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PREFACE

The work presented in this thesis entitled "STUDIES ON THE
CHEMISTRY OF RUTHENIUM WITH SCHIFF-BASE AND RELATED
LICANDS", originated from an attempt to develop the
Chemistry of Ruthenium with o, " ~diimine ligand
N-arvlpyridine-2-carboxaldimine (L).

This thesis consists of seven chapters. A brief
survey of known coordination chemistry of o,a -diimine
ligand along with the purpose of the present work is
cutlined in Chapter I. In Chapter 11, the synthesis and
characterization of +the dihalo-bisligated complexes of
Ruthenium{II) are described. The reactivity of the complexes
toward oxidant is described in Chapter IIl. Chapter IV deals
with the transformation of the coordinated azomethine to
amide function and characterization of +the +trivalent
species. Chapter \' outlines the synthesis and
characterization of the tetracoordinated silver(I) complexes
of L. Chapter V1 describes the use of Ag-L complexes in
synthesis of tris chelated complexes of Ruthenium(II) with
L. The concluding Chapter VII describes the transformation
of coordinated piconaldimine to picolinamide and picolinate
and their characterization.

The present work was initiated in July,1892 in the
Department of Chemistry, North Eastern Hill University,
Shillong, under the supervision of Dr.S.Goswami.

In keeping with the general practice of reporting
scientific observations, due acknowledgements have been made
whenever the work described as based on the findings of other
investigators. I must take the responsibility of any
unintentional oversights and errors which might have crept in
inspite of all precautions.

\éééaﬁc¢£9 4?%vaﬁb33ﬂ

SUBRATA CHOUDHURY

Department of Chemistry
North-Eastern Hill University
Shillong 793003.
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STUDIES ON THE CHEMISTRY OF RUTHENIUM WITH BSCHIFF-BABE AND

RELLATED LIGANDS.

ARBSTRACTY
The present thesis primarily deals with the Chemistry of a
ctoot™— diimine ligand, RN-arylpyridine-2-carhoraldimine (L.1)
invelving ruthenium. It involvees synthesis of new compledes
and  their thorough characterization. In two CASOR,

structures have been delermined by using single corystal

Hray diffraction techniques. Sludies of chemical and
redor properties  of the synthesized compounds form an
integral part of the present work. The redox reactions
fhave bheen studied by using moadeyrn  electrochemical

techniques such as Cyclic Voltammetbry (CV), Differential
Fulse Voltammetry (DPV) arict Consbant Fotential
Lowlometry. The subject matter of the whole thesis has

been distributed over seven chapters.



Chapter [ briefly describes the salient aspects of the

Enown coordination of o, a° = diimines«. The scope of
tnveskigaltion of the com-dination chemistry of the
Tigand, N-arylpyridine-g-carboxaldimine(l.) ., has been

delineated.

5 6
4/ \N R L
—( . H : U
3 C=N 2
12 9 Ct :l}

10
1" R )
L,1

Chapter Il describes lhe iscolation and chavracterization of

a group of ruthenium complenxes of the type F\'uXELE (Cl.EBr)

which are synthesized by refluxing hydrated Ruxq (Cl.Br)
with the ligand, L. in ethanol.

Owing to the unsymmet) tcal natw e of the bidentate

ligand L, Afive different ogeometlrical isomeric forms are

possible. fhree of them are isolated by the use of

1i



chromatographic technigue. These are characterised with the

help of spectroscopic datas

One of the isomers is green which shows a single
g L i i & i cobrans rouping for
sharp band fov Ve —C indicating a lineaj ot ping

RuClE moiety. Resﬁ two isomers are bluish green and violet.

FEach of them shows a doublet Ye-C1 in the range 310 to 29@
-1
cm e

The geometries of the isomeric complexes are

1 .

mainly assessed by an examination of high resclution HNMR

spectra of the complexes. Fortunately all the isomers of
RUXELE display highly. resolved 1HNMF-: gspectra which have
been completely assigned. Using the 1HNMF\' data and with
the consideration of the models of different isomers it has

been possible to assess the geomestries of the different

isomers of RuXELE'

The soclution electronic spectra of the isomeric
RuXELE are dominated by the multiple charge transfer
transition in the visible region which are assigned to MLCT
ntE—-~>n*cL>3 (metal to ligand charge transfer)
trangitions. Multiple transitions originate firom lower
symmetry splitting of matal level, the presence of
different acceptor orbitals and from the mixing of singlet

and triplet configuwrations in the exited state thirough

iid



spin—orbit coupling. Transitions in the Y region  are tue
#* =
to either intra ligand (n~— ® . ®-—-7 ) or charge

transfer transitions involving higher energy levels which are

higher 'n energles than the ligand LUMO.

A1l the complenes display three one—alectron
nearly reversible to 1rreversible responses on the positive of
8CE. The first gquasi—reversible onadation occurs in the range
@.-55-0.50 YV 18 assigned to the RUWTIL)/Ru{lil) couple.

111 I

: —
Ru XELE + @ Fu XELE
The formal poatentials for Ru(Ill)/Ru{ll) couple of the

crs—-1somers 18 higher than that of the trans isomers. This s
due to superior nm—-interactions I1n the cis—geometries.
The formal potential value of RWIID/RWII) couple also
depends  on ithe neture of the subslituent(R) in the ligand.
The value decreases wibth lhe electron-releaszsing power of the
subslitbtuents. The arveversible electron Llransfer processes
at  wvery high positaive potentisls (C1.8V) are duw to ligand

based odidation.

4
In  the Chapter I1I 1ihe oxidations of the
isomeric hivalent RuCJELE ueEIng Clawuas RS &t a1clant
and isolation of the corvvesponding Lsomeric travalent
complenos ot ruthenium, ERuClghajﬂlﬂaq are desciribed. Each
of the trivalent salts 1s found to  regenerate gquantitabively

iv



its corresponding hivalent congensyr  on chemical andd

electrochemical reductions . indicating the conversion,

retloiL, =8 8 mot oot o, is reversible and
‘ gty T—— ple
R}

stereoretentive-

The vellowish brown micro crystalline salts
of ERuElEijﬁlﬁq, obtained almost in gquantitative yields, are
24
highly soluble in redox inert polar organic solvents and

hebhave as 13l electrolvtes.

The solution electronic spectra of the compleres
are charactevrised by multiple intense absorptions in  the
vigible range due to allowed transitions involving metal

and ligand orbitals. A low energy weak absorptions in the

range  1625-1450 nm. This low energy transition is due
e d-d transition originated from splitting wf  the
te~orhita1$ because of low symmetry and spin-orbit
coupling. The energy of the ligand field band is in good

agreement with the calculated tramsition energies uwusing the

observed g-values from the respective EFR spectrum-

The magnetic moments of the complexes correspond to

o [~

low spin d configurations (idealised tgm g B = é )« None
of  the isomers possesses votational symmetry greater than
two fold. Their EFR spectra in frozen

acetonitrile—toluene (77K) are accordingly rvhombic. The two



electronic transition energies, AEl anrd AEE (AE1}A58)5 have

been computed using the observed g~ values. The AEE
transition in each of the complexes is observed in the
range 68B0-6155 cm ' while AE, transition  could not be

chaserved due to solvent cut off.

-+ .
Each of the isomers of ERuClELEJ displays
a reversible, one electron cyclic voltammogram in the
potential range @.3-0.7 V. Under identical conditions

the voltammograms (initial scan cathodic) is superimposable

on that of the corresponding isomer RuClELE (initial
SEan anodic) indicating the process under considervration

is reversible and stereo retentive. The formal potential of
RU(IID)/Ruill) couple follow the order: tbtb—dccb-dcto—-. Thus
the trivalent complex in ctoc-geometry is the strongest
axidant. The reduction aof the trivalent complex with hydrazine

hvdrate was gramined spectrophotometyrically and found to be

instantaneous and almost guantitative. In acetonitrile,
-+
HUDIPLE complexes act as mild odidantss

4
In Chapter IV we describe ar interesting

rubhenium mediated oxidation of aldimine to amide which is
atherwise not obtainable
Conversion of an aldehvde Tunction (~-CHO) to an amide function

{(~CONHR) follows the route,

Lol RFiH

~CHO ~CO0H 2.

~CONHR

Vi



In the present work the conversion (equation 1) follows
the reverse sequence,

FINH, -
~CHOD £y —gHng L8

+ —CONHR ,

A family of isomeric ruthenium amido complexes
have been isolated in excellent vields by oxidising the

isomeric ruthenium bivalent diimine complexes,

ERuII(LH),Cl

+
o E]’ with aguecus H_O (also aqueous Ce4 ).

e e

The complexes of trivalent ruthenium are of the type
[Hu(LD)(LH)ClEJ formed with retention of parental isomeric
structure, where LO is N-bonded arylamide bonded to Ru(III)
in anionic deprotonated form, LDT while the diimine LH is

neutral.

vii
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/N, Cl o= 47\

N\Rl/N\ H = ,

0P| W 7
Cl

R=H 3[_10
R = CHy :L20

One of the isomers, trans—ERu(LID)(LIH)CIEJ is
stiructurally characterised by the use of X-ray diffraction
frechnigue i1n collaboration. lhe suitable crystals for the
other two isomers could not be developed so far. However,

theivr geometries could be assessed from their spectral data.

All of them displayed a sharp band at ca.1630

cm L assigned to which is at higher energy compared to

Y=g

that of Yoo at ca-1600 cm_l- A single, strong and sharp

band 1n  the region 30@-305 c:m_.1 has been displayed by - the

trans—amido isomer assignable' to Yeu—C1 which strongly
suggests a linear or nearly linear trans grouping for
I?.u()],LJ malely. A doublet has been observed at  the range
290-314 c:mm1 for other two cis-amido 1soners.

viii



The splution electronic spectra of all the
complexes are dominated by an intense absorption at ca.5@889 nm-
Other then this more absorptions are observed 1n the range
280~-368 nm« The origin of these absorpticns may be due to
LMCT {(ligand—to-metal charge transfer). & low intensity band
pecurs  for all  amido complexes in the near IR region at
ta«146@ nm, which is assigned ta ligand field trans:tion

with in the t,. shell splait by the vhombic natuwre of the

&
ligand field.

The EFR spectra of the three 1someric Rud{lIlil)
amido complexes are rhombic at g N ir frozen

acetonitrile~teluene. Both the predicted and ocbserved energies

of the band follow the order: trangs—«cis—. which is also
consistent with ligand filed description of tE asplitting
and this neguality is of diagnostic value for rhomblc

structure assignment.

The magnetic moment measurement suggests the
|~ =
complexes are of low-spin a- canfiguwration (i1dealised tgq; 8 =
) C]
g
In CHBCN. the trans-—- as well as cis—amido

rteomaers of RuClE(LD)(LH) display two nearly reversible one
electron cyclic voltammetvic responses at ca. —-8.1%V and at
ca«l.25V due to etereo retentive RUCIII)/ZRU(IL) and
Fu{IWM)/Ru(IIl) redox respectively«. The much lower value of

RU(ITIY/Ru(ll) couple in amide complexes.

11X



P I I -
trans—/cis-Rul T LD (LHDCL, + @ —— Ru™ (LOY(LHICL,
2 e —

than in original diimine complex,(at ca.@.35V), signifies
the strong stabilization of the higher oxidation state by the

amide ligand.

It has been shown that the transformation
of [Ru(LH)EﬁleJ : o the‘ corresponding isomeric
ERU(LD)(LH)CIE] proceeds via the formation of ERu(LH)ECIEJ+=
The wet sclution of ERU(LH)ECIE]+ spontaneously and

quantitatively disproportionate as
3 tran5~icis—ﬁu(LH)881; + HED —_— trans~/cis*Ru(LD)(LH)ClE
+ B trans—/cis-Ru(LH) L1, + 34"
It is proposed that the water molecule adds to the

azomethine function  +to produce oa-hydroxy amine function

which is then rapidly oxidised to form the final product.

A preliminary report on the photo induced oxidation
of trans—ERu(LH)ECIEJ by molecular ®ygen to the

corresponding tran5~ERu(LD)(LH)CIEJ has been also described.

The chemistry of silver complexes of
N—-arylpyridine—-2- carboxaldimine ligand, L{%) is the
subject matter of Chapter V- The Silvef complexes of
M.N—~donors have been shown to be useful synthons for the
controlled synthesis of transition metal complexes from their

halide salts.

~
&



Silver nitrate reacts with boiling ethanolic

solution of L{(1) in the molar ratio of 1:2 to vield cationic
]+
&

per chlorate salt

LAgl. (), which has been isolated as a crystalline

AGNO, + 8L === [AgL 177+ ND

The complex of general tvpe EﬁgL2301Gq has been formulated by

elemental analvees. Ikt may be noted here that eramples of

o

bis ligated silver(l) complexes are scanty. The complex

behaves as a l:1 electrolvte in methanol. This shows
characteristic absorptions, vC=N(pyrid1ne) and vC=N(im1ne).
far coordinsated ligand with shifts +{to lower frequencies

compared to free ligand, which sugagest thatbt the ligand L
18 coordinated to silver(l). The high resclutbtion 1HNMF(
gpectra of the complen with difterent substitbtuted
ligands are reported and completely assigned. It has been
shown from the jHNMR data that two ligands in the present
srlver complex are magnetically equivalent at least in  NMR
time scale. Based on MMR and IR data it has been proposed
that the structure of EQQLEJ+ is tetrahedral.

The solution electronic spectrum of the complen
ig dominated by intense absorpbions in the UY region which

may be due to intra ligand trensitions.

The gstability of the silver compound 1R
chloroform. methanol and acetonatrile have been verafied by
Beer’'s Law. These are quite stable in methanol and chloroform

M1



1+

wWhere  as Lthe soluationes of Lhem 1n acetanirbrrle do ol obey

Goer "s Laws

. |
The reactivities  of  §Agh,, 1 toway s by
.

metal chlorides have been emploied and isolation as  well FfN

characteryirattaon of the yecultant o omple: of the {ype
E .
HL,* M - Te,Co.dd1) have alsc  heen repos Led.
- , 1 . 21 . . -
el «&HL.O = DAgL., —_— el FoRMNGgCT 0 H)
i el el =2
e G0 4 oy 2 e
J 'li—?"'\ 'L’J - rmql_;:, —_— ”Li:J [ A T Y R B
Chapter VI de=scrthes A gerne alived avirthel e etk e

ustng %31 v (1Y comploves of Loand bpy fon Lhie cyvinthesas of =]

complete sy ies 0of Lirrs-chelated comp Lovoes, [HuL' (L'-py‘l,~l " |
1 i i

fiv = {@--11)

~a
.
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The direct reaction of hydrated RuClE with L
in solution Ffailled to afford isclable ERULBJE+ gpecies. Then
the si1lver{l)-assisted Eypthetic route was euplored for  the
syrnthesis of trischelates. The reactions of chloride salts of
rubhenium and the silver bis complexes LﬁqLE36104 proceeded
smoothly in ethanol to vield tris-chelated species, which

were i1solated as  their perchlorate salts

..i.-
RUCT.. «3H..0 + aregl 1" EEO . e 1®Y o+ 3agol o+ BL
g3y 2 3
- g
cr1s-[RUCI LT+ 2EAgLEJ+ _EtOH ERuLBJE + 2AgCl + 3L

cis—[RUC,(bpy) T + E[QQLEJ+~EEEE—# [RuL(bpy)EJE+ + 2AGC1+EL

+ELOH LRuLE(bpy>3a++ PAGC1+3bpy

ciﬁ*[HuBlELej + EEAg(bpy)EJ

The composition of the new compounds. purified

by column chromatography. were tormalated By elemental
analyses. These are diamagnel.c (tg) and 1:2 electrolvtes 1n
acetonitrile and show characteristac absorptions for

coordinated L and bpy. in their IK spectra.

B
The geometry of the complex [Rul Jd was determined

3
1 , ~ A &2
by "HNMR spectroscopy. The methyl signal of ERULBJ (L =
N-p—-tolypyridine—-2-carboxaldimine) was observed with the
intensities 1:28 at 2.18 and 2.088 respectively which im

characteristic for a meridonal geometry.

The solution electronic spectra of the complenes

niit



g2 .
are very similar to that of [Ruibpy)_ ] in intensity and

3
profile except Tfor the lowest energy transition for
EHuL3]E+ which appears at lower energy (488 nm) compared to
that of ERU(bpy)?JE+ (454 nm). Excitation of ethanolic

soplutions of the complexes at 438 nm at 77K resulted in

multiple band emission spectras

In acetonitvrile solution at oom temnperature,

four successive reversible to guasi reversible one electron

cyclic voltammetric responses are observed for EHquJE+ in
the range +1.8 to ~-2.@ V versus the SCE at a platinum
electrode. The response at the positive of SCE is & metal

centred process, RWIITD /RWIIY.- Other three cathodic couples

represent successive reductions of  the three coordinated

ligands.

prof T _ 08 2 0 preti 2B e 0 prettl ey a2
- —~e ’ -

fRaC Iy 1 —2 N pretioa”
e ~—— 73
-
_ . . 2+ .
Fon the cationic comnplex [RULBJ " =

successive reductions in principle could occur- Five responses
were observed in  the experimentally accessible range by

emplaying glassy carbon as a working electrode.

Hiv
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In the process of synthesizing mixed ligand chelated

ruthenium complexes of LH(1) and 2-{m—tolylazo)pyridine
(La.,8&) some interesting products  were obtained along
with the expected products which are elaborated below

{Bohemes I-II1):

]
Rulpic) (LHOET

&2 4
+ Aguenus
Eég(LH)E Etﬁﬁ
cis~RuCl, (LH) +£0
& 2
Agueous _ o
EtOH - ‘F.'u(LH):3 " 3
Bcheme [
The bluish green cis—ﬁuClE(LH)m reacted with two moles of
+
Ag(LH)P in 121 agueous ethanol to produce a& pink compoand
in addition to the expected brown tris-chelate, Hu(LH)§+
(3). Interestingly, an agqueous ethanclic solution of pure
Wm(LH)g+ in the . presence of dilute agueous ﬁgNOB
aquantitatively produced the pink compound . The pink
compound is analysed as Eﬁu\p1c)(LH)EJEIDQ-CHEC1E {4)
{(pic = B-picolinate anion). The compound 4 is diamagnetic
and displayed a moderately strong band at 146506 t:m_-1

indicating the presence of carboxylic function along with the
characteristic features of coordinated LH and ionic ClQ;. The
compound 4 (LH = L1H) ig structurally characterised by the use

of Heray diffraction technique .

Hvi



, 2 I =i
_~Ru(L HY{m tap)E . 6
a2,.* Aquenus
( BAg(LH) 4 EtOH
— — - "
cis RuClE(m ’cap)E +Ag
EtOH/HEO v -
u(pic)(m-—tap)E \ =
A
FicH/EtOH
. 2+
/ c15~Ru(UH)B(m tap)E
Bcheme 11
The reaction of cis~RuCla(m~-tap)E with two moles of Ag (LH

s m+

in aqueous ethanol resulted the %ormation of a mixture of
brown and & wviolet products. The violet product may be
generated by boiling the brown product in agueous ethanocl in
the presence of dil AQNOS solution. Interestingly. the

reaction of ciS~Hu(DHE)E(m~tap)§+ with FicH in  ethanol

instantanecusly produces the violet product in a high vield.

The 12 v crmr product is analysed and
characterised as ERu(LlH)(mwtap}EJ(CIUq)EuHEO (&) whaereas
the viaolet one is characterised as
[Hu(pic)(m—tap)E]CIDq-CHECle (5) . The compound § is
1:1 electrolyte and displays a moderately strong absorption
at 14640 (:.m"1 characteristic foar carboxylic function
which ig conspicucusly absent 'in compound &.

H®viid



Rulm—tap) (LH) (LOD ™,

7
+
EAg(m*tap)a i
ciE—-RuClE(LH)E
Agueous o
EtOH Ru(m~tap)\LH)g ] 8
8cheme III
A mivture of a pink and a brown products were  resul bed whien
ey "l'
cis~ﬁuGiP(LdH)E reacted with two moles of Qg(m“kap)e 1n
agqueous ethanol. The pink compound  was analysed as

o o P
ﬁRu(L“H)(LmG)(m*hap)EClUA-GHPCla (Ldﬂ = N-p—-tolyl-#-picolina—

~mide)l (7). The compound 7 1s L3l electrolvie and
displayved a moderately strong band atbt Lé62O c:m;ul thereby
showing the presence of an amide function. Mhe compounds  are

characterised by spectral data.

The mebal onidation as well as  ligand reductions
for the above complexes have been studied voltammebrically in
acetonitriule using platinum as bthe working elechtrode. It has
been observed that the dnaidation of bthe transformed
complenes, vioe EHu(pic)(LH)EJ+q EHu(pic)(La)EJ+ and

ERu(LH)(LUHLa)J+ occur  abt lower potential as compared to

1
their parent EHu(LH)n(La)B_n]E complenes. All the compleres
show  metal-to-ligand charge tramsfer transitions in the

visible range and absorpltion energies linesrly corvelate with

Mviid



the differences between the metal oxidation

ligand reduction potentials.

Fart of the results of the studies

Chapters 11 to VII have been published as noted below and rest

are under communication.

Chapter 11: Polvhedron, 19982, 11, 3183.

Chaptevs 111: Polvhedron, 1999, in Fress

Chapters IV: J. Chems. 50c., Commun.. 1994, S57.

Chapter V: Polyvbhedron, 1994, 18, 1063.

Chapter VI, J. Chem:8oc., Dalton Trans., 1994,

Chapters VIii: Communicated.
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CHAPTER 1
BOOPE AND THE FURFOSE OF THE PRESENT [NVESTIGATION

Abstracts
The metal ron and Jficgands wzed 1n the prezsent work are

briefly enumerated in the chapter.

el Preamble

Molecules with carbon nitrogen double bond,  O=N,
ard 1n particular the o, o - diitmines have attracted much
interest for the use as ligands 1n metal complexes. Far

examp e, the century old 2.82° -bipyridine {(bpy) molecule

helonge to the above class and 1ts complex with Felli),

o

Yo

Fe(hpy)B has a greal analytical wvalue. Its homol ogue

g 10N, 18 & complex whose oulstardding photo physical,

g
Rui{bpy)
phaotochemical arcl vedoyr properties have been widely
investigated over the past 1520 yvears. Hecoent comprehensive

reviews 1 llustrale lhe widespread uwse of this compley and  of

1ts derivatives in defferenl reacltions.

Futhenrum{ 1) 18 venowned for forming very tnert
bonds with tmane nbrogen cenir@éﬂ?and the ligend oa-donor
strength, as estimated by the pratonation caonstant,

1g.19
WFBH+“ plavs & crucial role in determining the energy of

acrupired melal d-levels and the potential for disspcaialions

o the otheirhand, the accessibilaty of a redoy-active



metal-to-ligand charge transfec- (MLOT) edcited state at  Tow
2@ &
erergy depends on the presence  of low-lying levels 1n
the coordinated ligand(s). While the former effect causes a
stabilicsation of fTilled metal d-orbitals and Lhe latter
effect leads to a stabilization of ligand centred LUMO s
avarlable for charge transfer. Strategies to shift  the
absorpbion maximun to lower energy in the above complenes 1.
’ BN =8 Y -
G rmportant area of reseavrch in comnmection to  search
for effective photocatalysts 1m the long wavelength region of
the solar spectrum. Therefore, attemplts towards the synthesis
of new compounds,  tsing yabronally designed  ligands that

canvey desired properties such as  absorplion energlres  «&nd

redo polentials to the complexes, seems approm lates

T 2« Purpose of bthe Present Work

With the bacl ground discussed in the last section

we set oult to explore the synlhesis and propervities  of

rulbenium conp ledes devrived Fyom neutral Sehaiff-basce
P d - N

Pigand, VT Mezvry l-B-pyridinecarboaldiaming L. (e

interests in this area arose due bto the following reasomns.
The lignad, L belongs to o, a”~ diamine class and 1t differs
i bwo magor  respects  from bpys It has already bheen
establiched that 1ts lowest n% 15 at & lower energy and &8s &
result 7 ~ bacl bonding to L o1s stronger than bpye. This., has
a notablte wnfluence on the spectroscopic and redox propeviies
orf thees comnpleves. For evample, the ratheniam(ll) and

Y o S
wronfll) compleses of L absurbdﬁ = at much lower energles



—N=C—C=N—
X ,k" — Diimine Chromophore

— N= \\N Ar

2,2-Bipyridine N-Aryl —2-pyridyl
Carboxaldiimine (L)

H
7N
= B“y—a

€

The ground state
conformation of L



than the covvresponding compleres of bpy. Moreover. the ligand
l. 18 more {1lexible and can coordinate in different ways.
Different modes of coordination modes of L have been best

mx@mpllfnedSI“aq 1 the ovrganometalilc complexes of L. Two

35,34
selective enamples of the ligands are shown™ " i Scheme

3% ang 1137

Outsrde organometal lic chemistry, there have been
unly stray reporis on the ruthenium  complexes of L. In 1978,
Dose and Wilson friet reported the synthesis of FRung(PFﬁ)E
Ty om &QLRHCIS(HEU)3= Bubseguenily, Belser ard Zelewsl y
degcth@dEB the synthesis and properties of a mixed Jigand
hivalent ruthenium compound. [0 both the complexes the 1idand
L biinds ag a bidentale M.N-donor. The scanty reports an lhas
area 18 probably due to  the l1act of suitable synthelic
methodologies for the synthesis of above complexes. The work
described in 1bhe succeeding chaplters (LI-VII) 1indeed shows
that the coordination chemistry of ruathenium invoalving L as
potenlially extensive wilh many novel features. Efficrent,
new and durect synthetic routes for the synbthesie of abhove
complexes have been developed. Thorowgh charactevization of
Fhe compledes have been made based mainly on photochemical
data. Gome of lhese propevizes are not only unusual but also
has divect relevances to the design and probable synthesis of
efficient redox catalvsts. Two novel chemical reactions  on
these complexesn have been followed by the determination of

three diramensional X-ray structuwres {1n collabovation) of the

products.



R! N,
(co Y (co),
(8]
’ co/ /at at \ \co
0
N~ .

R'= H R'= CH,

SCHEME 1| : Reaction Scheme for Ru3(C0)12 and L
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Structure of Ru3(CO)u t—Bu—Pyca)(HC—CR)z(CO)



The primacy aim of this wortk may be described in

brief by the fTollowing points:

{1 Ovnithesis  of e complenes of vutherium (L= Tl
M-arvi—-pycidine-2—-aldimine., L as the Ligands

{11 Characterdzalzon of the compledes wsing speclboscopic
technigques.

(111 18tudy at e proper Lies tsing different
glerirochemical technigues.

{1v) Study of reactivities of the compledes with  special

emphaszias on redon and igand displacement reaclions.

4
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CHAPTER 11

ISOMERIC COMPLEXES OF RUFHENIUM (P1) WITH N - ARYLFYRIDINE -
B o~ CARBOXALDIMINES. HIGH RESOLUTLON PROTON RESOMANCE SFHECIRA

OF TRANB AND CI8 18OMERE OF RuX Lw(xmﬁluﬁi) AND GOMPMARLES0N Ok

e
(HE LR PHYSTCAL PROPERTIES™

Abhaetrackts The reaction ofF N-arvipvridine-—d-carbosaldimine

I RH LPNF(H}quiffij mrth hydrated Ruxq(szanrJ tn boriing

1
t HOH alTords darh wryrtals or Rux L. IThres geomeirical
[ e &

yromers ol the compound hare been 1soladéed and chay acter rreld
by anafviical and specéroscopic dava. The franry 1zomer  of
RaCf L, ~howr a single sharp band Tor w((Ru—-C{t. where az {wa
bands are cobierved ror The correaponding 15 I5QMFTF. the

¢ 7, . P e ¢

hragh resviutron  RANHR :pecira ol Fhe isefated wompieves are

reporéed and complefely axrzzgrned. All the compicsez have

3
mul€rpie ¢ . ~——* @ (L} $raunzitions 1n ¢he vizibie regilon. kach

el
e

o7 fhe vomple . exs Jispiay & 2 gquasi-reversihie  oszrdadive
rezpense due o an  RuclflY/RulTY  coupfe an the range
G, l8-@3. 00 V vs. JE a¢ a piatinum wmarbing elecérode. Fhe
Tormail potentiais of this couple obey the Hammet finear
refadrenship. The {igand-hazsed nireverzibie ovidaflonr are

aiso noted.

éﬁ part of this worl hag appeared n Polfvhedron. 1992, 11,

3183,



IT.1 INTRODUCTION

the chemistry of ruthenitum compledMes of unsaturated
nitrogenous ligands is guite exten51ve%—3 However, the

Schitt base compleires of ruthenium in general, and bivalent
. . 4~10 .

rubthenium in particular, represent a relatively

uwnentplored area of chemistry. Our interest in platinum group

14-18 . . . .
metal complexes of organic ligands with varying degree of
o-basicity and r—acidity led us to explore the yuthenium

chemisti vy of neuatral Schiff base ligand system,

N-arylpyridine—2-carbosaldaimine [L(I)1.

