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ABSTRACT 

Major objectives of this dissertation pay attention to synthesis, probe the 

feasibility of a new type of inorganic atropisomerism of diplatinum ethynediyl and 

butadiynediyl complexes, and explore the feasibility of Diels-Alder functionalization of 

polyyne chains to achieve graphene-like structures. 

Reaction of trans-(C6F5)(Me2PhP)(p-tol3P)Pt(Cl) and trans-(C6F5)(Me2PhP)(p-

tol3P)Pt(CCSiEt3) (cat. n-Bu4NF/CuCl, HNEt2, –45 °C) gives a series of PtCCPt

complexes in which the two phosphine ligands have been scrambled. Preparative TLC 

affords the target complex trans,trans-(C6F5)(p-tol3P)(Me2PhP)Pt(CC)Pt(PPhMe2)(Pp-

tol3)(C6F5) (2.3%). The crystal structure of trans,trans-(C6F5)(p-

tol3P)(Me2PhP)Pt(CC)Pt(PPhMe2)(Pp-tol3)(C6F5) is determined, shows much con-

gestion about the PtCCPt linkage. Low temperature 1H NMR spectra of trans,trans-

(C6F5)(p-tol3P)(Me2PhP)Pt(CC)Pt(PPhMe2)(Pp-tol3)(C6F5) are recorded. However, no

decoalescence is observed (CD2Cl2/–95 °C; CDFCl2/–100 °C); this suggests that in-

terconversion of the putative atropisomers remains rapid on the NMR time scale at < –

95 °C. 

Cross couplings of trans-(C6F5)(R2PhP)(p-tol3P)Pt(Cl) (Pt'Cl-a-c, R = a/Me, 

b/p-t-BuC6H4, c/p-MeOC6H4, d/n-Pr) and trans-(C6F5)(R2PhP)(p-tol3P)Pt(CC)2H

(Pt'C4H-a-c) (cat. CuI, HNEt2) give mixtures of diplatinum butadiynyl complexes in 
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which the two phosphine ligands scramble over all four positions (PtC4Pt, PtC4Pt'-a-c, 

PtC4Pt"-a-c, Pt'C4Pt'-a-c, Pt'C4Pt"-a-c, Pt"C4Pt"-b; 27-2% each). A modified 

coupling recipe is tested with Pt'Cl-b,d and Pt'C4H-b,d (t-BuOK, KPF6, cat. CuCl), and 

gives Pt'C4Pt'-b,d (21-76%) with traces of scrambling. The crystal structures of 

Pt'C4Pt'-a-d are determined, and the endgroup/endgroup interactions analyzed. Low 

temperature NMR spectra do not reveal any dynamic processes. 

Reactions of PtC4H or PtC6TES and the 1,4-dihydro-2,3-benzoxathiin-3-oxide 

in refluxing toluene are investigated. Mass spectrometric data give evidence for 1:1 

aromatized cycloadducts. A similar reaction of PtC8Pt and 1,3-

dihydrobenzo[c]thiophene-2,2-dioxide in 1,2,4-trichlorobenzene (160 °C) affords 1:1, 1:2, 

and 1:3 aromatized cycloadducts, as assayed by mass spectrometry. These reactions are 

viewed as possible initial steps in bottom up syntheses of graphene, but appear to lack 

generality in diplatinum homologs with longer sp carbon chains. Other types of 

cycloadditions are attempted with B10H12·2[S(CH3)2] (TESC4TES, TESC8TES, 

PtC8Pt; refluxing toluene, o-carborane targets) and the cyclotrimerization catalyst 

[CpCo(CO)(dimethyl fumarate)] (PtC4H, TESC8TES, PtC6Pt, PtC8Pt; reluxing 

toluene, dark/ambient lighting, arene targets). However, no tractable products could be 

isolated, and in most cases the platinum containing reactant was recovered. These data 

suggest that the polyynes investigated are less reactive in various cycloaddition processes 

than many simple organic alkynes. 
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1. INTRODUCTION

1.1 Introduction to atropisomerism 

Atropisomerism is a type of stereoisomerism arising because rotation about a 

single covalent bond is impeded sufficiently so as to allow different stereoisomers to be 

isolated. Energy differences due to steric strain or other contributors create a barrier to 

rotation that is high enough to allow for isolation of individual conformers.1 It is 

manifested typically in ortho-substituted biphenyls (or, more generally, biaryls) where 

steric congestion between the substituents restricts free rotation about the sp2–sp2 

carbon–carbon bond. 

The definition of atropisomers is further refined taking into account the 

temperature-dependence associated with the interconversion of conformers, specifying 

that atropisomers interconvert with a half-life of at least 1000 seconds at a given 

temperature, corresponding to an energy barrier of 93 kJ mol−1 (22 kcal mol−1) at 300 K 

(27 °C).2 

Atropisomerism is not restricted to biaryls. Within systems having the sp2–sp2 

single bond type, it may also be manifested in sterically impeded substituted styrenes and 

in certain aromatic amides and anilides. Cases of atropisomerism about single sp2–sp3 

carbon–carbon bonds are known and, more unusually, some highly sterically hindered 

sp3–sp3 single bonds also exhibit degrees of restricted rotation that permit stereoisomers 

to be resolved. Complex molecular architectures such as those of the vancomycin group 

of antibiotics present nonconventional stereochemical issues that originate in the 

https://en.wikipedia.org/wiki/Covalent_bond
https://en.wikipedia.org/wiki/Gibbs_free_energy
https://en.wikipedia.org/wiki/Steric_strain
https://en.wikipedia.org/wiki/Conformational_isomerism
https://en.wikipedia.org/wiki/Conformational_isomerism
https://en.wikipedia.org/wiki/Conformational_isomerism
https://en.wikipedia.org/wiki/Half-life
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restricted rotation of substituted aromatic rings within macrocyclic structures. The 

practitioners of the first total syntheses of these molecules have considered these 

stereochemical phenomena to be cases of atropisomerism. 

Three basic factors contribute to the stability of individual atropisomers: the 

repulsive interactions (e.g., steric bulk; atropisomer stability is, however, considerably 

reduced when two or more of the substituents are small.) of substituents near the axis of 

rotation, the length and rigidity of the single bond, a largely sp2-sp2 type of bond joining 

the aryl rings, and whether there are photochemical or other mechanisms to induce 

rotation in addition to thermal pathways.1 

The importance of atropisomers arises to a significant degree because with 

sufficient stability of a conformer, they can display axial chirality (planar chirality). 

Atropisomers that display axial chirality often have substituents ortho to the bond joining 

the aryl rings, substituents that cause significant steric repulsion that hinders rotation 

about the bond. The degree of hindrance correlates with the van der Waals radii of the 

particular substituents, and other properties that contribute to their repulsive potentials. 

Atropisomers are involved in a chemical equilibrium that, for a given structure, is 

thermally controlled; they differ in this way from most other types of chiral structures, 

where interconversion involves a chemical isomerization (i.e., with breaking and 

reforming of covalent bonds). 

Determining the axial stereochemistry of biaryl atropisomers can be accomplished 

through the use of a Newman projection along the axis of hindered rotation. The 

configuration of a molecule having a chirality axis may be specified as R or S by 

https://en.wikipedia.org/wiki/Axial_chirality
https://en.wikipedia.org/wiki/Planar_chirality#Planar_chirality_in_chemistry
https://en.wikipedia.org/wiki/Arene_substitution_patterns
https://en.wikipedia.org/wiki/Van_der_Waals_radius
https://en.wikipedia.org/wiki/Chemical_equilibrium
https://en.wikipedia.org/wiki/Newman_projection
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application of the Cahn–Ingold–Prelog priority rules. Alternatively such molecules may 

be treated as helices and assigned M or P stereochemistry (see Scheme 1.1). The ortho, 

and in some cases meta substituents are first assigned priority based on Cahn–Ingold–

Prelog priority rules. Starting with the substituent of highest priority in the closest ring 

and moving along the shortest path to the substituent of highest priority in the other ring, 

the absolute configuration is assigned P for clockwise and M for counterclockwise. In the 

example shown, A has priority over B.1 

Scheme 1.1. How to determine stereochemistry in atropisomers 

Many atropisomers occur in nature. Some natural products can be used as drugs 

and an example of this is mastigophorene A (Scheme 1.2, left).3 Mastigophorene A has 

been found to aid in nerve growth. Other examples of naturally occurring atropisomers 

include vancomycin isolated from an Actinobacterium, and knipholone (Scheme 1.2, 

middle), which is found in the roots of Kniphofia foliosa of the family Asphodelaceae. 

The structure complexity in vancomycin is significant because it can bind with peptides 

https://en.wikipedia.org/wiki/Arene_substitution_patterns
https://en.wikipedia.org/wiki/Arene_substitution_patterns
https://en.wikipedia.org/wiki/Cahn%E2%80%93Ingold%E2%80%93Prelog_priority_rules
https://en.wikipedia.org/wiki/Cahn%E2%80%93Ingold%E2%80%93Prelog_priority_rules
https://en.wikipedia.org/wiki/Vancomycin
https://en.wikipedia.org/wiki/Knipholone
https://en.wikipedia.org/wiki/Kniphofia
https://en.wikipedia.org/wiki/Asphodelaceae
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due to the complexity of its stereochemistry, which includes multiple stereocenters, two 

chiral planes in its stereogenic biaryl axis. Knipholone, with its axial chirality, occurs in 

nature and has been shown to offer good antimalarial and antitumor activities particularly 

in the M form. 

Scheme 1.2. Examples of atropisomers in nature or pharmaceutical industry 

The pharmaceutical industry focuses its energy on producing enantiomerically 

pure compounds to be used as drugs. The use of atropisomers in synthesizing drugs 

allows for more stereochemical control. One example is (−)-N-acetylallocolchinol 

(Scheme 1.2, right), a drug that was discovered to aid in chemotherapy cancer treatment.4

1.2 Introduction to diastereotopic groups 

Diastereotopic refers to the relationship between two groups in a molecule which, 

if replaced, would generate compounds that are diastereomers. The concept of 

diastereotopicity was first introduced during the early days of NMR spectroscopy. 
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Diastereotopic groups are often, but not always, identical groups attached to the 

same atom in a molecule containing at least one chiral center. 

Figure 1.1. Example of diastereotopic groups in NMR spectroscopy (ASV: Aldrich Spectral Viewer5)

In NMR spectroscopy: 

1. Homotopic groups have the exact same chemical shift

2. Enantiotopic groups have the same chemical shift in the vast majority of

situations. However, if they are placed in a chiral environment (e.g. a chiral 

solvent) they will have different chemical shifts. 

3. Diastereotopic groups have different chemical shifts in all situations. (Figure 1.1)

1.3 Introduction to graphene 

Graphene is an allotrope of carbon in the form of a two-dimensional, atomic-scale, 

honey-comb lattice in which one atom forms each vertex (Figure 1.2). It is the basic 

structural element of other allotropes, including graphite, charcoal, carbon nanotubes and 

in part fullerenes. It can also be considered as an indefinitely large aromatic molecule, the 

ultimate case of the family of flat polycyclic aromatic hydrocarbons. The Nobel Prize in 

Physics in 2010 was granted "for groundbreaking experiments regarding the two-

dimensional material graphene." 

https://en.wikipedia.org/wiki/Allotrope
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/2D_Materials
https://en.wikipedia.org/wiki/Vertex_(geometry)
https://en.wikipedia.org/wiki/Allotropy
https://en.wikipedia.org/wiki/Graphite
https://en.wikipedia.org/wiki/Charcoal
https://en.wikipedia.org/wiki/Carbon_nanotube
https://en.wikipedia.org/wiki/Fullerene
https://en.wikipedia.org/wiki/Aromaticity
https://en.wikipedia.org/wiki/Polycyclic_aromatic_hydrocarbon
https://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
https://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
https://en.wikipedia.org/wiki/Two-dimensional_space
https://en.wikipedia.org/wiki/Two-dimensional_space
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Graphene has many extraordinary properties. It is about 200 times stronger than 

the strongest steel. It conducts heat and electricity efficiently and is nearly transparent. 

Graphene also shows a large and nonlinear diamagnetism, even greater than graphite.6 

 
Figure 1.2. Graphene is an atomic-scale hexagonal lattice made of carbon atoms 

 

Graphene is the only form of carbon (or solid material) in which every atom is 

available for chemical reaction from two sides (due to the 2D structure). Atoms at the 

edges of a graphene sheet have special chemical reactivity. Graphene has the highest ratio 

of edge atoms of any allotrope. Defects within a sheet increase its chemical reactivity.7 

The onset temperature of reaction between the basal plane of single-layer graphene and 

https://en.wikipedia.org/wiki/Hexagonal_lattice
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Allotrope
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oxygen gas is below 260 °C (530 K).8 Graphene burns at very low temperature (e.g., 

350 °C (620 K)).9 Graphene is commonly modified with oxygen- and nitrogen-

containing functional groups and analyzed by infrared spectroscopy and X-ray 

photoelectron spectroscopy. However, determination of structures of graphene with 

oxygen-10 and nitrogen-11 functional groups requires the structures to be well controlled. 
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2. A QUEST FOR ATROPISOMERISM IN COJOINED SQUARE PLANAR

METAL COMPLEXES: SYNTHESES AND STRUCTURES OF STERICALLY 

CONGESTED DIPLATINUM ETHYNEDIYL ADDUCTS* 

2.1 Introduction 

Atropisomers are stereoisomers that arise due to restricted rotation about a single 

sigma bond.12 With very rare exceptions, they are associated with axial chirality, and 

have played multifaceted roles in organic chemistry. Organic atropisomers are well 

known for their fascinating fundamental properties,1,4a,12,13 use as chiral ligands for 

enantioselective catalysis,14 and importance as determinants of biological activity.15 

Most but by no means all16 examples involve substituted biphenyls, as illustrated in 

Scheme 2.1 (left). Various types of atropisomerism have also been encountered in 

inorganic and organometallic molecules.17 

Scheme 2.1. Atropisomerism in substituted biphenyls (left) and cojoined square planar metal complexes 
(right); pairs of enantiomers.  

We wondered whether a simple analogy to biaryl atropisomerism might be 

realized by linking two square planar metal fragments with a suitable spacer, as 

illustrated in Scheme 2.1 (right). In both cases, the atropisomers are depicted with X/Y 

* Reprinted with permission from Zhang, T.; Bhuvanesh, N.; Gladysz, J. A. Eur. J. Inorg. Chem. 2017, 

2017, in press. DOI: 10.1002/ejic.201601307. Copyright 2017, Wiley-VCH Verlag GmbH & Co. KGaA. 
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substituents on the cojoined moieties, which leads to non-superimposable mirror images. 

However, a 180° rotation about the spacer bonds would interconvert the enantiomers. 

Such atropisomers can of course have lower symmetries – for example, an X/Y 

substitution pattern on one moiety and A/B on the other. In cases where a substituent 

carries a stereocenter, diastereomeric atropisomers become possible. 

 For the examples in Scheme 2.1, atropisomerism can be established by separating 

and characterizing each enantiomer (or diastereomer). However, there is a well 

established alternative protocol. This entails the introduction of substituents with 

diastereotopic groups (or that render other groups diastereotopic), such as illustrated in 

Scheme 2.2.18 Given the axis of chirality, separate NMR signals would be expected 

provided that the interconversion of enantiomers (or epimers) is sufficiently slow on the 

NMR time scale. In compounds with lower barriers, NMR spectra can be recorded below  

 
Scheme 2.2. Biphenyls for which slowly interconverting atropisomers have been established by the 

observation of separate NMR signals for diastereotopic groups. 
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room temperature, in hopes of observing decoalescence to separate signals. In general, 

activation parameters are easily extracted from the NMR data. 

Many square planar metal complexes are potent catalysts or catalyst precursors 

for organic reactions.19 Thus, we were curious whether linked square planar complexes 

capable of atropisomerism might provide new platforms for enantioselective catalysis. 

Accordingly, in this paper we report the synthesis, structure, and dynamic properties of a 

diplatinum ethynediyl complex in which two square planar termini are separated by a 

CC unit. Each endgroup features trans Me2PhP and p-tol3P ligands, which serve as the 

X/Y substituents in Scheme 2.1. Although these types of systems have not yet, to our 

surprise, definitively fulfilled their promise for atropisomerism, much interesting 

chemistry has been established. Furthermore, the data suggest ways to achieve more 

congested environments in which the target phenomenon might be realized. 

2.2 Results 

2.2.1 Syntheses of monoplatinum and diplatinum complexes 

As shown in Scheme 2.2, the previously reported square planar bis((tri-p-

tolyl)phosphine) platinum complex trans-(C6F5)(p-tol3P)2Pt(Cl) (1)20 was treated with

commercial Me2PhP (4 equiv). After 3 days, a chromatographic workup gave the 

monosubstitution product trans-(C6F5)(Me2PhP)(p-tol3P)Pt(Cl) (2) in 68% yield. The air 

stable compound was characterized by NMR (1H/13C{1H}/31P{1H}; all CDCl3) and

microanalysis, as summarized in the experimental section. The 31P{1H} NMR spectrum 
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exhibited two strongly coupled doublets (CDCl3:  19.49 (p-tol3P) and –6.00 (Me2PhP), 

2JPP = 450 Hz). The phosphorus-bound methyl groups showed a single 1H NMR signal, 

and were coupled to both proximal phosphorus atoms ( 1.78, dd, 2JHP = 10.5 Hz, 4JHP = 

2.7 Hz). They also showed a single 13C NMR signal ( 12.3, dd, 1JCP = 36.6 Hz, 3JCP = 

1.7 Hz). The identity of 2 was further secured by a crystal structure below. 

 As shown in Scheme 2.3, a procedure that has been used to cross couple a variety 

of platinum chloride complexes and terminal alkynes20,21 was applied to 2 and 

HCCSiEt3. This entailed the solvent HNEt2 (which also neutralizes the HCl generated) 

and the catalyst CuI.22 A chromatographic workup gave the air stable triethylsilylethynyl 

complex trans-(C6F5)(Me2PhP)(p-tol3P)Pt(CCSiEt3) (3) as an orange oil in 62% yield. 

The NMR properties were similar to those of 2 (31P{1H}  14.77 (p-tol3P), 14.51 

(Me2PhP); 2d, 2JPP = 448 Hz).  

 Interestingly, small amounts of two additional products were evident by TLC, and 

crude samples were isolated. Each exhibited a single 31P{1H} NMR signal. One was 

assigned as trans-(C6F5)(p-tol3P)2Pt(CCSiEt3), the trimethylsilyl analog of which has 

been completely characterized ( 14.55, s).21 The other was believed to be trans-

(C6F5)(Me2PhP)2Pt(CCSiEt3) ( –14.31, s). Thus, a modest amount of phosphine 

exchange takes place under the cross coupling conditions. Purified samples of 3 also 

underwent slow disproportionation to these two species in CH2Cl2.  
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It was next sought to cross couple the monoplatinum complexes 2 and 3 to give 

the target diplatinum ethynediyl complex trans,trans-(C6F5)(p-

tol3P)(Me2PhP)Pt(CC)Pt(PPhMe2)(Pp-tol3)(C6F5) (4). Accordingly, a procedure that

has been used for a variety of platinum chloride and triethylsilylpolyynyl complexes was 

applied.20,23 As shown in Scheme 2.3, a –45 °C CH2Cl2 solution of 3 was treated with a

catalytic amount of n-Bu4NF in wet THF. This was added to a –45 °C HNEt2 solution of 

2 that contained a catalytic amount of CuCl. 

In previous cases where this type of cross coupling has been employed, all of the 

phosphine ligands on both monoplatinum reactants have been identical.20,23 

Unfortunately, under the conditions of Scheme 2.3, extensive exchange of the Me2PhP 

and p-tol3P ligands occurred. This can lead to as many as six products (X2/X2, X2/XY, 

XY/XY, X2/Y2, Y2/XY, Y2/Y2), and TLC analyses showed six principal bands. The 

combined yield of these species was high (>>50%). Preparative TLC afforded a 

reasonable separation, and efforts were focused on two bands with intermediate Rf values. 

The less polar species proved to be the desired complex 4, as verified by spectroscopic 

and structural data below. However, it could only be isolated in a maximum of 2.3% 

yield. The more polar species was the tris(Me2PhP)/mono(p-tol3P) or X2/XY type 

complex trans,trans-(C6F5)(Me2PhP)2Pt(CC)Pt(PPhMe2)(Pp-tol3)(C6F5) (5, 5.6%).

Both 4 and 5 were air stable light yellow solids. Complex 4 exhibited NMR 

properties that were generally comparable to those of the precursors 2 and 3. For example, 

the 1H chemical shift of the methyl signal associated with the p-tol3P ligand ( 2.28, s)
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was practically identical to those of 2 (2.34) and 3 (2.33). However, that associated with 

the Me2PhP ligand ( 1.37, dd, 2JHP = 10.5 Hz, 4JHP = 2.3 Hz) was shifted upfield

relative to those of 2 (1.78) and 3 (1.85). In contrast, the 13C chemical shifts of the 

methyl signals of the p-tol3P and Me2PhP ligands of 2 and 4 were similar. 

2.2.2 Crystallography, NMR studies, and other experiments 

Single crystals of 2, 4 and 5 could be obtained, and the crystal structures were 

determined as outlined in Table 2.1 and the experimental section. Key metrical 

parameters are provided in Table 2.2. Most values are comparable, but the P-Pt-P angles 

in 4 deviate more from the idealized value of 180° than in 2 and 5 (168.61(4)° vs. 

175.81(3)-175.88(3)°). The CC bond lengths in the diplatinum complexes (1.213(5)-

1.215(4) Å) are diagnostic of alkynyl linkages.20,23 

Figure 2.1. Molecular structure of the monoplatinum complex 2 with thermal ellipsoids at 50% probability 
level. 

Thermal ellipsoid diagrams and/or space filling representations are provided in 

Figures 2.1-2.3. The congested nature of the diplatinum complexes is evident and further 
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Figure 2.2. Thermal ellipsoid (top; 50% 
probability level), Newman (middle), and space-
filling (bottom) representations of diplatinum 
complex 4. 

Figure 2.3. Thermal ellipsoid (top; 50% 
probability level), Newman (middle), and 
space-filling (bottom) representations of 
diplatinum complex 5. 

analyzed in the discussion section. As expected, 4 crystallized in a chiral PtCCPt 

conformation, but both enantiomers were present in the unit cell. 

Next, 1H NMR spectra of 4 were recorded in CD2Cl2 as the temperature was

lowered from room temperature to near the freezing point (–95 °C). Special attention was 

given to the  Me2PhP signal. As shown in Figure 2.4, only a single doublet of doublets 

was observed. As with the corresponding signal of 2, it exhibited a larger two-bond 
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phosphorus coupling (2JHP = 10.5 Hz) and a smaller four-bond phosphorus coupling

(4JHP = 2.3 Hz). The chemical shift varied

Figure 2.4. Variable temperature 1H NMR spectra of 4 (500 MHz, CD2Cl2).
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somewhat between 23 °C, –60 °C, and –95 °C ( 1.36, 1.40 and 1.45). Although 

decoalescence was not achieved, the increasingly broad signal suggested that a threshold 

was being approached. The aromatic proton signals ( 6.80-7.50) exhibited only very 

modest changes from 23 °C to –60 °C, and then also broadened. 

Analogous spectra were recorded using the solvent CDFCl2,24 which freezes at –

135 °C. However, it was not possible to acquire meaningful data at temperatures lower 

than –100 °C due to the precipitation of 4. Importantly, the presence of the four-bond 

phosphorus coupling (4JHP) in the Me2PhP 1H NMR signals at the high temperature limit

(296 K) indicates that phosphine dissociation cannot be a factor in whatever process 

renders the methyl groups equivalent. 

Finally, additional experiments were conducted in efforts to avoid the phosphine 

ligand scrambling in the final step of Scheme 2.3. First, cross couplings of 2 and 3 were 

attempted in the absence of the CuCl and n-Bu4NF catalysts. Specifically, C6D5Br, 

BrCH2CH2Br, THF, and CDCl3 solutions were heated at 40-65 °C in NMR tubes in the 

hopes of effecting thermal ClSiEt3 eliminations. However, no reactions were observed 

over the course of 48-72 h. Second, the synthesis of the ethynyl complex trans-

(C6F5)(Me2PhP)(p-tol3P)Pt(CCH) was attempted, both from 2 and commercial

LiCCH and by the protodesilylation of 3. It is often possible to deprotonate ethynyl 

complexes with strong organolithium bases,25 and the resulting LnMCCLi species can

cleanly react with a variety of electrophiles,25,26 including transition metal halides.27 

However, the ethynyl complex was always accompanied by a multitude of byproducts. 
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2.3 Discussion 

The phosphine ligand scrambling that accompanied the coupling of 2 and 3 was 

entirely unexpected and in retrospect was likely masked in earlier studies20,23 in which 

the phosphine ligands in both reaction components were identical. In work recently 

submitted for publication, analogous phosphine scrambling has been observed in related 

condensations of platinum butadiynyl complexes and platinum chloride complexes.28 

Here, PtCCCCPt species with all six types of phosphine substitution patterns have 

been isolated and characterized. 

On the positive side, these phenomena suggest the possibility of carrying out late 

stage phosphine substitutions simultaneously with coupling, thereby increasing the scope 

of available end products without a commensurate increase in intermediates. It is also 

worth emphasizing that the conversion of 1 to 2 – a thermal phosphine ligand substitution 

– is slow at room temperature (ca. 20% conversion after 1 day). Enhanced substitution

rates are often found with paramagnetic metal complexes.29 Perhaps the copper catalyst 

somehow promotes redox equilibria that facilitate scrambling. 

In addition to 4 and 5, two other diplatinum ethynediyl complexes, both of the 

formula trans,trans-(X)(R3P)2PtCCPt(PR3)2(X), have been structurally characterized. 

One of these, trans,trans-(Cl)(Ph3P)2PtCCPt(PPh3)2(Cl) (6), has been prepared by a 

different type of route involving 1,2-dichloroethyne.30 The other, trans,trans-

(I)(Me3P)2PtCCPt(PMe3)2(I) (7), was synthesized by cross coupling platinum ethynyl 

and chloride complexes using protocols similar to those in Scheme 2.3 (HNEt2, CuCl).31
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The crystal structures are shown Figures 2.5 and 2.6. Neither features any potentially 

diastereotopic groups. 

The four PPh3 ligands in 6 clearly make for a more congested PtCCPt 

environment than the four smaller PMe3 ligands 7. The endgroup orientations can be 

quantified by taking the angle between the two planes defined the P-Pt-P linkage on one 

terminus and the platinum atom of the other. These fall in the narrow range 82.3°-89.3°, 

as indicated in Figures 2.5 and 2.6. When the angle is 90°, the steric separation between 

the phosphine ligands is maximized. 

As is obvious from Figures 2.2 and 2.3, the two triarylphosphines and two 

aryldialkylphosphines in 4 make for a more congested PtCCPt environment than the one 

triarylphosphine and three aryldialkylphosphines in 5. In the former, the 

endgroup/endgroup angle (88.6°) is close to those of 6 and 7. However, in the latter the 

angle decreases to 57.6°. Smaller angles are of course consistent with lower 

endgroup/endgroup steric interactions. Perhaps the large angle in 7, which has the 

smallest phosphine ligands, is imposed by crystal packing forces.  

With respect to our original plan for establishing atropisomerism in cojoined 

square planar complexes, two modifications merit consideration. One line of 

investigation would involve shorter bridges between the endgroups. However, most two 

atom linkers (N2, CN, etc) would be about the same length, and we are not aware of any 
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Figure 2.5. Thermal ellipsoid (top; 50% 
probability level), Newman (middle), and 
space filling (bottom) representations of 
trans,trans-(Cl)(Ph3P)2PtCCPt(PPh3)2
(Cl) (6).  

Figure 2.6. Thermal ellipsoid (top; 50% 
probability level), Newman (middle), and 
space filling (bottom) representations of 
trans,trans-(I)(Me3P)2PtCCPt(PMe3)2(I)
(7). 

single atom linkers that would enforce a linear Pt-E-Pt geometry. Alternatively, the 

covalent radius of nickel is ca. 10% shorter than that of platinum, so dinickel homologs 

would experience greater endgroup/endgroup interactions. Another approach would be to 
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employ still bulkier phosphine ligands, such as bis(t-butyl) substituted (t-Bu)2PPh in 

place of Me2PPh. 

In this context, we presume that in 4, some type of gearing of the phosphorus-

carbon substituents on each terminus allows the square planes to rotate by 180°.32 This 

interconverts the enantiomers and exchanges the diastereotopic methyl groups. However, 

it seems from Figure 2.5 that in tetrakis(triarylphosphine) analogs such as 6, such 

rotations should have much higher activation barriers. The issue then becomes 

introducing a single triarylphosphine with groups that will become diastereotopic on each 

platinum. One possibility would be to append an isopropyl substituent, such as with (p-

iPrC6H4)3P. However, this increases the distance between the diastereotopic groups and 

the axis of chirality, so the methyl signals may become more difficult to differentiate by 

NMR.33  

With regard to endgroup rotation, the heterobimetallic ethynediyl complexes 

trans-(η5-C5Me5)Re(NO)(PPh3)(CC)Pd(PEt3)2(Cl) and trans-(η5-

C5Me5)Re(NO)(PPh3)(CC)Rh(PPh3)2(CO) merit emphasis.27 These feature chiral

pseudotetrahedral rhenium and square planar palladium or rhodium termini. Both 

compounds – but not the butadiynediyl (CCCC) analogs – show two R3PMPR3 31P

NMR signals at low temperature, indicating restricted rotation about the ReCCPd/Rh 

linkages. Coalescence occurs upon warming, establishing barriers (G‡(Tcoal)) of 11.7-

10.9 kcal/mol. In view of these data, 4 almost certainly represents a "near miss" with res-

pect to similar decoalescence phenomena. 
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Yet another strategy would be to engineer sufficiently high barriers to endgroup 

rotation that the atropisomers could be physically separated. The most obvious technique 

would be "chiral chromatography". The resulting samples would be optically active, 

rendering NMR probes of atropisomerism unnecessary. The rate of endgroup rotation 

could be derived (or bounded) from the racemization rate. Such complexes might also be 

active as enantioselective catalysts, but since most square planar metal catalysts require 

ligand dissociation steps, there may be problems with configurational stabilities. 

