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ABSTRACT 

 
Katherine D Lavoie: Investigations into Pt-C Multiple Bonds With Spectator Scorpionate 

Ligands 
(Under the direction of Joseph L. Templeton) 

 

 After an overview of Pt organometallic chemistry with an emphasis on Pt(IV) 

complexes formed through C-H activation, the introduction discusses platinum-carbene 

complexes. The platinum complexes described here are anchored by scorpionate ligands. 

Previous investigations into TpʹPtLnXm complexes [Tpʹ = hydridotris(3,5-

dimethylpyrazolyl)borate] revealed the importance of hemilability as the Tpʹ ligand 

facilitates Pt(II/IV) interconversions. In this thesis the synthesis and metalation of a series of 

asymmetric scorpionate ligands bearing two pyrazolyl rings and one triazolyl ring are 

presented. A comparison of octahedral structures of Pt(IV) complexes with P=O and C-H and 

B-H caps at the pole of the facial tridentate umbrella is included.  A series of Pt(IV) carbene 

complexes of the form [(Tpʹ)Pt(=C(X)(Y))(Me)2]+ was synthesized. Methylating Pt-

carboxamido precursors allowed isolation of [(Tpʹ)Pt(=C(OMe)NHR)Me2][OTf]. The 

method for generating these rare Pt(IV) carbenes was extended to synthesize a methoxy 

stabilized Pt carbene complex, [TpʹPt(=C(OCH3)CH3)Me2][OTf]. Low temperature 

protonation of a Pt-vinyl complex, (Tpʹ)Pt(CH=CH2)(Me)2, generated a small amount of an 

ethylidene Pt complex. Definitive 13C labeling studies revealed the carbene carbon signal at 

500 ppm, a dramatic downfield chemical shift. A Pt(IV)-acetylide was prepared as a potential 
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precursor to a Pt-vinylidene complex. The isolation of a Pt(IV) acetylide complex, 

(Tpʹ)PtMe2(C≡CPh) followed by protonation of the acetylide moiety resulted in the 

observation of a cation Pt-vinylidene complex, [TpʹPt(=C=C(H)(Ph))(Me)2][B(ArF)4]. The 

carbon alpha to the platinum center appears at 526 ppm in the C-13 NMR spectrum. Using a 

heteroscorpionate ligand bound to platinum allowed oxidation of a dimethylPt(II) neutral 

species with electrophilic reagents, simple acids and acid chlorides, and leads to isomers. The 

binding properties of the various donor arms dictate the stereochemistry of the products.  

Investigations into the reactivity of heteroscorpionate tridentate ligands bound to platinum(II) 

led to C-Cl activation reactions with methylene chloride and 1,2-dichloroethane. Isolation of 

a dinuclear platinum complex bridged by an ethylene unit produced an unusual proton NMR 

AAʹXXʹ pattern in the 1H NMR spectrum due to chirality at each platinum center.
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CHAPTER ONE 
 

Introduction to Organometallic Platinum Chemistry 
 
 

1.1 Introduction 
 

 Platinum was first discovered and named in 1736 in present day Colombia, 

making it the eighth identified metal.1 Due to its high melting point and brittle nature, it 

was a challenge to work with platinum. Finding ways to isolate and purify platinum 

required forcing conditions, including boiling in strong acid and then dissolving in aqua 

regia.2 This process proved worthwhile, and platinum has become an integral part of 

various aspects of our life today since it is found in catalytic converters for cars, 

electronics, dentistry, and jewellery.  

In addition to every day life, platinum has been widely used in chemistry. 

Platinum crucibles helped lay the foundations of classical analytical chemistry.1 Initial 

investigations into incandescent lamps and thermionic valves utilized platinum before 

switching to cheaper metals.3 To date, 10% of the platinum produced annually is used to 

catalyze hydrogenation and dehydrogenation reactions.4  

In 1913, Alfred Werner was awarded the Nobel Prize in chemistry.5 Among many 

topics, Werner studied the coordination of nitrogen atoms to metals, particularly platinum. 

He expanded upon the insight he gained into the realm of inorganic molecules, proposing 

that a single metal atom acts as a central nuclei and around this central atom the other 

molecules arrange in definitive geometric patterns. The Nobel Prize, classified as 
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inorganic chemistry in this instance, was awarded for the insight between bonding in 

atoms and molecules, opening up the field of inorganic chemistry and pointing toward 

organometallic chemistry. It was not until the 1950s that organometallic chemistry 

became recognized as an independent field. Henry Taube reported on substitution 

reactions and the distinction between inner and outer sphere electron transfer reactions, 

studying complexes from the both p- and d-block metals.6 The discovery and 

identification of ferrocene by Wilkinson and Woodward pushed the field of 

organometallic chemistry to the forefront, leading to many sandwich structures.7  

With the field of organometallic chemistry expanding, the “golden age” of 

catalysis developed.3 Metal clusters, fluxional complexes, and metal carbon double bonds 

were all reported in the 1960s. Catalysis blossomed as evident in olefin metathesis,8,9 

enantioselective hydrogenation,10 and epoxidation of alcohols11 that produced chemicals 

on an industrial scale. The following decades led to improved catalysis and new 

transformations were targeted. Catalytic systems and improvements are continually being 

introduced including C-H bond activation12,13 and polymerization.14 Currently, 

organometallic complexes catalyze 10 of the top 30 reactions being implemented on an 

industrial scale.3   

New catalysts for alternative energy are needed due to the depletion of fossil fuels. 

Platinum is a promising option, and it is currently used in fuel cells for the reduction of 

oxygen.15 Methanol production is another attractive energy source. Catalyzing conversion 

of methane to methanol is desirable since methane is abundant and accessible.16,17 The 

homogeneous Shilov system was the first reported organometallic transformation of 

methane to methanol.18 Using Pt(II) in acidic solutions, a C-H bond of methane is 
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activated, forming a Pt-methyl complex. Oxidation to form a d6 platinum complex 

followed by ligand dissociation gives a highly reactive five-coordinate Pt(IV) species that 

reductively eliminates methanol and re-establishes the d8 starting material. While the 

Shilov system shows the promise of converting methane to methanol, it is not plausible 

on an industrial scale since it uses a stoichiometric amount of Pt(IV) as a sacrificial 

oxidant (scheme 1). Despite this fatal flaw, the process highlights the potential for Group 

10 metals to help mediate important catalytic cycles. 19-23     

 

 

Scheme 1  Shilov methanol production system  

 

1.2 Isolation and Investigation of Pt(IV) complexes  

The reactivity of platinum complexes extends beyond this example of methane C-

H activation. Platinum is known for its chemical behaviour, namely its high catalytic 

activity, which is often easy to probe due to its chemical robustness. More specifically, 

platinum is able to cycle between three different oxidation states, Pt(0)/Pt(II)/Pt(IV), 
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allowing it to catalyze a wide variety of transformations, often involving C-H activation. 

Bercaw et al. reported the KIE associated with C-H activation using platinum as a way to 

better understand the mechanism by which the reaction occurs.24 A surprisingly large KIE 

was reported, believed to be due to quantum tunnelling, alternatively an inverse KIE is 

indicative of protonation of a Pt-C bond to go from Pt(II) to Pt(IV). The insight gained 

can be used to make more reactive catalysts. Goldberg has published work on O2 

insertion into Pt-C bonds, since oxygen is a cheap and readily available oxidizing source, 

forming Pt(IV) peroxides and facilitating metal-ligand cooperation.25 Puddephatt and 

coworkers have explored oxidation of Pt(II) to Pt(IV) to better probe proton coupled 

electron transfer and activate C-H bonds at high oxidation state platinum centers.26 Our 

group has been particularly interested in high oxidation state, d6 Pt complexes formed 

from C-H activation.  

It was believed that reductive elimination from Pt(IV) is promoted by dissociation 

of a ligand from the Pt(IV) state generating a highly reactive, five-coordinate 

intermediate. However, few examples of these five-coordinate intermediate Pt(IV) 

complexes exist due to their propensity to reductively eliminate and generate a more 

energetically favorable Pt(II) square planner complex. Goldberg et al. isolated a sterically 

hindered five-coordinate Pt(IV)Me3 complex (Figure 1).27 They were able to observe 

reductive elimination and subsequent C-H activation from the isopropyl group of the 

bidentate ligand to generate a second five-coordinate Pt(IV) complex. From there, 

reduction of methane resulted in an equilibrium between two Pt(II) complexes. A few 

years later, the Wang group reported the influence of sterically encumbered N,N-
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chelating ligands which controlled the ability to isolate a five-coordiante Pt(IV) rather 

than an octahedral d6 Pt (Figure 2).28  

 

Figure 1  Isolation and reacitvity of five-coordinate Pt(IV) complexes 
   
 

 

Figure 2  The products in two attempts at isolating five-coordiante Pt(IV) complexes 
demonstrating the importance of steric hiderance  
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ligand design. Since 1960 when Trofimenko first reported the synthesis of Tp (Tp = 

hydridotrispyrazolyl borate), scorpionate ligands have grown in popularity.29-32 

Scorpionate ligands typically contain three strongly donating nitrogen arms and allow a 

wide variety of steric and electronic tunability. These ligands allow isolation of five- and 

six-coordinate Pt(IV) complexes and also provide a platform for investigations into 

Pt(II)/Pt(IV) transformations. Our group found we could isolate a five-coordinate d6 Pt 

complex which was stabilized by a tridentate ligand (eq 1).33 Repeating similar chemistry 

with a bidentate ligand resulted in a less stable five-coordinate intermediate seen at low 

temperatures. In the presence of phosphalkynes, the five-coordinate Pt complex facilitates 

C-C bond formation and generates a new tridentate ligand (eq 2). 
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In 1996 our lab reported the synthesis of the first stable Pt(IV) alkyl hydride 

complex, TpʹPtMe2H (Tpʹ = hydridotris(3,5-dimethylpyrazolyl)borate), which has served 

as a starting point for extensive additional studies thereafter (Scheme 2).34 We found we 

could induce methane reductive elimination either with the addition of an acid or by 

thermolysis. Both pathways follow a similar mechanism; one arm of the scorpionate 

ligand dissociates to form a five-coordinate intermediate, which promotes reductive 

elimination to form a d8 Pt complex. The newly formed Pt(II) complex has demonstrated 

a multitude of reactivity patterns.35-42 Most of the research reported to date has focused on 

C-H oxidative activations leading to neutral Pt(IV) complexes.  

 

Scheme 2  Reactivity accessible from TpʹPtMe2H  

 

While our lab primarily focused on TpʹPt complexes, we recently reported a 

system utilizing tris(1-R-1H-1,2,3-triazol-4-yl)- phosphine oxide (TtR, R = cyclohexyl, 

phenyl). 43,44 To mimic chemistry observed with the Tpʹ ligand, [TtRPtMe2H]+ was 

synthesized and heated in the presence of CO to release methane and form 

[TtRPtMe(CO)]+. However, while TpʹPtMe(CO) allowed the addition of a nucleophile to 
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the C group of the Pt-CO ligand, attempting the same reactivity with [TtRPtMe(CO)]+ 

resulted in loss of the tridentate ligand and led to formation of Pt black. We hypothesized 

that forming a heteroscorpionate ligand consisting of two tightly binding pyrazolyl 

groups and a more weakly binding triazolyl arm would allow for easier Pt(II) oxidation to 

Pt(IV) without complete ligand loss from the metal center. Chapter 2 discusses the 

synthesis of a new ligand series and metalation to generate Pt(IV) complexes while 

Chapter 5 focuses on the oxidative addition of various substrates with scorpionate ligands 

bound to Pt(II) and subsequent addition of an electrophile.  

 

1.3 Pt-Carbene Complexes 

Since the first carbene complex was discovered in the 1960s by E.O. Fischer, 

investigations into carbenes in catalytic and organometallic chemistry have grown 

exponentially.45 Carbenes can be categorized into five classes: Fischer, Schrock, 

vinylidene, carbenoid, and N-Heterocyclic (NHCs) (Figure 3). Fischer and Schrock 

carbenes are the two most common classifications, as they refer to early descriptions of 

the classic M-C double bond moiety. 8,45 Vinylidenes are heterocumulene structures with 

a metal bound at one end. The singlet state of free vinylidenes is 42 kcal/mol more stable 

than the triplet state, causing it to react in ways similar to reactivity displayed by a 

Fischer carbene.46 Carbenoid complexes, also referred to as acceptor substituted carbenes, 

contain a carbonyl moiety bound to the carbene carbon. While this subcategory is 

seldomly isolated, carbenoid complexes are proposed as important intermediates in many 

catalytic cycles. 47-49 The fifth group, NHCs, tend to be the least reactive of the carbene 

complexes discussed. As ligands, NHCs bind as strong σ-donors to the metal center and 
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weak π-acceptors. The NHC moiety consists of two nitrogens bound to the carbene 

carbon and these donate electron density from their lone pairs to help stabilize the central 

carbon.50 NHCs are sufficiently stable to withstand numerous reagents unscathed while 

promoting reactivity at ancillary ligands bound to the metal center.51 

  

 

Figure 3  Different classifications of carbene ligands in organometallic chemistry   
 

 

While Fischer and Schrock carbenes both exhibit M-C double bond and are the 

ends of a continuum of reactivity. Fischer carbenes are often bound to a low oxidation 

state, late transition metal.4 The carbene carbons are considered singlet donors, the carbon 

is bound as a σ-donor to an empty metal d-orbital and the metal is π-backbonding.  

Another common characteristic of Fischer carbenes is the presence of a heteroatom 

bound to the carbene carbon such as an alkoxy or alkylated amino group. Schrock 
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carbenes are typically bound to high oxidation state metals in early transition metal 

complexes. The bonding can be pictured as between a triplet carbene carbon and triplet 

state metal electrons and orbitals. Since the carbene carbon is bound to hydrogen or alkyl 

substituents, these complexes are often called alkylidenes.  

The difference in binding of carbene complexes brings up the importance of 

electron counting. Schrock carbenes, binding in the triplet state, are often considered 

doubly anionic ligands when counted in the ionic formalism. Alternatively, Fischer 

carbenes are considered neutral, 2 e- donor ligands. While we will count carbenes in this 

thesis using the neutral 2 e- donor formalisms, it is important to remember that the 

oxidation state assigned to the metal center is a strict formalism. To quote Puddephatt 

“there is no obligatory association between formal oxidation state and electron density at 

the metal center”.52    

The differences in the electrophilic atom in Fischer and Schrock carbenes controls 

the chemistry that is observed. Fischer carbenes have an electrophilic carbon; these 

complexes often react with nucleophiles to displace substituents on the carbene 

carbon53,54 or insert and form cyclopropene complexes. 55-57 Schrock carbenes, with 

electrophilic metal centers, are known intermediates for olefin metathesis, which is a 

process that breaks C-C bonds, shuffles them, and generates new C-C bonds. 58,59 We 

were interested in exploring reactivity patterns as we attempted to generate Pt(IV) 

carbene complexes.  

Changing the substituents on the carbene carbon would allow us to systematically 

go from Fischer-type reactivity (nucleophilic metal center, heteroatom substituents) 

towards Schrock-like (alkylidenes with electrophilic metal centers). In chapter 3 we 
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report our findings on the synthesis and reactivity on cationic Pt(IV) carbene complexes. 

These complexes vary from classic Fischer carbenes, with a nitrogen and oxygen moiety 

bound to the carbene carbon, to a Pt(IV) alkylidene. In chapter 4 we report our attempts 

to synthesize a cationic Pt(IV) vinylidene complex.  
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CHAPTER TWO 
 

Investigations into a Bispyrazolyl Monotriazolyl Heteroscorpionate Platinum(IV) 
System1 

 
2.1 Introduction 

 Hemilabile ligands containing both strong and weak donor arms have been 

employed in a wide range of metal-mediated processes.1,2 Such ligands provide the 

benefit of opening a coordination site on the metal while preventing complete ligand loss. 

Bidentate and tridentate hemilabile representations are sketched in Figure 1, where a 

strong donor ligand (X) remains bound to the metal center while a weaker donor (Y) can 

bind reversibly, thus creating a vacant coordination site. 

 

Figure 1  Hemilabile representations in bidentate (a) and tridentate (b) ligands 

 

 A plethora of metal-ligand systems have been developed that display reversible 

binding of one arm, and pincer ligands are an important class of hemilabile ligands. 

Milstein and co-workers have reported a Ru PNN pincer system that converts alcohols to 

                                         
1 Reproduced with permission from Lavoie, K. D., Frauhiger, B. E., White, P.S., Templeton, J. L., DOI: 
10.1016/j.molcata.2016.07.002 
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esters, and the mechanism is believed to involve reversible coordination of a tethered 

amine.3 Goldberg et al. have synthesized a PCO tridentate ligand that can adopt ĸ1, ĸ2, 

and ĸ3 coordination modes.4 Van der Vlugt and co-workers have reported a simple 

synthetic route that generates PNN chelates that reversibly bind to Rh and Ir metal 

centers.5 A hemilabile bidentate ligand with an oxygen donor arm bound to Rh(I) 

developed by Dunbar has been utilized for the reversible uptake of small molecules.6,7 A 

hemilabile Ru(II) system reported by Wolf displays reversible uptake of SMe2, DMSO, 

and acetonitrile.8 Recently, Miller has synthesized a NCP pincer-crown ether complex 

that can reversibly bind oxygen from the crown ether to help stabilize the metal center.9  

 The past decade has seen significant progress in the development of asymmetrical 

hemilabile tridentate facial chelates, including contributions from Rominger10 (NCO, 

PCO), Zargarian11 (PCN), Szabó12 (PCS), and Song13 (PCP).  The initial syntheses of 

asymmetric facially-coordinating ligands suffered from poor yields, especially for 

tris(3,5-dimethylpyrazolyl)methane (Tpm) derivatives.14-17 Canty and co-workers 

developed a significantly improved synthetic route to asymmetrical Tpm-derived 

heteroscorpionates containing two pyrazolyl rings and a third, unique donor arm using a 

cobalt-catalyzed condensation. 18-23 Deprotonation of free pyrazole followed by the 

addition of phosgene results in a bispyrazolyl ketone intermediate.  Reger et al. advanced 

relevant synthetic methodology by using a bispyrazolyl sulfoxide intermediate that was 

prepared by employing thionyl chloride in place of phosgene, noteworthy since the 

thionyl chloride is both safer and easier to handle than phosgene (eq 1). 24-27   
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With a goal of facilitating interconversions between Pt(II) and Pt(IV), our lab 

published the synthesis and reactivity of tris(1-R-1H-1,2,3-triazol-4-yl)phosphine oxide 

(R = phenyl, cyclohexyl) (TtR).28,29 The TtR ligand was completely displaced from the 

Pt(II) center when nucleophilic reagents were introduced to the solution in attempts to 

attack the carbonyl ligand in the Pt-CO unit at the carbon atom. The inability to add 

nucleophilic reagents to ligands, like CO, without displacing the chelate ligand motivated 

us to synthesize a mixed pyrazolyl/triazolyl ligand. As observed with the Tp'Pt system 

(Tp' = hydridotris(3,5-dimethylpyrazolyl)borate), strong donation from the pyrazolyl 

nitrogen donors keeps the ligand bound while still allowing the ĸ2/ĸ3 interconversion.30-32  

Utilizing Reger’s improved method for generating mixed donor ligands, we 

prepared similar heteroscorpionates with a C-H backbone that incorporates the triazolyl 

functionality. We hypothesized that a mixed pyrazolyl/triazolyl donor ligand would 

tolerate the introduction of nucleophilic reagents for attack on the carbon of a platinum 

carbonyl, without causing complete ligand loss. Herein, we report the synthesis and 

metalation of ligands that contain two pyrazolyl rings and one triazolyl ring as well as 

investigations into their reactivity. Structural data from four monomeric platinum d6 

complexes that exhibit octahedral geometries are included here. 
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2.2  Results and Discussion 

 In the synthetic route to heteroscorpionate ligands reported by Reger,24 the final 

condensation step requires a carbonyl functionality attached to the heterocycle that will 

ultimately be the unique donor arm of the heteroscorpionate. We synthesized a 1,2,3-

triazole with an aldehyde at the 4-position.  Employing the same conditions as for the 

copper-catalyzed azide-alkyne cycloaddition “click” reaction that was used to generate 

TtR,29,33,34 phenyl azide and propargyl alcohol were combined to produce (1-phenyl-1H-

1,2,3-triazol-4-yl)methanol 1-L1  in 66% yield (step 1 in eq 2).  The analogous 

cyclohexyl (cy) derivative (1-L2) was generated in 69% yield using cyclohexyl azide.  

Stahl et al. recently reported selective oxidation of primary alcohols to the corresponding 

aldehyde using an aerobic Cu(I) triflate/TEMPO system.35 Applying similar conditions to 

1-L1 produced 1-phenyl-1H-1,2,3-triazole-4-carbaldehyde 2-L1 in 72% yield (69% yield 

for 2-L2). 

 

With the aldehyde compounds in hand, a heteroscorpionate ligand containing two 

3,5-dimethyl pyrazolyl donors and a 1,2,3-triazole ring was targeted.  Treating a THF 

solution of 3,5-dimethyl pyrazole with sodium hydride resulted in deprotonation of the 

pyrazole NH and evolution of hydrogen gas. The addition of thionyl chloride presumably 
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generated the bispyrazolyl sulfonyl intermediate, 3. Treating 3 with 1,2,3-triazole 

aldehyde 2-L1 and a catalytic amount of cobalt chloride while refluxing overnight 

produced 4-(bis(3,5-dimethyl-1H-pyrazol-1-yl)methyl)-1-phenyl-1H-1,2,3-triazole 4-L1 

in 87% yield, which we will abbreviate as bpztzPh (eq 3). The analogous bpztzCy ligand 4-

L2 was produced in 56% yield. Discussion of the fluorinated ligand 4-L3 is included later 

in this section.  

 

 Metalation of the bpztzR ligands was achieved by sequentially treating two equiv 

of 4 with one equiv of [PtMe2(SMe2)]2 and then an excess of methyl iodide was added in 

dichloromethane and the solution was stirred at room temperature for 30 min (eq 4). 

Removal of the solvent and triturating with pentane produced the air- and moisture-stable 

Pt(IV) cation [bpztzRPtMe3][I] 5 as a pale yellow solid in quantitative yield (eq 4).  In the 

1H NMR spectrum of 5-L1, two Pt-Me resonances appear in a 2:1 ratio at 1.4 and 1.3 

ppm (2JPt-H
 = 71 Hz and 73 Hz), respectively, reflecting the presence of a mirror plane 

and Cs symmetry.  The chemical shift values and coupling constants for these Pt-Me 

signals are compatible with other reported Pt(IV)-Me complexes.36-39 The triazolyl proton 

in 5-L1 shifts significantly downfield (to 10.7 ppm) when the triazole ring binds to the 

metal center.  Although the chemical shift for this proton usually moves downfield in 1H 

N

NH

H3C

H3C

1) 2 NaH

2) SOCl2

THF, 0oC
2

S

O

NN

N N

H3C

H3C

CH3

CH3

N N
N

H

R

O

12 mol% CoCl2

THF, reflux
N

N

N

N

N
N

N

C
CH3

CH3

CH3

CH3

H

R

bpztzR

R = Ph      4-L1
       Cy      4-L2
       C6F5   4-L3

3

(3) 



 21 

NMR spectra of TtR platinum complexes, 29,33 the triazolyl signal in 5-L1 moves over 2 

ppm, an unusually large shift. In the C-13 NMR spectrum, the one-bond platinum carbon 

coupling values for the two Pt-Me resonances are 688 Hz (trans to pyrazole) and 701 Hz 

(trans to triazole) for 5-L1. These one-bond coupling constants are not good indicators of 

bond strength; that correlation works well when hydrogen is involved, but for other NMR 

active nuclei the correlation is far more complex. Coupling constants for Pt-C bonds in 5-

L2 are comparable.   

 

 As a point of departure before looking at Pt-N bond lengths we note that the pKa 

for pyrazole is 19.8 whereas the triazole proton is far more acidic with a pKa of 13.9 in 

DMSO.40 While binding to the metal center in fact occurs at an alternative nitrogen, it’s 

reasonable to keep the proton dissociation properties of pyrazoles and triazoles in mind as 

we look at structures of Pt(IV) compounds.  
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Figure 2 a. hydridotris(3,5-dimethylpyrazolyl)borate.  b. tris(3,5-dimethylpyrazolyl) 
phosphine oxide.  c. tris(3,5-dimethylpyrazolyl)methane.  d. tris(1-R-1H-1,2,3-triazol-4-
yl) phosphine oxide (R = phenyl, cyclohexyl).  e. 4-(bis(3,5-dimethyl-1H-pyrazol-1-
yl)methyl)-1-R-1H-1,2,3-triazole (R = phenyl, cyclohexyl, pentafluorophenyl).   

 

Slow diffusion of hexanes into a dichloromethane solution of 5-L2 produced clear, 

orange-red hexagonal crystals that were suitable for X-ray crystallography.  Figure 3 

shows the x-ray structure of 5-L2 and selected bond distances and angles are presented in 

Table 1.  As in the related symmetric [TtRPtMe3]+ complex,29 the metal center adopts an 

octahedral geometry with a ĸ3 coordination mode for the chelating ligand. The Pt-N bond 

distance to the triazolyl donor (2.135 Å) is the shortest of the three Pt-N bond lengths. 

The two pyrazolyl donors, with Pt-N distances of 2.18 and 2.19 Å, appear to be weaker 

donors to the Pt(IV) than the triazole ring. The PtMe3 unit assures that identical trans 
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influences will impact the three Pt-N bond lengths. The contrast between the pKa 

indicators and the observed Pt-N bond distances is striking.   

 

Figure 3  X-ray structure of [bpztzCyPtMe3][I] 5-L2.  Ellipsoids are drawn at the 50% 
probability level.  Hydrogen atoms and counterion are omitted for clarity. 
 

Table 1  Selected bond lengths (Å) and angles (deg) for complex 5-L2.  

 

 

 

 

 

 

Comparing the new mixed ligand to the TtR ligand, it’s conceivable that the 

difference in binding strength of the triazole arm arises from differences in tips of the 

Bond Lengths 
Pt-N1 2.135(4) Pt-C1 2.061(5) 
Pt-N4 2.178(4) Pt-C2 2.042(5) 
Pt-N6 2.193(4) Pt-C3 2.054(4) 

Bond Angles 
N1-Pt-N4 84.85(14) C2-Pt-C1 84.8(2) 
C1-Pt-N1 93.54(17)   
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umbrella skeletons. The average Pt-N bond length for the TtR ligand in TtRPtMe3 was 

2.18 Å, similar to the bound pyrazole arms in our new bpztzRPtMe3
+ complexes.29 It 

seemed reasonable that the electron withdrawing backbone in the TtR ligands (P=O) 

played an important role in modulating the donor strength of the triazolyl nitrogen. We 

hypothesized that the synthesis of a bpztz derivative containing an electron-withdrawing 

group as a substituent on the triazolyl ring would make the triazolyl bind less tightly. 

Repeating the ligand synthesis using pentafluorophenyl azide produced the 

pentafluorophenyl derivative bpztzC6F5 4-L3 (eq 3). Using the same conditions for the 

generation of 5-L1 and 5-L2, [bpztzC6F5PtMe3][I] (5-L3) was produced in quantitative 

conversion as observed by 1H NMR spectroscopy. Like 5-L1 and 5-L2, complex 5-L3 

also displays Cs symmetry with a 2:1 ratio evident in Pt-Me signals (2JPt-H = 72 Hz for 

each).  The F-19 NMR spectrum exhibits the expected doublet and two triplets for the 

ortho and meta/para fluorine atoms.  The one-bond platinum-carbon coupling values of 

the two Pt-Me resonances are 685 Hz (trans to pyrazole) and 706 Hz (trans to triazole), 

similar to 5-L1 and 5-L2.  

Slow diffusion of hexanes into a dichloromethane solution of 5-L3 produced clear, 

orange/red hexagonal crystals that were suitable for X-ray crystallography. Figure 4 

shows the x-ray structure of 5-L2 and selected bond distances and angles are presented in 

Table 2. The Pt-N(triazole) bond distance of 2.138 Å is again shorter than the two Pt-

N(pyrazole) distances, both 2.19 Å, reflecting stronger binding from the triazolyl ring 

compared to the two pyrazoles.  Comparing the Pt-N(triazole) distance to the analogous 

[bpztzCyPtMe3]+ structure reveals that the addition of the pentafluorophenyl substituent 

did not have a noticeable impact on the donor strength of the triazolyl ring as determined 
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by bond distance measurements. The bond angles about platinum (84-95°) hover near the 

ideal 90°, with the three nitrogens of the tridentate ligand slightly pinched, similar to the 

angles in 5-L2.  

 

Figure 4  X-ray structure of [bpztzC6F5PtMe3][I] 5-L3.  Ellipsoids are drawn at the 50% 
probability level.  Hydrogen atoms and the iodide counterion are omitted for clarity. 

 

Table 2.  Selected bond lengths (Å) and angles (deg) for complex 5-L3.  

 

 

 

 

Bond Lengths 
Pt-N1 2.138(3) Pt-C20 2.042(4) 
Pt-N4 2.188(3) Pt-C21 2.050(4) 
Pt-N6 2.188(3) Pt-C22 2.058(4) 

Bond Angles 
N1-Pt-N4 84.95(12) C20-Pt-C21 89.67(18) 
C20-Pt-N1 91.61(15)   
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 While the two bpztzRPtMe3
+ structures were in good agreement with one another, 

the triazole to platinum bond distances were shorter than in the analogous TtR complex 

with three triazole arms for the scorpionate ligand. The average Pt-N bond length for the 

TtR ligand in the TtRPtMe3
+ comp complex29 was 2.18 Å, longer than the Pt-N bond to 

the triazole in 5-L2 and 5-L3.  

Since the pentafluorophenyl group on the triazolyl arm had no significant impact 

on the Pt-N bond length, we turned to an investigation of the influence of the phosphine 

oxide spine in the TtR system. Comparing the new mixed ligand to the triazole based TtR 

ligand with a P=O spine, it’s conceivable that the difference in the binding strength of the 

triazole arm arises from differences in the spine of the umbrella skeletons. Deprotonation 

of 3,5-dimethylpyrazole with sodium hydride followed by addition of phosphoryl 

chloride resulted in the desired tris(3,5-dimethylpyrazolyl)phosphine oxide (POPz3) 6, in 

96% yield. Conditions used for the preparation of complex 5-L1 proved insufficient to 

push the metalation of 6 to completion. Switching from MeI to a stronger methylating 

reagent, methyl trifluoromethansulfonate (MeOTf), and extending reaction times allowed 

for generation and isolation of the desired cationic Pt(IV) complex, [POPz3PtMe3][OTf], 

7, in quantitative yields (eq 7). Complex 7 displayed C3v symmetry in the 1H NMR 

spectrum as evident by a single Pt-CH3 peak. The pyrazolyl proton showed a small 
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coupling to phosphorus (1 Hz) while the P-31 NMR signal at -18.26 ppm exhibited 3-

bond coupling to platinum (9 Hz).  

 

  

 Slow diffusion of benzene into a solution of 7 in dichloromethane produced clear 

crystals suitable for X-ray crystallography. Figure 5 shows the x-ray structure of 7 and 

selected bond distances and angles are presented in Table 3. Complex 7 crystallized in a 

chiral space group. The three pyrazolyl Pt-N bond distances of ca. 2.20 Å are slightly 

elongated from those of the analogous trimethylPt(IV)Tp' complex, which are near 2.19 

Å.41 The Pt-N distances for these pyrazolyl donors are also close to the bond lengths 

observed for the triazole based TtR ligand (2.17-2.19 Å).29  
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Figure 5  X-ray structure of [POPz3PtMe3][OTf] 7.  Ellipsoids are drawn at the 50% 
probability level.  Hydrogen atoms, trifluoromethansulfonate counterion, and benzene 
molecule are omitted for clarity. 

 
Table 3  Selected bond lengths (Å) and angles (deg) for complex 7.  
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Bond Lengths 
Pt-N1 2.201(4) Pt-C1 2.041(6) 
Pt-N3 2.199(4) Pt-C2 2.047(5) 
Pt-N5 2.185(5) Pt-C3 2.052(4) 

Bond Angles 
N1-Pt-N3 88.2(2) C2-Pt-C1 89.0(2) 
C1-Pt-N3 91.6(3)   
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The phosphine oxide backbone did not significantly change the Pt-N bond length 

so we turned to the C-H backbone in the well-known Tpm ligand, just as the C-H moiety 

is present in the mixed bpztzR set of ligands. Employing Tpm24 under the same conditions 

as for the preparation of  POPz3 complex 7 generated the desired cationic Pt(IV) complex, 

[TpmPtMe3][OTf], 8, eq 8. 

 

 Slow diffusion of pentane into a solution of 8 in dichloromethane produced clear 

crystals suitable for X-ray crystallography. Complex 8 crystallized with three 

independent molecules in the unit cell. Figure 6 shows the x-ray structure of one of the 

three independent molecules and selected bond distances and angles are presented in 

Table 4. Complex 8 shows nearly octahedral geometry, with bond angles around 

platinum between 84-93° with the three nitrogens slightly pinched together, generating a 

slightly opened N-Pt-C angle. The Pt-N bond distances in this Tpm complex average 2.18 

Å, slightly shorter than those observed in trimethyl Pt(IV) complexes with the other 

neutral ligands, namely TtR and POPz3, presumably due to the more electron donating C-

H backbone. The anionic Tp' ligand leads to a neutral Pt(IV) complex while all the other 

complexes reported here are cationic Pt(IV) compounds. Despite the slightly shorter bond 

lengths of the TpmPt complex compared to the mixed ligand system, the Pt-N bonds 

found in Tpm complex 8 were about 0.02 Å longer than the Pt-N distances for the triazole 

arm in the bpztzR hybrid ligand system.   
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Figure 6  X-ray structure of [TpmPtMe3][OTf] 8.  Ellipsoids are drawn at the 50% 
probability level.  Hydrogen atoms and trifluoromethansulfonate counterion are omitted 
for clarity. 

 

Table 4  Selected bond lengths (Å) and angles (deg) for one of the three independent 
molecules of complex 8.  

 

 

 

 

 

 

 

 

Bond Lengths 
Pt-N29 2.187(6) Pt-C26 2.044(7) 
Pt-N36 2.189(6) Pt-C27 2.072(8) 
Pt-N43 2.162(6) Pt-C28 2.049(8) 

Bond Angles 
N29-Pt-N36 83.0(2) C26-Pt-C27 88.4(3) 
C26-Pt-N26 93.3(3)   
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2.3 Conclusion 

A series of asymmetrical scorpionate ligands bearing two pyrazolyl rings and one 

triazolyl ring has been synthesized using a cobalt-catalyzed condensation reaction. 

Metalation of these ligands to generate neutral Pt(II) complexes followed by subsequent 

methylation results in stable Pt(IV) cations. Solid-state structural data reveal that the 

platinum-nitrogen distance to the triazolyl moiety is shorter than the two platinum-

nitrogen pyrazolyl distances, indicating that the triazolyl ring is a stronger donor to Pt(IV). 

The addition of an electron withdrawing substituent on the triazole arm does not 

influence the ligand donor strength as assessed by Pt-N distances. While the backbone of 

the scorpionate ligand plays an integral part in binding to platinum, there is no evidence 

for why the triazole arm of the heteroscorpionate ligand binds more tightly to the Pt 

center. 

 

2.4 Experimental Section 

Materials and Methods.  All reactions were performed under an atmosphere of 

dry nitrogen using standard Schlenk and drybox techniques.  Nitrogen was purified by 

passage through columns of BASF R3-11 catalyst and 4 Å molecule sieves. 

Dichloromethane, dimethyl ether, tetrahydrofuran (THF), and pentane were purified 

under an argon atmosphere and passed through a column packed with activated alumina. 

All other chemicals were used as received without further purification.  Silica column 

chromatography was conducted with 230-400 mesh silica gel and alumina column 

chromatography was conducted with 80-200 mesh alumina. 
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1H, 19F, 31P, and 13C NMR spectra were recorded on Bruker DRX400, 

AVANCE500, or ULTRA SHIELD CRYOQNP600 spectrometers. 1H NMR and 13C 

NMR chemical shifts were referenced to residual 1H and 13C signals of the deuterated 

solvents.  Elemental analyses were performed by Robertson Microlit Laboratories of 

Madison, NJ.  High-resolution mass spectra were recorded on a Bruker BioTOF II ESI-

TOF mass spectrometer.  Mass spectral data are reported for the most abundant platinum 

isotope.   

(1-phenyl-1H-1,2,3-triazol-4-yl)methanol 1-L1.  To a 250-mL Schlenk flask 

was added phenyl azide (7.8 g, 65.5 mmol) and propargylic alcohol (3.78 mL, 68.0 

mmol).  The flask was purged with nitrogen and 60 mL of a 1:1 mixture of tert-butanol 

and water was added through the septum.  The solution was treated with 3.9 mL (3.9 

mmol) of a 1 M aqueous sodium ascorbate solution and 1.54 mL (0.58 mmol) of a 0.37 

M aqueous copper sulfate solution.  The cloudy yellow solution was allowed to stir for 2 

d at room temperature at which point the solution had become clear.  The product was 

extracted into CH2Cl2 and dried over MgSO4.  The mixture was then passed through a 

Celite plug, the solvent was evaporated, and the resulting oil was triturated with pentane 

to produce 7.5 g (43.5 mmol) of 1-L1 in 66% yield.  1H NMR (δ, CD2Cl2, 298 K): 7.74 (s, 

1H, tz), 7.72 (d, 2H, o-Ph), 7.53 (t, 2H, m-Ph), 7.45 (t, 1H, p-Ph), 4.84 (s, 2H, CH2), 3.13 

(br s, 1H, OH).  13C NMR (δ, CD2Cl2, 298 K):  148.9 (tz 4-position), 137.5 (ipso-Ph), 

130.1 (o-Ph), 129.1 (p-Ph), 120.9 (m-Ph), 120.5 (tz 5-position), 56.6 (CH2). Anal Calcd 

for C9H9N3O: C, 61.70; H, 5.18; N, 23.99. Found: C, 61.71; H, 5.46; N, 23.94.   

(1-cyclohexyl-1H-1,2,3-triazol-4-yl)methanol 1-L2.  To a 250-mL Schlenk flask 

was added cyclohexyl azide (7.15 g, 57.7 mmol) and propargylic alcohol (3.31 mL, 59.6 
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mmol).  The flask was purged with nitrogen and a 1:1 mixture (60 mL) of tert-butanol 

and water was added through the septum.  The solution was treated with 4.3 mL (4.3 

mmol) of a 1 M aqueous sodium ascorbate solution and 2.15 mL (0.80 mmol) of a 0.37 

M aqueous copper sulfate solution.  The cloudy yellow mixture was allowed to stir for 2 

d at room temperature at which point the solution became clear.  The product was 

extracted with CH2Cl2 and dried over MgSO4.  The mixture was then passed through a 

Celite plug, the solvent was evaporated, and the resulting solid was triturated with 

pentane to produce 7.06 g (39.7 mmol) of 1-L2 in 69% yield. 1H NMR (δ, CD2Cl2, 298 

K): 7.60 (s, 1H, tz), 4.69 (s, 2H, CH2), 4.40 (tt, 1H, CA-H), 4.31 (s, 1H, OH), 2.17-1.21 

(m, 11 H, cyclohexyl).  13C NMR (δ, CD2Cl2, 298 K): 147.9 (tz 4-position), 120.1 (tz 5-

position), 60.4 (CA), 56.2 (CH2), 33.8 (CB), 25.5 (CC), 25.4 (CD).  Anal Calcd for 

C9H15N3O: C, 59.64; H, 8.34; N, 23.19. Found: C, 59.78; H, 8.13; N, 23.18.   

(1-pentafluorophenyl-1H-1,2,3-triazol-4-yl)methanol 1-L3.  To a 250-mL 

Schlenk flask was added pentafluorophenyl azide (1.18 g, 5.65 mmol) and propargylic 

alcohol (0.32 mL, 5.62 mmol).  The flask was purged with nitrogen and a 1:1 mixture (60 

mL) of tert-butanol and water was added through the septum.  The solution was treated 

with 0.33 mL (0.33 mmol) of a 1 M aqueous sodium ascorbate solution and 0.20 mL 

(0.07 mmol) of a 0.37 M aqueous copper sulfate solution.  The cloudy yellow mixture 

was allowed to stir overnight at room temperature.  The product was extracted with 

CH2Cl2 and dried over MgSO4.  The mixture was then passed through a Celite plug, the 

solvent was evaporated, and the resulting solid was triturated with pentane to produce 

1.02 g (3.84 mmol) of 1-L3 in 68% yield. 1H NMR (δ, CD2Cl2, 298 K): 7.85 (s, 1H, tz), 

4.88 (s, 2H, CH2), 3.21 (s, 1H, OH).  19F NMR (δ, CD2Cl2, 298 K): -145.7 (d, o-F), -
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149.9 (t, p-F), -159.5 (t, m-F).  13C NMR (δ, CD2Cl2, 298 K): 148.2 (tz 4-position), 142.4 

(m, o-ArF and p-ArF, 1JC,F = 264 Hz), 138.0 (m, m-ArF, 1JC,F = 261 Hz), 124.4 (tz 5-

position), 112.8 (m, ipso-ArF). Anal Calcd for C9H4N3OF5: C, 40.77; H, 1.52; N, 15.85. 

Found: C, 40.98; H, 1.57; N, 15.50.   

1-phenyl-1H-1,2,3-triazole-4-carbaldehyde 2-L1.  A modified version of 

Stahl’s procedure was performed.35  A 250-mL Schlenk flask was charged with 7.5 g 

(43.4 mmol) of 1-L1.  Acetonitrile (100 mL) was added and the mixture was stirred until 

all of 1-L1 dissolved.  The solution was treated with tetrakisacetonitrile copper(I) triflate 

(0.780 g, 2.07 mmol), bipyridine (0.331 g, 2.12 mmol), TEMPO (0.331 g, 2.12 mmol), 

and N-methyl imidazole (0.31 mL, 4.14 mmol) and the resulting dark red solution was 

stirred open to air overnight at which point it became emerald green.  Diethyl ether (40 

mL) and pentane (40 mL) were added and the solution was filtered through a silica plug.  

