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Abstract

Abstract*

In this doctoral thesis, iodotrimethylplatinum(IMomplexes of different pyridine and
2,2 -bipyridine ligands are investigated. The astructures of both the mononuclear and
dinuclear pyridine complexes reveal an octahedvardination around the platinum(lV) and
a facial arrangement of the methyl groups. The crystalcgire of the dinuclear complexes
confirms that the iodide ligand acts as a briddiggnd that holds the two platinum metal

ions together.

The reaction of the mononuclear pyridine complexeth iodotrimethylplatinum(lV) in
chloroform results in the formation of the corresging dinuclear complexes (both cis and
trans isomers) of pyridine&lthough the pyridine substituents have no sigatficinfluence
on the crystal structures of either the mononuabedhne dinuclear complexes, the equilibrium
population of these complexes in solution depemdgely on the electronic effect of the

pyridine substituent as well as on the steric lmilthe pyridine substituent.

lodotrimethylplatinum(1V) on treatment with 2,2 gyiridine and its derivatives gives mono-
nuclear 2,2 -bipyridine complexes. The crystal dtice of the bipyridine complexes confirms
the fac-octahedral coordination of the trimethylplatinumoigty and the bidentate
coordination of the 2,2"-bipyridines. Bond lengtimparison shows that Pt-N bond distances
in bipyridine complexes are slightly shorter thantlhe corresponding pyridine complexes,
reflecting the bettett-acceptor character of the 2,2"-bipyridines. Inithold, the N-Pt-N bite
angle in the bipyridine complexes is much lowemtihathe pyridine complexes. It was also
observed that in the crystal packing of 4,4 -Dicbi@,2 -bipyridine complex of
iodotrimethylplatinum(IV), intermolecular non-coealt interaction between methyl hydrogen
and chlorine atom leads to the formatiorzigf-zagchain structures, which are linked through

weakn-m interactions to form two-dimensional layer struetu

The reaction of iodotrimethylplatinum(lV) complexe$ pyridines with the corresponding
2,2 -bipyridines lead to the substitution of ligantesulting in the formation of chelate
bipyridine complexes. The equilibrium for these sithtion reactions strongly favours the
formation of chelate products. The formation oflateecomplexes in solution at equilibrium
depends largely on the electronic effect of thesstent as well as on the nature of the

solvent.

* Short version, see Chapter 6 for detailed Summary Vv
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Abstract (in German Language)*

In dieser Arbeit wurden lodidotrimethylplatin(IV)dtnplexe mit verschiedenen Pyridin- und
2,2 -Bipyridin-Liganden untersucht. Die Kristaliskturen von sowohl mononuklearen und
dinuklearen Pyridin-Komplexen zeigen eine okta&thés Koordination des Platin(lV) und
eine faciale Anordnung der Methylgruppen. Die Kiristallstrukturewon dinuklearen

Komplexen bestatigen, dass der lodid-Ligand aldnikender Ligand, der zwei Platin-

lonen zusammenhalt, dient.

Die Reaktion von mononuklearen Pyridin Komplexent nudidotrimethylplatin(lV) in
Chloroform resultiert in der Bildung des entspreden dinuklearen Pyridinkomplexes
(sowohl cis- als auchtranslsomer). Obwohl die Pyridinsubstituenten keinegngikanten
Einfluss auf die Kiristallstruktur sowohl von monddearen als auch von dinuklearen
Komplexen haben, hangt das Gleichgewichtsverhalimider Spezies in LOosung zu einem
gro3en Teil von den elektronischen Einflissen ddps8tuenten, sowie deren sterischem

Anspruch ab.

Die Reaktion von lodidotrimethylplatin(IV) mit 2 Bipyridin und dessen Derivaten erzeugt
mononukleare 2,2°-Bipyridin-Komplexe. Die Kristailskturen der Bipyridin-Komplexe
bestatigen didac-oktaedrische Koordination des Trimethylplatin-Resind die bidentale
Koordination der 2,2 -Bipyridine. Ein Vergleich d&indungslangen zeigt, dass der Pt-N
Bindungsabstand in Bipyridin-Komplexen leicht kir als in den entsprechenden Pyridin-
Komplexen, was die besserarAkzeptor Eigenschaften von 2,2"-Bipyridinen zeiftes
Weiteren ist der N-Pt-N Winkel in Bipyridin-Kompler wesentlich kleiner als in Pyridin-
Komplexen. Zudem wurden in der Kiristallpackung déd -Dichlorido-2,2"-bipyridin-
Komplexes  von lodidotrimethylplatin(IV) intermolelane, nicht kovalente
Wechselwirkungen zwischen den Methyl-Wasserstoffi@® und den Chloratomen
festgestellt, die zu der Ausbildung von kettenanigZick-Zack-Strukturen fihren, die tber
schwacher-n-Wechselwirkungen verbunden sind und eine zweidsiograle Schichtstruktur

erzeugen.

Die Reaktion von lodidotrimethylplatin(IV)-Pyridimknplexen mit den entsprechenden 2,2"-
Bipyridinen fuhrt zu einer Substitution der Ligangledie in der Bildung von Chelat-
Bipyridin-Komplexen resultiert. Im Gleichgewichttiglie Bildung des Chelatprodukts bei
dieser Substitutionsreaktion stark bevorzugt. Dieuig von Chelat-Komplexen in Lésung

* Kurzfassung, eine detaillierte Zusammenfassunde Sie in Kapitel 7 Vi
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hangt im Gleichgewicht zu einem grof3en Teil von daektronischen Effekten der
Substituenten sowie von der Natur des Losungsisidie]

\1
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Chapter 1 Introduction

1 Introduction

1.1 The Element Platinum

Platinum is a chemical element with the symbol it & classified as a “Transition Metal”.
The atomic number of platinum is 78 and the electonfiguration is [Xe] 4f 5d° 6s". The
name platinum originates from the Spanish wolatina del Pinto meaning “little silver of
the Pinto River"™ Platinum is an extremely rare metal, occurring abncentration of only
0.005 ppm in the Earth’s crust. It occurs in nafiwen, accompanied by small amounts of
other metals belonging to the same group (osmiuidium, ruthenium, palladium, and
rhodium). Another source of platinum is sperry(itAs,).? Platinum is a beautiful silvery-
white metal, when pure, and is malleable and ducBlatinum has six naturally occurring
isotopes: 1°%Pt, 19%pt, 9pt, 1%°Pt, °%t, and®®Pt. The most abundant of these *Pt,
comprising 33.83% of all platinum and it is the ymsitable isotope with a non-zero spin
(I =%). The most common oxidation states of platinam +2 and +4. The +1 and +3
oxidation states are less common, and often stalilby metal bonding in bimetallic (or
polymetallic) species. The predominant geometry #@roxidation state is square planar,

while for the +4 oxidation state it is octahed?4l.

Platinum is generally unreactive and is remarkatadgistant to corrosion, even at high
temperatures, and thus is considered a noble nieislinsoluble in hydrochloric acid and in

nitric acid but dissolves in aqua regia to form dehoroplatinic acid, HPtCk."”

Platinum is used in a variety of different applioas, the largest amount being used in the car
industry.lt is also used in electronics, laboratory equiptnepark plugs, turbine engines and
oxygen sensor§. Another common use of platinum is as a catalystcfeemical reactions
such as the decomposition of hydrogen peroxide \vater and oxygen g&$,ignition of
hydrogen. As a precious metal, large amounts dinplam are also consumed in jewellery.
Being a heavy metal, it leads to health issues ugquosure to its salts, but due to its

corrosion resistance, it is not toxic as a metal.
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1.2  The Platinum(ll) Chemistry

One of the most important platinum(ll) complexess-[Pt(NHs).Cl,] (cis-platin) was
described by Michele Peyrone (known as Peyrondaside)® It is a chemotherapy drug as
shown by Rosenberet al™® and is used to treat various types of cancerfydimg small cell
lung cancer, ovarian cancer and germ cell tumdurgias the first member of a class of
platinum-containing anti-cancer drugs. Along wétk-platin, carboplatifi” and oxaliplatift*

are also used as chemotherapy drugs.

H3N

\/

Pt/o
~
bt HaN 0

Carboplatin: cis-diammine(1,1-
cyclobutanedicarboxylato)platinum(Il)

HsN cl

\/
/\

Cis-platin: cis-diamminedichloroplatinum(ll)

Hy
N o—/
~
/Pt
MIN o—
H, \o
Oxaliplatin: [(1R,2R)-cyclohexane-1,2-diamine]dicarboxylatoplatinum(ll)

/\

Scheme 1.Platinum(ll) compounds exhibit anti-cancer actjivit

Platinum(ll) complexes also play a catalytic ralesynthesizing different organic compounds
from the hydrocarbon. Periaret al*® reported the direct, low temperature, oxidative
conversion of methane to methanol in the presehcercentrated sulfuric acid catalyzed by
(2,2 -bipyrimidine)platinum(ll), [Pt(bpym)G] at greater than 70% one-pass yield with 81%
selectivity. Johanssoet al™ also reported the benzene and methane C-H activatider
mild and neutral conditions in hydroxylic solve@t2,2-trifluoroethanol (TFE) at a cationic

platinum(ll) diimine aqua complex.
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S Sol
B S
NI"N’u, ‘\\‘Cl -2HC|4 N. = Nlr,' + \\\'\CI
N :]: Pt 2HSO,
+
NESNT Y HNZNT Msol)
i I
SC"TJ;CH“
Y
NI-P‘N;_,” + ‘\\\Cl
Pt 2HSO,
+ 4
HNZONT N(CH,)
CH30H <—— CH;080,H I
Functionalization C-H activation
7 o B
N zN,, |..~\"3' NozNj, ol
HS0, I Pt I Pt HSO,
HNZNT | YeH, HNZ N YCH,
L:‘\\:/“ 0804H \w L{"“-../II

$0,+2H,0 H,80,

Scheme 1.2Proposed mechanism for the oxidation of methameethanof*>*"!

1.3  The Platinum(lV) Chemistry

Like platinum(ll) chemistry, platinum(lVV) chemistityas attracted tremendous attention over
the last few decades due to their involvement i@ Shilov Proces$*® It was shown
experimentally that five-coordinated unsaturatestipbm(I\V) complexes are involved as key
intermediates in the platinum(IV)/platinum(ll)-matkkd C-X (X = H, halide, OR, etc.) bond-
breaking or -making processgs®’

Me Me Me

| |
\Me slow | he \_/A

\‘\

L//// \\Me -L L////,
‘. —_— .

.\\\

Pt — Pt
L/ | ‘Me fast | ‘Me
| |

Scheme 1.3Mechanism for the reductive elimination of ethadnem [PtMelL,l] (L = tertiary phosphane
ligand).

[15a,15c]
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These five-coordinated unsaturated cationic platifiy) complexes can be isolated when
bulky anionic or neutral N,N-chelating ligahdg€* are attached to the platinum(IV) metal ion

which provides enough steric protection to the mapdéatinum(lV) coordination site.

PriQ Pri | N
e>=N Pr S ~N
HC>= i —N iPr Bu~ A0
Pri@ — tBuy
| I 1l
\ /" N@
\%

Scheme 1.4Bulky anionic N,N-chelating ligands (I-1ll) and mial N,N-chelating ligand (IV) which stabilize

five-coordinate platinum(1V) species.

Figure 1.1 Crystal structures of [{-'PrLCsH3)NC(CHs)} ,CH]PtMe; (left);**! (BAB)PtMe; [BAB = 1,2-bis(\-
7-azaindolyl)benzene] (righ"

Platinum(IV) chemistry also has some applicatian®iology. Like platinum(ll) complexes
such ascis-platin, carboplatin, oxaliplatin, platinum(lV) cgiexes such as CHIRfcis-
dichlorotrans-dihydroxy-bis-isopropylamineplatinum(lV)], JM216 cig-dichlorotrans
diacetato-ammine-cyclohexylamineplatinum(lV)],cis-1,4-diaminocyclohexane complexes

of platinum(IV) have been a subject of severalictihtrials for cancer treatmefit;2®!
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The first organic compound of platinum, iodotrimgdghatinum(lV), was prepared by Pope
and Peachy by the reaction of anhydrous platinutmadieloride with methyl magnesium
iodide in 1909%” Later in 1975, Baldwinet al. developed the synthetic route of this
compound®! X-ray investigation$®*" have shown that in iodotrimethylplatinum(IV) four
platinum atoms describe a tetrahedron, as do theiddine atoms, and the two tetrahedra are
interpenetrating so as to give a heterocubanetateiof platinum and iodine atoms. Each
platinum atom is hexa-coordinated by the three itmhhmethyl groups and three bridged
iodine atoms (Figure 1.2). It is soluble in mosh#pwlar solvents and essentially insoluble
in polar media such as water and acetone. Theedklatmethylplatinum(lV) derivatives
[PtMesX], (where X = chloriné®® brominel®® SCH;*® SCNE* azide!®! triflatel*”) also
form heterocubane structures where Pt and X atotospy alternate corners of slightly

distorted cubes.

O
’
ci3g)
O S A\ Cl4B)
Cl2A) > a AT o
Ongg - caa™ Y AN
TN N R
N < ,,7 ClA)
\’\ 4 .‘ O
Pt(2A) Iy il
X 4
QAs (BN )
NN e .
\"&}\ 12 G e
Ca s S §cu)
AN ) ol
Pt2)
=R
Oy ﬁs‘
Ol C3)
.dg) O d é/‘\‘,.‘ O
c2 Cl4)
O o

Figure 1.2 Molecular structure of iodotrimethylplatinum(I\#’

The trimethylplatinum(lV) cation, PtMé& is highly versatile and forms wide variety of
complexes with both neutral and anionic ligandsi&ehtet al*® showed that tetranuclear
trimethylplatinum(IV) triflate converts to trinuce, dinuclear and mononuclear complexes by
treatment with various bases (Scheme 1.5). Tettaau®dotrimethylplatinum also converts
to corresponding mononuclear and dinuclear complebepending on the coordination nature
and amount of nitrogen ligand (Scheme 1.6).
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Ag(OSO,CF3)
» [(PtMe3),Ag(OSO,CF3)3(toluene),]
toluene (trinuclear complex)
THF > [PtM63(0502CF3)(THF)12
(dinuclear complex)
[PtMeg(OSOZCF3)14 -
TMEDA _ [PtMe3(0S0,CF3)(TMEDA)]
(mononuclear complex)
PMDTA

[PtMe3(PMDTA)]*OSO,CF3
(mononuclear complex)

Scheme 1.5Effect of different bases on trimethylplatinum(I\fjiflate complex. TMEDA =N,N,N",N*-
tetramethylethylenediamine, PMDTAN;N,N",N"",N""pentamethyldiethylenetriaminEs’

excess py

> [PtMeg(py)2l]
(mononuclear complex)

1 equivalent py ‘ [PtMes(py)l]»

(dinuclear complex)

[PtMegl], —

1 equivalent bipy -~ [PtMe(bipy)]
(mononuclear complex)

excess en

[(PtMegl)o(en)s]
(dinuclear complex)

Scheme 1.6Effect of nitrogen ligands on iodotrimethylplatm(V) complex. py = pyridine, bipy = 2,2"-
bipyridine, en = ethylenediamirf&:*%

Many of the trimethylplatinum(lV) complexes cont&ig neutral chelating nitrogen donor
ligands such as 2,6-bis[1-(phenylimino)ethyl]pynieli(BIP)*? TMEDAM! exhibit dynamic
behaviour in solution. Also trimethylplatinum(IV)omplexes of organochalcogen ligands
such as thio and seleno ethéfg> anionic nitrogen/oxygen or oxygen/oxygen ligdfffs!

have been a subject of dynamic investigation bexabtitheir fluxional behaviour in solution.

Me Me
‘ Me | /MeM
e
aMe y
L7 A W
}\I | Me MC\N I
Me” OTf A OTf
Me
A - conformer d - conformer

Scheme 1.7 he fluxional behaviour of [PtMETMEDA)OTf] (OTf = OSO,CF,).*
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Mej

' / Z Meh

SOlV

/
\.N/

\gk

Scheme 1.8The fluxional behaviour of [PtM&pdm)(HO)] where ppdm = 1-phenylpropane-1,2-dione 2-

oximate!*”]

It was also shown that some trimethylplatinum(I\@)nplexes containing pyridazine and its
derivatives such as 4-methylpyridazine and 3-megndazine display a 1,2-metallotropic
shift in the solution phase due to the presenca cbntiguous pair of nitrogen atoms in the
pyridazine ligand§°>?

L
L | L Hw L
~ ~mh
CW'FT“""l HE(C) @""L\'Nz 1I HY(B)
lz x| - Nt X
N NS wo) Z H’-:M’IﬁIH%D:
HB) H'©Q)
(1,1} (1.2)
2584 25%
L
L] L H® gt

Scheme 1.9Effect of 1,2-metallotropic shift in [PtM@ydzhX] (where X = CI, Br, I; pydz = pyridazine)
complexed!

1.4 The Chelate Effect

When a multidentate ligand coordinates to a metaffiom more than one donor site forming
a ring with the metal, it is said to be a chelatiggnd and the resulting compound is said to
be a chelate complex. Chelate complexes are ust@ligd to be more stable than the
comparable non-chelate complexes with the same rdatwns. This extra stability of a
coordination complex containing chelate rings iswn as ‘the chelate effett Scheme 1.10

illustrates the example of a chelate complex of Mg
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Scheme 1.1gMg(EDTA)]? chelate complex.

The increased stability of the chelate complexeas loa explained by the thermodynamic

approach. The equilibrium constantegor a chemical reaction is related to the standard

Gibbs free energyAG°) according to equation 1.1.

AG® = - RT In Kgq (1.1)

Here, R is the universal gas constant and T isaimperature in Kelvin.

For chelation reaction & is usually positive, i.eAG° = negative.

Now, AG® is related t&AH° andAS° according to equation 1.2.

AG® =AH° - TAS® (1.2)

Here,AH° is the standard enthalpy change of the reacti&f;is the standard entropy change.

Now, consider the following chelation reaction:

Cd(NHz),** + 2en Cd(eny® + 4 NH (1.3)

Since the bonding characteristics of ammonia ahgletediamine (en) are very similar, the
change in enthalpy for the above reaction is négégHowever, positive entropy changes for
the forward reaction make the reaction thermodynahyi favourable, which explains the
stability of the chelate complex. This is supported Spike et al’®*! (who showed
experimentally that the enthalpy change for thevabzhelation reaction is very small and the
increase in the stability of the cadmium chelasgsurely an entropy factor).
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1.5 Nuclear Magnetic Resonance (NMR) Spectroscopy

Nuclear Magnetic Resonance (NMR) spectroscopy isxaremely important technique used
to determine the content and purity of a samplevel as the molecular structure of the
compounds. NMR spectroscopy is based on the ptenapenergy difference between the
two states. The two states of a nucleus with agaudpin quantum number of %2 [commonly
named as: (the lower energy state) arfd(the higher energy state)], and hence the energy
difference, are generated in the presence of arredtmagnetic fieldg,) by the magnetic
moment of the electrically charged atomic nucldas éxampleH, **C, N, etc.). Thus, an
energy transfer takes place between the two stdtasvavelength that corresponds to radio
frequency. The signal that matches this transfaraasured and processed in order to yield an

NMR spectrum for the nucleus concerned.

The case of the spin-%2 nucleus

A nucleus with spin at higher
energy generates a magnetic
field in the opposite direction ——

to the external magnetic fields M
The Nuclei are electrically
charged and many have & m
spin that causes them o =
behave like a magnet @
=
o
B,z
z Energy gap 08
e corresponds o =]
T radio frequency .
3]
No field =
o
L4
A nucleus with spin at lower 1 2

energy generates a magnetic
field in the direction of the
external magnetic field

Figure 1.3The basis of NMR in the case of spin ¥ nuclei @&, °C, *N, 3P, %Pt etc®”

The energy differenc@E) between the two states is
AE = yiiB, (1.4)

Wherey is the gyromagnetic ratio for a given nucleus aiglthe reduced Planck’s constant.
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The relative population of a state is given byBloétzmann distribution
Ny/N, = e 2EKT= @ "7BoKT < 1 ) hBy/KT (1.5)

Where N, N, represents the number of nuclei in hend o states, respectivel is the
Boltzmann constant and T is the temperature in ikelVhe equation (1.5) shows that the
population of the states is affected by severalofac Nuclei that have large gyromagnetic
ratio are more sensitive than nuclei with loweraygagnetic ratio. Proton has the largest
gyromagnetic ratio among the naturally abundantlenuand thus, is the most sensitive
nucleus. The sensitivity can also be increasedduyedising the temperature or by increasing

the magnetic field.

Each nucleus in a molecule has different molec@larroundings, and thus, different
electronic environments. Electrons around the musckhield it from the external magnetic
field, and thus their resonance frequencies will dierent. The resonant frequency is
strongly dependent on the electronegativity ofribeleus. The ring current (anisotropy) and
bond strain also affect the frequency shift. Th#edence between the frequency of the
reference signal and the frequency of the signdivigled by the frequency of the reference
signal to give the chemical shift. H NMR spectroscopy, chemical shifts are usually
referenced to TMS (tetramethylsilane), whose cheahskift is set to zero ppm.

The energy state of a nucleus is also affectedhéytientation of the neighbouring nuclei. In
such cases, the nuclei are said to be spin-spipkeduo each other and the phenomenon is
known as spin-spin coupling. The magnitude of fhi@tsg (coupling constanl) depends on
the strength of the coupling; however, it is indegent of the strength of the magnetic field.
The multiplicity of the splitting depends on thenmiber of chemically bonded nuclei in the

vicinity of the observed nucleus.

The most important parameter in NMR spectroscopthésarea of NMR signal. The area
under each signal arising from non-exchangeabl®prig directly proportional to the number
of equivalent nucleus responsible for that sigoain other words, is directly proportional to

the molar amount of the detected isotope.

Quantitative one-dimensional NMR spectroscopy ahplex mixtures is usually hindered

due to severe overlap of signals. This can be wivanted with higher magnetic fields or by

1C
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expanding the proton spectrum to another dimensioming a two-dimensional experiment.
Types of two-dimensional NMR include correlationesposcopy (COSY), exchange
spectroscopy (EXSY), nuclear overhauser effect tspgmopy (NOESY), and diffusion
ordered spectroscopy (DOSY).

NMR DOSY technique is a method for separating camps in a multicomponent mixture
based on the translational diffusion coefficients emch chemical species in solution.
Therefore, the technique depends on the size aapesbf the molecule, as well as the

physical properties of the surrounding environngrh as viscosity, temperature, etc.

The measurement of diffusion is carried out by oleg the attenuation of the NMR
signals during a pulsed field gradient experimdiie degree of attenuation is a function of
the magnetic gradient pulse amplitude (G) and catira rate proportional to the diffusion
coefficient (D) of the molecule. Assuming that aeliat a given (fixed) chemical shijt

belongs to a single sample component A with a diffia coefficient [, we have

S8, z) = S\(8) exp (-Dn2) (1.6)

Where K(0) is the spectral intensity of component A in zgradient (‘normal’ spectrum of
A), Da is its diffusion coefficient and Z encodes differgmadient amplitudes used in the

experiment>®

1.6  X-ray Crystallography

X-ray crystallography is the most commonly used huodt for determining the three
dimensional structure of molecules. The most peeogethod of X-ray crystallography is
single-crystal X-ray diffraction. It is based onnstructive interference of monochromatic X-
rays and a crystalline sample. When X-rays are kdaahthe crystal, the interaction of the X-
rays with the sample produces constructive interfee (and a diffracted ray) when
conditions satisfy Bragg's law Xr= 2dsirt, wheref is the scattering angle, is the X-ray

wavelength, d is the interplanar distance), therelwsing a diffraction pattern. This
diffraction pattern converted to electron densitygpmusing the mathematical Fourier

transformation. Since electrons more or less sad@iomic nucleus uniformly, it is possible

11
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to determine the location of atoms; however, duéhopresence of only one electron, it is
difficult to map hydrogen. As the crystal is graliiyiaotated, multiple sets of electron density
maps were obtained for each angle of rotation. &laesa are combined computationally with
complementary chemical information to produce astine the crystal structure of the

crystalline sample.

1.7 Aim of the Thesis

The central aim of this thesis is the study of thelate effect in platinum(lV) complexes
containing aromatic nitrogen ligands. This requieesystematic analysis of binding and
exchange of monovalent pyridine based ligands il bivalent 2,2"-bipyridine based
ligands in the molecular complexes of trimethylplam(lV). As described in Section 1.3, the
trimethylplatinum(lV) cation is highly versatile dnforms complexes with both the
monovalent and bivalent nitrogen donor ligands, lagakce this is a good system for the study
of the chelate effect. In view of this, several igyre and 2,2"-bipyridine complexes of

iodotrimethylplatinum(lV) were studied throughobid thesis.

Chapter 2 describes the results of investigationeegard to the iodotrimethylplatinum(1V)
complexes obtained with several pyridine ligands. detail, the following results are

discussed:

e Solution behaviour of mononuclear iodotrimethylplam(lVV) complexes containing
strongly electron donating pyridine (4-DMAP) anceaton withdrawing pyridines
(4-CNPy and 3-BrPy) were investigated in orderxameine the effect of pyridines on
the solution phase. Furthermore, the X-ray crysgaiiphic studies of [PtM#&-
DMAP).I] and [PtMe(3-BrPy)l] were carried out to establish the solid statacttre

of these mononuclear pyridine complexes (Chapfer 2.

R
R1
7 4-DMAP: R= NMe,, R; = H
4-CNPy: R= CN, R;= H
AN 3-BrPy: R= H, Ry= Br

Scheme 1.1Different pyridines used for the solution behavistudy of [PtMgL,l] (L = pyridines)

complexes.
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* The influence of the nucleophilicity and the stelglk of the pyridine substituent
on the reaction of mononuclear iodotrimethylplati{lV) complexes of pyridines
with tetranuclear iodotrimethylplatinum(IlV) leading the formation of the dinuclear
complexes were explored. This study also includes drystal structures of four
mononuclear iodotrimethylplatinum(lV) complexes pyridines [PtMgL.l] (L =
4-MePy, 4-EtPy, 4-OMePy and 3-OMePy) (Chapter 2.2).

