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Abstract 
 

Synthetic methods are presented for the preparation of various substituted 

bis(phosphino)borates.  A relatively general protocol based on the delivery of a 

nucleophilic phosphine-containing carbanion to a borane electrophile has been 

developed.  Preparative methods for the synthesis of substituted diarylchloroboranes from 

dimethyldiaryltin reagents provide the borane electrophiles.  Methyldialkyl- or 

methyldiarylphosphines are selectively deprotonated at the phosphine-methyl using alkyl 

lithium bases to form the carbanion nucleophiles.  The reaction of diverse phosphine-

containing carbanions with diarylchloroboranes results in bis(phosphino)borates 

selectively substituted at the borate, at the phosphine, or at both positions.  In addition to 

the generated lithium salts of the bis(phosphino)borates, cation-exchange protocols 

provide methods for preparing ammonium and thallium bis(phosphino)borate salts.  

Structural data for some of these derivatives are presented. 

 The electronic properties of transition metals coordinated by 

bis(phosphino)borates are explored through NMR and IR spectroscopies.  The 

spectroscopic features of platinum(II) dimethyl and methyl carbonyl complexes are 

examined for trends based on the substitution pattern of the (phosphino)borate ligand.  

These trends indicate that phosphine substituents have a more significant impact than 

borate substituents on electronics of the metal center.  Structural and spectroscopic 

comparisons of structurally similar platinum(II) dimethyl and methyl carbonyl complexes 

indicate that the anionic bis(phosphino)borate ligand renders platinum(II) more electron-

rich than structurally similar neutral phosphine donors.  Related spectroscopic studies of 
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anionic and neutral molybdenum(0) tetracarbonyl complexes provide results analogous to 

those found when comparing neutral and cationic platinum(II) systems. 

Comparative studies on the ligand exchange and benzene C-H activation 

chemistry of structurally similar platinum(II) complexes convey the similarities and 

differences between zwitterionic and cationic systems.  Examination of THF ligand self-

exchange by magnetization transfer shows a change in mechanism between the neutral 

and cationic species.  Both bis(phosphino)borate-ligated and neutral bis(phosphine) 

platinum methyl solvento complexes undergo a benzene C-H activation to form the 

corresponding phenyl solvento complex; however, the rates of reaction and ultimate 

products differ.  Extensive isotopic studies indicate that the zwitterionic system forms 

observable intermediates prior to benzene C-H activation, some of which are attributable 

to ligand metalation processes.   

Structural and spectroscopic studies of a phenyl-substituted tris(phosphino)borate 

on platinum are presented.  Alkyl- and hydride-containing platinum(II) and platinum(IV) 

species have been synthesized.  The structural and spectroscopic features of these 

complexes are compared to related tris(pyrazolyl)borate systems on platinum. 

Coordination and reaction chemistry of an isopropyl-substituted 

tris(phosphino)borate on nickel are discussed.  Complexes in the Ni(II), Ni(I), and Ni(0) 

oxidation states have been prepared.  This system is compared through structural, 

spectroscopic, and electrochemical methods to related phenyl-substituted 

tris(phosphino)borate chemistry on nickel.  Reactivity studies aimed at preparing Ni(III) 

and Ni(IV) complexes containing metal-ligand multiple bonds through group-transfer 



 ix

reactions are presented.  Theoretical studies using density functional methods are used to 

probe several target species containing multiply-bonded ligands. 

The coordination chemistry of copper(I) is explored using bis(phosphino)borates.  

Both aryl- and alkyl-substituted bis(phosphino)borates provide access to copper(I) 

complexes.  A tert-butyl-substituted bis(phosphino)borate is particularly useful for 

preparing a family of three-coordinate compounds.  The spectroscopic and structural 

features of these complexes are compared with similar, previously described examples. 



 x

Table of Contents 
 
Acknowledgments .................................................................................................... iii 
Abstract..................................................................................................................... vii 
Table of Contents ..................................................................................................... x 
List of Figures........................................................................................................... xiv 
List of Tables ............................................................................................................ xviii 
List of Abbreviations and Nomenclature............................................................... xx 
Dedication ................................................................................................................. xxiii 
  
Chapter 1.  Background and context for the development of 
(phosphino)borate ligands....................................................................................... 1 

1.1.  Introduction................................................................................................. 2 
1.2.  Neutral ligands/cationic complexes versus anionic ligands/neutral 
complexes ........................................................................................................... 3 
1.3.  Comparison to other ligands....................................................................... 4 
1.4.  The zwitterionic description of (phosphino)borate-metal complexes ........ 6 
1.5.  Chapter summary........................................................................................ 9 
References cited.................................................................................................. 11 