The solvent was removed by rotary evaporation and pentane (50 mL) was added to 

remove excess TEMPO.  The pink supernatant was decanted off to afford 5.38 g (31.5 

mmol) of 1-L2 as a white crystalline solid in 72% yield.  1H NMR (δ, CD2Cl2, 298 K): 

10.19 (s, 1H, C(O)H), 8.57 (s, 1H, tz), 7.79 (d, 2H, o-Ph), 7.60 (t, 2H, m-Ph), 7.55 (t, 1H, 

p-Ph).  13C NMR (δ, CD2Cl2, 298 K):  184.8 (C(O)H), 148.1 (tz 4-position), 136.2 (ipso-

Ph), 130.0 (o-Ph), 129.7 (p-Ph), 123.9 (tz 5-position), 120.9 (m-Ph).  IR(CH2Cl2): νC=O = 

1703 cm-1. Anal Calcd for C9H7N3O: C, 62.42; H, 4.07; N, 24.27. Found: C, 62.65; H, 

3.93; N, 24.22.   

1-cyclohexyl-1H-1,2,3-triazole-4-carbaldehyde 2-L2.  A 250-mL Schlenk flask 

was charged with 6.29 g (35.3 mmol) of 1-L2.  Acetonitrile (100 mL) was added and the 

mixture was stirred until all of 1-L2 dissolved.  The solution was treated with 
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tetrakisacetonitrile copper(I) triflate (0.658 g, 1.74 mmol), bipyridine (0.280 g, 1.67 

mmol), TEMPO (0.280 g, 1.67 mmol), and N-methyl imidazole (0.28 g, 3.27 mmol) and 

the dark red solution was stirred open to air overnight at which point it became emerald 

green.  Diethyl ether (40 mL) and pentane (40 mL) were added and the solution was 

filtered through a silica plug.  The solvent was removed by rotary evaporation and  

pentane (50 mL) was added to remove excess TEMPO.  The pink supernatant was 

decanted off to afford 4.27 g (24.3 mmol) of 2-L2 as a white crystalline solid in 69% 

yield.    1H NMR (δ, CD2Cl2, 298 K): 10.08 (s, 1H, C(O)H), 8.14 (s, 1H, tz), 4.51 (tt, 1H, 

CA-H), 2.25-1.28 (m, 11 H, cyclohexyl).  13C NMR (δ, CD2Cl2, 298 K):  185.3 (C(O)H), 

147.7 (tz 4-position), 123.6 (tz 5-position), 60.9 (CA), 33.7 (CB), 25.3 (CC), 25.3 (CD).  

IR(CH2Cl2): νC=O = 1698 cm-1.  Anal Calcd for C9H13N3O: C, 60.32; H, 7.31; N, 23.45. 

Found: C, 60.26; H, 7.35; N, 23.31.   

1-pentafluorophenyl-1H-1,2,3-triazole-4-carbaldehyde 2-L3.  A 250-mL 

Schlenk flask was charged with 1.25 g (4.72 mmol) of 1-L3.  Acetonitrile (30 mL) was 

added and the mixture was stirred until all of 1-L3 dissolved.  The solution was treated 

with tetrakisacetonitrile copper(I) triflate (0.087 g, 0.23 mmol), bipyridine (0.036 g, 0.24 

mmol), TEMPO (0.036 g, 0.24 mmol), and N-methyl imidazole (0.037 g, 0.48 mmol) and 

the dark red solution was stirred open for 2 d at which point it became emerald green.  

Diethyl ether (40 mL) and pentane (40 mL) were added and the solution was filtered 

through a silica plug.  The solvent was removed by rotary evaporation and  pentane (50 

mL) was added to remove excess TEMPO.  The pink supernatant was decanted off to 

afford 0.80 g (3.04 mmol) of 2-L3 as a white crystalline solid in 64% yield.    1H NMR (δ, 

CD2Cl2, 298 K): 10.20 (s, 1H, C(O)H), 8.50 (s, 1H, tz).  19F NMR (δ, CD2Cl2, 298 K): -
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145.9 (d, o-F), -149.3 (t, p-F), -159.6 (t, m-F).  13C NMR (δ, CD2Cl2, 298 K):  184.1 

(C(O)H), 147.8 (tz 4-position),  143.0 (m, p-ArF, 1JC,F = 260 Hz), 142.5 (m, o-ArF, 1JC,F 

= 261 Hz), 138.4 (m, m-ArF, 1JC,F = 258 Hz),  129.0 (tz 5-position), 112.3 (m, ipso-ArF). 

IR(CH2Cl2): νC=O = 1709 cm-1.  Anal Calcd for C9H3N3OF5: C, 41.08; H, 0.77; N, 15.97. 

Found: C, 41.46; H, 0.77; N, 15.94.   

4-(bis(3,5-dimethyl-1H-pyrazol-1-yl)methyl)-1-phenyl-1H-1,2,3-triazole 

(bpztzPh) 4-L1.  A modified version of Reger’s procedure was performed.24  A 250-mL 

Schlenk flask was charged with 0.278 g (11.58 mmol) of sodium hydride.  THF (40 mL) 

was added through the septum and the cloudy white solution was cooled to 0°C in an ice 

bath.  3,5-dimethyl pyrazole (1.098 g, 11.55 mmol) was slowly added to the mixture and 

hydrogen gas evolved.  The solution was stirred for 30 min at 0°C and became clear and 

colorless.  Thionyl chloride (0.42 mL, 5.78 mmol) was added through the septum and the 

solution was stirred at 0°C.  After 45 min, 2-L1 (0.500 g, 2.92 mmol) and a catalytic 

amount of CoCl2 (0.018 g, 0.14 mmol) were added.  The sea green solution was refluxed 

overnight then cooled to room temperature. Diethyl ether (40 mL) and water (40 mL) 

were added and stirred for 30 min to quench the cobalt catalyst.  The organic layer was 

extracted and dried over MgSO4.  After filtration, the solvent was removed by rotary 

evaporation and the yellow oil was triturated three times with pentane to afford 0.880 g 

(2.53 mmol) of 4-L1 as a yellow solid in 87% yield.  1H NMR (δ, CD2Cl2, 298 K): 8.32 

(s, 1H, tz H), 7.78 (d, 2H, o-Ph), 7.69 (s, 1H, HC(pz)2(tz)), 7.55 (t, 2H, m-Ph), 7.47 (t, 1H, 

p-Ph), 5.88 (s, 2H, pz H), 2.32, 2.19 (s, 3H each, pz CH3).  13C NMR (δ, CD2Cl2, 298 K):  

149.0, 140.6 (pz C-CH3), 144.7 (tz 4-position), 137.3 (ipso-Ph), 130.0, (m-Ph), 129.2 (p-

Ph), 123.6 (tz 5-position), 120.9 (o-Ph), 107.1 (pz CH), 67.1 (HC(pz)2(tz)), 13.7, 11.5 (pz 
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CH3). Anal Calcd for C19H21N7: C, 65.69; H, 6.09; N, 28.22. Found: C, 65.55; H, 5.86; N, 

27.57.   

4-(bis(3,5-dimethyl-1H-pyrazol-1-yl)methyl)-1-cyclohexyl-1H-1,2,3-triazole 

(bpztzCy) 4-L2.  A 250-mL Schlenk flask was charged with 0.556 g (23.2 mmol) of 

sodium hydride.  THF (40 mL) was added through the septum and the cloudy white 

solution was cooled to 0°C in an ice bath.  3,5-dimethyl pyrazole (2.196 g, 23.1 mmol) 

was slowly added to the mixture and hydrogen gas evolved.  The solution was stirred for 

30 min at 0°C and became clear and colorless.  Thionyl chloride (0.84 mL, 11.6 mmol) 

was added through the septum and the solution was stirred at 0°C.  After 45 min, 2-L2 

(1.03 g, 5.85 mmol) and a catalytic amount of CoCl2 (0.036 g, 0.28 mmol) were added.  

The sea green solution was refluxed overnight then cooled to room temperature.  Diethyl 

ether (40 mL) and water (40 mL) were added and stirred for 30 min to quench the cobalt 

catalyst.  The organic layer was extracted and dried over MgSO4.  After filtration, the 

solvent was removed by rotary evaporation and the yellow oil was triturated five times 

with pentane to afford 1.15 g (3.26 mmol) of 4-L2 as an orange solid in 56% yield.  1H 

NMR (δ, CD2Cl2, 298 K): 7.91 (s, 1H, tz H), 7.68 (HC(pz)2(tz)), 5.89 (s, 2H, pz H), 4.47 

(tt, 1H, CA-H), 2.33, 2.23 (s, 3H each, pz CH3), 2.33-1.32 (11H, cyclohexyl).  13C NMR 

(δ, CD2Cl2, 298 K):  148.6, 140.4 (pz C-CH3), 143.4 (tz 4-position), 123.0 (tz 5-position), 

106.1 (pz CH), 67.4 (HC(pz)2(tz)), 60.6 (CA), 33.7 (CB), 25.4 (CC and CD), 13.6, 11.4 (pz 

CH3). Anal Calcd for C19H26N7: C, 64.56; H, 7.70; N, 27.74. Found: C, 64.31; H, 7.77; N, 

27.22.   

4-(bis(3,5-dimethyl-1H-pyrazol-1-yl)methyl)-1-pentafluorophenyl-1H-1,2,3-

triazole (bpztzC6F5) 4-L3.  A 250-mL Schlenk flask was charged with 0.294 g (12.3 
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mmol) of sodium hydride.  THF (40 mL) was added through the septum and the cloudy 

white solution was cooled to 0°C in an ice bath.  3,5-dimethyl pyrazole (1.16 g, 16.3 

mmol) was slowly added to the mixture and hydrogen gas evolved.  The solution was 

stirred for 30 min at 0°C and became clear and colorless.  Thionyl chloride (0.45 mL, 

6.21 mmol) was added through the septum and the solution was stirred at 0°C.  After 45 

min, 2-L3 (0.80 g, 3.04 mmol) and a catalytic amount of CoCl2 (0.019 g, 0.15 mmol) 

were added.  The sea green solution was refluxed overnight then cooled to room 

temperature.  Diethyl ether (40 mL) and water (40 mL) were added and stirred for 30 min 

to quench the cobalt catalyst.  The organic layer was extracted and dried over MgSO4.  

After filtration, the solvent was removed by rotary evaporation and the yellow oil was 

triturated five times with pentane to afford 0.85 g (2.19 mmol) of 4-L3 as an orange solid 

in 72% yield.  1H NMR (δ, CD2Cl2, 298 K): 8.28 (s, 1H, tz H), 7.71 (HC(pz)2(tz)), 5.87 (s, 

2H, pz H), 2.32, 2.18 (s, 3H each, pz CH3).  19F NMR (δ, CD2Cl2, 298 K): -146.1 (d, o-F), 

-150.7 (t, p-F), -160.4 (m, m-F).  13C NMR (δ, CD2Cl2, 298 K):  149.2, 140.7 (pz C-CH3), 

144.7 (tz 4-position), 142.8 (m, o-ArF and p-ArF, 1JC,F = 249 Hz), 138.5 (m, m-ArF, 1JC,F 

= 255 Hz), 128.3 (tz 5-position), 113.2 (m, ipso-ArF), 107.2 (pz CH), 67.0 (HC(pz)2(tz)), 

13.7, 11.4 (pz CH3). Anal Calcd for C19H21N7F5: C, 52.18; H, 3.69; N, 22.42. Found: C, 

52.13; H, 3.60; N, 22.16.   

[bpztzPhPtMe3][I] 5-L1.  A 50-mL Schlenk was charged with 0.030 g (0.05 

mmol) of [PtMe2(SMe2)]2 and 0.036 g (0.10 mmol) of 4-L1.  The flask was purged with 

nitrogen and CH2Cl2 (10 mL) was added through the septum.  The yellow solution was 

treated with 20 uL (0.30 mmol) of methyl iodide and stirred for 30 min at room 

temperature.  The solvent was removed via rotary evaporation and the resulting oil was 
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triturated with pentane to afford 5-L1 as a pale yellow solid in quantitative yield.  1H 

NMR (δ, CD2Cl2, 298 K): 10.67 (s, 1H, tz H), 8.85 (s, 1H, HC(pz)2(tz)), 7.84 (d, 2H, o-

Ph), 7.55 (m, 3H, m-Ph and p-Ph), 6.00 (s, 2H, pz H), 2.83, 2.32 (s, 3H each, pz CH3), 

1.42 (s, 6H, 2JPt-H = 71 Hz, Pt-CH3), 1.32 (s, 3H, 2JPt-H = 73 Hz, Pt-CH3) .  13C NMR (δ, 

CD2Cl2, 298 K):  152.8, 142.8 (pz C-CH3), 139.4 (tz 4-position), 136.4 (ipso-Ph), 130.5, 

(p-Ph), 130.4 (m-Ph), 126.2 (tz 5-position), 121.1 (o-Ph), 108.8 (pz CH), 61.4 

(HC(pz)2(tz)), 13.2, 13.1 (pz CH3), -8.0 (1JPt-C = 688 Hz, Pt-CH3), -10.7 (1JPt-C = 701 Hz, 

Pt-CH3). Anal Calcd for C22H30N7IPt: C, 36.82; H, 4.23; N, 13.72. Found: C, 35.97; H, 

4.50; N, 13.39.   

[bpztzCyPtMe3][I] 5-L2.  A 50-mL Schlenk was charged with 0.030 g (0.05 

mmol) of [PtMe2(SMe2)]2 and 0.037 g (0.10 mmol) of 4-L2.  The flask was purged with 

nitrogen and CH2Cl2 (10 mL) was added through the septum.  The yellow solution was 

treated with 20 µL (0.30 mmol) of methyl iodide and stirred for 30 min at room 

temperature.  The solvent was removed via rotary evaporation and the resulting oil was 

triturated with pentane to afford 5-L1 as a pale yellow solid in quantitative yield. 1H 

NMR (δ, CD2Cl2, 298 K): 10.10 (s, 1H, tz H), 8.73 (HC(pz)2(tz)), 5.98 (s, 2H, pz H), 4.50 

(tt, 1H, CA-H), 2.83, 2.29 (s, 3H each, pz CH3), 2.33-1.25 (11H, cyclohexyl), 1.34 (s, 6H, 

2JPt-H = 72 Hz, Pt-CH3), 1.25 (s, 3H, 2JPt-H = 70 Hz, Pt-CH3).  13C NMR (δ, CD2Cl2, 298 

K):  152.7, 142.6 (pz C-CH3), 138.6 (tz 4-position), 126.2 (tz 5-position), 108.7 (pz CH), 

62.6 (CA), 61.7 (HC(pz)2(tz)),  33.4 (CB), 25.2 (CC and CD), 13.4, 13.2 (pz CH3), -8.3 

(1JPt-C = 690 Hz, Pt-CH3), -11.1 (1JPt-C = 703 Hz, Pt-CH3). Anal Calcd for C22H35N7IPt: C, 

36.67; H, 5.04; N, 13.61. Found: C, 36.39; H, 4.91; N, 13.39.   
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[bpztzC6F5PtMe3][I] 5-L3.  A 50-mL Schlenk was charged with 0.030 g (0.05 

mmol) of [PtMe2(SMe2)]2 and 0.041 g (0.10 mmol) of 4-L3.  The flask was purged with 

nitrogen and CH2Cl2 (10 mL) was added through the septum.  The yellow solution was 

treated with 20 µL (0.30 mmol) of methyl iodide and stirred for 30 min at room 

temperature.  The solvent was removed via rotary evaporation and the resulting oil was 

triturated with pentane to afford 5-L3 as a pale yellow solid in quantitative yield. 1H 

NMR (δ, CD2Cl2, 298 K): 10.65 (s, 1H, tz H), 8.99 (HC(pz)2(tz)), 6.03 (s, 2H, pz H), 2.88, 

2.32 (s, 3H each, pz CH3), 1.38 (s, 6H, 2JPt-H = 72 Hz, Pt-CH3), 1.36 (s, 3H, 2JPt-H = 72 Hz, 

Pt-CH3).  19F NMR (δ, CD2Cl2, 298 K): -145.0 (d, o-F), -147.7 (t, p-F), -158.9 (t, m-F).  

13C NMR (δ, CD2Cl2, 298 K):  153.2, 143.2 (pz C-CH3), 140.3 (tz 4-position), 131.0 (tz 

5-position), 109.1 (pz CH), 61.4 (HC(pz)2(tz)), 13.7, 13.3 (pz CH3), -7.9 (1JPt-C = 685 Hz, 

Pt-CH3), -10.2 (1JPt-C = 706 Hz, Pt-CH3). Anal Calcd for C22H30N7F5IPt: C, 32.64; H, 

3.74; N, 12.11. Found: C, 32.01; H, 3.60; N, 12.21.   

tris(3,5-dimethylpyrazolyl)phosphine oxide (POPz3) 6. A 250-mL Schlenk 

flask was charged with 0.857 g (35.72 mmol) of sodium hydride.  THF (60 mL) was 

added through the septum and the cloudy white solution was cooled to 0°C in an ice bath. 

3,5-dimethyl pyrazole (3.417 g, 35.55 mmol) was slowly added to the mixture and 

hydrogen gas evolved.  The solution was stirred for 30 min at 0°C and became clear and 

colorless.  Phosphoryl chloride (1.01 mL, 10.9 mmol) was added through the septum and 

the solution was stirred at room temperature for 45 minutes.  The solvent was removed 

under reduced pressure and the resulting oil was triturated with pentane to afford 6 as a 

white solid in 96% yield (3.4 g). 1H NMR (δ, CD2Cl2, 298 K): 6.05 (d, 3H, 4JP-H = 5 Hz, 

pz H), 2.25, 2.18 (s, 9H each, pz CH3).  13C NMR (δ, CD2Cl2, 298 K):  155.1, 148.6 (2JP-C 



 41 

= 11 Hz, pz C-CH3), 111.2 (3JP-C = 9 Hz, pz CH), 13.8, 12.3 (pz CH3). 31P NMR 

(externally referenced to 85% H3PO4) -11.42. Anal Calcd for C15H21N6PO: C, 54.21; H, 

6.37; N, 25.29. Found: C, 54.10; H, 6.32; N, 25.20.   

[POPz3PtMe3][OTf] 7.  A 50-mL Schlenk was charged with 0.030 g (0.05 mmol) 

of [PtMe2(SMe2)]2 and 0.035 g (0.10 mmol) of tris(3,5-dimethylpyrazolyl)phosphine 

oxide.  The flask was purged with argon and CH2Cl2 (10 mL) was added through the 

septum.  The yellow solution was treated with 34 µL (0.30 mmol) of methyl 

trifluoromethansulfonate and stirred for 30 min at room temperature.  The solvent was 

removed under reduced pressure and the resulting oil was triturated with pentane to 

afford 7 as a white solid in quantitative yield. 1H NMR (δ, CD2Cl2, 298 K): 6.31 (d, 3H, 

4JP-H = 5 Hz, pz H), 2.67, 2.44 (s, 9H each, pz CH3), 1.51 (s, 9H, 2JPt-H = 71 Hz, Pt-CH3), 

1.25 (s, 3H, 2JPt-H = 70 Hz, Pt-CH3).  13C NMR (δ, CD2Cl2, 298 K):  159.9, 151.9 (2JP-C = 

11 Hz, pz C-CH3), 114.0 (3JP-C = 10 Hz, pz CH), 14.1, 13.7 (pz CH3), -6.3 (1JPt-C = 693 

Hz, Pt-CH3).  31P NMR (externally referenced to 85% H3PO4) -18.26 (3JPt-P = 9 Hz). Anal 

Calcd for C19H30N6PtF3SO3: C, 33.83; H, 4.48; N, 12.46. Found: C, 33.01; H, 4.50; N, 

12.92.   

[TpmPtMe3][OTf] 8.  A 50-mL Schlenk was charged with 0.030 g (0.05 mmol) 

of [PtMe2(SMe2)]2 and 0.031 g (0.10 mmol) of tris(3,5-dimethylpyrazolyl)methane.  The 

flask was purged with argon and CH2Cl2 (10 mL) was added through the septum.  The 

yellow solution was treated with 34 µL (0.30 mmol) of methyl trifluoromethansulfonate 

and stirred for 30 min at room temperature.  The solvent was removed under reduced 

pressure and the resulting oil was triturated with pentane to afford 8 as a white solid in 

quantitative yield. 1H NMR (δ, CD2Cl2, 298 K): 7.90 (s, 1H, HC(pz)3), 6.14 (s, 3H, Pz H), 
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2.62, 2.35 (s, 9H each, pz CH3), 1.42 (s, 9H, 2JPt-H = 70 Hz, Pt-CH3). 13C NMR (δ, 

CD2Cl2, 298 K):  153.7, 141.6 (pz C-CH3), 110.0 (pz CH), 70.0 (HC(pz)3), 13.2, 11.5 (pz 

CH3), -8.8 (1JPt-C = 693 Hz, Pt-CH3). Anal Calcd for C20H31N6F3SPt: C, 34.93; H, 4.54; N, 

12.22. Found: C, 35.01; H, 4.52; N, 12.74.   
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Table 5  Crystal data and structural refinement parameters for complex [bpztzCyPtMe3][I] 
(5-L2).  
 
 
Empirical formula  C22H36IN7Pt  

Formula weight  720.57  

Temperature/K  100  

Crystal system  triclinic  

Space group  P-1  

a/Å  10.0223(4)  

b/Å  10.4114(4)  

c/Å  13.6904(5)  

α/°  94.156(2)  

β/°  109.859(2)  

γ/°  107.026(2) 

Volume/Å3  1261.00(8)  

Z  2 

ρcalcmg/mm3  1.898  

m/mm-1  20.192  

F(000)  696.0  

Crystal size/mm3  0.194 × 0.153 × 0.112 

2Θ range for data collection  7 to 133.64°  

Index ranges  -11 ≤ h ≤ 11, -12 ≤ k ≤ 11, -16 ≤ l ≤ 16  

Reflections collected  21695  
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Independent reflections  4338[R(int) = 0.0471]  

Data/restraints/parameters  4338/0/287 

Goodness-of-fit on F2  1.043  

Final R indexes [I>=2σ (I)]  R1 = 0.0286, wR2 = 0.0708  

Final R indexes [all data]  R1 = 0.0313, wR2 = 0.0721 

Largest diff. peak/hole / e Å-3  1.12/-0.64  
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Table 6  Crystal data and structural refinement parameters for complex 
[bpztzC6F5PtMe3][I] (5-L3).  
 
 
Empirical formula  C22H25F5IN7Pt  

Formula weight  804.48  

Temperature/K  100  

Crystal system  monoclinic  

Space group  P21/c  

a/Å  15.1356(5)  

b/Å  12.7423(5)  

c/Å  13.9156(6)  

α/°  90.00  

β/°  108.392(2)  

γ/°  90.00  

Volume/Å3  2546.71(17)  

Z  4  

ρcalcmg/mm3  2.098  

m/mm-1  20.386  

F(000)  1528.0  

Crystal size/mm3  0.335 × 0.135 × 0.092  

2Θ range for data collection  6.16 to 139.44°  

Index ranges  -18 ≤ h ≤ 18, -15 ≤ k ≤ 15, -16 ≤ l ≤ 12  

Reflections collected  28097  
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Independent reflections  4714[R(int) = 0.0316]  

Data/restraints/parameters  4714/0/332  

Goodness-of-fit on F2  1.117  

Final R indexes [I>=2σ (I)]  R1 = 0.0257, wR2 = 0.0652  

Final R indexes [all data]  R1 = 0.0268, wR2 = 0.0658  

Largest diff. peak/hole / e Å-3  1.28/-0.92  
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Table 7  Crystal data and structural refinement parameters for complex 
[POPz3PtMe3][OTf] (7).  
 
 
Empirical formula  C31H42N6O4F3PSPt  

Formula weight  877.82  

Temperature/K  100  

Crystal system  orthorhombic  

Space group  P212121  

a/Å  9.9490(4)  

b/Å  17.1179(7)  

c/Å  19.9506(8)  

α/°  90  

β/°  90  

γ/°  90  

Volume/Å3  3397.7(2)  

Z  4  

ρcalcg/cm3  1.716  

µ/mm-1  9.278  

F(000)  1752.0  

Crystal size/mm3  0.22 × 0.071 × 0.061  

Radiation  CuKα (λ = 1.54178)  

2Θ range for data collection/°  6.804 to 148.884  

Index ranges  -10 ≤ h ≤ 12, -21 ≤ k ≤ 20, -23 ≤ l ≤ 24  
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Reflections collected  31914  

Independent reflections  6861 [Rint = 0.0456, Rsigma = 0.0406]  

Data/restraints/parameters  6861/0/433  

Goodness-of-fit on F2  1.019  

Final R indexes [I>=2σ (I)]  R1 = 0.0241, wR2 = 0.0531  

Final R indexes [all data]  R1 = 0.0262, wR2 = 0.0538  

Largest diff. peak/hole / e Å-3  0.92/-0.47  
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Table 8  Crystal data and structural refinement parameters for complex 
[TpmPtMe3][OTf] (8).  
 
 
Empirical formula  C20H31F3N6O3PtS  

Formula weight  687.66  

Temperature/K  100  

Crystal system  monoclinic  

Space group  P21/n  

a/Å  13.6758(9)  

b/Å  24.0130(17)  

c/Å  23.3289(16)  

α/°  90  

β/°  98.766(3)  

γ/°  90  

Volume/Å3  7571.6(9)  

Z  12  

ρcalcg/cm3  1.810  

µ/mm-1  11.670  

F(000)  4056.0  

Crystal size/mm3  0.231 × 0.196 × 0.1  

Radiation  CuKα (λ = 1.54178)  

2Θ range for data collection/°  5.314 to 133.56  

Index ranges  -16 ≤ h ≤ 16, -29 ≤ k ≤ 26, -26 ≤ l ≤ 28  
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Reflections collected  141398  

Independent reflections  13514 [Rint = 0.0312, Rsigma = 0.0143]  

Data/restraints/parameters  13514/0/947  

Goodness-of-fit on F2  1.081  

Final R indexes [I>=2σ (I)]  R1 = 0.0480, wR2 = 0.1150  

Final R indexes [all data]  R1 = 0.0501, wR2 = 0.1165  

Largest diff. peak/hole / e Å-3  7.39/-3.91  
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CHAPTER THREE 
 

Cationic Pt(IV) Tpʹ  Carbenes1 
 
3.1 Introduction 

Transition-metal carbene complexes play a crucial role in many stoichiometric 

and catalytic reactions. A plethora of Pt(0) and Pt(II) carbene compounds have been 

reported and characterized, 1-11 but despite these numerous examples isolation of Pt(IV) 

carbenes remains rare.1,12-24 Such high oxidation state species have been postulated as 

intermediates in insertion reactions of diazo compounds and in elimination processes 

from platinumcycloalkanes.25,26 Additionally, it has been noted that cationic Pt(IV) 

carbenes represent an unusual subset of carbenes that in some ways lie between 

traditional Fischer-type complexes of low-oxidation-state late transition metals and 

Schrock-type carbenes of high-oxidation-state early transition metals.1 

A variety of synthetic strategies and tactics have been employed to access Pt(IV) 

carbene species.  Some of the earliest reports utilized oxidation of Pt(II) carbene 

complexes using MeX or X2 reagents to promote oxidative addition and form the 

corresponding Pt(IV) species (Scheme 1, a).  This method has been successful for both 

simple Pt(II) carbenes12-14 and for platinum carbene complexes containing ancillary N-

heterocyclic carbene ligands.23,24 Alternatively, the carbene ligand can sometimes be 

installed during the oxidative addition step by using organic carbene reagents.1,15,16 For 

example, Puddephatt and co-workers demonstrated that the addition of chloroiminium 

                                         
1 Reproduced with permission from Lavoie, K. D., Frauhiger, B. E., White, P.S., Templeton, J. 
L., J. of Organomet. Chem. 2015, 793, 182. Copyright 2015 Elsevier B. V. 
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salts, such as [ClXC=NMe2]Cl (X= H or Cl), to PtMe2(tBu2bpy) generates Pt(IV) 

carbenes of the type (tBu2bpy)PtClMe2(=CXNMe2) in good yield (Scheme 1, b).1 Clark et. 

al. have reported the generation of a Pt(IV) carbene through rearrangement of π-alkynol 

species.17-19 Intramolecular nucleophilic attack on the alkyne carbon by the pendant 

alcohol initiates a cyclization and hydride migration sequence that leads to a cationic 

Pt(IV) alkoxy carbene (Scheme 1, c).17-19 More recently, Steinborn and co-workers have 

reported the synthesis of trimethyl Pt(IV) NHC carbene complexes through the 

substitution  of labile acetone ligands.24 
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Takahashi and co-workers have reported the synthesis of cationic Pt(IV) 

aminocarbenes via the addition of nucleophiles to bis(carbene)Pt(II) precursors. We have 

reported addition of methyl lithium to the isonitrile ligand in TpʹPtMe(C≡N-Ar) followed 

by methylation at platinum by methyl iodide to form the Pt(IV) iminoacyl complex 

[TpʹPt(C(CH3)=NAr)Me2]+ 1 (Tpʹ = hydridotris(3,5-dimethylpyrazolyl)borate).20 

Scheme 1  Various synthetic methods toward Pt(IV) carbenes 
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Subsequent protonation of iminoacyl 1 at nitrogen generates the corresponding 

resonance-stabilized aminocarbene, [TpʹPt(=C(CH3)NHAr)Me2]+ 2 2. 

In a study designed to probe mechanistic pathways relevant to a platinum-

mediated Water-Gas Shift Reaction, we reported a series of Pt(IV) carboxamido 

complexes of the type TpʹPt(C(O)NHR)Me2 (R= Et 3a, nPr 3b, iPr 3c, Bn 3d).27  

Recognizing the structural similarity of these complexes to the iminoacyl species 1, we 

sought to access Pt(IV) carbenes by electrophilic addition at the β-heteroatom as utilized 

by Fischer in the first preparation of isolable metal carbene complexes.  Here we report 

our findings. 

 

3.2 Results and Discussion 
 

Paralleling our previous work we sought to mimic chemistry accessible to the 

iminoacyl ligand using methylating reagents.  Treating a solution of ethyl carboxamido 

complex 3a with methyl triflate under gentle heating resulted in quantitative conversion 

to the oxygen-methylated cationic carbene complex [Tp′Pt(=C(OMe)NHR)Me2][OTf] 4a 

without the need for further purification (eq 1).  The 2:1 ratio of Tpʹ-H signals in 1H 

NMR spectrum is indicative of a Cs symmetric complex. The methoxy methyl signal 

resonates as a sharp singlet at 3.1 ppm.  In the 13C NMR spectrum, the platinum-bound 

carbene carbon moves downfield from 150 ppm in the neutral reagent 3a to 175 ppm in 

the cationic product 4a with nearly a 100 Hz increase in one-bond platinum-carbon 

coupling (1JPt-C goes from 1100 Hz to 1193 Hz). Using the same reaction conditions as 

above for reagents 3b, 3c, and 3d resulted in formation of the corresponding platinum 

carbene derivatives. 
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Slow diffusion of hexanes into a methylene chloride solution of benzyl complex 

4d at 0 °C resulted in clear, colorless crystals suitable for x-ray crystallography.  The x-

ray data revealed two rotamers in the crystal lattice, reflecting different orientations of the 

benzyl group. One rotamer is shown in Figure 1 and selected bond angles and distances 

are presented in Table 1. The structure of benzyl complex 4d displays a slightly distorted 

octahedral geometry at platinum, with typical angles about the metal center (86-96°).  

The Pt-Ccarbene distance is 2.00 Å and the Ccarbene-N distance is 1.30 Å, decreases of 0.03 

Å and 0.06 Å, respectively, from the corresponding values in the solid-state structure of 

the neutral benzyl carboxamido precursor 3d.27 Conversely, the C-O bond to the carbene 

carbon lengthens by 0.11 Å to 1.33 Å in the methylated product as the C=O is converted 

to C-O-CH3. 
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The shortening of both the Pt-C and C-N bonds reflects a resonance-stabilized 

carbene complex with significant double bond character to both the metal and the 

Bond Lengths 
Pt-C1 1.997(4) Pt-N2 2.090(3) 
Pt-C10 2.081(4) Pt-N4 2.168(3) 
Pt-C11 2.069(4) Pt-N6 2.175(4) 
C1-O 1.327(5) C1-N1 1.301(5) 

Bond Angles 
C1-Pt-C10 88.49(18) N2-Pt-N4 85.94(13) 
Pt-C1-O 127.6(13) N4-Pt-C1 95.87(16) 
O-C1-N1 111.3(4) Pt-C1-N1 121.1(3) 
N6-Pt-C1-O 47.5     

Figure 1 X-ray structure of [TpʹPt(=C(OMe)NHCH2Ph)(Me)2][OTf] 4d. Ellipsoids are 
drawn at the 50% probability level.  Hydrogen atoms and the triflate counterion are 
omitted for clarity. 

Table 1 Selected bond distances (Å) and angles (deg) for complex 4d. 
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nitrogen. Even after lengthening upon methylation, the bond length of the original C-O 

linkage is shorter than typical single bonds, suggesting that the carbene is also stabilized 

by donation from one of the lone pairs on the oxygen. The “CNO” plane of the carbene 

bisects the two adjacent methyl ligands and the two equatorial pyrazolyl rings with a N6-

Pt-C1-O1 torsional angle of 47.5°.   

Examining geometrical parameters for complex 4d showed similarities to 

parameters for other cationic Pt(IV) carbene complexes.1,28 The Pt-Ccarbene bond distance 

of 2.00 Å is significantly shorter than the Pt-Cmethyl distances of 2.08 and 2.07 Å as 

anticipated for the shift from sp2 to sp3 carbons bound to the metal. The Pt-N bond 

lengths trans to the methyl groups are similar in length (2.17 and 2.18 Å) while the apical 

Pt-N bond is contracted (2.09 Å) due to the weaker trans influence of the electron 

deficient platinum carbene bond. Similar bond length variations were observed in the 

solid state structure of a cationic Pt(IV) carbene complex, 

[PtCl2{C(Cl·C6H3NH)(NHMe)}(PEt3)2][ClO4].22 

 

 

 

Given the ease with which the carboxamido compounds underwent methylation at 

oxygen, we turned our attention to the acyl ligand in the dimethyl Pt(IV) acyl complex 

TpʹPt(C(O)Me)Me2 5.29 Methylation of acyl complex 5 under similar conditions to those 
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used for methylation of complexes 3a-d proceeded cleanly, but slowly, requiring 24 

hours to go to completion.  The addition of excess methyl triflate (10 equiv.) assisted in 

driving the reaction to completion at 35 °C after three hours (eq. 2).  As is true for 4a-d, 

the carbene product, [TpʹPt(=C(OCH3)CH3)Me2][OTf] 6, displays a 2:1 ratio for the Tpʹ-

H NMR signals, indicative of a Cs symmetric complex. The 13C NMR spectrum showed a 

significant downfield shift for the carbene carbon relative to the doubly heteroatom 

stabilized carbene complexes 4a-d. For the methoxy methyl carbene, the carbene carbon 

signal resonates at 264 ppm, about 90 ppm further downfield than the aminocarbene 

complexes. The platinum-carbon coupling constant is 1093 Hz. 

In the 1H NMR spectrum of 6, the methoxy methyl signal resonates at 4.8 ppm 

with four-bond Pt-H coupling of 8 Hz while the carbene methyl signal at 2.9 ppm is 

noticeably broad at room temperature.  The broad signal suggested that a dynamic 

process was occurring at room temperature and, indeed, as the solution was cooled to 235 

K, both the carbene methoxy signal (Figure 2) and the carbene methyl resonance 

decoalesced into two separate signals in a 3:2 ratio, reflecting the presence of two species 

in solution.  As expected, the low-temperature EXSY spectrum at 220 K displays 

crosspeaks indicating slow exchange between the two isomers.  Presumably two rotamers 

are present due to hindered rotation around either the Pt-Ccarbene or the O-Ccarbene bond. 

The activation energy was found to be 13 kcal/mol to interconvert the two isomers on the 

basis of variable temperature NMR in CD2Cl2 (Tc = 263 K).  The relatively large 

chemical shift difference between the two carbene methyl signals at 220 K (ca. 0.5 ppm) 

points toward hindered rotation about the Pt-Ccarbene bond since such a rotation would 

place the methyl group in significantly different environments as a result of proximity to 
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either the Pt methyl groups or the aromatic pyrazole rings.  Unlike 4a-d, the lack of lone 

pair donation to the carbene carbon from nitrogen results in greater donation from the 

platinum center, thus increasing the double bond character of the Pt-C bond and giving 

rise to a higher energy barrier for rotation.  As expected, increasing the temperature 

resulted in coalescence to produce sharp carbene methoxy methyl and methyl signals that 

display platinum couplings of 8 and 10.5 Hz, respectively.  

 

 

 

 

Figure 2  Variable temperature 1H NMR of the methoxy methyl signal in complex 6. 
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 Diffusion of hexanes into a methylene chloride solution of 6 at 0 °C produced 

colorless crystals suitable for x-ray crystallography.  The solid-state structure of 6 is 

shown in Figure 3, and selected distances and angles are presented in Table 2.   Similar to 

the solid-state structure of aminocarbene 4d, methyl methoxy carbene 6 displays the 

expected slightly distorted octahedral geometry about the metal center.  The absence of 

the resonance stabilizing nitrogen atom in complex 6 has resulted in a shortening of both 

the O-Ccarbene and Pt-Ccarbene bonds by ca. 0.04 Å relative to the analogous distances in 

aminocarbene 4d.  The electron-deficient carbene ligand again has a weaker trans-

influence than the methyl ligands, with the Pt-N distance trans to the carbene (Pt-N1) 

being the shortest of the three Pt-N bonds.  

 

 

Figure 3  X-ray structure of [TpʹPt(=C(OCH3)CH3)Me2][OTf] 6. Ellipsoids are 
drawn at the 50% probability level.  Hydrogen atoms and the triflate counterion 
are omitted for clarity. 

 



 64 

 

 

 

 

 

 

 

 

 

Having successfully isolated cationic platinum carbene complexes with two and 

one heteroatom-stabilizing elements substituents on the carbene carbon, we turned our 

attention to synthesizing an alkylidene carbene with -H and -CH3 substituents. In 

attempts to parallel our previous work, we sought to add an electrophile to the atom beta 

to the metal center. We hypothesized that the addition of a hydride to the cationic methyl 

methoxy carbene complex, 6, would generate a chiral methoxy substituted ethyl ligand. 

From there, loss of methanol would afford a platinum-vinyl moiety suitable for 

attempting protonation to form the desired alkylidene. To attempt the synthetic route, a 

solution of 6 in tetrahydrofuran was cooled to -78 oC and allowed to react with lithium 

triethylborohydride (LiEt3BH). The reaction proceeded cleanly but LiEt3BH acted as a 

base rather than a nucleophile. Deprotonation of the carbene methyl group generated a 

methoxy substituted vinyl group, 7, (eq. 3).  The behavior of LiEt3BH as a base was 

confirmed when addition of butyl lithium to complex 6 generated the same neutral 

deprotonated complex. 

Bond Lengths 
Pt-C1 2.073(6) Pt-N1 2.111(4) 
Pt-C2 2.070(6) Pt-N3 2.178(5) 
Pt-C3 1.957(5) Pt-N5 2.165(5) 
C3-O1 1.282(7) C3-C4 1.469(5) 
C5-O1 1.477(7)    

Bond Angles 
C1-Pt-C3 89.2(2) N3-Pt-N5 87.23(17) 
Pt-C3-C4 125.2(4) N5-Pt-C3 94.2(2) 
Pt-C3-O1 115.9(4) C3-O1-C5 121.4(5) 
N5-Pt-C3-O 48.2     

Table 2 Selected bond distances (Å) and angles (deg) for complex 6. 
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The 1H NMR spectra for 7 shows doublets at 4.32 ppm (2JH-H = 1.8 Hz) and 3.57 

ppm (2JH-H = 1.8 Hz) with 3JPt-H = 108 Hz and 43 Hz, respectively, for the vinyl CH2 

group which is consistent with an sp2 carbon. Vapor diffusion of pentane into a 

methylene chloride solution of 7 resulted in light yellow crystals suitable for x-ray 

crystallography, and the geometry of the complex is presented in Figure 4 with important 

bond lengths and angles listed in Table 3. The structure shows the O-Cmethyl bond of 1.38 

Å and the Pt-C(sp2) bond is 2.00 Å. As anticipated, both of these bonds are elongated from 

the cationic Pt carbene complex 6, the precursor to neutral methoxy substituted vinyl 

complex 7.  
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Bond Lengths 
Pt-C1 2.056(6) Pt-N1 2.165(4) 
Pt-C2 2.065(5) Pt-N3 2.170(5) 
Pt-C3 1.998(4) Pt-N5 2.153(4) 
C3-O 1.379(6) C3-C4 1.329(9) 
C5-O 1.417(6)    

Bond Angles 
C1-Pt-C3 88.6(2) N3-Pt-N5 88.03(15) 
Pt-C3-C4 126.6(4) N3-Pt-C3 92.95(16) 
Pt-C3-O 110.0(4) N5-Pt-C3 178.88(18) 
C3-O-C5 117.2(5) N5-Pt-C3-

O 
106(10) 

 

In order to avoid deprotonation, the methoxy methyl carbene complex 6 was 

combined with a weaker hydride transfer reagent, sodium cyanoborohydride 

[Na(BH3CN)]. This reaction afforded a mixture of deprotonated product 7 and the desired 

Figure 4  X-ray structure of TpʹPt(C(OCH3)=CH2)Me2 7. Ellipsoids are drawn at the 
50% probability level.  Hydrogen atoms are omitted for clarity. 
 