" N
Me L Me M ‘ ‘
~ /! ~/! \ e~ \
PtMesl]; + 4 = 4n pt
[PtMeslls Me/Tt\L Me N - ‘ * /Pt\ - ‘
|
[PtMesL,l] trans-[PtMesLl], cis-[PtMesLI],
L = 4- and 3- Substituted pyridines
4-MePy: R = Me
R 4-EtPy: R = Et
4-OMePy: R = OMe R 3-MePy: R; = Me
X = o R1 3-EtPy: Ry = Et
\ 4-DMAP: R = NMe; \ 3-OMePy: R, = OMe
N 4-'BuPy: R = CMe3 N 2ClPy: R 1C|
4-CNPy: R=CN Y- Rz
L = 4-Substituted pyridines L = 3-Substituted pyridines

Scheme 1.12Different pyridines (4- and 3-substituted) used the reaction of [PtMg,l] with
iodotrimethylplatinum(1V).

« The crystal structures of five dinuclear pyridir@rplexes of iodotrimethylplatinum
{trans[PtMes(py)l]2, cis[PtMesLIl], (L = 4-EtPy, 4-OMePy, 4-CNPy and 3-CIPy)}
were investigated to verify the molecular structafethese dinuclear complexes
(Chapter 2.3).

Chapter 3 deals with the complexation of iodotrimygglatinum(IV) with 2,2"-bipyridine
ligands which gives rise to mononuclear [PtflleL)]] (where L-L = bipy, 4Me-bipy, 5Me-
bipy, OMe-bipy, MeN-bipy, Cl-bipy] complexes. The complexes were elgerized byH
NMR, EI-MS, IR spectroscopy, elemental analyses) afray crystallography. X-ray
structural investigations of these complexes retreakexpectetacial octahedral coordination
geometry of the PtMemoiety and bidentate coordination of the bipyralligand. Moreover,
the crystal packing of [PtME&CI-bipy)l] shows the intermolecular non-covalenteraction
between methyl hydrogen and a chlorine atom leatbniipe formation of one-dimensional
zig-zagchain structures which are linked through weak interactions to generate a two-

dimensional layer structure.
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R1
R
B S
N
N A bipy: R = H Z
4Me-bipy: R = Me 5Me-bipy: R; = Me
yZ OMe-bipy: R = OMe N a
N | Me,N-bipy: R = NMe, |
Cl-bipy: R =ClI
& py X
R
Ry
4,4’ -Disubstituted-2,2"-bipyridine 5,5 -Disubstituted-2,2"-bipyridine

Scheme 1.1different 2,2 -bipyridines.

Chapter 4 describes the substitution of pyridigarids with the 2,2"-bipyridine ligands in
the molecular complexes of iodotrimethylplatinumI¥our different pyridines (py, 4-MePy,
4-OMePy and 4-DMAP) and corresponding 2,2 -bipyrad (bipy, 4Me-bipy, OMe-bipy and
Me;N-bipy) were used for the substitution reactiordétermine the influence of rigidity and
the electronic effect of the substituent on thdatien reaction. The ligand-exchange reaction
was conducted in two different solvents (CB@&hd nitrobenzenesfin order to examine the

dependence of the exchange equilibria on the sbimgadotrimethylplatinum(lV) system.
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2 lodotrimethylplatinum(1V) Complexes of Pyridines

2.1 A Comparative Study of the Solution Behaviour D lodotrimethyl-

platinum(lV) Complexes of Pyridines

2.1.1 Introduction

As described in the introduction the chemistry ométhylplatinum(lV) complexes has
received considerable interest in the last few desaAmong the iodotrimethylplatinum(IV)
complexes the study of the mononuclear [Piid@)-l] (py = pyridine) complex was found to
be quite interesting. This complex was reported b® mononucle& and have a
concentration-dependent molecular weight due tadibsociation into the dinuclear complex
[PtMes(py)l]> and pyridin€®® In order to investigate whether the solution bebawiof
iodotrimethylplatinum(IVV) complex is influenced hige coordinated pyridine or not, it was
decided to extend the study to iodotrimethylplatnily) complexes involving substituted
pyridines having different electron density on theidine ring nitrogen. In this context the
ligands 4-dimethylaminopyridine (4-DMAP), 4-cyaneoiyne (4-CNPy), 3-bromopyridine
(3-BrPy) (Scheme 2.1.1) having different electr@mglty on the pyridine nitrogen are well
suited for the study. In this chapter the synthesfefPtMesL,l] (L = 4-DMAP, 4-CNPy,
3-BrPy) complexes are reported and the investigatib several features of their solution
behaviour by"H NMR study discussed. The crystal structuresPofesLl] (L = 4-DMAP,

3-BrPy) complexes are also reported here.

R

7 ' 4-DMAP: R= NMe,, R, = H
| 4-CNPy: R= CN, R;= H

N 3-BrPy: R=H, Ry=Br

Scheme 2.1.Different substituted pyridines.
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2.1.2 Syntheses and characterization of the coieges

Tetranuclear iodotrimethylplatinum(1V), [PtMé, reacts with substituted pyridines to give
six-coordinate mononuclear trimethylplatinum(lV) neplexes, [PtMgL.l] (where L = 4-
DMAP, 3-BrPy, 4-CNPy) according to equation 2.1.1.

[PtMesl]s + 8L — 4 [PtMeL,l] (2.1.1)

These synthesized mononuclear complexes are piédevyte yellow crystalline solids, being
stable in the solid state and soluble in chlorofofine C-H stretching region in the infrared
spectra of all three complexes comprised three s1ameb due to C-H stretching modes and
one due to the overtone of the asymmetric C-H dedtion mode. The C-H stretching modes
and Pt-C modes are consistent with the BtMeiety havingfacial octahedral coordination
geometry®® The complexes were also characterized by elemangdyses. Full synthetic and

analytical data of the complexes are reported iapBdr 5.3.3.

2.1.3 X-ray crystallographic characterization of [PtMe3(4-DMAP).I] (1) and [PtMe3(3-
BrPy)l] (2)

The yellow crystals of complexdsand2 were obtained by slow diffusion of n-hexane into
their chloroform solution. Both the complexes cajlste in P2/n space group with a

monoclinic crystal system and contain four molesutetheir unit cell. The crystal structures
of both complexes consist of a discrete monomaritin which the central platinum atom is
hexa-coordinated by the three methyl groups facal arrangement, two pyridine ligands
and an iodine atom (see Figures 2.1.1-2.1.2). &lebond lengths and bond angles of
the complexes are given in Tables 2.1.1-2.1.2, eviXlray diffraction parameters and

crystallographic data are reported in Tables 54412.

The Pt-C bond lengths vary according to tigtransinfluences®®*"i.e., the methyl group
transto thez-donating iodide ligand exhibits a longer bondhe tnetal in2 while this effect
appears less pronounced fiorThe Pt-l1 bond distance (2.79 A inand 2.78 A in2) in both
structures is essentially identical and is onlgltdly shorter than the corresponding value
(2.83 A) for the bridging iodides in the reportentmplex [PtMel] +.?* Also, the Pt-1 bond

distance in both complexes is significantly longen the PY-I bond distance that has been
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observed in several octahedral platinum(lV) cometex e.g., 1,6-[Pt(es}]l2.2H,O
(2.68 A)¥ [Ptlg(phen)] (2.66, 2.67 AFY [Ptls(phen)] (2.67, 2.67 AFY! [PtMexlo(P2CH,)]
(2.65, 2.65 AN [PtMel{(Me,PzXCH,}] (2.65, 2.65 A% [PtMel(O,C3H7)(CizHsN,)]
2.62 A)Y transbis(acetylacetonato)di-iodoplatinum(lv) (2.67 &J. The Pt-N bond
distances irl (2.17 and 2.18 A) are only marginally shorter tha® (2.17 and 2.21 A) and
are close to the values found for the Pt-N bond$PitMes(pydz)Cl] (2.18, 2.19 Af*"
[PtMesl(P2CH,)] (2.18 A)” The Pt-N bond distances in both complexes are stmiew
longer than the Pt-N bond distances reported fouraber of platinum(lVV) complexes, e.g.,
trans[Pt(NHs)»(2,4-pentanediiminatg(ClO4), (2.00 A)!®! [Ptls(phen)] and [P(phen)]
(range 2.06-2.12 A§¥ Longer Pt-N bond distances are also observed ierakplatinum(IV)
complexes such as [PtMg&{(MePzyCH,}] (2.24 A)'” [PtMes(OSO.CFRs)(TMEDA)]
(2.24 A)B¥ The N1-Pt1-N2 angle (89.2°) ihonly slightly deviates from regular octahedral
geometry which opens up the N1-Ptl-C2 and N2-PtleSlangles to 93.0° and 91.2°
respectively, and narrows down the N1-Pt1-C1 andPN2C2trans angles to 177.9° and
176.4° respectively. Similarly, the N1-Pt1-N2 an@®2.9°) in2 also deviates from regular
octahedral geometry which opens up the N1-Pt1-GPNi&+Pt1-C3cis angles to 90.8° and
92.8° respectively, and narrows down the N1-Ptla@d N2-Pt1-CZrans angles to 176.8°
and 176.1° respectively. Other angular distorticare consistent with the minimum

interligand non-bonded interactions. The dimensufrthe ring systems are as expected.

Figure 2.1.1 Molecular structure of [PtM@&-DMAP),I] (1) showing the atom labelling scheme. Thermal

ellipsoids are at the 50% probability level. Hydeagatoms are omitted for clarity.
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Figure 2.1.2 Molecular structure of [PtMé3-BrPy)l] (2) showing the atom labelling scheme. Thermal
ellipsoids are at the 50% probability level. Hydeagatoms are omitted for clarity.

Table 2.1.1Selected bond lengths [A] and angles [°] for [PsMeDMAP),I] (1)

Pt1-C1 2.050(2) Pt1-N2 2.173(2)
Pt1-C2 2.051(2) Pt1-N1 2.1804(19)
Pt1-C3 2.065(2) Pt1-13 2.7953(4)
C1-Pt1-C2 86.43(11) C1-Ptl1-13 91.00(8)
C1-Pt1-C3 86.31(11) C2-Ptl1-13 91.61(7)
C2-Pt1-C3 87.11(10) C3-Pt1-13 177.09(7)
N2-Pt1-N1 89.20(7) N2-Pt1-13 91.20(5)
C1-Pt1-N2 91.24(9) N1-Pt1-13 91.01(5)
C2-Pt1-N2 176.38(9) C2-Pt1-N1 93.03(9)
C3-Pt1-N2 89.97(9) C3-Pt1-N1 91.68(9)
C1-Pt1-N1 177.93(9)

Table 2.1.2Selected bond lengths [A] and angles [°] for [P4{8eBrPy)l] (2)

Pt1-C1 2.025(10) Pt1-N1 2.171(8)
Pt1-C2 2.036(12) Pt1-N2 2.211(9)
Pt1-C3 2.180(13) Pt1-13 2.7796(8)
C1-Pt1-C2 86.7(5) C1-Pt1-N1 176.8(4)
C1-Pt1-C3 89.0(4) C2-Pt1-N1 90.8(4)
C2-Pt1-C3 86.1(5) C3-Pt1-N1 88.9(3)
N1-Pt1-N2 92.9(3) C1-Pt1-N2 89.5(4)
N1-Pt1-13 89.2(2) C2-Pt1-N2 176.1(4)
N2-Pt1-13 89.9(2) C3-Pt1-N2 92.8(4)
C1-Pt1-I3 92.8(3) C3-Pt1-I3 176.8(3)
C2-Pt1-13 91.3(4)
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2.1.4 Solution behaviour of [PtMesL2l] (L = 4-DMAP, 3-BrPy, 4-CNPy) complexes in
CDCl3

[PtMes(4-DMAP),IT (1)

The ambient-temperature (300 K) solutithNMR spectrum of [PtMg4-DMAP),I] (1) at a
concentration of 0.06 M in CDgEkxhibited well resolved signals, consistent witDMAP
acting as a monodentate ligand. The spectrum ceeprihree regions: (i) the platinum-
methyl region § = 1.05-1.44 ppm); (ii) the N,N-dimethylamine regi® = 3.02 ppm) and
(iii) the aromatic (ligand) regiors (= 6.40-8.31 ppm). ThéH NMR spectrum ofl is shown in
Figure 2.1.3.

o~ Ve, (C)
Meg |
Meas_ | AN

Rt
MeA/|\N N
|

He N “NMe,(C)
He

C A

X B
y i B IR | I L

I

Tt TTTTT T I
9 8 7 ppn 3.5 3.0 ppn 1.4 1.3 1.2 1.1 ppn

Figure 2.1.3 The 400 MHz'H NMR spectrum of [PtMg4-DMAP),I] (1) in CDCk at a concentration of
0.06 M. For labelling, see inset. X is the solvesk.

The platinum-methyl region of tht#H NMR spectrum ofl comprised two signals, with
satellites due t8*Pt-H scalar coupling, in a 1:2 intensity ratio. Theéative intensities of the
signals were assigned to tttans| (signal B) andrans 4-DMAP (signal A) platinum-methyl
environments, respectivel§de.+scalar coupling constant observed for signal Bg&ér than

for signal A, indicating that 4-DMAP exerts a stgantransinfluence than iodide.

The aromatic region of thtH NMR spectrum displayed two signals (D and E)jged to
Hp and H: of the 4-DMAP ligand respectively.g-and H: were distinguished by the coupling
of Hp to **Pt (see Table 2.1.3) which allowed an assignmetti@chydrogen atom adjacent

to the coordinated nitrogens. The coordinated higsub-spectra were assigned on the basis of
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their scalar coupling networks and by comparisothwie'H NMR spectrum of the free 4-
DMAP ligand.

The signal due to the N,N-dimethylamine group cdsggt an intense singlet (C) in the
NMR spectrum ofl.

[PtMes(3-BrPy),l] (2) and [PtMes(4-CNPy)I] (3)

The solution behaviour of both complexes, [P4{8eBrPy)l] (2) and [PtMg(4-CNPy}lI] (3)
proved very interesting. Unlike compléxwhich exists only as a monomer in solution, iswa
found that even highly concentrated solution ohbmamplexe® and3 dissociates in CDGI
resulting in the formation of a mixture oifs andtrans dinuclear complexes [PtMel] . and
the free pyridine ligand L (L = 3-BrPy in the cast2, 4-CNPy in the case @) (see
Schemes 2.1.2-2.1.3). However, theisomer formed only to a very small degree relatove
thetransisomer in the case & The'H NMR spectra o and3 in CDCk at 0.06 M at 300
K are illustrated in Figures 2.1.4-2.1.5 respedyive

Br

vea { )
N=—
Me,
A\Pt/ HH
2
H
/ ‘ \N N 5
Mex |
|
He 2>y,
Br
[PtMe3(3-BrPy),l]
ICDCI3
Br
[
Meg Meg Mec N/ Hy
|
Me | H B
@) e,:\Pt \pt/ F MeD\ /\‘/MeD \Y | AN r
~ \ + N /Pt Pt + 2
Meg l\l/‘ Mer Meg |\|/‘\MeD " 7 e
H N H
o 7 | P /N | Hg /N | Hy Mec
3-BrPy
XN
Br He N Br B NSy
Hq Hu
cis-[PtMe3(3-BrPy)l], trans-[PtMe3(3-BrPy)I],

Scheme 2.1.2The dissociation of [PtM&3-BrPy)l] (2) into cis and trans[PtMey(3-BrPy)ll, and 3-
bromopyridine (3-BrPy) in CDGI(showing the labelling).
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2.0 1.8 1.6 1.4 1.2 ppw

Figure 2.1.4The 400 MHZ*H NMR spectrum of [PtMg3-BrPy)l] (2) in CDCL at 0.06 M at 300 K. X is the
solvent peak and Y is the peak for water presen€iCl. For labelling, see Scheme 2.1.2. Due to close
proximity, the signals G and H were not fully resad and not assigned unambiguously. The signafsl INA

have virtually identical chemical shifts and nasigaed unambiguously.

The platinum-methyl regions of the spectra eachpr@ad three sets of signals, one set due
to the mononuclear complex while other two setsighals correspond to thes andtrans
dinuclear complexes. The signals A and B with isignratio of 2:1 were assigned t@ns
pyridine ligand (3-BrPy in the case 3f4-CNPYy in the case @) andtrans| platinum-methyl
environments, respectively for the mononuclear dempFor bothcis and trans dinuclear
complexes, the environment of the methyl grotrpas to bridging iodide would be almost
identical so that little, if any, difference in ¢hi&al shifts would be expected. Thus, the
signals D and F were assignedttans andcis isomer respectively. On the other hand, the
methyl groupstrans to pyridine ligand would be expected to have mdikedifferent
chemical shifts for the two isomers, since the Idimg effect of the pyridine ring would be
significant fortrans isomer and insignificant focis isomer. Thus, the signal at higher field

(C) assigned ttransisomer and the one at much lower field (Egigodinuclear form.
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The aromatic regions of the spectra each displdyed sets of signals, one set due to the
mononuclear complex [PtMe:l], two sets due to theis and trans dinuclear complexes
[PtMesLl] 2, and the one set due to the free pyridine ligandnLthe case of the 3-BrPy
system, each set comprised four signals whiletivasfor the 4-CNPy system. Because of the
influence of the aromatic ring current, aromatigyrprotons for theisisomer is slightly more
shielded relative to theans isomer. The signal for thigans isomer thus appears at higher
frequency relative to theis isomer in both complexes. The hydrogen atoms adjaio the

coordinated nitrogen exhibtf>Pt scalar coupling in each of the mononuclear @ndotear

complexes.
CN
Meg Z |
MBA\ /N\
2 Pt
MeA/ \Nl X
|
Hg Z e
Hy
[PtMe3(4-CNPy),l]
CDClg
CN
®
Meg Meg Mec = CN
|
M Me | r H
) eF\Pt/ \Pt/ F MeD\Pt/ \ /MED X N
e + n Pt + 2
Meg |\|/|\Me|: Meo/|\|/|\|v|e N/ )
Hien N N His N Mec M
X | X AN
H Hy 4-CNPy
CN CN CN
cis-[PtMe3(4-CNPy)l], trans-[PtMe3(4-CNPy)I],

Scheme 2.1.3The dissociation of [PtM@-CNPy)l] (3) into cis and trans[PtMe;(4-CNPy)IL, and 4-
cyanopyridine (4-CNPy) in CDg[showing the labelling).
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E UL
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Figure 2.1.5The 400 MHZz*H NMR spectrum of [PtMg4-CNPy}l] (3) in CDCL at 300 K at 0.06 M. Signals
X, Y are the peak for the solvent and water preser@DCk, respectively. For labelling, see Scheme 2.1.3.

Signals K and L were not fully resolved and noigresd unambiguously.

While it is clear from théH NMR spectra of both the complex2snd3 that there are indeed
different Pt(IV) species present in CRCtheir assignment cannot be made on the basis of
this one-dimensional data alone. Therefore, thgels were distinguished by'sl DOSY
experiment. The advantage of the DOSY techniquésisability to fully resolve multi-
component mixtures arraying resonances based omtbkecular weights along the diffusion
axis. As shown in Figure 2.1.6 f@ the'H DOSY spectrum provides a direct observation
about which of the Pt(IV) species diffuses morecily, and therefore a fast determination of
which signal originates from the free ligand andchihare the dinuclear Pt(IV) species. The
'H DOSY spectrum of2 shows the expected diffusion order, with the fregard 3-
bromopyridine (signals S, T) having the largesfudibon coefficient and diffusing most
quickly, followed by the mononuclear compl2xsignals G, H) and dinucleais-[PtMes(3-
BrPy)I]; (signals O, P) and finallyrans[PtMe3(3-BrPy)l], (signals K, L) having smallest
diffusion coefficients and moving slowest. Sincehbthecis andtrans dinuclear complexes
have equal molecular weight, the DOSY peaks arevetitresolved along the diffusion axis.
The small modification in the diffusion values obnonuclear comple® and dinucleacis-
[PtMe3(3-BrPy)l], compared totrans[PtMes(3-BrPy)ll, can be interpreted in terms of

enlargement of the spheric size and changes irhybdeodynamic radius and shape by the
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trans arrangement of the ligand molecules. Similarlg $ignals which appeared in the one-
dimensionalH spectrum of3 were also analyzed with the help '&f DOSY spectroscopy
(see Figure 2.1.7).

| og(nR2/s) |
-9. 44

-9.24 -8, 996

+9.0- @ @f

I ) I ) I ) I ) I
9.4 9.2 9.0 8.8 ppn

Figure 2.1.6 Part of aromatic ligand region of the 600 MH# DOSY spectrum of [PtM€3-BrPy)l] (2) in
CDCI; at 0.06 M showing the presence of [Pt8eBrPy)l] (2), cis and trans[PtMes(3-BrPy)l], and 3-
bromopyridine (3-BrPy). For labelling, see Schenie2
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Figure 2.1.7 Part of aromatic ligand region of the 600 MMz DOSY spectrum of [PtMg4-CNPy)}I] (3) in
CDCl; at 0.02 M showing the presence of [Pt4eCNPy)l] (3), cis and trans[PtMe;(4-CNPy)IL and 4-
cyanopyridine (4-CNPy). For labelling, see Schenle32
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Table 2.1.3'"H NMR dat& of 4-DMAP, 3-BrPy and 4-CNPy complexes of iodoteitmyl-
platinum(lV) in CDC} at 300 K

Pt(IV) species Species present in 3(Pt-CHy)™ © Transligand §(aromatic ligand H)®
solution
[PtMes(4- [PtMe3(4-DMAP),I] A 1.35 (69.3) 4-DMAP C3.02
DMAP),I] B 1.14 (71.5) I D 8.29 (7.2) (19.6)
(Figure 2.1.3) E 6.40 (7.2)
[PtMex(3-BrPy)l]  [PtMes(3-BrPy)l] A 151 (71.1) 3-BrPy G 8.83
(Figure 2.1.4) B 1.17 (68.3) I H8.79
1 8.01
J7.28
trans[PtMey(3-BrPy)l],  C 1.46 (72.4) 3-BrPy K 9.38
D 1.28 (74.3) I L 9.17 (5.8) (17.9)
M 8.01
N 7.32
cis[PtMex(3-BrPy)l] » E 2.00 (72.2) 3-BrPy 0 8.99(13.9%
F 1.23 (74.6) | P 8.92 (5.4) (17.7)
Q 7.73(8.0)
R 7.11 (13.5)
Free 3-BrPy S8.70
T 8.54 (4.0)
U 7.83(8.1)
V721
[PtMex(4-CNPy)l]  [PtMey(4-CNPy)I] A 153 (71.2) 4-CNPy G 9.04 (6.4) (17.9)
(Figure 2.1.5) B 1.18 (67.3) I H 7.64 (6.5)
trans[PtMe;(4-CNPy)l]l, C 1.41 (72.5) 4-CNPy 1 9.47 (6.4) (18.5)
D 1.27 (73.9) I J 7.67 (6.5)
cis-[PtMey(4-CNPy)I], E 2.04 (72.6) 4-CNPy K9.18
F1.25 I L7.37
Free 4-CNPy M 8.82 (4.9)
N 7.54 (5.0)

4 Chemical shifts quoted in ppm are relative to aeriml solvent peak (CDI5 = 7.26 ppm)® 2Jp./Hz in
parentheses.®J,./Hz in parenthese§.3th_4Hz in parentheses.labelling refers to inset in Figure 2.1.3 and

Schemes 2.1.2 and 2.1.3; not all scalar coupliegslved.
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Table 2.1.4 Concentration-dependent solution behaviour of [@tM] complexes (L = 4-
DMAP, 3-BrPy, 4-CNPYy)

Pt(IV) species Concentration (in M) Population of Monomer
/Population of Dimer

[PtMes(4-DMAP),I] (1) 6.0 x 107 od
5.4 x 10° 02

[PtMes(3-BrPy)l] (2) 6.0 x 107 7.33
5.4 x 10° 3.0

[PtMes(4-CNPy)I] (3) 6.0 x 10° 2.23
5.4 x 10° 1.08

2 1n the case of [PtM€4-DMAP),I], only monomer is present in solution (both igiiand low concentration).

The population ratios of the mononuclear form te dinuclear form for the [PtMe.l] (L=
4-DMAP, 3-BrPy, 4-CNPy) complexes at different centation in CD{ are reported in
Table 2.1.4. This shows that complex [PtfdeDMAP),I] (1) is highly stable in solution and
exists only as a monomer. However, the other twmpdexes [PtMg3-BrPy)l] (2) and
[PtMe3(4-CNPy)I] (3) are not very stable in solution and both undedgsociation which
increases with dilution. Dissociation & is much more pronounced than fa@r This
relationship may be rationalised in terms of a eéase in the Pt-N interaction in the
mononuclear complexes, and would therefore be éggetm be in accordance with the
electron density present on the pyridine ring giém. The relative electron densities present
on the pyridine ring nitrogen are in the order: KBP > 3-BrPy > 4-CNPy. This implies that
electron density on the pyridine ring N decreasesf4-DMAP to 4-CNPy. As the electron
density on the pyridine ring N decreases, the RttBraction weakens, thereby leading to a
destabilisation of the mononuclear complexes. HBselting dissociation of the mononuclear
complexes in solution leads to the formation of itide bridged dinuclear complexes. The
increase in the extent of dissociation of the matear complexes with dilution is most
likely due to increasing stabilization of the fi@gidine ligand by the solvent molecules.
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2.1.5 Conclusion

Three mononuclear iodotrimethylplatinum(IV) compmeof pyridines, [PtMg,l] [where L=
4-dimethylaminopyridine (4-DMAP), 3-bromopyridind-BrPy), 4-cyanopyridine (4-CNPYy)]
were successfully synthesized and fully charaaterizZThe crystal structures of [Pth(é-
DMAP)I] (1) and [PtMg(3-BrPy)l] (2) reveal the expectedc-octahedral coordination of
the PtMg moiety in these trimethylplatinum(lV) complexes pyridines. Although the
pyridine substituents have no significant influenoa the crystal structures of the
trimethylplatinum complexes of pyridines, solutidmehaviour of these mononuclear
complexes depends largely on the coordinated mgsliand on the concentration of the
mononuclear complexes. For strongly electron dagapyridines, the complexes do not
undergo dissociation in solution while increasirigcegon deficiency in the pyridine ring
nitrogen leads to the increasing dissociation ef camplexes in solution. As a result of the
dissociation of the mononuclear complexes, iodiddged dinuclear complexes [PtMéd] »
(L= 3-BrPy and 4-CNPy) are formed in solutidil NMR spectra exhibit evidence of two
isomers ¢is and trans{PtMesLI] ;) present in solution. Dissociation of the monoeacl
complexes also leads to the formation of free pyedigands (3-BrPy in the case dand 4-
CNPy in the case of3) along with the corresponding dinuclear complextdgreby
equilibrium between these species is formed intewiuThe dissociation of the mononuclear

complexes also increases with the dilution of thieglexes.

