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Abstract 

 

  A series of monomeric platinum (II) hydroxo supported by bulky diimine ligands 

have been synthesized and fully characterized. A thorough investigation of their corresponding 

reactivity have been carried out to determine if they participate in a water splitting cycle.  

 Heating bis hydroxo at elevated temperatures (>80oC) in the presence of arene C-H bonds 

resulted in the double 1,2-C-H bond addition to form the corresponding bis phenyl complex with 

loss of H2O. This process was found to be catalyzed by in-situ produced platinum particles. 1,2-

addition of H2 across the Pt-OH bonds was also observed but the corresponding platinum hydride 

species were too unstable to characterize or isolate. 

 Several of the platinum (II) hydroxo species form stable adducts with silver bis-N-

triflimide, where the silver cation was found to be engaging in a Lewis acid/base interaction with 

the hydroxide moiety. These silver supported adducts were found to activate aromatic C-H bonds 

at room temperature and a mechanistic study was carried out. 

 The platinum (II) hydroxo compounds were also found to rapidly and reversible insert 

CO2. In one instance, insertion was followed by elimination of water to form an isolable 

carbonate species. The CO2 inserted products were found to be favoured at low temperature, and 

removal of CO2 from the system resulted in complete reversion back to the hydroxo species. 



iii 

Acknowledgements 

 

 I would like to thank my supervisor, Prof. Warren E. Piers, for allowing me to work in 

his group on such an interesting project. Your attention to detail and work ethic have left a 

lasting impression on me, thank you for giving me the opportunity to develop myself into a 

better scientist. I would also like to thank you for allowing me to pursue my interests outside of 

this degree, including permitting me to volunteer at the YWCA women’s emergency shelter two 

mornings a week for three of my years here, and being fully supportive in my involvement on 

multiple committee’s for the Canadian Science Policy Conference and network. 

 I have had the pleasure of working with a number of great chemists, including past group 

members: Dr. Andreas Berkefeld, Dr. Dawn Friesen, Dr. Tom Taylor, Dr. Cheng Fan, Dr. 

Andrew Gott, Dr. Jason Dutton, Dr. Adam Marwitz, Dr. Matt Sloan, Dr. Andrey Khalimon, Dr. 

Benedikt Neue, Dr. Dimitri Gutsulyak, Dr. Alyson Kenward, Dr. Edwin van der Eide, Dr. 

Thomas Wood, Dr. Erin Leitao, Dr. Catherine Bonnier, Dr. Lauren Mercier, Terry Chu, Dr. 

Susie Riegel, and Dr. Richard Burford. Current group members: Dr. Mike Sgro, Dr. Javier 

Borau-Garcia, Dr. Bryan Shaw, Francis LeBlanc, Juan Araneda, Adrian Houghton, Lauren 

Doyle, Fredrick Chiu, Jessamyn Logan, and Mate Bezdek. Thank you all for making the Piers 

lab such a great place to work. 

 There are a few people that I would like to thank in particular. Andreas, it was great 

working with you, you are always full of ideas and new things to try and have a general love of 

all things chemistry. Your help and suggestions at the start of this degree are really appreciated. 

Terry Chu, are a great friend and are always there for a shoulder to cry on, it is much 

appreciated. Lauren (Mercier), I would like to thank you for introducing me to clothes, fashion, 



iv 

and makeup (even if Kevin’s bank account doesn’t), you have helped develop my professional 

style. Frankie bear, we started together and I have always felt like you have had my back, it has 

been great discussing chemistry with you. Jessamyn, you have only been here a short amount of 

time but it has been great transitioning my project to you, good luck!  

 I thank Dr. Curtis Berlinguette and Dr. George Shimizu for serving on my candidacy 

committee, and Dr. Shimizu and Dr. Farideh Jalilehvand for serving on my defence committee. I 

also thank Dr. Karen Goldberg from the University of Washington for serving as my external 

examiner for my defence, along with Dr. Ann-Lise Norman for serving as my internal-external 

examiner for both my candidacy and defence. 

 Much of the research in this thesis was made possible by the fantastic instrumentation 

facility in this department. Thanks to Michelle Forgeron, Qiao Wu, Dorothy Fox, Wade White, 

Jianjun (Johnson) Li, and Dr. R. Yamdagni for all of their help with NMR, elemental analysis, 

and mass spectroscopy. A special thanks to Qiao for commandeering the 600 MHz NMR 

spectrometer for me for the majority of the weekends over the last two years. Dr, Masood Parvez 

measured and solved the majority of crystal structures in this thesis, thank you for being patient 

with me and for all of your expertise. I would also like to thank Dr. Jason Dutton, Dr. Mike Sgro, 

and Dr. Javier Borau-Garcia for also measuring and solving additional crystal samples for me. 

 I would also like to gratefully acknowledge the support staff in the chemistry department: 

Bonnie King, Mark Toonen, Jan Crawford, Linda Leonard, Stephanie Olsen, Bob Stockwell, 

Magdi Khalil, Dave Malinsky, Mike Stiewert, Keith Collinds, and Ed Cairns.  

 I am extremely grateful for the funding I have received over the course of this degree, 

including an entrance scholarship from the University of Calgary, NSERC-CGS M and PGS D3, 



v 

along with an Alberta Ingenuity Technology Futures scholarship that included a travel grant that 

allowed me to attend an international Gordon Research Conference. 

 I would like to thank all of the other people in my life who have supported me through 

this PhD, including my parents Debbie and Les, my brothers Jeff and Aaron, and my sister Thea. 

I would also like to thank my partner’s parents Bob and Donna, for always encouraging me. I 

would also like to thank the YWCA shelter social workers Jaclyn and Rodenka, for all of their 

emotional support over the years. Lastly, I would like to thank my partner Kevin, you have really 

helped me through all of this, I can’t state that enough. You are my rock, thank you. 



vi 

Dedication 

 

 

 

 

 

 

 

 

 

This thesis is dedicated to my parents, Debbie and Les, and to my partner Kevin. 



vii 

Table of Contents 

Abstract ............................................................................................................................... ii	  
Acknowledgements ............................................................................................................ iii	  
Dedication .......................................................................................................................... vi	  
Table of Contents .............................................................................................................. vii	  
List of Tables .......................................................................................................................x	  
List of Figures and Illustrations ......................................................................................... xi	  
List of Schemes ................................................................................................................ xvi	  
List of Symbols, Abbreviations and Nomenclature ....................................................... xviii	  
List of Compounds .............................................................................................................xx	  
Epigraph ......................................................................................................................... xxiv	  

CHAPTER ONE: INTRODUCTION ..................................................................................1	  
1.1 Using Steric Bulk to Stabilize Reactive Species .......................................................1	  

1.1.1 Terphenyl Ligands .............................................................................................1	  
1.1.2 Terphenyls as Ligands for Transition Metals ....................................................2	  

1.2 Reactions of Terminal Late Metal O-H Bonds verses C-H Bonds. ...........................4	  
1.2.1 Examples of Monomeric Platinum Hydroxides ................................................6	  
1.2.2 Reactivity Patterns of terminal hydroxides .......................................................7	  

1.3 Choice of Ligand: Platinum Diimine Complexes ......................................................9	  
1.3.1 Common Neutral Chelating N-Donors used to stabilize Platinum (II) ...........10	  
1.3.2 Reactivity of diimine supported platinum complexes: C-H activation ...........11	  

1.4 Thesis Goals .............................................................................................................14	  

CHAPTER TWO: SYNTHESIS AND CHARACTERIZATION OF BULKY α-DIIMINES 
AND PLATINUM HYDROXIDE COMPLEXES ...................................................15	  

2.1 Introduction ..............................................................................................................15	  
2.2 Results and Discussion ............................................................................................16	  

2.2.1 α-diimine and platinum dichloride synthesis ..................................................16	  
2.2.2 Substitution of the chloride ligand ..................................................................30	  

2.2.2.1 Attempts to form platinum hydroxides, hydrides, and an oxo through salt 
metathesis. ...............................................................................................30	  

2.2.2.2 Ligand decomposition fragments ...........................................................32	  
2.2.2.3 Halide abstraction in the presence of a coordinating anion. ..................33	  
2.2.2.4 Reactions of the nitro complexes ...........................................................36	  
2.2.2.5 Halide abstraction with a non-coordinating anion .................................37	  