Table 3 Selected bond distances (Å) and angles (deg) for complex 7. 
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hydride addition product,  [TpʹPt(C(OCH3)(H)CH3)Me2] complex 8, containing a chiral 

methoxy substituted ethyl ligand. Performing the reaction at -78 oC gave full conversion 

to the desired addition product, complex 8 (eq. 4).  As expected, hydride addition results 

in a chiral center at carbon, thus descending to C1 symmetry as strikingly evident in the 

1H NMR spectrum of 8 (Figure 5), which displays 3 signals for the aromatic pyrazolyl 

hydrogens of Tpʹ and separate signals for the two diastereotopic methyl groups bound to 

platinum. At room temperature the –OCH3 signal appears at 2.89 ppm as a broad singlet. 

Warming to 313 K results in sharpening of this methoxy methyl resonance. The methyl 

group bound to the chiral carbon appears as a doublet at 1.01 ppm with 3JH-H = 5.5 Hz 

and with Pt satellites separated by 35 Hz. The alpha proton is a quartet at 4.73 ppm with 

3JH-H = 5.5 Hz and 2JPt-H = 69 Hz.  
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With the neutral methyl methoxy alkyl group bound to platinum we were able to 

realize methanol elimination to form the parent vinyl complex. Addition of excess methyl 

triflate to a solution of 8 results in the formation of [TpʹPt(CH=CH2)Me2], complex 9, 

(eq. 5).  Following the reaction via NMR showed the release of dimethyl ether as a 

byproduct of forming the Pt-vinyl ligand, thus the methoxy group is lost independent of 

the terminal proton. Cs symmetry is reestablished, as the chiral center is destroyed, and 

the plane of the vinyl ligand effectively bisects the two methyl ligands and two equatorial 

pyrazole ligands on the NMR time scale, as is evident in the 1H NMR spectrum by the 

2:1 ratio for Tpʹ-H signals. A classic pattern for the vinyl CH=CH2 HAHMHX spin system 

was observed as three distinct doublets of doublets.  

Figure 5  1H NMR spectrum for [TpʹPt(C*(OCH3)(H)CH3)Me2], complex 8, in 
CD2Cl2 
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Colorless crystals suitable for x-ray crystallography were obtained by vapor 

diffusion of hexanes into a methylene chloride solution of 9 at room temperature. The 

vinyl group had partial occupancy at three different positions due to disorder in the 

crystal. The predominant vinyl occupancy is presented in Figure 6 and selected bond 

angles and distances are shown in Table 4. 
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Figure 6  X-ray structure of TpʹPt(CH=CH2)Me2 9. Ellipsoids are drawn at the 50% 
probability level.  Hydrogen atoms are omitted for clarity. 
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Bond Lengths 
Pt-C16 2.047(12) Pt-N1 2.194(9) 
Pt-C17 2.058(12) Pt-N3 2.172(8) 
Pt-C18 2.031(13) Pt-N5 2.161(8) 
C18-C24 1.25(3)    

Bond Angles 
C16-Pt-C18 89.6(5) N3-Pt-N5 86.5(3) 
C17-Pt-C18 89.2(5) N3-Pt-C18 90.5(4) 
Pt-C18-C24    120.2(13) N5-Pt-C18 92.2(4) 
N1-Pt-C18-C24 178(10)     

 

The double bond to the terminal carbon of the vinyl ligand from complex 9 

suggested protonation at the β-site might lead to formation of a Pt=CH(CH3) moiety. 

Addition of HB(ArF)4�(Et2O)2 to a solution of 9 at low temperatures ultimately results in 

protonation of the Tpʹ ligand at one of the nitrogens along with C-C bond formation to 

form [κ2(Tpʹ(NH))Pt(CH3)(η2-CH2=CHCH3)][B(ArF)4], complex 10. The 1H NMR 

spectrum of cationic Pt(II) propylene complex 10 shows 6 singlets for the aromatic Tpʹ-H 

signals, and these arise from two isomers that are present in a 3:2 ratio. The isomers 

reflect different orientations of the propylene methyl group in the platinum coordination 

sphere. A barrier of 9 kcal/mol was calculated for propylene rotation on the basis of 

variable temperature NMR studies in 80% D10-ether 20% CD2Cl2 (Tc = 183 K).  We 

believe the four isomers evident at the lowest temperatures we can access with this NMR 

solvent mixture reflect the four potential locations of the propene methyl substituent. 

When olefin rotation is rapid the methyl location in the SW and NE quadrants are 

exchanged as are the SE and NW quadrant environments, thus producing the “two 

Table 4 Selected bond distances (Å) and angles (deg) for complex 9. 
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isomers” observed at intermediate temperatures. Variable temperature NMR allows us to 

probe the system further, changing the ratio of different isomers since the ratio is 

temperature dependent. A Von’t Hoff plot allows for the calculation of  ΔHo = 1.4 

kcal/mol and a ΔSo = 7.1 cal/mol. 

Vapor diffusion of hexanes into a methylene chloride solution of 10 at room 

temperature resulted in colorless crystals suitable for x-ray crystallography. The crystal 

lattice confirmed that the two isomers were due to different orientations of the propylene 

methyl group. The predominant rotamer is shown in Figure 7 with selected bond lengths 

and angles listed in Table 5.  

  

 
 
 
 
 
 
 
 
 
 

Figure 7  X-ray structure of [κ2(Tpʹ(NH))Pt(η2 CH2=CHCH3)(Me)][B(ArF)4] 10. 
Ellipsoids are drawn at the 50% probability level.  Hydrogen atoms and B(ArF)4 anion 
are omitted for clarity.   
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Bond Lengths 

Pt-C1 2.148(10) Pt-N1 2.124(9) 
Pt-C2 2.12(2) Pt-N3 2.070(5) 
Pt-C4 2.071(13) C2-C3 1.50(4) 
C1-C2 1.30(3)    

Bond Angles 
C1-Pt-C4 83.2(6) N3-Pt-N1 84.1(3) 
C2-Pt-C4 82.7(8) N3-Pt-C1 161.4(5) 
C1-Pt-C2 35.5(7) N1-Pt-C1 102.7(5) 
N3-Pt-C1-C2 158.8(15) C1-C2-C3 122(2) 

 
 

As shown in equation 6, the beta carbon of the vinyl ligand is protonated by 

HB(ArF)4, resulting in a cationic Pt(IV) ethylidene complex. This short-lived intermediate 

can be seen by NMR at temperatures below 233 K. The methyl carbene proton signal 

appears as a doublet at 2.7 ppm with 3JH-H = 5 Hz and with 3JPt-H = 82 Hz. The methyl 

methoxy carbene 6 displays a similar shift for the methyl carbene resonance at 2.9 ppm. 

Direct observation of the carbene proton is challenging by conventional 1H NMR but in a 

1-dimensional COSY spectrum, the carbene methyl doublet at 2.7 ppm couples to a 

quartet at 6.3 ppm. This small quartet corresponds to the proton directly bound to the 

carbene carbon. 
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To gain more insight into the ethylidene carbene, 13C labeling was utilized.  

Starting with 13CO gas allowed us to enrich the α-carbon of the acyl complex 5 and then 

sequentially track the 13C signal of 6, 8, and 9. Looking at complex 9, the alpha carbon of 

the vinyl ligand was labeled. Monitoring protonation of the 13C labeled vinyl group with 

1H NMR showed the methyl carbene signal appeared as a triplet at 2.7 with 3JPt-H = 83 Hz. 

Literature values for two bond carbon hydrogen coupling constants often fall between 4 

and 6 Hz.30,31 We concluded that the observed signal results from an overlapping doublet 

of doublets from the splitting to both the proton bound directly to the carbene and the 

enriched 13Ccarbene carbon. A 1-dimensional COSY spectrum shows the methyl signal is 

coupled to a doublet (C-13) of quartets (JH-H) assigned to the carbene hydrogen centered 

at 6.3 ppm with 1JC-H =165 Hz, consistent with typical sp2 1JC-H couplings. 30,32  

13C NMR reveals the carbene carbon at 500 ppm, a striking chemical shift value 

and the most downfield carbene carbon C-13 chemical shift value we have seen. Other 

metal carbenes have been reported as far downfield as 431 ppm when substituted with 

electron rich silicon groups.33 The downfield shift of over 240 ppm from the methyl 

methoxy carbene (complex 6) at 264 ppm to the ethylidene Pt(IV) (complex 11) at 500 

ppm implies the Pt(IV) carbene carbon has significant cationic character and the platinum 

center is weakly back-bonding to the carbene. Note that we are counting the carbene as a 

neutral, 2-electron donor ligand. Alternatively, the carbene could be considered a doubly 

anionic carbene which would then result in a formal Pt(VI) oxidation state. The 

electrophilic and the cationic character of the carbene carbon are compatible with either 

oxidation state formalism, but we favor the neutral counting formalism for consistency 

with the =C(X)(Y) fragments containing heteroatom donors. 
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We have no evidence that the Pt(IV) ethylidene is on the path leading to reductive 

elimination. There are several plausible reactivity options for the Pt(IV) carbene. One, the 

protonation reaction could be reversible and regenerate the neutral starting material, 

scheme 2, a. The cationic carbene complex, once formed, is highly electrophilic and thus 

the protons on the terminal methyl group are acidic. Once the neutral reagent is reformed, 

a proton could bind to a pyrazole arm, generating a 5-coordinate Pt(IV) cation poised for 

reductive elimination and going on to form complex 10. Alternatively, after formation of 
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the ethylidene carbene, one of the acidic protons on the terminal carbon could protonate 

the proximal pyrazole arm directly (scheme 2, b). It would then follow the same reductive 

coupling path to establish a C-C bond from the vinyl group to an adjacent methyl ligand. 

Finally, it is conceivable that the propylene forms through the same pathway as the 

Schrock Cp2Ta(CHMe)(Me) complex proceeds.34 It is believed that the ethylidene is 

inserted into the Pt-Me bond to synthesize an isopropyl ligand. In the Schrock system, 

beta-hydride elimination generates the propylene ligand. In our system it is conceivable 

that beta-hydride elimination generates the propylene ligand, then the newly formed 

hydride reductively eliminates with a pyrazole arm to generate the final product, 10 

(scheme 2, c).  

Additionally, we studied protonation of the chiral methoxy substituted ethyl 

complex 8 at low temperatures with HB(ArF)4. This resulted in the same propylene 

adduct, complex 10. We hypothesize that the –OCH3 ligand is protonated, releasing 

methanol to again form the Pt(IV) carbene. The reaction can then follow any of the 

mechanisms proposed above to form complex 10 in 68% yield. We believe the 

protonation of a pyrazole arm followed by reductive elimination, pathway a, is most 

likely since similar reactivity has been previously reported for Pt(IV) systems.35 

For completeness, we are reporting the protonation of the vinyl complex 9 at low 

temperatures, which occurred in several instances under conditions that we later 

discovered were not dry or air free. Protonation in the presence of water and oxygen 

resulted in what is proposed to be [κ2(Tpʹ(NH))Pt(η2 O=C(H)(CH3))(Me)][B(ArF)4] 

complex 12. 1H NMR showed a complex multiplet at 3.8 with 93 Hz coupling. We 

attribute this to the proton bound to the alpha carbon, coupling to both the methyl group, 
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which is complicated by free rotation of the aldehyde ligand. Proton corollary shows this 

peak at 3.8 ppm also correlates to a doublet at 1.19 ppm, consistent with a methyl group. 

A proposed mechanism for the formation is shown is Scheme 3. We believe that 

after the carbene is formed, water attacks the carbon alpha to the metal. The proton on the 

alcohol ligand would protonate a nitrogen arm, which would generate a 5-coordinate 

intermediate. Release of methane from a methyl arm would yield a 3-membered ring 

which would rearrange to generate a cationic Pt(II) aldehyde complex. Further 

investigations into the formation of this compound were not carried out.  

 

 

 Scheme 3. Proposed mechanism for formation of 12. 

 

The slow evaporation of a solution of 12 in methylene chloride resulted in clear 

crystals, suitable for x-ray crystallography. The structure is shown in Figure 8 with 

selected bond lengths and angles listed in Table 6. The Pt-O distance is 2.17 Å, a 

reasonable distance for the oxygen to be donating to the platinum center.     
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Bond Lengths 

Pt-C18 2.148(10) Pt-N1 2.072(4) 
Pt-C2 2.071(13) Pt-N3 2.118(5) 
Pt-O 2.174(8) C1-C2 1.50(4) 
O-C2 1.441(10) 

	
		

Bond Angles 
C18-Pt-C2 102.7(7) N1-Pt-N3 84.35(17) 
O-Pt-C2 38.6(3) C18-Pt-N3 175.0(3) 
O-C2-C1 115.0(2) C18-Pt-N1 90.9(3) 
C1-C2-Pt 109.0(16)     

 

 

 

Figure 8  X-ray structure of [κ2(Tpʹ(NH))Pt(η2 O=C(H)(CH3))(Me)][B(ArF)4] 12. 
Ellipsoids are drawn at the 40% probability level.  Hydrogen atoms and B(ArF)4 anion 
are omitted for clarity.   

 

Table 6 Selected bond distances (Å) and angles (deg) for complex 12. 
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2.3 Conclusion 

In summary, we have prepared a series of cationic Pt(IV) carbenes via 

electrophilic addition to the beta atom relative to the metal of the Pt(IV) acyl complex. 

Methylation of the oxygen atom results in a resonance-stabilized carbene.  In the methyl 

methoxy carbene, the absence of the nitrogen atom results in greater Pt-Ccarbene double-

bond character, which is reflected by a large rotational barrier. We observed a non-

heteroatom stabilized Pt(IV) carbene formed via the protonation of a platinum vinyl 

group, with 1H and 13C NMR. The platinum-vinyl protonation results in C-C bond 

formation via reductive coupling with an adjacent methyl group at low temperatures.  

 

2.4 Experimental Method 

All reactions were performed under an atmosphere of dry argon using standard 

Schlenk and drybox techniques.  Argon was purified by passage through columns of 

BASF R3-11 catalyst and 4 Å molecule sieves. Methylene chloride, hexanes, and pentane 

were purified under an argon atmosphere and passed through a column packed with 

activated alumina. All other chemicals were used as received without further purification.   

1H and 13C NMR spectra were recorded on Bruker cryoprobe B600 or AV3500 

spectrometers. 1H NMR and 13C NMR chemical shifts were referenced to residual 1H and 

13C signals of the deuterated solvents.  Elemental analyses were performed by Robertson 

Microlit Laboratories of Madison, NJ.  High-resolution mass spectra were recorded on a 

Bruker BioTOF II ESI-TOF mass spectrometer.  Mass spectral data are reported for the 

most abundant platinum isotope. Carboxamido complexes 3a-e27 and TpʹPtMe2(C(O)Me) 

529 were prepared following literature procedures. 
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General Procedure 4.  A Schlenk flask was charged with the appropriate 

carboxamido complex 3 (0.05 mmol) and purged with nitrogen.  Methylene chloride (10 

mL) was added through the septum and the solution was cooled to -78°C.  Methyl triflate 

(1.5 equiv, 0.075 mmol) was added and the reaction was allowed to warm to 35°C and 

stirred for 2 hrs.  The solvent was removed and the resulting oil was triturated with 

pentane to afford the methylated carbene product 4 as a light yellow powder in 

quantitative yield. 

[TpʹPt(=C(OMe)NHCH2CH3)(CH3)2][OTf] (4a).  The general method above 

was employed using 30 mg (0.05 mmol) of ethyl carboxamido 3a and 8.5 µL of methyl 

triflate.  1H NMR (δ, CD2Cl2, 298 K): 8.93 (bt, 1H, NH), 5.95 (s, 2H, TpʹCH), 5.91 (s, 1H, 

TpʹCH), 3.65 (q, 2H, NCH2CH3), 3.09 (s, 3H, OMe), 2.43, 2.09 (s, 6H each, TpʹCH3), 

2.39, 2.37 (s, 3H each, TpʹCH3), 1.79 (s, 6H, Pt-Me, 2JPt,H = 65 Hz), 1.28 (t, 3H, 

NCH2CH3).  13C NMR (δ, CD2Cl2, 298 K):  175.4 (Pt=C, 1JPt,C = 1193 Hz), 151.3, 150.0, 

146.1, 145.4 (TpʹCCH3), 121.0 (OTf), 109.5, 108.5 (TpʹCH), 61.3 (OMe, 3JPt,C = 18 Hz), 

40.4 (NCH2CH3, 3JPt,C = 33 Hz), 13.9 (NCH2CH3), 13.8, 13.4, 13.0, 12.8 (TpʹCH3), -2.7 

(Pt-CH3, 1JPt,C = 568 Hz).  IR(CH2Cl2 solution): νB-H = 2561 cm-1.  HRMS (ESI) m/z 

Calc.: 609.2800 (M+). Found: 609.2792.  Anal Calcd for C22H37BF3N7O4PtS: C, 34.84; H, 

4.92; N, 12.93. Found: C, 34.60; H, 4.75; N, 12.67.   

[TpʹPt(=C(OMe)NHCH2CH2CH3)(CH3)2][OTf] (4b).  The general method 

above was employed using 30 mg (0.05 mmol) of n-propyl carboxamido 3b and 8.5 µL 

of methyl triflate.  1H NMR (δ, CD2Cl2, 298 K): 8.87 (bt, 1H, NH), 5.96 (s, 2H, TpʹCH), 

5.90 (s, 1H, TpʹCH), 3.55 (q, 2H, NCH2CH2CH3), 3.08 (s, 3H, OMe), 2.42, 2.08 (s, 6H 

each, TpʹCH3), 2.38, 2.37 (s, 3H each, TpʹCH3), 1.79 (s, 6H, Pt-Me, 2JPt,H = 65 Hz), 1.70 
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(m, 2H, NCH2CH2CH3), 1.00 (t, 3H, NCH2CH2CH3).  13C NMR (δ, CD2Cl2, 298 K):  

175.6 (Pt=C, 1JPt,C = 1201 Hz), 151.3, 149.9, 146.0, 145.3 (TpʹCCH3), 121.0 (OTf), 109.5, 

108.4 (TpʹCH), 61.3 (OMe, 3JPt,C = 18 Hz), 46.9 (NCH2CH2CH3, 3JPt,C = 33 Hz), 22.2 

(NCH2CH2CH3), 13.7, 13.4, 13.0, 12.8 (TpʹCH3), 11.4 (NCH2CH2CH3), -2.8 (Pt-CH3, 

1JPt,C = 566 Hz).  IR(CH2Cl2 solution): νB-H = 2561 cm-1.  HRMS (ESI) m/z Calc.: 

623.2957 (M+). Found: 623.2948.  Anal Calcd for C23H39BF3N7O4PtS: C, 35.76; H, 5.09; 

N, 12.69. Found: C, 35.57; H, 4.82; N, 12.67.   

 [TpʹPt(=C(OMe)NHCH(CH3)2)(CH3)2][OTf] (4c).  The general method above 

was employed using 30 mg (0.05 mmol) of isopropyl carboxamido 3c and 8.5 µL of 

methyl triflate.  1H NMR (δ, CD2Cl2, 298 K): 8.06 (bd, 1H, NH), 5.95 (s, 2H, TpʹCH), 

5.91 (s, 1H, TpʹCH), 4.43 (m, 1H, NCH(CH3)2), 3.09 (s, 3H, OMe), 2.42, 2.08 (s, 6H 

each, TpʹCH3), 2.38, 2.37 (s, 3H each, TpʹCH3), 1.77 (s, 6H, Pt-Me, 2JPt,H = 64 Hz), 1.36 

(m, 6H, NCH(CH3)2).  13C NMR (δ, CD2Cl2, 298 K):  175.2 (Pt=C, 1JPt,C = 1188 Hz), 

151.5, 149.8, 146.1, 145.4 (TpʹCCH3), 121.0 (OTf), 109.6, 108.5 (TpʹCH), 61.6 (OMe, 

3JPt,C = 18 Hz), 48.1 (NCH(CH3)23, 3JPt,C = 32 Hz), 21.2 (NCH(CH3)2), 13.7, 13.3, 13.0, 

12.8 (TpʹCH3), -2.5 (Pt-CH3, 1JPt,C = 566 Hz).  IR(CH2Cl2 solution): νB-H = 2561 cm-1.  

HRMS (ESI) m/z Calc.: 623.2956 (M+). Found: 623.2935.  Anal Calcd for 

C23H39BF3N7O4PtS: C, 35.76; H, 5.09; N, 12.69. Found: C, 35.41; H, 4.65; N, 12.45. 

[TpʹPt(=C(OMe)NHCH2Ph)(CH3)2][OTf] (4d).  The general method above was 

employed using 33 mg (0.05 mmol) of benzyl carboxamido 3e and 8.5 µL of methyl 

triflate. 1H NMR (δ, CD2Cl2, 298 K): 9.59 (bt, 1H, NH), 7.47, 7.34, 7.29 (m, 5H, Ph), 

5.89 (s, 2H, TpʹCH), 5.84 (s, 1H, TpʹCH), 4.65 (d, 2H, CH2Ph, 3JPt,H = 6 Hz), 2.98 (s, 3H, 

OMe), 2.37, 1.68 (s, 6H each, TpʹCH3), 2.35, 2.35 (s, 3H each, TpʹCH3), 1.75 (s, 6H, Pt-
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Me, 2JPt,H = 65 Hz).  13C NMR (δ, CD2Cl2, 298 K):  176.1 (Pt=C, 1JPt,C = 1198 Hz), 151.2, 

149.9, 145.9, 145.3 (TpʹCCH3), 136.4 (ipso-Ph), 129.3, 128.9, 128.2 (Ph), 121.0 (OTf), 

109.4, 108.2 (TpʹCH), 61.1 (OMe, 3JPt,C = 18 Hz), 48.7 (NCH2Ph, 3JPt,C = 36 Hz), 13.3, 

13.1, 12.9, 12.8 (TpʹCH3), -2.8 (Pt-CH3, 1JPt,C = 564 Hz).  IR(CH2Cl2 solution): νB-H = 

2561 cm-1.  HRMS (ESI) m/z Calc.: 671.2597 (M+). Found: 671.2927.  Anal Calcd for 

C27H39BF3N7O4PtS: C, 39.52; H, 4.79; N, 11.95. Found: C, 39.35; H, 4.87; N, 11.56.  

[TpʹPt(=C(OMe)CH3)(Me)2][OTf] (6).  An NMR tube was charged with 30 mg 

(0.05 mmol) of acyl complex 5 in a glove box.  Dry CD2Cl2 (0.5 mL) was added to the 

tube and a septum was placed on top.  Methyl triflate (60 µL, 0.50 mmol) was syringed 

through the septum.  The tube was placed in a 35°C bath for 3 hours.  Methoxy methyl 

carbene complex, 6, was produced in near quantitative conversion by 1H NMR. Drying 

by rotoevaporation resulted in 36 mg of a white powder (93.0% yield). 1H NMR (δ, 

CD2Cl2, 298 K): 5.96 (s, 2H, TpʹCH), 5.91 (s, 1H, TpʹCH), 4.88 (s, 3H, OCH3, 4JPt,H = 8 

Hz), 2.90 (s, 3H, carbene CH3), 2.43, 1.97 (s, 6H each, TpʹCH3), 2.40, 2.38 (s, 3H each, 

TpʹCH3), 1.66 (s, 6H, Pt-Me, 2JPt,H = 67 Hz).  13C NMR (δ, CD2Cl2, 298 K):  264.9 

(Pt=C), 151.7, 148.8, 146.0, 145.7 (TpʹCCH3), 109.8, 108.4 (TpʹCH), 70.1 (OMe), 38.8 

(carbene CH3), 14.5, 13.6, 13.0, 12.8 (TpʹCH3), -2.2 (Pt-CH3, 1JPt,C = 588 Hz).  Anal 

Calcd for C22H34BF3N6O4PtS: C, 34.58; H, 4.70; N, 11.52. Found: C, 34.82; H, 4.42; N, 

11.86. 

[TpʹPt(C(OCH3)=CH2)(Me)2] (7). 0.040g (0.055mmol) of carbene complex 6 

was placed in 100ml Schlenk flask under argon. THF (25mL) was added through the 

septum and the mixture was cooled to -78°C.  n-Butyl lithium (0.07mL 0.11mmol) was 

added through the septum at low temperature and the mixture was allowed to warm to 
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room temperature. After 20 minutes the reaction was quenched with saturated NH4Cl in 

water and extracted with CH2Cl2. Drying the organic layer with MgSO4 followed by 

filtrating off the solid and removal of the solvent afforded a yellow oil which was 

chromatographed on alumina with methylene chloride as the elutant. After collection of 

the elutant and drying by rotoevaporation, 23 mg of a white powder were collected (73% 

yield). 1H NMR (CD2Cl2, 298 K, δ) 5.82 (s, 1H, TpʹCH), 5.79 (s, 2H, TpʹCH), 4.32 (d, 

1H, C=CH2, 2JH-H = 1.8 Hz, 3JPt-H = 108 Hz), 3.57 (d, 1H, C=CH2, 2JH-H = 1.8 Hz, 3JPt-H = 

43 Hz), 3.44 (s, 3H, OCH3), 2.38 (s, 3H, TpʹCH3), 2.37 (s, 6H, TpʹCH3), 2.29 (s, 3H, Tpʹ 

CH3), 2.14 (s, 6H, TpʹCH3), 1.44 (s, 6H, Pt-CH3, 2JPt-H = 74.4 Hz). 13C NMR (CD2Cl2, 

298 K, δ), 149.8, 149.7, 143.7, 143.3 (TpʹCCH3), 149.2 (PtC=CH2), 107.8, 106.7 

(TpʹCH), 85.4 (C=CH2, 2JPt-C = 97 Hz), 54.8 (OCH3, 3JPt-C = 9 Hz), 12.8, 12.6 (Tp’CH3), 

-6.64 (Pt-C, 1JPt-C = 659 Hz). Anal Calcd for C20H33BN6OPt: C, 41.46; H, 5.74; N, 14.51. 

Found: C, 41.21; H, 5.45; N, 14.28. 

[TpʹPt(C(OCH3)(H)CH3)(Me)2] (8). 0.040g (0.055mmol) of carbene complex 6 

and sodium cyanoborohydride (0.044g, 0.70mmol) were placed in 100ml Schlenk flask 

under nitrogen, sealed with a septum and cooled to -78°C. Dry THF (25mL) was cooled 

to -78°C in a separate Schlenk flask and cannula transferred into the original Schlenk 

tube. The mixture stirred at -78°C for 3 hours. Removal of the solvent through rotary 

evaporation produced a cloudy white oil. The oil was chromatographed on alumina with 

methylene chloride as the elutant. After collection of the elutant, solvent was removed 

and the resulting oil was triturated with pentane to afford a white powder. Yield: 13.9 mg 

(44%). 1H NMR (CD2Cl2, 298 K, δ) 5.85, 5.82, 5.80 (s, 3H each, TpʹCH), 4.75 (q, 1H, 

PtC-H, 3JH-H = 5.5 Hz, 2JPt-H = 68.4 Hz), 2.93 (s, 3H, OCH3), 2.47, 2.41, 2.40, 2.36, 2.34, 
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2.25 (s, 3H each, TpʹCH3), 1.51 (s, 3H, Pt-CH3, 2JPt-H = 71.2 Hz), 1.32 (s, 3H, Pt-CH3, 

2JPt-H = 80.4 Hz), 1.05 (d, 3H, CCH3, 3JH-H = 5.5 Hz, 3JPt-H = 41.2 Hz). 13C NMR (CD2Cl2, 

298 K, δ), 149.6 149.3, 149.2, 143.8, 143.6, 143.5 (TpʹCCH3), 107.7, 107.7, 107.2 

(TpʹCH), 59.6 (PtCHCH3, 1JPt-C = 785 Hz), 57.5 (OCH3, 3JPt-C = 6 Hz), 23.2 (PtCHCH3), 

13.7, 13.4, 12.8, 12.8, 12.8, 12.5 (Tp’CH3), -6.4 (Pt-CH3, 1JPt-C = 745 Hz), -8.3 (Pt-CH3, 

1JPt-C = 740 Hz). Anal Calcd for C20H35BN6OPt: C, 41.32; H, 6.07; N, 14.46. Found: C, 

41.59; H, 6.04; N, 14.18. 

[TpʹPt(CH=CH2)(Me)2] (9). An NMR tube was charged with 0.100 g 

(0.17mmol) of complex 8 in a glove box. Dry CD2Cl2 (0.5 mL) and methyl triflate 

(0.15mL, 1.37mmol) were added to the tube and a septa was placed on top. The reaction 

sat for 20 minutes. The mixture was chromatographed on alumina with methylene 

chloride as the elutant. Collection of the elutant resulted in 47 mg of a white powder 

(50% yield). 1H NMR (CD2Cl2, 298 K, δ) 7.00 (dd, 1H, Pt-CH, 3JH-Htrans = 17 Hz, 3JH-Hcis 

= 9 Hz, 2JPt-H = 35 Hz), 5.86 (s, 1H, TpʹCH), 5.84 (s, 2H, TpʹCH), 5.47 (dd, 1H vinyl H, 

2JH-Hgeminal = 1 Hz, 3JH-H = 9 Hz, 3JPt-H = 130 Hz), 4.83 (dd, 1H, 3JH-H = 17 Hz, 3JPt-H = 66 

Hz), 2.50 (s, 3H, TpʹCH3), 2.42 (s, 6H, TpʹCH3), 2.35 (s, 3H, TpʹCH3), 2.26 (s, 6H, 

TpʹCH3), 1.40 (s, 6H, Pt-CH3, 2JPt-H = 66 Hz). 13C NMR (CD2Cl2, 298 K, δ), 149.9 (1C, 

TpʹCCH3), 149.6 (2C, TpʹCCH3), 144.1 (1C, TpʹCCH3), 144.0 (2C, TpʹCCH3), 126.8 (1C, 

PtC=C, 1JPt-C = 870 Hz), 117.8 (1C, PtC=C, 2JPt-C = 13.5 Hz), 107.6 (1C, TpʹCH), 107.1 

(2C, TpʹCH), 12. 7 (1C, TpʹCH3), 12.4 (2C, TpʹCH3), -8.0 (2C, Pt-CH3, 1JPt-C = 676.5) 

Anal Calcd for C19H31BN6Pt: C, 41.54; H, 5.69; N, 15.30. Found: C, 41.26; H, 5.39; N, 

15.03. 
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 [κ2(Tpʹ (NH))Pt(η2 CH2=CHCH3)(Me)][B(ArF)4] (10). An NMR tube was 

charged with 0.092g (0.09mmol) of HB(ArF)4 in a glove box. Dry CD2Cl2 (0.3 mL) was 

added and the tube was sealed. The NMR tube was cooled to -80 oC and a solution of 

10mg (0.018mmol) of 9 in 0.3mL of CD2Cl2 was slowly added. The mixture was mixed 

for 1 min using a thin copper wire. The sample was transported cold (-78 oC) to an NMR 

probe cooled to -80 oC. After slowly warming to room temperature, the mixture was 

chromatographed on silica with methylene chloride as the elutant. Collection of the 

elutant followed by removal of solvent resulted in a light yellow powder. Yield: 10.4mg, 

40%. At room temperature, two isomers are observed in a 3:2 ratio. 1H NMR (CD2Cl2, 

298 K, δ) Major: 10.26 (br s, 1H, TpʹNH), 7.71 (br s, 24H, B(ArF)4), 7.56 (s, 12H, 

B(ArF)4), 6.30 (s, 1H, TpʹCH), 6.10 (s, 1H, TpʹCH), 5.92 (s, 1H, TpʹCH), 4.60 (m, 1H, 

H2C=CHCH3), 3.93(d, 1H, H2C=CHCH3, 3JH-H = 14 Hz), 3.67 (d, 1H, H2C=CHCH3, 3JH-

H = 7 Hz), 2.37, 2.36, 2.36, 2.35, 2.32, 2.13 (s, 3H each, TpʹCH3), 1.11 (d, 3H, 

H2C=CHCH3, 3JH-H = 7 Hz), 0.35 (s, 3H, Pt-CH3, 2JPt-H = 71 Hz).  Minor: 10.07 (br s, 1H, 

Tpʹ NH), 7.71 (br s, 24H, B(ArF)4), 7.56 (s, 12H, B(ArF)4), 6.32 (s, 1H, TpʹCH), 6.11 (s, 

1H, TpʹCH), 5.93 (s, 1H, TpʹCH), 4.79 (d, 1H, H2C=CHCH3 3JH-H = 7 Hz), 4.48 (m, 1H, 

H2C=CHCH3), 3.72 (d, 1H, H2C=CHCH3, 3JH-H = 14 Hz), 2.37, 2.36, 2.35, 2.35, 2.32, 

2.12 (s, 3H each, TpʹCH3), 1.12 (d, 3H, H2C=CHCH3, 3JH-H = 7 Hz), 0.35 (s, 3H, Pt-CH3, 

2JPt-H = 71 Hz). 13C NMR (δ, CD2Cl2, 298 K) Major: 162.2, 161.9, 161.5, 161.2 (B(ArF)4), 

152.7, 151.2, 149.8, 149.1, 148.5, 148.5 (TpʹCCH3), 134.8, 129.2, 129.2, 129.1, 129.1, 

129.0, 129.0, 128.9, 128.9, 128.9, 128.8, 128.7, 128.7, 128.7, 128.6, 128.5, 128.5, 128.5, 

128.4, 127.3, 125.5, 123.7, 121.9 (B(ArF)4), 109.7, 108.9, 108.8 (TpʹCH), 89.9 

(CH2=CHCH3), 68.4 (CH2=CHCH3), 19.1 (CH2=CHCH3), 14.7, 14.3, 13.2, 12.9, 12.0, 
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11.0 (TpʹCH3), -14.2 (Pt-CH3). 13C NMR (δ, CD2Cl2, 298 K) Minor: 162.2, 161.9, 161.5, 

161.2 (B(ArF)4), 152.4, 151.6, 150.0, 148.5, 148.0, 147.9 (TpʹCCH3), 134.8, 129.2, 129.2, 

129.1, 129.1, 129.0, 129.0, 128.9, 128.9, 128.9, 128.8, 128.7, 128.7, 128.7, 128.6, 128.5, 

128.5, 128.5, 128.4, 127.3, 125.5, 123.7, 121.9 (B(ArF)4),  110.3, 109.1, 109.0 (TpʹCH), 

86.2 (CH2=CHCH3), 70.3 (CH2=CHCH3), 18.7(CH2=CHCH3), 14.4, 13.1, 13.0, 11.4, 

10.9, 10.7 (TpʹCH3), -15.6 (Pt-CH3). Anal Calcd for C51H44B2N6 F24Pt: C, 43.33; H, 3.14; 

N, 5.95. Found: C, 43.09; H, 2.87; N, 6.16. 

 [TpʹPt(=CHCH3)(Me)2][B(ArF)4] (11).  An NMR tube was charged with 0.092g 

(0.09 mmol) of HB(ArF)4 in a glove box. Dry CD2Cl2 (0.3 mL) was added and the tube 

was sealed. The NMR tube was cooled to -80 oC and a solution of 0.010g (0.018 mmol) 

of 9 in 0.3mL of CD2Cl2 was slowly added. The mixture was mixed for 1 min using a 

thin copper wire. The sample was transported cold (-78 oC) to an NMR probe cooled to -

80 oC and slowly warmed to -45oC. Complex 11 was only formed in situ, roughly 10% 

yield, with the rest of the metal present as reagent, complex 9, and product, complex 10.  

1H NMR (CD2Cl2, 228 K, δ), 2.71 (d, 3H, Pt=CHCH3, 3JH-H = 5 Hz, 3JPt-H = 82 Hz) or 

2.70 (br, 3H, Pt=13CHCH3). 1-dimensional COSY, (CD2Cl2, 228 K, δ): 6.3 (q, 1H, 

Pt=CHCH3, 3JH-H = 5 Hz), 2.71 (d, 3H, Pt=CHCH3, 3JH-H = 5 Hz) or 6.3 (dq, 1H, 

Pt=13CHCH3, 3JH-H = 5 Hz, 1JC-H = 164 Hz), 2.71 (br, 3H, Pt=13CHCH3). 13C NMR 

(CD2Cl2, 228 K, δ), 499.8 (1C, Pt=13C).  

[κ2(Tpʹ (NH))Pt(O=C(H)(CH3))(Me)][B(ArF)4] (12). Complex 12 was synthesized 

in the same fashion as complex 10 but not under air free conditions. An NMR tube was 

charged with HB(ArF)4 in a glove box. Dry CD2Cl2 was added and the tube was sealed. 

The NMR tube was cooled to -80 oC and a solution of 9 in CD2Cl2 was slowly added. 
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The mixture was mixed for 1 min using a thin copper wire. The sample was transported 

cold (-78 oC) to an NMR probe cooled to -80 oC. After slowly warming to room 

temperature, the mixture was chromatographed on silica with methylene chloride as the 

elutant. Collection of the elutant followed by removal of solvent resulted in a light yellow 

powder. 1H NMR (CD2Cl2, 253 K, δ) 7.71 (br s, 24H, B(ArF)4), 7.56 (s, 12H, B(ArF)4), 

5.88 (s, 1H, TpʹCH), 5.86 (s, 1H, TpʹCH), 5.60 (s, 1H, TpʹCH), 3.81 (m, 1H, 

O=C(H)(CH3), 2JPt-H = 90 Hz), 2.35, 2.34, 2.31, 2.24, 2.21, 2.12 (s, 3H each, TpʹCH3), 

1.20 (d, 3H, O=C(H)(CH3), 3JPt-H = 60 Hz), 0.37 (s, 3H, Pt-CH3, 2JPt-H = 71 Hz). 
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Table 7  Crystal data and structural refinement parameters for complex  
[TpʹPt(=C(OMe)NHCH2Ph)(Me)2][OTf] (4d).  
 
 
Empirical formula   C27H39BF3N7O4PtS 

Formula weight   820.61 

Temperature/K   100 

Crystal system   monoclinic 

Space group    P21/n 

a/Å     11.5528(3) 

b/Å     12.9321(4) 

c/Å     21.6844(6) 

α/°     90.00 

β/°     102.983(2) 

γ/°     90.00 

Volume/Å3    3156.87(15) 

Z     4 

ρcalcg/cm3    1.727 

µ/mm-1    9.476 

F(000)     1632 

Crystal size/mm3   0.182 × 0.115 × 0.072 

2Θ range for data collection/° 8.02 to 140.04 

Index ranges    -13 ≤ h ≤ 14, -15 ≤ k ≤ 13, -26 ≤ l ≤ 22 

Reflections collected   17016 

Independent reflections  5746[R(int) = 0.0303] 



 92 

Data/restraints/parameters  5746/31/449 

Goodness-of-fit on F2   1.045 

Final R indexes [I>=2σ (I)]  R1 = 0.0323, wR2 = 0.0811 

Final R indexes [all data]  R1 = 0.0375, wR2 = 0.0841 

Largest diff. peak/hole / e Å-3 2.281/-0.582 
 

 

  



 93 

Table 8  Crystal data and structural refinement parameters for complex 
[TpʹPt(=C(OMe)CH3)(Me)2][OTf] (6).  
 
Empirical formula   C21H34BF3N6O4PtS 

Formula weight   729.50 

Temperature/K   100 

Crystal system   triclinic 

Space group    P-1 

a/Å     10.2122(2) 

b/Å     11.1220(3) 

c/Å     11.9615(3) 

α/°     80.657(2) 

β/°     82.450(2) 

γ/°     88.041(2) 

Volume/Å3    1328.83(6) 

Z     2 

ρcalcg/cm3    1.823 

µ/mm-1    11.148 

F(000)     720.0 

Crystal size/mm3   0.161 × 0.066 × 0.056 

2Θ range for data collection/° 7.56 to 133.12 

Index ranges    -12 ≤ h ≤ 12, -13 ≤ k ≤ 12, -14 ≤ l ≤ 12 

Reflections collected   9369 

Independent reflections  4437[R(int) = 0.0398] 

Data/restraints/parameters  4437/0/344 
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Goodness-of-fit on F2   1.029 

Final R indexes [I>=2σ (I)]  R1 = 0.0349, wR2 = 0.0833 

Final R indexes [all data]  R1 = 0.0405, wR2 = 0.0863 

Largest diff. peak/hole / e Å-3 2.42/-0.86 
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Table 9  Crystal data and structural refinement parameters for complex 
[TpʹPt(C(OCH3)=CH2)(Me)2] (7). 
 
Empirical formula   C20H33BN6OPt 

Formula weight   579.42 

Temperature/K   100 

Crystal system   monoclinic 

Space group    P21/c 

a/Å     10.3548(3) 

b/Å     23.6906(7) 

c/Å     10.2238(3) 

α/°     90 

β/°     115.5668(13) 

γ/°     90 

Volume/Å3    2262.44(12) 

Z     4 

ρcalcg/cm3    1.701 

µ/mm-1    11.775 

F(000)     1144.0 

Crystal size/mm3   0.177 × 0.165 × 0.05 

Radiation    CuKα (λ = 1.54178) 

2Θ range for data collection/° 7.462 to 140.27 

Index ranges    -12 ≤ h ≤ 12, -28 ≤ k ≤ 28, -12 ≤ l ≤ 12 

Reflections collected   22936 

Independent reflections  4313[R(int) = 0.0400] 
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Data/restraints/parameters  4313/0/271 

Goodness-of-fit on F2   1.194 

Final R indexes [I>=2σ (I)]  R1 = 0.0313, wR2 = 0.0649 

Final R indexes [all data]  R1 = 0.0331, wR2 = 0.0657 

Largest diff. peak/hole / e Å-3 2.67/-1.39 
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Table 10  Crystal data and structural refinement parameters for complex 
[TpʹPt(CH=CH2)(Me)2] (9). 
 
