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Abstract:
PtMe2(diimine), where diimine = 2,2'-bipyridyl or 1,10-phenanthroline, oxidized with silver(l) salts in
the presence of excess pyridine, forms the dimeric Pt(III) complexes, [Pt2Me4(bipy)2(pyr)2]X2 and
[Pt2Me4(bipy)2(pyr)2]X2, X = NO3, CF3SO3. The mixed diimine dimeric Pt(III) complex was also
synthesized. Ferrocenium hexafluorophosphate may also be used as an oxidant. Other oxidants,
Ce(IV), NO+, and Oxone, were used but did not form the dimeric Pt(III) complexes. Hydrogen
peroxide worked to a limited extent.

The dimeric Pt(III) complex, [Pt2Me4(bipy)2(pyr)2]X2, X = NO3, was obtained as a single crystal and
the molecular structure was determined by X-ray crystallography. The structure, which contained
disordered nitrates and one water per platinum, showed a dimeric Pt(III) complex that was unsupported
by bridging ligands. The Pt-Pt metal separation was determined to be 2.708(1) å.

The reactivity of the newly synthesized dimeric Pt(III) complexes was studied. When axial ligand
substitution reactions are performed with triphenylphosphine, the dimeric Pt(III) complexes
disproportionated into equimolar fac-[PtlvMe3(diimine)(PPh3)]+ and [Pt"Me(diimine)(PPh3)]+
complexes. When diimine = phen and in the presence of excess PPh3, [PtlllMe2(phen)(PPh3)]22+ was
observed at 243 K. Axial ligand substitution with chloride or thiocyanate formed new, stable
complexes. The dimeric complex may be synthesized in the presence of thiocyanate. Evidence of
oligomer formation is presented.

A preliminary reactivity study of PtMe2(bipy) in the presence of Zn(II), Zr(IV), Cd(II) and Hg(II) salts
was performed. Zn(II) and Zr(IV) both formed a Pt-M adduct. Cd(II) formed two different adducts with
the Pt complex: Cd-Pt4 and Cd-Pt. A computer generated structure of the Cd-Pt4 adduct is presented.
Hg(II) forms a Hg-Pt adduct at low equivalents of Hg(II). At one equivalent of Hg(II), two new
mercury complexes, [Hg"Me(bipy)]+ and Hg2Me(CH3CO2) are proposed to form. The platinum
complex was apparently de-methylated.

An equilibrium study between bis-μ-dialkylsulfidebisdimethylplatinum(ll) and free dialkylsuIfide to
form monomeric cis-bis(dialkylsulfide)dimethyl platinum(ll) was performed. The equilibrium constants
and thermodynamic parameters of these reactions are reported for methyl, ethyl, and propyl sulfides.
Enthalpies and entropies were negative for each reaction and the dimeric complexes owed their
existence to an unfavorable entropy value. 
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ABSTRACT

xiii

PtMea(Cliimine), where diimine = 2,2'-bipyridyl or 1,10-phenanthroline, 
oxidized with silver(l) salts in the presence of excess pyridine, forms the dimeric 
Pt(III) complexes, [P taM e^b ipy^pyr^Xa and [Pt2Me4(bipy)a(pyr)a]X2, X = NO3, 
CF3SO3. The mixed diimine dimeric Pt(III) complex was also synthesized. 
Ferrocenium hexafluorophosphate may also be used as an oxidant. Other 
oxidants, Ce(IV), NO+, and Oxone, were used but did not form the dimeric Pt(III) 
complexes. Hydrogen peroxide worked to a limited extent.

The dimeric Pt(III) complex, [PtaMe4(bipy)a(pyr)a]Xa, X = NO3, was 
obtained as a single crystal and the molecular structure was determined by X-ray 
crystallography. The structure, which contained disordered nitrates and one 
water per platinum, showed a dimeric Pt(IJI) complex that was unsupported by 
bridging ligands. The Pt-Pt metal separation was determined to be 2.708(1) A.

The reactivity of the newly synthesized dimeric Pt(III) complexes was 
studied. When axial ligand substitution reactions are performed with 
triphenylphosphine, the dimeric Pt(III) complexes disproportionated into 
equimolar fec-[PtlvMe3(diimine)(PPh3)]+ and [Pt"Me(diimine)(PPh3)]+ complexes. 
When diimine = phen and in the presence of excess PPh3, 
[PtlllMe2(phen)(PPh3)]a2+ was observed at 243 K. Axial ligand substitution with 
chloride or thiocyanate formed new, stable complexes. The dimeric complex 
may be synthesized in the presence of thiocyanate. Evidence of oligomer 
formation is presented.

A preliminary reactivity study of PtMe2(bipy) in the presence of Zn(II), 
Zr(IV), Cd(II) and Hg(II) salts was performed. Zn(II) and Zr(IV) both formed a Pt- 
M adduct. Cd(II) formed two different adducts with the Pt complex: Cd-Pt4 and 
Cd-Pt. A computer generated structure of the Cd-Pt4 adduct is presented. Hg(II) 
forms a Hg-Pt adduct at low equivalents of Hg(II). At one equivalent of Hg(II), 
two new mercury complexes, [Hg"Me(bipy)]+ and Hg2Me(CH3CO2) are proposed 
to form. The platinum complex was apparently de-methylated.

An equilibrium study between bis-n-dialkylsulfidebisdimethylplatinum(ll) 
and free dialkylsuIfide to form monomeric c/s-bis(dialkylsulfide)dimethyl 
platinum(ll) was performed. The equilibrium constants and thermodynamic 
parameters of these reactions are reported for methyl, ethyl, and propyl sulfides. 
Enthalpies and entropies were negative for each reaction and the dimeric 
complexes owed their existence to an unfavorable entropy value.



1

INTRODUCTION

One-dimensional materials are the objects of intense study due to their 

spectacular and highly anisotropic electrical, magnetic and optical properties. 

Most I-D  electrical conductor platinum complexes contain an infinite stack of 

planar molecules having platinum atoms of non-integral oxidation number. A 

major stumbling block that scientists face in searching for strategies to 

synthesize stacked planar complexes are the complexes' unpredictable packing 

forces. Scientists wish to devise a synthetic method, which controls the interplay 

between electronic and packing forces. Consequently, the scientific community 

must first study these forces in new low-dimensional systems and determine how 

these factors effect solid-state properties. This thesis outlines the synthetic 

strategy and characterization of three new unbridged dimeric Pt(III) complexes.

Dimeric d7-d7 metal complexes have a net single bond between the metal 

atoms and possess a ct27i4525*27i*4 electronic configuration (1). Typically, these 

systems have either two or four ligands bridging the two metal centers and have 

axial ligand positions occupied by suitable monodentate donor ligands. This type 

of bonding and these types of ligand configurations are commonly seen in Rha4+ 

systems, where numerous examples have been structurally characterized. In 

comparison to the Rha4+ systems, however, the isoelectronic Pta6+ systems have 

only recently been studied, and relatively few examples have been structurally
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characterized. Furthermore, only in the last decade have examples of the Pt26"1" 

system been characterized in which there do not exist bridging ligands between 

the two metal centers. Although this thesis project deals with examples of 

unbridged Pt26+ systems, a historical background covering both bridged and 

unbridged systems will be presented.

Quadruply-Bridged Dimeric Pt(III) Complexes

Quadruply-bridged dimeric complexes, also called lantern-type 

complexes, are observed for a large variety of transition metal ions, e.g., Cu, Cr, 

Mo, W, Tc, Re, Ru, Os, Rh, Ir, Ni, Pd, and Pt. Complexes containing four 

bridging ligands appear to be one of the most important common basic structures 

for transition metal complexes (1-3). However, platinum complexes of this type 

have been one of the last to be characterized but appear to be the most versatile 

in regards to the coordinating atoms of the bridging ligands, including 0 , P, S, C, 

and N. These bridging ligands commonly form a five-membered ring between 

the two metal ions. Furthermore, well-characterized lantern-type platinum 

complexes have been shown to form between divalent, trivalent, and mixed- 

valent platinum ions.
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Sulfate Bridged Complexes

The first dimeric platinum(lll) complex was prepared in 1905 by Blondel 

(4). In a complex reaction in which platinum(IV) oxide was reacted with a sulfuric 

acid-water mixture that was subsequently reduced by the addition of oxalic acid 

he formed the dimeric platinum(lll) complex, fM P tz fS O ^hbO ^j'Q .S  H2O. 

Blondel also reported the syntheses of the sodium and potassium salts of this 

complex (4). Independent confirmation of Blondel's work came several years 

later when Wohler and Frey (5) and Delepine (6) developed better methods to 

prepare his complexes, as well as several other closely related ones. Blondel's 

work is especially significant in that the potassium salt of his complex, . 

K2EPt2(SO4)1I(H2O)2], would prove to be the first structurally characterized dimeric 

platinum(lll) complex. The complex was prepared by an improved method 

involving a complex oxidation-reduction reaction between K2[Pt(N02)4] and 

sulfuric acid (7). Soon after this report came an incomplete crystal structure 

determination in which only average bond lengths and bond angles were 

reported, with no mention of error estimates (8). Although incomplete, this 

structure determination showed the anion to have the same type of suIfato- 

bridged, metal-metal bonded dimeric structure, 1, seen previously for 

[Re2(SO4)4(H2O)2]4" (9) and [Mo2(SO4)4(H2O)2] (6-10).
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The reported Pt-Pt distance of 2.466 A was consistent with having the 

CT27t45 26 *V4 electronic configuration and a net single bond between the two 

platinum(lll) atoms. In 1984, a complete structure determination that confirmed 

the earlier results was reported (11). Potentiometric titration with Ti(III) and 

CraOy2" provided confirmation of an average platinum oxidation state of +3 (7). 

X-ray photoelectron spectroscopy (XPS) studies also showed that the two 

platinum atoms were equivalent (7). Several derivatives containing both neutral 

and anionic axial ligands have been reported. Analytical data for these 

complexes, which most likely retain the sulfate-bridged, metal-metal bonded 

structure, were reported together with the original structure report (8). Finally, 

another platinum(lll) sulfate complex, 2, that contained dimethylsulfoxide 

coordinated to the axial positions and was more stable and soluble than its aqua 

counterpart, was structurally characterized in 1981 (12). The Pt-Pt distance of
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2.471(1) A was not significantly different from that reported for 

K2P t2(SO4)4(H2O)2].

2

Phosphate-Bridged Complexes

Several dimeric platinum(lll) phosphate complexes, 3, that are structurally 

similar to their sulfate analogues were prepared and subsequently characterized 

in 1982 (11, 13-16). These complexes were structurally very similar to the 

sulfate complexes in that they have four bridging ligands, two axial ligands, and 

relatively short metal-metal single bonds ranging from 2.486(1) to 2.529(1) A.
2-

OH2

3

OH2



6
These complexes were more stable and soluble than their sulfate analogues. 

However they were similar in that it typically has been difficult to substitute the 

bridging phosphate groups for other ligands without breaking the metal-metal 

bond (16). One exception to this trend was the reaction of 

(pyrH)[Pt2(HP04)4(pyr)2] with triphenylphosphine in water, which apparently led to 

a product in which one of the phosphate bridges has been replaced with two 

triphenylphosphine ligands (16). This complex, formulated as 

[Pt2(HP.0 4 )3(PPh3)2(H2 0 )2], has not been structurally characterized by X-ray 

crystallography. The only type of reaction of these complexes that has been 

clearly demonstrated was substitution of the axial ligands. A variety of 

derivatives have been prepared with pyridine or substituted pyridine molecules 

as axial ligands. Most other reactions attempted tended to break the metal-metal 

bond leading to decomposition of the complex. A similar situation occurred with 

the sulfate complexes.

195Pt Nuclear Magnet Resonance (NMR) data have been reported for 

many of the sulfate- and phosphate-bridged complexes discussed above (17,

18). For complexes with two different axial ligands, the Pt-Pt coupling constants 

were measured directly from the AB portions of the spectra. The 1J(Pt-Pt) 

coupling constants were larger in magnitude for complexes with phosphate 

bridges than for those with sulfate bridges. However, the v(Pt-Pt) from Raman 

spectra and the Pt-Pt bond lengths do not indicate stronger Pt-Pt bonds for the 

phosphate complexes (18). The authors conclude that the 1J(Pt-Pt) in these



complexes must be extremely sensitive to variations in electronic structure which 

has little effect on the molecular structure.

□!phosphite Bridged Complexes

/

In 1977, the reaction of KaIPtCU] with molten phosphorous acid was 

reported to yield a material that had an intense green luminescence upon 

irradiation with ultraviolet (UV) light (19). This complex was originally thought to 

be Pt(OP(OH)2)2(P(OH)3)2, first reported in 1961 (20). In the last twenty years, 

the luminescent species, which is now known as tetra-p-pyrophos- 

phitodiplatinum(ll) ion, [Pt2(Pop)4]4', pop = P2O5H22", has been shown to exhibit 

many unusual properties. In 1982, Gray et al. (21) demonstrated that dimeric 

[Pt2(pop)4]4" complexes would undergo oxidative addition reactions with halogens 

or methyl iodide, yielding dimeric platinum (III) complexes with the general 

formula [Pt2(Pop)4X2]4". In this report, the authors stated that oxidative addition to 

dimeric platinum (II) complexes with concomitant formation of a Pt-Pt single bond 

was an energetically favorable process. The formation of a Pt-Pt single bond 

apparently drove these reactions, where two a-anti-bonding Pt-Pt electrons were 

transferred to X2 from the [Pt2(pop)4]4", which had a a2a*2 configuration. This 

reaction resulted in a a2 ground state for the Pt(III)2 complex. In accordance with 

this interpretation was the observed shortening of the Pt-Pt bonds in the 

[Pt2(Pop)4X4]4' complexes relative to the sulfate- and phosphate-bridged

7



complexes. Moreover, the electronic absorption spectra of these complexes 

supported this interpretation. An intense two-band pattern, attributable to 

transitions from the da2 ground state, was observed in the spectrum of each 

complex. The higher energy, more intense component has been assigned to a 

da ->da* transition (21).

Di-adducts, [Pt2(Pop)4X2]4", with Br (22, 23), I" (22),NO2" (24, 25), SON"

(25, 26), and imidazolyl (25) have been synthesized, as well as the mixed 

adducts, [Pt2(Pop)4XY]4', where X = Cl", Br", I"; and, Y = Cl", Br", I", CM", NO2' (24, 

26, 27). These species have been formed by using coordinating oxidizing 

agents, separate oxidizing and coordinating agents, electrochemical oxidation, or 

substitution reactions (24, 27). Of the 15 complexes, [Pt2(Pop)4XY]4" (X = Y = Cl", 

Br", I", NO2", SCN", imidazolyl; X = Cl", Y = Br", NO2"; X = Br", Y = CN", NO2"; X = I", 

Y = Cl", Br", CHs", NO2', CN"), prepared, only nine have been structurally 

characterized (X = Y= Cl" (28, 21), Br" (22, 23), I" (22), NO2" (24, 30), SCN" (30), 

imidazolyl (30); X = I", Y = CH2' (25)). All of these complexes have similar 

structures, with four diphosphite ligands bridging the two metal centers and the 

axial positions occupied by either CI7CI", Br /Br", I7I", N 027N 02", SCN7SCN", or 

CH3'/!' (21-23, 25, 29, 30). The larger metal-metal distances as compared to the 

sulfate- and phosphate-bridged complexes have been attributed to the larger 

chelate distance of the diphosphite ligand, which is due to steric interactions 

between the phosphorus atoms. A representative structure, 4, is shown below.

8
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Acetate and Acetvlacetonate Bridged Complexes

The lantern-type dimeric Pt(III) complex, tetra-|i-actetatodiplatinum(lll) 

dication, was not successfully synthesized until 1992 by Appleton et al. (31). 

There was an earlier report in 1980 of a synthesis by Rudyi et al. (32) in which 

hexahydroxoplatinum(IV) was reduced with formic acid in glacial acetic acid. The 

only characterization of the Rudyi et al. complex was through elemental analysis, 

and Appleton et al. commented on their inability to reproduce the Rudyi et al. 

synthesis. To date, this is the last platinum lantern complex to be synthesized for 

which other analogous metal ion complexes have been well characterized, e.g., 

rhodium(ll) acetate (33).

The reported synthesis of the tetra-p-actetatodiplatinum(lll) dication is 

similar to the syntheses of the sulfate- and phosphate-bridged complexes. A 

solution of K2[Pt(N02)4] in a 2:1 mixture (v:v) of glacial acetic acid and 1 M 

perchloric acid was heated in air. The complex was obtained as a yellow solid,



10

and elemental analysis suggested the complex [PtaCCHaCChMhhOkKCIO^, 5. 

The authors observed violent decompositions of the above complex. They also 

demonstrated that the reaction would proceed using with 1 M trifluoromethane- 

sulfonic acid, yielding the analogous trifluoromethanesulfonate salt.

X-ray crystal structure determination showed that the complex was dimeric 

and exhibited many similarities to the neutral rhodium complex. The most 

obvious difference was that the Pt-OH2 bond was much shorter (2.167(12) A)

(31) than the Rh-OH2 bond (2.310 A) (33). However, the bond distance was very 

similar to those in the sulfate (2.111(7) A) (11) and phosphate (2.161(13) A) (14) 

dimeric platinum(lll) complexes. Another distinction was the Pt-Pt bond distance 

(2.3905(14) A) in the diaquato complex, which was the shortest Pt-Pt single bond 

distance published to date. A more typical bond distance was the one found in 

the tetra-p-sulfatodiaquadiplatinum(lll) dianion (2.461(1) A) (11). The bond

2+

5
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distance for the tetra-^i-acetato complex with chloride in the axial positions is 

more typical (2.451(1) A).

In an attempt to synthesize the tetra-p-acetato complex, Yamaguchi et al. 

synthesized the mixed bridged complex [Pt2(P-CH2COO-C1O^(P-CH3CC)C)- 

0 ,0 ')2Cl2]2' (34), 6. Although platinum complexes can contain Pt-C bonds, such 

C,O-bridging modes were unprecedented. This complex has been well 

characterized. 13C NMR spectrum in D2O revealed that the complex contained 

two types of acetate ligands. One peak of the NMR spectrum was at higher 

magnetic field with a large 1J[Pt-C] coupling constant (22.30 ppm; 1J[Pt-C] = 665 

Hz), while the other peak resembled a more typical acetate CH3 resonance (6.80 

ppm; 2J[Pt-C] = 53 Hz).

X-ray structure determination of 6 was fully consistent with the NMR data. 

The two CH2COO2" ligands are mutually c/s, and each Pt atom was coordinated



by one carbon and three oxygen atoms, as well as one apical chloride ion. The 

Pt-Pt metal distance (2.451 A) fit well with the other Pt(III) dimers.

Dithiocarboxylate Bridged Complexes

Another report of halogen oxidation of a binuclear platinum(ll) complex 

occurred in 1983. Bellitto et al. (35) prepared a series of dimeric platinum(lll) 

dithioacetate complexes of the general formula [Pt2(S2CCHs)4X2] by halogen 

oxidation of the binuclear platinum(ll) precursor, [Pt2(S2CCH3)4] (Equation 1).

12

K2IRCI4] + CH3CS2H -> [Pt2(S2CCH3)4] (1a)

[Pt2(S2CCH3)4] + X2 —> [Pt2(S2CCH3)4X2] (1b)

These complexes were not very soluble in common organic solvents, and single 

crystals could not be grown for X-ray crystallography. The authors based their 

formulations on elemental analysis and infrared (IR) spectra. The dimeric nature 

of these complexes was inferred from their vibrational spectra, parts of which 

were superimposable on both the [Pt2(S2CCH3)4] (36) and [Pd2(S2CCH3)4] (37) 

spectra for which a dimeric structure had been established. These complexes 

were, in principle, rather easy to prepare. However, the dimeric precursor was 

formed in rather low yields and must be prepared from CH3CS2H1 which was very 

difficult to synthesize in pure form. For these reasons, the complexes were not

studied further.
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In another paper, Bellitto et al. (38) described the synthesis and properties 

of two other dimeric platinum(lll) dithiocarboxylate complexes. Using a method 

analogous to the one used for the synthesis of the dithioacetate complex, the 

authors were able to prepare the dithiophenylacetate complex, 

[Pt2(S2CCH2Ph)4I2], as well as the dithioisobutanoate complex, 

[Pt2(S2CCHMe2)4I2]. These complexes were much more soluble in non-polar or 

weakly polar organic solvents than the analogous dithioacetate complex. The 

complexes, which have iodine atoms coordinated to the axial positions, 

crystallized in two different forms, one of which included molecular iodine in the 

unit cell. The molecular structures consisted of dimeric Pt-Pt units bridged by 

four dithiocarboxylate groups, with the axial positions in all cases being occupied 

by iodine atoms. The metal-metal distances were 2.598(2) A and 2.578(1) A for 

[Pt2(S2CCH2Ph)4I2], 7, and [Pt2(S2CCHMe2)4I2I1I2, 8, respectively. The air stability 

and high solubility of these complexes suggested that they might be useful for 

further studies.

7

8 1( 3)
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In 1984, Goodgame et al. reported the facile synthesis of a dimeric 

platinum(lll) complex by direct reaction of pyrimidine-2-thione (PymSH) with 

K2IPtI4] (39) (Equation 2).

K2IPtI4] + 2 PymSH -> Pt(PymS)2 (2a)

Pt(PymS)2 + air -» [Pt(PymS)2l]2 (2b)

The initially formed Pt(PymS)2 complex was air stable only as a dry solid; 

however, in the presence of air the initially yellow precipitate rapidly re-dissolved 

to form a crimson solution. X-ray structure determination of the dimeric 

platinum(lll) complex (9) showed that the complex forms a c/s-planar array of two 

sulfur and two nitrogen atoms around platinum with an iodine atom apical.

Pvrimidine-thionate and Pyridine-thiol Bridged Complexes



The PtN2S2 planes were not fully eclipsed; there exists ca. 26° twist about the Pt-

15

Pt axis. Five of the atoms coordinated to each platinum are in a closely 

octahedral arrangement, but the iodine atoms were displaced ca. 7° from the Pt- 

Pt axis. This displacement was due primarily to steric interactions with the 

pyrimidine rings. The Pt-Pt distance (2.544 A) fell between those of quadruply- 

bridged Pt(III) dimers with O-donors (2.466 - 2.494 A) (12, 16) and that for 

quadruply-bridged Pt(III) dimers with P-donors (2.695 A) (21).

Umakoshi et al. synthesized [Pt2(Pyt)4CI2] (where Pyt = pyridine-2-thiol), 

10, in 1987 (40), a complex analogous to the Goodgame complex. The PtN2S2 

coordination square had a cis configuration, and the coordination squares were 

twisted toward each other about the Pt-Pt axis (torsion angle = 23.3°). The Pt-Pt 

bond distance (2.532(1) A) was very similar to that of 9 .
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Doubly-Bridged Dimeric Ptdlh Complexes

Unlike lantern-type dimeric Pt(III) complexes, doubly-bridged dimeric 

Pt(III) complexes contain only two bridging ligands, typically in a cis 

conformation, and two monodentate ligands trans to the bridging ligands. 

