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PREFACE

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

This thesis consists of seven chapters. A brief
survey of known coordination chemistry of o, o -diimine
ligand along with the purpose of the present work is
outlined in Chapter 1. In Chapter 1I, the synthesis and
characterization of the dihalo-bisligated complexes of
Ruthenium{Il) are described. The reactivity of the complexes
toward oxidant is described in Chapter I11I1. Chapter IV deals
with the transformation of +the coordinated azomethine to
amide function and characterization of the +trivalent
spacies. Chapter ¥ outlines the synthesis and
characterization of the tetraccordinated silver(l) complexes
of L. Chapter ¥I 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.8.Coswami.

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.

\625;45249 4?324a%bfgﬂ

SUBRATA CHOUDHURY

Department of Chemistry
North-Eastern Hill University
Shillong 793003.
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STUDIES ON THE CHEMISTRY OF RUTHENIUM WITH SCHIFF~BASE  AND

RELATED LIGANDS.

ARBTRAOT

The present thesis primarily deals with the Chemistry of &
oot didimine 1igand, Marvipyridine—f-carboraldimineg Gy 12
involving  ruthenium. It involves synthesis of new compleses
and  their thoroagh characterization. I two B,

structures  have been  determined by using single crvetal

s-vay diffraction technigues. Btudies of chemical  and
vedor propervhbiss  of the synthesized compounds form Ar
integral part of the present  work. The reeio reacitions
have been studied by L i ng modern electrochemical

technigues such as Cyelic Voltammetry (CY), Differential

Pulse Vol tammetry (P arel Constant Fotential
Coulomatry.  The subject matter of the whole thesis has

been distributed over seven chaptars.



Chapter I briefly describes the salient aspects of the
Enown coordination aof o, a’ - diimines. The scope of
investigation of the coordination chemistyry of the
ligand, M-arylpyridine-g-carboxaldimine(l.), has been

del ineated.

5 6

N R :L
—( . H ¢ U
3 C =N 2
Hg 8 CHB:L
12 9 cl : U@
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1 R

Chapter Il describes the isolation and characterization of

-2 group of ruthenium complexes of the type RuXPLE (C1,Br)
which are synthesized by refluxing hydrated Ruxq (Cl,.Bm)

- with the ligand, L, in ethanol.

Owing to the unsymmetrical nature of the bidentate
ligand L, five different geomeltrical isomeric forms  are

possible. Three of  them are isolated by the use of

ii



chromatographic technigue. These are characterised with the

e of the isomers is green which shows a mingle

sharp band fmr:vRuMﬁj indicating & linear trans grouping  for

RuCla moiety.  Fest bwo isomers are bluish graeen and  violeb.
Each of them shows a doublet vRumCl in the vange 310 to 290
=1
cm .
The geometries of the isomeric comprl exes e

mainly assessed by an examination of figh resolution lHNMﬂ
spaectra of  the conpleses. Fortunately all the isomers of
RUXELE diﬁplay highlyv vaesol ved 1HNMR gpecitra  which have
been completely assigned. Using  the 1HNMW data and  with
the consideration of the models of different isomers it has

been possible to  assess the geometries of the different

isomers of RuXELE»

The solution electronic spectra of the isomeric

RuX are  dominated by the multiple charge transfer

ELE

transition in  the visible region which are assigned +to  MLOT

ftﬂwwm}n*(L)R (metal t iigand charge transfer)
transitions. Multiple transitions originate from Tower
symmetry splithing of metal level, the presencs of
different acceptor orbitals and from the mixing of  singlet
and triplet configurations in  the exited state thtmugh

iid



spin-orbit coupling. Transitions in the UV region are cue
; , . . & L

to i ther intva ligand (rpme—2@ , e ) or charge

transfer transitions involving higher energy levels which are

higher in energies than the Vigand LUMO.

Al the complexes display three are-alectran
nearly reversible to irreversible responses on the positive of
SCE. The first quasi-reversible oxidation eccurs in the range

@.20-8.050 YV is assigned to the Ru(III)/Rudiil) ot le.

. 111, 4T
Fu XELE R e— g XEL&

The Aformal potentials for FRu(III)ZBu(lD) couple o f the
cis-isomers is high@; than that of the trans isomers. This iwm
due bo superior n-interactions  in the cis-geonetries.
Thies formal potential value of Ru(III)/Ru(Iil) couple also
dﬁpéﬁﬁﬁ o the nature of the substituent(R) in the Ligand.
The value decreases with bhe glectron-releasing power of the
substituents. The irreversible electron  transfer processes
at wery high positive peotentials (21.8Y) are thae to ligand

bawed owidabion.