2.2.3 Formation and Characterization of Pt(II) Monomeric Hydroxides .................40	  
2.2.4 Protonation of the Pt-Me moiety .....................................................................54	  
2.2.5 General crystallographic characteristics ..........................................................55	  

2.3 Conclusions ..............................................................................................................56	  

CHAPTER THREE: REACTIVITY OF MONOMERIC HYDROXIDES: THERMOLYSIS 
IN THE PRESENCE OF C-H CONTAINING SUBSTRATES ..............................58	  

3.1 Introduction ..............................................................................................................58	  
3.2 Results and Discussion ............................................................................................60	  

3.2.1 Thermolysis in benzene ...................................................................................60	  



viii 

3.2.2 The kinetics of the C-H activation ...................................................................63	  
3.2.2.1 The overall reaction from bis-hydroxo 11 to d10-15. .............................63	  
3.2.2.2 Characterization and confirmation of Pt(0) nanoparticles ...................70	  
3.2.2.3 From phenyl hydroxo 14 to bis phenyl d5-15 .........................................72	  
3.2.2.4 Pt(0) particles catalyzing other C-H bond additions .............................75	  

3.3 Conclusions ..............................................................................................................75	  

CHAPTER FOUR: REMOVING ELECTRON DENSITY FROM PLATINUM: TOWARDS 
OXIDATION, SILVER COMPLEXES, AND ENHANCED C-H ACTIVATION.77	  

4.1 Introduction ..............................................................................................................77	  
4.2 Results and Discussion ............................................................................................80	  

4.2.1 Towards Chemical Oxidation with Ferrocenium ............................................80	  
4.2.2 Reactions with Silver (I) reagents ...................................................................80	  

4.2.2.1 Synthesis and characterization of silver supported hydroxo complexes80	  
4.2.2.2 C-D bond activation of C6D5Br .............................................................87	  
4.2.2.3 Preparation of silver supported bis phenyl 15-Ag .................................88	  

4.2.3 Silver supported hydroxide reactivity: C-H activation with benzene .............91	  
4.2.3.1 General considerations ..........................................................................91	  
4.2.3.2 Benzene C-H activation with silver bis hydroxo 11-Ag. ........................92	  
4.2.3.3 Benzene C-H activation with silver methyl hydroxo 13-Ag. ..................94	  
4.2.3.4 Benzene C-H activation with silver phenyl hydroxo 14-Ag. ..................94	  

4.2.4 Silver supported hydroxide reactivity: attempted deprotonation ..................105	  
4.2.4.1 Reaction with KOH ..............................................................................105	  

4.3 Conclusions ............................................................................................................110	  

CHAPTER FIVE: REACTIVITY OF MONOMERIC HYDROXIDES TOWARDS SMALL 
MOLECULES.........................................................................................................112	  

5.1 Introduction ............................................................................................................112	  
5.2 Results and Discussion ..........................................................................................114	  

5.2.1 Reactions with hydrogen gas. ........................................................................114	  
5.2.2 Reactions with carbon dioxide ......................................................................120	  

5.3 Conclusions ............................................................................................................132	  

CHAPTER SIX: THESIS CONCLUSIONS AND FUTURE WORK ............................134	  
6.1 Thesis Conclusions ................................................................................................134	  
6.2 Extension of platinum diimine chemistry ..............................................................136	  

6.2.1 New pyrene diimine ligand: results ...............................................................137	  
6.2.2 Pyrene Diimine: Future Work .......................................................................138	  

6.3 Choice of metal ......................................................................................................139	  
6.3.1 Ruthenium Examples .....................................................................................140	  

6.4 Final Thoughts .......................................................................................................141	  

CHAPTER SEVEN: EXPERIMENTAL. ........................................................................143	  
7.1 General Considerations ..........................................................................................143	  

7.1.1 Laboratory Equipment ...................................................................................143	  
7.1.2 Solvents and NMR Solvents ..........................................................................143	  
7.1.3 NMR Spectroscopy Details ...........................................................................144	  



ix 

7.1.4 Gas Addition ..................................................................................................145	  
7.1.5 Other Instruments and Analysis ....................................................................146	  
7.1.6 Starting Materials and Reagents ....................................................................147	  

7.2 Procedures Pertaining to Chapter 2 .......................................................................148	  
7.2.1 Synthetic Procedures .....................................................................................148	  
7.2.2 Measurements ................................................................................................167	  

7.3 Procedures Pertaining to Chapter 3 .......................................................................168	  
7.3.1 Synthetic Procedures .....................................................................................168	  
7.3.2 Kinetic Measurements ...................................................................................170	  

7.4 Procedures pertaining to Chapter 4 ........................................................................173	  
7.4.1 Synthetic Procedures .....................................................................................173	  
7.4.2 Kinetic Measurements ...................................................................................178	  

7.5 Procedures pertaining to Chapter 5 ........................................................................180	  
7.5.1 Synthetic Procedures .....................................................................................180	  
7.5.2 Kinetic Measurements ...................................................................................184	  

BIBLIOGRAPHY ............................................................................................................186	  

APPENDIX A: PUBLICATIONS ARISING FROM THIS THESIS .............................196	  

APPENDIX B: CRYSTALLOGRAPHIC DATA ...........................................................197	  
 

 



x 

List of Tables 

Table 2-1. Selected metrical parameters for LMe and LBIAN ......................................................... 18	  

Table 2-2. Selected metrical data for 1 and 2. .............................................................................. 23	  

Table 2-3. Selected metrical parameters for 3 and 4. ................................................................... 29	  

Table 2-4. Reaction of 1 with hydroxide, hydride, and oxo salt metathesis reagents. ................. 31	  

Table 2-5. Selected parameters for 5 and 6. .................................................................................. 36	  

Table 2-6. Selected x-ray parameters for 10. ................................................................................ 42	  

Table 2-7. Relevant distances between iPr CH3 groups and torsion angles for the 
aforementioned platinum complexes. ................................................................................... 56	  

Table 3-1. Selected metrical data for bis-phenyl 15. .................................................................... 62	  

Table 4-1. Selected metrical data for silver bis hydroxo 11-Ag. .................................................. 85	  

Table 4-2. 195Pt NMR chemical shifts of chlorides (left), hydroxides (middle), and silver 
supported hydroxides (right). a: THF-d8; b: C6D5Br; c: C6D6. ............................................. 90	  

Table 4-3. Reaction rates of silver bis hydroxo 11-Ag in d6-benzene to form silver bis phenyl 
15-Ag. [Pt]total = 5.05 mMol/L. ............................................................................................. 93	  

Table 4-4. Rate constants and half lives for the reaction of silver phenyl hydroxo 14-Ag to 
silver bis phenyl 15-Ag at different temperatures. [Pt]total = 5.05 mMol/L. ......................... 96	  

Table 4-5. Selected metrical parameters for potassium bis hydroxo 11-K ................................. 109	  

Table 5-1. Structural parameters for carbonate 16. ..................................................................... 124	  

Table 5-2. Partial pressures, Henry's constants (KH), mol fraction CO2, and [CO2] for the 
temperatures used in measuring Keq of 13 to 18 and 14 to 19. .......................................... 129	  

Table 5-3. Equilibrium Constants for 13 to 18 and 14 to 19 under 4 atm of CO2. ..................... 130	  

 



xi 

List of Figures and Illustrations 

Figure 1-1. Schematic overview of terphenyl ligands (ortho and meta). ....................................... 2	  

Figure 1-2. Examples of terphenyl ligands stabilizing low coordinate main group complexes. .... 2	  

Figure 1-3. Examples of terphenyl ligands supporting metal centers (R = alkyl, halide). ............. 3	  

Figure 1-4 . Monomeric platinum (II) hydroxo's (non aqueous solutions) ..................................... 6	  

Figure 1-5. Various diimine ligands used to stabilize Pt(II) (Phen: phenanthroline, Bpy: 
bipyridine, DAB: 1,4-diaza-1,3-butadiene, BIAN: bis-iminoacenaphthene). ...................... 10	  

Figure 2-1. X-ray molecular structure of LMe. Thermal ellipsoids are shown at 30% 
probability and hydrogen atoms are omitted for clarity. ....................................................... 17	  

Figure 2-2. X-ray molecular structure of LBIAN. Thermal ellipsoids are shown at 30% and 
hydrogen atoms are omitted for clarity. ................................................................................ 18	  