Furthermore, fewer complexes of this type are observed than the large variety of 

transition metal ions found in lantern-type complexes, e.g., Cu, Cr, Mo, W, Tc, 

Re, Ru, Os, Rh, Ir, Ni, Pd, and Pt. Complexes of this type have more variety in 

the manner in which they form. Bridging ligands in these cases tend to have two 

different coordinating atoms, e.g., N, 0 ; P, 0 ; S, 0 , etc. This allows the ligands 

to bridge in two non-identical ways: head-to-head (HH) or head-to-tail (HT). For 

example, if a bridging ligand has N and O as coordinating atoms, the following

two complexes, 11a and 11b, may form:

" ■  O ^ aO X z X z
X X ^  X X ^  X X ^  x

Head-to-Head Head-to-Tail

where X = halogen, alkyl, amine, or nitrogen-containing ligand and NaO is a 

bridging ligand.
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Several different dimeric platinum(lll) complexes with a-pyridone or 

pyrimidine bases have been prepared by chemical or electrochemical oxidation 

of either tetranuclear, mixed-valent platinum blues or the related binuclear 

platinum(ll) species (41-45). The structures of these complexes have two ct- 

pyridone or pyrimidine ligands in a cis orientation and two cis amino groups 

coordinated to each metal center. These ligands, which are asymmetric, can 

bridge the Pt-Pt bond in either a head-to-head (HH) or in a head-to-tail (HT) 

fashion. The axial positions can be occupied by a variety of ligands such as 

H2O1 NO3", NO2", Cl", or Br". An example, 12, with a-pyridone ligands is shown 

below:

a-Pvridone and Pyrimidine Bridged Complexes

12

The metal-metal distances for the various adducts ranged from 2.539(1) A to 

2.582(6) A (41-45). The Pt-Pt distances were typically longer than those of the 

tetra-bridged complexes because of the presence of only two bridging ligands. 

Furthermore, there was a substantial twist around the metal-metal bond due to



steric interactions between the cis amino groups on the respective metal centers. 

Although several different dimeric platinum(lll) complexes have been prepared, 

the synthetic methods used to prepare the precursors have proven to be rather 

unpredictable. Platinum blues cannot typically be formed in high yields and tend 

to be rather unstable in solution (41-45).

The formation of metal-metal bonds in the head-to-head and head-to-tail 

a-pyridonate bridged dimeric platinum(lll) complexes has been studied 

electrochemically using cyclic voltammetry, differential pulse voltammetry, and 

controlled-potential coulometry (44). These studies revealed that the Pt-Pt bond 

was formed in either a concerted two-electron charge transfer process (MT 

complexes) or through two one-electron steps (HH complexes) (44). Both 

oxidations are coupled to chemical reactions, which complicated the analysis. 

This was not unexpected, as the dimeric platinum(lll) products have two 

coordinated axial ligands that were not present in the starting dimeric platinum(ll) 

complexes.

There have been several recent reactivity studies with dimeric platinum(fll) 

products derived from platinum blues. In one study (46), it was shown that two of 

the NH3 ligands of the 1-methyluracil dimeric platinum(lll) complex, cis- 

[Pt2(NH3)4(meu)2Cl2]Cl2e3.5H 20,13, could be replaced readily by chloro ligands.

18
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In another study (47), a tetranuclear platinum(lll) complex with a-pyrrolidone 

bridging ligands, was isolated and was shown to oxidize water to molecular 

oxygen (Equation 3).

2[PU(NH3)8(C6H6NO)4]8+ + 2H20  -> 2[Pt4(NH3)8(C6H6NO)4]6+ + O2 + 4H+ (3)

A unique dimeric platinum(lll) complex containing one penta-coordinated 

and one hexa-coordinated platinum atom was recently synthesized (48). This 

complex consisted of two Czs-(NH3)2Pt3+ moieties bridged by two 1- 

methyluracilato ligands in a HH fashion and a third 1-methyluracilato ligand 

coordinated to one of the platinum atoms through its C(5) position, 14. The 

authors noted that this complex represented the first example of a Pt-nucleobase 

complex that contained a Pt-C bond. In addition, this complex was the first
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structurally characterized dimeric platinum(lll) complex with unequal coordination 

of the platinum atoms.

Carboxylate Bridged Complexes

The use of silver salts to oxidize a binuclear Pt(II) complex was first 

reported in 1978 (49, 50). A series of complexes with two bridging carboxylate 

groups and two alkyl or aryl groups coordinated in a c/s configuration about the 

two platinum atoms was reported (Equation 4):

[Pt2(R)2((R2)2S)J2 + 2 Ag(C)2CR') -^[P t2(R)4(O2CR1)2((R2)2S)2] + 2 Ag0 (4)

14

where R = Me, Ph, p-toyl; R' = Me, CF3; R2 = Et, Pr. The starting materials were 

proposed to be dimeric complexes with the two Czs-Pt(R)2 units bridged by the 

(R2)2S ligands (51, 52). These compounds were used successfully with a variety



of silver carboxylates and typically produced dimeric platinum(lll) complexes with 

many of the properties desired for further studies. Oxidation of the binuclear 

platinum(ll) starting materials was not limited to the use of silver salts.

Mercury(II) and thallium(lll) carboxylate salts have also been used to prepare 

carboxylate bridged platinum(lll) complexes (Equations 5 and 6 ) (49, 50):

[Pt2R4((C2H5)2S2)2] + Hg(O2CCH3)2 -> [Pt2R4(O2CCH3)2((C2H5)2S)2] + Hg0 (5)

[Pt2R4((C2H5)2S2)2] + TI(O2CCH3)3 ->

[Pt2R4(O2CCH3)2((C2H5)2S)2] + TI(O2CCH3) (6 )

where R = CH3, Ph, or p-tolyl. Indeed, the platinum(ll) complexes with aryl 

groups reacted much faster with thallium(lll) acetate than with silver acetate.

One complex, which was prepared with the use of silver trifluoroacetate, 

[Pt2(CH3)4(O2CCF3)2(P-NC6H7)2], was characterized by x-ray crystallography (53),

15.

21

15



This complex was structurally very similar to the a-pyridonate complexes 

discussed above and has a Pt-Pt bond length of 2.557(1) A. The dimeric unit 

was bridged by two carboxylate groups, and each platinum was coordinated by 

two methyl groups in a cis arrangement. In a manner similar to that in the ct- 

pyridonate complexes, there was a torsional twist about the metal-metal bond 

due to steric repulsion between the methyl groups. The axial sites can be 

occupied by a variety of suitable donor ligands such as pyridine, 4-picoline, and 

trialkyl or aryl phosphines, arsines, and stilbenes (49).

Asymmetric carboxylate-bridged complexes with one axial ligand can be 

prepared if only one equivalent of the donor ligand per molecule was added 

(Equation 7):

[Pt2R4(O2CCH3)2((C2H5)2S)2] + L -> [Pt2R4(O2CCH3)2(L)] + 2 (C2H5)2S (7)
\

where L = P(Et)3 or P(OMe) 3 and R = CH3, Ph1 or p-tolyl. The asymmetric nature 

of these complexes was determined from 31P NMR, which showed one main

signal together with two sets of 195Pt satellites due to direct and long range
>

coupling. Currently, none of these asymmetric carboxylate-bridged complexes 

have been characterized by X-ray crystallography.

22
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HydroxypridinaterBridged Complexes

Using a variation of the Vrieze method, Cotton et al. were able to prepare 

a series of dimeric Pt(III) complexes that contained two c/s-hydroxypyridine 

bridges and methyl groups trans to the bridging ligands (54-56). The complexes 

are readily prepared by the following reaction (Equation 8 ).

[Pt2(CH3)4(^-SR2)2] + 2 Ag(xhp) -> [Pt2(CH3)4(^xhp )2(SR2)n] + 2 Ag0 (8 a) 

[Pt2(CH3)4(J4-Xhp)2(SR2)n] + xs pyridine -> [Pt2(CH3)4(p-xhp)2(pyr)n] + n R2S(Sb)

where R = C2H5; x = H, F, Cl, Br, or CH3, and n = 1 or 2. The axial position 

occupation varied with x. The larger the substitution on the hydroxypyridine the 

more steric interference that hindered one of the axial sites. When x = CH3, the 

resultant complex had one platinum atom that is 5-coordinate and one which is 6 - 

coordinate.

X-ray structure determination on all four derivatives exhibited interesting 

characteristics about the complexes. When x = H or F, a head-to-tail (HT) 

arrangement was found, 16 and 17. In this case, both axial positions were 

accessible for coordination. The axial positions were occupied by pyridine, and 

the Pt-Pt distances are 2.550(1) A and 2.551(2) A, respectively.



24

When x = Cl or CH3, a head-to-head arrangement occurred. In this case, only 

one axial site was occupied due to steric hindrance, 18 and 19. A single pyridine 

molecule occupied the axial position, and the Pt-Pt bond lengths were slightly 

shorter (2.543(2) A and 2.545(1) A, respectively) compared to 16 and 17. The 

Pt-N (pyridine) bond distances (2.060(11) A and 2.030(8) A, respectively) were 

much shorter than those in which both axial sites were occupied (2.183(24) A 

and 2.20(1) A, respectively).
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Cotton et al. published two more reports in which they synthesized the HH 

complexes with x = H1 F and Br, 20-22, (55) and the HH complexes with x = H, F, 

CH3 with a single diethyl sulfide molecule in the axial position, 23-25, (56). In 

their previous publication (54), Cotton et al. commented that when x = H or F the 

complex adopted a HT arrangement while when x = Cl or CH3 the arrangement



was HH. At the time these observations seemed reasonable due to steric 

arguments; however, the authors found that the following process could occur 

(Equation 9) (55).

26

[Pt2(CH3)4(xhp)2(py)2] [Pt2(CH3)4(xhp)2(py)] (9)
+pyr

Removal of a pyridine was accomplished by passing the complex through a silica 

gel chromatography column and evaporating the eluent to dryness. To add 

pyridine to the HH complex, the complex was dissolved, and an excess of 

pyridine was added. The analogous diethyl sulfide capped complexes were 

formed as shown in Equation 8 a.

CCS

C(K)
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In a unique equilibrium study, Abbott et al. studied the equilibrium and the 

mechanism of the hydroxypyridine derivatives' rearrangement (57). The HT 

complex was in fast exchange with pyridine while the HH complex was in slow 

exchange. The equilibrium constant was determined by integrating the pyridine 

a-proton resonance, which provides the ratio of HH complex to the total HT 

complex plus free pyridine, and the well-separated region of the 5-H resonances



of the xhp, which provided the ratio of HH to HT complex. Abbott et al. was then

28

able to calculate all of the relevant concentrations from these measurements. To 

study the mechanism of rearrangement, the complex concentrations were varied 

from 0 to 10 mM, and the pyridine concentrations were varied from 0 to 0.5 M.

The authors were able to calculate the rearrangement equilibria for x = H 

and F (120 L mol' 1 and 25 L mol'1, respectively) from the following (Equation 10).

No rearrangement attributable to the steric bulk of the x-substituent was 

observed for x = Cl or CHg. Using the fluorinated-derivative, fhp, the authors 

studied the mechanism of HH to HT rearrangement. By varying the pyridine 

concentrations, the reaction was determined to be first order in pyridine and in 

complex. Addition of free mhp to the reaction mixture did not show any formation 

of a mixed mhp, fhp complex even after 20 half-lives. The authors suggested the 

following mechanism (Scheme 1).

Pyridine + HH HT (10)

Scheme 1
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Other Dimeric PtflIH Complexes

A series of papers were published by Muraveiskaya et al. describing 

peroxo- and hydroxo-bridged dimeric platinum(lll) complexes derived from the 

same reaction mixture as the sulfate complexes (58-61). This work has been 

disputed on several grounds and has not been substantiated by X-ray crystal 

analysis. Much of the work was not reproducible and most of the complexes 

have unlikely formulations that are based solely on IR and XPS and 

potentiometric titrations. At present, there was not enough solid evidence to 

conclude that these complexes actually contain platinum in the +3 oxidation 

state. A similar series of papers by Rudyi et al. described the preparation of 

Pt2(O2CCH3) 6 by the reduction of K2Pt(OH) 6 in CH3COOH by HCOOH (62, 63). 

This work has been found not to be reproducible as reported. Products were 

obtained that did not have reproducible microanalyses corresponding to those of 

the original report, suggesting that the products were either polymeric or impure.

Finally, a series of papers describing the preparation of platinum 

acetamide complexes (64-66) were published. These complexes have at various 

times been identified as containing platinum in the +2, +3, and +4 oxidation 

states. Recent XPS studies suggest that the platinum atoms in these complexes 

were equivalent and in the +3 oxidation state. The most likely, and currently 

accepted, formulation of these complexes is [Pt2(CH3CONH)4X2] where X = Cl,

Br, I, NO3, or NO2. Unfortunately, using current methods of synthesis, it has 

been proven impossible to grow single crystals for X-ray diffraction studies.



Unbridged Dimeric Pt(III) Complexes
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These complexes are unique in that they do not contain bridging ligands 

that support the two metal centers. Before the discovery of unbridged Pt(III) 

dimers, scientists believed that the formation of a Pt(III) dimer was an 

exceptionally rare occurrence. Although the number of complexes that form in 

this manner is relatively low, the future of Pt(III) chemistry has changed 

dramatically with their discovery.

Baxter et ai. synthesized the first such complex in 1992 (67). In what has 

been deemed an unusual and unexpected result, carbocyclic a-dioximato 

(C8doH) was reacted with KatPtCU] to produce the planar Pt(II) complex, 

Pt(C8doH)2. Using PhICIa as an oxidant, the complex undergoes oxidative- 

addition of chloride. The oxidant produced not only the Pt(III) complex but also 

an equi-molar amount of a Pt(IV) complex as follows (Equationl 1).

2 Ptll(CsdoH)2 + PhICI2 -> [Pt"'(CsdoH)2CI] 2 + 2  Ptiv(CsdoH)2CI2 (11)

The two products were isolated chromatographically from a basic alumina 

column. X-ray crystal structure determination, 26, showed that the two 

Pt(CsdoH)2 units were mutually rotated by 63.5(3)°. The PtKU moiety was 

approximately planar, while the extended carbocyclic segments were not 

restricted to planarity and fold outward, offering no hinderance to dimerization.
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Each axial position was occupied by chloride. The Pt-Pt bond length (2.694(1) A) 

was the longest platinum bond distance published at that time.

In 1996, Prenzler et al. described the second unbridged dimeric Pt(III) 

complex (6 8 ). The complex was composed of two substituted acetylacetonate 

ligands (R(CO)CH(CO)R' where R/R' = Me/Me, MeZCF3 or Ph/Ph) and a chloride 

ion coordinated to each platinum atom. The complex was not structured by X-ray 

crystallography, however, the complex was characterized by other methods: a) 

electrospray mass spectroscopy; b) Raman spectroscopy; and, c) 195Pt and 1H 

NMR spectroscopy. The molecular ion [Pt2(Bcac)4CI3I-M+ (where M = H+ or Na+)] 

was observed as well as abundant fragment ions [Pt2(acac)4CI]+ and 

[MeCNPt2(acac)4]+. The prominent Raman-active band at 144 cm 1 was a very 

characteristic Pt-Pt symmetric stretching vibration. Additionally, the NMR data 

were consistent with the previous data, and the mononuclear Pt(II) or Pt(IV)

26
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complex provide significantly different data. To date, no X-ray structure 

determination of this complex has been published.

In 1997, Bandoli et al. published two more structures that did not contain 

bridging ligands, c/s- and frans-bis[bis(imino-methxyethane)trichloroplatinum(lll)], 

27 and 28, (69). These complexes were neutral dimers composed of two planar 

PtCI2La units, perpendicularly connected by a Pt-Pt bond and capped axially by 

chloride ligands. The iminoether ligands have the expected E configuration with 

extensive electron charge delocalization over the N-C--O moiety, and all non- 

hydrogen atoms were near planar. The Pt-Pt bond lengths (2.765(2) A and 

2.758(3) A for cis and trans, respectively) were greater than values reported 

earlier for the dioximato complex synthesized by Baxter et al.. This difference 

was significant; the Pt-Pt lengthening was unlikely to have an electronic origin 

and was most likely caused by steric repulsion between the imino ligands.

27
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Mononuclear Ptdlh Complexes

To date, there has been one published example of a fully characterized 

mononuclear platinum(lll) complex. This was reported in 1984 by Uson et al. 

and was prepared as follows:

[N-Bu4MPt(C6CI5)4] + 1A X2 -> [N-Bu4HPt(C6CI5)4] (12)

where X = Cl", B r , or I" (70). The resulting complex was deep blue, 

paramagnetic, and air and moisture stable. X-ray crystal structure determination, 

29, showed it to be square planar with almost identical geometry to the 

platinum(ll) precursor. The stability of this unusual complex has been attributed 

to the presence of the unique C6CI5 ligand. Although there have been other



reports of syntheses of mononuclear platinum(lll) compounds, this was the only 

such complex that has been fully characterized to date.
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EXPERIMENTAL METHODS 

Preparation of Complexes

Starting Materials

Potassium tetrachloroplatinate(ll) (!^[PtCU), silver(l) salts, AgX, (X = BF4 , 

CF3 SO3 ) and cadmium nitrate (Cd(NOs)Z) were obtained from Johnson Matthey 

and used as supplied. SiIver(I) hexafluorophosphate (AgPF6) was purchased 

from Acros and used as supplied. All remaining chemicals were purchased from 

Aldrich Chemicals and used as supplied. Various solvents were used and stored 

over 4 A molecular sieves to remove ambient water contamination. The following 

solvents were obtained from Fischer Scientific: toluene (C7 H6) ACS-grade; 

chloroform (CHCI3 ) HPLC-grade; acetonitrile (CH3 CN) HPLC-grade; methanol 

(CH4 O) HPLC-grade; acetone (C3 H6 O) HPLC-grade; and, dichloromethane 

(CH2 CI2 ) HPLC-grade. Fischer Scientific also supplied the following potassium 

salts: KCI; KBr; KCN; and Kl that were all ACS-grade. Cambridge Isotope 

Laboratories, Inc supplied all the deuterated solvents (water-d2; chlorofornn-d-i; 

dichloromethane-d2 : acetone-d6; acetonitrile-ds; and, benzene-d6) that were used 

for the NMR studies and stored over 4 A molecular sieves (organic solvents 

only).
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Tetramethylbis(^-diethyl SuIfide^dipIatinum(H) (30) and Tetraitiethylbis(^-dipropyl

36

sulfide)diplatinumdn ^31).

The complexes were prepared by the literature method (71).

Tetramethylbis(p-dimethyl sulfideldiplatinumni) (32).

The complex was prepared by the literature method (72).

Bipyridyldimethylplatinumfin (331 and DimethylphenanthroIinepIatinum(II) (34).

The complexes were prepared by the literature method of Puddephatt et 

al. (73).

BiquinoIinedimethyIpIatinum(II) (35).

The complex was prepared as a variation of Puddephatt et al. (73). The 

ligand, biquinoline, was substituted for the diimines, 2 ,2 '-bipyridyl and 1 ,1 0 - 

phenanthroline. The yield was comparable to complexes 33 and 34 at 89%.
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Bis(bipyridyl)tetramethylbis(pyridyl)diplatinum(lll) dication (36) and 

Tetramethylbis(phenathrolinetoisfpyridyndiplatinum(lll) dication (37).

Both complexes were prepared in the same manner as illustrated by the 

following example. Dissolve 33 (20.2 mg, 53.0 pmole) into acetonitrile (10.m l). 

Pyridine (42 p i,  0.53 mmole) was added to the solution and the mixture was 

stirred magnetically. A solution of silver(l) triflate (13.6 mg, 53.0 pmole) in 

acetonitrile (3 mL) was then added to the platinum solution. The solution color 

changed from orange-red to yellow upon addition of the silver(l) solution. The 

mixture was then stirred for approximately 2 hours. The colloidal silver was 

removed by passing the reaction mixture through a plug of Celite and the 

resulting yellow solution was transferred into a round bottom flask, cooled to 0 °C 

in an ice bath and the solvent was removed under high vacuum. The solid was 

redissolved into dichloromethane and once again the solvent was removed under 

high vacuum. The resultant yellow powder was reprecipitated by dissolving the 

solid into a minimal amount of dichloromethane and adding to a large excess of 

ether. Yield: 36: 98%, 31.7 mg, 26.0 prriole; 37: 97%. Anal. Calcd for 

! C36H38F6N6O6Pt2S2: C, 35.47; H, 3.14; F, 9.35; N, 6.89; S, 5.26. Found: C,

35.20; H, 3.52; F, 9.48; N, 7.28; S, 5.96. Anal. Calcd for C40H38F6N6O6Pt2S2: C, 

37.92; H, 3.02; N, 6.63. Found: C, 37.62; H, 3.03; N, 6.64.

{



Substitution of axial ligands on 36 and 37.

Two different methods were used to study the substitution of axial ligands 

on 36 and 37. One method required the preparation of solutions of the 36 or 37 

as described above. After the removal of the colloidal silver from the reaction 

mixture, various equivalents of triphenylphosphine (PPhs), SCN', and Cl" were 

added as either pure acetonitrile solutions as with the first two ligands or 

acetonitrile solutions with a minimal amount of water added to dissolve the salts. 

The second method used solid 36 and 37 dissolved into acetonitrile and the 

addition of the same ligands.

Mixture of 36. 37. and Bipyridvltetramethylphenanthrolinebis(pyridyl)- 

diplatinum(lll) dication (381

A solution of 33 (10.8 mg, 28.3 pmole) and 34 (11.5 mg, 28.4 pmole) in 

acetonitrile (15 ml_) was magnetically stirred. A 50 fold excess of pyridine (225 

pL, 2.84 mmole) and silver triflate (14.6 mg, 56.8 pmole) was added and the 

reaction was left to stir for one hour. The reaction solution was passed through a 

plug of Celite and the solution was then used as is. Proton NMR shows 

complete conversion to the mixed dimers in a statistical yield of 1:2:1 36:38:37.
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Tetramethylbis(phenanthrolinetoisrthiocyanatokHplatinumnin (39).