$

In the Chapter IIl the oxidations e f e
isomeric 'hivalent ﬁu&laLa LEing ﬁlgwgag - AT ceidddant
and dsolabion of the corvesponding isomeric trivalent
compleses o ruthﬁniuma;Eﬁuﬁlghﬁjﬁlm“ﬂ areg described. Fach

wf the trivalent salts is found to regenerate  guantitatively

i



its correspornding bivalent COMGEnsT N chemical ared

electrochemical  reductions indicating the oonversion,
e N 5 5 DU 4 .
Rullui,Lw — L Clol. i raversille @
R N el gt :
"*"E?
stereoretantive.
Thyg verl Lo d sh brrenan micro oryvebtal lines mal b

of ﬁﬁuﬂlaLmjﬂiﬂq, ohiairned almost in quantitative vields, ave
v
highly soclublse in redox inert polar organioc solvents  and

behave as 1:1 electrolvies.

The selubtion electronic spectra of the o L ex e
are characterissd by mulbiple dntense absorpbtions  in the
vimibile rvange due  bo allowed transitlions  dnvolving metal

and  ligand orbitals. & low enevgy weak absorptions  in the

Targe 1HAE-1453 nme This  low  ensrgy  btransition is chae
2 B R transition originated T rom splibtting wf b
tgmmrbitalﬁ breso s e orf o symmetery and  spin-oviib
coupling. The snergy of the ligand Field bhand is in  good

agreemnent with the calculated transition energles using  the

ohserved g-values from the respective EPR spectrum.

The magnetic moments of the complesxes covrespond to

& ; ; i 3 o i,
Tovwg smpin o configurations {idealised t;a v B o= oo Mone
mtd
of bhe isomers possesses votational symmebtry greater than
T forlds Their BERR spectra i frozen

acebonitrile-toluene (77K arve accordingly rhombics. The  two



slectronic transition energles, AEl argd AR, L AR }AEE}ﬂ have

& i
been computed using the observed g- @ values. The AEE
transition in each of the compleses is observed in  the
rangs H800-& 155 mel whi le ﬁEl transition could not o be

chasvrved due to solvent cub off.

e

Eaoh o f the disomers of ﬁﬁuﬁlaLal displavs
a reversible, one electron coyolic voltammogram i the
potential  rvange @.3-0.7 V. Under identical conditions

the voltammograms (initial scan cathodic) iw supervimposablie

o that of  the oorvvesponding  isomer Ruﬁlahp Cimitial
S AN anoadic? indicating  the process wunder  consideration

iz rveversible and stereo retentive. The formal potential  of
FRulliiy/Ruilly) couple follow the ovder: ttt-dcot-<oto-. Thus
the btrivalent comples in cto-geomstry  is  the strongest
owidant. The reduction of the trivalent complex with hydrazine
hvdrate was examined spectrophotometrically and found to  be
instantaneous  and  almost guantitative. In acetonibvrile,

‘ +
Ruﬁlpha compleses act as mild oxidants.

In  Chapter IV we describe an. interesting
rutheniuwn mediated oxidation of aldimine to  amide which is
otherwise nobt obtainable

Conversion of an aldehyvde function (~OHD to an amide funchion
{-CONMR Y Follows the routse,

~cHa EBd . _poow

RINH,,,

&

~EINHR

Vi



In  the present work the conversion (equation 1) follows

the reverse sequence,

RN, .
~CHO 2:  —cHnk R conmg,

A family of isomeric ruthenium amido complexes
have been isolated in  excellent vields by oxidising  the
igomeric ruthenium bivalent diimine complexes,
U . ) G+
R " (LMY 01,3, with agueous H.0 (also aqgueocus Ce ).

arte arg
The complexes of trivalent ruthenium are of the type

[Ru(LO)(LH)ClEJ formed with retention of parental isomeric
structure, where L0 is N-bonded arylamide bonded to Ru(IIil)
in anionic deprotonated form, LO, while the diimine LH is

neutral

vii
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\ |
\R|/N\ H =
- oo N IU\N’ N 7 |
cl

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

One of the isomers, trangﬂtﬂu(Llﬁ)(LlH)CIEJ is
'structurally characterised by the use of X—=ray diffraction
- technique in collaboration. The suitable crystals for  the
other two isomers could not be developed so far. However,

their geometries could be assessed from their spectral data.