However, introducing a pendant phosphido ligand (perhaps in place of a C6F5 group in 4) 

could provide a link to a catalytically active metal of any coordination geometry. 

In summary, while the title quest remains unconsummated, the data provide a 

clear road map for refined approaches that should eventually yield atropisomers. 

Ultimately, this well established type of organic stereoisomerism is certain to have a 

counterpart in the coordination chemistry of square planar metal complexes. 

2.4 Experimental section 

Reactions were conducted under nitrogen atmospheres. Workups were carried out 

in air. Chemicals were treated as follows: CH2Cl2 (for reactions), dried and degassed 

with a Glass Contour solvent purification system; hexanes (98.5%, Aldrich), CH2Cl2 

(99.5%, EMD; for chromatography), HNEt2 (99.5%, Aldrich), CuCl (99.999%, Acros; 

stored in glove box), CuI (99.999%, Alfa Aesar; stored in glove box), Me2PhP (99%, 

Strem), p-tol3P (95%, TCI), HCCSiEt3 (97%, Strem), n-Bu4NF (Acros), CDCl3, and 
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CD2Cl2 (2  Cambridge Isotope Laboratories), used as received. The solvent CDFCl2 

was prepared by a literature procedure.24 

NMR spectra were recorded at ambient probe temperatures unless noted and 

referenced as follows ( 1H, residual internal CHCl3 (7.26); 13C, internal CDCl3

(77.0); 31P, external H3PO4 (0.00). Melting points were recorded with a Stanford

Research Systems (SRS) MPA100 (Opti-Melt) automated system. Microanalyses were 

conducted by Atlantic Microlab. 

trans-(C6F5)(Me2PhP)(p-tol3P)Pt(Cl) (2). A Schlenk flask was charged with 

trans-(C6F5)(p-tol3P)2Pt(Cl) (1,20 0.503 g, 0.501 mmol), Me2PhP (0.279 g, 2.02 mmol),

and CH2Cl2 (15 mL). The mixture was stirred for 3 d. The solvent was removed by rotary 

evaporation, and the residue was chromatographed (alumina, 3 cm × 15 cm, packed with 

hexanes, eluted with a CH2Cl2/hexanes gradient (0:100 to 40:60 v/v)). The solvent was 

removed from the product containing fractions by oil pump vacuum to give 2 as a white 

solid (0.285 g, 0.341 mmol, 68%), mp 210 C. Calcd for C35H32ClF5P2Pt: C, 50.04; H, 

3.84. Found: 50.01; H, 3.82. 

NMR (CDCl3,  in ppm): 1H (500 MHz) 7.51 (m, 2H, o to P, Ph), 7.47 (m, 6H, o

to P, tol), 7.32 (m, 3H, m/p to P, Ph), 7.11 (d, 3JHH = 8.1 Hz, 6H, m to P, tol), 2.34 (s, 9H,

CCH3), 1.78 (dd, 2JHP = 10.5 Hz, 4JHP = 2.7 Hz, 6H, PMe2); 13C{1H} (125 MHz) 145.9

(dd, 1JCF = 229 Hz, 2JCF = 23 Hz, o to Pt), 140.9 (d, 4JCP = 2.3 Hz, p to P, tol), 136.8

(dm, 1JCF = 238 Hz, m/p to Pt), 134.5 (d, 2JCP = 10.4 Hz, o to P, tol), 132.9 (dd, 1JCP =
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54 Hz, 3JCP = 3.1 Hz, i to P, Ph), 130.6 (d, 2JCP = 9.7 Hz, o to P, Ph), 130.3 (d, 4JCP =

2.0 Hz, p to P, Ph), 128.9 (d, 3JCP = 10.8 Hz, m to P, tol), 128.4 (d, 3JCP = 10.0 Hz, m to

P, Ph), 126.6 (dd, 1JCP = 55.4 Hz, 3JCP = 2.7 Hz, i to P, tol), 111.1 (t, 2JCF = 43.5 Hz i to

Pt), 21.5 (s, CCH3), 12.3 (dd, 1JCP = 36.6 Hz, 3JCP = 1.7 Hz, 2JCPt (satellite) = 37.6 Hz,

PMe2); 31P{1H} (202 MHz) 19.49 (d, 2JPP = 450 Hz, p-tol3P; 1JPPt = 2621 Hz34), 6.00

(d, 2JPP = 450 Hz, Me2PhP; 1JPPt = 2614 Hz34).

trans-(C6F5)(Me2PhP)(p-tol3P)Pt(CCSiEt3) (3). A Schlenk flask was charged

with 2 (0.114 g, 0.136 mmol), CuI (0.015 g, 0.077 mmol),22 and HNEt2 (10 mL), and

cooled to 45 °C (acetonitrile/CO2). Then HCCSiEt3 (1.07 g, 7.82 mmol) was added

with stirring. After 3 h, the cold bath was removed. After 2 d, TLC showed that no 2 

remained, and three new bands. The solvent was removed by rotary evaporation and the 

residue was chromatographed (alumina, 3 cm × 25 cm, packed with hexanes, eluted with 

a CH2Cl2/hexanes gradient (0:100 to 20:80 v/v)). The solvent was removed from the 

product containing fractions (middle TLC band) by oil pump vacuum to give 3 as an 

orange oil (0.079 g, 0.085 mmol, 62%). For 31P{1H} NMR data and probable structures 

for the species in the other bands, see the text. 

NMR (CDCl3,  in ppm): 1H (500 MHz) 7.61 (m, 2H, o to P, Ph), 7.47 (m, 6H, o

to P, tol), 7.33 (m, 3H, m/p to P, Ph), 7.06 (d, 3JHH = 6.5 Hz, 6H, m to P, tol), 2.33 (s, 9H,

CCH3), 1.85 (dd, 2JHP = 10.6 Hz, 4JHP = 2.6 Hz, 6H, PMe2), 0.66 (m, 9H, CH3, SiEt3),
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0.20 (m, 6H, CH2, SiEt3); 31P{1H} (202 MHz) 14.77 (d, 2JPP = 448 Hz, p-tol3P; 1JPPt =

2608 Hz34), 14.51 (d, 2JPP = 448 Hz, Me2PhP; 1JPPt = 2598 Hz34).

trans,trans-(C6F5)(p-tol3P)(Me2PhP)Pt(CC)Pt(PPhMe2)(Pp-tol3)(C6F5) (4)

and trans,trans-(C6F5)(Me2PhP)2Pt(CC)Pt(PPhMe2)(Pp-tol3)(C6F5) (5). A Schlenk

flask was charged with 2 (0.150 g, 0.179 mmol), HNEt2 (30 mL), and CuCl (0.004 g, 

0.04 mmol). The mixture was stirred until a clear solution formed and then cooled to 

45 °C. Another Schlenk flask was charged with 3 (0.144 g, 0.155 mmol) and CH2Cl2 (5 

mL). Then n-Bu4NF (1.0 M in THF/5 wt% H2O, 0.03 mL, 0.03 mmol) was added. The 

solution was stirred for 15 min, cooled to 45 °C, and then transferred to the solution of 2 

with stirring. The mixture was allowed to warm to room temperature. After 5 d, the 

solvent was removed by rotary evaporation and the residue was chromatographed 

(alumina, 3 cm × 25 cm, packed with hexanes, eluted with a CH2Cl2/hexanes gradient 

(0:100 to 30:70 v/v)). The main fraction containing all PtCCPt species was collected, 

and the sample was further purified by preparative TLC (40:60 v/v CH2Cl2/hexanes). Of 

the most prominent bands (Rf 0.77, 0.55, 0.50, 0.44, 0.41, 0.32), two (0.55, 0.44) were 

extracted with CH2Cl2. The samples were filtered, and the solvents were removed by oil 

pump vacuum to give 4 as a light yellow solid (0.0059 g, 0.0036 mmol, 2.3%) and 5 as a 

pale yellow solid (0.0156 g, 0.087 mmol, 5.6%), respectively. 

Data for 4. mp 190 °C. NMR (CDCl3,  in ppm): 1H (500 MHz) 7.62 (m, 12H, o

to P, tol), 7.35 (m, 4H, o to P, Ph), 7.13 (m, 6H, m/p to P, Ph), 6.90 (d, 3JHH = 5.0 Hz,



26 

12H, m to P, tol), 2.28 (s, 18H, CCH3), 1.37 (dd, 2JHP = 10.5 Hz, 4JHP = 2.3 Hz, 12H,

PMe2); 13C{1H} (125 MHz)35 147.4 (d, 1JCF = 316.3 Hz, o to Pt), 139.8 (d, 4JCP = 2.5

Hz, p to P, tol), 134.8 (d, 2JCP = 13.0 Hz, o to P, tol), 134.4 (dd, 1JCP = 23.8 Hz,35 3JCP

= 3.8 Hz,35 i to P, Ph), 130.6 (d, 2JCP = 10.0 Hz, o to P, Ph), 129.3 (d, 4JCP = 6.3 Hz,35 p

to P, Ph), 128.8 (d, 3JCP = 16.3 Hz,35 m to P, Ph), 128.0 (d, 3JCP = 10.0 Hz, m to P, tol),

127.5 (d, 1JCP = 11.3 Hz, i to P, tol), 114.6 (t, 2JCF = 40.6 Hz, i to Pt), 90.0 (s, PtC),

23.2 (s, CCH3), 13.8 (dd, 1JCP = 38.8 Hz, 3JCP = 1.8 Hz, PMe2); 31P{1H} (202 MHz)

12.72 (d, 2JPP = 428 Hz, p-tol3P), 13.57 (d, 2JPP = 428 Hz, Me2PhP).

Data for 5. NMR (CDCl3,  in ppm): 1H (500 MHz) 7.46 (m, 6H, o to P, tol),

7.32 (m, 6H, o to P, Ph), 7.30 (m, 9H, m/p to P, Ph), 7.09 (d, 3JHH = 5.0 Hz, 6H, m/p to P,

tol), 2.33 (s, 9H, CCH3), 1.77 (dd, 2JHP = 10.5 Hz, 4JHP = 2.6 Hz, 6H, PMe2), 1.25

(apparent d, JHP = 6.0 Hz, 12H, PMe2); 31P{1H} (202 MHz) 15.97 (d, 2JPP = 446 Hz, p-

tol3P), 8.33 (s, 2PMe2Ph), 9.51 (d, 2JPP = 446 Hz, Me2PhP).

2.5 Crystallography 

A. A CH2Cl2/hexanes (1:5 v/v) solution of 2 was kept in a refrigerator. After 7 d, 

data were collected on a colorless thin plate as outlined in Table 2.1. Cell parameters 

were obtained from 60 data frames using a 0.5° scan and refined with 37445 reflections 

using the program Cell Now. Integrated intensity information for each reflection was 

obtained by reduction of the data frames with APEX2.36 Data were scaled, and 
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absorption corrections were applied using the program SADABS.37 The structure was 

solved by direct methods using SHELXTL (XS) and refined (weighted least squares 

refinement on F2).38,39 Non-hydrogen atoms were refined with anisotropic thermal 

parameters. Hydrogen atoms were placed in idealized positions and were set riding on the 

parent atoms. PLATON was used to verify the absence of additional symmetry or 

voids.40 Olex2 was employed for the final data presentation and structure plots.39 B. A 

CH2Cl2/hexanes (1:12 v/v) solution of 4 was kept in a refrigerator. After 30 d, data were 

collected on a colorless thin plate as outlined in Table 2.1. The structure was solved and 

refined analogously to that of 2 (60 data frames, 0.5° scan, 72057 reflections). C. A 

CH2Cl2/hexanes (1:4 v/v) solution of 5 was kept in a refrigerator. After 7 d, data were 

collected on a colorless thin plate as outlined in Table 2.1. The structure was solved and 

refined analogously to that of 2 (60 data frames, 0.5° scan, 64243 reflections). 

CCDC-1512409 (for 2), -1512410 (for 4), and -1512411 (for 5) contain the 

supplementary crystallographic data for this paper. These data can be obtained free of 

charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 
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Table 2.1  Summary of crystallographic data 

Complex 2 4 5 

Empirical formula C35H32ClF5P2Pt C72H64F10P4Pt2 C59H54F10P4Pt2 

Formula weight 840.08 1633.29 1467.08 

Diffractometer BRUKER APEX2 BRUKER APEX2 BRUKER APEX2 

Temperature [K] 110.15 110.15 110.15 

Wavelength [Å] 0.71073 0.71073 0.71073 

Crystal system Monoclinic Monoclinic Monoclinic 

Space group P121/c1 C121/c1 P121/c1 

Unit cell dimensions 

   a [Å] 8.5080(17) 54.510(10) 12.4743(10) 

   b [Å] 24.712(5) 10.7037(19) 28.231(2) 

   c [Å] 16.297(3) 21.931(4) 15.8257(13) 

    [°] 90 90 90 

    [°] 104.731(2) 92.896(2) 101.4680(10) 

    [°] 90 90 90 

Volume [Å3] 3313.9(11) 12780(4) 5461.9(8) 

Z 4 8 4 

ρcalcd [Mg/m3] 1.684 1.698 1.784 

Absorption coefficient [mm-1] 4.463 4.546 5.307 

F(000) 1648 6416 2856 

Crystal size[mm3] 0.56 × 0.54 × 0.32 0.32 × 0.06 × 0.04 0.20 × 0.19 × 0.16 

Θ range of data collection [°] 1.532 to 27.462 1.859 to 27.420 1.666 to 27.464 
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Table 2.1  Continued 

Index ranges 11≤h≤10, 

31≤k≤32, 

21≤l≤21 

70≤h≤70, 

13≤k≤13, 

28≤l≤28 

16≤h≤16 

36≤k≤36 

20≤l≤20 

Reflections collected 37445 72057 64243 

Independent reflections 7540 [R(int) = 0.0840] 14389 [R(int) = 0.0379] 12490 [R(int) = 0.0419] 

Completeness to Θ 100.0 % (25.242) 99.8 % (25.242) 100.0 % (25.242) 

Max. and min. transmission 0.7456 and 0.2412 0.4305 and 0.1993 0.7456 and 0.5461 

Data / restraints / parameters 7540 / 0 / 402 14389 / 72 / 803 12490 / 0 / 685 

Goodness-of-fit on F2 1.030 1.064 1.027 

Final R indices [I>2σ(I)] 

R1 0.0342 0.0315 0.0243 

wR2 0.0793 0.0689 0.0486 

R indices (all data) 

R1 0.0404 0.0397 0.0334 

wR2 0.0823 0.0720 0.0513 

Largest diff. peak and hole [e.Å-3]   2.332 and 2.567 1.959 and 1.603 1.466 and 0.680 

Complex 2 4 5 
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Pt(1)-Cl(1) 2.3623(11) - - 

Pt(1)-C(1)  2.014(4) 2.008(4) 2.013(3) 

Pt(1)-C(3) - 2.062(4) 2.076(3) 

Pt(2)-P(3)  - 2.2811(10) 2.2802(8) 

Pt(2)-P(4)  - 2.2658(11) 2.3080(8) 

Pt(2)-C(2) - 2.016(4) 2.020(3) 

Pt(2)-C(9)/C(38) - 2.068(4) 2.064(3) 

C(1)-C(2)  - 1.213(5) 1.215(4) 

P(2)-Pt(1)-P(1) 175.81(3) 168.61(4) 175.88(3) 

C(1)-Pt(1)-P(1) 90.05(10) 89.18(11) 87.75(9) 

C(1)-Pt(1)-P(2) 93.36(10) 86.00(11) 88.46(9) 

C(1)-Pt(1)-C(3)/Cl(1) 177.51(10) 175.79(16) 177.16(13) 

C(3)/Cl(1)-Pt(1)-P(1) 87.57(4) 92.39(11) 91.18(9) 

C(3)/Cl(1)-Pt(1)-P(2) 89.05(4) 93.14(11) 92.68(9) 

P(4)-Pt(2)-P(3) - 171.77(4) 175.02(3) 

C(2)-Pt(2)-P(3) - 88.93(11) 87.23(9) 

C(2)-Pt(2)-P(4) - 85.22(11) 89.34(9) 

C(2)-Pt(2)-C(9)/C(38) - 179.39(15) 178.54(13) 

C(9)/C(38)-Pt(2)-P(3) - 91.64(11) 92.25(9) 

C(9)/C(38)-Pt(2)-P(4) - 94.23(11) 91.26(9) 

C(2)-C(1)-Pt(1) - 172.9(3) 173.7(3) 

C(1)-C(2)-Pt(2) - 175.0(3) 174.7(3) 

Table 2.2  Key crystallographic bond lengths [Å] and angles [°] 

2 4 5 

Pt(1)-P(1) 2.2831(10) 2.2814(11) 2.2872(9) 

Pt(1)-P(2) 2.3003(10) 2.2810(12) 2.2877(9) 
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3. SYNTHESES AND STRUCTURES OF SQUARE PLANAR DIPLATINUM

BUTADIYNEDIYL COMPLEXES WITH TWO DIFFERENT 

MONOPHOSPHINE LIGANDS ON EACH TERMINUS; PROBING THE 

FEASIBILITY OF A NEW TYPE OF INORGANIC ATROPISOMERISM 

3.1 Introduction 

There is an extensive literature of complexes in which two square planar 

platinum(II) fragments cap butadiynediyl or -CC-CC- moieties. 20,21b,41-43 There is 

also an extensive literature involving higher homologs with as many as 28 sp carbon 

atoms. 20,21b,41c,42-46 However, there are a number of interesting properties or 

phenomena that are uniquely associated with shorter sp carbon bridges. For example, the 

platinum(II)/platinum(III) radical cations generated by one electron oxidations are much 

more stable at modest chain lengths.20,42a,47 

In a recent paper,48 we described a quest for atropisomers1,4a,12,16 derived from 

diplatinum ethynediyl or PtCCPt complexes.31,49 The idea was that with appropriate 

substitution patterns, as exemplified in Scheme 3.1 with adducts that bear two different 

trans disposed monophosphine ligands on each platinum, it might be possible to separate 

enantiomers or diastereomers with an axis of chirality. Alternatively, slow 

interconversion could be established by NMR techniques. To date, these efforts have not 

resulted in a demonstration of atropisomerism. However, this is likely because the 

phosphine ligands initially employed were not bulky enough (e.g., X/Y = Ph/Me in I). 
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Promising second generation targets are easily envisioned (e.g., X/Y = Ph/t-Bu or i-Pr/o-

C6H4X). 

Scheme 3.1. Enantiomeric atropisomers derived from diplatinum ethynediyl complexes. The Y groups are 
diastereotopic and potentially distinguishable by NMR. 

In laying the groundwork for these studies, related complexes with longer 

PtCCCCPt bridges were also investigated. Although in retrospect there was little 

chance of detecting atropisomerism in such species, they provided valuable testing 

grounds for syntheses of coupling partners, such as platinum chloride complexes with the 

types of monophosphine ligands in Scheme 3.1, trans-(Ar)(R2PhP)(p-tol3P)Pt(Cl).50

They also revealed problematic phosphine scrambling processes under certain coupling 

conditions, and "standard" protocols that became unreliable in the presence of bulkier 

phosphine ligands. Furthermore, several crystal structures that help visualize the 

magnitudes of the endgroup/endgroup interactions, which must underpin any 

atropisomerism, could be determined. Accordingly, in this full paper, a detailed account 

of this previously undisclosed work is presented. 
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3.2 Results 

As noted on page vii of this dissertation, some of the results on this section were 

acquired by Dr. Sandip Dey. However, all of Dr. Dey's data were indepently analyzed 

and interpreted by the author. 

3.2.1. Syntheses of monoplatinum complexes trans-(C6F5)(R2PhP)(p-tol3P)Pt(Cl) 

The previously reported platinum chloride complex trans-(C6F5)(p-tol3P)2Pt(Cl) 

(PtCl)20 and Me2PhP (1.0 equiv) were combined in CH2Cl2 at room temperature. As

shown in Scheme 3.2 (top), workup gave the monosubstitution product trans-

(C6F5)(Me2PhP)(p-tol3P)Pt(Cl) (Pt'Cl-a) as a white solid in 89% yield. In some cases, 

small amounts of PtCl remained, or the disubstituted byproduct trans-

(C6F5)(Me2PhP)2Pt(Cl) (Pt"Cl-a) was detected (each <4%). In these cases, Pt'Cl-a was 

purified chromatographically. The identity of Pt"Cl-a was confirmed by an independent 

synthesis from [(C6F5)(tht)Pt(-Cl)]2 and Me2PhP (73%; Scheme 3.2, bottom). This 

route has been used to prepare many related platinum bis(phosphine) 

complexes.20,21b,45g,i 

Similar reactions were carried out with three other phosphines of the formula 

R2PhP (R = alkyl or aryl; b-d in Scheme 3.2). With the triarylphosphines (p-t-

BuC6H4)2PhP and (p-MeOC6H4)2PhP, no reactions with PtCl occurred over the course 

of 16 h in refluxing CH2Cl2. However, after 22 h in refluxing toluene, the target 

complexes trans-(C6F5)(p-tol3P)((p-t-BuC6H4)2PhP)Pt(Cl) (Pt'Cl-b) and trans-
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(C6F5)(p-tol3P)((p-MeOC6H4)2PhP)Pt(Cl) (Pt'Cl-c) could be isolated in 29-42% yields 

following chromatography. 
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Scheme 3.2. Syntheses of monoplatinum complexes trans-(C6F5)(R2PhP)(p-tol3P)Pt(Cl) (Pt'Cl; top) and

trans-(C6F5)(R2PhP)2Pt(Cl) (Pt"Cl; bottom).
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When PtCl and n-Pr2PhP were combined in CH2Cl2 or toluene at room 

temperature, conversion to trans-(C6F5)(p-tol3P)(n-Pr2PhP)Pt(Cl) (Pt'Cl-d) was slow 

and incomplete. However, the yield of Pt'Cl-d improved to 42% when the sample was 

refluxed in toluene (6 h). In each of these reactions, smaller amounts of the disubstituted 

byproducts Pt"Cl-b-d were also obtained, as verified by independent syntheses (Scheme 

3.2, bottom). Thus, not all of the starting PtCl was consumed. 

Analogous complexes with the bulkier phosphine t-Bu2PhP were sought, but no 

reaction took place with PtCl in refluxing toluene. Thus, alternative routes were explored 

as summarized in Scheme 3.3. First, reactions of [(C6F5)(tht)Pt(-Cl)]2 and excess t-

Bu2PhP in CH2Cl2 or refluxing toluene yielded the monophosphine complex (C6F5)(t-

Bu2PhP)(tht)Pt(Cl) (1) instead of the target bis(phosphine) complex trans-(C6F5)(t-

Bu2PhP)2Pt(Cl) (Pt"Cl-e; compare to Scheme 3.2, bottom). The stereochemistry 

depicted in Figure 3.1 was confirmed by a crystal structure (below). Subsequent reactions 

of 1 with the phosphines Et3P or p-tol3P in refluxing toluene resulted in t-Bu2PhP 

displacement. The two-fold substitution products trans-(C6F5)(Et3P)2Pt(Cl) or trans-

(C6F5)(p-tol3P)2Pt(Cl) (PtCl) described earlier20,21b were isolated.

Next, the previously reported dichloride complex trans-(t-Bu2PhP)2Pt(Cl)2 (2) 

was synthesized by a slight modification of the literature procedure (Scheme 3.3, 

bottom).51 The 1JPPt value (2542 Hz) indicated a trans stereochemistry,52 in accord with

a crystal structure.53 However, subsequent additions of C6F5Li (prepared in situ from n-
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BuLi and C6F5Br)54 in either 1:1 or 1:2 stoichiometries gave mainly starting material. Up

to 20% conversion to a new species could be observed in some experiments, but the 

properties were not appropriate for the target molecule. 
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Scheme 3.3. Successful and unsuccessful routes to the monoplatinum complexes trans-(C6F5)(t-
Bu2PhP)(p-tol3P)Pt(Cl) (Pt"Cl-e) and trans-(C6F5)(t-Bu2PhP)(p-tol3P)Pt(Cl) (Pt'Cl-e).
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Finally, routes involving the previously described cyclooctadiene complex 

(cod)(C6F5)Pt(Cl) were investigated (Scheme 3.3, bottom).55 No reaction took place with

t-Bu2PhP (2.7 equiv) at room temperature, but trans-(C6F5)(t-Bu2PhP)2Pt(Cl) (Pt"Cl-e) 

formed cleanly in refluxing toluene. A 64% yield was isolated after workup. A 

subsequent reaction with p-tol3P (1.0 equiv) in refluxing toluene gave the target complex 

Pt'Cl-e in 91% yield. 

3.2.2 Syntheses of butadiynyl complexes trans-(C6F5)(R2PhP)(p-tol3P)Pt(CC)2H

(Pt'C4H) 

The next objective was to convert the chloride complexes Pt'Cl-a-e to the 

corresponding butadiynyl complexes. As shown in Scheme 3.4 (top), conditions that were 

effective in an earlier synthesis of trans-(C6F5)(p-tol3P)2Pt(CC)2H (PtC4H)20 were

applied to Pt'Cl-a (excess butadiyne, HNEt2, cat. CuI). A chromatographic workup gave 

the target complex trans-(C6F5)(Me2PhP)(p-tol3P)Pt(CC)2H (Pt'C4H-a) in 36% yield,

together with lesser amounts of the phosphine scrambling products PtC4H (16%) and 

Pt"C4H-a (10%). In an alternative approach, the butadiynyl complex PtC4H was treated 

with Me2PhP (1.0 equiv, CH2Cl2, 18 h). Chromatography gave a comparable product 

distribution: Pt'C4H-a, 30%, PtC4H, 18%, Pt"C4H-a, 11%. 

When the di(n-propyl)phenylphosphine chloride complex Pt'Cl-d and butadiyne 

were similarly reacted, NMR analyses showed the formation of a 92:4:4 mixture of the 
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target complex Pt'C4H-d and the phosphine scrambling products PtC4H and Pt"C4H-d. 

Crystallization afforded pure Pt'C4H-d in 73% yield. Interestingly, the two complexes 

with triarylphosphine ligands, Pt'Cl-b,c, did not give detectable phosphine scrambling. 

Workups afforded the butadiynyl complexes Pt'C4H-b,c in 75-77% yields. As 

summarized in Scheme 3.4 (bottom), all attempts to replace the chloride ligand in Pt'Cl-e 

by alkynyl ligands were unsuccessful. Alternative cross coupling protocols (see also 

below)42b involving t-BuOK base and KPF6 gave no reaction.  
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Scheme 3.4. Successful and unsuccessful syntheses of monoplatinum butadiynyl and alkynyl complexes.  

 



39 

3.2.3 Syntheses of diplatinum butadiynediyl complexes 

Numerous diplatinum butadiynediyl complexes have been prepared by Hagihara 

heterocouplings of platinum butadiynyl and platinum chloride complexes.20,21b,42b Thus, 

as shown in Scheme 3.5, equimolar quantities of the butadiynyl complexes Pt'C4H-a-c 

(see Scheme 3.4) and chloride complexes Pt'Cl-a-c (see Scheme 3.2) were combined in 

HNEt2 in the presence of a catalytic amount of CuCl. After 66-88 h at 45-50 °C, workups 

gave mixtures of five to six diplatinum butadiynediyl complexes. Although the individual 

yields were low, they could be separated by silica gel column chromatography. 

It quickly became apparent that the many products were derived from scrambling 

of the phosphine ligands. In our previous applications of Hagihara coupling reactions, all 

of the phos-phine ligands had been identical, so this phenomenon remained undetected. 

In accord with nomenclature introduced above, the three possible endgroups could be 

designated Pt ((C6F5)(p-tol3P)2Pt), Pt' ((C6F5)(p-tol3P)(R2PhP)Pt), and Pt" 

((C6F5)(R2PhP)2Pt). These can in turn code for the six possible products, PtC4Pt, 

PtC4Pt', PtC4Pt", Pt'C4Pt', Pt'C4Pt" and Pt"C4Pt". 
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Scheme 3.5. Syntheses of diplatinum butadiynyl complexes. 

In the case where the phenylphosphine substituents (R2) were Me (a), five 

diplatinum complexes were isolated: PtC4Pt, 3%; PtC4Pt'-a, 23%; PtC4Pt"-a, 12%; 

Pt'C4Pt'-a, 27%; Pt'C4Pt"-a, 4%. The Rf values decreased as the number of Me2PhP 

ligands increased. All were air stable yellow solids, and were characterized by NMR (1H, 

13C{1H}, 31P{1H}) and microanalyses, as summarized in the experimental section. The 
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structures readily followed from the NMR properties, principal details of which are 

described below. 

 In the case where the phenylphosphine substituents were p-t-BuC6H4 (b), six 

diplatinum complexes were isolated: PtC4Pt, 2%; PtC4Pt'-b, 8%; PtC4Pt"-b, 9%; 

Pt'C4Pt'-b, 3%; Pt'C4Pt"-b, 8%; Pt"C4Pt"-b, 2%. In the case where the 

phenylphosphine substituents were p-MeOC6H4 (c), five complexes were isolated as 

summarized in Scheme 3.5. This coupling was somewhat slower, so a significant amount 

of unreacted chloride complex Pt'Cl-c (26%) was recovered, together with traces of the 

scrambled analog PtCl (1%). 