Empirical formula   C19H31BN6Pt 

Formula weight   549.40 

Temperature/K   100 

Crystal system   monoclinic 

Space group    P21/n 

a/Å     8.0746(2) 

b/Å     13.9475(5) 

c/Å     19.2322(6) 

α/°     90 

β/°     100.1258(17) 

γ/°     90 

Volume/Å3    2132.20(11) 

Z     4 

ρcalcg/cm3    1.711 

µ/mm-1    12.421 

F(000)     1080.0 

Crystal size/mm3   0.25 × 0.25 × 0.1 

Radiation    CuKα (λ = 1.54178) 

2Θ range for data collection/° 4.66 to 140.26 

Index ranges    -9 ≤ h ≤ 9, -16 ≤ k ≤ 17, -22 ≤ l ≤ 23 

Reflections collected   22936 

Independent reflections  4018 [Rint = 0.0481, Rsigma = 0.0342] 
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Data/restraints/parameters  4018/20/274 

Goodness-of-fit on F2   1.344 

Final R indexes [I>=2σ (I)]  R1 = 0.0683, wR2 = 0.1273 

Final R indexes [all data]  R1 = 0.0720, wR2 = 0.1287 

Largest diff. peak/hole / e Å-3 2.02/-2.85 
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Table 11  Crystal data and structural refinement parameters for complex [κ2(Tpʹ(NH))Pt(η2 
CH2=CHCH3)(Me)][B(ArF)4] (10). 
 
Empirical formula   C51H44B2F24N6Pt 

Formula weight   1413.63 

Temperature/K   100 

Crystal system   triclinic 

Space group    P-1 

a/Å     12.9597(5) 

b/Å     14.7320(5) 

c/Å     18.0702(6) 

α/°     100.802(2) 

β/°     90.788(2) 

γ/°     123.8524(17) 

Volume/Å3    2784.70(18) 

Z     2 

ρcalcg/cm3    1.686 

µ/mm-1    5.824 

F(000)     1392.0 

Crystal size/mm3   0.25 × 0.2 × 0.1 

Radiation    CuKα (λ = 1.54178) 

2Θ range for data collection/° 5.032 to 133.212 

Index ranges    -15 ≤ h ≤ 15, -17 ≤ k ≤ 17, -21 ≤ l ≤ 19 

Reflections collected   14926 

Independent reflections  9568 [Rint = 0.0291, Rsigma = 0.0472] 
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Data/restraints/parameters  9568/208/840 

Goodness-of-fit on F2   1.065 

Final R indexes [I>=2σ (I)]  R1 = 0.0638, wR2 = 0.1659 

Final R indexes [all data]  R1 = 0.0711, wR2 = 0.1721 

Largest diff. peak/hole / e Å-3 2.70/-2.22 
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Table 12  Crystal data and structural refinement parameters for complex [κ2(Tpʹ(NH))Pt(η2 

O=C(H)(CH3))(Me)][B(ArF)4] (12). 
 
 
Empirical formula   C50H43B2F24N6OPt 

Formula weight   1416.16 

Temperature/K   100 

Crystal system   triclinic 

Space group    P-1 

a/Å     12.9607(4) 

b/Å     13.1166(4) 

c/Å     18.0761(6) 

α/°     77.2110(18) 

β/°     89.2287(19) 

γ/°     68.7195(19) 

Volume/Å3    2784.81(16) 

Z     2 

ρcalcg/cm3    1.689 

µ/mm-1    5.839 

F(000)     1394.0 

Crystal size/mm3   0.25 × 0.25 × 0.15 

Radiation    CuKα (λ = 1.54178) 

2Θ range for data collection/° 5.026 to 136.654 

Index ranges    -14 ≤ h ≤ 15, -15 ≤ k ≤ 15, -21 ≤ l ≤ 21 

Reflections collected   33177 
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Independent reflections  9857 [Rint = 0.0512, Rsigma = 0.0421] 

Data/restraints/parameters  9857/884/875 

Goodness-of-fit on F2   1.056 

Final R indexes [I>=2σ (I)]  R1 = 0.0498, wR2 = 0.1180 

Final R indexes [all data]  R1 = 0.0592, wR2 = 0.1239 

Largest diff. peak/hole / e Å-3 1.75/-1.80 
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CHAPTER FOUR 
 

Investigations into Tp′Pt Vinylidene Complexes 
 
4.1 Introduction 

Vinylidene units, :CCR2, are unsaturated carbene fragments. Vinylidenes are 

proposed intermediates for many synthetic transformations and they are the higher energy 

tautomer of acetylene. 1,2 However, when a transition metal is present, the barrier for 

interconversion is lowered dramatically, especially if the acetylene is bound to an 

electron rich metal fragment. Multiple catalysts exploit the different reactivity seen with a 

M-acetylene ligand versus a M-vinylidene ligand.3 As a result, intense efforts have been 

undertaken to reveal the mechanism by which acetylenes tautomerize to a vinylidenes in 

the presence of a transition metal.  

The transformation of acetylene to vinylidene at a metal center occurs in one of 

four ways. Starting with a M-acetylene, a 1,2-hydrogen atom migration can occur in a 

concerted mechanism (Scheme 1a). 2,4 Alternatively, if an open coordination site is 

present, the metal can insert into the terminal C-H bond and undergo a formal oxidation 

to form a HM(CCR) (alkynyl hydrido complex). A 1,3-hydride migration then generates 

the M-vinylidene complex, Scheme 1b. A third mechanism requires a M-H ligand in 

addition to the acetylene. The alkyne inserts into the hydride ligand to from a M-alkenyl 

intermediate that rearranges to form a M-vinylidene ligand and reestablishes the hydride 

ligand (Scheme 1c). Add Scheme 1d. Finally, the addition of a base can mediate the 

acetylene isomerization (Scheme 1d).   
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Scheme 1  Mechanisms for the isomerization of M-acetylene to M-vinylidene complexes. 

 

There are various examples of late transition metal complexes that, in low 

oxidation states, have enough electron density to stabilize vinylidene ligands. The 

complex TpOs(PiPr3){κ1-C[NC5H3Me]}(=C=C(H)Ph) (Tp = tris(pyrazolyl)borate) is 

formed from phenyl acetylene displacing acetone and then rearranging to the more 
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energetically stable vinylidene ligand. 5,6 Under basic conditions the vinylidene ligand is 

able to insert into the Os-C bond of the pyridyl group to form a new C-C bond. The 

complex TpRu(PN)(Cl) (PN = κ2P,N-iPr2PXPy, X = NH, CH2, S) in the presence of an 

internal alkyne will form a Ru-vinylidene. However, replacing the Tp ligand with 

cyclopentadienyl results in η2-binding of the alkyne.7,8  

It was recently reported that group 7-9 metals are more adept at stabilizing a 

vinylidene ligand whereas group 10 metals favor the alkyne tautomer.9 This observation 

is supported by the lack of published research on platinum vinylidene complexes.  While 

numerous papers propose going through a Pt-vinylidene intermediate, there is only one 

report of observation of a Pt-vinylidene.10 Michelin et al. published on the formation and 

reactivity of trans-[Pt(Me)(C≡CR)(PPh3)2] (R = p-tolyl, Ph), which, when protonated, 

forms a Pt(II)-vinylidene in situ, eq 1.11 They followed the reaction by low temperature 

1H NMR, with the proton bound to the carbon beta to the platinum center observed at 

3.95 ppm with 3JPt-H = 42 Hz. Unfortunately they weren’t able to observe the vinylidene 

using C-13 NMR.  

 

 

Pt alkyne complexes have been reported to facilitate a wide range of 

transformations. Jones et al. found that the C-C bond of internal alkynes bound to Pt, 

Pt(η2-R′C≡CR), could be photochemically activated to generate Pt(R′)(C≡CR).12 In a 

study designed to probe barriers for oxidative addition from d8 to d6 platinum, our lab 

Pt
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reported a series of Tp′PtMe(η2-HC≡CR) (R = tBu 1a, nPr 1b, CH3 1c, CH2Ph 1d, Ph 1e) 

(Tpʹ = hydridotris(3,5-dimethylpyrazolyl)borate) complexes.13 Gentle heating led to 

oxidative addition to generate d6, Tp′Pt(Me)(H)(C≡CR), for four of the five complexes, 

eq 2. Complex 1e demonstrated no inclination to undergo oxidative addition, presumably 

due to the less electron rich phenyl substituent of the acetylene fragments investigated.  

 

 

Pt-acetylide complexes seemed promising for the formation of Pt vinylidene 

complexes. Interested in the formation and isolation of Pt-Ccarbene double bonds, we 

sought to find another way to synthesize platinum(IV) acetylide complexes. We 

envisioned that similar chemistry could occur with a Pt acetylide complex as was seen in 

chapter 3. Addition of an electrophile to the Pt acetylide complex would add at the atom 

beta to the metal. The Pt center would help stabilize the atom alpha to the metal, resulting 

in a Pt-vinylidene. We envisioned making the Pt(II) acetylene as previously reported and 

deprotonating the acetylene unit to yield the Pt(II) acetylide anionic complex.  Then, 

addition of acid would form a cationic Pt(II) vinylidene complex. Herein we report our 

findings.  

 

4.2 Results and Discussion 
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Paralleling our previous work, we sought to mimic chemistry allowing access to 

Pt carbenes through the addition of an electrophile to a unit of unsaturation. We 

envisioned deprotonation of 1e would result in the formation of [Tp′Pt(Me)(C≡CPh)]- 2, 

equation 3. 

  

While attempting to synthesize 1e, we instead observed the formation of a second 

product. A solution of Tp′PtMe2H was brought to -78oC, then phenyl acetylene and HBF4 

were added sequentially. The reaction was allowed to react at low temperatures for 5 

minutes before warming to room temperature. This reaction sequence resulted in the 

isolation of Tp′PtMeCl(CH=C(H)Ph) 3, (eq 4).  

 

 
The phenylvinyl ligand olefinic protons appear as doublets at 6.95 and 6.49 ppm 

with 10.5 Hz coupling. They both demonstrate platinum coupling, with 2JPt-H = 51 Hz and 

3JPt-H = 67 Hz respectively. The chloride ligand pushes the Pt-methyl signal downfield to 

2.08 ppm. This is a notable shift compared to most Tp′Pt(IV)Me2 fragments which 

commonly appear between 1.20 and 1.50 ppm. 14-16 The C-13 signal for the Pt-methyl 

signal appears at -3.78 ppm with 1JPt-C = 517 Hz—around 100 Hz smaller coupling than 

is seen for analogous complexes with the Tp′Pt(IV)Me2 fragment. 
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Intrigued by the new Pt(IV) species, we investigated how this complex was 

formed. We hypothesized that the Pt(II) acetylene formed in situ and then underwent 

oxidative addition to form [κ2(Tpʹ(NH))PtCH3(H)(C≡CPh)][BF4]. The protonated pyrazole 

arm transfers the proton to form the Pt-vinylidene before the hydride adds at the carbon 

alpha to the metal forming the cis-vinyl ligand, consistent with literature president. The 

resulting Pt center would be electrophilic and able to abstract a Cl- from the solvent 

(Figure 1).  

 

 

Figure 1 Proposed mechanism for formation of complex 3  

 

Finding conditions that allowed isolation of complex 1e was crucial. Switching to 

a different solvent, chlorobenzene, allowed isolation of 1e.  Motivated to form an 
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acetylide ligand, n-butyl lithium was added to 1e to deprotonate the acetylene ligand. 

However, the reaction resulted in Pt black, not the desired Pt(II) acetylide complex.  

Since the Pt acetylene deprotonation proved problematic 

[Tp′Pt(Me)(phenylacetylide)]- was target directly. A solution of phenylene acetylene in 

dichloromethane was brought to -78 oC and n-Butyl lithium was added slowly to allow 

for the isolation of lithium phenyl acetylide, LiC≡CPh. The addition of tetrafluoroboric 

acid to Tp′PtMe2H releases methane and forms the [(κ2(NH)Tp′)PtMe(solvent)][BF4]. 

When the reaction was done in acetonitrile, the LiCCPh wasn’t reactive enough to 

displace the bound solvent molecule. Repeating the experiment in dichloromethane 

resulted in platinum black.  

Since we were unable to access the desired Pt(II) acetylide, we targeted a Pt(IV) 

acetylide complex, Tp′PtMe2(C≡CPh). Synthesis of (phenylethynyl)(phenyl)iodonium 

triflate, 4, provided a promising cationic acetylide source.17 

  

Metalation of the Tp′ ligand to platinum was achieved by treating one equiv of 

[PtMe2(SMe2)]2 with two equivalents of KTp′ to generate the [K][κ2-Tp′PtMe2]. The 

addition of the electrophilic reagent 4 oxidatively added the acetylide fragment, allowing 

for isolation of the desired Tp′PtMe2(C≡CPh) complex, 5; iodobenzene formed as a side 

product, eq 5. The C-13 NMR spectrum confirmed the formation of the phenyl acetylide 

ligand, with the carbon alpha to the platinum observed at 69.4 ppm with 1JPt-C = 1370 Hz. 

The β-carbon to the metal center is further downfield at 95.4 ppm with 2JPt-C = 296 Hz.  

I
OTf

4
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To explore the reactivity of this Pt(IV) acetylide moiety,  a solution of 5 and 

sodium cyanoborohydride (NaBH3CN) was monitored by 1H NMR. Letting the mixture 

stir for 24 hours showed no reactivity. Switching to a stronger hydride reagent, lithium 

triethylborohydride, also led to no reaction.  

Confident that a platinum acetylide ligand would be electron rich, we sought to 

investigate the formation of a Pt-vinylidene complex. The addition of a proton to the 

triple bond of the acetylide ligand in complex 5 seemed likely to attack at the β-carbon to 

the metal and formed a Pt=C=C(H)(Ph) moiety. Addition of H[B(ArF)4]�(Et2O)2 to a 

solution of 5 at low temperatures results in a clean intermediate, but upon warming to 

room temperature ultimately results in elimination of methane and formation of platinum 

black and an unidentifiable product in low yield. 

To probe the possible formation of a cationic Pt(IV) vinylidene complex, 

investigations into the low temperature reactivity of 5 with H[B(ArF)4]�(Et2O)2 proved 

informative.  As shown in equation 6, the β-carbon of the acetylide ligand is initially 

protonated by HB(ArF)4, resulting in the desired cationic Pt(IV) vinylidene complex, 

[TpʹPt(=C=C(H)(Ph))(Me)2][B(ArF)4], 6. This intermediate is observable by NMR at 213 

K for prolonged periods of time. The proton on the β-carbene of the vinylidene ligand 
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appears as a singlet at 3.03 ppm with 3JPt-H = 84 Hz. The C-13 NMR reveals the alpha 

carbon of the vinylidene moiety at 526 ppm. This is exceedingly low field signal for the 

carbon alpha to the metal center and is slightly downfield of the cationic Pt(IV) carbene 

carbon signal which was observed at 500 ppm.18 This drastic downfield carbon peak 

indicates the Pt(IV) vinylidene has significant cationic character on the alpha carbon, 

consistent with the platinum center only weakly donating electrons to stabilize the alpha 

carbon.  

 

 

There are several plausible pathways for the cationic Pt(IV) vinylidene complex 

to react upon warming above 213 K. Once the vinylidene ligand is formed, the proton on 

the beta carbon is presumably acidic. This proton could protonate the proximal pyrazole 

arm directly (scheme 2, a). This would generate a 5-coordinate Pt(IV) acetylide cation 

poised for reductively elimination. Direct C-C bond reductively coupling from the 

acetylide to an adjacent methyl ligand would generate a d8 [κ2(Tpʹ(NH))PtMe(η2-

H3CC≡CPh)][B(ArF)4] 7. Alternatively, the vinylidene ligand could insert into a Pt-

methyl bond to form a vinyl ligand. The vinyl ligand is capable of beta hydride 

elimination to form a Pt-hydride, which would reductively eliminate with a pyrazolyl arm 
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to generate the final product, [κ2(Tpʹ(NH))PtMe(η2-H2C=C=CPh)] [B(ArF)4]  8. A third 

option would involve the isomerization of the vinylidene unit to phenyl acetylene 

(scheme 2, c). Once formed, the Pt(IV) wouldn’t be able to donate enough electron 

density for the phenyl acetylene to stay in the coordination sphere. Instead it would result 

in unstable 5-coordinate d6 cationic complex. 
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Scheme 2  Proposed mechanistic pathways after formation of 6. 
 

 

4.3 Conclusion 

In summary, we have prepared a d6 Pt-acetylide complex. Through electrophilic 

addition, the Pt-acetylide is protonated at the β-carbon to the metal center to form a 

cationic Pt(IV) vinylidene complex. We observed the Pt(IV) vinylidene with 1H and 13C 

NMR spectrometry, and the α-carbon of the vinylidene ligand was difficult to observe at 

526 ppm. This is the first reported observation of a Pt(IV) vinylidene. 

 

4.4 Experimental Section 

All reactions were performed under an atmosphere of dry argon using standard 

Schlenk and drybox techniques.  Argon was purified by passage through columns of 
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BASF R3-11 catalyst and 4 Å molecule sieves. Methylene chloride, hexanes, and pentane 

were purified under an argon atmosphere and passed through a column packed with 

activated alumina. All other chemicals were used as received without further purification.   

1H and 13C NMR spectra were recorded on Bruker Cryoprobe B600 or AV3500 

spectrometers. 1H NMR and 13C NMR chemical shifts were referenced to residual 1H and 

13C signals of the deuterated solvents.  Elemental analyses were performed by Robertson 

Microlit Laboratories of Madison, NJ. TpʹPtMe2H19 and complex 417 were prepared 

following literature procedures  

TpʹPt(CH=CHPh)(Me)(Cl) (3).  An NMR tube was charged with 0.020g (0.038 

mmol) of TpʹPtMe2H. Dry CH2Cl2 (0.5 mL) and 4.6l µl (0.040 mmol) of phenylacetylene 

were added and the tube was sealed. The NMR tube was cooled to -80 oC and 5.2 µl 

(0.040 mmol) HBF4 was added. The mixture was left to sit at -80 oC for 3 hours before 

slowly warming to room temperature; the mixture was chromatographed on alumina with 

methylene chloride as the elutant. Collection of the elutant followed by removal of 

solvent resulted in a off white powder. Yield: 10 mg, 40%. 1H NMR (CD2Cl2, 298 K δ) 

6.95 (d, 1H, Pt-CH=C, 3JH-H cis = 10.5Hz, 2JPt-H = 51 Hz), 6.79 (t, 1H, para-Ph), 6.67 (t, 

2H, meta-Ph), 6.40 (d, 1H, Pt-CH=CH, 3JH-H cis = 10.5Hz, 3JPt-H = 66.5 Hz), 6.01 (d, 2H, 

ortho-Ph), 5.85 (s, 1H, TpʹCH), 5.70 (s, 1H, TpʹCH), 5.35 (s, 1H, TpʹCH), 2.53, 2.46, 

2.38, 2.37, 2.27, 2.25 (s, 3H each, TpʹCH3), 2.08 (s, 3H, Pt-CH3, 2JPt-H = 67 Hz). 13C 

NMR (δ, CD2Cl2, 298 K): 151.63, 151.38, 151.14, 144.83, 144.03, 143.93 (TpʹCCH3), 

137.88 (ipso-Ph), 133.49 (Pt-C=C, 2JPt-C = 11 Hz), 126.89 (ortho-Ph), 126.62 (meta-Ph), 

125.17 (para-Ph),113.04 (Pt-C=C, 1JPt-C = 758 Hz) 108.47, 107.97, 107.51 (TpʹCH), 

14.17, 13.62, 13.07, 12.80, 12.24, 12.06 (TpʹCH3), -3.78 (Pt-CH3, 1JPt-C = 517 Hz). Anal 
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Calcd for C24H32B1N6ClPt: C, 44.63; H, 4.99; N,13.01. Found: C, 44.12; H, 4.98; N, 

12.96.  

Tp′PtMe2(C≡CPh) (5). A vial was charged with 0.020g (0.035 mmol) of 

[PtMe2(SMe2)]2 and 0.024m (0.070 mmol) of KTp′ in the box. THF was added (1.5ml) to 

the vial and the vial was capped and left to stir. After four hours, 0.032g (0.070 mmol) of  

(phenylethynyl)(phenyl)iodonium triflate20 was added to the vial. The solution turned 

yellow and a solid precipitated. The mixture was chromatographed on alumina with 

methylene chloride as the elutant. The elutant was collected and the solvent was removed 

via rotary evaporation and the resulting oil was triturated with pentane to afford a yellow 

solid. The yellow sold was heated to 50 oC under vacuum to pull off the iodobenzene and 

isolate a mixture of 5 and an unknown Tp′Pt product as a yellow solid. 1H NMR (CD2Cl2, 

298 K, δ) 7.31 (d, ortho-Ph) 7.22 (t, 2H, meta-Ph), 7.14 (m, 1H, para-Ph), 5.87 (s, 1H, 

TpʹCH), 5.84 (s, 2H, TpʹCH), 2.57, 2.37 (s, 6H each, TpʹCH3), 2.56, 2.39 (s, 3H each, 

TpʹCH3), 1.70 (s, 6H, Pt-CH3, 2JPt-H = 67 Hz). 13C NMR (CD2Cl2, 298 K, δ): 152.00, 

150.91, 144.69, 144.28 (TpʹCCH3), 137 (ipso-Ph), 131.79 (ortho-Ph), 128.23 (meta-Ph), 

126.14 (para-Ph), 108.44, 107.74 (TpʹCH), 95.35 (Pt-C≡C, 2JPt-C = 296 Hz), 69.38 (Pt-

C≡C, 1JPt-C = 1370 Hz) 15.30, 13.52, 13.12, 12.77, (TpʹCH3), -9.85 (Pt-CH3, 1JPt-C = 565 

Hz). 

[TpʹPt(=C=C(H)(Ph))(Me)2][B(ArF)4] (6).  An NMR tube was charged with 0.018g 

(0.018 mmol) of H[B(ArF)4]�(Et2O)2 in a glove box. Dry CD2Cl2 (0.3 mL) was added and 

the tube was sealed. The NMR tube was cooled to -80 oC and a solution of 0.011 g (0.018 

mmol) of 5 in 0.3mL of CD2Cl2 was slowly added. The mixture was mixed for 1 min 

using a thin copper wire. The sample was transported cold (-78 oC) to an NMR probe 
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cooled to -80 oC and slowly warmed to -60 oC. Complex 6 was only formed in situ, 

roughly 50% yield, with the rest of the metal present as reagent, complex 9.  1H NMR 

(CD2Cl2, 213 K, δ), 3.03 (s, 1H, Pt=C=C(H)(Ph), 3JPt-H = 84 Hz). 13C NMR (CD2Cl2, 213 

K, δ), 525.8 (1C, Pt=C=C).  
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CHAPTER FIVE 
 

Syntheses of Cationic Platinum(IV) Complexes Including an Unusual Pt-CH2CH2-Pt 
Bridge1 

 
5.1 Introduction 

The synthesis of K[Pt(C2H4)Cl3]�H2O in 1827 was a seminal event in 

organometallic chemistry.1 Existing in d6, d8, or d10 configurations, platinum complexes 

are stable enough for extensive investigations into their reactivity. Perhaps most often 

probed are oxidative addition and reductive elimination reactions. Oxidative addition 

reactions are a fundamental process in transition metal chemistry.2 Substrate activation 

often is the first step in functionalization of organic compounds needed for synthetic and 

catalytic processes in organic, inorganic, and organometallic chemistry.3 

Pt(II) centers oxidatively add electrophiles, a formal 2e- process. Oxidative 

addition can occur as a concerted three-center cis addition, a bimolecular SN2 type 

mechanism, or by following a radical mechanism. The three-center cis addition requires a 

coordinatively unsaturated metal center and the bond adds across the metal in a concerted 

fashion (scheme 1a). Alternatively, for a SN2 bimolecular addition, platinum acts as a 

nucleophile, forming a cationic intermediate (scheme 1b). There are a few examples of an 

anion binding to the platinum center, generating a highly nucleophilic center, which 

drives the SN2 reactivity (scheme 1c). Free radical reactivity can include chain or 

nonchain inner-sphere electron transfer.  

                                         
1 Reproduced with permission from Lavoie, K. D., Frauhiger, B. E., White, P.S., Templeton, J. L., DOI: 
10.1016/j.molcata.2016.07.002 
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Scheme 1  Mechanisms for electrophiles adding to d8 platinum centers. 

 

 In 1963, Doyle et al published a report of oxidative addition of methyl iodide to 

cis[Pt(tolyl)2(py)2].4 Since then, Pt(IV) stabilized with nitrogen donors has been an area 

of expanding impact. Due to the strong σ-donor and weak π-acceptor electronics of 

amines, they have proven more effective ligands for oxidation state interconversions than 

the tertiary phosphines or arsine ligands.5,6 The nucleophilicity of the Pt(II) center is 

enhanced by the “hard” nature of nitrogen, an important effect for facilitating SN2-type 

reactivity. Investigations into hemilabile ligands with N-donors allows for opening a 

coordination site while still helping stabilize the platinum center resulted in the common 

use of heterocycles with sp2 hybridized nitrogen atoms.7 These bidentate and tridentate 

ligands allow for new mechanisms of oxidative addition called oxidative ligation. In 

oxidative ligation, the platinum center is oxidized by the addition of a new ligand, but 

instead of a concerted addition, the chelated arm binds to form octahedral Pt(IV) products 

(scheme 2). 8-10  
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Scheme 2  Oxidative ligation with a bidentate and tridentate nitrogen donor ligands.  

 

 In chapter 2 we compared the structures of various scorpionate ligands bound to 

Pt(IV)trimethyl fragments. Investigations into oxidative addition of Pt centers ligated by 

either 4-(bis(3,5-dimethyl-1H-pyrazol-1-yl)methyl)-1-phenyl-1H-1,2,3-triazole (bpztzPh) 

or tris(3,5-dimethylpyrazolyl)methane (Tpm) are reported herein. Comparison of the two 

ligands explores the difference resulting from the third arm, either a triazole ring or a 

pyrazole ring, respectively. Electrophilic oxidation of Pt(II) isomers to form Pt(IV) 

products with electrophilic reagents, including simple acids and acid chlorides leads to 

isomers in some cases, and the binding properties of the various donor arms dictate the 

stereochemistry of the products.  Investigations into the reactivity of heteroscorpionate 

tridentate ligands bound to platinum(II) led to C-Cl activation reactions with methylene 

chloride and 1,2-dichloroethane. 

Pt RS
N R Pt RS

N R

Pt RN
N R Pt RN

N R
N

R'

N

R'

X-

X-N

N

R'X

R'X

a) bidentate oxidative ligation

b) tridentate oxidative ligation



 123 

 

 

5.2 Results and Discussion 

2.1 Electrophilic Addition: Isomer Preferences for d8 Pt(II) and d6 Pt(IV) 

Bidentate binding of the bpztzPh ligand to form a square planar dimethylPt(II) 

complex could form two isomers. The ligand could bind either with one free pyrazole 

arm or with both pyrazole rings bound and with the triazole ring free. If these two 

isomers were energetically equivalent and isomerization were easily accessible, a 

statistical 1:2 ratio favoring the asymmetrical isomer should result. The addition of two 

equivalents of bpztzPh to one equivalent of [PtMe2(SMe2)]2 in tetrahydrofuran initially 

displayed a 1:1 ratio of the symmetric to asymmetric isomers in the 1H NMR spectrum. 

After 30 minutes a preference (3:1) for the symmetric (κ2-bpztzPh)Pt(CH3)2 isomer with 

the triazolyl arm free was evident. This ratio increased to 5:1 after 90 minutes. This result 

implies that in the square planar Pt(II) case, the triazole arm binds less tightly than the 

pyrazole arms, a different conclusion than was drawn above for Pt(IV) based on solid 

state Pt-N bond distances. The difference in Pt(II) d8 versus Pt(IV) d6 binding preferences 

seemed poised to promote oxidative addition to the metal center: the triazole arm would 

be non-coordinated in the Pt(II) state then stabilize the high valent Pt(IV) by donating 

electron density to the metal center and completing a six-coordinate geometry.  
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Mimicking previous results with TpʹPtMe2H [Tpʹ = hydridotris(3,5-

dimethylpyrazolyl)borate],8 we synthesized a Pt(IV) hydride complex by protonation of 

the Pt(II) intermediate. Metalation of the bpztzPh ligand followed by low temperature 

addition of tetrafluoroboric acid resulted in the desired complex, [bpztzPhPtMe2H][BF4], 

1 (eq 1). The 1H NMR spectrum of the hydride product displayed two isomers in a 2:3 

ratio with the symmetric complex as the major isomer. The major isomer has the hydride 

trans to the triazole arm and displays 1JPt-H = 1424 Hz, while the minor asymmetric 

isomer has 1JPt-H = 1480 Hz. Both 1JPt-H values are typical coupling constants for Pt(IV) 

hydride complexes. 8,11,12  

The more stable symmetrical isomer of the square planar Pt(II) intermediates with 

both pyrazole arms bound is presumably trapped by the oxidation of the Pt center as the 

acid adds to platinum. This places the hydride trans to the triazolyl ligand. However, the 

hydride is a stronger donating ligand than the methyl groups so it would prefer to bind 

trans to a pyrazole arm. Isolation of the symmetric Pt(IV) hydride complex demonstrates 

that once the Pt(IV) complex is formed, the barrier to isomerization increases 

significantly relative to the Pt(II) barrier. Under the conditions we utilized, isomerization 

of the mixed ligand only occurs at the Pt(II) d8 configuration before the complex is 

oxidized to Pt(IV).  
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Similar oxidation of Pt(II) to Pt(IV) addition reactions can be observed with other 

electrophiles. As shown in equation 2, the addition of acyl chloride to a solution of 

bpztzPh and [PtMe2(SMe2)]2 results in a cationic Pt(IV) acyl complex. Anion exchange of 

chloride to triflate to generate [bpztzPhPtMe2(C(O)CH3)][OTf], 2, was accomplished by 

addition of MeOTf. Only the symmetric isomer with the triazole donor arm trans to the 

acyl ligand was observed in the 1H NMR spectrum. We attribute this to the acyl chloride 

reacting relatively slowly with the Pt(II) complex. Slow electrophilic addition of the 

acylchloride would allow isomerization at the Pt(II) stage and thus the symmetric isomer 

could be selectively trapped.   

  

An x-ray structure of 2 was obtained to confirm the geometry of the complex. 

However, due to disorder between the acyl oxygen and methyl group of the acyl ligand 

the geometrical parameters are less accurate than other bond distances and angles 

reported in this thesis. Figure 1 shows the x-ray structure of 2 and selected bond distances 

and angles are presented in Table 1. 
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Figure 1  X-ray structure of [bpztzPhPtMe2C(O)CH3][OTf] 2.  Ellipsoids are drawn at the 
50% probability level.  Hydrogen atoms and trifluoromethansulfonate counterion are 
omitted for clarity. 
 
 
Table 1  Selected bond lengths (Å) and angles (deg) for one monomer of complex 2.  
 
 

 

   

 

 

 

 

Comparable acyl chemistry was observed with Tpm as the tridentate ligand. The 

addition of acyl chloride to a solution of Tpm and [PtMe2(SMe2)]2  followed by  

exchange of the anion results in the anticipated [TpmPtMe2(C(O)CH3)][OTf], 3, product 

Bond Lengths 
Pt-N7 2.111(5) Pt-C2 2.057(5) 
Pt-N19 2.188(5) Pt-C3 2.133(5) 
Pt-N26 2.234(5) Pt-C4 2.030(7) 
C4-O 1.173(11)   
Bond Angles 
N7-Pt-N19 84.07(18) C4-Pt-C3 92.0(3) 
C4-Pt-N7 92.0(3) O-C4-Pt 116.0(6) 
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(eq 3). The acetyl carbon in the 13C NMR spectrum is seen at 191.5 ppm with 1JPt-H = 894 

Hz, slightly smaller than the coupling seen for complex 2 (ca 912 Hz).  

  

 

Slow diffusion of pentane into a solution of 3 in dichloromethane produced 

colorless crystals suitable for X-ray crystallography. Figure 2 shows the x-ray structure of 

a monomeric unit of 3 and selected bond distances and angles are presented in Table 2.  

 

 

Figure 2  X-ray structure of [TpmPtMe2C(O)CH3][OTf] 3.  Ellipsoids are drawn at the 
50% probability level. Hydrogen atoms and trifluoromethanesulfonate counterion are 
omitted for clarity. 
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Table 2  Selected bond lengths (Å) and angles (deg) for one monomer of complex 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2.2 Pt(II) Reactions with Alkyl Chloride Solvents  

 In the absence of electrophilic reagents, a solution of bpztzPh and [PtMe2(SMe2)]2 

in dichloromethane results in cleavage of a C-Cl bond of the solvent to form cationic 

complex [bpztzPhPtMe2(CH2Cl)]+, 4, with Cl- as the leaving group. The addition of 

tetrafluoroboric acid at low temperature effected anion exchange to produce 

[bpztzPhPtMe2(CH2Cl)][BF4], equation 4. In the 1H NMR spectrum of 4, a single 

resonance for both the Pt-CH2Cl protons at 4.36 ppm (2JPt-H
 = 50 Hz) along with one 

resonance for the two aromatic pyrazolyl-protons at 6.06 ppm, indicate Cs symmetry. A 

2D NMR HSQC spectrum displays crosspeaks between the protons at 4.36 ppm and a 

carbon at 20.3 ppm in the 13C NMR. The peak at 20.3 ppm in the 13C NMR displays 841 

Hz coupling to Pt, indicative of a one-bond platinum carbon bond, confirming a direct Pt-

C bond as opposed to the solvent binding through a chlorine atom of dichloromethane. 13-

15  

Bond Lengths 
Pt-N6 2.188(5) Pt-C1 2.047(5) 
Pt-N13 2.184(4) Pt-C2 2.024(8) 
Pt-N20 2.170(4) Pt-C3 2.075(12) 
C3-O 1.197(10)   

Bond Angles 
N6-Pt-N20 82.52(15) C3-Pt-N20 166.6(5) 
C1-Pt-N6 92.4(2) O-C3-Pt 130.3(12) 
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Slow evaporation of a solution of 4 in dichloromethane produced pale yellow 

crystals suitable for X-ray crystallography. Figure 3 shows the x-ray structure of a single 

unit of 4, and selected bond distances and angles are presented in Table 3. The metal 

center adopts a slightly distorted octahedral geometry. The Pt-C1-Cl angle through the 

chloromethyl ligand is 114.8°, surely distorted from the ideal tetrahedral bond angle 

(109.5°) due to steric effects. The carbon metal bond to the methyl chloride ligand (Pt-C1) 

is the shortest of the Pt-C bonds, at 2.026 Å, consistent with expectations for an electron 

withdrawing group on the methyl ligand. 
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Figure 3  X-ray structure of [bpztzPhPtMe2(CH2Cl)][BF4] 4.  Ellipsoids are drawn at the 
50% probability level.  Hydrogen atoms and counterion are omitted for clarity. 
 
 
 
Table 3  Selected bond lengths (Å) and angles (deg) for complex 4.  

 

 
 
 

 
 
 
 

 

 

Bond Lengths 
Pt-N5 2.110(4) Pt-C1 2.026(5) 
Pt-N16 2.196(4) Pt-C2 2.056(5) 
Pt-N23 2.187(4) Pt-C3 2.048(5) 
C1-Cl 1.775(6)   

Bond Angles 
N5-Pt-N16 83.67(14) C1-Pt-C2 87.9(2) 
C1-Pt-N16 95.64(19) Cl-C1-Pt 114.8(3) 
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Intrigued by the proclivity of Pt(II) to break C-Cl bonds, we investigated the 

possibility of the other tridentate ligands facilitating similar reactivity.16-19 No reactivity 

was observed with the POPz3 ligand after a week of stirring in dichloromethane. Due to 

the low solubility of KTp' in dichloromethane, we first formed the κ2Pt(II) complex 

[K][κ2Tp'PtMe2] in tetrahydrofuran, then added dichloromethane to the reaction mixture. 

Again, no oxidative addition of methylene chloride was observed. In contrast, the 

reaction of Tpm and [PtMe2(SMe2)]2 in dichloromethane  resulted in an analogous 

complex, [TpmPtMe2(CH2Cl)][Cl] 5, after 24 hours, equation 5. Complex 5 shows a peak 

in the 1H NMR spectrum at 4.34 with 49 Hz platinum coupling for the chloromethyl 

ligand.  

 

Slow diffusion of pentane into a solution of 13 in dichloromethane produced pale 

yellow crystals suitable for X-ray crystallography. Figure 4 shows the x-ray structure of a 

monomeric unit of 5 and selected bond distances and angles are presented in Table 4. The 

Pt-CH2Cl carbon bond length is again shorter than the Pt-C distances to the two methyl 

ligands, but it is elongated by 0.013 Å compared to the distance in the bpztzPh complex, 5. 
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Figure 4  X-ray structure of [TpmPtMe2(CH2Cl)][Cl] 5. Ellipsoids are drawn at the 50% 
probability level.  Hydrogen atoms and counterion are omitted for clarity. 

Table 4  Selected bond lengths (Å) and angles (deg) for complex 5.  

 

 

 

 

 

We next attempted the reaction of 1,2-dichloroethane with a Pt(II) precursor.  

Stirring a solution of bpztzPh and [PtMe2(SMe2)]2  in 1,2-dichloroethane for three days 

results in the formation of a PtCH2CH2Cl entity. Addition of MeOTf to the complex 

Bond Lengths 
Pt-N1 2.147(3) Pt-C1 2.039(7) 
Pt-N3 2.109(4) Pt-C2 2.046(6) 
Pt-N5 2.208(4) Pt-C3 2.060(7) 
C1-Cl 1.775(6)   

Bond Angles 
N1-Pt-N5 86.23(14) C1-Pt-C2 88.9(3) 
C1-Pt-N1 93.7(2) Cl-C1-Pt 114.8(3) 
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exchanged the anion to the noncoordinating triflate. A secondary anion exchange was 

accomplished through the addition of sodium tetrakis[(3,5-trifluoromethyl)phenyl]borate 

(NaB(ArF)4) and led to the isolation of [bpztzPhPtMe2CH2CH2Cl][B(ArF)4], 6, (eq 6). In 

the 1H NMR spectrum of 6, the major isomer is the symmetric product, with the triazole 

donor trans to the chloroethyl ligand. The two protons bound to the carbon alpha to the 

metal center appear as a distinctive 8-line pattern at 2.81 ppm. Further downfield at 3.38 

ppm is a similar splitting pattern corresponding to the protons bound to the beta carbon of 

the PtCH2CH2Cl fragment, reflecting the second order AAʹXXʹ pattern typical of 

XCH2CH2Y entities.  

  

We attempted analogous chemistry with 1,2-dichloroethane and other 

homoscorpionate ligands to no avail. The ability to activate the C-Cl bond at one end of 

1,2-dichloroethane demonstrates the unusual reactivity of this asymmetrical bpztz 

tridentate ligand. 

In an effort to promote elimination from the Pt-CH2CH2Cl fragment of complex 6 

we added a base, sodium methoxide. We anticipated the methoxide would deprotonate 

the carbon alpha to Pt and perhaps lead to elimination to form a Pt-vinyl ligand. 

Alternatively methoxide could simply displace the chloride to form a Pt-CH2CH2OCH3 
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ligand. The addition of sodium methoxide to cationic complex 6 in THF resulted in the 

precipitation of a white solid containing platinum. The solid, sparingly soluble in 

dichloromethane, reacted with NaB(ArF)4 and led to the isolation of a dicationic, 

dinuclear product, [(bpztzPh)Me2PtCH2CH2PtMe2(bpztzPh)][B(ArF)4]2, 7, eq 7.  

 

The 1H NMR spectrum was complex due to second order effects so we begin by 

describing the definitive C-13 NMR spectrum which led to unambiguous identification of 

the PtCH2CH2Pt unit. The 13C NMR spectrum indicates the presence of a dinuclear 

complex containing a –CH2CH2– bridge: a single peak centered at 20 ppm exhibits two 

sets of Pt satellites, one having 1JPt-C = 622 Hz and one having 2JPt-C = 31 Hz (appendix 

5.1). Note that complex 7 proved challenging to identify by 1H NMR since “apparent” 

quartets at 2.92 and 2.06 ppm were misleading (figure 5a). During the formation of 7, one 

of the tridentate ligands isomerized, resulting in a pyrazole arm trans to the alkyl bridge, 

making each of the two Pt centers chiral. The bridging ethylene ligand then becomes an 

AXAʹXʹ system, but instead of the AAʹ hydrogens residing on the same carbon as in the 

XCH2CH2Y case, the A and Aʹ hydrogens are on Cα and Cβ, respectively, as are X and Xʹ. 

These pairwise diastereotopic protons resemble overlapping doublets (3JH-H = 9.5 Hz) that 

are roofed, appearing roughly as quartets. The Pt satellites are an additional complication 
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and there are observable satellite peaks due to the proton seeing a spin active platinum 

center both 2 and 3 bonds away (although not in the same molecule, figure 5a). 

Simulations supported our analysis, with a geminal proton coupling of -9.5 Hz and 

vicinal couplings of 5.0 and 9.0 Hz. We were also able to replicate the platinum satellites 

through simulations of an AXAʹXʹM system, calculating 2JPt-H and 3JPt-H couplings of 70 

and 52 Hz respectively. Overlaying the simulated spectrum allows for easy comparison to 

the NMR spectra (figure 5b). 

 

 

 

 

 

 

 

 

 

Figure 5  Observed and simulated spectra of the bridging ligand for complex 7. 
Calculated with a geminal coupling constant of -9.5 Hz, vicinal coupling constants of 5.0 

a. 1H NMR spectra 
 

b. simulation of the bridging dimer 
protons 

 
 

c. simulation of the Pt-satellites for 
the bridging dimer protons 

a. 1H NMR spectra 
 

b. simulation of the bridging dimer 
protons 

 
 

c. simulation of the Pt-satellites for 
the bridging dimer protons 
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and 9.0 Hz, two bond platinum proton coupling constant of 70 Hz and three bond 
coupling constant of 52 Hz. 

Preparing a complex with two bridging methylene units between platinum centers 

is rare, and we probed the importance of the base by adding sodium amide to complex 6.  

The result was the same product, indicating that the identity of the base is unimportant in 

forming the dinuclear product.  We propose that the base reacts with the Pt(IV) starting 

material to reductively eliminate the ethylchloride ligand, perhaps by simply attacking the 

alpha carbon to form MeOCH2CH2Cl and the reduced Pt complex. This κ2-bpztzPhPtMe2 

reagent could then react with the C-Cl bond of a second molecule of 7.  Indeed the 

addition of complex 6 to a solution of κ2-bpztzPhPt(II)Me2 in THF resulted in 

precipitation of 7, eq 8. 