34 (20.6 mg, 50.8 pmole) was dissolved into acetonitrile (20 mL) and was 

magnetically stirred. A solution of NaSCN (53.7 mg, 0.662 mmole) in acetonitrile 

(5 mL) was added to the stirred solution. Silvertriflate (13.1 mg, 51.0 pmole) in 

acetonitrile (2 mL) was added and the mixture is left to stir at room temperature 

for 72 hours. The reaction mixture was then filtered through Celite, cooled in an 

ice bath and the solvent is removed under high vacuum. The solid is washed 

with dichloromethane and removed under high vacuum. The complex, 39, was 

reprecipitated in the same manner as 36 and 37. (Yield 23.2 mg, 25.0 pmole, 

98%)

Thermodynamic Study

A thermodynamic study of the interconversion between the dimeric forms 

of 30, 31 and 32 and their respective monomers was performed. Standard 

solutions of each of the dimers and the respective free dialkylsulfide (SRa) were 

prepared in dichloromethane-d2. Constant concentrations of the dimer and 

varying equivalents of SR2 were than added to a 1 mL volumetric flask and 

further diluted. Constant volumes were added to 5 mm NMR tubes. A total of

eight samples were prepared for each dimer at each temperature. Equilibrium
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was achieved in a matter of minutes for R = Me but required 3 hr for R = Pr at the 

lowest temperature studied as demonstrated by proton NMR. Concentrations of 

all species in each equilibrium reaction were readily obtained by integrating the 

well-separated methyl or methylene on sulfur and methyl on platinum resonances 

in each system. Equilibrium constants were measured over the temperature 

range 283 to 308 K for each system and AH and AS were calculated from van't 

Hoff plots (R values of 0.999).

Kinetic Analysis

A kinetic study for the formation of the two dimeric platinum(lll)

. complexes, 36 and 37, was performed by monitoring the reaction by 1H NMR. 

Standard solutions of 33 and 34 (26 mM), silver(l) triflate (52 mM) and 36 (84 

mM) were prepared. Constant volumes of platinum and silver were used 

throughout the study. The first variable studied was pyridine. The reactions 

were set-up in a pseudo-first order fashion and the pyridine concentration was 

varied from a 3- to 100-fold excess. The next variable studied was silver(l). The

concentrations of silver(l) were varied from 0.10 to 1.5 equivalents per platinum.
;

The third variable to be determined was the effect of the dimeric platinum(lll) 

product, 36. Varying equivalents of 36 were added to a constant 50-fold excess 

pyridine mixture. The final variable was the effect of silver(0). This was
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accomplished by two methods: 1) using a previously silvered NMR tube or 2) 

addition of a 5 cm piece of 30 gauge silver wire to the NMR tube. The pyridine 

concentration was held constant at a 50-fold excess. Integrals of the methyl on 

platinum (33 or 34) were monitored by 1H NMR and standardized to an internal 

standard of TMS. First order plots of the integral versus time were made for 

each reaction. Five reactions were performed for each reaction condition and the 

temperature was held constant at 298 K.

Methyl Migration Study

Standard solutions of 33 were prepared in acetonitrile-ds. Solutions 

containing Hg(II) acetate, Cd(II) triflate, Zn(II) sulfate and Zr(IV) oxide dichloride 

were also prepared in acetonitrile-ds. Samples from the stock solution of 33 (0.5 

ml_) was transferred into a 1.0 mL volumetric flask. Various equivalents of the 

metals (Hg(ll), Cd(II), Zn(II), and Zr(IV)) were added and finally diluted to volume. 

Constant volumes from the resulting solution were added 5 mm NMR tubes.

Instrumental Methods

Nuclear Magnetic Resonance

1H NMR spectra were acquired on Bruker AC300, AM500 FT 

spectrometers or on Avance DRX-250, DPX-300 or DRX-500 FT spectrometers



operating at 5.85 T1 7.02T or 11.7 T. All chemical shifts were referenced to either 

the residual protid-solvent peak or to an internal standard of TMS. Standard 

parameters were used unless otherwise noted.

Ultraviolet-Visible Spectroscopy

UV-Vis spectra were recorded on a Hewlett Packard 8453 

spectrophotometer. Beer's Law studies were performed on 33 and 36 by varying 

the concentrations from 500 pM to 3.13 pM. A Job's study was performed using 

250 pM 33 and 36.

Electron Paramagnetic Resonance

EPR Spectra were obtained on a Bruker ESR 220D-SCR spectrometer at 

liquid N2 temperatures. Standard procedures were used to determine adequate 

power levels to be used to collect data. Four scans were run at a time constant 

of 200 sec. All spectra were obtained under the same gain and modulation 

settings. Double integrals were calibrated with a 1 M Cu(II) triethonalamine
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standard in acetonitrile.



RESULTS AND DISCUSSION
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The following sections present all of the results of this research. The goal 

of the project was to investigate the reactivity of dimethyl platinum(ll) complexes 

and their ability to form one-dimensional polymers. Although the initial 

complexes that were studied did not prove to be well chosen, the complexes with 

the diimine ligands, 2 ,2 '-bipryidyl (bipy) and 1 ,1 0 -phenanthroline (phen), have 

shown many interesting reactions. Discussion of pertinent literature was also 

included where such discussion served to further clarify the interpretation of 

these results.

Starting Materials: PtMe2^bipy) and PtMe2(Phen)

The red complexes, PtMe2(bipy) (33) and PtMe2(phen) (34), were
/

prepared by Puddephatt et al. (73). These sixteen electron complexes are very 

electron rich and have been shown to be among the most reactive complexes of 

the noble metals (74). They undergo oxidation, oxidative-addition and oxidative- 

addition/reductive-elimination reactions. The reactivities of 33 and 34 played 

very important roles in the chemistry that has been developed through this

research.



Reactivity of the PtMe2^diimine) complexes
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The two complexes, diimine = bipy (33) or phen (34), have been shown to 

be very reactive towards oxidative-addition chemistry (73, 74). The complexes 

react at room temperature with alcohols, ROH where R = Me, Et, 2-Pr, to 

produce the respective axial alkoxy/aqua platinum(IV) complex (73). For 

example:

33 + MeOH ^ [P tM e 2(bipy)(OMe)(OH2)]+ + H2fe) (13)

The alkoxy-ligand (e.g. MeO) formed a robust bond. There was no evidence of 

exchange when dissolved into CD3OD or in D2O, since the methoxy signal with 

195Pt coupling was still observed in the 1H NMR spectrum. Furthermore, a D2O 

solution can be made 0.1 M in HCIO4, and the MeOPt group was still unchanged. 

When 33 or 34 was dissolved in acetone and treated with water, a Pt(IV) 

complex that has axial sites containing OHZOH2 was formed.

33 + (CH3)2CO + H2O -> [PtMe2(bipy)(OH)(OH2)]+ + H2ftrt (14)

An oxidative-addition reductive-elimination of methane reaction occurred 

when PtMe2(diimine) was reacted with acid. The mechanism of this reaction was 

described by Puddephatt et al. (74). When 33 or 34 was reacted with HX, where 

X may be Cl" or NO3", a Pt(IV) complex was formed with X" and H' in the axial



sites. This complex then quickly underwent a reductive-elimination of methane 

and the Pt(ll)complex, PtMeX(diimine), was obtained.

33 + 'HCr-> [RMe2(Wpy)(H)(CI)]PtMe(Mpy)CI + CH4(Q) (15)
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Crystal Structures of the PtlVleofdiimine) complexes and derivatives

In the article describing the preparation of the two PtMe2Cdiimine) 

complexes, Puddephatt stated that red crystals formed in solution, but no X-ray 

crystal structure analysis was performed (73). During my preparation of the 

complexes, crystals were obtained and analyzed. Figures 1 and 2 show the 

ORTEP diagram of PtMe2(Wpy), 33 and PtMe2(phen), 34, respectively. 

Crystallographic data for the two complexes, 33 and 34, is presented below.

A year after my structure determination of 33, an'article was published that 

contained the X-ray structure determination of 33 (75). The published bond 

lengths and bond angles were the same as those found in my structure 

determination. The bond lengths and angles of 33 and 34 are similar. However, 

in comparison to the bridged dinuclear Pt(II) complex, Pt2(p-N-acetyl-L-cysteine- 

S)2(bipy)2, the Pt-N bond lengths are noticeably longer in 33 and 34. The bond 

length for the thiolate bridged complex is 2 .0 1 (2 ) A (76) compared to those 

presented here, 2 .1  (1) A in 33 and 2.098(7) A in 34. The Pt-N bond length
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Figure 1. Thermal ellipsoid plot of 33 showing 50% probability ellipsoids and numbering scheme for the structure.
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Figure 2. Thermal ellipsoid plot of 34 showing 50% probability ellipsoids and numbering scheme for the structure.
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Table 1. Crystallographic data for PtMe2(IDipy) (33) and PtMe2(phen) (34).

Parameter 33 34
Formula C i2HuN2Pt C uH uN 2Pt

Formula weight 381.3 405.4

Space Group C2/c P2i/c

Unit cell: a (A) 17.596(2) 9.244(1)

b (A ) 9.530(2) 12.591(2)

c (A ) 7.174(2) 7.744(1)

. P ( ° ) 110.85(2) 107.37(1)

volume (A3) 1124.2(4) 1201.8(4)

Z 4 4

p (g cm'3) calculated 2.253 2.240

absorption coef, Mo Ka (cm'1) 124.5 116.5

F(OOO) 712 760
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Table 2. Data collection and structure refinement data for 33 and 34.
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Parameter 33 34
2 0  range (°) 4-75 4-75

Unique reflections 2970 2326

Observed reflections 1205 1658

Number of parameters 69 154

Trans. Factor range 0.225-0.651 0.050-0.123

Final Ra, observed data 0.060 0.040

Final wRb, observed data 0.047 0.040

Final wRb, all data 0.060 0.046

Goodness of fit 1.26 1.29
a R = S I IFoH F cN / 2 |F0|. DwR 
where w = [<j2(F) + 0.0007F2]"1

= [2 (w (F o '-F cT )/Zw FoT
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Table 3. Atomic Coordinates and equivalent isotropic displacement coefficients 
for 33.

Atoms x/a y/b z/c U(eq)

Pt 0.50000 0.27957(6) 0.25000 0.0425(2)

N 0.4224(5) 0.4499(9) 0.227(1) 0.045(3)

C(1 ) 0.3426(6) 0.444(1) 0.205(1) 0.063(5)

C(2) 0.2970(8) 0.5665(2) 0.196(2) 0.085(7)

C(3) 0.3311(9) 0.690(2) 0.209(2) 0.084(7)

C(4) 0.4130(8) 0.700(1) 0.228(2) 0.065(5)

C(5) 0.4575(6) 0.578(1) 0.240(1) 0.043(4)

0 (6 ) 0.4169(8) 0.125(1) 0.225(2) 0.079(7)

Table 4. Bond lengths (A) for 33.

Bond Length(A) Bond Length(A)

Pt-C(G) 2.04(1) Pt-N 2.09(8)

N-C(I) 1.36(1) N-C(S) 1.36(1)

0(1 )-C(2) 1.36(2) C(2)-C(3) 1.36(3)

C(3)-C(4) 1.40(2) C(4)-C(5) 1.39(2)

C(S)-C(SA) 1.45(2)
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Table 5. Bond angles (°) for 33.

Atoms Angles(°) Atoms AngIesH

C(S)-Pt-N 97.3(4) C(S)-Pt-C(SA) 87.4(8)

N-Pt-C(SA) 175.3(4) C(S)-Pt-N(A) 175.3(4)

N-Pt-N(A) 78.1(4) C(SA)-Pt-N(A) 97.3(4)

Pt-N-C(I) 126.6(7) Pt-N-C(S) 115.1(6)

C(1 )-N-C(5) 118.3(9) N-C(1)-C(2) 123(1)

C(1 )-C(2)-C(3) 1 2 0 (1 ) C(2)-C(3)-C(4) 119(2) .

C(3)-C(4)-C(5) 119(1) N-C(5)-C(4) 1 2 1 (1 )

N-C(S)-C(SA) 115.8(6) C(4)-C(5)-C(5A) 123.(7)



Table 6. Anisotropic displacement coefficients (A2) for 33.

Atom Uxx Uyy Uxx Uxy Uxz Uyz

Pt 0.0491(3) 0.0355(3) 0.0352(3) 0.0000 0.0197(2) 0.0000

N 0.038(4) 0.053(5) 0.043(5) 0.001(4) 0.015(4) 0.002(4)

C(1) 0.040(6) 0.081(9) 0.069(8) -0.002(6) 0.020(6) -0.002(7)

C(2) 0.051(8) 0.13(1) 0.077(9) 0.028(9) 0.026(7) 0.001(9)

C(3) 0.070(9) 0.12(1) 0.061(8) 0.051(9) 0.016(7) -0.003(8)

C(4) 0.089(9) 0.052(8) .0.051(7) 0.027(6) 0.020(6) 0.002(5)

C(5) 0.055(6) 0.042(6) 0.027(5) 0.003(5) 0.011(4) 0.0003(39)

C(6) 0.10(1) 0.047(8) 0.010(1) -0.020(7) 0.050(8) -0.002(7)

The anisotropic displacement exponent takes the form: -27t2(h2a2*UXx + . . . J 2hka*b*UXy)
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Table 7. Atomic Coordinates and equivalent isotropic displacement coefficients 
for 34.

Atoms x/a y/b z/c U(eq)

Pt 0.28645(4) 0.15375(2) 0.10107(6) 0.0383(1)

C (I) 0.494(1) 0.1323(7) 0.276(2) 0.062(5)

C(2) 0.261(1) 0.0379(6) 0.081(2) 0.065(5)

N(1) 0.076(9) 0.1833(4) -0.081(1) 0.034(3)

N(2) 0.295(1) 0.2730(5) 0.113(1) 0.048(3)

C(3) -0.035(1) 0.1374(6) -0.174(2) 0.052(5)

C(4) -0.168(1) 0.1624(8) -0.294(2) 0.062(5)

C(5) -0.188(1) 0.2395(7) -0.323(2) 0.057(5)

C(6) -0.079(1) 0.2896(6) -0.227(1) 0.042(4)

C(7) -0.091(2) 0.3705(7) -0.244(2) 0.062(5)

C(8) -0.021(2) 0.4155(7) -0.142(2) 0.069(6)

C(9) 0.154(2) 0.3857(6) -0.021(2) 0.051(5)

C(10) 0.272(2) 0.4303(7) 0.088(2) 0.061(6)

0(11) 0.394(2) 0.3963(7) 0.208(2) 0.068(6)

0(12) 0.399(1) 0.3189(7) 0.212(2) 0.055(5)

0(13) 0.170(1) 0.3071(6) -0.003(1) 0.034(4)

0(14) 0.054(1) 0.2583(5) -0.106(1) 0.034(3)
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Table 8. Bond lengths (A) for 34.

Bond Length(A) Bond Length(A)

Pt-C(I) 2.02(1) Pt-C (2) 2.05(1)

Pt-N(I) 2.0Q8(7) Pt-N(2) 2.101(8)

N(I)-C(S) 1.34(1) N(1)-C(14) 1.34(1)

N(2)-C(12) 1.32(1) N(2)-C(13) 1-38(1) .

C(3)-C(4) 1.37(1) C(4)-C(5) 1.38(2)

C(5)-C(6) 1.38(2) C(6)-C(7) 1.43(2)

C(6)-C(14) 1.42(1) C(7)-C(8) 1.35(2)

C(S)-C(G) 1.41(2) C(Q)-C(IO) 1.40(2)

C(G)-C(IS) 1.3Q(2) C(IO )-C(H) 1.37(2)

C(11)-C(12) 1.36(2) C(13)-C(14) 1.41(1)
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Table 9. Bond angles (°) for 34.

Atoms Angles(°) Atoms Angles(°)

C(1 )-Pt-C(2) 86.0(4) . C(1)-Pt-N(1) 173.3(4)

C(2)-Pt-N(1) 97.7(4) C(1)-Pt-N(2) 98.1(4)

C(2)-Pt-N(2) 175.8(4) N(1)-Pt-N(2) 78.3(3)

Pt-N(1 )-C(3) 128.4(7) Pt-N(1)-C(14) 114.1(6)

C(3)-N(1)-C(14) 117.5(8) Pt-N(2)-C(12) 130.6(7)

Pt-N(2)-C(13) 113.1(6) C(12)-N(2)-C(13) 116.3(9)

N(1)-C(3)-C(4) 124(1) C(3)-C(4)-C(5) 118(1)

C(4)-C(5)-C(6) 119(1) C(5)-C(6)-C(7) 124(1)

C(5)-C(6)-C(14) 118(1) C(7)-C(6)-C(14) 118(1)

C(6)-C(7)-C(8) 120(1) C(7)-C(8)-C(9) 122(1)

C(8)-C(9)-C(10) 121(1) C(8)-C(9)-C(13) 118(1)

C(10)-C(9)-C(13) 117(1) C(9)-C(10)-C(11) 120(1)

C(10)-C(11)-C(12) 118(1) N(2)-C(12)-C(11) 126(1)

N(2)-C(13)-C(9) 123(1) N(2)-C(13)-C(14) 117(1)

C(9)-C(13)-C(14) 120(1) N(1)-C(14)-C(6) 123(1)

N(1)-C(14)-C(13) 118(1) C(6)-C(14)-C(13) 120(1)



Table 10. Anisotropic displacement coefficients for 34.

Atom U x x Uyy U xx U x y U xz U yz

Pt 0.0362(2) 0.0324(2) 0.0459(3) 0.0016(2) 0.0115(2) 0.0024(3)
C (I) 0.043(7) 0.074(9) . 0.067(9) 0.010(6) 0.013(6) 0.023(7)
C(2) 0.069(9) 0.034(6) 0.09(1) 0.002(6) 0.011(8) 0.008(7)
N(1) 0.034(5) 0.029(4) 0.041(5) 0.002(3) 0.013(4) -0.002(4)
N(2) 0.053(6) 0.037(5) 0.043(5) -0.013(5) -0.002(4) 0.001(5)
C(3) 0.049(7) 0.044(7) 0.061(8) -0.015(5) 0.012(6) -0.013(6)
0(4) 0.037(6) 0.08(1) 0.062(8) -0.008(7) 0.009(6) -0.019(8)
0(5) 0.047(7) 0.072(9) 0.049(7) 0.009(6) 0.008(6) -0.001(7)
0(6) 0.043(6) 0.042(6) 0.049(7) 0.004(5) 0.024(5) 0.005(5)
0(7) 0.059(8) 0.057(8) 0.08(1) 0.024(6) 0.028(7) 0.020(7)
0(8) 0.1(1) 0.033(7) 0.1(1) 0.019(7) 0.06(1) 0.014(7)
0(9) 0.074(9) 0.031(6) 0.058(8) -0.008(6) 0.037(7) -0.001(6)
0(10) 0.07(1) 0.039(6) 0.09(1) -0.003(7) 0.040(8) -0.002(7)
0(11) 0.08(1) 0.056(8) 0.07(1) -0.033(8) 0.040(9) -0.028(8)
0(12) 0.051(8) 0.053(7) 0.054(8) -0.008(6) 0.005(7) 0.005(6)
0(13) 0.040(6) 0.031(6) 0.034(6) 0.003(4) 0.012(5) 0.002(5)
0(14) 0.031(5) 0.032(5) 0.036(6) -0.001(4) 0.006(4) -0.004(5)

The anisotropic displacement exponent takes the form: -27t2(h2a2*Uxx + ... + 2hka*b*Uxy)
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(2.07(2) A) of the Pt(CN)2(phen) complex was similar to 34 (77) while the Pt-N 

bond length in Pt(NCO)2(bipy) (78) and Pt(NCS)2(bipy) (77) (2.00(5) A and 

1.91 (2) A, respectively) were similar to the thiolate bridged complex. The 

differences in these bond lengths are attributed to the frans-influence of the 

methyl groups of 33 and 34 and the cyanide group of Pt(CN)2(phen).

The two complexes, Pt(bipy)Br2, 40, and Pt(bipy)l2, 41, were also obtained 

as single crystals and X-ray structure determinations were performed. These two 

complexes were formed while trying to crystallize the dication [Pt(bipy)2]2+ using 

various counter-anions. Crystals were obtained from solutions that contained an 

excess of KBr and Kl. The molecular structures of 40 and 41 are comparable to 

the structures reported for the monomeric units of [Cu(bipy)X2]4 (X = Cl, Br) (80) 

and [Pt(bipy)CI2]4 (81) and analogous to the molecular structure of Pt(T-methyl- 

2,4'-bipyridin-3'-ylium)CI2 (82) and the monomeric unit of [Cu(phen)Br2]4 (83). 

Among these complexes, there are no significant differences between 

comparable bond lengths and angles. However, the crystal structures for 40, 41 

and the methylbipyridinylium complex differ from the crystal structures of the 

others with regard to the nature of the interactions between monomeric units.

Complexes 40, 41 and the methylbipyridinylium complex exhibit only van 

der Waals interactions between neighboring molecules. The others show weak 

bonding between atoms of neighboring monomeric units to form polymeric chains 

in the crystal structures. In the copper complexes, the monomeric units are 

linked by weak Cu-Cl (3.025(1) A and 3.106(1) A) or Cu-Br (3.175(1) A and
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3.286(2) A) bonds, giving the copper atoms a distorted octahedral coordination. 

The halogen bridged Cu-Cu distances are 3.802(1) A and 3.876(1) A for the 

chloro complex and 3.964(1) A and 3.974(1) A for the bromo complex.

Although Pt(II) does not form complexes with six donor ligands, weak Pt- 

Pt interactions between square-planar Pt(II) complexes occur with planar ligands. 

The red form of Pt(bipy)Cl2 is an example. Weak Pt-Pt interactions link 

monomeric units in chains with a Pt-Pt separation of 3.45 A. It is unlikely that an 

isostructural bromo or iodo complex could be prepared. The bromo complex 

would have a Pt-Pt distance of ca. 3.75 A and any Pt-Pt interaction would be too 

weak to compensate for the approximately three percent larger unit cell volume 

compared to the structure of 40. This is just exaggerated for the iodo complex 

41. A yellow form of Pt(bipy)Cl2 has also been reported (84) with the nearest Pt- 

Pt distance (from powder diffraction data) of approximately 4.5 A in the solid. Its 

structure is probably analogous to 40 and 41 with regard to intermolecular 

interactions.

ORTEP diagrams for the two neutral complexes, Pt(bipy)Br2, 40 and 

Pt(bipy)l2, 41, are shown in Figures 3 and 4 respectively. The following tables 

contain the crystallographic data for both complexes.



Figure 3. Thermal ellipsoid plot of 40 showing 50% probability ellipsoids and numbering scheme for the structure.



O)O

Figure 4. Thermal ellipsoid plot of 41 showing 50% probability ellipsoids and numbering scheme for the structure.
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Table 11. Crystallographic data for Pt(bipy)Br2 (40) and Pt(Npy)I2 (41).

Parameter 40 41
Formula CioHsN2Br2Pt CioHsN2I2Pt

Formula weight 511.1 605.1

Space Group C2/c C2/c

Unit cell: a (A) 17.262(5) 17.405(2)

B (A ) 9.388(2) 9.805(2)

C (A ) 7.557(2) 7.706(1)

P(°) 113.47(2) 112.09(1)

Volume (A3) 1123.5(5) 1208.5(4)

Z 4 4

p (g cm"3) calculated 3.022 3.298

absorption coef, Mo Ka (cm'1) 195.7 165.5

F(OOO) 920 1064
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Table 12. Data collection and structure refinement data for 40 and 41.