27



Chapter 2 lodotrimethylplatinum(lV) Complexes of itlines

2.2 Substituent Effects on the Reaction of lodotrimethiplatinum(lV)
Complexes of Pyridines with Tetranuclear lodotrimetylplatinum(lV)

2.2.1 Introduction

The solution phase investigation of mononucleaoiochethylplatinum(lV) complexes of
substituted pyridines as described in Chapter @vikals that the formation of aggregation
equilibrium depends on the type of pyridine substitt attached to the trimethylplatinum(1V)
moiety and also on the concentration of the monl@aunccomplexes. Furthermore, the
influence of pyridine substituent on the solutiomamics proved more significant than the
influence on the crystal structure of these mont@asctrimethylplatinum(lV) complexes of
pyridines. In extending the studies on the aggregabehaviour of trimethylplatinum(lV)
system, we hereby describe the reaction of moneaucliodotrimethylplatinum(lV)
complexes of pyridines with tetranuclear iodotrimydplatinum(lV) in chloroform.
lodotrimethylplatinum reacts with mononuclear [PtMg] (L = pyridines) complexes in
equimolar ratio in chloroform to form a mixture dfnuclear complexesgis and trans
[PtMesLl] .. Two types of pyridines were chosen for this react namely 4-substituted
pyridines  [4-methylpyridine  (4-MePy), 4-ethylpyndi(4-EtPy), 4-methoxypyridine
(4-OMePy), 4-dimethylaminopyridine (4-DMAP), 4-cyapyridine (4-CNPy), and
A'putylpyridine (4'BuPy)] and 3-substituted pyridines [3-methylpyrigin(3-MePy),
3-ethylpyridine (3-EtPy), 3-methoxypyridine (3-OMgP and 3-chloropyridine (3-CIPy)]
(Scheme 2.2.1). The reaction has been followetHblMR spectroscopy. The effects of the
electron density on the pyridine nitrogen, influetidy the nature of the substituent present
on the pyridine ring, on the equilibrium populatiointhe dinuclear form and the mononuclear
form for this reaction are discussed. The sterilu@mces of the pyridine substituent are also
investigated here. The crystal structures of [RiMi¢ (L = 4-MePy, 4-EtPy, 4-OMePy and 3-

OMePy) are also reported here.

R 4-MePy: R = Me
4-EtPy: R = Et R 3MePv: R. = M
P = -MePy: R, = Me
4-OMePy: R = OM 1
7z 4-DM§P)'/R = NMee Z 3-EtPy: Ry = Et
¢ PG 3-OMePy: R; = OMe
X 4-'BuPy: R = CMe3 N 3-CIPy: Ry = CI
N 4-CNPy: R =CN N
4-Substituted pyridines 3-Substituted pyridines

Scheme 2.2.Different substituted pyridines used for the remtf [PtMeL,l] with [PtMesl] 4.
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2.2.2 Syntheses and characterization of the compks

The pale yellow to yellow crystalline mononucleadatrimethylplatinum(lV) complexes,
[PtMesL.l] (L= 3- and 4-substituted pyridines) were synthed in a similar way by the
reaction of iodotrimethylplatinum(lV) with differérsubstituted pyridines as described in
Chapter 2.1. All the synthesized complexes arebd®lim chloroform and characterized by IR,

'H NMR spectroscopy and elemental analyses (seet@has.3).

2.2.3 X-ray crystallographic characterization of [PtMesL 2l] complexes (L = 4-MePy, 4-
EtPy, 4-OMePy and 3-OMePy)

Single crystals of the complexes [PtiMgd] complexes (L = 4-MePy, 4-EtPy, 4-OMePy and
3-OMePy) were obtained by slow diffusion of n-hexanto their chloroform solution. X-ray

diffraction parameters and crystallographic datdhef complexes are given in Tables 5.4.3-
5.4.6. The molecular structures of the complexesdapicted in Figures 2.2.1-2.2.4, while

selected bond lengths and bond angles are summanidzable 2.2.1.

Figure 2.2.1Molecular structure of [PtM@4-MePy)l] showing the atom labelling scheme. Thermal ebipls

are at the 50% probability level. Hydrogen atomes@nitted for clarity.
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Each of the three complexes [Ptife MePy)l], [PtMe3(4-EtPy}l] and [PtMeg(3-OMePyj)l]
has four, whereas [PtM@&@-OMePy}l] has eight molecules in the unit cell. [Ptk
MePy)l] crystallized in the monoclinic R space group, [PtM@}-EtPy)l] in monoclinic
P2/c, [PtMeg(3-OMePy}l] in monoclinic P2/a, and [PtMg4-OMePy}l] in orthorhombic
Pbca. All the structures consist of a discrete mugrac unit in which the platinum atom is
six-fold coordinated by the three methyl groups facial arrangement, two pyridine ligands

and an iodine atom.

—C16

Figure 2.2.2Molecular structure of [PtMé4-EtPy)l] showing the atom labelling scheme. Thermal sbigs

are at the 50% probability level. Hydrogen atomes@mitted for clarity.

The Pt-N bond distances in all the four structutesiot differ significantly (2.17-2.20 A) and
are essentially identical to those found in the plexes [PtMg(4-DMAP),I] (2.17, 2.18 A)
and [PtMe(3-BrPy)l] (2.19 and 2.21 A). The Pt-I bond distance intlad structures is almost
the same (2.77-2.78 A). Except [Pti#eMePy)l], where one of the two Ptygnsn bonds is
marginally longer than the Pty bond, in all the other three complexes RinGy bonds
are shorter than the P%s, bond as observed in the complexes [RA(MOMARP),I] and
[PtMe3(3-BrPy)l]. Little distortion from the regular octahedraéa@metry in all complexes
is revealed. Adjacent 4-ethylpyridine ligands irtNiés(4-EtPy}l] open up the N1-Pt1-N2
angle to 90.7°, thereby reducing the angles otrdes related bonds, namely N1-Pt1-C1 and
N2-Pt1-C2 from 180° to 176.8° and 178.5° respebtiveSimilarly adjacent 4-
methoxypyridine ligands in [PtM&-OMePy)l] open up the N1-Pt1-N2 angle to 90.7°,
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thereby reducing the angles of ttrans related bonds, namely N1-Pt1-C1 and N2-Pt1-C2
from 180° to 176.3° and 179.3° respectively. N1-R2L bond angle (88.9°) in [PtN@-
MePy)l] narrows down the N1-Pt1-C1l and N2-Ptl-@ans angles to 177.0° and 178.4°
respectively. Also, adjacent 3-methoxypyridine figa in [PtMg(3-OMePy}I] open up the
N1-Pt1-N2 angle to 90.5°, thereby reducing N1-Pilafd N2-Pt1-C2 angles to 177.6° and
176.5° respectively.

C15
\, C14

02

Figure 2.2.3Molecular structure of [PtMé&-OMePy}l] showing the atom labelling scheme. Thermal stis

are at the 50% probability level. Hydrogen atomes@mitted for clarity.

PC7

c12 C11
) 1\

C15

Figure 2.2.4Molecular structure of [PtME-OMePy}l] showing the atom labelling scheme. Thermal stids

are at the 50% probability level. Hydrogen atomes@mitted for clarity.
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Table 2.2.1Selected bond lengths [A] and angles [°] for [PiM# (L = 4-MePy, 4-EtPy, 4-

OMePy, 3-OMePy) complexes

[PtMe3(4-MePy),l]

[PtMe;(4-EtPy),l]

[PtMe3(4-OMePy),l]

[PtMe3(3-OMePy)l]

Pt1-C1
Pt1-C2
Pt1-C3
Pt1-N1
Pt1-N2
Pt1-13

C2-Pt1-C1
C2-Pt1-C3
C1-Pt1-C3
C1-Pt1-N1
C2-Pt1-N1
C3-Pt1-N1
C1-Pt1-N2
C2-Pt1-N2
C3-Pt1-N2
C1-Pt1-13
C2-Pt1-13
C3-Pt1-13
N1-Pt1-13
N2-Pt1-13
N1-Pt1-N2

2.049(8)
2.031(7)
2.041(8)
2.178(6)
2.177(6)
2.7746(7)

88.3(4)
88.5(4)
85.8(4)
177.0(3)
90.9(3)
91.3(3)
91.8(3)
178.4(3)
89.9(3)
92.1(3)
92.1(3)
177.8(3)
90.83(15)
89.45(15)
88.9(2)

2.053(2)
2.054(2)
2.067(2)
2.1751(16)
2.1863(16)
2.7774(3)

87.77(9)
89.57(9)
85.34(9)
176.81(8)
90.51(7)
91.96(8)
91.00(8)
178.51(7)
89.49(8)
92.88(7)
90.04(6)
178.20(7)
89.80(4)
90.87(4)
90.67(6)

2.087(6)
2.053(6)
2.232(7)
2.174(4)
2.196(5)
2.7701(6)

87.4(2)
90.1(2)
84.5(2)
176.3(2)
89.9(2)
92.96(17)
91.9(2)
179.3(2)
90.02(17)
92.5(2)
90.02(19)
176.96(13)
90.08(12)
89.82(12)
90.72(16)

2.030(6)
2.024(6)
2.058(6)
2.188(5)
2.184(5)
2.785(5)

87.1(3)
85.7(3)
89.3(3)
177.6(2)
91.9(2)
88.5(2)
90.4(2)
176.5(2)
91.9(2)
89.0(2)
90.3(2)
175.7(2)
93.2(13)

92.06(13)

90.48(17)
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2.2.4 H NMR studies for the reaction of [PtMesl] , with [PtMesL,l] complexes (L = 4-
MePy, 4-EtPy, 4-OMePy, 4-DMAP, 4BuPy, 4-CNPy, 3-MePy, 3-EtPy, 3-
OMePy, 3-CIPy)

Tetranuclear iodotrimethylplatinum(lV) reacts withononuclear [PtMg.,l] (L= 3- and 4-
substituted pyridines) complexes to form the cquoasling dinuclear complexes of
iodotrimethylplatinum(IV), [PtMeLl].. The ambient temperature (300 K) solutitth NMR
spectrum for the reaction of an equimolar mixture i@dotrimethylplatinum(lV) and
[PtMesL,l] at equilibrium exhibited well resolved signaishe *H NMR spectrum for the
reaction of an equimolar mixture of [Ptyé-OMePy3}l] and iodotrimethylplatinum(lV) at
equilibrium in CDC} is shown in Figure 2.2.5, while tiel NMR spectrum for the reaction
of [PtMe3(3-CIPy)l] with [PtMesl]4 in equimolar mixture at equilibrium is shown ingkre
2.2.6.

'\‘495 '\‘AeE |‘- '\‘/leG '\‘Aee
Mep L Mep I Mep Mer I Mer
[Pt(Mec)slls + 4 >Pt< ~—=4|n >Pt< >Pt< + (1-n) >Pt< >Pt<
MeA ‘ L MeD ‘ | ‘ I\/IeD Me,: ‘ | ‘ Me;:
| L MeE L L
[PtMe3L,l] trans-[PtMesLI], cis-[PtMesLI],

L = 4- and 3- Substituted pyridines
4-MePy: R = Me

4-EtPy: R = Et H ) .
H 4-OMePy: R = OMe L 3-MePy: R; = Me
S 4-DMAP: R = NMe, Hic Sk g-gt;y:PR}; Et o
= 4-'BuPy: R = CMeg _ -OMePy: R; = OMe
Hio N H N~ Hy 3-CIPy: Ry= Cl

4-CNPy: R=CN

L = 4-Substituted pyridines L = 3-Substituted pyridines

Scheme 2.2.ZThe reaction of an equimolar mixture of iodotrimgplatinum(lV) and mononuclear [PtMel]

(L = 4- and 3-substituted pyridines) complexeshiomform showing the proton labelling.

The platinum-methyl regions of the spectra eachpr@ad four sets of signals (one set due to
the mononuclear [PtME:l], one to [PtMgl] 4 and two others corresponding dis andtrans
dinuclear [PtMeLI], complexes) with satellites due t&°Pt-H scalar coupling. The mono-
nuclear [PtMeL,l] shows two platinum-methyl signals in an intepstio of 2:1, assigned to
thetransL (signal A) andrans| (signal B) platinum-methyl environments, respeaiy with
same or different coupling constants (see Tabl22:2.2.3). The iodotrimethylplatinum(1V)
shows only a single platinum-methyl resonance @i@) até = 1.72 ppm. The signals D and
E correspond ttrans[PtMesLl] », while F and G were assigned ie-[PtMesLI] 5.
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The aromatic regions of the spectra each consisigofls for three complexes ([Pthtel],

cis and trans{PtMesLI] ;). For 4-substituted pyridine based systems, edclth® three
complexes comprised two signals for the ring prstarhile there are four signals for 3-
substituted pyridines. Due to the shielding effeatised by the presence of aromatic ring
current, the signal for thi#gans isomer appears at higher frequency than forcteesomer.
The highest frequency signals in each set of coxeglelisplayed measurabi&Pt-H scalar
coupling (see Tables 2.2.2-2.2.3), which enabledassignment to the hydrogen atoms

adjacent to the coordinated nitrogens.

y ove(m
(M et
HO)| H(c)“ H(m L] e Ove(c)
-
"N""N""N""N""N""N"’m

9.0 85 8.0 7.5 7.0 ppmnr 3.9 ppnr

Figure 2.2.5 The 400 MHz'H NMR spectrum for the reaction of [Pth4-OMePy}I] with [PtMesl]4 in
equimolar mixture at equilibrium in CD£ht 300 K. For labelling, see Scheme 2.2.2. (frans[PtMes(4-
OMePy)lb. (c) =cis-[PtMey(4-OMePy)Ib. (m) = [PtMeg(4-OMePy)l]. X is the solvent peak and Y is the peak
for water present in CDgl
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I(t)
H(t) I(c)
H(c) Hm,1(m

K(c)

— 7T - 1 - 1 " 1 1 1 T T T " T T "~ T " T
9.4 9.2 9.0 8.8 8.6 84 82 80 7.8 7.6 7.4 7.2 ppn

2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 ppn|

Figure 2.2.6 The 400 MHZ'*H NMR spectrum for the reaction of [Pti8-CIPy)l] with [PtMe;l] 4 in equimolar
mixture at equilibrium in CDGlat 300 K. For labelling, see Scheme 2.2.2. (tlans[PtMes(3-CIPy)l]L. (c) =
cis[PtMes(3-CIPy)l].. (m) = [PtMeg(3-CIPy)l]. X is the solvent peak and Y is the peak for evgtresent in
CDCls.
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Table 2.2.2'H NMR dat4 for the reaction of [PtM#]4 with [PtMesL,l] at equilibrium at
300 K (L = 4-substituted pyridines) in CDCI

Ligand L of Pt(IV) species 3(Pt-Me)" Transligand §(ligand HY ©
[PtMesL,l] present at equilibrium
Me [PtMey(4-MePy)l] A 1.45 (70.0) 4-MePy H 8.61 (6.4) (19.6)
Hise A B 1.17 (70.0) | 1 7.12 (6.0)
» Me 2.38
Hy~ °N
[PtMesl] 4 C1.72 (77.3) | -
4-Methylpyridine
(4-MePy) trans[PtMey(4-MePy)IL, D 1.27 (75.1) I H 9.08 (6.5) (19.6)
E 1.37 (71.1) 4-MePy 17.19 (6.0)
Me 2.41
cis-[PtMes(4-MePy)l}L F 1.25 (75.1) | H 8.76 (6.4) (19.%)
G 1.97(71.1)  4-MePy 1 6.84 (5.8)
Me 2.33
CHyMe [PtMesy(4-EtPy)l] A 1.45 (70.1) 4-EtPy H 8.64 (6.4) (18.9)
His B 1.18 (70.2) | 1 7.15 (6.4)
- CH,2.68
Hy N Me 1.27
4-Ethylpyridine [PtMesl] 4 C1.72 (77.3) I -
(4-EtPy)
trans[PtMey(4-EtPy)l, D 1.28 (75.1) | H 9.11 (6.6) (19.8)
E 1.36 (71.0) 4-EtPy 17.21 (6.3)
CH,2.72
Me 1.30
cis-[PtMey(4-EtPy)IL F 1.28 (75.1) | H 8.79 (6.5) (19.4)
G 1.99 (71.1)  4-EtPy 1 6.88 (6.1)
CH,2.62
Me 1.26
OMe [PtMey(4-OMePy)I] A 1.42 (70.0) 4-OMePy  H 8.58 (7.0) (19.0§
Hise A B 1.15 (70.2) | 1 6.80 (7.0)
| OMe 3.89
Hy N
[PtMejl] 4 C 1.72 (77.3) | -
4-Methoxypyridine
(4-OMePy) trans[PtMes(4- D 1.27 (75.1) I H 9.04 (6.9) (19.7)
OMePy)IL E 1.38 (71.0) 4-OMePy  16.86 (7.0)
OMe 3.92
cis[PtMes(4-OMePy)l,  F 1.24 (75.2) | H 8.73 (6.8) (19.5)
G 1.93(71.0) 4-OMePy  16.51(6.9)
OMe 3.85
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(Continued)
Ligand L of Pt(IV) species 3(Pt-Me)" Transligand §(ligand HY ©
[PtMesL 5] present at equilibrium
NMe; [PtMe3(4-DMAP),I] A 1.35 (69.3) 4-DMAP H 8.29 (7.2) (19.6)
His o B 1.14 (71.5) | 1 6.40 (7.2)
| NMe;, 3.02
Hy N
[PtMesl] 4 C 1.72 (77.3) | -
4-
Dimethylaminopyridine
(4-DMAP) trans[PtMey(4-DMAP)I], D 1.27 (75.6) | H 8.74 (7.1) (20.6)
E 1.39 (70.0) 4-DMAP 1 6.49 (7.1)
NMe, 3.05
cis[PtMey(4-DMAP)I],  F 1.27 (75.6) | H 8.48 (7.0) (20.3)
G 1.90 (70.1) 4-DMAP 1 6.20 (7.0)
NMe, 2.99
CMeg [PtMes(4-BuPy)l] A 1.45 (69.9) 4'BuPy H 8.66 (6.5) (19.0)
Hise B 1.19 (70.1) | 17.30 (6.7)
» ‘Bu1.33
Hy™ °N
[PtMesl] 4 C 1.72 (77.3) | -
4-'Butylpyridine
(4-'BuPy) trans[PtMey(4-'BuPy)l, D 1.30 (75.1) | H 9.12 (6.6) (19.8)
E 1.35 (70.8) 4'BuPy | 7.36 (6.6)
‘Bu1.35
cis-[PtMey(4-BuPy)l]; F 1.34 (75.1) | H 8.82 (6.6) (19.4)
G 2.01(71.2) 4'BuPy 1 7.09 (6.4)
'‘Bu 1.32
CN [PtMe3(4-CNPy})] A 1.53(71.2) 4-CNPy H 9.04 (6.4) (17.9)
Hlfj B 1.18 (67.3) | | 7.64 (6.5)
Hy N [PtMesl] . C 1.72 (77.4) | -
4-Cyanopyridine trans[PtMe;(4-CNPy)IL, D 1.27 (73.9) I H 9.47 (6.4) (18.5)
(4-CNPy) E 1.41 (72.5) 4-CNPy 17.67 (6.5)
cis-[PtMe;(4-CNPy)IL F1.25 | H9.18
G 2.04 (72.6) 4-CNPy 17.37

2 Chemical shifts quoted in ppm are relative to mernal solvent peak (CD&IS = 7.26 ppm).> 2Jp/Hz in

parentheseﬁ.SJH_H/Hz in parentheseg.Sth_JHz in parenthese8labelling refers to Scheme 2.2.2. Not all scalar

coupling resolved.
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Table 2.2.3'H NMR datd for the reaction of [PtM#], with [PtMeiL,l] at equilibrium at
300 K (L = 3-substituted pyridines) in CDCI

Ligand L of
[PtMesL,l]

Pt(IV) species
present at equilibrium

3(Pt-Me)" ®

Transligand §(ligand HY" ©

3-Methylpyridine
(3-MePy)

3-Ethylpyridine
(3-EtPy)

[PtMes(3-MePy)l]

[PtMesl] 4

trans[PtMes(3-MePy)lL

cis[PtMe;(3-MePy)l},

[PtMey(3-EtPy)l]

[PtMesl] 4

trans[PtMes(3-EtPy)lL

cis[PtMes(3-EtPy)IL

A 1.48 (70.0)
B 1.18 (69.8)

C1.72 (77.3)

D 1.30 (75.1)
E 1.40 (71.1)

F 1.26 (75.0)
G 1.98 (71.0)

A 1.48 (70.0)
B 1.19 (69.7)

C1.72 (77.3)

D 1.30 (75.0)
E 1.39 (70.9)

F 1.28 (75.1)
G 1.99 (71.1)

3-MePy

3-MePy

3-MePy

3-EtPy

3-EtPy

3-EtPy

H 8.67
18.51 (5.7) (17.8§
J7.64

K 7.20 (13.2)

Me 2.35

H9.16

19.01 (6.0) (19.49
J7.64

K 7.28

Me 2.44

H 8.76
18.73
J7.38(7.4)
K 6.91 (13.2)
Me 2.23

H 8.64
18.56 (5.7) (17.2§
J7.66

K 7.23

CH,2.65

Me 1.20

H 9.20
1 9.00 (6.4) (17.9§
J7.66

K 7.30

CH,2.76

Me 1.32

H8.78
18.75
J7.43(7.3)
K 6.89 (13.3)
CH,2.55

Me 1.19
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(Continued)
Ligand L of Pt(IV) species 3(Pt-Me)" ® Transligand §(ligand HY" ©
[PtMesL 5] present at equilibrium
Ha [PtMe3(3-OMePy)l] A 1.49 (70.4) 3-OMePy H 8.61
Hi~_ -~ OMe B 1.20 (69.7) | 1 8.30 (6.1) (16.9)
| J7.33
H™ N Hy K7.24
OMe 3.84
3-Methoxypyridine
(3-OMePy) [PtMesl] 4 C1.72 (77.3) I -
D 1.29 (74.8) I H 9.02
trans[PtMe3(3- E 1.42 (71.6) 3-OMePy 1 8.82 (6.3) (18.2)
OMePy)lL J7.29
K7.22
OMe 3.94
cis-[PtMey(3-OMePy)IL  F 1.25 (75.0) I H 8.68
G 1.98 (71.4) 3-OMePy  18.52(6.1) (17.2)
J 7.06
K 6.94 (13.8)
OMe 3.82
Hj [PtMey(3-CIPy)l] A 152 (71.1) 3-ClPy H8.77
Hik~ -~ Cl B 1.18 (68.3) I | 8.75
» J7.87
H™ "N~ "Hy K7.34
3-Chloropyridine [PtMesl] 4 C1.72 (77.3) I -
(3-CIPy)
trans[PtMex(3-CIPy)l], D 1.29 (74.3) I H9.28
E 1.46 (72.2) 3-ClPy 19.15 (6.1) (16.8)
J7.87
K 7.38
cis-[PtMes(3-CIPy)l], F 1.24 (74.5) I H 8.93
G 2.02 (72.3) 3-ClPy 1 8.87 (5.6) (17.3)
J7.59 (8.4)
K 7.14 (13.6)

2 Chemical shifts quoted in ppm are relative to mernal solvent peak (CD&IS = 7.26 ppm).” 2Jp/Hz in

parentheseﬁ.SJH_H/Hz in parentheseg.Sth_JHz in parenthese§labelling refers to Scheme 2.2.2. Not all scalar

coupling resolved.
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Table 2.2.4Population ratios of different Pt(IV) species ftietreaction of an equimolar
mixture of [PtMeL.l] (L = 4-substituted pyridines) with iodotrimetpyatinum(lV) in

CDCl; at equilibrium at 300 K

Ligand L [PtMesLI] o/ cis[PtMesLl], trans[PtMeslLl], trans[PtMesLI] ,

[PtMesLol] (in %) (in %) [cis[PtMesLI] »
4-Cyanopyridine (4-CNPy) 4.7 7.7 74.7 9.70
4-Methoxypyridine (4-OMePy) 1.2 21.1 33.7 1.60
4-Methylpyridine (4-MePy) 1.11 15.3 37.2 2.43
4-Ethylpyridine (4-EtPy) 0.97 13.3 35.2 2.65
4-'Butylpyridine (4'BuPy) 0.8 8.8 36.2 411
4-Dimethylaminopyridine 0.68 11.4 28.8 2.52
(4-DMAP)

Table 2.2.5Population ratios of different Pt(IV) species ftietreaction of an equimolar
mixture of [PtMeL,l] (L = 3-substituted pyridines) with iodotrimetipfatinum(lV) in

CDCl; at equilibrium at 300 K

Ligand L [PtMesLI] o/ cis[PtMesLl], trans[PtMesLl], trans[PtMesLI] ,
[PtMesL,l] (in %) (in %) [cis[PtMesLI] »
3-Methylpyridine (3-MePy) 1.37 18.9 38.9 2.06
3-Ethylpyridine (3-EtPy) 1.16 15.0 38.7 2.58
3-Methoxypyridine (3-OMePy) 1.34 24.3 33.0 1.36
3-Chloropyridine (3-CIPy) 3.15 32.8 43.1 1.31

The population ratios of the dinuclear [PtB, complexes to the mononuclear [PHlgd]

complexes and the relative populationgisfandtrans[PtMesLI] , complexes for the reaction

of an equimolar mixture of iodotrimethylplatinum{(lVand mononuclear [PtME;l]

complexes in chloroform at equilibrium at 300 Ktive case of L= 4-substituted pyridines are
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reported in Table 2.2.4. It is clear that the etatdensity on the pyridine ring nitrogen which
is influenced by the substituent attached to thadpye ring plays a significant role in
determining the population of both the mononuclaad dinuclear forms at equilibrium in
iodotrimethylplatinum(lV) complexes of 4-substitdtgoyridines. For a strongly electron
withdrawing pyridine such as 4-cyanopyridine, theudlear form is much more favourable
than the mononuclear form. On the other hand,angly electron donating pyridine such as
4-dimethylaminopyridine (4-DMAP) favours the monatear form over the dinuclear form.
This can be explained in terms of the stabilityhed mononuclear complexes associated with
the Pt-N interaction in solution and would thereftwe expected to be in accordance with the
nucleophilicity of the pyridines, characterized thne electron density on the pyridine ring
nitrogen. Cyano group (-CN), owing to its strongsameric effect (-M effect) and inductive
effect (-1 effect) considerably decreases the sdactiensity on the pyridine nitrogen, thereby
reducing the nucleophilicity of the heterocyclicragen atom drastically. With the decrease
in the nucleophilicity of the pyridine nitrogengtiPt-N interaction in the mononuclear form is
weakened, thus resulting in the destabilisatiothef mononuclear form in solution. On the
other hand, the strong mesomeric effect (+ M effetthe NMe group increases the electron
density on the pyridine nitrogen significantly lesgl to a strong Pt-N interaction in the
mononuclear complex. As a result of the strong Rntéraction, the mononuclear form
[PtMe3(4-DMAP),I] becomes highly stable in solution. The obserteshd of population
ratios of dinuclear to mononuclear form for 4-sithggd pyridines is as follows: 4-CNPy >>
4-OMePy > 4-MePy > 4-EtPy > ‘BuPy > 4-DMAP (see Table 2.2.4). To explain theeord
of population ratio of the dinuclear to the mondeac forms of trimethylplatinum(lV)
complexes among the pyridine ligands (4-OMePy, £¥)e4-EtPy and ZBuPy), the steric
and the electronic influences of thesubstituent of the pyridine ligands are taken into
consideration. As the steric bulk of tipesubstituent increases from Me to Et'Bu, the
stability of thecis dinuclear form also decreases due to the incrgasiteraction of the
pyridine ligands with the neighbouring pyridinedigls in thecis dinuclear form. The relative
population of thecis-[PtMesLl], for the pyridine ligands follows the order: 4-OMeP 4-
MePy > 4-EtPy > 4BuPy (see Table 2.2.4). The higher stability of ¢ieedinuclear form in
the case of 4-OMePy ligand than for 4-MePy liganayrbe explained by the fact that the
magnitude of repulsive steric interaction amongdkggen atoms in theis dinuclear form in
the case of 4-OMePy ligand is less than the stetaraction between the methyl groups in
the case of 4-MePy ligand. The higher populatiotraris dinuclear form (where interaction

between the pyridine ligands is absent) relativeth® cis dinuclear form for all the 4-
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substituted pyridines further proves the steridugrices of the-substituent in determining
the population of both the mononuclear and dinudieans in solution. The formation of a
very small amount ofis isomer relative téransisomer in the case of 4-cyanopyridine ligand
is most likely due to the weak stabilisation of thgh dipole moment of theis isomer by the

rather apolar chloroform solvent.