 

 

5.3 Conclusion 

Metalation of asymmetrical scorpionate ligands bearing two pyrazolyl rings and 

one triazolyl ring to generate neutral Pt(II) complexes favors binding only the pyrazole 

arms rather than the triazole arm. Addition of electrophilic reagents to the dimethylPt(II) 
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fragment results in stable Pt(IV) complexes with two isomers possible. The 

(bpztzPh)PtMe2 d8 Pt(II) complex displaces chloride from methylene chloride rather than 

promoting C-H activation as was reported for various Tpʹ complexes of platinum.20 The 

ability to displace chloride from chlorinated solvents led to the synthesis of an unusual 

dicationic Pt(IV) dimer bridged by an ethylene ligand.21-23  

 

5.4 Experimental Section 

Materials and Methods.  All reactions were performed under an atmosphere of 

dry nitrogen using standard Schlenk and drybox techniques.  Nitrogen was purified by 

passage through columns of BASF R3-11 catalyst and 4 Å molecule sieves. 

Dichloromethane, dimethyl ether, tetrahydrofuran (THF), and pentane were purified 

under an argon atmosphere and passed through a column packed with activated alumina. 

All other chemicals were used as received without further purification.  Silica column 

chromatography was conducted with 230-400 mesh silica gel and alumina column 

chromatography was conducted with 80-200 mesh alumina. 

1H and 13C NMR spectra were recorded on AVANCE500 or ULTRA SHIELD 

CRYOQNP600 spectrometers. 1H NMR and 13C NMR chemical shifts were referenced to 

residual 1H and 13C signals of the deuterated solvents.  Elemental analyses were 

performed by Robertson Microlit Laboratories of Madison, NJ.  

Materials: Toluene (PhCH3), diethyl ether (Et2O), dichloromethane (CH2Cl2), and 

tetrahydrofuran (THF) were dried by passage through a column of neutral alumina under 
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nitrogen prior to use. All other reagents were purchased from commercial sources and 

were used as received unless otherwise noted.  

[bpztzPhPtMe2H][BF4] 1.  A 50-mL Schlenk was charged with 0.030 g (0.05 

mmol) of [PtMe2(SMe2)]2 and 0.036 g (0.10 mmol) of bpztzPh.  The flask was purged 

with argon and CH2Cl2 (10 mL) was added through the septum.  The solution was cooled 

to -78oC and 7.8 µl (0.06 mmol) of an 8M solution of tetrafluoroboric acid was added. 

The solution was warmed to room temperature while stirring for 30 minutes. The solvent 

was removed under reduced pressure and the resulting oil was triturated with pentane to 

afford 1 as a pale yellow solid in quantitative yield. Major isomer: 1H NMR (δ, CD2Cl2, 

298 K): 9.39 (s, 1H, tz H), 8.26 (s, 1H, HC(pz)2(tz)), 7.88 (d, 2H, o-Ph), 7.59 (m, 3H, m-

Ph and p-Ph), 6.05 (s, 2H, pz H), 2.63, 2.27 (s, 6H each,  pz, CH3), 1.36 (s, 3H, 2JPt-H = 71 

Hz, Pt-CH3), -19.67 (s, 1H, 1JPt-H = 1424 Hz).  13C NMR (δ, CD2Cl2, 298 K): 152.3, 152.0, 

142.9, 142.7 (pz C-CH3), 139.8 (tz 4-position), 136.0 (ipso-Ph), 130.4 (tz 5-position), 

130.2 (m -Ph), 124.3, (p-Ph), 120.5 (o-Ph), 108.8 (pz CH), 60.6 (HC(pz)2(tz)), 13.9, 13.6, 

12.8, 11.1 (pz CH3), -6.0 (1JPt-C = 638 Hz, Pt-CH3).  Minor isomer: 1H NMR (δ, CD2Cl2, 

298 K): 9.34 (s, 1H, tz H), 8.20 (s, 1H, HC(pz)2(tz)), 7.83 (d, 2H, o-Ph), 7.59 (m, 3H, m-

Ph and p-Ph), 6.07, 6.05 (s, 1H each, pz H), 2.65, 2.64, 2,35, 2.29 (s, 3H each, pz CH3), 

1.54 (s, 3H, 2JPt-H = 71 Hz, Pt-CH3), 1.33 (s, 3H, 2JPt-H = 70 Hz, Pt-CH3), -21.01 (s, 1H, 

1JPt-H = 1450 Hz). 13C NMR (δ, CD2Cl2, 298 K): 152.3, 152.0, 142.9, 142.7 (pz C-CH3), 

139.8 (tz 4-position), 136.0 (ipso-Ph), 130.4 (tz 5-position), 130.2 (m -Ph), 124.3, (p-Ph), 

120.5 (o-Ph), 108.8 (pz CH), 60.6 (HC(pz)2(tz)), 13.9, 13.6, 12.8, 11.1 (pz CH3), -6.5 

(1JPt-C = 709 Hz, Pt-CH3), -8.3 (1JPt-C = 603 Hz, Pt-CH3).   



 139 

[bpztzPhPtMe2C(O)CH3][OTf] 2. A 50-mL Schlenk was charged with 0.030 g 

(0.05 mmol) of [PtMe2(SMe2)]2 and 0.036 g (0.10 mmol) of bpztzPh. The flask was 

purged with argon and CH2Cl2 (10 mL) was added through the septum.  The solution was 

treated with 63 µL (0.06 mmol) of a 1M solution of acetyl chloride and stirred overnight 

at room temperature. The solvent was removed under reduced pressure to remove any 

excess acetyl chloride. The resulting oil was dissolved in dichloromethane and 6.2 µL 

(0.055 mmol) of methyl trifluoromethanesulfonate was added. The solvent was removed 

under reduced pressure and the resulting oil was triturated with pentane to afford 2 as a 

pale yellow solid in quantitative yield. 1H NMR (δ, CD2Cl2, 298 K): 10.50 (s, 1H, tz H), 

9.35 (s, 1H, HC(pz)2(tz)), 7.95 (d, 2H, o-Ph), 7.54 (m, 3H, m-Ph and p-Ph), 6.10, 6.01 (s, 

1H each, pz H), 2.52 (br s, 6H,  pz, CH3), 2.34, 2.18 (s, 3H each, pz CH3), 2.31 (s, 3H, 

PtC(O)CH3), 1.58 (s, 3H, 2JPt-H = 76 Hz, Pt-CH3), 1.52 (s, 3H, 2JPt-H = 72 Hz, Pt-CH3).  

13C NMR (δ, CD2Cl2, 298 K):  189.6 (1JPt-C = 912 Hz, PtCO), 153.1, 152.0, 143.5, 143.3 

(pz C-CH3), 140.6 (tz 4-position), 136.0 (ipso-Ph), 130.3 (m-Ph), 130.0, (p-Ph), 121.1 (tz 

5-position), 121.0 (o-Ph), 108.5, 180.4 (pz CH), 61.3 (HC(pz)2(tz)), 35.8 (2JPt-C = 190 Hz, 

C(O)CH3), 13.6, 12.8, 12.1, 11.9 (pz CH3), -5.9 (1JPt-C = 691 Hz, Pt-CH3), -16.3 (1JPt-C = 

685 Hz, Pt-CH3). 

[TpmPtMe2C(O)CH3][OTf] 3.  A 50-mL Schlenk was charged with 0.030 g 

(0.05 mmol) of [PtMe2(SMe2)]2 and 0.031 g (0.10 mmol) of tris(3,5-

dimethylpyrazolyl)methane. The flask was purged with argon and CH2Cl2 (10 mL) was 

added through the septum.  The solution was treated with 63 µL (0.06 mmol) of a 1M 

solution of acetyl chloride and stirred for 30 minutes at room temperature. The solvent 

was removed under reduce pressure to remove any excess acyl chloride. The oil was 
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dissolved in dichloromethane and 6.0 µL (0.055 mmol) of methyl 

trifluoromethanesulfonate was added. The solvent was removed under reduced pressure 

and the resulting oil was triturated with pentane to afford 3 as a pale yellow solid in 

quantitative yield. 1H NMR (δ, CD2Cl2, 298 K): 7.96 (s, 1H, HC(pz)3), 6.20 (s, 2H, pz H), 

6.16 (s, 1H, pz H), 2.63, 2.16 (s, 6H each, pz CH3) 2.99, 2.63 (s, 3H each, pz CH3), 2.37 

(s, 3H, PtC(O)CH3), 1.64 (s, 3H, 2JPt-H = 72 Hz, Pt-CH3). 13C NMR (δ, CD2Cl2, 298 K):  

191.5 (1JPt-C = 894 Hz, PtCO), 154.3, 152.9, 142.0, 141.9 (pz C-CH3), 121.9 (triflate), 

110.4, 109.7 (pz CH), 69.6 (HC(pz)3), 34.5 (2JPt-C = 202.5 Hz, C(O)CH3), 13.9, 13.7, 12.8, 

12.6 (pz CH3), -7.4 (1JPt-C = 717 Hz, Pt-CH3). 

[bpztzPhPtMe2(CH2Cl)][BF4] 4.  A 50-mL Schlenk was charged with 0.030 g 

(0.05 mmol) of [PtMe2(SMe2)]2 and 0.037 g (0.10 mmol) of bpztzPh. The flask was 

purged with argon and CH2Cl2 (10 mL) was added through the septum. The yellow 

solution was stirred overnight at room temperature. The reaction was cooled to -78oC and 

7.5 µL (0.06 mmol) of tetrafluoroboric acid was added. The solution was warmed to 

room temperature while stirring for 30 minutes. The solvent was removed under reduced 

pressure and the resulting oil was triturated with pentane to afford 4 as a pale yellow solid 

in quantitative yield. 1H NMR (δ, CD2Cl2, 298 K): 9.41 (s, 1H, tz H), 8.23 (s, 1H, 

HC(pz)2(tz)), 7.84 (d, 2H, o-Ph), 7.55 (m, 3H, m-Ph and p-Ph), 6.06 (s, 2H, pz H), 4.36 

(2H, 2JPt-H = 50 Hz, CH2Cl), 2.634, 2.43 (s, 6H each, pz CH3), 1.48 (s, 6H, 2JPt-H = 71 Hz, 

Pt-CH3).  13C NMR (δ, CD2Cl2, 298 K):  152.7, 142.2 (pz C-CH3), 139.4 (tz 4-position), 

136.0 (ipso-Ph), 130.5, (p-Ph), 130.3 (m-Ph), 124.2 (tz 5-position), 120.6 (o-Ph), 108.6 

(pz CH), 60.6 (HC(pz)2(tz)), 20.3 (1JPt-C =841 Hz, CH2Cl), 13.1, 10.8 (pz CH3), -5.6 (1JPt-
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C = 662 Hz, Pt-CH3). Anal Calcd for C22H30N7F5IPt: C, 37.28; H, 4.12; N, 13.83. Found: 

C, 37.58; H, 3.60; N, 13.51.   

[TpmPtMe2(CH2Cl)][Cl] 5.  A 50-mL Schlenk was charged with 0.030 g (0.05 

mmol) of [PtMe2(SMe2)]2 and 0.031 g (0.10 mmol) of tris(3,5-

dimethylpyrazolyl)methane. The flask was purged with argon and CH2Cl2 (10 mL) was 

added through the septum.  The yellow solution was stirred 24 hours at room temperature. 

The solvent was removed under reduced pressure and the resulting oil was triturated with 

pentane to afford 5 as white solid in quantitative yield. 1H NMR (δ, CD2Cl2, 298 K): 7.96 

(s, 1H, HC(pz)3), 6.19 (s, 1H, Pz H), 6.17 (s, 2H, pz H), 4.34 (s, 2H, 2JPt-H = 49 Hz, 

CH2Cl), 2.75, 2.34 (s, 3H each, pz CH3), 2.72, 2.45 (s, 6H each, pz CH3), 1.50 (s, 6H, 

2JPt-H = 70 Hz, Pt-CH3). 13C NMR (δ, CD2Cl2, 298 K):  153.7, 153.5, 142.4, 141.7 (pz C-

CH3), 110.1, 109.6 (pz CH), 69.7 (HC(pz)3), 20.9 (1JPt-C =840 Hz, CH2Cl), 13.2, 13.1, 

12.1, 12.0, 11.9 (pz CH3), -6.6 (1JPt-C = 670 Hz, Pt-CH3). Anal Calcd for C19H30N6Cl2Pt: 

C, 37.50; H, 4.97; N, 13.81. Found: C, 37.21; H, 3.60; N, 12.51.   

[bpztzPhPtMe2(CH2CH2Cl)][BArF] 6.  In the glove box, a vial was charged with 

0.030 g (0.05 mmol) of [PtMe2(SMe2)]2 and 0.037 g (0.10 mmol) of bpztzPh.  The solids 

were dissolved in 1,2-dichloroethane (0.4 ml) and the vial was capped.  The yellow 

solution was stirred 3 days at room temperature. The solvent was removed under reduced 

pressure and dissolved in dichloromethane. The addition of 6.6 µL (0.06 mmol) methyl 

trifluoromethanesulfonate followed by solvent removal under reduced pressure gave the 

triflate anion for the complex. Dissolving the complex in dichloromethane followed by 

addition of 0.05 g (0.06 mmol) NaB(ArF)4 followed by filtration gave the B(ArF)4 anion 

for the complex. The solvent was removed under reduce pressure resulting in a clear oil. 
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The resulting oil was triturated with pentane to afford 6 as a white solid in 67% yield 

(100 mg).  1H NMR (δ, CD2Cl2, 298 K): 8.92 (s, 1H, tz H), 7.83 (s, 1H, HC(pz)2(tz)),  

7.75, 7.57 (s, 8H, 4H, B(ArF)4), 7.74 (d, 2H, o-Ph), 7.54 (m, 3H, m-Ph and p-Ph), 6.01 (s, 

2H, pz H), 3.38 (m, 2H, PtCH2CH2Cl), 2.66, 2.40 (s, 6H each, pz CH3), 2.81 (m, 2H, 

PtCH2CH2Cl),  1.47 (s, 6H, 2JPt-H = 71 Hz, Pt-CH3).  13C NMR (δ, CD2Cl2, 298 K): 162.0 

(B(ArF)4), 153.3, 143.0 (pz C-CH3), 139.5 (tz 4-position), 136.3 (ipso-Ph), 131.0, (p-Ph), 

130.7 (m-Ph), 129.3, 121, 117 (B(ArF)4), 124.2 (tz 5-position), 121.0 (o-Ph), 109.4 (pz 

CH), 60.9 (HC(pz)2(tz)), 45 (PtCH2CH2Cl), 30.1 (PtCH2CH2Cl), 13.5, 10.1 (pz CH3), -

6.1 (1JPt-C = 675 Hz, Pt-CH3). 

[bpztzPhMe2PtCH2CH2PtMe2bpztzPh][BArF]2 7. In the glove box, a vial was 

charged with 0.030 g (0.02 mmol) of 6 and 0.1mg (0.02 mmol) of NaOMe. The solids 

were dissolved in THF and the vial was capped overnight. The next morning the solvent 

was filtered away from the solid. The remaining solid was then washed with 

dichloromethane and the solution was collected. 0.022 g  (0.025 mmol) of NaB(ArF)4 was 

added to the solution, and the solution was filtered. Removal of the solvent under reduced 

pressure resulted in a white powder to afford 7 in 41% yield (0.012 g).   1H NMR (δ, 

CD2Cl2, 298 K): 8.41 (s, 2H, tz H), 7.71 (s, 16H, B(ArF)4), 7.54 (s, 8H, B(ArF)4, 7.70 (d, 

4H, o-Ph), 7.62 (m, 6H, m-Ph and p-Ph), 7.36 (s, 2H, HC(pz)2(tz)), 6.10 (s, 2H, pz H), 

6.00 (s, 2H, pz H), 2.92 (sloping doublets, 2H, 2JPt-H = 71 Hz, 3JPt-H = 48 Hz, 

PtCHHCHHPt), 2.51 (s, 12 H, pz CH3), 2.47, 2.19 (s, 6H each, pz CH3), 2.06 (sloping 

doublets, 2H, 2JPt-H = 44 Hz, 3JPt-H = 23 Hz, PtCHHCHHPt), 1.36 (s, 6H, 2JPt-H = 74 Hz, 

Pt-CH3), 1.21 (s, 6H, 2JPt-H = 74 Hz, Pt-CH3).  13C NMR (δ, CD2Cl2, 298 K):  152.7, 

142.8 (pz C-CH3), 142.2 (tz 4-position), 140.0 (ipso-Ph), 136.4, (p-Ph), 130.7 (m-Ph), 
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122.1 (tz 5-position), 120.1 (o-Ph), 109.3, 108.8 (pz CH), 60.9 (HC(pz)2(tz)), 16.2 (1JPt-C 

=622 Hz, 2JPt-C =31 Hz, PtCH2CH2Pt), 14.1, 13.8, 11.5, 11.2 (pz CH3), -6.7 (1JPt-C = 718 

Hz, Pt-CH3), -9.2 (1JPt-C = 730 Hz, Pt-CH3). Anal Calcd for C76H70N14ClF24BPt2: C, 

44.06; H, 3.41; N, 9.47. Found: C, 43.62; H, 3.16; N, 9.51.   
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Table 5  Crystal data and structural refinement parameters complex             
[bpztzPhPtMe2C(O)CH3][OTf] (2).  
 
 
Empirical formula  C24H30F3N7O4PtS  

Formula weight  764.70  

Temperature/K  100.15  

Crystal system  triclinic  

Space group  P-1  

a/Å  9.5435(7)  

b/Å  10.9989(7)  

c/Å  13.7606(9)  

α/°  78.506(3)  

β/°  77.315(4)  

γ/°  85.146(3)  

Volume/Å3  1379.64(16)  

Z  2  

ρcalcg/cm3  1.841  

µ/mm-1  10.795  

F(000)  752.0  

Crystal size/mm3  0.304 × 0.166 × 0.074  

Radiation  CuKα (λ = 1.54178)  

2Θ range for data collection/°  6.7 to 140.2  

Index ranges  -11 ≤ h ≤ 11, -13 ≤ k ≤ 13, -16 ≤ l ≤ 16  
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Reflections collected  82587  

Independent reflections  5106 [Rint = 0.0394, Rsigma = 0.0166]  

Data/restraints/parameters  5106/0/368  

Goodness-of-fit on F2  1.140  

Final R indexes [I>=2σ (I)]  R1 = 0.0385, wR2 = 0.0923  

Final R indexes [all data]  R1 = 0.0406, wR2 = 0.0936  

Largest diff. peak/hole / e Å-3  2.36/-1.39  
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Table 6  Crystal data and structural refinement parameters complex                
[TpmPtMe2C(O)CH3][OTf] (3).  
 
 
Empirical formula  C21H31F3N6O4PtS  

Formula weight  715.67  

Temperature/K  100  

Crystal system  orthorhombic  

Space group  Pbca  

a/Å  15.5752(2)  

b/Å  13.7902(2)  

c/Å  23.7500(3)  

α/°  90  

β/°  90  

γ/°  90  

Volume/Å3  5101.15(12)  

Z  8  

ρcalcg/cm3  1.864  

µ/mm-1  11.609  

F(000)  2816.0  

Crystal size/mm3  0.218 × 0.214 × 0.09  

Radiation  CuKα (λ = 1.54178)  

2Θ range for data collection/°  7.444 to 144.254  

Index ranges  -19 ≤ h ≤ 19, -14 ≤ k ≤ 17, -28 ≤ l ≤ 29  
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Reflections collected  42651  

Independent reflections  4988 [Rint = 0.0315, Rsigma = 0.0171]  

Data/restraints/parameters  4988/90/361  

Goodness-of-fit on F2  1.167  

Final R indexes [I>=2σ (I)]  R1 = 0.0381, wR2 = 0.0811  

Final R indexes [all data]  R1 = 0.0389, wR2 = 0.0816  

Largest diff. peak/hole / e Å-3  2.20/-1.54  
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Table 7  Crystal data and structural refinement parameters complex                 
[bpztzPhPtMe2CH2Cl][BF4] (4).  
 
 
Empirical formula  C22H29BClF4N7Pt  

Formula weight  708.87  

Temperature/K  100  

Crystal system  monoclinic  

Space group  P21/c  

a/Å  21.6316(5)  

b/Å  10.1043(2)  

c/Å  23.7979(6)  

α/°  90  

β/°  95.9347(11)  

γ/°  90  

Volume/Å3  5173.7(2)  

Z  8  

ρcalcg/cm3  1.820  

µ/mm-1  11.579  

F(000)  2768.0  

Crystal size/mm3  0.222 × 0.181 × 0.075  

Radiation  CuKα (λ = 1.54178)  

2Θ range for data collection/°  4.106 to 133.198  

Index ranges  -24 ≤ h ≤ 25, -12 ≤ k ≤ 12, -28 ≤ l ≤ 28  
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Reflections collected  63378  

Independent reflections  9023 [Rint = 0.0443, Rsigma = 0.0268]  

Data/restraints/parameters  9023/0/661  

Goodness-of-fit on F2  1.070  

Final R indexes [I>=2σ (I)]  R1 = 0.0330, wR2 = 0.0852  

Final R indexes [all data]  R1 = 0.0368, wR2 = 0.0875  

Largest diff. peak/hole / e Å-3  1.36/-1.56  
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Table 8  Crystal data and structural refinement parameters complex                
[TpmPtMe2CH2Cl][Cl] (5).  
 
 
Empirical formula  C19H30Cl2N6Pt  

Formula weight  608.48  

Temperature/K  100  

Crystal system  monoclinic  

Space group  P21/c  

a/Å  13.4026(12)  

b/Å  15.9431(14)  

c/Å  11.1625(10)  

α/°  90  

β/°  113.265(2)  

γ/°  90  

Volume/Å3  2191.2(3)  

Z  4  

ρcalcg/cm3  1.844  

µ/mm-1  14.356  

F(000)  1192.0  

Crystal size/mm3  0.251 × 0.169 × 0.146  

Radiation  CuKα (λ = 1.54178)  

2Θ range for data collection/°  7.18 to 144.774  

Index ranges  -16 ≤ h ≤ 16, -18 ≤ k ≤ 19, -13 ≤ l ≤ 13  



 153 

Reflections collected  26590  

Independent reflections  4315 [Rint = 0.0288, Rsigma = 0.0200]  

Data/restraints/parameters  4315/1/285  

Goodness-of-fit on F2  1.304  

Final R indexes [I>=2σ (I)]  R1 = 0.0311, wR2 = 0.0660  

Final R indexes [all data]  R1 = 0.0314, wR2 = 0.0662  

Largest diff. peak/hole / e Å-3  0.91/-1.18  
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APPENDIX 2.1 

Representative NMR Data for Chapter 2 
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APPENDIX 2.2 
 

Atomic coordinates and isotropic displacement parameters for 
[bpztzCyPtMe3][I]  (5-L2) 

 
U(eq) is defines as one third of the trace of the orthogonalized Uij tensor. 

 

Atom x/a y/b z/c U(eq) 
Pt1 2059.7(2) 6676.85(17) 3679.62(14) 21.18(8) 
N1 986(4) 4587(4) 2892(3) 21.9(8) 
N2 -115(4) 3612(4) 2980(3) 25.3(8) 
N3 -283(4) 2488(4) 2336(3) 23.9(8) 
N4 2047(4) 7083(4) 2139(3) 23.6(8) 
N5 2344(4) 6176(4) 1533(3) 22.4(8) 
N6 4124(4) 6245(4) 3821(3) 22.7(8) 
N7 4162(4) 5620(4) 2915(3) 22.1(8) 
C1 2001(6) 6239(5) 5112(4) 32.2(11) 
C2 50(5) 6960(5) 3447(4) 30.1(10) 
C3 3202(6) 8686(4) 4422(4) 29(1) 
C4 2766(5) 5064(4) 1965(3) 20.2(9) 
C5 1518(5) 4112(4) 2211(3) 19.9(9) 
C6 697(5) 2742(5) 1847(4) 22.6(9) 
C7 -1464(5) 1179(4) 2237(4) 24.7(10) 
C8 -1062(6) 648(5) 3275(4) 30.1(11) 
C9 -2280(6) -722(5) 3156(5) 35.1(12) 

C10 -3864(6) -609(5) 2794(4) 32.9(11) 
C11 -4215(6) -24(5) 1790(4) 31.2(11) 
C12 -3007(5) 1341(5) 1908(4) 29.3(10) 
C13 1842(5) 8053(5) 1586(4) 24.0(9) 
C14 1993(5) 7769(5) 633(4) 28.2(10) 
C15 2322(5) 6582(5) 602(4) 26.3(10) 
C16 1495(6) 9257(5) 1971(4) 33.5(11) 
C17 2641(7) 5803(5) -206(4) 37.8(12) 
C18 5562(5) 6642(4) 4526(4) 25.7(10) 
C19 6475(5) 6279(5) 4053(4) 29.5(10) 
C20 5569(5) 5643(5) 3027(4) 27.4(10) 
C21 6052(6) 7352(5) 5639(4) 34.4(11) 
C22 5938(6) 5090(6) 2158(5) 36.5(12) 
I1 2708.1(4) 1966.1(3) 117.7(3) 32.34(10) 
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Bond Lengths (Å) 
 

Atom Atom Length/Å  Atom Atom Length/Å 
Pt1 N1 2.135(4)  N7 C20 1.359(6) 
Pt1 N4 2.178(4)  C4 C5 1.506(6) 
Pt1 N6 2.193(4)  C5 C6 1.375(6) 
Pt1 C1 2.061(5)  C7 C8 1.530(7) 
Pt1 C2 2.042(5)  C7 C12 1.520(7) 
Pt1 C3 2.054(4)  C8 C9 1.537(6) 
N1 N2 1.310(5)  C9 C10 1.536(7) 
N1 C5 1.351(6)  C10 C11 1.517(8) 
N2 N3 1.345(5)  C11 C12 1.529(6) 
N3 C6 1.343(6)  C13 C14 1.385(7) 
N3 C7 1.482(5)  C13 C16 1.502(7) 
N4 N5 1.374(5)  C14 C15 1.371(7) 
N4 C13 1.327(6)  C15 C17 1.498(7) 
N5 C4 1.445(6)  C18 C19 1.404(7) 
N5 C15 1.366(6)  C18 C21 1.491(7) 
N6 N7 1.375(5)  C19 C20 1.372(8) 
N6 C18 1.352(6)  C20 C22 1.485(7) 
N7 C4 1.471(6)     

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚ 
N1 Pt1 N4 84.85(14)  C20 N7 N6 112.6(4) 
N1 Pt1 N6 83.31(14)  C20 N7 C4 128.1(4) 
N4 Pt1 N6 83.68(14)  N5 C4 N7 109.5(3) 
C1 Pt1 N1 93.54(17)  N5 C4 C5 111.3(4) 
C1 Pt1 N4 178.01(17)  N7 C4 C5 111.1(4) 
C1 Pt1 N6 97.30(18)  N1 C5 C4 120.4(4) 
C2 Pt1 N1 92.68(17)  N1 C5 C6 107.2(4) 
C2 Pt1 N4 94.06(18)  C6 C5 C4 132.4(4) 
C2 Pt1 N6 175.55(16)  N3 C6 C5 104.4(4) 
C2 Pt1 C1 84.8(2)  N3 C7 C8 110.1(4) 
C2 Pt1 C3 90.4(2)  N3 C7 C12 111.0(4) 
C3 Pt1 N1 176.67(17)  C12 C7 C8 111.6(4) 
C3 Pt1 N4 93.79(17)  C7 C8 C9 109.6(4) 
C3 Pt1 N6 93.52(17)  C10 C9 C8 112.1(4) 
C3 Pt1 C1 87.9(2)  C11 C10 C9 111.1(4) 
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N2 N1 Pt1 130.7(3)  C10 C11 C12 112.0(4) 
N2 N1 C5 111.1(4)  C7 C12 C11 110.3(4) 
C5 N1 Pt1 118.2(3)  N4 C13 C14 109.8(4) 
N1 N2 N3 105.1(4)  N4 C13 C16 123.4(4) 
N2 N3 C7 119.4(4)  C14 C13 C16 126.9(4) 
C6 N3 N2 112.2(4)  C15 C14 C13 107.9(5) 
C6 N3 C7 128.4(4)  N5 C15 C14 105.3(4) 
N5 N4 Pt1 117.8(3)  N5 C15 C17 122.6(4) 
C13 N4 Pt1 136.1(3)  C14 C15 C17 132.0(5) 
C13 N4 N5 106.1(4)  N6 C18 C19 109.9(4) 
N4 N5 C4 119.5(4)  N6 C18 C21 123.4(4) 
C15 N5 N4 110.9(4)  C19 C18 C21 126.6(5) 
C15 N5 C4 129.3(4)  C20 C19 C18 107.4(4) 
N7 N6 Pt1 117.0(3)  N7 C20 C19 105.6(4) 
C18 N6 Pt1 137.1(3)  N7 C20 C22 123.7(5) 
C18 N6 N7 104.5(4)  C19 C20 C22 130.7(5) 
N6 N7 C4 119.3(4)      
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APPENDIX 2.3 
 

Atomic coordinates and isotropic displacement parameters for 
[bpztzC6F5PtMe3][I] (5-L3) 

 
U(eq) is defines as one third of the trace of the orthogonalized Uij tensor. 

 

Atom x/a y/b z/c U(eq) 
Pt1 6064.91(10) 2112.89(12) 3680.06(12) 14.37(7) 
F1 6752.7(18) 6245.9(19) 5234(2) 26.0(5) 
F2 6854(2) 8348(2) 5293(2) 30.8(6) 
F3 7545(2) 9399(2) 3983(2) 34.6(6) 
F4 8053.8(19) 8338(2) 2559(2) 31.2(6) 
F5 7998.2(19) 6223.2(19) 2529(2) 28.2(6) 
N1 6840(2) 3534(2) 3773(2) 15.3(6) 
N2 6585(2) 4516(3) 3747(3) 16.3(6) 
N3 7370(2) 5075(3) 3871(3) 17.1(7) 
N4 6900(2) 1538(2) 2761(3) 15.5(6) 
N5 7835(2) 1773(3) 3083(3) 16.5(6) 
N6 7271(2) 1633(3) 4948(3) 16.1(6) 
N7 8137(2) 1834(3) 4873(3) 16.2(6) 
C1 8222(3) 2393(3) 3995(3) 15.1(7) 
C2 7766(3) 3455(3) 3914(3) 16.3(8) 
C3 8133(3) 4454(3) 3979(3) 17.4(8) 
C4 7353(3) 6189(3) 3866(3) 17.8(8) 
C5 7067(3) 6747(3) 4567(3) 20.6(8) 
C6 7124(3) 7831(3) 4609(4) 23.6(9) 
C7 7467(3) 8360(3) 3938(3) 23.5(9) 
C8 7744(3) 7819(3) 3218(3) 21.9(9) 
C9 7694(3) 6735(3) 3194(3) 20.0(8) 

C10 5867(3) 367(3) 1447(3) 24.7(9) 
C11 6778(3) 880(3) 1977(3) 19.6(8) 
C12 7628(3) 714(3) 1798(3) 22.0(8) 
C13 8294(3) 1265(3) 2520(3) 20.7(8) 
C14 9321(3) 1328(4) 2714(4) 27.8(10) 
C15 6645(3) 816(4) 6214(3) 25.4(9) 
C16 7421(3) 1157(3) 5839(3) 19.9(8) 
C17 8381(3) 1050(3) 6338(3) 24.7(9) 
C18 8820(3) 1491(3) 5706(3) 21.4(8) 
C19 9834(3) 1604(4) 5842(4) 30.9(10) 
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C20 5350(3) 2720(3) 4575(3) 23.2(9) 
C21 5370(3) 720(3) 3611(3) 21.1(8) 
C22 4978(3) 2645(3) 2475(3) 18.8(8) 
I1 517.11(17) 3806.7(2) 4047.56(19) 20.83(8) 

 
 

Bond Lengths (Å) 
 

Atom Atom Length/Å  Atom Atom Length/Å 
Pt1 N1 2.138(3)  N6 N7 1.372(5) 
Pt1 N4 2.188(3)  N6 C16 1.334(5) 
Pt1 N6 2.188(3)  N7 C1 1.455(5) 
Pt1 C20 2.042(4)  N7 C18 1.359(5) 
Pt1 C21 2.050(4)  C1 C2 1.507(5) 
Pt1 C22 2.058(4)  C2 C3 1.380(6) 
F1 C5 1.333(5)  C4 C5 1.383(6) 
F2 C6 1.323(5)  C4 C9 1.389(6) 
F3 C7 1.328(5)  C5 C6 1.383(6) 
F4 C8 1.330(5)  C6 C7 1.379(7) 
F5 C9 1.326(5)  C7 C8 1.386(6) 
N1 N2 1.307(5)  C8 C9 1.384(6) 
N1 C2 1.357(5)  C10 C11 1.495(6) 
N2 N3 1.348(5)  C11 C12 1.401(6) 
N3 C3 1.368(5)  C12 C13 1.371(6) 
N3 C4 1.420(5)  C13 C14 1.494(6) 
N4 N5 1.376(5)  C15 C16 1.492(6) 
N4 C11 1.342(5)  C16 C17 1.406(6) 
N5 C1 1.452(5)  C17 C18 1.378(6) 
N5 C13 1.363(5)  C18 C19 1.493(6) 

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚ 
N1 Pt1 N4 84.95(12)  N1 C2 C1 120.3(3) 
N1 Pt1 N6 83.43(12)  N1 C2 C3 108.5(3) 
N6 Pt1 N4 83.63(12)  C3 C2 C1 131.2(4) 
C20 Pt1 N1 91.61(15)  N3 C3 C2 102.6(3) 
C20 Pt1 N4 176.33(15)  C5 C4 N3 121.4(4) 
C20 Pt1 N6 94.72(16)  C5 C4 C9 118.9(4) 
C20 Pt1 C21 89.67(18)  C9 C4 N3 119.6(4) 
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C20 Pt1 C22 86.03(18)  F1 C5 C4 120.3(4) 
C21 Pt1 N1 177.77(15)  F1 C5 C6 118.7(4) 
C21 Pt1 N4 93.73(15)  C4 C5 C6 120.9(4) 
C21 Pt1 N6 94.64(15)  F2 C6 C5 119.9(4) 
C21 Pt1 C22 88.89(17)  F2 C6 C7 120.7(4) 
C22 Pt1 N1 93.02(14)  C7 C6 C5 119.5(4) 
C22 Pt1 N4 95.42(15)  F3 C7 C6 120.2(4) 
C22 Pt1 N6 176.39(14)  F3 C7 C8 119.2(4) 
N2 N1 Pt1 131.2(3)  C6 C7 C8 120.7(4) 
N2 N1 C2 110.9(3)  F4 C8 C7 120.3(4) 
C2 N1 Pt1 117.9(2)  F4 C8 C9 120.5(4) 
N1 N2 N3 105.2(3)  C9 C8 C7 119.2(4) 
N2 N3 C3 112.8(3)  F5 C9 C4 120.5(4) 
N2 N3 C4 120.9(3)  F5 C9 C8 118.7(4) 
C3 N3 C4 126.3(3)  C8 C9 C4 120.8(4) 
N5 N4 Pt1 117.5(2)  N4 C11 C10 122.9(4) 
C11 N4 Pt1 136.7(3)  N4 C11 C12 110.0(4) 
C11 N4 N5 105.3(3)  C12 C11 C10 127.0(4) 
N4 N5 C1 119.5(3)  C13 C12 C11 107.2(4) 
C13 N5 N4 111.6(3)  N5 C13 C12 105.9(4) 
C13 N5 C1 128.5(3)  N5 C13 C14 124.1(4) 
N7 N6 Pt1 117.4(2)  C12 C13 C14 129.9(4) 
C16 N6 Pt1 136.9(3)  N6 C16 C15 122.4(4) 
C16 N6 N7 105.6(3)  N6 C16 C17 110.4(4) 
N6 N7 C1 119.6(3)  C17 C16 C15 127.2(4) 
C18 N7 N6 111.3(3)  C18 C17 C16 106.1(4) 
C18 N7 C1 129.0(3)  N7 C18 C17 106.6(4) 
N5 C1 N7 110.5(3)  N7 C18 C19 123.5(4) 
N5 C1 C2 112.0(3)  C17 C18 C19 129.9(4) 
N7 C1 C2 110.1(3)      
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APPENDIX 2.4 
 

Atomic coordinates and isotropic displacement parameters for 
[POPz3PtMe3][OTf] (7) 

 
U(eq) is defines as one third of the trace of the orthogonalized Uij tensor. 

 

Atom x/a y/b z/c U(eq) 
Pt1 727.4(2) 3682.0(2) 5052.8(2) 14.02(6) 
P1 3594.0(13) 4715.8(7) 5132.7(6) 14.7(3) 
O1 4828(4) 5159(2) 5174.3(18) 19.3(8) 
N1 2353(5) 3713(4) 4305(2) 15.8(9) 
N2 3467(5) 4192(3) 4428(2) 14.3(9) 
N3 917(4) 4958(2) 5144(2) 16.0(9) 
N4 2210(4) 5277(2) 5154(2) 15.8(9) 
N5 2282(5) 3596(4) 5823(2) 14.9(10) 
N6 3422(5) 4071(3) 5763(2) 15.7(10) 
C1 -760(7) 3654(5) 5757(2) 23.8(11) 
C2 -713(7) 3781(4) 4325(3) 21.4(13) 
C3 559(5) 2491(3) 4977(3) 22.4(10) 
C4 2597(6) 3386(3) 3711(3) 16.6(11) 
C5 3832(5) 3638(4) 3448(2) 18.3(11) 
C6 4385(7) 4146(3) 3903(2) 17.3(11) 
C7 1690(6) 2824(4) 3369(3) 22.2(13) 
C8 5681(7) 4572(3) 3887(3) 23.8(12) 
C9 86(6) 5560(3) 5186(3) 20.5(12) 

C10 811(6) 6265(3) 5219(2) 21.9(10) 
C11 2156(6) 6084(3) 5198(2) 19.4(11) 
C12 -1410(6) 5486(3) 5202(3) 23.5(13) 
C13 3336(6) 6616(3) 5206(3) 25.6(13) 
C14 2486(6) 3185(3) 6382(3) 15.7(11) 
C15 3717(6) 3381(3) 6669(3) 18.1(12) 
C16 4308(7) 3935(3) 6284(2) 16.4(10) 
C17 1514(6) 2599(4) 6657(3) 21.2(13) 
C18 5646(6) 4323(3) 6355(3) 21.2(11) 
S1 6821.4(15) 7048.6(10) 3326.0(7) 23.0(3) 
F1 9046(4) 6646(2) 3948.1(17) 33.7(9) 
F2 9167(4) 6591(2) 2872.6(16) 31.9(8) 
F3 8096(4) 5702(2) 3418(2) 39.9(10) 
O2 6088(4) 6841(3) 3924(2) 36.4(11) 
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O3 7336(5) 7835(3) 3311(2) 31.2(10) 
O4 6250(5) 6775(3) 2704(2) 37.2(12) 
C19 8353(6) 6466(3) 3398(3) 21.3(12) 
C20 2108(7) 5497(4) 3232(3) 32.0(15) 
C21 1428(7) 4950(4) 2865(3) 31.8(16) 
C22 1972(7) 4653(4) 2282(3) 30.3(14) 
C23 3222(7) 4930(4) 2068(3) 27.9(15) 
C24 3907(6) 5478(4) 2430(3) 26.8(14) 
C25 3340(7) 5768(4) 3016(3) 29.1(14) 
C26 6896(8) 7233(4) 6509(4) 34.5(17) 
C27 8271(6) 7138(4) 6452(3) 28.3(13) 
C28 8901(6) 6509(4) 6746(3) 27.0(15) 
C29 8151(7) 5967(4) 7099(3) 32.7(15) 
C30 6784(7) 6069(4) 7164(3) 36.6(17) 
C31 6144(7) 6698(4) 6871(3) 36.2(17) 

 
 

Bond Lengths (Å) 
 

Atom Atom Length/Å  Atom Atom Length/Å 
Pt1 N1 2.201(4)  C10 C11 1.374(8) 
Pt1 N3 2.199(4)  C11 C13 1.486(7) 
Pt1 N5 2.185(5)  C14 C15 1.392(8) 
Pt1 C1 2.041(6)  C14 C17 1.497(7) 
Pt1 C2 2.047(5)  C15 C16 1.354(8) 
Pt1 C3 2.052(4)  C16 C18 1.494(8) 
P1 O1 1.446(4)  S1 O2 1.444(4) 
P1 N2 1.672(5)  S1 O3 1.440(5) 
P1 N4 1.679(4)  S1 O4 1.442(5) 
P1 N6 1.681(5)  S1 C19 1.827(6) 
N1 N2 1.401(7)  F1 C19 1.332(7) 
N1 C4 1.333(7)  F2 C19 1.341(6) 
N2 C6 1.392(7)  F3 C19 1.333(7) 
N3 N4 1.398(6)  C20 C21 1.366(10) 
N3 C9 1.325(7)  C20 C25 1.380(10) 
N4 C11 1.386(6)  C21 C22 1.381(10) 
N5 N6 1.401(7)  C22 C23 1.398(10) 
N5 C14 1.334(7)  C23 C24 1.366(9) 
N6 C16 1.384(7)  C24 C25 1.391(9) 
C4 C5 1.403(8)  C26 C27 1.382(10) 
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C4 C7 1.484(7)  C26 C31 1.386(10) 
C5 C6 1.372(8)  C27 C28 1.378(9) 
C6 C8 1.482(9)  C28 C29 1.384(9) 
C9 C10 1.407(8)  C29 C30 1.377(10) 
C9 C12 1.494(8)  C30 C31 1.381(10) 

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚ 
N3 Pt1 N1 88.2(2)  C6 C5 C4 107.4(5) 
N5 Pt1 N1 87.61(15)  N2 C6 C8 124.0(5) 
N5 Pt1 N3 87.0(2)  C5 C6 N2 105.7(5) 
C1 Pt1 N1 179.2(2)  C5 C6 C8 130.3(5) 
C1 Pt1 N3 91.6(3)  N3 C9 C10 110.5(5) 
C1 Pt1 N5 91.58(19)  N3 C9 C12 123.9(6) 
C1 Pt1 C2 89.0(2)  C10 C9 C12 125.6(5) 
C1 Pt1 C3 88.2(3)  C11 C10 C9 107.8(5) 
C2 Pt1 N1 91.8(2)  N4 C11 C13 125.6(5) 
C2 Pt1 N3 92.1(2)  C10 C11 N4 105.3(5) 
C2 Pt1 N5 178.9(3)  C10 C11 C13 129.1(5) 
C2 Pt1 C3 88.4(3)  N5 C14 C15 110.5(5) 
C3 Pt1 N1 91.9(2)  N5 C14 C17 124.2(5) 
C3 Pt1 N3 179.5(2)  C15 C14 C17 125.3(5) 
C3 Pt1 N5 92.5(2)  C16 C15 C14 108.5(5) 
O1 P1 N2 113.2(2)  N6 C16 C18 124.3(5) 
O1 P1 N4 113.2(2)  C15 C16 N6 105.5(6) 
O1 P1 N6 112.8(2)  C15 C16 C18 130.2(5) 
N2 P1 N4 105.4(2)  O2 S1 C19 102.8(3) 
N2 P1 N6 105.6(2)  O3 S1 O2 115.3(3) 
N4 P1 N6 105.9(2)  O3 S1 O4 115.2(3) 
N2 N1 Pt1 118.5(3)  O3 S1 C19 102.4(3) 
C4 N1 Pt1 136.6(4)  O4 S1 O2 115.6(3) 
C4 N1 N2 104.9(4)  O4 S1 C19 102.6(3) 
N1 N2 P1 121.4(3)  F1 C19 S1 111.7(4) 
C6 N2 P1 127.9(4)  F1 C19 F2 107.1(5) 
C6 N2 N1 110.7(4)  F1 C19 F3 107.6(5) 
N4 N3 Pt1 117.9(3)  F2 C19 S1 110.8(4) 
C9 N3 Pt1 136.5(4)  F3 C19 S1 112.2(4) 
C9 N3 N4 105.6(4)  F3 C19 F2 107.2(5) 
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N3 N4 P1 122.0(3)  C21 C20 C25 120.2(6) 
C11 N4 P1 127.1(4)  C20 C21 C22 120.7(7) 
C11 N4 N3 110.8(4)  C21 C22 C23 118.8(6) 
N6 N5 Pt1 118.3(3)  C24 C23 C22 121.0(6) 
C14 N5 Pt1 137.0(4)  C23 C24 C25 119.1(6) 
C14 N5 N6 104.7(4)  C20 C25 C24 120.2(6) 
N5 N6 P1 121.8(4)  C27 C26 C31 120.0(7) 
C16 N6 P1 127.4(4)  C28 C27 C26 120.4(6) 
C16 N6 N5 110.7(5)  C27 C28 C29 119.7(6) 
N1 C4 C5 111.3(5)  C30 C29 C28 119.7(7) 
N1 C4 C7 124.7(6)  C29 C30 C31 120.9(7) 
C5 C4 C7 124.1(5)  C30 C31 C26 119.2(7) 
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APPENDIX 2.5 
 

Atomic coordinates and isotropic displacement parameters for 
[TpmPtMe3][OTf] (8) 

 
U(eq) is defines as one third of the trace of the orthogonalized Uij tensor. 