Parameter 40 41
20 range (°) 4-65 4-65

Unique reflections t 1638 2203

Observed reflections 1126 1012

Number of parameters 69 69

Trans. Factor range 0.075-0.877 0.561-0.762

Final Ra, observed data 0.049 0.057

Final wRb, observed data 0.048 0.025

Final wRb, all data 0.055 0.033

Goodness of fit 1.02 1.21
a R = S | IFoM F cN / 2 |F0|. DwR 
where w = [ct2(F) + 0.0007F2]"1

= [S(w(F0" -F c T ) /SwF0T -
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Table 13. Atomic Coordinates and equivalent isotropic displacement coefficients
for 40.

Atoms x/a y/b zlc U(eq)

Pt 0.00000 0.30922(6) 0.25000 0.0327(2)

Br -0.0991(1) 0.1252(1) 0.0753(2) 0.0640(6)

N -0.0762(6) 0.4731(9) 0.118(1) 0.033(3)

C(I) -0.1561(7) 0.463(1) -0.025(2) 0.045(5)

C(2) -0.20(1) 0.584(2) -0.107(2) 0.073(7)

C(3) -0.1670(9) 0.715(1) -0.053(2) 0.063(7)

C(4) -0.0883(8) 0.725(1) 0.087(2) 0.052(6)

C(5). -0.0425(7) 0.605(1) 0.174(2) 0.037(4)
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Table 14. Bond lengths (A) for 40.

Bond Length(A) Bond Length(A)

Pt-Br 2.420(2) Pt-N 2.010(8)

Pt-Br(A) 2.420(2) Pt-N(A) 2,010(8)

N-C(I) 1.37(1) N-C(S) 1.36(1)

C(1 )-C(2) 1.37(2) C(2)-C(3) 1.35(2)

C(3)-C(4) 1.35(2) C(4)-C(5) 1.39(1)

C(S)-C(SA) 1.46(2)

Table 15. Bond angles (°) for 40.

Atoms Angles(°) Atoms Angles(°)

Br-Pt-N 95.5(2) Br-Pt-Br(A) 88.9(1)

N-Pt-Br(A) 175.6(2) Br-Pt-N(A) 175.6(2)

N-Pt-N(A) 80.1(4) Br(A)-Pt-N(A) 95.5(2)

Pt-N-C(I) 126.1(7) Pt-N-C(S) 115.4(6)

C(I)-N-C(S) 118.4(9) N-C(1 )-C(2) 121(1)

C(1)-C(2)-C(3) 121(1) C(2)-C(3)-C(4) 119(1)

C(3)-C(4)-C(5) 121(1) N-C(5)-C(4) ' 120(1)

N-C(S)-C(SA) 114.5(5) C(4)-C(5)-C(5A) 125.2(6)



Table 16. Anisotropic displacement coefficients for 40.

Atom Uxx Uyy Uxx U Xy Uxz U y z

Pt 0.0360(3) 0.0239(3) 0.0308(3) 0.0000 0.0057(2) 0.0000

Br 0.067(1) 0.0362(7) 0.0641(9) -0.0134(6) 0.0006(8) -0.0111(6)

N 0.029(5) 0.035(5) 0.035(5) 0.008(4) 0.012(4) 0.004(4)

C (I) 0.0360(6) 0.053(7) 0.037(6) -0.001(5) 0.005(5) 0.003(5)

C(2) 0.060(9) 0.08(1) 0.059(9) 0.031(9) 0.005(8) 0.0113(8)

C(3) 0.070(9) 0.051(9) 0.08(1) 0.034(7) 0.038(8) 0.033(7)

C(4) 0.048(7) 0.026(6) 0.079(9) 0.012(5) 0.023(7) 0.012(5)

C(5) 0.038(7) 0.028(5) 0.044(7) 0.001(5) 0.014(5) -0.0001(5)

The anisotropic displacement exponent takes the form: -27r2(h2a2*UXx + ... + 2hka*b*Uxy)
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Table 17. Atomic Coordinates and equivalent isotropic displacement coefficients 
for 41.

Atoms x/a y/b z/c U(eq)

Pt 0.00000 . 0.31495(7) 0.25000 0.0341(3)

I -0.10137(6) 0.12497(9) 0.0691(1) 0.0668(5)

N -0.0743(5) 0.476(1) 0.121(1) 0.039(4)

C(1) -0.1506(6) 0.464(1) -0.013(2) 0.053(6)

C(2) -0.1941(9) 0.584(2) -0.090(2) 0.074(7)

C(3) -0.159(1) 0.712(2) -0.032(2) 0.083(9)

C(4) -0.0806(8) 0.721(1) 0.106(2) 0.059(7)

0(5) -0.0411(7) 0.6021(1) 0-179(2) 0.045(6)
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Table 18. Bond lengths (A) for 41.

Bond Length(A) Bond Length(A)

Pt-I 2.584(1) Pt-N 2.045(9)

Pt-I(A) 2.584(1) Pt-N(A) 2.045(9)

N-C(I) 1.35(1) N-C(S) 1.37(2)

C(1)-C(2) 1.39(2) C(2)-C(3) 1.40(2)

C(3)-C(4) 1.38(2) C(4)-C(5) 1.36(2)

C(S)-C(SA) 1.43(2)

Table 19. Bond angles (°) for 41.

Atoms Angles(°) Atoms Angles(°)

I-Pt-N 96.6(2) I-Pt-I(A) 87.7(1)

N-Pt-I(A) 175.7(2) I-Pt-N(A) 175.7(2)

N-Pt-N(A) 79.2(5) I(A)-Pt-N(A) 96.6(2)

Pt-N-C(I) 125.4(8) Pt-N-C(S) 115.2(6)

C(1)-N-C(5) 119(1) N-C(1)-C(2) 119(1)

C(1)-C(2)-C(3) 121(1) C(2)-C(3)-C(4) 119(1)

C(3)-C(4)-C(5) 118(1) . N-C(5)-C(4) 123(1)

N-C(S)-C(SA) 115.2(5) C(4)-C(5)-C(5A) 121.4(7)



ta b le  20. Anisotropic displacement coefficients (A2) for 41.

Atom Uxx Uyy Uxx Uxy Uxz Uyz

Pt 0.0331(4) 0.0306(4) 0.0335(4) 0.0000 0.0068(3) 0.0000

I 0.0654(7) 0.0491(7) 0.0674(7) -0.0148(5) 0.0038(5) -0.0105(5)

N 0.031(6) 0.042(7) 0.036(5) 0.014(5) 0.005(5) 0.01(5)

C (I) 0.027(7) 0.08(1) 0.046(7) -0.010(7) 0.005(5) 0.004(8)

C(2) 0.050(9) 0.12(1) 0.044(8) 0,04(1) 0.011(7) 0.03(1)

C(3) 0.09(1) 0.07(1) 0.12(1) 0.04(1) 0.07(1) 0.05(1)

C(4) 0.050(9) 0.06(1) 0.07(1) 0.024(8) 0.031(8) 0.021(8)

C(5) 0.047(8) 0.043(8) 0.054(9) 0.007(7) 0.028(7) 0.008(7)

The anisotropic displacement exponent takes the form: -27t2(h2a2*UXx + ...■*- 2hka*b*UXy)
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In 1988, Puddephatt et al. discussed the reaction between PtMeatbipy) 

(33) and silver(l) in acetone as shown in Equation 16 (79):

PtMe2(bipy) + Ag+ + PPh3 -> % [PtlvMe3(bipy)PPh3]+ + 1Z= [PtllMe(bipy)PPh3]+ + _

Ag0 (16)

At first glance, this reaction appears to be very straightforward. One mole of 

PtMe2(bipy) reacted with one mole of siiver(l) to produce equimolar amounts of 

the Zac-PtivMe3 and PtllMe complexes. He explained Equation 16 as " the 

oxidation of Pt(II) to Pt(IV), with transfer of a methyl group from a further 

molecule of PtMe2(Npy) to Pt(IV)...and this...leads to equimolar amount of Zac- 

PtivMe3 and PtllMe units. The mechanism of reaction is unknown (79)." A tthe 

time that this work was published, very little was known about dimeric Pt(III) 

chemistry. However, with today's knowledge of Pt(III) chemistry, one realizes 

that the products in Equation 16 do not form as Puddephatt described.

Experiments were run with two or more mole equivalents of Ag(I) added to 

PtMe2(diimine) solutions. The results showed that Ag(I) is not capable of 

completely oxidizing PtllMe^diimine) to a Pt(IV) complex, either 

[PtlvMe3(diimine)X]+ or [PtlvMe2(diimine)X2]2+. However, the same products as 

shown in Equation 16 were obtained. Consequently, Puddephatt could not have 

formed the products in the manner that he described. However, it is known that
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when a dimeric Pt(III) complex disproportionates, the products that are produced 

are equimolar amounts o f Pt(IV) and Pt(II). Therefore, the mechanism through 

which Equation 16 proceeded was most likely through a dimeric.Pt(III) complex 

and the methyl transfer also occurred through the dimeric Pt(III) complex.

Even with the extensive 1H NMR studies that Puddephatt et al. performed, 

working at temperatures as low as 183 K, he did not observe an intermediate 

dimeric Pt(III) species. Therefore, the existence of the dimeric Pt(III) species 

must have been extremely short-lived with his reaction conditions; however, it 

must be present and my goal was to isolate this species.

Preparation of the dimeric Ptfllh species: 36 and 37.

Puddephatt et al. had run their reactions in the presence of 

triphenylphosphine (PPhs) and in acetone. My initial intention was to study what 

would happen in acetonitrile. Although acetonitrile is a suitable ligand for 

platinum, it is much less so than acetone. When one equivalent of silver(l) was 

reacted with PtMe2(diimine), where diimine = bipy or phen, in acetonitrile, the 

following products were obtained (Figure 5 for 33 and Figure 6 for 34) as shown 

by Equation 17.

33 + Ag+ - » [PtlvMe3(bipy)S]+ + [Pt!lMe(bipy)S]+ + Ag0 (17)



1 8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.9 0.8 0.7 0.6 0.5 0.4 ppm
Figure 5. 1H NMR spectrum of the products obtained from the reaction of 33 with silver(l) in acetonitrile-d3. Peak 

labels are (a) fac-[PtlvMe3(bipy)S]+ and (b) [Pt"Me(bipy)S]+, where S = solvent.
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Figure 6. 1H NMR spectrum of the products obtained from the reaction of 34 with silver(l) in acetonitrile-d3. Peak 
labels are (a) fac-[PtlvMe3(phen)S]+ and (b) [Pt"Me(phen)S]+, where S = solvent.



73

To ensure that PtMea(Cliimine) was not reacting with ambient water in the 

solvents by the acid type oxidative-addition/reductive-elimination mechanism to 

form the products, a non-coordinating organic base, 2,6-dimethylpyridine (2,6- 

lutidine), was used to buffer the solution. However, when the reactions were run 

in a large fold excess of lutidine, the same products were obtained as shown in 

Figures 5 and 6 (Equation 18).

33 + Ag+ + xs 2,6-lutidine [PtlvMe3(bipy)S]+ + [Pt"Me(bipy)S]+ + Ag0 (18)

Furthermore, there was no evidence of Iutidirie-N-H+ formation (no broad peak 

was observed in the 3 to 8 ppm region of the 1H NMR spectrum). To further test 

if water was the cause of any of the products, water was added to the reaction 

mixture, both with and without the lutidine. The same results were obtained ion 

both cases (Figures 5 and 6). Therefore, the formation of the products was not 

an acid effect of residual water or added water.

In a review of the literature (see Introduction), many of the dimeric Pt(III) 

complexes had ligands in the axial sites other than solvent. 2,6-lutidine is a 

hindered pyridine derivative and could, at best, only weakly coordinate with . 

platinum. Pyridine, which is both a good organic base and a good ligand, was 

then used. The first reaction, run in the presence of one mole equivalent of 

pyridine, produced a new species that was observed by 1H NMR (Figure 7). The 

reaction is illustrated in Equation 19.
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Figure 7. The first appearance of the dimeric Pt(III) complex, 36. Peak labels are (a) Pt-Ag adduct and (b) 36. 

The 2J[Pt-H] coupling constant of 36 is 69 Hz.

ppm
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33 + Ag+ + Pyr -> [Pyr-Ag-PtMe2(bipy)]+:,: -> 1/4[PtlllMe2(bipy)(pyr)]22+ + Ag0 (19)

The new species had a resonance downfield from the starting material and the 

two disproportionation peaks. When a series of spectra were obtained over time, 

the intensity of the new species increased as the Pt-Ag adduct peak 

disappeared. (The Pt-Ag adduct is a species that forms immediately upon 

addition of one mole equivalent silver(l) to the Pt solution. A detailed discussion 

about this species and others is found later in this dissertation.) Figure 8 is a 

stacked plot showing the disappearance of the Pt-Ag adduct peak and the 

appearance of the new species over a period of time.

At this low concentration of pyridine, the new species would slowly 

disproportionate (decompose) into [PtlvMe3(bipy)(pyr)]+ and [Pt"Me(bipy)(pyr)]+ 

(Figure 9) as shown by Equation 20.

[PtlllMe2(bipy)(pyr)]22+ -> [PtlvMe3(bipy)(pyr)]+ + [PtllMe(bipy)(pyr)]+ (20)

However, addition of a 3-fold or greater excess of pyridine would stabilize the 

new species for a period of twelve hours or more.

Isolation of the new species formed in Equation 19 as a solid initially 

proved to be difficult. From NMR experiments, the new species was stable for 

many hours in the presence of a three-fold or greater pyridine concentration. 

However, if the solvent was removed under reduced pressure and at 

temperatures above 25 °C, an oil was obtained. When the oil was redissolved
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Figure 8. Stacked plot showing the gradual disappearance of the Pt-Ag adduct peak (a) while the dimeric Pt(III) 
species, 36 (b), appears. A 50-fold excess of pyridine is present in this reaction.
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Figure 9. Disproportionation of the dimeric Pt(III) complex, 36, while only in the presence of one equivalent of 
pyridine. Peak labels are (a) 36, (b) fac-[PtlVMe3(bipy)(pyr)]+ and (c) [Pt"Me(bipy)(pyr)]+.



into acetonitrile-ds, only the disproportionation species were observed (Figures 5 

and 6). To overcome this problem, a high-vacuum line was used, and the 

solution was cooled in an ice bath while the solvent was removed. This method 

worked well, and the new peak was the only Me-Pt species observed (Figure 10).

After the preparation of 36 with silver(l), five other oxidants were studied: 

cerium(IV) ammonium nitrate (CAN), hydrogen peroxide (FhO2)1 

peroxyhydrogensuIfate (Oxone), nitrosonium compounds (NO+X', where X = PF6 

and BF4); and, ferrocenium salt (Fe+PF6'). These compounds, CAN, H2O2, NO+ 

and Oxone, were only water soluble and the resulting CAN, NO+ and Oxone 

solutions were highly acidic. Even at 100-fold mole excess pyridine 

concentrations, only multiple species were observed but not characterized 

(Figures 11,12 and 13). With H2O2, a small amount of the dimeric Pt(III) 

complex was observed in the 1H NMR spectrum; however, controlling the 

oxidation was difficult, and reaction onto Pt(IV) complexes (PtMe2(bipy)(OH)2 or 

[PtMe2(bipy)(OH)(OH2)]+) always resulted (Figure 14). Fe+was soluble in 

acetonitrile. Upon dissolution with the complex in the presence of pyridine, the 

solution color changed from orange-red to dark blue due to the intense color of 

the oxidant. The paramagnetism made following the reaction by 1H NMR 

impossible. However, when the reaction was left to react for several hours, the 

solution would turn yellow when all of the Fe+ reacted, at which time NMR was 

again possible. The NMR spectrum showed the same species as obtained by 

the silver(l) oxidation (Figure 10). Separation of ferrocene from the
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Figure 10. Pure 36 (a) obtained by the experimental method.
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Figure 11. 1H NMR spectrum showing the large number of species obtained when 33 is reacted with Ce(IV). This 
reaction does not form 36 even in the presence of excess pyridine. The species were not characterized.



1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3

Figure 12. 1H NMR spectrum showing the species obtained from reacting 33 with NO+BF4". This reaction does not
form 36 even in the presence of excess pyridine. The species were not characterized.
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Figure 13. 1H NMR spectrum showing the products formed from reacting 33 with Oxone. The reaction did not
form 36 with a 100-fold excess pyridine. The multiple species were not characterized.
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Figure 1 4 .1H NMR spectrum of oxidizing 33 with hydrogen peroxide in the presence of 100-fold pyridine. The 
peak labels are (a) 36 and (b) PtivMe2(IDipy)(OH)2 or [PtlvMe2(bipy)(0H)(H20 )]+.



complex proved difficult due to the similar solubilities of ferrocene and the dimeric 

Pt(III) complex. Consequently, all subsequent reactions preparing the dimeric 

Pt(III) complexes used silver(l) as the oxidant.

Characterization of the dimeric complexes. 36 and 37

The dimeric Pt(IiI) complexes, 36 and 37, were characterized by NMR 

experiments. 1H NMR experiments provided chemical shifts for the methyl on 

platinum (Me-Pt): 5 = 1.519 and 1.714 ppm with 2J[Pt-H] = 69 and 70 Hz, 

respectively (Figures 10 and 15). No long-range 3JjPt-H] coupling constants 

were observed. 13C NMR experiments, however, did show both the one- and 

two-bond coupling constants (Figures 16 and 17). The Me-Pt chemical shifts 

were: -3.013 and -2.630 ppm for 36 and 37 respectively. For 36, the coupling 

constants were observed to be 1JjPt-C] = 690 Hz and 2JfPt-C] = 28 Hz and the 

coupling constants for 37 were observed to be 1JfPt-C] = 695 Hz and 2JfPt-C] =

27 Hz. Since both coupling constants were observed in the 13C spectra, there 

was no doubt that the dimeric Pt(III) complexes were successfully prepared.

Further evidence was obtained from elemental analyses of 36 and 37 and 

a single crystal X-ray diffraction structure of 36 (see below). Two different 

complexes of 36 were prepared and elemental analyses were performed. The 

first complex, from which single crystals were grown, had the counterion NO3'. 

Elemental analysis of the bulk crystals demonstrated that 2 waters of hydration
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Figure 15. 1H NMR spectrum of 37 in the presence of excess pyridine. The 2J[Pt-H] coupling constant is 70 Hz.
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Figure 16. 13C NMR spectrum of 36 only showing the Me-Pt region where (1) is the 1J[Pt-C] coupling constant
(690 Hz) and (2) is the 2J[Pt-C] coupling constant (28 Hz). (3) is acetonitrile and (4) is a contaminant.
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Figure 17. 13C NMR spectrum of 37 only showing the Me-Pt region of the spectrum. (1) is 1J[Pt-C] coupling 
constant (695 Hz) and (2) is 2J[Pt-C] coupling constant (27 Hz). (3) is acetonitrile. (4) is a 
contaminate.
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were present. However, the analysis performed on 36 prepared by the 

experimental procedure (with X = CF3S (V ) indicated that no waters of hydration 

were observed. Results of both analyses of 36 fit well for the dimeric Pt(III) 

complex. The analysis for 37, re-precipitated from a dichloromethane/ether 

solution, fit for the dimeric Pt(III) complex with X = CF3SO3. Once again, the 

complex did not have any waters of hydration (see page 37).

The dimeric Pt(III) complex, 36, with counter anion X = NO3" was obtained 

as single crystals after several months from a slow diffusion of toluene into an 

acetonitrile solution at O °C. The complex formed monoclinic yellow crystals that 

were air stable. During the refinement of the data set, the counter-anion was 

found to be severely disordered. The electron density for the nitrates was 

modeled from electron-difference maps. From the modeling, it was discovered 

that the nitrates occupied two crystallographic different sites per Pt, each at half 

occupancy. Each nitrate was disordered across an inversion center. In one of 

these sites, a disordered water hydrogen bonded to nitrate, was observed, and 

provided one water of hydration per Pt atom. This result fit well with the 

elemental analysis that was obtained from the bulk crystals. Figure 18 shows the 

ORTEP diagram for complex 36. The following tables present the 

crystallographic data for complex 36.

Comparison of bond lengths and angles of 33, 34, and 36, indicated that 

the Pt-N bond length of 36 (2.17 (1) A) was apparently longer than the same 

bond found in 33 and 34 (2.09(8) and 2.098(7) A, respectively). However, the Pt-
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CHa bond lengths were all within standard deviation of each other in the three 

complexes. This apparent lengthening of the Pt-N bond in 36 may be caused by 

the relief of steric interactions of the bipy and methyl ligands. Figure 19 shows a 

perspective view down the Pt-Pt bond. This view shows how the complex must 

stagger and the resulting conformation has one ring of the bipy ligand 

overlapped. These overlapped rings are tilted away from each other. The extent 

to which the overlapped rings pucker can be determined by measuring the 

distance each atom is from the bisecting plane of the complex, i.e., measuring 

from the middle of the Pt-Pt bond. For example, the distance that each Pt atom 

is from the bisecting plane is 1.355 A (the Pt-Pt separation is 2.709 A). Table 2 1  

presents the values for the complex.

Table 21. Distances (A) from the bisecting plane to the designated atoms.

Atom Distance Atom Distance

PM 1.355
NI 1.44 NT 1,45
C l 1.53 CT 1.48
C2 1.73 C2' 1.54
CS 1.83 CS' 1,56
C4 1.76 C4' 1.59
CS 1.60 CS' 1.57
C6 1.49 C l 1.41



Figure 18. Thermal ellipsoid plot of 36 dication showing 50% probability ellipsoids and numbering scheme for the 
structure.



Figure 19. Perspective view down the metal-metal bond of the molecular structure of 36. Figure also shows the 
numbering scheme for Table 21.
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Table 22. Crystallographic data for bis(bipyridyl)tetramethylbispyridyl- 
diplatinum(lll) dinitrate dihydrate (36).

Parameter 36

Formula C 34 F^NsOsPta

Formula weight 1080.94

Space Group C2/c

Unit cell: a (A) 12.974(3)

b (A) 22.099(4)

c ( A ) 14.012(3)

P ( ° ) 113.46(1)

volume (A3) 3685.6(2)

Z 4

p (g cm'3) calculated 1.948

absorption coef, Mo Ka (cm'1) 76.4

F(OOO) 2088
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Table 23. Data collection and structure refinement data for 36.

Parameter 36

20 range (°) 4-65

Unique reflections 6680

Observed reflections 2206

Number of parameters 236

Trans. Factor range 0.192-0.463

Final Ra, observed data 0.072

Final wRb, observed data 0.062

Final wRb, all data 0.087

Goodness of fit 1.31

a R = £ I |F0| - |FC|\| / S |F0|. DwR 
where w = [O2(F) + 0.0007F2]'1

= [£(w(F0'-Fczn / ZwF0T
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Table 24. Atomic Coordinates and equivalent isotropic displacement coefficients 
for 36.

