MeCN, MeOH and MqCO has been demonstrated [ 1911. 

Complex W X Y 

Cl- Cl‘,InQMeIm 

cl- Cl,Im,2MeIm 

Saldien- (qH@lH(C2H4, N of W Cl 

(123) 

Complex W X Y 

Picoph (C&I& cl- Cl-.Im,2MeIm 

Plcen (02 cl- Cl-,Im,2MeIm 

Picdien (C2H4)NI-I(CsI&) N of W Cl- 

(124) 

25.6 Com#xes with ammonia or amine l&an& 

The activation and subsequent interaction with absorbates of [Ru(NI-I#+ in I-IX xeolite 

have been investigated by ESR, electron spin echo modulation, XPS. and IR spectroscopic methods 

11921. The [Ru(NH&13+ complex cation has been reported to be a two-electron catalyst for 

homogeneous and heterogeneous water oxidation to give q. A mechanism involving a peroxo 

bridged intermediate [Ru(V)(NI$),$+ has been proposed for this reaction [193]. The overall 
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charge-transfer reaction at [Ru(NH& 3+n+-containing montmorillonite clay film-coated graphite 

electrodes has been studied by cyclic voltammetry, chronocoulometry and normal pulse 

voltammetry. Kinetic parameters such as standard rate constant, cathodic transfer coefficient and 

apparent diffusion coefficient have been obtained [194]. 

Crystal and molecular structure of [RuCl(NI-I3)&(BF4)Cl3 have been determined. The 

average Ru-N bond length, (2.108A) and the Ru-Cl bond length (2.343(l) A) are not significantly 

different from values reported for the chloride salt [ 1951. 

The kinetics of long-range electron transfer have been measured in Ru(NH3)4L(His39) 

derivatives (L = NH3, pyridine or isonicotinamide) of zinc-substituted Can&da krusei cytochrome c 

and Ru(NH&L(His62) derivatives (L = NH3 or pyridine) of zinc-substituted Succhuromyces 

cerevisiue cytochrome c [ 1961. 

Treatment of [Ru(NH&(H20)]2+ with cobalt meso-tetrakis(4-pyridyl)porphyrin, [CoP- 

(py)4], on graphite electrodes coated with Nafion gives [COP-(PyRu(NH&)#++. The latter acts as 

a catalyst for the four-electron reduction of 9. Under the same condition, the same porphyrin with 

uncoordinated [RU(NI$$6]2+ or [Ru(NH3)5p~]~+ shows no such catalytic activity [197]. The 

kinetics and mechanism of acid-dependent oxidation of RNH2 (R=Me, Et, Pr or Bu), Me#II and 

Me3N by Ce(IV) in the presence of ruthenium(III) catalyst have been described [ 1981 

25.7 Complexes with nitrosyl ligank 

Potential curves of NO group dissociation from ruthenium complexes in their ground states 

and in a series of singlet- and tiplet-excited states have been calculated by multiconfigurational SCF 

method. The lowest excited state in [Ru(NO)C1512- and [Ru(NO)(NH3)2C13] complexes was 

d-+x* (NO) charge-transfer state which dissociates to form NO. In [Ru(NO)(NH$#+, the lowest 

excited state was of the d+ d type, and it dissociates to give NO+ [199]. CNDO/2 MO 

calculations have been applied on the system ~u(NX)Cl& and [Ru(NX)Cl&120)]- (X = 0 or S) 

to investigate the nature and energetics of the interaction between ruthenium and isoelectronic NO 

and NS ligands. The result suggests that the strength of the Ru-NS bond is greater than that of the 

Ru-NO bond; the NS ligand withdraws electron density more effectively from the central ruthenium 

atom than does NO [2OO]. 

The complexes [RuX3(NO)L] (X = Cl or Br; L = I-quinolinol or its derivatives) have been 

prepared and characterised by elemental analysis and spectroscopic methods. X-ray analysis of 

[RuBrs(N0)(2-methyl-8-quinoline)] revealed that all the bromide ions are coordinated cis to NO 

and the 8-quinolinolate oxygen is trans to NO, this reflects the fact that NO is the stronger R- 

acceptor [201]. The kinetics of the nucleophilic addition of OH- to [Ru(CN)~(NO)]~- has been 

studied by spectroscopic techniques [202]. Reactions of [Ru(NO)C13] with M[B(R-pz)3] (M = 

alkali metal, Tl; pz =1-pyraxolyl) give [RuC12(B(R-p+)(NO)] which exhibits NO+ coordinated to 

the metal centre in a linear fashion [203]. The diazotixation of primary aromatic amines with a 

strongly electrophilic mononitrosyl ruthenium complex, [Ru(NO)(NO~)L~](C~O~)~ (L = 2- 