5 6
- Se=n H : L
H1s 8 CHy: L2
12 9 cl ;L3
10
1 R
Ly,1

The ligand L has an a.,a-—~diimine fragment and it may be noted
that most of the o.a-—diimine complexes of yruthenium(Il)
generally show charge—transfer emission— a property that

helps 1n med]atinq19~81 important photo-induced reactions.

[



In recent years only a few reportsaa*dqof ruthenium

compleres of L or related ligands have appeared in the
literature. In this chapter we describe the successful
syrnthesis and charcaterization of isomeric bischelated
ruthenium(II) complexes of the general type RuXELE (X=CIl Er).

Stereochemical assessments of the compleres are made on  the

basis of bheir spectral data.

I1.2 Results and discussion
A. Bynthesis and Formulation

(i) Ligands

The three pyvidine—&-carbosaldimines(l.,1),

differing with respect to the substitution on the aryl ring,

used in the present work, are abbreviated as L1~ L? These
were synthesisedEq in high vields by the reaction of

g-piconaldehyde with primary aromatic amines in boiling

ethanol {eguation 1):

10



Fimal purification in each case was performed on a silica gel

columm.

(L) Comp laxes

The abiove ligands react snoolbhly with hvdrated
HuClq i @2l molar vatio wn the presence of excess of LwCl
{ 5 bumes) in abeolutbte ethanel at refliux to vaield an 1someric

mivture of HuDlPLpand gome other umnidentified products. fhe

syrnthet1c reaction may be described as follows (eqguation &)

- EtOH -
HuLJQ-BHFD + 2L = RuL}pLe+ other products

fi’ﬁ

Addrtion of evcess of LRy to the reactton mixbure prior Lo
lhe addibicn of ligands pyoduces  the corresponding dibrome

compourids .

The synthelic reaction 8 18 a partial chloride
substitution reaction associabted with one-electron melal
reductiome. The stage atbt which the reduction of  RW(ITL)Y ——
Ru{ITY) oo has ot been elucidaled. However, mealal
reductian in ethanol followed by ligand addaition may be o«
plauwsible path for the fovmation of the above conpledes.
Furiafacalion and separations of Lhe isomers were performed by

column chromatography {gee below) .

Ref lwiing EHuClw(MEQQD)qJ with L in Et{H also

produces 1someric Pull L

o This reaction {(eguation 3)

"

Rul, (Me_ 507, + 2L EtOH
[ 2y £ &

N Hu(;lELg + MMEE(SD) 3

11



18 notewarhty in that Evans et als found that complete
substitulion of MEESD by A neutral 1igand Iihe
2.2 baipyridine wbpyldoes not occur generally tin & solvent.
We conclude that L must be & better trans-labilaising  ligand
for Lthe above reactbion to proceed by completion =2t lhe

temparatwre of retlhwiing EtOH-
(11 1) Formuwlation

the dihalo compleres are soluble 1n relalively

non-polar sclvents lale CHClB. CHECIE gt and are lessg

soluble 1 polar solvents like CHqCN. Et0H, MellH etc. The
28
formulation of the compounds were made based on elemental

analvses (Table TIi.1). These are diamagnetaic (tg) and their

golutions are non electrolytic. All these data collectively
conform to the formulation of the ryubthenium compleres as
F'.'u)CEL'_2 (X=C1:Brd)a.

Fo« Possible Isomers

The hischelated RUXELP containing the unsymmetrical

hidentate Ti1gand L., can edtr1gb as {ive geometvrical isomers (&

w ). Ot of these two vize. @ and B3 have ’cran«:—3-~i~::l.t)(,r

prientation whereas rest thvee., 4-6., have cns—RuX? QronpLng .«

Cansrtdering the cocrdinated atoms in threse palrs, viz. X, X3
i 1 & &2

N7, N7 and N, N™ the 1somars descripbtions arer trans, trans.

trans (LEEY.R: btrans., cile. cis (tocd). 83 cis, trans., cis

(cte)s 43 cis,. cas. trane {(cot). & and cirg. cis, ci1s  {(Ccoo).



CO oN (pyridilne)

i
Il

X X

/) 7
X X

ttt,Cyh tcc,Cyy
2 3

X X

AV AV,
[ )
ctc,y, Co cct, Cz




he Tdealiged pointl agroups Tor the above grometries are @ 2,

Cah; 3 CPV; 4, Ca: L/ CE and &. Uj- Bath the trans i1somers

(8 and 3. trans wth respect to two X)) are edpected 1o bhe

optrcally 1nacltive unless unusual distorsions  mal & them
i

chaival. The vemaining ci1s isomers (4 — &) are edpected to be

chitral.

Out of ithe five peossible geomet: 1cal 1somers, thh ee
have been 1solated so fare Theilr structures have been [proven
by speclroscopie lechnigques. These are tti, cte and cob. Ti111
date no evidence edists for the ocourance of other  bfwo

tgomere from oy reaction conditions.
GCs Purification and Separation of Isomers

The crude product, RUXELE abtained from the
reaction mixbture showed three maygor spots on a sLlica gel TLO

plate. The purificelion and i1somer separation of RKuX W e

EL"E
pevformed by column chromatography on a €1lica gel column.
fhe green i1somer 18 spay naly soluble i ethanol  and thus,
deposited in the reaction vessel on cooling. It was collected
by  FTaltration d was washed thoroughly  with ice~cold
ebtharnol. The filbtrate and washings evaporated to dryvness and
aulr jected 1o column chromatoagraphy on a silica gel column
wsing different mixtures of C:Ht":l:»3 arc GHBCNo The fivrst
moving areen band, was similar to that obtained directly as

precipirtate from {he reaction mixtuwre, wag followed by two

othery major fractionsg — one was bluish-green and the olher



was vinlet. There were many overlapping minor  bands  which
were discarded. A uwneluwlted brown product  remained at  the

lop of column.

De Dharacterisation
(1)  Infrared Spectva

Infrared spectral data were collected as FEr discs
1 the ranage 4000250 cmwj- Selected aroup Trequencres are
presenled in Table«ll.8. Al the compleves show
characteristic absorpbtions for coordinated L own their IR
spectra. In free L »{C=N) 1s mbservedaé abt ca.loe828 cEju The
Treguency 15 lowered in the completes, Cas 1 &0 cmnl- The
assignment of piRu-X)1s made bv comparison of the TR specbrum
of HuC]ELE with those of HuBrELa and free L wn lhe range
4PO-250  cm .

flhhe {ree ligand., L. does ol show @y

absorption below 356 cmml- Al ithe dichlovo compleses exdhibit
-1

a moaderately strong bandis) at ca«.308 cm . which 15
coneploously absent in HuHxELE- Evidently., this band 1n the
IR speclrum of Hu&lELP e dueE7 b the pRu-Cl) slretching

mode. We could not indentify pIRu-Br) which probably lies
Below our experimentally accessible range. Interestingly. the
Ru~-C1 streiching mode 10 green rsomer of HuClaLP APPRars as &
single band, whereas those in lhe bluish-gyreen and violet
1SOMETE apRear a8 2 a  lwoe-band  stiruclture (lable-ll.2.Frgwre
. - 2789
TLa1)« The singlet mature of p»iRu-Cl) strongly suwoests

a linear trans grouping of the RuCl, morely and lhe daoubletl

L4
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~
P
g~ O
.xnpt 6
]
\‘ ,‘l\
\
Y 2y
viRu-C1Y is xpecfad18““a“L; Tor a c1§"HuCLP grouping.  Thug,
- \‘\\:‘ . /r/
fram the IR date we conclude that the green 1somer 15 beans

wilh respect le two Cle  and  the other lsomers  have a

crs-Full . geomeliy. The diboome analogues have virtually

&2
_— -1
tdentical 1R speclvra in the range 4880-330 cm ~ . indicating
the grose ygeomelyies o1 the two i1somers of FHabel. e
el L.

simtlac to those of HUCLQLP-

For the sale of comparison a seleclion of epurted
kuwx tata for RuilTy and Rudlll) compleves are collected in

lalble 1T.3-

. . i .

(id) "HNMR Spectra

The geomebries  of lhe i1somevic dihalo Hul{i1y
comnpledtes were mainly asswssed by an evaminalion of the high

k1 s
reselulion THNMR spectra ot the compleses. Isomeric  Rall, b,
e
I3 <

{L=L ~L ) were chosen tTor this purpose. 411 of them dizplayed

highly v esolved spectra an UDquu Thyrwe represental Lve

P

- g
gpectra of ithe 1somers of HHD1ELE are ditplayed 1n Figw e
I1-2 and data ave collected an Table JI.4. Daffevent protons

are numbered as ehown 1 the stbruclure.

The spectrum of blwish  agreen  1somer of RuCl

o

L.
2

conslslbs ol si1v avomal 10 resonances  In Fhe range &70  to
Fuad. Two doublel and two lvaplel resonances, e«wth of which
corm esponds o one proton gragnal,. n the rande 7.600 o 2.408
are agzioned to pyridyl pryoton siogpals (Frgure  LF.2.Table
T1ed)e Two mure resonesances are pbeerved albt hiaher maagoetbic

e

.
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frelds. The signal at 7.0%6 18 a doubilet amd 1ts  araa
corresponds Lo Lwo protons. This  resonance 1s aszigned o
caincident daublets of 8-H and 18-H. Simalarly, lhe doublelb
zi1gnal at &.718 due to colncident doublet sianals of 9-H and
J1~H. This isomer alse displays & sharp singlet ab  8.7/826

assignable lo 13-H and the singlel resonance  ab 2.288 s

assianad to methyl protons.

The viwlet somer of RuClELg diaplave o specbrum
similar ro that of bhluish green 1somer. 1t alsoconsists  of
w1 aromabtilc signals an the range &.72 to 9.4698. Two doublet
angd twe triplel resonances, the area of gach corresponds 1o
one protol, were obsevrved in the range 7.00 to 92.706. These
signals are asswtgned to pyvidyl  protons (Fagure Ti-2,Table
Tregys Two movre doubly intense reconances were  observed  atb
higher magneti1c frelds al 4.85%8 and &-788. these have been
assi1gned to the coincaident pairs of doublets of 8-H., 12-H and
G=H, 1l-H respectively. The resonasnee for 13-H  appeared at
2.58 and the other high fTield sharp singlet  resonance at

PaR1d 1+ assianed to methyl resonance.

The spectral pattern of the green Jssomer of Rall,lL

g

1s ronpletely different from the olhey two 1someys.  Aromabic
resonances for the green 1somers are obser ved n lhe range
G880 to 7985. (ult of the sy sianals ohiserved 1n this range,
two at 738 and Y.46886 are twice as intense as the other f{our
signals. These two signals are due to coincident doublets

arisinag fram two patlrs aof protons, viz. 9-H, ti~-H and &-H,
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18--H., 1espectively. Ailsn a sihrarp wimc et evf ArEa
corresponding Lo Lhree protons at 2.48 & 1z observed due to
methyl rosonance. Mhe green 1gomes shows o shavrp  sinaglel al

B.0 ppm, which 15 assigned I Fhie 13-H resonancs.s

[t may bhe noted here that the spectra  of All e
three 1eomers exhibaatb one  sional for each proton of lLhe
Tigand L« From Lhis we conclude that the isolated compounds
Aarez  1somarically  pure  and  the two chelate VLGS arve
maanetical ly equivalent. at least on a NMH  time-gcale- In
practice 1i1ve geomebtrical Lsomergg?"ea are possible (ride
Aupral fovr lhe RuC1ELE moLety. OFf the five possible i1somers,
one crel{cre) doss nob contain any symmetry adis- Thus,the two
ligands 11 coco geomelyry should be magneticelly 1neguivalent
and «<hould on princaiplie, show twelve aromalic and two methyl
IEECMNANES Fuvrthermove, format 1on of wiglc) ot the
trans=1¥omners, vir. too. 18 unlitely due 1o serious stevic

P
crowcdang of the 1weo cis vl rings. Therefore, lhe 1somers
o f RuC]HLE which have been tsclated so far, cowld bhave only
thyee geomelries, vize. lt, cob wand ctocs Examinalion of Ithe
data presented 1 the Table 1144 ryeveals ithalt the pyridyl
pmrrotons n the gy ecen 1someErs are shielded in general , and 4H-H
ared S-H in particular. compared to those 1n the bluish  green
arnd violet rsomervs (Faigite 11-82). This sbtvongly suggests that
the gresn 1some 1e the mosl symmelrical ttt isemer. In this

yeometry, cach of the pyvvidyl protons are in close prodimity

{model ttt) to the arvyl raing of the second ligand and  é&-H

—
~J












would he closest ta the aryl rinae. Thus ot 18 eupected  thal
H-F would be shielded by lhe aryl ring cuwrrent and  wowld
resonate at a higher field (7.84 &) [t 18 alsco interesiing
te mote that in tho bluish green and violel itsomers  the -l
yeEARANCes appears ab & much lower tield at 2.36 & and 9.6%9 &
vespectively. This yesullt 18 1n accord with the cis -
confaguration (with regspec!l to two chlorides) where gach  é-H
te close etther to a chlovride f{(ctc) or an amine  ntlbrogen
{cot)e In ihese ogeometries negligible shieldina or  even
deshielding of & - would be edpected. Therefore, on the basis
lHNMH dat= 1t may be concluded that the aqgeuometiy of  ogreen
tsomer 1% stuely brans, ttes Interestingly. 1 the spectrum
wt violet 1somer lhe paly of proleons 8-H, 12-H 1esonate  al
haghery 1ield (6085 &) compared to  Fthe same palv an obther
cis—blutsh green 1saomar (7.9 6). Considering lhe models of
cet and cte. At may be seen that in ctc aeometry the arvl
ring of one lidand 18 0 close provtami bty and pevpendicular to
the pyrmidy!) plane and the 8-H, 18-H pair should be ghielded
hy pyyidyl rang curcent. In conbastl, wn the oot model the
arvl ving of one L 1s away from the pyridyl!l ving of the olher
Praand saul Lhe paavy of 8-H, 1P~H resonale at lower fireld as
axpected. Moreover. in this geometry the é&-H of one ligand 1s
close lu the phenvl]l ring of other ligand. Therefore, 3 S X -
logically assumed that the &~H of the ocot-structure whould
resonate at & comparalively higher field compared to the &-H
reasonance of the cte siructure, where &-H 12 close to the

chlovrides. Therefore. based on JHNMH data we propase that the

ig
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geometry of the bluish-green i1somer 15 cot and that of violet

jeuomer 18 Ctos

(1id) Electronic Spectra

The glictromc spectra of the synthesised compleses
were vecorvded 1n the range S8@-250 nm Maor bands  of HUXRLE
compledes are collected i Table 1.3 and the spectra of
reprasenlative cases are displayed ain Figure JT.3. Free
Nep—talyl pyriding - 20~ carvbosaldamine  ligand displays
absorption bandes at 3380 nm (e BE4@) and 278 nm (e 1) .
"

&x
lhese can be respectively assigned to n—nm and mB—n

tramsitions centered praimarily on the i1mine aroups

Me cedour of the ttt-RuX ., and the cctmﬂuXELm 1g

&

aveen and bluwrsh-green respechbively while thal of ctoc—RuX LE

ro

1g violet. The complenes display mulbtiple bands and shoulders
{(Table.l 1.5} i the wvisible tegione The transitions  in
AR50 nm regilon are  assigned to metal-ligand chayge

transter fta——fnﬁ(L)J transttions, where n*(L) 1% bthe LUMO of

-

the o, a" — diimine chromophore. Transibions orf this type ave

28 .83, 3%

well documenied Ffor the RuiT1) compleves ot

unsaturated mitrogenecus ligandss The  transition ander
coungideral 1o 1y evidently due tlo melal ~-1igand charge

Lransfer (MLOCT): tp(Hu)——fn&(L); Elt—FuX, &7 nm oand HE@

HLE

rimsg CctNRuXQLE H7% nmand HEE nme cfc~RuXELE "85 nme

Fach ot them 18 assoclated with shoulders al higher

ENETLES . In the presenl complenes multiple charge transfer
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B—327 L . .
transitions may, primarily originale from lower symmebry

splitting of metal level., lhe presence ot driferent scceploar
orbrtals and Trom the miying of  singlet and triplet
tonfiragurations an the edxiled state through spio arbit

ouwplings

Some inleresting (rends an MLCT enecgies have also
been noted bere. The higher energy transibion {ca-68@0 nm)
logethar with the shoulder shi1fts to highey energies on going
reom a Llrams to a cls contaaguwration, bul the eneragy of { he
Towest eneragy band (ca- 7% nm) remains almost invarzant. (On
Lhe other bhand, on changang C1 o Br 1n & given palr of
FuX L. (X = C1, Br) ihe lowesl enevgy band 1s  blue shaitled.

2

Fransitions an the U.Y. regiromn are dus to 21 the inlralagand

L3 *#
in— ® aidd H— " ) transitrons or chay ge transfer
transrtions anvelvang enerdy  levels which are higher  in

energlres than the laigand LUMO. This may be due to  the

superior M— L g-bonding in the cis 1somars.

E. Electron Transfer Froperties

Dne major obiective of the present studies 18  to
characterise the electron bransfer  behaviour  of rukhenium
compleres synthesiged by us and o compare the results with
thinse of P nown systems. To achhieve  this objecliive we have
extensively used electrochemical technigues such a&s cyclic

qan{‘ﬁ‘q “:“;w"ﬁi

vl tammeltry . diffevrential pulse voltametry (DY) and

cansliant potential coulometiy. e electrochemical symbols

2



used throughout the thesis are collected below along

their meganing.

(a) Symbhols Used

(1) General

£ = applied dc potential.

Ee

Dog = formal electrade potential at 298 K.

F = Faraday = 96,500 coulombs.

i = current

i = peak current

=)
n = number of electron transferved.
v = do scan rate.

(1i1) Cyelic Voltammebtry

qum anodic peak potential

Epcm cathodic peak potential

AE = §E - E = peak—to-peak separation
P pa P

i_ o= anodic peak current

pa

i, = cathodic peak current

P :

{(iid) Differential Pulse Voltammebry

E
B

A

pealk potential

madulation amplitude

e Redou Activity of the ﬁuXaLE Species

The RuX,L. complexes are electvo active
[Uag el .

with

at a

platinum working electrode and digplay three responses,

21



reversible Lo irrveversible. on the posilive side of he
H.CoeEe The Tirst oxidation ococurs i the range 8.20 -~ 8.5 V
invalves metal ton. whereas  those at  wvery  hagh posatlive
potential (-1 .8Y), i1rreversible in natuwre are believed 1o be
Iinand based. IR 1% covenient to discuss  the detarls

separately.

() The RW(III) = RW(II) couple

The resttlts of the cvclic voltammetric edperimenls
are presented in Table-Il.&. Representative voltammograms are

cdrisplayed 1n Figure TIl.4.

(1) tbt - HuXaLa

Al the ttt~RuxpLQ species showed one reversible

responsde at ca. @.30V. AL slow scan rates (v 18 mV%mJ) and
n acetomitrile Lhe response  1s reversible. This 18
” . - - 1,2
characterised by 2 =L 3 AE = 88 ~ 188 oV and 31 _ /v 15
Bo fa B pc

A constant. Tn slivred solution, electrolvsis freely occured
whern the potential 1 bFept Ffined on the positive of the
anudilc peal but at potentials less than the cathodic peal  a
viery l1iitle eleclirolysis was observved. Hence the specles are

1t lower oxidation state and wndergo oxardabion.

Constant potentral coulometry was cavried oub at a

potential 200 oV more posittive than Epa(Table 11.6) for  two

1epresentative cases. The coulomb count cocresponds  to  the



Lransfer of one electron pev rubthenium atom in each case.

The cyvelic voltammetric response near @.3 V o1s thus

i..
due to the reversible couplel{equalion 4). 1 which the RuXEL

(3]

{

has rubhernitum 1n the formal oadation srate  +3. Since the

Louple 1w

FauX o — RuX, L., 4

l«
ohe n 2

4
glecbhrorhemical ly reversitble. RuX, L, and RuX_ L., &are likely to
LA, U =

have very similar gross sbtructures.  The formal potentials,
wl

IEQQ ralculated as the average of the peal potentialse are n

fable I1.é4

On ancressing scan rate (v 2 10@ mV5—1) ard
prarticulently on changing the solvent to chilovraofarm,
grgnificant deviation (AEn 1B from reversibilily 1g noticed
{(Table 1I.67. The poorer electrochemical veversibilaibty  an
chloroform may be due to the low dielectric constant of this
salvent (4.8) cumpared to that of acetontbrile (36.0). Charge
separation 1s hindered when the dielectric constant 158 1ow.
Morveover.as the onidised compound HUXBL; bears one positive

-

charge tt 18 edpected thalt 11t will be better solvated i1n mare

]

polar salvents. Thus a posilaive shidt of EPQB

18 eupected an

going from acetonitirile to chlovroform.
(i1) cot and cte - RuXaLE

The results of the cyclaic voltasmebric evperiments

are summErised 1 Table [{o&« The general behaviour of these

=23
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FIGURE II.4a CYCLIC VOLTAMMOGRAMS IN CH,CN
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(b) cte- [RuCl,L2,] (----)
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two reomers are similar to that of the tit isomer eucept that

the E;@B valuesse are consistently slightly higher than the
corresponding U ans—analogue. This has been generally

by R B """:3
B7.39-4 in several other cases and this effect i1s

ohserved
mutch  move pronounced 1 the comp lenes of strongly

m-interacling ligands. We note here a corrvespondence belween

L2 \ " - v - - - o "
FE?S anc MLECT eneragy. Highevr the MLCT enevgy laraer is EE@B
The order ttt cot cte  applies  to both MLCT{imetal to
lagand charge transfer) enevrgy and E?QB' Thais 18

understandable since the electvon 1s transferved from the tp
level whose stabillity increases due to superior metal-ligand
n—-Lacl. bonding on the cis—-1somer. The enevgy of the MLET band
18 also contvrolled by the strength of this bondaing. It may be
(]
- hat ; /Rt &
noted that the EE?S of Ru{TI1)/Rui{ll) couple in FUXELE 18

comparable to thal 1n HuXE(bpy) This similarity indicales

5"

that the ligand electrochemical parameterqq EL af L 18

comparable to that of bpy-.
(idi) Ligand Oxidation

In addition to the reversible RudtlId)—Ru(ll)
couple, RuXELE displays two more wrreversible ovidatbtive
responses at very high positive potentirals (1.8 V). §1 may
be noted here that the uncoordinated ligand, LE. alsn  shows
bwo tryreversibile onirdative responses al 154 and  1.98V. 1t
18, therefore., probable that the two sucocessive dadabive

TRSPONSHSS oo ring naeayr J0Y o are due tao the ligand based

atidation. The odidation of coordinated 1mime link ages has

24
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a0 3
heen discussed by others 1n & related uilhenium({l1ly system.

Interestingly. the Tormal potential data also

vrevesl that the Eﬁ( of RKu(IIL)/fitly ceouples n Rull L
298 e

depend on the nature of subslaitution (R) 1n the ligand L. lhe

i

45
values decrease wibth an ncresse 1in lhe electvon-—-releasing

o

power af the substituents. The plol ol EEWS vae  thie Hammetl
y

suthstl tuent canatant  © (o) 18 linear (Faigure [[.G).

Furthermore, the formal potentials of RHXELP show an increase
on changang X from C1 to B Dualitatively this 1z abtbributed
1o & stabalirzation of FRadlT) by wtnoveased n-bonding n the

dibvomo conpledes.

EXFERTMENTAL SECTION
A Phyaical Measurwemen b
(a) Trmfrared Specbra
Infrared spectra were obtained as | Br discsusing  a

Favl an—EImer IR-283 (4800206 cm“l) specbtrophotomaler.

(b)) Electronic Spectra

Bolution Electronic spectra  were meagLu-ed LN

. -4 -
chlioroform with a solute concentrabtion of ca L@ merl dm 3

using a Hitachi~3M spectrophotometey « S1lica cell of path
lenagth 1 om was used.
{(c) lHNMH SBpectra

The measurements were done 1n CDDIB with a 388 rFiHz

Bruber F1-NMR Spectropholometer. using IME as  an anternal

slandard.



(d) Magnetic Measurements

Magnettc susceptibilitzes were measured with a AR
Vibrabing sample magrebtometer (Model 155 fitted with &
Waller Scient:frc Magnet (Model | 7% FRALD .

-5 1
() Electrochemical Measurements

The symbols wred 1n electrochemical technigues
along with thely meaning are descovibed in text (Sectron 11.ED
PR 3764 electruchemistry syvabem WAL used Ry alt
glectrochemical measuwrements. A1l measwrements were done in
dimitrogen atmosphere. The data were collected al  228%£11 by
using a precision thermostat- A1l potentials are uncorvecled
for guncbron potentialse and are rveferenced versus saturaled

rolomel] Electrode {(SCE).

Cyclic Voltammety vy

Cyclic voltammelric data were collected using a FAR
M-1706 polarographio analyser, & 175 wniversal programmer ol
a FAR RLAA74H XY recuorvder. Three eleclrode cell system  whilch
includaes a planay Recl man model 39272 platinum snlay work ing
lectrotde, a plabtinunm wire auxlliary electrode and a
Saturaled Calomel Reference Electrode (SCE) was used 1 our
gtudy . Fetrabubtylammonium  Ferchiorate (TERAF) was used as
supporl ing eleclrolytes. In every case care was taken to
abtain a1 flal current voltage bese line over  the reqguired

valltagre range an Lhe absence of 1he electroacltive sSpRCIeEss



Constant Fotential Coulomebry

R4 215N M- 173 polentiostat . FAR M=-179 digrtal
coulometer and FAR 3774 cell system were used in coulometiric
measuremnents. The cell system 1ncludes a planar wire gauge
platainum working electrode, platinum  counter eleclrode and
saturaled calomel reference eleclrode. Electrolysis wWas
carried out at & congtant potential regulated by the
poltentiostat and couwlomb counts were oblained from digstal
display and were averages of @ atleast three independant

measutirenents.

B« Formilation of Compournds

This was done by C.H.N microanalyses using an

Elemental Analveer. Haraocus CHN-@-REFID.

(2« Bolvantm

AR Grade Rencene, Chlorvoform. dichlo omethane,
acetontbtrile were used as supplied. Besides, all olher
salvents used for preparative and analytical worl were of
reagent grade and used without fuwrther purifications. For
electrochemical worl . dried acetonitrile and chloroform  were
uwsed. Thetr puritdication from commercially avallable sources.

are given below.

R
.



{a) Acetonitrile

2 litres of commercially avallabile scetonitrile was
taten wn & dry bottle with a guard tube f(containig Tused
calocium chloride) fatted to 2i- 18 gms of calcium hydride was
added to 1t- Aftter Bab, the solvent was decanted and was
heated to reflu over Sg of qulw for o5 h  and distilled-
The digbarllied acetonibtvile was #h;;w heated to reflux  over
all aline permanganate (1@og of hMme and 1@y of L13C03> for 19
min prior to rapid distillation. Finally 1t was redislilled
over Pqul@- Throughout  the process & dey conditiron was
maintained tal 1ng necescary precadizlons. The acetonitvile =o

chtamed has voltage window of +2.3V lo -1.7Y at & platinum

woerl 1ng electrodes
b Chloveform

aB@ ml of the solvenl was [ept over anhydrous CaC}E
far ldh« The decanted iguid was then thovroughly washed with
1@% agiieoins 5\LaHL":iZJ:~3 golulron. Finally 11 was distilled over
=0t 1ol HaHUUa (G The voltage window al  platinum  eleclirode

was LBV o - 1.8V. Dustilled solvenlt was stored v darl . 18y

sealed bottle.
D« Fyeparation of Compounds
{a) Chemicals

The chemicals and theilr sowrces are as follows.

Pyridine—2-carhoraldehivde was obbained from Meavrct ,
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arhucdhardt t. Fhosphoruspentoside. Silica gel (6@ 126 me ety )

four column chromatography. BEribish  Drug House . Indias
Hydrated Futhenium trichloride was obtaned from
Arirora-Mal they Limited., Calcubtta. It was digested with

concentrated hydrochloric acid as guven bhelow.
(b)) Ruthenium Trichloride Trihydrate, RuC]B-BHED

S of commevrcially availabile RuClH~XHED Was
dissolved in B8 ml  concentrated HOT.  The solubtlon  was
eveporated o dryness (Caubtion! presence  of  any nilrous
vapouw: may lead lo  an ampure product).  The process  was
repeated Lthrice. The reridue oblsinced was RuCl .3HEU

3

te) Tetra athyl ammonlum perchlorate (TEAR)

It was used as a supporting electrolvte n
cletrochemical edperiments and pepared as Tollaws:
218g of tetrasthyl ammonitum bromide was diseolved 1n 200 m]
of water. To the clear solution, & solutron of 100 ml HCIUQ
o 28 ml water was added dropwise with constant stirrimges A
white salid immediately mrecipilated out. 1t was frltered and

washed wilbth cold water« the solid was recrvstallised from

waler and v draed o0 333 .
(d) Ligands
N-&ry Ll Pyridine-8«Carbaraldimine
Thies atarting material V1D

=



Fyridine—2-carbosialdehyde, Aniline, p-Toluidine arc
p~Chloroaniline were reqguired for the syntbthesis of the
Vigands Ll*LS respectively. These were generally obtained In
situ by the condensation of pyridine—2-carboxaldehyde with
the appropriate aromatic primary amine in elhanol . The ligand
LE was prepared as described in the literalure. A mitttuwre ot
3 g of each pyridine—fR-carboxaldehyde and p-toluidine n el
ml of elhanol was ref lhwed on water bath for 43 minutes. The
solution was then poured in 288 ml of cold water with

2
constant stirring. A& yvellowish white solid ligand L Was

obtained, which was Fillered and dried. (Yield ca. %) .

