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Abstract

Taking in account the basic ideas in coordinatibengistry governing
the structure and reactivity of these compounds@ajly those of Palladium
and Platinum complexes, a new set of Pd(ll) andl)Pgguare planar
complexes with varying structural isomerism haverbprepared and studied.
Their structure and spectral behavior have beerudsed based on hard and
soft acid base principles, backbonding, and redox behavior. Another
MCI,(DMSOQO), [M=Pd (Il) or Pt (Il) complexes were prepared arskd as
starting materials to prepare the following typésamplexes ;

(1)- The reaction of both trans —Pd and cis- Pt congdexth Dithiooxamide
(DTO) in ethanol gave cis Mg&DTO)-N, S).

(2)- The reaction of cis —-MG(DTO) with a series of neutral N-and P-donor
ligand s in ethanol gave new complexes with diffiégeometries;

* Triphenylphosphine (PBhand triphenylamine (NRBhreplace the Cl-trans
to N of DTO giving N-trans-[MCI (L) (DTO-N, S)], &PPh or NPh).

* The reaction of linear Benzidine (Bnz) and 5% tetremethylbenzidine
(TMBnNz) with MCI, (DTO) in ethanol gave the tetra nuclear cage cergd
[M4 (DTO)4L4] Cls. [L=Bnz orTMBNZz]

*2,2° —dibyridyl (dipy) react with cis —PtgIDMSO), in ethanol to give PtCI2
(Dipy), the later gave the ionic mixed ligand coewl[Pt(Dipy) (DTO-
N,S)]CI upon reaction with DTO in ethanol.

All the prepared complexes were studied using FT-UR/-Vis
spectroscopy, and magnetic susceptibility measurenighe metal content
was determined using Atomic Absorption apparatus.

The structural changes were discussed, and the tdddasic ideas of
coordination with the aid of group's theoreticallcotations for some

complexes show to be very helpfull in understandimg structural change.



The antibacterial activity againdtscherichia Coli and Staphyl

ococcus aureus, of all the prepared compounds, were pursued.
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Introduction

1.1-Coordination Chemistry —structural consideratio

Without the armory of physical methods availablehe modern
chemist, in particular X-ray crystallography, tharlg workers were
obliged to rely on purely chemical methods to idgnthe more
important of the stereochemistry. They did thisimigithe next 20year,
mainly by preparing vast numbers of complexes ofbws metals of such
stereochemistry that the number of isomers whichiccdoe produced
would distinguish between alternative stereochewnist

The more important factors determining the mostofable
coordination number for a particular metal and idaare summarized
below. However it is important to realize that, lwiso many factors
involved, it is not difficult to provide facile elgnation of varying
degrees of plausibility for most experimented obagons, and it is
therefore prudent to treat such explanation witltioa.

If electrostatic forces are dominate the attrachetween the metal
and the ligands should exceed the destabilizinglsegns between the
ligand, the attraction are proportional to the ptdf the charges on the
metal and the ligand whereas the repulsions aqgoptional to the square
of the ligandcharge.

The concept of the coordinate bond as an interadigtween a
cation and anion or molecule possessing a lonegbatectrons can be
accepted before specifying nature of the interactideed ,it is now
evident that in different complexes the bond caansfhe whole range
from electrostatic to covalent charater

One of the earliest correlations was the IrvingHafihs series of

stability for a given ligand, the stability of complexes widpositive
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metal ion follows the order Ba< Sr? < Ca?< Mg* <Sc’<Ti*? <V* <
Cr'? < Mn*? < Fé€? <Co" < Ni*? <Cu*>zZn*?

This order arises in part from decreases in siresadhe series and
in part from the ligand field effects.

A second observation is that certain ligands fdmsrtmost stable
complexes with metal ions such as*Addg™ , and pt® but other ligands
seem to prefers ions such ag3AlTi**,and C&°. Ligands and metal ions
were classified as belonging to type (a) or (b)oadng to their
preferential bonding®. Class (a) metal ions include those of alkali
metals, and lighter transition metal in higher @tidn states such as*¥;
Cr*, and hydrogen ion, H

Class (b) metal ions include those of heaver ttemsmetals, and
those in lower oxidation states such as’,Cag’,.... Pd? and P

According to their preferences toward either cla3sr (b), respectively

Tendency to complexes with Tendency to complexes with
Class (a) metal ion. class(b) metal ion

N>>P>As>Sh N<<P>As>Sb

0>>5>Se>Te O<<S<SeTe

F>CI>Br>| F<CI<Br<lI

for example , phosphines R and thioethers @8) have much greater
tendency to coordination with Ffg,Pd? and Pt but ammonia , amines
(RsN) prefer B&% , Ti** and C3&°. Pearsoff has suggest the terms "hard"
and "soft" to describe the members of class (a)(ehd

A thorough discussion of the factors operating ardhand soft
interactions will be postponed temporarily but nb@ynoted now that the
hard species , both acids and bases , tend todle,shghtly polarizable

species and soft acid and base tend to be largemamne polarizable .
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Pearson has suggested a simple rule (sometimesdc&karson's

principle) for predicting the stability of complexé&rmed between acids
and bases.

Hard acids prefer to bind to hard bases and sdadisgarefer to bind to

soft bases. It should be noted that his statensembti an explanation or a
theory, but a simple rule of thump which enable tiser to predict

gualitatively the relative stability of acid- baseducts.

An important point to remember in considering thi®imation is that the

terms hard and soft are relative and that ther@isharp dividing line

between them.

This is illustrated in part by the third theory,fderline" for both
acids and bases. But even within a group of hasbfir not all will have
equivalent hardness or softness.

Thus although all alkali metal ions are hard, #gér more polarizable
cesium ion will be somewhat softer than the lithivom. Similarly,
although nitrogen is usually hard because of italssize, the presence of
polarizable substituents can affect its behavigridihe, for example, is
sufficiently softer than ammonia to be considerertbrline®.

Hardness and softness refer to special stabilityaodl-hard and soft-soft
interactions and should be carefully distinguisfredn inherent acid or
base.

It is possible for a strong acid or base to displacweaker one, even
though this appears to violate the principle ofdhand soft acids and
basis strength. For example, the stronger, soéise the sulfite ion, can
displace the weak, hard base, fluoride ion, froenttard acid, the proton,
H*.

The Irving-Williams series of increasing stabilifBa™) to (CU) is a
measure of increasing inherent acidity of the mdlafgely due to

decreasing size). Super-imposed upon this is ankasdsoftness factor in
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which the softer species coming later in the sggesater number of d-
electron) favor ligands (S>N>0). The harder alkalimarth and early
transition metals ion (few or no d-electron) prefarally bind in the
order (O>N>S§®
Although the hard-soft rule is basically a pragmaine allowing the
prediction of chemical properties, it is of intdrée investigate the
theoretical basis of the effect.

In this regard, there is no complete unanimity agh@hemists
concerning the relative importance of the varioossible factors that
might affect the strength of hard-hard and soft-suéractions”.

1.2-Palladium and platinum complexes:-

1.2.1-Palladium Complexes:

Palladium is one of the (4d) transition elements has the outer
electronic configuration (48 with completely filled (4d) shell which is
quite easy to break. The most characteristic featurts chemistry is its
similarity with platinum, its (5d) congener.

It differs from platinum in that it is more reaativand this is
reflected in the chemistry of the metal in varioosidation states.
Palladium has a well-established chemistry in tBel{ Il) and (IV)
oxidation state.

Palladium (IVV) complexes are less stable than tmeesponding platinum
compounds and are readily reduced to palladiumRH)ladium (Il) is the
dominate oxidation state and usually the compoanelsliiamagnetic with
low spin (d). It is generally regarded as a class b (softairatd this is
reflected in the rich chemistry with sulfhur andogphorus donor ligand.

However, palladium (II) will also complex with hal@ands such as
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oxygen and nitrogen. There is also an extensivarangetallic chemistry
of palladium (II), which has been dealt within amqmanion volumé.
Palladium (Il) is a class b or "soft" metal ion atickrefore generally
forms stronger complexes with sulphur donors thah wxygen donor
ligands. A comparison of the complexes of the sempkygen and
sulphur ligands shows that {6) and (ROH) form more stable complexes
than (HS) and (RSH) that (O forms complexes comparably more
stablethan (SHland that (RO) and (RO) form very much less stable
complexes than ¢8) and (RS®.

Another contribution to the strength of the palladi(ll) sulphur
bond could be made byt)(back-donation of electron density from the
metal atom .The empty, relatively low energy (it on sulphur, on
the other hand, both electrostatic and covalentrgesns of the )
bonding in the complexes of the anionic ligand ssjdhat the stability
should decrease in the order RORS. whereas in fact the reverse is
found experimentally complexes of palladium (lltkvsulphur. Selenium
donor ligands generally exhibit similar stabilitiehough the actual
stability sequence within this group of donor atalepends on the nature
of the other ligands bound of the metal.

Ligands such as sulphite ions, thiosulphate ioret thind to
palladium (1) through a sulphur atom generally ibxta high trans effect
as deduced from preparative studi@s
However, the trans influence of these ligands tdigile; thus has been
deduced, for example, from (IR) stretching frequesof Pd--Cl bond.
Palladium (Il), as a soft metal ion, does not fostnong bond with
oxygen donors and therefore complexes with unideriigands readily
undergo substitution reactions.

