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STUDIES ON

Q;,THE COMPLEXES OF RUTHENIUM(III) AND RUTHENIUM(II) WITH
D IMETHYLSULPHOXIDE

AND SOME MONODENTATE AND BIDENTATE LIGANDS

ABSTRACT

The thesis describes the résults_of investigations involving
iie synthesis, characterization and structural assessments of some
thenium (III) and ruthenium (II) complexes containingrdimethylf

u phoxide~and~30me’monodentate or bidentate ligands. Tﬁe contents

e the thesis have been distributed over seven chapters.

Chapter I, gives a brief introduction pertaining to the work

emphasized, The ambidentate nature of dimethylsulphoxide has been

explained and possibility of formation of either S-bonded or
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i:—nded complexes with ruthenium(III) and ruthenium(II) has been

;élered in terms of HSAB principle. A brief review of the literature
£ reperted compeunds of ruthenium(III) and ruthenium(II) containing
f§2SO (Mezsa = dimethylsulphexide) and/er halides, and their chemical
391 physical properties has been made. Need te make use of ruthenium
fgiiedide as the seurce material, fer the synthesis of iedide
éintaining ruthenium (III) and ruthenium(II) complexes has been

?Qiced and justified. In this chapter, the scepe of the work en the

shesen aspects of ruthenium(III) and ruthenium(II) chemistry has

}-en prejected.

-The new results described in Chapters II to VII have been
érefaced with a brief intreduction. In Chapter II, the synthesis
g.a characterizatien of c@mpiexes of ruthenium(III) with dimethyl-
sulphexide, having compesitions, éfRuZCl6(MEZS@)4_71, twe linkage

£§0mers, viz. mer / RuCl, (Me, S®), /2 and fac / RuCl, (Me, S®). /3

thenium=~trichleride with dimethylsulphexide, wvhereas compoﬁnds 2

-

and 3 by reactiens of cemmercial ruthenium trichleride with dimethyl-

the mede of ceerdination of Me,S@® molecules in these cemplexes has

2
;;een assigned., The dimeric compeund, éfRu2Cl6(Me25@)4_7£, and

mer Z_RuCl3(MeZS@)3_7Z have beth sulphur and exygen bended Mezss

groups, whereas the fac éfRuCl3(Me28@)3_7§ has all S-bended Me2S®
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;-,ium(III) Ruthenium(III) interaction. Magnetic moment

jues (1,6 - 1,9 BM) of compounds 2 and 3 justify that the metal
;{is a low-sgpin dS, Ruthenium(III) system. A low value of magnetic
nt (1.1 BM per ruthenium atom) for the compound 1 at room
sperature is explained due to weak antiferromagnetic interaction
two ruthenium(III) ions, through the bridging chlorides. With

= help of EPR spectra in powder form at room temperature and in
ozen solution at liguid nitrogen temperature and far IR spectra,

r ctural assignments as above, for the compounds 1, Z and 3 have
made, A ruthenium(III) compound z;§.~éfhucl3(Mezso)3_7 reported

r Antonov et all, cn reinvestigation is found to be same as

e Looviz. [Ru2c16 (Me,S0), 7.

- The potenﬁiality of the compounds 1, 2 and 3 (the synthesis
“i:characterization cf which are described in Chapter II) as
AsruréOrs for the synthesis of ruthenium(III) complexes is discussed
_ibhapter IIT. The above compounds are reacted with some represen-
‘Eive mono- snd bidentate ligands containiﬁg various donor sites,

N, P, As, O and S atoms., These reactions resﬁltéﬂ in the partial
v{éomplete substitution of Me, SO molecules in 1, 2 of 3., cepending
if%he reaction conditions and nature of the incoming ligands. Ligands

wing S, P or As donor sites and chelates having N and S donors

F.G. Antonov, Y.N. Kukushkin, V.I. Konnov and B.I. Ionin,
Russ. J. Inorg. Chem., 1978, 23, 441
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‘?in complete substitution of MeZSO molecules, vhereas N and ©O
ligands generally give partially substituted complexes. In

‘:, complete substitution of coordinated Mezso molecules take

_ either when the incoming ligand is stronger coordinating than
" or when the reaction is carried out at a higher temperature