Atoms x/a y/b z/c U(eq)

Pt 0.05805(7) 0.0.8950(3) 0.35455(5] 0.0311(2)
N (I) 0.029(1) 0.1853(6) 0.366(1) 0.034(6)
C(1) -0.054(2) 0.2103(9) 0.384(1) 0.048(8)
C(2) -0.060(2) 0.2725(9) 0.401(1) 0.055(9)
C(3) 0.026(2) 0.3068(8) 0.398(2) 0.07(1)
C(4) 0.116(2) : 0.2824(8) 0.381(1) 0.06(1)
C(5) 0.118(2) 0 .2 2 0 1 (8 ) 0.367(1) 0.043(8)
N(T) 0 .2 0 2 (1 ) 0.1302(6) 0.343(1) 0.039(6)
C(T) 0.288(2) 0 .1 0 1 (1 ) 0.334(1) 0.06(1)
C(2 ') 0.376(2) 0.127(1) 0.327(2) 0.08(1)
0(3') 0.384(2) 0.192(2) 0.328(2) 0.09(1)
0(4') . 0.298(2) 0 .2 2 2 (1 ) 0.342(2) 0.07(1)
C(5') . 0 .2 1 2 (2 ) 0.1907(8) 0.352(1) 0.038(7)
C(6 ) 0.104(2) 0.0017(8) 0.360(1) 0.061(9)
0(7) -0.077(2) 0.0570(7) 0.377(1) 0.047(9)
N(2) 0.148(1) . 0.0931(7) 0.526(1) 0.046(6)
0 (8 ) 0.252(2) 0.0688(8) 0.575(1) 0.047(8)
0(9) 0.313(2) 0.0668(9) 0.677(2) 0.07(1)
0 (1 0 ) 0.263(2) 0.090(1) 0.741(2) 0.06(1)
0 (1 1 ) 0.154(2) 0.1164(9) 0.695(1) 0.06(1)
0 (1 2 ) 0.096(2) 0.1164(8) 0.585(1) 0.05(1)
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Table 25. Bond lengths (A) for 36.

Bond Length(A) Bond Length(A)

Pt-N(I) 2.17(1) Pt-N(T) 2.14(2)

Pt-C(G) 2 .0 2 (2 ) Pt-C (7) 2.03(2)

Pt-N(2) 2 .2 1 (1 ) Pt-Pf 2.709(1)

1N (I)-C (I) 1.32(3) N(I)-C(S) 1.38(3)

C(1)-C(2) 1.40(3) C(2)-C(3) 1.36(4)

C(3)-C(4) 1.39(4) C(4)-C(5) 1.39(3)

C(5)-C(5') . 1.47(3) N(T)-C(T) 1.33(3)

N(1,)-C(5') 1.34(2) (CT)-C(2') 1.31(4)

C(2')-C(3') 1.43(5) C(3')-C(4') 1.38(4)

C(4')-C(5') 1.37(3) N(2)-C(8) 1.36(2)

N(2)-C(12) 1.36(3) C(8)-C(9) 1.34(3)

C(9)-C(10) 1.40(4) C(10)-C(11) 1.42(3)

C(11)- C(12) 1.42(2)
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Table 26. Bond angles (°) for 36.

Atoms Angles(°) Atoms Angles(°)

N(I)-Pt-N(T) 77.1(6) N(1)-Pt-C(6) 172.6(G)
N(T)-Pt-C(G) 98.6(8) N(1)-Pt-C(7) 98.6(6)
N(T)-Pt-C(Z) 174.1(6) C(6)-Pt-C(7) 8 6 .2 (8 )
N(1)-Pt-N(2) 86.3(G) N(T)-Pt-N(2) 8 8 .0 (6 )
C(6)-Pt-N(2) 8 8 .6 (6 ) C(7)-Pt-N(2) 87.7(6)
N(I)-Pt-Pt' 92.3(3) N(T)-Pt-Pt' 92.6(3)
C(G)-Pt-Pt' 93.9(G) C(Z)-Pt-Pt' 91.6(4)
N(2)-Pt-Pt' 177.4(4) P t-N (I)-C (I) 127(1)
Pt-N(I)-C(G) 1 1 2 (1 ) C(1)-N(1)-C(G) 1 2 1 (2 )
N(1)-C(1)-C(2) 123(2) C(1)-C(2)-C(3) 116(2)
C(2)-C(3)-C(4) 123(2) C(3)-C(4)-C(G) 118(2)
N(1 )-C(5)-C(4) 119(2) N(1)-C(G)-C(G') 119(2)
C(4)-C(5)-C(5') 1 2 2 (2 ) Pt-N(T)-C(T) 127(1)
Pt-N(T)-C(5') 118(1) C(1 ')-N(1 ')-C(G') 116(2)
N(T)-C(T)-C(2') 126(2) C(T)-C(2')-C(3') 119(3)
C(2')-C(3')-C(4') 116(3) C(3')-C(4')-C(5') 1 2 1 (2 )
C(G)-C(G1)-N(T) 114(2) C(G)-C(G')-C(4') 124(2)
N(T)-C(G')-C(4') 123(2) Pt-N(2)-C(8) 1 2 2 (1 )
Pt-N(2)-C(12) 1 2 0 (1 ) C(8)-N(2)-C(12) 118(1)
N(2)-C(8)-C(9) 126(2) C(8)-C(9)-C(10) 117(2)
C(9)-C(10)-C(11) 119(2) C(10)-C(11)-C(12) 1 2 0 (2 )
N(2)-C(12)-C(11) 119(2)



Table 27. Anisotropic displacement coefficients (A2) for 36.

Atom Uxx Uyy Uxx Uxy Uxz Uyz

Pt 0.0346(4) 0.0259(3) 0.0287(3) -0.0010(5) 0.0084(3) 0.0016(4)
NO) 0.03(1) 0.027(7) 0.034(8) -0.001(7) -0.004(7) -0 .0 0 0 (6 )
CO) 0.05(1) 0.05(1) 0.04(1) 0 .0 1 (1 ) 0 .0 1 (1 ) 0.006(9)
C(2) 0.07(2) 0.05(1) 0.04(1) 0 .0 1 (1 ) 0 .0 2 (1 ) -0 .0 0 (1 )
C(3) 0 .1 1 (2 ) 0.015(9) 0.06(1) 0 .0 2 (1 ) 0 .0 2 (1 ) 0.000(9)
C(4) 0.09(2) 0.04(1) 0.04(1) -0 .0 2 (1 ) 0 .0 0 (1 ) -0.004(9)
0(5) 0.04(1) 0.04(1) 0.030(9) -0 .0 0 (1 ) -0.004(9) 0.003(8)
N(1') 0.04(1) 0.039(9) 0.041(8) -0.005(8) 0.016(8) -0.001(7)
C(T) 0.03(1) 0.08(2) 0.06(1) -0 .0 2 (1 ) 0 .0 1 (1 ) -0 .0 0 (1 )
0 (2 ') 0.06(2) 0 .1 2 (2 ) 0.07(2) 0 .0 2 (2 ) 0.03(1) 0 .0 0 (1 )
0(3') 0.04(2) 0.18(3) 0.06(1) -0.04(2) 0 .0 2 (1 ) 0 .0 0 (1 )
0(4') 0.06(2) 0.06(1) 0.08(2) -0 .0 1 (1 ) 0.04(1) 0 .0 0 (1 )
0(5') 0.03(1) 0.05(1) 0.031(9) 0.004(9) 0.007(8) 0.003(8)
0(6) 0.06(2) 0.04(1) 0.06(1) 0 .0 0 (1 ) 0 .0 0 (1 ) -0.004(9)
0(7) 0.08(2) 0 .0 2 0 (8 ) 0.05(1) -0 .0 0 (1 ) 0.03(1) -0 .0 0 0 (8 )
N(2) 0.05(1) 0.036(8) 0.030(7) -0.017(9) -0.008(7) 0.006(8)
0(8) 0.05(1) 0.05(1) 0.04(1) -0 .0 0 (1 ) 0 .0 0 (1 ) 0 .0 1 1 (8 )
0(9) 0.05(1) 0.07(1) 0.05(1) -0 .0 0 (1 ) -0 .0 2 (1 ) 0 .0 1 (1 )
C(1 0 ) 0.07(2) 0.05(1) 0.05(1) -0.04(1) 0 .0 1 (1 ) 0 .0 1 (1 )
0 (1 1 ) 0 .1 0 (2 ) 0.05(1) 0.04(1) -0.04(1) 0.04(1) -0 .0 0 (1 )
0 (1 2 ) 0.09(2) 0.029(9) 0.04(1) -0 .0 2 (1 ) 0.04(1) -0.000(9)

The anisotropic displacement exponent takes the form: -27i2(h2c»2*UXx + ... + 2hka*b*Uxy)
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The atoms of the other Pt have the same distances but of opposite sign. The 

values demonstrate the degree to which the overlapped bipy rings are tilted away 

from each other. The non-overlapped rings have values that are more 

consistent. The longer Pt-N bonds in 36 presumably help to relief any steric 

effects the overlapped rings experience.

Another observable difference was the bond angle formed from the trans- 

CHs-Pt-N configuration (for 36 the bond angle between CG-Pt-N 1). The angle in 

33 was 175.3(4)° while in 36 it was 172.6(5)°. The methyls in 36 were staggered 

to relieve steric effects and this accounted for the change. The Pt-Pt distance of 

36 (2.709 A) was in the range of those reported for 26-28 (2.694 A, 2.765 A, and 

2.758 A 1 respectively). In complexes 27-28, the longer Pt-Pt distances were due 

to the steric effects of the ligands. All of the non-bridged dimeric Pt(III) 

complexes had only slightly longer Pt-Pt distances than the bridged dimeric 

complexes (Pt-Pt separations range from 2.3 to 2.6 A).

Preparation and Characterization of Mixed Dimeric Pt(III) Complexes: 36. 37. and
38,

After the successful preparation of 36 and 37 and their characterization, 

the next goal was to prepare a solution that contains both of the homo-dimers, 36 

and 37, and the hetero-dimer, 38 (homo-dimer is a dimeric Pt(III) complex that 

contains the same diimine ligand on both Pt atoms while the hetero-dimer was a 

dimeric Pt(III) complex that has the two different diimine ligands in one molecule).
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This was undertaken to study if one complex was thermodynamically more stable 

than the others. The complexes were prepared by reacting equimolar amounts 

of 33 and 34 with an equivalent of silver(l) in the presence of excess pyridine.

The reaction was complete within 30 minutes as indicated by 1H NMR. (The 

formation of 36 or 37 can take as long as 3 h under similar reaction conditions.) 

As Figure 20 displays, a 1:2:1 statistical distribution of the species 37:38:36 was 

formed which indicated that the complexes have equal thermodynamic stability. 

38 showed two separate Me-Pt peaks in the 1H NMR spectrum, one for the 

Pt(phen) end of the complex (1.667 ppm (2J[Pt-H] = 69.9 Hz)) and one for the 

Pt(bipy) end (1.551 ppm ppm (2J[Pt-H] = 69.3 Hz)). Both peaks for 38 fell 

between those for 37 and 36. Isolation of 38 in pure solid form was not 

attempted; however, subsequent reactions were always performed on freshly 

prepared solutions (discussed below).

Kinetic Study of Metal-Metal Bond Formation

In an attempt to investigate the mechanism of metal-metal bond formation 

in the dimeric Pt(III) complexes, 36 and 37, a kinetic study was undertaken using 

1H NMR. The reaction equation is as follows:

PtMe2(diimine) + Ag(I) + xs Pyr -> % [PtMe2(diimine)(pyr)]22+ + Ag(O) (21)



b

• I • 1 1 1 I 1 1 ' 1 I ' 1 1 ' [ 1 1 1 ' I 1 ' • • I ' 1 1 ' I 1 1 • ■ I ■ ■ ■ ■ I ■ 1 1 ' i 1 ■ 1 1 I ' ■ ■ '

1.85 1.80 1.75 1.70 1.65 1.60 1.55 1.50 1.45 1.40 1.35 ppm

Figure 20. 1H NMR spectrum at 300 MHz showing the 1:2:1 distribution of complexes 37, 38, and 36. Peak labels 
are (a) 37, (b) 38 and (c) 36.
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where diimine = bipy or phen, and the reaction was run in acetonitrile-d3. Stock 

solutions of PtMe2Cdiimine), Ag(I), and [PtMe2(diimine)(pyr)]22+ were prepared. In 

all reactions, constant concentrations of PtMe2(diimine) were used. For all 

experiments, the Pt-Ag adduct peak, which was formed immediately upon 

addition of silver(l), was integrated over time and plots were then made with 

these data. The first complex to be studied was 33.
I

The pyridine dependence in the rate law was the first variable to be 

studied. The concentration of the. pyridine was varied from a three-fold to 100- 

fold excess in a pseudo-first order fashion. Plots of the adduct integral vs. time 

were made for a zero, first and second order dependence. The plots showed a 

first order pyridine dependence. Table 28 presents the first order rate constant 

dependence on the concentration of pyridine and Figure 21 shows representative 

plots for each pyridine concentration studied.

101
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Figure 21. First order rate plots for the pyridine analyses.

In(Pt-Ag) vs Reaction Time 
70 Fold xs Pyridine

Reeetien Time (min)

I n ( P t - A g )  v s  R e a c t i o n  T i m e  

1 0 0  F o l d  x s  P y r i d i n e

Reaction Time (min)
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Table 28. Rate constant dependence, assuming first order, on the concentration
of pyridine.

[Pyridine] (M) kobs (min ') (Rz)

0.052 0.042 (0.99)

0.171 0.037 (0.98)

0.337 0.028 (0.98)

0.499 0.0235 (0.90)

0.657 0.038 (0.98)

0.810 0.051 (0.98)

1.106 0.037 (0.99)

1.522 0.041 (0.92)

average 0.037 ± 0.008

As the data in Table 28 demonstrate, there is no dependence on the 

concentration of pyridine on the rate of the reaction, therefore, the role of pyridine 

must be after the rate-determining step.

The dependence of Ag(I) was more difficult to study. At low 

concentrations of Ag(I), the reaction was over before data could be collected.

The formation of the dimeric Pt(III) complex was optimized at 1 equivalent Ag(I) 

per Pt, and, since Ag(I) is an one-electron oxidant, it was postulated that the 

dependence of Ag(I) in the rate law was first order.
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While running the reactions, an interesting observation was made during 

the early time points—the absence of silver(O). The reactions were always run 

without protection from light. When the dimeric Pt(III) complex was observed in 

the 1H NMR spectrum, there was no obvious presence of silver(O) in the reaction 

vial. The silver(O) would not appear until the reaction was more than half 

complete. To ensure that the reaction was not proceeding at two different rates’, 

one in the NMR tube and another in the reaction vial, a second NMR sample was 

analyzed. Both samples gave identical spectra. This was a confusing point that 

was clarified when the rate of the reaction was studied in the presence of added 

silver(O). There were two obvious ways to have silver(O) present in the 

reaction—one used a previously silver mirrored Vial and NMR tube and the 

second used 30 gauge silver wire (a 5 cm piece was added to the NMR tube). 

The reaction was run at a 50 fold excess of pyridine. When the reaction was run 

in the presence of the mirror, there was no change in the observed rate constant 

(k o b s  = 0.041 ± 0.02 min"1). However, when the 30 gauge wire was added to the 

reaction mixture, the rate was increased nearly a factor of three (kobs = 0.092 ±

0.02 min'1). When two pieces of wire were used, the rate was further increased 

(kobs = 0.151 min"1) but the error of these data was greatly increased due to 

reduced sensitivity of the spectrometer with the two pieces of wire, even when 

running the samples under non-spinning conditions. The difference between 

using the mirrored NMR tube and the silver wire can be explained by the surface 

area difference. The mirror, which is near optical quality, has a very smooth
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surface area. On the other hand, the wire, which is cleaned of the oxide using 

glass wool, is a much more rough surface in which to react. The wire, therefore, 

must provide a better surface area in which PtMe2(bipy) can react. The 

mechanism of the interaction between Ag(O) and PtMe2(Wpy) is unknown.

The last variable to be investigated was the interaction of the final product 

and the reactant. Table 29 shows the first order rate constant dependence of 

added 36. The data in the table demonstrated that the rate of the reaction was 

slowed when 36 is added to the reaction. Another important fact was that the 

natural log of the intensity of the adduct peak (Ag-PtMe2(Wpy)) was also 

decreased as shown in Figure 22. The loss of intensity and the broadening of 

the peaks were good indications that an oligomer was being formed in solution. 

Any species that may being formed beyond the dimer, e.g,, trimer, would be 

paramagnetic. The paramagnetism of the species would cause the loss of j 

intensity and/or broadening of the peaks. The peaks broadened from 3 Hz to as 

much as 10 Hz. Since the concentration of Pt was kept constant throughout the 

study, a dilution effect was not causing the loss of intensity. Consequently, the 

Pt(II) species, 33, must be interacting with 36 to produce an NMR silent material,

i.e., a paramagnetic material.

When 34 was used in the kinetic analysis, the pseudo-first order rate 

constant for the pyridine study varied. The pseudo-first order rate constant at a 

50-fold excess pyridine (-0,810 M) varied from -0.162 to -0.65 min'1. When a 30- 

fold and 70-fold excess of pyridine was used, the rate constants were still
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Table 29. Rate constant dependence, assuming first order, of the
disappearance of the Pt-Ag adduct on the concentration of added 
dimeric Pt(III) ([Ptlll2], 36).

[Ptlll2] (mM) kobs (min'1)

0 0.0480

0.556 0.0430

1.65 0.0375

2.71 0.0330

3.75 0.0210

5.25 0.0079

Figure 22. A stacked plot of first order plots of the five dimeric Pt(III) (36)
concentration studies on the rate of the reaction. 10 uL = 0.556 mM, 
30 uL = 1.65 mM, 50 uL = 2.71 mM, 70 uL = 3.75 mM and 100 uL = 
5.25 mM.
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variable. The silver(O) and added dimeric Pt(III) complex was not studied 

because of the inconsistent data obtained from the pyridine analyses,

The data from the study of 33 demonstrated that the mechanism of the Pt- 

Pt bond formation was heterogeneous. There was a first order dependence on 

the 33, a first order dependence on Ag(I) and Ag(O) and an inverse dependence 

on the dimeric Pt(III) complex, 36. The dependence of the Ag(O) and 36 

appeared to have a net effect of nearly zero or, at least, nearly constant. This 

was demonstrated by the consistent rate constants that were obtained from the 

pyridine analysis. However, for 34, the data were sporadic. This was concluded 

to be caused by the interaction with Ag(O) and 37 differing from what was seen in 

the study of 33.

Reactivity of the Dimeric PtOIH Complexes: 36. 37. and 38

The stability and reactivity of the three dimeric Pt(III) complexes, 36, 37 

and 38, were investigated. Since the starting materials, 33 and 34, were 

extremely reactive under a variety of conditions, it might be expected that the 

dimeric Pt(III) complexes would be equally reactive.
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Stability

The relative stabilities of 36 and 37 were studied under different reaction 

conditions. These complexes in solution were unstable without the presence of 

excess pyridine. The greater the excess of pyridine the more stable the dimeric 

complexes were in solution. Furthermore, the solutions may only be stored at 

room temperature or below, otherwise, the dimeric complexes disproportionate 

into /ac-[PtlvMe3(diimine)(pyr)]+ and [PtllMe(diimine)(pyr)]+. The dimeric Pt(III) 

complexes were stable for hours in the presence of water, even when dissolved 

in acetone. The oxidative-addition reaction that occurred with 33 and/or 34 in 

acetone/water does not occur. However, the dimeric Pt(III) complexes were 

unstable in the presence of acid. The solid dimeric complexes, 36 and 37, had 

an odor of pyridine and, if let to stand at room temperature for several days, 

would decompose. Even when the dimeric complexes were stored under argon 

at room temperature, the decomposition took place at the same rate. Therefore, 

an aerobic process was not occurring. However, when the solid was stored at 0 

0C, the complexes were stable for several months.

Axial ligand substitution reactions

The dimeric Pt(III) complexes, 36, 37 and 38 apparently required axial 

ligands in order to be isolated, at least more than a solvent molecule. However, 

Puddephatt et al. had a good ligand, PPhg, present in their reactions. Why are
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the dimeric Pt(III) complexes observed when pyridine was used and not when 

triphenylphosphine was used in the reaction? What other ligands would stabilize 

the dimeric Pt(III) complexes?

To verify that triphenylphosphine (PPhs) did not form a stable dimeric 

Pt(III) complex, it was the first ligand used to substitute for the axial pyridines. 

Upon addition of one equivalent PPhg (per Pt basis) to the dimeric Pt(III) 

complexes, the solution color changed from light yellow to red. When diimine = 

bipy, the solution color changed as quickly back to yellow. The final yellow color 

was due to disproportionation species, fac-[PtlvMe3(bipy)(PPh3) f  and 

[PtllMe(bipy)(PPh3)]+ as shown by Figure 23. These species fit the NMR data 

that Puddephatt et al. published (79). The reaction was fast even in the 

presence of 50-fold excess pyridine. Ifthe solution containing the 

disproportionation species was left to sit, a new peak gradually appeared in the 

NMR spectrum as the Zac-[PtivMe3(Npy)(PPhs)]+ peak slowly lost intensity. The 

peak has been characterized as Zac-[PtivMe3(NpyXpyr)]+ (Figure 23). The two 

species, Zac-[PtivMe3(Npy)(PPh3)]+ and Zac-[PtivMe3(NpyXpyr)]+, reached 

equilibrium in approximately 30 to 60 minutes.

To prove that the PPh3 was coordinated to the Zac-[PtivMe3(Npy)X]+, 

where X = pyr or PPh3, complex prior to disproportionation, a solution containing 

the disproportionation species was prepared (oxidation reaction run without 

pyridine). To this solution was added a 50-fold excess of pyridine and finally 

PPh3. The solution was then monitored by 1H NMR. The [PtllMe(NpyXpyr)]+
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immediately formed [PtllMe(IDipy)(PPha)]+ which appeared to be in exchange with 

free PPha and/or pyridine. The /ac-[PtlvMe3(bipy)(PPh3)]+ peak slowly appeared . 

over period of approximately 30 minutes as shown by the stacked plot in Figure 

24.

This slow exchange reaction for the fac-[PtlvMe3(bipy)X]+, where X = pyr 

and/or PPha, complex was important. When the PPha substitution reaction was 

run, Zac-[PtivMea(Npy)(PPh3)]+ was observed first and then the Zac- 

[PtlvMe3(bipy)(pyr)]+ peak slowly appeared in the 1H NMR spectrum (Figure 23). 

This fact alone confirmed that the PPh3 was coordinated to at least one Pt of the 

dimeric species prior to the disproportionation reaction and that at least a mono

phosphine axial complex, [Pt2Me4(Npy)2(PPh3Xpyr)]2+, was being formed. 

However, the data did not indicate whether a bis-axial phosphine complex, 

[Pt2Me4(Npy)2(PPh3)2]2+, iwa being formed prior to disproportionation.