Figure 2-3. 1H NMR spectrum (CD2Cl2) with assignments for 1 (LMe). Inset: aromatic region. . 19	  

Figure 2-4. 1H NMR spectrum (CD2Cl2) and assignments for 2. ................................................. 21	  

Figure 2-5. 1H-13C HMBC NMR spectrum of 2 in the aromatic region. ...................................... 21	  

Figure 2-6. X-ray structure of 1. Ellipsoids are shown at 30% probability. Two molecules of 
ethyl acetate and hydrogen atoms have been omitted for clarity. ......................................... 22	  

Figure 2-7. X-ray structure of 2. Ellipsoids are shown at 30% probability. One molecule of 
toluene and hydrogen atoms have been omitted for clarity. ................................................. 22	  

Figure 2-8. 1H NMR spectrum and assignments for 3. Inset: aromatic region. ............................ 25	  

Figure 2-9. 1H-1H COSY NMR spectrum of the aromatic region of 3. ........................................ 26	  

Figure 2-10. 1H NMR spectrum of 4 with assignments (aliphatic region). .................................. 27	  

Figure 2-11. 1H-1H COSY NMR spectrum of the aromatic region of 4. ...................................... 27	  

Figure 2-12. X-ray molecular structure of 3. Ellipsoids are at 30% probability and two 
molecules of toluene and hydrogen atoms have been omitted for clarity. ............................ 28	  

Figure 2-13. X-ray molecular structure of 4. Ellipsoids are at 30% probability and hydrogen 
atoms have been omitted for clarity. ..................................................................................... 29	  

Figure 2-14. Molecular structure of chloro aniline decomposition product. Ellipsoids are 
shown at 30% probability and hydrogen atoms have been omitted for clarity. .................... 33	  



xii 

Figure 2-15. X-ray molecular structure of 5 (left) and 6 (right). Ellipsoids are shown at 30% 
probability. One molecule of ethyl acetate and toluene for 5, and two molecules of 
toluene and one molecule of benzene for 6, along hydrogen atoms have been omitted for 
clarity. ................................................................................................................................... 35	  

Figure 2-16. 1H NMR spectra of 8-THF converting to 8-H2O with addition of water. ................ 39	  

Figure 2-17. Assignment of the aromatic region of the 1H NMR spectrum of 10. ....................... 41	  

Figure 2-18. X-ray molecular structure of 10. Ellipsoids are shown at 30% probability and 
hydrogen atoms and one molecule of toluene have been omitted for clarity. One 
molecule of 18-crown-6 has been omitted from the left structure. ....................................... 42	  

Figure 2-19. IR spectrum of 11 (bottom) and 11-d2 (top). ............................................................ 45	  

Figure 2-20. X-ray molecular structure of 11. Hydrogen atoms have been omitted for clarity, 
non-hydrogen atoms are isotropic. ........................................................................................ 45	  

Figure 2-21. Assignments and 1H NMR spectrum of 11. Left: Aromatic region at 298K. 
Right: iPr methyl region at 298K (bottom) and 248K (top). ................................................. 46	  

Figure 2-22. Variable temperature NMR spectra of 12. ............................................................... 47	  

Figure 2-23. Numbering scheme and 1H NMR of methyl hydroxo 13. ........................................ 50	  

Figure 2-24. Stacked IR spectra of 13-d1 (top) and 13 (bottom). ................................................. 50	  

Figure 2-25. X-ray molecular structure of 13. Ellipsoids are shown at 30% probability and 
hydrogen atoms are omitted for clarity. ................................................................................ 51	  

Figure 2-26. Numbering scheme and 1H NMR spectrum of phenyl hydroxo 14. ........................ 52	  

Figure 2-27. 1H-1H COSY NMR spectrum of 14. ........................................................................ 53	  

Figure 2-28. 1H-13C HMQC NMR spectrum of 14. ...................................................................... 54	  

Figure 2-29. Left: Distances between iPr methyl groups. Right: Torsion angles. ........................ 55	  

Figure 3-1. X-ray molecular structure of 15, hydrogen atoms have been omitted for clarity 
and ellispoids are at 30% probability. ................................................................................... 62	  

Figure 3-2. Concentration versus time plot for the course of the reaction from 11 to d10-15 in 
dry C6D6 (11: squares, d5-14: X, d10-15: circles, Total [Pt]: open triangles). ....................... 64	  

Figure 3-3. Concentration versus time plot for the course of the reaction from 11 to d10-15 in 
C6D6 (30 mmol/L H2O) (11: squares, d5-14: X, d10-15: circles, Total [Pt]: open 
triangles). .............................................................................................................................. 64	  



xiii 

Figure 3-4. Consumption of 11 in C6D6 (30 mMol/L H2O) showing zero order behaviour in 
[Pt] (inset). ............................................................................................................................ 66	  

Figure 3-5. Left: Consumption of 11 (squares) with spiked 15 (open circles). Right: 
Consumption of 11 with added platinum black. ................................................................... 67	  

Figure 3-6. Elemental mercury test (+, solution made up to 29.5 mmol/L) overlaid with 
catalytic consumption of 11 made up to 29.5 mmol/L (squares) and homogeneous 
consumption of 11 made up to 24 mmol/L (open triangles). ................................................ 68	  

Figure 3-7. Conversion of 11 without pre-treatment (squares), after addition of a fresh charge 
of 11 after complete conversion to d10-15 (X), and with preformed elemental Pt(0) 
particles formed by heating solid 11 (open circles). ............................................................. 69	  

Figure 3-8. TEM micrographs: Left: Drop cast solution of precursor 11. Right: Drop cast 
solution of reaction mixture after conversion from 11 to d10-15 at low and high (inset) 
magnification. ....................................................................................................................... 71	  

Figure 3-9. EDX spectrum on TEM grid with a large cluster of nanoparticles (Cu is present 
from the TEM beam). ........................................................................................................... 71	  

Figure 3-10. The reaction of phenyl hydroxo 14 to bis phenyl d5-15 in dry C6D6. Left: 
consumption of 14 for two different [14] (squares and open triangles). Right: production 
of 15 (X’s and open circles) for the two [14]. ....................................................................... 73	  

Figure 3-11. Conversion of phenyl hydroxo 14 to bis phenyl 15 in wet C6D6. Top Left: 
Consumption of 14 (squares and open triangles) at different starting [14]. Top Right: 
Formation of 15 (X and open circles) at different starting [14]. Bottom: Conversion of 
14 (open triangles) to 15 (open circles) with "nanoparticle" contamination. ....................... 73	  

Figure 4-1. Water splitting scheme and qualitative frontier molecular orbital splitting 
diagrams for d4 metal oxo's in tetragonal and tetrahedral environments. ............................. 78	  

Figure 4-2. Top: examples of d4 and d6 terminal oxo's. Bottom: coinage metal interactions 
with platinum ........................................................................................................................ 79	  

Figure 4-3. 1H NMR of the 1:1 Ag:Pt(OH)2 complex 11-Ag and possible location where Ag 
is bound. ................................................................................................................................ 81	  

Figure 4-4. 195Pt NMR of bis hydroxo 11 (left) and silver bis hydroxo 11-Ag (right). ................ 82	  

Figure 4-5. X-ray molecular structure of 11-Ag (R factor 6.98%). Ellipsoids are shown at 
30% probability. Hydrogen atoms and three molecules of benzene have been omitted for 
clarity. ................................................................................................................................... 84	  

Figure 4-6. 1H NMR spectrum of 13-Ag. ..................................................................................... 86	  

Figure 4-7. 1H NMR spectrum of 14-Ag in C6D5Br with assignments. ....................................... 87	  



xiv 

Figure 4-8. Concentration verses time plots for the consumption of silver phenyl hydroxo 14-
Ag (squares) and formation of silver bis phenyl 15-Ag (open circles). ................................ 96	  

Figure 4-9. Top: First order rates of consumption of silver phenyl hydroxo 14-Ag at different 
temperatures. Bottom: Eyring plot for the conversion of 14-Ag to 15-Ag. .......................... 97	  

Figure 4-10. Concentration verses time plots for the reaction of silver phenyl hydroxo 14-Ag 
(squares) to silver bis phenyl 15-Ag (open circles) at 295 K. Top left: in dry C6D6 Top 
right: in wet C6D6 (30 mmol/L H2O). Bottom: Phenyl hydroxo 14 (triangles) at 308 K in 
C6D6 (30 mmol/L H2O). ........................................................................................................ 98	  