 Given these disappointing results, attention was turned to an alternative recipe for 

cross coupling metal chloride and terminal alkynyl complexes. It had been shown that 

when THF/methanol solvent mixtures were employed with slight excesses of t-BuOK 

and KPF6 and a catalytic amount of CuCl, diplatinum butadiynediyl complexes could be 

isolated in good yields.42b This protocol was optimized using equimolar quantities of the 

p-tol3P substituted reaction partners trans-(C6F5)(p-tol3P)2Pt(CC)2H (PtC4H) and 

PtCl. As described elsewhere,56 workup gave the known complex PtC4Pt in 73% yield. 
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Scheme 3.6. Syntheses of diplatinum butadiynyl complexes; alternative cross coupling procedure. 

Next, comparable conditions were applied to coupling partners that each 

contained two different phosphine ligands. As shown in Scheme 3.6, Pt'C4H-b and 

Pt'Cl-b were reacted for 15 d at room temperature. Workup gave the target complex 

Pt'C4Pt'-b in 21% yield, as well as traces of PtC4Pt'-b and Pt'C4Pt"-b (ca. 1% each). 

Considerable amounts of Pt'C4H-b and Pt'Cl-b were recovered (19%, 36%). 

Comparable conversions were realized after 3-4 d at 50 °C. Finally, Pt'C4H-d and Pt'Cl-

d were similarly reacted. Workup after 92 h at room temperature gave the target complex 

Pt'C4Pt'-d in 76% yield after crystallization. No chromatographic purification step was 

necessary, and no phosphine scrambling byproducts were apparent. 
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3.2.4 NMR properties 

Certain NMR features of the preceding complexes merit note. In our earlier paper 

involving similar diplatinum ethynediyl complexes,48 no coupling was observed between 

phosphine ligands on opposite termini (small 5JPP). The same would be expected for the

more widely separated phosphine ligands in the diplatinum butadiynediyl complexes in 

this study (still smaller 7JPP). Thus, to a first approximation, their NMR spectra should be

"hybrids" of those of the monoplatinum butadiynyl complexes corresponding to each 

endgroup. 

This leads to a hierarchy of complexity. First, there are two "series" of 

butadiynediyl complexes with identical endgroups, each with two identical phosphine 

ligands: PtC4Pt (previously reported) and Pt"C4Pt"-b (isolated only in trace quantities). 

These give much simpler spectra. Next, there are the title complexes with identical 

endgroups, each with two different phosphine ligands: Pt'C4Pt'-a-d. The 1H NMR

spectra exhibit the characteristic signals of each phosphine, with only a few cases of 

resolved second order phenomena. However, the 13C{1H} and 31P{1H} NMR spectra 

exhibit a variety of second order features as described below. Finally, there are three 

series of complexes with non-identical endgroups: PtC4Pt'-a-c, PtC4Pt"-a-c, and 

Pt'C4Pt"-a-c. While in theory these give the most complicated NMR spectra, this is only 

in an additive sense; they seldom introduce new phenomena not manifested in the other 

complexes. 
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With regard to the 31P{1H} NMR spectra, certain trends in the monoplatinum 

complexes deserve comment. First, Pt'Cl-a,d and Pt'C4H-a,d feature one 

triarylphosphine ligand and one dialkylphenylphosphine ligand. They exhibit well 

p-tol3P; –9.9 to 8.8, R2PPh) and couple as expected 

(2JPP = 404-450 Hz). However, Pt'Cl-b,c and Pt'C4H-b,c feature two similar

triarylphosphine ligands.57 With Pt'Cl-b and Pt'C4H-b

19.8-17.8), presumably due to accidental degeneracy. With Pt'Cl-c and Pt'C4H-c, two 

clo -19.57, 17.58-17.64). 

All of these trends extend to the diplatinum butadiynediyl complexes Pt'C4Pt'-a-

d. However, when 31P{1H} NMR spectra of Pt'C4Pt'-b were recorded at –80 °C,

separate signals for the p-tol3P and (p-t-BuC6H4)2PhP ligands could be observed ( 

(CD2Cl2) 13.79 and 13.91 as opposed to one signal at 14.00 at 22 °C). Importantly, the 

structures of all four complexes have been confirmed crystallographically (below). 

The 13C{1H} NMR spectra of Pt'Cl-a,d, Pt'C4H-a,d, and Pt'C4Pt'-a,d are

unexceptional. However, those of Pt'Cl-b,c, Pt'C4H-b,c, and Pt'C4Pt'-b,c are 

complicated by numerous "virtual couplings".58 That of Pt'C4Pt'-b features a variety of

virtual triplets (typically 5-6 Hz for all aryl carbon atoms that are o/m to phosphorus). In 

contrast, that of Pt'C4Pt'-c exhibits a corresponding number of doublet of doublets, in 

which the J values are very close to those of the virtual triplets. Other complexes that 
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exhibit a large number of virtual triplets include Pt"Cl-a and Pt"C4H-a (nearly all 

Me2PhP ligand 13C NMR signals, and the Me2P 1H NMR signal).

Many NMR spectra were recorded at low temperature in hopes of detecting 

dynamic processes or separate signals for diastereotopic groups as diagrammed in 

Scheme 3.1. All of these were uninformative. For example, the 1H NMR spectra of 

Pt'C4Pt'-a and Pt'C4Pt'-c (CD2Cl2) did not show any significant changes when cooled 

to 80 °C. In the case of Pt'C4Pt'-b, some 1H NMR peaks became broader, but no

decoalescence phenomena were detected. With Pt'C4Pt'-b,c, the ipso carbon atoms of 

the (p-XC6H4)2P moieties are potentially diastereotopic, but only broadened 

13C{1H,31P} signals were observed at –80 °C. 

NMR spectra of the more soluble complex Pt'C4Pt'-d were recorded in the lower 

freezing solvent CDFCl2.24 Some 1H NMR signals merged as the temperature was

lowered, but no decoalescence was apparent at –120 °C. The 13C{1H} NMR spectrum 

showed only broadening, and the 31P{1H} NMR spectrum was essentially unchanged. 

3.2.5 Structural properties 

Crystal structures were sought as a means of confirming structural assignments, 

and for gauging endgroup/endgroup interactions in the diplatinum complexes. Single 

crystals of 1, Pt"Cl-e, Pt'C4H-a, Pt'C4Pt'-a-d, and PtC4Pt"-b or solvates thereof were 

grown, and the structures were determined as outlined in Tables 3.1-3.3 and the 

experimental section. Key metrical parameters are provided in Table 3.3 and Figures 3.1-
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3.3. Many other tetraphosphine complexes with ArPt(CC)mPtAr linkages have been 

structurally characterized,20,21b,23,42,45a-c,e-k,n-p and the bond lengths and angles in 

Table 3.3 are unexceptional.  

 The molecular structures are depicted in Figures 3.1-3.8, and additional 

representations are provided below and in the supplementary material. About half of the 

lattices contained some type of disorder, which was modeled as detailed in the 

experimental section. Both Pt'C4Pt'-a and Pt'C4Pt'-d exhibited centers of inversion at 

the midpoints of the C4 chains. 

 For the diplatinum complexes, a measure of the "twist" associated with the square 

planar endgroups was sought. In one approach, least squares planes were defined using 

the P-Pt-P linkage on one terminus, and the platinum from the other. For the idealized 

atropisomers in Scheme 3.1, the angle defined by these two planes would be 90°. As 

summarized in Table 3.3, the angles between the planes in the crystal structures ranged 

from 0° for the complexes with an inversion center to 44-51° for the others. When planes 

defined by the P-Pt-P linkages and the ligating C6F5 carbon atom (Cipso) were employed, 

the values were very similar.  

 In the diplatinum complexes, the pentafluorophenyl ligands on each platinum 

were always sandwiched between two phosphine derived aryl groups. The average 

centroid-centroid spacing (π stacking distance) for each molecule is given in Table 3.3 

(3.60-4.10 Å). This phenomenon has been seen in many other diplatinum polyynediyl 

complexes bearing pentafluorophenyl and two trans-triarylphosphine 
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ligands,20,21b,23,45e,j,k and has been attributed to quadrupolar interactions between the 

fluorinated and non-fluorinated aryl groups.59 Other structural features are analyzed in 

the discussion section. 

Figure 3.1. Molecular structure of 1 with thermal ellipsoids at 50% probability level. Key bond lengths (Å) 
and angles (°): Pt(1)-C(15), 2.077(8); Pt(1)-S(1), 2.302(2); Pt(1)-Cl(1), 2.342(2); Pt(1)-P(1), 2.365(2); 
C(15)-Pt(1)-S(1), 90.4(2); C(15)-Pt(1)-Cl(1), 86.5(2); S(1)-Pt(1)-Cl(1), 176.26(7); C(15)-Pt(1)-P(1), 
177.9(2); S(1)-Pt(1)-P(1), 88.90(7); Cl(1)-Pt(1)-P(1), 94.35(7). 

Figure 3.2. Molecular structure of Pt"Cl-e with thermal ellipsoids at 50% probability level. Key bond 
lengths (Å) and angles (°): Pt(1)-C(1), 2.020(3); Pt(1)-P(2), 2.3634(8); Pt(1)-P(1), 2.3673(8); Pt(1)-Cl(2), 
2.3647(7); C(1)-Pt(1)-P(2), 92.45(8); C(1)-Pt(1)-Cl(2), 168.68(8); P(2)-Pt(1)-Cl(2), 88.52(2); C(1)-Pt(1)-
P(1), 90.98(8); P(2)-Pt(1)-P(1), 169.14(3); P(1)-Pt(1)-Cl(2), 90.14(3).
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Figure 3.3. Molecular structure of Pt'C4H-a with thermal ellipsoids at 50% probability level. Key bond
lengths (Å) and angles (°): Pt(1)-C(1), 1.993(4); Pt(1)-P(1), 2.3298(13); Pt(1)-P(2), 2.2927(13), Pt(1)-C(5), 
2.067(4); C(1)-Pt(1)-P(2), 88.87(11); C(1)-Pt(1)-C(5), 178.05(17); P(2)-Pt(1)-C(5), 91.37(11); C(1)-Pt(1)-
P(1), 90.51(11); P(2)-Pt(1)-P(1), 179.30(4); P(1)-Pt(1)-C(5), 89.26(11). 

Figure 3.4. Molecular structure of Pt'C4Pt'-a with thermal ellipsoids at 50% probability level and solvate
molecules omitted. 
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Figure 3.5. Molecular structure of Pt'C4Pt'-b with thermal ellipsoids at 50% probability level; some t-
butyl groups are disordered as described in the experimental section. 

Figure 3.6. Molecular structure of Pt'C4Pt'-c with thermal ellipsoids at 50% probability level; the methoxy
groups are disordered as described in the experimental section. 
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Figure 3.7. Molecular structure of Pt'C4Pt'-d with thermal ellipsoids at 50% probability level. 

 

 

 
Figure 3.8. Molecular structure of PtC4Pt"-b with thermal ellipsoids at 50% probability level and solvate 

molecules omitted; some t-butyl groups are disordered as described in the experimental section. 
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3.2.6 Other characterization 

The UV-visible spectra of diplatinum polyynediyl complexes have been 

extensively analyzed as a function of carbon chain length.20,23,43a The max red shifts 

and becomes more intense, and a series of much weaker bands at still longer wavelengths 

– representing CC vibrational fine structure – become increasingly apparent. Such bands

were not detected when we initially characterized PtC4Pt.20 Hence, the UV-visible

spectra of representative diplatinum butadiynediyl complexes were recorded at higher 

concentrations and with special attention to this region. As summarized in Table 3.4, two 

such bands at 395-387 and 428-422 nm could always be detected. The molar extinction 

coefficients (, M1cm1) were 500-400 and 120-50, respectively. 

3.3 Discussion 

3.3.1. Syntheses 

The preceding data reveal a number of synthetic challenges with respect to both 

the monoplatinum and diplatinum target complexes. For example, Scheme 3.3 illustrates 

the difficulties associated with introducing two bulky trans t-Bu2PhP ligands onto a 

C6F5PtCl fragment. Although a route to the adduct Pt"Cl-e and the substitution product 

Pt'Cl-e could ultimately be realized, several reactions that worked with less bulky 

phosphine ligands (Scheme 3.2) were unsuccessful. In the same vein, all efforts to replace 

the chloride ligand in Pt'Cl-e with any type of alkynyl ligand were thwarted (Scheme 

3.4). 
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The phosphine ligand scrambling that accompanied the coupling of Pt'C4H-a-c 

and Pt'Cl-a-c (Scheme 3.5) was unexpected. This phenomenon was likely masked in 

earlier studies, which involved reaction components with a single phosphine 

ligand.20,21b,42b Enhanced substitution rates are often found with paramagnetic metal 

complexes.29 Perhaps the copper catalyst somehow promotes redox equilibria that 

facilitate scrambling. However, very little or no scrambling is found with the alternative 

copper catalyzed coupling protocol in Scheme 3.6. This recipe was not investigated until 

a late stage of this project. Otherwise, at least some of the target complexes might have 

been realized in much higher overall yields. 

Nonetheless, ligand labilization such as in Scheme 3.5 can sometimes be turned 

into an advantage. For example, one could consider the possibility of carrying out late 

stage phosphine substitutions simultaneously with coupling. This could greatly increase 

the breadth of end products accessible, without a corresponding increase in intermediates 

that must be characterized. 

3.3.2. Structural and dynamic properties 

None of the low temperature NMR experiments carried out with the diplatinum 

butadiynediyl complexes gave any evidence of atropisomerism. Importantly, the many 

types of NMR couplings observed at ambient temperature (e.g., 1JPPt, 
nJHPt, 

nJCPt, 
2JPP,

certain nJHP and nJCP, etc.) exclude the operation of any low energy ligand dissociation
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processes. These might provide pathways for interconverting atropisomers and/or 

exchanging diastereotopic groups (see Scheme 3.1). 

This inability to document atropisomerism could have been anticipated if recently 

published studies with related diplatinum ethynediyl complexes48 had been carried out 

first. However, we misjudged the degree of endgroup/endgroup interactions. In this 

context, Figure 3.9 compares space filling representations of three diplatinum complexes: 

(1) the butadiynediyl complex trans,trans-(C6F5)(Et3P)2Pt(CC)2Pt (PEt3)2(p-tol),42b 

which has four identical, moderately sized phosphine ligands, PEt3, (2) Pt'C4Pt'-b, 

which has bulkier p-tol3P and (p-t-BuC6H4)2PhP ligands on each platinum, and (3) the 

ethynediyl complex trans,trans-(C6F5)(p-tol3P)(Me2PhP)Pt(CC)Pt (PPhMe2)(Pp-

tol3)(C6F5) (Pt'C2Pt'-a),48 which has a smaller Me2PhP ligand and a bulkier p-tol3P 

ligand on each platinum. The sp carbon chains are highlighted in dark blue.  

In the first complex (Figure 3.9, top), the endgroups are well separated and the 

carbon chain is highly exposed. In the case of Pt'C4Pt'-b (Figure 3.9, middle), the 

phosphine ligands on opposite termini have considerable van der Waals contacts, but the 

carbon chain remains somewhat visible. With this ligand set, the platinum square planes 

can apparently rotate by 180°, allowing the interconversion of the types of structures in 

Scheme 3.1. Concomitant gearing of the aryl groups on the phosphine ligands is required. 

Space filling representations of all crystallographically characterized complexes are 

provided in the supplementary material. Pt'C4Pt'-c exhibits a slightly higher degree of 

endgroup/endgroup interactions, but Pt'C4Pt'-a,d show no van der Waals contacts as all. 
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Figure 3.9. Representative space filling representations of diplatinum polyynediyl complexes: (1) 
trans,trans-(C6F5)(Et3P)2Pt(CC)2Pt(PEt3)2(p-tol); (2) Pt'C4Pt'-b; (3) trans,trans-(C6F5)(p-
tol3P)(Me2PhP)Pt(CC)Pt(PPhMe2)(Pp-tol3)(C6F5) (Pt'C2Pt'-a). 

 

The phosphine ligands on opposite termini in Pt'C2Pt'-a (Figure 3.9, bottom) 

have extensive van der Waals contacts and nearly completely shield the sp carbon chain. 

However, low temperature NMR spectroscopy still failed to establish atropisomerism,48 
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presumably due to a modest barrier to square plane rotation and/or phosphorus 

substituent gearing. Nonetheless, we consider this a "near miss", as restricted rotation has 

been observed about other MC2M' linkages (where one metal is formally octahedral).60

Other approaches towards realizing this well established mode of organic 

stereoisomerism with square planar metal complexes will be pursued in the future. It 

should also be noted that several other types of atropisomerism have been documented in 

inorganic and organometallic complexes.61 

3.3.3. Summary 

This study has greatly increased the number of diplatinum butadiynediyl 

complexes in the literature, particularly with regard to less symmetrically substituted 

systems. This was assisted by an unanticipated phosphine ligand scrambling process 

(Scheme 3.5), which proves avoidable under modified reaction conditions (Scheme 3.6). 

These complexes and their precursors exhibit a wealth of fascinating NMR and structural 

properties. While the diplatinum complexes remain insufficiently congested for any 

dynamic processes or atropisomerism to be observed, other applications can be 

anticipated (e.g., improved stabilities of mixed valence Pt(II)/Pt(III) cation radicals)20,42a 

and will be investigated in due course. 

 3.4 Experimental section 

Reactions were conducted under inert atmospheres. Workups were carried out in 

air. Toluene and CH2Cl2 used for reactions were dried and degassed with a Glass 
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Contour solvent purification system; other solvents were used as received from common 

commercial sources. The following reagents were used as received: CuCl (99.999%, 

Aldrich), CuI (99.999%, Aldrich), KPF6 (99.9%, Aldrich), t-BuOK (97.0%, TCI), 

Cl2PhP (98%, Fluka), Me2PhP (99%, Strem), n-Pr2PhP (98%, Aldrich), t-Bu2PhP (95%, 

Aldrich), (p-MeOC6H4)2PhP (95%, Alfa Aeser), p-tol3P (95%, TCI) and K2PtCl4 (99.8%, 

Aldrich).  

 NMR spectra were recorded at ambient probe temperature unless noted using a 

Varian instrument operating at 500.00 (1H), 125.65 (13C{1H}), or 202.28 (31P{1H}) 

1H, residual internal CHCl3 (7.26); 13C, 

internal CDCl3 (77.2); 31P, external H3PO4 (0.00). UV/visible spectra were recorded on a 

Shimadzu UV-1800 spectrophotometer. Melting points were recorded using a Stanford 

Research Systems (SRS) MPA100 (Opti-Melt) automated melting point system. 

Microanalyses were conducted by Atlantic Microlab. 

 trans-(C6F5)(Me2PhP)(p-tol3P)Pt(Cl) (Pt'Cl-a).50 A Schlenk flask was charged 

with trans-(C6F5)(p-tol3P)2Pt(Cl) (PtCl;20 3.170 g, 3.150 mmol), Me2PhP (0.450 mL, 

3.150 mmol) and CH2Cl2 (140 mL). The mixture was stirred for 16 h. The solvent was 

removed by rotary evaporation. The residue was washed with hexane (2 × 20 mL) and 

dried by oil pump vacuum to give Pt'Cl-a as a white powder (2.344 g, 2.790 mmol, 89%), 

mp 210 C. Calcd for C35H32ClF5P2Pt (840.06): C, 50.04; H, 3.84. Found: 50.01; H, 

3.82. 



 

57 

 

 NMR (, CDCl3): 1H 7.53 (m, 2H, o to P, Ph), 7.47 (dd, 3JHH = 9.8 Hz, 3JHP = 

11.4 Hz, 6H, o to P, tol), 7.33 (m, 3H, m/p to P, Ph), 7.11 (dd, 3JHH = 8.1 Hz, 4JHP = 1.8 

Hz, 6H, m to P, tol), 2.35 (s, 9H, CH3, tol), 1.79 (dd, 2JHP = 10.5 Hz, 4JHP = 2.7 Hz, 

3JHPt = 36.9 Hz, 6H, PMe2); 13C{1H} 145.9 (dd, 1JCF = 229 Hz, 2JCF = 23 Hz, o to Pt, 

C6F5), 140.9 (d, 4JCP = 2.3 Hz, p to P, tol), 136.8 (dm, 1JCF = 238 Hz, m/p to Pt, C6F5), 

134.5 (d, 2JCP = 10.4 Hz, o to P, tol), 132.9 (dd, 1JCP = 54 Hz, 3JCP = 3.1 Hz, i to P, Ph), 

130.6 (d, 2JCP = 9.7 Hz, o to P, Ph), 130.3 (d, 4JCP = 2.0 Hz, p to P, Ph), 128.9 (d, 3JCP = 

10.8 Hz, m to P, tol), 128.4 (d, 3JCP = 10.0 Hz, m to P, Ph), 126.6 (dd, 1JCP = 55.4 Hz, 

3JCP = 2.7 Hz, 2JCPt = 25.8 Hz,65 i to P, tol), 111.1 (t, 2JCF = 43.5 Hz, i to Pt, C6F5), 

21.5 (s, CH3, tol), 12.3 (dd, 1JCP = 36.6 Hz, 3JCP = 1.7 Hz, 2JCPt = 37.6 Hz,65 PMe2); 

31P{1H} 20.2 (d, 2JPP = 450 Hz, 1JPPt = 2624 Hz,65 p-tol3P), 5.5 (d, 2JPP = 450 Hz, 

1JPPt = 2620 Hz,65 PMe2Ph). 

 trans-(C6F5)(Me2PhP)2Pt(Cl) (Pt"Cl-a). A Schlenk flask was charged with 

[(C6F5)(tht)Pt(-Cl)]2 (1.010 g, 1.040 mmol),62 Me2PhP (0.60 mL, 4.20 mmol), and 

CH2Cl2 (70 mL). The solution was stirred for 18 h and filtered through a 

celite/decolorizing charcoal/glass frit assembly. The solvent was removed by rotary 

evaporation. The residue was washed with methanol (2 × 20 mL) and dried by oil pump 

vacuum to give Pt"Cl-a as a white powder (0.433 g, 0.643 mmol, 31%). The solvent was 

removed from the washes by rotary evaporation. The residue was recrystallized from 
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methanol/hexane mixture to yield another crop of Pt"Cl-a (0.585 g, 0.868 mmol, 42% or 

73% total). 

 NMR (, CDCl3): 1H 7.44 (m, 4H, o to P), 7.32 (m, 6H, m/p to P), 1.73 (virtual 

t,66 2JHP = 3.9 Hz, 3JHPt = 27.9 Hz, 12H, Me); 13C{1H} 146.3 (dd, 1JCF = 228 Hz, 2JCF 

= 26 Hz, 2JCPt = 76 Hz,65 o to Pt, C6F5), 136.6 (dm, 1JCF = 247 Hz, m/p to Pt, C6F5), 

132.6 (virtual t,66 1JCP = 28.1 Hz, 2JCPt = 33.2 Hz,65 i to P), 130.4 (virtual t,66 2JCP = 

5.8 Hz, o to P), 130.3 (s, p to P), 128.4 (virtual t,66 3JCP = 5.1 Hz, m to P), 108.1 (t, 2JCF 

= 43.5 Hz, i to Pt, C6F5), 12.2 (virtual t,66 1JCP = 18.9 Hz, 2JCPt = 35.8 Hz,65 PMe2); 

31P{1H} 5.5 (s, 1JPPt = 2520 Hz65). 

 trans-(C6F5)(p-tol3P)((p-t-BuC6H4)2PhP)Pt(Cl) (Pt'Cl-b). A Schlenk flask was 

charged with PtCl (6.186 g, 6.147 mmol),20 (p-t-BuC6H4)2PhP (2.302 g, 6.147 mmol),63 

and toluene (150 mL). The solution was refluxed for 22 h. The solvent was removed by 

rotary evaporation and oil pump vacuum. The residue was washed with hexane (3 × 30 

mL, leaving 5.213 g) and chromatographed on a silica gel column (3.8 × 42 cm, 8:1 v/v 

toluene/hexane). The solvent was removed from the product containing fractions by 

rotary evaporation and oil pump vacuum to give Pt'Cl-b (1.906 g, 1.771 mmol, 29%), 

PtCl (1.475 g, 1.466 mmol, 24%), and an unknown complex (0.121 g) as white solids. A 

fourth fraction contained mainly trans-(C6F5)((p-t-BuC6H4)2PhP)2Pt(Cl) (Pt"Cl-b, 

10%), together with the unknown complex and a second one. 
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 Date for Pt'Cl-b. dec pt 249 C. Calcd. for C53H52ClF5P2Pt (1076.46): C 59.14, 

H 4.87. Found: C 59.31, H 4.86. NMR (, CDCl3): 1H 7.88-7.78 (m, 2H, o to P, Ph), 

7.60-7.47 (m, 10H, o to P, tol+C6H4), 7.40-7.33 (m, 3H, m/p to P, Ph), 7.30 (d, 3JHH = 

8.4 Hz, 4H, m to P, C6H4), 7.13 (d, 3JHH = 7.8 Hz, 6H, m to P, tol), 2.36 (s, 9H, CH3, tol), 

1.30 (s, 18H, C(CH3)3); 13C{1H} 153.9 (s, p to P, C6H4), 145.3 (dd, 1JCF = 225 Hz, 2 

JCF = 22 Hz, o to Pt, C6F5), 141.0 (s, p to P, tol), 136.3 (dm, 1JCF = 245 Hz, m/p to Pt, 

C6F5), 135.0 (virtual t,66 2JCP = 6.3 Hz, o to P, Ph), 134.6 (virtual t,66 2JCP = 6.3 Hz, o to 

P, tol), 134.3 (virtual t,66 2JCP = 6.3 Hz, o to P, C6H4), 130.7 (s, p to P, Ph), 130.2 (dd, 

1JCP = 30.9 Hz, 3JCP = 26.5 Hz, i to P, Ph), 128.9 (virtual t,66 3JCP = 5.7 Hz, m to P, tol), 

128.2 (virtual t,66 3JCP = 5.6 Hz, m to P, Ph), 126.7 (dd, 1JCP = 31.7 Hz, 3JCP = 27.5 Hz, 

i to P, tol), 126.6 (dd, 1JCP = 31.8 Hz, 3JCP = 27.2 Hz, i to P, C6H4), 125.1 (virtual t,66 

3JCP = 5.6 Hz, m to P, C6H4), 114.5 (t, 2JCF = 45.4 Hz, i to Pt, C6F5), 34.9 (s, C(CH3)3), 

31.2 (s, CH3); 21.5 (s, CH3, tol); 31P{1H} 19.8 (s, 1JPPt = 2726 Hz65). 

 trans-(C6F5)((p-t-BuC6H4)2PhP)2Pt(Cl) (Pt"Cl-b). A Schlenk flask was 

charged with [(C6F5)(tht)Pt(-Cl)]2 (0.129 g, 0.132 mmol),62 (p-t-BuC6H4)2PhP (0.218 

g, 0.582 mmol),63 and CH2Cl2 (20 mL). The solution was stirred for 16 h and filtered 

through a celite/decolorizing charcoal/glass frit assembly. The solvent was removed by 

rotary evaporation. The residue was washed with cold methanol (2 × 10 mL) and dried by 

oil pump vacuum to give Pt"Cl-b as a white powder (0.231 g, 0.201 mmol, 76%).  
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 NMR (, CDCl3): 1H 7.91-7.80 (m, 4H, o to P, Ph), 7.56-7.46 (m, 8H, o to P, 

C6H4), 7.44-7.36 (m, 6H, m/p to P, Ph), 7.28 (d, 3JHH = 8.4 Hz, 8H, m to P, C6H4), 1.29 

(s, 36H, CH3); 31P{1H} 19.7 (s, 1JPPt = 2731 Hz65). 

 trans-(C6F5)(p-tol3P)((p-MeOC6H4)2PhP)Pt(Cl) (Pt'Cl-c). A Schlenk flask was 

charged with PtCl (5.032 g, 5.000 mmol),20 (p-MeOC6H4)2PhP (1.612 g, 5.000 mmol), 

and toluene (120 mL). The solution was refluxed for 22 h. The solvent was removed by 

rotary evaporation and oil pump vacuum. The residue was washed with hexane (3 × 50 

mL) and chromatographed on a silica gel column (3.8 × 42 cm), using 50:50 v/v 

CH2Cl2/hexane to elute PtCl, 80:20 v/v CH2Cl2/hexane to elute Pt'Cl-c, and 40:60 v/v 

ethyl acetate/hexane to elute trans-(C6F5)((p-MeOC6H4)2PhP)2Pt(Cl) (Pt"Cl-c). The 

solvent was removed from the fractions by rotary evaporation and oil pump vacuum to 

give PtCl (1.406 g, 1.397 mmol, 28%), Pt'Cl-c (2.149 g, 2.098 mmol, 42%) and Pt"Cl-c 

(0.643 g, 0.616 mmol, 13%) as white solids. 