() Complexes

The syntheses of compleydes of bhe type RuX (X =

ELE
Cle B were achieved usaing general methods. Yields varied in
the yange TE-TE Specific details are given for

representalive cases.

(1) ttt-,eat=,cte-Dichlovrobis (N~phanylpyridine-8-carboral=-

el dmire) rubhernlum{Il)

« 5RO (2 m mol) of RuDlB-SHaU and excess of
LiCl{2g) were digsolved in 28ml of ethanol and the mixtuwre
was reflused for 15 minutes. To Lhis  red-brown solution a
mixtbure aof @.64g (& m mol) of pyridine—-2—-carboxaldehyde and
N.F6g (6w mol)d of aniline in 28ml of ebthanol., which was

refluxed separately for 3@ minubes. was & added. Immediately.
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& dar] violet solution resulted, which was  further refluied
for Bhoon & weter bath. Gfter cooling. darlt cryvsiels with &
promnce-shest were Fi1ltered off and washed with S—18 wml of
erthanol and then ether. On 1L this  compound  showed three
spots. ndicabting the presence of ttt-{greesn.najov fraction),
cot—-(hitureh green) and cte-iviolet) reomers of NuCiE(LlSEu
This precipiltate was then subjected to column  chromatography
o oa silica gel columns Firelt o« green band was eluted wilth a
lel@ GHHCN~CHC]3 mivbture. A second band, bluish green  in
colour, was eluted waith a 2:18 OCH CZN-—CHCl3 misture and &

3
third violet band was eluted with a 2318 CHQCN~CHC13 mixbures

These compounds were recrysbtallised from a 13l CHCl_-—C&HIq
MLy buye.

Anather  fraclion  of 1LBOMETLE RuClg(L13E WAS
abtained Trom the wviolet frltrate. The frltrate Was
avaporaled te drvnesse and washed thoroughly with waters fhe

deried residue was thern ertracted with CHCl4(ESB ml)a On

addibtion of Céqu to the concentrated CHClq solution (25mlY a
dart precipitate was obtained., which wase subjected to column

chromatoaraphy as descvibed above to obtazn pure greett,

hluish green and violel 1somers of RuCJm(LL)P-

Yield: Green 359%

Rluish green 19%

Vialet 204
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(i1) ttbt-~,cct-Dibromobis(N-phenylpyridine-2-~carboxaldimine)

ruthenium(Il)

These were prepared similacrly wilh  the enception
that inslead of L1101, LaBr (2g9) was added to the solution  of
HuﬁanBHgﬂ priov to the addition of an ethancolic scolution  of
the 1igand Ll- Isomeric purification was performed using  the
column chromatographic tochnigue s described before.

Yellds: Green 8%

Bluish green £23%

{(iii) Freparabtion of isomeric Dichlorobis (N-p-tolylpyrine—

l'-’
2-carboxaldimine) rutheniuwm(II) from RuCl,. and preformed L=

a2

A minture of @.848g (luw.-mol) of RuClB-BHEO and
evcess L1CIH(Eg) 1n BOm] of sethancel was veflused for 1%min. Tao
thig & solution of B-99g (Bn.mol) of LE in ethanol was adderd
and the mixture was further reflused for 2h. The rest of 1he
procedure 1s similar to 1hat described previously.

Yiwld: Green I2%

Bluish green 1é&%

Violet 19%



TRELE Il.1

fnalvtical Data of tht-.coct- and ctc~ERuXELE] {X = 01, By)

- %0 o “H AR

Compound Formula  -——————m——mmmm e
Calcd Found Calcd FDUHd_ Calcd F?Eﬁg__

tttmfﬂuEIEL;] CDQHE@NQCIERu 83.7 53.9 3.7 3.9 i8.4 1@.4
cct~[HuClELé3 LEGHEEIQ IERu 33.7 54.@8 3.7 3.8 1.4 18.5
ctc~[RuClELé] EEququﬁlaﬁu o3.7 03.9 3.7 3.8 10.4 189
ttt~-LReCl L: C ;E NQFJERu 5.8 55.1 4.3 4.3 G.9 9.7
cct—tRuDlELgl E HEQH 1, Hu 83.3 5.4 4.3 4.3 9.9 9.8

2 )
:tc~[RuClELEE Cgﬁ“gquglgRU H0.3 Bhe2 4.3 444 7.9 9.7
btt—tHuDleLgl C84H18N4C}4Ru 47.4  47.7 3.8 3.1 F.2 '?-L
cct—[HuClELSJ La'H18“4C14RH 47.6 47.7 3.8 3.1 f.8 9.2
Etc~EHuCIEL§] EEquachlqRu 47.4 47.5 3.8 3.1 7.2 9.1
ttt—ERuBrEL;3 84 QBNqBi Ru  4é.1 44.3 3.2 3.8 7.4 8.9
cct—ERuErgLéj LE#HEEN Br Ru 46.1  4é.1 3.2 3.2 7.6 8.9
bt ERuBrELg LEéHEQNQEr Ru 47.8 47.9 3.7 3.8 8.4 8.5
cct~[RuBrEL§] L EQN By Ru 47.8 47.9 3.7 3.8 8.4 = )




TABLE TI.2

Selected Infrared Spectyral Dataa"b of Compleyes

vmaa 4hrmt 10008 2etan meas ts Fben Se4es Biven S08Ae Rbdbe ooty veed Thime 448 i Pumre Ssbh SAAS Smtne saste ereed meed 4RSS SabYS Semks Bamem Slame Srede $HImE L40%e SHSSE S0 E4004 F4PS Fimme Sebem SUmie Sh0at 80 I S0S44 Semmy Seses SHase Gess Subtn Seash Shast Bebe Shiam bemwe Toem MMM MCrR FAeGE Bisd MING VRS GLLRS Gobee SOOSN Ceias Snen ees 100 sered

2 {cm )
ma
M AT ] e e e e e e e e e e e e e 1 0 o T 0t 1 o o o e
C= C=pN C—-H out ot C-H Dut of Ru~C1
{imafe) {(py) plane bending plane bendina
L pyridane 1 phenyl
ving LT
Ltt~FﬁuGIEL;3 16260 1605 T a?@ a2
ccf-EHuClDLéJ te2@d 1600 76 &HIMN 31@A .89
ctc—fRuCIQng 1615 14608 765 7@ 305,770
]
ktt—EHuC]ELEJ 1615 160 780 78 35
o
rci-[ﬂuﬂlDLgl 1680 L& 775 FEaw 31@, 590
&)
ctc~FRuClEL;] Lets 1600 T7G 709 31@.295
ktk—ERuGIELﬁj 1680 1605 PG 7@ IR0
cci«ﬁﬁuﬁlah§1 1ols 16080 TG TR 318 .R95
CTC“FHUG1PL§] 1615 1606 780 7an 31l@, 290
kti~ERuBrEL;1 1625 1416 778 &£
cct~lHuBrEL;] el 16035 6D aulyl
ot}
tttwlﬂuBrELzl 162y 1618 780 7a0
o
cct~FWuBrPL;1 1620 1605 Ve pgrdnl

#9098 e Samt Sraet 404 WANes BESte erEOS Gares bart 44304 beuet 40000 Firid s Gidad FRN SERRR GOSFR Pmind mpor? V0SS 4RSS FHim GVRed SeChe S SUERA SMet) LSS SYerS Frerd athe PeEeS butes S Vel Serds CASMA $494% SH9An serae Seatd Srath Shesd mad HALH Sitbe SHety Bt Brmtt eraed Berme Beses FBe SHeee SStem e Serte s omde Seben Saeet mses Svaes Feaes

fln L Er disc. 4000-200cm. >

jul
Al bandes are sharp and slrong unless obtherwise stated.



TARLE 11.3

Ru—-CGL stretching Mmdeicmni) for a few reportecd

Ru(IIy and Rudill) chloro compleres.

e taton veced B00ae vk Goees F4t0 B4sns duren Soeth SoNRS Gnies nbie s FROL SURed buphd S04D Seis HONSD peny poses O 04 Mebte B Nu 4y S4IRS e bmits Bmem Peses S00ea ebrh VST Semee GFa Bames Sauys serkd SORAe peme 4B S008 Geesm SVRel Semd FHHSE Prens seted Subed $OFOS Rines bine S4B basen viere sutve seend VS ba

n tn darma Sutia orant fets beabe v #990  She eien s Sab Guses buve $0440 Pave  eubee 5en4 Hess WO moves Shees Bastd B Sabim Lymes se90n SSBhe Fiase emee Sesed Benrs LA Seebe S SHevs Shme Sesen spets bmacs e 54 4 SAVFS Brate oeees beors v frmse shen $080 SOOI eeed HeAE S SHeoe Baass SabID STIOY P4 13 Seome

c15mﬁu61a(bﬂyia 339,814 52
u1a*HuC]P(Me980)q B30 . 325 o3
, - +a ~

trans*HuClP\EIQJaneNq) 382 By
czs~HuClE(NHB)4 2@, 085 14
I b . . .
c15~HuLIE(HA)E 263,331 )
trans~ﬂuﬁlE(HB)(B)c 358 B
trans-L[RulCl . {en), . 101 iH Od 385 =57
Aare ull g« Yo ~5H, 0] =5
mxSmERuﬁleﬂenJDJCl-HEU 228,311 S

a[l#]an@Nq = 1.4,8.1l-Tetraazocve lotet radecane
bHA = Fhenylaosobhenzal dox ime

P
HE = o~Henzilmonoox:ms

ern = Elhylenediamine.



1HNHR Spectral Data for [RuDlELEJ in EDLC1

TABLE II.4

3
éa(ppm)b
(Jd,Hz)
Compound
3-H  4~H S5-H &-H 8-H 9-H 1@-H 1i-H 1P-H 13-H i@Me
ttt~[HuDlELéJ TRy Tebl Ha9R  T.TF T.8B  T.Sh— Te56- T.56— 7.80 B.525
(7.507¢7. 6085 (6.68% (5.655(7.685 7.58 7.50 7.50 (7.7 '
cct—[RuClELé] TG TR 7.59° 9.37 T.R@ 690 7.03 6.98 7.20 8.80°
_ (7.405 (7.50% (4. 309 (5.00% (7. 505 (7. 409 (7. 205 (7. 409 (7. 505
ctc—[RuClgLiJ ToFR 7.8l Tebl 970 595 £.92 T.05% £.92 £.95 B.&p%
(7.705 t4.90% (7.609 (5. 505 (5.307 (8. 205 ¢7. 209 (a. 20 (5. 30T
tttﬂERuCIELgl T8I T.43 6.93 T.86 T.68 7.3 7.32 7.68 8.90% .48
(7,455 (7,205 (6,675 (5. 605 (8. 155 (8. 005 (8.20857(8.15%
cct~cﬁuc1EL§3 T.95  T7.89 T.58 9.36 709 6.71 6.71 7.09 8.78% 2.p8
(7.505 (7.50% (4.209 (5.305 (7. 705 (7. 805 ¢7.805¢7.705
f=3
cte-LRUCIGLIT 7.71 7.30 7.60 9.69 6.85 &.72 6.78  6.85 8.58% 2.1
(7.705 (4905 ¢7.609 (5,50 (2.309 (8. 205 (8.205(8.305
ttt—:ﬁuClEng 788 7.7@ 7.05 T7.87 7.51 7.74 7.76 7.51 B.91%
(7.905 (7.605 (.60 (5.905 (2.555 (8. 405 (8.405(8.555
cct—[HuDlEng 7299 7.93 7.63 9.35 7.16 6.98 £.98 7.16 B.75°
(7.605 (7. 689 (6,505 (5.507 (5.565 (8. 405 (8.405 (8.50F
aTetramethylsilane is the internal standard
bSpin~Epin coupling amongst nearest neighbour protons only.

Cpounlet.
dTriplet

®oinglet.



TABLE I1.8

Solution Electronic Spectrala Data of Complexes at 2981

Vig/UV

Compound R
A (nmi{e.M cm )
ma

ttt-LRuCl Lé] 675(88@@),68@(1@@5@).57@5 425(3725).39@? 290(13250) ,272(13325)

2
cct—EHuDIELé] 575(61@@)16B5(1®B7@)q555€ 425 (R4B0Y . 345(168243) ,28B{ 1534@)
CtE~ERuC12LéJ aB6 (15606) , Sélc(lEQQQ). 218" (2RE1S), 2B3{85735)
ttt—[RuDlELg] H73(6960) ,4BR{RTRA) , STGE 485(334@)539@S 210(1B678) ,27B(12050)
Cct—[RuClELgl 675(5475).6@5(1@@Eﬂ).56@f 425{250G) . 3664 16200) ,282(1521@)

CtE~ERuCIEL§3 S86(13730) ., 361C(1173®3. aep”™ (20735) . 285(24958)

ttt—[RuBIQLSJ &BR{72508) ,618(8798) . 57@? 485(837@).3?5? 31@? 28a{i4618)
cct~[RuClEL§J 630 (S620) ,608(F500) , 5605 4BS(RSSE) ,345(10950) , £83¢{1737@)

th~[RuCIELg] oBA(14630) ., 361C(1@97@), app” (21530) , 2846(23970)

tEt-TRukr L1] ééﬁ(?BéQ),élB(l@iEm).ETES 4P5(3550), 3855 3B@A11978) ,278(12923)

a-a

cct—[RuBraLéJ LA5(E320) ,605( 1BBED) , 5605 420(R9RS) , 365(8150), 280(13300)
ttt~[RuHrELgJ 57016100) ,618(10530) ,5705 485(3210), 3905 305 11550)
cct~cﬁuErEL§J 6703950 610 (7300) 568, 435(3110), 365(E800), 285(12308)
a(:Hm3

“Shoulder.

Compound LE shows absorption at 338{(3248) and 278nm(3710)



Cyclic Voltammeiyic I)r:al"c:»t":t

meres voses srmea fmmes Sabue asss RPOSH Fim Susse AR SVPOS Srina vamea aefut S G4 Aotam Lrpas ambes Smes et Geus So0EA SUSLA FOT hie3 Gt EOTP VRSl Vhsd SHP TAEW S0SMS Ti4s Bhass obnd avie Mot Mesas dnces Soree

Galvent  Eo. _(VYLRu

TAHLE

the Fosittive side of §.C-E-

29

a

Tieé
for RuXl

I
o art

plalinum

glectrode at

bEE-LROCI b 3k

I

" 4
ccthHuCIELEJ

th—[HquEL 3

kttmLHuBlaL

cte-Liucl Lo

2
tthLRuClELEJ

cot-LiRull

g

L
2

cte-LRuCl |

ol
ttt*EHuBrELE

cct~LHuEroLé3

w
ftt*LhuBrELEJ

cct—[HuBrngT

it oaes 4ata ottt At 44 2 49148 himte SO PR Seemk doest etsd sed S4VSS cmrt phren beimt S80S Yasen Sooee SEtch 44100 Huves Heoas it SVRS Seve S4vbe S00et 81 48 Betse birmd esew SHSS SUES Seebe Febse SH448 SHNLY sesmn messn St SO Liese eeat Smed 0B HLoet F4mse e Siema Peart $0nsd FIISY SIS Srm breed miers 9004 Pomns it buves Be

LHBLN

CHC.[3

CHﬁﬁN
CHG?B
CHHCN
CHBCN
CHCIB
GHQEN
CHCl8
CHHCN
CHQCN
CHUIB

CHQCN
DHClB
CHGCN
GHSCN
CHCl3
GHBBN

CH('..J:3

CHBCN
CHLlB
LHBCN

CHE]B

@.33
a5l
B.43
@.e9
e N
@.30
Beq7
B.ap
f.36
&.55
@.384
@ .58
@44
B.4@
@.51
B.4@
Bl
@34
@48
B.36
@.48

aD@f}H]tlDﬁS @i the svmboles used a&re as 1n the text, all E

are yuoted vs.
b

m = @.98 for {tt=-CRuCTLL L1 and .88 for

vl O is the talcuwlated couwlomb couwnt

electyvon and O

electirolvysis; oxaidation

S.0E«, v = 50 mVs
]

2 2

15 the observed

4

cowl omb

)

cctwfﬁu01mL1

!

the transfer

values

ot One

exhaust 1 ve

in gach case was performed at @.38 V  vs
S.C.E. in CHBCN(@-imMENEt43EC]U 1



TARLE T1.7

L.igand Rased Gnldatlmna of bthe Complexes al a Flatimum  eleclh ode

0ms terns 1ot Setke moaes She AR brest emide Sttee Semme SPesy besd buass 008 S40 Semet Sapee Syied Peued s ey 08 o Setd guers Bince rivma Siuse fumme e Le beben sepew ey sse it St Seth GOSLE SAMS S4neX ponss Yerta SoOrY Fmeeh WA fomed L44tS SHUNS tour? Pades borsd Shote FREES deaed SHERS Sort PVUme coatd benem Suamt Vote drbe o Parms

Compound EEQB(U)
i
R R . $ . L] ;q “1
bttt Lhu&lELE3 L.-88, 2.10
cob-TRull L;T L84, 2.1@
cte-fRulCl Il] 1-83, 2-10
E“E " ] -
ttk*[RuC]EL;J I
cot-LRutl LET 184, 2.20
BT TR =
- £, =
cic~EhuClELEJ 1.82, 2.20
tti«[ﬁutlﬂLgﬁ by
oy
cel=RUC] LY | 1.88, 2.30
. ) 3
CLL~ERuC1EL93 1.86, 2.36G
b B iRt ] .
bttt lhuEsELER 184, &-20
cot-i RuBr Llﬁ 184, P2.10
w BT L w84, 2.
=2
ftieruBrDLP? ]
" a2 -
cct-EHuBrELmJ 1.81, 2.28
® In CH 4ON

bSulublllty g very low, scanned up to 4l -50V.
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CHAPTER III

TSOMERIC RUTHENIUMC(IIID) COMPLEXES OF N PHENYL ~8-FPYRIDINE
CARBOXALDIMINE SYNTHESIS, CHARACTERIZATION AND ELECTRON

TRANGFER PROFERTIES

I

fAbstracts: The geemedric 1romers of FRuCIwLWJCIOJ oL

NH-phenyvli~I-pyridine carbozaidimine) have been 1zofalted by

e

stereorvienfive exidation, ol corresponding L EOIEE Ll

-~

wthenrum Il compieses wusing Ol .ig? ax an  aoxndant Fullowed

by  addition of sodium perchierate. 1 he compieses are
-

paramagned o (fow rFpin d¥, % = 1/2) and drepiay rhombic  EPR

Apectra in Troren sofutron at 77/h. The axral (A and rvhombie

7
(Vi1 Jrséortron paramsters: (in  fhe order A, V., ocm )  are
FI4F, ~FEBEF (eI 4E0F, ~3IQ2P ooy oand H238, -3TIE (e
The zign changes correzpend o eusrgy inverzion of spiré of

. wompunents. Fhe efectronic ¥ranzitron energies  have been
£

compted uxing the obzerved g-ralues. Twe predicied optical

-

fransitrens within the hrammer "z dovbiets are esperaimentally

A

abzerited or rndicated rn the

3

gar—~1r reglon [E¢¢— £330, /8P
ot aaF@, I2R81dy cbto— sl4d8, I2T7RY cm~11, v addition o the
frgand Freld Cranzitrionz. ail these compieses alzoe zhow
mattrpie charge {rarnzTer $ransidvronz in the vizirhle regilun.
Fach ot the complewes: Jdizplavy a reversiblie reducéire
reisponse due to oan RuCSITY/RQFl?Y coupie 1n the range .31 -
G5V &2 BOF at a piatioum efectrode. Chemical reductians of

these {(rivalent complieves, hy  hydrarine, ivads almost

—

gquantitatively to The bivalené ruthenium compieses. n

N

p
acetonitriie, RuCi_ L., compiesegs acé azx miid ovidant.
-

*A parl of this wovt has appeared in Folvhedron, 1995,0000.



INTRODUCTION

1-6
In the preceedina chapter we reported our work

o the bivalent complexes of oruthenium with L{(1). Three
geometiric isomers of RuCleLe were isolated and characterised.

The redox stabilities

]
[

of all HuClaLE isomers are evidenced by the moderate positive
formal potentials of the ruthenium(III)—ruthenium(II)
couples. This chaptey describes chemical stidation  of the
above complexes,isclation and characterization of the

Lrivalent cogeners. The reversibility and relatively easy
accessible potentials for the ruthenium(III) —~ yuthenium(Il)
couples in isomeric HuL‘,lELe led us to explove the possibility

of synthesizing the corresponding trivalent compounds in  the

pure state. It may be noted in the present context that the



examples of ieolable 1someEr1 e travalent rubthentum
7.8

complanes are scarces In thisz ovadebron stale metal~1iuand

r-inferactions becomse msigmficant ard the geome by

preference of 1lhese complexes are totally controlled by

gleyv1c interactions. Here we also sexplove the possibilities

aof wsinyg the above compownds as ms 1d vidants specially in

non-atjuecus solvents.s

Rowwlte and Discusslon

(A) Synthosis and Guomatry

In the last chapler we repmrtedg that 1n the divect
reaction of rulhenium{lli) chlovide with L,the metal 10
undergoes reduction with concomitant partial chioride
subetr1iution to vield bivalent ruthenium complees, HuGLELE-

In order to get an «qccess tao the brivalent compleves,

11

preformed  Ru CIELn was, therefore. chosen for chemical

oxidation. Accordingly. an acetonitrile solution of HuClELp

was enposed to Cl_(g) rollowed by addition of aguecus Najlaq

ted to the synthesis of TRl L, 1018, .H_ 0. The reole of

2 8 4 2
SqUenDits NaCqu wag o bring about precaipitation of  the
praduct as a perchlorate salt.
The starting complex, RuCl l_  thus Tar been
[ M ot

g, 9
mbta1ned8" i three isomevic fToims @3 green lrang—irans-btrans
(ttt, ). Dbluash-green cis-cis-trans {(cct. 3)  and blue
cis~trang—cis (clo. 4)- On ouvrdation. each of them afforded a

characteristic [RulCl, . L. 3IC10

obo -HEU sall. Tnterestaingly.,

4

38



ct In ¢t n ¢t n

Ay N avaNaY:

Cl
—T 6—0
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chemical as well as electrochemical reductions of each
e ot the trivalent complexnes (5-7) quantitatively

regena ales the parentHuClEL fhus, the redox reaction

2
involved Lhe above interconversion

L] e II11,. + _
(Ru CLELE < Ru LIELE) is reversible and

stereoretentive. Stereoretentivity of the above reaction

+
allows isolation of isomeric RuClELP in three geometries. The

examples of such isomeric trivalent ruthenium complexes are

scanty in  the 11terature7 8- We note here that i1somer

preference in the trivalent state is primarily steric
conrtrolled. As a result. in many cases, oxidations of
180,12

rsomeric baivalent complexes l ead to i1somerization to

vield only the trans 1somers
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(B) Characterization

The vellowish brown microcryslallineg complexes ware

formalated as [HuClELmﬁclﬁquHEG by elemental (C.H.MN) analyvoses

of the i1solated producis (Table ITI.1). ALl these complenes

LBehave &z 131 electrolvlies in aretonitride (Table 111.1).

(A) Optical Spectra

IR sprctral data were collected as | Br disc it 1he
range  4@8d - 250 om . Selecled group frequencies  areg

presented 1n Table ILI.1.

In free L two absorptbtiron bands appear alb 168080 and
-1
1éa3d cm . which eve due to viN(Fv) and vC=N(Lm1ne)

respectively. The most significant observation it the IR
#

gpectra 15 the consilstant appearance of two strong bands  1n
the regron 1590 ~ 1616 cm—ln The band abt lower energy has

been assigned to (Fyle Evidently the bhhigher enerqgy band

=P

1e due to o w {imine). The shyttb  of V( CLmIre) b L owey

=N S=h
ernerygy it the complen compared to Tree L swuagesls  thal the
ligand L 18 convdinated to Fv:t.UZIl“{)d-L‘:;"lf+

The complen B showed a single, strong and  sharp
biamd b 320 cmwl {(Table TiT.13. This e compared with ihe IR
gpectbruam of free L on the renge @8 — 250 cm_lu Free L does

-1
nat show any absorption below 4080 cm ~ - Thus, this  band an

the R specthhuam of complen 5 18 assigned to

T )

atretching mode. The singlet natuwre oy strongly

Y Ru-C1)

4



B 1E5-17
=uggeste & linear or nearly linear btrams grouping  1or

RUCIP mosebtye. In obther words formation of the traivalent
Mu—comples, S, ocours by the sterecretentive oitardation of 1tbs

Bivalent congengr.

In contrast, wach of the other lwo complexes & and

7 displays a doublebt in the regiron 290 to 318 om ! {Table
T1T«1) which 15 character15t1c1ﬂ&la of & 515~HUCIE

geametry. Furthermore, we note here that freguenc Les

Pru-C1
i the (rivalent compleses (8~7) are systematically higher
than  those wn the bivalent complenes (2-4) indicating

stronger Ru-Cl bonds an [HuClﬁLE]EIGq-HEG complenes.

A1l three trivalent complexes consistently display
hands at 11@@ (:rrf~1 amd &t cmmln The structureless broad band

at 1106 c:mm1 18 assigned to w - which suggests the lacl

(Clﬂq)

4
of significant perchlorate coordination.

The electronic spectra of the synthesised trivalent

complenes were recorded in the range 200600 - 8899 rnme  Major
bande of FHuClPLP361anHgG compleres are presented in Tahle

Tl11-.2 and the gpecira of the representabive cases are

diaplayved ir Figure A AR The compleres have &
characterietic intense hand nean 8@ nrm- The Lrans RudIil)

complex digplaved a band at 398 rm whereas 1n the cases of

othery two a shoulder 1o observed at the sard region. These
7

allowed lransitions are due to nvolvement of setal and

ligand orbitals. & Jow antensity absorpbtion occcurs 1 all
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FIGURE III.1 ELECTRONIC SPECTRUM OF ttt-[RuCl,L,1Cl0, IN CH;CN



tompleves i the near IR reglron an the cange  16F3~-1438 0 nm.
This band 18 assigned 1o ligand field transition wilhin  the
TE orbitals splitbtlaing becange of low svmmebry and  spin—ovbat
coupling. Interestingly, the energy of the ligand field band

L8 i good agreement wilh bhe calculated transition  energiles

tsing the observed g-velues Trom the respeclive EFR specl)ums

(B) Magnetic Moments and FFR Spoecbra

The magrnebi1c momnents of the complenes are collected

i Table 111.3 which corvespond to low-spin a~ configuration
]

{r1dealiged t. . B8=1/2).
g

Mome of 1he i1gomers possesses robtational symme Ly

greater than lwo fold. Thelr EPR specbia of the complenes

were  vecorded  an froren acelonibvile-touvene (77 ). The
Fullll) species untfoarmly drsplayed thyree FESONANICES
characterising & hombic structuwre (Frgure TIF.2). The

corvesponding o componentes are designed as g 4, and in
[

1" Hg

order of decreaging mam tudes.

The theory of EFPR spectra of distorted-octahedral

5 1983
low gpan d7 compleses are documented i the literabture.



(a)

2200 2800 3400 4000

FIGURE III.2 X-BAND EPR SPECTRA IN AN ACETONITRILE-TOLUENE (1:1)
GLASS (77K) OF (a) ttt- (b) cct- and

(c) ctc-[RuCl,L,]1Cl0,



COMPUTED t, SPLITTING OF ttt- [RuCl,L,]1C10,.H,0



Only the essential features of relevance to this woirk are
stated below. The nelt distortion of pseudo octahedral species

can be expressed as the sum of axial (AY and rhombic (V)

compoanents.  The tE orbitals consist of the components
tgimrgb); tg arc t; (O &) The axial distoraion,
apprapriately considered as tetragonal, partly removes ta
degeneracy, placing tg (o) above t; and t; {ar.e} by A-
The rvhombic distortion(V) seplits t; and tg in to
nondegenerate components. The components Tgn Tg and T; of the

T, term {spin maltiplicity is not shown) urdergo
| 2ol

] . . Hop L ; . .
corresponding splittings™ . Under the influence of spin orbit
coupling (M) the components mix, &ffording three Erammers

doublets represented by two ddentical 3 X 3 mabtrices as

shawn -
| T | Tf | i;,
|Ta? | -;“g::- | o
| T |?§} A/B a N
|Tox  |Tg» o ~A ~asat/E
|Tgﬁ |?;} /e A R

States of 2 spin are identified by putting a bar on the top.
In the ground Erammers doublets Egquationsil,2&)

where the coefficients p, g and v are real and dependant on

43



b

— o .=
wll - “l 18 - q] TE * 7lTE
FFR g-tensor arising from this doublel can he eupressed as in
gouation 2.4 and 5, where + 18 the orbital reduction factor

aesumed lo bhe i1sobropic.