The chelate effect leads to a greater number tlesteomplexes for

bidentate ligands. Oxygen donor can also be stakilby incorporation
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In a bidentate ligand with other more strongly lmgdatoms such as
nitrogen or sulphuf?.

A wide variety of organic compounds contain nitneagatoms
which are capable of acting as donors in coordimatomplexes .The
strength of the palladium nitrogen bond has ledatlarge number of
stable compounds being prepared. The abseneectbfracter d orbital
for nitrogen leads to the bonds being exclusivelycharacter in the
majority of the complexes. The largest class of gexes of this type's
[PAX,L,] (x=halide, L=amine), the complexes being reagpitgpared by
addition of the amine with [Pdgl or [PdCL (PhCN),] inorganic
solution. Complexes of the majority of simple ansit@ave been prepared
including recently those of hydroxyl amifté, aziridine*® and the
trimethyl amin€*?. Normally the Trans isomer (or mixture of isomess)
isolated, though by control of the conditions theepcis isomer may be

obtained.

1.Y .2-Platinum complexes.

In its compounds platinum can be mono, di, triratednd hexa
valent. The tetra valent platinum being the mogtarntant in analytical
practice.

The synthesis and characterization of certain mligahd complexes of
platinum (II) and of ligands intermediates requiréderefore are
described. Previous studies of the synthesized ahdracterized
numerous mixed lingand complexes of platinum inir@vbotho andTt
bonding mono and bidentate ligands and/ or interatesl were reported
but not adequately characteriz&4The one of ligand can have a marked
effect upon the binding of another to the same hatan, as shown in

substitution reactions of platinum (II) complexegjere ligands exert
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directing effects very similar to those observeciiomatic substitutions
(% For our purpose the most significant stretchiregifiency ¢) is that
of the bond between the metal atom and ligand atbrthe detector
ligand. In a series of alkyl platinum complexesngfpt'XMe (PRy).]
(X=univalent acid radical), it was found tha{pt-c) of the platinum-
methyl bond decreased with increasing trans-efiéthe anionic ligand
X @) However, the trend of thesdpt-c) values also follows the electro
negativities of X, so there is no necessarily aafl relation between the
trans-directing power of X and the platinum-carlbamd strength in this
series of compounds.

We have now extended our studies to unchargeddgyahwidely
different trans effects, electro negativities, awdible-bonding abilities.
Detector ligands were chloride and bromide in teees of complexes
cis- and trans [Pt),], where L: neutral ligand.

In the cis-isomer cis-[PiK;], u(Pt-X) depends greatly on the ligand
(L) *®. There is broad agreement between the patterns(RirCl) and
u(Pt-Br), although several discrepancies exist. B¥asome of theu(Pt-
X) frequencies are displaced by coupling withPt-L), the fact that they
have the same relative position is good evidenet te really are
studying the effect of (L) upon the strength of {f¢-X) bond trans to
itself 9. Platinum (1) complexes containing dithiolate do) and
diimine (accepter) ligand are intensely coloredjmgamo an absorption
that has been attributed to a PR#/Sdiimine charge-transfer (CT)
transitior?>?"). In 1989, complexes luminescent in fluid solutiem., Pt
(bpy) (tdt): Aya=735 nm; tdt=3, 4-toluenditiolate), probably from a CT

excited state.
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In extensive investigations, Srivastava and co-en®
demonstrated that literally dozens of platinum @limine complexes
sensitize the formation of singlet oxygemnY@om ground-state oxygen
(0,) In the course of this work, it was establisheat ttomplexes with
thiolate ligands undergo photo induced decompasiticthe presence of
oxygen®),

In 1996, the photo oxidation chemistry of two platin(ll) diimine
dithionate complexes [Pt(dbbpy)(dpdt)] and Pt(dDbgt) (dbbpy=4,4
di-tert-buty1-2,2'-bipyridine;dpdtmeso-1,2-diphenyl-1,2-

cthanedithiolate; edt=1,2- ethanedithiolate)] were examined by Schanze
and co-workeré”. The reactivity of Pt complexes is similar to thut
compounds studied by Srivastava; irradiation ofmrsaturated solution
results in a gradual bleaching of the CT band (@®§ and other visible

charge-transfer features.

1.3- S, N, O and/or P donor ligarsd

Several characteristics of palladium (Il) chemiswhich have
promoted recent interest are (1) formation of seydanar complexes

and (2) bonding properties intermediate betweerditsietransition series
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and the heavy metals. Palladium (Il) complexes Ipdaged an important
role in experimental and theoretical attempts tarabterize the electronic
structure of square-planar comple¥83®. Also, investigations of ligand
iIsomerization and related phenomena have centeoeaé Pd (II) owing
to its intermediate bonding propertiés®®. Previous studies of Pd (Il)
complexes have been largely restricted to anionetreeutral complexes
owing to the absence of convenient method for abtgi the cationic
complexes. The preparation and partial charactesizaf cationic Pd (I1)
complexes with some common monodentate donors repated?*>")
The complex [Pd (DMSQ) *?is particularly interesting, for it is the first
example of a complex containing both sulfur- angg®n-coordinated
dimethylsulphoxides. It was recognized and dematstr by
spectroscopic and X-ray studiés®? while DMSO generally associated
with metal ion through its oxygen atom, sulfur doma was favored for
some cation, such as Pt (Il) and Pd (Il).Other respbave described
complexes of metal ions with sulphoxides in additto DMSO, most
studies have described O complexes, and well-cteaizaed S complexes
were known only for DMSO bound to Pt (II) and PY.(A number of
sulphoxide complexes of platinum (II) have beentlsgsized, and their
infrared and proton magnetic resonance spectraatglithat S is the
donor atom. The Pt (II) complexes are of type RtC(L= sulphoxide)
and far-ir data suggest all have cis configuratiexsept the di-isopropyl
sulphoxide complexes. The Pd (ll) complexes BldCire trans in the
solid state but in solution most appear to reverttite halo-bridged
binuclear structures RdL,. A large number of compounds containing
dimethylsulphoxide (DMSO) as a ligand were prep&t&dn many cases
the structures of the compounds have been infriicead magnetic data
and electronic spectra. Realizing at the outseirifrared spectra could

also bee of value deducing the structure of manthefcompounds .A



| Chapter One Introduction |

possible knowledge of the assignments for DMSO khde known
before attempting to assign of observed spectrathef complexes
containing DMS®? . Complexes of some transition metal and actinide
lons with dimethylsulphoxide (DMSO) as ligand exhimetal-DMSO
bonding through the silver atom in the solid phadé&éough it is likely
that the metal-sulfur bonding is retained whendbmplex is dissolved

(if DMSO is retained as a ligand), there are nalists of solutions to
support this expectation at present .Indeed, san#ies indicate that
change from metal-oxygen to metal-sulfur bonding oacur when the
composition of the compound is chafige

The preparation of large number of dimethylsulpdextomplexes
Is reported .The structure of some of them haven ledecidated on the
basis of infrared and visible spectra , magnetiasneement and steric
considerations .It appears that oxygen is the datom in all cases
reported except toward Pd(ll) in [(GHSOLPdACL where infrared
evidence suggest ReS bonding. Sulphoxide ligand has two potential
donor atoms. The lighter or more highly chargedameins favor oxygen
coordination while a few heavier charge metalsrefqr the sulfur donor
site. The proposed [Pd-(DMSO)}’as the first example of a complexes
which contains both S- and O-bonded ligaftf¥’

Two S-bonded and two O-bonded ligands in a cisyaware
inferred primarily from ir spectra. These structui@atures have now
been confirmed by a complex X-ray stf8y”,

The electronic structure of sulphoxides may be esgmted by a

resonance hybrid of the structures:

R
+

D—S - :E:S:
R R
| Il
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If coordination occurs through oxygen, the conttids of structure
| will decrease and result in a decrease(f8=0).If coordination occurs
through sulfur, the contribution of structure IlImdecrease and may
result in an increase w(S=0). It has been concluded that coordination
occurs through oxygen in the Co (DMS£¥n, sincev(S=0) of this ion
absorbs at 1100 — 1053 émOn the other hand, coordination may occur
through sulfur in PAGI(DMSO), and PtC] (DMSO),. Sincev(S=0) of
these compounds (1157-1116 cm) are higher thanahe for the free
ligand“.

1.3.1-Dithiooxamide and its metal complexes:-

Dithiooxamide form a class of compounds, which aantthe

thioamide groups, and contain two soft sulfur atdmeside two hard
nitrogen atoms in one molecufé.
Dithiooxamide, and its derivatives were receivedenattention during
the last decade. The interaction of these ligands some transition
metal ions especially Pd (1), Pt (Il) gave a gredersest for versatility
from the point of structural.

In 1:1 complexes of N,Nmonosubstituted Dithiooxamide |,
concluded from infrared spectra that metal suchid$) and Cu (ll) are
primarily bonded to the N, where as metal such g@I}Pd(ll),Pt(ll) are
bonded to the S atoms .

I

H =
K,Nxcf_iﬂ /SHC,-J"'
! Mo
N =Y el “‘H.H_R

b

AR
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The presence of the "soft" sulfur atoms besideshhed" nitrogen
atom in this thioamide moiety (keeping aside tlfeat$ of remainder of
the molecules containing it), render these molectdebe potent ligands
with a wide diversity and biological importance ides other
applications.

The studies of the infrared spectra has shown imaN, N
monosubstituted Dithiooxamide the following canahiforms can be

considered?.