Figure 4-11. Different locations where benzene can coordinate to silver phenyl hydroxo 14-
Ag. ......................................................................................................................................... 99	  

Figure 4-12. Rate constants for the reaction of 14-Ag to 15-Ag at different starting 
concentrations of 14-Ag showing linear correlation (308 K). ............................................ 100	  

Figure 4-13. TEM images of phenyl hydroxo 14 at low (left) and high (right) magnification. . 102	  

Figure 4-14. TEM image of silver phenyl hydroxo 14-Ag under high magnification (with 
visible Moire lines). ............................................................................................................ 103	  

Figure 4-15. TEM images of AgNTF2 under low (top left) and high (top right) magnification. 
Bottom: TEM image of silver phenyl hydroxo 14-Ag with excess AgNTF2. .................... 104	  

Figure 4-16. X-ray molecular structure of potassium supported bis hydroxo 11-K. Ellipsoids 
are shown at 30% probability, One half of the dimer, two molecules of benzene, and 
hydrogen atoms have been omitted for clarity. ................................................................... 108	  

Figure 4-17. Structure of potassium bis hydroxo 11-K and 1H NMR spectrum in C6D6. .......... 109	  

Figure 4-18. Location of cation for 11-Ag and 11-K. ................................................................. 110	  

Figure 5-1. Left: Proposed 4-centered transition state for H2 1,2-addition across a Pd-OR 
bond. Right: proposed reactivity for our series of platinum hydroxo complexes. .............. 113	  

Figure 5-2. Stacked 1H NMR spectra (aromatic region) of bis hydroxo 11 with 1 atm of H2. ... 116	  

Figure 5-3. Consumption of bis hydroxo 11 (squares) with 1 atm H2 (X) at 298K. ................... 117	  

Figure 5-4. Possible intermediates in the reaction of phenyl hydroxo 14 with H2. .................... 118	  

Figure 5-5. 1H NMR spectrum of 17-2 at 205K in thf-d8 ........................................................... 122	  

Figure 5-6. X-ray molecular structure of carbonate 16. Ellipsiods are at 30% probability and 
hydrogen atoms have been omitted for clarity. ................................................................... 123	  

Figure 5-7. Top: reversible insertion/de-insertion of CO2 into methyl hydroxo 13. Bottom: 
variable temperature 1H NMR spectra of the equilibrium. ................................................. 125	  



xv 

Figure 5-8. Top: Equilibrium between hydoxo phenyl 14 and carbonato phenyl 19. Bottom: 
variable temperature 1H NMR spectra of the equilibrium. ................................................. 126	  

Figure 5-9. Determining [CO2]equil and Keq for insertion of CO2 into hydroxo hydrocarbyl 
complexes (13 to 18) and (14 to 19). .................................................................................. 127	  

Figure 5-10. Left: Plot of Henry's law constants (KH) versus temperature with conversion to 
mol fraction (Xl) CO2 in solution. Right: plot of partial pressure of THF at different 
temperatures above 288.15K.159,160 ..................................................................................... 128	  

Figure 5-11.  Van't Hoff plots for equilibria 13 + CO2  18 (X) and 14 + CO2  19 
(squares). ............................................................................................................................. 130	  

Figure 6-1. Possible interactions of silver supported phenyl hydroxo 14-Ag with benzene. ..... 136	  

Figure 6-2. Modification of BIAN diimine framework to pyrene .............................................. 137	  

Figure 6-3. Structural modification of pyrene for improved solubility ...................................... 139	  

Figure 7-1. Equilibrium Equation for 8-THF and 8-H2O ........................................................... 168	  

 

 



xvi 

List of Schemes 

Scheme 1-1. Left: Proposed water splitting scheme. Right: Analogous hydrocarbyl 
transformations. ...................................................................................................................... 4	  

Scheme 1-2. Reactivity of late metal hydroxides ........................................................................... 8	  

Scheme 1-3. How metal hydroxides can activate Y-H bonds (Y = H, C, N, O, S) ........................ 8	  

Scheme 1-4. Modes of C-H activations for Pt(II) complexes. ...................................................... 11	  

Scheme 1-5. Mechanism of C-H bond activation for cationic platinum diimine complexes 
(TFE: trifluoroethanol).85,111 ................................................................................................. 12	  

Scheme 2-1. Synthesis of bulky α-diimines and complexation with Ziese's salt ......................... 16	  

Scheme 2-2. Labelling scheme showing exchanging methyl groups. .......................................... 20	  

Scheme 2-3. Synthesis of methyl-chloro 3 and phenyl-chloro 4 from LBIAN using dimethyl-
sulfide platinum starting materials. ....................................................................................... 24	  

Scheme 2-4. Synthesis of nitro complexes ................................................................................... 34	  

Scheme 2-5. Synthesis of water cation 8-H2O and equilibrium with 8-THF ............................... 38	  

Scheme 2-6. Deprotonation of 9-H2O to form the hydroxy-chloride 10. ..................................... 40	  

Scheme 2-7. Reactivity of hydroxy-chloride 10 to form bis-hydroxo 12. .................................... 44	  

Scheme 2-8. Synthesis of methyl hydroxide 13. ........................................................................... 49	  

Scheme 2-9. Synthesis of phenyl hydroxide 14. ........................................................................... 52	  

Scheme 3-3. C-H activation of C6D6 by 11, and alternate synthesis of 15. .................................. 61	  

Scheme 4-1. Reaction of hydrocarbyl hydroxos 13 and 14 with AgNTF2. .................................. 86	  

Scheme 4-2. Top: Synthesis of silver supported bis phenyl 15-Ag. Bottom: Ag-Pt phenyl 
complexes reported by Moret and Chen.88 ........................................................................... 89	  

Scheme 4-3. Benzene C-H activation with silver bis hydroxo 11-Ag. ......................................... 93	  

Scheme 4-4. Benzene C-H activation with silver methyl hydroxo 13-Ag. .................................. 94	  

Scheme 4-5. Benzene C-H activation with silver phenyl hydroxo 22. ......................................... 95	  

Scheme 4-6. Deprotonation of bridging platinum hydroxides by Sharp and co-workers. ......... 106	  

Scheme 5-1. Reversible insertion of CO2 into M-OH bonds (M = Ni, Zn). ............................... 114	  



xvii 

Scheme 5-2. Reaction of bis hydroxo 11 with CO2. ................................................................... 121	  

Scheme 5-3. Insertion of CO2 into the Pt-OH bond of hydroxy chloride 10. ............................. 131	  

Scheme 6-1. Synthesis of a pyrene diimine ................................................................................ 138	  

Scheme 6-2. Synthesis of BIAN supported ruthenium complexes ............................................. 141	  

 

 



xviii 

List of Symbols, Abbreviations and Nomenclature 

 

° degree 
°C degree Celsius 
1D one-dimensional 
2D two-dimensional 
Å angstrom (10-10 meters) 
Anal. Calcd. calculated elemental analysis 
Ar aryl group or argon 
br broad 
d doublet 
D deuterium 
DIPP di-iso-propylphenyl 
ESI-MS electrospray ionization mass spectrometry 
g grams 
HMQC 
HMBC 

heteronuclear multiple quantum coherence 
heteronuclear multiple bond correlation 

Hz hertz 
iPr iso-propyl 
IR infrared 
J scalar coupling constant 
J joules 
k rate constant 
K equilibrium constant 
K Kelvin 
L Litres 
M molar 
m meta 
m multiplet 
Me methyl 
MHz mega hertz 
mL milli-litre 
min minute 
mm milli-meter 
n number of mole(s) 
NMR nuclear magnetic resonance 
NOESY nuclear Overhauser enhancement spectroscopy 
NTF2 bis-N-triflimide, N(SO2CF3)2 
o ortho 
OTf trifluoromethanesulfonate (triflate) 
p para 
P pressure 
Ph phenyl 
ppm parts per million 



xix 

q quartet 
R alkyl group, or gas constant 
s singlet or strong 
T temperature 
t triplet 
tBu tertiary-butyl 
THF tetrahydrofuran 
V volume 
v very 
w weak 
Δ delta (heat) 
δ chemical shift 
µmol micro mole(s) 
ΔG‡ free energy of activation 
ΔH‡ enthalpy of activation 
ΔS‡ entropy of activation 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



xx 

 