  
Chapter 2.  Bis(phosphino)borates: a new family of monoanionic chelating 
phosphine ligands..................................................................................................... 16 

2.1.  Introduction................................................................................................. 17 
2.2.  Results and discussion ................................................................................ 20 

2.2.1.  Boron synthons................................................................................. 20 
2.2.2.  Phosphine synthons .......................................................................... 23 
2.2.3.  Bis(phosphino)borates: substitution at boron................................... 25 
2.2.4.  Bis(phosphino)borates: substitution at phosphorus.......................... 27 
2.2.5.  Generation of ammonium and thallium salts.................................... 30 
2.2.6.  Structural and spectroscopic data for bis(phosphino)borates........... 34 

2.3.  Conclusion .................................................................................................. 38 
2.4.  Experimental section .................................................................................. 39 

2.4.1.  General considerations ..................................................................... 39 
2.4.2.  Starting materials and reagents......................................................... 41 
2.4.3.  Syntheses of compounds .................................................................. 41 
2.4.4.  X-ray experimental information ....................................................... 67 

References cited.................................................................................................. 69 
  
Chapter 3.  Electronic studies of bis(phosphino)borate ligands on transition 
metals ........................................................................................................................ 76 

3.1.  Introduction................................................................................................. 77 
3.1.1.  Background....................................................................................... 77 
3.1.2.  Spectroscopic studies of metal complexes as electronic probes ...... 77 

3.2. Results and discussion ................................................................................. 80 
3.2.1.  Preparation and characterization of neutral platinum methyl 
carbonyl complexes ..................................................................................... 80 



 xi

3.2.2.  Synthesis and characterization of structurally analogous neutral 
and cationic platinum complexes ................................................................ 83 
3.2.3.  Structural and NMR comparisons of 3.1, 3.24, 3.25, and 3.11 ........ 86 
3.2.4.  Synthesis and characterization of charge-differentiated metal 
carbonyl complexes ..................................................................................... 89 
3.2.5.  Discussion of cationic versus neutral complexes ............................. 91 

3.3.  Conclusions................................................................................................. 94 
3.4.  Experimental section .................................................................................. 95 

3.4.1.  General considerations ..................................................................... 95 
3.4.2.  Starting materials and reagents......................................................... 95 
3.4.3.  Syntheses of compounds .................................................................. 96 
3.4.4.  X-ray experimental information ....................................................... 112 

References cited.................................................................................................. 113 
  
Chapter 4.  Zwitterionic and cationic bis(phosphine) platinum(II) 
complexes: comparative studies relevant to ligand exchange and benzene 
C-H activation processes ......................................................................................... 116 

4.1.  Introduction................................................................................................. 117 
4.2.  Results and discussion ................................................................................ 119 

4.2.1.  Syntheses of methyl solvento and phenyl solvento complexes........ 119 
4.2.2.  Determination of relative THF ligand exchange rates for 3.11 
and 3.26 ....................................................................................................... 121 
4.2.3.  Bond activation reaction pathways of methyl solvento 
complexes 3.11, 3.26, and 3.27 ................................................................... 126 
4.2.4.  Benzene C-H bond activation kinetics for 3.11, 3.26, and 3.27....... 130 
4.2.5.  Examination of alternative donor ligands for benzene C-H 
activation ..................................................................................................... 133 
4.2.6.  Isotopic incorporation into methane byproduct................................ 136 
4.2.7.  Spectral analysis of zwitterionic 3.11 in C6D6 – evidence for 
intermediate Pt(IV) species arising from reversible ligand metalation 
processes...................................................................................................... 138 
4.2.8.  Preparation of the 13C-labeled complex 
[Ph2BP2]Pt(13CH3)(THF) (3.11-13CH3) and its characterization by 
NMR spectroscopy in benzene-d6 at 25 °C ................................................. 142 
4.2.9.  Spectroscopic characterization, and benzene reaction chemistry 
of the d20-labeled complex [Ph2B(CH2P(C6D5)2)2]Pt(Me)(THF) 
(3.11-d20) ..................................................................................................... 144 

4.3.  Mechanistic discussion ............................................................................... 146 
4.3.1.  Comparative aspects of benzene C-H activation chemistry 
exhibited by 3.11 and 3.26 .......................................................................... 146 
4.3.2.  Evidence for reversible ligand metalation processes operative in 
the chemistry of neutral 3.11 ....................................................................... 148 
4.3.3.  Overall mechanistic summary .......................................................... 150 