(phenylaxo) pyridine), in CI-I$.& and acetone has been studied by following the reaction sequence 

through the isolation of products at various stages of the reaction [204]. [Ru(NO)(NO2)4(OH)]2- 
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and ~Ru(NO)~NO~)~(H~O)(O~)] have been studied by 99Ru, 170, 14N and IsN NMR 

spectroscopies [ 2051. 

2.6 COhiPLaEXES WITH OXYGEN DONOR UGANDS 

The complex [Ru~)L(O)]z+, @IL= (El)), is a very active oxidant towards hydmcarbons. 

Stoichiometric oxidation of satumted alkanes in MeCN gives teat&y alcohols exclusively or ketones 

when only methylene groups are present. The mechanism of C-H bond oxidation by this mono- 

oxoruthenium compound has been discussed [2061. 

(125) (126) 

Oxidation of Gus-[Ru(lII)(L)~~OH)(H~O~J~+ (L = phen or (126)) by Ce(IV) in water 

gives rruns-[RuVI(L)20@+. It has been shown that the latter complex oxidised alcohols to 

ketones/al&hydes, tetrahydrofuran to +xnymlactone, and alkenes to epoxides [207]. 

The cation [Ru(IV)(terpy)(dcbipy)O]*+ (dcbipy = (127)) has been preparti by the 

oxidation of the aquo precursor complex with cerium(IV). It is a powerful oxidant (II” 

Ru(IV)/Ru(III) = 1.13V vs SCE) and can selectively oxidise the tertiary C-II bond of adamantane. 

The mechanism of alkene oxidation by thii complex has been investigated 12081. 

dcbiby (127) 
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The redox potentials for several cisdiaquaruthenium complexes with bipyridine and related 

ligands have been determined. The catalytic oxidations of benzylalcohol, isopmpanol, THF and Cl- 

have been studied in the presence of ruthenium complexes [24W]. 

Oxo-ruthenium(VI) carboxylato complexes [RuO#COR)Cl~]- (R=Me, Et, Pr, CF2H) and 

their uses as oxidants and catalysts for the oxidation of alcohols to aldehydes or ketones in the 

presence of a cooxidant such as Wmethylmorpholine N-oxide have been described [210]. The 

electrochemistry of rrans-[Ru(IV)Cl(O)(py)4]+ and its related complexes, trans- 

[Ru(III)Cl(OH)(py)4]+ and frans-[Ru(II)Cl(H20)(py)4]+, has been studied in both MeCN and 

water. The 0x0 complex undergoes a one-electron oxidation to give a very reactive complex cation 

frans-~Ru~~~C1~0~~~~~41~+, which is the species capable of oxidising organic substrates [211]. 

Chemical oxidation of rrax.r-[Ru(N02)~@y)4] gives bins-[Ru(Nq)(O)(py)4]+, via the formation 

of a precursor ~wI.~-[Ru(NO&H~O)(~~)~]+. The process has been confirmed by electrochemical 

studies [212]. 

The kinetics and possible mechanisms of reactions of [Ru(EDTA)(O)]- with PPh3 12131, 

[214], L-ascorbic acid [215], [216], amine [217], [218] and alkane [219], [220] have been 

investigated. The compounds [Ru(O)2(py)z( SCH$H(R)C(O)O)] (R = H, NHCOMe) and 

[Ru(0)2(bpy)( SCH2CH$H(R)C(O)O] (R = NCHO, NHCOMe) have been synthesised from 

[Ru(O)~(OH)2(py)d and [Ru(O)$12(bpy)] respectively, and characterised by tH and l3C NMR, 

UV-visible spectroscopies and cyclic voltammetry [221]. 

Evidence from elemental analysis and spectroscopic studies including 170 NMR 

spectroscopy have been obtained in support of the formulation of the tetranuclear ruthenium(W) 

aqua ion as H,JR~406(H20)~2]( 4+n)+ (n = O-4). Possible structures for this ion have been 

suggested [222]. The synthesis and NMR spectroscopic properties of oxo-Ru(IV) complexes, as 

well as reaction kinetics of inorganic substrates oxidation by these complexes, have been reviewed 

[223]. 