Reactions were then run using various equivalents of PPh3 and monitored 

by 1H NMR. If 0.5 equivalents of PPh3 (per Pt basis) was added to a solution of 

36, 50% of the dimeric Pt(III) complex would react. Initially this might appear to 

be a good indication that the bis-axial phosphine complex, 

[Pt2Me4(Npy)2(PPh3)2]2+, was being formed prior to disproportionation. However, 

this did not necessarily have to be true; the substitution of [PtllMe(Npy)X]+ was 

rapid and there was a very good possibility that the phosphine became 

coordinated to the [PtllMe(Npy)X]+ complex after disproportionation. This would 

still permit approximately.50% of the dimeric Pt(III) complex to react.



Figure 23. Appearance of the [PtlvMe3(bipy)(pyr)]+ (b) peak from the disproportionation species 
[PrvMe3(Wpy)(PPh3) (a). Other peaks are (c) 36 and (d) [PtllMe(Wpy)(PPh3)]+
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Figure 24. Stacked plot showing the equilibrium of the formation of [PtlvMe3(diimine)(PPh3) f  (b) from

[PtlvMe3(diimine)(pyr)]+ (a). [Pt"Me(diimine)(pyr)]+ (c) immediately forms [PtllMe(diimine)(PPh3)]+ upon 
addition of PPh3.
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The reaction of 36 with PPh3 was complete in a matter of minutes, there was no 

opportunity to observe a new dimeric Pt(III) complex with axial phosphine, either 

[Pt2Me4(bipy)2(PPh3)(pyr)]2+ or [Pt2Me4(bipy)2(PPh3)2]2+, in the 1H NMR spectrum.

When the phen derivative, 37, was studied under the same conditions, the 

disproportionation reaction occurred at a slower rate. This permitted the 

disproportionation reaction to be monitored using 1H NMR. Once again, when

0.5 equivalents of PPh3 (per Pt basis) was used, only half of the dimeric Pt(III) 

complex (37) disproportionated. Also, it was evident that the fac- 

[PtivMe3(Phen)(PPh3)]+ complex formed first and then the fac- 

[PtlvMe3(phen)(pyr)]+ complex slowly appeared overtime as demonstrated by 1H 

NMR (Equation 22) and as discussed earlier.

[Ptl,lMe2(phen)(pyr)]22+ + PPh3 - » 1Z2 37 + 1Z2 [PtlvMe3(phen)(PPh3]+ +

1Z2 [Pt"Me(phen)(PPh3)]+ + 2pyr<-> 1Z2 [PtlvMe3(phen)(pyr)]+ + PPh3 (22)

Another difference was observed with 37. If the solid was dissolved into 

acetonitrile-d3, and then reacted with various equivalents of PPh3, the solution 

color changes from yellow to red as was observed for 36. However, when a four

fold excess of the PPh3 was reacted with solid 37 dissolved into a minimal 

amount of acetonitrile-d3, the red color remained long enough to obtain a 1H 

NMR spectrum of the species that caused the color change (Figure 25). The
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Figure 25. Stacked plot of the Me-Pt region showing the peak shift from pure 37 (a) to the new peak formed upon 
addition of PPh3 (b).
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Figure 26. Low temperature study (243 K) of the formation of the bis-axial phosphine complex of 37. Peak labels 
are (a) free pyr, (b, c, e) phen, (d) free PPh3, (f) coordinated PPh3 and (g) Me-Pt.
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broadness of the peak (1Av  =10  Hz) did not change even with a larger excess of 

PPh3.

Evidence of the existence of a bis-axial phosphine complex, 

[PtaMe^phen^CPPhs^]2*, was collected through a low temperature experiment. 

When the temperature is cooled to 243 K, the aromatic region shows peaks that 

correspond to coordinated phosphine and free phosphine as well as free pyridine 

(Figure 26). Definitive evidence of the formation of the bis-axial phosphine 

complex, [Pt2Me4(phen)2(PPh3)2]2+, came from integration data for all species in 

the reaction (Figure 26.) Comparison of the Me-Pt integral and the coordinated 

PPh3 peak integrals demonstrated unambiguously that the bis-axial phosphine 

complex was formed at high PPh3 concentrations. However, at low 

concentrations of PPh3, the red color does not appear nor are coordinated PPh3 

peaks observed in the 1H NMR spectrum, even at 243 K. Therefore, at low 

concentrations of PPh3, only the mono-axial phosphine complex must be 

forming.

When the mixed-dimer solution (37, 38, 36) was studied, several 

interesting features were discovered. When 0.5 equivalents of PPh3 (per Pt) was 

added to a freshly prepared solution and left to react, 36 reacted about 44% 

faster than 37 and 38 (Figure 27). Furthermore, /ac-[PtlvMe3(phen)(PPh3)]+ was 

about 50% more abundant compared to the /ac-[PtlvMe3(bipy)(PPh3)]+; and, the 

[PtllMe(Wpy)(PPh3)]+ was 50% more abundant than the corresponding phen 

derivative, [PtllMe(Phen)(PPh3)]+. The species distribution can be seen in Figure
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Figure 27. The equilibrium distribution of 37 (a), 38 (b) and 36 (c) after the addition of 0.5 equivalents of PPha. 
Notice how the peak intensity of (c) is -44  percent less than those of (a) and (b). (d) is 
[PtMe3(Phen)(PPh3)]+.
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Figure 28. Me-Pt region illustrating the species formed from the reaction of the mixed dimeric Pt(III) complexes 
with 0.5 equivalents of PPh3. The following species are represented by (1) 37; (2) 38; (3) 36; (4) 
[PtlvMe3(Phen)(PPh3)]+; (5) [PtlvMe3fphen)(pyr)]++; (6) [PtlvMe3(bipy)(PPh3)]+; (7) [PtlvMe3(bipy)(pyr)]+; 
(8) [PtllMe(Phen)(PPh3)]+ and (9) [PtllMe(^py)(PPh3)]+.
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Figure 29. The equilibrium distribution of 37 (a), 38 (b) and 36 (c) after the addition of 0.75 equivalents of PPh3. 

The species distribution is 1.0 :0 .7 :0 .5 , respectively, (d) is [PtMe3(Phen)(PPh3)]+.
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Figure 30. Me-Pt region illustrating the species formed from the reaction of the mixed dimeric Pt(III) complexes 
with 0.75 equivalents of PPh3. The following species are represented by (1) 37; (2) 38; (3) 36; (4) 
[PtivMe3(Phen)(PPh3)]+; (5) [PtlvMe3(phen)(pyr)]+; (6) [Pt,vMe3(bipy)(PPh3)]+; (7) [PtfvMe3(bipy)(pyr)]+;
(8) [PtllMe(Phen)(PPh3)]+ and (9) [PtnMe(bipy)(PPh3)]+.
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28. When a separate solution was prepared and 0.75 equivalents of PPh3 (per 

Pt) is added, different results are obtained. This time, 37 was most abundant, 

with 38 second most abundant and 36 the least (ratio 1.0:0.6:0.4) (Figure 29). 

The four disproportionation species, Figure 30, however, were in the same ratios 

as observed for the 0.5 equivalent. For both the o.5 and 0.75 equivalents, no 

new dimeric Pt(III) complex was observed.

As discussed earlier, the fac-[PtlvMe3(diirnine)X]+, where diimine = bipy 

and phen and X = PPh3 or pyr, peak can be used to ascertain whether the 

phosphine was coordinated to platinum prior to disproportionation; once again, 

this was the case. This then raised the question as to whether a bis-phosphine 

or a mono-phosphine dimeric Pt(III) complex was forming prior to 

disproportionation. Initially this was difficult to establish. When the reaction was 

followed by 1H NMR, the disproportionation species slowly appeared over a 

period of about 5 to 10 minutes. During this time, the fac- 

[PtlvMe3(diimine)(PPh3)]+ complexes formed. However, when the reaction was 

left to sit for up to an hour, the reaction between fac-[PtlvMe3(diimine)(PPh3)]+ 

and fac-[PtlvMe3(diimine)(pyr)]+ reached equilibrium. At this point, the 

[PtllMe(diimine)(PPh3)]+ 31P coupling became resolved. Prior to this point, the 

complexes produced only a single peak indicating that the complexes were in 

exchange with pyr and/or PPh3. This indicated that a mono-phosphine dimeric 

Pt(III) complex was being formed; and not until some of the fac- 

[PtlvMe3(diimine)(PPh3)]+ reacted to form fac-[PtlvMe3(diimine)(pyr)]+ did the
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[PtllMe(Cliimine)(PPhg)]+ complexes completely form due to the competitiveness 

of the thermodynamic equilibrium of the Pt(IV) complexes and kinetic exchange 

of the Pt(II) complex. This can be seen by the stoichiometry o f Equation 22.

This then leads to the question of why more Zac-[PtivMe3(Phen)(PPh3)]+ 

formed than /ac-[PtlvMe3(bipy)(PPh3)]+. When the mixed dimers reacted with 

PPh3, the disproportionation reaction should be as follows, if all species reacted 

equally:

122

37 + 2 3.8 + 36 + 8 PPh3 ^  2 PtlvMe3(phen)(PPh3) + 2 PtlvMe3(bipy)(PPh3) +

2 PtllMe(Phen)(PPh3) + 2 Pt"Me(phen)(PPh3) (23)

This would provide all disproportionation species in equal concentrations but the 

data indicated that this was not the case. Therefore, 38 must not be 

disproportionating in an equal fashion. That was to say, it appeare that the 

methyl was migrating towards the platinum with the phen ligand preferentially.z
This would provide more Zac-[PtivMe3(Phen)(PPh3)]+ and [PtllMe(^py)(PPh3)]+. . 

This can be demonstrated by the stoichiometry of Equation 24 (for the 0.5 

equivalent PPh3 addition):

2 37 + 4 38 + 2 36 + 8 PPh3 -> 1 37 + 2 38 + 1/ 2 36 + 3 Ptlv(phen) + 1.5 Ptlv(bipy)

+ 1 Ptll(Phen) + 3.5 Pt"(bipy) (24)
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As the stiochiometry of Equation 24 demonstrated, 38 must disproportionate 

nearly all into [PtivMe3(Phen)(PPh3)]+ (Ptlv(phen)) and [Pt"Me(bipy)(PPh3)]+ 

(Pt"(bipy)).

As discussed in the previous section, only a mono-axial phosphine 

complex was being formed at low equivalents of PPh3. Furthermore, 37 

appeared to form a more stable axial phosphine complex due to the slower 

reactivity; and, it was known that the /ac-[Pt,vMe3(phen)(PPh3)]+ complex was 

formed first. Therefore, the PPh3 must be preferentially coordinating to the 

platinum that was chelated with the phenanthroline ligand of 38. A key 

mechanistic question was where the methyl group was migrating towards, the 

phosphine and/or the phenanthroline ligand.

The answer to this mechanistic question came from studying the reactions 

of 36 and 37 with PPh3. When low equivalents of PPh3 were added, initially the 

[PtllMe(diimine)(PPh3)]+ appeared to be in kinetic exchange; however, as the 

reaction mixture sat, the 31P coupling became resolved. In this case, 36 and 37 

had an equal chance of forming a fac-[PtlvMe3(diimine)(pyr)]+ since only a mono- 

axial PPh3 complex was formed. However, this was not the case. Only the tac- 

[PtlvMe3(diimine)(PPh3)]+ was initially formed. Therefore, the methyl must be 

migrating towards the Pt that has coordinated PPh3.

The second ligand that was studied was thiocyanate, SCN'. The salt, 

KSCN1 was dissolved into acetonitrile and added to solutions of 36 and 37. Upon 

addition of SCN', a new, stable, neutral complex was formed,



a

Figure 31. 1H NMR spectrum of the reaction of 36 with excess SCN'. The new species, [PtMe2(bipy)(SCN)]2 (a),
has a 2J[Pt-H] coupling constant of 74 Hz.
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Figure 32. 1H NMR spectrum of the reaction of 37 with excess SCN'. The new species, [PtMe2(Phen)(SCN)J2 (a),
has a 2J[Pt-H] coupling constant of 73 Hz.
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Figure 33. The reaction of 34 in the presence of SCN with silver(l). This reaction does not form a Pt-Ag adduct 
with 33 (a). The dimeric Pt(III) complex, [PtMe2(Phen)(SCN)J2 (b), slowly forms over a period of 60 h.
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Pt2Me4(diimine)2(SCN)2 (Figures. 31 and 32). The complex, 39, may also be 

formed from the oxidation of 34 in the presence of excess SCN" and one 

equivalent of silver(l). There were a few differences with this reaction compared 

to the ones run in the presence of excess pyridine. The first was the lack of a Pt- 

Ag adduct peak that was always formed in the pyridine reactions (Figure 33).

The second was the length of time required to completely form 39, nearly 60 h. 

Both of these differences can be explained by the formation of a silver(l) polymer 

with SCN" as shown in Figure 34 below. Thiocyanate may either coordinate 

through the sulfur or through the nitrogen atoms. The ligand may also form 

bridges in which each atom becomes coordinated to two different metal centers. 

This was the case with silver(l) (85). The formation of the polymer in solution 

then hinders the formation of a Pt-Ag adduct which will slow the oxidation of the 

Pt(II).

S
/

N

Figure 34. Polymer of [Ag(SCN)Jn that was formed (85).

Chloride may also be used to substitute for the axial pyridines. Figures 35 

and 36 show the new dimeric Pt(III) species that are formed in solution upon
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Figure 35. Chloride axial substitution of 36. The new complex, [PtMe2(bipy)CI]2  (a), has 2J[Pt-H] of 73 Hz (b).
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Figure 36. Chloride axial substitution of 37. The new complex, [PtMe2(Phen)CIJ2 (a), has a 2J[Pt-H] of 74 Hz (b).
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addition of excess Cl". In this case, Cl" may not be used during the oxidation 

reaction due to the formation of insoluble AgCI. With both SCN" and Cl", the 

2J[Pt-H] coupling constant was increased compared to that of the axial pyridine 

complex. Furthermore, both of the new complexes were stable in solution for 

several days and did not disproportionate in this time frame.

The following table is a summary of the species with their chemical shifts 

and 2J[Pt-H] coupling constants that have been discussed in the dissertation.

Table 30. Table listing the chemical shifts (1H only) and 2J[Pt-H] coupling 
constants for the species discussed in this dissertation.

Complex Chemical 
Shift (2J[Pt-H])

Complex Chemical 
Shift (2J[Pt-H])

PtMe2(Npy) 0.894 (85.8) PtMe2(phen) 1.050 (86.4)

[Pt,Me2(bipy)(pyr)]22+ 1.516 (69.4) [PtMe2(bipy)(pyr)]2:'+ 1.717(69.8)

[PtlvMe2(bipy)(pyr)]+ 1.197 (67.6) [PtlvMe(bipy)(pyr)]+ 0.507 (70.8)

[Pt"Me(bipy)(pyr)]+ 1.046 (78.9)

[PtivMe2(Npy)(PPh3)]+ 1.350 1.320 (67.8) [PtivMe(Npy)(PPh3)]+ 0.509 0.479 (58.7)

PtllMe(Npy)(PPh3)I+ 0.725 (71.5)

[PtlvMe2(phen)(pyr)]+ 1.357 (68) [PtlvMe(phen)(pyr)] + 0.537(71)

[PtilMe(Phen)(Pyr)]+ 1.178(77)

[PtivMe2(Phen)(PPh3)]+ 1.504 1.474 (68.3) [PtlvMe(phen)(PPh3)]+ 0.551 0.521 (59.5)

Pt"Me(phen)(PPh3)]+ 0.895 (72.2)

[PtMe2(Npy)Ctj2 1.472 (73) [PtMe2(bipy)(SCN)]2 1.278 (74)

[PtMe2(phen)CI]2 1.519 (74) [PtMe2(phen)(SCN)]2 1.495 (75)
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Oligomer Formation Studies

The kinetic analysis (Figure 22) indicated that an oligomer might be 

forming in solution. Upon addition of the dimeric Pt(III) complex, 36, the natural 

log of the integral intensity of the Pt-Ag adduct decreased with increasing [36]. 

This section will deal with the reactions that studied their formation while in 

solution. NMR of solutions that contained species beyond the dimeric Pt(III) 

complex provided, at best, preliminary data. When one mole of 33 was reacted 

with one mole of 36, the trimer ratio, the 1H NMR spectrum contained only broad 

peaks for both 33 and 36 (Figure 37). This was a good indication that a 

paramagnetic species was present, but the concentration of a paramagnetic 

species did not need to be more than 5 or 10% to broaden peaks in NMR at 

these reaction conditions (~10 mM Pt). Therefore, NMR was not a good indicator 

for the extent of oligomer formation.

To measure the extent of trimer (or other oligomer) formation in solution, 

Electron Paramagnetic Resonance (EPR) was used. Solutions were prepared 

for each of the following variations by mixing one mole equivalent of each 

species, 33 and 36 and 34 and 37 (homo-trimers) at concentrations of 10 mM 

total Pt concentration (Figures 38 and 39 ). When these solutions were placed 

into the EPR spectrometer, no spectrum could be obtained at room temperature. 

However, when run at liquid nitrogen (liq. Na) temperatures, a weak signal was 

observed with no discernible hyperfine coupling. To facilitate quantification of the 

concentration of unpaired spins in the Pt solutions, a 1 mM Gu(II) triethanolamine



b

Figure 37. NMR spectrum of the trimer ratio of 33 (a) and 36 (b).
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Figure 38. ERR spectrum of the trimer solution of 33 and 36 at liquid nitrogen temperature. Acquisition
parameters: power = 3.99 mW, freq = 9.423 GHz, gain = 2.5 x 105, modulation = 20, time constant = 
500 ms, sweep time = 200 s, NS = 4.
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Figure 39. EPR spectrum of the trimer solution of 34 and 37 at liquid nitrogen temperature. Acquisition
parameters: power = 3.99 mW, freq = 9.423 GHz, gain = 2.5 x 105, modulation = 20, time constant = 
500 ms, sweep time = 200 s, NS = 4.
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standard was used. Comparison of the double integral of the Cu(II) standard 

(integral = 2.7 x 107) and those obtained from the three Pt trimer solutions, 

provided inconsistent values compared with the observed spectra. This was due 

to poor integration values of the Pt solutions. Consequently, the concentrations 

of paramagnetic species calculated were not reasonable values. Table 31 

presents the integral data and the calculated unpaired spin concentrations for the 

Pt solutions.

Table 31. Integration values for three Pt solutions. The concentration of the 
trimer was based upon 0.67 unpaired electron equivalents.
Calculated values for tetramer (0.50 unpaired electron) and pentamer 
(0.40 unpaired electron) are also provided. All concentrations are 
mM.

Solution Integration
Value

[Trimer]
[Pt]

[Tetramer]
[Pt]

[Pentamer]
[Pt]

33 and 36 5 .3 x1  Oz 1.3 0.98 0.78
3.9 3.9 3.9

34 and 37 7.6 x 10' 1.9 1.4 1.1
5.6 5.6 5.6

34 and 36 3 .8 x 1 0 ' 0.94 0.70 0.56
2.8 2.8 2.8

The oligomers are proposed to form in the following manner and the number of 

unpaired electrons for the oligomers was calculated as shown in Scheme 2:
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Scheme 2:

[Pt3+Me2(diimine)(pyr)]22+ + Pt2tMe2(Cliimine) <-> [Pt2-67+Me2(diimine)(pyr)]32+ 

[Pt3+Me2(diimine)(pyr)]22+ + 2 Pt2+Me2(diimine) [Pt2-5+Me2(diimine)(pyr)]42+ 

[Pt3+Me2(diimine)(pyr)]22+ + 3 Pt2+Me2(diimine) <-> [Pt2-4+Me2(diimine)(pyr)]52+

The trimer has one Pt atom with a +2 oxidation state and two Pt atoms with a +3 

oxidation state. The average oxidation state on all three Pt atoms will therefore 

be +2.67 which provides 0.67 unpaired electrons. In a similar manner, a tetramer 

will provide two +2 Pt atoms and two +3 Pt atoms with an average oxidation state 

of +2.5 or 0.5 unpaired electrons. Finally, a pentamer will have three +2 Pt 

atoms and two +3 Pt atoms with an average oxidation state of +2.4 or 0.4 

unpaired electrons.

The unpaired spin concentration was calculated by comparing the ratio of 

concentration of Cu(II) to the integral and number of unpaired spins (one for 

Cu(II)). Equation 25 shows a sample calculation for the trimer:
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____ LCu(H)] , , = ______[Pt2]_______

(lnt. Value)(1 e") (lnt. Value)(0.67 e")

(25)

____[1 mM]____ = [X]
(2.7 x 107)(1 e") (7.6 x 107)(0.67 e")

The concentration of Pt, [Pt], shown in Table 31, was calculated by multiplying 

the concentration of the 'oligomer, eg [trimer], by the number of Pt atoms present. 

The spectra shown in Figures 38 and 39 demonstrate that very little 

paramagnetic material was present at these reaction conditions. The reaction 

conditions were used to mimic the NMR conditipns that have been used. Higher 

concentrations have not been studied. However, the EPR experiment did not 

definitively indicate which oligomer was being formed in solution but just 

indicates that there was a paramagnetic species present.

An UltravioIetAZisibIe (UVAZis) analysis was also performed on the trimer 

solution of 33 and 36. Stock solutions of 33 and 36 were prepared at 0.250 mM 

and eleven samples were prepared using the Jobs method (Figure 40). A new 

absorption peak was not observed for the trimer. Furthermore, the absorption 

values of 33 and 36 changed by predicted values, i.e., when the total 

concentration was halved, the absorption peakq of 33 and 36 decreased by half, 

See Table 32 for the absorption data. From the EPR analysis, the data indicates 

that very little paramagnetic species was formed at 10 mM [Pt]. The Job’s study

/
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was performed at 0.250 mM [Pt]. Therefore, no absorption peak should be 

observed. Suitable concentrations could not be studied due to the dynamic 

range of the spectrophotometer even when using 0 .0 1  cm path length cells.

Table 32. Absorption data for the Jobs study of the trimer solution of 33 and 36. 
faso is Xmax for 36 and X456 is Xmax for 33. Across the top of the table 
are the volumes (33:36) of each 0.250 mM solution in mL.

10:0 9:1 8:2 7:3 6:4 5:5 4:6 3:7 2:8 1:9 0:10

X350 0.50 0.56 0.62 0.65 0.73 0.79 0.87 0.96 1.15 1.28 1.44

X456 0.77 0.68 0.58 0.50 0.42 0.34 0.23 0.16 0.10 0.04 0.01

1

Separate stock solutions of 33 and 36 were prepared to facilitate a Beer's 

Law study of each complex to provide absorption coefficients, s (Figure 41 and 

42). Table 33 presents the absorption values observed from the Beer's Law 

study. Both complexes demonstrated a typical Beer's Law progression.