+

RHN g RHN S
__,-"
Hc,-f '“xx““._}c el
— |
5 NHR g NHR

The hydrogen of the thiamine group is removed ompmexes
formation and the metal can form bonds through Isatfur and nitrogen
both these possibilities will be reflected in thpestra of the complexes.
Bonding through sulfur will decrease the bond omfethe carbon sulfur
links toward the value for a single bond; whilstatthof the carbon-
nitrogen bond approaches the value for double oad the contrary a
nitrogen-metal bond is formed; just the opposifectfis to be expected.

A through investigation of series of analogue maihssituted thio-
amides seemed to be necessary to resolved doasignments of the
(NHCS) group frequencies. It has to be noted thatbond is attributed
to a specific motion of some group of atoms, thiswsd be understood to

imploy only a major contribution from that moti6.

1.3.2-Phosphine complexes:-

The cis-trans isomerization of square planer bibogphine)
(transition metal) complex has received consideratentiorf*”. On

reasons for this interest is the importance ofdre®d similar complexes

VY
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as catalysts. It is well known that bis (phosphplejinum (II) complexes
are robust and isomer inter conversion normallyiresg either extended
periods of refluxing or catalyses by excess phasphi

It is not as widely known that analogous palladigithcomplexes
are so labile that often mixtures of the isomersstexn solution
simultaneously and that isomerization occurs spwuasly requiring
only a few minutes with no heating and no catal{’Sés

It has long been known that the cis isomer of sgualaner
platinum (11). Phosphine complexes are thermodyaltyy more stable
than the trans isomef®) “”) The trans isomer have, however, been
Isolated in several cases and the ability to isobaith isomers has been
attributed to a kinetic phenomenon (viz, the robnature of these
complexes).

Electronic spectral studies, X-ray crystallographgd dipole
moment measurement have shown that in general Her platinum
complexes, the trans isomer is yellow and thestimer is colorlesé®.

The tendency of isomerization of the relglivlabile palladium
complexes make the assignments tenuous since $se pelar trans
complexes are favored in solvent such as benzeifectn more recent
studies using infrared spectroscopic techniqueswsliioat the cis
complexes palladium are indeed more comman driginally
believed***?)

1.4-Infrared spectra of Pd and Pt complexes: -

1.4.1-The neutral complexes of Pd (II) and Pt (IWith sulphoxide

donors

A trans S-bonded structure for solid [Pd (DMSO),] has been

proven by a single crystal X-ray studi®swhile a cisS-bonded structure

'Y
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for [Pt(DMSO)CI,] is indicated by IR studi&®.. If the cis configuration
IS maintained in solution, then the methyl groupiealence probably
indicates rapid rotation about both the Pt-S andS (onds.
Intermolecular exchange has been shown to be slowhe nmr time
scale by addition of excess free ligand.

In the palladium complexes [P4Ll;] (L= di-n-ethyl and tetra-
methylene sulfoxidef®. Near and far-Ir data are consistent with a trans
sulfur-bonded configuration in every case. Pallagsulfur stretching
modes have been generally assigned to the 400m4@eagion however
the neutral complexes Pd (TMSGBr, contain no bonds in the far-ir
region from 528-364 cth We conclude that the metal sulfur stretching
mode in this species is attributable to the str@dg cnitbond. Similarly
Pd (TMSO) Cl, contains no bond from 526-374 ¢niThe strong band
near 357 cm, which probably derive most of their intensityrfronetal-
chlorine stretching, may also include the metaftsdtretching mode.

The preference of Pt (II) and Pd (ll) for the sulflonor site when
steric influences are not prohibitive is suggedigdhe observation that
every neutral complex is exclusively sulfur bondethe solid.

In the Pd (Il) chlorides, the enhanced (drdponding in the cis
geometry is apparently insufficient to overcomeittierligand repulsions
which are larger in the cis configuration, andddlithe complexes have
the trans structure. in the corresponding jEti] complexes (d-d)x
bonding is apparently more effective and cis stectire obtained for all
the complexes except with the most sterically dedman ligand,
diisoamyl-sulphoxide which yield trans-[Pt(IASQ),] .

1.4.2-Cationic complexes of Pd (1) and Pt (II).

Dimethylsulphoxide complexes of Pd (llI) and Pt.(The cationic
complexes [Pd(DMSQJ)X, (X'= BF;, CIOy) is now known to contain

V¢
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both S- and O- bonded DMSO in a cis configuratiorthe solid state.

The IR spectrum for [Pt (DMSQ) (ClO,), is very similar to that of the

palladium complexes with two strong bands in boto8ded (1155,1143

cm?) and O-bonded (897,879 &nvSO regions (The far-IR spectrum
contains bands at 517 and 438 tmwhich are assigned to Pt-ligand
stretching frequenci€s.

We turn now to the second general class of conegldkose in
which, the sulphoxide is coordinating through thdfuis atom. The
compounds PdGRDMSO and PtGI2DMSO appear to be of this type
®® Their spectra are similar to spectra of O-bonctmwpounds in the C-
H stretching and deformation region. i.e. downhi® +1300 cil. Bonds,
however, for PdGI2DMSO and PtGI2DMSO, the SO stretching
frequency is higher (1116 ¢hin the complex than in the free ligand. In
the platinum compound there are strong bond at &b671134 cif, one
or both of which must be assigned to S-O stretcHmgoth the platinum
and palladium complexes the four strong to medint@nsity bond found
between ~1025 and ~920 ¢nmay be assigned to Gllocking modes.
The band at 730 and 683 ¢min the palladium compound may
presumably be assigned to C-S stretching frequencide behavior of
these bands in these S-bonded compounds is inkedeontrast to their
behavior in the O-bonded compounds. In the latter €-S stretching
bands are generally much weaker (often the symenstretches not
observed{”.

The infra-red spectra of dimethylsulpli@x dimethylsulphoxide —
ds, Nnumerous complexes of DMSOgith metal salts are reported and
discussed. Assignments are proposed for the bds#s\aed in the region
650-4000 crit. The effect of complex formation and sulphoxoniion
formation by dimethylsulphoxide upon its S-O sthetg frequency are

given a particular attention and it is shown thiaserved shifts may be

\o
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correlated with the occurrence of S- or O- bondimghe adducts by
considering the electronic nature of the S-O lird&y The infrared
spectra (4000-270) chwas recorded and assignments for the main
absorption bands were used to determine the ligeombr sites and to
comment on the relative acceptor ability of palledi(ll). The complex
Pd (DMSO0)," has the novel feature of containing both sulfut arygen
bonded dimethylsulphoxide. The IR spectra are mossistent with two
sulfur and two oxygen coordination sites in a @afgguration. The solid
sulfur bonded complexes trans Pd (DMSC} is found to convert to the
cis complex in acetonitrile solutiéi. Further evidence for the presence
of mixed sulfur and oxygen coordination sites ipied by the presence
of more IR band than would be expected for fouriemjant DMSO
ligands. In particular, the spectra regionsdg€SO) and, (CSO) each
contain two more bands. In the far-ir there areleaist three bands
(493,437,420) cih that can be associated with Pd-ligand stretching
frequencies, while only one would be expected foridealized &h
symmetry®?.

The splitting ofbSO in both the sulfur-bonded and oxygen-bonded
regions along with at least three IR active Pdridyatretching is most
consistent with a cis arrangement of a S- and @dbéd DMSO ligands.

In order to examine for the possible presence gfer bonded DMSO,
the deuterated complex PA[DMS@F was prepared an tests IR
spectrum was recorder. The methyl rocking bandfs <0 cmi' in the
deuterated complex thus clearing #0O (oxygen bonded) region for
inspection. The strong band at 920 and 905' dm the deuterated
complex are thus assignedu®O oxygen-bonded DMSO.

In sulfur bonded bis-DMSO complexes, the M ligand are
commonly found in the cis configurati6h®? the Pd-S bond distance in

the cis nitrate complex are significantly shorteart those in the trans-
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chloride complex, which is considered to be thelltesf more favorable
d,-d, Pd-S bonding in the cis configuration. Assuming tih& observed
cis structures are the thermodynamically most stdbim and do not
simply result from kinetic stability, then the peese of the trans
structure for Pd (DMSQOXI, is surprising. The trans-configuration of Pd
(DMSO),CIl, may not be the most stable molecular form but isiakd
In the solid state because it leads to more s@aylal form. A study of
Pd (DMSO)CI, in solution was under taken to aid in understagdhis
problem. Their spectrum for solid trans- Pd (DM3CI} has a single S-
O at 1116 ci and single Pd-Cl and Pd-S stretches at 415 and:883
respectively®®. A single S-O stretching frequency at 1125'dmDMSO
solution indicates retention the trans-structurBMSO solverff

1.4.3-Dithiooxamid complexes of Pd (1l) & (Pt).

The differences between the IR spectrthefligand and those of
the complexes. The(NH) at 3200 cril, in the thio-amide 1l and V bands
prove the existence of (RNHCS) groups in the complde split thio-
amid I,Ill and IV bands are caused by different jJ@Nd (CS) groups, vis
the (CN) and (CS) groups linked to the metal andhenother hand the
(CN) and (CS) groups which are not linked. As tbhalde bond character
of the different (CN) and (CS) groups is not equlit bands can be
expected in the region of the (CN) and (CS) absgmm5t.