 
List of Compounds 

 

NH2

Aniline  

N N

LBIAN
 

N N

LMe
 

N N
Pt

Cl Cl

1
 

N N
Pt

Cl Cl

2
 

N NPt
Cl CH3

3
 

N N
Pt

Cl

4
 

N NPt
ONO2 ONO2

5
 



xxi 

N NPt
Cl ONO2

6

 

N NPt
CH3 ONO2

7
 

N NPt
Cl Solv

8-H2O
8-THF

SbF6

 

N NPt
Cl OH2

9-H2O
SbF6

 

N NPt
Cl OH

10
 

N NPt
OH OH

11

 

N NPt
HO OH

H
NTf2

12
 

N NPt
HO CH3

13
 

N NPt
OH

14
 

N N
Pt

15
 



xxii 

N NPt
HO OH

11-Ag

Ag

N
CF3SO2 SO2CF3

 

N NPt
HO CH3

13-Ag

Ag

N
CF3SO2 SO2CF3

 

N NPt
OH

14-Ag

Ag

N
CF3SO2 SO2CF3

 

N NPt

15-Ag

Ag

N
CF3SO2 SO2CF3

 

N NPt
HO OH

11-K

K

CF3SO2 SO2CF3

 

N NPt
O O

16
O

 

N NPt
OH O

17-1

O
HO

 

N NPt
O O

17-2

O
OH

O
HO

 



xxiii 

N NPt
O CH3

O OH

18  

N NPt
O

19
HO O

 



xxiv 

 
 

Epigraph 

 

 

 

 

 

 

 

 

The greatest battle is not physical but psychological. The demons telling us to give up when we 

push ourselves to the limit can never be silenced for good. They must always be answered by the 

quiet, steady dignity that refuses to give in. Courage. We all suffer. Keep going. 

 

 -Graeme Fife 
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Chapter One: Introduction 

 

1.1 Using Steric Bulk to Stabilize Reactive Species  

 

The use of sterically crowding ligands in inorganic and organometallic chemistry has 

been a successful strategy for stabilizing reactive complexes since the 1950’s.1,2 Suitable steric 

bulk has allowed for the isolation and characterization of many new classes of compounds that 

are otherwise not observed due to rapid decomposition processes.1-5 The most common types of 

ligand systems used to enforce steric bulk include cyclopentadienyl, trimethylsilyl complexes 

based on carbon, nitrogen, or silicon, large o-terphenyl (-C6H2-2,4,6-R, R = iPr or tBu) groups, 

and the more recently utilized m-terphenyl (-C6H2-3,5-R, R = iPr, tBu) functional groups, which 

have been used to isolate several new classes of compounds otherwise inaccessible using 

traditional bulky ligands.3  

 

1.1.1 Terphenyl Ligands 

 

In terphenyl ligand systems, two substituted aryl substituents flank a central aryl ring in 

either the 2,6 (ortho) or 3,5 (meta) positions (Figure 1-1),1-3 providing a protective pocket around 

the ipso position (1) of the central aryl ring. The flanking aryl rings typically contain additional 

substituents in the 2,6 (ortho) and 4 (para) positions to provide extra degrees of steric stability. 

2,6-substitution forces the flanking aryl rings into an orthogonal arrangement relative to the 

central aryl ring, creating a concave pocket around the ipso carbon. This enables the terphenyl 

ligand class to stabilize highly reactive, low coordinated main group and metal centers.3,6-20 
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R

R R

R R

R R

R

R R

RR

ortho-terphenyl meta-terphenyl

orthogonal flanking aryl rings  

Figure 1-1. Schematic overview of terphenyl ligands (ortho and meta). 

Terphenyl ligands have allowed for the isolation and characterization of a multitude of 

new low coordinate main group species, including heavy group 14 radicals (GeAr)3,21 main 

group analogues of alkenes and alkynes of the type ArMMAr (Ar = terphenyl ligand, M = Ge, 

Sn),19,22 and mixed metal multiple bonded systems of Ge or Sn with M (M = Cr, Mo, W)2,23-25 

(Figure 1-2).  

Ge

Ge

Ge
Ar Ar

Ar

Ar =
M

CO

Ge Ar

M = Mo, Cr, W

OC

 

Figure 1-2. Examples of terphenyl ligands stabilizing low coordinate main group 

complexes. 

1.1.2 Terphenyls as Ligands for Transition Metals 
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Terphenyl moieties have been used on a variety of nitrogen, isocyanide, or phosphine 

based ligands.5,7,13,15,16,19,26-33  Powell and co-workers have reported a number of terphenyl 

supported phosphines that coordinate to ruthenium via the phosphorus atom as well as the 

flanking aryl ring through a π interaction with the ruthenium center (Figure 1-3).13 Figueroa and 

co-workers have demonstrated the utility of terphenyl isocyanate ligands to stabilize a variety of 

different reduced metal centers (Co,31,32 Ni,34 Mn,30 W,33 and Mo33), and Piers and co-workers 

have also utilized bulky terphenyl groups to isolate thermally stable, low coordinate yttrium and 

scandium complexes that do not undergo ligand metalation processes (Figure 1-3).26,27 Terphenyl 

ligands have thus contributed to a wide variety of chemical systems, and their use in the 

discovery of new classes of compounds will undoubtedly continue in the years to come. 

P
Ru

Cl Cl

Powell:

Figueroa:

Co

N

N

Mn CC

CO

OC CO

N N

Piers:

N N
M
R

R

M = Sc, Y

Na

 

Figure 1-3. Examples of terphenyl ligands supporting metal centers (R = alkyl, halide). 
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1.2  Reactions of O-H Bonds versus C-H Bonds by Late Metal Complexes. 

 

Sterically bulky terphenyl ligands have been shown to stabilize low coordinate, highly 

reactive metal centers. One could envisage utilizing this class of ligand to isolate and study 

reactive species relevant to a simple water splitting cycle (Scheme 1-1, left).35  

 

LnM

LnM
OH
H

+ H2O

LnM O

- H2

hv

1/2 O2
I

IIIII

A

B

C LnM

LnM
CR3

H

+ R3C-H

LnM CR2

- HR

":CR2"
I

IIIII

A

B

C

 
Scheme 1-1. Left: Proposed water splitting scheme. Right: Analogous hydrocarbyl 

transformations. 
 

Scheme 1-1 shows possible transformations of H2O into O2 and H2 and analogous processes 

known for hydrocarbyl species.36 The fundamental chemistry of the interconversions of oxygen 

containing ligands (M=O, M-OH, M-OH2) is of interest due to the proposed role of such species 

in metal mediated water splitting catalysis (Scheme 1-1). These types of interconversions 

(oxidative addition A, and α-elimination B) are well known for C-H containing substrates 

(Scheme 1, right), but are more rare for O-H bonds.35    

Thermodynamically, the bond dissociation energy (BDE) of the O-H bond in water is 499 

kJmol-1.37,38 This is a much higher value than most other X-H bonds (only H-F has a higher 
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BDE),38 but does not indicate that the oxidative addition of water is unobtainable. Similar to 

trends observed in various in C-H bonds, an increase in C-M BDE is observed with increasing C-

H BDE,39 showing a thermodynamic preference for the activation of strong bonds. In other 

words, a strong C-H bond will form a strong M-C bond, favouring the thermodynamics of the C-

H bond breaking process to the product side of the reaction. The question for water is whether 

the newly formed M-OH and M-H bond strengths will be strong enough to compensate for the 

cleavage of the O-H bond. Late metal oxygen bonds are typically weaker than early metal 

oxygen bonds due to soft acid/hard base mismatch and dπ-pπ repulsion between late metal filled 

dπ orbitals and the lone pairs on oxygen (typically this is expressed as a bent M-O-H bond rather 

than linear).38,40,41 This adds to the thermodynamic challenge of oxidatively adding water, even 

though the bent M-O-H geometry favours α-elimination (Scheme 1-1, step B). 