 Data for Pt'Cl-c. mp 215 C. Calcd for C47H40ClF5O2P2Pt (1024.30): C, 55.11; 

H, 3.94. Found: 55.06; H, 3.95. NMR (, CDCl3): 1H 7.71-7.61 (m, 4H, o to P, C6H4), 

7.59-7.42 (m, 8H, o to P, tol+Ph), 7.37-7.29 (m, 1H, p to P, Ph), 7.26 (d, 3JHH = 7.2 Hz, 

2H, m to P, Ph), 7.13 (d, 3JHH = 7.5 Hz, 6H, m to P, tol), 6.88 (d, 3JHH = 8.1 Hz, 4H, m 

to P, C6H4), 3.83 (s, 6H, OCH3), 2.36 (s, 9H, CH3, tol); 13C{1H} 161.5 (s, p to P, C6H4), 

145.2 (dd, 1JCF = 225 Hz, 2JCF = 20 Hz, o to Pt, C6F5), 140.9 (s, p to P, tol), 136.5 (dm, 

1JCF = 238 Hz, m/p to Pt, C6F5), 136.4 (virtual t,66 2JCP = 6.9 Hz, o to P, C6H4), 134.4 
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(virtual t,66 2JCP = 6.3 Hz, o to P, tol), 133.7 (virtual t,66 2JCP = 5.9 Hz, o to P, Ph), 

131.0 (dd, 1JCP = 33.9 Hz, 3JCP = 23.9 Hz, i to P, Ph), 130.2 (s, p to P, Ph), 128.8 (virtual 

t,66 3JCP = 5.5 Hz, m to P, tol), 127.8 (virtual t,66 3JCP = 5.2 Hz, m to P, Ph), 126.5 (dd, 

1JCP = 34.4 Hz, 3JCP = 24.7 Hz, i to P, tol), 120.5 (dd, 1JCP = 36.6 Hz, 3JCP = 25.9 Hz, i 

to P, C6H4), 114.5 (br, i to Pt, C6F5), 113.8 (dd, 3JCP = 6.6 Hz, 5JCP = 5.1 Hz, m to P, 

C6H4), 55.4 (s, OCH3), 21.4 (s, CH3, tol); 31P{1H} 19.565, 19.506 (2  s, 1JPPt = 2723 

Hz65).  

 trans-(C6F5)((p-MeOC6H4)2PhP)2Pt(Cl) (Pt"Cl-c). A Schlenk flask was 

charged with [(C6F5)(tht)Pt(-Cl)]2 (0.140 g, 0.144 mmol),62 (p-MeOC6H4)2PhP (0.210 

g, 0.652 mmol), and CH2Cl2 (25 mL). The solution was stirred for 16 h and filtered 

through a celite/decolorizing charcoal/glass frit assembly. The solvent was removed by 

rotary evaporation. The residue was washed with methanol (2 × 2 mL) and recrystallized 

from dichloromethane/hexane/methanol to give Pt"Cl-c as a white powder (0.155 g, 

0.149 mmol, 52%). 

 NMR (, CDCl3): 1H 7.71-7.60 (m, 8H, o to P, C6H4), 7.54-7.43 (m, 4H, o to P, 

Ph), 7.38-7.30 (m, 6H, p to P, Ph), 7.26 (d, 3JHH = 7.5 Hz, 4H, m to P, Ph), 6.88 (d, 3JHH 

= 8.7 Hz, 8H, m to P, C6H4), 3.83 (s, 12H, OCH3); 31P{1H} 19.2 (s, 1JPPt = 2716 Hz65).  

 trans-(C6F5)(p-tol3P)(n-Pr2PhP)Pt(Cl) (Pt'Cl-d). A Schlenk flask was charged 

with PtCl (6.167 g, 6.128 mmol),20 n-Pr2PhP (1.30 mL, 6.190 mmol), and toluene (120 

mL). The solution was stirred for 16 h and then refluxed for 6 h. The solvent was 
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removed by rotary evaporation and oil pump vacuum. The residue was washed with 

hexane (3 × 60 mL). Only unreacted PtCl remained (1.096 g, 1.089 mmol, 18%). The 

solvent was removed from the combined washes by rotary evaporation and oil pump 

vacuum. The residue was chromatographed on a silica gel column (6.4 × 43 cm) using 

50:50 v/v CHCl3/hexane to elute displaced p-tol3P, 55:45 v/v CHCl3 /hexane to elute 

Pt"Cl-d, 60:40 v/v CHCl3/hexane to elute Pt'Cl-d, and 80:20 v/v CHCl3/hexane to elute 

PtCl. The solvent was removed from the fractions by rotary evaporation and oil pump 

vacuum to give Pt"Cl-d (0.481 g, 0.612 mmol, 10%), Pt'Cl-d (2.295 g, 2.561 mmol, 

42%), and PtCl (0.511 g, 0.508 mmol, 9% or 27% including the residue isolated above).  

 Data for Pt'Cl-d. NMR (, CDCl3): 1H 7.47 (dd, 3JHP = 11.0 Hz, 3JHH = 8.0 Hz, 

6H, o to P, tol; overlapped with m, 2H, o to P, Ph), 7.35-7.28 (m, 3H, m/p to P, Ph), 7.10 

(dd, 3JHH = 8.0 Hz, 4JHP = 2.0 Hz, 6H, m to P, tol), 2.35 (s, 9H, CH3, tol), 2.29-1.95 (m, 

4H, PCH2), 1.79-1.39 (m, 4H, PCH2CH2), 1.01 (dt, 3JHH = 7.5 Hz, 4JHP = 0.5 Hz, 6H, 

PCH2CH2CH3); 13C{1H} 145.8 (dd, 1JCF = 226 Hz, 2JCF = 19 Hz, o to Pt, C6F5), 140.8 

(d, 4JCP = 2.5 Hz, p to P, tol), 136.6 (dm, 1JCF = 256 Hz, m/p to Pt, C6F5), 134.4 (dd, 

2JCP = 11.1 Hz, 4JCP = 1.1 Hz, o to P, tol), 131.3 (d, 2JCP = 8.8 Hz, o to P, Ph), 130.6 (dd, 

1JCP = 50.0 Hz, 3JCP = 2.6 Hz, i to P, Ph), 130.0 (d, 4JCP = 2.4 Hz, p to P, Ph), 128.8 (d, 

3JCP = 10.9 Hz, m to P, tol), 128.2 (d, 3JCP = 9.8 Hz, m to P, Ph), 126.6 (dd, 1JCP = 55.0 

Hz, 3JCP = 3.0 Hz, i to P, tol), 111.1 (t, 2JCF = 43.8 Hz, i to Pt, C6F5), 24.9 (dd, 1JCP = 

32.0 Hz, 3JCP = 1.9 Hz, PCH2), 21.4 (d, 5JCP = 1.1 Hz, CH3, tol), 17.7 (s, PCH2CH2), 
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15.9 (d, 3JCP = 14.7 Hz, PCH2CH2CH3); 31P{1H} 20.2 (d, 2JPP = 434 Hz, 1JPPt = 2624 

Hz,65 p-tol3P), 8.8 (d, 2JPP = 434 Hz, 1JPPt = 2629 Hz,65 n-Pr2PhP).  

 trans-(C6F5)(n-Pr2PhP)2Pt(Cl) (Pt"Cl-d). A Schlenk flask was charged with 

[(C6F5)(tht)Pt(-Cl)]2 (0.130 g, 0.134 mmol),62 n-Pr2PhP (0.13 mL, 0.619 mmol) and 

CH2Cl2 (25 mL). The solution was stirred for 16 h and filtered through a 

celite/decolorizing charcoal/glass frit assembly. The solvent was removed by rotary 

evaporation. The residue was recrystallized from hexane to give Pt"Cl-d as a white 

powder (0.125 g, 0.159 mmol, 60%).  

 NMR (, CDCl3): 1H 7.43-7.37 (m, 4H, o to P), 7.29 (d, 4JHP = 7.0 Hz, 4H, m to 

P, overlapped with m, 2H, p to P), 2.21-1.90 (m, 8H, PCH2), 1.71-1.33 (m, 8H, 

PCH2CH2), 0.98 (t, 3JHH = 7.5 Hz, 12 H, PCH2CH2CH3); 31P{1H} 8.7 (s, 1JPPt = 2534 

Hz65). 

 (C6F5)(t-Bu2PhP)(tht)Pt(Cl) (1).67 A Schlenk flask was charged with 

[(C6F5)(tht)Pt(-Cl)]2 (0.986 g, 1.015 mmol),62 t-Bu2PhP (1.16 mL, 4.816 mmol), and 

CH2Cl2 (75 mL). The solution was stirred for 16 h and filtered through a 

celite/decolorizing charcoal/glass frit assembly. The solvent was removed by rotary 

evaporation. The residue was washed with cold methanol (2 × 10 mL). Recrystallization 

from CH2Cl2/hexane gave colorless crystals of 1 (1.099 g, 1.552 mmol, 77%). 

 NMR (, CDCl3): 1H 7.99-7.88 (m, 4H, o to P), 7.52-7.43 (d, 6H, m/p to P), 3.04, 

2.71 (each br, 4H, SCH2), 1.59 (d, 18H, 3JHP = 13.5 Hz, C(CH3)3), 1.42 (br, 4H, 
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SCH2CH2) ; 13C{1H}68 146.7 (dd, 1JCF = 222 Hz, 2JCF = 22 Hz, o to Pt, C6F5), 137.6

(dm, 1JCF = 243 Hz, m/p to Pt, C6F5), 135.2 (d, 2JCP = 8.4 Hz, o to P), 131.2 (d, 1JCP =

35.3 Hz, i to P), 130.3 (d, 4JCP = 2.0 Hz, p to P), 127.9 (d, 3JCP = 8.7 Hz, m to P), 39.4 (s,

SCH2), 37.5 (d, 1JCP = 18.6 Hz, 2JCPt = 17.7 Hz,65 C(CH3)3), 30.9 (d, 2JCP = 3.0 Hz,

CH3), 29.8 (s, 3JCPt = 15.9 Hz,65 SCH2CH2); 31P{1H} (see Figure B-4) 42.0 (apparent

septet, 4JPF = 34.8 Hz, 1JPPt = 2330 Hz65).

trans-(t-Bu2PhP)2Pt(Cl)2 (2).51,53 A Schlenk flask was charged with K2PtCl4

(1.299 g, 3.130 mmol) and deoxygenated H2O (10 mL). Another Schlenk flask was 

charged with t-Bu2PhP (1.50 mL, 6.295 mmol) and ethanol (10 mL). The ethanol 

solution was transferred via cannula to the aqueous solution. The resulting pink 

suspension was stirred. After 1 d, the yellow precipitate was washed with H2O, ethanol, 

hexane and diethyl ether, and dried in vacuum to give previously reported 2 (1.968 g, 

2.769 mmol, 89%). 

NMR (, CDCl3): 1H 7.94 (br, 4H, o to P, Ph), 7.42-7.30 (m, 6H, m/p to P, Ph),

1.61 (virtual t,66 3JHP = 6.8 Hz, 36H, C(CH3)3); 31P{1H} 42.8 (s, 1JPPt = 2542 Hz65).

trans-(C6F5)(t-Bu2PhP)2Pt(Cl) (Pt"Cl-e). A Schlenk flask was charged with 

(cod)(C6F5)Pt(Cl) (2.797 g, 5.530 mmol),55 t-Bu2PhP (3.50 mL, 14.689 mmol) and

toluene (120 mL). The solution was refluxed for 48 h. The solvent was removed by rotary 

evaporation and oil pump vacuum. The residue was washed with ethanol (2  25 mL) and 
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hexane (2  25 mL) and dried by oil pump vacuum to give Pt"Cl-e as a white solid 

(2.980 g, 3.538 mmol, 64%). 

NMR (, CDCl3): 1H 7.90 (br, s, 4H, o to P, Ph), 7.24-7.08 (m, 6H, m/p to P, Ph),

1.58 (t, 3JHP = 6.0 Hz, 36H, C(CH3)3); 31P{1H} 41.8 (br s, 1JPPt = 2668 Hz).

trans-(C6F5)(p-tol3P)(t-Bu2PhP)Pt(Cl) (Pt'Cl-e). A Schlenk flask was charged 

with Pt"Cl-e (2.815 g, 3.342 mmol), p-tol3P (1.025 g, 3.368 mmol) and toluene (120 

mL). The solution was refluxed for 14 h. The solvent was removed by rotary evaporation. 

The residue was washed with methanol (2  30 mL), ethanol (20 mL) and hexane (20 mL) 

to give Pt'Cl-e as a white powder (2.800 g, 3.029 mmol, 91%). 

NMR (, CDCl3): 1H 7.87-7.80 (m, 2H, o to P, Ph), 7.52 (dd, 3JHP = 11.0 Hz,

3JHH = 8.0 Hz, 6H, o to P, tol), 7.28-7.21 (m, 3H, m/p to P, Ph), 7.11 (d, 3JHH = 8.0 Hz,

4JHP = 2.0 Hz, 6H, m to P, tol), 2.35 (s, 9H, CH3, tol) 1.52 (d, 3JHP = 14.0 Hz, 18H,

C(CH3)3); 13C{1H} 146.2 (dd, 1JCF = 222 Hz, 2JCF = 20 Hz, o to Pt, C6F5), 140.8 (d,

4JCP = 2.4 Hz, p to P, tol), 136.8 (dm, 1JCF = 254 Hz, m/p to Pt, C6F5), 135.5 (d, 2JCP =

7.9 Hz, o to P, Ph), 134.6 (d, 2JCP = 10.7 Hz, o to P, tol), 130.1 (d, 1JCP = 38.3 Hz, i to P,

Ph), 129.6 (d, 4JCP = 1.6 Hz, p to P, Ph), 128.7 (d, 3JCP = 11.2 Hz, m to P, tol), 126.7 (d,

3JCP = 9.0 Hz, m to P, Ph), 126.7 (dd, 1JCP = 58.3 Hz, 3JCP = 1.8 Hz, i to P, tol), 111.0 (t,

2JCF = 40.2 Hz, i to Pt, C6F5), 37.6 (dd, 1JCP = 17.8 Hz, 3JCP = 3.0 Hz, C(CH3)), 31.5 (s,
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CH3); 21.5 (s, CH3, tol); 31P{1H} 50.2 (d, 2JPP = 421 Hz, 1JPPt = 2711 Hz,65 t-Bu2PhP), 

18.5 (d, 2JPP = 421 Hz, 1JPPt = 2689 Hz,65 p-tol3P).  

 trans-(C6F5)(Me2PhP)(p-tol3P)Pt(CC)2H (Pt'C4H-a). Synthesis A. A 

Schlenk flask was charged with trans-(C6F5)(p-tol3P)2Pt(CC)2H (PtC4H;20 0.822 g, 

0.806 mmol), Me2PhP (0.115 mL, 0.811 mmol), and CH2Cl2 (60 mL). The solution was 

stirred for 18 h. The solvent was removed by oil pump vacuum. The residue was washed 

with hexane (2 × 20 mL). A 31P {1H} NMR spectrum of the washes showed signals for 

p-tol3P, p-tol3PO, and smaller quantities of platinum complexes (10%). The residue was 

chromatographed on a silica gel column (2.5 × 30 cm, packed in hexane, eluted with 1:1 

v/v CH2Cl2/hexane). The solvent was removed from the product containing fractions by 

rotary evaporation and oil pump vacuum to give PtC4H as an off-white solid (0.148 g, 

0.145 mmol, 18%), Pt'C4H-a as pale yellow solid (0.206 g, 0.242 mmol, 30%), and 

trans-(C6F5)(Me2PhP)2Pt(CC)2H (Pt"C4H-a) as a pale yellow solid (0.061 g, 0.089 

mmol, 11%).  

 Data for Pt'C4H-a. mp 128 C. Calcd for C39H33F5P2Pt (853.71): C, 54.87; H, 

3.90. Found: 54.66; H, 3.90. NMR (, CDCl3): 1H 7.53 (m, 2H, o to P, Ph), 7.45 (dd, 

3JHH = 8.3 Hz, 3JHP = 11.6 Hz, 6H, o to P, tol), 7.35 (m, 3H, m/p to P, Ph), 7.11 (dd, 

3JHH = 7.8 Hz, 4JHP = 1.8 Hz, 6H, m to P, tol), 2.36 (s, 9H, CH3, tol), 1.88 (dd, 2JHP = 

10.5 Hz, 4JHP = 2.7 Hz, 3JHPt = 44.4 Hz,65 6H, PMe2), 1.69 (t, 6JHP = 1.0 Hz, 5JHPt = 
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9.3 Hz,65 1H, CH); 13C{1H} 146.4 (dd, 1JCF = 228 Hz, 2JCF = 22 Hz, o to Pt, C6F5), 

140.9 (d, 4JCP = 2.3 Hz, p to P, tol), 136.9 (dm, 1JCF = 230 Hz, m/p to Pt, C6F5), 134.4 (d, 

2JCP = 10 Hz, 3JCPt = 31 Hz,65 o to P, tol), 133.5 (dd, 1JCP = 54.4 Hz, 3JCP = 3.1 Hz, 

2JCPt = 28.9 Hz,65 i to P, Ph), 130.7 (d, 2JCP = 9.7 Hz, 3JCPt = 28.2 Hz,65 o to P, Ph), 

130.4 (d, 4JCP = 2.3 Hz, p to P, Ph), 128.9 (d, 3JCP = 11.1 Hz, m to P, tol), 128.4 (d, 3JCP 

= 10.4 Hz, m to P, Ph), 127.4 (dd, 1JCP = 56.8 Hz, 3JCP = 2.6 Hz, 2JCPt = 27.2 Hz,65 i to 

P, tol), 124.5 (t, 2JCF = 52 Hz, i to Pt, C6F5), 99.5 (br, 1JCPt = 1011 Hz,65 PtCC), 92.7 

(s, 2JCPt = 278 Hz,65 PtCC), 72.4 (t, 4JCP = 2.3 Hz, 3JCPt = 36.7 Hz,65 PtCCC), 60.1 

(s, PtCCCC), 21.5 (s, CH3, tol), 14.4 (dd, 1JCP = 37.6 Hz, 3JCP = 1.7 Hz, 2JCPt = 45.3 

Hz,65 PMe2); 31P{1H} 18.3 (d, 2JPP = 419 Hz, 1JPPt = 2556 Hz,65 p-tol3P), 9.9 (d, 2JPP 

= 419 Hz, 1JPPt = 2529 Hz,65 Me2PhP).  

 Data for Pt"C4H-a. NMR (, CDCl3): 1H 7.44 (m, 4H, o to P, Ph), 7.34 (t, 3JHP 

= 0.9 Hz, 4H, m to P, Ph), 7.32 (m, 2H, p to P, Ph), 1.82 (virtual t,66 2JHP = 3.9 Hz, 3JHPt 

= 33 Hz, 12H, PMe2; CH signal not observed); 13C{1H}68 146.7 (dd, 1JCF = 216 Hz, 

2JCF = 28 Hz, o to Pt, C6F5), 136.8 (dm, 1JCF = 258 Hz, m/p to Pt, C6F5), 133.2 (virtual 

t,66 1JCP = 28.6 Hz, i to P), 130.6 (virtual t,66 2JCP = 5.8 Hz, o to P), 130.4 (s, p to P), 

128.5 (virtual t,66 3JCP = 5.1 Hz, m to P), 100.2 (br, PtCC), 90.3 (s, 2JCPt = 256 Hz,65 

PtCC), 72.2 (s, PtCCC), 60.2 (s, PtCCCC), 14.3 (virtual t,66 1JCP = 19.8 Hz, 2JCPt = 

44.3 Hz,65 PMe2); 31P{1H} 9.9 (s, 1JPPt = 2426 Hz65). 
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 Synthesis B. A Schlenk flask was charged with Pt'Cl-a (0.791 g, 0.942 mmol), 

CuI (0.040 g, 0.21 mmol), CH2Cl2 (6 mL), and HNEt2 (50 mL), and cooled to 45 °C 

(CO2/CH3CN). Then butadiyne (1.7 M in THF, 10.5 mL, 17.5 mmol)64 was added with 

stirring. The cold bath was allowed to warm to room temperature (ca. 3 h). After an 

additional 16 h, the solvent was removed by oil pump vacuum. The residue was extracted 

with toluene (3 × 20 mL). The combined extracts were filtered through a neutral alumina 

column (7 cm, packed in toluene). The solvent was removed by rotary evaporation and 

oil pump vacuum. The residue was washed with ethanol (20 mL) and dried by oil pump 

vacuum (total mass 0.5015 g). Analysis by 31P{1H} NMR established the following 

product quantities: Pt'C4H-a (0.2835 g, 0.332 mmol, 36%), PtC4H (0.154 g, 0.151 

mmol, 16%), Pt"C4H-a (0.064 g, 0.093 mmol, 10%).  

 trans-(C6F5)(p-tol3P)((p-t-BuC6H4)2PhP)Pt(CC)2H (Pt'C4H-b). A Schlenk 

flask was charged with Pt'Cl-b (0.539 g, 0.501 mmol), CuI (0.020 g, 0.11 mmol), 

CH2Cl2 (4 mL) and HNEt2 (40 mL), and cooled to 45 °C (CO2/CH3CN). Then 

butadiyne (2.14 M in THF, 4.2 mL, 9.0 mmol)64 was added with stirring. The cold bath 

was allowed to warm at 10 C (ca. 6 h). The cold bath was removed, and after an 

additional 1 h, the solvent was removed by oil pump vacuum. The residue was extracted 

with toluene (3 × 25 mL). The combined extracts were filtered through a neutral alumina 

column (2.5 × 7 cm, packed in toluene). The solvent was removed by rotary evaporation 

to give Pt'C4H-b as an off-white solid (0.418 g, 0.384 mmol, 77%), dec pt 149 C. Calcd 

for (C57H53F5P2Pt)(CH2Cl2) (1175.03): C, 59.29; H, 4.72. Found: 59.16; H, 4.72. 
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NMR (, CDCl3): 1H 7.85-7.73 (m, 2H, o to P, Ph), 7.62-7.41 (m, 10H, o to P,

tol+C6H4), 7.43-7.34 (m, 3H, m/p to P, Ph), 7.29 (d, 3JHH = 8.4 Hz, 4H, m to P, C6H4),

7.12 (d, 3JHH = 7.8 Hz, 6H, m to P, tol), 5.31 (s, 2H, CH2Cl2), 2.35 (s, 9H, CH3, tol),

1.47 (t, 6JHP = 0.9 Hz, 1H, CH); 1.29 (s, 18H, C(CH3)3); 13C{1H} 154.0 (s, p to P,

C6H4), 146.0 (dd, 1JCF = 226 Hz, 2JCF = 23 Hz, o to Pt, C6F5), 141.0 (s, p to P, tol),

136.5 (dm, 1JCF = 254 Hz, m/p to Pt, C6F5), 134.9 (virtual t,66 2JCP = 6.4 Hz, o to P, Ph),

134.6 (virtual t,66 2JCP = 6.4 Hz, o to P, tol), 134.3 (virtual t,66 2JCP = 6.4 Hz, o to P,

C6H4), 131.1 (virtual t,66 1JCP = 29.3 Hz, i to P, Ph), 130.7 (s, p to P, Ph), 128.9 (virtual

t,66 3JCP = 5.6 Hz, m to P, tol), 128.2 (virtual t,66 3JCP = 5.5 Hz, m to P, Ph), 127.5

(virtual t,66 1JCP = 30.2 Hz, i to P, tol), 127.2 (virtual t,66 1JCP = 30.0 Hz, i to P, C6H4),

125.1 (virtual t,66 3JCP = 5.5 Hz, m to P, C6H4), 98.1 (s, 1JCPt = 993 Hz,65 PtCC), 95.3

(s, 2JCPt = 265 Hz,65 PtCC), 72.7 (t, 4JCP = 2.5 Hz, 3JCPt = 36.2 Hz,65 PtCCC), 59.9

(s, PtCCCC), 53.7 (s, CH2Cl2), 34.9 (s, C(CH3)3), 31.3 (s, CH3); 21.5 (s, CH3, tol); 

31P{1H} 17.8 (s, 1JPPt = 2656 Hz65).

trans-(C6F5)(p-tol3P)((p-MeOC6H4)2PhP)Pt(CC)2H (Pt'C4H-c). Complex

Pt'Cl-c (1.317 g, 1.286 mmol), CuI (0.051 g, 0.268 mmol), CH2Cl2 (10 mL), HNEt2 (80 

mL), and butadiyne (2.14 M in THF, 15 mL, 32.1 mmol)64 were combined in a procedure 

analogous to that for Pt'C4H-b. A similar workup (toluene extraction 3 × 40 mL) gave 
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Pt'C4H-c as an off-white solid (0.999 g, 0.962 mmol, 75%), mp 138 C. Calcd for 

C51H41F5O2P2Pt (1037.92): C, 59.02; H, 3.98. Found: 58.93; H, 3.98. 

NMR (, CDCl3): 1H 7.66-7.56 (m, 4H, o to P, C6H4), 7.55-7.41 (m, 8H, o to P,

tol+Ph), 7.36-7.29 (m, 1H, p to P, Ph), 7.26 (d, 3JHH = 5.4 Hz, 2H, m to P, Ph), 7.12 (d,

3JHH = 7.5 Hz, 6H, m to P, tol), 6.87 (d, 3JHH = 9.0 Hz, 4H, m to P, C6H4), 3.84 (s, 6H,

OCH3), 2.36 (s, 9H, CH3, tol), 1.49 (t, 6JHP = 0.9 Hz, 1H, CH); 13C{1H} 161.6 (s, p to

P, C6H4), 145.9 (dd, 1JCF = 225 Hz, 2JCF = 24 Hz, o to Pt, C6F5), 140.9 (s, p to P, tol),

136.7 (dm, 1JCF = 238 Hz, m/p to Pt, C6F5), 136.4 (dd, 2JCP = 7.9 Hz, 4JCP = 6.3 Hz, o

to P, C6H4), 134.4 (dd, 2JCP = 7.0 Hz, 4JCP = 5.8 Hz, o to P, tol), 133.8 (dd, 2JCP = 6.7

Hz, 4JCP = 5.5 Hz, o to P, Ph), 131.8 (dd, 1JCP = 34.4 Hz, 3JCP = 24.5 Hz, i to P, Ph),

130.3 (s, p to P, Ph), 128.8 (dd, 3JCP = 6.6 Hz, 5JCP = 4.6 Hz, m to P, tol), 127.9 (dd,

3JCP = 6.2 Hz, 5JCP = 4.4 Hz, m to P, Ph), 127.4 (dd, 1JCP = 35.1 Hz, 3JCP = 25.3 Hz,

2JCPt = 26.4 Hz,65 i to P, tol), 121.4 (dd, 1JCP = 37.2 Hz, 3JCP = 26.4 Hz, 2JCPt = 27.9

Hz,65 i to P, C6H4), 113.8 (dd, 3JCP = 6.9 Hz, 5JCP = 5.0 Hz, m to P, C6H4), 98.0 (s,

1JCPt = 989 Hz,65 PtCC), 95.2 (s, 2JCPt = 267 Hz,65 PtCC), 72.6 (t, 4JCP = 2.5 Hz,

3JCPt = 34.5 Hz,65 PtCCC), 60.1 (s, PtCCCC), 55.4 (s, OCH3), 21.5 (s, CH3, tol);

31P{1H} 17.64, 17.58 (2  s, 1JPPt = 2647 Hz65).

trans-(C6F5)(p-tol3P)(n-Pr2PhP)Pt(CC)2H (Pt'C4H-d). Complex Pt'Cl-d

(1.214 g, 1.355 mmol), CuI (0.053 g, 0.278 mmol), CH2Cl2 (10 mL), HNEt2 (90 mL), 
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and butadiyne (3.98 M in THF, 6.1 mL, 24.4 mmol)64 were combined in a procedure 

analogous to that for Pt'C4H-c. A similar workup gave a residue that was recrystallized 

from hexane to give Pt'C4H-d as an off-white solid (0.898 g, 0.987 mmol, 73%), mp 54 

C. Calcd for C43H41F5P2Pt (909.81): C, 56.77; H, 4.54. Found: 56.52; H, 4.64.  

 NMR (, CDCl3): 1H 7.53-7.47 (m, 2H, o to P, Ph), 7.44 (dd, 3JHP = 11.0 Hz, 

3JHH = 8.0 Hz, 6H, o to P, tol), 7.37-7.30 (m, 3H, m/p to P, Ph), 7.10 (dd, 3JHH = 8.0 Hz, 

4JHP = 2.0 Hz, 6H, m to P, tol), 2.35 (s, 9H, CH3, tol), 2.31-2.08 (m, 4H, PCH2), 1.65 (t, 

6JHP = 1.0 Hz, 1H, CH), 1.76-1.62, 1.53-1.39 (2  m, 2H/2H, PCH2CH2), 1.02 (dt, 

3JHH = 7.3 Hz, 4JHP = 1.0 Hz, 6H, PCH2CH2CH3); 13C{1H} 146.5 (dd, 1JCF = 224 Hz, 

2JCF = 23 Hz, o to Pt, C6F5), 140.9 (d, 4JCP = 2.4 Hz, p to P, tol), 136.9 (dm, 1JCF = 248 

Hz, m/p to Pt, C6F5), 134.4 (dd, 2JCP = 11.3 Hz, 4JCP = 1.1 Hz, 3JCPt = 20.1 Hz,65 o to P, 

tol), 131.5 (d, 2JCP = 9.4 Hz,3JCPt = 17.8 Hz,65 o to P, Ph), 131.3 (dd, 1JCP = 51.6 Hz, 

3JCP = 2.6 Hz, i to P, Ph), 130.2 (d, 4JCP = 2.3 Hz, p to P, Ph), 128.8 (d, 3JCP = 11.1 Hz, 

m to P, tol), 128.2 (d, 3JCP = 9.9 Hz, m to P, Ph), 127.5 (dd, 1JCP = 56.4 Hz, 3JCP = 2.9 

Hz, 3JCPt = 26.4 Hz,65 i to P, tol), 124.4 (t, 2JCF = 53 Hz, i to Pt, C6F5), 98.6 (br, 1JCPt = 

1000 Hz,65 PtCC), 92.7 (s, 2JCPt = 274 Hz,65 PtCC), 72.6 (t, 4JCP = 2.4 Hz, 3JCPt = 

34.9 Hz,65 PtCCC), 59.9 (s, PtCCCC), 27.0 (dd, 1JCP = 33.3 Hz, 3JCP = 1.8 Hz, 

2JCPt = 33.5 Hz,65 PCH2), 21.5 (d, 5JCP = 1.3 Hz, CH3, tol), 18.0 (s, 3JCPt = 23.5 Hz,65 
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PCH2CH2), 16.1 (d, 3JCP = 15.0 Hz, PCH2CH2CH3); 31P{1H} 18.5 (d, 2JPP = 404 Hz, 

1JPPt = 2556 Hz,65 p-tol3P), 6.0 (d, 2JPP = 404 Hz, 1JPPt = 2546 Hz,65 n-Pr2PhP).  

 trans,trans-(C6F5)(p-tol3P)(Me2PhP)Pt(CC)2Pt(PPhMe2)(Pp-tol3)(C6F5) 

(Pt'C4Pt'-a). A Schlenk flask was charged with Pt'Cl-a (0.354 g, 0.421 mmol), Pt'C4H-

a (0.359 g, 0.420 mmol), CuCl (0.016 g, 0.166 mmol), and HNEt2 (60 mL). The mixture 

was stirred for 65 h at 50 °C. After cooling, the solvent was removed by oil pump 

vacuum, and the residue extracted with toluene (3 × 20 mL). The combined extracts were 

filtered through a neutral alumina column (8 cm, packed in toluene). The solvent was 

removed by rotary evaporation. The residue was chromatographed on a silica gel column 

(2.5 × 40 cm, 40:60 v/v CH2Cl2/hexane). The solvent was removed from the product 

containing fractions by rotary evaporation and oil pump vacuum to give five complexes 

as yellow solids: trans,trans-(C6F5)(p-tol3P)2Pt(CC)2Pt(Pp-tol3)2(C6F5) (PtC4Pt,20 

0.021 g, 0.011 mmol, 3%), trans,trans-(C6F5)(p-tol3P)2Pt(CC)2Pt(Pp-

tol3)(PPhMe2)(C6F5) (PtC4Pt'-a, 0.169 g, 0.0928 mmol, 23%), trans,trans-(C6F5)(p-

tol3P)2Pt(CC)2Pt(PPhMe2)2(C6F5) (PtC4Pt"-a, 0.079 g, 0.048 mmol, 12%), 

trans,trans-(C6F5)(p-tol3P)(Me2PhP)Pt(CC)2Pt(PPhMe2)(Pp-tol3)(C6F5) (Pt'C4Pt'-a, 

0.184 g, 0.111 mmol, 27%), and trans,trans-(C6F5)(p-

tol3P)(Me2PhP)Pt(CC)2Pt(PPhMe2)2(C6F5) (Pt'C4Pt"-a, 0.022 g, 0.015 mmol, 4%). 