The population ratios of the dinuclear to mononaiclgyridine complexes and the relative
populations otis andtrans[PtMesLI] , complexes in chloroform at equilibrium at 300 K fo
L= 3-substituted pyridines are reported in Tabl2.2. Here the population of both the
mononuclear and dinuclear trimethylplatinum(lV) quexes also depends on the substituent
attached to the pyridine ring. The chlorine atonthwis strong inductive effect and weak
mesomeric effect considerably decreases the nuulenty of the pyridine nitrogen and thus

favours the dinuclear form much more than the manlwar form.

The population of theis dinuclear form for 3-methylpyridine (3-MePy) isgher than for 4-
methylpyridine (4-MePy). Similarly populatioof cis dinuclear form:3-EtPy > 4-EtPy;
3-OMePy > 4-OMePy This confirms that the repulsive steric interactamong the pyridine
ligands in thecis dinuclear form is less in the case of 3-substityggridines as compared to
the 4-substituted pyridines. On the other hand, plogulation ratio of dinuclear to
mononuclear form at equilibrium for the 3-subsatlitpyridines is greater than for the 4-
substituted pyridines [ (populatigie/populationonome) : (i) 3-MePy > 4-MePy; (ii) 3-EtPy

> 4-EtPy; (iii) 3- OMePy > 4-OMePy]. This is duedadecrease in both the nucleophilicity of
the pyridine nitrogen and the steric influenceshaf substituent as we go from 4-substituted

pyridines to 3-substituted pyridines.
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2.2.5 Conclusion

Several mononuclear iodotrimethylplatinum(lV) coew#s of 4- and 3-substituted pyridines,
[PtMesL.l] were successfully synthesized and characterizgddifferent techniques. The
crystal structures of [PtMel] (L = 4-MePy, 4-EtPy, 4-OMePy and 3-OMePy) confed
the slightly distorted octahedral geometry in thesiotrimethylplatinum(lV) complexes of
pyridines. All the synthesized mononuclear trimgttatinum(lV) complexes of pyridines
undergo reaction with iodotrimethylplatinum(lV) iaquimolar ratio to form the iodide
bridged dinuclear complexes, [Pt ,. These dinuclear complexes exist as a mixtui@sof
and trans isomers in chloroform. The equilibrium populatioh both the mononuclear and
dinuclear iodotrimethylplatinum(lV) complexes depento a large extent on both the
electronic effect and the steric bulk of the pymaisubstituent. Substituents with strong
electron donating ability such as NMRvour the mononuclear complexes over the dinuclea
complexes. On the other hand, for strongly electithdrawing substituents such as cyano
and chlorine, the dinuclear complexes are mordesthlan the mononuclear complexes. The
steric bulk of the substituent attached to thediga ring also plays a significant role. As the
size of the pyridine substituent increases, theraution of the pyridine ligand with the
neighbouring pyridine ligand in thas dinuclear form also increases. As a result, thbilgty

of the cis dinuclear form decreases in solution. For all ¢iye ligands, thecis dinuclear
complexes are less stable than trens form. However, the steric interaction among the
pyridine ligands in theis dinuclear form is smaller in the case of 3-subtgd pyridines as
compared to the 4-substituted pyridines.
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2.3 Crystallographic Investigation of Dinuclear lodotrimethylplatinum(lV)

Complexes of Pyridines

2.3.1 Introduction

In coordination chemistry, the iodide ligand is smiered as a versatile ligand because of its
ability to bind the metal ion in monodentate fashas well as in bridging fashion. In case of
trimethylplatinum(lV) system, the extent of fornatiof octahedral geometry around Pt metal
ion is so high that in absence of suitable ligamel binuclear or polynuclear species forms
readily. Thus reaction of iodotrimethylplatinum(I\Wjth pyridine in equimolar ratio results in
the formation of dinuclear complex [PtMpy)!]..*® Treatment of mononuclear pyridine
complex, [PtMe(py).l] with one mole of dilute acid also gave the cepending dinuclear
complex [PtMe(py)l].*® It was shown in Chapter 2.2 that reaction of icdeéthylplatinum
with a series of mononuclear trimethylplatinum céemps of pyridines in equimolar ratio
also results in the formation of a mixture a$ andtrans dinuclear pyridine complexes. In
order to establish the structure of these compleXesy structural investigation of some
dinuclear pyridine complexes was carried out. Thlsapter describes the structural
characterization of five dinuclear pyridine commsxrans[PtMes(py)l]., cis-[PtMesLI], {L

= 4-ethylpyridine (4-EtPy), 4-methoxypyridine (4-@My), 4-cyanopyridine (4-CNPy) and 3-
chloropyridine (3-CIPy)}.

2.3.2 Crystal structures of trans-[PtMes(py)l] 2, cis-[PtMesLI] » (L = 4-EtPy, 4-OMePy,
4-CNPy, 3-CIPy]

The yellow crystals of the dinuclear complexeans[PtMes(py)l]. andcis-[PtMesLI], (L =
4-EtPy, 4-OMePy, 4-CNPy, 3-CIPy) were obtained hpwsdiffusion of n-hexane into an
equilibrium mixture of equimolar iodotrimethylplatim(IVV) and corresponding mononuclear
pyridine complexes in CDglIn each of the five complexes, two bridged iodatems hold
two platinum atoms together. lmans[PtMes;(py)l]., two pyridine ligands are positioned
transto each other, while in the other four dinucleamplexes, substituted pyridine ligands
are cis to each other (see Figures 2.3.1-2.3.5). The Xd#fraction parameters and

crystallographic data of the complexes are repartddhbles 5.4.7-5.4.11.
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C5_

Figure 2.3.1Molecular structure afrans[PtMes(py)l], showing the atom labelling scheme. Thermal elligso
are at the 50% probability level. Pt---Pt distaigc.07 A. Hydrogen atoms omitted for clarity.

Figure 2.3.2 Molecular structure oftis[PtMes(4-EtPy)lL showing the atom labelling scheme. Thermal
ellipsoids are at the 50% probability level. Ptt-distance is 4.05 A. Hydrogen atoms omitted farity.

The complextrans[PtMes(py)l]. crystallized in C2/c space group with monoclinrgstal
system and possess an inversion centre at theecehthe four-membered 4 ring. The
complexes, cis-[PtMe3(4-OMePy)l, and cis[PtMe3(4-CNPy)lL, both crystallize in
monoclinic P2/n space group. On the other hamis-[PtMes(4-EtPy)lL crystallized in
orthorhombic Pnam space group and possess a mpiane where two iodides lie on the
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mirror plane. The complegis[PtMe;(3-CIPy)l], also crystallized in orthorhombic crystal
system (though space group is different;Z¢2). All the complexes contain four molecules
in their unit cell. In case dfis-[PtMe3(3-CIPy)l]2, one molecule of [PtM# 4 also crystallized
with it.

Figure 2.3.3 Molecular structure oftis[PtMey(4-OMePy)l}, showing the atom labelling scheme. Thermal
ellipsoids are at the 50% probability level. Ptt-distance is 4.06 A. Hydrogen atoms omitted farity.

The important change at the)lRffragment caused by the change from pyridine tGtsuibed
pyridines is the slight shortening of the platinpfatinum non-bonded distance, from 4.07 A
in pyridine to 4.05 - 4.06 A in 4-substituted pymids to 4.03 A in 3-chloropyridine analogue.
This could be due to the change timns geometry of the pyridine ligands ittans
[PtMes(py)l]. to cissgeometry of the substituted pyridine ligands ia thnuclear complexes.
The Pt---Pt non-bonded distance in these pyridiompiexes is much longer than the
Pt---Pt distance in [(PtM8.MeSeSeMe] (3.90 AFY [(PtMe;Br),MeSeSeMe] (3.74 A§>
[(PtMesBr),(dmas)] (3.79 A) where dmas = (dimethylarsino)sulphffePt(DMG), (3.23 A)
where DMG = dimethylglyoxim&” This confirms that the Pt---Pt non-bonded distance
depends on the nature of bridging ligand. Intemgéyithe changes of pyridine to substituted
pyridines (both electron donating and electron dn#twing) do not produce any significant
change in either the Pt-I, Pt-C or the Pt-N bonmayies (selected bond lengths and angles of
the complexes are given in Tables 2.3.1-2.3.5)s Tdlso confirms that the Pt-N bond

distances in the solid state structure of thesepbexas are not affected significantly by the
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electronic effect of the pyridine substituent. Tdwnfiguration about each platinum atom in
each of the complexes is approximately octahedvih interbond angles in the range of
85-95° and 177-179°.

Figure 2.3.4 Molecular structure ofcis-[PtMey(4-CNPy)IL, showing the atom labelling scheme. Thermal
ellipsoids are at the 50% probability level. Ptt-didtance is 4.06 A. Hydrogen atoms omitted farity.

Figure 2.3.5 Molecular structure ofcis-[PtMe;(3-CIPy)I, showing the atom labelling scheme. Thermal
ellipsoids are at the 50% probability level. Ptt-didtance is 4.03 A. Hydrogen atoms omitted farity.
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Table 2.3.1Selected bond lengths [A] and angles [°]tfans[PtMes(py)l]»

Pt1-C1
Pt1-C2
Pt1-C3

C2-Pt1-C3
C2-Pt1-C1
C3-Pt1-C1
C2-Pt1-N1
C3-Pt1-N1
C1-Pt1-N1
12" -Pt1-12

Pt1' -12-Pt1

2.061(9)
2.031(9)
2.050(8)

85.7(4)
87.0(5)
89.4(4)
91.6(4)
89.4(3)
178.2(3)
87.15(2)
92.85(2)

Pt1-N1
Pt1-12
Pt1-12

C2-Pt1-12
C3-Pt1-12
C1-Pt1-12
N1-Pt1-12
C2-Pt1- 12
C3-Pt1- 12
C1-Pt1- 12
N1-Pt1- |2

Symmetry transformations used to generate equivatems:

() 0.5-x, 1.5-y, -z

2.174(6)
2.811(6)
2.800(7)

93.7(3)
178.4(3)
92.0(3)
89.17(17)
177.2(4)
93.6(3)
90.3(3)
91.14(17)

Table 2.3.2Selected bond lengths [A] and angles [°]dE[PtMes(4-EtPy)l]L

Pt1-C1
Pt1-C2
Pt1-C3

C2-Pt1-C3
C2-Pt1-C1
C3-Pt1-C1
C2-Pt1-N1
C3-Pt1-N1
C1-Pt1-N1
13-Pt1-11°

Pt1-11-Pti
Pt1-12-Pt1

2.054(8)
2.039(9)
2.059(9)

85.3(5)
88.1(4)
88.7(4)
90.3(3)
90.7(3)
178.3(3)
86.828(18)
91.98(3)
93.61(3)

Pt1-N1
Ptl1-12
Pt1-13

C2-Pt1-12
C3-Pt1-12
C1-Pt1-12
N1-Pt1-12
C2-Pt1-11
C3-Ptl1-I11
C1-Ptl-11
N1-Pt1-11

Symmetry transformations used to generate equivatems:

@) x,y, -z+1/2

2.188(6)
2.8171(6)
2.7793(6)

178.1(3)
93.1(3)
90.8(3)

90.81(17)
94.7(3)

178.5(3)
89.9(3)

90.75(18)

Table 2.3.3Selected bond lengths [A] and angles [°]dE[PtMes(4-OMePy)[b

Pt1-C1 2.054(8) Pt2-C4 2.051(9)
Pt1-C2 2.053(8) Pt2-C5 2.037(9)
Pt1-C3 2.044(7) Pt2-C6 2.031(7)
Pt1-N1 2.186(7) Pt2-N2 2.182(7)
Pt1-11 2.7839(6) Pt2-11 2.8020(6)
Pt1-12 2.8117(5) Pt2-12 2.7986(6)
C3-Pt1-C2 86.6(3) Pt1-11-Pt2 93.159(18)
C3-Pt1-C1 86.7(4) Pt2-12-Ptl 92.632(17)
C2-Pt1-C1 88.0(4) 12-Pt2-11 86.822(18)
C6-Pt2-C5 86.4(4) 11-Pt1-12 86.916(18)
C6-Pt2-C4 87.3(4) C3-Ptl-I1 93.7(3)
C5-Pt2-C4 89.1(4) C2-Ptl-I1 179.6(3)
C3-Pt1-N1 90.5(3) C1-Ptl-I1 92.3(3)
C2-Pt1-N1 91.1(3) C3-Pt1-I2 176.7(3)
C1-Pt1-N1 177.1(3) C2-Pt1-12 92.8(2)
C4-Pt2-N2 177.3(3) C1-Pt1-I2 90.0(2)
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C6-Pt2-N2 90.0(4) C6-Pt2-12 94.2(3)
C5-Pt2-N2 90.8(4) C5-Pt2-12 178.6(3)
N2-Pt2-12 87.99(16) C4-Pt2-12 92.2(3)
N2-Pt2-11 91.97(15) C6-Pt2-11 177.8(3)
N1-Pt1-11 88.60(16) C5-Pt2-11 92.6(3)
N1-Pt1-12 92.78(15) C4-Pt2-11 90.7(3)

Table 2.3.4Selected bond lengths [A] and angles [°]di[PtMes(4-CNPy)I}L

Ptl-C1 2.030(16) Pt2-C4 2.024(15)
Pt1-C2 2.048(16) Pt2-C5 2.015(15)
Pt1-C3 2.084(15) Pt2-C6 2.030(15)
Pt1-N1 2.229(11) Pt2-N2 2.210(10)
Pt1-11 2.7902(11) Pt2-11 2.7984(10)
Pt1-12 2.7968(11) Pt2-12 2.7966(11)
C1-Pt1-C2 89.5(8) C5-Pt2-C4 87.7(7)
C1-Pt1-C3 86.3(7) C5-Pt2-C6 88.5(7)
C2-Pt1-C3 88.6(7) C4-Pt2-C6 87.1(8)
C1-Pt1-N1 91.6(6) C5-Pt2-N2 89.8(5)
C2-Pt1-N1 90.7(6) C4-Pt2-N2 92.6(6)
C3-Pt1-N1 177.8(6) C6-Pt2-N2 178.4(6)
C1-Ptl1-I2 90.8(6) C5-Pt2-11 91.2(4)
C2-Pt1-12 179.7(6) C4-Pt2-11 177.7(6)
C3-Pt1-12 91.6(5) C6-Pt2-11 90.8(5)
N1-Pt1-12 89.1(3) N2-Pt2-11 89.4(3)
11-Pt1-12 86.82(3) 12-Pt2-11 86.66(3)
C5-Pt2-12 177.8(4) C1-Ptl-I1 175.6(6)
C4-Pt2-12 94.4(6) C2-Ptl-I1 93.0(6)
C6-Pt2-12 91.0(6) C3-Ptl-I1 90.1(5)
N2-Pt2-12 90.6(3) N1-Pt1-11 92.0(3)
Pt1-11-Pt2 93.07(3) Pt2-12-Ptl 92.97(3)

Table 2.3.5Selected bond lengths [A] and angles [°] ds[PtMes(3-CIPY)I]

Ptl-C1 2.01(3) Pt2-C4 2.02(2)
Pt1-C2 2.081(19) Pt2-C5 2.15(2)
Pt1-C3 2.08(2) Pt2-C6 2.09(2)
Pt1-N1 2.202(14) Pt2-N2 2.208(15)
Pt1-11 2.7766(15) Pt2-11 2.7827(15)
Pt1-12 2.7923(15) Pt2-12 2.8006(16)
C1-Pt1-C3 87.4(10) C4-Pt2-C6 87.3(11)
C1-Pt1-C2 88.8(10) C4-Pt2-C5 86.6(9)
C3-Pt1-C2 86.8(9) C6-Pt2-C5 87.2(8)
C1-Pt1-N1 178.9(10) C4-Pt2-N2 179.6(9)
C3-Pt1-N1 91.6(8) C6-Pt2-N2 92.5(8)
C2-Pt1-N1 90.7(8) C5-Pt2-N2 93.6(7)
C1-Pt1-I1 89.5(8) C4-Pt2-11 90.8(7)
C3-Ptl-I1 92.2(7) C6-Pt2-11 92.5(6)
C2-Ptl-I1 178.0(6) C5-Pt2-11 177.4(6)
N1-Pt1-11 91.0(5) N2-Pt2-11 88.9(4)
C1-Ptl1-12 90.6(8) C4-Pt2-12 90.2(9)
C3-Ptl1-12 178.0(6) C6-Pt2-12 177.5(6)
C2-Pt1-12 93.6(6) C5-Pt2-12 93.1(6)
N1-Pt1-12 90.4(4) N2-Pt2-12 90.0(5)
11-Pt1-12 87.44(4) 11-Pt2-12 87.15(4)
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3  lodotrimethylplatinum(lV) Complexes of 2,2"-Bipyridines

3.1 Introduction

2,2"-Bipyridine and its derivatives have receivedcin attention due to their exceptional
coordination chemistry. Unlike many other commagafids, such as cyclopentadienyls and
phosphines which are prone to oxidation, they ateemely stable in agueous media and
atmospheric oxygefi® The restricted rotation around the pyridyl-pyridydnd during the
complex formation results in an extremely stablecggs where nitrogen to metabond is
further stabilised by the metal to ligandoverlap. It was found that 2,2 -bipyridine
complexes of transition metal such as ruthenium@gmium(ll) or rhenium(l) possess
interesting electrochemical and photochemical """ The transition metal
complexes of 2,2"-bipyridine and its derivativegs atso used as building blocks in supra-
molecular assemblié§’] as electrochemical probes for DNA detectidri® as electron

transfer mediators for glucose oxidd%eras sensitizers in solar energy conver&df!

The focus of the present research lies on the exgehaf pyridine ligands with 2,2"-bipyridine
ligands in the trimethylplatinum(lV) system. Thuetsyntheses and characterization of 2,2"-
bipyridine complexes of trimethylplatinum(lV) becenman essential step for this research.
This chapter describes the syntheses and crysiadtstes of iodotrimethylplatinum(lV)
complexes of six different 2,2"-bipyridines such2a®’-bipyridine (bipy), 4,4 -dimethyl-2,2"-
bipyridine (4Me-bipy), 5,5 -dimethyl-2,2"-bipyriden (5Me-bipy), 4,4"-dimethoxy-2,2"-
bipyridine (OMe-bipy), 4,4 -bis(dimethylamino)-2;Bipyridine (MeN-bipy), and 4,4 -
dichloro-2,2"-bipyridine (Cl-bipy). The electronieffect of the substituent on both the

solution and the solid state was examined and coedpaith the pyridine system.

Ry
R
B $
N
N A bipy: R = H e
4Me-bipy: R = Me 5Me-bipy: Ry = Me
= OMe-bipy: R = OMe NZ
N | Me,N-bipy: R = NMe, |
Cl-bipy: R=Cl
N py N
R
Ry
4,4’ -Disubstituted-2,2"-bipyridine 5,5"-Disubstituted-2,2"-bipyridine

Scheme 3.2,2"-Bipyridine and its derivatives.
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3.2  Syntheses and characterization of the complexes

Mononuclear [PtMgL-L)I] (L-L = 2,2 -bipyridine and its derivativesgomplexes were
prepared by the treatment of iodotrimethylplatinwith 2,2"-bipyridines in equimolar ratio at

room temperature in benzene (Scheme 3.2).

R
B N
N _~ Hes N| -
Me, =
[PtMegl], + 4 G 4 A\;t/
N/ | room temperature MeA \N/ |
S [
R N R

R : H, Me, OMe, NMe;, Cl

Me
Me

AN A
| vee |
N~ Mep = G
~ /
[PtMesll, + 4 Coho 4 Pt
W7 room temperature Mex ‘\N/
|
A | N

Me

Scheme 3.Reaction of iodotrimethylplatinum(1V) with 2,2 ijridine and its derivatives in benzene.

Except [PtMeg(Cl-bipy)l], which is a deep yellow to brown colear complex, all the

mononuclear complexes are pale yellow in colourndof the complexes are light or air
sensitive. The complexes are soluble in nitrobeazehloroform; however, the complexes
are not soluble to the same extent and it was foliadthe solubility of [PtMgMe,N-bipy)I]

is lowest among all the mononuclear complexes. bl@e the solubility of these 2,2°-
bipyridine complexes is much lower compared to tbatthe corresponding pyridine

complexes in chloroform.

The synthesized complexes were characterizetHb)}MR spectroscopy, IR spectroscopy,
mass spectrometry and elemental analyses. Massapatalysis reflected the mononuclear
nature of these complexes. For all the complexes highest m/z value corresponds to the
loss of iodide, [M-I]. In addition, in all cases, the observed isotogtepns were consistent
with those calculated for the formulated specidse Tnfrared data are consistent with the
PtMe; having facial octahedral coordination geometi§). The analytical data for all the

complexes are reported in Chapter 5.3.4.
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3.2.1'H NMR studies of the complexes

The'H NMR data for the synthesized mononuclear complexre noted in Table 3.1 and the
'H NMR spectrum of [PtMg&OMe-bipy)l] in CDC} is illustrated in Figure 3.1. The
platinum-methyl regions of the spectra each coneisttwo principal methyl-platinum
resonances in the integral ratio of 2:1, each watfellites due to coupling between the methyl
protons and thé®Pt nuclei. The peak at the lower chemical shifgr{al B) with relative
integration 1 is due to the methyl growansto iodide and the resonances at higher chemical
shift (signal A) is due to the two methyl groupsnsto the bipyridine ligand. Th&p. scalar
coupling constants observed for the methyl grauss to | were higher than for the methyl
groups trans to 2,2"-bipyridines, indicating that the bipyridg exert a strongetrans

influence than iodide.

N OMe(C)
ey |
= N
-l
~ \/ He
MeA ‘ N |
|
Ho N OMe(C)
X A C Y A
B
JD LS AL
""""" I I I N ) B IR BN B B
8 7 6 5 ppr 1.6 1.4 1.2 1.0 0.8 ppm

Figure 3.1 The 400 MHZ'H NMR spectrum of [PtMgOMe-bipy)l] in CDC} at 300 K. For labelling, see inset.
X is the solvent peak and Y is the peak for watesent in CDGl

Furthermore, an examination of thip.; scalar coupling constant for the methyl grotrpsis

to bipyridine (signal A) in all the complexes, ral®a dependence on the chelate ligand, the
trend in®Jpi.4 Scalar coupling constant is Cl-bipy > bipyMe-bipy~ 4Me-bipy~ OMe-bipy

> Me;N-bipy. This leads to the conclusion that thans influence of the bipyridines is
strongly influenced by the electronic effect of héstituent attached to it. Electron donating
substituent increases theans influence of the bipyridines whilérans influence of the
bipyridines decreases considerably when an elegtithirawing substituent is attached to it.

For 2,2"-bipyridine complex, the aromatic regionmguised four signals while it is three for
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the disubstituted 2,2 -bipyridine complexé&he highest frequency signal in each of the
complexes displayed measurabféPt coupling by virtue of its proximity to the metal
coordinated nitrogen. The chelate ligand sub-spegére assigned on the basis of their scalar

coupling networks and by comparison with theNMR spectra of the free bipyridine ligand.