The absence of any (NH) group is shown be the @eseiv (NH),
thio-amide (1) and thio-amide v bands.

Thio-amide I, lll, and IV band are not split as a@serve in the proposed
structure only one kind of (CN) and (CS) groupse Towering of the
thio-amide 11l and IV and the absorptions is thgioa 400-200 crm
assigned tw, (spds),vgspds) and (NCS), are due to the Pd-sulfur
bonding,. The absorption in the region 1100¢cr250 cri different
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from the absorptions of the ligand, can be explhiby very strong
coordinate bonds betweenPdnd nitrogen, which result in an increase
in intensity of the R-N vibratior(&”

The palladium thio-cyanide complexes of biphenyl(2
dimethylaminoethyl, phosphine is a non electroiytdoth acetone and
DMF. The infrared spectrum (Nujol mull) of the sblilisplays a strong,
sharp bands at 2126 ¢nand a second, relativity broader peak at 2108
cm’, indicating the presence of two different typescobrdinated thio-
cyanide ions. In dichloromethane solution the caxpkhows two
destined bands at 2127 and 2087'cfrom a comparison with the
infrared spectrum of the palladium bromide compldke weak
absorption at 816 cmin the spectrum of the thio-cyanate complex is a
assigned to the C-S Stretching frequency of an hlbd thio-cyanaté”.

1.5-Polynuclear complexes:

There has been great interest in supegualar transition metal
chemistry science. Self-assembly through coordibated formation has
proven to be powerful tool for constructing ringseolymers, and
networks. Some of these compounds have potengal insthe context of
molecular recognition, catalysis, size-selectiveegjutransportation,
optical material, molecular magnetism, semicondwsctand conductors
®8) variation of ligand structure and coordinatiorogetry gives rise to
the variety of supramolecular structures, and raw possible to predict
the product structures in many cases. For exantipéecombination of
bis- or poly (pyridine) ligands with square plar@alladium (II) and
platinum (Il) centers has yielded an impressiveyeaof polygons, cages,
and catenaes. If the metal is constrained to hsvete€reochemistry and a

linear bipyridine ligand is used, a molecular sguarformed, but angular
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or flexible bipyridine derivatives can give dimetamers, or polymers
(69)'

Organic amides have proved to be useful iRassembly through
hydrogen bonding, and the products have relevanb®togical systems.
For example, oligoamides have been designed thafiotéi to give single
or double helices as well as other supramoleclserablies. In addition,
amide-linked catenanes, rotaxanes, and knots haee brepared by
template synthesi§?. Cyclic peptides can self-assemble to give
interesting supramolecular structure; most notadlgive nanotubes via
amide-amide hydrogen bonding. This reports the-asdEmbly of
binuclear, tri-nuclear, or poly-nuclear complexe®ni cis-blocked
palladium (I1) or platinum (lI) centers with the ahopyridine ligands.
The major purpose was to investigate the effe@nldgstructure on the
nature of the resulting self-assembly. The ligaads designed to have
different degrees of flexibility and orientationtbie pyridyl donor groups
while retaining the amido groups that can take jpahydrogen bonding.
Preliminary accounts of parts of this work haverbpeblished”.

The reaction of cis-blocked Palladium (Il) and plam (II)
precursors with strictly linear bipyridyl ligands iknown to give
molecular squares by 4+4 self-assembly, but angataflexible bis
(pyridyl) ligands can vyield cyclic dimers or tringeby 2+2 or 3+3 self-
assembly. In one case, involving the more labildlagam (Il),
equilibrium between molecular triangles and squam@s established®.

The (pyridyl) ligands, dimers, trimers, goolymers (but no cyclic
tetramers) have been characterized, and furtherraswgbecular
association is often observed through hydrogen ingndf the amide
groups. Self-assembled metallomacrocycles havacstt a great amount
of attention because of there shape- and sizetsaleencapsulating

properties, with potential applications in catadyssensing devices,
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molecular electronics, and small molecule transpdhne synthesis of
these compounds softens proceeds in excellentsyieigh selectivity,
and few steps using simple metal centers and lateeritgands as
building blocks. For example, cis-blocked, squaanar palladium (II)
and platinum (II) complexes with bidentate or tnthkte pyridine-based
ligands have been used to prepare molecular baxg@scages that are
soluble in either water or organic solvents. Althbuhere has been much
interest in the metal molecular triangle, as thapsest such polygon,
there are still relatively few examples and fewwrdges of the binding
properties of these compourt

Synthesis and magnetic properties of heteyopaialic complexes
with two different paramagnetic centers have at#@cconsiderable
attention. Interest in this field is a fundamentduirement, not only for
gaining some insight into the structural and etautr factors governing
magnetic exchange interaction between paramagrestiers, but also for
obtaining information about designing and synthiagiznolecule-based
magnets and investigating the spin-exchange mestmarietween
paramagnetic metal ions. Compared with the numbestumlies dealing
with hetero nuclear systems comprising d-transiti@tal ions, relatively
few studies dealing with hetero metal complexedaiomg d-transition

metal ions.

1.6-Groupstheory:

In order to use the symmetry properties of molecuhesolving
problems connected with molecular structure anddlmgy it is necessary
to have some acquaintance with the branch of mahesnknown as

group theory. A group, in the mathematical sensea icollection of
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elements having certain properties in common wieclable a wide

variety of algebraic manipulations to be carrieti @ucollection.

The frequency data come from two main sourcesaiatt absorption and
Raman scattering spectroscopy .These are complangeand in almost
all cases it necessary to use both, to obtain h# tequisite

informatiort’.

1.7-Bioinorganic Chemistry:

Bioinorganic chemistry is a rapidly developing dileand there is
enormous potential for application in medicine. Meathl inorganic
chemistry offers real possibilities to pharmacaltimdustries, which
have traditionally been dominated by organic chéamialone, for the

discovery of truly novel drugs with new mechanisshactiori.

1.7.1-Clinical Platinum Complexes:

Platinum complexes are now amongst the most widgdg drugs for the
treatmentof cancer. Four injectable 'Ptompounds have been approved
for clinical use and several other cis-diamines glexes are on clinical
trials, including an oral Ptcomplexes Today cisplatin is one of the most

widely used anticancer drU@&
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1.8 Aim of the work

In view of the potential biological activity of daent square planer

palladium and platinum complexes with N, S, andiéhor ligands it was

decided to prepare some new complexes of thesan®tal ions and to

study their structural behavior.

A number of N,S-, N,N-, N- or P-donor ligands &vebe used to

coordinate to Pd (Il) or Pt (Il), the resulting colexes are to be isolated

and characterized using the available conventideahniques, and

following different routes, as follows:

Isolation and studying the starting complexes MOMSQO), (M=
Pd(ll) or Pt(Il)).

Preparation and isolation of MIDTO) (DTO= dithiooaxmide)
Reacting MCJ(DTO) with the mono-dentate PPand NPh, and
the linear bi-dentate benzidine, and' 3%, tetramethyl benzidine
Reacting 2,2dipyridyl as bi-dentate N,N-donor with
PtCL(DMSO),, the resulting complex is to be reacted with DRO a
N,S-, N,N-, or S,S-donor ligands.

The basic ideas governing the structure and ragctiof

coordination chemistry are to be used to illusttatetype of bonding and

isomerism.
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2.1-Instrumentation

A)-Metal analysis:

The metal content of the complexes was measurex) @tomic
absorption technique blye Unicamof Philips scientific instrument
which employed the Hallow cathode lamp Bfye Unicam Ltd.
Cambridge.

(B) —Infrared spectrophotometer:

The i.r. spectra of the prepared compounds wererded using
Perking —Elmer 113(@nhfrared spectrophotometer as Csl disc in the range
(4000—250) crit.

(C)- Magnetic susceptibility measurements:

The magnetic susceptibility values for the prepacedplexes
were obtained at room temperature using (Faradaghdde by placing
the sample in small Pyrex container suspended &dralance through a
fine, Nylon thread to the center of electric magriair this purpose
Bruker Magnet B.Méad been employed. The diamagnetic correction

factor( D) was calculated using Pascal constants.

(D)-Electronic Absorption Spectra:

The electronic spectra of the complexes were obéthinosing
Shimadzu Uv-Vis-160AUltra-Violet Spectrophotometer at room
temperature using quartz cells of 1.0 ctiength and using ethanol or
DMSO as solvent.
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(E)- Melting Points:

Gallencamp M.F.B500.010F melting point apparatus were used to

measure the melting points of all the prepared amgs.

2.2 Chemicals

2.2.1 Supplied chemicals:

Chemicals Purity % Company
2,2-dipyridyl 98% Merck
3,3,5,5--Tetramethyl

Benzidine o6 BbH
Acetone 99% BDH
Benzidine 98% Fluka
Chloroform 97% BDH
Diethyl ether 90% BDH
Dimethylsulphoxide 98% BDH
Dithiooxamide 98% BDH
Ethanol 95% BDH
Hydrazinedihydrochloride 85% BDH
Methanol 95% BDH
Palladium(ll)chloride 60%Palladium BDH
Potassiumheax- _
chloroplatinate(1V) Lab. Chemicals M&B
Triphenylamine(P¥N) 98% BDH
Triphenylphosphine(RR) 98% BDH
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2.3.1-Preparation of starting material

A-1: Trans —dichlorobis(Dimethylsulphoxide) palladin (1) (A1).