4.4.  Experimental section .................................................................................. 157 
4.4.1.  General considerations ..................................................................... 157 
4.4.2.  Starting materials and reagents......................................................... 158 



 xii

4.4.3.  Syntheses of compounds .................................................................. 158 
4.4.4.  Kinetic methodology ........................................................................ 171 
4.4.5.  X-ray experimental information ....................................................... 172 

References cited.................................................................................................. 173 
  
Chapter 5.  Platinum-alkyl and hydride complexes supported by the 
monoanionic tris(phosphino)borate ligand [PhB(CH2PPh2)3]- ............................ 179 

5.1.  Introduction................................................................................................. 180 
5.2.  Results and discussion ................................................................................ 181 

5.2.1.  Synthesis of a platinum(IV) trimethyl complex ............................... 181 
5.2.2.  Attempts to synthesize [PhBP3]PtCl3 ............................................... 184 
5.2.3.  Synthesis and reactivity of platinum(II) complexes......................... 185 
5.2.4.  Protection of the unchelated phosphine............................................ 189 
5.2.5.  Formation of a dimeric platinum(I) bridged hydride complex......... 191 

5.3.  Conclusions................................................................................................. 193 
5.4.  Experimental section .................................................................................. 194 

5.4.1.  General considerations ..................................................................... 194 
5.4.2.  Starting materials and reagents......................................................... 194 
5.4.3.  Syntheses of compounds .................................................................. 194 
5.4.4.  X-ray experimental information ....................................................... 199 

References cited.................................................................................................. 200 
  

Chapter 6.  Ni(II), Ni(I), and Ni(0) complexes supported by the isopropyl-
substituted tris(phosphino)borate, [PhB(CH2PiPr2)3]- ......................................... 204 

6.1.  Introduction................................................................................................. 205 
6.2.  Results and discussion ................................................................................ 207 

6.2.1.  Synthesis and characterization of pseudo-tetrahedral 
[PhBP3]NiX and [PhBPiPr

3]NiX complexes ................................................ 207 
6.2.2.  Electrochemical data for divalent complexes................................... 209 
6.2.3.  Chemical reduction and metathesis of [PhBPiPr

3]NiCl..................... 211 
6.2.4.  Synthesis and characterization of [PhBPiPr

3]NiIL complexes .......... 215 
6.2.5.  Access to the Ni(0) state................................................................... 217 
6.2.6.  Synthetic attempts to generate Ni=E/Ni≡E bonds............................ 220 
6.2.7.  Theoretical considerations................................................................ 222 

6.3.  Conclusions................................................................................................. 229 
6.4.  Experimental section .................................................................................. 229 

6.4.1.  General considerations ..................................................................... 229 
6.4.2.  Starting materials and reagents......................................................... 230 
6.4.3.  Syntheses of compounds .................................................................. 230 
6.4.4.  Computational methods.................................................................... 236 
6.4.5.  X-ray experimental information ....................................................... 236 

References cited.................................................................................................. 238 
  
  
  
  



 xiii

Chapter 7.  Three-coordinate copper(I) supported by bis(phosphino)borate 
ligands ....................................................................................................................... 243 

7.1.  Introduction................................................................................................. 244 
7.2.  Results and discussion ................................................................................ 245 

7.2.1.  Copper(I) complexes containing halides .......................................... 245 
7.2.2.  Neutral three-coordinate acetonitrile copper(I) complexes .............. 250 
7.2.3.  Substitution chemistry of the sterically encumbered complex 
7.7 ................................................................................................................ 253 

7.3.  Conclusions................................................................................................. 258 
7.4.  Experimental section .................................................................................. 259 

7.4.1.  General considerations ..................................................................... 259 
7.4.2.  Starting materials and reagents......................................................... 259 
7.4.3.  Syntheses of compounds .................................................................. 259 
7.4.4.  X-ray experimental information ....................................................... 268 

References cited.................................................................................................. 269 
 
 

 



 xiv

List of Figures 
 

Chapter 1.  Background and context for the development of 
(phosphino)borate ligands  

Figure 1.1.  Structural representations of known tris(phosphino)borates (A),  
bis(phosphino)borates (B), and mono(phosphino)borates (C and D)........................ 2 