 

Atom x/a y/b z/c U(eq) 
Pt1 86.8(2) 7018.4(2) 3069.5(2) 18.84(9) 
C1 -704(7) 6391(3) 2606(4) 35(2) 
C2 975(6) 6431(3) 3532(4) 36(2) 
C3 1043(6) 7003(4) 2468(4) 30.9(19) 
N4 838(4) 7710(3) 3559(3) 19.8(13) 
N5 232(4) 8111(2) 3740(3) 20.9(13) 
C6 753(6) 8533(3) 4026(3) 24.5(16) 
C7 1733(6) 8393(3) 4038(3) 25.4(17) 
C8 1752(5) 7888(3) 3743(3) 22.2(15) 
C9 290(7) 9025(4) 4261(4) 40(2) 

C10 2640(6) 7573(4) 3634(4) 38(2) 
N11 -844(5) 7668(2) 2630(3) 20.5(13) 
N12 -1131(4) 8085(3) 2969(3) 20.5(13) 
C13 -1627(6) 8502(3) 2644(4) 28.2(18) 
C14 -1663(6) 8335(4) 2085(4) 35(2) 
C15 -1173(6) 7827(4) 2079(4) 30.3(18) 
C16 -1995(8) 9014(4) 2904(5) 45(2) 
C17 -983(9) 7491(5) 1567(4) 53(3) 
N18 -924(5) 7054(3) 3695(3) 22.3(13) 
N19 -1210(4) 7575(3) 3845(3) 20.2(13) 
C20 -1833(6) 7550(3) 4250(3) 24.9(16) 
C21 -1961(6) 6993(4) 4352(3) 27.4(17) 
C22 -1379(6) 6704(3) 4012(3) 24.5(16) 
C23 -2250(7) 8053(4) 4495(4) 39(2) 
C24 -1286(7) 6084(4) 3985(4) 37(2) 
C25 -836(5) 8065(3) 3588(3) 20.0(15) 
Pt2 2384.4(2) 4920.2(2) 2412.4(2) 15.16(8) 
C26 1724(6) 5504(3) 1843(3) 23.9(16) 
C27 3578(6) 4923(3) 1962(4) 30.5(19) 
C28 1757(6) 4301(3) 1873(3) 27.3(17) 
N29 3084(4) 4340(2) 3073(2) 16.9(12) 
N30 2982(4) 4458(2) 3634(2) 13.1(11) 
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C31 3462(5) 4079(3) 4004(3) 19.1(15) 
C32 3890(6) 3708(3) 3677(3) 22.8(16) 
C33 3637(5) 3885(3) 3097(3) 18.9(15) 
C34 3496(6) 4115(3) 4651(3) 25.2(17) 
C35 3931(8) 3615(4) 2573(4) 37(2) 
N36 3039(4) 5546(2) 3037(2) 14.7(11) 
N37 2941(4) 5455(2) 3602(2) 13.8(11) 
C38 3398(5) 5855(3) 3960(3) 15.7(14) 
C39 3795(5) 6220(3) 3608(3) 19.3(15) 
C40 3564(5) 6018(3) 3042(3) 16.0(14) 
C41 3416(6) 5859(3) 4601(3) 22.8(16) 
C42 3819(6) 6273(3) 2502(3) 28.1(17) 
N43 1174(4) 4922(2) 2910(2) 16.4(12) 
N44 1429(4) 4933(2) 3503(2) 14.9(12) 
C45 610(5) 4926(3) 3769(3) 18.8(15) 
C46 -181(5) 4909(3) 3339(3) 18.8(15) 
C47 188(5) 4910(3) 2812(3) 17.2(14) 
C48 656(6) 4923(3) 4412(3) 23.8(16) 
C49 -402(6) 4880(3) 2218(3) 25.8(16) 
C50 2458(5) 4953(3) 3765(3) 14.1(13) 
Pt3 5265.5(2) 2242.2(2) 8424.4(2) 28.71(10) 
C51 4565(9) 1519(4) 8157(6) 58(3) 
C52 6233(7) 1795(4) 9029(5) 48(3) 
C53 6220(7) 2107(4) 7833(4) 38(2) 
N54 4245(5) 2751(3) 7823(3) 23.3(14) 
N55 4007(4) 3255(2) 8037(3) 18.0(12) 
C56 3551(5) 3594(3) 7609(3) 21.1(15) 
C57 3499(6) 3289(4) 7109(3) 28.8(18) 
C58 3928(6) 2772(4) 7256(4) 31.6(19) 
C59 3260(6) 4178(3) 7713(4) 30.0(18) 
C60 4007(8) 2281(5) 6874(4) 52(3) 
N61 4252(5) 2420(3) 9030(3) 31.0(16) 
N62 3840(5) 2937(3) 8992(3) 25.6(14) 
C63 3139(6) 2995(4) 9346(3) 30.5(19) 
C64 3104(7) 2497(4) 9619(4) 39(2) 
C65 3795(7) 2147(4) 9418(4) 40(2) 
C66 2569(7) 3513(4) 9377(4) 39(2) 
C67 4013(9) 1557(5) 9596(5) 59(3) 
N68 5928(5) 3042(3) 8729(3) 24.8(14) 
N69 5277(4) 3446(3) 8831(3) 21.4(13) 
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C70 5748(6) 3903(3) 9084(3) 24.0(16) 
C71 6729(6) 3786(4) 9144(3) 27.9(18) 
C72 6822(6) 3250(4) 8913(3) 28.7(18) 
C73 5211(6) 4411(4) 9230(3) 29.9(18) 
C74 7755(6) 2947(5) 8856(4) 43(2) 
C75 4226(5) 3366(3) 8654(3) 19.2(15) 
S1 2689.8(15) 5109.9(8) 9357.3(9) 28.7(4) 

O76 2973(6) 5689(3) 9354(4) 62(2) 
O77 3185(5) 4808(3) 9847(3) 45.5(17) 
O78 2615(6) 4823(3) 8824(3) 54.3(19) 
C79 1423(7) 5139(5) 9515(5) 46(3) 
F80 858(6) 5448(4) 9128(3) 95(3) 
F81 1384(4) 5370(3) 10023(3) 53.8(15) 
F82 1030(5) 4639(3) 9491(4) 92(3) 
S3 4982.4(15) 7415.2(9) 4862.7(10) 32.1(5) 

O90 5875(8) 7249(3) 5185(5) 100(4) 
O91 4053(7) 7227(4) 4977(4) 76(3) 
O92 5040(6) 7350(4) 4238(3) 61(2) 
C93 4936(7) 8168(4) 4900(6) 49(3) 
F94 4137(4) 8389(3) 4640(3) 57.0(16) 
F95 5718(4) 8425(2) 4871(4) 77(2) 
F96 4843(6) 8281(3) 5495(4) 80(2) 
S2 2928.7(13) 5273.8(8) 6041.1(8) 22.4(4) 

O83 2522(4) 5155(3) 6564(2) 33.9(14) 
O84 3195(5) 5845(2) 5964(3) 38.1(15) 
O85 2438(4) 5009(2) 5524(2) 26.2(12) 
C86 4115(6) 4917(4) 6177(4) 36(2) 
F87 4659(4) 5082(3) 6655(2) 58.5(18) 
F88 4647(4) 4995(2) 5746(2) 40.8(13) 
F89 3977(4) 4367(3) 6220(3) 58.4(17) 

 
 

Bond Lengths (Å) 
 

Atom Atom Length/Å  Atom Atom Length/Å 
Pt1 C1 2.062(8)  C45 C46 1.359(11) 
Pt1 C2 2.057(8)  C45 C48 1.492(10) 
Pt1 C3 2.060(8)  C46 C47 1.397(10) 
Pt1 N4 2.183(6)  C47 C49 1.496(10) 
Pt1 N11 2.169(6)  Pt3 C51 2.035(10) 
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Pt1 N18 2.159(6)  Pt3 C52 2.079(9) 
N4 N5 1.379(8)  Pt3 C53 2.065(9) 
N4 C8 1.328(10)  Pt3 N54 2.194(6) 
N5 C6 1.353(10)  Pt3 N61 2.166(7) 
N5 C25 1.454(9)  Pt3 N68 2.194(7) 
C6 C7 1.378(11)  N54 N55 1.368(8) 
C6 C9 1.485(12)  N54 C58 1.329(11) 
C7 C8 1.397(11)  N55 C56 1.361(9) 
C8 C10 1.485(12)  N55 C75 1.450(9) 

N11 N12 1.369(9)  C56 C57 1.370(11) 
N11 C15 1.351(10)  C56 C59 1.487(11) 
N12 C13 1.372(10)  C57 C58 1.393(12) 
N12 C25 1.440(9)  C58 C60 1.492(12) 
C13 C14 1.359(13)  N61 N62 1.361(10) 
C13 C16 1.491(12)  N61 C65 1.347(11) 
C14 C15 1.394(13)  N62 C63 1.365(10) 
C15 C17 1.495(13)  N62 C75 1.445(9) 
N18 N19 1.374(9)  C63 C64 1.360(12) 
N18 C22 1.335(10)  C63 C66 1.476(13) 
N19 C20 1.367(10)  C64 C65 1.397(14) 
N19 C25 1.449(9)  C65 C67 1.494(13) 
C20 C21 1.376(12)  N68 N69 1.363(9) 
C20 C23 1.485(12)  N68 C72 1.330(10) 
C21 C22 1.392(11)  N69 C70 1.360(10) 
C22 C24 1.497(11)  N69 C75 1.446(9) 
Pt2 C26 2.044(7)  C70 C71 1.357(11) 
Pt2 C27 2.072(8)  C70 C73 1.488(12) 
Pt2 C28 2.049(8)  C71 C72 1.409(13) 
Pt2 N29 2.187(6)  C72 C74 1.493(12) 
Pt2 N36 2.189(6)  S1 O76 1.444(8) 
Pt2 N43 2.162(6)  S1 O77 1.434(7) 
N29 N30 1.367(8)  S1 O78 1.413(7) 
N29 C33 1.324(9)  S1 C79 1.826(10) 
N30 C31 1.353(9)  C79 F80 1.322(13) 
N30 C50 1.443(8)  C79 F81 1.316(11) 
C31 C32 1.362(10)  C79 F82 1.313(13) 
C31 C34 1.506(10)  S3 O90 1.390(9) 
C32 C33 1.410(10)  S3 O91 1.412(9) 
C33 C35 1.493(10)  S3 O92 1.479(8) 
N36 N37 1.362(8)  S3 C93 1.812(10) 
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N36 C40 1.341(9)  C93 F94 1.281(11) 
N37 C38 1.362(9)  C93 F95 1.246(11) 
N37 C50 1.452(8)  C93 F96 1.437(14) 
C38 C39 1.368(10)  S2 O83 1.444(6) 
C38 C41 1.491(10)  S2 O84 1.438(6) 
C39 C40 1.398(10)  S2 O85 1.437(5) 
C40 C42 1.489(10)  S2 C86 1.819(9) 
N43 N44 1.375(8)  C86 F87 1.303(11) 
N43 C47 1.333(9)  C86 F88 1.342(10) 
N44 C45 1.361(9)  C86 F89 1.341(11) 
N44 C50 1.447(9)     

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚ 
C1 Pt1 N4 176.5(3)  N44 C45 C48 123.2(7) 
C1 Pt1 N11 93.1(3)  C46 C45 N44 106.4(6) 
C1 Pt1 N18 92.5(3)  C46 C45 C48 130.4(7) 
C2 Pt1 C1 89.7(4)  C45 C46 C47 107.2(6) 
C2 Pt1 C3 87.7(4)  N43 C47 C46 110.0(6) 
C2 Pt1 N4 93.1(3)  N43 C47 C49 123.2(7) 
C2 Pt1 N11 176.5(3)  C46 C47 C49 126.8(7) 
C2 Pt1 N18 93.5(3)  N30 C50 N37 111.6(5) 
C3 Pt1 C1 88.0(3)  N30 C50 N44 111.4(5) 
C3 Pt1 N4 94.2(3)  N44 C50 N37 111.6(5) 
C3 Pt1 N11 94.6(3)  C51 Pt3 C52 89.3(5) 
C3 Pt1 N18 178.7(3)  C51 Pt3 C53 88.7(5) 

N11 Pt1 N4 84.0(2)  C51 Pt3 N54 93.2(4) 
N18 Pt1 N4 85.1(2)  C51 Pt3 N61 92.8(4) 
N18 Pt1 N11 84.3(2)  C51 Pt3 N68 176.2(4) 
N5 N4 Pt1 115.8(4)  C52 Pt3 N54 176.8(4) 
C8 N4 Pt1 139.3(5)  C52 Pt3 N61 93.7(4) 
C8 N4 N5 104.9(6)  C52 Pt3 N68 92.5(4) 
N4 N5 C25 120.0(6)  C53 Pt3 C52 88.2(4) 
C6 N5 N4 112.2(6)  C53 Pt3 N54 93.8(3) 
C6 N5 C25 127.7(6)  C53 Pt3 N61 177.6(3) 
N5 C6 C7 105.4(7)  C53 Pt3 N68 94.8(3) 
N5 C6 C9 123.7(7)  N61 Pt3 N54 84.2(2) 
C7 C6 C9 130.9(8)  N61 Pt3 N68 83.7(3) 
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C6 C7 C8 107.0(7)  N68 Pt3 N54 84.9(2) 
N4 C8 C7 110.5(7)  N55 N54 Pt3 115.1(4) 
N4 C8 C10 122.4(7)  C58 N54 Pt3 137.5(5) 
C7 C8 C10 127.1(7)  C58 N54 N55 105.6(6) 

N12 N11 Pt1 116.9(4)  N54 N55 C75 119.9(6) 
C15 N11 Pt1 137.6(6)  C56 N55 N54 111.7(6) 
C15 N11 N12 105.1(6)  C56 N55 C75 128.4(6) 
N11 N12 C13 112.2(6)  N55 C56 C57 105.3(7) 
N11 N12 C25 119.6(6)  N55 C56 C59 123.2(7) 
C13 N12 C25 128.0(7)  C57 C56 C59 131.4(7) 
N12 C13 C16 123.2(8)  C56 C57 C58 107.5(7) 
C14 C13 N12 104.8(7)  N54 C58 C57 109.9(7) 
C14 C13 C16 131.9(8)  N54 C58 C60 121.4(8) 
C13 C14 C15 108.7(7)  C57 C58 C60 128.6(8) 
N11 C15 C14 109.2(7)  N62 N61 Pt3 115.9(5) 
N11 C15 C17 122.4(8)  C65 N61 Pt3 138.8(6) 
C14 C15 C17 128.4(8)  C65 N61 N62 104.9(7) 
N19 N18 Pt1 116.4(4)  N61 N62 C63 112.1(7) 
C22 N18 Pt1 138.7(5)  N61 N62 C75 120.2(6) 
C22 N18 N19 104.9(6)  C63 N62 C75 127.4(7) 
N18 N19 C25 120.2(6)  N62 C63 C66 122.7(7) 
C20 N19 N18 111.6(6)  C64 C63 N62 105.8(8) 
C20 N19 C25 128.2(6)  C64 C63 C66 131.5(8) 
N19 C20 C21 105.7(7)  C63 C64 C65 107.3(8) 
N19 C20 C23 123.1(7)  N61 C65 C64 110.0(8) 
C21 C20 C23 131.1(8)  N61 C65 C67 123.7(9) 
C20 C21 C22 106.7(7)  C64 C65 C67 126.3(9) 
N18 C22 C21 110.9(7)  N69 N68 Pt3 115.6(5) 
N18 C22 C24 123.5(7)  C72 N68 Pt3 138.4(6) 
C21 C22 C24 125.5(7)  C72 N68 N69 105.6(7) 
N12 C25 N5 111.1(6)  N68 N69 C75 120.1(6) 
N12 C25 N19 112.3(6)  C70 N69 N68 111.9(6) 
N19 C25 N5 111.4(6)  C70 N69 C75 128.0(7) 
C26 Pt2 C27 88.4(3)  N69 C70 C73 122.9(7) 
C26 Pt2 C28 89.8(3)  C71 C70 N69 105.8(7) 
C26 Pt2 N29 175.8(3)  C71 C70 C73 131.3(7) 
C26 Pt2 N36 93.3(3)  C70 C71 C72 107.2(7) 
C26 Pt2 N43 92.8(3)  N68 C72 C71 109.6(7) 
C27 Pt2 N29 93.8(3)  N68 C72 C74 123.0(8) 
C27 Pt2 N36 93.6(3)  C71 C72 C74 127.5(8) 
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C27 Pt2 N43 178.0(3)  N62 C75 N55 112.0(6) 
C28 Pt2 C27 88.8(3)  N62 C75 N69 111.7(6) 
C28 Pt2 N29 93.9(3)  N69 C75 N55 110.8(6) 
C28 Pt2 N36 176.1(3)  O76 S1 C79 103.2(5) 
C28 Pt2 N43 92.7(3)  O77 S1 O76 113.4(5) 
N29 Pt2 N36 83.0(2)  O77 S1 C79 101.9(5) 
N43 Pt2 N29 84.9(2)  O78 S1 O76 116.6(5) 
N43 Pt2 N36 84.8(2)  O78 S1 O77 114.7(4) 
N30 N29 Pt2 116.4(4)  O78 S1 C79 104.7(5) 
C33 N29 Pt2 137.8(5)  F80 C79 S1 111.0(8) 
C33 N29 N30 105.7(6)  F81 C79 S1 111.6(6) 
N29 N30 C50 120.0(5)  F81 C79 F80 106.2(8) 
C31 N30 N29 111.2(5)  F82 C79 S1 110.5(7) 
C31 N30 C50 128.8(6)  F82 C79 F80 106.8(9) 
N30 C31 C32 106.9(6)  F82 C79 F81 110.6(10) 
N30 C31 C34 122.6(6)  O90 S3 O91 123.2(7) 
C32 C31 C34 130.4(7)  O90 S3 O92 109.2(7) 
C31 C32 C33 106.0(6)  O90 S3 C93 107.1(5) 
N29 C33 C32 110.2(6)  O91 S3 O92 109.6(5) 
N29 C33 C35 123.1(7)  O91 S3 C93 105.7(5) 
C32 C33 C35 126.7(7)  O92 S3 C93 99.2(5) 
N37 N36 Pt2 116.3(4)  F94 C93 S3 115.1(7) 
C40 N36 Pt2 138.5(5)  F94 C93 F96 100.7(8) 
C40 N36 N37 105.1(5)  F95 C93 S3 117.0(7) 
N36 N37 C38 112.1(5)  F95 C93 F94 116.5(10) 
N36 N37 C50 120.1(5)  F95 C93 F96 99.3(9) 
C38 N37 C50 127.6(6)  F96 C93 S3 104.1(7) 
N37 C38 C39 105.7(6)  O83 S2 C86 102.0(4) 
N37 C38 C41 123.7(6)  O84 S2 O83 115.6(4) 
C39 C38 C41 130.6(6)  O84 S2 C86 103.5(4) 
C38 C39 C40 107.0(6)  O85 S2 O83 115.5(3) 
N36 C40 C39 110.1(6)  O85 S2 O84 114.3(4) 
N36 C40 C42 122.4(7)  O85 S2 C86 103.2(4) 
C39 C40 C42 127.4(7)  F87 C86 S2 112.6(7) 
N44 N43 Pt2 116.2(4)  F87 C86 F88 107.2(7) 
C47 N43 Pt2 138.2(5)  F87 C86 F89 107.7(8) 
C47 N43 N44 105.5(6)  F88 C86 S2 112.0(6) 
N43 N44 C50 120.5(5)  F89 C86 S2 110.1(6) 
C45 N44 N43 111.0(6)  F89 C86 F88 107.0(8) 
C45 N44 C50 128.6(6)      
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APPENDIX 3.1 
 

Representative NMR Data for Chapter 3 
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13C	NMR	spectrum	of	13C	labeled	ethylidene	carbene	[TpʹPt(=13C(CH3)(H))Me2][B(ArF)4]		11	on	500MHz	BBI	NMR	
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13C	NMR	spectrum	of	13C	labeled	ethylidene	carbene	[TpʹPt(=13C(CH3)(H))Me2][B(ArF)4]	11	on	600MHz	BBFO	NMR	
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13C	NMR	spectrum	of	13C	labeled	ethylidene	carbene	[TpʹPt(=13C(CH3)(H))Me2][B(ArF)4]	11	on	400MHz	BBFO	NMR	
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APPENDIX 3.2 
 

Atomic coordinates and isotropic displacement parameters for 
[TpʹPt(=C(OMe)NHCH2Ph)(CH3)2][OTf] (4d) 

 
U(eq) is defines as one third of the trace of the orthogonalized Uij tensor. 

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

Pt1 8568.49(13) 3384.68(12) 8486.61(7) 20.05(8) 
O1 7035(2) 5219(2) 8586.1(13) 26.8(6) 
N1 7149(3) 4100(3) 9342.9(16) 26.8(8) 
N2 9685(3) 2352(3) 8157.8(15) 23.8(7) 
N3 9952(3) 2579(3) 7584.1(16) 25.9(7) 
N4 9657(3) 4594(3) 8216.9(15) 22.0(7) 
N5 9857(3) 4514(3) 7616.5(15) 22.3(7) 
N6 7472(3) 3401(3) 7529.9(16) 23.3(7) 
N7 8070(3) 3510(3) 7058.0(17) 25.8(8) 
C1 7503(3) 4332(4) 8831.1(19) 24.8(9) 
C2 7210(4) 5690(3) 8002.6(19) 28.6(9) 
C3 6219(4) 4639(4) 9586(2) 31(1) 

C3A 6219(4) 4639(4) 9586(2) 31(1) 
C4 6573(5) 5465(5) 10071(3) 25.2(13) 

C4A 5073(6) 4171(7) 9362(4) 27(3) 
C5A 4690(7) 3272(7) 9607(4) 30(3) 
C6A 3578(8) 2865(7) 9338(6) 30(3) 
C7A 2849(7) 3356(10) 8824(6) 35(5) 
C8A 3232(7) 4254(9) 8579(5) 39(4) 
C9A 4344(8) 4662(6) 8848(4) 35(3) 
C5 7018(5) 5163(5) 10697(3) 28.4(13) 
C6 7292(6) 5896(7) 11170(3) 31.2(15) 
C7 7116(9) 6930(9) 11024(5) 34(2) 
C8 6682(7) 7241(6) 10420(4) 36.6(18) 
C9 6407(7) 6505(5) 9933(3) 34.2(16) 

C10 7578(4) 2153(3) 8693(2) 29.1(9) 
C11 9690(4) 3337(3) 9382.9(19) 27.4(9) 
C12 10252(5) 973(4) 8993(2) 40.2(11) 
C13 10262(4) 1478(3) 8373(2) 26.9(9) 
C14 10894(4) 1143(4) 7935(2) 33.3(10) 
C15 10699(4) 1851(4) 7450(2) 31.5(10) 
C16 11161(5) 1884(5) 6863(3) 54.5(16) 
C17 10059(4) 5873(4) 9100(2) 30.0(9) 
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C18 10115(4) 5504(4) 8458.0(19) 25.3(9) 
C19 10637(4) 5994(3) 8019.5(19) 26.2(9) 
C20 10459(4) 5366(3) 7499.8(19) 26.4(9) 
C21 10814(4) 5516(4) 6879(2) 35.0(11) 
C22 5357(4) 3381(4) 7640(2) 31.6(10) 
C23 6304(4) 3429(3) 7269(2) 27.2(9) 
C24 6154(4) 3541(4) 6628(2) 33.9(10) 
C25 7270(4) 3600(4) 6503(2) 28.7(9) 
C26 7602(5) 3758(5) 5883(2) 48.8(14) 
B1 9439(4) 3550(4) 7205(2) 24.4(10) 
S1 7759(1) 1676.5(8) 589.9(5) 28.4(2) 
F1 6663(3) -108(2) 480.7(14) 45.2(7) 
F2 6054(3) 916(2) -304.9(12) 41.7(7) 
F3 5554(2) 1189(2) 584.6(12) 39.2(6) 
O2 8020(3) 1548(3) 1268.8(16) 41.4(9) 
O3 8617(3) 1240(3) 275.2(15) 37.8(8) 
O4 7342(3) 2693(3) 366.4(16) 36.6(7) 
C27 6436(4) 882(4) 327(2) 32.1(10) 

 
 

Bond Lengths (Å) 
 

Atom Atom Length/Å  Atom Atom Length/Å 
Pt1 N2 2.090(3)  C5A C6A 1.39 
Pt1 N4 2.168(3)  C6A C7A 1.39 
Pt1 N6 2.175(4)  C7A C8A 1.39 
Pt1 C1 1.997(4)  C8A C9A 1.39 
Pt1 C10 2.069(4)  C5 C6 1.380(10) 
Pt1 C11 2.081(4)  C6 C7 1.378(12) 
O1 C1 1.327(5)  C7 C8 1.354(12) 
O1 C2 1.459(5)  C8 C9 1.403(10) 
N1 C1 1.301(5)  C12 C13 1.497(6) 
N1 C3 1.473(5)  C13 C14 1.392(6) 
N2 N3 1.379(5)  C14 C15 1.374(7) 
N2 C13 1.341(5)  C15 C16 1.488(7) 
N3 C15 1.352(6)  C17 C18 1.487(5) 
N3 B1 1.544(6)  C18 C19 1.388(6) 
N4 N5 1.376(4)  C19 C20 1.366(6) 
N4 C18 1.346(6)  C20 C21 1.505(5) 
N5 C20 1.357(5)  C22 C23 1.497(6) 
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N5 B1 1.545(6)  C23 C24 1.371(7) 
N6 N7 1.365(5)  C24 C25 1.378(7) 
N6 C23 1.341(6)  C25 C26 1.492(6) 
N7 C25 1.348(6)  S1 O2 1.444(4) 
N7 B1 1.542(6)  S1 O3 1.439(3) 
C3 C4 1.491(7)  S1 O4 1.446(3) 
C4 C5 1.396(8)  S1 C27 1.824(5) 
C4 C9 1.381(9)  F1 C27 1.334(6) 

C4A C5A 1.39  F2 C27 1.342(5) 
C4A C9A 1.39  F3 C27 1.329(5) 

 
 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚ 
N2 Pt1 N4 85.94(13)  C6A C7A C8A 120 
N2 Pt1 N6 87.30(13)  C7A C8A C9A 120 
N4 Pt1 N6 89.11(13)  C8A C9A C4A 120 
C1 Pt1 N2 177.61(15)  C6 C5 C4 120.2(6) 
C1 Pt1 N4 95.87(16)  C7 C6 C5 119.8(8) 
C1 Pt1 N6 94.29(15)  C8 C7 C6 120.9(9) 
C1 Pt1 C10 88.49(18)  C7 C8 C9 119.9(8) 
C1 Pt1 C11 88.60(17)  C4 C9 C8 120.0(7) 

C10 Pt1 N2 89.75(16)  N2 C13 C12 125.2(4) 
C10 Pt1 N4 175.36(14)  N2 C13 C14 108.7(4) 
C10 Pt1 N6 88.97(16)  C14 C13 C12 126.0(4) 
C10 Pt1 C11 91.94(17)  C15 C14 C13 107.1(4) 
C11 Pt1 N2 89.84(15)  N3 C15 C14 107.6(4) 
C11 Pt1 N4 89.76(15)  N3 C15 C16 122.2(5) 
C11 Pt1 N6 177.00(14)  C14 C15 C16 130.2(4) 
C1 O1 C2 125.8(3)  N4 C18 C17 123.2(4) 
C1 N1 C3 126.2(4)  N4 C18 C19 109.1(4) 
N3 N2 Pt1 116.9(3)  C19 C18 C17 127.7(4) 
C13 N2 Pt1 135.7(3)  C20 C19 C18 106.6(4) 
C13 N2 N3 107.4(3)  N5 C20 C19 108.5(4) 
N2 N3 B1 121.1(3)  N5 C20 C21 121.7(4) 
C15 N3 N2 109.2(4)  C19 C20 C21 129.8(4) 
C15 N3 B1 129.7(4)  N6 C23 C22 124.0(4) 
N5 N4 Pt1 115.6(3)  N6 C23 C24 108.4(4) 
C18 N4 Pt1 136.6(3)  C24 C23 C22 127.5(4) 
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C18 N4 N5 107.4(3)  C23 C24 C25 107.2(4) 
N4 N5 B1 120.6(3)  N7 C25 C24 107.7(4) 
C20 N5 N4 108.5(3)  N7 C25 C26 123.6(4) 
C20 N5 B1 130.9(3)  C24 C25 C26 128.7(4) 
N7 N6 Pt1 115.6(3)  N3 B1 N5 108.4(3) 
C23 N6 Pt1 135.9(3)  N7 B1 N3 109.6(3) 
C23 N6 N7 108.2(3)  N7 B1 N5 108.7(3) 
N6 N7 B1 121.1(3)  O2 S1 O4 115.1(2) 
C25 N7 N6 108.5(4)  O2 S1 C27 102.8(2) 
C25 N7 B1 130.4(4)  O3 S1 O2 115.5(2) 
O1 C1 Pt1 127.6(3)  O3 S1 O4 114.3(2) 
N1 C1 Pt1 121.1(3)  O3 S1 C27 104.4(2) 
N1 C1 O1 111.3(4)  O4 S1 C27 102.4(2) 
N1 C3 C4 119.0(4)  F1 C27 S1 111.0(3) 
C5 C4 C3 118.0(6)  F1 C27 F2 106.8(4) 
C9 C4 C3 122.8(6)  F2 C27 S1 111.1(3) 
C9 C4 C5 119.1(6)  F3 C27 S1 111.6(3) 

C5A C4A C9A 120  F3 C27 F1 107.9(4) 
C4A C5A C6A 120  F3 C27 F2 108.2(4) 
C7A C6A C5A 120      

 
 
  



 

 236 

APPENDIX 3.3 
 

Atomic coordinates and isotropic displacement parameters for 
[TpʹPt(=C(OMe)CH3)(Me)2][OTf] (6) 

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

Pt1 6917.0(2) 7776.43(18) 8017.37(18) 16.29(10) 
O1 6556(4) 5604(3) 9513(3) 23.3(8) 
N1 6370(4) 9412(4) 7015(4) 20.1(10) 
N2 5056(5) 9579(4) 6899(4) 19.5(9) 
N3 5250(4) 8153(4) 9251(4) 19.8(9) 
N4 4092(5) 8481(4) 8810(4) 18.4(9) 
N5 5546(4) 6841(4) 7231(4) 18.0(9) 
N6 4344(4) 7393(4) 7116(4) 18.8(9) 
C1 8421(6) 7492(5) 6741(5) 23.4(12) 
C2 8169(6) 8721(5) 8782(5) 23.9(12) 
C3 7483(6) 6293(5) 8960(5) 21.0(11) 
C4 8862(6) 5934(5) 9081(5) 24.6(12) 
C5 6845(6) 4477(5) 10286(6) 28.9(13) 
C6 7007(6) 10414(5) 6453(5) 24.9(12) 
C7 6085(6) 11220(5) 5982(5) 26.5(13) 
C8 4872(6) 10676(5) 6268(5) 24.1(12) 
C9 8465(7) 10585(6) 6361(6) 35.3(15) 

C10 3566(6) 11149(6) 5952(5) 29.4(13) 
C11 5004(6) 8100(5) 10381(5) 21.0(11) 
C12 3678(6) 8379(5) 10682(5) 22.6(11) 
C13 3133(5) 8623(5) 9670(5) 19.8(11) 
C14 6024(6) 7800(6) 11184(5) 25.5(12) 
C15 1728(5) 8942(5) 9475(5) 24.2(12) 
C16 5509(5) 5746(5) 6870(5) 19.6(11) 
C17 4280(6) 5619(5) 6534(5) 25.8(12) 
C18 3565(6) 6656(5) 6705(5) 22.1(11) 
C19 6636(6) 4851(5) 6850(6) 29.4(13) 
C20 2155(6) 6966(6) 6550(6) 29.6(13) 
B1 4028(6) 8634(6) 7506(5) 19.2(12) 
S1 431.9(14) 3095.7(13) 7855.6(12) 24.0(3) 
F1 -117(5) 3098(4) 5773(4) 48.7(11) 
F2 77(4) 4872(3) 6205(3) 34.8(8) 
F3 1800(4) 3765(4) 5841(3) 42.5(10) 
O2 916(5) 1864(4) 7872(4) 34.7(10) 
O3 -960(4) 3216(4) 8232(4) 36(1) 
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O4 1265(5) 3909(4) 8268(4) 35.2(10) 
C21 561(6) 3724(5) 6333(5) 26.2(13) 

 
 

Bond Lengths (Å) 
 

Atom Atom Length/Å 	 Atom Atom Length/Å 
Pt1 N1 2.111(4) 	 C3 C4 1.469(8) 
Pt1 N3 2.178(5) 	 C6 C7 1.387(9) 
Pt1 N5 2.165(5) 	 C6 C9 1.495(9) 
Pt1 C1 2.073(6) 	 C7 C8 1.375(9) 
Pt1 C2 2.070(6) 	 C8 C10 1.489(8) 
Pt1 C3 1.957(5) 	 C11 C12 1.392(8) 
O1 C3 1.282(7) 	 C11 C14 1.501(8) 
O1 C5 1.477(7) 	 C12 C13 1.382(8) 
N1 N2 1.369(6) 	 C13 C15 1.506(7) 
N1 C6 1.344(8) 	 C16 C17 1.386(8) 
N2 C8 1.349(7) 	 C16 C19 1.496(8) 
N2 B1 1.536(8) 	 C17 C18 1.373(9) 
N3 N4 1.372(6) 	 C18 C20 1.497(8) 
N3 C11 1.334(8) 	 S1 O2 1.439(4) 
N4 C13 1.349(7) 	 S1 O3 1.442(5) 
N4 B1 1.551(7) 	 S1 O4 1.447(5) 
N5 N6 1.367(6) 	 S1 C21 1.831(6) 
N5 C16 1.360(7) 	 F1 C21 1.311(7) 
N6 C18 1.351(7) 	 F2 C21 1.345(7) 
N6 B1 1.538(8) 	 F3 C21 1.322(8) 

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚ 	 Atom Atom Atom Angle/˚ 
N1 Pt1 N3 85.70(17) 	 N1 C6 C7 108.3(5) 
N1 Pt1 N5 87.93(17)  N1 C6 C9 124.4(5) 
N5 Pt1 N3 87.23(17)  C7 C6 C9 127.4(6) 
C1 Pt1 N1 90.3(2)  C8 C7 C6 107.3(5) 
C1 Pt1 N3 175.38(19)  N2 C8 C7 107.4(5) 
C1 Pt1 N5 90.4(2)  N2 C8 C10 124.0(6) 
C2 Pt1 N1 90.6(2)  C7 C8 C10 128.6(5) 
C2 Pt1 N3 90.9(2)  N3 C11 C12 109.5(5) 
C2 Pt1 N5 177.70(19)  N3 C11 C14 124.3(5) 
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C2 Pt1 C1 91.4(2)  C12 C11 C14 126.2(5) 
C3 Pt1 N1 177.8(2)  C13 C12 C11 105.9(5) 
C3 Pt1 N3 94.9(2)  N4 C13 C12 108.0(5) 
C3 Pt1 N5 94.2(2)  N4 C13 C15 122.5(5) 
C3 Pt1 C1 89.2(2)  C12 C13 C15 129.5(5) 
C3 Pt1 C2 87.3(2)  N5 C16 C17 108.8(5) 
C3 O1 C5 121.4(5)  N5 C16 C19 124.2(5) 
N2 N1 Pt1 116.9(3)  C17 C16 C19 127.0(5) 
C6 N1 Pt1 135.3(4)  C18 C17 C16 106.8(5) 
C6 N1 N2 107.7(4)  N6 C18 C17 107.9(5) 
N1 N2 B1 121.2(4)  N6 C18 C20 122.8(5) 
C8 N2 N1 109.4(5)  C17 C18 C20 129.3(6) 
C8 N2 B1 129.3(5)  N2 B1 N4 108.4(4) 
N4 N3 Pt1 115.6(3)  N2 B1 N6 110.4(5) 
C11 N3 Pt1 137.0(4)  N6 B1 N4 108.4(4) 
C11 N3 N4 107.3(4)  O2 S1 O3 115.2(3) 
N3 N4 B1 120.9(4)  O2 S1 O4 115.8(3) 
C13 N4 N3 109.3(4)  O2 S1 C21 103.9(3) 
C13 N4 B1 129.8(5)  O3 S1 O4 114.7(3) 
N6 N5 Pt1 116.7(3)  O3 S1 C21 102.8(3) 
C16 N5 Pt1 136.3(4)  O4 S1 C21 101.7(3) 
C16 N5 N6 106.8(4)  F1 C21 S1 112.1(4) 
N5 N6 B1 120.2(4)  F1 C21 F2 107.4(5) 
C18 N6 N5 109.7(4)  F1 C21 F3 108.2(5) 
C18 N6 B1 129.9(5)  F2 C21 S1 109.5(4) 
O1 C3 Pt1 115.9(4)  F3 C21 S1 112.0(4) 
O1 C3 C4 119.0(5)  F3 C21 F2 107.5(5) 
C4 C3 Pt1 125.2(4)      
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APPENDIX 3.4 
 

Atomic coordinates and isotropic displacement parameters for 
TpʹPt(C(OCH3)=CH2)(Me)2 (7) 

 
Atom x y z U(eq) 

Pt1 3735.4(2) 3768.4(2) 1941.6(2) 18.03(7) 
O1 5501(4) 4552.5(14) 3956(3) 23.5(7) 
N1 2516(4) 4535.2(15) 1701(4) 17.9(8) 
N2 1316(4) 4488.4(15) 1942(4) 17.7(8) 
N3 3466(4) 3630.1(15) 3908(4) 19.0(8) 
N4 2125(4) 3722.7(15) 3813(4) 19.1(8) 
N5 1714(4) 3350.6(15) 765(4) 17.9(8) 
N6 651(4) 3473.4(15) 1178(4) 18.7(8) 
C1 3894(6) 3921(2) 37(5) 26.3(10) 
C2 4814(5) 3012.7(19) 2209(6) 26.4(10) 
C3 5605(5) 4165.0(19) 2999(5) 20.2(9) 
C4 6789(6) 4087(2) 2819(6) 29.2(11) 
C5 6690(6) 4913(2) 4683(6) 29.8(11) 
C6 2679(5) 5082.2(19) 1474(5) 20.9(9) 
C7 1561(5) 5390.4(19) 1557(5) 21.9(10) 
C8 729(5) 5004.2(19) 1863(5) 19.7(9) 
C9 3881(5) 5308(2) 1186(5) 25.6(10) 