”y oy

gy, = B[-Ppr - g - Eifaqup+r>3 A

a, = 2tapr - q-~ 2" Fhqip-r3 *
) . o3 p)

g = g[-p“+qa*ra~l(pk~rﬁil =

ri

g

& &

p + gt v o= 1.

FFR expeciment affordse only the magnibude of the g values but
not theyr signs. Thes o corresponds o gN.gy and gz 18 also
unt nown - Each covrespondence can an principle afford a set of
values Tor p.g.r and - Meaningful solutiong can be sorted
outb by putting limits on acceptable | values such as @ I J.5H
used 1n the present analvels. The paga.r and | values furnigh
A.V and the energiles of the ground | rammers  doublet., and
diagonal tzation  of mabiriy afford two crystal faeld

transsbions AE1 and AEE (AEEfAEjbu The avairlabilaity of
uperimental AEj ard AEQ values 18 cruciral for choosing  Uhe
correct solutions thyrough comparison with computed valueﬂga
The coarvresponding values af AWV and 1 oas well as of p.g and

arge then easily extracted. TL 18 to be noted thabt g 0 anc

1" e

are presented on slobts of g . gy and g_  having fired

(3
s

Ha

BLENS«

In the present work AE for aill Lhe three

it
Va24-26

gqeonetirical i1somers have been chserved i the near IR

t44y



reglon in acetonitrile. In the bttt compled & low antensity
transiiion ocours at 6804 cmmla Beltween other two C1s 1s30mers
the coct displays a transibions at 64670 me| and cle abt  &158
cmwlu ALl these are assi1gned to AEE' AE‘ could nol  be
pheerved since the band mavimum Talls in the IR region and
the solvent, acetonitrile, 1 nol Franspacrent i thie region.
In view of approtimations of the  Lheory, the agreemont

helween calculaled and observed btransition energres (Tahle

TIT-.3) 18 guite satiefacltoarys

The low molecular svmmelry of  the compleres i1s
reflected in theys PR spectra. The extenl of distorsion fiom
tdeal jsed Dh symmaliry bhas  been ascertained in terms of
axial (&) and vhombkic (V)Y components. The distorsions are large
enouagh to male the btwo ligend Freld Lransactions (AEL and
AEQ} among the three | rammer s doublels ohservabile 1n lhe
near IR region. The averlabilaity of AEJ arl AEE values led to
gquantitation of A arnd V with the help of ohserved g values.

The observed | values. & measure of co-valency. are slightly

haigher than ones Thhis can be due to admiziluwre of oxsiled stnte

] 3 . - .
(tE@) with t; configuratlon. Thige efiecl has nol  been

ednlicilily congtrdered in the model used.

(C) Rodoaxw Properties

The electron lransfer properties of teomeric  walil
[HuﬂlmLmBUle-HmO ware sltudied ovolic valtammetrically 1n

acetonttrale at a plalinum eleclrode WS Mg tebrabubyl



ammonium perchlovrate as  supporting electrolvte. Fotential
dales are collected 1n Table 1I11.2 and seagmented volltammograms
Are displaved in Faigure LIT-3. 4l potentials are refeienced
to saturated calomel electrode (RCE)- The complexes showed
ligand hased mulbtiple reductive responses which are wdentical
la lhe responses accuran1“3 i the corrvesponding bivalent
complenes.We donal consider these any Tuwrbther. Each 1zomer ol
[F«'uC}ELEJ4 displays a reversible, reduclive, one electron
cyclic volammogram in bhe potential range 8.3-0.7V. Under
rdentical conditions, thas vyl bammogr amn finitaial S an
cathodic) 1 superimposable o that of the corvesponding
tsomer of RUCIHLE fanttial scan anpodic). This clearly
tndicates Lhat the redor process under consideration e
reversible and stereo etentive. Exhaustive constanl potential
electrolyvess of i1romeric 57 weve perfoimed at G0 V. ihe
cowlamb counl 1in each cese corverponds Lo one-clectron and
the absorption spectrum of solution of electrogenere ted
hrivalent complex matehes aquantitatively wi bh the
caorrvespanding 1 somar of HuCiaLE- The fovmal potentilials of the
ruthentum{liLlY / vubthenium(il) couple follow the order 3 bbb

cct ctece Thus, Lhe trivalent comples 1n clc geomatey (7)
15 the slrongesl oiadising agent in this series. This may be
ratlmnalneadg i kerms of strongest dr-pr o anteractlons 1in thoe

correspondaing bivalent complex. 4.

+
The stabilities of the trivalent complexes, HuClmLE

together with Lthe reduaction polenbtials suggesl that they



0 02 04 0.6 08
E(V) vs SCE

FIGURE III.3 SEGMENTED CYCLIC VOLTAMMOGRAMS OF

(a) ttt- ¢

) (b) cct- (----) AND

(¢) cte-[RuCl,L,]1C10, (-0-e-) AT 50mVs! SCAN RATE



might act asz moderate one—electron oridants. Accordingly., two
redox 1 oactions were performed which indeed showed that the
braivalent compleres successtully tale part in the redox

reactians.

Addition of a Tew drops of hyvdrasine hydrate to the
brown solution of 1someric $-7 1 acetons lrile biyings aboud
an nstantangous colouwr change to the corvesponding colowr of
Bued. Thie reaclion wes Tollowed spectrophotometrically. whaich
showed  almost gusntitatve veeduction of  the trivalent

romplesr. No altempt has. however, been made to detect the

gidalion product{s) nf hydrasine. liv  anaother experimenl
if . Iy +
equimelar  solutions of Fe (C%HW'E aridd Ru C]ELP I

acetonitrile were mixed together and the resultiant sclubion
was edamined cyclic vollammetrically. Immediately there was a
colouwr change-. In addition to the reversible oxidabtion  wave

{
of HuI CIELQ. & rveducthive wave at @.18 VYV confirmed the

1II

+
generation of Fe (CﬁHﬁ)P evidently due to the electron

transfer inm the saolutior.

EXFERIMENTAL SECTION

Ay Physical Measuroments

Molar conductivity., Infrared Spectra. Electronic Spectra
and Eleclrochemical Measurements. All descyibed 1n chapler

Tiw
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e Formulation of Compound

This Was done by CaHaN mirocroanalyses. The

netrument used was same as described in chapter I1.

foe Matevrialm

e tihn e 1somers of Dichlorobrs (N-phenyvipyraidirne-
Procarbotaldimine)  ruthenium(il)  were mepared using the
me thods descyihed ERY chapler Il Tetrabud vyl
ammoniuwnperchlorate (TEAF) was prepaved uwsina the gsame melhod
cdescy thed 1n chapter 1T for tetra ethyl ammoniuvem  perchlorale
{TEAF) . Furaficalion of acetonityile was done as descyibed in
chapler IT. Duntrogen das was purifired by successtively

bubbling vt through the allFaline aguous solution of  soduouam

daithionite and concentrated swlphuric Aac i
FPotass i umpermanganatbte, concentrated hydrochloric acid,
ather chemicale and solvents were  reagenl grade commevcial

materials.

D Sadium Perchlorate, Nmﬁlmq

{(Cantront All perchlorale salts of metal are potentially
wiplosive. Adeguate care must be talen while handling  the

perchlo atles).

Sodium perchlorale wae ured as anton  andhanger  of
complex salt. 10g o commercirally availlable NagCUg Was
ey

treated with excess of pevrchloric acid b1l all the Na,,,CZUq
. W



goes 1n to solution  and  evolution of carbon diodide Qas
ceases. The pH of the solution was maintained at ca.7- ihe
solution was concentrated and left far coysgtallisation.
Lrystals of NaC]GQ Fhus obteined was firltered and dried 1

vaccum over anbydrous caloium chlorides

Ee Complexan

The three 1somers ot LHuClELEJC]Qq»HED We &
synthesised using a genegral procedure.Yields varmied 1n lhe
range 80-90%. Detailed proaceduce for the preparations of lhe

itgomers 19 given bhelow.

tebt=Dichlovobis (N=-phenylpyridine-2-carvboxaldiming) ruthenlum

(110 perchlovrates

A solution of 1080mg of the tttw(HuClELaj i 25 ml
acetontirile was prepared. To the freshly prepared solubtions
Ela(ga53 wxs Dubbled 1111 the colowy of the solution  chanaged
to laghl -vellow. The scolulzon weas then Tirltered 1o remove any
nsgluble material. JTo at 5wl of saturated sclution of
wodivm perchlorale was added and the modture was left an the
refrigerator for about 30 min. Crvsetalline vellowish brown
precipilate, thus formed, wese Firltevred and washed with
ice-cold waters The solid mases was then dried 0 vacocum over
. 0

Jq 18"

Yieicl @ S0Y%
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TAELE 1I1.1

fralytical, Conductivaty and IR data

e b sk P 1 et vt e s e bt rin — e e - e

b [ -1

: {
Elemental Analysisi¥)® 2‘H 1R (em )
(mtm_icmamulmii
§
Compound C H N Py Yru-C1
PO o | s 3 "-} ‘l ; 1) N . . 3:: » e E
Ett [huLlELE " 04 rED 44.9 3. 8.9 135 1a02 32
(45.3) 3.1y {8.ehH
cot-fRull L 00, «H.O0 452 de 2.8 140 1483 ARE, 316
&2 4 @
{(45.2) (3.1 (3.8
EtC*[HuCIELplflﬁb-HED 4%.1 3.1 B.9 14 1685 326,300

(45.3) (3.1 (8.8

aEalculaied values are in parenthesis.
-3
bIn CH?CN at 298 with a solute conceniration of ca. 18 " #.

CIn Er discs



TARLE III.2

Electrochemical and Electronic spectral date

1 11 I3
Elecktronic spectraa Ru II—RU couple
, b s
Compound kmau\nm) e, M om ™) E? V) AE (mV) oc
298 2]
ttt—[RuCIELEJCqu-HPD 1466{43) , Sﬁmdg @31 7@ B985
470 R6635) ,40B{ 3895
cot-LRuCl L_1C10, H_0 1508(48) 508", 2.33 &3 1.1
B e 4 g
457(876@),39@d434@£817w)
ctc—[RuDlngJClD4-HPD 1625 (45) , 49mdq .47 7@ 1.01

450{2880), 323(8500)

azn CHQCN at 278k. hBGhdltiDnS : spivent, CHQEN: supporting electrolyte,

[NBut@J[E]DQJ (1@_1M); working electrode. platinum; reference elecirode,

BCE: solute concentration, Cas lmhaﬂ- Cyclic veltammetric data: E§98=

B.5{E__+ E ), where E and E are anpdic amngd cathodic peak
pa  pc pa pC

potentiale respectively; AE = E ~E_ 3 scan rate, 50 mVsmj- Cn = /0y
P pa pcC

where & is the calcuwlated coulomb count for the transfer of one electron
and @ is the observed coulomb count after exhaustive electrolysis;
onidation in each case was pecformed al #B.18 V vs. 8CE in EHBCN B.1 M

ENBut, 10E10,3.) “Shoulder



TABLE II1.3

Magnetic moments, EPR g values and derived energy parameters.

Derived Energy

b -1
g parageters {co )
values
D Y E E
3 -y ~ i 2
Compound g (BH) g g g 2 b r : 4 2 - =
eff 1 y z
ttt-[RuCl L €10  1.82 -2.8018 -2.2491 10,7309 0.2048 0.9762 0.071% 1.0958 4.3353 -3.4978 L.7833 6.334
22 4
(3593nm) (157%m)
cet-[RaCl L JCI0  1.89 -2.8009 -2,2350 1.7434  0.1994 0.9772  0,0735 1.1039 4.5249 -3.8199  2.Bi35  4.b66%0
22 4
{3554ns) (1499nm)
cte-[RuCl L JE1D 1,89 -2.8120 -2.2632 1.7220  0.2082 0.9755 0.0707 1.1043  4.2258  -3.3180 L7787 6,177
22 4
{3801nm} {1629na)
-1 I+
A & 1000 ca for Ru
a
In the salid state at 296K.
]

In acetonitrile-toluene {1:1) glass at 77K
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Chapter IV




CHAPTER 1V

OXIDATION OF COORDINATED IMINE TO AMIDE. S8YNTHETIC AND

BTRUCTURAL STUDIES OM ISOMERIC F(L.\II(L.,H)E(Sle CLH u
N—ARYLPYHIDINE—E~CAREOXALDIMINEJ*

Abstract The refevani{ N,H —coordinating frgands a@re
FqH4NCH=N€bH4R (general abbreviation LH. specriic
abbreviatrons LIH arnd LﬁH Tar R = H and p=tofvl,
respeclirely} and LCSH4NC(93~H*CQH4RJ (abbreviations L0, L700
!:O)E Ovrdaiion of franz— and czs»ﬁuIJ(LH};Cf; by H:D: (and

afse agueous Ce(rnr '} ailfordzs 1n escelffené viefds amrde

compiees, {rans and cis--RellQYTHICT o wmrd refention  of
parenfal TEOMEY T structures- Specfral and magnetr

&

characteriralion JdJafa of vhe compliesces are reported alfong

. Ird . .
with the kh—ray séructure of $ranz Ru (LOYLHICE . The
COUFErSIOn RutLHY T, —_ Ru (LO (LHICT aeoUrE via

L e ot

] b %
RucLHY W8,

-~

wmhich reacts with wmater, afording the amide
compien. If 15 praoposed That the wmater mojfecule adds <o ¢the
azomething Tunctien o produce o-hvdrony amine Tunction which

1y Then yapidly onidised o Torm the Final product. The

ay

orerafl reaction may be represented as tollows

]
Rua(LlHY OF R LI O, @
- .

-+ .

JRuCLHY JCIT + M0 ~——=3Ru L0 LHICE | » D2RuCE ((LHY = 3H”

e

i

A crucral reaction condrdron appears to  bhe the @Sy

aceeszybriréy of twe ovidation slates of the meéal ron
refated by TFacife {frausfer aof one elfecéron, ¢the higher

ovidat ton stafe heing sufiicrentiy polarrszing o induce maéer

i
Y



bhundring aft the afdimine ri1te., These fransformations were alsoe
arhreved by fhe photo anduced osrdatron of  the {$rans-

RutLHY CF., by moilecufar osvgen.

& - - e S
A part of ithis worl has appesaed in J, Chem. Soc., Chem.

Commitn . 1994, 57.

(H
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INTRODUCTION

Metal mediated oxidation of organic compounds is a
reaction class of fundamental importance in  chemistry. The
work in this chapter is concerned with a reaction of equation

(1)1’d where the functional transformation aldimine

ramide

pveccwrs. OJur objectives of the present work to search for the

reactive systems and to scrutinize the scope and nature of
the interesting but little known reaction- The development of
the chemistry is accidental, which was observed recently
while studying the reactivities of bivalent Ruthenium species
of the type [HuC}E(LH)EJ towards Dxidants?

The conversion of common aldehydes to amides follow

the route as

— cHo = s coon B8 conkr o
In the present work we describe the above conversion
¢



{equation 1) ainvolving a reverse sequences

RNH,, [03.

— CHO s— CHNR ——:— CUNHR 3

A family of isomeric ruthenium amido compounds have
been isolated and fully characterised. The three dimensional
X=ray stiructure has been solved for a representalive case. A

plaussible reaction sequence has been proposed.

Resuwlts and Discussion

In 1he preceeding chapter (I1) we described the

synthesis, 1solation and characterisation of the isomeric

bivalent ruthenium complexes of the type EHuII(LH)PCLE]d CLH
= a—-diimine, N-arylpyridine-tZ-carboxaldiimine. The two R
groups phenyl (LH == L1H and p—tolyl (LH = LdH)J and the

+
trivalent complexes of the type [RUIlI(LH)ECLEJ ELH =

N-arylpyridine—-2-carboxyldimine. The two K groups phenyl (LH

1 2
= L"H) and p-tolyl (LH = L7H)I]

/4 \
! R=H :L'H
H/C=N R=CHy:LZH

n
4



N« THE REACTION

Unrdation  of the 180MEY LG ruthenaum bivalent

ditmine comnplexes. LRL&II(LH)‘:,L]a with agqueous Fieoa (also

CEQ+) afford, in excellent yields, the dark colowred amado

camplexes of trivalent ruthenium of the type LRu(LD)(LH)CleJ
LLO = N~ phenyl picolinamide anion with retention of

parentsxl 1someric structure.

Ph

|
MN\R|/N\ H =
07N |u\ 7N s

0
/Cl

R=H :U0
R = CHj3 :L%0

Whilo L H 18 neutral, the amnide ligand LU 18 N - bonded to
ruthenium(Il)l) ap amnionic deprotonated form, LO . Specafaic
LU's are Llu {R=H) and LEU (R = p~tolyl). Even when excess
of hydrogen perodide 15 used only one i1mine function of one
of the o - diimine ligands 1s oxidised to amide. the second
diamine ligand remains unaffected. Thus RU(LD)(LH)CIE 18 the

only product of oxidation.



Be Characterization

(i) Elemental Analyses

Elemental (C. M., N) analytical data (Table IV-1)
agree well with the composition of travalent ruthenium  amido

COMP eI «

(11) Optical Spectra

TeFe mpacbra

1ulte speciral data were collecled as FRr disc v the

. 1 .
vange 4888050 wm . Selected group frequencies are presenled
n Table (V.8 and a represenfative spectra 18 dieplaved in

Figure 1V.1.

A1) the three 1someric amuido complexes displaved a
three band structuwre 1n the regLon 15981448 cmwl- The band

i
at Jowest energy has been a551gned“"3 to szN(pyrndlne)- The
poad
band at higher energy than Ve {pyridine’ i1s duc—:-r“"3 to Piasp

{iminie) which 15 compsratively less antense  than e

(imine) i traivalent rubthenium diimine conpleres. The highest

&
energy band 1s assigned” to Yoy

8 smngle strong and sharp band 15 observed 1n the
case of brans amido compound in the reglon 300305 (:m"~1 {Table
TV2) which 1s @hzent 1n the T.F. spectrum wf  Tree L.

L
Cvidently, 2t 1s due to astretching mode. The singlet

Pru-C 1

nature of » atirrongly ﬁuggeatq'” the linear or nearly

Ru—-C1

i
~1
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FIGURE IV.1 IR SPECTRUM OF ttt-[Ru(Llo) (L'H)C1l,] IN KBr



linear trans grouping for the Rull_ moiety and 1t andicates

=2
that the [RHJII(LD)(LH)Elgj has heen abtairned via
stereoretentive odidation of tran%«[HU(LH)EClQJ- Other two
cis—~ 1eomers of amido complenes display a doublet 1n the

) -1 )
reglon #9@-3218 cm T, as expecteds

(Ll X=ray crystal struebure

The i1mine— amide vidation process has reen
aulhenticated by structuwre determination- We traied lo grow
gingle crystals for all the three 1someric  amido compleieEs.
thfortunately, t11] date. we are urnable to develop X-ray
gualaty orystals for Llhe cis— conpounds. Faortunately,
however, single crystialys could readily be grown  for Fhe
Ltt-amide compound by slow diffusion of 1ts chlovroform
solutzon in toluene.The structural worl was carried oul by
Frof «AChal ravorty and his group  at  the Department ot
Iﬁmrgan1c Chemtstyy of  1.68.0.8. The three dimernsional
drawings of the worl ed out structure 1s displaved 1n Faigure
W.2. Cryvatal datla and selected bond distances and angles are

Tisted (Table V.33 Table IV.4)

The compound crystal lises aut A
rRu(LlH)(LIG)C]PJPhMe- The coordinebtion sphere involves

RquCIEq bhe two pycidine Mitrogen aloms @8 well as  the two
chlovane atoms Tie trang to gach others The chelating ligands
display an interesting disorder. Even 11 the complexr can  be
centroasymmetyric, the metal atom 1n the lattice lies on &

center of tnversion. Thus the molecules are packed i btwo

ot
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FIGURE IV.2 ORTEP PLOT AND ATOM LABELLING SCHEME FOR
#
ttt- [Ru(Llo) (L1H)Cl,1 IN [Ru(L'o) (L'H)C1,].CH.CH,



equivalent but opposite orientaticons such that carbon and
nitrogen atoms of the two bidentate ligands are nearly or

complaetely superimposed-

(iv) Electronic Spectra

The electronic spectra of +the isomeric trivalent
amido complexdes of ruthenium  were recorded inn the range
2200250 rnme- Major bands are presented in Table IV.-3 and the

gspectra of a representative case is displayed in Figure IV.3.

The complexes have a“intense band near S1S nme The trans
amido complex also displyed another peak at 309 nm together

with a shoulder at 338 nme. Whereas in the cases of other two
cis-isomers,an intense transition near S00 nm and & shoulder
at the wv-region were observed. The origin of the visible
range absorption may be due to LMET(ligand—to-metal-charge

. . 7
transfer) exitation.

Moreover, a low intensity band occurs in all  the
compleres in near I.R. region at ca-144880 nme This band is
assigned to ligand field btramsition within the tp'ﬁhell gsplit

by the rhombic nature of the ligand field.

(v) Magnetic Moment and EFR SBpectra
The magnetic moment hasg been found to lie in  the range

1-.88 to 1.89 Mg for all the three isomeric amido complexes

=
and all of them are of low spin, o configuration
tidealised t;q; g = 1/8) The EPR spectvra of the three
isomeric Ru(lIll) amido conpledes &Y @ rhombic {Table
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FIGURE IV.3 ELECTRONIC SPECTRUM OF ttt-[Ru(L'0) (LlH)C1,]

IN CH,CN



DPPH

I I I I I
2200 2800 3400 4000

H(G)

FIGURE IV.4 X-BAND EPR SPECTRUM OF ttt-[Ru(LlO)(LlH)C12] IN AN

ACETONITRILE-TOLUENE (1:1) GLASS (77K)



IWeaebsFagure TV 4) at 77 i frozen acetonitetle—toluene

lass.

The spectra have besn analyﬁeda with help of
crystal faield g—tensor theorqulg orf low SR d5
configuw ation. The rmportant result 1s that for each of tlhe
complenes the computed energy of the ligand field transitions
wilhin 1he tE shell, split by Jow symmelry components, fits
well wilth the energy of the observed near T.R. band {(Table
IVMed)e TFoy 120mer 1o Ru(LD)(LH)CLE compleres both thies
predicted and the obsevved snevrgies of the band tollow  the
order bhans » cis. This trend i1s «lzo consistent wilh  ligand
freld descyiptron of fa &pl]ttanja"lﬁ The trans 1S

tnequal sty s of  diagnostic value Tor aisomeryric sbruclure

dEe tnmeiyl .

{(vi) Metal Redou

In CHQCN(B-j mel dm~3 i the TRAFP, Fl-electrode)
the trans a6 well as cis-amide completes display  two nearly
reversihle ane eglecirom coyclic voltammeric yvesponses atb
va.—~@.10 Vo and  at FofS Vo due  to RG{TFIT) Tl and
Ru{IVI-RudIID) yvedo:r couples. respectively (Table IV 7.Figure
IVLBY. The oy igunal diimine complesdes display Lhe cne

ot -
eleclron cyclic valtammetric responses abt ca.8.33Y due to

FudtT 1 --Rull ) vwedox couple

brans—/c1s-Futt L) G114 e — met YL o1
ot p— ot

&
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Mie much lower wvalue of RW(IIT)-Ru(li) i amide,

trans—/cie—Ru DL (LHOEL + & — Rut b oo (e,
2 «— &

then an 1mine s=s1gnafires the strong stabilizabtion of the

2
higher ovidation state hy the hard amide 1ngandf"16

The eleclirochemical data are lisled in fable 1V.7.
The tremd of the reduction potentral (EDWBVS SCE) 12 noted.

Reactions of Isomeric Ru(LH)201; with water.

)
Tn wet gulutnmniv RU(LH)PCLP reacts  on heal 1my

spontanenously andd gquantirtatively as,

-
3franswic15~Ru(LH)QCLP - HPG —  brans-/cre-RudLO)(LHDCT
[l m — [ il

.l.
FAEH 4+ 2 trans - /cxs—-ﬁu(LH)EClED

A Reaction Model

The addition of water to the imine function leading
te an a — hydrowy amine molety [O=N ——  C{OHD)-NHI 13 &
documented pathway for the Schaiffbase hvdrolysis (to C=0  and
*NHE)" A plaussible ratiranale for the abhove rnoled
transformalion 1s  the close association between Ra{l LD

o-diimine compley and  water which evpressed by general

evuat 1 on

) i
RuxLH)aCIE + HEG Aa

The corucal requirenent 15 the addact A must

undergo rapid ordation before the possible

&1



hyvdrolyvsis--related complications could set im. Two electrons
are to he transferred and a plaussibie route may re

1llustrated as Tollows:

o

N o
RuiLH)RCl! + A — Bt B2H o+ Hu(LHﬁeC]E

Ni-

5] CorH

Ru(LH) C1,, + © D + RuiLH)_CI,

A ] Ouidative vadical 1ormetion
K e Tnternal redor and proton {oss.
[ D Metal ostrdation
o+
The trivalenlt comples, Hu(LH)?CIE acls as ars
external omdant. In the presence of agueous HoO., or Ce(lV)
acts as lhe external owidant and ihe whole of RU(LH)EDIP 16
thus converted to RU(LD) (LH)Gl, via Ru(LH) C13
RUCLHY 01, + Ce' " —— RudLH) _CLr + oo
. [ | o v
( + o A , . 3+ +
FudbHy _Cl. + H_O + 2Ce — Ruil{LFDHCL + 2Ce” + 3H
23 & &2
- N
EHu(LH)PCIE + HEHE —_— Ehu(LH)PLIE+ 200
Hu(LH)861g T HGD 4 HLU, —— RufLU) (LFDECT, an” o« poH
+ +
SRR - —  Rufl PR “+ -+
) Fu(lH)ECIE t HHUE Fu 0y (LH Fla HEU i

Rased on the following discussions 1t may bhe concluded 1hat

the following general points appesyr to be crucial for  the

transformation, coordinated aldiming —— amide

ag






{a) The coordinated metal atem should have two eas)ly

e B -+
accessihle cuidalion states (Ru o Ru™ ).
{(hY The bhigher oirdatron state shouwld bave sufticrent

polarising effect on Lthe aldimine function to male carbon

s1te electyrophilic enough to promote wateyv binding.

() The water adduct should have the abi1lity to undergo rapad

@lectron transfer al ligand and metal sites.

These provide a worbing base tor euwpanding  the

soope of the aldimine

amide reaction to newar system.

Fhoto Induced Oxidation of ERu(LH)ECIEJ by Molecular Oxyger.

A praeliminary report.

in this secbtion we desciyibe photo induced
tramnsformation of one of the coordinated imine functions 1n

the trans i1somer of ERu(LH)EBIEJ by molecular oxyaern.

rut LoLry o1, -92:02  n BT m (Ll
ably o

The green sclution of trans - Ru(LlH)EClP in DHElc3

(@-02%g 1n 25 ml CHC1.) was aurvadiated with a 180 W

3

medium-pressure mercury lamp for a h 1n air. The solution
hecame ved bhrown. [t was evaporated and corystallised from

CHClB~DéHjE (L2l mixture {vield 85%) . The product .

analygedjg aE Ru(LlG)(LlH)ClE (LY = N-phenyl pircolinamide).

lts spectral and electrocrhemical properties correspond to  an

aulhentac 5amp1@d of tranamERuIII(LjO)(L}H)Cl 1 prepared by

2
reacting transwERuII(LLH)Cla] with H.0,.. The starting materral,

=

o

©3



t“anﬁmﬁu(LlH)PCJp 15 stable in  daerated conditirons and  an

dart « Howewver, the transformabtion,

LFBDS“RUIl(LH)Eﬂlp———a kran5~HuTII(LD)(LH)Clp Was also

ohservable in sunlight but the rate 1s very slow (ca. 100 k).

The above reaction proceeds smoothly i the
presence ol alrs Therefore, 1k 18 reasonable that
coardination of melecular uygen at the metal occurs as  the

initral  step. Recently., 2t wae shown that dioxyoaen

20,21

coordination to ruathenium{ll) ocours at the imitial stage

tir the oxidation of coordinated phernoxazinylate radicals it
may be noted bhore that ithe reaction, under consideration, 18

highly epecafrc and occurs only 1n the fran5~ﬁu(LH)ECTEu

Meiither of the other two geometrical rsomers of Hu(LH)pCIP

o)
novr the tris chelated cnmp1exET PRdLHY 110 ) L. 0 reacts
a 4 8

uwnder wdentical conditrons.e Thas s probably due o stevaic
demand foy the odvyvgen attacl at the cenbtral metal 100 bhe

brang planar arrvangemenbt of F(u(LH)a motety of  Rudl(l:h, C1

=T

world facilitate the attaecl of Q.. The bivalent rubthenium

)
rovygen coamplex, thus Fformed, undergoes ey sphera
) . ) . NS B .
electron transfer to produce  transient [Ra —,., which 18
[

followed by odidation of coordinated imine i the presence of
laahte The role of WY light 38 to activate 1he imine
function. The succeeding sleps an oxygen atom  rvearrangemenl

e ek velt clear o uss

Inltereslingly, the mixved ligand Ru(1TI)—amide,

g2 1 quile slablte and does nol  wndergo  any  further change

by



evern after 1rradiation for a lomng taime {(ca« S hl. This,
ohservalblon. i turn,  does  cupporl owr  propogition of
formation of dioxygen complex at  the initbtial stage. The
higher otdation state of rabthenaum (+3) w1n 8 18 nob suitable
for intevraction with O ang thus the reaction does not

&

procesd any further.