 Data for PtC4Pt.20 NMR (, CDCl3): 1H 7.42 (m, 24H, o to P), 6.88 (d, 3JHH = 

7.8 Hz, 24H, m to P), 2.28 (s, 36H, CH3); 31P{1H} 16.4 (s, 1JPPt = 2713 Hz65).  
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 Data for PtC4Pt'-a. mp 132 C. Calcd for C87H74F10P4Pt2 (1823.58): C, 57.30; 

H, 4.09. Found: 57.15; H, 4.22. NMR (, CDCl3): 1H 7.53 (m, 12H, o to P, tol, Pt), 7.37 

(dd, 3JHH = 8.3 Hz, 3JHP = 11.2 Hz, 6H, o to P, tol, Pt'), 7.31-7.21 (m, 3H, o/p to P, Ph), 

7.16-7.10 (m, 2H, m to P, Ph), 7.00 (d, 3JHH = 7.8 Hz, 12H, m to P, tol, Pt), 6.90 (dd, 

3JHH = 8.4 Hz, 4JHP = 2.1 Hz, 6H, m to P, tol, Pt'), 2.30 (s, 18H, CH3, tol, Pt), 2.28 (s, 

9H, CH3, tol, Pt'), 1.54 (dd, 2JHP = 10.5 Hz, 4JHP = 2.7 Hz, 3JHPt= 44.4 Hz,65 6H, 

PMe2); 13C{1H}68,69 146.4 (dd, 1JCF = 223 Hz, 2JCF = 26 Hz, o to Pt', C6F5), 146.1 (dd, 

1JCF = 222 Hz, 2JCF = 24 Hz, o to Pt, C6F5), 140.3 (s, p to P, tol, Pt), 140.1 (d, 4JCP = 

2.3 Hz, p to P, tol, Pt'), 136.4 (dm, 1JCF = 267 Hz, m/p to Pt/Pt', C6F5), 134.7 (virtual 

t,66 2JCP = 6.3 Hz, o to P, tol, Pt), 134.5 (d, 2JCP = 11.5 Hz, o to P, tol, Pt'), 134.5 (dd, 

1JCP = 59 Hz, 3JCP = 3.2 Hz, i to P, Ph), 130.2 (d, 2JCP = 9.1 Hz, o to P, Ph), 129.6 (d, 

4JCP = 2.4 Hz, p to P, Ph), 128.5 (d, 3JCP = 10.7 Hz, m to P, tol, Pt'), 128.5 (virtual t,66 

3JCP = 5.4 Hz, m to P, tol, Pt), 128.3 (virtual t,66 1JCP = 29.6 Hz, i to P, tol, Pt), 128.3 

(dd, 1JCP = 55.4 Hz, 3JCP = 2.3 Hz, i to P, tol, Pt'), 128.0 (d, 3JCP = 10.0 Hz, m to P, Ph), 

102.8 (s, 3JCP = 31.5 Hz, 2JCPt = 266 Hz,65 PtCC), 100.8 (s, 3JCP = 33.8 Hz, 2JCPt = 

273 Hz,65 Pt'CC), 88.8 (br, 1JCPt = 960 Hz,65 PtC/Pt'C), 21.5 (s, CH3, tol, Pt), 21.4 (s, 

CH3, tol, Pt'), 13.7 (dd, 1JCP = 38.2 Hz, 3JCP = 2.0 Hz, 2JCPt = 49.4 Hz,65 PMe2); 

31P{1H} 17.0 (s, 1JPPt = 2714 Hz,65 p-tol3P, Pt), 15.9 (d, 2JPP = 436 Hz, 1JPPt = 2620 

Hz,65 p-tol3P, Pt'), 10.7 (d, 2JPP = 436 Hz, 1JPPt = 2554 Hz,65 Me2PhP, Pt').  
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 Data for PtC4Pt"-a. mp 101 C. Calcd for C74H64F10P4Pt2 (1657.38): C, 53.63; 

H, 3.89. Found: 53.82; H, 3.87. NMR (, CDCl3): 1H 7.55 (m, 12H, o to P, tol), 7.20 (m, 

6H, o/p to P, Ph), 7.12 (d, 4H, 3JHH = 7.2 Hz, m to P, Ph), 7.08 (d, 3JHH = 7.8 Hz, 12H, 

m to P, tol), 2.36 (s, 18H, CH3, tol), 1.55 (virtual t,66 2JHP = 3.6 Hz, 3JHPt = 31.8 Hz, 

12H, PMe); 13C{1H} 146.8 (dd, 1JCF = 229 Hz, 2JCF = 28 Hz, o to Pt", C6F5), 146.1 (dd, 

1JCF = 221 Hz, 2JCF = 25 Hz, o to Pt, C6F5), 140.4 (s, p to P, tol), 136.5 (dm, 1JCF = 266 

Hz, m/p to Pt/Pt", C6F5), 134.7 (virtual t,66 2JCP = 6.3 Hz, o to P, tol), 134.1 (virtual t,66 

1JCP = 27.0 Hz, i to P, Ph), 130.2 (virtual t,66 2JCP = 5.4 Hz, o to P, Ph), 129.7 (s, p to P, 

Ph), 128.6 (virtual t,66 3JCP = 5.7 Hz, m to P, tol), 128.2 (virtual t,66 1JCP = 29.9 Hz, i to 

P, tol), 128.1 (virtual t,66 3JCP = 5.1 Hz, m to P, Ph), 124.8 (br, i to Pt, C6F5), 123.0 (br, i 

to Pt", C6F5), 101.5 (s, 3JCP = 34.7 Hz, 2JCPt = 260 Hz,65 PtCC), 97.5 (s, 3JCP = 33.2 

Hz, 2JCPt = 286 Hz,65 Pt"CC), 89.1 (s, 1JCPt = 968 Hz,65 Pt"C), 88.9 (s, 1JCPt = 959 

Hz,65 PtC), 21.6 (s, CH3, tol), 14.0 (virtual t,66 1JCP = 19.8 Hz, 2JCPt = 44.2 Hz,65 PMe2); 

31P{1H} 17.5 (s, 1JPPt = 2712 Hz,65 P(p-tol)3), 10.8 (s, 1JPPt = 2458 Hz,65 Me2PhP).  

 Data for Pt'C4Pt'-a. mp 194 C. Calcd for (C74H64F10P4Pt2)(CH2Cl2)2 

(1827.20): C, 49.96; H, 3.75. Found: 50.29; H, 3.70. NMR (, CDCl3): 1H 7.46 (dd, 3JHH 

= 8.1 Hz, 3JHP = 11.1 Hz, 12H, o to P, tol, overlapped with m, 2H, o to P, Ph), 7.17-7.31 

(m, 6H, m/p to P, Ph), 7.02 (d, 3JHH = 7.8 Hz, 12H, m to P, tol), 2.31 (s, 18H, CH3, tol), 

1.73 (dd, 2JHP = 10.5 Hz, 4JHP = 2.7 Hz, 3JHPt = 45 Hz, 12H, PMe2); 13C{1H} 146.5 (dd, 
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1JCF = 223 Hz, 2JCF = 20 Hz, o to Pt, C6F5), 140.3 (d, 4JCP = 2.4 Hz, p to P, tol), 136.4

(dm, 1JCF = 282 Hz, m/p to Pt, C6F5), 134.6 (d, 2JCP = 11.1 Hz, o to P, tol), 134.4 (dd,

1JCP = 53 Hz, 3JCP = 3.1 Hz, i to P, Ph), 130.5 (d, 2JCP = 9.7 Hz, o to P, Ph), 129.8 (d,

4JCP = 2.4 Hz, p to P, Ph), 128.6 (d, 3JCP = 10.7 Hz, m to P, tol), 128.1 (d, 3JCP = 10.4

Hz, m to P, Ph), 128.2 (dd, 1JCP = 55.4 Hz, 3JCP = 2.7 Hz, 2JCPt = 26.2 Hz,65 i to P, tol),

126.1 (t, 2JCF = 50.4 Hz, i to Pt, C6F5), 99.6 (s, 3JCP = 33.9 Hz, 2JCPt = 275 Hz,65

PtCC), 90.0 (s, 1JCPt = 971 Hz,65 PtC), 21.5 (s, CH3, tol), 14.2 (dd, 1JCP = 37.9 Hz,

3JCP = 2.0 Hz, 2JCPt = 45.0 Hz,65 PMe2); 31P{1H} 16.8 (d, 2JPP = 435 Hz, 1JPPt = 2610

Hz,65 P(p-tol)3), 10.8 (d, 2JPP = 435 Hz, 1JPPt = 2570 Hz,65 Me2PhP).

Data for Pt'C4Pt"-a. NMR (, CDCl3): 1H 7.50 (dd, 3JHH = 8.0 Hz, 3JHP = 11.1

Hz, 6H, o to P, tol, Pt', overlapped with m, 2H, o to P, Ph, Pt'), 7.32 (m, 6H, o/p to P, Ph, 

Pt"), 7.22 (m, 3H, m/p to P, Ph, Pt'), 7.12 (d, 3JHH = 8.4 Hz, 4H, m to P, Ph, Pt"), 7.07

(d, 3JHH = 8.1 Hz, 6H, m to P, tol), 2.33 (s, 9H, CH3, tol), 1.88 (dd, 2JHP = 10.5 Hz, 4JHP

= 2.7 Hz, 3JHPt = 45 Hz,65 6H, PMe2, Pt'), 1.70 (virtual t,66 2JHP = 3.3 Hz, 3JHPt = 32.4

Hz,65 12H, PMe2, Pt"); 31P{1H} 18.0 (d, 2JPP = 433 Hz, 1JPPt = 2595 Hz,65 p-tol3P),

10.2 (d, 2JPP = 433 Hz, 1JPPt = 2576 Hz,65 Me2PhP, Pt'), 10.4 (s, 1JPPt = 2459 Hz,65

Me2PhP, Pt"). 

trans,trans-(C6F5)(p-tol3P)((p-t-BuC6H4)2PhP)Pt(CC)2Pt(PPh(p-C6H4t-

Bu)2)(Pp-tol3)(C6F5) (Pt'C4Pt'-b). Synthesis A. A Schlenk flask was charged with 
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Pt'Cl-b (0.286 g, 0.266 mmol), Pt'C4H-b (0.289 g, 0.266 mmol), CuCl (0.014 g, 0.141 

mmol), and HNEt2 (60 mL). The mixture was stirred for 88 h at 45 °C. After cooling, the 

solvent was removed by oil pump vacuum, and the residue extracted with toluene (3 × 25 

mL). The combined extracts were filtered through a neutral alumina column (8 cm, 

packed in toluene). The solvent was removed by rotary evaporation. The residue was 

chromatographed on a silica gel column (3.8 × 43 cm, 30:70 v/v CH2Cl2/hexane). The 

solvent was removed from the product containing fractions by rotary evaporation and oil 

pump vacuum to give three pure complexes as yellow solids: trans, trans-(C6F5)((p-t-

BuC6H4)2PhP)2Pt(CC)2Pt(PPh(p-C6H4t-Bu)2)2(C6F5) (Pt"C4Pt"-b, 0.010 g, 0.005 

mmol, 2%), trans,trans-(C6F5)(p-tol3P)((p-t-BuC6H4)2PhP)Pt(CC)2Pt(PPh(p-C6H4t-

Bu)2)2(C6F5) (Pt'C4Pt"-b, 0.036 g, 0.016 mmol, 6%) and PtC4Pt (0.009 g, 0.005 mmol, 

2%). Other fractions contained mixtures of three additional complexes. One of these 

(0.055 g) was chromatographed on a silica gel column (2.5 × 42 cm, 18:82 v/v ethyl 

acetate/hexane). The solvent was removed from the product containing fractions by 

rotary evaporation and oil pump vacuum to give trans,trans-(C6F5)(p-

tol3P)2Pt(CC)2Pt(PPh(p-C6H4t-Bu)2)2(C6F5) (PtC4Pt"-b, 0.015 g, 0.007 mmol, 3%) 

and trans,trans-(C6F5)(p-tol3P)2Pt(CC)2Pt(PPh(p-C6H4t-Bu)2)(Pp-tol3)(C6F5) 

(PtC4Pt'-b, 0.039 g, 0.019 mmol, 8%). Another fraction (0.064 g) was chromatographed 

on a silica gel column (2.5 × 43 cm, 12:88 v/v ethyl acetate/hexane). The solvent was re-

moved from the product containing fractions by rotary evaporation and oil pump vacuum 

to give Pt'C4Pt"-b (0.010 g, 0.005 mmol, 2%) and a mixture of Pt'C4Pt'-b and 
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PtC4Pt"-b (0.050 g). NMR analysis of the mixture indicated 3% and 6% yields of 

Pt'C4Pt'-b and PtC4Pt"-b, respectively (a total of 0.046 g, 0.021 mmol, 8% for the 

latter).  

 Data for Pt"C4Pt"-b. dec pt 205 C. NMR (, CDCl3): 1H 7.75-7.67 (m, 8H, o to 

P, Ph), 7.44-7.35 (m, 16H, o to P, C6H4), 7.13 (d, 3JHH = 8.4 Hz, 16H, m to P, C6H4), 

7.06 (m, 4H, p to P, Ph), 6.93 (m, 8H, m to P, Ph), 1.26 (s, 72H, C(CH3)3); 31P{1H} 16.0 

(s, 1JPPt = 2715 Hz65).  

 Data for Pt'C4Pt"-b. dec pt 182 C. Calcd for C115H114F10P4Pt2(2200.19): C 

62.78; H 5.22. Found: C 62.76, H 5.26. NMR (, CDCl3): 1H 7.77-7.66 (m, 6H, o to P, 

Ph), 7.48-7.36 (m, 18H, o to P, tol+C6H4), 7.14 (d, 3JHH = 8.4 Hz, 12H, m to P, C6H4, 

overlapped with m, 6H, p to P, Ph), 7.03-6.90 (m, 6H, m to P, Ph), 6.83 (d, 3JHH = 7.8 Hz, 

6H, m to P, tol), 2.25 (s, 9H, CH3, tol), 1.27 (s, 18H, C(CH3)3, Pt'), 1.26 (s, 36H, 

C(CH3)3, Pt"); 13C{1H}68 153.1 (s, p to P, C6H4, Pt' and Pt"), 146.0 (dd, 1JCF = 222 

Hz, 2JCF = 24 Hz, o to Pt, C6F5), 139.9 (s, p to P, tol), 136.8 (dm, 1JCF = 235 Hz, m/p to 

Pt, C6F5), 135.02 (virtual t,66 2JCP = 6.3 Hz, o to P, Ph, Pt"), 135.00 (virtual t,66 2JCP = 

6.2 Hz, o to P, Ph, Pt'), 134.6 (virtual t,66 2JCP = 6.3 Hz, o to P, tol), 134.43 (virtual t,66 

2JCP = 5.8 Hz, o to P, C6H4, Pt'), 134.35 (virtual t,66 2JCP = 6.0 Hz, o to P, C6H4, Pt"), 

131.6 (dd, 1JCP= 30.6 Hz, 3JCP = 28.2 Hz, i to P, Ph, Pt'), 131.5 (virtual t,66 1JCP = 29.0 

Hz, i to P, Ph, Pt"), 129.8 (s, p to P, Ph, Pt' and Pt"), 128.3 (virtual t,66 3JCP = 5.4 Hz, m 
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to P, tol), 127.52 (virtual t,66 3JCP = 5.0 Hz, m to P, Ph, Pt'), 127.47 (virtual t,66 3JCP =

5.4 Hz, m to P, Ph, Pt"), 124.6 (virtual t,66 3JCP = 5.4 Hz, m to P, C6H4, Pt' and Pt"),

104.4 (s, 2JCPt = 271 Hz,65 PtCC), 104.2 (s, 2JCPt = 271 Hz,65 PtCC), 87.0 (s, 1JCPt =

952 Hz,65 PtC), 34.8 (s, C(CH3)3), 31.38 (s, C(CH3)3, Pt'), 31.36 (s, C(CH3)3, Pt"), 21.5

(s, CH3, tol); 31P{1H}70 16.35 (s, 1JPPt = 2713 Hz65), 16.16 (s, 1JPPt = 2712 Hz65).

Data for PtC4Pt"-b. NMR (, CDCl3): 1H (see Figure B-5)71 7.75-7.65 (m, 4H, o

to P, Ph), 7.48-7.35 (m, 20H, o to P, tol+C6H4), 7.14 (d, 3JHH = 7.5 Hz, 8H, m to P,

C6H4, overlapped with m, 4H, p to P, Ph), 7.04-6.92 (m, 4H, m to P, Ph), 6.84 (dd, 3JHH

= 7.8 Hz, 4JHP = 2.4 Hz, 12H, m to P, tol), 2.260, 2.251 (2  s, 9H/9H, CH3, tol), 1.264,

1.259 (2  s, 18H/18H, C(CH3)3); 31P{1H} (see Figure B-6)71 16.2 (apparent t, JPP =

17.2 Hz, 1JPPt = 2715 Hz65). MS (MALDI, THAP matrix, m/z for the most intense peak

of the isotope envelope): 2130 (M+, 46%), 2153 (M+Na+, 74%), 2169 (M+K+, 35%), and 

other peaks. 

Data for PtC4Pt'-b. dec pt 155 C. Calcd for C105H94F10P4Pt2 (2059.86): C, 

61.22; H, 4.60. Found: C 61.27, H 4.73; NMR (, CDCl3): 1H 7.75-7.65 (m, 2H, o to P,

Ph), 7.49-7.35 (m, 18H, o to P, tol+C6H4), 7.14 (d, 3JHH = 8.4 Hz, 4H, m to P, C6H4,

overlapped with m, 2H, p to P, Ph), 7.02 (t, 3JHH = 7.6 Hz, 2H, m to P, Ph), 6.87 (d, 3JHH

= 7.8 Hz, 18H, m to P, tol), 2.27 (s, 27H, CH3, tol), 1.27 (s, 18H, C(CH3)3); 13C{1H}68

153.3 (s, p to P, C6H4, Pt' and Pt"), 146.1 (dd, 1JCF = 223 Hz, 2JCF = 23 Hz, o to Pt',
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C6F5), 140.04 (s, p to P, tol, Pt'), 140.00 (s, p to P, tol, Pt), 136.7 (dm, 1JCF = 218 Hz,

m/p to Pt', C6F5), 135.1 (virtual t,66 2JCP = 6.7 Hz, o to P, Ph), 134.7 (virtual t,66 2JCP =

6.2 Hz, o to P, tol, Pt/Pt'), 134.5 (virtual t,66 2JCP = 6.1 Hz, o to P, C6H4), 131.7 (virtual

t,66 1JCP = 30 Hz, i to P, Ph), 129.9 (s, p to P, Ph), 128.4 (virtual t,66 3JCP = 5.6 Hz, m to

P, tol), 128.38 (virtual t,66 1JCP = 29.7 Hz, i to P, tol, Pt), 128.35 (virtual t,66 1JCP = 29.6

Hz, i to P, tol, Pt'), 128.1 (virtual t,66 1JCP = 30.1 Hz, i to P, C6H4), 127.5 (virtual t,66

3JCP = 5.4 Hz, m to P, Ph), 124.6 (virtual t,66 3JCP= 5.4 Hz, m to P, C6H4), 104.4, 104.2

(2  s, 2JCPt = 259/259 Hz,65 PtCC), 86.84, 86.60 (2  s, 1JCPt = 970/965 Hz,65 PtC),

34.8 (s, C(CH3)3), 31.3 (s, CH3), 21.4 (s, CH3, tol); 31P{1H} 16.29 (s, 1JPPt = 2711 Hz,65

Pt), 16.17 (s, 1JPPt = 2712 Hz,65 Pt').

Synthesis B. A Schlenk flask was charged with Pt'Cl-b (0.913 g, 0.848 mmol), 

Pt'C4H-b (0.925 g, 0.848 mmol), CuCl (0.019 g, 0.194 mmol), t-BuOK (0.118 g, 1.048 

mmol), KPF6 (0.188 g, 1.023 mmol), THF (70 mL), and methanol (50 mL) with stirring. 

After 15 d, the solvent was removed by rotary evaporation and oil pump vacuum. The 

residue was extracted with CH2Cl2 (3 × 25 mL). The extract was filtered through a 

alumina/celite pad (2.5 × 5 cm). The solvent was removed by rotary evaporation and oil 

pump vacuum. The residue was chromatographed on a silica gel column (3.8 × 44 cm, 

3:1 v/v toluene/hexane). The solvent was removed from the product containing fractions 

by rotary evaporation and oil pump vacuum to give two pure complexes, Pt'C4Pt"-b 

(0.020 g, 0.009 mmol, 2%) and Pt'Cl-b (0.320 g, 0.297 mmol, 36%), as yellow and white 
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solids, respectively. The other fractions were mixtures, and one that was rich in 

diplatinum products was chromatographed on a silica gel column (3.8 × 43 cm, 1:1 v/v 

chloroform/hexane). The solvent was removed from the product containing fractions by 

rotary evaporation and oil pump vacuum to give three pure complexes, Pt'C4H-b (0.171 

g, 0.157 mmol, 19%), Pt'C4Pt'-b (0.379 g, 0.178 mmol, 21%) and PtC4Pt'-b (0.014 g, 

0.007 mmol, 1%). 

 Data for Pt'C4Pt'-b. dec pt 165 C. Calcd for C110H104F10P4Pt2 (2130.09): C 

62.03, H 4.92; found: C 62.13, H 4.96; NMR (, CDCl3): 1H 7.75-7.64 (m, 4H, o to P, 

Ph), 7.49-7.35 (m, 20H, o to P, tol+C6H4), 7.14 (d, 3JHH = 8.7 Hz, 8H, m to P, C6H4, 

overlapped with m, 4H, p to P, Ph), 7.05-6.95 (m, 4H, m to P, Ph), 6.83 (d, 3JHH = 7.8 Hz, 

12H, m to P, tol), 2.25 (s, 18H, CH3, tol), 1.26 (s, 36H, C(CH3)3); 13C{1H}68 153.2 (s, p 

to P, C6H4, Pt' and Pt"), 146.1 (dd, 1JCF = 221 Hz, 2JCF = 21 Hz, o to Pt', C6F5), 140.0 

(s, p to P, tol), 136.3 (dm, 1JCF = 254 Hz, m/p to Pt', C6F5), 135.0 (virtual t,66 2JCP = 6.3 

Hz, o to P, Ph), 134.6 (virtual t,66 2JCP = 6.3 Hz, o to P, tol), 134.4 (virtual t,66 2JCP = 

5.9 Hz, o to P, C6H4), 131.7 (dd, 1JCP = 31.0 Hz, 3JCP = 27.6 Hz, i to P, Ph), 129.9 (s, p 

to P, Ph), 128.3 (virtual t,66 3JCP = 5.5 Hz, m to P, tol), 128.3 (dd, 1JCP = 31.0 Hz, 3JCP = 

28.4 Hz, i to P, tol), 128.1 (dd, 1JCP = 31.2 Hz, 3JCP = 27.8 Hz, i to P, C6H4), 127.5 

(virtual t,66 3JCP = 5.5 Hz, m to P, Ph), 124.6 (virtual t,66 3JCP = 5.2 Hz, m to P, C6H4), 

104.3 (s, 2JCPt = 254 Hz,65 PtCC), 86.8 (br s, 1JCPt = 967 Hz,65 PtC), 34.9 (s, C(CH3)3), 
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31.4 (s, CH3), 21.5 (s, CH3, tol); 31P{1H} (see also Figure B-1) 16.4 (s, 1JPPt = 2711 

Hz65). 

 trans,trans-(C6F5)(p-tol3P)((p-MeOC6H4)2PhP)Pt(CC)2Pt(PPh(p-

C6H4OMe)2)(Pp-tol3)(C6F5) (Pt'C4Pt'-c). A Schlenk flask was charged with Pt'Cl-c 

(0.747 g, 0.729 mmol), Pt'C4H-c (0.688 g, 0.663 mmol), CuCl (0.026 g, 0.263 mmol), 

and HNEt2 (120 mL). The mixture was stirred for 88 h at 50 °C. After cooling, the 

solvent was removed by rotary evaporation. The maroon residue was chromatographed 

on a silica gel column (3.8 × 42 cm) using 40:60 v/v CH2Cl2/hexane to elute PtC4Pt 

(0.022 g, 0.011 mmol, 2%), 50:50 v/v CH2Cl2/hexane to elute trans, trans-(C6F5)(p-

tol3P)2Pt(CC)2Pt(Pp-tol3)(PPh(p-C6H4OMe)2)2(C6F5) (PtC4Pt'-c, 0.084 g, 0.042 

mmol, 7%) and PtCl (0.111 g, 0.108 mmol, 16%), 60:40 v/v CH2Cl2/hexane to elute an 

unknown complex (0.062 g), trans,trans-(C6F5)(p-tol3P)2Pt(CC)2Pt(PPh(p-

C6H4OMe)2)2(C6F5) (PtC4Pt"-c, 0.059 g, 0.029 mmol, 5%), and trans,trans-(C6F5)(p-

tol3P)((p-MeOC6H4)2PhP)Pt(CC)2Pt(PPh(p-C6H4OMe)2)(Pp-tol3)(C6F5) (Pt'C4Pt'-c, 

0.111 g, 0.055 mmol, 8%), 70:30 v/v CH2Cl2/hexane to elute Pt'Cl-c (0.199 g, 0.185 

mmol, 26%), and 75:20 v/v CH2Cl2/hexane to elute trans,trans-(C6F5)(p-tol3P)((p-

MeOC6H4)2PhP)Pt(CC)2Pt(PPh(p-C6H4OMe)2)2(C6F5) (Pt'C4Pt"-c, 0.098 g, 0.048 

mmol, 8%) and a second unknown complex (0.059 g). 

 Data for PtC4Pt'-c. NMR (, CDCl3): 1H 7.57-7.35 (m, 24H, o to P, 

Ph+tol+C6H4), 7.16 (t, 3JHH = 7.8 Hz, 1H, p to P, Ph), 7.03 (t, 3JHH = 7.5 Hz, 2H, m to P, 
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Ph), 6.88 (d, 3JHH = 7.8 Hz, 18H, m to P, tol), 6.62 (d, 3JHH = 8.7 Hz, 4H, m to P, C6H4),

3.73 (s, 6H, OCH3), 2.28 (s, 27H, CH3, tol); 31P{1H} 16.35 (s, 1JPPt = 2711 Hz,65 p-

tol3P, Pt), 16.24, 16.17 (2  s, 1JPPt = 2707 Hz,65 p-tol3P, (p-MeOC6H4)2PhP, Pt').