This complex was prepared by dissolving 0.025g@n76ol) of
palladium (I) chloride in 5 ml of Dimethylsulphaeé at50€ .The
product was separated upon addition of anhydroethyli ether with
stirring. The precipitate was dried under vacuum Sohours at room

temperature. The product was yellow in ciBr

A.2:- Potassium tetrachloroplatinate (I1) (All):-

To a suspension 0.303g (20mmol) of potassiumahex
chloroplatinate (IV) in 4 ml of water small port®wof 0.03g (10mmol) of
hydrazine dihydrochloride, were added gradually e.Timixture was
stirred mechanically while the temperature waseci® 50 -65C.over a
period of 5 -10 minutes. The temperature was maetauntil only a
small amount of yellow potassium hexa-chloroplagn@V) remained.
The temperature was then raised to 80 — 90C focctmepletion of the
reaction. The mixture was cooled in an ice bath filteted to remove
unreacted potassium hexa-chloroplatinate (IV). Tgrecipitate was
washed with several portion of water till it becaondorless; the washing
were combined with the original red filtrate. Thesulting solution was

evaporated to dryness a red crystalline needles fsemed’”.
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A.3-Cis-dichlorobis (Dimethylsulphoxide) platinumlj (Alll).

The neutral platinum sulphoxide complex was pregdme adding
(9mmol) 0.395g of Dimethylsulphoxide to an aqueaaution of
(3mmol) 0.414g of All in 10ml of water, the solutiovas allowed to
stand at room temperature until yellow crystalcymgated.

The complex was filtered washed with water, ethaaont diethyl
ether and dried under vacuum for 4hd(f¥s

2.3.2-.Preparation of Pt (I1) and Pd (Il) complexes

B.1-Cis Dichloro (Dithiooxamide) platinum (11), BI.

Dithiooxamide 0.056g (4mmol) was dissolved in 6 afl hot
ethanol. To the resulting brown solution 0.2g (4MmdA Ill was added
and the mixture was refluxed for 2 hours and caoldt resulting red
brown precipitation was filtered washed with didtbther several times

& dried under vacuum .

B.2-Cis Dichloro (Dithiooxamide) palladium (11), BL.

Dithiooxamide 0.1g (9mmol)was dissolved in 6 mhot ethanol.
To the resulting brown solution 0.3g(9mmol) ©Al was added. The
mixture was refluxed for 2 hours and cooled. Thaulieng black-brown
precipitate was filtered washed with diethyl eteeveral times & dried

under vacuum.
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B3-Dithiooxamide (Triphenylphosphine) Palladium (JIchloride
(BIID:

This complex was prepared by dissolving 0.1g (3:136ihof Bl in
warm ethanol which was then added to 0.088g (3.3@inof (PhP)
dissolved in acetone. The mixture was heated withing yielding
brown crystalline precipitate, which was filtereadavashed with diethyl

ether and dried under vacuum for 3hours.

B-4. Dithiooxamide (Triphenylphosphine) Platinum 1)l chloride
BIV):

This complex was prepared by dissolving 0.1g (2/58ih Bl in
warm ethanol which was then added to 0.0678g (2n&@inof (PhP)
dissolved in acetone. The mixture was heated witthrgy yielding black-
brown crystalline precipitate, which was filtereadavashed with diethyl

ether and dried under vacuum for 3hours.

B-5. Dithiooxamide (Triphenylamine) Palladium (lithloride (BV):

This complex was prepared by dissolving 0.1g (3:36th Bll in
warm ethanol which was then added to 0.082g (3.3@lnof (PhN)
dissolved in acetone the mixture was heated withirgy yielding red-
brown precipitate, which was filtered and washethwiiethyl ether and

dried under vacuum for 3hours.
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B-6 Dithiooxamide (Triphenylamine) Platinum (I1) cloride (BVI):

This complex was prepared by dissolving 0.1g (2/58ih Bl in
warm ethanol which was then added to 0.0635g (2:@lnof (PhN)
dissolved in acetone the mixture was heated withrgj yielding violet
crystalline precipitate, which was filtered and ad with diethyl ether

and dried under vacuum for 3hours.

B7- Tetra chloro [dithiooxamideplatinum (11)] teta [N, N-benzidine]
Gl.

This complex was prepared by dissolving 0.1g (2&9mf B1 in
ethanol and with mild heating it gave red browrusioh, to which 0.047g
(2.59mol) of benzidine dissolved in (4ml) hot etbawas added with
stirring at about 60C for 1 hour.

The resulting violet solution was cooled to roormperature, a violet
crystals was formed, which were then, washed sktieras with diethyl

ether and dried under vacuum for 3hours.

B8- Tetra -chloro [dithiooxamidepalladium (1] tea [N, N-benzidine]
1

®

This complex was prepared by dissolving 0.1g (3 @%oh Bll in
ethanol and with mild heating it gave red browrusoh, to which 0.063g
(3.36mol) of benzidine dissolved in (4ml) hot etbbwas added with
stirring at about60C for 1 hour .The resulting gtosolution was cooled

to room temperature, a violet crystals was form&tich were then,
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washed several times with diethyl ether and driedes vacuum for

3hours.

B9- Tetra chloro [dithiooxamidepalladium ()] teta [3,3,5,5

tetremethylbenzidine] GllII.

Dissolving BIl 0.12g (3.36mol) in ethanol under vihild heating
gave is red brown solution, to which 0.08g (3.39mofi benzidine
dissolved in (4ml) hot ethanol was added with istgrat about60C for 1
hour.

The resulting violet solution was cooled to roormperature, a
violet brown crystal was formed, which were themastved several times

with diethyl ether and dried under vacuum for 3lsour

B.10- Tetra chloro [dithiooxamideplatinum (I1)] tet [3,3.,5,5
tetremethylbenzidin] GIV.

Dissolving Bl 0.12g (2.59mol) in ethanol under withld heating
gave red brown solution, to which 0.0622g (2.59mof) benzidine
dissolved in (4ml) hot ethanol was added with istirrat about60&for 1
hour .

The resulting violet solution was cooled to roormperature, a
violet brown crystal was formed, which were themashved several times

with diethyl ether and dried under vacuum for 3hour

B.11-Dichloro (2, 2-dibyridyl) Platinum (11) HI.

To a solution of 0.1g (2.9mmol) dissolved in wartinamol, 0.045g
(2.9mmol) of 2,2dipyridyl solution in 6ml ethanol was added .The
resulting yellow solution was heated with stirrirlg yellow precipitate
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was formed on cooling ,which was washed with die#tiier and dried

under vacuum for 3hours.

B.12-Dithiooxamide (2, 2dibyridyl) Platinum (I1) chloride HIl.

HI 0.1g (2.36mmol) was dissolved in 6 ml ethartben DTO
0.028g (2.36mmol) dissolved in ethanol was addedH stirring to which
was filtered washed with diethyl ether. A red ppéete was formed on

cooling and dried under vacuum for 4 hours.
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3.1-Preparation of the metal complexes:

3.1.1- Preparation of the Platinum (1) complexes:

The reaction of hot DMSO with potassium tetrachbbatinum
(I1), which in turn was prepared by reduction oftgssium hexa-
chloroplatinum (IV) by Hydrazinedihydrochloride, \gayellow needle-
like crystals, stable toward air the moisture. €recuted geometry of the
resulting complex is cis-square planar [B{TIMSO),] &)

When [PtC} (DMSO),] was reacted with Dithiooxamide (DTO) in
ethanol under reflux condition, it gave a browrefpowder with good air
and moisture stability in which the two labile DMS®@olecules were
substituted by one chelating DTO molecule givingp texchangeable
chloro atoms. This fact was utilized to preparer fdiiferent complexes
using four nitrogen and phosphorous donor neutraants
l.e.triphenylphosphine, triphenylamine, Benzidine,a3,3,5,5 tetra-
methylbenzidin.

The two monodenate entering ligandszAPlnd PEN, may react
with [PtCLDTO] in either of three possible ways, which in@udirst the
displacement of one chloro atoms (trans to S onstréo N of
DTO),second breaking and displacing the coordahataeino group of the
DTO, third breaking and displacing the coordinagatlur of the DTO.

The last too ways of reaction are the least Ehabecause the Pt-N
and Pt-S bonds are stronger than PE¥ISo we were left with the first
choice with the problem of substituting the transiStrans-N chloro
atoms. The spectral studies will be used to sdiiegroblem. The result
of reacting equimolar quantities of P{BTO with PhP or PRBN in
acetone at room temperature was the precipitatfooravn and violet

fine crystals respectively, which were both stdbieard air and moisture.
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Benzidine and its derivative (3,3,5-tetramethylBenzidine) were
selected to prepare a cage complex of tetra nuplanum, since these
ligands are linear with respected to the positibthe two amino groups,
which make possible the formation of the tetraaner addition to the
suitability of the starting platinum compf&X Therefore PtG(DTO)
was choosen to synthesize the desired cage consplkaree it contain the
two labile chloride ions at cis-position, the othero cis-position are
coordinative inert.

The reaction of Benzidine or tetra methyl Benzidwigh PtCh
(DTO) in hot ethanol gave brown and violet fine stalline powders
respectively. It was noticed that the reaction witked Benzidine was
faster than the tetra substituted Benzedrine; Was attributed to the
steric hindrance of the substitutions.