2.6.2 Complexes with curbogbte ligunak 

The complex [Ru~O(O~CR)~(MeCN)4(PPh~)~(C104)2, reacts with 1.2~diaminoethane in 

MeOH at 25°C. Nucleophilic a-tack occurs at the carbon of two facial MeCN ligands to give 

[Ru~O(O~CR)~(NH~CH2CH~NHC(Me)NH~)~(PPh~)~l(ClO~)~, (128). The Ru-Ru and average 

Ru-0,-,x0 distances are 3.280(2)A and 1.887A. mspectively. The spectroscopic and electrochemical 

properties of (128) have been discussed [224]. 

Two ruthenium(II1) dimers [Ru#-CH$OO)#-O)(py)#+, (129), and [Ru#- 

~3COO),(~-O)(bpy)(py)212+, each with a core structure similar to the methemerythrin active 

centre, have been synthesised and character&d by spectroscopic and electrochemical methods. The 

molecular structure of (129) has been established. There is no direct metal-metal bond between 

two ruthenium centres, and the Ru-Ru distance is 3.251(2)A [225]. It has been shown by X-ray 

structural analysis that [Ru2(CH$OO)&,-O)(HzO) (CH30H)(PPh&] (130) contains a ‘Ru#- 

CH3COO)#-0)’ core and unidentate acetate ligands. tH NMR spectra in CDC13 revealed that a 
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unidentate-chelate equilibrium of acetate ligands between the bis(chelate) and mono(chelate)- 

mono(unidentate) of (130) was established in solution [226]. 

?Me 

(128) 

(129) (130) 

Reaction between [Ru#-O$CH&(THF)2]BFd and PPh3 in THF or toluene gives 

[Ru(O$ZCH3)2(PPh$(CH&H~)] and [Ru~(~-O~CCH~)(p-O)(O~CCH~)2(PPh&l. The latter 

has been characterised by spectroscopic techniques and X-ray crystallography. A possible 

mechanism for the reaction with some supporting spectroscopic evidence has been presented [227]. 

The binuclear ruthenium(II, III) compound [Ru2(02CC&-p-OMe)&I2O)o.251 has been 

synthesised and character&d by X-ray crystallography. The (Ru2(02CC&&-p-OMe)d+) units are 

bridged by chloride ion into an infinite zigzag chain [228]. 

The synthesis and structural properties of Ru(II, III) complexes containing long-chain 

carboxylates, Ru2QCR)qX (R = C&HIT, CIIHu; X = Cl. O&R). were reported. The carboxylato 

species exhibits a thermotropic columnar mesophase, and is the first example of a mixed-valent 

liquid-crystalline material [229]. 
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The salt [Ph4As]lRu(acac)$l& (Wl), with the first rrans-bis(acetylacetone) complex, has 

been prepared and characterised by X-ray analysis and spectroscopic methods. A number of related 

Ru(II), Ru(lII), and Ru(IV) complexes have been prepared from (131) [230]. 

Reaction of [Ru2(CH$00)4]+ by oxalatotitanium(II1) has been studied in LiCF3SO3 

media. The magnitude of the rate constant indicates an outer-sphere mechanism for this reaction 

[231]. The reaction of [Ru#&C!Me)&l] with pyridine-2carboxylic acid (Hpyca) in MeOH& 

(1:l) yields [Ru(pyca)$ (132) and [Ru2(pyca)d (133). Both (132) and (133) react with PPh3 

to give [Ru(pyca)2(PPh3)21, (134). The structures of (132) and (134) have been determined by 

X-ray analysis [232]. 

Nq = & 
(132) (134) : 

[Ru~(~-O~CCH~)~(O~CCH~)~ reacts with excess PPh3 in acetic acid to give fuc- 

[Ru(O$CH3)(PPh3)3], (135) which contains both unidentate and chelating acetate ligands. 

Complex (135) shows slight catalytic activity for the ring-opening polymerisation of 

bicyclo[2.2.l]hept-2-ene [233]. 