An approach to determine the kinetic and thermodynamic factors associated with breaking and 

forming O-H bonds is to synthesize and isolate discrete metal hydroxo’s, oxo’s, and water 

adducts, and to study their resulting reactivity.41-43 Choice of transition metal is critical to 

isolating discrete metal complexes with oxygen-based ligands. There have been examples 

reported by Hillhouse and Bercaw of the oxidative addition (Step A, Scheme 1-1) of water with 

bis(pentamethylcyclopentadienyl) complexes of hafnium (II) and zirconium (II) derivatives.44 

The disadvantage of these early metals is the thermodynamic stability of metal hydroxo and oxo 

species, which increases the activation barrier to oxygen evolution (step C, Scheme 1-1).38,44 The 

factors influencing the choice of metal include the M-OH and M=O bond strengths, and the 

geometry of the M-O-H bond. Therefore, with the aforementioned points in mind, a third row 

late transition metal such as platinum was chosen as the appropriate target for the synthesis of 

transition metal hydroxo, oxo, and aqua species. 
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1.2.1 Examples of Monomeric Platinum Hydroxides 

 

There are few examples of characterized monomeric platinum (II) hydroxo’s (in non 

aqueous solutions). In known examples, they are commonly found in pincer ligand 

environments, and have been utilized to investigate oxygen-ligand transformations.45-47 There 

have also been monomeric platinum (II) hydroxo’s stabilized by bulky phosphine ligands,48,49 

however, they exhibit a tendency to dimerize in environments of lowered steric bulk.50,51 Figure 

1-4 shows some of monomeric platinum (II) hydroxo’s (non aqueous solutions) found in the 

literature.42,52,53 

 

Bennett:

R2P PR2Pt
OH

R = Ph, tBu

PtBu2Pt
OH

Me2N

Milstein: Appleton and Belluco:

Pt
P

P

CH3

OH

Ph2

Ph2

Suzaki:

Pt
Ph

O
Pt

H

Ph X + X- Pt
Ph

Ph HO
Pt

X
+

Otsuka:

R3P2Pt  +  H2O Pt
PR3

OH

H

R3P R = Et, iPr  

Figure 1-4 . Monomeric platinum (II) hydroxo's (non aqueous solutions) 

A common feature for the aforementioned monomeric hydroxo complexes is the use of 

sterically bulky ligands. In line with this observation, the cyclooctadiene (COD) supported 
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bridging hydroxo cation prepared by Suzaki and coworkers was found to disproportionate in the 

presence of halides to form the monomeric bis-phenyl complex (Figure 1-4). The corresponding 

halo-hydroxo complex proved to be too unstable to observe due to a lack of steric bulk 

surrounding the metal center, but was proposed to be the second product of the reaction.52 The 

oxidative addition of water to Pt0 was also studied by Otsuka and coworkers to form trans-

[(iPr3P)2Pt(OH)(H)] (Figure 1-4).53 The corresponding Pt0 complex required treatment with a 

large excess (> 300:1) of water:tetrahydrofuran to form and stabilize the trans product. 

 

1.2.2 Reactivity Patterns of terminal hydroxides 

 

Scheme 1-2 shows the possible ways in which terminal metal hydroxide functionalities 

could react with different chemical substrates. One could envisage a variety of insertion reactions 

with different unsaturated substrates (CO2, CS2, CO etc),48,54-57 along with acid-base type 

reactions with weak H-Y acids.48 

Scheme 1-3 shows different routes of how metal hydroxides can activate Y-H (Y = C, S, 

N, O) bonds. The basic hydroxo moiety can dissociate to form a hydroxo anion (and a cationic 

metal center), which intermolecularly abstracts a proton from the substrate to be activated 

(Scheme 1-3, i).48,58,59 This type of dissociative process would be favoured in the presence of a 

polar protic solvent due to favourable stabilization of both the hydroxo anion and the metal 

cation through hydrogen bonding interactions.60 Activation of Y-H bonds can also occur in a 

concerted fashion (Scheme 1-3, ii) where the M-Y bond is formed parallel to Y-H bond 

breaking; intramolecular proton transfer would then follow (Scheme 1-3, middle). This type of 



 

8 

reaction is often referred to as “1,2-addition” in the literature, and has been documented for late 

metals in a number of cases for H2
58,59,61-63 and aromatic C-H substrates.64-71 In contrast to a  

 

M-OH

C=X

X=C=X HY

ROOH

[M] OH

X

[M]
X

OH

X

[M] OOR
+ H2O

[M] Y + H2O

X = S, O

Y = halide, SR, CR3

 

Scheme 1-2. Reactivity of late metal hydroxides 
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Scheme 1-3. How metal hydroxides can activate Y-H bonds (Y = H, C, N, O, S) 
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dissociative process (i), H2O typically slows down the 1,2-addition reactions due to competitive 

binding with the substrate at the metal center, or through extensive hydrogen bonding with the 

metal hydroxo moiety that prohibits substrate binding. There has also been an example where 

H2O leads to dimer formation of the metal hydroxide species through a hydrogen bonding 

network.58,59 The dimer must be broken for the reaction to proceed, which in turn retards the rate 

in comparison to reactions taking place in the absence of H2O. The third process of hydroxide 

reactivity with Y-H bonds is formal oxidative addition followed by reductive elimination of H-

OH (Scheme 1-3, iii)48,58,59 This requires complete Y-H bond cleavage prior to H2O elimination, 

a higher energy process that requires the metal center to be available for a formal change in 

oxidation state.60 

 

1.3 Choice of Ligand: Platinum Diimine Complexes 

 

Choice of ligand is critical for the formation and isolation of stable hydroxo, oxo, and 

water adducts. It has been shown that tri-alkyl phosphine ligands partially stabilize the 

[PtII(H)(OH)] complex (Figure 1-4),53 indicating that strong electron donation to the platinum 

center encourages its formation (and the oxidative addition of H2O). On the other hand, 

phosphine ligands are very sensitive towards oxygen, a product in the hypothetical water 

splitting cycle this chemistry is attempting to study (Scheme 1). It has also been found that more 

electron density at the metal center destabilizes the terminal metal oxo species (III, Scheme 1-

1).72-75 Therefore, an intermediate chelating N-donor ligand was deemed suitable to provide the 

desired electronic constraints to isolate stable platinum hydroxo’s, oxo’s, and water adducts. This 

also would provide a second reactive ligand site in comparison to tridentate pincer ligands. 
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1.3.1 Common Neutral Chelating N-Donors used to stabilize Platinum (II) 

 

A wide variety of chelating diimine ligands have been used to stabilize platinum in the +2 

oxidation state (Figure 1-5). Phenanthroline (Phen) and bipyridine (Bpy) ligands are not as 

amenable to tuning of steric bulk around of the metal center, and are often used as mimics for 

N

N

N

N

R
Ar
N

N
Ar

R

R = H, CH3, CF3

Ar
N

N
Ar

Phen Bpy BIANDAB

 

Figure 1-5. Various diimine ligands used to stabilize Pt(II) (Phen: phenanthroline, Bpy: 

bipyridine, DAB: 1,4-diaza-1,3-butadiene, BIAN: bis-iminoacenaphthene). 

the biological relevant cis-platin.76 Nonetheless, phenanthroline and bipyridine ligands have been 

used to support a variety of platinum complexes in both the +2 and +4 oxidation states.61,62,76-80 

There have been a multitude of platinum complexes stabilized by 1,4-diaza-1,3-butadiene 

(DAB)81-96 and bis-iminoacenaphthene (BIAN)86,97-103 ligands. These ligands are more amenable 

to electronic (through the imine carbons) and steric (through the imine nitrogen) modifications 

than their phenanthroline and bipyridine counterparts. While the DAB ligands allow for 

electronic modification at the imine carbon (R = H, CH3, or CF3, Figure 1-5), the imine carbon is 

not protected against attack from incoming nucleophiles.101 There has also been evidence of 

deuterium incorporation into the imine backbone moiety in the presence water when R = CH3, 

indicating that these protons are acidic in nature.96 The BIAN ligand framework circumvents this 
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latter issue, and these types of ligand systems have been shown to be stable in the presence of 

strong bases such as KOH and proton sponge.101 

 

1.3.2 Reactivity of diimine supported platinum complexes: C-H activation 

 

The most frequent area of research involving platinum diimine complexes has been in the 

area of activating Csp2-H and Csp3-H bonds by cationic methyl, phenyl, and solvento 

complexes.61,81,82,85,90,93,94,99,100,104-111 Homogeneous transition metal complexes most often 

undergo C-H activation by oxidative addition (OA) and electrophilic substitution (ES).112 By far, 

the most common mechanistic path of C-H cleavage by platinum (II) diimine complexes is 

described as electrophilic substitution (Scheme 1-4, bottom, Intra- and Intermolecular ES).113 

Electrophilic substitution involves attack of an electron rich C-H bond on an electrophilic metal 

center with concomitant loss of a proton (Scheme 1-4).  