) ligands, such as PFPh., AsPh3, C82 or EtzNCSZNa result in the
.

f?molecules are generally obtained when nitrogen or oxygen donor
; §_ viz. py, kipy, rhen, acac, CH3CN or PDA (PDA = o=-phenylene-. .
ive) are treated with compounds 1, 2 or 3 at}room temperature
_%tion. Eowever, in some cases, such compounds are obtained even
%Aher temperature ( ~ 60°C), New compounds, thus prepafed and
erized are ZfRuCl3L2(Me s0)_/ (L = pyridine or acetonitrile;

- 1,10-phenanthroline or 2,2'-bipyridyl) and é’RuCl (acac) (Me SOQr7.
fue compounds thus obtained are characterlzed by the elemental
ysis and different physical methods, viz. IR, 1y MR, EPR and

FIS spectra. In the new compounds described above, Mezsd-is
rdinated to the metal through sulphur only (irrespective of

‘f>ing compounds, either only S-bonded or containing both S- and
pnded Mezso groups. Generally all the compounds are six coordinated
:‘a considerable lowering of symmetry from Oh due to the presence

Sifferent type of (mono or bidentate) ligands and different

or sites in a ccmplex,
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A;Studies on the complexes of ruthenium(III) or ruthenium(II)
i::ing bromide and other ligands are relatively much less compared
llﬁ'lar systems containing chloride as one of the ligands. In

;fr v, et first a brief review on the reporte@ synthesis of
enium (III) and ruthenium(II) complexes containing bromide and-

_ ligands is presented. Further, synthesis and characterizatiocn
=wo novel complexes, viz. £f§u8r3(Me2SO)3_7,and éfRuBrZ(MeZSO)3_7
\@iescribed. éfRuBrB(MeZSO)3_7ris the first example of a compound
&'thenium(III) or ruthenium(II) éontaining halides and all (three)
50 molecules.? ZfRuBrB(Me280)3_7 has been used as

2

a Me
scursor for the synthesis of many ruthenium(III) compounds containing

omide and other ligands having donor sites, viz. N, F, As, © and S.
fiiions of éfRuBrB(Mest)3_7 with such ligands led to a partial

zgomplete substitution of Me.SO molecules depending on the reaction

2 .
pdition, and the nature of ligands. Some of the new compounds thus

sthesized and characterized are, é—'RulESr2 (cs,) (PPh3)3_7Br,
RuBr, (Et,NCS,) (MeZSO) »/+ L RuBr, (PDA) (Me2SO)2_/,

RuBr, (PDA)z(Mezso)ZJBr, / RuBr, (py) 3] and / RuBr,L, (Me,S0)_/

L = py, Me=py: L2 = bipy). Compounds having P or 2s donor site 5r

SO group/groups have S-bonded Me, SO wheras

1

2 2

mpounds containing N donor site, viz. py, Me-py or bipy and Me280

£ chelate and Me

oup have O-bonded Me,SO,

2

2 compound reported by Antonov et al1 having composition
:‘RuClB(MeZSO)3_/ and only S-bonded Me, v -
reinvestigation is found to have the composition / Ru2C16(MeZSO)4_/

and both O- and S-bonded Me, SO molecules.

SO groups, uvpon
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7 RuBr,, (Me SO)B—/ has been characterized to have all

;3 ded MeZSO molecules and tentatively it has been assigned to

a trigonal bipyramidal geometry with MeZSO molecules in the
%;onal plane. Some preliminary reactions have been carried out

. examine the potentiality of éfRuBrz(Mezso)3_7, as precursor for
synthesis of ruthenium(II) brome complexes. Reactions of
ff=r2(MeZSO)3_7 with strong donor ligands viz. FPh; or AsPh, result
;;produgts which have no coordinated MeZSO molecules. Nitrogen donor
io0ands, such as py, bipy, phen result in partially substituted
empounds. at mild reaction condition and completely<;ubstituted
ormpounds under stronger reaction. conditions., Compounds thus

‘  thesized are, éfRuBrz(py)z(MeZSO)2_7, éfRuBrz(py)4_7,

"RuBrz (B} (MezSO)zJ and / RuBr, (L—L)2_7 (L-L = bipy, phen).
Sompounds containing bromide, Me,SO and the amires have been
f”aracterized to have S=bonded Me2SO molecules, similar to their
srecursor, vize éfRuBrz(Mest)3;7. The new ruthenium(II) complex,
f.RuBrz(M32$O)3;7 could be used as precursor for the synthesis of
y other ruthenium (II) bromo compounds and a molecular oxygen
oxidative catalyst like ZfRuBrz(Me280)4_7.