Figure 1.2.  Generalized representations of a group ten (A) cationic metal 
complex with a borate counteranion coordinated by a neutral bis(phosphine) 
and (B) neutral metal complex coordinated by a bis(phosphino)borate .................... 4 

Figure 1.3.  Previously described monoanionic phosphines...................................... 5 

Figure 1.4.  Structural representations of other borate based ligands........................ 6 

Figure 1.5.  Selected resonance forms for (A) bis(pyrazolyl)borates and (B) 
bis(phosphino)borates ................................................................................................ 7 

  

Chapter 2.  Bis(phosphino)borates: a new family of monoanionic chelating 
phosphine ligands  

Figure 2.1.  Development of anionic bidentate phosphines by covalently linking 
a borate into the ligand............................................................................................... 17 

Figure 2.2.  Representative drawings of the bis(phosphino)borates discussed.......... 19 

Figure 2.3.  Preparation of dimethyldiaryltin reagents containing various 
functional aryl groups ................................................................................................ 21 

Figure 2.4.  Preparation of diarylchloroboranes containing various functional 
aryl groups ................................................................................................................. 23 

Figure 2.5.  Protected alkyl bis(phosphino)borates 2.37 and 2.38............................. 29 

Figure 2.6.  31P{1H} NMR spectra of 2.25[Tl] at -65, -40, -20, 0, 25 and 55 ºC....... 33 

Figure 2.7.  Displacement ellipsoid representation (50%) of 
[Ph2B(CH2PPh2)2][Li(TMEDA)2] (2.25[Li])............................................................. 35 

Figure 2.8.  (A) Displacement ellipsoid representation (50%) of 
{[Ph2B(CH2PPh2)2][Tl]}n (2.25[Tl]), showing two anionic bis(phosphino)borate 
units and one interconnecting thallium.  (B)  Expanded view of the thallium 
coordination sphere.................................................................................................... 36 

Figure 2.9.  Displacement ellipsoid representation (50%) of (A) 
[Ph2B(CH2PiPr2)2][Li(THF)2] (2.39[Li]) and (B) [Ph2B(CH2PtBu2)2][Li(OEt2)] 
(2.40[Li]).................................................................................................................... 37 

Figure 2.10.  (A) Displacement ellipsoid representation (50%) of 
[(m,m-(CH3)2Ph)2B(CH2PtBu2)2][Tl] (2.41[Tl]).  (B) Intermolecular interactions 
within the asymmetric unit, emphasizing the thallium coordination sphere ............. 38 

  



 xv

Chapter 3.  Electronic studies of bis(phosphino)borate ligands 
on transition metals  

Figure 3.1.  Ligands used for studying structurally similar metal complexes ........... 84 

Figure 3.2.  Displacement ellipsoid representations (50%) of  
[[Ph2BP2]Pt(Me)2][ASN] (3.1), (Ph2SiP2)PtMe2·toluene (3.24·toluene), 
(dppp)PtMe2 (3.25), and [Ph2BP2]Pt(Me)(THF)·2THF (3.11·2THF) ....................... 87 

Figure 3.3.  Packing diagram displaying the location of the [ASN] cation 
between adjacent platinum dimethyl and borate units of 3.1..................................... 88 

  

Chapter 4.  Zwitterionic and cationic bis(phosphine) platinum(II) 
complexes: comparative studies relevant to ligand exchange and benzene 
C-H activation processes  

Figure 4.1.  Labeling scheme for the phosphine ligands featured in this chapter 
and the model benzene C-H activation reaction used for the comparative study...... 119 

Figure 4.2.  (a) Plot of kex versus THF equivalents for [Ph2BP2]Pt(Me)(THF) 
(3.11, ×), [Ph2B(CH2P(C6D5)2)2]Pt(Me)(THF) (3.11-d20, ♦), and 
[(Ph2SiP2)Pt(Me)(THF)]+

 (3.26, o).  (b) Eyring plot of ln(kB/T) versus 1000/T 
for neutral methyl solvento complex 3.11 (×) and ln(kSi/T) versus 1000/T 
cationic methyl solvento complex 3.26 (o)................................................................ 123 

Figure 4.3.  Reaction of zwitterionic 3.11 with E-H bonds (E = H, Si, B)................ 127 

Figure 4.4.  Displacement ellipsoid representation (50%) of {[Ph2BP2]Pt(µ-H)}2 
(4.8)............................................................................................................................ 127 

Figure 4.5.  Structural representation of 
[{(Ph2SiP2)Pt}2(µ-η3:η3-biphenyl)][B(C6F5)4]2·4(o-xylene) (4.9·4(o-xylene))......... 129 