Data for PtC4Pt"-c. dec pt 184 C. Calcd for C98H80F10O4P4Pt2 (2025.68): C, 

58.11; H, 3.98. Found: 58.10; H, 3.98. NMR (, CDCl3): 1H 7.54-7.36 (m, 24H, o to P,

Ph+tol+C6H4), 7.18 (t, 3JHH = 7.2 Hz, 2H, p to P, Ph), 7.03 (t, 3JHH = 7.5 Hz, 4H, m to P,

Ph), 6.90 (d, 3JHH = 7.8 Hz, 12H, m to P, tol), 6.63 (d, 3JHH = 9.0 Hz, 8H, m to P, C6H4),

3.73 (s, 12H, OCH3), 2.29 (s, 18H, CH3, tol); 13C{1H}68 161.1 (s, p to P, C6H4, Pt' and

Pt"), 146.1 (dm, 1JCF = 229 Hz, o to Pt/Pt", C6F5), 140.0 (s, p to P, tol), 136.4 (virtual

t,66 2JCP = 6.9 Hz, o to P, C6H4), 136.3 (dm, 1JCF = 261 Hz, m/p to Pt/Pt", C6F5), 134.6

(virtual t,66 2JCP = 6.3 Hz, o to P, tol), 134.0 (virtual t,66 2JCP = 6.1 Hz, o to P, Ph),

132.4 (virtual t,66 1JCP = 29.0 Hz, i to P, Ph), 129.7 (s, p to P, Ph), 128.3 (virtual t,66

3JCP = 5.5 Hz, m to P, tol), 128.3 (virtual t,66 1JCP = 29.6 Hz, i to P, tol), 127.4 (virtual

t,66 3JCP = 5.4 Hz, m to P, Ph), 122.2 (virtual t,66 1JCP = 31.3 Hz, i to P, C6H4), 113.3

(virtual t,66 3JCP = 5.8 Hz, m to P, C6H4), 104.1, 103.8 (2  s, 2JCPt = 275 Hz,65 PtCC),

86.9 (br s, 1JCPt = 951 Hz,65 PtCC), 55.4 (s, OCH3), 21.5 (s, CH3, tol); 31P{1H} 16.30

(s, 1JPPt = 2710 Hz,65 Pp-tol3), 15.92 (s, 1JPPt = 2698 Hz,65 (p-MeOC6H4)2PhP).

Data for Pt'C4Pt'-c. mp 128 C. Calcd for C98H80F10O4P4Pt2 (2025.68): C, 

58.11; H, 3.98. Found: 58.28; H, 3.89. NMR (, CDCl3): 1H 7.55-7.36 (m, 24H, o to P,
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Ph+tol+C6H4), 7.18 (t, 3JHH = 7.2 Hz, 2H, p to P, Ph), 7.04 (t, 3JHH = 7.2 Hz, 4H, m to P, 

Ph), 6.89 (d, 3JHH = 7.8 Hz, 12H, m to P, tol), 6.65 (d, 3JHH = 8.7 Hz, 8H, m to P, C6H4), 

3.74 (s, 12H, OCH3), 2.29 (s, 18H, CH3); 13C{1H}68 161.1 (s, p to P, C6H4, Pt' and Pt"), 

146.1 (dd, 1JCF = 223 Hz, 2JCF = 23 Hz, o to Pt, C6F5), 140.1 (s, p to P, tol), 136.4 

(virtual t,66 2JCP = 7.5 Hz, o to P, C6H4), 136.4 (dm, 1JCF = 258 Hz, m/p to Pt, C6F5), 

134.6 (virtual t,66 2JCP = 6.8 Hz, o to P, tol), 134.0 (virtual t,66 2JCP = 6.5 Hz, o to P, Ph), 

132.4 (dd, 1JCP = 33.4 Hz, 3JCP = 24.8 Hz, i to P, Ph), 129.7 (s, p to P, Ph), 128.4 (dd, 

3JCP = 6.1 Hz, 5JCP = 4.8 Hz, m to P, tol), 128.3 (dd, 1JCP = 33.9 Hz, 3JCP = 25.4 Hz, i 

to P, tol), 127.4 (dd, 3JCP = 5.9 Hz, 5JCP = 4.6 Hz, m to P, Ph), 122.2 (dd, 1JCP = 36.0 Hz, 

3JCP = 26.8 Hz, i to P, C6H4), 113.3 (dd, 3JCP = 6.6 Hz, 5JCP = 5.4 Hz, m to P, C6H4), 

103.9 (s, 2JCPt = 264 Hz,65 PtCC), 86.8 (s, 1JCPt = 966 Hz,65 PtCC), 55.4 (s, OCH3), 

21.5 (s, CH3, tol); 31P{1H} 16.17, 16.14 (2  s, 1JPPt = 2704 Hz65). 

 Data for Pt'C4Pt"-c. mp 119 C. Calcd for C97H78F10O6P4Pt2 (2043.73): C, 

57.01; H, 3.85. Found: 57.13; H, 3.86. NMR (, CDCl3): 1H 7.57-7.37 (m, 24H, o to P, 

Ph+tol+C6H4), 7.19 (t, 3JHH = 7.5 Hz, 3H, p to P, Ph), 7.05 (t, 3JHH = 7.2 Hz, 6H, m to P, 

Ph), 6.91 (d, 3JHH = 7.8 Hz, 6H, m to P, tol), 6.66 (d, 3JHH = 9.0 Hz, 4H, m to P, C6H4, 

Pt'), 6.65 (d, 3JHH = 8.7 Hz, 8H, m to P, C6H4, Pt"), 3.75 (s, 6H, OCH3, Pt'), 3.74 (s, 

12H, OCH3, Pt"), 2.30 (s, 9H, CH3); 13C{1H}68 161.1 (s, p to P, C6H4, Pt' and Pt"), 

146.1 (dd, 1JCF = 223 Hz, 2JCF = 24 Hz, o to Pt'/Pt", C6F5), 140.1 (s, p to P, tol), 136.4 
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(virtual t,66 2JCP = 6.9 Hz, o to P, C6H4, Pt' and Pt"), 136.3 (dm, 1JCF = 261 Hz, m/p to

Pt'/Pt", C6F5), 134.6 (virtual t,66 2JCP = 6.3 Hz, o to P, tol), 134.0 (virtual t,66 2JCP =

6.1 Hz, o to P, Ph, Pt' and Pt"), 132.4 (virtual t,66 1JCP = 29.0 Hz, i to P, Ph, Pt"), 132.4

(dd, 1JCP = 33.3 Hz, 3JCP = 25.0 Hz, i to P, Ph, Pt'), 129.7 (s, p to P, Ph, Pt' and Pt"),

128.4 (virtual t,66 3JCP = 5.5 Hz, m to P, tol), 128.3 (dd, 1JCP = 33.6 Hz, 3JCP = 25.7 Hz,

i to P, tol), 127.5 (virtual t,66 3JCP = 5.4 Hz, m to P, Ph, Pt' and Pt"), 122.2 (dd, 1JCP =

35.9 Hz, 3JCP = 27.0 Hz, i to P, C6H4, Pt'), 122.2 (virtual t,66 1JCP = 31.3 Hz, i to P,

C6H4, Pt"), 113.3 (virtual t,66 3JCP = 5.7 Hz, m to P, C6H4, Pt' and Pt"), 103.8, 103.7 (2

 s, 2JCPt = 265/265 Hz,65 PtCC), 87.0 (s, 1JCPt = 963 Hz,65 PtCC), 55.39 (s, OCH3,

Pt'), 55.37 (s, OCH3, Pt"), 21.5 (s, CH3, tol); 31P{1H} 16.19, 16.15 (2  s, 1JPPt = 2703

Hz,65 p-tol3P, (p-MeOC6H4)2PhP, Pt'), 15.94 (s, 1JPPt = 2696 Hz,65 (p-MeOC6H4)2PhP,

Pt"). 

trans,trans-(C6F5)(p-tol3P)(n-Pr2PhP)Pt(CC)2Pt(PPhn-Pr2)(Pp-tol3)(C6F5)

(Pt'C4Pt'-d). A Schlenk flask was charged with Pt'Cl-d (0.876 g, 0.977 mmol), Pt'C4H-

d (0.888 g, 0.976 mmol), CuCl (0.021 g, 0.212 mmol), t-BuOK (0.146 g, 1.301 mmol), 

KPF6 (0.239 g, 1.298 mmol), THF (70 mL), and methanol (50 mL) with stirring. After 92 

h, the solvent was removed by rotary evaporation and oil pump vacuum. The residue was 

extracted with CH2Cl2 (3 × 25 mL). The extract was filtered through an alumina/celite 

pad (2.5 × 4 cm). The solvent was removed by rotary evaporation and oil pump vacuum. 

The residue was recrystallized twice from CH2Cl2 to yield pale yellow crystals of 
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Pt'C4Pt'-d (1.312 g, 0.741 mmol, 76%), dec pt 214 C. Calcd for C82H80F10P4Pt2 

(1769.62): C, 55.66; H, 4.56. Found: 55.88; H, 4.72. 

NMR (, CDCl3): 1H (see also Figures S3.2 and S3.3) 7.46 (dd, 3JHP = 11.0 Hz,

3JHH = 8.0 Hz, 12H, o to P, tol), 7.41-7.34 (m, 4H, o to P, Ph), 7.27-7.21 (m, 2H, p to P, 

Ph), 7.20-7.15 (m, 4H, m to P, Ph), 6.99 (dd, 3JHH = 8.0 Hz, 4JHP = 2.0 Hz, 12H, m to P,

tol), 2.31 (s, 18H, CH3, tol), 2.20-2.08, 2.07-1.93 (2  m, 4H/4H, PCH2), 1.67-1.53, 1.47-

1.33 (2  m, 4H/4H, PCH2CH2), 0.87 (t, 3JHH = 7.5 Hz, 12H, PCH2CH2CH3); 13C{1H}

146.5 (dd, 1JCF = 224 Hz, 2JCF = 25 Hz, o to Pt, C6F5), 140.2 (d, 4JCP = 2.4 Hz, p to P,

tol), 136.6 (dm, 1JCF = 249 Hz, m/p to Pt, C6F5), 134.6 (d, 2JCP = 11.2 Hz, o to P, tol),

132.1 (dd, 1JCP = 49.1 Hz, 3JCP = 2.8 Hz, i to P, Ph), 131.3 (d, 2JCP = 8.8 Hz, o to P, Ph),

129.5 (d, 4JCP = 1.9 Hz, p to P, Ph), 128.5 (d, 3JCP = 10.8 Hz, m to P, tol), 128.4 (dd,

1JCP = 54.9 Hz, 3JCP = 3.0 Hz, i to P, tol), 127.9 (d, 3JCP = 9.7 Hz, m to P, Ph), 126.4 (t,

2JCF = 52.3 Hz, i to Pt, C6F5), 99.9 (s, 2JCPt = 267.6 Hz,65 PtCC), 87.9 (br, 1JCPt = 971

Hz,65 PtCC), 26.9 (dd, 1JCP = 33.5 Hz, 3JCP = 1.3 Hz, PCH2), 21.4 (d, 5JCP = 1.1 Hz,

CH3, tol), 18.0 (s, PCH2CH2), 16.0 (d, 3JCP = 14.8 Hz, PCH2CH2CH3); 31P{1H} 17.6 (d,

2JPP = 421 Hz, 1JPPt = 2620 Hz,65 p-tol3P), 6.0 (d, 1JPPt = 2590 Hz,65 2JPP = 421 Hz, n-

Pr2PhP). 
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Colorless crystals of 1 and Pt'Cl-e were grown from CH2Cl2/hexane at room 

temperature. Pale yellow crystals of Pt'C4H-a were grown from CH2Cl2/acetone/hexane 

at –5 °C. Pale yellow crystals of Pt'C4Pt'-a·2CH2Cl2 were grown from CH2Cl2/hexane 

–5 °C. Orange-brown crystals of PtC4Pt"-b·C7H8 were grown from toluene/ethanol at

room temperature. Yellow crystals of Pt'C4Pt'-b could be grown analogously, or from 

toluene/hexane at –15 °C (identical unit cells). Yellow crystals of Pt'C4Pt'-c were grown 

from CH2Cl2/ethanol mixture at room temperature. Pale yellow crystals of Pt'C4Pt'-d

were grown from CH2Cl2 at 15 °C. 

For all the data in Tables 3.1 and 3.2, integrated intensity information for each 

reflection was obtained by reduction of the data frames with the program APEX237 or 

SAINTplus72. The integration method employed a three dimensional profiling algorithm, 

and all data were corrected for Lorentz and polarization factors, as well as crystal decay 

effects. These data were merged and scaled to produce suitable data sets. The program 

SADABS73 was employed for absorption corrections. Structures were solved using 

SHELXTL (SHELXS).38 All non-hydrogen atoms were refined with anisotropic thermal 

parameters. Carbon bound hydrogen atoms were placed in idealized positions (C-H = 

0.96 Å, Uiso(H) = 1.2 × Uiso(C). The structures were refined (weighted least squares/F2)

to convergence.38 

With 1, the thermal parameters of the SC4H8 carbon atoms (C(45) to C(48)) 

indicated disorder, which could be modeled. The R factor (6.5%) and significant 

3.5 Crystallography 
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and 1.6 eÅ3; distance from Pt(1) to highest q1 peak ca. 1.0 Å; distances between q1, q2, 

q3, and q4 all about 2.1 Å) suggested a "whole-molecule-disorder". Using O-fit in XP, 

the whole-molecule-disorder was modeled and refined, decreasing the R factor to 4.7%. 

There were two possible configurations for the disorder with the C6F5 ligands occupying 

opposite ends: one with both SC4H8 ligands and hence both Cl ligands occupying the 

same side, and the other with these ligands occupying opposite sides. Both models were 

refined, but the resulting R factors were very close and did not differentiate between 

them. The occupancy of the molecule with Pt(1) refined to 0.93, and that with Pt(1A) 

refined to 0.07. Considering the highly biased ratio, the refinement was carried out with 

the molecule with the minor occupancy fully rigid. 

With Pt'Cl-e, systematic reflection conditions suggested the noncentrosymmetric 

space group P212121. This assignment was further supported by statistical tests. With 

Pt'C4Pt'-a·2CH2Cl2, there were no complications although the inversion center at the 

midpoint of the sp carbon chain is noteworthy. 

With PtC4Pt"-b·C7H8, the combination of the Cu source and the multi-wire 

detector on the GADDS diffractometer employed restricted the 2 angle to 120°. This 

precluded attaining the resolution recommended by the CHECK-CIF protocol. Some t-Bu 

groups were disordered, but their occupancies could be modeled (73:27 for C(60/61/62) 

vs. C(60A/61A/62A); 46:54 for C(50/51/52) vs. C(50A/51A/52A); 24:76 for C(34/35/36) 

vs. C(34A/35A/36A)). Under the conditions employed, data collection could only be 

carried out to 93% completion. 

unaccounted electron densities near Pt(1) in the Fourier difference map (~6.4, 2.4, 1.8, 
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With Pt'C4Pt'-b, data were collected at the lowest temperature possible with the 

instrument (60 °C, 213 K). Some t-Bu groups were disordered, but their occupancies 

could be modeled (61:39 for C(102/103/104) vs. C(130/131/132); 55:45 for C(49/50/51) 

vs. C(49A/C50A/C51A)). The fluorine atoms also exhibited elongated displacement 

parameters, suggesting a wagging of the C6F5 groups. No attempts were made to model 

this disorder. 

With Pt'C4Pt'-c, two methoxy groups were disordered over three sites: O(1)-

C(38), O(2) -C(48), O(3)-C(51). As a result, one hydrogen on the phenyl group 

associated with this disorder is not modeled (the formula shows one less hydrogen). 

Some of the thermal parameters associated with the other methoxy groups are larger, but 

attempts to model additional disorder did not give lower R factors. The same limitations 

as with PtC4Pt"-b precluded attaining the resolution recommended by the CHECK-CIF 

protocol. 

With Pt'C4Pt'-d, which exhibited an inversion center at the midpoint of the sp 

carbon chain, four carbon atoms of the phenyl group (C(34) to C(37)) and three of one n-

propyl group (C(38) to C(40)) showed elongated thermal ellipsoids, indicating disorder. 

However, efforts to model this disorder did not improve the refinement. 
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CCDC 1515530, 1515531, 1515532, 1515534, 1515535, 1515537, 1515538 and 

1515536 contain the supplementary crystallographic data for 1, Pt"Cl-e, Pt'C4H-a, 

Pt'C4Pt'-a-d, and PtC4Pt"-b. These data can be obtained free of charge from The 

Cambridge Crystallographic Data Centre via www.ccdc. cam.ac.uk/data_request/cif . 
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Table 3.1 Summary of crystallographic data for monoplatinum complexes. 
Complex 1 Pt'Cl-e Pt'C4H-a
empirical formula C48H62Cl2F10P2Pt2S2 C34H46ClF5P2Pt C39H33F5P2Pt 
formula weight 1416.12 842.19 853.68 
temperature K 110(2) 110(2) 110(2) 
Diffractometer Bruker D8 GADDS Bruker Apex 2 Bruker Smart 
wavelength Å 0.71073 0.71073 0.71073 
crystal system monoclinic orthorhombic triclinic 
space group P21/n P212121 P1̄ 
unit cell dimensions 
  a Å 
  b Å 
  c Å 
  ° 
  ° 
  ° 

13.403(8) 
16.599(10) 
24.219(15) 
90 
102.724(8) 
90 

12.1059(15) 
14.2630(18) 
20.214(2) 
90 
90 
90 

9.502(5) 
11.234(5) 
16.775(8) 
82.188(6) 
83.654(6) 
73.939(6) 

  Volume (Å3) 5256(6) 3490.3(7) 1699.8(14) 
Z 4 4 2 
ρcalcd Mgm3) 1.790 1.603 1.668 
 mm1/F(000) 5.627/2768 4.238/1680 4.277/840 
Crystal size mm3 0.05 × 0.04 × 0.03 0.60 × 0.40 × 0.10 0.35 × 0.15 × 0.15 
 range of data collection ° 1.50 to 28.76 2.43 to 27.50 1.23 to 27.76 
index ranges 18 ≤ h ≤ 17 

22 ≤ k ≤ 21 
32 ≤ l ≤ 32 

15 ≤ h ≤ 15 
18 ≤ k ≤ 18 
25 ≤ l ≤ 26 

12 ≤ h ≤ 12 
14 ≤ k ≤ 14 
21 ≤ l ≤ 21 

reflections collected/independent 58195/12840 39178/7918 19785/7793 
data/restraints/parameters 12840 / 123 / 610 7918 / 0 / 400 7793 / 0 / 423 
goodness of fit on F2 1.073  1.073 1.012 
final R indices I2(I) R1 = 0.0468, 

wR2= 0.0999 
R1 = 0.0192, 
wR2= 0.0399 

R1 = 0.0359, 
wR2= 0.0712 

R indices (all data) R1 = 0.0823, 
wR2= 0.1155 

R1 = 0.0210, 
wR2= 0.0404 

R1 = 0.0452, 
wR2= 0.0743 

largest diff. peak and hole eÅ3 2.735 and 2.208 0.878 and 0.386 2.250 and 2.234 
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Table 3.2 Summary of crystallographic data for diplatinum complexes. 
Complex Pt'C4Pt'-a·2CH2Cl2  Pt'C4Pt'-b  Pt'C4Pt'-c Pt'C4Pt'-d PtC4Pt"-b·C7H8
empirical formula C76H68Cl4F10P4Pt2 C110H104F10P4Pt2 C98H79F10O4P4Pt2* C82H80F10P4Pt2 C117H112F10P4Pt2
formula weight 1827.16 2129.99 2024.67 1769.52 2222.13 

temperature K 110(2) 213(2) 110(2) 110(2) 110(2) 

diffractometer Bruker Apex 2 Bruker Apex 2 Bruker D8 GADDS Bruker D8 

GADDS 

Bruker D8 GADDS 

wavelength Å 0.71073 0.71073 1.54178 1.54178 1.54178 

crystal system monoclinic monoclinic triclinic monoclinic triclinic 

space group P2(1)/c P2(1)/n P-1 P2/n P-1 

unit cell dimensions 

   a Å 

 b Å 

   c Å 

   ° 

   ° 

   ° 

13.8673(12) 

20.4887(18) 

14.6707(13) 

90 

117.9260(10) 

90 

15.376(8) 

31.668(15) 

20.056(10) 

90 

94.529(7) 

90 

14.276(6) 

15.175(2) 

20.880(3) 

81.953(7) 

83.809(8) 

72.767(8) 

15.1018(6) 

13.6152(6) 

18.0925(9) 

90 

96.814(3) 

90 

14.3804(7) 

14.8720(7) 

24.5452(12) 

99.639(3) 

92.688(3) 

100.460(3) 

Volume (Å3) 3682.9(6) 9736(8) 4267.4(11) 3693.8(3) 5073.1(4) 

Z 2 4 2 2 2 

ρcalcd Mg m3) 1.648 1.453 1.576 1.591 1.453 

 mm1/F(000) 4.094/1796 3.003/4280 7.376/2010 8.378/1756 6.225/2234 

crystal size mm3 0.15 × 0.14 × 0.05 0.25 × 0.12 × 0.10 0.10 × 0.09 × 0.03 0.15 × 0.07 × 0.03 0.15 × 0.12 × 0.02 

 range of data collection ° 2.53 to 28.81 2.06 to 27.50 2.14 to 57.50 3.25 to 61.43 1.83 to 60.00 

index ranges 18 ≤ h ≤ 18 

27 ≤ k ≤ 26 

19 ≤ l ≤ 19 

19 ≤ h ≤ 19 

41 ≤ k ≤ 41 

26 ≤ l ≤ 26 

15 ≤ h ≤ 15 

16 ≤ k ≤ 16 

22 ≤ l ≤ 22 

17 ≤ h ≤ 17 

15 ≤ k ≤ 15 

20 ≤ l ≤ 20 

15 ≤ h ≤ 15 

16 ≤ k ≤ 16 

27 ≤ l ≤ 27 

reflections 

collected/independent 

42642/9026 113592/22325 33184/10958 23951/5676 37606/14105 

data/restraints/parameters 9026/0/438 22325/12/1120 10958/70/1051 5676/65/442 14105/18/1199 

goodness of fit on F2 1.051 1.031 1.044 1.015 1.042 

final R indices I2(I) R1 = 0.0349, 

wR2= 0.0699 

R1 = 0.0396, 

wR2= 0.0889 

R1 = 0.0579, 

wR2= 0.1251 

R1 = 0.0368, 

wR2= 0.0917 

R1 = 0.0380, 

wR2= 0.0916 

R indices (all data) R1 = 0.0536, 

wR2= 0.0755 

R1 = 0.0705, 

wR2= 0.0994 

R1 = 0.0989, 

wR2= 0.1362 

R1 = 0.0533, 

wR2= 0.0982 

R1 = 0.0565, 

wR2= 0.0964 

largest diff. peak and hole eÅ3 1.278 and 1.128 1.461 and 1.024 1.444 and 1.176 1.072 and 0.978 1.786 and 1.146 
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Table 3.3 Key interatomic distances (Å) and bond or plane/plane angles (°) in diplatinum complexes. 
Pt'C4Pt'-a·2CH2Cl2  Pt'C4Pt'-b  Pt'C4Pt'-c Pt'C4Pt'-d PtC4Pt"-b·C7H8

Pt(1)-C(1) 1.990(4) 1.995(4) 1.966(12) 2.021(7) 1.994(7) 

C(1)C(2) 1.219(5) 1.195(5) 1.247(15) 1.186(9) 1.216(8) 

C(2)-C(3)a 1.376(7) 1.381(6) 1.393(18) 1.392(13) 1.366(9) 

C(3)C(4)a 1.219(5) 1.215(6) 1.274(17) 1.186(9) 1.238(8) 

C(4)-Pt(2)a 1.990(4) 1.979(4) 1.912(16) 2.021(7) 1.973(6) 

Pt(1)-Cipso 2.061(4) 2.071(4) 2.068(11) 2.089(6) 2.074(4) 

Pt(2)-Cipso
a 2.061(4) 2.072(4) 2.082(12) 2.089(6) 2.071(6) 

Pt(1)-P(1) 2.3101(10) 2.3048(14) 2.308(3) 2.3130(16) 2.2971(15) 

Pt(1)-P(2) 2.2932(11) 2.3059(14) 2.315(3) 2.3007(17) 2.2980(15) 

Pt(2)-P(3)a 2.3101(10) 2.3138(14) 2.297(3) 2.3130(16) 2.3044(15) 

Pt(2)-P(4)a 2.2932(11) 2.2998(14) 2.299(3) 2.3007(17) 2.2905(15) 

Av. CspCsp 1.219 1.205 1.274 1.186 1.227 

PtPt 7.792 7.729 7.764 7.792 7.779 

sum of bond lengths, Pt(1) to Pt(2) 7.797 7.765 7.792 7.806 7.787 

Pt(1)-C(1)-C(2) 176.8(3) 171.0(4) 178.1(10) 174.0(6) 175.5(5) 

C(1)-C(2)-C(3)a 178.4(5) 178.0(5) 176.5(13) 177.8(9) 178.4(7) 

C(2)-C(3)-C(4)a 178.4(5) 175.7(5) 174.0(15) 177.8(9) 178.0(6) 

C(3)-C(4)-Pt(2)a 176.8(3) 169.6(4) 175.0(11) 174.0(6) 176.3(5) 

avg.  stackingb 3.603 3.708 3.734 4.098 4.042 

(P1-Pt1-P2)Pt2 vs. (P3-Pt2-P4)Pt1c 0 44.18 51.30 0 46.07 

(Cipso-P1-Pt1-P2) vs. (P3-Pt2-P4-Cipso)c 0 43.67 51.71 0 48.46 
a To facilitate comparisons, some atoms of Pt'C4Pt'-a·2CH2Cl2 and Pt'C4Pt'-d, both of which exhibit inversion centers, have been renumbered from
those in the cif files. b Distance between the centroids of the C6F5 and aryl rings; average of four values. c Angle between planes defined by these atoms.
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Table 3.4 UV-visible data for diplatinum butadiynediyl complexes trans,trans-(C6F5)(p-

tol3P)(R3P)Pt(CC)2Pt(PR3)(Pp-tol3)(C6F5) in CH2Cl2. 

Complex R3P nm) [ (м1cm1) ] 

Pt'C4Pt'-a Me2PhP 321 [24900], 344 [19500], 388 [560], 422 [79] 

Pt'C4Pt'-b (p-t-BuC6H4)2PhP 293 [16700], 330 [18900], 351 [14700], 393 [470], 

427 [80] 

Pt'C4Pt'-c (p-MeOC6H4)2PhP 311 [12800], 330 [16500], 351 [12600], 392 [470], 

427 [120] 

Pt'C4Pt'-d n-Pr2PhP  306 [15000], 322 [20000], 344 [15000], 387 [400], 

422 [50] 

PtC4Pt p-tol3P 328 [37000], 351 [12600], 395[500], 428 [90]a 

a Reported in reference 20: 330 [17000], 350 [13200]. 
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4. EXPLORING THE FEASIBILITY OF DIELS-ALDER

FUNCTIONALIZATION OF POLYYNE CHAINS TO ACHIEVE GRAPHENE-

LIKE STRUCTURES 

4.1 Introduction 

Nowadays, there is an increased interest in allotropes of carbon among numerous 

research groups.74 Many molecular and polymeric allotropes have already been isolated, 

but the one-dimensional sp-hybridized species "carbyne", remains the least 

characterized.75 Importantly, many investigators now pay much attention to the synthesis 

and detailed physical and chemical characterization of metal capped polyynediyl 

complexes LmM(CC)nMLm, motivated by a variety of fundamental and applied 

objectives, ranging from models for "carbyne" to applications in molecular electronics.76 

Graphene is one of the crystalline forms of carbon, in which carbon atoms are 

arranged in a regular hexagonal pattern.77 It can be described as a one-atom thick layer of 

graphite and is always prepared "top down" from graphite.78 However, to our knowledge 

there has been comparatively little consideration given to "bottom up" syntheses,79 for 

which a long polyyne would be a possible template. 

My objective is to explore the feasibility of Diels-Alder functionalization of 

polyyne chains to achieve graphene-like structures. It would be a novel way to construct 

graphene from polyynes by the "bottom up" approach. The overall plan depicted in 

Scheme 4.1 is arbitrarily illustrated with a platinum capped carbyne model. We seek to 

http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Hexagonal_tiling
http://en.wikipedia.org/wiki/Graphite
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establish the feasibility of the necessary steps one at a time. We will first test whether the 

sp carbon chains undergo Diels-Alder cycloadditions with o-xylylene,80 a very reactive 

but easy-to-generate species. Multiple cycloadditions/aromatizations and subsequent 

dehydrogenation would lead to a simple two-dimensional conjugated aromatic network. 

At some stage, solubility will likely be diminished and we will need to switch to 

characterization methods used for graphene itself.  

A further theme that readily emerges from this analysis is the use of structurally 

authenticated bis(polyynediyl) systems in which two sp chains bridge the same extended 

endgroups.81 Such assemblies can be viewed as multistranded molecular wires. As 

shown in Scheme 4.1 (bottom), multiple cycloadditions/aromatizations and subsequent 

dehydrogenation would lead to the growing of truly graphene-like assemblies. 