Figure 40. The absorption spectra from the Jobs study performed on the trimer ratio of 33 (a) and 36 (b). Both 
complexes had a starting concentration of 0.250 mM.
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Figure 41. Beer's Law study of 33. The concentration decreased by a factor of two from a starting concentration
on 0.500 mM 33.
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Figure 42. Beer's Law study of 36. The concentrations were decreased by a factor of two from a starting 
concentration of 0.250 mM 36.



142

Table 33. Beer's Law absorbance data for 33 and 36 at the concentrations 
studied.

Absorbance values
[PtMe2(bipy)] 310 nm 350 nm 456 nm 480 nm 500 nm

31.25 uM 0.234 0.0665 0.0987 0.0698 0.0275
62.5 uM 0.462 0.132 0.198 0.140 0.0561
125 uM 0.928 0.262 0.385 0.270 0.105
250 uM 2.101 0.592 0.918 0.642 0.247
500 uM 3.625 1.104 1.695 1.180 0.457

Absorbance values
[(PtMe2(WpyXpyr)J2] 310 nm 350 nm 456 nm 480 nm 500 nm

7.81 uM 0.165 0.0330 0.0028 0.0024 0.0022
31.25 uM 0.605 0.129 0.0050 0.0045 0.0040
62.5 uM 1.200 0.275 0.0074 0.0055 0.0050
125 uM 2.371 0.607 0.0082 0.0042 0.0032
250 uM 3.829 1.267 0.0206 0.0116 0.0080
500 uM 4.605 2.796 0.0288 0.0112 0.0066

Absorption coefficients, s, were calculated by linear regression at Xmax for both 

complexes (350 nm for 36 and 456 nm for 33) and one other wavelength for 36 

(310 nm) and two others for 33 (480 and 500 nm). See Table 34 for the list of 

calculated e from linear regression plots. Figures 43 and 44 present the linear 

regression plots of 33 and 36 for the five wavelengths.
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Figure 43. Absorbance vs. concentration linear regression plots for 33 at 310, 
350, 456, 480 and 500 nm.

310 rm
y=7355x + 0.04704

0.006+ 1.006- 2006- 3.006- 4.006- 5.006- 6.006-

350 nm
y = 2238%-0.002431

0.006+ 1.006- 2006- 3.006- 4.006- 5.006- 6.006-
00 04 04 04 04 04 04

Concentration (VI

456 nm
y = 3457x - 0.01085

2.006-04 4.006-04 6.006-04
Concentration

480 nm
y = 2402x - 0.005173

0.006+00 2.006-04 4.006-04 6.006-04
Concentration (M)

500 nm
y = 928x - 0.001229

0.006+00 2.006-04 4.006-04
Concentration (M)

6.006-04

L



144

Figure 44. Absorbance vs. concentration linear regression plots for 36 at 310, 
350, 456, 480 and 500 nm.
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Table 34. List of s values calculated at 310, 350, 456, 480 and 500 nm by linear 
regression plots for 33 and 36. R values were 0.99.

X (nm) 6(36) (Cm-1M" ') 6(33) (Cm 1M-1)
310 15147 7355
350 5150 2238
456 70 3457
480 32 2402
500 21 928

Although NMR could not indicate the extent of oligomer formation, it was 

very useful in the characterization of the products that were formed after the 

trimer solutions disproportionate. As with PPha, the Pt(II) starting material, 33 

and 34, caused the dimeric Pt(IM) complexes, 36 and 37, to disproportionate in 

24 h. Reactions with 33 and 36 or 34 and 37 (homo-trimer), d^proportionated to 

form a 1:1:1 ratio of /ac-[PtlvMe3(diimine)(pyr)]+, [Pt"Me(diimine)(pyr)]+ and either 

33 or 34, respectively. Figures 45 and 46 show the resulting disproportionation 

species obtained. However, when a hetero-trimer solution, 33 and 37 or 34 and 

36, was left for 24 hours at room temperature, the products that are obtained 

were not predicted. (Figures 47 and 48).

When the mixed dimer solution (equimolar 33 and 34 in the presence of 

excess pyridine and silver(l)) was prepared, a statistical distribution of the dimeric 

Pt(III) complexes was obtained (1:2:1 of 37:38:36). This could also be the case , 

when a dimeric Pt(III) complex, 36, was reacted with the other derivative of the 

Pt(II) starting material, 34. However, Figure 49 shows that this was not the case.
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1.5 1.4 1.3 1.2 1.1 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 ppm

Figure 45. Disproportionation species of the reaction of one mole 33 with one mole 36. Reaction time is 24h.
Peak labels are (a) [PtlvMe3(bipy)(pyr)]+, (b) [Pt"Me(bipy)(pyr)]+, (c) 33.
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Figure 46. Disproportionation species of the reaction of one mole 34 with one mole 37. Reaction time is 24h. 
Peak labels are (a) [PtlvMe3(phen)(pyr)]+, (b) [Pt"Me(phen)(pyr)]+, (c) 34
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1.5 1.4 1.3 1.2 1.1 1.0 0.9  0.8  0 .7  0.6  0.5 0.4 0.3 ppm
Figure 47. Disproportionation species of the reaction of one mole 33 with one mole 37. Reaction time is 24 h.

Peak labels are (1) [PtlvMe3(phen)(pyr)]+, (2) [PtlvMe3(bipy)(pyr)f, (3) [Pt"Me(phen)(pyr)]+, (4) 34, (5) 
[Pt"Me(bipy)(pyr)]+ and (6) 33.
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Figure 48. Disproportionation species of the reaction of one mole 34 with one mole 36. Reaction time is 24 h.
Peak labels are (1) [PtlvMe3(phen)(pyr)]+, (2) [PtlvMe3(bipy)(pyr)]+, (3) [Pt"Me(phen)(pyr)]+, (4) 34, (5) 
[Pt"Me(bipy)(pyr)]+ and (6) 33.
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Figure 49. Stacked plot of (a) a solution of 33 (1) and 34 (2), (b) the mixed dimeric Pt(III) complexes, 37 (3), 38 (4) 
and 36 (5) and (c) the trimer ratio of equimolar 36 and 34.
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When pure 36 was reacted with one mole of 34, broad peaks for 37 and 38 were 

obtained along with a broad peak for 33. Very little 34 and 36 was observed. 

Integral data from Figure 49 indicates that 34 and 36 are only 40 % present 

compared to the other species after letting the reaction sit for 3 minutes. The 

same result was obtained when one mole of 37 was reacted with one mole of 33. 

Scheme 3 shows how the dimeric Pt(III) species may be formed.
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Scheme 3

Furthermore, when the 33/37 or 34/36 trimer solutions disproportionate, 

the same species distribution was obtained. Figures 47 and 48 showed the 

products that are obtained with integrals values for each peak, fac-



[PtivMes(Phen)(Pyr)]+ was once again twice as intense as fac- 

[PtlvMe3(bipy)(pyr)]+. This was the result that was seen earlier with the PPh3 

disproportionation reactions with the mixed dimer solutions. Also, the peak for 33 

was nearly twice as intense as 34 even when 34 was reacted with 36 (taking into 

consideration the overlap of 34 with [Pt"Me(bipy)(pyr)]+).
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Adduct Formation

In the last decade, there has been much interest in complexes with Pt-Ag 

and Pt-Au bonds. Most are cluster complexes with Pt-Au3 (88), Pt3-Au (89), Pt3- 

Au3 (90), Pt3-Au (91), Pt3-Au3 (92), Pt-Au3 (93) and Pt-Auy (94) moieties. There 

have also been several unusual Pt-Ag bonded complexes that have been 

characterized (95-97). Only recently have examples of unsupported Pt-Ag bonds 

been characterized (98). Puddephatt et al. has also studied the interactions of 

Ag(I) and Au(I) with the PtMe3(bipy) complex. In his work, he characterized a 

cluster of formula Pt3-Ag, which forms a sandwich type of arrangement (79). 

Figure 50 shows the adduct structure.
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C
.Me

Me
Ag

/ N ... I ...Me

C N -Pt-Me

Figure 50. The Rt2-Ag adduct that Puddephatt characterized (79).

While performing a low temperature experiment, Puddephatt noticed that an 

acetone-de solution would lose the Me-Pt 195Pt coupling in the 1H NMR above 

233 K. This led him to study the lability of the methyls in the presence of catalytic 

amounts of silver(l). In order to study this observation, Puddephatt et al. 

performed an experiment in which he mixed equimolar amounts of PtMe2(bipy) 

and Pt(CD3)2(bipy) with a catalytic amount of Ag(I) (79). He then analyzed the 

solution via mass spectrometry and observed a statistical distribution of the 

Pt(CH3)2(bipy):Pt(CH3)(CD3)(bipy):Pt(CD3)2(bipy) in 1.3:2.1:1.0 ratio, which 

indicated complete scrambling of the CH3 and CD3 groups (79). He also 

characterized the Pt-Ag 1:1 adduct (Figure 51).

PPh3

Ag
... Me

^ M e

Figure 51. Proposed structure of the Pt-Ag adduct (79).
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This species did not lose the 195Pt satellites in the 1H NMR spectrum even at 

room temperature; however, the one equivalent of Ag(I) does cause the 2J 

coupling constant to be reduced from 86 Hz in the pure complex to 76 Hz in the 

Pt-Ag adduct. The adduct was formed presumably by initial donation from the 

filled dz2 orbital of Pt to a vacant sp hybrid orbital on Ag. The Pt-Ag bond uses an 

orbital on Pt with substantial s character. This was indicated by the decrease in 

the coupling constant 2JjPt-H] from 86 Hz in 33 to 76 Hz in the Pt-Ag adduct. 

Thus rehybridization at Pt accompanies the Pt-Ag bond formation (79).

A preliminary study was performed to see what other metals will cause 

methyl transfer and/or form an adduct with the PtMe2(bipy) (33). The following 

metals were studied: Cd(II)1 Hg(Il), Zn(II)1 and Zr(IV). This study was 

accomplished by preparing solutions that contained a constant volume of a Pt 

standard stock solution and varying equivalents (per Pt basis) of the metals to be 

studied and diluting to constant volume. All work was performed at room 

temperature. 2,6-lutidine was added to reactions using Zn(II)1 Zr(IV) and Hg(II) to 

buffer the reaction. Although 2,6-lutidine may coordinate with metals, it was only 

weakly coordinated due to the steric effects of the 2,6-methyls.

When ZrOCIz was used, there was a slight chemical shift to higher ppm of 

the Me-Pt peak with a reduction of the 2JjPt-H] coupling constant from 86 Hz to 

75 Hz. This result agrees well with the data that Puddephatt has published for 

the Pt-Ag adduct. The adduct formed at one equivalent of Zr(IV) was shown in 

Figure 52.



a

Figure 52. 1H NMR (300 MHz) illustrating the Pt-Zr adduct (a) formed when one equivalent of ZrOCI2 is added to 
33. The adduct has a 2J coupling constant, 2JjPt-H], of 77 Hz.
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Figure 53. 1H NMR (300 MHz) illustrating the Pt-Zn adduct (a) formed when one equivalent of Zn(SO4)2 is added 
to 33. The adduct has a 2J coupling constant, 2JfPt-H], of 76 Hz. The other peak is a contaminate.
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A similar result was obtained when using ZnSO4. Once again the Me-Pt 

peak shifted downfield and 195Pt coupling constant, 2JfPt-H], was reduced to 73 

Hz. Figure 53 presents the new Zn-Pt adduct peak for 33.

Cd(CF3SO3)2 formed two different adducts similar to those formed with 

Ag(I). See Figures 54 (Me-Pt region) and 55 (aromatic region) for 1H spectra 

stacked plots of the titration. At low equivalents of Cd(II), a complex at lower 

chemical shift from the starting material was observed (Figure 54). At room 

temperature, the 195Pt satellites are extremely broadened. Methyl migration or 

slowed tumbling rate apparently caused the broadening of satellites. Broadening 

of the satellites was determined not to be caused by chemical shift anisotropy 

(CSA) of the platinum. This was proven by running the same sample at two 

different fields, 300 and 500 MHz. At 500 MHz, the broadness of the satellites 

(30 Hz at half peak height) formed by the 0.25 equivalent Cd(II) did not differ 

from those at 300 MHz (30 Hz at half peak height). If CSA was the cause of the 

satellites broadening, the satellites in the 500 MHz NMR spectrum would be 

nearly four times more broad than at 300 MHz.

The first adduct to form was optimized at 0.25 equivalents of Cd(II) per Pt. 

This peak forms an adduct of formula Pt4Cd. Cadmium(II) forms tetrahedral 

complexes, and it was possible to fit four PtMe2(bipy) complexes, in a tetrahedral 

arrangement, around Cd. Using the program MacSpartan Plus®, a computational 

chemistry computer-modeling program, a chemically reasonable structure was 

provided (Figure 56). The program minimized the adduct using a semi-empirical



2.0 eqV Cd(II)

0.750 eq’v Cd(II)

0.500 eq’v Cd(II)

0.375 eq’v Cd(II)

0.250 eq’v Cd(II)

0.125 eq’v Cd(II)

0.0625 eq’v Cd(II)

Figure 54. Stacked plot of the titration of 33 with Cd(CF3SO3)2 showing the Me-Pt region of the 1H NMR (300 
MHz) spectra.
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Figure 55. Stacked plot of the titration of 33 with Cd(CF3SO3)2 showing the aromatic region of the 1H NMR (300 
MHz) spectra
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Figure 56. Model of the (PtMe2(IDipy))4-Cd adduct generated by MacSpartan Plus® and partial labeling scheme.
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method (Emin = 87.668 kcal/mol) and provided the following bond lengths without 

standard deviation values (Table 35). For comparison purposes, the bonds of 

33, 34 and 36 are also provided in the Table 35.

Table 35. Bond lengths (A) of Pt-Cd, Pt-N(bipy), and Pt-C(Me) of the Pt4-Cd
adduct arid of complexes 33, 34 and 36. See numbering schemes of 
Figures 1,2  and 18.

Complex Pt-N1 Pt-N2 Pt-C1 Pt-C2 Pt-Cd

33 2.09(8) NA 2.04(1) NA NA

34 2.098(7) 2.101(8) 2.02(1) 2.05(1) NA

36 2.17(1) 2.14(2) 2.02(2) 2.03(2) NA

Pt1-Cd 2.196 2.192 2.163 2.160 2.830

Pt2-Cd 2.189 2.209 2.166 2.198 2.826

Pt3-Cd 2.193 2.197 2.201 2.174 2.825

Pt4-Cd 2.196 2.190 2.204 2.165 2.813

Comparison of the Pt-N(bipy) bond lengths of the adduct and the dimer, 36, 

showed reasonable agreement. However, the Pt-C(Me) bond lengths of the 

adduct were substantially longer than the other three complexes. Although the 

Pt-C(Me) bond lengths were longer by as much at 0.2 A, this was still a 

reasonable model for the adduct. (By no means does this model attempt to 

portray what actually may be the molecular structure of the Pt4-Cd adduct. It was
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only being used for illustrative purposes.) This was the first reported Pt-Cd 

adduct; the other adducts have Pt-M bond lengths that range from 2.637(1) A 

(Pt-Ag) (9) to 3.063(3) A (PtaAg2) (95a). Furthermore, loss of the 195Pt coupling 

in the 1H spectra (Figure 54) is presumably caused by slowed tumbling rate of 

the large adduct complex that was formed.

Figure 54 also shows that the Me-Pt resonance was extremely broadened 

at one equivalent of Cd(II). At this equivalence of Cd(II), a one-to-one adduct, Pt- 

Cd1 was formed. Integration of the region indicated that six protons are still 

present (compared to both the aromatic region and the 0.0625 equivalent Cd(II) 

addition). In this case though, the methyl transfer must be in the intermediate 

exchange realm as indicated by the broadness of the center band and the 

coalescence of the 195Pt satellites. Once again, there was no difference in the 

spectra when the samples are run at 500 MHz. Therefore, CSA was not the 

cause of the broadness. Cadmium did not appear to form a stable complex with 

Me" as shown by the lack of a separate Me-Cd resonance. Also, the aromatic 

region, Figure 55, supported the lack of a Me-Cd complex because bipy 

resonances were equivalent.

The study using Hg(CH2CO2)2 also provided some very interesting 

reactivity results. Figures 57 and 58 showed the results of the titration of 

PtMe2(bipy). Figure 57 shows the Me-Pt region of the spectra, showing three 

species in equilibrium. Species 1 was a Pt-Hg adduct. At low equivalents (0.125 

to 0.500) of Hg(II), the 195Pt satellites are once again broadened. As the
v.



species 3
species 2

0.875 eq’v Hqfll)

0.750 eq’v Hg(II)

0.625 eq’v Hg(II)

0.500 eq’v Hg(II)

0.375 eq’v Hg(II)

0.250 eq’v Hg(II)

species 1 0.125 eq’v Hg(II)

1.0 0.9 0.8 0.7 0.6 0.5 0.4

Figure 57. Stacked plot of the titration of 33 with Hg(CH3CC>2)2 showing the Me-Pt region of the 1H NMR (300 
MHz) spectra. Species 1 is the Pt-Hg adduct formed, species 2 is the speculated Hg2Me(CH3CO2) 
complex, species 3 is [HgMe(bipy)]+, 4 is coordinated acetate and 5 is free acetate.
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species 3 species 3

0.875 eq’v Hci(ll[

0.750 eq’v Hg(II)

0.625 eq’v Hg(II)

VJl0-500 eq'v Hg(II)

V Il 0.375 eq’v Hg(II)

0.250 eq’v Hg(II)

species 1
0.125 eq’v Hg(II)

Figure 58. Stacked plot of the titration of 33 with Hg(CH3C02)2 showing the aromatic region of the 1H NMR (300 
MHz) spectra. The other peaks are too overlapped to characterize. Species 1 is the Pt-Hg adduct 
formed, species 2 is the speculated Hg2Me(CH3CO2) complex, species 3 is [HgMe(bipy)f.
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equivalents of Hg(II) are increased, two new species are being formed; species 2
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had a Me peak in the 0.8 ppm region and species 3 had a Me peak that starts at 

approximately 1.1 ppm and was maximized at 1.3 ppm. There were also two 

separate acetate peaks observed, free acetate at approximately 1.5 ppm and 

coordinated acetate at approximately 1.8 ppm. In 1976, Canty et al. published 

an X-ray crystal structure of a three-coordinate Hg(II) complex,

[HgMe(bipy)](N0 3 ) (Figure 59) (99). Species 3 presumably was this complex.

The aromatic region (Figure 58) also supported this assignment because the bipy 

resonances are non-equivalent. The easiest peaks to observe are the a-protons, 

which now had resonances at 9.5 and 8.75 ppm. In this case, not only were the 

Me-on-Pt ligands labile, but one was permanently transferred to the Hg(II).

Figure 59. Structure of [Hg(bipy)Me](N03) (99).

At one equivalent of Hg(II), species 1 has disappeared. Integration of the 

0.125 equivalent sample indicated that the initial peak contained six protons 

(consistent with having the Pt complex, PtMe2(bipy)). Integrals from 1.38 to 0.6 

ppm in all the samples do-id not change. Therefore, there are still three Me-
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protons that are unaccounted for. This missing Me group appeared to be on a 

HgaMeX complex (species 2), where X was acetate since the coordinated 

acetate peak was of the same intensity as the Me-Hg peak at 0.8 ppm. Figure 

60 shows the proposed structure.

P
H q —  C L

O - H g - H g - C H 3

Figure 60. Proposed structure of species 2, Hga(CHaCO2)CH3.

There was no precedence of a Hg(I) complex of this type. Only a few Hg(I) 

complexes have been synthesized and studied (for example Hg2F2) and all of the 

complexes were extremely reactive towards hydrolysis. However, the complex 

assignment, Hg2(CH3)(CH3CO2), fit the NMR data because there were two 

separate Hg-satellites for the CH3 ligand, 2J[Hg-H] = 71.8 Hz and 3J[Hg-H] = 

14.85 Hz. The satellite integral values fit the natural spin 1A  abundance of Hg 

(~17%). No satellites were expected to be observed for the acetate ligand due to 

the distance of the proton. In order to form this complex, Hg(II) must be 

reduced, which means that Pt may have been oxidized. Many more reactions 

will need to be performed to completely characterize these species.



Thermodynamic Study of Dimer to Monomer Conversion of bisffi-
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dialkulsulfide1bisdimethvlplatinum(in to c/'s-bis(dialkvlsulfideVdimethvlplatinumniV

This work has been previously published (100). Dialkylsulfides react with 

bis-p-dialkylsulfidebisdimethylplatinum(ll) to form monomeric cis- 

bis(dialkylsulfide)dimethylplatinum(ll). Thermodynamic parameters of these 

reactions were reported for methyl, ethyl and propyl sulfides. Reactions are 

spontaneous for the formation of the monomeric compound. Equation 26 

demonstrates the facile equilibrium reaction:

Pt2Me4(P-SR2)2 + 2 SR2 - 2  Czs-PtMe2(SR2)2 (26)

where SR2 = dimethylsulfide, diethylsulfide and dipropylsulfide. In an earlier 

report, Puddephatt et al. published equilibrium data for SR2 = dimethylsulfide 

(101). However, the equilibrium constant that was calculated in this study was 

somewhat higher. The difference was found to result from a calculation error by 

Puddephatt et al.

Figures 61,62 and 63 show representative 1H NMR spectra for the three 

different sulfides studied. As the spectra indicate, sulfide-methyl or sulfide-
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Figure 61. 1H NMR spectrum of 32 with 1 equivalent of SR2 = Me. Peak labels are (a) [Pt2Me4(P-SMe2)2] (b) c/s-
[PtMe2(SMe2)2] and (c) free SMe2.
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Figure 62.
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1H NMR spectrum of 30 with 1 equivalent of SR2 = Et. Peak labels are (a) [Pt2Me4(P-SEt2)2] (b) c/'s-
[PtMe2(SEt2)2] and (c) free SEt2.
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Figure 63. 1H NMR spectrum of 31 with 1 equivalent of SR2 = Pr. Peak labels are (a) [Pt2Me4(^-SPr2)2] (b) c/s-
[PtMe2(SPr2)2] and (c) free SPr2.
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methylene resonances are well separated and integratable. The Me-Pt 

resonances overlap, but these resonances were used as the internal standard 

and set to a value of three protons. Previous studies showed that the Me-Pt 

resonances remain constant throughout the reaction so there is no possibility of
I

loss of intensity of this peak. When the solutions were made, a constant 

concentration of Pt was used (1 mM for R = Me, 10 mM for R = Et and 50 mM for 

R = Pr). The use of constant concentrations of Pt provided the means to convert 

integration units (IU) into concentration by the following equations:

For R = Me

Dimer SRa: (IU * 1 mM)/3 = [Dimer] (27a)

Monomer SR2: (IU * 1 mM)/3 = [Monomer] (27b)

Free SR2: 2(IU * 1 mM)/3 = [Free SR2] (27c)

For R = Et or Pr

Dimer SR2: (IU * [Pt])/2 = [Dimer] (27d)

Monomer SR2: (IU * [Pt])/2 = [Monomer] (27e)

Free SR2: (IU * [Pt]) = [Free SR2] (27f)

Equations 27 a, b, d, and e provide direct concentration values for the dimers 

and monomers present in solution. In Equations 27 a-c, the correction factor for 

comparing the Me-Pt integral to the others required division by three. In 

Equation 27c, an additional correction factor was required to correct for the
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differences in the number of protons found under the three peaks. The dimer 

and monomer in Equations 27d-e require to be divided by a constant of two in 

order to adjust for the differences of the number of protons under the integral.