Mn

X

Mn+2

R

H
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X

H

R

R-H

R-H
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R
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X

R-H
R H

- HX

- HX

- HX

OA

Intermolecular ES

Intramolecular ES

 

Scheme 1-4. Typical Modes of C-H activations for Pt(II) complexes. 
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These two reaction modes are classified differently (OA is nucleophilic and ES is electrophilic) 

but they have much in common, and have both been found to operate in some systems.111 

It is worthwhile to discuss the most prominent mechanistic path of C-H activation by 

platinum (II) complexes stabilized by DAB and BIAN ligands, as these are the most widely 

studied. Scheme 1-5 shows the proposed mechanism of electrophilic C-H activation by cationic 

platinum (II) methyl complexes supported by DAB ligands. 

Pt CH3N
N L

A
L = H2O
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B
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+ L
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H Pt CH3N
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H
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F
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G

H

L

- L + L

+ +
+

+

+
+ +

- L

 

Scheme 1-5. Mechanism of C-H bond activation for cationic platinum diimine complexes 
(TFE: trifluoroethanol).85,111 

 

The proposed mechanism shown in Scheme 1-5 proceeds first through coordination of 

the arene to form a π-benzene adduct (B) followed by electrophilic activation of the benzene C-

H bond (C). The activation of alkane C-H bonds parallels this mechanism, where the 

electrophilic activation of the C-H bond proceeds through an alkane σ-complex (E). C-H 

cleavage occurs to form a Pt(IV) five coordinate intermediate (D) which may or may not be 

stabilized by a coordinating molecule of solvent (G). The intermediates following the C-H bond 
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breaking event (D and G) are formally Pt(IV) species and are reminiscent of oxidative addition 

chemistry, blurring the distinction between these two classes of mechanisms. 

Bercaw, Labinger, and Tilset have thoroughly studied the electronic and steric factors at 

play in platinum mediated C-H bond activation (Scheme 1-5).85,96,109,112 For these electrophilic 

C-H activations it has been found that a more electron rich platinum center (by means of a 

stronger donating diimine) is more reactive in comparison to an electron poor platinum center.96 

While this might seem counterintuitive for an electrophilic C-H bond mechanism, Bercaw and 

Labinger have offered some suggestions as to why this is observed. It could be argued that 

increased electron density at platinum stabilizes the formally Pt(IV) intermediate D as well as 

lowering the energy of the transition state for the C-H bond cleavage step (if that transition state 

involves higher oxidation character at platinum).96 For these instances, if C-H bond breaking is 

the rate limiting step, more electron density on platinum would increase the rate of the reaction. 

However, for instances where C-H bond breaking is not the rate determining step, a different 

argument is required. Looking at the proposed mechanism in Scheme 1-5, replacement of the 

coordinating solvent (TFE or H2O) is required prior to hydrocarbon coordination. A more 

electron rich platinum center would disfavour solvent coordination (particularly H2O), which 

needs to dissociate prior to hydrocarbon coordination. Therefore for the above example, the 

result of an increase in rate due to increasing the electron density at platinum may purely be a 

ground state effect.96 In any case, after intensive investigation the authors conclude that it is 

difficult to say much about the inherent nature of the C-H bond activation process, and care must 

be taken when making conclusions involving the electronic nature of C-H bond activations and 

whether using the term “electrophilic” has any real mechanistic significance. 
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1.4 Thesis Goals 

 

The main goal of this thesis was to design a suitable ligand platform for the isolation and 

characterization of monomeric platinum hydroxo, aqua, and (possibly) oxo complexes, and to 

study their resulting reactivity toward water activation and uncover any relevance to water 

splitting processes. Given the extensive use of α-diimine ligands to stabilize water coordinated 

cations relevant to C-H activation processes, and their amenability to the installation of 

significant steric bulk through modification of the N-aryl moiety, we sought the preparation of 

“stupendously114” bulky examples of this ligand family. Chapter 2 describes the synthesis of α-

diimine ligands of suitable steric bulk using terphenyl groups, and then installation onto platinum 

chloride precursors. The synthesis and full characterization of a series of monomeric platinum 

(II) hydroxides and water adducts concludes the chapter and satisfies the first goal of this thesis. 

Chapter 3 is the study of the thermolysis of some of the hydroxides in aromatic solvents in the 

attempt to observe reactivity relevant to a water splitting cycle. Rather than observing reactivity 

relevant to water splitting, C-H activation of the aromatic solvent occurred preferentially. 

Chapter 3 describes the investigation of this benzene C-H bond activation. Chapter 4 investigates 

the reactivity of the platinum hydroxides in the presence of oxidizing and silver(I) agents in the 

attempt to remove electron density at platinum to form an oxo species. A variety of silver 

supported hydroxides were isolated and characterized and their resulting reactivity towards 

aromatic C-H bonds was explored. Chapter 5 finishes with studying the reactivity of the 

monomeric hydroxides with H2 and CO2 in order to map out further reactivity. Overall thesis 

conclusions and suggestions for further work are described in Chapter 6.  
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Chapter Two: Synthesis and Characterization of Bulky α-Diimines and Platinum 

Hydroxide Complexes 

2.1 Introduction 

Our laboratory is currently interested in the fundamental chemistry of archetypical 

oxygen containing ligands because of their potential role in metal-mediated water oxidation 

catalysis.115,116 In order to design improved water splitting catalysts, we hope to increase our 

knowledge on how these ligands interconvert, at a similar level to our knowledge concerning the 

transformations of simple hydrocarbyl ligands.35,36 In order to obtain kinetic and thermodynamic 

information of these transformations, our approach has been to prepare well defined, monomeric 

examples of metal hydroxo and aquo complexes and study their fundamental chemistry. 

Reported monomeric Pt(II) hydroxides (in non-aqueous solutions) tend to be found in a 

pincer ligand environments,46,47 and Milstein and co-workers have utilized such compounds to 

investigate oxygen ligand interconversions.45 We are interested in neutral, bidentate ligands, 

which allow for a second reactive ligand site. There have been reports of monomeric phosphine 

supported Pt(II) hydroxides,48,49,51,52 but they exhibit a tendency to dimerize.50,86 Dimerization is 

also common with cationic α-diimine Pt(II) hydroxides, even when larger N-aryl groups are 

employed.86,93,101,117 Given the extensive employment of α-diimines to stabilize water 

coordinated cations of Pt,85,111 and the amenability of installing appropriate steric bulk at the N-

aryl ligand, we sought the preparation of Pt(II) monomeric hydroxides supported by a new 

“stupendously” bulky α-diimine ligand system.118,119 Our group has previously reported the use 

of large N-terphenyl groups in β-di-ketiminato ligands to stabilize highly reactive group 3 

compounds.26,27 This strategy has been extended to prepare two new bulky N-terphenyl ligands 
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for the purposes of isolating monomeric platinum(II) hydroxides and aqua cations, the focus of 

this chapter. 