Another route for preparing a mixed ligand compdéxplatinum
was followed, in which 2, ‘Zlibyridyl complex [PtC] (dipy)] was
prepared in the first step by reaction equimolaardities of [PtC]
(DMSO) ] and dibyridyl in hot ethanol giving bright yelloarystalline
powder. In the second step DTO was reacted wittdiridyl complex
in hot ethanol in 1:1 mol ratio, a red crystallipewder was obtained

which was also stable toward air and moisture.

3.1.2-Preparation of Palladium (11) complex:

Palladium is the closely related analogue of Platinhowever
there are some differences in the chemistries edghtwo element. Of
these differences is the higher rate of substiutieaction of Pd (ll)
compared to that of Pt (11) (2@mes), and the stereochemistry of square
planar complexes (cis vs. trafi8) The same preparation protocol which
was the case if Pt (II) was followed to prepare toenplexes Pd (lI).

Some notes were pointed out, the first was thathallreaction steps in
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the case of Pd(ll) were faster correspondindhéd of Pt(ll) complexes,
the second was the difference in the stereochgmistif

PdCL(DMSO),being trans, while PtgIDMSQO), was of cis geometry
,the third point was the difference in the color tbé corresponding

complexe$?.

3.2- Physical and spectroscopic study

3.2.1-Infra-red spectra

All the spectra were recorded in the solid statmgu<Csl disk
technique in the rang 4000-250 tm

A-Dimethyl sulfoxide complexes:

Infrared spectral studies of DMSO complexes hawwem useful
in distinguishing between coordination through tweygen or sulfur
donor site®®. Previous structure determination studies ofstrRdC)
(DMSO) , have demonstrated that DMSO “coordinate througtio8ss.
The trans configuration of PdCIDMSO) , may not be the most stable
molecular form but is obtained in the solid stat¢eduse it leads to a more
stable crystal forrf{*2>

The FT-IR spectrum of our starting complex PAOMSO),, fig
(1)and table, shows a sharp strong single S=Cchireg at 1116 cihand
a well defined bands for Pd-S and Pd-Cl stretclaingd14 and 349 cm,
respectively. The bands appeared at 2912@nd 1406cm may be
attributed to CH stretching. These i.r. spectral data in accordanttethe
expected trans-, S-bonded DMSO.

Inspection of the spectral i.r. data of B{OMSO),,fig(2)and table
(1), show that DMSO is coordinated to Pt througfs $-atom and in cis-
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configuration ,since two stretching vibration RifCl bond appeared at
309 and 334cih

Table (1) The FT.R of Pd(ll) and Pt (ll) with DMSO

complexes.

Sample vS=0 vCH3 ocCH3 VM-CI V M-S
2998
DMSO 1050 1414
2971
Trans-
1116 2912 1406 349 414
PdCL(DMSO),
Cis- 3010 309
1157 1409 434
PtCL(DMSO), 2920 334

This was expected following the solid state studiésseveral
workers®® €7
On comparison of theS=0 in Pd —complex with that in Pt —complex, it
can be seen that the later frequency came at 4hégher in its position.
We think that this difference make further evident the cis
configuration of the Pt-complex VS. the trans cgufation of the Pd

complex, i.e. .B .VS- A, where S=sulphoxide.

cl
s cl
>Pd/ \Pt/s
s Sa o g
A B

On taking the trans-influence of Cl to be mutuaual in A, but
it affect the S=O bond order indirectly by it's kaec bonding in B
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lessening the back donation from Pt toth& vacant d-orbital of S-atom
leading to the decrease in bond length of S=0O.

As required by group theoretical calculation, stnmoe A (D.h)
yield one vPd-Cl as i.r.action, while B (@) yielded two vPt-Cl as

l.r.active bands, as illustrated by the followiradaulation:

Structure A
Doh | BE| Caz)| Caly) | Cox) | 0 | o(xy) | o(xz) | o(yz)
Ag | 1 1 1 1 1 1 1 1 X,y,Z
B1g 1 1 -1 -1 1 1 -1 -1 Rz Xy
Bog | 1 -1 1 -1 1 -1 1 -1 Ry ZX
Bsg 1 -1 -1 1 1 -1 -1 1 Rx yz
Au 1 1 1 1| -1 -1 -1 -1
Biu | 1 1 -1 -1 -1 -1 1 1 Tz
Bou | 1 -1 1 -1 -1 1 -1 1 Ty
Bau | 1 -1 -1 1| -1 1 1 -1 TX
I't(Pd-Cl)st| 2 0 2 0 0 2 0 2

a=(1/g)2nRx(R)xp(R)

do=any irreducible representation p.

g =is the number of symmetry operations in thepiiat group.
Xp(R), and x(R )= The characters of the operatiom fhe reducible and
irreducible representation, respectively.

n = number of symmetry.

aA, :%[(2x1x1)+(0x1x1)+(2><1><1)+(0x1x1)+(0><1><1)

+(2x1x1) +(0x1x1)+ (2x1x1)] :%[8] =1
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0 r(pd-Cl), =A, +B,,

Inspection of the character table of thg, Point group, it can be
seen that Amode is i.r. inactive, while B is i.r. active, so only one i.r.

band is expected.
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Structure B
Cyvl E C, ov(Xz) ov(yz)
Al 1 1 1 1 Tz| X°V.7
A2 1 1 -1 1 Rz Xy
Bl 1 -1 1 1 TX,Ry ZX
B2 1 -1 -1 1 Ty,RX yz
I'(Pt-Cl)st 2 0 2 0
_1 _
aA, =7 [(2)+(0)+(2)+(0)] =1

aB, = [(2)+(0)+(-2)+ (0] =0

0 r(pt-cCl), =A,+B,

A; mode is i.r. active and;Bnode is i.r. active. There fore, two i.r.

bands are expected to appear.
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3.2.2-Dithiooxamide (DTQO) and its metal complexes.

Dithiooxamide molecule contain two thioamidegroupsked
directed toward other, and because these groupsecBound as thion and
thiol forms, and also it can be considered asditf#el molecule, it's
coordination behavior is somewhat, but the i.r.cijad study may be
helpful in this respe&f.

The hydrogen of the thioamide group is removedanplex formation in
some cases and the metal can form bonds through sdfur and
nitrogen. Both these possibilities will be reflettm the spectra of the
complexes. Bonding through sulfur will decrease bload order of the
carbon sulfur links toward the value for a singtet. If on the contrary a
nitrogen metal bond is formed, just the oppositéeafis to be
expecte. Therefore, a difference between the infra-redspeof DTO
itself and those of its metal complexes, can bdiged to the regions of
the four thioamide bands in addition to the regi®280, and 500 cih

Thioamides bands

The thioamide bands of DTO have been fully discdigseviously.
Where the four bands have been assigned as folloavg] (1) is due to
V(CN) (major) ® (NH) (major), band (1) due ta (CN) andv (CS), band
(Il) and (IV) are due to/(N-C-S) andv(C=S) frequencies respectively.
The frequency at 3200 ¢hregion was assigned to(NH).) Fig's (3) (4)
show the spectra of DTO and its metal complexeblel &) gives the

most diagnostic frequencies of the DTO and its hwetaplexes™ *)

The following changes were noticed for metal com@ectra:

YA
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All the characteristic bands of DMSO disappearethespectra of
the prepared DTO complexes of Pd (Il) and Pt (Tihe differences
between the i.r. spectra of the ligand and thosked€omplexes are given
in table (2).

1. Pd(Il) complex: The thioamide I, and Il banaglargo splitting in the
spectrum of Pd(Il) complex which is caused by dédfé (CN) and (CS)
groups; i.e.; the (CN) and (CS) groups coordinabetthe metal and those
(CN) and (CS) groups which are not coordinated.th®s double bond
character of the different (CN) and (CS) groupsasequal, split bands
were noticed in the region of the intensity arefjfrency of thioamides.
Band (1) by 49cnit and (I1) by 92crit and there is adecrease by 101tm
and 83 critof bands (Ill) and (IV) respectively in the complesmpared
to that in the ligand , and the appearance of tarwlb at 500 and 450 &m
which refer tov(Pt-N) and (Pd-S) bands respectively. These changes
refer to the coordination of Pd(Il) through botloras; i.e. nitrogen and

sulfur, and the following structure can be suggeste

B 1 -1

|

NH
—— %
C

Cl
\Pd/S
CI/ \N

2-For the Pt (Il) complex: The thioamide band (idarwent splitting into
two bands 1620 cihand 1571 cr .Thioamide band (I) was noticed at
higher frequency by 31cffrom that of the ligand ,while band (lll)
showed a decrease in frequency by 87cand band (IV) show also a
decrease in position by 14 €niThis indicate the coordination of Pt (II)
through both nitrogen and sulfur atoms. It shdagdpointed that there is
one type of CN and CS groups due to the differehilior of the
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relative intensity and magnitude of the shift congglawith those of Pd

complex .The Pt-N, Pt —S band appeared at 468 20 respectively.

On (Pt-Cl) band was noticed at 297 trthe other expected (Pt-Cl) could

not noticed, because it was obscured by stronganthis region.

According to this discussion the following struguwan be suggested.

Table (2) The FT.IR of Pd(ll) and Pt (II) with DTO complexes

Thioamide | Thioamide| Thioamide| Thioamide
Sample VNH | 1 1l \V/ M-CI | M-N | M-S
ONH+vC=N vC=N+C=S | vN-C-S vC-S
DTO 3200| 1585 1429 1196 835
1496- 290-
PdCL(DTO) | 3140| 1620-1571 1095 752 500 | 450
1404 330
PiCL(DTO) | 3311| 1620-1571| 1460 1109 821 297 468 4P
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3.2.3- Triphenylphosphine and Triphenylamine complexes of B1 and

B2 complexes.