ALl  of them displayed a sharp band at ca.1630
c:m_—'l assigned to LR which is at hiéher energy compared to
that - of pCmN at ca.l600 cm—i- A single, strong and Ehafp
band in the region 300-305 (:m——1 has been displayed by*vthe
trans—amido isomer assignable' ta vRu~C1 which strongly
suggests a linear ov nearly linear trans grouping for

Rumlp moiety. A doublet has been observed at the range

29@0-41@9 c:mm1 for other two cis-amido isomers.

viiid



The solution electronic spectra of  all the
- complexes are dominated by an intense absorption at ca.B80 rm.
Othey then this sore absorptions are observed in  the range
283468 nme The origin of these absorpbtions  may  be  duse  to
LACT {(ligand-to-metal charge tramsferd. & low  intensity band
ococurs for  all  amido compleses din the nesy IR region at
ca-1468 nm, which is  assigrned bto ligand field tramnsition
with in the tﬁ mhall split by the rhombic nature of the

Tigand field.

The EFR spectra of the thres idsomeric Rudiliin
amido complenes are rhomb ic &t PR ir frozen

acetonitrile-~toluene. Both the predicted and observed ensrgies

of the band follow the orders trans-sois-, which is  also
consistent with Pigand filed description of t? spnlitting
arnd this inegquality s of diagnostic wvaluse for rvhombic

struchure assignment.

The magnetlic  moment  measuremsnt sugoests b
. g b
complaedes are of low-spin o configuration {(idealised téq; H
! .
=
&
Im COH_ON, the trans- as well HE cig-amido

A

isomers of ﬂuﬁlg(LO>€LH) diisplay  btwo nearly reversible  one
electrorn oyvelic  voltammetric responses at.ua* ~@«1EY and  at
ca-l 858 dus  to steren retentive FutIIId/Rudlls arl
Rul{IMV)/Rulill) rvedox vespectivelyvs. The much lowsr value of

RudlTZ7RadIl) couple in amide compleres,

1 H



tran%w!miﬁmﬁuili 11

IR LH L, + &8 —  fu (L (LML, .
& e 2
than in oviginal diimine comples, (at ca-@.35V), signifies

~ the strong stabilization of the higher odidation state by the
amide Ligand.

It has  been  shown that the transformation
of EHu(LH)aﬁlgl (] hha. corvesponding iwmomeric
[Ru(LG)(LH)GlEB procesds via the formation of Eﬁu(LH)EQ183¢-
The wet solubtion of [Hu(LH}Eﬁlaﬁ+ spontansously ariel
guantitatively dispropovtionate as

= tran%wiciawﬂquHbaﬁlg + Hﬁﬂ —_— tran$~fciﬁwﬁuiLm§(LH)ﬁla
* B trans-/cis-Ru(LH),Cl, + @M
It is proposed that the water msolecules adds  to Lhes

azomethineg function to  produce  a-hyvdroxy  amine Function

which is  then rapidly oxidised to fors the final product.

A preliminary report on the photo induced oxidation
of tranﬁwﬂﬁu(LH}gC1P3 bay moxlecular X yYgen Edw the

covresponoding tran%~£ﬁuiLB)(LH)ClEE has been @lso described.

The chemistry of sillver conplexes of
N-aryvipyriding-g- carboxaldimine  ligand, EdLa is the
sub ject matiber of  OChapter V. The silver comnpleses of

MyN-donors have besn shown to be  useful  synthons  for the
corntrolled synthesis of transition metal complexes from their

halide salts.

o



81 bvey nitrate reacts with beiling ethanolic
lution of L1 in the molay vabtio of 138 to vield cationic
. AgLE]* {(8), which has  been isolated ag  a crystalline

er chlorate salt

3
The complex of general tvpe tiﬁnglmﬁ,._j3{231(3‘{+ has been formulated by

AGND,, + Bl e cﬁqLP3+ + NO

=

elemental analyvses. It may be noted here that examples  of
8

bBiz  ligated silver{(l! complesss are scanty. The complex

behaves as & 131 electvrolyvie in methanol. This = T winil

characteristic absorpbtions,

fpyridine) and e Cimined,

YN =i
Tor coordinsated ligand with shifts to  lower freguencies

compared bto fres ligand, which ﬁuggaat that the ligand L

iz coovdinated to silver{ll). Thﬁ Righ restlubion 1HNMR‘
spaectra  of  the ocomplesx with different substituted
ligamdﬁ are repovied and completely assigned. it has been
shown Trom the 1HNMF‘\’ data that two ligands in the present

silver complexr are magnebtically aquivalent at least in  NMR
time scale. RBased on NMR and IR dats it has been proposed
that the structure of EﬁgLaJ+ iw tebtrahedral .