Table 3.1'H NMR dat& for the [PtMeg(L-L)I] (L-L = 2,2 -bipyridine and its derivatives)
complexes in CDGlat 300 K

Complex (chelate ligand) 3(Pt-Mey Transligand  §(chelate HY ©

ENIA A156(70.5)  bipy C 9.02 (6.1) (17.8)
7 N\_ (N, B0.64 (73.1) | D 8.23
. \4 E 8.07
F 7.64

He
2,2"-Bipyridine (bipy)

g o, gl A 1.56 (71.2) Cl-bipy C 8.91 (6.0) (19.9)
I\ N\, B 0.62 (72.3) | D8.18
—/ \/ - E 7.66

He
4,4’ -Dichloro-2,2"-bipyridine (Cl-bipy)

e " A1.54(70.4)  5SMe-bipy C 251

e NN e B0.62(73.3) | D 8.77 (1.1) (12.7)
—/ \_/ E 8.04
F7.81

Hp
5,5 -Dimethyl-2,2"-bipyridine (5Me-bipy)

e He MO A151(703)  4Me-bipy C 2.57

7N\ N\, B0.63(73.5) | D 8.82 (5.8) (19.4)
./ \4 E 8.01
F7.42

Hp
4,4’ -Dimethyl-2,2"-bipyridine (4Me-bipy)

e NI A148(70.2)  OMe-bipy C 4.02

I\ B0.65(73.7) | D 8.77 (6.4) (19.8)
_ N /" E 7.58
F7.08

Hp
4,4’ -Dimethoxy-2,2"-bipyridine(OMe-bipy)

Me,N H

NI A1.40(69.6)  Me,N-bipy C3.16

7 N\_ /N, B0.68(74.9) | D 8.46 (6.6) (20.0)
—/ N/ - E7.14
F 6.68

Hp
4,4"-Bis(dimethylamino)-2,2 -bipyridine
(Me;N-bipy)

2 Chemical shifts quoted in ppm are relative to rternal solvent peak (CD§I8 = 7.26 ppm)> 2Jp./Hz in

parenthese$.3J,.4/Hz in parenthese§.3th_4Hz in parenthese8Not all scalar coupling resolved.
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3.3  X-ray crystallographic characterization of the compexes, [PtMg(L-L)I] (L-L =
bipy, 4Me-bipy, 5Me-bipy, OMe-bipy and MeN-bipy)

Single crystals of [PtMgOMe-bipy)l] were obtained by slow diffusion of mxXane into its
chloroform solution while the other four complexe®re crystallized by mixing dilute
benzene solution of iodotrimethylplatinum and csp@nding 2,2"-bipyridine ligands in
equimolar ratio. The crystal structure of all themplexes consists of a discrete monomeric
unit in which the platinum atom is hexa-coordinabsdthe three methyl groups infacial
arrangement, a 2,2 -bipyridine ligand imbidentatefashion and an iodine atom (Figures 3.2-
3.6). Experimental X-ray diffraction parameters angktal data are reported in Tables 5.4.12-
5.4.16. The selected bond lengths and angles Mdhbipy)l] are given in Table 3.2, while
selected bond lengths and angles of other compkmeeksted in Table 3.3.

Figure 3.2 Molecular structure of [PtMébipy)l] showing the atom labelling scheme. Thermltipsoids are at

the 50% probability level. Hydrogen atoms are aaxitior clarity.
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C15

Figure 3.3 Molecular structure of [PtM@Me-bipy)l] showing the atom labelling scheme. firhal ellipsoids

are at the 50% probability level. Hydrogen atomes@mitted for clarity.

Figure 3.4 Molecular structure of [PtMé&Me-bipy)l] showing the atom labelling scheme. firhal ellipsoids

are at the 50% probability level. Hydrogen atomes@mitted for clarity.
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Figure 3.5 Molecular structure of [PtME€OMe-bipy)l] showing the atom labelling scheme. firhal ellipsoids

are at the 50% probability level. Hydrogen atomes@nitted for clarity.

Figure 3.6 Molecular structure of [PtM@Me,N-bipy)l] showing the atom labelling scheme. Theraifpsoids

are at the 30% probability level. Hydrogen atomes@nitted for clarity.
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The complex [PtMgMe,N-bipy)l] has eight molecules in its unit cell wdieach of the other
complexes contains four molecules in their unit.da@gure 3.7 shows the unit cell structure
of [PtMes(bipy)l]. However, a benzene molecule also cry=tedl with the complex
[PtMes(4Me-bipy)l] (see Figure 3.8).

Figure 3.7 Unit cell structure of [PtMgbipy)l]. Thermal ellipsoids are at the 50% probi@pievel. Hydrogen
atoms are omitted for clarity.

Figure 3.8 Unit cell structure of [PtMg4Me-bipy)l] showing solvent benzene. Thermal aligls are at the
50% probability level. Hydrogen atoms are omitteddiarity.
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Each of the five complexes has distorted octahegrametry around the platinum(lV) metal
center. The N-Pt-N bite angle in all the complexss almost the same (76.7° in
[PtMes(bipy)l], 76.3° in [PtMeg(4Me-bipy)l], 76.9° in [PtMg(5Me-bipy)l], 76.2° in
[PtMe3(OMe-bipy)l] and 76.1° in [PtM&Me,N-bipy)I]). This bite angle is close to the value
found in reported [PtMgbipy)(pydz)l[BF] (75.3°)5%  [PtMes(bipy)(CsH/NS[BF 4]
(76.2°)1% [PtMey(bipy) (OCOMe)].HO (76.7°)* and is somewhat larger than the bite angle
found in [PtMe(abpy)l] (73.5°)%% [PtMes(abpy)Br] (73.7°f%% Also, the N-Pt-N bite angle
is much smaller than that found in the mononucfeardine complexes of iodotrimethyl-
platinum(IV) reported in Chapter 2, confirming tthependence of bite angle on the rigidity of
coordinating ligand.

The mean Pt-N bond distance (2.12 A) in [Pi{dpy)l] is only slightly shorter than the
mean Pt-N bond distance in the disubstituted bifryel complexes (2.15 A in [PtM@Me-
bipy)l], 2.15 A in [PtMg(5Me-bipy)l], 2.16 A in [PtMeg(OMe-bipy)l] and 2.15 A in
[PtMe3(MezN-bipy)l]). This also shows that the Pt-N bond dmstes in the bipyridine
complexes are not influenced significantly by thiectonic effect of the bipyridine
substituent as observed in the case of pyridinstgubnt (shown in Chapter 2). However, the
Pt-N bond distances in the bipyridine complexesmaagginally shorter than the Pt-N bond
distances in the corresponding pyridine complesaswWn in Chapter 2.1 and 2.2), reflecting

the bettetr acceptor character of the bipyridines comparatieqyridines.

The Pt-1 bond distance in all the bipyridine conxgle is essentially identical (2.77-2.79 A).
Except [PtMeg(Me;N-bipy)l] where one of the two Ptygns N bonds is longer than the
Pt-Grans 1bond, in all the complexes the Pgafs 1bond is longer than the Pt£s nbonds, but

the difference is statistically insignificant.
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Table 3.2Selected bond lengths [A] and angles [°] for [Ps@iy)l]

Pt1-C1 2.018(7) Pt1-13 2.7679(7)
Pt1-Cci 2.018(7) Pt1-N1 2.121(5)
Pt1-C2 2.047(9) Pt1-N1 2.121(5)
C1-Pt1-C2 89.0(3) C1-Pt1-13 91.1(2)
C1-Pt1-Ci 85.4(5) C2-Pt1-13 179.9(3)
C1-Pt1-Ni 98.9(3) N1 -Pt1-13 91.40(13)
C2-Pt1-N1 88.5(2) N1-Pt1-I3 91.40(13)
C1-Pt1-N1 175.0(3) N1 -Pt1-N1 76.7(3)

Symmetry transformations used to generate equivatems:

(i) x,-y.z

Table 3.3Selected bond lengths [A] and angles [°] for [Pidlel)I] (L-L = 4Me-bipy, 5Me-
bipy, OMe-bipy , MeN-bipy) complexes

[PtMe;(4Me- [PtMe3(5Me- [PtMe;(OMe- [PtMe3(Me,N-

bipy)I] bipy)I] bipy)l] bipy)l]
Pt1-C1 2.030(5) 2.041(6) 2.036(7) 2.057(15)
Pt1-C2 2.038(6) 2.032(6) 2.056(8) 2.160(2)
Pt1-C3 2.052(5) 2.051(7) 2.070(8) 2.060(2)
Pt1-N1 2.152(4) 2.148(5) 2.155(6) 2.155(6)
Pt1-N2 2.145(4) 2.155(5) 2.161(7) 2.135(12)
Pt1-13 2.7818(4) 2.7717(5) 2.7748(6) 2.7928(14)
C1-Pt1-C2 84.8(3) 85.8(2) 85.6(3) 85.9(8)
C2-Pt1-C3 87.7(3) 87.6(3) 88.1(4) 89.6(8)
C1-Pt1-C3 87.9(2) 87.6(3) 87.9(3) 85.5(7)
C1-Pt1-N1 174.8(2) 175.4(2) 173.2(3) 173.8(6)
C2-Pt1-N1 99.0(2) 98.6(2) 99.7(3) 99.7(6)
C3-Pt1-N1 88.7(2) 91.3(2) 88.0(3) 91.9(6)
C1-Pt1-N2 99.8(2) 98.7(2) 98.3(3) 98.2(6)
C2-Pt1-N2 174.5(2) 175.1(2) 175.6(3) 175.6(6)
C3-Pt1-N2 89.4(2) 90.5(2) 89.9(3) 89.0(6)
C1-Pt1-I13 91.55(17) 92.5(2) 89.7(2) 91.8(5)
C2-Pt1-I13 93.3(2) 92.3(2) 91.3(3) 90.9(6)
C3-Pt1-I13 178.8(2) 179.9(2) 177.6(2) 177.2(6)
N1-Pt1-13 91.83(11) 88.66(13) 94.40(14) 90.8(3)
N2-Pt1-13 89.71(11) 89.57(13) 90.94(17) 90.7(3)
N1-Pt1-N2 76.27(15) 76.86(18) 76.2(2) 76.1(5)
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3.4  X-ray crystallographic characterization of [PtMe3(Cl-bipy)I]

Deep yellow crystals of [PtMECI-bipy)I] were obtained by mixing dilute benzesmution of
iodotrimethylplatinum(IV) and 4,4 -dichloro-2,2 gyiridine in equimolar ratio. The complex
shows the expectdac-arrangement of the three methyl groups arounccémeral platinum
atom (Figure 3.9). The complex crystallizes in B#/n space group with monoclinic crystal
symmetry and contains four molecules in its unit. CEhe experimental X-ray diffraction
parameters and crystallographic data are givenainleT5.4.17, while selected bond lengths

and angles are reported in Table 3.4.

The Pt-1 distance (2.78 A) is essentially similarthe value found for the Pt-I bond in the
complexes [PtMgL-L)I] (L-L = bipy, 4Me-bipy, 5Me-bipy, OMe-bipy ad MeN-bipy). The
Pt-Grans1 bond is marginally longer than the Pgafsn bonds. The Pt-N bond distances (2.13
A, 2.15 A) are close to the values found for theeotipyridine complexes (shown in section
3.3) and smaller than the Pt-N bond distances fdanthe pyridine complexes. Deviations
from the idealized octahedral geometry are subsiamiainly due to the small bite angle of
bipyridyl [N1-Pt1-N2 77.0°], which opens up the IR11-C2 and N2-Pt1-Ctis angles to
98.2° and 97.9° respectively, and narrows downNhePt1-C1 and N2-Ptl-CRans angles

to 174.6° and 174.8° respectively.

Figure 3.9 Molecular structure of [PtM€CI-bipy)l] showing the atom labelling scheme. Tiat ellipsoids are
at the 50% probability level. Hydrogen atoms arettmu for clarity.
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Table 3.4Selected bond lengths [A] and angles [°] for [P4{@é&-bipy)l]

Pt1-C1
Pt1-C2
Pt1-C3

C1-Pt1-C2
C1-Pt1-C3
C2-Pt1-C3
C1-Pt1-N1
C2-Pt1-N1
C3-Pt1-N1
C1-Pt1-N2
C2-Pt1-N2

2.018(12)
2.051(11)
2.088(15)

86.8(5)
87.8(7)
86.7(6)
174.6(5)
98.2(4)
90.4(5)
97.9(5)
174.8(5)

Pt1-N1 2.128(10)
Pt1-N2 2.150(9)
Pt1-13 2.7785(11)
N1-Pt1-N2 77.0(4)
C1-Pt1-I3 92.3(5)
C2-Pt1-13 92.2(4)
C3-Pt1-I3 178.9(5)
N1-Pt1-13 89.6(3)
N2-Pt1-13 89.8(3)
C3-Pt1-N2 91.2(5)

The crystal packing of [PtMECI-bipy)l] also contains some additional featur@sly one of

the two chlorine atoms (labelled as CI1) of [Ps@-bipy)l] interacts with the hydrogen
atom (labelled as H, which is bonded to C2) (irteoam is shown by red colour dotted bond)
of another molecule of [PtMECI-bipy)l] (see Figure 3.10) (the distance betwdem is 2.79
A which is less than the sum of the van der waadti of H and CI), thereby leading to the

formation of an infinite chain of one dimensiozaj-zagstructure (Figure 3.11).

N2
Pt1

N1

Figure 3.10A perspective view of [PtMg€Cl-bipy)l] showing the intermolecular interactigred colour dotted

bond) between the hydrogen atom (H) and chloriaedCI1).
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>

) . }@%}% %}%{ VAN

Figure 3.11A perspective view of an infinite chain of one @imsionakig-zagstructure of [PtMgCl-bipy)l].

n-n interactioff®®” plays an important role in controlling the packiog assembly of
compounds. Although each 4,4 -dichloro-2,2"-bipyrédis parallel to an adjacent one, the
position of each is shifted so that one is notdaliyeabove the other. The perpendicular
distance between the two parallel rings is apprexéty 3.90 A. This weal-n interaction
holds thezig-zagchains together, supporting a two-dimensionalrayeicture (Figure 3.12).
Similar n-n interactions between interlocking chains are alsserved in the crystal packing
of adamantane derivatives of bipyridid&<®!

.....

e
e

.
.
-

Figure 3.12A perspective view of a two-dimensional framewstiucture of [PtMgCl-bipy)l].
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3.5 Conclusion

Reaction of iodotrimethylplatinum(lV) with 2,2 -bigdines in equimolar ratio in benzene
results in the formation of chelate complexes opyhkdines. The complexes were
characterized byH NMR, EI-MS, IR spectroscopy and elemental anaysthe “Jp.y
coupling constant of these complexes confirms thatrans influence of the bipyridines is
stronger than that of the iodide ligand and dep@&mdthe electronic nature of the substituent
attached to the bipyridine ring. Electron donatsudpstituents increase thans influence of
the bipyridines whereas electron withdrawing suibstits reduce the extenttofinsinfluence

of the bipyridines. X-ray crystal structure anasysf the complexes reveals ttae-octahedral
coordination of the PtMemoiety and bidentate coordination of the aromiggend. The Pt-N
bond distances are not affected significantly bg #lectronic effect of the bipyridine
substituent. However, the Pt-N bonds for the bgliye complexes are slightly shorter than
for the corresponding pyridine complexes, indiggtthat the bipyridine ring is a better
acceptor. The N-Pt-N bite angle for the bipyridammplexes is also much lower than that of
the pyridines. The intermolecular non-covalent riatéon between methyl hydrogen and
chlorine atom in [PtMg£CI-bipy)l] leads to the formation afig-zagchains. In turn, these
interlocking chains are linked through weakrt interactions and thereby generate two-

dimensional layer structure
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4 Ligand-Exchange Study on lodotrimethylplatinum(lV) Complexes

4.1 Introduction

The presence of strongly electron donating methglugs makes the ligand substitution
reaction in methylplatinum(lV) complexes straigintfard. The substitution reaction in these
complexes can be electrophfift as well as nucleophili@*®? The reaction of a pyridine
complex of iodotrimethylplatinum(lV) with 2,2"-bipgline leads to the substitution of
pyridine by 2,2"-bipyridine resulting in the forn@at of the chelate complex of 2,2°-
bipyridine. Thus, with a view to exploring the chied effect in the trimethylplatinum(1V)
system, this chapter deals with the exchange aflimg ligands by the 2,2"-bipyridine ligands
in the complexes of iodotrimethylplatinum(lV). Deffent types of pyridines (py, 4-MePy, 4-
OMePy and 4-DMAP) were substituted by the corredpuan 2,2"-bipyridines (bipy, 4Me-
bipy, OMe-bipy and MgN-bipy) (Scheme 4.1) in the iodotrimethylplatinuM)lcomplexes
to demonstrate the electronic effect of the sulpstit on the chelation reaction. The reactions
were carried out in two solvents (CRChn apolar solvent and nitrobenzere-a polar

solvent) to examine the solvent effect on the dimaeaction.

R
R R
> I\
= \
N =N N /
Pyridines 2,2 -Bipyridines
py: R=H bipy: R=H
4-MePy: R =Me 4Me-bipy: R =Me
4-OMePy: R = OMe OMe-bipy: R =OMe
4-DMAP: R = NMej MesN-bipy: R = NMe»

Scheme 4.1Different pyridines and corresponding 2,2 -bipymes used for the chelation reaction in

trimethylplatinum(lV) system.
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4.2 Result and Discussion

4.2.1 Syntheses and characterization of the complexes

The complexes [PtMe.l] (L = py, 4-MePy, 4-OMePy, 4-DMAP) were synthesizby the
treatment of tetranuclear iodotrimethylplatinum(With pyridine ligands. Similarly, reaction
of iodotrimethylplatinum(IV) with 2,2"-bipyridineral its derivatives results in the chelate
complexes of 2,2 -bipyridines, [PtMe&-L)I] (L-L = bipy, 4Me-bipy, OMe-bipy and MgN-
bipy). Full synthetic and analytical data of thengdexes are reported in Section 5.3.3-5.3.4.

4.2.2 Reaction of [PtMesL,l] (L = py, 4-MePy and 4-OMePy) complexes with cores-
ponding 2,2"-bipyridines (bipy, 4Me-bipy and OMe-bpy)

Reaction of iodotrimethylplatinum(lV) complexes p#ridine (py) and its 4-substituted
derivatives (4-MePy, 4-OMePy) with the correspogd2”-bipyridines (bipy, 4Me-bipy and
OMe-bipy) results in the formation of two chela@mplexes of bipyridines along with the
release of free pyridines (see Scheme 4.2). Thetioea were followed by'H NMR
spectroscopyThe 'H NMR spectra of an equimolar mixture of pyridinemplex and the
corresponding 2,2 -bipyridine ligand at equilibrian300 K for each of the three substitution
reactions show signals for the three trimethylplatn (V) complexesli( Il andlll , as shown
in Scheme 4.2), free pyridine ligand, and unrea@gl-bipyridine ligand Each of the
trimethylplatinum(lV) complexes consists of two aiam-methyl resonances, due'foPt-H
scalar coupling, with an intensity ratio of 27he '"H NMR data for all three reactions in
CDCl; and in nitrobenzenesdare reported in Table 4.1. THel NMR spectrum of an
equimolar mixture of [PtM#&py).I] and bipy at equilibrium at 300 K in nitrobenzetgis
shown in Figure 4.1, whildH NMR spectrum of an equimolar mixture of [Pt
OMePy)l] and OMe-bipy in CD{ at equilibrium at 300 K is illustrated in Figure24

R R
MeB Z R Me Mep Z R
g N ol g
Mea~_ | / MeC\ MeE\ | /

~T, NeHRR
I/R

R=H, Me, OMe th

\/

_Z

Scheme 4.ZThe substitution of pyridine ligands by the cop@sding 2,2 -bipyridines in iodotrimethylplatinum

complexes.
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Figure 4.1 The platinum-methyl region in tH&l NMR spectrum of an equimolar mixture of [Pti(#y),l] and
bipy in nitrobenzened at equilibrium at 300 K showing presence of thnglatinum(lV) complexes
[PtMes(py).l] (1), [PtMes(bipy)I] (I1) and [PtMe(bipy)(py)]l (111). For labelling, see Scheme 4.2.

4-OVEPy

OMVe- bi py
I

\ \ \ \ \ \ \ \ \ \ \
4.30 4.25 4.20 4.15 4.10 4.05 4.00 3.95 3.90 3.85 ppn

Figure 4.2 The methoxy region in thiH NMR spectrum of an equimolar mixture of [Ptile OMePy}I] and
OMe-bipy in CDC} at equilibrium at 300 K. | = [PtM@4-OMePy}l]. 1l = [PtMeg(OMe-bipy)l]. Il =
[PtMe;(OMe-bipy)(4-OMePy)]l. The signal at the left cospmnd to the methoxy group of OMe-bipy in
complex Ill, while the signal at the utmost riglarespond to the methoxy group of the 4-OMePy imgiex
1.
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4.2.3 Reaction of [PtMeg(4-DMAP),l] with Me ,N-bipy

Reaction of [PtMg4-DMAP),I] with Me,N-bipy leads to the formation of exclusively one
chelate complex, [PtM@e;N-bipy)(4-DMAP)]I. A small amount of [PtM#£4-DMAP);]I is
also formed in solution due to the reaction of [B{4-DMAP).I] with the free 4-DMAP
ligand, generated in solution because of the swilisti process (see Scheme 4.3). THe
NMR data for the presence of different trimethylplam(I\VV) complexes for the reaction of
an equimolar mixture of [PtM&-DMAP),I] and MeN-bipy at equilibrium at 300 K in
CDCl; and in nitrobenzenesds presented in Table 4.1.

Me

| B@(NMEZ A~y NMe; Mep _~__NMe; Mee _~__ NMe; NMe
Me Ny | | | 2

e + NZ Mec | Nx Mee~_ | Ng P!
Mex” | TN — /P< I+ /P< I+ ]
P N™Y Mec”™ | "N™S Mee™ | "N™S
=
| NMe, A NMe, /Nl NMe, /Nl Z NMey 4-DMAP
N NS
[PtMe3(4-DMAP),I] Me,N-bipy NMe, NMe,
[PtMey(Me,N-bipy((4-DMAP)]I [PtMe3(4-DMAP);]I

Scheme 4.3The substitution of 4-DMAP by MBI-bipy in iodotrimethylplatinum(IV) complex.
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Table 4.1'H NMR datd for the reaction of an equimolar mixture of [PtUg] (L =
pyridines) and corresponding 2,2 -bipyridines atiiidgrium at 300 K in CDQ and in

nitrobenzene-«

Reaction Pt(IV) species present §(Pt-CHy)>®in  §(Pt-CHy)™‘in  Trans
in equilibrium CDCly nitrobenzene-« ligand
Equimolar mixture [PtMes(py).l] A 1.50 (70.3) A 1.70 (70.4) py
of [PtMex(py).l] and B 1.20 (69.6) B 1.29 (68.9) I
bipy
[PtMes(bipy)1] C 1.56 (70.5) C 1.81 (70.5) bipy
D 0.64 (73.1) D 0.78 (72.6) I
[PtMes(bipy) (py)]! E 1.23(67.1) E 1.31 (67.2) bipy
F 0.57 (70.3) F 0.61 (70.5) py
Equimolar mixture [PtMe;3(4-MePy)l] A 1.45 (70.0) A 1.69 (70.1) 4-MePy
of [PtMey(4-MePy)l] B 1.17 (70.0) B 1.28 (69.2) I
and 4Me-bipy
[PtMes(4Me-bipy)l] C 1.51 (70.3) C 1.78 (70.3) 4Me-bipy
D 0.63 (73.5) D 0.81 (72.9) I
[PtMes(4Me-bipy) E 1.14 (66.9) E 1.25 (67.2) 4Me-bipy
(4-MePy)]I F 0.52 (70.6) F 0.61 (70.5) 4-MePy
Equimolar mixture [PtMe3(4-OMePy)l] A 1.42 (70.0) A 1.69 (70.2) 4-OMePy
of [PtMey(4-OMePy}l] B 1.15 (70.2) B 1.29 (69.4) I
and OMe-bipy
[PtMes(OMe-bipy)l] C 1.48 (70.2) C 1.77 (70.5) OMe-bipy
D 0.65 (73.7) D 0.86 (73.0) I
[PtMe;(OMe-bipy) E 1.09 (67.2) E 1.23 (67.4) OMe-bipy
(4-OMePY)]I F 0.50 (70.4) F 0.64 (70.5) 4-OMePy
Equimolar mixture [PtMe3(4-DMAP),I] A 1.35 (69.3) Not present 4-DMAP
of [PtMe;(4-DMAP),I] B 1.14 (71.5) I
and MeN-bipy
[PtMes(Me;N-bipy) C 0.94 (67.0) C1.13(67.1) Me,N-bipy
(4-DMAP)]I D 0.43 (70.3) D 0.65 (70.0) 4-DMAP
[PtMes(4-DMAP);]I E 0.92 (66.7) E 1.04 (66.7) 4-DMAP

 Chemical shifts quoted in ppm are relative torimi solvent peaks (in the case of CRGI= 7.26 ppm; in the

case of nitrobenzene;d = 8.11 ppm)® 2Jp./Hz in parenthese$§labelling refers to Schemes 4.2 and 4.3.
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An analysis of Table 4.1 shows that changing thHeest from CDC} to nitrobenzene
causes the platinum-methyl resonances to shiftgioeh frequency in th&H NMR spectrum.
The difference in chemical shifts for the two piatn-methyl resonances is larger in the
bipyridine complexes than in the pyridine complexXdsreover, the difference in chemical
shifts for the two platinum-methyl resonances isager in the neutral chelate [PtileL)l]
(L-L = 2,2 -bipyridines) complexes than in the iorchelate [PtMgL-L)L]I (L-L = 2,2"-
bipyridines, L = corresponding pyridines) complex&be 2Jp..1; scalar coupling constants
indicate that thdrans influence of the 2,2"-bipyridines is stronger thidwe corresponding
pyridines {rans influence: bipy > py, 4Me-bipy > 4-Mepy, OMe-bipy 4-OMePy, MegN-
bipy > 4-DMAP). Also, thetrans influence of the 2,2"-bipyridines is greater ire tlonic
chelate complexes than in the neutral chelate oexegl The results for the reaction of an
equimolar mixture of [PtMg_,l] (L = pyridines such as py, 4-MePy, 4-OMePy arDMAP)
and corresponding 2,2 -bipyridines at equilibrium €DCk and in nitrobenzenesdare
summarized in Table 4.2.