In  summavy., 1t may be stated that the above
reaction 1 one of the rave evamples of metal mediated
pholochemical onsdatzon reactions witbh molecular civgens the
roactron 1 dependant on the geometry as well as  Lhe
electronic structure of the compound. Ongoing sludies include
detailled mechamigsbic probing of the processes involved and to

design other syslens to generalire the above reaction.

EXMERIMENTAL SECTION

A« Physical Measuwrements

Molar conductiviby, Tnf ared and Electronaic
Gpectral Measwrements have done as described in Chapter 17.
Eleclvochemical measurements were done as described in

Chapter TI.

B« Formilation of compounds

This was done by ©C, H, N mocrocanalyses. The

instrument used was same as describoed i Chapter 11-

&HE



e EFR Spectra

Theese were recorded on & Varian E-109C spectrometer

fatted with a quarts Dewar for measurements at 77 (liguad

it

nibtrouent and the gpeclra were callibrated with DPFFH (g

A AE37Y .

PDe Mateviala

The three 1somer « of Dichlo obie- (N-phenyipyridiyie-

E-carvboxaldiming) vubthentum{ll) were prepaved wsing the
methods descoibed 10 Chaptlter 1§ Taetrabutvl SMMON 3 Lun
perchilurale  (TBAF)  was prepared using the same me b yo

described 1n Chapler 1T tor lelrasthy]l  ammomium  perchlorale
(TEAF) « Fuimificabron of acetonilrile and chloroform were done
as desoy ibed 1n Chaplter 17. Dintlrogen gas was purifred by
A ; b y
gurct§q1velv bubbling it through an all aline aguous solution
N
of sodium dithironate and concentrated sulphuric acid.  Sodium
perchlmrale(NaCle) was prepared  wsing  the same me thod
deccribed 1n Chapter 171. The three 1somers of Dichlorubs

~{pN~phenvipyridine-2-~-Carhodaldimine) vutheniam(TTI) We @

preparved uwsina bhe method descitrbed in Chapter 111.

[Fo Compleeas

The three 1somevio trivalent e i um
amidocompletes, TRH(LU)(LH)CTEJ, were synthesised wusing a
neneral  procedure. Yields varmied wn lhe range TH~25%
Detayled procedure for the prparation of one of the i1somers

18 given below.

13
gl



1

trans~LRu (L D)(L1

H)C1,3 trom trangmtﬂu(LlH)ClEJ-

o a suspansion of tran5~ERu(L1H)EDng CHRE mg) 1T

chloroform (38 ml) was added 30% agquous HEOP (38 ml) and lhen

[

the misture was sturred at room temperatuwre for & 0 hrse. [he
reddﬁf/grwwn chlorofarm extract was then separated wusing «
separating funnel. The reddish by own resitdued oblawned afler
solvenl removal was purmified by column chromatogyraphy  on
a1l lica gel (68-12¢ mesh) using CHECN~GHE18 (lal@) . Fuinally

the compund was recrystallised from CH013~CéHjﬂu

Yield & 75%

o Reaction af &rana«/cihwﬁﬁu(LH)EG]EJCloq with waters

It 15 performed simply by bowtling Lhe solution of

+
fﬁu(LH)EBlEJ in water and a specific case Js described below.

fi solulion of ERu(LlH)EC]E]+ (58 wg) 1n water (25
mi) was bolled on waler-bath for 1 hve & davt b o
chlorofaorm exlract was then obtesined from 1t The vresidue
obhtained after solvent removal was subjected to column
chromalography on a salca gel column (A@-128 mesh). The
first moving ogreen band eluled with CHBCN~CH013 (1810)  was
characterised to be the bivalent starting material. trans
FRU(L}H)EC]E]- The second reddish brown fraction eluted with
L:HH(_“J\l——tlkif.tl:3 (2161 correspond Lo authentic sample of
trans«[ﬁu(LID)(LlH)ClEJu

&7



B. Crystallography of tran%"ERU(Liﬂ)(LiH)CIET

fingle cryetals ot bthe compostt Lo
lrarw\sswm:-:u'thit})t(L}H)Ci]E]uCI{,}!—IE’WEEH:q were grown from  Lhe slow
diffusion of loluene 1nto a chlorofaorm solul 1on of
tran%wfﬁu(le)aLJH)Cleln The unit cell dimensions are  listed
in Table V8. The stivucture was solved by the PFPatbtbteson
heavy -atlom m(a*tl'n:ud--EEI"E"Ml Final cvycles of lerst SC&TE
reTinement converged with drscripancy indices of R=0.0317 and
szquBQmu Final postiional parameters oy selectred atoms Tor

Lhe strucrtuwre ave contalned in Table IV.9.

H: Fhotoinduced Oxaidation of tran9~ERu(L1H) Ci.1

a8 a

A we ] 1 thermostated (T=30@1 ) zolution of
Tranﬁmtﬂu(LiH)PC1gl was euposed to a Ha-vapour  lamp (180W)
for | he The solution was then evaporaled to diryness  and

cryetallised from chloraform-toluene.

83



TAELE IVl

Analyltical Dats of [RU(LD)(LH)C]EJ

Calcd

1G.1&

10314

iB.164

Fab7

Found

9.9)

9,93

7.13

%0 %H
Compound Formila =~ —eeeeee e e e e e
Calcd Found Calcd Found
1
i { G Br.27  8i. . N
trt-DRuiL E)(L HY IE] quiqm GL] Hu & 7 i.84 .44 g.(9
cat-rﬁu(Liﬂt{LlH)ﬁE 1 B LOCT Ru S2.287  51.91 el F.91
& 1? 4 2 - = -
cic~[RuiLlD3iL1H)E1 1 Co o H, N O R BE.827 S91.47 Hdadrh 3.7H
= By i9 g g - -
g2 2 , ;
Prt=iRudl Oy G HARLLY DL H_WN, 01 Fu 5R.88 592560 297 4.4
2 o 23 4

cct-LRu(LdD)(LEH)ClE] D Ho i, Gpl Fu 43.88 52.93 3«77 4.17

2 2 -
cto-LRu L0y ol H)CIEJ L”HEBNQDELERU

o
o
jux}
a2}
i
w
L3
[y
~G
wl
Ry
~J
£
T
Sonnle.
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TARLE IV.2

Infrared Specitral Deta of Lhe complexes [Ru(LD)(LH)ClEJ
qinawﬁcmmljalb
Compounds e e - e e o i
C=M {1imipe) C=M{pyriding} C={ Ru-£l
ttt—ERu(Llﬂb(LlHiElg] 1605 1595 1530 2@
cct—ERu(LlG)(LiH)Elbl 15660 1590 168% 325,318
ctc»[Ru(LlDW(LIHWCIEJ 1605 1595 1630 A2, 3868
tttﬂtﬁu(LﬁD)(LEH)EIE] 1685 1595 1638 315
ECt'CHU(Lﬁﬂ)(LEH)ClDJ 1605 1595 1630 323, 385
- 2 2, . -
cte-TRuilL "0y el THR G 1685 1556 1625 315,295

8 Spectra were recorded in PEr disc (4808 - 250 cmnl}

b All bands are sharp and strong vnless otherwise stated.



TORLE TV

Seleoted Bond |oenglhe (B) for FLL-LRu(l
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TARLE Va4

Se e ted Bomnd Angles (9 tor tt#~£ﬁn(LJU)(L1H}Q1P]
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TABLE IV«

b

Magnetic moments, EPR g valuves and devived energy paramelers

Compounds

=}
BO o CEFD

b
o values

Derived Energy
payvameters{cm )

cob-LRulL oy (L]

9 Hp 83 AE, Ay
i i
PtE=LRuALT Oy (L H)ElE] 1.38& 26038 F2174 0 1.8879 2876 LH8TL
{258 nm {1458 nm)
H)EIE] 1.8 2.5027 2.BR33  1.8186 3056

C{c~[ﬁuiLlD)(L1HlE153

“ In solid state at P98 F.

I acetonatrile-toluene (1:1) glass

250138 E.2363

TRV

(1413 nm)

127990

HEE0 &535
(3075 nmY (L3327 nm)
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TRBLE IV.7

a ; :
Cyelic voltammetric data® at a plabinum working electrode Tor the complenes

ERU(LU3(LH)C19]

- o 4
Compounds EEQE b{&EP my)
Ru /HNIII RuIII/HuII

itt—iRu(LID>(L1H)C1q3 1-29 ~f@. 14
. 1 i, .

cot-LhRudlL " (L HzClE} 114 ~-R.83
- i 1, p

cto-LRu (L O (L H)ngl 1.3 ~Baiul

) " 8., d - P

ttE-TRo{LT0Y (L HSCIEJ .29 ~@.18

2 2 ... -
cot~fRu(L™O) (L H)Cla] 1«13 -@. 22
:t:"fHu(LED)iLdHWClQ] 1.36 ~@.13

& .
Befinitions of the svmbols used are as in the text, all E values are guoted

vg. BLE. v = o8 mVshl in EHqEN (B H[Nth}[Elﬂql)



TalE V.8

Crvetallom aphio data Tor th"[Ru(ilulﬁL!H)ﬁl
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1 !
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CHAPTER V
SYNTHESIS. CHARACTERISATION AND HIGH  RESBOLUTION  PROTON

REGONANCE BFECTRA OF EQQLEJCIO (. = N=ARYLFYRIDINE~8 ~

4
CARBOXALDIMINE) AND THEIR HEASTIVITIESM

Abstracts The N-arvipyridine-Jt-carbosaldrmine (L, 0y {rgands
vield biz—~chelated sziverd! complenes FAgLEJ%Jn methano{ .
The catronic compleses have been i1zolated azx orvstalfiine
perchioerate salfsz which mere Jharacterrzed by efemental

analivzes and spectroscopic method:. The coppieses are [l

T
By

efectirolfvies xn methanof., The zofulrans ot the compien are
stable n mefhancel and chioreterm, but diszecrate n
- & i - 1 ofs 3
aceftonytriie. The high reszofubson " HHWNR  spectra of sriver
N , \ 2 3
compieses with drrrferené zubszsértuted ligandz L - L7V are
reported and compietely az.zigned. I1¢ 15 conciuded that boiéh
~ & vy - -+ - & ~ ¥ ]
the chefate rings an Agl., are magneds o alfv equivalend and
"
contarn an etvecésre Co-avrs. The chemi-al reactrons o7  the

sriver complesesr toward cochieoride aft

1y

et  rreon 3V IV IV O

iy

cahait (II?) and nichelf (IT) have been esamined. In alil cases
metal eschange reac{ions tabe place o viedd WL B = 5iyon
(XY, cobalé2dr, nichel I737. The redon properties of the

-
w. o

HL3 compounds gre brietdy examined.

#*
fhis wort has appeared in Pofvhedron, 1994, 13, 1863.



INTRODUCTION

We have recently initiated an investiogation into
the synthesis of silver ([) compleies of neutvral N, N-donors
in order to use them to synthesise other transition metal
complexes Trom easily accessible metal chlorides. In ouwr
initial publicationsl’a we have described the successful use
of Ang Lk = E.E'— bipyridine or 1,19 -~ phenanthroline oar
Ewarylazupyridinela—5 in the synthesis of some important
ruthenium and rhodium complexess. This has encouraged us to

initiale research on silver(I) complex ot a neutral Schiff

base ligand system. N-arvipyridine-2-carboxyldimine (L,1).

1+

@\\\
_Y=Ag
H SN-~

In the main part of this chapter, we describe the
rtsolation and characterisation of monomeric tetra
CO”DVU1ﬂatEd6 silver(l) compleies of L. Assesament of

sbtructuwre and the solution stabilities of the complexes have



heen made on the bhasis of spectral data. We also descoribe
here the uwse of lhese compleses Tor Lhe synthesis of some  of

the | nown compounds of w1ron (F1y, mickel(ID) and cobaltb(Tl).

Results and Discussion

A Bynthueslie

7
The three ligands wsed for the present worl W e

Lon)

Nl

&
aenerated nsitu " by reacting pyridine-P-carbonaldehvde and
the appropgriate pramary  avomatilic amine L1 bt mo lar

myaportrtons 1in 2albhanal .

thOB riacts smnothly with an ebthanolic solul ton
of L1 at a boriling temparature n the molar ratice 132 Lo
vield catiomoc compleles EQQLEJF(E>q which have been 1solaled
as Crystalline perchlovats salts  on hwigh yields from Lhe
veaction mixbtuwre. Bven when metal-to-ligands ratio enceeds
et ondy laas - ligated compounds are  formeds Mie gene al

syriitheltio roubte 1s shown by the egquabtion L.

.[-. p—
fin] — A e
AgNO, + BL [Agl,l  + NO,_ )

Recrystallisatiaon of the perchlorate salte from Qs
methanol ~water M1 bure vielded Fughly crystalline
conpound. The yvields of the compleres are quite high ( 7o%).
Tt may be noted here thalt lthe covresponding bis ammplexq o f
bpy and phen, Eﬁq(bpy)HJ+, Eﬁg(phen)93+ respectively  were

obhrtained only 1 Tow vields.
The stlver-l. compleses are highly soluble 10 common

73



polar organtc solvenls lile acetanatirile. chloreform eto.,
moderately soluble 1n watbter and insoluble 1t nonpolar benzene

herane elc.
Be Characterigabtion

The salver (1) compleses of L{1Y are wllained asg
Mighly crystalline light vellow negdles and can be stored ftor
& Tomng time. They are formalaled by elemental  analvses
(C.H.M) and by estimalion ol si1lver (Table VY.11'. The reaults
of estirmatron ﬁu+q as well s L.HWN analyses conclusively
suggest lhal the number of lLigands (L) per stlver 1on 18 Lwo.
Further oot rvrmalron vegarding lhe presence of Ag(l) 1on  has
been matle by magrnebic =suscepbibiiity meastraemnenl .« The

(djm

compounds are  diamagnel 1o ) in nature.  The molar

conductance of LQngjClmq(E) in melhanol (Table V.2) lies
Voo
T el B = —~ ] 1@
hetween 183 and 11@ ohm oo mol . Bugaesting & 121 type
of elecirolytic nature  of the  compounds . Mese resulls
collectively conform bto  the forowlation ol compund as
lAqLEJLLun

C- Bonding and Assessment of Structure

(1) Infrarved Spactbra.

Infraved specliral data of EAQLPJCID were collected

4
as FBr discs in the range 46080-&608 cm—j- Characteristic group

freguencies are prezsented 1n Table V.3. Bome of these bands

are found to be uswiu]ll in adenbifrocation of the ageomelry

7y



and honding of the comwpleses and ave consideved here. i he
broad structure less bandlgq Yo at a ca. 118@ cm

zuagests the lacl of significant perZhlmrate coaordination  an
ithe solid state. One of most signefrcant observabtion an the
IR gpeclra of 8 1s the consistenl appearance  of lwo  slyrong

. -
hands at a ca- 16823 and  cas Jald  om whaich have Boen

{imine? and o (v adine) yespectively .

a551mned11 to w
- {Tmiy =iy

Free ligand. Laq dlsplayq1l absoyplion due to vP:N(pyrldmne)
-

and (amine) each at a cas L&A and  cas 1638 cm .,

Yoy

respectively. The shifts of VP=NtD loweyr frequenciles suqgests

that the llgand§ L o1s comrdinated to silver(l).

(i) Electronic Bpechra

Bolulion electronic spectra of the silver complexes
ware siudied tn bthvee different solvents, vir.methanol,
chloyotorm  and acetonitbtrile in the uv-visible region to
aesess thetr solution stabalities. The data are presented 1n
Table Vi The electronic speclra of 8 are dominated by two
intense  absorptions 1n Wy veglon occwring at ca. 300 and at
cas 2BPB nme These intense transittions may be aS%lgned'B to
immtralicand & — n* transitions. An 11 defined shoulder at

cas A8Enm in the complex.f2.was also observable.

The stabi1li1ty of < 1lver compledes 110 chlorofaorm
metharnol end acetonitrile have been verified by Reer's law.
The intensity of the band at ca. 300 nm doee not change wibth

dilution and & plot of absorbance. A, versus concentration,
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FIGURE V.1 ELECTRONIC SPECTRUM OF [AgL22]C104= IN CH3;0H
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FIGURE V.2 VERIFICATION OF BEER'S LAW IN CASE OF [Ag(L1)2]C1O4:
(a) IN CH;O0H AT 302 nm

(b) IN CHCl; AT 302 nm



. along aboci1ossa and ordinate respectively gives & straighl
line passing throuwgh origen, the «lape of which gives the
vaelug of molar extinction coefficrent, & ( Figure Vuail).
Hence, Beer s law 1s veritdiled and EﬁqLEB+ rs abtahle 1n these
moalvente. Unlile chloroform and methancl, the solutions of
comples, EQQLE]F doo nel  obey Beer's  law i atetormibriale

indicating theyy anstabilirby an acetonitriles

(ii1) ‘HMMR Spectra

e j
ALL the EﬁgLPJ conpleves show well resolved HiMFFR
Lpectra tn CD(ZIL,:3 at 46a@ MHz. Chemical shiflts and coupling
constan!l data of free L and the coumplenes are Listed in Tahle
& \

VaE and the speclre of free La and the compled EAQ(LE)PJ+ are
displayed in Figure V.3. Assigoment of tndividual prolon
resonantes are made o the basis of therr relative antensi by,
gpin-spin strdcture., subhstitution induced effect and also by
comparison of the spectra wiilh those of ruthenium complexes
of L. Thus. the si1gnal due to &-H and 3-H appear as doublels,
whareas S-H and 4-H are lriplets n all these complenes. the
chemical shifrts of the pyridyl protons LHQLE]+ complexes e

in the order 3 & & o) &

ot P Cu-n° The signals due to

B "
ncividual aryl]l protonsg s e also assigned on a similayr basis
using -ubstrtuent indueesd change in splilbing patterns and
chemical shifts as additional indicators. For eirample, O8-H
and 12-H signals appear as cowncident doublets 1 all the
AQL; campliexes. fhe 9-H and 11-H sianale appear as  coincident

7é&



|
triplels 1n the compley of L, whereas, i Lhe complexes of

- .

L™ and qu thowe «ppear as coincident doublets as  enpected.
..!-

The signal due to 180-H 4n Lﬁq(LJ)uJ complenr appears &8s A

hhaplet. Furthee the shift of the 9-H signal to higher {veld
wnogowng fyoun Ll to corresponding LE compler 1n accardance
with the electron releasing character of the mathyl
substituent. The compled EQQ(LE)PT+ also shows a sharp single

mathyl signal at 2.27ppm.

The overall examination of 1HNMF# data reveals the

fallawings:

{a) The pyridyl. aryl as waell ag 1mine proton

resonances of  the ligend L shift on coordinabtion.  The
“dn

coordination induced ah:ftsiﬂ n [QQLQJ are due to

coovrdination of L to @g+$

() Im the prerent group of compleves each kind  of
proton uives ruise to one signal (singlet o multiplet). It
is, thereftare. certain that each of the compounds exislts as a
single rsumer and the two chelate rings in 8 are magnetically
sguivalent at least in the NMR time scale. A two fold anis of

symmEt v 18 Fthus regquired.

The 1HNHR data, presented above., 18 thus consistent

with the letrahedral geometyy of the complenes.
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De Chemical Reactlvities

in Lthis section we reporl the reactions of lhe
chlorides of Fe(ltl), Nililrand CI{II) with AQL;(E)u It was
anticipated that the interaction of metal chlorides with 2
might lead to metal-l cospounds. Accordingly. 1n line with
the synthetic sbtrateoy the following reactions WeT e

wndertal en which led divectly to the enpected prodiucts.

- , + AL & . .
FELIBan&U + BQQLE A l"-caL:B + 3BAagll + 3L ¢
. - 2 -
Tl «a6H. 0 ¢ 2Adgi.. _— Col., + ool + L =
e ~ o o
NiCl GHL. O+ 20 I+ —_— N !E+ S C A T w | I R S L
1 o o £y o [w] -y - 1 oy s 1] =3

ALl the reactronsg.(8-4), mentironed above., proceed

¢ e
smoothly 1n methanol Lo vield divectly MWLZ and  Agll. The

3
cationte tris  chelates have been isolated as their
perchlorate salts Trom solubions. In the case of 2von the
reduction of iron{iill— 1vond{li) occours 1 the reaction
medium. The high axidalion potential of Fel{lll)/ Fe(Tl) {(vide

infya?) of this complen 1s no douwbkt one of the contvolling

factors Tor the reductions

Ee Oharacterisation of the Froducts (Reactions 2-4)

(@) Formalation

The 1ionm{ll) comples 18 blue violet whereas both
cobaltiIl) and mokel{ll) complenes are orvange. fach of them

are obtained 1 & highly cryvetalline clale and 1 hagh vieldes



and ae soluble i polsr solvents lile CHBCNq CQHEUH” CHgmH
etc. They were formulated by elemental analyses (L, H., N) and
estimation of 1von. cobalt and miclel (Tabhle V.6). The
results of estimation of the respective metal and C,HN
analvses conclusively suggest that the number of ligands . (L)

per metal ron ss three. Each of the compouwnd 318 assocraled

wibth ane molecule of waler of crvstal lisation.
() Molar Conductance

The molay conductance of the complexes in methanol
(Table V.72 lie betwsen o arnd #2E@ mhmwlcmammw
%ugge&tlnqlm a 132 type af electrolybic naluwre of the
campounds.  These resulbts collectively conform to the

formuation of the compound as FMLBJ(C]D wHoO (M=Fe,Co.M1).

4@ e

(c) Infrared Spectra

Tnfraved spectral data were coliecied as | Br diwcs

-1 .
in the ranae 4000 +8 &80 cm - JOelected oroup freqguenctes arg

presgnted 1 Table VY.27. Al the compirleres sheng the
characteristic abgmrptrmnslj for vczm(1m1m93 arn
vnmm(pyr1d1ng) i the range 1658 - 1E0A cm_J The Bband al
highey energy 1% due Lo vuzm(amlnei and the lower energy band
15 due tw vC=N(pyr1d]ne) o the respecbive compounds fhe
broad structureleegs l".a::m«:l“-”),l uClm; al ca. 1106 cm"J sunges s

the lact of situanttilcant perchlorate coordinations

P



(cd) Blactronic Spectra

Solublion 2Rlectronic specltra of the complenes were
studied 10 acetonitrile i the W-vis regron. The data .uoe
presented  wn Jable V.8 and  ropresentelive  speclra Pt
desplayved 1n Faigure V.%. The eleclronic gpectra of  all the
compleres are dominated by  absorplions an The IV yenion
grouring at cae. $BE@G, at ca-3280 and at ca B30 nm. These may be
assi1gned bto inbira 11qand13 H“nw Lranstibions.  Furthermore,in
case of 1von complen two other absorpltions at 578 nm and a
shtatlider at G830 nm are observed which may be assigned to MLCT

(metal-to-ligand charge transfer) [ta——~ n%(L)J tramsitions.

o
Spectral data for the compounds agree welill"!)"am

wilh ihe rveported data. hus we conclude that  the compounds

are Lthe same as (hose described earliers
(@) Redox Properbies

The redox propevties of  the compleres have hean
studred wvoltammebtvrically on the posibtive of $S.C.E«  The
crupprl estes of 1o and cobalt are elecbroaclive and  show
reversible oxdation responses al c&.l 20 and Ca.@.7@ V.,
respecthively. Yolitammetrio dala are summerised in Tabhle V.9
Al representative voltammograme are digplaved in Faigure Vaoée.

Tl

2+
For COMDBAT LSO, MlI1KM couple for Fe(bpy)g

e o
Ga(bpy)z {bhpy = 2.2 '-hipyriding) occuwr at J-@BEl arnd @.03 VEL

ancl

respectively. Mo attemplt has been made to igolate fervic o

cobal tie compounds 1 Lhe solid state.

B



| 1 1 l 1
1800 1400 1000 600

Wavenumber (cni?)

4

FIGURE V.4 IR SPECTRUM OF [Co(L?),;]1(Cl0,), IN KBr
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FIGURE V.5 ELECTRONIC SPECTRUM OF [Fe(L?),](Cl0,), IN CH,O0H
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FIGURE V.6a CYCLIC VOLTAMMOGRAM OF [Fe(L?);] (C10,), IN CH,CN

E(V) vs. SCE
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Fe Conclusion

it 18 demonsl rated that
M-arylpyridine-Z-carbodaldimine ligands display high atfinitby
towards =1lverdl). Stable, 1letiaccordinated, hsschelatod
comnpletes o f the Ty e CQQLE]+ are 1solated Aarc
Lharoughlvecharacter ised waith the help of spectroscopic dalas
We wieh to note heve thal the examples of slable., monomeric
letvratoordinated s1lvecrd{l) complenes avre rare. The ease with

wWwhiieh | oyeaclts wilh si1lver and the stabs iy of Fhe resultant

bis compledsss. @ven n solulions., are wanprgeented for  an o,

a- ~ diimne chelating ligand.

Finally 1t may bhe concluded lhat  the generalised
approach to  the synthesis of M-l compleses from eastly
accesible melal chlomides and B has been establised. These
raeactilons have led us to some interesting  compounds  of
rubthernium{ 1), which are described 1n the succeeding two

chaplbere.

EXFERIMENTAL SECTION

fe Physical Measurements

Melting point oeasurements., Molas Conduclivitly,
" i
Infrared BSpectra, Electronic Spectra. HNMR  Spectra and
Magnel 1. Suscepbtibility Measurements.

@1l described an chapter I1 and (1T1.
Beer's law wverification of the salubtions of
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L(Z‘;c;;(Ll)mJCHD4 have been made specbtrophotometrically using the
vaurrrous  concentrations(C)  as Lven belouw. The molar
absorbance (A values are given in parentheses. A4 plot of A

varsis concentration C s displaved in Figure Va.2.

(1) CHZOH : 3.06 X 108 L) . SedB X 1B T (he178) .
9.E0 X LB TUB.RIE), 9.01 X 1@ "(10.305) mol.dm © at A Qe

ma

—y '
{11} GHCl,:K Poheh X 1@ T{4.42%), 6.6l X 1B T(LHJEBR), B.88 X 10

(D B3B10. 1182 X 10 "(L1.035) mol.dm = at A ABE fme

mea

Be Formulation of Compounds

Complenrs were formuliated on lhe basiye of thoe
resulte of C.H.N, microanalvses as desciyibed n chapter I
and alsa by chemical analysis of s1lver. Si1lver was e#stimaled
gravimetbtrically by precaipailabting as stlver chlorides fhe
detalled procedtre 18 girven below.
FégLaJCIUQ- A nown welght (8.400 memol) of the compound was
tal et & 90 ml. contecal flast and 1t was digested thrice
with & mixture of an equal volume of 18M peychlorie acid (2 X
1@ ml1). The colowrless residue thus obtained was cooled and
e btracted four times with distilled water ( 4 X S@ ml) and
Frilterede. To Lhe firltrale @.28 M HCT was added with stivvring
tall the precipitation of AgCl 1= completed. The preciplrate
was allowed to seltle an deo ke T 2he T4 was  then farltered
tha ough werahed G-4 sintered glass  Tumnmels Tt wasr  washed
Lhrraughty wath dastalled water it free from chloride. The

precipilabe was frrsb drasd at 1o00”c and then at  130-1507C.

8/



1t was cooled 1in & desiceator and weighed as AgCl to a

temstant weight.

lron., cobalt and nicl el were estimated by the

reparted procedure. While i1vron was estimated volummetbtrically

using L Cr 0. as a pyamary standacd, niclel and cobalt were
2 27

estimated gravaimetrically as Mi-DMG and Co-ot-nibroso-§3 -

naphthol compounds respectively.
i« Bolvente

Commercial ethanal was  distslled and used for
preparative wrl « Spectrograde acetonitrile. chloroform  and
methanol were used for spectral and molar conductance
measurements. Distilled water was used fovr analvtical worlk.s
Resides any other solvenls used for preparative worl are

referred in Chapter Il.

e Proparation of Compounds

{a) Chemlcalas

The chemicals and thelr sources are as follows:
The chemirals required for preparation of ligands and Chesr
sources are given i Chapter Il. S1lver nitrate., fTvrom Glaxo
Laboratories., Rombay. ALl other Chemicals and solvents used
were of reagent  agrade  and  were used withoul futher

purtfirocaton.

a3



(b)) Bodium Perchlorate, Na(:‘.lmq
As dicussed 1n chapter I1.

{(c) Ligands

The ligand(l) was generally oblained 10 situ by
condensalion of B-pyridine  carboraldimine wibth  appropriate

pramavy amine n ethanol. The preparalbive method ot

N
MN-p-tolyipyridme-2~ carboxaldimine(L.”) 1s described n

Chapter T1.