As the neutral P-donating (B or N-donating (PN) react with
Bl or Bll in 1:1 mole ratio ,either one chloride ssbstituted ,or one of
the coordinating bonds of DTO (N or S) is brokenon€idering the ligand
field strength of the donor atoms (according tolaiveg effect), the first
possibility is more probable.

In the case of palladium complex (Biihe spectrum of Bll
complex with PgP, fig (5 ), shows a set of new well-characterizadds,
when two sharp and strong bands appeared at 7%8Hhant due to
monosubstituted phenyl groups. The band charatteref v —P
appeared at 1437 ¢mwhich is about 63cm lower than that for the free
PhP. If the isomerism of the new complex is consideréwo

possibilities are expected:

Cl Ph;P
\Pd/ 3 \Pd/ 5 =DTO
- =
PhsP \s c \s S
N-isomer S-isomer

Since N atom is stronger as trans- director thaato®i, the N-

iIsomer is more probable than S-isomer. Mra-Cl was noticed at
351cm'®?,
The spectrum of BIl with Ph3N, fig (6), show thebstituted pattern of
phenyl groups at 754 and 696 nas sharp bands. Thé —N appeared
at 1280crit, which is about 20cthlower than that for the free NPh
indicating the coordination ofd N to the metal. Md-Cl appeared at
326 cnt
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, following the isomerization possibilities discadsabove, N-isomer is
expected.

cl
\Pd/
Ph3N/ \s

Inspection of the spectra of Bl complexes withsAPland PEN
show that fig's (7) (8) nearly identical chargeseviook place as that
noticed and discussed in the case of BIl complexes.

The expected structures for platinum complexes are:

cl
Noa”
PhsN S Phap” Mg

3.2.4 Polynuclear cage complexesof Pd (11) & Pt (11)

The self-assembly of complex cationic structurescosnbination
of cis-blocked square planar palladium (1l) or wlam(ll) with ligand
having bridging amide units has been discussedatia 1.4 .

As it has referred to, different self-asb&ad metallomacrocycles
can be obtained with high selectivity, and few steging simple metal
centers and bidentate ligand as building bI&éR®. For example
molecular triangle can, in principle, be formed @ding to the three

methods shown in Scheme:
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r{a) x’\
J@ +3IMUD —- jpl '*L i1}
-M—-~L

/\
3‘:51:“ o3 ot —n/ \\un

A — —-'ﬂ

by N\

ix = HO lN} !
f= LZ0-1&0 -""--.L_q___ .-"'

In our present work method Il is followed with mbdation, where
the metal center was with natural bond angle of P8°.BIl (PdC}DTO)
or Bl (PtCLDTO), and liner bridging ligands, which include k&hne
and tetramethylbenzidin. This should lead to themfdion of tetra
nuclear metallomacrocycl&s).

The physical properties and metal analysis datalaog/n in table
(3). The value of Pd or Pt content formed in thepared samples came
in a good agreement with required (calculatedIyievdor [Pd(DTO),
(Benz)]Cl, ,[Pd(DTO)(TMBNZ)4Cl; or [PW(DTO)4(Benz)]Cl,
[PuW(DTO)4 (TMBNZ)4Cl4, complexes respectively.

Infrared spectral study showed the following change

A-Benzidine complexes:

Benzidine complexes of both BIl and BI fig's (9,l8howed
similar characteristics, where a new bands appeatech characterize
the coordination of the Benzidine with Pd and PtBH and BI
respectively N-H at 3327 cri of primary aromatic amine . Th&-N of
the Benzidine appeared at 1286 and 1274omBll and Bl, while C-H
in-plane bending vibration appeared at 1097and t@i6for Bll and B,
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and C-H out-of plane bending vibration appeare@5at and642 cihfor
Bll and BI respectively. All the above mentionedchtla were not formed
in the spectra of Bl and BIl alone. In additione thand due to v M-N at
(500 cm') became more intense in the spectra of the cagpleaes of

BIl and Bl which indicate the formation more thamedVi-N bond.

B- 3,3 ,5,5-tetramethylbenzidin (TMBnz) complexes:

The two spectra of (TMBnz) with Bl and BII, fig'¢X ) (12 ) did
not show appreciable changes compared to tho€enal ( complexes of
B1 and B2, except the appearance of new band & @81 characteristic

of vC-H of the methyl group.

3.2-5- Dipyridyl (dipy) complex.

The complexes Ptgl(Dipy), which was first prepared, showed a
spectrum, fig (13) containing the characteristiods of Dipyridyl ,at
1606 and 1475 ci(due tovC=N &v C=C of the ring), and 3087 ¢m
(due tovC-H. This indicates the coordination of Dibyridyith Pt by
using the far-ir to indicates of the showed ,fig(14

The final mixed ligand Pt (DTO) (Dipy), complek@ved ,fig(14
), the characteristic bands of DTO , bands: | at2131 at 1461, Il at
1113, and IV at 823 ctin addition to the new band dueved-S at 420
cm’ . The band due teC=N of Dipy, which was strong in the spectrum
of Pt(dipy) C} became weak and slightly higher in its positiokv=+14
cm® )1n the Pt (DTO) (Dipy),which may be due to replment of two
Pt-Cl groups by Pt-N and Pt-S of the incoming Digauhd.
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3.3 Electronic spectra and magnetic properties

Electronic absorption spectra of transition metamplexes are
usually attributed to the partially filled d-orhiaf the metal. The energy
required for such transitions is that of the nearand visible region.
Charge transfer spectra are due to the metal ucel#ain conditions.
Study of electronic spectra of complexes helpshm determination of
structure of those complexes through the electramieraction of the
metal d-orbital and orbital of the ligand. In owase, the spectra were
recorded at (200-1100) nm using DimethylsulphoXd1SO) or ethanol
as a solvent.

Measuring magnetic susceptibility contributeshe tletermination
of structure of the complexes. In addition, thesmsurements provide
information about the type of bonding and strengtHigand field of
complexes by giving information about the number wipaired
electronics.

The effective magnetic spin of the complexes waasured using

spin only magnetic moment according to the follogveguation.

H., =2/ds+1)B.M
Where,S=n/2 (n= no. of unpaired electrons).

The results obtained from this equation were coegao the
actual values obtained through magnetic measurament

These values were corrected for diamagnetic effesing the
following relationship:-

Uy = 2828/ X, T

Xa = Xy +D*

Xm = Xg *M.wit
Where, T =Absolute temperature (298K), X Atomic susceptibility
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Xu =Molar susceptibility, &= Gramic susceptibility

D = Correction factor

The U.V-Vis spectra of the transion metal with @y filled d-
orbital are generally characterized by charge stean(C.T) bands which
involve an electron transfer from M to L during mpl excitation by
which the oxidation number of the central ion iscded by one, while
the ligand filled bands correspond to the sameaiiod number in the
excited and the ground state. These redox procsdsbare strong and
their wave numbers decreases (or wav length inersgsthe more
oxidizing the central ion and the more reducinglifp@nd.

The Pd (Il) and Pt (ll) ions are considered to beaker as
oxidizing and more stable than their tetravalesttes. The transition
metal ions have been arranged according to théirghifoward higher
wavelength of the first strong band of their halidemplexes (C.T.
bands), and increasing in "oxidizing power" in faane direction, briefly
as:

Ir (IH>Pt (IV)>Rh (IIH>PT (Ih>Pd (V)>Pd (ll)>Fe (ll)>Cu
(1),
This is undoubtedly determined by the oxidizingreleter of the central
ion ),

The first strong band in the spectra of all the(Pdand Pt (II)
complexes Figs (15) prepared in this work is assigas (L-MCT) band.
The spectra of same complexes of Pd (Il) of Pt gHpw same weak
ligand filled bands, but their interpretation ist wertain, this is a general
feature of the spectra of spin —paired complexethat the amount of
information which can be obtained from them is adydeal less than that

available from spin -free complexes.
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On inspection of the electronic spectra of compegeepared in
the present work, a number of points can be poiated
(a)- The first strong C.T.band in the spectra of (Pt complexes
(appeared at 250-300nm) appeared at shorter waythlém comparison
with the corresponding Pd (Il) complexes, as seefigis (16 ), (17 ),
(18), (19),(20),(21) thex A cane in the range 7-40nm depending on the
type of ligand.

(b)-On the comparison of spectra of cis —RIOMSO), and trans —
PdCL(DMSO),appreciable change took place , thin may be du¢ht®
cis —trans —isomerism effect , where the expectediavelength in case
of Pd over that of Pt in compensated by shariegMhL C-T donation
equally between the two S-atoms ,while it is in direction ,i.e. toward

one S-atoms in case of Pt as seen in the follovgpgesentation .

\QS (\
Sl O

(c) The only band which undergo a change in the cds?t complexes
PtCL (dipy) and Pt (dipy) (DTO) in the d- d transitiband which came
at 412 and 404 nm respectively. This shift is exgesince the ligand
field effect in DTO complex is strong than thatdi¢hloride complexes.
This is more indicated by changing the color fromllgw [for PtCh
(dipy)] to red for[ Pt (dipy) (DTO)] Gl The measured magnetic moment

for the studies complexes showed that all of therevdiamagnetic with
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the magnetic momentufeff) to be zero; this indicates the formation

square planar geometry for complexes show in thabées (3) and (4).