C10 -547(5) 5106(2) 2145(5) 25.4(10) 
C11 4325(5) 3510.7(19) 5294(5) 22.4(10) 
C12 3508(6) 3527.2(19) 6088(5) 23.8(10) 
C13 2140(5) 3660.3(18) 5134(5) 21.9(9) 
C14 5883(5) 3390(2) 5848(6) 29.0(11) 
C15 829(5) 3732(2) 5392(5) 27.5(10) 
C16 1169(5) 2980.6(18) -331(5) 21.2(9) 
C17 -239(5) 2865.7(19) -618(5) 24.2(10) 
C18 -547(5) 3181.8(19) 348(5) 21.6(10) 
C19 1988(6) 2733(2) -1104(5) 25.5(10) 
C20 -1905(5) 3210(2) 518(6) 27.7(11) 
B1 900(6) 3917(2) 2370(6) 18(1) 

 
 

Bond Lengths (Å) 
 

Atom Atom Length/Å 	 Atom Atom Length/Å 
Pt1 N1 2.165(4)  N5 C16 1.340(6) 
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Pt1 N3 2.171(4)  N6 C18 1.352(6) 
Pt1 N5 2.153(4)  N6 B1 1.543(6) 
Pt1 C1 2.055(4)  C3 C4 1.329(7) 
Pt1 C2 2.065(4)  C6 C7 1.402(7) 
Pt1 C3 1.998(4)  C6 C9 1.496(7) 
O1 C3 1.379(5)  C7 C8 1.383(7) 
O1 C5 1.417(6)  C8 C10 1.488(7) 
N1 N2 1.371(5)  C11 C12 1.404(7) 
N1 C6 1.340(6)  C11 C14 1.489(7) 
N2 C8 1.352(6)  C12 C13 1.365(7) 
N2 B1 1.541(6)  C13 C15 1.500(7) 
N3 N4 1.368(5)  C16 C17 1.384(7) 
N3 C11 1.338(6)  C16 C19 1.505(6) 
N4 C13 1.352(6)  C17 C18 1.381(7) 
N4 B1 1.544(6)  C18 C20 1.492(7) 
N5 N6 1.370(5)     

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚ 	 Atom Atom Atom Angle/˚ 
N1 Pt1 N3 85.99(14)  N5 N6 B1 120.3(4) 
N5 Pt1 N1 86.77(14)  C18 N6 N5 109.8(4) 
N5 Pt1 N3 88.04(14)  C18 N6 B1 129.7(4) 
C1 Pt1 N1 91.51(17)  O1 C3 Pt1 110.1(3) 
C1 Pt1 N3 177.13(18)  C4 C3 Pt1 126.6(4) 
C1 Pt1 N5 90.40(18)  C4 C3 O1 123.4(4) 
C1 Pt1 C2 91.0(2)  N1 C6 C7 108.9(4) 
C2 Pt1 N1 176.53(18)  N1 C6 C9 123.9(4) 
C2 Pt1 N3 91.41(18)  C7 C6 C9 127.2(4) 
C2 Pt1 N5 90.86(18)  C8 C7 C6 106.3(4) 
C3 Pt1 N1 92.77(17)  N2 C8 C7 107.6(4) 
C3 Pt1 N3 92.95(16)  N2 C8 C10 123.3(4) 
C3 Pt1 N5 178.87(17)  C7 C8 C10 129.0(4) 
C3 Pt1 C1 88.6(2)  N3 C11 C12 108.4(4) 
C3 Pt1 C2 89.6(2)  N3 C11 C14 124.0(4) 
C3 O1 C5 117.2(4)  C12 C11 C14 127.6(4) 
N2 N1 Pt1 116.2(3)  C13 C12 C11 107.0(4) 
C6 N1 Pt1 136.1(3)  N4 C13 C12 107.4(4) 
C6 N1 N2 107.5(4)  N4 C13 C15 122.8(4) 
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N1 N2 B1 120.5(4)  C12 C13 C15 129.7(4) 
C8 N2 N1 109.6(4)  N5 C16 C17 109.3(4) 
C8 N2 B1 129.6(4)  N5 C16 C19 124.3(4) 
N4 N3 Pt1 116.3(3)  C17 C16 C19 126.3(4) 
C11 N3 Pt1 136.1(3)  C18 C17 C16 106.8(4) 
C11 N3 N4 107.4(4)  N6 C18 C17 107.1(4) 
N3 N4 B1 120.4(4)  N6 C18 C20 124.0(4) 
C13 N4 N3 109.8(4)  C17 C18 C20 128.9(4) 
C13 N4 B1 129.7(4)  N2 B1 N4 108.5(4) 
N6 N5 Pt1 116.5(3)  N2 B1 N6 110.2(4) 
C16 N5 Pt1 136.5(3)  N6 B1 N4 109.9(4) 
C16 N5 N6 107.0(4)      
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APPENDIX 3.5 
 

Atomic coordinates and isotropic displacement parameters for 
TpʹPt(CH=CH2)(Me)2 (9) 

 
Atom x y Z U(eq) 

Pt1 4324.0(5) 7208.1(4) 3605.0(2) 35.52(15) 
N1 5986(10) 8401(7) 4013(5) 35(2) 
N2 6366(10) 8455(7) 4729(5) 34(2) 
N3 2982(10) 7463(5) 4472(4) 25.8(17) 
N4 3959(10) 7611(6) 5123(4) 30.6(19) 
N5 6001(10) 6315(6) 4331(4) 27.7(18) 
N6 6557(9) 6680(7) 4991(4) 29.1(18) 
C1 6625(15) 9151(10) 3733(7) 49(3) 
C2 7442(15) 9715(10) 4281(8) 54(3) 
C3 7238(14) 9280(9) 4906(7) 45(3) 
C4 6550(20) 9314(12) 2963(8) 74(5) 
C5 7806(17) 9606(11) 5650(7) 62(4) 
C6 1404(12) 7482(7) 4562(6) 35(2) 
C7 1330(13) 7624(8) 5265(6) 41(3) 
C8 2971(14) 7715(8) 5614(6) 38(2) 
C9 -70(13) 7305(12) 3978(7) 60(4) 

C10 3641(15) 7902(10) 6377(6) 48(3) 
C11 6697(12) 5452(8) 4313(5) 34(2) 
C12 7725(13) 5261(9) 4965(6) 36(2) 
C13 7598(12) 6041(8) 5375(5) 32(2) 
C14 6403(16) 4793(9) 3685(6) 47(3) 
C15 8396(14) 6222(9) 6129(5) 41(3) 
C16 2737(15) 8098(10) 2953(6) 48(3) 
C17 5619(13) 6944(8) 2794(6) 36(2) 
C18 2787(14) 6085(10) 3272(6) 45(3) 
C19 2737(15) 8098(10) 2953(6) 48(3) 
C20 1940(60) 8870(20) 3020(30) 64(14) 
C21 5619(13) 6944(8) 2794(6) 36(2) 
C22 4840(60) 6590(40) 2200(20) 45(11) 
C23 2787(14) 6085(10) 3272(6) 45(3) 
C24 2240(30) 5969(15) 2629(12) 34(6) 
B1 5895(14) 7645(10) 5205(6) 35(3) 

 
 

 



 

 243 

Bond Lengths (Å) 
 

Atom Atom Length/Å 	 Atom Atom Length/Å 
Pt1 N1 2.194(9) 	 N5 C11 1.332(13) 
Pt1 N3 2.171(7) 	 N6 C13 1.352(13) 
Pt1 N5 2.161(8) 	 N6 B1 1.531(16) 
Pt1 C16 2.047(11) 	 C1 C2 1.386(19) 
Pt1 C17 2.059(10) 	 C1 C4 1.490(18) 
Pt1 C18 2.031(13) 	 C2 C3 1.382(18) 
N1 N2 1.360(12) 	 C3 C5 1.495(18) 
N1 C1 1.321(14) 	 C6 C7 1.379(16) 
N2 C3 1.360(15) 	 C6 C9 1.506(16) 
N2 B1 1.544(14) 	 C7 C8 1.381(16) 
N3 N4 1.373(11) 	 C8 C10 1.496(16) 
N3 C6 1.316(12) 	 C11 C12 1.402(14) 
N4 C8 1.347(12) 	 C11 C14 1.503(15) 
N4 B1 1.544(13) 	 C12 C13 1.359(15) 
N5 N6 1.368(11) 	 C13 C15 1.500(14) 

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚ 	 Atom Atom Atom Angle/˚ 
N3 Pt1 N1 87.6(3) 	 N5 N6 B1 120.3(8) 
N5 Pt1 N1 86.1(3) 	 C13 N6 N5 109.4(8) 
N5 Pt1 N3 86.5(3) 	 C13 N6 B1 130.2(9) 
C16 Pt1 N1 92.1(5) 	 N1 C1 C2 108.0(11) 
C16 Pt1 N3 91.6(4) 	 N1 C1 C4 125.1(14) 
C16 Pt1 N5 177.4(5) 	 C2 C1 C4 126.8(13) 
C17 Pt1 N1 92.6(4) 	 C3 C2 C1 107.3(11) 
C17 Pt1 N3 178.9(4) 	 N2 C3 C2 106.8(12) 
C17 Pt1 N5 92.4(4) 	 N2 C3 C5 123.7(11) 
C18 Pt1 N1 177.5(4) 	 C2 C3 C5 129.4(12) 
C18 Pt1 N3 90.5(4) 	 N3 C6 C7 110.0(9) 
C18 Pt1 N5 92.2(4) 	 N3 C6 C9 123.7(10) 
N2 N1 Pt1 114.8(6) 	 C7 C6 C9 126.1(10) 
C1 N1 Pt1 135.5(9) 	 C6 C7 C8 106.6(9) 
C1 N1 N2 109.4(10) 	 N4 C8 C7 106.6(10) 
N1 N2 C3 108.4(9) 	 N4 C8 C10 123.4(10) 
N1 N2 B1 121.7(9) 	 C7 C8 C10 130.0(10) 
C3 N2 B1 129.9(10) 	 N5 C11 C12 109.5(10) 
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N4 N3 Pt1 116.1(6) 	 N5 C11 C14 124.5(10) 
C6 N3 Pt1 136.9(8) 	 C12 C11 C14 125.9(11) 
C6 N3 N4 106.9(8) 	 C13 C12 C11 105.9(10) 
N3 N4 B1 120.5(8) 	 N6 C13 C12 108.3(9) 
C8 N4 N3 109.8(8) 	 N6 C13 C15 122.5(10) 
C8 N4 B1 129.7(9) 	 C12 C13 C15 129.2(10) 
N6 N5 Pt1 116.8(6) 	 N2 B1 N4 108.1(9) 
C11 N5 Pt1 136.3(7) 	 N6 B1 N2 110.5(8) 
C11 N5 N6 106.8(8) 	 N6 B1 N4 109.9(9) 

 
 
  



 

 245 

APPENDIX 3.6 
 

Atomic coordinates and isotropic displacement parameters for [κ2(Tpʹ (NH))Pt(η2 
CH2=CHCH3)(Me)][B(ArF)4] (10) 

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

Pt1 3071.6(3) 1172.5(3) 6417.0(2) 47.47(14) 
N1 3427(6) 2601(6) 6055(3) 43.3(14) 
N2 3963(6) 3594(5) 6600(4) 43.4(14) 
N3 4911(5) 2256(5) 6952(3) 35.7(12) 
N4 5292(5) 3279(4) 7397(3) 33.5(11) 
N5 3413(5) 2412(5) 8317(4) 41.6(13) 
N6 3319(5) 2975(4) 7829(3) 32.4(11) 
C1 1429(11) -193(11) 5647(7) 95.9(16) 
C2 1082(19) 140(17) 6251(9) 95.3(19) 
C3 521(17) 793(15) 6233(13) 93(3) 
C4 2853(13) -103(7) 6874(7) 91(4) 
C5 3283(8) 2829(9) 5394(5) 58(2) 
C6 3719(8) 3949(9) 5508(6) 61(2) 
C7 4139(7) 4410(8) 6260(5) 53(2) 
C8 2749(10) 1935(10) 4669(5) 77(3) 
C9 4676(9) 5581(8) 6687(7) 73(3) 

C10 5915(7) 2200(7) 6964(4) 44.5(17) 
C11 6917(7) 3178(7) 7414(4) 46.5(18) 
C12 6527(6) 3851(6) 7693(4) 42.3(16) 
C13 5864(10) 1215(9) 6533(5) 65(2) 
C14 7228(8) 4977(7) 8213(6) 63(2) 
C15 2393(7) 1913(6) 8658(4) 42.9(16) 
C16 1605(6) 2165(6) 8395(4) 39.0(15) 
C17 2202(6) 2831(6) 7882(4) 35.5(14) 
C18 2266(8) 1218(8) 9199(6) 64(3) 
C19 1779(8) 3357(8) 7452(5) 50.1(19) 
B1 4472(7) 3665(6) 7275(5) 32.8(14) 
F1 -976(4) 7386(3) 9745(2) 44.7(10) 
F2 963(4) 8803(4) 10020(2) 55.7(12) 
F3 -415(4) 8952(3) 9499(2) 43.8(9) 
F4 -1848(9) 7547(10) 6796(3) 148(4) 
F5 -2218(6) 5934(7) 6491(4) 111(3) 
F6 -753(5) 7250(5) 6082(2) 56.2(12) 
F7 -680(4) 3018(4) 6234(3) 59.6(12) 
F8 -647(4) 3132(4) 5059(3) 58.4(12) 
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F9 592(4) 2836(4) 5585(3) 53.5(11) 
F10 2966(13) 6622(15) 4373(9) 78(2) 
F12 3400(13) 8043(14) 5182(9) 72(2) 
F13 -1256(4) 4091(4) 9076(3) 45.8(10) 
F14 -962(4) 2856(4) 8541(3) 62.9(13) 
F15 -522(4) 3477(4) 9748(3) 55.1(11) 
F16 3718(11) 4619(9) 9767(8) 44.5(18) 
F17 4945(11) 5797(12) 9114(7) 48.4(17) 
F18 4670(14) 6364(12) 10213(9) 47(2) 
F19 7106(6) 8894(9) 7197(4) 129(4) 
F20 7223(8) 8464(8) 8158(7) 147(4) 
F21 8265(5) 10120(6) 8168(5) 117(3) 
F22 6617(4) 12044(4) 9561(3) 59.8(13) 
F23 5150(5) 11757(4) 8780(3) 53.2(11) 
F24 4711(4) 11071(3) 9765(2) 40.2(9) 
F25 4009(9) 4664(8) 9453(7) 47.4(16) 
F26 5258(9) 6328(10) 9314(6) 50.1(17) 
F27 4384(12) 6067(11) 10337(7) 50(2) 
C20 1306(5) 7303(4) 7927(3) 21.7(11) 
C21 1078(5) 7669(4) 8643(3) 22.4(11) 
C22 182(5) 7891(5) 8722(3) 25.2(11) 
C23 -573(5) 7733(5) 8089(3) 28.1(12) 
C24 -406(6) 7333(6) 7381(3) 31.3(13) 
C25 525(6) 7140(5) 7300(3) 27.2(12) 
C26 -47(6) 8260(5) 9496(4) 32.4(13) 
C27 -1282(8) 7053(9) 6689(4) 52(2) 
C28 2211(5) 6399(5) 6962(3) 25.5(12) 
C29 1307(6) 5241(5) 6712(3) 28.3(12) 
C30 1054(6) 4665(6) 5953(4) 36.2(15) 
C31 1710(7) 5239(7) 5418(4) 42.2(16) 
C32 2610(7) 6375(7) 5646(4) 42.4(16) 
C33 2852(6) 6950(6) 6403(4) 32.0(13) 
C34 73(7) 3425(6) 5717(4) 43.8(17) 
C35 3346(10) 6993(10) 5076(6) 72.5(16) 
C36 2218(5) 6254(5) 8417(3) 22.8(11) 
C37 1022(5) 5422(5) 8552(3) 24.1(11) 
C38 844(6) 4693(5) 9000(3) 28.0(12) 
C39 1843(6) 4738(5) 9337(4) 31.7(13) 
C40 3039(6) 5558(5) 9216(3) 29.3(12) 
C41 3225(5) 6300(5) 8770(3) 24.9(11) 
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C42 -471(6) 3785(5) 9093(4) 38.0(15) 
C43 4134(7) 5629(6) 9577(4) 41.3(11) 
C44 3808(5) 8252(5) 8086(3) 22.9(11) 
C45 4882(5) 8295(5) 7895(4) 28.1(12) 
C46 6083(6) 9244(5) 8133(4) 33.1(13) 
C47 6307(6) 10225(5) 8577(4) 30.0(13) 
C48 5267(6) 10217(5) 8768(3) 27.7(12) 
C49 4053(5) 9253(5) 8527(3) 24.6(11) 
C50 7184(6) 9211(6) 7904(5) 45.9(18) 
C51 5444(6) 11263(5) 9222(4) 35.3(14) 
B2 2402(6) 7072(5) 7846(4) 22.3(12) 

C3A 250(30) 90(30) 6617(18) 96(3) 
C2A 1100(30) 430(20) 6020(20) 94.8(19) 
C1A 1429(11) -193(11) 5647(7) 95.9(16) 
F11 4588(12) 7443(12) 5239(7) 79(2) 

F11A 4149(11) 6744(12) 4887(7) 76(2) 
F10A 2497(12) 6490(14) 4383(8) 67(2) 
F12A 3790(13) 7991(15) 5193(9) 75(2) 

 
 

Bond Lengths (Å) 
 

Atom Atom Length/Å 	 Atom Atom Length/Å 
Pt1 N1 2.124(6) 	 F19 C50 1.257(10) 
Pt1 N3 2.070(6) 	 F20 C50 1.296(11) 
Pt1 C1 2.147(11) 	 F21 C50 1.280(9) 
Pt1 C2 2.12(2) 	 F22 C51 1.331(8) 
Pt1 C4 2.070(8) 	 F23 C51 1.354(8) 
Pt1 C2A 2.18(4) 	 F24 C51 1.334(7) 
N1 N2 1.379(9) 	 F25 C43 1.312(12) 
N1 C5 1.336(10) 	 F26 C43 1.393(13) 
N2 C7 1.360(9) 	 F27 C43 1.352(15) 
N2 B1 1.337(10) 	 C20 C21 1.406(8) 
N3 N4 1.367(8) 	 C20 C25 1.401(8) 
N3 C10 1.349(9) 	 C20 B2 1.638(8) 
N4 C12 1.365(9) 	 C21 C22 1.374(8) 
N4 B1 1.488(8) 	 C22 C23 1.392(9) 
N5 N6 1.366(8) 	 C22 C26 1.498(8) 
N5 C15 1.333(9) 	 C23 C24 1.377(9) 
N6 C17 1.349(8) 	 C24 C25 1.389(8) 
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N6 B1 1.732(9) 	 C24 C27 1.506(9) 
C1 C2 1.300(5) 	 C28 C29 1.398(9) 
C2 C3 1.499(5) 	 C28 C33 1.396(9) 
C5 C6 1.384(14) 	 C28 B2 1.648(8) 
C5 C8 1.497(15) 	 C29 C30 1.397(9) 
C6 C7 1.351(14) 	 C30 C31 1.380(11) 
C7 C9 1.486(14) 	 C30 C34 1.497(11) 

C10 C11 1.368(12) 	 C31 C32 1.373(11) 
C10 C13 1.479(12) 	 C32 C33 1.394(10) 
C11 C12 1.367(11) 	 C32 C35 1.486(11) 
C12 C14 1.475(12) 	 C35 F11 1.357(17) 
C15 C16 1.371(10) 	 C35 F11A 1.313(16) 
C15 C18 1.491(11) 	 C35 F10A 1.426(19) 
C16 C17 1.391(10) 	 C35 F12A 1.21(2) 
C17 C19 1.482(10) 	 C36 C37 1.404(8) 
F1 C26 1.348(8) 	 C36 C41 1.406(8) 
F2 C26 1.329(8) 	 C36 B2 1.652(8) 
F3 C26 1.344(7) 	 C37 C38 1.384(8) 
F4 C27 1.284(9) 	 C38 C39 1.385(9) 
F5 C27 1.362(12) 	 C38 C42 1.507(9) 
F6 C27 1.295(9) 	 C39 C40 1.390(9) 
F7 C34 1.329(9) 	 C40 C41 1.394(8) 
F8 C34 1.342(8) 	 C40 C43 1.494(8) 
F9 C34 1.357(9) 	 C44 C45 1.409(8) 

F10 C35 1.256(19) 	 C44 C49 1.392(8) 
F12 C35 1.48(2) 	 C44 B2 1.643(8) 
F12 F12A 0.553(19) 	 C45 C46 1.376(9) 
F13 C42 1.324(8) 	 C46 C47 1.382(9) 
F14 C42 1.331(9) 	 C46 C50 1.514(9) 
F15 C42 1.336(8) 	 C47 C48 1.391(8) 
F16 C43 1.387(14) 	 C48 C49 1.393(8) 
F17 C43 1.295(14) 	 C48 C51 1.492(8) 
F18 C43 1.284(16) 	 C3A C2A 1.503(5) 

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚ 	 Atom Atom Atom Angle/˚ 
N1 Pt1 C1 102.7(5) 	 C32 C31 C30 118.9(6) 
N1 Pt1 C2A 85.1(8) 	 C31 C32 C33 121.0(6) 
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N3 Pt1 N1 84.1(2) 	 C31 C32 C35 119.2(7) 
N3 Pt1 C1 161.4(3) 	 C33 C32 C35 119.8(8) 
N3 Pt1 C2 160.8(4) 	 C32 C33 C28 121.8(6) 
N3 Pt1 C2A 163.2(5) 	 F7 C34 F8 108.0(6) 
C2 Pt1 N1 101.1(6) 	 F7 C34 F9 105.8(6) 
C2 Pt1 C1 35.5(2) 	 F7 C34 C30 113.8(5) 
C4 Pt1 N1 174.0(4) 	 F8 C34 F9 104.7(5) 
C4 Pt1 N3 90.8(4) 	 F8 C34 C30 112.2(6) 
C4 Pt1 C1 83.2(6) 	 F9 C34 C30 111.7(6) 
C4 Pt1 C2 82.7(7) 	 F10 C35 F12 98.9(13) 
C4 Pt1 C2A 99.2(9) 	 F10 C35 C32 122.4(11) 
N2 N1 Pt1 117.5(4) 	 F10 C35 F11 111.9(10) 
C5 N1 Pt1 136.3(7) 	 F12 C35 C32 108.1(8) 
C5 N1 N2 106.1(7) 	 F11 C35 F12 99.5(11) 
C7 N2 N1 108.9(7) 	 F11 C35 C32 112.3(9) 
B1 N2 N1 117.9(6) 	 F11A C35 F12 133.2(11) 
B1 N2 C7 130.8(8) 	 F11A C35 C32 110.5(10) 
N4 N3 Pt1 119.0(4) 	 F11A C35 F10A 101.1(11) 
C10 N3 Pt1 133.8(5) 	 F10A C35 F12 92.5(11) 
C10 N3 N4 107.1(6) 	 F10A C35 C32 106.1(9) 
N3 N4 B1 115.7(5) 	 F12A C35 F12 20.7(9) 
C12 N4 N3 109.2(6) 	 F12A C35 C32 118.1(11) 
C12 N4 B1 131.9(6) 	 F12A C35 F11A 113.6(11) 
C15 N5 N6 111.4(6) 	 F12A C35 F10A 105.5(13) 
N5 N6 B1 122.3(5) 	 C37 C36 C41 115.5(5) 
C17 N6 N5 105.8(5) 	 C37 C36 B2 121.4(5) 
C17 N6 B1 131.9(5) 	 C41 C36 B2 123.0(5) 
C2 C1 Pt1 71.1(10) 	 C38 C37 C36 122.3(5) 
C1 C2 Pt1 73.4(10) 	 C37 C38 C39 121.7(6) 

C1 C2 C3 121.5(1
7) 	 C37 C38 C42 119.6(6) 

C3 C2 Pt1 112.7(1
4) 	 C39 C38 C42 118.7(6) 

N1 C5 C6 110.1(8) 	 C38 C39 C40 117.2(6) 
N1 C5 C8 120.5(9) 	 C39 C40 C41 121.4(5) 
C6 C5 C8 129.3(8) 	 C39 C40 C43 118.3(6) 
C7 C6 C5 106.6(7) 	 C41 C40 C43 120.3(6) 
N2 C7 C9 123.0(8) 	 C40 C41 C36 122.0(6) 
C6 C7 N2 108.2(8) 	 F13 C42 F14 106.2(6) 
C6 C7 C9 128.7(7) 	 F13 C42 F15 106.3(5) 
N3 C10 C11 108.8(7) 	 F13 C42 C38 112.9(5) 
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N3 C10 C13 122.6(8) 	 F14 C42 F15 106.3(6) 
C11 C10 C13 128.6(7) 	 F14 C42 C38 111.8(5) 
C12 C11 C10 108.1(6) 	 F15 C42 C38 112.7(6) 
N4 C12 C11 106.7(7) 	 F16 C43 C40 109.3(7) 
N4 C12 C14 123.3(7) 	 F17 C43 F16 107.4(8) 
C11 C12 C14 129.9(7) 	 F17 C43 C40 111.5(7) 
N5 C15 C16 106.9(6) 	 F18 C43 F16 104.0(9) 
N5 C15 C18 121.0(7) 	 F18 C43 F17 110.6(10) 
C16 C15 C18 132.1(6) 	 F18 C43 C40 113.7(9) 
C15 C16 C17 107.0(6) 	 F25 C43 F26 103.5(8) 
N6 C17 C16 108.9(6) 	 F25 C43 F27 108.6(9) 
N6 C17 C19 121.9(6) 	 F25 C43 C40 113.8(7) 
C16 C17 C19 129.2(6) 	 F26 C43 C40 113.9(6) 
N2 B1 N4 125.7(7) 	 F27 C43 F26 104.1(8) 
N2 B1 N6 110.7(5) 	 F27 C43 C40 112.1(8) 
N4 B1 N6 101.7(5) 	 C45 C44 B2 120.9(5) 

F12A F12 C35 51(3) 	 C49 C44 C45 114.8(5) 
C21 C20 B2 121.5(5) 	 C49 C44 B2 124.1(5) 
C25 C20 C21 115.5(5) 	 C46 C45 C44 122.8(6) 
C25 C20 B2 123.0(5) 	 C45 C46 C47 121.5(6) 
C22 C21 C20 122.4(5) 	 C45 C46 C50 119.3(6) 
C21 C22 C23 121.0(5) 	 C47 C46 C50 119.3(6) 
C21 C22 C26 120.7(5) 	 C46 C47 C48 117.2(6) 
C23 C22 C26 118.2(5) 	 C47 C48 C49 121.1(5) 
C24 C23 C22 118.0(5) 	 C47 C48 C51 119.8(5) 
C23 C24 C25 121.0(6) 	 C49 C48 C51 119.2(5) 
C23 C24 C27 119.5(6) 	 C44 C49 C48 122.6(5) 
C25 C24 C27 119.5(6) 	 F19 C50 F20 102.3(9) 
C24 C25 C20 122.1(5) 	 F19 C50 F21 110.0(8) 
F1 C26 C22 112.0(5) 	 F19 C50 C46 113.3(7) 
F2 C26 F1 107.4(5) 	 F20 C50 C46 111.6(7) 
F2 C26 F3 106.6(5) 	 F21 C50 F20 103.5(9) 
F2 C26 C22 113.0(5) 	 F21 C50 C46 115.0(6) 
F3 C26 F1 105.2(5) 	 F22 C51 F23 105.9(5) 
F3 C26 C22 112.1(5) 	 F22 C51 F24 106.7(5) 
F4 C27 F5 105.0(9) 	 F22 C51 C48 113.8(5) 
F4 C27 F6 108.8(7) 	 F23 C51 C48 111.5(5) 
F4 C27 C24 113.1(7) 	 F24 C51 F23 105.6(5) 
F5 C27 C24 111.2(7) 	 F24 C51 C48 112.8(5) 
F6 C27 F5 103.9(7) 	 C20 B2 C28 108.6(4) 
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F6 C27 C24 114.0(6) 	 C20 B2 C36 108.1(4) 
C29 C28 B2 121.3(5) 	 C20 B2 C44 111.2(4) 
C33 C28 C29 115.8(5) 	 C28 B2 C36 108.5(4) 
C33 C28 B2 122.7(5) 	 C44 B2 C28 111.2(5) 
C30 C29 C28 122.6(6) 	 C44 B2 C36 109.1(4) 
C29 C30 C34 120.3(6) 	 C3A C2A Pt1 115(3) 
C31 C30 C29 120.0(7) 	 F12 F12A C35 108(3) 
C31 C30 C34 119.7(6) 	 	 	 	 	
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APPENDIX 3.7 
 

Atomic coordinates and isotropic displacement parameters for 
[κ2(Tpʹ (NH))Pt(O=C(H)(CH3))(Me)][B(ArF)4] (12) 

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

Pt1 1899.5(2) 6170.6(2) 8578.6(2) 43.31(10) 
N1 2660(3) 7250(4) 8042(2) 32.0(9) 
N2 2015(4) 8279(4) 7600(3) 31.4(9) 
N3 835(4) 7594(4) 8946(3) 38.1(10) 
N4 378(4) 8591(4) 8404(3) 38(1) 
N5 1000(4) 7417(4) 6683(3) 38.4(11) 
N6 338(3) 7977(3) 7169(2) 28.3(9) 
C3 4654(5) 6205(7) 8465(4) 61.7(19) 
C4 3715(5) 7188(6) 8033(3) 40.9(12) 
C5 3750(5) 8161(6) 7585(3) 45.1(13) 
C6 2689(5) 8842(5) 7311(3) 38.9(12) 
C7 2248(6) 9979(6) 6784(4) 57.6(17) 
C8 817(7) 6920(7) 10329(4) 71(2) 
C9 466(5) 7811(6) 9610(4) 50.0(14) 

C10 -229(5) 8930(6) 9500(4) 55.1(15) 
C11 -270(5) 9408(6) 8746(4) 46.8(14) 
C12 -907(6) 10584(6) 8317(5) 62.8(19) 
C13 1041(6) 6224(7) 5794(5) 61(2) 
C14 478(5) 6913(5) 6340(4) 40.3(13) 
C15 -560(5) 7176(5) 6601(3) 38.3(12) 
C16 -627(4) 7841(4) 7116(3) 32.2(11) 
C17 -1581(5) 8364(6) 7554(4) 47.0(15) 
C18 2972(8) 4886(6) 8154(6) 82(3) 
B1 768(5) 8698(5) 7649(4) 36.1(13) 
O1 1650(8) 4781(8) 9368(5) 142(3) 
C1 140(30) 5080(30) 8245(19) 114(10) 
C2 597(12) 5537(16) 8978(13) 62(5) 

O1A 1650(8) 4781(8) 9368(5) 142(3) 
C1A -251(13) 5762(13) 8765(10) 81(5) 
C2A 893(15) 5150(13) 8713(9) 74(4) 
F1 4652(3) -904(3) 5921(2) 42.8(8) 
F2 6183(3) -2144(3) 6458(2) 57.6(10) 
F3 6003(3) -1519(3) 5244(2) 51.1(9) 

F10 4568(3) 7046(3) 5442(2) 59.3(11) 
F11 3383(3) 6760(3) 6221(2) 51.7(9) 
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F12 3640(3) 6069(3) 5235.1(18) 39.1(7) 
F13 2151(3) 3807(3) 4984.7(18) 53.1(9) 
F14 626(2) 3953(3) 5509.6(18) 39.8(7) 
F15 1639(3) 2390(3) 5254.7(18) 42.1(8) 
F16 606(3) 2515(7) 8208(2) 119(2) 
F17 2002(3) 2245(3) 8925.0(18) 50.2(9) 
F18 1853(5) 927(5) 8508(3) 97.2(17) 
F22 6207(3) -1860(3) 9935(2) 54.3(9) 
F23 7749(3) -2170(3) 9414(2) 49.3(9) 
F24 6293(3) -1979(3) 8764(2) 55.1(9) 
C19 5961(4) 1260(4) 6582(2) 20.6(9) 
C20 5603(4) 430(4) 6450(3) 22.9(9) 
C21 6154(4) -307(4) 5998(3) 26.8(10) 
C22 7104(4) -252(4) 5661(3) 29.5(10) 
C23 7482(4) 566(4) 5786(3) 26.8(10) 
C24 6926(4) 1301(4) 6229(3) 23.8(9) 
C25 5756(5) -1211(5) 5906(3) 36.0(11) 
C27 5553(4) 3258(4) 6919(3) 21.6(9) 
C28 6588(4) 3292(4) 7115(3) 26.6(10) 
C29 6833(4) 4258(4) 6874(3) 29.7(10) 
C30 6076(4) 5231(4) 6430(3) 28.9(10) 
C31 5046(4) 5219(4) 6237(3) 26.4(10) 
C32 4802(4) 4256(4) 6480(3) 23.7(9) 
C34 4178(4) 6267(4) 5784(3) 34.6(11) 
C35 4002(4) 2304(4) 7077(3) 19.6(9) 
C36 3412(4) 2673(4) 6361(3) 22.0(9) 
C37 2283(4) 2893(4) 6283(3) 22.4(9) 
C38 1695(4) 2724(4) 6915(3) 26.1(10) 
C39 2264(4) 2326(4) 7623(3) 27.7(10) 
C40 3393(4) 2129(4) 7706(3) 24.5(10) 
C41 1685(4) 3264(4) 5508(3) 29.8(10) 
C42 1674(5) 2030(6) 8313(3) 45.8(14) 
C43 5812(4) 1404(4) 8037(3) 23.6(9) 
C44 5904(4) 1952(5) 8600(3) 30.1(10) 
C45 6235(5) 1377(5) 9357(3) 39.0(12) 
C46 6476(5) 232(5) 9583(3) 39.5(12) 
C47 6390(4) -337(5) 9044(3) 31.6(11) 
C48 6066(4) 241(4) 8291(3) 24.5(9) 
C50 6648(5) -1572(5) 9284(3) 41.9(13) 
B2 5333(4) 2070(4) 7159(3) 20.4(10) 
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F4 9262(4) -364(4) 5432(4) 76(2) 
F5 8309(3) 1199(4) 4715(2) 56.8(14) 
F6 9017(4) 1127(7) 5773(3) 78(2) 
F7 8210(6) 3883(8) 7830(4) 79(2) 
F8 8768(4) 3461(7) 6814(6) 95(3) 
F9 8098(6) 5179(6) 6874(5) 81(3) 

F19 5554(6) 3038(5) 9806(3) 76.9(19) 
F20 6167(6) 1537(5) 10632(3) 76.7(19) 
F21 7318(7) 2070(11) 9941(6) 126(4) 
C26 8505(4) 629(5) 5428(3) 33.0(11) 
C33 7963(5) 4214(5) 7097(4) 45.5(13) 
C49 6360(7) 2004(7) 9923(4) 61.5(16) 
F4A 8880(30) -190(30) 5010(20) 38(6) 
F5A 8480(30) 1620(30) 5190(20) 45(6) 
F6A 9270(20) 310(30) 5867(18) 34(5) 
F7A 7910(20) 4660(30) 7743(16) 68(6) 
F8A 8653(17) 3268(18) 7449(17) 55(5) 
F9A 8380(20) 4740(30) 6612(16) 57(6) 

F19A 5730(30) 2430(40) 10270(20) 89(7) 
F20A 7310(30) 1440(30) 10408(19) 80(7) 
F21A 6680(30) 2940(30) 9592(14) 70(6) 
C26A 8505(4) 629(5) 5428(3) 33.0(11) 
C33A 7963(5) 4214(5) 7097(4) 45.5(13) 
C49A 6360(7) 2004(7) 9923(4) 61.5(16) 

 

Bond Lengths (Å) 
 

Atom Atom Length/Å 	 Atom Atom Length/Å 
Pt1 N1 2.072(4) 	 F24 C50 1.339(7) 
Pt1 N3 2.118(5) 	 C19 C20 1.394(6) 
Pt1 C18 2.050(7) 	 C19 C24 1.409(6) 
Pt1 O1 2.174(8) 	 C19 B2 1.649(7) 
Pt1 C2 2.187(16) 	 C20 C21 1.394(7) 
Pt1 C2A 2.161(13) 	 C21 C22 1.385(7) 
N1 N2 1.372(6) 	 C21 C25 1.494(7) 
N1 C4 1.340(7) 	 C22 C23 1.390(7) 
N2 C6 1.366(7) 	 C23 C24 1.382(7) 
N2 B1 1.516(7) 	 C23 C26 1.490(7) 
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N3 N4 1.381(7) 	 C27 C28 1.410(6) 
N3 C9 1.338(7) 	 C27 C32 1.388(7) 
N4 C11 1.365(7) 	 C27 B2 1.648(7) 
N4 B1 1.445(8) 	 C28 C29 1.394(7) 
N5 N6 1.362(6) 	 C29 C30 1.377(7) 
N5 C14 1.341(7) 	 C29 C33 1.501(7) 
N6 C16 1.334(6) 	 C30 C31 1.392(7) 
N6 B1 1.648(7) 	 C31 C32 1.389(7) 
C3 C4 1.481(9) 	 C31 C34 1.493(7) 
C4 C5 1.368(9) 	 C35 C36 1.406(6) 
C5 C6 1.366(9) 	 C35 C40 1.401(6) 
C6 C7 1.492(9) 	 C35 B2 1.641(6) 
C8 C9 1.489(11) 	 C36 C37 1.387(6) 
C9 C10 1.386(10) 	 C37 C38 1.387(7) 

C10 C11 1.361(10) 	 C37 C41 1.500(7) 
C11 C12 1.492(10) 	 C38 C39 1.381(7) 
C13 C14 1.489(8) 	 C39 C40 1.394(7) 
C14 C15 1.367(8) 	 C39 C42 1.505(7) 
C15 C16 1.392(8) 	 C43 C44 1.397(7) 
C16 C17 1.491(8) 	 C43 C48 1.405(7) 
O1 C2 1.441(10) 	 C43 B2 1.638(7) 
C1 C2 1.76(4) 	 C44 C45 1.396(8) 

C1A C2A 1.42(3) 	 C45 C46 1.382(9) 
F1 C25 1.341(6) 	 C45 C49 1.492(8) 
F2 C25 1.336(7) 	 C46 C47 1.379(8) 
F3 C25 1.343(6) 	 C47 C48 1.391(7) 

F10 C34 1.330(6) 	 C47 C50 1.491(8) 
F11 C34 1.351(7) 	 F4 C26 1.315(7) 
F12 C34 1.343(6) 	 F5 C26 1.314(6) 
F13 C41 1.329(6) 	 F6 C26 1.327(8) 
F14 C41 1.342(6) 	 F7 C33 1.306(9) 
F15 C41 1.346(6) 	 F8 C33 1.336(9) 
F16 C42 1.293(7) 	 F9 C33 1.315(8) 
F17 C42 1.312(7) 	 F19 C49 1.351(10) 
F18 C42 1.344(9) 	 F20 C49 1.354(9) 
F22 C50 1.340(6) 	 F21 C49 1.276(10) 
F23 C50 1.350(7) 	 	 	 	
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Bond Angles (°) 

 
Atom Atom Atom Angle/˚ 	 Atom Atom Atom Angle/˚ 

N1 Pt1 N3 84.35(17) 	 C28 C29 C33 118.4(5) 
N1 Pt1 O1 160.2(3) 	 C30 C29 C28 121.6(4) 
N1 Pt1 C2 160.4(4) 	 C30 C29 C33 119.9(5) 
N1 Pt1 C2A 159.1(4) 	 C29 C30 C31 117.3(4) 
N3 Pt1 O1 102.8(3) 	 C30 C31 C34 119.5(4) 
N3 Pt1 C2 81.6(7) 	 C32 C31 C30 120.9(5) 
N3 Pt1 C2A 100.9(6) 	 C32 C31 C34 119.6(4) 
C18 Pt1 N1 90.9(3) 	 C27 C32 C31 123.1(4) 
C18 Pt1 N3 175.0(3) 	 F10 C34 F11 106.4(4) 
C18 Pt1 O1 82.1(4) 	 F10 C34 F12 106.3(4) 
C18 Pt1 C2 102.7(7) 	 F10 C34 C31 114.0(4) 
C18 Pt1 C2A 83.1(6) 	 F11 C34 C31 111.7(5) 
O1 Pt1 C2 38.6(3) 	 F12 C34 F11 105.4(4) 
N2 N1 Pt1 119.0(3) 	 F12 C34 C31 112.4(4) 
C4 N1 Pt1 133.6(4) 	 C36 C35 B2 121.4(4) 
C4 N1 N2 107.4(5) 	 C40 C35 C36 116.0(4) 
N1 N2 B1 119.0(4) 	 C40 C35 B2 122.6(4) 
C6 N2 N1 108.6(4) 	 C37 C36 C35 122.0(4) 
C6 N2 B1 130.6(5) 	 C36 C37 C41 120.5(4) 
N4 N3 Pt1 117.6(3) 	 C38 C37 C36 120.9(4) 
C9 N3 Pt1 135.9(5) 	 C38 C37 C41 118.6(4) 
C9 N3 N4 106.5(5) 	 C39 C38 C37 118.2(4) 
N3 N4 B1 120.4(4) 	 C38 C39 C40 121.1(4) 
C11 N4 N3 109.1(5) 	 C38 C39 C42 119.5(4) 
C11 N4 B1 129.4(5) 	 C40 C39 C42 119.3(5) 
C14 N5 N6 111.1(4) 	 C39 C40 C35 121.7(4) 
N5 N6 B1 121.0(4) 	 F13 C41 F14 106.8(4) 
C16 N6 N5 106.5(4) 	 F13 C41 F15 106.9(4) 
C16 N6 B1 132.5(4) 	 F13 C41 C37 113.2(4) 
N1 C4 C3 123.1(6) 	 F14 C41 F15 105.7(4) 
N1 C4 C5 109.1(6) 	 F14 C41 C37 111.9(4) 
C5 C4 C3 127.8(6) 	 F15 C41 C37 111.9(4) 
C6 C5 C4 107.8(5) 	 F16 C42 F17 108.6(6) 
N2 C6 C5 107.1(5) 	 F16 C42 F18 104.2(6) 
N2 C6 C7 122.1(6) 	 F16 C42 C39 113.1(5) 
C5 C6 C7 130.8(6) 	 F17 C42 F18 104.6(5) 
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N3 C9 C8 121.1(6) 	 F17 C42 C39 113.4(5) 
N3 C9 C10 109.7(6) 	 F18 C42 C39 112.2(5) 
C10 C9 C8 129.2(6) 	 C44 C43 C48 115.1(4) 
C11 C10 C9 107.0(5) 	 C44 C43 B2 123.1(4) 
N4 C11 C12 122.8(6) 	 C48 C43 B2 121.5(4) 
C10 C11 N4 107.6(6) 	 C45 C44 C43 122.1(5) 
C10 C11 C12 129.6(6) 	 C44 C45 C49 119.4(6) 
N5 C14 C13 121.2(5) 	 C46 C45 C44 120.9(5) 
N5 C14 C15 106.4(5) 	 C46 C45 C49 119.7(6) 
C15 C14 C13 132.4(5) 	 C47 C46 C45 118.7(5) 
C14 C15 C16 107.3(5) 	 C46 C47 C48 120.0(5) 
N6 C16 C15 108.7(5) 	 C46 C47 C50 119.0(5) 
N6 C16 C17 122.2(5) 	 C48 C47 C50 121.0(5) 
C15 C16 C17 129.1(5) 	 C47 C48 C43 123.2(5) 
N2 B1 N6 104.9(4) 	 F22 C50 F23 105.4(4) 
N4 B1 N2 116.4(5) 	 F22 C50 C47 112.5(5) 
N4 B1 N6 110.4(4) 	 F23 C50 C47 112.3(5) 
C2 O1 Pt1 71.2(7) 	 F24 C50 F22 107.1(5) 
O1 C2 Pt1 70.2(7) 	 F24 C50 F23 105.7(5) 
O1 C2 C1 115(2) 	 F24 C50 C47 113.3(5) 
C1 C2 Pt1 109.0(16) 	 C27 B2 C19 109.0(4) 

C1A C2A Pt1 113.6(12) 	 C35 B2 C19 107.9(4) 
C20 C19 C24 115.2(4) 	 C35 B2 C27 110.9(4) 
C20 C19 B2 121.4(4) 	 C43 B2 C19 109.0(4) 
C24 C19 B2 123.2(4) 	 C43 B2 C27 111.3(4) 
C19 C20 C21 122.6(4) 	 C43 B2 C35 108.7(4) 
C20 C21 C25 120.0(4) 	 F4 C26 C23 113.1(5) 
C22 C21 C20 120.9(5) 	 F4 C26 F6 104.8(6) 
C22 C21 C25 119.0(5) 	 F5 C26 C23 112.9(4) 
C21 C22 C23 117.6(5) 	 F5 C26 F4 106.5(5) 
C22 C23 C26 118.0(5) 	 F5 C26 F6 105.3(5) 
C24 C23 C22 121.2(4) 	 F6 C26 C23 113.5(5) 
C24 C23 C26 120.8(5) 	 F7 C33 C29 112.9(6) 
C23 C24 C19 122.4(4) 	 F7 C33 F8 103.9(7) 
F1 C25 F3 105.5(4) 	 F7 C33 F9 106.8(7) 
F1 C25 C21 112.9(4) 	 F8 C33 C29 111.9(5) 
F2 C25 F1 105.5(5) 	 F9 C33 C29 113.9(5) 
F2 C25 F3 106.7(5) 	 F9 C33 F8 106.8(7) 
F2 C25 C21 112.5(5) 	 F19 C49 C45 111.9(6) 
F3 C25 C21 113.2(5) 	 F19 C49 F20 100.6(6) 
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C28 C27 B2 120.2(4) 	 F20 C49 C45 111.8(6) 
C32 C27 C28 115.1(4) 	 F21 C49 C45 112.3(7) 
C32 C27 B2 124.5(4) 	 F21 C49 F19 110.6(8) 
C29 C28 C27 121.9(5) 	 F21 C49 F20 109.1(8) 
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APPENDIX 4.1 
 

Representative NMR Data for Chapter 4 
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APPENDIX 5.1 

Representative NMR Data for Chapter 5 
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APPENDIX 5.2 
 

Atomic coordinates and isotropic displacement parameters for 
[bpztzPhPtMe2C(O)CH3][OTf] (2) 

 
U(eq) is defines as one third of the trace of the orthogonalized Uij tensor. 