Table 4.2 The reaction of an equimolar mixture of [P#Md] (L = pyridines) and

corresponding 2,2 -bipyridines (L-L) at equilibritetn 300 K in CD{ and in nitrobenzenesd
a,b

Substitution of pyridine In CDCl, In nitrobenzene-«l
ligands by 2,2"-bipyridines

Chelate complex lonic chelate Chelate complex lonic chelate
/Non-chelate /Neutral chelate /Non-chelate /Neutral chelate
complex complex
py by bipy 15.67 0.20 13.29 0.52
4-MePy by 4Me-bipy 11.5 0.64 6.14 1.17
4-OMePy by OMe-bipy 8.09 1.54 5.25 2.23
4-DMAP by MeN-bipy 19.0 Only ionic 15.67 Only ionic
chelate present chelate present

& Chelate complex is the mixture of ionic chelateM@L-L)L]I and neutral chelate [PtMé_-L)I]. Non chelate
complex is [PtMeL,l]. (L = pyridines such as py, 4-MePy and 4-OMePyL; = corresponding bipyridines such
as bipy, 4Me-bipy and OMe-bipy).

®In the case of the substitution of 4-DMAP by Mebipy, only the ionic chelate [PtM@le,N-bipy)
(4-DMAP)]I is present in solution in both the sahts. In CDC}, the non-chelate complex is the mixture of
[PtMe3(4-DMAP),I] and [PtMe(4-DMAP);]I, while in nitrobenzene«lthe non-chelate complex is [Pti(4-
DMAP)]I.
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Table 4.2 shows that the equilibrium for all tharfsubstitution reactions in both the solvents
(CDCIl; and nitrobenzenesl strongly favour the formation of chelate 2,2"ypidine
complexes which are more stable than the correspgnibn-chelate pyridine complexes.
The formation of the chelate complexes at equiliirifor each of the four substitution
reactions depends on the electronic effect of thesttuent as well as on the nature of the
solvent As the electron donating property of the substituecreases from H to NMen the
order H < Me < OMe < NMg the population ratio of the ionic chelate [PtleL)L]l to the
neutral chelate [PtMéL-L)I] (L = pyridines, L-L = corresponding bipyrides) also increases
in the same order in both the solvents. This carabenalised in terms of the stability of the
ionic chelates in solution. As the electron dormgatability of the substituent increases, the
electron density in both the pyridine and bipyralinng N also increases. The resulting
increase in the electron density on the aromatig N also causes an increase in the extent of
Pt-N interaction which accounts for the increaskdbity of the ionic chelates in solution,
and in the case of NMeubstituent, the stability of the ionic chelatsashigh (because of the
extremely strong Pt-N interaction) that exclusivéte ionic chelate [PtMé@Me,N-bipy)(4-
DMAP)]I is formed in solutionThe strength of the chelate effect for the differgubstituents

in both the solvents is in the order: NMe H > Me > OMe. To explain the above order of
chelation among the substituents (H, Me, and Olhe) stability of the reactant complexes in
solution is also taken into consideration. As thexteon donating ability of the substituent
increases from H to Me to OMe, the stability of tkactant non-chelate pyridine complexes
also increases (from H to Me to OMe) due to theaasing Pt-N interaction in the reactant
complexes, thereby leading to a decrease in teagitn of the chelate effed¢tor H, Me and
OMe substituents, the population ratio of the iochelate to the neutral chelate is more in
nitrobenzenelthan in CDC4. This is supported by the fact that the ionic ctaxes are
more stable in polar solvent (nitrobenzergtan in apolar solvent (CDgI The strength of
chelation for a particular substituent is greate€DCJk than in nitrobenzenesdThis is most
likely due to the lower solvent stabilization ofetlmeactant complexes in CQGhan in

nitrobenzene-
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4.3 Conclusion

The reaction of iodotrimethylplatinum(lV) complexe$ pyridines, [PtMelL.l] (L = py, 4-
MePy, 4-OMePy, 4-DMAP) with the corresponding 2@yridines (bipy, 4Me-bipy, OMe-
bipy, Me:N-bipy) lead to the substitution of the pyridingdnds by the bipyridines, resulting
in the formation of neutral [PtM@.-L)I] and ionic [PtMg(L-L)L]I (L-L = 2,2 -bipyridines, L

= corresponding pyridines) chelate complexes alanity the release of pyridines. The
equilibrium for all the substitution reactions stgly favours the formation of chelate
complexes. The formation of chelate complexes intmm at equilibrium depends on the
electronic effect of the substituents as well ashennature of the solvent. Increasing electron
donating ability of the substituent leads to arréase in the stability of the ionic chelate in
solution. The tendency for the chelation is verghhior strong electron donating substituents
such as NMg however, for H and moderately electron donatugssituents such as Me and
OMe, increasing electron donating ability decreabesstrength of the chelate effect. The
stability of ionic chelate is more in nitrobenzesefpolar solvent) than in CDglapolar

solvent); however, the strength of chelation isaggein CDCjthan in nitrobenzenesd
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5  Experimental Section

5.1 Characterization Methods

5.1.1 'H NMR Spectroscopy

'H NMR spectra were recorded on a Bruker AvancedD MHz spectrometer, operating at
400 MHz. Chemical shifts are relative to an intés@vent peak (for CDGlstabilized with
Ag-foil, 6 = 7.26 ppm; for DMSO+ 6 = 2.50 ppm; for RO, 6 = 4.79 ppm; for nitrobenzene-
ds, 6 = 8.11 ppm).

'H DOSY NMR spectra were recorded on a Bruker AvatHteé00 MHz spectrometer,
equipped with a 5 mm broadband BBO Z-gradient pr@@ximum gradient strength
53.5 G/cm), operating at 600 MHz. All diffusion expnents were performed with a
convection suppressing Double STE pulse sequengseando-two dimensional mode and
processed with Bruker TOPSPIN software packagesiger2.0). The temperature was set
and controlled at 298 K with airflow of 5351*hFor each experiment, 16 dummy scans and
24 scans were used, with a relaxation delay od2dsa diffusion delay of 100 ms. The shape
of the gradients was sinusoidal, with a length afnland the strength was varied in 32

increments (2-95%) in a linear ramp.

5.1.2 IR Spectroscopy

Infrared spectra were recorded as pressed KBr discan IFS 48 spectrometer, equipped
with a KBr beam splitter, operating in the regid@¥0a-400 crit.

5.1.3 Elemental Analysis

Elemental analyses were performed on a Thermoraleéiash EA 1112 series.

5.1.4 EI-Mass Spectroscopy

El-mass spectra were acquired on a Finnigan MATED570 eV) mass spectrometer.
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5.2 Materials and Working Conditions

The following compounds were commercially available

» Pyridine (py), 4-dimethylaminopyridine (4-DMAP),c¥anopyridine (4-CNPy), 2,2"-
bipyridine (bipy), nitrobenzenesfrom Aldrich

* Potassium hexachloroplatinalemethylpyridine (4-MePy), 4-ethylpyridine (4-EtRy)
4-methoxypyridine (4-OMePy), %utylpyridine (4'BuPy), 3-bromopyridine (3-
BrPy), 3-methoxypyridine (3-OMePy), 4,4 -dimethoXy? -bipyridine (OMe-bipy)
from Acros Organics

e 3-Methylpyridine (3-MePy), 3-ethylpyridine (3-EtRyB-chloropyridine (3-CIPy),
4,4"-dimethyl-2,2"-bipyridine (4Me-bipy), 5,5 -dirig/1-2,2"-bipyridine (5Me-bipy)
from Alfa Aesar

« 30% Hydrogen peroxide @a@,) from Merck

» CDCl3, DMSO-d, D,O from Euriso-top

« Magnesium turning, sodium metal, molecular sievé\)3potassium bromide (KBr),
sodium hydroxide (NaOH), calcium chloride (CgClcalcium hydride (Cap),
anhydrous calcium sulfate (CagOanhydrous magnesium sulfate (MgyQylacial
acetic acid (CHCOOH), oleum-sulfuric acid, fuming nitric acid frothe chemical
storage of the Institute of Inorganic and Analfticdhemistry, Justus-Liebig-
University of Giessen

» Acetyl chloride (CHCOCI), methyl iodide (Ckl) and phosphorous trichloride (REI
from the chemical storage of the Institute of Orga@hemistry, Justus-Liebig-
University of Giessen

« The solvents acetone, benzene, chloroform, dichietbane (DCM), diethyl ether, n-
hexane, n-pentane, methanol, ethanol from the damstorage of the Institute of
Inorganic and Analytical Chemistry, Justus-Liebigiersity of Giessen

¢ N,N-Dimethylformamide from the chemical storage tbe Institute of Organic

Chemistry, Justus-Liebig-University of Giessen

All the chemicals were of reagent grade. Solvemts the air-sensitive reactions were
redistilled under argon. The ligands 4,4 -bis(dimy&tmino)-2,2"-bipyridine (MgN-bipy),
4,4 -dichloro-2,2"-bipyridine (Cl-bipy) and the cphax [PtMel], were synthesized under
inert conditions using standard Schlenk technigiibs rest of the complexes were prepared

under ambient conditions.
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5.3 Syntheses

5.3.1 Synthesis of lodotrimethylplatinum(IV)

The complex iodotrimethylplatinum(1V) was prepatsdthe method of Baldwiat al??®

The Grignard reagent, GMgl, was prepared by dropping 10.0 mL (22.8 g, h@hol) of
methyl iodide in 40 mL of dry diethyl ether ont@ihe-dried magnesium turnings (2.20 g,
90.4 mmol) under argon. The resulting black suspensas then stirred until the last pieces
of magnesium were dissolved and subsequently ddtethrough a sintered-glass disk
(medium porosity) directly into a dropping funnebumted atop a flask which contained
4.00 g (8.24 mmol) of finely powdered potassiumdentoroplatinate (KPtCk) in 20 mL of
diethyl ether and 80 mL of benzene. The reactioxtumeé was allowed to warm gradually up
to room temperature after the addition and lefstio under argon. Within 4 h, the mixture
faded from yellow to white. After stirring the mixe overnight, the white salts were allowed
to settle. The supernatant was then filtered thincaugnedium sintered-glass disk under argon.
The clear, nearly colourless filtrate was cooledt®C and 10 mL of ice-cold acetone was
slowly added dropwise to the stirring filtrate. &g acetone was added a vigorous reaction
took place, which turned the mixture yellow andntloeange. A two-phase mixture resulted
with a yellow layer at the top and an orange ldy&ow. After opening the flask to the air,
50 mL of ice-cold water was added to the stirrinixtare. The mixture was acidified with
60 mL of 10% HCI which dissolves the solid and gia® orange-yellow organic layer over a
pinkish orange aqueous layer with a small amounbrahge solid at the interphase. The
orange solid was filtered and the layers were sdedr The aqueous layer was extracted with
3 30-mL portions of benzene. The extracts were ¢oetbwith the organic layer and dried by
filtration through a cone of anhydrous CaSQOhe clear, yellow-orange solution then
evaporated to dryness, and the resulting yellowd ssiksolved in 40 mL of CHGI This
solution was evaporated to about 15 mL, 15 mL et@we was added, and the mixture was
cooled in ice. The yellow crystals formed were eciéd and air-dried. Yield: 2.3 g (76%).

'H NMR (CDCk; ppm):8 = 1.72 (s, 9H, PtCl “Jpr.ii: 77.3 Hz).
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5.3.2 Syntheses of 4,4 -disubstituted-2,2"-bipyridine l@ands
5.3.2.1Synthesis of 4,4 -bis(dimethylamino)-2,2"-bipyridie (Me;N-bipy)
The ligand MeN-bipy was synthesized by the following steps:

Step 1 Synthesis of 2,2"-bipyridine N,N"-dioxide {py N-Oxide)**

A 30 mL solution of 30% hydrogen peroxide was adtbed,2”-bipyridine (10.0 g, 64 mmol)
in 50 mL of glacial acetic acid at a rate that neimed the temperature between 70 °C and
80 °C. The mixture was stirred at 75 °C for an &addal 8 h. The solution was then cooled to
room temperature, and a large amount (750 mL) efome was added to precipitate the
product as a white solid, which was collected Hyrdfiion and air-dried. Yield: 11.3 g
(60 mmol, 94% vyield).

'H NMR (D,O; ppm):8 = 7.76 (m, 4H), 7.85 (m, 2H), 8.47 (m, 2H).
Step 2 Synthesis of 4,4 -dinitro-2,2"-bipyridine NY"-dioxide (O.N-bipy N-Oxide)**!

A solution of bipy N-Oxide (9.0 g, 47.8 mmol) in 8@ of oleum-sulfuric acid was cooled to
0 °C. Fuming nitric acid (20 mL) was carefully addand the mixture was stirred at 100 °C
for 8 h. The solution was then cooled to 0 °C amedy\cautiously poured onto ice water
(200 g). The resultant yellow product was filterafl and washed with water until neutral.
Yield: 9.6 g (34.5 mmol, 72%).

'H NMR (DMSO-d;; ppm):5 = 8.38 (dd, 2H), 8.60 (d, 2H), 8.70 (d, 2H).

Step 3 Synthesis of 4,4 -dichloro-2,2"-bipyridine W’ -dioxide (Cl-bipy N-Oxide)°¥

A suspension of 1 g of M-bipy N-Oxide (3.59 mmol) in 50 mL of acetyl chide was
refluxed under argon for 3 h. The solid product Wéered off, washed with 50 mL of diethyl

ether, and dried under vacuum. Yield: 700 mg oé pallow powder (2.72 mmol, 76%).

'H NMR (CDCE; ppm):& = 7.35 (dd, 2H), 7.72 (d, 2H), 8.25 (d, 2H).
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Step 4 Synthesis of 4,4 -bis(dimethylamino)-2,2"byridine (Me,N-bipy)?!

A suspension of 1 g of Cl-bipy N-Oxide (3.89 mmiml)150 mL DMF was refluxed under
argon for 48 h. The solvent was evaporated neantgptetely, and the crude product was
dissolved in 100 mL of chloroform. Phosphoroushiacide (8.5 mL, 97.4 mmol) was added
dropwise to the cooled solution at 0 °C. The reactnixture was then refluxed for 3 h and
then poured onto 250 mL of ice water. The chlonofdayer was washed with 3 x 50 mL of
water and the combined aqueous extracts were ctvatesh under vacuum to 75 mL and
made alkaline with saturated aqueous sodium hydeoxiThe resulting precipitate was
recrystallized twice from water/methanol (1.5 ve)give 150 mg of the beige product Me
bipy (0.62 mmol, 16%).

IH NMR (DMSO-ds; ppm):& = 3.02 [s, 12H, N(CH),], 6.63 (dd, 2H), 7.66 (d, 2H), 8.20 (d,
2H).

5.3.2.2 Synthesis of 4,4 -dichloro-2,2"-bipyridinéCl-bipy) *¥

A suspension of 1 g of M-bipy N-Oxide (3.59 mmol) in 50 mL of acetyl chide was
refluxed under argon for 3 h. The reaction mixtwas cooled to 0 °C, and 8.8 mL of
phosphorous trichloride (100 mmol) was added. Tispension was refluxed under argon
for another 3 h. After cooling to room temperatuitee reaction mixture was poured into
150 mL of ice water and made alkaline with satwrasedium hydroxide solution. The
resulting precipitate was filtered off and dissalvéen 100 mL of dichloromethane.
The solution was dried over Mg%QCand the solvent was removed in vacuum. The crude
product was purified by column chromatography, gsi® methanol in dichloromethane as
eluent. Recrystallization from ethanol/water (1.&)vyielded 490 mg of white product
(2.18 mmol, 61%).

'H NMR (DMSO-d;; ppm):5 = 7.66 (dd, 2H), 8.36 (d, 2H), 8.68 (d, 2H).
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5.3.3 Syntheses of mononuclear iodotrimethylplatinum(IV)complexes of pyridines

5.3.3.1 Synthesis of [PtMgpy)-l]

The complex [PtMgpy).l] was synthesized by a slight modification of toete reported”

An excess of pyridine (0.2 mL, 2.48 mmol) was adtted stirred benzene solution (10 mL)

of iodotrimethylplatinum (200 mg, 0.54 mmol). Theaction mixture was stirred at room

temperature for 30 minutes. The benzene solutiativen concentrated to about 2-3 mL and
an excess of n-hexane (25 mL) added. The resuitiai¢ solid was isolated, washed with n-

hexane and dried wmacua Yield: 252 mg (0.48 mmol, 88%).

'H NMR (CDCk; ppm): & = 1.20 [s, 3H, PtCkl(trans to 1), 2Jer.1: 69.6 Hz], 1.50 [s, 6H,
PtCH; (transto N), 2Jpwr 70.3 Hz], 7.35 (t, 2H33u: 13.9 Hz), 7.85 (t, 4H3u.: 15.3 Hz),
8.80 (d, 4H3Ju: 4.9 Hz,*Jpei 17.3 H2).

'H NMR (nitrobenzene ppm):8 = 1.29 [s, 3H, PtCkl(transto 1), 2Je.: 68.9 Hz], 1.70 [s,
6H, PtCH (trans to N), 2Jpwr; 70.4 Hz], 7.37 (t, 2H3J: 13.5 Hz), 7.88 (t, 4H 0
15.2 Hz), 8.93 (d, 4HJ4.u: 5.5 Hz,2Jpe 18.0 Hz).

Elemental analysis: GH1oIN,Pt(525.29 g.mof)
Calculated (in %): C. 29.72, H: 3.65, N: 5.33
Experimental (in %): C:29.72,H: 3.57, N: 5.1

IR (KBr, cmi): 2959, 2898, 2818 (methyl C-H); 571, 558 (Pt-C)

5.3.3.2 Synthesis of [PtMg4-MePy)l]

To a chloroform solution (10 mL) of iodotrimethydpinum (150 mg, 0.41 mmol), an excess
of 4-methylpyridine (0.15 mL, 1.54 mmol) was addedl the reactants were stirred at room
temperature for 30 minutes. After stirring, theusimn was concentrated and 30 mL n-pentane
added to precipitate the product as a pale yelid.sThe solid was filtered off, washed with
n-pentane and air-driettield: 185 mg (0.33 mmol, 82%).

'H NMR (CDCk; ppm): 8 = 1.17 [s, 3H, PtCk(trans to 1), 2Jer.i: 70.0 Hz], 1.45 [s, 6H,
PtCH; (trans to N), 2Jerr 70.0 Hz], 2.38 (s, 6H, CHi 7.12 (d, 4H3J.1: 6.0 Hz), 8.61 (d,
4H, 334: 6.4 HZ,3Jprr: 19.0 Hz).
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'H NMR (nitrobenzene«l ppm):8 = 1.28 [s, 3H, PtCkl(transto 1), 2Jer.1: 69.2 Hz], 1.69 [s,
6H, PtCH (transto N), e 70.1 Hz], 2.28 (s, 6H, CHi 7.12 (d, 4H3J.n: 5.9 Hz), 8.73
(d, 4H,33: 6.4 Hz,*Jupc 19.1 Hz).

Elemental analysis: {€H-3IN-Pt(553.34 g.mof)
Calculated (in %): C: 32.56, H: 4.19, N: 5.06
Experimental (in %):  C: 32.40, H: 4.10, N:@.7

IR (KBr, cm™): 2951, 2893, 2813 (methyl C-H); 556, 543 (Pt-C)

5.3.3.3 Synthesis of [PtMg£3-MePy)l]

An amount of 150 mg of iodotrimethylplatinum(1V).4d mmol) was dissolved in chloroform
(10 mL) and 0.15 mL of 3-methylpyridine (1.54 mmalps added to the solution. The
reactants were stirred at room temperature for 8tutes. After stirring, the solution was
concentrated and an excess n-pentane (30 mL) addedresultant pale yellow solid was
isolated, washed with n-pentane and air-dried.dri&94 mg (0.35 mmol, 86%).

'H NMR (CDCk; ppm): & = 1.18 [s, 3H, PtCk(trans to 1), 2Jer.1: 69.8 Hz], 1.48 [s, 6H,
PtCH; (transto N), 2Jper 70.0 Hz], 2.35 (s, 6H, CH 7.20 (dd, 2H%J.4: 13.2 Hz), 7.64 (d,
2H), 8.51 (d, 2H33.: 5.7 Hz,*Jpii 17.8 Hz), 8.67 (s, br, 2H).

Elemental analysis: {€H-3IN-Pt(553.34 g.mof)
Calculated (in %): C: 32.56, H: 4.19, N: 5.06
Experimental (in %): C:32.43,H:4.10, N:2.8

IR (KBr, cm): 2960, 2899, 2818 (methyl C-H); 571, 556 (Pt-C)

5.3.3.4 Synthesis of [PtMg4-EtPy),l]

To a chloroform solution (10 mL) of iodotrimethydpinum(lV) (150 mg, 0.41 mmol), an
excess of 4-ethylpyridine (0.15 mL, 1.32 mmol) wadded and the solution stirred for
30 minutes. After stirring, the solution was cortcated to about 2-3 mL and a large excess
of n-pentane (20 mL) added to precipitate the cempPtMe(4-Etpy)l] as a pale yellow
product. The product was filtered, washed sevarad with n-pentane and air-dried. Yield:
200 mg (0.34 mmol, 84%).
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'H NMR (CDCk; ppm): & = 1.18 [s, 3H, PtCki(trans to 1), 2Jpr.i: 70.2 Hz], 1.45 [s, 6H,
PtCH; (transto N), ZJpe: 70.1 Hz], 1.27 (t, 6H, CH), 2.68 (g, 4H, Ch), 7.15 (d, 4H 334
6.4 Hz), 8.64 (d, 4HJ1: 6.4 Hz,*Jori 18.9 Hz).

Elemental analysis: GH»7IN-Pt(581.40 g.mof)
Calculated (in %): C: 35.12, H: 4.68, N: 4.82
Experimental (in %): C:35.14, H: 4.41, N:@.5

IR (KBr, cm): 2964, 2897, 2815 (methyl C-H); 578, 554 (Pt-C)

5.3.3.5 Synthesis of [PtMg£3-EtPy).l]

0.15 mL of 3-ethylpyridine (1.32 mmol) was addedattirred solution of iodotrimethyl-
platinum(IV) (150 mg, 0.41 mmol) in 10 mL of chldoom. The reaction mixture was stirred
for an additional 45 minutes. After stirring, thellgion was concentrated and 30 mL of n-
pentane added. The resultant pale yellow preceitats filtered off, washed with n-pentane
and air-dried. Yield: 162 mg (0.28 mmol, 68%).

'H NMR (CDCk; ppm): 8 = 1.19 [s, 3H, PtCk(trans to 1), 2Jpr.i: 69.7 Hz], 1.48 [s, 6H,
PtCH; (transto N),Jpw 70.0 Hz], 1.20 (t, 6H, C), 2.65 (g, 4H, Ch), 7.23 (dd, 2H), 7.66
(d, 2H), 8.56 (d, 2H3J.: 5.7 Hz,*Jpei: 17.2 Hz), 8.64 (d, 2H).

Elemental analysis: GH,7IN-Pt(581.40 g.mof)
Calculated (in %): C: 35.12, H: 4.68, N: 4.82
Experimental (in %): C: 35.03, H: 4.52, N: 2.6

IR (KBr, cm): 2965, 2894, 2813 (methyl C-H); 578, 560 (Pt-C)

5.3.3.6 Synthesis of [PtMg4-OMePy)l]

An amount of 150 mg of iodotrimethylplatinum(1V).40 mmol) was dissolved in chloroform
(10 mL) and 0.15 mL of 4-methoxypyridine (1.48 minatided to the stirred solution. The
reactants were stirred at room temperature for #ttes. After stirring, the solution was
concentrated to 2-3 mL and an excess of n-penimen() added. The resultant pale yellow

solid was isolated, washed with n-pentane andraaddYield: 222 mg (0.38 mmol, 93%).
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'H NMR (CDCk; ppm): & = 1.15 [s, 3H, PtCki(trans to 1), 2Jpr.i: 70.2 Hz], 1.42 [s, 6H,
PtCH; (transto N), 2Je.: 70.0 Hz], 3.89 (s, 6H, OGH 6.80 (d, 4H 33 7.0 Hz), 8.58 (d,
4H, 33 7.0 HZ,3Jprr: 19.0 Hz).

'H NMR (nitrobenzene«l ppm):8 = 1.29 [s, 3H, PtCkl(transto 1), 2Jer.1: 69.4 Hz], 1.69 [s,
6H, PtCH (transto N), 2Jpe 70.2 Hz], 3.81 (s, 6H, OGH 6.79 (d, 4H3Ju: 6.9 Hz), 8.70
(d, 4H,33.: 6.8 Hz,*Ju.pc 19.1 Hz).

Elemental analysis: @H3IN-O.Pt(585.34 g.maot)
Calculated (in %): C:30.78, H: 3.96, N: 4.79
Experimental (in %):  C:30.82, H: 3.97, N:@.6

IR (KBr, cm™): 2961, 2894, 2815 (methyl C-H); 569, 540 (Pt-C)

5.3.3.7 Synthesis of [PtMg&3-OMePy)l]

To a chloroform solution (10 mL) of iodotrimethydpinum(lV) (150 mg, 0.41 mmol), an
excess of 3-methoxypyridine (0.15 mL, 1.48 mmolsvealded and the solution stirred for
45 minutes. The solution was then concentrated2dnehL n-pentane added to precipitate the
complex [PtMg(3-OMepy}l] as a pale yellow solid. The solid was filterecgshed with n-
pentane and air-dried. Yield: 203 mg (0.35 mmo?%635

'H NMR (CDCk; ppm): & = 1.20 [s, 3H, PtCki(trans to 1), 2Jpr.i: 69.7 Hz], 1.49 [s, 6H,
PtCH; (transto N), 2Jperi 70.4 Hz], 3.84 (s, 6H, OGH 7.24 (dd, 2H), 7.33 (d, 2H), 8.30 (d,
2H, 33y 6.1 Hz,*Jor 16.9 Hz), 8.61 (d, 2H).

Elemental analysis: {gH3IN-O-Pt(585.34 g.mot)
Calculated (in %): C:30.78, H: 3.96, N: 4.79
Experimental (in %):  C: 30.59, H: 3.86, N:@.5

IR (KBr, cm): 2960, 2899, 2817 (methyl C-H); 564 (Pt-C)
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5.3.3.8 Synthesis of [PtMg4-DMAP)l]

The complex iodotrimethylplatinum(lV) (150 mg, 0.4imol) and 4-dimethylaminopyridine
(100 mg, 0.82 mmol) were stirred in chloroform () for 30 minutes. The resulting
solution was then concentrated and 30 mL n-pensaited. The pale yellow solid which

formed was isolated, washed with n-pentane andragd. Yield: 210 mg (0.34 mmol, 84%).