Figure 4.6.  Representative plots of (a) [Ph2BP2]Pt(Me)(THF) (3.11) in C6H6 
(♦) and C6D6 (×) acquired at 45 ºC, and (b) [(Ph2SiP2)Pt(Me)(THF)]+

 (3.26) in 
C6H6 (♦) and C6D6 (×) acquired at 55 ºC .................................................................. 132 

Figure 4.7.  Representative plots of (a) [Ph2BP2]Pt(Me)(THF) (3.11) (♦) and 
[(Ph2SiP2)Pt(Me)(THF)]+

 (3.26) (×) in C6D6 acquired at 55 ºC, and (b) 3.11 (♦), 
3.26 (×), and [(dppp)Pt(Me)(THF)]+

 (3.27) (o) in C6H6 with 5 equivalents of 
THF acquired at 55 ºC ............................................................................................... 132 

Figure 4.8.  (a) Displacement ellipsoid representation (50%) of 
[Ph2BP2]Pt(Me){P(C6F5)3}·C6H6 (4.16·C6H6).  (b) Space filling representation 
of 4.16, looking down the platinum-methyl bond...................................................... 135 

Figure 4.9.  Representative 1H NMR spectra of the aryl region of 
[Ph2BP2]Pt(Me)(THF) (3.11) in benzene-d6 (a) before thermolysis, and (b) after 
thermolytic conversion to predominantly complex [Ph2BP2]Pt(Ph)(THF) (4.5)....... 138 

  



 xvi

Figure 4.10.  Representative NMR spectra of complex [Ph2BP2]Pt(Me)(THF) 
(3.11) at 25 ºC in benzene-d6 showing (a) the 31P{1H} NMR spectrum 
containing the expected resonances for 3.11 and additional resonances 
corresponding to species B, C, and D, and (b) the 1H{31P} NMR spectrum of 
methyl and hydride resonances assigned to species B............................................... 139 

Figure 4.11.  Room temperature 31P{1H} NMR spectra in benzene-d6 of (a) 
[(Ph2SiP2)Pt(Me)(THF)][B(C6F5)4] (3.26) and (b) [(dppp)Pt(Me)(THF)] 
[B(C6F5)4] (3.27) ........................................................................................................ 140 

Figure 4.12.  Possible structures for the ortho-metalated platinum(IV) methyl 
hydride intermediate B............................................................................................... 141 

Figure 4.13.  13C{1H} NMR spectrum of [Ph2BP2]Pt(13CH3)(THF) (3.11-13CH3) 
when dissolved in benzene-d6 at 25 °C...................................................................... 143 

Figure 4.14.  Postulated mechanisms for the predominant pathways leading to 
intermolecular benzene C-H activation chemistry for cationic 
[(Ph2SiP2)Pt(Me)(THF)]+

 (3.26) (upper mechanism, Path A) and zwitterionic 
[Ph2BP2]Pt(Me)(THF) (3.11) (lower mechanism, Path B, Path C, and Path D)........ 152 

  

Chapter 5.  Platinum-alkyl and hydride complexes supported by the 
monoanionic tris(phosphino)borate ligand [PhB(CH2PPh2)3]-  

Figure 5.1.  (A) [Tp] and (B) [PhBP3] ligands........................................................... 181 

Figure 5.2.  Displacement ellipsoid representation (50%) of [PhBP3]PtMe3·THF 
(5.2·THF)................................................................................................................... 183 

Figure 5.3.  Displacement ellipsoid representation (50%) of 
[PhB(Cl)(CH2PPh2)2]2Pt·2THF (5.3·2THF).............................................................. 185 

Figure 5.4.  Possible orientations for the pendant phosphine arm in 5.4 ................... 187 

Figure 5.5.  Displacement ellipsoid representation (50%) of 
[[κ2-PhBP3]PtMe2][TBA] (5.4).................................................................................. 188 

  

Chapter 6.  Ni(II), Ni(I), and Ni(0) complexes supported by the isopropyl-
substituted tris(phosphino)borate, [PhB(CH2PiPr2)3]-  

Figure 6.1.  Displacement ellipsoid representation (50%) of [PhBPiPr
3]NiCl 

(6.1)............................................................................................................................ 209 

Figure 6.2.  Cyclic voltammograms of (a) 6.1, (b) [PhBP3]NiCl, and (c) 
[PhBP3]NiI recorded at a scan rate of 100 mV/s ....................................................... 211 