The sclution electronic spectrum of the complex
iz dominated by intense absorptions in the WY region which

may e dus to intva ligend btransibtions.

The stability of the silver compound i
chloroform, methanol and acetonitrile heve been  verified by
Beer s Law. These are guibte stable in sethanol and chlovoform

M3




1+

where as the solubions  of them in a

etonitrile do not obey

Bereryr "e Load« ‘

..|.~
Thes reactivities of EﬁngJ towards Lhyes

matal chlovides have been explorved and dsolation as well as

characterizaticon of the resultant complex orf e Toypres

M o= Fe,CoNi)  have  also been veported.

+ RBAgll + 3L

+ Py

Chapter VI describes a cereral dsed sy bhet i yreat b

using silveriD) complexes of Loand bpy for bthe synbthesig of &

complete  series of trig-chelated complexses, EHquihpy}M 1
¥ v S




The divect vescbion  of  hyvdrated Ruﬁlg with ﬂ
in salution FTailed to afford isclable EﬁuL3]a+ species.  Then
the gilvar(liwaﬁ%iﬁtéd ﬁyﬁth@tiu route was  seuplovred for  the
synthesis of trischelates. The reactions of ohlovide salts of
ruthenium and the silver bis complexes tﬁgLEJGIGQ procesded

smoothly in ethanol to vield tris-chelated species, which

were iscolated as  their perchliorate salts

RUC L, « BH,, 0 e BIQQLEB+ By ., ﬂﬁuL338+ +  BfAgtl o+ 3L

cis-LRUCL L1 + &EﬁgL83+ SR [ﬁuL33e+ + BAgll o+ 3L

cis-LRUCL, (bpy) .1 + EﬁﬁgL23+—§E§ﬂ—} thL(hpy}€3a+ + BAQCI+3L
+ELOH.

cis-LRUCL LD + BLAG(bpy) ] 3 ERHLP(bpy)3&++ 2AgCL+3bpy

The composition of  the new compounds,. purified

by coalumn  chvomabogeaphy ., were Tormalated by srlemantal
analyses. These are diamagrnetic (tg} and 1:82 slecbtrolvies  in
acetonitrile are sl characteristic absorptions f oy

coordinated L and bpy, in their IR spectra.

e 3
The geometry of the complex ERUL,3“+ was determined

H
1 . . \ ) ) gy Bt 8
By THMMR  spectroscopy. The methyvl signal of LHuLBJ {1 e
Bep-tolvpyridine—S-carboraldiming?  was  observed wi th the
intensities 128 abt .18 and #.0888 rvespectively which 3

characteristic for & meridonal gesomebry.

The solution electronic spectra of the oosmps e e

sidd



R . ;
Coars very similar  bo that of Eﬁuibpy}BHL in dntensity andd
profile eqxcept for  the lTowest  snergy transition Ffoe

fd e
[RuLﬁj“ which appesars at lower energy (488 nmd  compsred  to
) g
that of tﬁuébpy)?jb (4% mmde  Edcitabtion af  ethanolic
solutions of the compledxes &bt 438 nm abt  77E resulted in

multiple band emission spectra.

In  acetonitrile soclubtion at  room temperattre,

Tour successive reversible to guasil reversible one slectron

24

cyolic voltammetric responses  arve obsevved for tRuLQK

ir
the range +1.8 to  -2.8 0V versus the SCF st @ platinum
electrode.  The response  abt  the positive of S80F ié @ merbal
centred process, FQIITIDNN AW Other three cathodic couples

reprasent  swooessive rveductions of  the three coordinated

lTigands.

o . ] ) =
prat P 23 _*e o pr IT aBY e o oI ey gt e
] g ‘ -]
rro YLy —2 8 rratfenm
d \-————-:_—-— ..L:i
-
. . .. 2 .
For  the cationic comp lex EHULBJ - i

successive reductions in principle could ococur. Five responses
wave observed in the experimentally accessible range ry

employing glassy carbon as a working electrode.



A linear covvelabion o f [ bhe difiference  of

the formal potential of the Fullll)/Rualills pouple and the

prption  energies

Fivat ligard

sy reported.

is o oalso b

Thie Chapter VII describes  the synthesis ot

e

(e =

trime-chelsted cennp 1 e es [I!:":i..,xil...,i---l)r'iL.e::«),..§
i B R

Eea L obimdre (=) & e mebolylasodpyridinel

Py Loy rd o i

sllation  syrthetilo

baaed ey omd Lwer (D) s dow el

ot bes .