 

Atom x/a y/b z/c U(eq) 
Pt1 2473.9(3) 1966.0(2) 6312.1(2) 37.08(10) 
C2 2615(8) 59(5) 6665(5) 50.0(16) 
C3 3916(7) 1901(5) 4898(4) 40.5(14) 
C4 746(9) 1774(6) 5727(6) 52.3(17) 
C6 880(20) 877(15) 5101(11) 187(9) 
N7 1163(5) 2101(4) 7741(4) 36.9(11) 
N8 39(6) 1481(4) 8240(4) 40.5(11) 
N9 -416(5) 1976(4) 9079(4) 38.0(11) 
C10 414(6) 2905(5) 9101(4) 36.6(12) 
C11 1424(6) 2985(5) 8236(4) 34.4(12) 
C12 -1717(7) 1537(6) 9773(5) 42.5(14) 
C13 -2044(8) 304(6) 9873(5) 49.4(16) 
C14 -3351(9) -76(7) 10485(5) 59(2) 
C15 -4284(9) 745(8) 10965(5) 63(2) 
C16 -3919(8) 1957(8) 10878(5) 59.1(19) 
C17 -2627(7) 2359(7) 10275(5) 49.8(16) 
C18 2651(6) 3820(5) 7780(4) 35.5(12) 
N19 2298(6) 3996(4) 6047(4) 43.7(12) 
N20 2507(5) 4568(4) 6805(4) 37.3(11) 
C21 2639(8) 5807(5) 6461(5) 46.8(15) 
C22 2460(10) 6022(6) 5484(6) 63(2) 
C23 2258(9) 4899(6) 5243(5) 58.5(19) 
C24 2964(9) 6660(6) 7099(6) 54.3(18) 
C25 2012(12) 4661(7) 4268(6) 78(3) 
N26 4245(6) 2230(4) 7065(4) 39.4(11) 
N27 4016(5) 3118(4) 7660(4) 36.3(10) 
C28 5201(7) 3276(6) 8002(5) 45.1(14) 
C29 6237(8) 2443(7) 7622(5) 56.4(18) 
C30 5610(7) 1817(6) 7047(5) 48.3(15) 
C31 5246(8) 4208(7) 8642(6) 57.3(18) 
C32 6300(9) 824(7) 6478(6) 63(2) 
S33 1245.5(18) 4107.2(17) 1307.6(12) 50.7(4) 
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O34 -177(5) 4006(4) 1147(3) 49.7(11) 
O35 2343(6) 4121(7) 435(4) 87(2) 
O36 1347(6) 5027(5) 1911(5) 66.8(14) 
C37 1547(9) 2664(7) 2146(6) 62(2) 
F38 2832(5) 2603(5) 2388(4) 81.8(15) 
F39 583(6) 2522(6) 3000(4) 93.6(17) 
F40 1510(10) 1711(5) 1704(6) 141(3) 
O5 -280(10) 2397(9) 5973(7) 123(3) 

 
 

Bond Lengths (Å) 
 

Atom Atom Length/Å  Atom Atom Length/Å 
Pt1 C2 2.057(5)  C18 N27 1.452(7) 
Pt1 C3 2.133(5)  N19 N20 1.377(7) 
Pt1 C4 2.030(7)  N19 C23 1.337(8) 
Pt1 N7 2.111(5)  N20 C21 1.357(7) 
Pt1 N19 2.188(5)  C21 C22 1.364(10) 
Pt1 N26 2.234(5)  C21 C24 1.499(9) 
C4 C6 1.415(15)  C22 C23 1.380(10) 
C4 O5 1.173(11)  C23 C25 1.487(10) 
N7 N8 1.304(7)  N26 N27 1.369(7) 
N7 C11 1.361(7)  N26 C30 1.339(8) 
N8 N9 1.345(7)  N27 C28 1.353(8) 
N9 C10 1.354(7)  C28 C29 1.379(10) 
N9 C12 1.444(8)  C28 C31 1.487(9) 
C10 C11 1.350(8)  C29 C30 1.398(11) 
C11 C18 1.496(8)  C30 C32 1.494(10) 
C12 C13 1.391(9)  S33 O34 1.440(5) 
C12 C17 1.378(10)  S33 O35 1.408(6) 
C13 C14 1.388(10)  S33 O36 1.453(5) 
C14 C15 1.374(12)  S33 C37 1.809(8) 
C15 C16 1.382(11)  C37 F38 1.332(9) 
C16 C17 1.378(9)  C37 F39 1.315(10) 
C18 N20 1.455(7)  C37 F40 1.320(9) 

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚ 
C2 Pt1 C3 89.5(2)  N27 C18 N20 109.1(5) 
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C2 Pt1 N7 92.4(2)  N20 N19 Pt1 117.3(3) 
C2 Pt1 N19 176.1(2)  C23 N19 Pt1 135.5(4) 
C2 Pt1 N26 94.6(2)  C23 N19 N20 106.2(5) 
C3 Pt1 N19 93.9(2)  N19 N20 C18 119.6(4) 
C3 Pt1 N26 92.7(2)  C21 N20 C18 129.9(5) 
C4 Pt1 C2 86.7(3)  C21 N20 N19 110.3(5) 
C4 Pt1 C3 92.0(3)  N20 C21 C22 106.1(6) 
C4 Pt1 N7 92.0(3)  N20 C21 C24 122.4(6) 
C4 Pt1 N19 95.1(2)  C22 C21 C24 131.4(6) 
C4 Pt1 N26 175.2(3)  C21 C22 C23 108.1(6) 
N7 Pt1 C3 175.7(2)  N19 C23 C22 109.2(6) 
N7 Pt1 N19 84.07(18)  N19 C23 C25 122.8(6) 
N7 Pt1 N26 83.37(18)  C22 C23 C25 128.0(6) 

N19 Pt1 N26 83.31(19)  N27 N26 Pt1 117.2(4) 
C6 C4 Pt1 117.3(9)  C30 N26 Pt1 137.4(4) 
O5 C4 Pt1 116.0(6)  C30 N26 N27 105.1(5) 
O5 C4 C6 126.6(11)  N26 N27 C18 119.2(5) 
N8 N7 Pt1 129.5(4)  C28 N27 C18 128.4(5) 
N8 N7 C11 111.3(5)  C28 N27 N26 112.2(5) 
C11 N7 Pt1 119.0(4)  N27 C28 C29 105.8(6) 
N7 N8 N9 104.7(4)  N27 C28 C31 122.8(6) 
N8 N9 C10 112.0(5)  C29 C28 C31 131.4(7) 
N8 N9 C12 118.5(5)  C28 C29 C30 106.8(6) 
C10 N9 C12 129.3(5)  N26 C30 C29 110.2(6) 
C11 C10 N9 104.7(5)  N26 C30 C32 122.5(7) 
N7 C11 C18 120.0(5)  C29 C30 C32 127.2(7) 
C10 C11 N7 107.3(5)  O34 S33 O36 114.3(3) 
C10 C11 C18 132.8(5)  O34 S33 C37 103.4(3) 
C13 C12 N9 118.4(6)  O35 S33 O34 114.4(3) 
C17 C12 N9 119.4(5)  O35 S33 O36 115.0(4) 
C17 C12 C13 122.1(6)  O35 S33 C37 105.4(4) 
C14 C13 C12 117.5(7)  O36 S33 C37 102.3(3) 
C15 C14 C13 120.8(7)  F38 C37 S33 111.6(6) 
C14 C15 C16 120.7(7)  F39 C37 S33 112.0(5) 
C17 C16 C15 119.7(7)  F39 C37 F38 107.1(6) 
C16 C17 C12 119.2(7)  F39 C37 F40 108.5(8) 
N20 C18 C11 112.5(5)  F40 C37 S33 110.5(6) 
N27 C18 C11 111.3(4)  F40 C37 F38 107.0(7) 
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APPENDIX 5.3 
 

Atomic coordinates and isotropic displacement parameters for 
[TpmPtMe2C(O)CH3][OTf] (3) 

 
U(eq) is defines as one third of the trace of the orthogonalized Uij tensor. 

 

Atom x/a y/b z/c U(eq) 
Pt1 1879.4(2) 5594.2(2) 4236.3(2) 29.35(8) 
C1 2427(4) 4505(4) 3774(3) 42.9(13) 
C2 1790(20) 4590(30) 4822(16) 46(2) 

C2A 3036(6) 5816(6) 4602(4) 30.2(16) 
C3 3130(13) 6128(9) 4525(12) 30.2(16) 

C3A 1548(6) 4661(10) 4886(6) 46(2) 
O4 3373(6) 6939(6) 4608(5) 25(3) 

O4A 810(4) 4592(6) 5041(3) 64(2) 
C5 3592(13) 5214(9) 4662(11) 55(5) 

C5A 2236(7) 3948(10) 5029(6) 96(4) 
N6 2037(2) 6646(3) 3554.0(17) 26.4(8) 
N7 1340(2) 7228(3) 3443.2(16) 22.7(8) 
C8 1492(3) 7841(3) 3002(2) 25.5(9) 
C9 2311(3) 7640(4) 2825(2) 30.5(10) 

C10 2624(3) 6900(4) 3168(2) 28.5(10) 
C11 851(3) 8545(4) 2790(2) 32.1(11) 
C12 3478(3) 6411(4) 3140(3) 39.3(13) 
N13 1284(3) 6811(3) 4676.4(17) 29.9(9) 
N14 747(2) 7384(3) 4366.6(16) 24.8(8) 
C15 453(3) 8153(4) 4662(2) 32.1(11) 
C16 820(4) 8079(5) 5186(2) 45.0(15) 
C17 1330(4) 7237(5) 5178(2) 41.0(13) 
C18 -124(3) 8902(4) 4417(2) 36.0(12) 
C19 1864(5) 6844(6) 5647(2) 58.1(19) 
N20 638(3) 5379(3) 3840.7(19) 31.4(9) 
N21 182(2) 6202(3) 3731.3(16) 24.1(8) 
C22 -625(3) 5994(4) 3545(2) 27.4(10) 
C23 -683(3) 5001(4) 3532(2) 34.2(11) 
C24 118(4) 4652(4) 3715(2) 39.6(13) 
C25 -1277(3) 6742(4) 3410(2) 36.2(12) 
C26 374(5) 3609(4) 3764(4) 69(2) 
C27 573(3) 7143(3) 3782.2(18) 22.0(9) 
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S1 3298.0(8) 5245.5(10) 6790.7(8) 43.2(4) 
C28 4012(3) 4233(4) 6912(2) 28.3(10) 
F29 4264(2) 4148(3) 7436.4(15) 57.8(10) 
F30 4714.0(19) 4321(3) 6588.7(16) 48.4(9) 
F31 3645(2) 3396(2) 6772.9(15) 47.5(8) 
O32 3815(3) 6051(3) 6938(3) 90(2) 
O33 3112(3) 5136(6) 6194(2) 85(2) 
O34 2584(2) 5053(3) 7162(2) 46(1) 

 
 

Bond Lengths (Å) 
 

Atom Atom Length/Å  Atom Atom Length/Å 
Pt1 C1 2.047(5)  N14 C15 1.352(6) 
Pt1 C2 1.97(3)  N14 C27 1.453(5) 
Pt1 C2A 2.024(8)  C15 C16 1.373(7) 
Pt1 C3 2.192(17)  C15 C18 1.488(7) 
Pt1 C3A 2.075(12)  C16 C17 1.406(8) 
Pt1 N6 2.188(4)  C17 C19 1.492(8) 
Pt1 N13 2.184(4)  N20 N21 1.364(5) 
Pt1 N20 2.170(4)  N20 C24 1.323(7) 
C3 O4 1.197(10)  N21 C22 1.362(6) 
C3 C5 1.488(10)  N21 C27 1.438(6) 

C3A O4A 1.211(8)  C22 C23 1.374(7) 
C3A C5A 1.492(9)  C22 C25 1.482(7) 
N6 N7 1.375(5)  C23 C24 1.406(8) 
N6 C10 1.341(6)  C24 C26 1.497(8) 
N7 C8 1.366(6)  S1 C28 1.807(5) 
N7 C27 1.446(6)  S1 O32 1.416(5) 
C8 C9 1.372(7)  S1 O33 1.454(6) 
C8 C11 1.481(7)  S1 O34 1.444(4) 
C9 C10 1.394(7)  C28 F29 1.312(6) 

C10 C12 1.493(7)  C28 F30 1.342(6) 
N13 N14 1.365(5)  C28 F31 1.330(6) 
N13 C17 1.331(7)     

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚ 
C1 Pt1 C3 92.5(6)  C9 C10 C12 128.0(5) 
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C1 Pt1 C3A 92.7(4)  N14 N13 Pt1 116.5(3) 
C1 Pt1 N6 92.4(2)  C17 N13 Pt1 138.1(4) 
C1 Pt1 N13 176.1(2)  C17 N13 N14 105.1(4) 
C1 Pt1 N20 92.2(2)  N13 N14 C27 119.8(4) 
C2 Pt1 C1 83.7(11)  C15 N14 N13 112.4(4) 
C2 Pt1 C3 94.4(12)  C15 N14 C27 127.8(4) 
C2 Pt1 N6 176.0(10)  N14 C15 C16 105.7(4) 
C2 Pt1 N13 100.1(11)  N14 C15 C18 123.0(4) 
C2 Pt1 N20 98.5(10)  C16 C15 C18 131.2(5) 

C2A Pt1 C1 88.3(3)  C15 C16 C17 106.5(5) 
C2A Pt1 C3A 89.7(4)  N13 C17 C16 110.2(5) 
C2A Pt1 N6 96.8(3)  N13 C17 C19 122.6(5) 
C2A Pt1 N13 93.2(3)  C16 C17 C19 127.2(5) 
C2A Pt1 N20 179.1(3)  N21 N20 Pt1 115.6(3) 
C3A Pt1 N6 171.8(3)  C24 N20 Pt1 138.3(4) 
C3A Pt1 N13 90.9(4)  C24 N20 N21 105.6(4) 
C3A Pt1 N20 90.9(4)  N20 N21 C27 120.9(4) 
N6 Pt1 C3 84.8(6)  C22 N21 N20 111.5(4) 

N13 Pt1 C3 88.3(6)  C22 N21 C27 127.4(4) 
N13 Pt1 N6 83.84(15)  N21 C22 C23 106.1(4) 
N20 Pt1 C3 166.6(5)  N21 C22 C25 123.8(4) 
N20 Pt1 N6 82.52(15)  C23 C22 C25 130.1(5) 
N20 Pt1 N13 86.21(15)  C22 C23 C24 106.0(5) 
O4 C3 Pt1 130.3(12)  N20 C24 C23 110.7(5) 
O4 C3 C5 127.0(13)  N20 C24 C26 123.2(5) 
C5 C3 Pt1 102.3(10)  C23 C24 C26 126.1(5) 

O4A C3A Pt1 120.6(8)  N7 C27 N14 111.0(4) 
O4A C3A C5A 124.2(10)  N21 C27 N7 112.1(4) 
C5A C3A Pt1 113.5(7)  N21 C27 N14 111.5(4) 
N7 N6 Pt1 116.1(3)  O32 S1 C28 102.5(3) 
C10 N6 Pt1 139.1(3)  O32 S1 O33 115.8(4) 
C10 N6 N7 104.8(4)  O32 S1 O34 115.5(3) 
N6 N7 C27 119.9(4)  O33 S1 C28 101.4(3) 
C8 N7 N6 111.8(4)  O34 S1 C28 103.5(2) 
C8 N7 C27 128.3(4)  O34 S1 O33 115.0(3) 
N7 C8 C9 105.7(4)  F29 C28 S1 113.9(4) 
N7 C8 C11 123.4(4)  F29 C28 F30 107.9(4) 
C9 C8 C11 130.9(5)  F29 C28 F31 106.6(4) 
C8 C9 C10 107.0(4)  F30 C28 S1 109.9(3) 
N6 C10 C9 110.6(4)  F31 C28 S1 111.6(3) 
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N6 C10 C12 121.4(5)  F31 C28 F30 106.6(4) 
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APPENDIX 5.4 
 

Atomic coordinates and isotropic displacement parameters for 
[bpztzPhPtMe2CH2Cl][BF4] (4) 

 
U(eq) is defines as one third of the trace of the orthogonalized Uij tensor. 

 

Atom x/a y/b z/c U(eq) 
Pt1 5318.9(2) 2521.2(2) 3315.3(2) 21.01(7) 
Cl1 4420.4(8) 1668.0(16) 4242.0(6) 51.7(4) 
C1 4697(3) 1237(6) 3590(3) 42.9(14) 
C2 4881(2) 2274(5) 2514(2) 31.7(12) 
C3 5847(2) 938(5) 3118(2) 34.7(12) 
C4 5822.7(19) 5214(4) 3873.5(18) 20.3(9) 
N5 5954.0(16) 3878(4) 3021.5(15) 19.8(8) 
N6 6233.9(17) 3864(4) 2558.0(16) 22.8(8) 
N7 6570.3(16) 4994(4) 2577.5(15) 21.0(8) 
C8 6503.6(19) 5700(5) 3048.0(18) 21.6(9) 
C9 6104.6(19) 4974(4) 3330.3(18) 18.8(9) 

C10 6916(2) 5336(5) 2116(2) 25.5(10) 
C11 6845(2) 4607(6) 1624(2) 36.8(12) 
C12 7151(3) 4990(6) 1173(2) 42.6(14) 
C13 7524(2) 6100(6) 1206(2) 41.8(14) 
C14 7600(2) 6813(6) 1706(2) 37.8(13) 
C15 7302(2) 6431(5) 2165(2) 29.6(11) 
N16 4808.7(17) 4318(4) 3505.6(15) 21.9(8) 
N17 5150.9(16) 5337(4) 3771.4(15) 19.6(8) 
C18 4782(2) 6358(5) 3891.3(19) 22.7(10) 
C19 4185(2) 6006(5) 3695.1(19) 24.7(10) 
C20 4218(2) 4731(5) 3462.3(18) 24.3(10) 
C21 5032(2) 7590(5) 4179(2) 30.4(11) 
C22 3686(2) 3928(5) 3206(2) 33.8(12) 
N23 5835.8(17) 2882(4) 4140.2(16) 22.0(8) 
N24 5989.6(17) 4168(4) 4277.7(15) 20.9(8) 
C25 6304(2) 4258(5) 4803.1(19) 25.2(10) 
C26 6356(2) 3000(5) 5005.6(19) 27.3(10) 
C27 6062(2) 2163(5) 4594(2) 25.8(10) 
C28 6522(2) 5557(5) 5058(2) 33.7(12) 
C29 5978(3) 696(5) 4621(2) 34.8(12) 
Pt2 9689.1(2) 8443.5(2) 6686.4(2) 23.89(7) 
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Cl2 10506.0(9) 7635(2) 5703.7(8) 69.3(5) 
C30 10307(3) 7219(6) 6366(3) 48.9(16) 
C31 9209(3) 6809(5) 6916(3) 39.8(13) 
C32 10190(2) 8216(6) 7463(2) 38.2(13) 
C33 9095(2) 11089(5) 6163.1(18) 22.7(9) 
N34 9059.8(16) 9746(4) 7028.0(15) 21.3(8) 
N35 8817.1(17) 9713(4) 7511.9(16) 24.4(8) 
N36 8444.5(16) 10781(4) 7503.9(16) 22.1(8) 
C37 8110(2) 11067(5) 7982.0(19) 24.7(10) 
C38 8136(2) 10194(6) 8428(2) 35.7(12) 
C39 7828(3) 10509(6) 8893(2) 43.6(14) 
C40 7497(2) 11661(6) 8906(2) 41.5(15) 
C41 7466(2) 12524(6) 8457(3) 41.3(15) 
C42 7774(2) 12230(5) 7987(2) 31.7(11) 
C43 8458(2) 11506(4) 7022.7(19) 23.3(10) 
C44 8861.0(19) 10822(4) 6721.9(18) 19.4(9) 
N45 10142.7(17) 10279(4) 6460.8(16) 25.7(9) 
N46 9764.9(17) 11268(4) 6222.0(16) 22.2(8) 
C47 10099(2) 12317(5) 6067(2) 27.2(11) 
C48 10712(2) 11992(5) 6208(2) 32.7(12) 
C49 10726(2) 10731(5) 6445(2) 32.1(11) 
C50 9806(3) 13544(5) 5807(2) 34.4(12) 
C51 11282(2) 9959(6) 6665(3) 43.0(14) 
N52 9111.0(18) 8778(4) 5886.2(16) 24.4(8) 
N53 8912.2(16) 10035(4) 5766.6(15) 21.4(8) 
C54 8547(2) 10109(5) 5264.8(19) 26.5(10) 
C55 8515(2) 8848(5) 5052(2) 29.1(11) 
C56 8870(2) 8042(5) 5444(2) 26.5(10) 
C57 8244(3) 11359(5) 5045(2) 36.8(12) 
C58 8973(3) 6575(5) 5402(2) 36.5(13) 
B1 2174(3) 5734(6) 3723(3) 32.3(13) 
F1 2282.1(14) 4509(3) 3966.5(13) 41.2(7) 
F2 2649.9(16) 6601(3) 3874.8(17) 55.5(9) 
F3 1621.1(14) 6254(3) 3883.2(15) 46.7(8) 
F4 2106.5(18) 5612(4) 3138.0(14) 59.7(10) 
B2 2855(3) 1567(6) 6166(3) 32.2(13) 
F7 3402.2(16) 2115(3) 6008.2(14) 48.4(8) 
F5 2369.0(18) 2423(3) 6024.0(18) 65.3(12) 
F6 2742.5(14) 363(3) 5904.5(13) 38.3(7) 
F8 2920.9(17) 1417(3) 6747.5(14) 54.3(9) 
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Bond Lengths (Å) 
 

Atom Atom Length/Å  Atom Atom Length/Å 
Pt1 C1 2.026(5)  Pt2 N45 2.190(4) 
Pt1 C2 2.056(5)  Pt2 N52 2.194(4) 
Pt1 C3 2.048(5)  Cl2 C30 1.729(7) 
Pt1 N5 2.110(4)  C33 C44 1.495(6) 
Pt1 N16 2.196(4)  C33 N46 1.453(6) 
Pt1 N23 2.187(4)  C33 N53 1.450(6) 
Cl1 C1 1.775(6)  N34 N35 1.315(5) 
C4 C9 1.505(6)  N34 C44 1.354(6) 
C4 N17 1.454(5)  N35 N36 1.346(5) 
C4 N24 1.450(6)  N36 C37 1.439(6) 
N5 N6 1.312(5)  N36 C43 1.362(6) 
N5 C9 1.351(6)  C37 C38 1.376(7) 
N6 N7 1.353(5)  C37 C42 1.382(7) 
N7 C8 1.348(6)  C38 C39 1.386(7) 
N7 C10 1.435(6)  C39 C40 1.370(9) 
C8 C9 1.361(6)  C40 C41 1.377(9) 

C10 C11 1.377(7)  C41 C42 1.391(7) 
C10 C15 1.383(7)  C43 C44 1.371(6) 
C11 C12 1.373(7)  N45 N46 1.377(5) 
C12 C13 1.380(9)  N45 C49 1.346(6) 
C13 C14 1.385(8)  N46 C47 1.355(6) 
C14 C15 1.380(7)  C47 C48 1.374(7) 
N16 N17 1.382(5)  C47 C50 1.496(7) 
N16 C20 1.338(6)  C48 C49 1.391(8) 
N17 C18 1.354(6)  C49 C51 1.485(7) 
C18 C19 1.374(6)  N52 N53 1.362(5) 
C18 C21 1.495(6)  N52 C56 1.349(6) 
C19 C20 1.407(7)  N53 C54 1.364(6) 
C20 C22 1.487(6)  C54 C55 1.371(7) 
N23 N24 1.372(5)  C54 C57 1.492(7) 
N23 C27 1.351(6)  C55 C56 1.406(7) 
N24 C25 1.363(6)  C56 C58 1.503(7) 
C25 C26 1.360(7)  B1 F1 1.376(7) 
C25 C28 1.501(7)  B1 F2 1.372(7) 
C26 C27 1.396(7)  B1 F3 1.395(6) 
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C27 C29 1.496(7)  B1 F4 1.390(7) 
Pt2 C30 2.027(5)  B2 F7 1.394(6) 
Pt2 C31 2.055(5)  B2 F5 1.376(7) 
Pt2 C32 2.055(5)  B2 F6 1.377(6) 
Pt2 N34 2.115(4)  B2 F8 1.384(7) 

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚ 
C1 Pt1 C2 87.9(2)  C31 Pt2 N34 92.02(19) 
C1 Pt1 C3 88.8(2)  C31 Pt2 N45 175.65(19) 
C1 Pt1 N5 179.0(2)  C31 Pt2 N52 95.5(2) 
C1 Pt1 N16 95.64(19)  C32 Pt2 N34 91.40(19) 
C1 Pt1 N23 96.5(2)  C32 Pt2 N45 96.2(2) 
C2 Pt1 N5 91.43(18)  C32 Pt2 N52 176.01(18) 
C2 Pt1 N16 95.67(18)  N34 Pt2 N45 83.68(14) 
C2 Pt1 N23 175.63(18)  N34 Pt2 N52 84.61(14) 
C3 Pt1 C2 84.6(2)  N45 Pt2 N52 83.49(14) 
C3 Pt1 N5 91.93(18)  Cl2 C30 Pt2 115.5(3) 
C3 Pt1 N16 175.59(18)  N46 C33 C44 111.2(4) 
C3 Pt1 N23 95.22(19)  N53 C33 C44 110.6(4) 
N5 Pt1 N16 83.67(14)  N53 C33 N46 110.9(4) 
N5 Pt1 N23 84.21(14)  N35 N34 Pt2 130.7(3) 

N23 Pt1 N16 84.16(14)  N35 N34 C44 111.0(4) 
Cl1 C1 Pt1 114.8(3)  C44 N34 Pt2 118.3(3) 
N17 C4 C9 110.9(3)  N34 N35 N36 105.1(4) 
N24 C4 C9 110.9(4)  N35 N36 C37 119.9(4) 
N24 C4 N17 110.4(3)  N35 N36 C43 112.2(4) 
N6 N5 Pt1 130.1(3)  C43 N36 C37 127.8(4) 
N6 N5 C9 111.1(4)  C38 C37 N36 119.8(4) 
C9 N5 Pt1 118.8(3)  C38 C37 C42 121.2(5) 
N5 N6 N7 104.8(3)  C42 C37 N36 119.0(4) 
N6 N7 C10 119.9(4)  C37 C38 C39 118.9(5) 
C8 N7 N6 111.8(4)  C40 C39 C38 120.7(6) 
C8 N7 C10 128.2(4)  C39 C40 C41 120.2(5) 
N7 C8 C9 104.6(4)  C40 C41 C42 120.1(5) 
N5 C9 C4 120.2(4)  C37 C42 C41 119.0(5) 
N5 C9 C8 107.6(4)  N36 C43 C44 103.8(4) 
C8 C9 C4 132.1(4)  N34 C44 C33 120.4(4) 
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C11 C10 N7 120.0(4)  N34 C44 C43 107.9(4) 
C11 C10 C15 120.9(5)  C43 C44 C33 131.7(4) 
C15 C10 N7 119.0(4)  N46 N45 Pt2 117.0(3) 
C12 C11 C10 119.5(5)  C49 N45 Pt2 137.7(3) 
C11 C12 C13 120.7(6)  C49 N45 N46 105.0(4) 
C12 C13 C14 119.2(5)  N45 N46 C33 119.5(4) 
C15 C14 C13 120.7(5)  C47 N46 C33 128.7(4) 
C14 C15 C10 118.9(5)  C47 N46 N45 111.8(4) 
N17 N16 Pt1 117.0(3)  N46 C47 C48 105.9(4) 
C20 N16 Pt1 137.6(3)  N46 C47 C50 123.1(4) 
C20 N16 N17 105.3(4)  C48 C47 C50 131.0(5) 
N16 N17 C4 119.5(3)  C47 C48 C49 107.4(4) 
C18 N17 C4 129.1(4)  N45 C49 C48 110.0(4) 
C18 N17 N16 111.4(3)  N45 C49 C51 122.6(5) 
N17 C18 C19 106.5(4)  C48 C49 C51 127.4(5) 
N17 C18 C21 122.5(4)  N53 N52 Pt2 117.7(3) 
C19 C18 C21 130.9(4)  C56 N52 Pt2 137.1(3) 
C18 C19 C20 106.7(4)  C56 N52 N53 105.2(4) 
N16 C20 C19 110.1(4)  N52 N53 C33 119.4(3) 
N16 C20 C22 123.6(4)  N52 N53 C54 112.1(4) 
C19 C20 C22 126.3(4)  C54 N53 C33 128.6(4) 
N24 N23 Pt1 117.4(3)  N53 C54 C55 106.0(4) 
C27 N23 Pt1 137.5(3)  N53 C54 C57 123.1(4) 
C27 N23 N24 105.0(4)  C55 C54 C57 130.8(4) 
N23 N24 C4 119.7(3)  C54 C55 C56 106.8(4) 
C25 N24 C4 128.7(4)  N52 C56 C55 109.9(4) 
C25 N24 N23 111.6(4)  N52 C56 C58 123.1(4) 
N24 C25 C28 122.4(4)  C55 C56 C58 127.0(4) 
C26 C25 N24 106.1(4)  F1 B1 F3 109.7(5) 
C26 C25 C28 131.5(4)  F1 B1 F4 109.7(5) 
C25 C26 C27 107.6(4)  F2 B1 F1 111.9(5) 
N23 C27 C26 109.7(4)  F2 B1 F3 109.1(5) 
N23 C27 C29 122.1(4)  F2 B1 F4 108.6(5) 
C26 C27 C29 128.2(4)  F4 B1 F3 107.7(5) 
C30 Pt2 C31 88.8(3)  F5 B2 F7 109.4(5) 
C30 Pt2 C32 87.9(2)  F5 B2 F6 110.4(4) 
C30 Pt2 N34 178.8(2)  F5 B2 F8 108.2(5) 
C30 Pt2 N45 95.5(2)  F6 B2 F7 110.1(5) 
C30 Pt2 N52 96.1(2)  F6 B2 F8 110.5(5) 
C31 Pt2 C32 84.5(2)  F8 B2 F7 108.1(4) 
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APPENDIX 5.5 
 

Atomic coordinates and isotropic displacement parameters for 
[TpmPtMe2CH2Cl][Cl] (5) 

 
U(eq) is defines as one third of the trace of the orthogonalized Uij tensor. 

 

Atom x/a y/b z/c U(eq) 
Pt1 2171.7(4) 6429.3(5) 8479.4(7) 19.99(13) 

Pt1A 2260.5(16) 6264.9(14) 8246(2) 19.99(13) 
Cl1 4268.2(15) 5752.4(13) 8111(2) 53.6(5) 

Cl1A 2329(5) 8131(4) 9273(7) 43.4(16) 
N1 3512(3) 6407(2) 10346(3) 25.4(7) 
C1 3148(6) 6457(5) 7467(6) 35.3(15) 

C1A 3290(30) 6126(19) 7270(30) 35.3(15) 
N2 3439(3) 5854(2) 11242(3) 18.8(7) 
C2 2139(5) 7712(4) 8441(6) 29.2(13) 

C2A 2260(20) 7532(16) 7980(20) 29.2(13) 
N3 1193(3) 6322(2) 9558(4) 25.7(8) 
C3 843(6) 6437(5) 6728(7) 29.7(15) 

C3A 1000(30) 6190(20) 6500(30) 29.7(15) 
N4 1512(3) 5743(2) 10546(3) 19.5(7) 
C4 4433(3) 6833(3) 10971(4) 26.7(9) 
N5 2206(3) 5046(2) 8602(3) 26.5(8) 
C5 4939(3) 6548(3) 12254(4) 23.9(9) 
N6 2484(3) 4734(2) 9830(3) 18.8(7) 
C6 4295(3) 5929(3) 12406(4) 20.0(8) 
C7 4820(4) 7517(3) 10345(5) 39.9(12) 
C8 4426(3) 5411(3) 13574(4) 26.6(9) 
C9 277(3) 6662(3) 9551(5) 29.5(10) 

C10 21(3) 6296(3) 10535(5) 29.6(10) 
C11 814(3) 5717(3) 11159(4) 22.8(8) 
C12 -359(4) 7318(3) 8607(6) 43.8(14) 
C13 971(3) 5185(3) 12311(4) 26.7(9) 
C14 2196(3) 4392(3) 7851(4) 27.5(9) 
C15 2477(3) 3660(3) 8607(4) 25.7(9) 
C16 2665(3) 3889(3) 9867(4) 20.1(8) 
C17 1908(5) 4464(4) 6412(5) 45.0(13) 
C18 2993(4) 3373(3) 11070(4) 25.8(9) 
C19 2526(3) 5284(2) 10876(4) 16.6(7) 
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Cl2 7230.1(8) 6361.8(7) 5909.8(10) 28.5(2) 
 
 

Bond Lengths (Å) 
 

Atom Atom Length/Å  Atom Atom Length/Å 
Pt1 N1 2.147(3)  N3 C9 1.340(6) 
Pt1 C1 2.039(7)  N4 C11 1.362(5) 
Pt1 C2 2.046(6)  N4 C19 1.456(5) 
Pt1 N3 2.109(4)  C4 C5 1.396(6) 
Pt1 C3 2.060(7)  C4 C7 1.494(6) 
Pt1 N5 2.208(4)  N5 N6 1.364(5) 

Pt1A N1 2.292(4)  N5 C14 1.335(6) 
Pt1A C1A 2.08(3)  C5 C6 1.365(6) 
Pt1A C2A 2.04(3)  N6 C16 1.368(5) 
Pt1A N3 2.420(5)  N6 C19 1.443(5) 
Pt1A C3A 2.01(3)  C6 C8 1.494(6) 
Pt1A N5 1.990(4)  C9 C10 1.401(7) 
Cl1 C1 1.783(8)  C9 C12 1.489(6) 

Cl1A C2A 1.70(3)  C10 C11 1.372(6) 
N1 N2 1.365(5)  C11 C13 1.484(6) 
N1 C4 1.338(5)  C14 C15 1.402(7) 
N2 C6 1.357(5)  C14 C17 1.500(6) 
N2 C19 1.448(5)  C15 C16 1.376(6) 
N3 N4 1.370(5)  C16 C18 1.486(6) 

 
 

Bond Angles (°) 
 

Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚ 
N1 Pt1 N5 86.23(14)  N4 N3 Pt1 116.6(3) 
C1 Pt1 N1 93.7(2)  N4 N3 Pt1A 113.0(3) 
C1 Pt1 C2 88.9(3)  C9 N3 Pt1 137.6(3) 
C1 Pt1 N3 176.4(2)  C9 N3 Pt1A 140.4(3) 
C1 Pt1 C3 88.7(3)  C9 N3 N4 105.8(4) 
C1 Pt1 N5 93.1(2)  N3 N4 C19 120.4(3) 
C2 Pt1 N1 92.30(19)  C11 N4 N3 111.5(3) 
C2 Pt1 N3 94.6(2)  C11 N4 C19 127.9(3) 
C2 Pt1 C3 88.3(3)  N1 C4 C5 110.2(4) 
C2 Pt1 N5 177.6(2)  N1 C4 C7 123.1(4) 
N3 Pt1 N1 85.13(14)  C5 C4 C7 126.8(4) 



 294 

N3 Pt1 N5 83.44(14)  N6 N5 Pt1 114.6(3) 
C3 Pt1 N1 177.5(3)  N6 N5 Pt1A 122.7(3) 
C3 Pt1 N3 92.5(2)  C14 N5 Pt1 138.3(3) 
C3 Pt1 N5 93.1(2)  C14 N5 Pt1A 129.0(3) 
N1 Pt1A N3 75.27(14)  C14 N5 N6 106.1(4) 

C1A Pt1A N1 100.3(9)  C6 C5 C4 106.7(4) 
C1A Pt1A N3 173.8(9)  N5 N6 C16 111.4(3) 
C2A Pt1A N1 90.4(7)  N5 N6 C19 120.0(3) 
C2A Pt1A C1A 89.4(12)  C16 N6 C19 128.6(3) 
C2A Pt1A N3 94.9(9)  N2 C6 C5 106.3(4) 
C3A Pt1A N1 171.5(10)  N2 C6 C8 123.4(4) 
C3A Pt1A C1A 88.1(14)  C5 C6 C8 130.3(4) 
C3A Pt1A C2A 88.0(12)  N3 C9 C10 109.5(4) 
C3A Pt1A N3 96.6(11)  N3 C9 C12 123.7(5) 
N5 Pt1A N1 87.81(15)  C10 C9 C12 126.8(5) 
N5 Pt1A C1A 94.9(9)  C11 C10 C9 107.4(4) 
N5 Pt1A C2A 175.5(8)  N4 C11 C10 105.8(4) 
N5 Pt1A N3 80.70(15)  N4 C11 C13 124.3(4) 
N5 Pt1A C3A 93.2(10)  C10 C11 C13 129.8(4) 
N2 N1 Pt1 116.6(2)  N5 C14 C15 109.8(4) 
N2 N1 Pt1A 116.8(2)  N5 C14 C17 123.2(5) 
C4 N1 Pt1 138.0(3)  C15 C14 C17 127.1(4) 
C4 N1 Pt1A 137.3(3)  C16 C15 C14 107.0(4) 
C4 N1 N2 105.3(3)  N6 C16 C15 105.8(4) 
Cl1 C1 Pt1 112.7(3)  N6 C16 C18 124.0(4) 
N1 N2 C19 119.7(3)  C15 C16 C18 130.3(4) 
C6 N2 N1 111.5(3)  N2 C19 N4 110.8(3) 
C6 N2 C19 128.8(3)  N6 C19 N2 111.6(3) 

Cl1A C2A Pt1A 115.9(14)  N6 C19 N4 111.5(3) 
 

 

 