(c) Compledes

(i) Ris~IN-phenylpyridine-E—carboxaldimingel silver(l) perch-

_ 1
~lorate. [Ag(L )aumlm@

A solubion consisting of freshly distilled aniline
(11800, @012 wel) and Z-pyridinecarboraldehyde (| .B&g. @.-812
mal) 1n ethanol (7@ ml) was heated to refluwe for 15 minutes.

To this vellow solution. a solubtion of AuhND_ (1000, @2.@08&mol)

3
i o ethanol (2@ ml) was added and again heasted to reflus for &
Fires The solutron was then cooled and  failtered to  remnove
insclubthle partacie. To Lhe cool filbrate an aguous solullon
ovf NaC]Uﬂ fca-fBg o n 180 ml o of waler) was added and left to
crystal lise 1n the dark overnaght- A& highly crystalline
greenish vellow compound was oblained. It wazs Tiltered and

washed wibth hexane. The compound was dried in vacuo. Yield s

B@% .
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(ii) Bis -~ L[N-p-tolylpyridine-@-carboxyldimined silver(l)
)

perchlorate, LAg (L. )ajmlmq and big=[N-p-chlorophenyl
pyvriding-2-carboxyldiminel s1lverd(l) perchlorvate

LA (L™ L IC10,, .

Theze wevre prepared similacrly using the «appropriate

primary aromabic amines. Yield:s 75 4

(111) Reactions of EAg(L)PJ+ with FeClg.bH0
e
The reactions of FeclanéHmD with 3 mols of Eég(L)PJ
were performed following & geneval procedure. Specific

-

tletarle are given for the prparation of EF@(Ld)Bjiﬁlﬂq)p-HHD

Fell

auQHDD CL-06 g, G804 mold) was di=ssolved 1n

eathnol (23 ml) and to 1t EA@(LE)ﬁjﬁjmq (Hadd g, @B.@LY mal)
was added and heated to reflur for 2 how s The mixture was
then cocled lo room temparature and Tirltered through &  H-4
sirntered glass funnel to remove insoluble Agll. The flltaffm
wae then concentrated o half 1ts wmibial volume when &
vialel mass depositied. [t was fi1ltered and washed with water
arnd firnally wilh hexane. The proaduce was  then subjected Lo
calumt chy omatography on a si3lica gel (60-120 mesh)  column
wEing different mixtures o CHBCNwCHCJ as eluent. The first

3

moving blusih vellow band was eluted with  1:20 CHQCN*EH013

misture and 1t was discacded. The second moving hlue-violet

bamd was eluted with 1:3 GHBCN—CHclq midture and 1t was

collecleds Upon condensation of the blue violet solutiong &

o
~d



vicletl crystalline compourid . EF@(LE>qJ(Cimq)muHEG WAaS
To tm
chtained. The compound F1l1tevred and dried 1n vacuo.  Yield @

i
{iv) Reactions with MﬁleuﬁHEU (M = Co, Ni)

Feactions of NCIE-ﬁHED w1 th EQqL9301Qq wer e caryied

out following a ageneral procedure given bhelow.

MC]E-&H?U (M = Co, MiY (B804 mol) was dissolved in
erhancl (1% ml) and stivred mannetically &b room  lemparatiore.
Ter this soluwlion, a solubtion of FQQLEUCIUq (0-Q@7 mol)d 113
ethanaol (15 mlY was added slowly and lhe reaction was allowed
oo comtrnue Tor 1 how « The mixtuare was Lhen Firlteved throuah
a G-4 sintered glass funnel to remove wn=soluble AgCLe To thes
frltrate an aguecus saluwdwon of HaC]Uq fea-dig N Faml ot
water) was  added when an grange orvsbtalline compoand,

FHLqJ(BLU was  obtsained.s(the colour ot the nickel

o1, 0
Q)E HEF
campound was eliabtly braghter than als cobalt analogue) . The

compound was firltered and washed with hexane. TL was dried in

wAaCU. Yield: 85%.
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TARLE V.1

Analytical Data of [Agl JC10

bt G411 gmtn $a420 Se1tR Sormm S1003 ST OISR SFRRY SRASK S04 45418 S SARbS SRS et Seets Ut Sihas beied EiS RS Sreey Siued SV Meuin S4rs SSHIS PATER Cobds 5098 Feest Vot S48 SHRSS e Seess dmeln S0 SAima Smeey SeA PS S4RS SS00d BUSeP SA254 Pemes besed SOSO Pasby $eSst POLRS Fenon Peawt Smtd SO0 v bris e Srerm e WM SHmey Sivet TSHMH B Treee S008I S00a batrt e Bire bumts B Beses S s sieet it sean oo Sbesy
otoe 4oee stmes surse oeare beber Siees ahese SAard SHL beses Vesee Seebe Soes ebhe SOt SO Sitny biech Geres LR Sorse SYere SREy Feeey Sieet So0en Sress eeie boses Sutiy o Shes GUw Sufes Sreks SIS Sumey S4ee Srime e bygts emase Seemm Puds b s0e e Senos e S0F

eoese s20m et vins e b S4008 SR SPOPR brece Shase Swese eacs S4am) SeBE bOLIS Lrees Shueb $90es Poard Snbed $HUSS PO mebch $080S S0S0S vmh ik SUR Benne mivin Shies Semms Sheks Seam S4mm Sebeb Seais Seime ede bitss Soep Pebes TN sRets S Sebes Saotn Bemty Seens PoHUS Semma embet breit Stese semte $iei8 S55RY baemt mbrie SHAR Sanen Samms SVESS R rinim G40eh 455 Frbew LS4 SOL4S Seims S3021 S0 FFME Frt W PSS veds Setie Sevat berkd drser seaee 9o Srem

1
LAg(L Yy JClo C H CIN O Ag S04 0.1 T E T G. B . b 18.0 17.8
= 4 wg D0 4 4
LAgll 3y 1C10 C H CIN O Ag G0 S 4,4 4.1 9.3 Q.0 IB.G 17.9
- 4 nh D4 4 4
LAg(L ) 1C10 CH C1 NO Ag 45,0 44 .8 o.8 2.7 8.7 2.7 1d.8 1&.7



TARLE V.8

Golulion Molar Conductivity Dala® of Complexes Lagl 3010,

AM

mhmchmamaiﬁl

Lﬁg(Li)mlCID, 106
& 4
2
S10
LAagL >EJL1L4 1a8
3
Fag (Ll )EJC104 114

et et cire smrud e Goes bere Seens svmte Sobin seoed Sheth e knd berms miove Jemts Sempe Sebvg fuast seese SH0SE SYUS SRS PRESS Setee UL SV SHbe cOVRN 11084 PeUNS Sesbn Frasy Siims seed Suecs Bl Bee MesFm hesse Sirie bems PO Fser He18 st OSE Sbed méote Fierd burmm inait bveun bemd  aemed mevme beedw Besen boses duere subEy Bhe

a.. . -3 —
The solvent used was methanol. Concentirabtions are ca«l@ “mol dm



TAELE V.3

Infrared Spectral Data of the Complexes [AgLE£CIDq

w (cm_i)agb
(11924
Compound
C=N{imine) C=N{pyriding) c10;1 £-H C-H
tﬁg(Li)Ezcm4 1630 1590 1100°, 620 78@ 675
mg:LF'wE:Jcmq 1685 1585 1108° , 628 780 675
cngtL3>EJc1ﬁ4 1620 1585 1100°, 620 780 675

aSpectra were recorded in EBr disc (4008 - 406 cm—l)
bﬁll bands are sharp and strong unless otherwise stated.
cBrDad

d . . - .

Out-of-plane bedning in pyridine ring

Eﬂut—ef—plane bending in phenyl ring.



TARLE V4

Solution Electronic Spectral Data® of LAgl Jmlﬁq

=

eras rims Mian S0atd aeiad seids T200n wmcs Sesan Stene SHed Beiks Aekra Sovne SHiam 49082 000n TSN S400L LAkes 1hoRR eihn Srsd PNOLE PHRHE heed rees O SHbng Sebty Sitns HONSA Heons coond seben 4edd Tastn S1sea Srevy B4eks Pevrd S99 FPem OFALL ReMRS S4kES Gettl Satnt APTER M4o0Y (0SS HISS bmreq SAeE Bebed Srias S8R SR V9L Coonh Hbess seect mrese berke tnsed

Compownd kmav rnmie dmd mmlmicmmi)

ragetty icao, ase”, 302(E4450), PRS(2369E)
o

tag .y, 1010, 380", 315(24475), RBR(R4R7D)

EQQ(LS)EJCqu 380", 300(20590), 230(23685)

Seert doree 40144 a4es Sunth Shsse Pma Seued Beact RTaa SH¥Ss BEFNR doben sereh PHIOS eSS Fesd Sorsd Latte Lepss Stees Padnt Gevin SWhen AL Sk Gress Sares Asd bymes mised Seied paose Losib e dNesd HEFE SHAIS SOtum risPe SmOhs SRS SHin SHOTS eSS PErts mEve Brbos Mied Seved FYUSS Hibee PS4 PEARS $4bTe Subds Pimt SHRER S4Res pesks sessd funs Sases Lrses Shrem

a . . . -3 -3
In methanal. Sclution concentration ca«-18 mol dm

Bri1-defined shoulder



TRBLE V.3

e Spectral Data of free L and the Complexes.

Cospound b4 54 Ty 3 124 11-H 10-H 9-H g-H 10-He  13H
i1 a.730.0) 7547 7Sy BashiR0) < 117733 ) 8,560
tagitt) 1cta, B.aeba.0)  7.4e87.8) 805700 ma3lm0)  7asBen) nmRe.) 72679 7LER(R) 7.45%8.1) 9.00%
L2 g.70%7.8  nmte 7S Basbe0) 7,207 7.20-7.2 7.20-7.26 7.20-7.26 235 @420
poithpam,  Be®9) st B09S0) Ba®Ea) e 7ashis) REL RN RV R TR B K
L3 a8 7t N0 aaeMiE) 71973 7.19-7.3 7.19-7.36 7.19-7,36 3,591
[hgtLY)Ie10, B.6e07.8)  7.45%7.7) 085,00 mabiey 7.3e 7.sbe.0) 7.25%(8.0) 7.37%(7.9) 9,00¢

2In £DC1; using SiMe, as an internal standard

Bhoublet
LTriplet
dSinglet



TARLE V.é

Analytical Data of [ML-T(C104) 5. H~0 (M=Fe,Co.N1)

EAN %H AN A M=Fe ,Co.N1}
Compound Formala e e e e b o e . e . i o s e 2

Calcd Found Calocd Found Calod Found Calcd Found

[Fe (L)1 (C104) maHall  Ca HanClaN OpFe 5.7 S52.8 2.9 4.1 10.7  10.4 6.8 7.0
[Fe(l*)=1(0104)neHal Cagl=gClaN OcFe 54,7 54.4 4.4 4.5 9.8 9.9 b5 .7
[Fe(L")=](Cl04)maHal  CagHagCleN OgFe  46.8  47.0 2.1 2.0 9.1 ?.0 b.1 kT
[Ca(LY) T (CI04) nakal  CapHanllaNOglo  50.5 82,6 5.9 4.0 10,0 10,0 7.2 7.3
[Co(L")51(Cl04)naHaD  CagH-gl) AN Dplo  54.7 54,0 4.4 4.5 9.7 9.8 6.8 6.9
[CO(L" )21 (C104) mabal  CopHaglleN OgCo  46.7 46,8  ©.1 2.0 9.1 9.0 .4 6.6
[NL (L) 2100104020 Hal  CupHanClaN OgNL 52,6 82,5 7.9 4.0 10,2 10,7 V.l 7.0
[N1(L")=1(ClOg)nHal [ ogH-gCl N OgNy 54,2 54,7 4.4 4.6 9.7 9.8 0.8 6.8

LNl(L“):](Cqu)Q.Hiﬂ T g Hmg Ll Qg 44,7 q1&.8 Tl Tal Tl 7.7 éra b5

I8 et terts Semed Seesd ead head e bermn oAt s Ak Set4S Y e SAe Mot e Aoty 2ot A Seuns $ases Seome $004 boaes o8 ferv Swite Smeea Geese SeRmd Grsen Seees ot feaes ivat et f-iia sucie 7 Rmste U hem b e SS1% SeLLs S 09074 SISt ert vrae S Spune evbe Svasg Hve  PHAG Sasen et eFS S et e S bwEe Mot marss doee s Seke T Prosd semee vt famd 40 5 okt hemm Geies bectn S0 et Sreb heruh Fon M N S Guies et ers Seeue



Solution Molar

ovas vovt S Sur Garte serim vosta Seomb 40830 408 Geres Deeen Pisee osms Serne Sdesa nyuss el Sries SO0t Goce GVERS SOnSE Soses

Compound

[Feil!)-1(C10,) . HA0

[Fe(lL")1{C10,) n HADO

[FRil")~1(C104) n.HAO
\

[Co(kly-1(C10)a HaO
[Co(L™)~T(C104) nuHAD
[Co(L™)~T(C104) muHo0
[Ma (L7010, mu oD
[N2 (L") 21(C104) neHal
[M1 (L") 53(C104) . HAD

AIn methanol.
bSpectra were recorded 1

“Broad.

V.7

TARLE

Conductivi ty® and Infrared Sp@ctra]b Data of 1the Comple: es

[ML-=T{C10,4) o HA0 (M=Fa,lo.MN1)

>

Ce=N{imine)

-1
ma:(cm 3

C=Mipyridineg}

1515 Lioo®, a7

TR 1560 11o0s, &0

248 16 1570 11005, 670

A0 1615 1600 11005, &30
2::;5 lé':).:) 1,‘_’3[:)'::] 1 ll:)r:)c L} é-‘:z[:)
27 1605 Lo LL0o®, &0

¥ Ly 1670 1600 f100%, &20
mas 1605 1605 1100, 470
o4 L6255 1405 1i00%, &20

n LEBr disc (4000 - &00 cm”Y)



TABLE V.8

; = Lt
Halubtion Electronic Spectral Data

e
of TMLT) JT(C10,0 5 Hy0 (M=Fe,Co,b)

L tae

Compound A 1mis dmgmulﬁlcmhlﬁ
LFer (LY 30010, ), o 4,0 S7D{S00R) , man’ (am7n)
3 A
aee”(2aice) . 280" (R7EER)
23 (a0
b
ICm(LL>,J(CJUd)”-HWU E1LEAPEPRE) , 28D 5200 )
a -
22N E5648)
-
EN1L ) 3(0L0, ) - H 0 FE@ (21438, 29@01995@)
3 g2 2

RBE(ET7410

1 CHLCN &t 298I

hﬁhouldwr

cﬁraad



Cyciic Voltammetric Data® of CHL,ICCL0,)

TAELE V.9

w I b =it MwD]
o HHC (HM="e.Co

T T e T o T pwp

£° ovremt it

ke e satie o 0% Brh s Sieh Suste Shene SHh BHIY Sekiw 40 TS enbe Geses asen Summe Suge finn amive o1in Se0em SI0ET POSTS bress Seeit A0S SENSS Sehe Smey Sbebe TSV SeNVS Mo Suest b4 Setre Sibmg GRLYR Seaed Sreee SR4me Sosed THALE Serih beas S0ts Reves Shesd ekt sasen heres Seses S fAs eets Seow Vemin brmer oot e SNetd Ehets Srea

EF@(LL)

33(C1Uq>e"HaU

A
LFe (™)

3J(CLUQ)E-H

EU

3
[Fe (L )BJ(CIUQ)E"HED

. ]
CCoil. )B](Clmﬁ)E"HEO

reails)

: Y, 3
:3]“:‘10‘:P ) H., 0

2

B .
LCLLL Ty 10010, ) i
\::‘ ‘"‘

E"HE

L. 20

L33

130

128

1 CHL.CM

WELNC
3 3

electrolyte. The

correspond ta the

values

BAN

TEAF (@1 mel  dm o)

are versus S0

rate v = 58 mV%*1

as  the supporling

The reported data
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CHAPTER VI

SYNTHESIS ELECTROCHEMT CAL. AND OFTICAL. HBPECTRAL
FROFPERTIES OF MONO-NUCLEAR TRIS CHELATED COMPLEXES oF
RUTHENIUM(II) CONTAINING N-ARYLFYRIDINE-~-Z-CAREOXALDIMINE  AND

2,8 -BIFYRIDINE LIGANDS"

Abstracts The synthesziz of the {ris—-chelated compliever,

CRuL  (hpy) TeCi0

. Joeg 4}3.Hﬁﬂ fl=N-arvipyridrne—-I-carhosaidimine,
i s H e te

bpy = 2,2 =bapyridine, n=@-31, bazed on a driresé and gewneral

-
o

synthetic roufe has heen Jescribed. For [Rung . the geometry
1

has: been asszessed by "HNHR spe drorcopy. AL the complienes

show metal-to-~ligand charge {ranzrfer (Mol 2 CaTo? Eransrérons

nm o the vizabie range at a C&.47% nm. Prelimuary resufés of
emiis1on spectra are Jezcoribed braefiv. The metal osxdation
as il ax figand redu~fzon  for the compfeses hare Lbeen
studied electrochemicalfly 1n  acetonrérrie uwsing difirerené
morhrug elecyroder. 1¢8 hars been shown, Tor  $he mised [ —bpy

complevesr, fhef the reducéions of coordinated L oocur  at

campar el rvedy  fower negativre podendiaiz. The ocorrefadion

e »

between the elesdrochemical properties and w ¢ (absorptian}

% - -
Thie worl has sppeared in J. Chem. Soec., Dalten Trani.,

1994, 1305
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ITNTRODUCTION

n this prescnl chiapler. we describe (he synthesis

ettt e F1eg of a0 sevies of bty 1a- chelated complexes of

subhicntuam{ 1 1) der tved i wm neutral

M=-av yIpyviridine-2-cay boxaldimine Schif bhase Lrigeands ., L Qur-

1-14
mleres! 1n this ai ca arose due to the following reasons.

1 e
~ ,N N1(pyridine) ~ IN1\
= c=N? “I>Ru
e 2 7.~
H N H/ \Nz
R
L ]
R=H, L' R '3
R= CH37L2

Fiveliv. Libe bpy. ligand L have a o, o’—diimine Tunction.

Seeondly,. 1t has been albready shown  that they form stable

(:cnm;le*::ue,l’"’ with swdbeniuwm{ll) and fana lly, the a1ron(ll

)4 -1
Complaies, LFeLBIC ab&orbsl6 8 at a lower eneray than does

i+
Lre(bpy)qJ -

19.20
lry  vecent VeI e anly two reports

hhle-chelaled ruthentum(ll) complexes of L or related lioand

frave appeared an Lhe ltleralw e In L9278, Dose an

oL -



Nl}aan’q frrsl reporited the syvthesis of [HuLfJ(PFﬁ)P fram
larﬂuﬁlﬁ(HaG)J- It seems, however., thalt the compound was  not
purifTied and Lhat 1te properties as described dird not
correspond to the properties of isomerically pure compound,
aybhesised by us. A generalised syhthetic route ws1ng
stiver{l) completes of L and bpv 1% described here. to
syhithesi1aa a complete sasvies ot tris-chelated cooplexes,
18+(nzm~31» The three specific ligands used in

aie
thise chapter are abbreviated as Ll. L" and bpy-

fRuLn(bwy)awn

Reoswlte and Digewssion

As Bynthesis

The divect reactron of bhydrated RuClq wikh | (Ll o
o} foot JL IR
L7y am solution failed to afford 1sclable [RuLﬁ]dl BREC IS .

Ruthenium traichloride underwent pacrtial substirtution of Gl

and ann  1somes L¢ o mibure  of lHuCLELP] resulted. We ihen
2123

yplored the silver{T)-assisted svthetic route for the

sythesis of Lhe tris-chelates. The reaction of chloride salts

of rulhenium and the silver bis-complexes LAgl,1010, (L=l o

i

P e Y )i
L5 Ha B4 proceaded smoothly 1n ethanol to yvield tris-chelated

complexes, which were 1solated from the soclutions as thelr

pevrchlorete salts. The svthelioc roubtes may be described by
egualions 1 — 4
o £ 4
RuC1-8H 0 + 3CAgly1’ 200 pru 157+ 3AgCl + ou 1
- . o b ETOH , £ . . o
C1E~CRuLlaLBJ = EEQQLQI . CRuL33 U 2agll + 3l £

@



L tOH cRuL<bpy)EJE“

+ 2Agll + 3L =

cis—LRUCL (bpy) 1 + acmgLEJ+

2

+ [EtOH

51$~[HuBlELE1 + Etﬁg(bpy)el [RULE(bpy)]E+

+ 2Agll + 3bpy 4
The reactions 3 and 4 are partrcularly useful far the

sytheesis of mided ligand complexes, which were, otherwise,

o mbtaJnablajgu In all casers Chromatograplite puraifacation

of the compleres was required and was pecformed on &

@1 lira-gel column using CHCD ~UHqCN ag eluent (experiocental

3

secl1on) . It meay be noted here that the reaction of
A -

Ru&lquaHPG and EQQLE] i 1:1 molar ratiof vields an tsomecric

- -
]
mlxtur@!" aof TRuCl L1 «s the maor product feguation Ul The

properties of 1someric

S . - + EEOH , -
Ru&la.dHEO ¥ LﬁgLel —_— EﬁuClELE] 1 Agll :

i

compounds  of RuClEt correspond very well with the authentic

)"'"."3

compounds , HuClPLP. described in Chapley I1.

Be Character isation

The complesdes are abtained as highly crystalline,
astable davl solids. The compositions of new compounds are
Tormulated by elemental analyses (O,H.N).  The magnetic

susceplbibil bty measwrement revealed that the completes are

diamagnelt Lo (tg) iy nabtuwre.  The molar conductance 1
. ot i 1 = -1
argetonitrile ligs between 320 and 233 ohms Cm mol a

91



250

[

suggesting a 138 type of electrolytic nature of the
compounds.  Thiis  results collectively conform {io the
farmiiabtion of the compound as [Rul_ 1 (C10, ) _ .
3 4 g

C Bonding and Assessment of Structures
(1) Infrared spectra

Trfrared apectral data of
L. tbhpy) . 14010, ) _{n=0-3) were collected as FBr discs  in

Vi 313 4 2

the range 4@0@0-500 cmwin Al of  them show characteristaic
absorpltions Tor coordinated L and bpyim i the IR specira.
Selecied group freguencres are presented n Table VI-3. The

broad structure less bond, at ca.lli@a (:m-i suggests the

L -
Cl(:l‘q

taclk of signiticant perchlorate coordinatione.

(ii) LHNMR’ Spectrea and Geometry

- E)_ -4~
The tris chelated ERULWJ containing an
uwnsymmebtrical birdentate ligand L. can edist a&s mer or fac
B g 27
geometrical  1somers - the fac form 1% symmetrical ,

POBBSESERS o Cﬁ axzs of symmebry and an an 1dealaised (ase  the
thyoe ligends would be magnebtically equivalent whereas the

caovvesponding mer 1somner, 1s of C1 symmetry, and a&ll the

three ligands are magnebtically inequivalents Tn this espect.

we selected Fthe 1vis compley of  1he methyl subsbltuted

2

ligand., (.7, to tal & advantage of lhe methyl resonance, to

oo I
determine lhe geometry of L"F\'uL,DJLP by tHNMF?: spectroscopy. The

< -
lHNMF( apectrum  of EHuLE]al i CDCL shows  Llwo mebthyl

41
I"J
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FIGURE VI.1 HNMR METHYL SIGNAL OF mer- [RuL?,] (C10,),.H,0



resonances with relative intensibties J:82 at @ 2-18 and 2.88

ppm respectively (Figure VI Meridional trais  chelates of

£ 28

unsymmelrical bidentate ligands are well documen ted™ tea

thzplay thhs lype of spectrum. We, therefore. conchude  that

s ] .
neaomely y of [HuLQJE (L—“~LL or L) 1 meridionals The comples

e

pattern of the spectrum 1n the rnags 5. 608 - 9.080 Turther
- 2+
supports the unsymmebtrical mer geomebtyry  of [HuLBJ « This
result 1s nob ancomnpatible with our expectation since the fac
Tarm would plare the three avyl motebties in close provimitly
and therefore 18 mostl lilely 1o e thermodynamical ly
dietavoured velalive (o the mar  rzomer where Lhe aryl groups
woi o @EHperIence the LT L LD possible ron arding

intleractions.

(1i1) Electvronic Spectra

The ab=ovplion spectra  of EHuLf(bpy)3~n38+(th"8)
compleves are showt 10 Fig.V1.2 and data are coliected 1in
TableVia4. ALl appeared to e Lypical charge tyansfer (cet.)
spoetira with absorption intensibies for the lowest anergy
band cas qudmammlw1cmw3» The low energy  transitions which
[wlafwiRe o LI the rarge A4 0 ati] are agglgnediﬁ (!
metal—to-ligand charage~transfer (Mol .CeTs) lrvansitions. The
gpectra of the compledezs are very simitar tao that of
LHu(bpy)BJR+ 1oantensity and profile. Associated wlth the
niense c«te. band 18 a shoulder at rgher enecgy-s The

miillaiple transition i these complexes may arise due to  Lhe
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FIGURE VI.2 VISIBLE ABSORPTION SPECTRRA OF

(a) [RuL?;1%* (——)
(b) [RuLZ, (bpy)12* (----)
(c) [RuLz(bpy)zlz‘* (-e-e-) and

(d) [Ru(bpy)31%* (....) IN CH,CN



=L
presenyce” of  different acceptor  levels as well as  for

vartoies other 1ea50n53mmaan Remavbtably  the lowest energy

&2 {

N &
trans: tron Tor ERqu]‘ (L=L" or L7) occurs at lower energy

than that Ffar ERu(bpy)SJE+u The complesx ERuLe(bpy)FJE+
displays two components in 1ts  absorption spectrum o the
range SU@-408 nme The {feature at longer wavelength (4708 nm)
15 assoulated with & d(Hu)——,n&iL) bransitron whereas the

o
hand &bt 438 nm 1 attributed to the iR —— 7 (bpy)

bramnsitions

e also piesent some prel iminarvy euperimental

resille an bhe emmision spectral  properties  of the a&bove
=2k
3l « acetonitrile solulions of

. o2 L 2
mixed ligand complexes and LHquj (L=l ar L7 do nmat emit

compounds. Unlile LRa{bpy?

abt room temparatuwre-Howsver, excitalion of ethanolic seolution
of complexes at 4@ nm  al 77 resulled 1n multuple hand

emssion spectra. The data have been collected 1in Table.VI-4.

{iv) Electrochamical Fraperties

Tn acetonitirile splution abt room tesparature, four

sworesslve reversible o quast reversible one electron cyclic
- 2+

vl tammebtric responses are observed for EHuLBJ i the range

+1.8 o 2.8 V ve. the saturated calomel electrode (8CE) at

a platinum  electrode. One  of these lies &t & positive

potential while the other thvee coccocur at negatirve polentials

(lFable.VIi.89.).The uncoordanated ligand L8 undermmaﬁid b1

sucesslve stepwise reductiong &t ~1-48 and ~1.88 V  and  two

G4



oy dative responses are also observable at 1.34 and 1.983 0V

- o Ot
va. 8CE- Since lhe ostidative response for EHuLﬁJ ooours at

a less positive potential than theat of free ligand LEq there

R I

15 little doublt that the rvesponse at ca. 1444 VYV for EHuLEJE

(Frgure VE«3) 18 & meatal centred Process,
I P 3 2.2+

IR 11L333F~[HHIIL33 = Similar consaderyation also apply for

the F:u-Ll svslens

e f:u;%}1c—z~\z’c§'£3‘+"‘:§“J that the three cathodic couples at

the negative of SCE are the successitve reductions aof the three

coordinated ligands {(lable.VYT.%, Figure VI 4). The redoy
. 2r

responses of bhe LHuLBJ syslem may thus be represenled by

egaguiatton &

N TLERI N LA SO LTI L PO LTI
3 ~ o A e .
-G -e
s et tiaty g B EHL{II&'/ZI“ &
~ 2%

- D }

1t may be noted here hat the fivrst reduction

portential of the co-ordinsted ligand cccure at a much less

pegal ave potential than that for wrcoordimaied L. Thie 1o
Bé 834 3,37

quite conzintent wrth  the avatlable data  fou

covmplexes of rulbentuami Iy conbtaining belterocvol ic ligands.