Table (4) The physical data of Pd(Il) complexes

Matel analysis

Symbol Color Yiel% M.P | M%Calc M % Found
Yellow- 189-
Al 89 31.9 30.98
orange 190
Black- 223-
Bll 82 36.00 35.65
Brown 225
BllI 234-
Brown 90 19.08 18.9
236d
Red- 230-
BV 86 19.67 19.65
Brown 233d
>209-
Gll Violet 80 22.28 22.21
210d
219-
Glll Brown 75 19.93 19.9
220d
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Table (5) The physical data of Pt(ll) complexes

Matel analysig
Symbol Color Yield% M.P M % Calc M % Found
Needle- 194-
Alll 93 46.2 46.00
Yellow- 196
Red- 229-
Bl 85 50.77 50.23
Brown 230
BIV Violet- 240-
80 30.19 30.02
Brown 242d
_ >237-
BVI Violet 90 30.99 30.99
238d
214-
Gl Violet- 86 34.33 34.21
216d
Violet- 223-
GlV 70 31.33 31.27
Brown 224d
220-
HI Yellow 65 46.21 46.10
222d
>230-
HIlI Red 70 36.10 35.98
232d
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DMSOAA =7

Fig. (15): Electronic spectra of Al and Alll.
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I
1000.00 110000

Fig. (16): Electronic spectra of Bl and Bl 1.
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PPh3\A = 37 nm

—
100,00 1100.00

|
190300

Fig. (17): Electronic spectra of Bll and BIV.
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NPh3AAL =7 nm

100000 V100,00

-0 i00—=r—+ i 1
20000 A 400,00 110000

Fig. (18): Electronic spectra of BV and BVI.
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BnzAX = 20 nm

w
i

KNG 100,00

00, DO 1100.00

Fig. (19): Electronic spectra of Gl and Gl|.
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TMBnNnzAA = 20 nm

G000 AR CO 110,00

10000 1100.00

Fig. (20): Electronic spectraof GlIl and GIV.
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| DiPyAA = 8 nm

100000 1400.00

1000.0F  1100.00

Fig. (21): Electronic spectraof HI and HII.



4.1-Biological Activity

The empirical use of inorganic substances in medicine hasitsoriginsin
antiquities. Nevertheless, it is only in recent times, following development in
chemistry, biochemistry and related disciplines, that logical bases have been
established for understanding the roles of the inorganic species in medicines,
and promise for the logical design of inorganic therapeutic agents that are
relatively innocuous to the host, while being toxic to unwanted types of cell
components.

In spite of the large amount of literature dealing with the metal
metabolism of living organisms, only limited attempt appear to have been
made to bring together what might be described as inorganic medical
chemistry. This topic includes the impact of pharmaceuticals on the metal
composition of cells and tissues, the use of metal-containing agents in
therapeutics, and the external control of the concentrations of essentials and
toxic metal ions in living organisms. Certain metal complexes are active at
low concentrations against a range of bacteria, fungi, and viruses.

It is clear that metal cheats can act in a number of ways. Thus they may
inactivate a virus by occupying sites on its surface which would normally be
utilized in the initiation of the infection of the host cell. The first step in the
infection would be an adsorption reaction involving electrostatic interactions.
Alternatively, the complex cations may penetrate the cell wall and prevent
virus reproduction. Also it was found that side effects associated with anti-
cancer drugs, e.g. cis-platin, can be minimized if technique could be
developed to give constant low concentrations of the drug in vivo.
Possibilities have involved in vivo reduction of Pt (1V) complexes, the break
down of the polymeric platinum compounds and the slow removal of the inert

(96,97)

blocking ligands.
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The transition metals have many a characteristic property of which is the
ability.

To have multiple oxidation states, and having a strong tendency to from
lonic and neutral complexes of varying degrees of complexity. This can
fruitfully be utilized in selective preparation of a very wide range of
chemotherapeutic agents containing transition metals and study the
complexing behavior of biological ligands involved in various biological
processes, also to model mathematically and chemically biological systems
with such compounds, and finally to control and optimize these systems®® .
Taking thisinto consideration we put forward the basic requirements achieved
by preview researchers in the field of metal therapy and tried to choose
accordingly our new potent materials. Other complexes chosen our work were
to explore the possibility of finding out other requirements not investigated
before. This has been achieved by synthesizing a considerable number of new

heterocyclic transition metal complexes, i.e. Pd (I1) and Pt (11).

4.2 Chemicals

1- Dimethylsulphoxide (DM SO).
2- Nutrient agar medium from Maknus Lab. Company.

3- Solutions of the new tested compound in DM SO

4.3 Apparatus

1- Petridish.
2- Incubator type Memmert incubator.

3- Autoclave from Hiraymama Company.
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4.4 Types of bacteria

1- Esherichia cali (Gram negative).

2- Staphvlocoous aureus (Gram positive).

Method

A- Standard drugs

A number of Known antibiotics drugs Table (4.1) were taken as
standard to compare their activity with that of the new ligands and complexes.

These antibiotics cover awide range of structural variety.

B- Preparation of Nutrient agar medium

(20 g) of dry nutrient agar were added to (1L) of distilled water in
conical flask and stirred the solution with heating until it completely dissolve.
The flask was Stoppard by cotton and the medium was sterilized by placing it
in an autoclave for (20 mm) at 121 °C under pressure of 15 bound/inch. After
that the medium was cooled to (45-55)°C and placed in Petri dish about (15-
20) ml for each one, and was left to cooled and solidified. Therefore the
medium was ready for bacteria growth. The studied bacteria were placed on
the nutrient agar surface using the loop and by streaking processor. After that
the disc saturated with the tested compound solution was placed in the dishes
which were then incubated for 24 hour, at 37C°.

4.5 Results Discussion:

In this research many compounds were studied and characterized .All of these

compounds are soft so that they could penetrate bacterial .Bacteria which are

Yo



studied are Staph.aureus and E-Coli. The bacterial cell wall of these we

bacteria consist of lipofilac,cell walls of negative bacteria are far more
complexes than those of positive bacteria. But since all of the prepared
compounds are soft, that could form covalent bonds that are capable of
penetrating the cell of interest, thus it manifests a biological activity. The
results showed that there are compounds of high biological activity as could
beread in the table (4.2).

Table (4.2) shows the activity of the new ligand and their complexes on
the growth of the studied bacteria, the results show the following

observations:

1. L, was highly active against Staph.aureus only, L, inactive against both

bacteria while L; was highly active against Staph.aureus and moderately
active against E-Coli. L,=[Pphs;, TMBnz,Dipy],L,=[Bnz,DTQ]
L3:Nph3.

2.The Pd (Il) complexes of (Al)show high a wider spectrum of activity
against only active in E-Coli ,but Pt (I1) complexes A(lIl)in active in both
against of bacteria compared with the ligand as using the control.

3-The five complexes BI,BII,BIII,GIl and H1 of Pt(ll) and Pd (Il) as shown
high activity against both type of bacteria compared with that of their ligand .

4-The behavior of the four complexes BV, GlI, GlII and HII show thein active
against both bacteria as the compared with the ligand.

5-the BVI and GIV complexes were moderately active against E-Coli only,
while BIV complexes were moderately active against Staph-aur eus only.

6.The observation reflect the different effect of introducing the metal ion on
the ligand structure, were some metal ions inhainse activity while others
retard it. This phenomenon is known as synergistic effect. The following

figures show the various activities obtained by different metal ion complex.
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Fig.(22):-Effect of Al ,Alll,BI,BII,BIl and BIV on Staph. aureus

Fig.(23):-Effect of Al and Alll,BI,BII,BIl and BIV on E-Coli
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Fig.(24):-Effect of BV,BVI1,GI,GlI,GlII,GIV ,HI,HII and DTOon

Staph.aureu

Fig.(25):-Effect of BV,BVI1,GI,GII,GlII, GIV ,HI,HIl and DTO on E-Cali
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Fig.(26):-Effect of Nph3,Pph3,Bnz, TMBnz,and Dipy on Staph. aur eus

Fig.(27):-Effect of Nph3,Pph3,Bnz, TMBnNz,and Dipy on E-Cali
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Table (4.1) Biologica activity for known anti-biotic drugs

Anti-biotic drugs | Staphylococcus aureus | Escherichia Coli
Erythromycin +++ -
Chioramphenical +++ -
Tetracycline +++ -
Ampicillin +++ -
Fusidic acid +++ -
Amoxicillin +++ -

Neomycin - ++

Refadin - -
Streptomycin - -

() Noinhibition

(+)  Inhibition zone (6- 8) mm

(++) Inhibition zone (8-10) mm

(+++) Inhibition zone (>10) mm.




Table (4.2) Biologica activity for ligands and its complexes at(conc.1mg/ml)
in DM SO as asolvent.

Symbols Staphylococcus aureus Escherichia Coli
DM SO - -
Al - +
Alll - -
Bl +++ ++
Bl + +
Bill +++ ++
BIV + -
BV - -
BVI - ++
Gl - -
Gll +++ +++
GllI - -
GlIvV - +
HI +++ ++
HII - -
DTO - -
Pphs +++ -
Nphs - +
Bnz - -
TMBnz + -
Dipy + -

A
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