'H NMR (CDCk; ppm): & = 1.14 [s, 3H, PtCHi(trans to 1), 2o 71.5 Hz], 1.35 [s, 6H,
PtCH; (trans to N), *Jer.r 69.3 Hz], 3.02 [s, 12H, N(C#], 6.40 (d, 4H>J.: 7.2 Hz), 8.29
(d, 4H,33: 7.2 HZ,3Jprrs: 19.6 Hz).

'H NMR (nitrobenzene ppm):8 = 1.33 [s, 3H, PtCki(transto 1), 2Je.: 70.6 Hz], 1.70 [s,
6H, PtCH (transto N), 2w 69.3 Hz], 2.89 [s, 12H, N(CHb], 6.28 (d, 4H 3 3.: 7.0 Hz),
8.38 (d, 4H33: 6.9 HZ,*Jpc 19.4 Hz).

Elemental analysis: GH2oIN4Pt(611.43 g.mof)
Calculated (in %): C:.33.39,H:4.78, N: 9.16
Experimental (in %):  C: 33.55, H: 4.49, N:®.9

IR (KBr, cm): 2950, 2894, 2811 (methyl C-H); 572, 529 (Pt-C)

5.3.3.9 Synthesis of [PtMg4-'BuPy),l]

0.16 mL of 4%utylpyridine (1.09 mmol) was added to a stirretbasform solution (15 mL)

of iodotrimethylplatinum(lV) (150 mg, 0.41 mmol).h& reaction mixture was stirred for
45 minutes. After stirring, the chloroform solutiomas concentrated and an excess of
n-pentane (30 mL) added to precipitate the whitelsbhe solid was separated, washed with
n-pentane and dried iracua Yield: 205 mg (0.32 mmol, 79%).

'H NMR (CDCk; ppm): 8 = 1.19 [s, 3H, PtCki(trans to 1), 2Jpr.i: 70.1 Hz], 1.45 [s, 6H,
PtCH; (transto N), 2Jer.: 69.9 Hz], 1.33 [s, 18H, C(GHt], 7.30 (d, 4H 3. 6.7 Hz), 8.66
(d, 4H,33.1: 6.5 HZ,*Jpr: 19.0 Hz).

Elemental analysis: GH3sIN-Pt(637.5 g.mof)
Calculated (in %): C: 39.56, H: 5.53, N: 4.39
Experimental (in %): C:39.31, H: 5.37, N: 8.2

IR (KBr, cmi): 2963, 2897, 2816 (methyl C-H); 571, 544 (Pt-C)
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5.3.3.10 Synthesis of [PtM£4-CNPy)l]

250 mg of 4-cyanopyridine (2.40 mmol) and iodotrinyplatinum(1V) (150 mg, 0.41 mmol)

were dissolved in chloroform (10 mL) and stirred 8 minutes. The solution was then
concentrated and excess n-pentane (30 mL) addesl.y&tow solid which formed was

isolated, washed with n-pentane and air-dried.dri204 mg (0.35 mmol, 87%).

'H NMR (CDCk; ppm): & = 1.18 [s, 3H, PtCEl(trans to 1), 2Je.: 67.3 Hz], 1.53 [s, 6H,
PtCH; (transto N), 2Jpui 71.2 Hz], 7.64 (d, 4HJpw 6.5 Hz), 9.04 [d, 4H33,.: 6.4 Hz,
3Jpt 1 17.9 Hz).

Elemental analysis: H17IN4Pt(575.30 g.mof)
Calculated (in %): C:31.32,H: 2.98, N: 9.74
Experimental (in %):  C:31.25, H: 2.88, N:®.5

IR (KBr, cm™): 2962, 2899, 2816 (methyl C-H); 563 (Pt-C)

5.3.3.11 Synthesis of [PtM#£3-BrPy),l]

An excess of 3-bromopyridine (0.2 mL, 2.08 mmolsveaded to a solution of iodotrimethyl-

platinum(lV) (150 mg, 0.41 mmol) in chloroform (X@L). The reactants were stirred for
45 minutes, after which the volume of the solutwas reduced to 3-4 mL. Addition of n-

pentane (30 mL) produced a pale yellow productctwhvas filtered, washed with n-pentane
and air-dried. Yield: 250 mg (0.37 mmol, 90%).

'H NMR (CDCk; ppm): & = 1.17 [s, 3H, PtCE(trans to 1), 2Je.: 68.3 Hz], 1.51 [s, 6H,
PtCH; (transto N),%Jewr: 71.1 Hz], 7.28 (dd, 2H), 8.01 (d, 2H), 8.79 (#)28.83 (d, 2H).

Elemental analysis: {GH17Br,IN,Pt(683.08 g.mot)
Calculated (in %): C. 22.86, H: 2.51, N: 4.10
Experimental (in %):  C: 22.59, H: 2.45, N: 3.9

IR (KBr, cm): 2959, 2893, 2815 (methyl C-H); 575, 554 (Pt-C)
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5.3.3.12 Synthesis of [PtM#£3-CIPy).l]

To a chloroform solution (10 mL) of iodotrimethydpinum(1V) (150 mg, 0.41 mmol), an
excess of 3-chloropyridine (0.2 mL, 2.10 mmol) veakled and the resulting solution was
stirred for 45 minutes. After stirring, the solutiavas concentrated to 3-4 mL and large
excess of n-pentane (35 mL) was added to preapitet complex as a pale yellow product.
The product was filtered, washed several times wiffentane and air-dried. Yield: 223 mg
(0.375 mmol, 92%).

'H NMR (CDCk; ppm): & = 1.18 [s, 3H, PtChi(trans to 1), i 68.3 Hz], 1.52 [s, 6H,
PtCH; (transto N), 2Jpeii 71.1 Hz], 7.34 (dd, 2H), 7.87 (d, 2H), 8.75 (#)28.77 (d, 2H).

Elemental analysis: GH17CLIN-Pt(594.18 g.maf)
Calculated (in %): C. 26.28, H: 2.88, N: 4.71
Experimental (in %): C:25.96,H: 2.72, N:2.5

IR (KBr, cnmil): 2962, 2899, 2815 (methyl C-H): 572, 554 (Pt-C).

5.3.4 Syntheses of iodotrimethylplatinum(lV) complges of 2,2"-bipyridines

5.3.4.1 Synthesis of [PtMgbipy)l]

The complex [PtMgbipy)l] was synthesized according to the methodCtEfgget all*® A
benzene solution (6 mL) of iodotrimethylplatinum)If200 mg, 0.54 mmol) was mixed with
a benzene solution (6 mL) of 2,2 -bipyridine (85,M¢gp4 mmol). The solution was filtered
immediately, and the filtrate allowed to stand. Tgee yellow crystals that formed were
filtered, washed with n-hexane and air-dried. Yi&85 mg (0.49 mmol, 89%).

'H NMR (CDCk; ppm): & = 0.64 [s, 3H, PtCHi(trans to 1), 2o 73.1 Hz], 1.56 [s, 6H,
PtCH; (trans to N), 2Jpw 70.5 Hz], 7.64 (m, 2H), 8.07 (m, 2H), 8.23 (d,)28.02 (d, 2H,
3h-t: 6.1 HZ,2Jpri: 17.8 Hz).

'H NMR (nitrobenzene«l ppm):8 = 0.78 [s, 3H, PtCkl(transto 1), 2Jer.1: 72.6 Hz], 1.81 [s,
6H, PtCH; (transto N), 2w 70.5 Hz], 7.67 (m, 2H), 8.08 (m, 2H), 8.33 (d,)2BL08 (d, 2H,
33ht: 6.4 HZ,3Jpri: 18.5 Hz).
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Elemental analysis: GH17IN-Pt(523.28 g.mof)
Calculated (in %): C:29.84, H: 3.27, N: 5.35
Experimental (in %):  C: 30.05, H: 3.46, N: 5.4

IR (KBr, cmi®): 2957, 2892, 2811 (methyl C-H); 573, 557 (Pt-C)

EI-MS: m/z 395 [M-I}

5.3.4.2 Synthesis of [PtMg4Me-bipy)l]

lodotrimethylplatinum(I1V)Y200 mg, 0.54 mmol) was dissolved in benzene (1% amid 4,4 -
dimethyl-2,2"-bipyridine (100 mg, 0.54 mmol) addedthe stirred solution. The reactants
were stirred for another 1.5 h. The resulting padlbow solid was filtered off, washed with
n-hexane and dried under vacuum. Yield: 258 mg7(éhol, 86%).

'H NMR (CDCk; ppm): & = 0.63 [s, 3H, PtChi(trans to 1), i 73.5 Hz], 1.51 [s, 6H,
PtCH; (transto N), “Jpwn 70.3 Hz], 2.57 (s, 6H, i 7.42 (d, 2H), 8.01 (s, br, 2H), 8.82 (d,
2H, 3J.n: 5.8 Hz,*Jori 19.4 H2).

'H NMR (nitrobenzene«l ppm):8 = 0.81 [s, 3H, PtCki(transto 1), 2Jpri: 72.9 Hz], 1.78 [s,
6H, PtCH; (transto N),?Jew 70.3 Hz], 2.52 (s, 6H, Ci) 7.42 (d, 2H), 8.05 (s, br, 2H), 8.87
(d, 2H,331: 5.6 Hz,*Jpr: 19.6 Hz).

Elemental analysis: H-1IN-Pt(551.33 g.mof)
Calculated (in %): C: 32.68, H: 3.84, N: 5.08
Experimental (in %): C: 32.46, H: 3.97, N: 8.9

IR (KBr, cmi): 2952, 2890, 2809 (methyl C-H); 556, 521 (Pt-C)

EI-MS: m/z 423 [M-I]

5.3.4.3 Synthesis of [PtMg5Me-bipy)l]

An amount of 100 mg of 5,5 -dimethyl-2,2"-bipyridif0.54 mmol) was added to a stirred
solution of iodotrimethylplatinum(IV{200 mg, 0.54 mmol) in benzene (14 mL) for 1.5 h.
The resulting pale yellow solid was filtered offashed with n-hexane and dried in vacuum.
Yield: 270 mg (0.49 mmol, 90%).
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'H NMR (CDCk; ppm): 8 = 0.62 [s, 3H, PtCki(trans to 1), 2Jer.i: 73.3 Hz], 1.54 [s, 6H,
PtCH; (transto N), “Jpi 70.4 Hz], 2.51 (s, 6H, Cfj 7.81 (d, 2H), 8.04 (s, 2H), 8.77 (d, 2H,
33 1.1 HZ,3Jprr: 12.7 H2).

'H NMR (nitrobenzene«l ppm): & 0.82 [s, 3H, PtCHi(trans to 1), 2Jp.i: 72.7 Hz], 1.83 [s,
6H, PtCH, (transto N), 2w 70.3 Hz], 2.35 (s, 6H, Ci 7.80 (d, 2H), 8.13 (2H), 8.93 (s,
br, 2H).

Elemental analysis: gHxINPt(551.33 g.mof)
Calculated (in %): C: 32.68, H: 3.84, N: 5.08
Experimental (in %):  C:32.49, H: 3.92, N: 9.8

IR (KBr, cmiY): 2963, 2897, 2812 (methyl C-H); 558, 537 (Pt-C)

EI-MS: m/z 423 [M-I]

5.3.4.4 Synthesis of [PtMgOMe-bipy)l]

To a benzene solution (10 mL) of iodotrimethylptain(IV) (200 mg, 0.54 mmol), the ligand
4,4 -dimethoxy-2,2"-bipyridine (120 mg, 0.56 mmulas added and the solution was stirred
at room temperature for 2 h. The pale yellow s@ined was then filtered off, washed with
benzene and dried under vacuum. Yield: 267 mg (hA®I, 84%).

'H NMR (CDCk; ppm): & = 0.65 [s, 3H, PtCki(trans to 1), 2Jpr.i: 73.7 Hz], 1.48 [s, 6H,
PtCH; (transto N), 2Jper 70.2 Hz], 4.02 (s, 6H, OGH 7.08 (dd, 2H), 7.58 (d, 2H), 8.77 (d,
2H, 33 6.4 Hz,*Jor 19.8 Hz).

'H NMR (nitrobenzene«l ppm): & 0.86 [s, 3H, PtCHi(trans to 1), 2Jp.i: 73.0 Hz], 1.77 [s,
6H, PtCH; (transto N), 2w 70.5 Hz], 3.96 (s, 6H, OGH 7.09 (d, 2H), 7.61 (d, 2H), 8.83
(d, 2H,331: 6.4 HZ,*Jprrr: 19.9 Hz).

Elemental analysis: {&H-1IN-O-Pt(583.33 g.mot)

Calculated (in %): C: 30.89, H: 3.63, N: 4.80

Experimental (in %): C:30.78, H: 3.76, N: 2.7

IR (KBr, cm®): 2945, 2892, 2811 (methyl C-H); 575, 522 (Pt-C)

EI-MS: m/z 455 [M-I]
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5.3.4.5 Synthesis of [PtMgMe,N-bipy)I]

132 mg of 4,4"-bis(dimethylamino)-2,2"-bipyridin®.85 mmol) was added to a stirred
solution of iodotrimethylplatinum (200 mg, 0.54 minim benzene (15 mL) and the reactants
were stirred at room temperature for 1 h, afterclvhihe resultant pale yellow solid was
isolated, washed in benzene and dried in vacuueldY286 mg (0.47 mmol, 87%).

'H NMR (CDCk; ppm): & = 0.68 [s, 3H, PtCki(trans to 1), 2Jer.i: 74.9 Hz], 1.40 [s, 6H,
PtCH; (transto N), 2Jew 69.6 Hz], 3.16 [s, 12H, N(CHt], 6.68 (dd, 2H)7.14 (d, 2H)8.46
(d, 2H,331: 6.6 Hz,*Jpri: 20.0 Hz).

'H NMR (nitrobenzene« ppm):8 = 0.97 [s, 3H, PtCkl(transto 1), 2Jpri: 74.2 Hz], 1.76 [s,
6H, PtCH; (transto N), 2 69.5 Hz], 3.04 [s, 12H, N(CHb], 6.58 (dd, 2H)7.16 (d, 2H),
8.50 (d, 2H3J.: 6.6 Hz,*Jperi 20.0 Hz).

Elemental analysis: GH»7IN4Pt(609.42 g.mot)
Calculated (in %): C:33.51,H:4.47, N: 9.19
Experimental (in %): C: 33.66, H: 4.29, N:®.9

IR (KBr, cnmi?): 2941, 2890, 2811 (methyl C-H); 562 (Pt-C)

EI-MS: m/z 481 [M-I]

5.3.4.6 Synthesis of [PM#&CI-bipy)l]

To a benzene solution (10 mL) of iodotrimethylpiatin(200 mg, 0.54 mmol), 4,4 -dichloro-

2,2 -bipyridine (125 mg, 0.56 mmol) in benzene (B)rwas added and stirred for 2 h. The
yellow solid which formed was isolated, washed withexane and dried in vacuum. Yield:
297 mg (0.50 mmol, 92%).

'H NMR (CDCk; ppm): & = 0.62 [s, 3H, PtCki(trans to 1), 2Jer: 72.3 Hz],1.56 [s, 6H,
PtCH; (transto N), 2w 71.2 Hz], 7.66 (dd, 2H®B.18 (d, 2H),8.91 (d, 2H3}.4: 6.0 Hz,
3Jper: 19.2 Hz).
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'H NMR (nitrobenzene«l ppm): & 0.83 [s, 3H, PtCHi(trans to 1), 2Jp.i: 72.1 Hz], 1.80 [s,
6H, PtCH (transto N), 2Jeu: 71.3 Hz], 7.66 (2H), 8.25 (d, 2H), 9.00 (d, 28,.: 6.0 Hz,
3Jper: 13.5 Hz).

Elemental analysis: GH1sCLIN,Pt(592.16 g.mof)
Calculated (in %): C: 26.37, H: 2.55, N: 4.73
Experimental (in %): C: 26.55, H: 2.46, N:2.4

IR (KBr, cmi®): 2952, 2891, 2808 (methyl C-H); 562, 533 (Pt-C)

EI-MS: m/z 462 [M-I]
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5.4 Crystallography

The single crystal X-ray diffraction studies foetplatinum(lV) complexes were performed
with the following equipment:

« A STOE IPDS diffractometer equipped with a low t@rgiure system (Karlsruher
Glastechnisches Werk), a graphite monochromator IBndetector system. MqgK
radiation § = 0.71069 A) was used. The frames were integratitd the STOE
software packag€® Multi-scan absorption corrections were applfét.

« A smart CCD Bruker-AXS diffractometer equipped wihgraphite monochromator
and a CCD detector. MoKradiation § = 0.71073 A) was used. Cell refinement and
data reduction were carried out with tBAINT software®” The collected reflections

were corrected for absorption effects using mulirsSADABSrogrammeé®™

The structures were solved using the progran®HELXS-97% and refined by full-matrix
least squares orf Rith SHELXL-97programmé®® All the non-hydrogen atoms were refined
with anisotropic thermal parameters. Hydrogen atovese introduced in proper positions
with isotropic thermal parameters using the ‘ridimgdel’. Mercury*°® and DIAMOND™!

programmes were used for structure drawing.
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Table 5.4.1Crystal data and structure refinement for [Pi{eDMAP),I]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.55°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>3(1)]

R indices (all data)

Largest diff. peak and hole

GrH2IN 4Pt
611.43
133(2) K
0.71073 A
SMART CCD Bruker AXS
0.35x0.13 x 0.11 mn
yellow, needle
Monoclinic
R
a=7.7058(13) A a=90°
b =15.118(3) A B=97.363(3)°
c=17.171(3) A y=90°
1983.8(6) R
4
2.047 Mghn
8.634 mm
1160
1.80 to 30.55°
-1¥ h<10, -21< k<20, -1651<24
32045
6040 [R(int) = 0.0212]
0.993
multi-scan
0.746 and 0.403
Full-matrix least-squares &n F
6040/0/215
1.052
R1=0.0170, wR2 = 0.0395
R1 =0.0207, wR2 = 0.0408
1.985 and -0.470%.A
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Table 5.4.2Crystal data and structure refinement for [Pi{@eBrPy)l]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.14°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GsH17BraIN Pt
683.08
193(2) K
0.71073 A
STOE IPDS
0.21 x 0.10 x 0.08 mén
yellow, needle
Monoclinic
R
a=10.3932(14) A a=90°
b =14.1705(14) A B=104.290(16)°
c=12.1056(17) A y=90°
1727.7(4) R
4
2.626 Mghn
14.523 min
1240
2.48to 28.14°
-183 <13, -18<k<17,-15<1<16
15116
4158 [R(int) = 0.0826]
0.983
multi-scan
0.3329 and 0.1295
Full-matrix least-squares &n F
4158 /0/176
0.914
R1 = 0.0485, wR2 = 0.1153
R1 =0.0724, wR2 = 0.1255
3.274 and -2.592%.A
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Table 5.4.3Crystal data and structure refinement for [PifMeMePy)l]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.08°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GsH23IN Pt
553.34
193(2) K
0.71073 A
STOE IPDS
0.16 x 0.16 x 0.16 mn
yellow, cube
Monoclinic
R
a=11.2077(15) A a=90°
b=12.9162(13) A =98.822(16)°
c = 12.2592(16) A y=90°
1753.7(4) R
4
2.096 Mgfm
9.752 mm
1032
3.11 to 28.08°
-14 h<14,-17<k<17,-16<1<16
15855
3952 [R(int) = 0.0612]
0.924
multi-scan
0.2310 and 0.1861
Full-matrix least-squares &n F
3952/0/178
0.939
R1 = 0.0360, wR2 = 0.0814
R1 = 0.0582, wR2 = 0.0881
1.981 and -2.500%.A
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Table 5.4.4Crystal data and structure refinement for [P{MeEtPy)l]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.58°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

G7H7IN,Pt
581.40
133(2) K
0.71073 A
SMART CCD Bruker AXS
0.41 x 0.21 x 0.18 mén
yellow, prism
Monoclinic
Rz
a=12.0156(17) A a=90°
b =12.0304(17) A B=102.370(3)°
c = 13.4566(19) A y=90°
1900.0(5) &
4
2.032 Mghm
9.007 m
1096
1.74 to 30.58°
-12h<15,-17< k<16, -19<1<19
30876
5837 [R(int) = 0.0201]
0.999
multi-scan
0.433 and 0.238
Full-matrix least-squares &n F
5837/0/195
1.102
R1 = 0.0150, wR2 = 0.0358
R1 =0.0187, wR2 = 0.0373
0.552 and -1.457%.A
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Table 5.4.5Crystal data and structure refinement for [PifdeOMePy)l]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.57°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GsH23INL,O,Pt
585.34
133(2) K
0.71073 A
SMART CCD Bruker AXS
0.28 x 0.12 x 0.04 mén
yellow, needle
Orthorhombic
Pbca
a=17.304(3) A a=90°
b =8.2179(14) A B=90°
c =25.158(4) A y=90°
3577.4(11) &
8
2.174 Mghm
9.576 mm
2192
2.00 to 30.57°
-24 h<24,-11<k<9,-35<1<35
52384
5485 [R(int) = 0.0439]
0.999
multi-scan
0.746 and 0.416
Full-matrix least-squares &n F
5485 /0 /195
1.130
R1 =0.0352, wR2 = 0.0825
R1 = 0.0439, wR2 = 0.0862
2.927 and -1.818%.A
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Table 5.4.6Crystal data and structure refinement for [PifdeOMePy)l]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.10°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GsH23INL,O,Pt
585.34
193(2) K
0.71073 A
STOE IPDS
0.53 x 0.11 x 0.08 mén
yellow, needle
Monoclinic
R&
a=14.7578(15) A a=90°
b =7.6872(9) A B=113.803(11)°
c =17.2104(18) A y=90°
1786.4(3) B
4
2.176 Mghm
9.588 mn
1096
2.76 to 28.10°
-19h<19,-10<k<10, -22<1<22
15226
4317 [R(int) = 0.0586]
0.992
multi-scan
0.5049 and 0.1635
Full-matrix least-squares &n F
4317/0/196
0.986
R1 = 0.0320, wR2 = 0.0920
R1 = 0.0389, wR2 = 0.0952
2.755 and -1.636%.A
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Table 5.4.7Crystal data and structure refinementtfans-[PtMes(py)l]2

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.12°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GeHagl 2NoPL
892.38
193(2) K
0.71073 A
STOE IPDS
0.48 x 0.40 x 0.16 mn
yellow, prism
Monoclinic
C2/c
a=17.433(2) A a=90°
b = 10.0346(9) A B=118.295(15)°
c = 13.7500(19) A y=90°
2118.0(5) &
4
2.799 Mghm
16.110 min
1600
3.60 to 28.12°
-2¥ h<23,-13<k<12,-18<1<18
9143
2536 [R(int) = 0.0686]
0.975
multi-scan
0.1160 and 0.0285
Full-matrix least-squares &n F
2536/0/104
1.044
R1 =0.0437, wR2 = 0.1068
R1 =0.0479, wR2 = 0.1092
3.055 and -3.466%.A
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Table 5.4.8Crystal data and structure refinementdisr[PtMes(4-EtPy)IL

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.03°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GoH3el2NoPL
948.49
193(2) K
0.71073 A
STOE IPDS
0.34 x 0.32 x 0.16 mn
yellow, plate
Orthorhombic
Pnam
a=10.7003(10) A a=90°
b=12.7871(9) A B=90°
c = 18.4091(17) A y=90°
2518.8(4) &
4
2.501 Mghm
13.554 min
1728
3.331t0 27.03°
-183 <13, -15< k<15, -23<1< 23
19833
2719 [R(int) = 0.0679]
0.953
multi-scan
0.1480 and 0.0562
Full-matrix least-squares &n F
2719/01/126
1.102
R1 = 0.0485, wR2 = 0.1262
R1 = 0.0535, wR2 = 0.1328
2.890 and -4.746%.A
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Table 5.4.9Crystal data and structure refinementdisr[PtMes(4-OMePy)lp

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.97°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GgH32l .NOPY,
952.44
193(2) K
0.71073 A
STOE IPDS
0.24 x 0.23 x 0.18 m#n
yellow, plate
Monoclinic
R
a=10.4070(9) A a=90°
b =11.7649(6) A B=98.377(10)°
c =20.7823(17) A y=90°
2517.4(3) &
4
2.513 Mghm
13.568 min
1728
2.34t0 25.97°
-12h<12,-14<k<183,-25<1<25
18359
4928 [R(int) = 0.0548]
0.995
multi-scan
0.1115 and 0.0529
Full-matrix least-squares &n F
4928 /0 /245
0.925
R1 =0.0287, wR2 = 0.0728
R1 = 0.0402, wR2 = 0.0761
1.091 and -1.363%.A
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Table 5.4.10Crystal data and structure refinementdsr[PtMe;(4-CNPy)IL

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.01°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GgHa6l 2N4PL
942.41
193(2) K
0.71073 A
STOE IPDS
0.76 x 0.16 x 0.16 mn
yellow, needle
Monoclinic
R
a=22.7305(14) A a=90°
b =12.1314(9) A B=98.978(7)°
c =8.8971(5) A y=90°
2423.3(3) &
4
2.583 Mghm
14.090 min
1696
2.3510 26.01°
-2Zh<27,-14<k<14,-10<1<10
17266
4585 [R(int) = 0.0813]
0.964
multi-scan
0.1348 and 0.0423
Full-matrix least-squares &n F
4585 /0 /242
1.000
R1 =0.0720, wR2 = 0.1799
R1 = 0.0800, wR2 = 0.1857
6.440 and -5.116%.A
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Table 5.4.11Crystal data and structure refinementds[PtMe;(3-CIPy)l)..[PtMesl] 4

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 23.29°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>3(1)]

R indices (all data)