The yuthernumi T} -ruthentum{IT) couple 11 Lthe

. :":Z [ ’ "
complenes, LRuLh(hpqu“n] « ODcurs i the cange  T.3-1.5Y.
The alecbtrode seacltionms i &#11 rases  are almosk  jeversible
wi th &Ep = TR o mY . T 12 ewsenlial  to wuze  anhydeoous
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E/V vs. SCE

FIGURE VI.3 CYCLIC VOLTAMMOGRAMS OF [RuL®;1?* AT DIFFERENT SCAN RZ

AT POTENTIALS POSITIVE TO SCE: (i) 20 (ii) 50 (4iidi)

and (iv) 200 mvs 1



E/V vs SCE

FIGURE VI.4 CYCLIC VOLTAMMOGRAM OF [RuL’;]1%* AT POTENTIAL NEGATIVE

SCE AT A PLATINUM WORKING ELECTRODE



“olvent . particularly tor compdeses conleatnang L. o be able
ton obrerve reversible  response. The mesence of  sorsture
leade lo guasireversithle 1o vrreversihle beheaviour where  Lhe
correspeaidong redaction wave e et ther bovooad  or unobserved.
Thig e presumadrly duo to secondecy chemical traneformations

‘I ok s
lesr b oogerie aberd LHulqj - b has already  been show E

iy

i2
L - 1
Fhal eleclrageneraled Tyanys= =~ Lal lplzbj ursdergres chirmiez]
e Y.
Lramsd arma b1 on i the  presenco of morsEture be 1earm
crages- PR LOL 2T (L s iL&FhJﬂC((J‘F@f)H ther mined - igand cmiddo
[l ol
compr b e has Litzen poazt kel A tharaclerised K= ay
cryntallographtcally (Chaater TV .
- - R 1 2
For the caltionie comnplog, TR ,:1] e = L7 ar L7,
e
Sy o cesslve  reducliions.in principle, codnid oocour Ty We
thoreforvre emploved glescy carbods as the wert ing elecirode for
el Froation o fesponses Al omoye neaal v potentasles Frove
£ E’“’ i 2
CEsponceEs were olbserverd for LHquJ fTableVIa,  Frgure
VIaGY, o bhe  eqperimontally accewsiblie ranne @893 Lo
WD . Tl eowver y Fro the miqed -Lioand complexses, the 1 1rsd
Educt roms may be evipectod ta involve hoe Tigand  having Flye
most s lable Toawesl tnocougprad modeclae oy et al LI« bl

bBreliove thte o he | rather than bpys e propooal s feaead

o e following obeervalions: (33 Fach oof L and bpy

i

/.

V5,34
il e Twy stir ceeesd 2 ohE-edlecbion vediwe L tons, £31)
. 2 21
thee froeb Lwee veduo !l popes oo IRULP(hpyij ooty oal leg

negat 1ve potentrals than the fTrrsl seductaon potentsal fro

[4e]
. fu b , .\ .
Fuoullipy d “l] Al {1217 g md e g e firet reduct 1oam
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FIGURE VI.5 DIFFERENTIAL PULSE VOLTAMMOGRAM OF mer—[RuL13](C104)2

A GLASSY CARBON ELECTRODE



l ’ l l [Ru(bpy),JC1Q),H,0

l l l l l [Ru(l_z)(bpy)ZJ(C 0, )2 HZO

l l l I ‘ l [Ru(bpy)(@)zj(cq)z. H0

| I :
l ‘ [Ru(t),](C10, ),-H,0
+160  +120 7 -080 -120 -160 -200 -240  -280
E gg (V)

FIGURE VI.6 E®,;q CORRELATION DIAGRAM OF [RuL_(bpy);_ _12* (n = 0-3)
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FIGURE VI.7 LINEAR CORRELATION BETWEEN Y . . and A _ . . FOR

1. [Rul?(bpy),] (C10,),.H,0
2. [RuL',] (C10,),.H,0
3. [RulL?, (bpy)](Cl0,),.H,0
4. [RuL?,](C10,),.H,0

2
5. cct- [RuCl,L?,]



potential for [HuLd(bpy> JE+ is much more positive than that

2
foe X
for KRu(bpy)BJLr Dut of the gix possible reduction foy the
mived compleves five are ocbserved for ERuLg(hpy)]E+g whereas
for EHULE(bpy)EJE+ in which the reductions are shifted

cathodically {(Table Vi.&4, Figuwre VI.&) only fouwr are chserved

in bthe accessible in the volitage window.

It ig interesting Tor the compleres

.. &+ S e .
EHuLﬁ(bpy)BnnJ and EHuLlELEJ that the MLC.T.absorption

energieafallow a linear correlation with Ahmx/red {Table

VI-7), where Akmx/red refers to the difference of the formal

potentials of the = e

couple and the first ligand
reduction couple.The MulL.L.T« transition for these complexes
invalves excitation to the n* oroital of L while the first

ligand reductions in these complexes also involve the sane

orbital, as discussed above. 6 least-sguares fit of 3]

c.t.
against AE (Figure VYIi.46) leads to equation 7
o= B.86AE + @55 7
It may also be noted that other wamples of
ruthenium compleres with similar ligands e.g» the 2,
D e L
E’ﬂbipyridineqm’QL and 2-{aryvlazalpyridine ﬁystem,aéyyd alsa

show similar relationships.

Conclusion

The synthesis of isomerically pure tris-chelated
rutheniuwmi{ll) compledes of o, a’—diiminog Schiff-base ligands

has been achieved by a general synthetic procedure using the

g7



corresponding silver{l) comploves of L. The spectral as well
as lthe redox properbties of the complenes indicate L to have
lawer energy n* levels compaved to bpy. This 1s 1n  agreement
with the conclusion made recently by Dominey e afag hased on
ithe spectral properties of a group of ruathenium complenes  of
samilar ligands. 8Studies of the reactivitlies of these

complexdes, particularly towards oxidants. are underway.

EXPERIMENTAL SECTION

A« Physical Measurements

Mo lar conductivity, i ared and Electran:ic
Spectral Measurements have been done as described in Chapter
11 Rlectrochemical fMeassuremenis which included cyclic
valtammelry and diffevential pulse volbtammelry were done as
described in Chapter Il- 1HNNF( spectral measurements have
bheen done (CDC]3> as described n Chapler 1I. Solution
emmissian  spectra rvecorded with & PFPerlin Elmer MFEF-444/

fluorescence spectraophotometer and the data were obtained

From {(«A.Cal-, Calocutta.

Be Formulation of Compounds
Complexes were formulated by C.H.N micro—analyses

as described in Chapter I1.

G Solvents
Solvents used for preparation wort and for Speciral

and Electirochemical measurements were obtained aszs described
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i Lhe previous chepteve.

De Freparation of Compounds
(a) Chemicale

Hydirated Ruthenium Tirichloride. RuE}BuBHED. Sodiuam
Farchlorate etoc. and other chemicals reguired for preparation

or ligands are descoibed in Chapler 11 and 171

{h) Complexes

o
(1) The complexes IZ(»}n:)LEJCJl{I}br (Lle or L") were obtained as

described 1n Chaptey V. The comples E@m(bpy)j]ﬁlﬂ4 Was

=
synthesised as befmraﬁa'equ
L4
- 15 21
{t11) The complenes, r!%«iHuClPLEE q cx%-ERuCla(bpv)ﬁJ and
Eﬁu(hpy)glﬁluquHEan were prepared by published procedures.

(112} Tris ECN-arylpyridine-g2-carbortaldiminelRw(ITl) perchl-

- _ - ] ~ 2
orate monohydrate, ERuLSJ(CID4)E-HEO (L L o L)

from HuClauHPG- The compounds were synthesised wusing a

gencral procedures given below.

To a sample of Ruﬁlg-BHPG i mamoll) dissolved 1n

ethanol (28 ml) was added & solution of  EAgl. G100, (Bm.mol)
1 ethanol (B0 ml) and the mixthure was heated to vreflu fov &
Mre« The sclutron was then cooled and filtered through a G4

sintered glass furnnel Lo remoave ansclublie Aglls The {filtraste

wWas evapurated Lo d yhess over a weater balbh and the dried



mass was edtracted with boiling water (4 ¥ 25 ml). To fthis
water sdtract an aguous solution of NaCqu {ca. 1g in 8% ml
water! was added. The reddish brown precipitate thus obtained
was Tiltered and dried in vacuo over qulm' This was then

subjected to column chromatography on & silica gel {HD-126

mesh) column eluting with different mixtures of CHﬁlqmﬂHBCN-

ECM (22« This

A reddish brown band was eluted with CHClB~CH

was collected and evaporated. Finally it was recrystallised

£ om CHClBMC&qu
1

Voiea ] o w 1 a %

Yield = f.f-aul_.‘,:.;,!((.,104);53 s 4@%

(11

B "
LRUL,ICEL0, ), 2 45Y%

{iw) Tris«N-arylpyridine-2~carboxaldiminel Ru{II)
perchlorate monohydrate, [Rulgl(C10,)g«Ho0 (el lor L%y from
cis-Dichlovrobis IN~arylpyridine—-2-carboaldimine] Ratiiy,
ciﬁ[ﬁuﬂlELER §L=L1 o LE)n The svstheses were pevformed by

using & general procedure given below.

To a suspension of cis-[RaCl,_L

o 1 {1 mamal) in ethanol (268 ml)

oy

was added a seolution of EQQLP]CIG (& m.mal) in ethanol (2@

4

ml) and the mivzture was heated to reflux for 2 hvs. The rest

af the procedure was the same as that described in (1ii).

1

Yields— [HMLB] (Lle>E -7 YA
] (=4 ] S - ]
LRuLaj \C,‘ID,:,,)E3 1 BEY

The analviical and spectral data of the compleres
thus obtained corresponded exactly to  those of samples

prepared by method (iii).
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(V) (8,&“»Bipyridin@)bisEN~p~tm1y1pyridine—2~carboﬁ{iﬁ1mine] 7
XN e > ,
o - /.’

S0
Ruthenium{(ll) perchlorate monohydrate, CRu(bpy)Lg3(Cbﬂageﬂw

HEO.

To a suspension of c1a"[RuC1EL§J (1 memal) in ethanol (F@ ml)
was aduded & sclutrion of Lﬁm(bpv)816104 (2 m-mol) in ethanol
(2@ w1y and the reluting mixlure was hested Lo refiug for B
ira. T4 was then filteved throuwgh G6-4 sintered glass funnel
to vemove nsoluble AgCl. Isolation and pursification  of the

compound Trom the {f11tvrabte was dorne similarly as described in

(1112 Yield:S5@%.

(v1) Big~(8,8 "=hipyridine)IN-p—-tolylpyridine-2—carboxaldimine]
Ruthenium(IDperchlorate monohydrate ERuLE(hpy)Eﬂ(ﬁlﬂg)E.
HEQ

To a suspension of c1%~[ﬁu(bpy)PCIEJ (L mamal?) 1n ethanol
(28 ml) was added a solution of EﬁngJ GIDQ (2 memzl)  an
ethanal (28 m1) and the resulting mixture was heated to

reflux for 2 hrs. The rest of the procedure was ihe same asz

that described in {(vie Yield:DdY%.

]

{(vii) Reacbtion ot FRuCl -BHPG with CAgh 1 CIDQiLxL or LE) in

3 &2
12l ratio. The reactions were periormed by fallowing a

gneneral peocedure as described bDelows

The salt RuGlauaHaD (1 memal) was dissolved 1in
ethancl (28 ml) and heated to retlw: Tor ¢ mirne aver A
water bath. To this red brown eolution was added an

ethanclic sclution of EAQLEJC]Dq (L memol 1n (O mll.

1@



Immediately a dart viglet solution resulted which was
further heated for 1 hr over a water bhath. After cooling the
reasuwlling solution was filtered throuah a G-4 sintered glass
funnel « Insoluble white AgCl along with dark crystals of

LRUC1PL I were sepatated from the davi filtrate. The resaidue

&
was then exdtracted with chloroform. On slow evaporation of
chloroTorm, dark crystals of i1someric mintures of ERuCiELm]
resulted. Isomeric purification af ERuGlELEJ was performed

on & silica gel column (4@-120 mesh) as described in chapter

IT. (vide Experimental Section Deeei1.).

Yields— PLE-LRUCL L3 s (L = qu G@% , LE; 45%)
cot.[RUCIL LT & (L = LY, 185%, LS 2%
ea 1 o

cbo-DTRuC1 L1 (L= L, 19%, L7y 21%)

M
1]

L@@



TABLE VIl

fralytical Deta of the Compleves [Rubl (bpy) Bap J(CIDq)E D
& %H Mo
Compound Formula Calud Fouwnd Calecd Found Calod Found
i
¥ { . 5000 SH. 15 70 3.85 9.7 CRY;
EEULBE\C1DA)E HEG CSéiBEN n.cl Hu .08 SE.15 3.78 3.8 78 7.80
1
; X { . 47«30 47 . 345 w3 .y “
tRuLE(pr)]xC1U#)E HED WE EEN ] Cl Ru 47.38 47.41 3.45 3.51 168.-34 10.42
i
el w3V . .32 .3 . 3. « A5 a2l
LR (bpy)EH(C]D 5 HEU Edaqu”ﬁOGF‘ Fu  44.21 44.34 3J.lb 21 18.83 18.21
e
b . : 51.45 58. g . N
lLuLSE(Clﬁq)E HEG CBQH?BN Qgtla o S1.45 92.08 4.26 4.100 9.795 9.3@
E Ks L Ly =
[RuLE(bpy)](Cqu)E-HED caqungGqCI Fu 42.98 532.18 3.95 4.88 2.7@ 9.85
[ﬁuLE(bpy)gliﬁlo Yo atH 0 H,, M, 0.C1 Hu 47.95 48.05 3J.65% 3.73 18.13 1B.25

42 2

Eq 26 &9




TERL-

Yi.g

A
SBolurim Molar Conmcductiviby Date of the compleqes

= (o N T D
CRUL (hpyd,  14E10, 0, 11,0

{Compaurnd

LTI
LRl o 3C0HD, ) e M0

L .
LHHLE(bwv)th1Dq3H-HEﬂ

1
i Chrgry ) 3000, ) W0
IR \bpy)EJs Jiq o H2

o 1
!HuLHJ(L’Uq’g"HQU
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TABLE VIS
Cyrlic voltammebyric data* al a platinum working electrode for the

complexes [RuL (bpy) I4Li0, Y .H D

3-n 422
Metal-centred Ligand-based
miidation veductions
Eqalv (ﬁE /m\} E?E'V (AF /mi)

Compound 3+ /3¢ 2411+ i+/@ @ari-
[RuL ](LlD ) H 0 1:43(75) @.53(9@) Pe16€1088)  1.49¢11@)
LRuLgl(CIBq>E-HED 1.4407@) Q.2@(%a@) 1.19411@) 1.52011@)
[RuLg(bpy)](Blaq)E-HED 1.40(88) B.95(90) 1.24¢18@) 1.7@(110)
[HULE(bpy)Eliﬂluq}EnHEU 1.34(75) 1.84¢108) 1.32{11@) 1.85(11@)
[HuL(bpy)SJ(EIU4)E-HED 1.32(71) 1.38(98) Tea2010@)  1.730110)

ﬁDYCllC voltammetric siperimenls were carmed out in CH.OM at 298 L using 0.1
mol dm_BNBqu]Dq as supporting eletrplyte. The reporled data correspond  to

-1
gcan rate v = 3@ m¥s -



TABLE V1.4

Differential pulse voltammstric data for ERuLnfprJq r](ClD
P ¥

4 E'HED at =

glassv-carbon electrode alt peotentials positive to 5CE as 298 K

Ligand reductions, -~ Epfva‘h

Compound g2+/1+ 1+/6 @s1- 1-/2-
[RULSI(C10, ), +H 0 2.98 1.28 1.57 204
A 4 o=
[RULE1(010, ), H_0 1.00 125 1.59 2.08
(3R] 3 i [.' E. E— . n il Tl a ) a
o
k- 0, ) . ¢ 24 .70 BT
[RULS(bpY) (CL0,) oH O B.96 1.24 1.70 1.83

[RuLd(bpy)D3(CID )D-HED 1.66 1.78 i858 2 bh

4

2-/3-

2.7

2.6l

2.87

*n EHBEN using Bl m(:xlndm_:-3 NB”4C104 az suppor ting electrolyte.
bScan rate = 3§ m\,‘s—lq mpdulation amplitude (AEp) = 18 mV.

c .
Mot observed.



TAELE VI.7

Spectroslectrochemical correlation data for the complexes

'} y o, _
Eag’V Eoeg’V v, fem !
Metal Firet AED /Y
hadation ligand B /Red Obs Calec.
Compound ) )
reduction
i
)] M i n" - = = En & P! r?
[RuLSJ{EIUq o HED 1a43 B-F3 34 &Ha33 2080
2
[Rul 30100 _.H_ 0 i.44 - &2.34 20833 z2as668
o] 4 g =
ERuL;(hpy>J(E1Dq)E-HDG 146 ~@ .95 2395 BAT4E Ba7av
[RuLE(bpy) H{C1n . -H 0 134 -1 .84 2.38 Biz74 2A945
2 g g 2
o
ch~[HuClELg] @.28 -1.18 1.48 14814 14768
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CHAPTER VII

A FAMILY OF MIXED LIGAND COMPLEXES OF Rull=LH [LH

B

N~ARYL~FYRIDINE~2~ALDIMINE], THEIR REACTIONS. ISOLATION AND

CHARACTERIZATION

Abwracts Synthesis ot the triz—chelated compieses
tl
o . ;
ERu(LHIW(LaJxan (LH = N-arvi-pyrydrne—-I—-aldimine, fLa <=
S-ime Eolyviasolpyridine) bazed on Friveril? assyzsted

tranz-metaiialson synihefic route, has been Jescribed. The

compieses, [i?u(LH}KJML arnd [RU(LHJ(LaJﬂJ“+ afttord

' > - -
CRutpre (LHY T and [Rulpict(lal) ] {prec = D-prcodinale  1onl

Fome
b

respectively, aon hydrelysi1: and szubseqguent ovidation. Hhen

RuCT . (LH)

-y
[ o~

.,L
wmar reacted width two moies ot LAgtlal 7, a pank
p) - ~ ) '7,'
compies of composifion LCRw(LINI (LY (Llall £L = HN-aryl—2-

proofrnamided mas 1rofated along wiéh The espected Moown

. T , i
compies, [Radal (LAY T . Inrétral onidalron of the metal 1on

tavours LH--> LO conversron. The compiexes hav e heen
characferised wi1d fhe help of speciroscopy  and A—ray
crystafltography. The A-ray strucéiure ot

- 1, -
FRutpycd L HY ICHO

X 4,CHﬁC}‘ 15 reporied. The metal ovidabron

I

i

wedi az figand reducdrenz t1or the compleses have heen
studred voltammedricalliv in acetonitriie wsing piatinum ax
the wmorhing electrode., JI€¢ haz been observed <thal the

oxzdatron of the tranzivrmed compleses, vro. LRuipred (LHY T,

. ; *
£Ru(p1c!(LalﬂJ+ and LRUCLHI (LO Y (Latld G U at fowmer
. s -
as compared fo  ftheir parent [RU(LH) (lal 7

otentralf -
poc ] N

&,

186



compfeses, ALl the compieesr show mefali-~to~Frgand charge
franster transrfzions tn  the wvizrble ange and abzorption
gpnergies linvariy correfate milh the Jriverences befween  The

metal ovtdation and the First faigand reduction potentiral.

* E)
This worl has been compunicated.



Intvroduction

thos worl stems from own pyesent inten est in  the
ruthenium diimine compleres. This classe of compounds are

1-~-&
smproyiant o due to theiry 1ich redox and optical properties.

QD] i
Tn this respect, we have been worl ing ! on the synthesis
arrd ieactivilies of vt hendium camplexes of
?-13
M-aryl-pyridine-2-aldimne (1, LH). These complexes are

inlensely colow ed. undergo

\
7 N 7 N\

Me

A
T
L

L' H La
L' H

Py
<
)

multiple eleciron transfer and most tmpo tantly. these show
interesting pattern of chemical as well as photochemical

reactysatios.

108






Im this chapter we  report the synthesis  and
characterication of Lhe ti1s chelated yuthenium compledes
mvalving L and La. These may be conveniently synthes:iced
starting from vutheniuwm bis chelated dichlorides by the use
af siiver(l) assisted tramns metallatron reaction route. The
study of reasctions of rubthenaled LH in Lhe above complesies
forme an wmportant pavt of lhe present works Interestingly,
drfferent products were obitained fom apparenly similar  type
of reactrons. ALl the relevanl species have been Tully
rharaclterized. he reason for transfTormatron selectivily  of
EH 1s discussed on the hasgiz of present Tindings and  other

P, 1)

results from Lhite laboratory and elsewhere.

Rewsults and Discussion
Ae The gBynthetic Reactions

Falh—16
In the process of synthesizing mized  ligeand

tras chalated ruthenium comp lesies of LH {1) and
2-{m-talvliaco)pyridine {(La, 2) some interesting produc bs were
phtained along with the expected prouducts, which are
glabom sated below. The general veaction which has been studied
may bhe represented as Tollows:
Cro-RuCl L, + 2Agl) _EtOH Rul. L’ + 26001 4 3L
L= LH. L&

o= LH. La

1 @



(a) (i) Reaction of ci%*RuGLE(LH)E and btwe moles of ﬂg(LH>+

a8

The bluish green cis 15mmerlm of HuClp(LH)E Was
reacted with lwo moles of si1lver cumpleuiTn égfLH);q i tal
agueous  ethanol .« In addition to the expectadw by owr

lrmig~chelate, Ru(LH)§+(3)“ = pint compound was  also  formed.
Interestingly. an agueous ethanolic solution of pure Hu(LHng
1 the presence  of drinte aquenus ﬁqNUS gquantrtatively
mraduces the pard compound. The pint product was purmified  on

@l lilca ael column eluting with 1350 CH UN«CHEClw miAture. The
e

3

borown ptoduct wes oblaaned from the column using a more polar

tLolvent (£:3 CH_CN-CH

9 Gl mixtuwre) as an eluent.

rg

Hi

(id) Charactevrization

The orown compound WEE Ldentrtied A

tHy(LH)BJ(GJOq) uHED(a)- Whose chearacterisation has hrereny

&
drgcussed 1n Chapter V1. The pint compound  analvsed as

CRudpred (L) J(Gjuq)u CH,CIP(Q) (o = P2eprocolinateanion).

2 &

The compound 4 15 dramagnetic, lil electrolytic n CH?CH- The

9.1@

o gpectrum showed all  charcateristaic features ot

coordinaled LH and 1onic ﬂlD; " Interestingly, it alen

Cm indical tng

=

thrsplayved a moderately stirong band atb L&
18,19
the  pyesence of A carboxylic turnction. Selected

charactevirzation data are collected in Table VIT.L{ab.c)

Fortunately., sindle crystials of 4 (LH = LLH) cowlol

e grown as  solvates 3 #nGHﬂC1P and  1ts  structure  was
- P -

11



successiully solved crvstallographilcallys. Molecular views of
the compler excluding the solvent of crystallization and  the

comuTber ANIon, 6104 1e whown in Figure ViTedl.  Selegcted bond

distances and bond angles are collected 1n Table VIILE. e

structure  solubion wf ) unequiveoecal ly cont Lrms thie
.-‘..

composi Lion of 4 as Ru(plc)(LH)P- fhe geomebry of the Hu(LH)E

L,
fragment 1n 4 18 trans., cis Lirans wiilh vegpect o btwo N (py)
=
and cis with an the N™ {(i1mime pawril. The carbouylic funclion
lies transe to one of 1he two tmine nibtrogens. In this  manner
the three pyridine nitiogens are positioned meridionsally.  We
7
rnote here that the parent complen 3 exists in the meridional
geomatry. Therefore. the transformabtion 3 _— & -

aslereoretentive.

jove 3
In the above structure, FRu-N(5) length aqreeg“m

well with the Ru-N lengths i Ruipic) . (FFh

o B)E" interesttnaly.

the fouwr Fu-N lengths 1 the RullH) ., fragment of 4 are not

2
equal « The Ru-N{4) length i1s notably shorter than othey three
Fu-N  Tengths. This must be due (o stronger de - pr
1nteract1an§13 between Rul{ll) and 124 af the 1mine Functian
contatning M{4a), whachy Jies trans to the strong o-donor
carbaxylic agid functione Moreover., the average Ru-NOimine)
Tength 1 4 g Ehmrt@rll by ca-@.83 ﬁ comparad to  that in
tran5~Rullj(LH)(LG)C]E(LQ = Nearyl—-2-preolinamide) . This may
e atbtrmibuted to the superior bact -bonding i vuthernmium(11)

complenes.
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FIGURE VII.1 ORTEP PLOT AND ATOM LABELLING SCHEME FOR [Ru(pic) (Llm) 2] *

IN [Ru(pic) (L'H),]1Cl0,.CH,CL,



Finally. 1t may be noled that the yeaction of

hydrated lF“w‘uCl.l,:e and AgilH)_, 1n 1:3 mole ratio also resulled in

4
&
farmation of mivbture of 8 and 4. The yvield of & 1ncoreases

with 1norease of the duration of the reactiones

The reactions, described above., are schemalically

presented in Scheme [.

Hu(plc)(LH)g+q o
- * - Agueous
2Ag L) 5 E+OH
C1S~HMC]E(LH>H—————_———— +&0y
Aguenus e
EEOH Ru(LH)? " a3

Scheme T

oo

(b)) (1) Reaction of ¢lu-RuCl_.{m-~tap) B

B o and two moles of Ag(LH)

Samrlar to the prior reaction. this reaction also
resulted in the formation of two maijor products. One of which
18 vialelt and the obther ong 1s brown i colours The compounds
were puritied on a s1lica gel column by eluting with solvent
mixtures of different polarities. The viclet compound may be
gengr aled by boirling the brown product in agueous ethanol in
the presence of dilute AghNO gsolution. Interestingly. the

3
18.1%

o
reaction of CLQ*RU(UHE)E(m“tap)z with FHicH 1n ethanol

s tantansously produces the violet product in & high yield.
(ii) Characterization

in this case we have used wnly methyl suhslituted

Tigand, LﬁH to lale the advantage of montbtoring methyl

i



; 1
resonances 1n the less crowded regilon of the HNMR spectrum.

The first moving violet producl was eluted with 2:5

CH,.CL. —-CH,. CN mixture and 1t anal ysed as
PRl A
LHu(p1c3(mwtap)PJC]DQ=CHEC1, {H). The hrown product, which
was  e@luted wailh 1el CHECIE"GHSCN mituwre, analysed a8
[9)
ERH(LLH)(meap)EJ(C]Oq)m-HPG. (&)« The compound 5 1s a1zl

electiolvie wheress the compound & 15 1:i2 electrolylic  in

CHECN- The compound S displayed £ moderalely & byang

absorption at 14L64 cm*1 an the TR speclrum-  This bhand s

consploucusly abhsent 10 the TR spectrum of d&. Evidently, the
18,19

-1
1608 om abh=morption  Iindicates Lhe pressnce orf &

carbotviliic functzon 1 9 (Table VIT.lc)re

The lHNMF': spectbra of  the compounds 5.6 wWe e
zvamined. The aromatic region of bhoth the speclra are complen
due o serious overlapping. We therefore. concentrated only
on the methyl resonances (Table VIL.1«b)« The compound 5
displaved two equally intense resonances at 2.10 and 2.052-
The intensities of bwo resonances correspond Lo si1v protons.
The compound & also displaved twe melbyl resonances ab 2421
and 2.188, but the ratio of signal itntens.ties 1 luds
Moreover. the total area covered by the two methyl signals of
b correspond o mine protons. Thevefore, 1t may be concluded
that 1he two equally intense methyl resonances tin & 1s due 1o
the presence of two m-tap ligands. In the spectrum af & lhere
are three methyl resonances — lwo of which are overlapping

)

which are attrlbutgdLE Lo methyl groups of m-tap and  Fhe

1id



]
second si1grnal 1s dueq to  the p-tolyl growp of L"H.  The
spectral  data. presented above., clesrly demonstrate the
hydrolytic oxidative cleavage of an wmine function occurs  an

the formation of .

Thus, the vreaclion 1 €imilar to the reacltion which

18 descraibed in secti1on a-

e s ]
Hu(L“H)(m»tap)@* . b

2 F Agueous
2hgth THY E 0K
cis-Rull, (m—tap),————— +AG
P

ELtlH/AH.0 + -
- Ruiprcytm—tap)., .«

-~

4

FicH E O

c15—Hu(UHm?g(m~fap)§+
Beheme II
() (i) Reaction of cimnﬁuCJE(LgH)E and two moles of
Ag (m=tap) .
Gim=tap) g
in thise resd tion Rlwish green 1% 18E0ME) of

£ M

HUCIE(L‘"H)Ez was eacted with lwo moles - of ﬁg(mwtap); in
agquecnts ethanol. This reaction also v s elded two magor
products. One of the two products 1s pink whereas the other
chie 38 browns. Unlile othere bwer previounsly described
reactirons., the brown  product 18 guite stable v boiling

agueous e@lthanol . Bolh the products were purified by wsing

column chromatography btechnigue.s

114



(11) Characterisabdon

The pink product was eluted with 139 CHqCN~FHaE1

=

el o
solvent mixture and arnalyvsed as EHU(L“H)(LdD)(m*taﬁ)](ﬁ104)=
EHEClH (LED = MNep-lolyl-2=-preolinam)de) , {7y« the bhrown
produect wes then eluted with Ll QH?UN-HHgﬂlm misture. Hased

o bthe elemenlial analvess the composition wes ascevrtained as

12
CRuim- Lap) (L7 3<c1mqu uHPO {8) . The charecterisatbtion of 7

2 A

and 8 were unambiguously made based on lheir phvsical datas

The compounds 4 and 8 ave J:1 and 1:2 electrolytaic,
respeclively, n acelontbtrile. Unlile motopicolinates,  the
compound 7 did nel  show  any  charactevistic sbsorption of
carbouylic funclion. I'nslead. a moderately slrong bamd  at
1620 me] i bthe IR spectrum of 7 confirms the preaencejl"al
of an amide funclion. Foriunately. thig compound{’?) displaved
fraghly resolved 1HNHH apeac byrum (Frgure YWI1.8)  which was
conventently used Ffor 1bs characterisatzon.  The specbrum
conslsle of well separated, eqgually ntense  three methvl
vesanances bhetwesn 2.1-2.838. This clearly teveals the
presence of three tolyl grougs in 7. Moreover., there are fouwr
doublets of 2H antensitires an the reange 7.8 and 5.538. Such
doublets of Loy prolon wntenstbies can only arise  Tirom
psubslb i tuted phenyl groups. Thise ammedrately  coantisme the
presence of two p-tolyl groups i thrs compound. Rest of the
specirun 15 complex due to overlapping- The 1HNMR‘ spectum of
8 1e az espected consistiing of lwn methyl vesonances. one of

which 1 doubly intense than the other . The spectral data

1S
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coellectively, Ltalen wilth the analwvtical data do conform  to

the proposed composibtions of the above compounds.