Figure 6.3.  Displacement ellipsoid representation (50%) of 
[κ2-PhBPiPr

3]Ni(dbabh) (6.3) ..................................................................................... 214 

Figure 6.4.  Displacement ellipsoid representations (50%) of (A) 
[PhBPiPr

3]Ni(PMe3) (6.4), and (B) [PhBPiPr
3]Ni(CNtBu) (6.6) ................................. 216 



 xvii

Figure 6.5.  Cyclic voltammograms of (a) 6.6 and (b) 6.4 recorded at a scan rate 
of 50 mV/s.................................................................................................................. 218 

Figure 6.6.  Qualitative molecular orbital diagrams for trigonal planar and 
pseudo-tetrahedral complexes containing Ni=E multiple bonds ............................... 223 

Figure 6.7.  DFT optimized (Jaguar 5.0: B3LYP/LACVP**) molecular 
structures for (A) [PhBPiPr

3]Ni(PMe3) (optimized as a doublet ground state) and 
(B) [PhBP3]Ni(NO) (optimized as a singlet ground state)......................................... 225 

Figure 6.8.  DFT optimized (Jaguar 5.0: B3LYP/LACVP**) molecular 
structures for (A) [PhBP3]Ni(NtBu), (B) [PhBPiPr

3]Ni(NtBu), and (C) 
[PhBPiPr

3]Ni(NMe) .................................................................................................... 226 

Figure 6.9.  Starting point (A) and DFT optimized (Jaguar 5.0: 
B3LYP/LACVP**) geometry (B) for S = 0 [PhBPiPr

3]Ni(N).................................... 228 

  

Chapter 7.  Three-coordinate copper(I) supported by bis(phosphino)borate 
ligands  

Figure 7.1.  Bis(phosphino)borate ligands used to prepare copper(I) complexes ..... 245 

Figure 7.2.  Displacement ellipsoid representation (50%) of 
{(3,5-Me2Ph)B(CH2PtBu2)2}CuCl (7.3) .................................................................... 247 

Figure 7.3.  Displacement ellipsoid representation (50%) of 
[{[(3,5-Me2Ph)2B(CH2PtBu2)2]Cu}2(µ-Br)]Tl·THF·pentane (7.5·THF·pentane) .... 249 

Figure 7.4.  Displacement ellipsoid representation (50%) of 
[Ph2B(CH2PiPr2)2]Cu(NCCH3) (7.6) ......................................................................... 252 

Figure 7.5.  Displacement ellipsoid representation (50%) of 
[(3,5-Me2Ph)2B(CH2PtBu2)2]Cu(NCCH3)·0.56THF·0.22pentane (7.7·0.56THF· 
0.22pentane).............................................................................................................. 253 

Figure 7.6.  Displacement ellipsoid representation (50%) of 
[(3,5-Me2Ph)2B(CH2PtBu2)2]Cu(PMe2Ph) (7.8) ........................................................ 255 

 



 xviii

List of Tables 
 

Chapter 2.  Bis(phosphino)borates: a new family of monoanionic chelating 
phosphine ligands  

Table 2.1.  X-ray diffraction experimental details for 2.25[Li], 2.25[Tl], 
2.39[Li], 2.40[Li], and 2.41[Tl] ................................................................................. 68 

  

Chapter 3.  Electronic studies of bis(phosphino)borate ligands on transition 
metals  

Table 3.1.  31P{1H} NMR data for platinum dimethyl complexes 3.1-3.10 .............. 81 

Table 3.2.  31P{1H} NMR resonances (δ) and infrared carbonyl stretching 
frequencies (νCO, cm-1) for bis(phosphino)borate platinum methyl carbonyl 
complexes 3.12-3.21 .................................................................................................. 82 

Table 3.3.  Selected NMR shifts (δ) and coupling constants (Hz) for ligands 
2.25[ASN], 3.22, and 3.23, and platinum dimethyl complexes 3.1, 3.24, and 
3.25 (acetone-d6) ........................................................................................................ 85 

Table 3.4.  Selected interatomic distances (Å) and angles (º) for complexes 3.1, 
3.24, 3.25, and 3.11.................................................................................................... 88 

Table 3.5.  Comparative infrared carbonyl frequencies (cm-1) for model 
platinum (3.12, 3.28, 3.29) and molybdenum (3.30-3.32) complexes (KBr cell 
in CH2Cl2 solution) .................................................................................................... 90 