Me

H La
L H

Py
1
<
@D




In the process  of synthesizing mixed ligand chelated

yutheriium compleres af LML) and Ee-{m-tolylazoipyridine
fTLa,ﬂ} somne interesting  products  were obrbadried along
with the expected products which  are elaborated ‘belmw
:(Schameﬁ I+~L1138
Rutpic) (LH)EY
& &4
&ﬁg(LH}g gﬁgg“”%
ciswﬁmﬁlﬁ(LH}ﬁ R =Tu]
;ﬁqu?au% " o o
B4l Hu{LH)B . 3
Beheme [
The bluish green ci%mﬁuClE(LH)a ravac bad wiﬁh twe moles orf
Qg(LH); in 13l agueous ethanol to produce a mink commpoaarc
in addition to  the espected brown trig~chelate, WmiLH)§+
(3 Interestingly, an aquecus  ethanolic solution  of IR
Ru(LH)§+ irn  the | presence of oilute SRCPLE LS QQNQQ
qu&ntitativ&ly produced the pink Ccompoaro . The ik
compor im aralvsad HE Eﬁuipiﬁ}iLH)E3G104-GHEQIE {43

{pic = 8-picolinate anion). The compound 4 dis  diamagnetic

and  displaved a moderately strong brard at 1456 T
indicating the presence of carbosylic funﬁtimh‘&lmng with  the
characteristic festures of coordinated LM and ionic Glﬁ;u The
componind & (LM = LIH) i structurally characterised by the use

of Hevay diffraction teohnigue .
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FuCL™H) (m—tbap) &

- E’E 8 6

B4 AouE s
2hg (L7H) E tOH
cxs*ﬁu&laimmtap;8———————~“ +Ag+

E0H/ H0 ( ,“)( amy
wipic) (m-tap), 5
A
FioHABEBOM
, €is~Ru(OH)  (m—tap) & "
Boheme 11
- The reaction of ci%wﬁu&latmwt&ﬁJE with two moles of QQ(LH};

in agquecus ethanol resulted thérfmrmatimn of a misture of a
Brown and & viclet products. The violet product may  be
generated by boiling  the bhrown product in aguecus ethanol in
the presence  of dil QQNQB solution. Interestingly, the
réamtimn of ci%mﬁu(mHE}aimwtap)§+ with FicH in  ethanol

inﬁtantanamualy produces the violet product in a high vield.

The br v crnmr product i artal veed aficl
characterised as EHu(Lle(mwtap)ajiﬁlﬁq}auHED (&} WS T EaE
the violet e is characterised =1
[ﬁu(wim)(mwtaw}alDlmQ-GHaﬁla (8. The compound 5 i

13l electrolyvte  and displave a moderately strong absorption
at  léadsi ammi charachteristic far carbogylic function

whioch i conspicucusly absent in compound ée
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mixture of & pink and a browns products were vesul ted

ik e

4 . T s s . b .
, IE“HUHLP(L H}P reacted with  bwo  moles  of Agim-tap) .., i
agueous ethanol. The pink compound was aralysed HE

oy ) ' m
tRu(L“H?(L“Q}(mmtap}3ﬁlﬁq»$Hpﬁ1$ (L0 Mep-tolyl—8-pical ina-—

—migia? {70, The  compound 7oodiw 1wl electrolvie  and

dizpiaved & miderately strong band  at 1480 cm theraby

showing the presence of an amide furnction. The couppounds ars

characterised by spectral data.

The metal oxidation as well as Tigand reductions
Tor the above complexres have been studied voltammetrically  in

acetonitrile using platinum  as the working elechrode. It Mae

been observed thatb tie ceidation  of The transt ormed

o +
- complenes, Vi EWuimic?(LH?P] i Cﬁu(pic)(La}PB arcl
'[RquH)ﬁLU)(La}3* ocour at lower potential as compared bo

their parent [Ru(LH) (La). 157

compleses. 811 bhe comnpleses
! ey

show  metal-to-1igand charge transfer transitions  in the

visibile range and absovption enevgies Vinearly correlate  with

swddd



e differences bheltwsen bthe metal oxidation

ligand reduction potentials.

Fart of the results of the studies
e apters 11 to VII have been published as noted
Aére ucley commanication.

- Chapter Il Polyvhedron, 1998, 11, 3188

Chapters 111 Polvhedron, 1998, in Press

Chapters IV Jd. Chems 800, Gomman., 1994, =7,

Chapter Vi Polyvhedron, 1994, 18, 18&3.

Chapter V1, J. Chem.8cc., Dalton Trans., 1994,

P SR S & pisritee PSSO i 0 oSS Y

Chapters VI Communicated.
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