_ Not many ruthenium(III) and ruthenium(II) iodo compounds

are synthesized compared to their chloro analogues., In Chapter V,
firstly a brief review on the reported synthesis of ruthenium (III)
ruthenium (II) complexes containing iodide and other ligands is

ij‘sented.vSynthesis of ruthenium triiodide is described by a little
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ification of earlier methods. It is insoltble in non=-coordinating

8 as precursor for the synthesis of ruthenium (II) compounds,

/Rul,L, 7 (L = Me,SO, py or CH,CN), [ Rul, (cs) (PPh,),_/ ard

D the metal through the sulphur atom. LFRUL (Me °0)4_7 and

IZ(CH3CN)A_7 are used as sou:ce materials for the synthesis of
mthesized and characterized are, éfRLLsz(Me S0) ;7 (L2 = DY, bipy,
;:5) /[ Rul, (py), /, [ Rul (blpy)2_/, [ Rul, (CH,CN) , (PPh,) ol

Rul, (PPh,), (Me,S0)_7, [ Rul, (CH.CN), (Me so)_7

&g(Etchsz) (Me280)247. Among the compounds mentioned above,

ompounds containing Me SO molecules have S=tonded Mezso only, similar

e
j{the parent compound, viz. éfRuIz(MeéSO)4_7.

In Chapter VI, some cationic and anionic complexes of .
%;henium(III) containing Me,SO, are described, Cationic complexes

;n ribed are é%hu(Me S0) _7?3 (x = clo,, BPh, ) and anionic complexes
/[ Me N_74 RuCl, (Me,S0),_/ and [ Et N_7[' RuBr,, (Me,SO) _7 With the
¢ p of IR and EPR spectral studies, éfRu(Mezso)6;/ is characterized-
gihave three S-bonded and three O-bonded molecules; arranged to

- : . 34+
Ve 2 facial geometry having a C3V symmetry groupe. thu(MeZSO)6_7
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ynthesized from ruthenium (III) compounds containing either only
_%ed or centaining both S- and O-bended Me,S0 molecules. The

i complex, [ Me,N_// RuCl, (Me, 80), / is synthesized from

mer éfRuCl3(MeZSO)3_7 and characterized to have the Me, SO

es bonded through the S-atom and seems to have a cis geometry.
?l;ZZfRuBré(MeZSO)2~7 is synthesized from éfRuBr3(MeQSO)3;7 and

;;cferized to have the Me, SO molecules bonded tc the metal through

2
O-atom and seems to have a gis geometry.

Some convenient syntheses of 2,2'=bipyridyl and 1,10-phenan-
oline complexes of ruthenium(III) and (II) are described in

oter VII. /Ru(l-L), /X, (L-L = phen or bipy; X = Cl, Br, Cl0,

;) are synthesized from fac or mer ZTRuClS(Me 80)3;7 or

aBr (Me SO)3_7, using -excess of the diimines. LfRu(olpy) CL _/cl 2H,Q

ffralned by a reaction of fac or mer éfRuCl3(Me280)3_7 with
ipyridyl (molar ratio, 1:2). Further, = novel compound of
fknlum(III) containing 1 10—phenanthrollne and bromlde, viz.
jiphen)zBr _7Pr is syntheulzed £rom r RuBr, (Me SO)3_7 and
%%cteriZed.‘By the metathetic substitution, L~Ru(phen)2Br2_/X

-;:{—-clo4 or BPh4) are also obtained and characterized,

Most part of the work described in Chapters II, III, IV and
ave been published in "PCLYHEDRON" while the rest is under

mnication,