Table 3.6.  Select infrared data for structurally similar neutral and cationic 
carbonyl complexes ................................................................................................... 93 

Table 3.7.  X-ray diffraction experimental details for 3.1, 3.11·2THF, 
3.24·toluene, and 3.25 ............................................................................................... 113 

  

Chapter 4.  Zwitterionic and cationic bis(phosphine) platinum(II) 
complexes: comparative studies relevant to ligand exchange and benzene 
C-H activation processes  

Table 4.1.  Kinetic rate data fit to a first-order decay of 3.11, 3.26, and 3.27 ........... 131 

Table 4.2.  Methane isotopomer ratios resulting from thermolysis of methyl 
complexes in benzene-d6............................................................................................ 137 

Table 4.3.  Summary of key mechanistic observables for the reaction of 3.11 
and 3.26 in benzene.................................................................................................... 151 

Table 4.4.  X-ray diffraction experimental details for 4.8, 4.9·4(o-xylene), and 
4.16·C6H6 ................................................................................................................... 173 

  

  



 xix

Chapter 5.  Platinum-alkyl and hydride complexes supported by the 
monoanionic tris(phosphino)borate ligand [PhB(CH2PPh2)3]-  

Table 5.1.  1H NMR and IR spectroscopic data for bis(phosphine) platinum(I) 
dimers......................................................................................................................... 192 

Table 5.2.  X-ray diffraction experimental details for 5.2·THF, 5.3·2THF, and 
5.4............................................................................................................................... 200 

  

Chapter 6.  Ni(II), Ni(I), and Ni(0) complexes supported by the isopropyl-
substituted tris(phosphino)borate, [PhB(CH2PiPr2)3]-  

Table 6.1.  Experimental and calculated bond lengths for 6.4 and 
[PhBP3]Ni(NO) .......................................................................................................... 225 

Table 6.2.   Bond lengths and angles of DFT optimized structures for 
[PhBP3]Ni(NtBu), [PhBPiPr

3]Ni(NtBu), and ([PhBPiPr
3]Ni(NMe) ............................. 227 

Table 6.3.  X-ray diffraction experimental details for 6.1, 6.3, 6.4, and 6.6 ............. 237 

  

Chapter 7.  Three-coordinate copper(I) supported by bis(phosphino)borate 
ligands  

Table 7.1.  Infrared resonances (νCN) for some copper(I) monoisonitrile 
complexes .................................................................................................................. 257 

Table 7.2.  X-ray diffraction experimental details for 7.3, 7.5·THF·pentane, 
7.6, 7.7·0.56THF·0.22pentane, and 7.8 .................................................................... 268 

 

 
  



 xx

List of Abbreviations and Nomenclature 
 

Term  Definition
[Ph2BP2]  Ph2B(CH2PPh2)2

-

[PhBP3]  PhB(CH2PPh2)3
-

[PhBPiPr
3]  PhB(CH2PiPr2)3

-

[PhBTttBu]  PhB(CH2StBu)3
-

[Tp]  HB(pyrazolyl)3
-

[TpMe2]  HB(3,5-dimethylpyrazolyl)3
-

{1H}  hydrogen-1 decoupled 
°  degrees in measure of angles 
°C  degrees Celsius 
1H  hydrogen-1, proton 
11B  boron-11 
13C  carbon-13 
19F  fluorine-19 
29Si  silicon-29 
31P  phosphorus-31 
195Pt  platinum-195 
9-BBN  9-borabicyclo[3.3.1]nonane 
[ASN]  5-azonia-spiro[4.4]nonane+, {(CH2CH2)2}2N+

Å  Angstrom, 10-10 m 
Anal. Calcd.  elemental analysis calculated 
B3LYP  Becke three-parameter functional with Lee-Yang-Parr correlation 

functional 
br  broad 
C2v, C3v, Cs  Schoenflies symmetry designations 
CCD  charge coupled device 
CCDC ID  Cambridge crystallographic data centre identification 
cm-1  inverse centimeters 
COD  1,5-cyclooctadiene 
Cy  cyclohexyl 
dn  d-electron count of n electrons for a transition metal 
d  doublet 
DABCO  1,4-diazabicyclo[2.2.2]octane 
dcype  dicyclohexylphosphinoethane, Cy2PCH2CH2PCy2
dd  doublet of doublets 
ddd  doublet of doublets of doublets 
dfepe  di(per-fluoro)ethylphosphinoethane, (CF3CF2)2PCH2CH2P(CF2CF3)2
DFT  density functional theory 
dippe  di-iso-propylphosphinoethane, iPr2PCH2CH2P iPr 2
DME  1,2-dimethoxyethane 
dppe  diphenylphosphinoethane, Ph2PCH2CH2PPh2
dppp  diphenylphosphinopropane, Ph2PCH2CH2CH2PPh2
dq  doublet of quartets 
dt  doublet of triplets 