Largest diff. peak and hole

GeHs2Clal6N2Pt
2429.64
193(2) K
0.71073 A
STOE IPDS
0.08 x 0.06 x 0.02 m#n
yellow, needle
Orthorhombic
R2,2,
a=9.8450(5) A a=90°
b = 15.0987(9) A B=90°
c =33.7665(18) A y=90°
5019.3(5) R
4
3.215 Mghn
20.476 min
4256
1.81to 23.29°
-18 h< 10, -16< k< 16, -37< 1< 37
27403
7201 [R(int) = 0.0770]
0.998
multi-scan
0.3108 and 0.1554
Full-matrix least-squares &n F
7201/0/416
0.955
R1=0.0362, wR2 = 0.0894
R1=0.0431, wR2 = 0.0913
2.092 and -1.282%.A
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Table 5.4.12Crystal data and structure refinement for [Pi{dmy)I]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.16°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GsH17INoPt
523.28
193(2) K
0.71073 A
STOE IPDS
0.16 x 0.16 x 0.14 mn
yellow, cube
Monoclinic
12/m
a=7.7977(9) A a=90°
b =13.2724(14) A B=90.639(14)°
c = 14.4543(17) A y=90°
1495.8(3) &
4
2.324 Mghn
11.426 min
960
2.98 to 28.16°
-18 h< 10, -17<k<17,-19<1<19
6662
1877 [R(int) = 0.0596]
0.98
multi-scan
0.2198 and 0.1248
Full-matrix least-squares &n F
1877/0/85
1.038
R1 = 0.0306, wR2 = 0.0838
R1 =0.0347, wR2 = 0.0856
1.591 and -1.609%.A
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Table 5.4.13Crystal data and structure refinement for [PiMB&le-bipy)l]. 0.5 GHs

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.05°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>3(1)]

R indices (all data)

Largest diff. peak and hole

GgH24IN Pt
590.38
193(2) K
0.71073 A
STOE IPDS
0.33 x 0.30 x 0.29 m#n
yellow, cube
Monoclinic
Rz
a=11.8248(12) A a=90°
b = 8.3843(7) A B= 96.794(12)°
¢ =19.403(2) A y=90°
1910.2(3) &
4
2.053 Mghm
8.961 mm
1108
3.22t0 27.05°
-14 h< 14, -10< k<10, -24<1<24
15096
4076 [R(int) = 0.0492]
0.969
multi-scan
0.1084 and 0.0451
Full-matrix least-squares &n F
4076/ 0/ 205
1.052
R1 =0.0313, wR2 = 0.0769
R1 = 0.0359, wR2 = 0.0803
1.218 and -2.185%.A
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Table 5.4.14Crystal data and structure refinement for [P4(@8&e-bipy)l]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.10°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GsH2 NPt
551.33
193(2) K
0.71073 A
STOE IPDS
0.27 x 0.24 x 0.07 mn
yellow, prism
Monoclinic
R&
a=9.0193(10) A o=90°
b =12.3325(14) A B=105.756(11)°
c = 15.1944(14) A y=90°
1626.6(3) &
4
2.251 Mghm
10.514 min
1024
3.24 t0 28.10°
-1¥h<11,-16<k<16,-19<1<19
14169
3914 [R(int) = 0.0588]
0.989
multi-scan
0.4910 and 0.2303
Full-matrix least-squares &n F
3914/0/178
0.966
R1 = 0.0295, wR2 = 0.0716
R1 = 0.0405, wR2 = 0.0742
2.220 and -0.877%.A
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Table 5.4.15Crystal data and structure refinement for [Pi{@&e-bipy)l]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.15°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GsH21INL,OLPt
583.33
193(2) K
0.71073 A
STOE IPDS
0.27 x 0.25 x 0.22 mn
yellow, plate
Monoclinic
R
a=11.1515(11) A a=90°
b =11.6097(15) A B=103.077(12)°
c=13.6162(14) A y=90°
1717.1(3) B
4
2.256 Mgfm
9.975 m
1088
2.68 to 28.15°
-14 h<13, -15< k< 15, -18< 1< 17
15369
4053 [R(int) = 0.0679]
0.964
multi-scan
0.1409 and 0.0792
Full-matrix least-squares &n F
4053/0/196
0.858
R1 = 0.0416, wR2 = 0.1108
R1 = 0.0502, wR2 = 0.1169
2.285 and -3.396%.A
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Table 5.4.16Crystal data and structure refinement for [P4{i&e,N-bipy)l]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal colour and shape
Crystal size

Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.96°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GrH27IN4Pt
609.42
193(2) K
0.71073 A
STOE IPDS
yellow, plate
0.58 x 0.24 x 0.16 mn
Orthorhombic
Pcan
a=13.7054(11) A a=90°
b=17.6237(14) A B=90°
c =18.1731(16) A y=90°
4389.5(6) R
8
1.844 Mghm
7.804 mm
2303
2.19 to 25.96°
-18 h< 16, -14< k<21, -22<1<22
21595
4236 [R(int) = 0.0967]
0.984
multi-scan
0.3003 and 0.2449
Full-matrix least-squares &n F
4236/0/216
0.927
R1 = 0.0606, wR2 = 0.1461
R1 =0.1299, wR2 = 0.1694
1.962 and -0.981%.A
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Table 5.4.17Crystal data and structure refinement for [P4{@&-bipy)I]

Empirical formula
Formula weight
Temperature
Wavelength
Diffractometer type
Crystal size

Crystal colour and shape
Crystal system

Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.93°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [I>&(1)]

R indices (all data)

Largest diff. peak and hole

GeH1sCloIN,Pt
592.16
193(2) K
0.71073 A
STOE IPDS
0.84 x 0.48 x 0.24 mn
yellow, prism
Monoclinic
R
a=7.8468(7) A a=90°
b = 18.2385(17) A B=98.854(12)°
c=11.4267(12) A y=90°
1615.8(3) &
4
2.434 Mghm
10.913 min
1088
2.8510 26.93°
-9 h<8,-23<k<23,-14<1<14
12733
3268 [R(int) = 0.0621]
0.931
multi-scan
0.1048 and 0.0145
Full-matrix least-squares &n F
3268/0/176
1.968
R1 =0.0881, wR2 = 0.2229
R1 =0.0911, wR2 = 0.2286
5.215 and -13.392%.A
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Chapter 6 Summary

6 Summary

In this doctoral thesis, iodotrimethylplatinum(’Mjomplexes of different pyridine and
2,2°-bipyridine ligands are investigated. Schenie shows the pyridine and 2,2 -bipyridine

ligands used in this thesis.

X

L
N
Pyridine (py)

R 4-MePy: R = Me 3-MePy: R; = Me
4-EtPy: R = Et ) T
y S 7 Ry 3-EtPy: Ry = Et
=z | 4-OMePy: R = OMe | 3-OMePy: R; = OMe
4-DMAP: R = NMe, R -
o X 3-C|Py Ry = Cl
\N 4-'BuPy: R = CMe3 N 3-BrPy: Ry = Br
4-CNPy: R =CN
4-Substituted pyridines 3-Substituted pyridines
\
N\ 7
2,2’-Bipyridine (bipy)
Ry
B
R
B ¢
N~ 4Me-bipy: R = Me 5Me-bipy: R; = Me
OMe-bipy: R = OMe N “
~ MesN-bipy: R = NMe;, |
N | Cl-bipy: R=ClI N
X
R Ry
4,4’ -Disubstituted-2,2"-bipyridine 5,5 -Disubstituted-2,2"-bipyridine

Scheme 6.1The pyridine and 2,2 -bipyridine ligands usedhis doctoral work.

lodotrimethylplatinum(lV) complexes of pyridine ant$ mono-substituted derivatives are
demonstrated in Chapter 2. The crystal structufdsoth the mononuclear [PtMel] (L =
4-DMAP, 4-MePy, 4-EtPy, 4-OMePy, 3-OMePy and 3-BrPgnd dinucleartrans
[PtMes(py)l]. and cis-[PtMesLl]» (L = 4-EtPy, 4-OMePy, 4-CNPy and 3-CIPy) complexes
reveal an octahedral coordination around the platihv) and afacial arrangement of the
methyl groups. The crystal structure of the dinacleomplexes confirms that the iodide
ligand acts as a bridging ligand that holds the plainum metal ions together. Figures 6.1
and 6.2 illustrates the crystal structures of mamtear [PtMg(4-DMAP),I] and dinuclear
trans[PtMes(py)l]., respectively.
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Figure 6.1 Molecular structure of [PtM@&-DMAP),I] showing the atom labelling scheme. Thermal sbigs

are at the 50% probability level. Hydrogen atomes@mitted for clarity.

Figure 6.2 Molecular structure ofrans[PtMes(py)l], showing the atom labelling scheme. Thermal eligso

are at the 50% probability level. Hydrogen atomstima for clarity.

The reaction of the mononuclear [PtMd] (L = pyridines) complexes with [PtM#8, in
chloroform results in the formation of the corresgimg dinuclear complexes (botis and
trans isomers) of pyridines (Scheme 6.2lthough the pyridine substituents have no
significant influence on the crystal structureseaither the mononuclear or the dinuclear

complexes, the equilibrium population of these claxgs in solution depends largely on the
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electronic effect of the pyridine substituent asllves on the steric bulk of the pyridine
substituent. An electron donating substituent sasiNMe favours the mononuclear form
over the dinuclear form. On the other hand, theauclgar forms are more stable than the
mononuclear forms for pyridines containing electwithdrawing substituents. Thians
form is more stable than tlogs form in all the dinuclear complexes of pyridinesthe latter
exhibit steric interaction among the pyridine ligarwhich is absent in the former case. With
increasing steric bulk of the pyridine substitudrg stability of thecis isomer also decreases
in solution; however, steric interaction among fiyeidine ligands in theis dimeric form is

less in the case of 3-substituted pyridines thahencase of 4-substituted pyridines.

e ] . “\”e
Me Me
PtMesl]l, + 4 Pt — 4| N }
[PtMesl]4 e \ /Pt\/‘ + (1-n) /‘\/‘
|
[PtMesL,l] trans-[PtMe3LlI], cis-[PtMesLI],

Scheme 6.2The reaction of an equimolar mixture of iodotrimgplatinum and mononuclear [PtMel] (L=

pyridines) leading to the formation o andtransdinuclear complexes.

The weak Pt-N interaction in the mononuclear iadwgthylplatinum(lV) complexes of

electron withdrawing pyridines such as 4-CNPy, 8yBalso causes dissociation in solution
resulting in the formation of dinuclear complexesd &ree pyridine ligands, thereby an
equilibrium between these species is formed intsmiu The extent of dissociation also

depends on the concentration of the mononuclearplex®s of electron withdrawing

pyridines.
[ NP
Me\ Me Me / \
2 /P|\ (1-n) /P\/‘\ + /.\/‘\ +2L
[
[PtMesL,l]

cis-[PtMesLI], trans-[PtMesLI],

Scheme 6.3The dissociation of mononuclear pyridine complegésodotrimethylplatinum(lV), showing the

formation of dinuclear complexes. L = 4-CNPy, 3-BrP

lodotrimethylplatinum(1V) on treatment with 2,2 gyridine and its derivatives gives mono-

nuclear 2,2"-bipyridine complexes (Chapter 3). TBEMass spectra analyses of the
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complexes gave the highest m/z value for the spddikl]”, reflecting the mononuclear
nature of the complexe§he 'H NMR spectrum of the complexes shows that titems
influence of 2,2"-bipyridine ligand depends on tiectronic effect of the substituent. The
crystal structure of the complexes, [Py (L = bipy, 4Me-bipy, 5Me-bipy, OMe-bipy,
Me,N-bipy and Cl-bipy) confirms théac-octahedral coordination of the Pthmoiety and
the bidentate coordination of the 2,2 -bipyridinBgure 6.3 shows the crystal structure of
[PtMe3(OMe-bipy)l].

Figure 6.3 Molecular structure of [PtME€OMe-bipy)l] showing the atom labelling scheme. firhal ellipsoids

are at the 50% probability level. Hydrogen atomes@mitted for clarity.

Bond length comparison shows that Pt-N bond digsit bipyridine complexes are slightly
shorter than in the corresponding pyridine commexeeflecting the better-acceptor
character of the 2,2"-bipyridines. In addition, thePt-N bite angle in the bipyridine
complexes is much lower than in the pyridine com@éeHowever, the Pt-C, Pt-N and Pt-I
bond distances in the complexes do not changefisigmily. In the crystal packing of
[PtMes(Cl-bipy)l], intermolecular non-covalent interaatidbetween methyl hydrogen and
chlorine atom leads to the formation m§-zagchain structures, which are linked through
weakn-m interactions to form two-dimensional layer struet(Figure 6.4).
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-
,o””

~.

Figure 6.4 A perspective view of a two-dimensional framewstikucture of [PtMgCl-bipy)I].

The reaction of iodotrimethylplatinum(lVV) complexes pyridines (py, 4-MePy, 4-OMePy,
4-DMAP) with the corresponding 2,2 -bipyridines i 4Me-bipy, OMe-bipy, M&N-bipy)
lead to the substitution of ligands resulting ie formation of chelate bipyridine complexes

(described in Chapter 4).
Mep (7 Meg /l R

Meg @/R |
MeA\l/ Mec\l/N\ Mee~| Ny .

P |
|+
/' CL e | TS N
N /R

R =H, Me, OMe t

R R

\/

Scheme 6.4 The substitution of pyridine ligands by the copasding 2,2°-bipyridines in
iodotrimethylplatinum(lV) complex.

Meg NMe
| @( 2 AN NMe, "|/' NMe2 Mee/l NMe, NMe,
MeA\ Nz MeC\ N MeE\ | Ny %
2 <N N | + /P< X | + - |
N7 | l Mee™ | N
Z NMe, N NMe, ,N Z> NMe, NS S NMe, 4-DMAP
%) N l
[PtMe3(4-DMAP),I] Me,N-bipy NMe, NMe,
[PtMey(Me,N-hipy((4-DMAP)]I [PtMe3(4-DMAP);]I

Scheme 6.5The substitution of 4-DMAP by MBI-bipy in iodotrimethylplatinum(1V) complex.

The equilibrium for these substitution reactionsosgly favours the formation of chelate
products. The formation of chelate complexes iutsmh at equilibrium depends largely on

the electronic effect of the substituent as welashe nature of the solvent.
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Chapter 7 Zusammenfassung

7 Zusammenfassung

In dieser Arbeit wurden lodidotrimethylplatin(IV)dtnplexe mit verschiedenen Pyridin- und
2,2 -Bipyridin-Liganden untersucht. Schema 7.1 zeige Ubersicht der einzelnen Pyridin
und 2,2 -Bipyridin-Liganden.

[
Va
N
Pyridin (py)
R 4-MePy: R = Me 3 o
4By R=E Ry 3_'I\EAt(I3:’P¥.RR1—_E'\tAe
= | 4-OMePy: R = OMe < | 3—0MZPy‘1 R; = OMe
4-DMAP: R = NMe, ]
3-CIPy: Ry =ClI
\N 4-'BuPy: R = CMeg \N 3-BrPy: Ry = Br
4-CNPy: R =CN
4-substituierte Pyridine 3-substituierte Pyridine
\
<:'\>_<\lj/>
2,2 -Bipyridin (bipy)
Ry
R
B ®
N
N A 4Me-bipy: R = Me Z
OMe-bipy: R = OMe 5Me-bipy: Ry = Me
yZ Me,N-bipy: R = NMe, NZ
N Cl-bipy: R = CI |
AN
N R
Ry
4,4’ -disubstituierte 2,2"-Bipyridine 5,5 -disubstituierte 2,2"-Bipyridine

Schema 7.10bersicht der in dieser Arbeit verwendeten Pyedimd 2,2"-Bipyridine.

lodidotrimethylplatin(IV)-Komplexe von Pyridin undeinen monosubstituierten Derivaten
werden in Kapitel 2 behandelt. Die Kristallstruldnrvon sowohl mononuklearen [Ptilel]
(L = 4-DMPA, 4-MePy, 4-EtPy, 4-OMePy, 3-OMePy uneBfPy) als auch dinuklearen
trans[PtMes(py)l], und cis[PtMesLl], (L = 4-EtPy, 4-OMePy, 4-CNPy und 3-CIPy)
Komplexen zeigen eine oktaedrische KoordinationRlatin(lV) und eindaciale Anordnung
der Methylgruppen. Die Kristallstrukturen von ditedkren Komplexen bestatigen, dass der
lodid-Ligand als verbriickender Ligand, der zweitiRlonen zusammenhdlt, dient. Die
Abbildungen 7.1 und 7.2 zeigen beispielhaft diestalistrukturen von mononuklearem
[PtMe3(4-DMPA),I] und dinuklearentrans[PtMes(py)l]..
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Abb. 7.1 Molekulare Struktur von [PtM@-DMPA),I]. Thermische Ellipsoide sind am 50%

Wahrscheinlichkeitslevel. Wasserstoffatome wurdemtesseren Ubersichtlichkeit weggelassen.

Abb. 7.2 Molekulare Struktur von trans[PtMes(py)l],. Thermische Ellipsoide sind am 50%

Wahrscheinlichkeitslevel. Wasserstoffatome wurdemtesseren Ubersichtlichkeit weggelassen.

Die Reaktion von mononuklearen [Ptilel]-Komplexen (L = Pyridin) mit [PtMg]4 in
Chloroform resultiert in der Bildung des entspreden dinuklearen Pyridinkomplexes
(sowohl cis- als auchtranslsomer). Obwohl die Pyridinsubstituenten keinegngikanten
Einfluss auf die Kristallstruktur sowohl von mondétearen als auch von dinuklearen
Komplexen haben, hangt das Gleichgewichtsverhalimider Spezies in LOsung zu einem

gro3en Teil von den elektronischen Einflissen ddps8tuenten, sowie deren sterischem
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Anspruch ab. Ein elektronenschiebender SubstitwentNMe, zieht die mononukleare Form
der dinuklearen vor. Auf der anderen Seite ist dieukleare Form fur Pyridine mit
elektronenziehenden Substituenten stabiler alsndironukleare. Di¢rans-Form ist fur alle
dinuklearen Pyridinkomplexe stabiler als dieissForm, da letztere sterische
Wechselwirkungen zwischen den Pyridinliganden \sacint, die in detransForm nicht
vorkommen. Mit steigendem sterischen Anspruch dgrdisubstituenten sinkt auch die
Stabilitat des cis-lsomers in Losung. Die sterische Wechselwirkungiseiaen den
Pyridinliganden ist in der dimeraris-Form bei 3-substituierten Pyridinen geringer asden

4-substituierten.

I’ N . Te
Me L Me Me
PtMe,l 4 Pt ——= 4| N B
[ eslly + Me/ \|_ /‘ \/‘ + (1-n) /Pt\/‘
|
[PtMe3Ll] trans-[PtMesLlI], cis-[PtMesLlI]

Schema 7.2Die Reaktion einer aquimolaren Mischung aus loglidwthylplatin(lV) und mononuklearem

[PtMesL,l] (L = Pyridin), die zur Bildung von dinuklearanis- undtrans Komplexen fihrt.

Die schwache Pt-N-Wechselwirkung in  mononuklearendidotrimethylplatin(IV)-

Komplexen mit elektronenziehenden Pyridinen wie NP§ oder 3-BrPy verursacht eine
Dissoziation der Komplexe in Lésung, die in derdBihg von dinuklearen Komplexen und
freien Pyridinliganden resultiert, wobei ein Glagefwicht zwischen beiden Spezies in Lésung
vorliegt. Der Grad der Dissoziation hangt auch dem Konzentration der mononuklearen

Komplexe mit elektronenziehenden Pyridinen ab.

Me Me Me Me L
| |
2 Me\F|> — (1) Me\lt/ \Pt/Me Me\lt/ \FL/Me + 2L
we” | N0 Me/| N, | e we” | N ‘ N
I L L L Me
[PtMesLl] cis-[PtMesLil, trans-[PtMesLI],

Schema 7.3Die Dissoziation von mononuklearen Pyridin-Komm@exon lodidotrimethylplatin zu dinuklearen
Komplexen (L = 4-CNPy, 3-BrPy).

Die Reaktion von lodidotrimethylplatin(IV) mit 2 Bipyridin und dessen Derivaten erzeugt

mononukleare 2,2 -Bipyridin-Komplexe (s. Kap. 3)eEI-Massenspektren dieser Komplexe
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zeigten das hochste m/z Verhdltnis fur die ent$meden [M-I] Spezies, was die
mononukleare Natur dieser Komplexe reflektiert. EieNMR Spektren zeigen, dass der
transEinfluss der 2,2"-Bipyridinliganden von den elekigsthen Effekten des Substituenten
abhangt. Die Kristallstrukturen der Komplexe [PtMé (L = bipy, 4Me-bipy, 5Me-bipy,
OMe-bipy, MeN-bipy and Cl-bipy) bestatigen dfac-oktaedrische Koordination des Ptive
Rests und die bidentale Koordination der 2,2°-Bugliye. Die Abbildung 7.3 zeigt die
Kristallstruktur von [PtMeg(OMe-bipy)l].

Abb. 7.3 Molekulare Struktur von [PtM&Me-Bipy)l]. Thermische Ellipsoide sind am 50%
Wahrscheinlichkeitslevel. Wasserstoffatome wurdemaesseren Ubersichtlichkeit weggelassen.

Ein Vergleich der Bindungslangen zeigt, dass deN ABindungsabstand in Bipyridin-
Komplexen leicht kirzer ist als in den entsprecleengyridin-Komplexen, was die besseren
n-Akzeptor Eigenschaften von 2,2"-Bipyridinen zelges Weiteren ist der N-Pt-N Winkel in
Bipyridin-Komplexen wesentlich kleiner als in PyineKomplexen. Die Pt-C, Pt-N und Pt-I
Bindungslangen der Komplexe &ndern sich hingegeit signifikant. In der Kristallpackung
von [PtMe(Cl-bipy)l] fuhren intermolekulare, nicht kovalentechselwirkungen zwischen
den Methyl-Wasserstoffatomen und den ChloratomemleauAusbildung von kettenartigen
Zick-Zack-Strukturen, die Uber schwachen-Wechselwirkungen zur Ausbildung einer

zweidimensionale Schichtstruktur fihren (Abb. 7.4).
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Abb. 7.4 Die zweidimensionale Geruststruktur von [Pt@-bipy)l].

Die Reaktion von lodidotrimethylplatin(IV)-Pyridicknplexen (py, 4-MePy, 4-OMePy,
4-DMAP) mit den entsprechenden 2,2"-Bipyridinerpghi4Me-bipy, OMe-bipy, MeN-bipy)
fuhrt zu einer Substitution der Liganden, die im Bédung von Chelat-Bipyridin-Komplexen

resultiert (beschrieben in Kapitel 4).

R R R
Te@( I\R e e ] |
Z Me Na Me Na Z
/ >P< * >P I \l
| Me | N Me’ | N N
| I/ N I/

Schema 7.4 Die Substitution von Pyridinliganden durch die rempondierenden 2,2"-Bipyridine an
lodidotrimethylplatin(IV)-Komplexen (R = H, Me, ONje

(\jNMez A NMe, Mep NMez MeE/ NMe, NMe
2
MeA\ N = Mec\| Ny Meg | ~Nx ! y
Mey” —— < I+ /P< I+ |
T b N w0
[ NMe, N NMe, NI NMe, ’NI Z> NMe, 4-DMAP
N &g
[PtMe3(4-DMAP),I] Me;N-bipy NMe, NMe,
[PtMeg(Me,N-bipy((4-DMAP)]I [PtMez(4-DMAP);]I

Schema 7.9Die Substitution von 4-DMAP durch M-bipy an lodidotrimethylplatin(IVV)-Komplexen.

Im Gleichgewicht ist die Bildung des Chelatprodukts dieser Substitutionsreaktion stark
bevorzugt. Die Bildung von Chelat-Komplexen in Laguhédngt im Gleichgewicht zu einem
groRen Teil von den elektronischen Effekten ders8tuenten sowie von der Natur des

Losungsmittels ab.
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8.2 Abbreviations

BAB

bipy

bipy N-Oxide
br

BrPy

bpym

CHIP

Cl-bipy
Cl-bipy N-Oxide
ClPy

cm

CNPy
COSsY

D

d

dd

DCM

DMAP

dmas

Angstrom

alpha

beta

degree

degree celsius

chemical shift (NMR)
gyromagnetic ratio

reduced Planck constant
X-ray wavelength

proton

Abbildung

2,2 -azobispyridine
external magnetic field
1,2-bis(N-7-azaindolyl)benzene
2,2"-bipyridine

2,2 -bipyridine N,N"-dioxide
broad signal (NMR)
bromopyridine
2,2"-bipyrimidine
cis-dichlorotrans-dihydroxy-bis-isopropylamineplatinum(I1V)
4,4"-dichloro-2,2"-bipyridine
4,4’ -dichloro-2,2"-bipyridine N,Mioxide
chloropyridine

centimetre

cyanopyridine

correlation spectroscopy
diffusion coefficient
doublet(NMR)

doublet of doublets (NMR)
dichloromethane
dimethylaminopyridine

(dimethylarsino)sulphide
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DMF
DMG
DMSO
DNA
DOSY
El

en
EtPy
eV
EXSY

fac

Keq

m
4Me-bipy
5Me-bipy
MezN-bipy
MePy
Me,Pz
mg

MHz

mL

mmol

mol

MS

m/z

N,N-dimethylformamide
dimethylglyoxime

dimethyl sulfoxide
deoxyribonucleic acid
diffusion ordered spectroscopy
electron ionisation
ethylenediamine
ethylpyridine

electron volt

exchange spectroscopy
facial

hour(s)

hertz

Nuclear Spin

infrared

spin-spin coupling constant
cis-dichlorarans-diacetato-ammine-cyclohexylamine-
platinum(IV)

Kelvin

Boltzmann Constant
Equilibrium constant
multiplet

4,4 -dimethyl-2,2"-bipyridine
5,5"-dimethyl-2,2"-bipyridine
4,4 -bis(dimethylamino)-2,2"-bipyridine
methylpyridine
3,5-dimethylpyrazole
milligram

megahertz

millilitre

millimole

mole

mass spectrometry

mass to charge ratio
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NMR nuclear magnetic resonance

NOESY nuclear overhauser effect spectroscopy

OMe-bipy 4,4 -dimethoxy-2,2"-bipyridine

OMePy methoxypyridine

O2N-bipy N-Oxide
OTf

phen

PMDTA

ppdm

ppm

Pt

PtAs

Py
pydz
Pz

q

s

t

‘BuPy
TFE
THF
TMEDA

4,4’ -dinitro-2,2"-bipyridine N,N’iokide
triflate (trifluoromethanesulfonate)
1,10-phenanthroline
N,N,N",N"",N""-pentamethyldiethylenetriangin
1-phenylpropane-1,2-dione 2-oximate
parts per million

platinum

sperrylite

pyridine

pyridazine

pyrazole

guartet (NMR)

singlet (NMR)

triplet (NMR)

tertiarybutylpyridine
2,2,2-trifluoroethanol

tetrahydrofuran
N,N,N",N"-tetramethylethylenediamine
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