Scheme 4.1. Overall plan to explore the feasibility of Diels-Alder functionalization of polyyne chains to 

achieve graphene-like structures.  
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4.2 Results 

4.2.1 Synthesis of platinum capped polyyne precursor 

Scheme 4.2 summarizes previously reported syntheses of several monoplatinum 

and diplatinum polyyne species, including PtC6TES, PtC10TES, PtC6Pt, PtC8Pt, 

PtC10Pt, PtC12Pt, where Pt = trans-(C6F5)(p-tol3P)2Pt and TES = SiEt3. All sequences 

start with the monoplatinum bis(phosphine) chloride complex trans-(C6F5)(p-tol3P)2PtCl 

(PtCl).20 Coupling of PtCl with butadiyne, catalyzed by CuI in the presence of HNEt2,

leads to the formation of trans-(C6F5)(p-tol3P)2Pt(CC)2H (PtC4H, 80%).20

For the further chain extension, the reactions of PtC4H with Et3SiCCH 

(TESC2H) or Et3Si(CC)2H (TESC4H) were carried out.20 The products then undergo

homocoupling or cross coupling with PtCl to give the desired one dimensional sp-

hybridized PtCxPt chains.20

As briefly illustrated in Scheme 4.2, the cross coupling of PtC4H and TESC2H 

(ca. 30 fold excess) resulted in the formation of PtC6TES (45%).20 PtC6TES and

TESC4H (ca. 20 fold excess) were coupled and gave the desired complex PtC10TES 

(53%); in an initial step (in situ), the triethylsilyl group of the platinum complex is 

replaced by a hydrogen atom. After the homocoupling of PtC4H and PtC6TES, PtC8Pt 

(97%) and PtC12Pt (80%) were isolated.20 The cross coupling of PtCl with PtC6TES or

PtC10TES leads to the formation of PtC6Pt (35%) or PtC10Pt (77%).20
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Scheme 4.2. Syntheses of the diplatinum carbon chain complexes PtCxPt.  
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4.2.2 Exploring the feasibility of Diels-Alder functionalization of polyyne chains 

The elusive intermediate o-quinodimethane (o-QDM), also named o-xylylene, has 

attracted much attention from both theoretical and synthetic chemists over the past 50 

years. As a cisoid-diene with a strong driving force of aromatization, o-xylylene has a 

remarkable Diels-Alder reactivity and is often used as building blocks in the syntheses of 

cyclic organic compounds or polymeric materials by inter- or intramolecular [4 + 2] 

trapping. The readily available precursor 1,3-dihydrobenzo[c]thiophene-2,2-dioxide, 

depicted in Schemes 4.1 and 4.3, is known to extrude SO2 at ca. 180 °C.82 The isomer

1,4-dihydro-2,3-benzoxathiin-3-oxide (see Scheme 4.4 below) is known to require lower 

thermolysis temperatures for the cheletropic elimination of SO2. Thus, o-xylylene can be 

obtained at temperatures as low as 80 °C.83 

In order to test the feasibility of Diels-Alder cycloadditions of the sp carbon 

chains with o-xylylene, and to determine the conditions required for dehydrogenation of 

the newly formed 6-membered rings to benzenoid systems, a solution of platinum capped 

polyyne precursor and 1,3-dihydrobenzo[c]thiophene-2,2-dioxide (ca. 9 fold excess) in 

the high boiling solvent 1,2,4-trichlorobenzene was kept in the dark under nitrogen at 

160 °C overnight. The crude reaction mixture was assayed by mass spectrometry 

(MALDI), and some peaks suggested the formation of the target complexes. They are 

discussed below. 
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Scheme 4.3. Overall plan to explore the feasibility of Diels-Alder functionalization of PtC8Pt to achieve
graphene-like structures.  

Though transition metal capped polyynes exhibit much better stabilities, long 

polyynes still slowly decompose at room temperature. This situation gets even worse at 

high temperature and forces me to seek new approaches under milder conditions. Another 

route was sought and a solution of platinum capped polyyne precursor in toluene was 

combined with 1,4-dihydro-2,3-benzoxathiin-3-oxide (ca. 3 fold excess) as shown in 

Scheme 4.4. The mixture was heated to 100 °C under nitrogen in the dark. After 1 d, a 

chromatographic workup (alumina) gave a brown solid. The mass spectrum (MALDI) 

was then investigated and some peaks were consistent with the target cycloadduct. These 

data are analyzed below. Importantly, in all of these cases efforts to obtain a well defined 

pure product by chromatography were unsuccessful. 
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Scheme 4.4. Overall plan to explore the feasibility of Diels-Alder functionalization of PtC4H to achieve
graphene-like structures.  

From a similar reaction (see method C, experimental section), a crystalline 

product was obtained. The structure was solved as summarized in Table 4.2 and the 

experimental section. The molecular structure in Figure 4.1 shows that the carbon rich 

-dibromo-o-

xylene precursor to o-xylylene used in that experiment. This new compound was not of 

particular interest in the context of this study. Nonetheless the key metrical parameters 

are given in the caption of Figure 4.1. A related chloride complex with fluorous  

phosphine ligands has also been structurally characterized.84 

Figure 4.1. Molecular structure of PtBr with thermal ellipsoids at 50% probability level. Key bond lengths 
(Å) and angles (°): Pt(1)-C(1), 2.017(4); Pt(1)-P(1), 2.3087(11); Pt(1)-P(2), 2.3137(11); Pt(1)-Br(1), 
2.4879(5); P(2)-Pt(1)-P(1), 174.54(4); C(1)-Pt(1)-P(1), 90.08(12); C(1)-Pt(1)-P(2), 90.34(12); C(1)-Pt(1)-
Br(1), 174.00(12); Br(1)-Pt(1)-P(1), 89.48(3); Br(1)-Pt(1)-P(2), 90.66(3). 
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4.2.3 Combining o-carborane and polyyne chains 

In recent decades there has been much interest in carboranes, which are 

icosahedral cluster compounds consisting of 10 boron atoms and 2 carbon atoms.85 This 

reflects their impact in the fields of medicinal chemistry and materials science, which in 

turn derives from their somewhat nontraditional bonding structures, rich boron content, 

high thermal or chemical stabilities, the 3c-2e– bonds and consequent three-dimensional 

delocalization of skeletal electrons, and the resulting electron-deficient cage systems, 

which makes them attractive targets for incorporation into conjugated polymeric 

systems.86 Additionally, the special reactivity and electron-withdrawing nature of 

carboranes are widely recognized as three-dimensional aromaticity.87 

Previously, alkynes like (p-IC6H4)(C≡C)(p-C6H4I) have been shown to react with 

B10H14·2[S(CH3)2] at 80-85 °C in toluene to give 1,2-bis(4-iodophenyl)-o-carborane 

(see Scheme 4.5).85a Accordingly, the polyynes TESC4TES, TESC8TES, or PtC8Pt

were combined with B10H14·2[S(CH3)2]87 (1.2 eq.) in refluxing toluene. However,

chromatographic workups did not give any well defined products. 

Scheme 4.5. Synthesis of 1,2-bis(4-iodophenyl)-o-carborane. 
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4.2.4 Cobalt catalyzed [2+2+2] cyclolotrimerizations invovling polyyne chains 

The transition metal-catalyzed [2+2+2] cycloaddition reaction is an expedient way 

to prepare six-membered ring systems, such as benzenes, pyridines, and cyclohexadienes, 

starting from alkynes, nitriles, and alkenes.88 In this aspect, cobalt complexes are widely 

used as catalysts, which provide extensive levels of chemo-, regio-, and 

diastereoselectivity. [CpCo(CO)(dimethyl fumarate)] is a new easy-to-handle air-stable 

complex that catalyzes various [2+2+2] cycloadditions without the need for solvent 

purification.89 

This air-stable complex was evaluated as a catalyst for the intramolecular [2+2+2] 

cycloaddition (cyclotrimerization) of the polyynes PtC4H, TESC8TES, PtC6Pt, and 

PtC8Pt under “classical” conditions (in refluxing toluene for several hours, either in the 

dark or under ambient lighting).89 Unfortunately, no trimeric species could be detected 

after the reaction. 

4.3 Discussion 

The reactions of the platnium complexes mentioned above (PtC4H, PtC6TES, 

PtC6Pt, PtC8Pt, PtC10Pt, PtC12Pt) and o-xylylene (generated from either 1,3-

dihydrobenzo[c]thiophene-2,2-dioxide or 1,4-dihydro-2,3-benzoxathiin-3-oxide) were 

analyzed from the standpoint of the formation of cycloadducts using mass spectrometric 

evidence. The conclusions are summarized in Table 4.1. 



103 

As noted above, the generation of o-xylylene from 1,3-dihydrobenzo[c]thiophene-

2,2-dioxide requires a very high thermolysis temperature (>160 °C), which might lead to 

the decomposition of partially platinum capped polyynes (PtC4H, dec pt. 171 °C).20

Nonetheless, the formation of PtC8Pt adducts were evidenced by some mass spectrum 

peaks (2142 ([PtC8Pt+o-xylylene]+; 2244, [PtC8Pt+2(o-xylylene)]+; 2342,

[PtC8Pt+3(o-xylylene)]+), which are shown in Figures 4.4-4.7. However, 1,4-dihydro-

2,3-benzoxathiin-3-oxide can generate o-xylylene at temperatures as low as 80 °C, and 

the formation of PtC4H or PtC6TES adducts were indicated by certain mass spectrum 

peaks (1121, [PtC4H+o-xylylene]+; 1261, ([PtC6TES+o-xylylene]+), which are shown

in Figures 4.2-4.4. With regard to the fully platinum capped polyynes (PtC6Pt, PtC8Pt, 

PtC10Pt, PtC12Pt), 80 °C appears to be insufficient for their activation. In these 

reactions, only dimers which formed from o-xylylene and unreacted diplatinum starting 

materials were detected. Possibly the two bulky endgroups retard the bimolecular rate 

constant, at least until a certain threshold sp carbon chain length is realized. 
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Table 4.1. Diels-Alder cycloadditions of other platinum capped polyyne precursors.  

 
 

aConsistent with peaks observed by mass spectrometry. 

bNone of the peaks on the mass spectra fit a cycloaddition product. 

 

 

 
Figure 4.2. Mass spectrum of proposed product from coupling reactions between 1,4-dihydro-2,3-

benzoxathiin-3-oxide and PtC4H. 
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Figure 4.3. Mass spectrum of proposed product from coupling reactions between 1,4-dihydro-2,3-

benzoxathiin-3-oxide and PtC4H. 

 
Figure 4.4. Simulation of molecular ions of proposed product from coupling between 1,4-dihydro-2,3-

benzoxathiin-3-oxide and PtC4H (See Figures 4.2 and 4.3). 

 
Figure 4.5. Mass spectrum of proposed product from coupling reactions between 1,4-dihydro-2,3-

benzoxathiin-3-oxide and PtC6TES. 
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Figure 4.6. Simulation of molecular ions of proposed product from coupling between 1,4-dihydro-2,3-

benzoxathiin-3-oxide and PtC6TES (see Figure 4.5). 

 
Figure 4.7. Mass spectrum of proposed product from coupling reactions between 1,3-

dihydrobenzo[c]thiophene-2,2-dioxide and PtC8Pt. 

 
Figure 4.8. Mass spectrum of proposed product from coupling reactions between 1,3-

dihydrobenzo[c]thiophene-2,2-dioxide and PtC8Pt. 
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Figure 4.9. Mass spectrum of proposed product from coupling reactions between 1,3-

dihydrobenzo[c]thiophene-2,2-dioxide and PtC8Pt. 

 
Figure 4.10. Simulation of molecular ions of proposed product from 1:1 coupling between 1,3-

dihydrobenzo[c]thiophene-2,2-dioxide and PtC8Pt (see Figure 4.7). 

 
Figure 4.11. Simulation of molecular ions of proposed product from 2:1 coupling between 1,3-

dihydrobenzo[c]thiophene-2,2-dioxide and PtC8Pt (see Figure 4.8). 
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Figure 4.12. Simulation of molecular ions of proposed product from 3:1 coupling between 1,3-
dihydrobenzo[c]thiophene-2,2-dioxide and PtC8Pt (see Figures 4.8 and 4.9).

As detailed in the experimental section, no tractable products could be isolated 

from the reactions between B10H12·2[S(CH3)2] and TESC4TES, TESC8TES, or PtC8Pt. 

In the last case, a considerable amount of PtC8Pt was recovered. In all of the efforts 

directed at catalysis of intermolecular [2+2+2] cycloadditions with [CpCo(CO)(dimethyl 

fumarate)], the polyyne was almost always recovered (PtC4H, TESC8TES, PtC6Pt, 

PtC8Pt). This, the unsaturated substrates selected for this study seem to be very inert 

towards reactions that convert the alkyne linkages to cyclic compounds. 

The proposed mechanism for intermolecular [2+2+2] cycloaddition catalyzed by 

[CpCo(CO)(dimethyl fumarate)] is depicted in Scheme 4.6. The first step generates a 

reactive bis(alkyne) species from the stable precursor molecules. The alkyne ligands 

couple to yield a metallacyclopentadiene. Next, the unsaturated metallacycle react with 

another alkyne reactant in an insertion or cycloaddition reaction, followed by elimination 

from the metal center to furnish the final products, benzene derivatives. Based upon the 

above investigation, the main barrier that stops intermolecular [2+2+2] cycloaddition 
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might be the bulky end groups connected to the triple bond: the very bulky end groups on 

the platinum capped polyynes hinder the initial coordination to the cobalt metal center or 

the further coordination to the cobalt metal center. The net result is that no trimer is 

formed. 

Scheme 4.6. Proposed mechanism for [2+2+2] cycloaddition catalyzed by [CpCo(CO)(dimethyl fumarate)]. 

Before concluding, it should be emphasized that monoplatnium complexes of the 

formula PtCxH (x = 4, 6, 8, 10) do undergo "click chemistry", or copper(I) catalyzed 3+2 

cycloadditions of benzyl azide, as illustrated for a typical case in Scheme 4.7.90 Thus, it 

is not unrealistic to expect cycloaddition chemistry from the above families of polyynes. 
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However, the overall body of results indicates that they are much less reactive than many 

other types of alkynyl compounds. 

Scheme 4.7. A click cycloaddition of PtC4H.

4.4 Summary 

In summary, the feasibility of the Diels-Alder functionalization of polyyne chains 

was evidenced by the reactions of (a) monoplatnium complexes (PtC4H, PtC6TES) and 

o-xylylene (generated from 1,4-dihydro-2,3-benzoxathiin-3-oxide), and (b) diplatnium 

complex PtC8Pt and o-xylylene (generated from 1,3-dihydrobenzo[c]thiophene-2,2-

dioxide). Alternative cyclofunctionalizations involving the polyynes TESC4TES, 

TESC8TES, or PtC8Pt, and B10H14·2[S(CH3)2] were attempted in refluxing toluene. 

However, chromatographic workups did not give any well defined products. Finally, a 

catalyst [CpCo(CO)(dimethyl fumarate)] that was effective in many [2+2+2] 

cycloaddition reactions was applied to the polyynes PtC4H, TESC8TES, PtC6Pt, and 

PtC8Pt under “classical” conditions (refluxing toluene for several hours, either in the 

dark or under ambient lighting). However, no trimeric species could be detected 

afterwards. It is concluded that the steric congestion in these polyynes must be reduced, 
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for example by lengthening the sp carbon chain, so that any interference to cycloaddition 

from the bulky endgroups is minimized. 

4.5 Experimental section 

Reactions were conducted under inert atmospheres. Workups were carried out in 

air unless noted. Chemicals were treated as follows: CH2Cl2 and toluene (for reactions), 

dried and degassed with a Glass Contour solvent purification system; hexanes (98.5%, 

Aldrich), CH2Cl2 (99.5%, EMD; for chromatography), HNEt2 (99.5%, Aldrich), acetone 

(99.5%, Aldrich), toluene (99.5%, EMD), ethyl acetate (99.8%, Aldrich), ethanol (99.8%, 

Aldrich), benzene (99.8%, Aldrich), THF (99%, BDH), DMF (99%, Aldrich), methanol 

(99.9%, BDH), ether (99%, BDH), heptane (99%, Aldrich), 1,2,4-trichlorobenzene (99%, 

Aldrich), AcOH (99.85%, Aldrich), CuCl (99.999%, Acros), CuI (99.999%, Alfa Aesar), 

TMSCl (98+%, Alfa Aesar), TMEDA (99%, Acros), TESC2H (HC≡CSiEt3, 97%, Strem), 

benzyltriethylammonium chloride (99%, Aldrich), n-Bu4NBr (98%, Alfa Aesar), H2O2

(Aldrich), α,α'-dibromo-o-xylene (95%, TCI), sodium sulfide nonahydrate (Aldrich), 

rongalite (95%, TCI), decaborane (technical grade, Aldrich), dimethylsulfide (99%, 

Aldrich), dimethyl fumarate (99%, Acros), CpCo(CO)2 (technical grade, Aldrich), n-

Bu4NF (Acros), diphenylacetylene (99%, Acros), zinc (99.9%, Alfa Aesar), CDCl3 

(Cambridge Isotope Laboratories), used as received. The precursors trans-(C6F5)(p-

tol3P)2Pt(Cl) (PtCl),20 TESC4TES,91 TESC8TES,91 TESC4H,91 and butadiyne64 were

prepared according to the literature. 
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NMR spectra were recorded at ambient probe temperature unless noted using a 

Varian instrument operating at 500.00 (1H), 125.65 (13C{1H}), 202.28 (31P{1H}) or 

470.35 (19F{1H}) 1H, residual internal CHCl3

(7.26); 13C, internal CDCl3 (77.2); 31P, external H3PO4 (0.00); 19F, internal C6F6 (–

162.4). 

trans-(C6F5)(p-tol3P)2Pt(C≡C)2H (PtC4H).20 A Schlenk flask was charged with

PtCl (1.944 g, 1.933 mmol),20 CuI (0.083 g, 0.44 mmol), CH2Cl2 (15 mL), and HNEt2

(110 mL), and cooled to 45 °C (CO2/CH3CN). Then butadiyne (in THF, 11.6 mL, 49.9 

mmol) was added with stirring. The cold bath was allowed to warm to room temperature 

(ca. 3 h). After an additional 3 h, the solvent was removed by oil pump vacuum. The 

residue was extracted with toluene (3 × 25 mL). The combined extracts were filtered 

through a neutral alumina column (10 cm, packed in toluene). The solvent was removed 

by rotary evaporation. The residue was washed with ethanol (25 mL) and dried by oil 

pump vacuum to give PtC4H as an off-white solid (1.589 g, 1.559 mmol, 80%).

NMR (δ, CDCl3): 1H 7.49-7.45 (m, 12H, o to P), 7.09 (d, 3JHH = 7.9 Hz, 12H, m

to P), 2.33 (s, 18H, CH3 p to P), 1.53 (s, 1H, ≡CH); 31P{1H} 18.05 (s, 1JPPt = 2658

Hz65). 

trans-(C6F5)(p-tol3P)2Pt(C≡C)3SiEt3 (PtC6TES).20 A three-neck flask was

charged with PtC4H (2.455 g, 2.409 mmol), TESC2H (2.638 g, 18.84 mmol), and 

acetone (150 mL), and fitted with a gas dispersion tube and a condenser cooled with 
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chilled water. A Schlenk flask was charged with CuCl (0.630 g, 6.36 mmol) and acetone 

(150 mL), and TMEDA (0.400 mL, 2.67 mmol) was added with stirring. After 45 min, 

stirring was halted, and a green solid separated from a blue supernatant. Then O2 was 

bubbled through the three-neck flask with stirring, and the solution was heated to 65 °C. 

After 15 min, the blue supernatant was added in portions. After 3 h, the solvent was 

removed by rotary evaporation. The residue was extracted with hexanes (3 × 50 mL) and 

then benzene (3 × 50 mL). The solvent was removed from the extracts by rotary 

evaporation and oil pump vacuum. The yellow powder was chromatographed on a silica 

gel column (20 cm, 10:90 v/v CH2Cl2/hexanes to elute PtC6TES, 30:70 v/v 

CH2Cl2/hexanes to elute byproduct PtC8Pt (0.5122 g, 0.2516 mmol, 10%)). The first 

band was taken to dryness by oil pump vacuum to give PtC6TES as a yellow powder 

(1.248 g, 1.08 mmol, 45%).  

NMR (δ, CDCl3): 1H 7.48-7.44 (m, 12H, o to P), 7.10 (d, 3JHH = 7.6 Hz, 12H, m 

to P), 2.35 (s, 18H, CH3, p to P), 0.91 (t, 3JHH = 7.9 Hz, 9H, CH2CH3), 0.51 (q, 3JHH = 

7.9 Hz, 6H, SiCH2); 13C{1H} 145.7 (dd, 1JCF = 226 Hz, 2JCF = 19.4 Hz, o to Pt), 140.8 

(s, p to P), 137.9-135.9 (m, p to Pt), 137.3-135.2 (m, m to Pt), 134.2 (virtual t,92 2JCP = 

6.4 Hz, o to P), 128.6 (virtual t,92 3JCP = 5.5 Hz, m to P), 127.1 (virtual t,92 1JCP = 30.3 

Hz, i to P), 103.67 (br s, PtC≡C), 95.37 (s, PtC≡C), 91.19 (s, SiC≡C), 80.33 (s, SiC≡C), 

66.10, 55.89 (2 × s, PtC≡CC≡CSi), 21.3 (s, CH3, p to P), 7.3 (s, CH2CH3), 4.3 (s, 1JCSi = 

56.7 Hz,93 SiCH2); 19F{1H} 117.66 to 117.77 (m, 3JFPt = 292 Hz,65 2F, o to Pt), 
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164.91 to 165.05 (m, 2F, m to Pt), 165.34 (t, 3JFF = 19.4 Hz, 1F, p to Pt); 31P{1H} 

18.06 (s, 1JPPt = 2638 Hz65). 

trans-(C6F5)(p-tol3P)2Pt(C≡C)5SiEt3 (PtC10TES).20 A three necked flask was 

fitted with a gas dispersion tube, charged with PtC6TES (0.388 g, 0.335 mmol) and THF 

(40 mL), and cooled to 0 °C. Then wet n-Bu4NF (1.0 M in THF, 5 wt% water, 0.10 mL, 

0.10 mmol) was added with stirring. After 10 min (TLC, silica gel, 1:9 v/v ethyl 

acetate/hexanes, showed no remaining educts), TMSCl (0.10 mL, 1.2 mmol) and cold 

acetone (0 °C, 90 mL) were added followed by TESC4H (1.066 g, 6.485 mmol). Then O2 

was bubbled through the mixture and the CuCl/TMEDA suspension (7 mL) was added 

with stirring. After 40 min (TLC showed no remaining educts), hexanes (90 mL) were 

added. The dark green suspension was filtered through a pad of silica gel (3 × 10 cm, 

packed in 1:1 v/v acetone/hexanes), which was rinsed (1:1 v/v acetone/hexanes) until the 

filtrate became colorless. The solvents were removed from the filtrate by rotary 

evaporation at 20 °C and the red brown residue was dried by oil pump vacuum and 

chromatographed on a silica gel column (3.5 × 30 cm, packed in hexanes, eluted with 1:2 

v/v CH2Cl2/hexanes). The solvents were removed from the product containing fractions 

by rotary evaporation and oil pump vacuum to give PtC10TES as an orange-yellow solid 

(0.213 g, 0.177 mmol, 53%) and PtC12Pt as a yellow-orange solid (0.051g, 0.025 mmol, 

7.5%).  

NMR (δ, CDCl3): 1H 7.52-7.48 (m, 12H, o to P), 7.15 (d, 3JHH = 7.8 Hz, 12H, m 

to P), 2.38 (s, 18H, CH3, p to P), 1.00 (t, 3JHH = 7.9 Hz, 9H, CH2CH3), 0.64 (q, 3JHH = 
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7.9 Hz, 6H, SiCH2); 13C{1H} 145.7 (dd, 1JCF = 224 Hz, 2JCF = 19.3 Hz, o to Pt), 141.0 

(s, p to P), 137.9-136.1 (dm, 1JCF = 236 Hz, p to Pt), 137.5-135.3 (m, m to Pt), 134.2 

(virtual t,92 2JCP = 6.3 Hz, o to P), 128.7 (virtual t,92 3JCP = 5.5 Hz, m to P), 126.8 

(virtual t,92 1JCP = 30.4 Hz, i to P), 108.02 (br s, 1JCPt = 1001 Hz,65 PtC≡C), 95.01 (s, 

2JCPt = 260 Hz,65 PtC≡C), 89.60 (s, SiC≡C), 84.71 (s, 1JCSi = 73.8 Hz,93 SiC≡C), 66.61, 

64.94, 63.07, 60.26, 59.50, 56.48 (6 × s, PtC≡C(C≡C)3Si), 21.3 (s, CH3, p to P), 7.3 (s, 

CH2CH3), 4.1 (s, 1JCSi = 56.8 Hz,93 SiCH2); 19F{1H} 117.62 to 117.94 (m, 3JFPt = 

292 Hz,65 2F, o to Pt), 164.93 to 165.65 (m, 2F, m to Pt), 165.33 (t, 3JFF = 19.4 Hz, 

1F, p to Pt); 31P{1H} 18.02 (s, 1JPPt = 2615 Hz65). 

trans,trans-(C6F5)(p-tol3P)2Pt(C≡C)3Pt(p-tol3P)2(C6F5) (PtC6Pt).20 A Schlenk 

flask was charged with PtCl (0.5073 g, 0.5045 mmol), HNEt2 (200 mL), and CuCl (0.04 

g, 0.4 mmol). The mixture was stirred until a clear solution formed and was then cooled 

to 45 °C. Another Schlenk flask was charged with PtC6TES (0.5012 g, 0.4332 mmol) 

and CH2Cl2 (20 mL). Then n-Bu4NF (1.0 M in THF/5 wt% H2O, 0.10 mL, 0.10 mmol) 

was added. The solution was stirred for 15 min, cooled to 45 °C, and transferred via 

cannula to the solution of PtCl with stirring. The mixture was allowed to warm to room 

temperature. After 5 d, the solvent was removed by oil pump vacuum. The residue was 

extracted with hexanes (3 × 50 mL) and toluene (3 × 50 mL). The extracts were passed in 

sequence through a neutral alumina column (15 cm, packed in hexanes). The solvent was 

removed from the toluene extracts by rotary evaporation and oil pump vacuum. The 
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residue was chromatographed on a silica gel column (15 cm, 40:60 v/v CH2Cl2/hexanes). 

The yellow band was taken to dryness by oil pump vacuum to give PtC6Pt as a yellow 

powder (0.3028 g, 0.1505 mmol, 35%). The sample was recrystallized from 

CHCl3/methanol. 

NMR (δ, CDCl3): 1H 7.44 (m, 24H, o to P), 7.06 (d, 3JHH = 7.8 Hz, 24H, m to P),

2.29 (s, 36H, CH3); 13C{1H} 145.7 (dd, 1JCF = 226 Hz, 2JCF = 22 Hz, o to Pt), 140.4 (s,

p to P), 137.0 (dm, 1JCF = 235 Hz, p to Pt), 136.5 (dm, 1JCF = 249 Hz, m to Pt), 134.2

(virtual t,92 2JCP = 6.5 Hz, o to P), 128.7 (virtual t,92 3JCP = 5.5 Hz, m to P), 126.8

(virtual t,92 1JCP = 30.5 Hz, i to P), 98.4 (s, PtC≡C), 95.8 (br s, PtC≡C), 61.1 (s, PtC≡CC),

21.3 (s, CH3). MS:94 2014 (PtC6Pt+, 10%), 970 ([(C6F5)(p-tol3P)2Pt]+, 40%), 803 ([(p-

tol3P)2Pt]+, 100%).

trans,trans-(C6F5)(p-tol3P)2Pt(C≡C)4Pt(p-tol3P)2(C6F5) (PtC8Pt).20 A three-

neck flask was charged with PtC4H (1.035 g, 1.016 mmol) and acetone (25 mL), and 

fitted with a gas dispersion tube and a condenser. A Schlenk flask was charged with CuCl 

(0.015 g, 0.15 mmol) and acetone (6 mL), and TMEDA (0.010 mL, 0.060 mmol) was 

added with stirring. After 30 min, stirring was halted, and a green solid separated from a 

blue supernatant. Then O2 was bubbled through the three-neck flask with stirring, and the 

solution was heated to 65 °C. After 10 min, the blue supernatant was added in portions. 

After 1.5 h, the solvent was removed by rotary evaporation. The residue was extracted 

with toluene (2 × 20 mL). The combined extracts were filtered through a neutral alumina 
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column (7 cm, packed in toluene). The solvent was removed by rotary evaporation. 

Ethanol (20 mL) was added, and the yellow powder was collected by filtration and dried 

by oil pump vacuum to give PtC8Pt as a yellow soild (1.005 g, 0.4936 mmol, 97%). 

NMR (δ, CDCl3): 1H 7.43 (m, 24H, o to P), 7.06 (d, 3JHH = 7.8 Hz, 24H, m to P),

2.33 (s, 36H, CH3); 13C{1H} 145.7 (dd, 1JCF = 225 Hz, 2JCF = 22 Hz, o to Pt), 140.6 (s,

p to P), 136.8 (dm, 1JCF = 240 Hz, p to Pt), 136.6 (dm, 1JCF = 248 Hz, m to Pt), 134.2

(virtual t,92 2JCP = 6.2 Hz, o to P), 128.6 (virtual t,92 3JCP = 5.4 Hz, m to P), 127.2

(virtual t,92 1JCP = 30.2 Hz, i to P), 100.6 (s, 1JCPt = 998 Hz,65 PtC≡C), 96.7 (s, 2JCPt =

265 Hz,65 PtC≡C), 64.1 (s, PtC≡CC), 58.1 (s, PtC≡CC≡C), 21.3 (s, CH3); 19F{1H}

117.54 (m, 3JFPt = 292 Hz,65 o to Pt), 165.31 (m, m to Pt), 165.89 (t, 3JFF = 19.3 Hz,

p to Pt). 

trans,trans-(C6F5)(p-tol3P)2Pt(C≡C)5Pt(p-tol3P)2(C6F5) (PtC10Pt).20 A 

Schlenk flask was charged with PtCl (0.5042 g, 0.5014 mmol), HNEt2 (200 mL), and 

CuCl (0.04 g, 0.4 mmol). The mixture was stirred until a clear solution formed and was 

then cooled to 45 °C. Another Schlenk flask was charged with PtC10TES (0.2813 g, 

0.2334 mmol) and CH2Cl2 (20 mL). Then n-Bu4NF (1.0 M in THF/5 wt% H2O, 0.10 mL, 

0.10 mmol) was added. The solution was stirred for 15 min, cooled to 45 °C, and 

transferred via cannula to the solution of PtCl with stirring. The mixture was allowed to 

warm to room temperature. After 5 d, the solvent was removed by oil pump vacuum. The 

residue was extracted with hexanes (3 × 50 mL) and toluene (3 × 50 mL). The extracts 
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were passed in sequence through a neutral alumina column (15 cm, packed in hexanes). 