The equilibrium constants, with units of M"1, were calculated at 303.2 K 

(calibrated) using eight different concentrations of added free SRa. The 

equilibrium constants were calculated by:

Keq = [Monomer]2/[Dimer][Free SR2]2 (28)

Table 36 shows the data for the three different complexes.

Table 36. Equilibrium values (M"1) for each equivalent of SR2 (R 
Pr) at 303.2 K.

= Me, Et and

Equivalent SR2 Dimethylsulfide Diethylsulfide Dipropylsulfide

0.25 2860 44 116

0.50 2079 . 57 139

0.75 2499 54 137

1.00 2657 47 130

1,25 2570 49 114

1.50 2092 51 119

1.75 2683 51 102

2.00 2503 52 150



In order to calculate thermodynamic parameters for the interconversion, 

the eight solutions were also run at temperatures varying from 308 to 293 K in 5 

K increments. For each solution, this provided four different temperatures from 

which van't Hoff plots of -In Keq vs. T 1 (K"1) were made. From the linear 

regression line-fit data, the slope * R (where R = 8.31451 J/(moleoK)) provides 

AH (kJ/mole) and the intercept * -R provides AS (J/(moleoK». All of the linear 

regression plots have R values of 0.99 or better. Table 37 provides the average 

equilibrium values at 303 K and the thermodynamic parameters for Equation 26.
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Table 37, Equilibrium constants at 303 K and thermodynamic parameters for the 
reaction [PtaMe^p-SRa^] + 2 SR2- 2 c/s-[PtlVle2(SR2)2].

K (M"1) AH0 (kJ/mole) ASti (J/moleoK)

R = Me .2600 ± 300 -60 ± 10 ( -120 ±30

R = Et . 50 ± 10 -40 ± 10 -90 ± 30

R = Pr 130 ± 10 -40 ± 10 -100 ±40

The large negative values of AH clearly show that the three-center bonds, Pt-S- 

Pt, in the dimeric species are weaker than the two Pt-S bonds in the 

corresponding monomer. This was consistent with the absence of a strong 

metal-metal interaction which might have stabilized the dimer. Large negative



entropies are noted for the reactions. These values are of similar magnitude to 

the stoichiometrically similar reaction of the formation of water in the gas phase.

2 H2 (g) + O2 (g) -  2 H2CHg) (29)

For reaction (29), AS6 has a value o f -89 J/(moleoK). Thus, the binuclear Pt(II) 

species that have been studied owe their existence to the unfavorable entropy of 

the reaction which converts them to monomers.

The monomeric complexes have proven to be difficult to isolate. Even in 

the presence of a large excess of free SR2, the complex was always obtained as 

the dimeric form. This works has shown that this problem was not related to 

some special stability Of the dimeric species. More likely, it was a reflection of 

the volatility of the SR2 as well as the fact that the monomeric and dimeric 

complexes are in rapid equilibrium. In an attempt to prepare solid monomeric 

material, removal of the solvent probably resulted in the loss of SR2 from the 

solution with a concomitant shift in the equilibrium towards the dimeric species.

A new complex was synthesized that was initially going to be analyzed for 

the thermodynamic analysis. The complex had SR2 = benzyl sulfide as ligands. 

This complex was expected to only form the monomeric c/s-bisdialkylsulfide- 

dimethylplatinum(ll) complex due to the large steric effects o f the S(Bz)2 ligands. 

However, the Czs-RtCI2(SBz2)2, 42, complex was not methylated due to solubility 

problems. Therefore, the c/s-bisdialkylsulfidedimethylplatinum(ll) complex could
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not be prepared. This limitation required us to drop the thermodynamic study of 

the SBz2 complex.

The c/s configuration was confirmed by single crystal X-ray 

crystallography. An ORTEP diagram of 42 was shown in Figure 64, and the 

following tables present the crystallographic data for the complex, which 

contained 0.5 toluene in the crystal lattice. Two similar complexes have been 

analyzed by X-ray crystallography, Czs-PtCI2(SEt2)2 and the trans isomer, trans- 

PtCI2(SEt2)2 (102,103). The fraz?s-configuration was not the thermodynamic 

stable complex; therefore, isomerization to the c/s-configuration results rapidly.

In the frans-diethylsulfide complex, the Pt-Cl bond length was observed to be 

2.301 (2) A. This bond length was slightly shorter than the corresponding bond 

length presented in this thesis (2.307(3) and 2.316(2) A). The reverse was true 

for the Pt-S bond length for the frans-diethylsulfide complex. The Pt-S bond was 

longer (2.292(3) A) than the bond length presented here (2.276(2) A). 

Comparison to the Czs-PtCI2(SEt2)2 shows that the Pt-Cl bond lengths are 

2.319(1) A which are longer than in the corresponding trans complex. Likewise, 

the Pt-S bond length was shorter (2.269(1) A). The shortened Pt-S bond lengths 

in the trans isomer was due to the reduced steric interactions between the diethyl 

sulfides in the molecule. The decreased Pt-Cl bond length in the trans isomer 

compared to that of the c/s isomer indicates the stronger trans-influence of the 

diethyl sulfide groups. For 42 this holds true also.

175



Figure 64. Thermal ellipsoid plot of 42 showing 50% probability ellipsoids and numbering scheme for the structure.
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Table 38. Crystallographic data for frans-dichlorobis(dibenzylsulfide)platinum(ll) 
(42).

Parameter 42

Formula Csi.s^WSgCbPt

Formula weight 740.7

Space Group P2i/n

Unit cell: a (A) 8.453(1)

b (A) 20.265(2)

c (A ) . 17.952(2)

P(°) 90.09(1)

volume (A3) 3075.3(4)

Z 4

p (g cm"3) calculated 1.600

absorption coef, Mo Ka (cm-1) 48.9

F(OOO) 1460
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Table 39. Data collection and structure refinement data for 42.

Parameter 42

20 range (°) 4-55

Unique reflections 7054

Observed reflections 3617

Number of parameters 314

Trans. Factor range 0.349-0.445

Final Ra, observed data 0.051

Final wRb, observed data 0.041

Final wRb, all data 0.058

Goodness of fit 1.18

a R = E | |F0| - |FC|\| / E |F0|. DwR 
where w = [a2(F) + 0.0007F2]'1

= [£(w(F0*-Fczf ) / EwF0T
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Table 40. Atomic Coordinates and equivalent isotropic displacement coefficients 
for 42.

Atoms x/a y/b z/c U(eq)

Pt 0.23375(4) 0.22879(2) 0.04818(2) 0.0460(1)
C I(I) 0.2369(3) 0.3071(1) 0.1415(1) 0.071(1)
Cl(2) 0.5069(3) 0.2344(2) 0.0413(2) 0.090(1)
S (I) 0.2233(3) 0.1550(1) -0.0473(1) 0.0531(9)
C (I) 0.312(1) 0.1970(5) -0.1255(5) 0.077(5)
C(2) 0.303(1) 0.1574(5) -0.1966(1) 0.054(4)
C(3) 0.163(1) 0.1574(5) -0.2376(6) 0.069(4)
C (4) 0.156(2) 0.1170(6) -0.3024(6) 0.078(5)
C(5) 0.283(2) 0.0830(6) -0.3271(6) 0.080(5)
0(6) 0.421(2) 0.0856(6) -0.2882(7) 0.084(5)
0(7) 0.433(1) 0.1230(5) -0.2230(6) 0.074(5)
0(8) 0.371(1) 0.0901(5) -0.0321(5) 0.069(4)
0(9) 0.317(1) 0.0462(5) 0.0310(6) 0.057(4)
0(10) 0.364(1) 0.0590(5) 0.1036(7) 0.079(5)
0(11) 0.317(2) 0.0182(7) 0.1593(7) 0.095(6)
0(12) 0.226(2) -0.0346(8) 0.1471(9) 0.102(7)
0(13) 0.176(1) -0.0479(6) 0.077(1) 0.102(7)
0(14) 0.223(1) -0.0067(6) 0.0168(7) 0.078(5)
S(2) -0.0344(2) 0.2241(1) 0.0488(1) 0.0472(8)
0(15) -0.100(1) 0.3043(4) 0.0163(5) 0.053(3)
0(16) -0.059(1) 0.3147(5) -0.0633(5) 0.054(4)
0(17) 0.056(1) 0.3562(6) -0.0850(7) 0.091(6)
0(18) 0.095(2) 0.3652(9) -0.159(1) 0.14(1)
0(19) 0.007(2) 0.331(1) -0.210(1) 0.14(1)
C(20) -0.103(2) 0.289(1) -0.1920(8) 0.127(9)
0(21) -0.139(1) 0.2815(6) -0.1171(6) 0.084(5)
C(22) -0.113(1) 0.2286(5) 0.1423(4) 0.056(3)
C(23) -0.085(1) 0.1669(5) 0.1857(5) 0.053(4)
C(24) 0.015(1) 0.1663(6) 0.2468(6) 0.084(5)
0(25) 0.039(2) 0.1094(7) 0.2877(7) 0.103(6)
C(26) -0.035(2) 0.0537(7) 0.2685(8) 0.091(6)
0(27) -0.133(1) 0.0517(6) 0.2087(7) 0.082(5)
C(28) -0.155(1) 0.1084(6) 0.1662(6) 0.067(4)
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Table 41. Bond lengths (A) for 42.

Bond Length(A) Bond Length(A)

Pt-CI(I) 2.307(3) Pt-CI(2) 2.316(2)

Pt-S(I) 2.276(2) Pt-S (2) 2.269(2)

S (I)-C (I) 1.81(1) S(1)-C(8) 1.83(1)

C(1 )-C(2) 1.51(1) C(2)-C(3) 1.39(2)

C(2)-C(7) 1 -39(2) C(3)-C(4) 1.39(2)

C(4)-C(5) 1.35(2) C(5)-C(6) 1.36(2)

C(6)-C(7) 1.40(2) C(8)-C(9) 1.51(1)

C(9)-C(10) 1.39(2) C(9)-C(14) 1.36(2)

C(10)-C(11) 1.36(2) C(11)-C(12) 1.34(2)

C(12)-C(13) 1.36(2) C(13)-C(14) 1.41(2)

S(2)-C(15) 1.812(9) S(2)-C(22) 1.809(8)

C(T5)-C(16) 1.48(1) C(16)-C(17) 1.34(2)

C(16)- C(21) 1.35(2) C(17)-C(18) 1.39(2)

C(18)-C(19) 1.36(3) C(19)-C(20) 1.31(3)

C(20)-C(21) 1.39(2) C(22)-C(23) 1.49(1)

C(23)-C(24) . . 1.38(2) C(23)-C(28) 1.37(1)

C(24)-C(25) 1.38(2) C(25)-C(26) 1.33(2)

C(26)-C(27) 1.35(2) C(27)-C(28) 1.39(2)
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Table 42. Bond angles (°) for 42.

Atoms Angles(°) Atoms Angles(°)

N(1)-Pt-N(1') 77.1(6) N(1)-Pt-C(6) 172.6(6)
N(T)-Pt-C(G) 98.6(8) N(1)-Pt-C(7) 98.4(6)
N(T)-Pt-C(T) 174.2(6) C(6)-Pt-C(7) 86.6(8)
N(1)-Pt-N(2) 86.3(6) N(T)-Pt-N(2) 88.2(6)
C(6)-Pt-N(2) 88.6(6) C(7)-Pt-N(2) 87.8(6)
N(I)-Pt-Pt' 92.4(3) N(T)-Pt-Pt' 92.5(3)
C(G)-Pt-Pt' 93.8(G) C(T)-Pt-Pt' 91.3(4)
N(2)-Pt-Pt' 177.4(4) Pt-N(1)-C(1) 127(1)
Pt-N(I)-C(G) 112(1) C(1)-N(1)-C(5) 120(2)
N(1)-C(1)-C(2) 124(2) C(1)-C(2)-C(3) 117(2)
C(2)-C(3)-C(4) 121(2) C(3)-C(4)-C(G) 120(2)
N(1)-C(5)-C(4) 118(2) N(1)-C(G)-C(G') 119(2)
C(4)-C(5)-C(5') 123(2) Pt-N(T)-C(T) 126(1)
Pt-N(T)-C(Gt) 118(1) C(T)-N(T)-C(Gt) 116(2)
N(T)-C(T)-C(2') 126(2) C(T)-C(2')-C(3') 120(3)
C(2')-C(3')-C(4') 116(3) C(3')-C(4')-C(G') 121(2)
C(G)-C(G1)-N(T) 114(2) C(G)-C(G')-C(4') 124(2)
N(T)-C(G')-C(4') 122(2) Pt-N(2)-C(8) 121(1)
Pt-N(2)-C(12) 120(1) C(8)-N(2)-C(12) 118(1)
N(2)-C(8)-C(9) 126(2) C(8)-C(9)-C(10) 117(2)
C(9)-C(10)-C(11) 119(2) C(10)-C(11)-C(12) 120(2)
N(2)-C(12)-C(11) 119(2)



Table 43. Anisotropic displacement coefficients ( A 2 )  for 42.

Atom U xx Uyy U xx U Xy U x z U y z

Pt 0.0345(4) 0.0258(3) 0.0287(3) -0.0011(5') 0.0084(2) 0.0017(4)
N(1) 0.03(1) 0.029(7) 0.033(7) -0.0001(67) -0.004(7) -0.003(6)
C(1) 0.04(1) 0.06(1) 0.04(1) 0.01(1) 0.006(9) 0.003(9)
C(2) 0.07(2) 0.05(1) 0.04(1) 0.02(1) 0.02(1) -0.003(9)
C(3) 0.11(2) 0.018(9) 0.06(1) 0.02(1) 0.02(1) 0.005(9)
C(4) 0.09(2) 0.04(1) 0.04(1) -0.02(1) 0.01(1) -0.003(9)
G(5) 0.04(1) 0.04(1) 0.030(9) -0.003(9) -0.005(8) 0.003(8)
N(1') 0.04(1) 0.041(9) 0.042(8) -0.006(8) 0.017(8) -0.002(7)
C(T) 0.03(1) 0.09(2) 0.06(1) -0.02(1) 0.01(1) -0.004(1)
C(2') 0.06(2) 0.11(2) 0.07(2) 0.03(2) 0.03(1) 0.008(1)
C(3') 0.04(2) 0.18(3) 0.06(2) -0.03(2) 0.02(1) 0.008(2)
C(4') 0.07(2) 0.06(1) 0.08(2) -0.01(1) 0.04(1) 0.01(1)
C(5') 0.03(1) 0.05(1) 0.033(9) 0.004(9) 0.008(8) 0.004(8)
C(6) 0.07(2) 0.033(9) 0.06(1) 0.02(1) 0.0007(115) -0.0001(89)
C(7) 0.08(2) 0.022(8) 0.05(2) -0.01(1) 0.03(1) -0.003(8)
N(2) 0.04(1) 0.037(8) 0.030(7) -0.01(1) -0.006(7) 0.008(8)
C(8) 0.04(1) 0.05(1) 0.04(1) -0.01(1) 0.01(1) 0.010(9)
C(9) 0.05(1) 0.06(1) . 0.05(1) -0.01(1) -0.02(1) 0.01(1)
C(10) 0.08(2) 0.05(1) 0.05(1) -0.04(2) 0.01(1) 0.01(1)
C(11) 0.09(2) 0.05(1) 0.04(1) -0.04(1) 0.04(1) -0.007(9)
C(12) 0.09(2) 0.026(8) 0.04(1) -0.02(1) 0.04(1) -0.0004(83)

The anisotropic displacement exponent takes the form: -27t2(h2a2*UXx + ... + 2hka*b*Uxy)
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SUMMARY AND CONCLUSIONS

The preparation, characterization and reactivity of dimeric Pt(III) 

complexes was studied. Various conditions for the preparation of the dimeric 

Pt(III) complexes were investigated. The conditions that were found to work 

required PtMe^diimine), with diimine = bipy or phen, to be dissolved in 

acetonitrile and reacted with one equivalent of silver(l) in the presence of excess 

pyridine, a unbridged dimeric Pt(III) complex was formed under these conditions. 

The two new complexes, [PtMe2(bipy)(pyr)]22+ and [PtMe2(phen)(pyr)]22+, were 

stable in solution only in the presence of excess pyridine. The solid complexes, 

obtained as yellow powders, were stable only at 0 °C. The complexes were 

characterized by 1H and 13C NMR. 1H NMR provided a single peak for the 

methyl bound to Pt (Me-Pt) with an observable 2J[Pt-H] coupling constant. The 

long range, 3J[Pt-H] coupling constants were not observed. 13C NMR again 

contained a single Me-Pt peak and provided values for both the 1J and 2J[Pt-C] 

coupling constants indicating that a dimeric Pt(III) complex was synthesized. 

Further proof was obtained from a single crystal X-ray analysis performed on 

[PtMe2(bipy)(pyr)]2(N0 3 )2. The molecular structure was found to be 

[PtMe2(bipy)(pyr)]22+ with a Pt-Pt separation of 2.709(1) A. This bond distance 

fell between earlier reported non-bridged dimeric Pt(III) complexes. Further 

support for the dimeric Pt(III) species was obtained from elemental analyses 

performed on both complexes. A solution that contained [PtMe2(bipy)(pyr)]22+
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[Pt2Me4(IDipyXphenXpyr)2 and [PtMe2(phen)(pyr)]22+ (mixed dimers), was also 

prepared. Characterization of the mixed ligand Pt(III) complex was obtained from 

1H NMR.

A kinetic analysis for the formation of the Pt-Pt bond was undertaken. 

While studying the possibly variables for the rate law, it was discovered that the , 

reaction was heterogeneously catalyzed by silver(O). From the study, it was 

discovered that there was a first order dependence for PtMe2(bipy), Ag(I), Ag(O) 

and an inverse dependence on the dimeric Pt(III) product, [PtMe2(bipy)(pyr)]22+. 

Pyridine did not play a role in the formation of the Pt-Pt bond.

Axial substitution reactions for the pyridine ligands of the two dimeric 

Pt(III) complexes were performed. The study showed that the dimeric complexes 

were stable in the presence of excess pyridine, thiocyanate, or chloride.

However, the triphenylphosphine axial complex had only limited stability when 

diimine = phen. Both dimeric Pt(III) complexes eventually disproportionated in 

the presence of PPhs into equimolar concentrations of fac- 

[PtlvMe3(diimine)(PPh3)]+ and [PtllMe(diimine)(PPh3)]+ complexes. When the 

mixed dimer solution was studied, it was found that the mixed ligand Pt(III) 

complex disproportionated in the presence of PPh3 to only give fac- 

[PtivMe3(Phen)(PPh3)]+ and [PtllMe(Npy)(PPh3)]+. Furthermore, it was 

substantiated that [PtMe2(bipy)(pyr)]22+ reacted nearly 44% faster than the other 

dimeric Pt(III) complexes in the presence of PPh3.



Electron Paramagnetic Resonance was used to analyze the extent of 

oligomerization in solution. When various trimer solutions of the PtMe2(diimine) 

complexes were prepared at 10 mM Pt concentrations, EPR showed the 

presence of only a low concentration of paramagnetic species at liquid nitrogen 

temperatures. When solutions were prepared at 0.250 mM Pt for a 

UItravioietAZisibIe study, no new absorption peak was observed. This was not 

unexpected due to the low formation of the species in the EPR study. When the 

trimer solutions were left for 24 h., the dimeric Pt(III) complexes 

disproportionated. When the same diimine ligands are reacted, equimolar 

amounts of PtMe2(diimine), /ac-[PtlvMe3(diimine)(pyr)]+and [PtllMe(diimine)(pyr)]+ 

are obtained. However, when mixed diimine solutions are reacted, regardless of 

which diimine was the dimeric Pt(III) species, the same products are obtained.

When the dimeric Pt(III) complexes disproportionated, concomitant methyl 

transfer occurred to form /ac-[PtlvMe3(diimine)X]+ and [PtllMe(diimine)X]+ where X 

= pyr or PPh3. These products were thermodynamically stable. It was shown 

that the /ac-[PtMe3] motif was stable in 1 M HCIO4. The stability of the two 

resultant products was assumed to be the reason for the methyl transfer. The 

mechanism of the methyl transfer is unknown.

A preliminary study was performed to study what other metal cations will 

form a stable Pt-M adduct with PtMe2(Npy). The metals that were studied 

included Zr(IV)1 Zn(II), Cd(H) and Hg(II). When M = Zn(IV) and Zn(II), a stable 

one-to-one Pt-M adduct was formed. When Cd(II) was used, two adducts have
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been proposed. The first adduct formed at 0.25 mole equivalents of Cd(II). This 

would provide the formula Cd(PtMe2(bipy))4 or Cd-Pt4. Using a computional 

program, MacSpartan Plus®, a chemically acceptable structure can be formed 

around cadmium. A structure based on the computer program was proposed. 

The second adduct that formed in solution was the Cd-Pt adduct. Hg(II) was the 

fourth metal to be studied. At low equivalents of Hg(II), a Pt-Hg adduct slowly 

forms. However, when one mole equivalent of Hg(II) was added, the platinum 

complex was no longer observed. In its place, two mercury complexes appeared 

to form. The first complex was postulated tb be [Hg(ll)Me(bipy)]+ and the 

second, a much more unlikely complex, Hg(I)2Me(CH3CO2). The Hg(I) complex 

was unprecedented and unlikely, but the 1H NMR data that have been obtained 

thus far supported this structure. Both of these complexes are speculative and 

much more work needs to be done to completely characterized the products that 

are formed in soltuon.

An equilibrium study of conversion of sulfide bridged binuclear Pt(II) 

complexes, Me2Pt(^-SR2)2PtMe2, where R = Me, Et, Pr, to monmeric c/s- 

PtMe2(SR2)2 was performed. Thermodynamic data indicated the bridged 

binuclear complex, which was the most stable form, owed it's existence to an 

unfavorable entropic value. Equilibrium constants at 303 K are 2600 ± 300 M'1 

(R = Me), 50 ± 10 M'1 (R =Et), and, 130 ± 10 M"1 (R = Pr).. Thermodynamic 

values were found to be: (R = Me) AH6 = 60 ± 10 kJ mol"1 and AS6 = -120 ± 30 J
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mol"1 K; (R = Et) AH0 = -40 ± 10 kJ mol"1 and AS6 = -90 ± 30 j mol'1 K; and, (R 

Pr) AH0 = -40 ± 10 kJ mol"1 and AS0 = -1OO ± 40 J mol"1 K.
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