The reaction, described above, may Liren lyes

summaerised below 1n Bcheme 111

Rulm-tap) (LY TLOY . 7

+
2hg(m Lap)a

c15~HuC]E(LH)

T oAqueous ELOH
, . at
Ru(m*iap)(LH)E . 8

Boheme 111
We would lile lo note thal a tris chelated compound with

2¢
three different bidentate ligands as in 7 15 extremely rare-‘

Be The Origin of Transfomation

The reactirons described above may be Lroadly
classaified 10 two categories @ bype (1) LH—-pi1c [reacizons
ta) and (b)1s type (11Y LH— LO [reaction (). We fivrst
consider the reaction (b)Y of iyvpe (12« In this reactron the
starting ruthenium compound does not contain LHe Therefore,
the ftormation of ERu(nac)(La>; could., n prancaiple., ococur  an
two ways. Onece the coordinated chlorides are precipitated as

insolubkle Agll, the solutizon axture then contains disolvento

.-‘..
comples g RMSE(La)g (5= solvent) and four moles of free LH.
Coordination of LH to Ru(La)§+ maiety would produce
. £ 25
Hu(LH)(La)a {(&h) . Furthermore. hydrolysas of  an  mine

function in & hydroxylic solvent 18 & comman phenomenon.

11é



Thus, hydrolysis of free LH Tollowed by oxidation of the

aldehvyde funcbtion would produce FireH in sclubtion which  may

then react with ithe labile duisolvento speclies to  form
monoplcalinate, S The second possibilaty s the SAME
transrormatbion of LH occuring aftery coordinalion to Ru(La)E

motetys We wish to note heve lhalt & can boe essily btransformed
to 5 and the electraophhrlicity of LH surely 1nhcreases  upon
coordination, which 1 pyamary for the hydrolyvsis of an Lmine
function. Out of the above two possibilities we, therefore.

propose that LH

pie lransformation presumably  occurs via
coordination of LH« This pruposal also applies 1o the

reactiun {(ads

The other type of transformation, LH—-— L0 (tvype
t1) must aoccuwy with the coordineted LLH since both LH are

already coordimated wn the starting matevial. This type of

Li.21
transformation of an amineg function has been enapplified, "

vetry recently, in two  olher ruthenium systems. One  such

. I1 ,
vample 18 the odadative btransformation of tranes-—-Ru Cle\LH)E

ta trane—RuIIICIP(LU)(LH>u 't has heen shown that mtliral

srdation of the metal 1on Tollowed by paritial hyvdrolyvsis of

coordinated LH and suhseguent ovidation of lhe hydrolysed LH
are 1he sleps 1tnvalved 1 the abhove braneformations At Fhie
stage., comparison of odiwdabion power of different reaclants

of reactron o 18 necessary for further discussion. We note

s e
that La 135 & very gtrmngLE racceptors Conseguently. Agl.al

iy

should be a strong oxidant. Furthermore, the osidaltion of
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c15~RuC12(LH)E may be easily aahlevedim (El/asmnﬂEV)- In the
reaction (o), tnitial oiidation of RuClEtLH)E by ﬁg(La)g LS.
therefore. most plausible one. The ogidation of the metal iton
then Jeads to an adentical  saituation where coordineted
bH— L0 transformation was shnwn11 to ococwr by lhe electro
axisdalion af the metal cenlre. In contrasl to the previously

2
repor ted examp]es%]"“j

initial wxidalion of the metal 10on in
reaction (¢) 1 not reflecled in the ovidation state of thie
same 1 the final product. I the present CaAse (7)

bestdesbeing coordinaled to LO., rathentum 1s also bound to a

very ctrong a-acceptor . Le and a moderate acceptor LH. 1n the

envivonment of LO, LH and La rubthenium s preferably

Lo IIY ., 11
stabtlised in the bivalenl stale (Ele : Ru SRl 1.0V vide
infrals

It may. therefore., be concluded. from the foregoing
discussion, that hydrolysis  followsd bay odivation o f
coordinated LH  resullts n the formabion of pic whereas
olidat son of the compound Tollowsd by hydrolyvsis  would

praefesentially transtorm LH to LG.
Cr Electrochemical Froperties and Redox-Spectra Correlation

Electrochemical properties of the compounds 3-8
were studied cyclic voltammetrically ain SHSCN wsing TBAF as
supparting electrolyte and platinum as a workang eleclrode.
The measurements were carried out with the complexes are

glectroactive, the electiochemical data are presented in

i1a



Tablie VII-3. Representative voltammograms are digplayed 1n

Frguw e VITT.3.

We frrst consider the three parent chelales vize. 3.

[}
6 and 8. Cyolrco vmltammugram} of i1he reported compound 3 s
already discussed. Each of & and 8 displaved an  1rreversible

adidatron wave at a vecy high odidation potential {.Lleér V)

due ta Rudl1? SRuCLIDD sadation. Matal madialed
11
#argation of coordinaled LH has recently been discusoed in
the literatuwre. For the present compledes the ovidation
potentials are wvery bhhigh and consequently the chemical
bLI
reaction succesding thoe electrochemical farmabtion of RKu =~
18 eupec ted o be very fast and Lhus the reverse waves wWere
absenl in the voltammograms of 6 ancd 8. RBoth  the complexxes
alzso digplay reversible, multiple electron trensfer reductive
responscs on the negative of SCE. These are atbraibuted tbo
the reductions of the coordineailed ligands. It may be noted

that o movaing from 83 1o 8 via & the melal oxadation

potential 1ncreases In & parallel direction whereas a reverse

trend was abserved for the ligand reduction. The above trend
.11

12 as supecled. since La stabilises Ru better lbhan LH does

dus  to  enhance dwr-pm bacl bondirng «&and also undergoes

reduction more erasily due to presence  of  lowe acceplo-

orbrt el

The Lwe monopicolinates. 4 and 3 showed reversible
oetdative  and reductive yesponses on both  positive  and

negative of SCE. Their metal cenbred vedox polentiales are

e



svalemalically lower ihan those fTor Llhe parent di 1 mine
compounds . The prootinate 1on 1% A hard ligand, %tab:l1&e5l8

the higher valent state and lhue the above shhifts of  redos

patential 1s observed. Moreover., on moving from 4 to # the

El/E of RuIIIIRHLI couple shiflte by about @-558 V  presumably
due to the hetler stabiligation of lower valent state by La
as nobted bhefore. Faor the similar  reasong the 1 1gandd

recductiong i &% 18 easier than  that i 4« The coyclic

voltammogram of the monoprcoltnamide, 7 9 consists  of a

reveraslble onidative response at 1.8V attrabuted to
118 11

Ru Ru couple and two reductive couples on the negative

of SCF due o the ligand reductions.

Interestingly., the metal redor of 4, & and 6 are
all reversible whereas those of their parents, B, & and B are
erther i1rreversible or guasireversibhle. lrreversablaibty  an
the latter group of complexes are due o metal assisted LH
andation reaction. Inspite of the fact that bhoth 4 and &
contains LH as: coligand  theiy metal redox responses are
reversible. Tt may. therefore, be concluded that partially
transtormed products, even 1f they contain additronal LLH., are
vestslant to further aiirdabtiron of LH at Jeast wn the OV time

srale.

The solution absorpbtion opectra of  the compleves
are recorded an CHQCNB Representative speclra ovf the
complesies ave displaved 1n Frgure VIl«4  and the datla are

coliected 1n Table VIiIl.a. Although the compleses vetain
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fairvrly intense intraligend transibtions n Lthe WY regloang the

ey feslure 1s Lhe intense lowery ensvay Pransgilions ococouriring

@

in the vasaible regiron (S20-488 nim) those are assigned to
Ruidm? llqand(nﬁ) MLET  tranmsiliong. These transt tron
energies Tor the parent complexes . b and & ATE

systematically higher than those for the smonopicolinates 4., 5
and monoplcolainamide. Vs The MLCT absorption energles for all

the above complenes, (3-8, tnlerestingly. show a 1inear

- L 1Tl T1 "
{ 3 -
hlfg.hu SRu ) bl/”

tlagand B/A—-111 CTable VIT.Sr. Thais carrelat Lo, ir

@
correlation with AR Lwhere, AFE =

olherwords, justifies owr assigrhmwent of MLCT Lransitirons for

the complenes.
NDe Conelusions

The main {findings of 1htg  word will now be
summarized. The silver(l) assisted Lisns-metallation route
has Leen shown to be eicellent for the synthesis ot all
possiile combination of comp lenes of formala.

&t .
EHu(LH)n(La)awn] (n = @-33. he reactions of the
coordinated LM in the above compledes show an anteresbting
trend 2 (1) oxadation of metal r1on praior  to hydrolysis  of
Ligand  resulis i LH— LU transformabion, {11 i the
abeenece of any potent oiidant 1 the reaclion mixlure  the
coordinated LH hydrolvses and subsequent omoadation produces

P-ricolinale, and (111) the aforemenlioned tramsformabtions

ooty to only one of Lthe coordinated diiminess
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Fimally we wish to mention here that preliminary
Tuministence tudy o the above complexes rveveals that the
picolinates or the amides have much stronger emission than
therr parent dimmines in the visible region. Our wort n this

area 1s continuings

EXFERIMENTAL SFOTION

A« Phyaical Measwremnents

Molar conductivity., Infyared and Eleclironic
Spectral Measuwremnts have been done as described in
Chapter IT- Electraochemical measuremnentis  which 1ncludes

cveolic  wvoltammetyy amd differential pulse voltammelery were
tone  as  described i Chepler 1l Splubtion elecitrical
conductivity measurenents were performed at an Elico CH&2T

conducriivity bhyidges

Be Foarmulation of compounds

Compounds were formalated by C: He N macroanal yses

as described in Chapter [

2« Solvents

Solvents wused for preparabtive wovk foar Spreciral
and Electrochemical measuranents were ahtained =11
descr 1 bed i previous chaplers.

1a2g



De Materiale

{a) Chemicals

Hyclrated Futherium Trichloride, HuClS-HHED.
Soadium Ferchlaorate. NaCle ete and other chemicals
requlred are described an previous chapters.

(b)) Comploxen

pov]
{13 The Complenes, Eﬁg(LH)E3CJUq (i = LIH o L5H)

and EAg(La)E]Cqu were obtained a8 described i previous

chapters.

{11) The complenes, cxs—LHuClE(LH)EJH r1q~LRu61E(La)E]

ware prepared by reported procedures.

e Reactlons

{a) Heactlon of cmmwﬁuCIQ(LH)e (L = LlH ant LaH)
and LAg(LH)EJCID4

To & sample of bLluish green’ Ccrs 1somey of
HuCljfLH)P (@B-3 mmol) suspended i ethanol-wabter midture

(G 1) was added a solulion of [‘{%g(LJ~H;:.31!(31C1‘q (1 mmol) 11
ethanaol (1@ cm3> artl the mixbture was heated to reflux Tor
e Thoe solutron was cooled and fti1lteved throwgh & @ G-4
sintered glass funnel. fhe tilirate was evapom-ated to
dryness. The crude mass was  then dissolved 1n CHEC1E and
subjected to column chromatography on a silica gel column

eluting with differenl mixtures of BH,C12~CH Chls @& pand brand

= 3
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o f LHU(DLC)(LH)PJF war @luled  walbh QHEDI (TGN (Snld

2 3

followed by & brown band of [RU(LH)QJE+ luted with

Al

GHQBJE~DH3CN (3:2) . These were evaporated and cocrvstalliced
[y
from CHECLE"Béqu {(121)s The compounds were obtained as

solvales.

Yields - FHu(plCHLlH}plﬁlﬂq 3 33%
3 ] “ Py et 74

FRu L H)BJ(Cqu)E 8 B
EHu(ch)(LaH)mJCIGq g 37%

a ¥,

[RuL H)SW(CJDM)E g Bé&hn

(b)) Conversion of ERu(LiH) :I(C:l(:lq)E to ERu(pic)(LlH) J

3 2

(C10,)

To & solution of B.9% mmol of EHu(LlH)B

in ethancgl-water mivture (G:l) was added an agueous solution

1T,

of Aahd, (1 mmel an 5 ol of water) and the mxture was
w

heated lo refluwe for 2 b T1 was then evaperated to
urynese  and =ubjected to column chromatography  on &
si1lica gel column  eluling w1 th cirifferent mivtures of
CHQCIP~CHqCN as described IR section (@)« Yields—
. Doy . , -
CRu{p1a) (L. ”)aJ(C]Dq’"“”aC1E F YA
- i . .
CRu L, H)QJ(C104)2°HEG H L9
(c) Reaction of cis—ﬁuClE(mwtap)E and Eﬁg(LaH)EJC104.
This reaclion was  saimilarly performed a« the
reactron  descyibed 1 section () starting Ty om

cre-Rull, {(m—tap),, «and TQQ(LEH)83CJDHn

L

L84



Yiwlblcy—- EHu(plahimwiapiﬂ]C}mq H i
8., o . 8
CRu H)xm~1ap;83(blﬂq)a e e
() Conversion ot LRuLaH)(m*tap)PJ(Cloq)etm [Rui{pic) (m~tap)EJ
(..lloq'
MMi1s was similarly performed as described n Sect o
b
(e glarting from LRu(LLH)(mmtamial(ﬂlmq)a.
Yields - [Hu(pju)(m~tap)EJ(GJDq)-CHECIQ H a5k
FTRUlL."HY {m 1ap)EJtClmQ)E-HED 2 T
2+ \
() HKeaction of Eﬁu(mwtap)e<mHE)Ej and Fiak Was
performed as described before.
b4
(f) Reaction of c15"RuCIE(L“H)P and Eﬁg(mwtap)EJCIUq-

The above reaction waf also wimilarly  performed

=y
. ) - .
as described in section (&) starting from cys-RuCl (L7H),, and
£

&
Eﬁg(mwiap)gjc1ﬂqu
& &
Yielcs: - CRu(L. 7Oy O H)(m—tap)JCLUq 5 4%
& . o
LRuim—tap) (L H)EJ(CIQQ)E 8 17%
Fa Crystallography
fBingle orystals of EHu(plc)(LiHhﬁ(Clﬂq)-CH9C1m
sy
were girown at 298l by slow diffusion of heane into
dichloromethane solution of  the compounde. Mffraclion
Measlraments wore carried out on & Nonius CADG  Tully
aulomated fouwr—-circle cdrifractometers The wiilt cell was
determined and rvefined using sebtting angles o f 25
reflections. with e angles in the vange (11.60 to E@nBEmn

125



The unal cell dimension are listed 10 Tahle Vilubo
Data were collected by €-26 scans waithin the angular ryange
3-45". A11 data reduction and structure refinement  were
performed using the NRCC-S0F-VAX  pacl ages. The structure
was solved by the Fatterson method. Final cycles of
Least ~square refinement converged with discrepancy indices
of Hf =  @A.@845 and Hw = 1 M Final positional
paramelers {for selected atoms of the sbruclure e
conltained in Table VIT7+ Tabhles containing full lListings of
atam positlions, antsobtiroplLo thermeal parameters andd

hvdrogen atom locabtions are avallable as =supplementary

mabterial .
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TAELE VII.l.a

Analytical Dala of the Comple: es

e s1440 Peaem 41008 e mdis TR Semim Soees obid Shete he o SOOI Fe4ts enm i berin S00rs Seimm $ists fmetm Suete 4P e SPem b SOS buite SorRe Sme Aoims SAL S1i38 b Sevet Smomb Gsa S Sears Bide SUes® PPALS SAreH SeRSS Sees Seets Seteh $49e1 PALRS Srmds Pemte avemt SHess RS Smbed THss 0004 FHEEE SHHEE Smee Subes S4ES SHHFN PRALS PSS seeer reit STot SSHNE SPTIm erd Them S48 AL Seuse 6r0 Gvmrs o0k Sarh Soans avers aiesw $4rie SISSE ovms 4emee e Smt eins G4ree Sheve See T s Svesa Seves ST HOAFY Fombs B sarse Srem

Compound FOFMLILE o e e e e e e et e e i o s e e s o i e i e
Calcd Found Calcd Found Calcd Found
[Hu(p:c)(LIH):]Cluq.CHQCIE 331N5H:66&C]3Hu 48.11 48 .50 TL 7 PRI Q.07 P15

[RU(LIH) 2 1(0104) 2 HAD CxgNgH=m0gC1l-Fu  49.99  S50.21 T.70 T.74 2,72 9.61
[Fu(p1e) (L"H) 510104, CHACT A ComNeH= 0, C1-FU 49,52 49,70 T.7E .72 8.75  8.97
LRU(L=H) 1(C104) m o Hal CogNgH-gloCl-Fu  S1.64 51,50 4.19 4,74 9.27  9.70
[Fu(pic) (m-tap)~1C10g.CHACT o O WyHogD Cl-Ru  46.41 46,35 2.49  TL47 12,22 12,19
[RUL=H) (m=tap) o3 (C10 ) m e Hal CagNgH=,OgClafu  48.89 49,01 .96 T.92 12,77 12,39

[RU(L=0) (L"H) (m=tap) 10104 .CHACls  CaghpHo OsCl-Fu  SI.el 53,30 4.05  4.04 11,02 11.71

~—
e

[F'Ll(m—'tal:‘ ) (L:H)E:I (C]D‘q_):-H:D [::BN7H:7[JQCJ-:E'U 50,50 BO.5D 4,08 4,04 10.80 10,97



TABLE VII.1b

Solution Molar Conductivity Dataa’b of the Complexes

[Ru(pic) (L H) JL]G 115

[Fu(L HlﬁJLLlﬁ4 ~ 2i0

[ﬁu(pJCELL H\ 3L]U4 120G 2.15,2.05

[hu(L H\ J(FlU H 0 219 2.18,2.08

4" ”"

LFu(pJP)(Ldi ]Llﬂ o CHLE1 ., 126 2.281,2.13

4°
[hu(L“Hﬁ(Ld) ](C]D h.H L0 221 2,312,221

[Hu(La)(L“H)(LD)]Clﬂq.CH?CI? 105 2LEROL,2.E5,.2.16

[Ru(La) (L*H),1(C10, ), HoO 205 2.21,2.16

a . .
Splvent : acetoniterile

. ‘ o

b ) -
Soluwte concentration @ 10 moal dm

o e .
In CDCL., using 51(M9)4 as the internal standard.



TABLE VII.1c

Infrared Spectral Data of the Complexes

i

IRtcm )
Compound e e e e et e e e e s e e
Ye=0(carbonylic acid) Pr=0tamide) Yoan
1
[Ru(L"H) 1(E10,) 5 H 0 1618
o
] 3 . : 5 ;
[Rutpic) (L°H) IE10, -CH L, 1650 1610
]
SEES (G H_
[RufL™H) J34E10,) 5 H 00 1610
) 2
Y _iCc - =
[Ru(pic) (L7H) 1010, -CH.C1, 1650 1610
e B
[RUCLTH) (La) j14E10,) 5-H,0 1608, 1610
[Ru(pic)(La)g3ﬁlﬂ#-CHECIE 1660 1610
)
o - 3 =
[Rufla) (LH) ,3(C10, 3 5-H 0 1595, 1610
9
CRula) {L™HY (LOY 1{E10, ) CH_C1 ‘1595

g e e

1628

aIn KBr disc.



TARLE VIL.2

Salocted bond distances (AY and angles (deg) and theur estimated

- e . i ; .
standard deviations oy CRu(pic) (L HJEJ61anGHEC?E

$e30n 6200 ibe dben erede donts ct0th Goout Sombe Va0 Wy esien ehete NASK arend brert SSTIY SUUPE gatee BUA SHOve Pedte Sirmb SEEGP S00mt 4 B beORS SiF SESN R gmeet G Fen SNy bigp sens oot nee Lrece 4e0es Meent St 64106 SRYPY Ammed 2rens Saves SHve SEOS esam HTE BHYSY SHHSH breat Sesie Semss Sebem permt peosd Feen soren dhe Pases earon

Ru-Nt 2.B4613E) NE~-Cé& 1.3@1{8)
Fu- MNZ 2.@4300) Ma—-C18 1.31&6(8)
TR - NH 2= 04005) 01-C38 1.3285(8)
Ru-ple 2.ORR0E) ae-caa La?25(8)
R Sl R Z2.@72{5E) NZ2-L7 1=Q85(é)
Ru-01 2.27304) MNa—-Z19 L-430(8)
M1 ~Fu—N#Z TEL D453 ME-Ru-—-t1 B7.29{18)
N1 Ru-N3 1786 1B(2@) ME-FRu—MN4 TEH.HLED
ML--Ru—-Na FP 3R NE—Ru-—~N D@ R7 (2D
M1-Tu-NG FH.29(8M) ME-Fu-01 FRABCL)

NI Hu-03 87.22019) Mé—Fu—pE 5. 6HB(20)
N1--Fu-N2 2E.23(81) M4 -Fu-01 17127019
N - Fu—-N4g FE.48(26) ME-Ru~-01 T7R.47(18)
NE~Fiu~NG Loh63(20)

esmt bhges 34 besre epmsn swts Siave adsbs batek 900 Pibes Mreg puest sem Aevee bewse Tubsd BEY Gowen berd eSS SESSE seste ROPND Si4es S SuRND RHUAY Kobeb Seoey Freet doves 408 SHPAE Si4nd S007e besrr Sembe Sersa Setee Sesh S0rs seber FHeH Sl Suben boved S4eRE SO0 SeeAd SreRe BeIbe FEem Bebas sesen bty SRS beake srsrm et GbSH ek maiRe beate



TABLE VII.3

- 4
Cwelic voltammebtric data

Compound fielal-centred

El/?

{Hu(Llijj(Glﬂ4)2.H20

[Ru(pac) (LTH),T010, JCH,ET,

3
{Ru(L“H):](C104)2=H2G

2

™

)
[Ru(pac) (L7H) 51010, (CHLC

b4
[Ru(L“H)(La)EJ(Ele)EnHQD

[Ru(p:c)(La)E]Clﬂq.EHQC]2

¥
[Ru(La) (L7H) ,1(E10,) 4.Ho0

3
[Hu(La)(L“H)(LD}]C1G4,CH2C)2

o 1dation Ligand-based reductions
/Q(AEpij) *El/in(AEp/mU)
1.45(75) 0.95(90).1.16(100).1.49(510}
1. 00(7%) 1.15(100).1.48(90)
1.44(70) 0.90(90),1.19(130),3.532(110)
1.00080) 1.76(100),71.48(100)
2.00" 0. 15(70),1.65(100) ,1.56(170)

J.56(70)
b

.91

0.78(70)

0.28(100),0.85(100).1.71(180)

0.40(50),1.00{100),1.57{120}

0.92(100),1.27(100)

ftyclic vollammelric e: perimenls were carried oul in UCH.CH ac 298K using 0.1

mol dm ° Nhu4P304 as supporting electrolyte and platinum as working elecirode.

-1
The reported data correspond to scan rate v = 30 mVs.

hlrreveraible response, the polentsal corresponds 1o Epa'



TABLE V11.4

Wivas spectral dats

Compound ﬁh%orpttnna

X /nm (e/dm“mnlujcm“j)
mc

[Ru(LlH):](E194)g.HZD 480(13?66)1445h(30880}qZOO(ESéOO).??0(25040)
[Ru(plc}(LIH)2J6164,SH2612 5[5(19959)q470b(7jﬂ03q315(23400)1270(i90463
[Ru(LEH):](ClU¢)2.H2U 8@(14310)q445b(33320}q315(2?3803u270(25120)
[ﬁ'u(plc)(L;’H)EJEqunEH:jﬂl2 5l5(111®0)q476b(7180)1310(23 H40),26501917%9)
[Ru(LQH)(La)Z](Clﬂq)z.Hzﬂ S15(7400) 4905700170707 520 (LEY90) . 270 (15300)
[Ruiplc)(La)elﬁlﬂqnﬂHEEIB 545(11Q8D)q360(186203q310(21250)q250b(18200)
[RU(L&}(LZH)Q](Elﬂq)E.HZU SOO(RT001, 3200209600, 265(25540)

-
[Ru(La)(L“H)(LD)]CIB4.EH1E1- SQQ(BBSO)qjﬁﬂrqjiﬁfﬁj?ﬁﬂ)

’
2

In CH.CN.

b Shoulder.

111 defined choulder



TARLE VIL.3

Redo ~Hpecira correlation

Compound EL’”fU ~E1fq/U AE/Y Yo e
/- Ear PR
Helal Faretl i /Red
a. rdation ligand

reduction

[Ru(LiH)ﬁ](Clﬂq)qquﬂ 1.4% .97 9,76 2087
LRu(p:c)(LIH)2]C104.EH2C]2 1,00 1.15 515 19417
Lnu(L“H):jfﬁlnqnﬂ.qu 1.44 0,50 7,54 2087
-y

[Ru(pic) (L1, 1610, .CHA T, 1,00 .18 9.14 19417

. _ _
CRU(L™H) (La) 5 1(E10, ) 5. H 0 5,00 0.15 015 19417
[Ru(p1c) (La), 1010, .CH,CT 1,50 0.98 1.84 18748

)

CRULa) (L7H)ST(EI0, ) 5 H, 0 1.81 0,40 5,01 SHO00

¥
[Ru(La)(L“H)(Lﬁ)]ﬂ]ﬂﬁ,CHq61q 0.7k 0.9 1.70 19270



TALLE VIEb

Crystallographic data for [Ru(plc)(f H)PJCIGQ-CHQCIE

Chem formula RULSJHEéNSC}HDé
T TR .G
rryvelt system Triclamic
SER&CE group Fr—-1
a. A 11.3'?:3/@9.3)
b, A L1E.587(3)
c. A 13.BEE(R)
o, dag 71-9?4(8@)
3. deaq éé=@54(19)
Y. deg 75~#74(183
o\v:}
Ve A J&24 el
Z &
iy m cmwg 1579
calc’ - .
L en t 7. 028
3
crvet S17&, M @05 » @B.05 1 3.3
Aa A @710
1. Tk a9y
F.. R @.@4%5, G.835
¥ ]

Aot e wames toms shemy spese Beres thaee SSeve Pk Snove PinsD Serem HESH Srive Soias Smied AaieS Whe Shene PHOLE Fherd Gheen $5008 Somms G404 SoRed S900% beneh bmie 4nten Sntes £AARS biee H4SMA Smesh Sa0ed S S4RH SFRRS PebRL Semey Amved Seben Sasbe SRS Fi43a ente Fedrd Simdd FHOEA MaD Srmre 6010 Sinse $Av4 besah mea cmets Srebm SR SW088 BMReE



TALLE YIT.7
Selected atomic paramebters and an far

fﬂu(plc)(LlHi JCIGﬁaﬁHmﬁl

2 I
H v = Ueqa
Fu H.31889(4) @-31L&HERLTE) Be24150L05) 2.71(3)
M Baal@di (5 G B2377 {4 @.1@8%95 (4) 3.8 (3
BE @555 (5 @347 (4) Ba18%a 4) 3.3 (I
M3 @A391 05 @ 29327 (4) @De3VEG (4) 3.2 (3
M4 @Bel2as (&) Baludla (4) @.3725 (49 20 ()
ME; fla L3422 (3 Bod@spE (a4 @250 (4) 3.1 (3
{3 @.2874 {(4) Dbt b {47 @ 13499 {4) 3.5 (3
(W2 fla 10463 (5 fBenad3@ (4) @.@3419 (4) He6 (3
{56 @.5018 (&) R.BELG (&) @.8983 (3) A8 (3
R £ 82509 (&) 2319 (&) B.a7al (3 3.5 (4)
A #1803 (&) B.4BLS (&) @.1@72 (&) 3.8 (4)

aise oe reves Seten mbvat seeye booes eces e Sowe siba SAirS sared Ia4IY Setn $oria fhise sueer Seses Swres Siad SH<Y Serte Somim $53  VSrSA bAtH FasEm dhess enrs Gees qeete meee Srics Sivre besse bedon beses oem GRien VP VRS SRREE Fhest SHNCD SOUTG SrSLD seute Spuse 83 WA St MESS Meve Faoey eeh PN Besen Ses cvev pees

Hpq 1s the mean of the principal axes of (he thermal ellipsord
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