The solvent was removed from the toluene extracts by rotary evaporation and oil pump 

vacuum. The residue was chromatographed on a silica gel column (15 cm, 40:60 v/v 

CH2Cl2/hexanes). The yellow band was taken to dryness by oil pump vacuum to give 

PtC10Pt as a yellow powder (0.3708 g, 0.1800 mmol, 77%). The sample was 

recrystallized from CHCl3/methanol. 

NMR (δ, CDCl3): 1H 7.43 (m, 12H, o to P), 7.10 (d, 3JHH = 8.0 Hz, 12H, m to P), 

2.34 (s, 18H, CH3, tol), 0.93 (t, 3JHH = 7.8 Hz, 9H, CH2CH3), 0.63 (q, 3JHH = 7.8 Hz, 6 

H, CH2CH3); 31P{1H} 18.0 (s, 1JPPt = 2611 Hz65). 

trans,trans-(C6F5)(p-tol3P)2Pt(C≡C)6Pt(p-tol3P)2(C6F5) (PtC12Pt).20 A three-

neck flask was charged with PtC6TES (0.1007 g, 0.08704 mmol) and acetone (25 mL), 

and fitted with a gas dispersion tube and a condenser. A Schlenk flask was charged with 

CuCl (0.100 g, 1.01 mmol) and acetone (30 mL), and TMEDA (0.060 mL, 0.40 mmol) 

was added with stirring. After 30 min, stirring was halted, and a green solid separated 

from a blue supernatant. Then n-Bu4NF (1.0M in THF/5 wt% H2O, 0.020 mL, 0.020 

mmol) was added to the solution of PtC6TES with stirring. After 20 min, TMSCl (0.011 

mL, 0.086 mmol) was added. Then O2 was bubbled through the solution. After 10 min, 

the blue supernatant was added in portions. The flask was transferred to an oil bath, 

which was heated to 65 °C (ca. 10 min). After 3 h, the solvent was removed by rotary 

evaporation. The residue was extracted with hexanes (3 × 10 mL), which was passed 

through a neutral alumina column (10 cm, packed in hexanes) and discarded, and then 
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with benzene (3 × 10 mL), which was filtered through the same column. The solvent was 

removed by rotary evaporation. Methanol (20 mL) was added, and the yellow powder 

was collected by filtration and dried by oil pump vacuum to give PtC12Pt (0.073 g, 0.035 

mmol, 80%) as an orange solid. 

NMR (δ, CDCl3): 1H 7.43 (m, 24H, o to P), 7.09 (d, 3JHH = 7.8 Hz, 24H, m to P),

2.34 (s, 36H, CH3); 13C{1H} 145.7 (dd, 1JCF = 226 Hz, 2JCF = 22 Hz, o to Pt), 140.9 (s,

p to P), 136.6 (dm, 1JCF = 240 Hz, p to Pt), 136.8 (1JCF = 248 Hz, m to Pt), 134.2 (virtual

t,92 2JCP = 6.5 Hz, o to P), 128.7 (virtual t,92 3JCP = 5.5 Hz, m to P), 126.9 (virtual t,92

1JCP = 29.4 Hz, i to P), 106.5 (s, PtC≡C), 95.5 (s, PtC≡C), 65.7 (s, PtC≡CC), 63.0, 61.0, 

57.1 (3 × s, middle C≡C), 21.3 ppm (s, CH3); MS:94 2085 (PtC12Pt+, 5%).

1,3-Dihydrobenzo[c]thiophene.82 A mixture of α,α'-dibromo-o-xylene (13.22 g, 

0.050 mol) and benzene (50 mL) was stirred until the dibromide dissolved completely. 

Then a solution of sodium sulfide nonahydrate (24.10 g, 0.100 mol) in water (20 mL) and 

benzyltriethylammonium chloride (0.05 g) were added. The mixture was stirred for 30 h 

at 20 °C, and then steam distilled. Benzene distilled off first, and then the 1,3-

dihydrobenzo[c]thiophene was collected under a water layer. The product was separated 

and cooled in the refrigerator giving a brown sticky oil (4.124 g, 30.32 mmol, 61%) that 

was used without additional purification. 

NMR (δ, CDCl3): 1H 7.14 (s, 4H, Ph), 4.45 (s, 4H, CH2).

1,3-Dihydrobenzo[c]thiophene-2,2-dioxide.82 A mixture of 1,3-

dihydrobenzo[c]thiophene (4.083 g, 30.02 mmol) and glacial AcOH (25 mL) was cooled 



 

120 

 

in an ice bath at 5 °C, and a solution of 30% H2O2 (7 mL) was added dropwise over 1 h. 

Then the mixture was stirred for 1 h at 20 °C and 3 h at 95 °C. The mixture was cooled, 

and the crystals that precipitated were collected by filtration, washed with water, dried in 

air, and recrystallized from EtOH to give 1,3-dihydrobenzo[c]thiophene-2,2-dioxide as 

orange needles (4.513 g, 26.86 mmol, 90%).  

NMR (δ, CDCl3): 1H 7.25 (s, 4H, Ph), 4.34 (s, 4H, CH2). 

1,4-Dihydro-2,3-benzoxathiin-3-oxide.83 A suspension of sodium 

hydroxymethane-sulfinate (rongalite) (3.027 g, 25.65 mmol) was stirred with a solution of 

α,α'-dibromo-o-xylene (3.172 g, 12.02 mmol) and n-Bu4NBr (2 mmol) in DMF (20 mL). 

Then water (150 mL) was added, and the solids were removed by filtration. The filtrate was 

extracted with ether. The ether solution was dried (anhydrous magnesium sulfate), and the 

solvent was removed by rotary evaporation to give 1,4-dihydro-2,3-benzoxathiin-3-oxide as a 

colorless oil (1.774 g, 10.56 mmol, 88%). 

NMR (δ, CDCl3): 1H 7.42-7.20 (m, 4H), 5.32 (d, 2JHH = 13.8 Hz, 1H), 4.97 (d, 

2JHH = 13.9 Hz, 1H), 4.41 (d, 2JHH = 15.0 Hz, 1H), 3.55 (d, 2JHH = 14.9 Hz, 1H). 

B10H12·2[S(CH3)2].87 Decaborane (0.3919 g, 3.21 mmol) and dimethylsulfide 

(2.53 mL, 33.5 mmol, 10 fold excess) were added to a 10 mL round bottom flask fitted 

with a condensor under nitrogen. The resulting solution was refluxed for 6 h, cooled to 

room temperature, and allowed to sit under nitrogen for 24 h, after which time white 

crystals had grown. The product crystals were collected by filtration, washed with 

heptane (3 × 30 mL), and dried under vacuum (0.6661 g, 2.708 mmol, 84%). Note: 
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Decaborane and dimethylsulfide both have potent, unpleasant aromas and the 

product B10H12·2[S(CH3)2] was even more noxious. 

[CpCo(CO)(dimethyl fumarate)].89 A solution of dimethyl fumarate (0.0476 g, 

0.3302 mmol), CpCo(CO)2 (0.060 mL, 0.4 mmol), and toluene (30 mL) was flushed with 

nitrogen and refluxed for 3 h under ambient lighting. The mixture was concentrated under 

reduced pressure and the residue was chromatographed on an alumina column (3 cm × 15 

cm, packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 4:6 v/v). The solvent was 

removed from the product containing fractions to give [CpCo(CO)(dimethyl fumarate)] 

as a red solid (0.0938 g, 0.317 mmol, 96%). 

NMR (δ, CDCl3): 1H 4.99 (s, 5H, Cp), 3.86 (d, 3JHH = 10.3 Hz, 1H), 3.71 (s, 3H),

3.61 (s, 3H), 3.28 (d, 3JHH = 10.3 Hz, 1H); 13C{1H} 199.2 (CO), 176.2 (C=O), 175.6

(C=O), 87.2 (Cp), 51.5 (CH3), 51.4 (CH3), 38.2 (CH), 37.1(CH). 

Attempted Diels-Alder cycloaddition of PtC4H. (A) A Schlenk flask was 

charged with PtC4H (0.1022 g, 1.003 mmol), 1,4-dihydro-2,3-benzoxathiin-3-oxide 

(0.0526 g, 0.313 mmol), and toluene (40 mL), and was flushed with nitrogen. The 

mixture was stirred at 110 °C while covered with aluminum foil. After 48 h, the mixture 

was cooled and the solvent was removed by rotary evaporation. The crude residue was 

chromatographed on an alumina column (3 cm × 25 cm, packed with hexanes, eluted 

with CH2Cl2/hexanes 0:1 to 1:1 v/v). The fractions were assayed by mass spectrometry 

(MALDI), and as discussed in chapter 4.4, some peaks were consistent with the target 

molecule. (B) A Schlenk flask was charged with PtC4H, 1,3-dihydrobenzo[c]thiophene-
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2,2-dioxide (ca. 9 fold excess), and 1,2,4-trichlorobenzene (20 mL), flushed with 

nitrogen, and kept at 160 °C in the dark for 1 d. The mixture was cooled to room 

temperature and chromatographed on an alumina column (3 cm × 25 cm, packed with 

hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 v/v). The fractions were checked by 

mass spectrometry (MALDI), and as discussed in chapter 4.4, no target product was 

detected. (C) A Schlenk flask was charged with PtC4H (0.1329 g, 0.1231 mmol), α,α'-

dibromo-o-xylene (ca. 2 fold excess), and THF (20 mL), flushed with nitrogen, and kept 

in an ultrasound bath (42 kHz) with zinc dust (0.0070 g, 0.1072 mmol) in the dark.95 

After 1 h, the solvent was removed by rotary evaporation and the residue was 

chromatographed on an alumina column (3 cm × 25 cm, packed with hexanes, eluted 

with CH2Cl2/hexanes 0:1 to 3:7 v/v). An off-white solid was collected (ca. 60% yield). A 

single crystal was obtained by the slow evaporation of a CH2Cl2/hexanes solution (1:3, 

v/v). The structure proved to be trans-(C6F5)(p-tol3P)2PtBr as described below. 

MS:94 1121 ([PtC4H+o-xylylene]+, 20%), 1019 (PtC4H+, 5%), 970 ([(C6F5)(p-

tol3P)2Pt]+, 10%), 803 ([(p-tol3P)2Pt]+, 100%).

Attempted Diels-Alder cycloaddition of PtC6TES. (A) A Schlenk flask was 

charged with PtC6TES (0.1233 g, 0.1066 mmol), 1,4-dihydro-2,3-benzoxathiin-3-oxide 

(0.0542 g, 0.322 mmol), and toluene (40 mL), and was flushed with nitrogen. The 

mixture was stirred at 100 °C while covered with aluminum foil for 48 h. After cooling, 

the solvent was removed by rotary evaporation and the residue was chromatographed on 

an alumina column (alumina, 3 cm × 25 cm, packed with hexanes, eluted with 
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CH2Cl2/hexanes 0:1 to 1:1 v/v). The fractions were assayed by mass spectrometry 

(MALDI), and as discussed in chapter 4.4, some peaks were consistent with the target 

molecule. (B) A Schlenk flask was charged with PtC6TES, 1,3-dihydrobenzo[c]thio-

phene-2,2-dioxide (ca. 9 fold excess), and 1,2,4-trichlorobenzene (20 mL), flushed with 

nitrogen, and heated to 180 °C in the dark. After 1 d, the mixture was chromatographed 

on an alumina column (3 cm × 25 cm, packed with hexanes, eluted with CH2Cl2/hexanes 

0:1 to 3:7 v/v). The fractions were checked by mass spectrometry (MALDI), and as 

discussed in chapter 4.4, no target product was detected. 

MS:94 1261 ([PtC6TES+o-xylylene]+, 80%), 970 ([(C6F5)(p-tol3P)2Pt]+, 100%).  

Attempted Diels-Alder cycloaddition of PtC8Pt. (A) A Schlenk flask was 

charged with PtC8Pt, 1,4-dihydro-2,3-benzoxathiin-3-oxide (ca. 3 fold excess), and 

toluene (25 mL), flushed with nitrogen, and kept at 100 °C in the dark. After 1 d, the 

solvent was removed by rotary evaporation and the residue was chromatographed on an 

alumina column (alumina, 3 cm × 25 cm, packed with hexanes, eluted with 

CH2Cl2/hexanes 0:1 to 3:7 v/v). The fractions were checked by mass spectometry 

(MALDI), and as discussed in chapter 4.4, no target product was detected. (B) A Schlenk 

flask was charged with PtC8Pt, 1,3-dihydrobenzo[c]thiophene-2,2-dioxide (ca. 9 fold 

excess), and 1,2,4-trichlorobenzene (20 mL), flushed with nitrogen, and kept at 180 °C in 

the dark. After 1 d, the mixture was cooled and chromatographed on an alumina column 

(3 cm × 25 cm, packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 v/v). The 

1,2,4-trichlorobenzene eluted with hexanes, and unreacted PtC8Pt with CH2Cl2. A final 
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elution with methanol gave a yellow solid. The fractions were assayed by mass 

spectometry (MALDI), and as discussed in chapter 4.4, some peaks were consistent with 

the target molecule. 

(a) MS:94 2142 ([PtC8Pt+o-xylylene]+, 5%), 2038 (PtC8Pt+, 100%) . 

(b) MS:94 2342 ([PtC8Pt+3(o-xylylene)]+, 15%), 2244 ([PtC8Pt+2(o-

xylylene)]+, 20%), 2038 (PtC8Pt+, 100%). 

(c) MS:94 2342 ([PtC8Pt+3(o-xylylene)]+, 100%), 2038 (PtC8Pt+, 70%). 

Attempted Diels-Alder cycloaddition of PtC10Pt. A Schlenk flask was charged 

with PtC10Pt, 1,4-dihydro-2,3-benzoxathiin-3-oxide (ca. 3 fold excess), and toluene (25 

mL), flushed with nitrogen, and kept at 100 °C in the dark. After 1 d, the solvent was 

removed by rotary evaporation and the residue was chromatographed on an alumina 

column (3 cm × 25 cm, packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 

v/v). The fractions were checked by mass spectrometry (MALDI), and as discussed in 

chapter 4.4, no target product was detected. (B) A Schlenk flask was charged with 

PtC10Pt, 1,3-dihydrobenzo[c]thiophene-2,2-dioxide (ca. 9 fold excess), and 1,2,4-

trichlorobenzene (20 mL), flushed with nitrogen, and kept at 160 °C in the dark. After 1 

d, the mixture was cooled and chromatographed on an alumina column (3 cm × 25 cm, 

packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 v/v). The fractions were 

checked by mass spectrometry (MALDI), and as discussed in chapter 4.4, no target 

product was detected. 
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Attempted Diels-Alder cycloaddition of PtC12Pt. A Schlenk flask was charged 

with PtC12Pt, 1,4-dihydro-2,3-benzoxathiin-3-oxide (ca. 3 fold excess), and toluene (25 

mL), flushed with nitrogen, and kept at 100 °C in the dark. After 1 d, the solvent was 

removed by rotary evaporation and the residue was chromatographed on an alumina 

column (3 cm × 25 cm, packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 

v/v). The fractions were checked by mass spectrometry (MALDI), and as discussed in 

chapter 4.4, no target product was detected. (B) A Schlenk flask was charged with 

PtC12Pt, 1,3-dihydrobenzo[c]thiophene-2,2-dioxide (ca. 9 fold excess), and 1,2,4-

trichlorobenzene (20 mL), flushed with nitrogen, and kept at 160 °C in the dark. After 1 

d, the mixture was cooled and chromatographed on an alumina column (3 cm × 25 cm, 

packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 v/v). The fractions were 

checked by mass spectrometry (MALDI), and as discussed in chapter 4.4, no target 

product was detected. 

Attempted Diels-Alder cycloaddition of diphenylacetylene A Schlenk flask was 

charged with diphenylacetylene (0.1522 g, 0.8551 mmol), 1,4-dihydro-2,3-benzoxathiin-

3-oxide (0.5032 g, 2.995 mmol), and toluene (40 mL), and was flushed with nitrogen. 

After 3 h, another portion of 1,4-dihydro-2,3-benzoxathiin-3-oxide (0.5102 g, 3.037 

mmol) was added with stirring. The mixture was stirred at 120 °C in the dark (flask 

covered with aluminum foil). After 24 h, the mixture was cooled and filtered. The solvent 

was removed from the filtrate by rotary evaporation. The residue was washed with 

toluene (25 mL) and dried by oil pump vacuum to give an off-white solid. This unknown 
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material looked like rubber and did not dissolve in water, toluene, hexanes, CH2Cl2, 

petroleum ether, DMF, or DMSO at room temperature. 

Addition of TESC4TES and B10H12·2[S(CH3)2]. TESC4TES (0.0486 g, 0.175 

mmol, 1.0 eq.) and B10H12·2[S(CH3)2] (0.0499 g, 0.203 mmol, 1.2 eq.) were combined 

in a round bottom flask fitted with a condenser under nitrogen. Then dry toluene (15 mL) 

was injected via syringe to give a dark red-tan mixture. The mixture was refluxed for 24 

h, affording a dark red supernatant with a small amount of precipitate. The mixture was 

concentrated by rotary evaporation and chromatographed on an alumina column (3 cm × 

15 cm, packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 v/v). The solvent 

was removed from the colored fractions. A 1H NMR spectrum of the residue did not 

show the usual broad peaks indicative of an o-carborane (δ 1.60-3.70).96 

Addition of TESC8TES and B10H12·2[S(CH3)2]. TESC8TES (0.0534 g, 0.164 

mmol, 1.0 eq.) and B10H12·2[S(CH3)2] (0.0502 g, 0.204 mmol, 1.2 eq.) were combined 

in a round bottom flask fitted with a condenser under nitrogen. Then dry toluene (10 mL) 

was injected via syringe to give a dark red-tan mixture. The mixture was refluxed for 24 

h, affording a dark red supernatant with a small amount of precipitate. The mixture was 

concentrated by rotary evaporation and chromatographed on an alumina column (3 cm × 

15 cm, packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 v/v). The solvent 

was removed from the colored fractions. A 1H NMR spectrum of the residue did not 

show the usual broad peaks indicative of an o-carborane (δ 1.60-3.70).96 
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Addition of PtC8Pt and B10H12·2[S(CH3)2]. PtC8Pt (0.2863 g, 0.1406 mmol, 

1.0 eq.) and B10H12·2[S(CH3)2] (0.0336 g, 0.137 mmol, 1.0 eq.) were combined in a 

round bottom flask fitted with a condenser under nitrogen. Then dry toluene (20 mL) was 

injected via syringe to give an brownish-tan mixture. The reaction was refluxed for 3 d, 

affording a dark brown supernatant with a small amount of precipitate. The mixture was 

concentrated by rotary evaporation and chromatographed on an alumina column (3 cm × 

15 cm, packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 v/v). The mixture 

showed a strong new TLC spot that fluoresced yellow against a handheld UV lamp. 

However, this was not found again in any of the fractions from the column. Most of the 

PtC8Pt (0.2528 g, 0.1241 mmol, 88%) was recovered. 

Attempted [2+2+2] cycloaddition of PtC4H. A solution of [CpCo(CO)(dimethyl 

fumarate)] (0.0053 g, 0.018 mmol), PtC4H (0.1507 g, 0.1479 mmol), and toluene (10 

mL) was refluxed for 6 h, both in the dark and under ambient lighting. The mixture was 

concentrated under reduced pressure and the residue was chromatographed on an alumina 

column (3 cm × 15 cm, packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 

v/v). Most of the PtC4H (0.1236 g, 0.1213 mmol, 82%) was recovered. 

Attempted [2+2+2] cycloaddition of TESC8TES. A solution of 

[CpCo(CO)(dimethyl fumarate)] (0.0088 g, 0.030 mmol), TESC8TES (0.2007 g, 0.6156 

mmol), and toluene (10 mL) was refluxed overnight in the dark. A light yellow TLC band 

was found as shown in Figure 4.13. The mixture was concentrated under reduced 

pressure and the residue was chromatographed on an alumina column (3 cm × 15 cm, 
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packed with hexanes, eluted with CH2Cl2/hexanes 0:1 to 3:7 v/v). However, the TLC 

band was not found in any of the fractions from the column. 

                                
                                              Before reaction;                                After reaction. 

Figure 4.13. TLC data. 

 

Attempted [2+2+2] cycloaddition of PtC6Pt. A solution of 

[CpCo(CO)(dimethyl fumarate)] (0.0038 g, 0.013 mmol), PtC6Pt (0.2177 g, 0.1082 

mmol), and toluene (30 mL) was refluxed for 6 h both in the dark and under ambient 

lighting. The mixture was concentrated under reduced pressure and the residue was 

chromatographed on an alumina column (3 cm × 15 cm, packed with hexanes, eluted 

with CH2Cl2/hexanes 0:1 to 3:7 v/v). Most of the PtC6Pt (0.1611 g, 0.080 mmol, 74%) 

was recovered. 

Attempted [2+2+2] cycloaddition of PtC8Pt. A solution of 

[CpCo(CO)(dimethyl fumarate)] (0.0048 g, 0.016 mmol), PtC8Pt (0.2471 g, 0.1213 

mmol), and toluene (30 mL) was refluxed for 6 h both in the dark and under ambient 

lighting. The mixture was concentrated under reduced pressure and the residue was 

chromatographed on an alumina column (3 cm × 15 cm, packed with hexanes, eluted 
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with CH2Cl2/hexanes 0:1 to 3:7 v/v). Most of the PtC8Pt (0.2026 g, 0.0995 mmol, 82%) 

was recovered. 

4.6 Crystallography 

A CH2Cl2/hexanes (1:3 v/v) solution of the product from the attempted Diels-

Alder cycloaddition of PtC4H (method C) was kept in the dark. After 7 d, data were 

collected on a colorless thin plate per Table 4.2. Cell parameters were obtained from 180 

data frames using a 0.5° scan and refined with 133166 reflections using the program Cell 

Now.97 Integrated intensity information for each reflection was obtained by reduction of 

the data frames with APEX2.36 Data were scaled, and absorption corrections were 

applied using the program SADABS.37 The structure was solved by direct methods using 

XT/XS and refined (weighted least squares refinement on F2).38,39 Non-hydrogen atoms 

were refined with anisotropic thermal parameters. Hydrogen atoms were placed in 

idealized positions and were set riding on the parent atoms. PLATON was used to verify 

the absence of additional symmetry or voids.40 Olex2 was employed for the final data 

presentation and structure plots.39
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Table 4.2. Summary of crystallographic data 

Complex PtBr 

Empirical formula C48H42BrF5P2Pt 

Formula weight 1050.75 

Diffractometer BRUKER GADDS 

Temperature [K] 110.15 

Wavelength [Å] 1.54178 

Crystal system Orthorhombic 

Space group Pbcn 

Unit cell dimensions 

   a [Å] 31.3544(13) 

   b [Å] 12.2773(5) 

   c [Å] 25.2388(10) 

    [°] 90 

    [°] 90 

    [°] 90 

Volume [Å3] 9715.6(7) 

Z 8 

ρcalcd [mg/m3] 1.437 

Absorption coefficient [mm-1] 7.394 

F(000) 4144 

Crystal size[mm3] 0.08 × 0.07 × 0.04 

Θ range of data collection [°] 1.41 to 60.81 

Index ranges 35≤h≤35,  

13≤k≤13, 

28≤l≤28 

Reflections collected 133166 

Independent reflections 7317 [R(int) = 0.0589] 

Completeness to Θ 83.0 % (67.679) 

Max. and min. transmission 0.7519 and 0.4638 

Data / restraints / parameters 7317 / 0 / 520 

Goodness-of-fit on F2 1.038 

Final R indices [I>2σ(I)] 

R1 0.0276 

wR2 0.0885 

R indices (all data) 

R1 0.0342 

wR2 0.0981 

Largest diff. peak and hole [e.Å-3]   0.575 and 1.595 
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5. SUMMARY AND CONCLUSIONS 

 

5.1 Summary 

Section 1 briefly introduces the concepts of atropisomerism and graphene. The 

work in this dissertation mainly sets out results of investigations to prepare inorganic 

atropisomers derived from square planar metal complexes. 

Section 2 described the syntheses and structural characterizations of sterically 

congested diplatinum ethynediyl adducts, such as trans,trans-(C6F5)(p-tol3P)(Me2PhP)-

Pt(CC)Pt(PPhMe2)(Pp-tol3)(C6F5), which feature two different phosphine ligands on 

each platinum endgroup. Interestingly, the square planes are nearly perpendicular in the 

crystal. The low temperature 1H NMR spectra were further studied in hope of observing 

separate signals for the Me2PhP groups which would indicate a diastereotopic 

relationship and provide strong evidence for the first atropisomers based upon cojoined 

square planar complexes. Although the conditions appear conducive to atropisomerism, 

apparently rotation about the PtCCPt linkage remains rapid on the NMR time scale. 

 Section 3 extended the chemistry of section 2 to include square planar diplatinum 

butadiynediyl complexes. The heterocoupling of platinum chloride and butadiynyl 

complexes (cat. CuI, HNEt2) gives the target complexes, but with scrambling of the two 

unlike phosphine ligands on each precursor over all four positions (5-6 isomers). These 

are separated and structurally characterized, but low temperature NMR spectra do not 

reveal any dynamic processes. 
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The goal of section 4 was to investigate the reactivity of the CC of the platinum 

capped polyyne chains by various cycloaddition processes: (1) the feasibility of Diels-

Alder functionalization of polyyne chains to achieve graphene-like structures; (2) the 

combination with attractive o-carboranes; (3) the intramolecular [2+2+2] cycloaddition 

(cyclotrimerization) catalyzed by [CpCo(CO)(dimethyl fumarate)]. 

 

5.2 Conclusions 

The studies in this dissertation have carefully investigated the scope of 

atropisomerism based upon cojoined square planar complexes. In the present case, Pp-

tol3 and PPhMe2 are quite "similar" phosphines, with respective Tolman cone angles of 

145° and 122° (∆ = 23°, from a range extending from 101 to 212°), and respective 

Tolman electronic parameters of 2066.7 and 2064.8 cm-1 (∆ = 1.9 cm-1, from a range 

extending from 2056 to 2110 cm-1). Future studies could focus on more different and 

complementary phosphanes, like P(OR)3, PMe2(NR2), P(NR2)3 and PMe2(OR). The 

ligand scrambling might be facilitated by a relative electron deficiency of the Pt(II) 

centers brought about by the C6F5 ligands. Any way to disfavor ligand dissociation 

should prove beneficial, such as enhancing/tuning the electron donating character of the 

phosphine ligands, or enhancing their mutual affinity across the metal through push-pull 

electronic complementarity. For this purpose as well, more complementary phosphanes 

like P(OR)3, PMe2(NR2), P(NR2)3 and PMe2(OR), could be selected. Another way to 

solve the ligand scrambling could be addressed by using trans-chelating ligands with 
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optimal bridge length between the two phosphorus atoms or using dissymmetrical pincer 

ligands connecting the two phosphorus moieties to the Ar ligand at the meta positions. 

Finally, a more in depth study into shortening the metal-metal distance could be the next 

step. In this context, the replacement of Pt(II) by Ni(II) could be considered. The metal 

fragment might be changed to one that could accept a mono-atomic spacer, such as a 

carbon or C1 ligand :C:. Here, the bonding might resemble that of an allene, which can 

also exhibit axial chirality. 
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APPENDIX A 

 

Figure A-1. 1H NMR spectrum of 2 (500 MHz, CDCl3). 

 

Figure A-2. 31P{1H} NMR spectrum of 2 (202 MHz, CDCl3). 
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Figure A-3. 1H NMR spectrum of 3 (500 MHz, CDCl3;  = impurity peak). 

 

 

Figure A-4. 31P{1H} NMR spectrum of 3 (202 MHz, CDCl3;  = impurity peak). 
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Figure A-5. 1H NMR spectrum of 4 (500 MHz, CDCl3;  = impurity peak). 

 

Figure A-6. 31P{1H} NMR spectrum of 4 (202 MHz, CDCl3;  = impurity peak). 
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Figure A-7. 1H NMR spectrum of 5 (500 MHz, CDCl3;  = impurity peak). 

 

 

Figure A-8. 31P{1H} NMR spectrum of 5 (202 MHz, CDCl3).
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Figure A-9. TLC plate associated with the synthesis of 4 and 5 (experimental section). 
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APPENDIX B 

 
Figure B-1. Variable temperature 31P{1H} NMR spectra of Pt'C4Pt'-b (CD2Cl2) showing the lifting of the 

chemical shift degeneracy of the p-tol3P and (p-t-BuC6H4)2PhP ligands. 
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Figure B-2. Variable temperature1H NMR spectra of Pt'C4Pt'-d (partial, CDFCl2). 
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Figure B-3. 1H{31P} NMR (top) and 1H NMR (bottom) spectra of Pt'C4Pt'-d (CDCl3). 

 
Figure B-4. 31P{1H} NMR spectrum of 1 (CDCl3). 
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Figure B-5. Partial 1H NMR spectrum of PtC4Pt"-b (partial, CDCl3). 

 

 

 
Figure B-6. 31P{1H} NMR spectrum of PtC4Pt"-b (CDCl3). 
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Figure B-7. Space-filling representation of 1. 

 

 

 
Figure B-8. Space-filling representation of Pt"Cl-e. 
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Figure B-9. Space-filling representation of Pt'C4H-a. 

 

 
Figure B-10. Space-filling representation of Pt'C4Pt'-a. 
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Figure B-11. Space-filling representation of Pt'C4Pt'-b. 

 
Figure B-12. Space-filling representation of Pt'C4Pt'-c. 
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Figure B-13. Space-filling representation of Pt'C4Pt'-d. 

 
Figure B-14. Space-filling representation of PtC4Pt"-b. 