 xxi

dtbpe  di-tert-butylphosphinoethane, tBu2PCH2CH2PtBu2
E  an atom or functional group 
E1/2  halfwave potential 
EI MS  electrospray ionization mass spectrometry 
eq  equation 
ES MS  electrospray mass spectrometry 
Et  ethyl 
Et-tripod  CH3CH2C(CH2PPh2)3
Fc  ferrocene, bis(cyclopentadienyl)iron 
Fc+  ferrocenium, [bis(cyclopentadienyl)iron]+

g  gram 
GC MS  gas chromatography mass spectrometry 
h  hour(s) 
Hdbabh  2,3:5,6-dibenzo-7-azabicyclo[2.2.1]hepta-2,5-diene 
HOMO  highest occupied molecular orbital 
Hz  Hertz 
iPr  iso-propyl 
IR  infrared 
L  dative ligand for a transition metal 
LACVP  Los Alamos core valence potential 
LUMO  lowest unoccupied molecular orbital 
m  multiplet 
m-  meta position on an aryl ring 
M  general metal 
md  medium (intensity) 
Me  methyl 
Mes  mesityl, 2,4,6-trimethylphenyl 
Me-tripod  CH3C(CH2PPh2)3
mg  milligram 
MHz  Megahertz, one million Hertz 
min  minute(s) 
mL  milliliter(s) 
mmol  millimoles 
MO  molecular orbital 
mol  moles 
MS  mass spectrometry 
mV/s  millivolts per second 
n-  normal, as in n-butyl 
n K  n Kelvin 
n M  n molar solution 
n mV  n millivolts 
n V  n volts 
nBu  n-butyl 
nJA-Z  in NMR spectroscopy, coupling constant between nuclei A and Z 

over n bonds (n, A, or Z omitted if not known) 
nm  nanometer 



 xxii

NMR  nuclear magnetic resonance 
o-  ortho position on an aryl ring 
p-  para position on an aryl ring 
pet.  petroleum 
Ph  phenyl 
Ph2SiP2  Ph2Si(CH2PPh2)2
ppm  parts per million 
q  quartet 
R  general alkyl or aryl substituent 
ref.  reference 
s  singlet 
S  spin 
sBu  sec-butyl 
SCE  saturated calomel electrode 
SCF  self-consistent field 
sec  second(s) 
st  strong (intensity) 
t  triplet 
T (ºC)  temperature in degrees Celsius 
TBA  tetra n-butyl ammonium 
tBu  tert-butyl 
td  triplet of doublets 
TEA  tetra ethyl ammonium 
Tf  triflate, -S(O)2CF3
THF  tetrahydrofuran 
TMEDA  N,N,N´,N´-tetramethylethylenediamine 
tripod  HC(CH2PPh2)3
UV-Vis  ultraviolet-visible 
V (Å3)  volume in cubic Angstroms 
vt  virtual triplet 
w  weak (intensity) 
X  monoanionic atom or group, such as a halide or alkyl 
δ  delta, chemical shift 
ε  extinction coefficient in M-1 cm-1

ηn  hapticity of order n 
λ (Å)  wavelength in Angstroms 
λmax  wavelength of maximum absorption 
κn  number n of single ligating atom attachments of a polyatomic ligand 
µ  absorption coefficient (X-ray diffraction) 
µ-A  bridging atom A 
µB  Bohr magnetons 
µeff  effective magnetic moment 
µL  microliter(s) 
µmol  micromoles 
νAZ  stretching frequency of A-Z bond 
 



 xxiii

DEDICATION 
 
 
 
 

Ecce enim veritatem dilexisti: 
incerta et occulta sapientiæ  

tuæ manifestasti mihi. 
 

For behold, you have loved the truth: 
the obscure and hidden elements of your wisdom  

you have made known to me. 
 
 

Psalm 51, verse 6 
 
 
 
 
 
 

This work is dedicated to my family and friends who I love  
and from whom I have been hidden for too long. 


	Acknowledgments
	Abstract
	Table of Contents
	List of Figures
	List of Tables
	List of Abbreviations and Nomenclature
	DEDICATION



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