(135) 

Kinetic studies of the complexation of oxalate with [Ru(H20)&+ shows that the rate- 

determining reaction involves the monoanion of oxalic acid [234]. [Ru~(O$R)~] (R= H, Me Et, Pr, 

Ph) reacts with bis(2,5-dimethyl-N,N’-dicyanoquinonediimine, (DMDCNQI), to give 

[Ru2(02CR)@MDCNQI)], (136) which exhibits a polymeric chain with (Ru2(O$R)4] dimeric 

units bridged by DMDCNQI [235]. 
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o-o Me 

I/no Q 
O_ 

I/@-v 
7Ey-NX-N N-C-N-Ru-Ru- 

dUI 

Od Me 

(136) 

Reaction of [RuC12(PPh3)4] with 1 equivalent of Ph2P02CCH=C!R’R” produces 

[RuCl,(PPh3)2(Ph2PO2CCH=CR’R”)] (R’, R” = H or Me) . However, the major product of these 

reactions is [RuCl (Ph2PO)zH) (PPh$(O$CH2CHR”PPh3)] (137) for R’ = H, R” = H or Me. 

The structure of (136) (R” = H) has been determined by X-ray crystallography [236]. 

(137) 

2.6.3 Complexes with ligands derivedfrom H&DTA 

Efficient photocatalytic reduction of CO2 to MCOOH and HCHO occurs when K[Ru(H- 

EDTA)C1].2H20 is used as the homogeneous catalyst and particulate Pt-CdS-Ru02 as the photon 

absorber at 505 nm. The rates of formation of HCOOH and HCHO exhibit a fist-order 

dependence on the catalyst and dissolved CO, concentrations. A mechanism for the formation of 

HCOOH and HCHO has been proposed [237]. The reaction of [Ru(H-EDTA)&O)] with 

pe(CN)@ ion was studied spectrophotometrically as a function of [Fe(CN)@ ion concentration, 

pH (158.5) and temperature (30-45’C) at ionic strength 0.2M (NaC104). Kinetic and activation 

parameters obtained are consistent with the proposed mechanism of the reaction [238]. Similar 

techniques have been employed in the study of kinetics and mechanism of substitution reaction of 

[Ru(H-PDTA)(HzO)] with sulfur containing ligands such as thiourea and 2-mercaptopyrimide 

[239]. 

2.6.4 Complexes with other O-donor l&an& 

The reaction of K2RuCls*H20 with (CSH4N)P(O)(OEt), (138) yields K[RuC12 

(OP(O)(OEt)(C$-I4N)]2] (139). One ethyl group of (138) has been eliminated in an Arbuzov- 

type reaction. The reaction of (139) with Zn, Al or NapH4] does not lead to reduction of the metal 



centre but to further dealkylation of (138). The reaction of (138) with RuC13.3H20 gives 

[RuCl3 I (C$-QN)P(O)(ORt)2 123 WOI . 
During the synthesis of [Ru(py3P=O) 2]2+, (140). the species 

[Ru(pygP=O) (py2P(O)O)]+, (141), was also isolated. X-ray structural analysis of (141) 

revealed a tridentate phosphinate anion coordinated to the ruthenium centre [241]. 

(141) (142) 

Nineteen rruns-[Ru(R-py)pL2]n (R-py= substituted pyridines, n = 0, fl; G-non-innocent 

1,2dioxolene ligands) were prepared. Their electrochemical and spectroscopic properties were 

mported and discussed in terms of their electronic structures [242]. 

The reactions of RuC13 with neutral chalcone semicarbazones (142) have been studied by 

spectroscopic and electrochemical methods. Some possible products of these reactions were 

suggested [243]. 

Resonance Raman and electronic spectral studies of [Ru2(bpy)(tetrox)]n+ and 

[RU2(py)g(tetrOX)]“+ (tetrox = (143); n = 2, 3, 4) were reported. Electronic structures of these 

complexes were determined and their spectra were assigned [244]. 

0 0 

00 
0 0 

(143) 
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Acid-catalysed dissociation reactions of tris-gdiketonato-mthenium(III) complexes in the 

presence of I-IN% and p-MeC&S03H were studied specttophotometrically in acetone/water 

mixtures. Kinetic parameters and a possible mechanism for substitution the wetonatoruthenium 

dericatives have been deduced [245l. 

Ruthenium semiquinone complexes [Ru(PPh3)2(SQ)C12] (SQ=3,5-di-tert-butyl- 

semiquinone) and [Ru(PPh~)~@BSQhl (DBSQ=tetrachloro-1,Zsemiquinona) were synthesised 

and structurally character&d. The charge distribution in these complexes has been deduced from 

stmctural and electrochemical data [246$ 
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