 

2.2 Results and Discussion 

2.2.1 α-diimine and platinum dichloride synthesis 

Bis-(2,6-di-isopropyl)-bromobenzene was synthesized according to published 

procedures.120-122 The corresponding 3,5-bis-(2,6-di-isopropyl)-aniline, was synthesized by either 

Buchwald palladium catalyzed coupling of the aryl bromide with NH3 or through the formation 

of the aryl azide followed by reduction with LiAlH4.123 Both procedures gave aniline after 

column chromatography as a white powder in 50-60% yield. Condensation of the aniline with 

2,3-butanedione in MeOH gives the α-diimine ligand LMe in 45% yield (Scheme 2-1).102 

Conversely, reaction of the aniline with acenaphthenequinone in MeOH only produced the mono-

imine substituted ketone. Heating of this reaction for prolonged periods above 90oC in toluene 

with molecular sieves resulted in decomposition to unknown waxy solids.111,124,125 The 

mechanism of this decomposition is not known. Due to the instability of the aniline at higher 

N N ArAr

LBIAN: 80%

1: 98%
2: 70%

LMe: 45%

N N ArAr
or N NPt

R R

Cl Cl

Pt
Cl
Cl Cl

[K]•H2O

- KCl
-C2H4

NH22

O

O
MeOH, H+

or

O O
Toluene:MeOH

1:20, H+  

Scheme 2-1. Synthesis of bulky α-diimines and complexation with Ziese's salt (1, R = CH3; 2, 
R = acenaphthene) 
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temperatures (>90oC), a room temperature method for the production of the diimine was 

necessary. A solvent system of toluene:MeOH (1:20) was determined to solubilize the aniline 

and the mono-imine intermediate but not the diimine product LBIAN. Using Le Chatelier’s 

principle, the product diimine LBIAN was precipitated out in high (80%) yield at room 

temperature in this solvent system.  Characteristic 1H NMR signals for these ligands include a 

singlet at 2.23 ppm (CDCl3) for the imine CH3 group of LMe, and three distinct aromatic 

resonances for the acenaphthene protons of LBIAN. The solid state structures of LMe and LBIAN 

are shown in Figure 2-1and Figure 2-2, and selected metrical data is shown in Table 2-1. The  

 

Figure 2-1. X-ray molecular structure of LMe. Thermal ellipsoids are shown at 30% 

probability and hydrogen atoms are omitted for clarity. 
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Figure 2-2. X-ray molecular structure of LBIAN. Thermal ellipsoids are shown at 30% and 
hydrogen atoms are omitted for clarity. 

 

Table 2-1. Selected metrical parameters for LMe and LBIAN 

Parameter LMe LBIAN 
 Bond Distances (Å)  

C1-C2 1.500(3) 1.524(4) 

N1-C1 1.273(3) 1.258(5) 

N2-C2  1.256(5) 

 Bond Angles (o)  

N1-C1-C2 125.69(18) 120.5(3) 

 

C-C and C-N distances for both LMe and LBIAN compare well to reported “metal free” diimine’s 

characterized crystallographically (1.457(3) Å, 1.258(3)Å respectively).126,127  

Stirring α-diimine’s LMe and LBIAN with Zeise’s salt (KPt[Cl3(C2H4)]H2O) in 1:1 

MeOH:DCM at room temperature produced the dichlorides 1 and 2 in 98% and 70% yield 
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respectively as analytically pure brown/red solids (Scheme 2-1).102 The assignment guide for 

compound 1 is shown in Figure 2-3. Compound 1 displays C2v symmetry, resulting in equivalent 

imine CH3 protons (protons r). The central phenyl group of the terphenyl N-aryl groups is 

essentially perpendicular to the plane of the N2C2 diimine atoms, resulting in protons (a) on the 

N-aryl being equivalent and resonating as a doublet (4JH-H: 1 Hz) at 6.94 ppm (CD2Cl2) coupling 

to protons (b) (triplet, 4JH-H: 1 Hz at 7.03 ppm). The protons on the flanking phenyl rings 

(orthogonal to the central N-aryl ring) resonate at 7.18-7.23 as two doublets (3JH-H: 7 Hz) for  

 

Figure 2-3. 1H NMR spectrum (CD2Cl2) with assignments for 1 (LMe). Inset: aromatic 

region. 

protons (c outer and c’ inner) coupled to the triplets (3JH-H: 7 Hz, 4H) for protons (d). The imine 

CH3 signals resonate at 1.83 ppm as a singlet integrating to six protons (r). This imine methyl 
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signal is particularly diagnostic for determining symmetry at the platinum center. The iPr 

methine protons (e and f) appear as two distinct septets (3JH-H: 7 Hz) for both “inside” and 

“outside” flanking phenyl rings, each coupled to six iPr methyl protons (g, h, I, j). Rotation 

through the C2 axis produces two sets of iPr CH3 doublets (3JH-H: 7 Hz) for both the “inside” and 

“outside” rings respectively due to restricted rotation around the C-C bond of DIPP and N-

terphenyl rings (Scheme 2-2). Heating in toluene up to 110 oC did not result in coalescence of the 

iPr signals in the 1H NMR spectrum, indicating that rotation was still restricted at this 

temperature. The 13C NMR spectrum shows the diagnostic carbon for proton (r) at 20.68 ppm 

and the imine carbon at 177.16 ppm (CD2Cl2).102,124  

 

 

N N

e

e

g

h
g

h
r

Pt
Cl Cl

C2, σv

e

e

h

h

g

g

 

Scheme 2-2. Labelling scheme showing exchanging methyl groups. 
 

Dichloride 2 has C2v symmetry resulting in three aromatic acenaphthene resonances for 

protons (k), (l), and (m) (Figure 2-4). The N-aryl and di-isopropyl phenyl rings show the same 

NMR spectral pattern as that found for 1, with the N-aryl ring perpendicular to the C2N2 plane 

and “inside and “outside” di-isopropyl phenyl groups to generate two septets for the iPr methine 

and four doublets for the iPr methyl signals. The “BIAN” protons were assigned by 1H-13C 

HMBC NMR correlation spectroscopy (Figure 2-5). Proton (k) displays a three-bond interaction  
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Figure 2-4. 1H NMR spectrum (CD2Cl2) and assignments for 2.  

 

Figure 2-5. 1H-13C HMBC NMR spectrum of 2 in the aromatic region. 
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with the imine carbon at 176.0 ppm. Proton (k) is at 7.28 ppm (CD2Cl2) and is a doublet  (3JH-H: 8 

Hz) with coupling to proton (l) at 7.52 ppm  (3JH-H: 8 Hz, doublet of doublets). Proton (l) also 

couples to proton (m), which is the most downfield signal at 8.38 ppm (3JH-H: 8 Hz, doublet). 

The solid state structures of 1 and 2 are shown in Figure 2-6 and Figure 2-7, respectively, 

with selected bond distances and angles shown in Table 2-2. The N-aryl rings for both  

 

Figure 2-6. X-ray structure of 1. Ellipsoids are shown at 30% probability. Two molecules of 

ethyl acetate and hydrogen atoms have been omitted for clarity. 

 

Figure 2-7. X-ray structure of 2. Ellipsoids are shown at 30% probability. One molecule of 

toluene and hydrogen atoms have been omitted for clarity. 
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Table 2-2. Selected metrical data for 1 and 2. 

Parameter 1 2 
 Bond Distances (Å)  

Pt-Cl1 

Pt-Cl2 

Pt-N1 

Pt-N2 

2.290(2) 

2.277(2) 

1.993(4) 

1.999(4) 

2.272(4) 

2.269(3) 

2.012(9) 

N1-C2 1.295(7) N/A 

N2-C3 

N1-C1 

N2-C2 

1.288(7) 

N/A 

N/A 

N/A 

1.30(1) 

1.30(1) 

 Bond Angles (o)  

Cl1-Pt-Cl2 

Cl1-Pt-N1 

Cl1-Pt-N2 

Cl2-Pt-N2 

N1-Pt-N2 

 

Pt-N1-C6-C5 

Pt-N2-C35-C40 

Pt-N1-C13-C18 

Pt-N2-C43-C61 

90.44(6) 

173.6(1) 

95.7(1) 

173.4(1) 

78.0(2) 

Torsion Angles (o) 

85.6(5) 

77.4(5) 

N/A 

N/A 

91.6(1) 

94.4(3) 

173.6(1) 

93.9(3) 

80.1(4) 

 

N/A 

N/A 

99(1) 

104(1) 

 

dichlorides 1 and 2 are perpendicular to the N2C2 plane, with orthogonal flanking phenyl groups.  

This is shown in the torsion angles of 99(1)o and 104(1)o for Pt-N1-C13-C18 and Pt-N2-C43-

C48 respectively in dichloride 2 and 85.6(5)o and 77.4(5)o for Pt-N1-C6-C5 and Pt-N2-C35-C40 

in dichloride 1. The imine bond lengths for 1 are slightly shorter (1.295(7) and 1.288(7) Å) than 

in 2 (1.30(1) Å), along with slightly shorter Pt-N bonds (1.993(4) Å in 1 vs 2.012(9) Å in 2). 



 

24 

Both of which fall in the range of other reported diimine platinum dichloride compounds (1.288-

1.455 Å for C=N, 1.990-2.017 Å for Pt-N).92,95 

Methyl-chloro (3) and phenyl-chloro (4) derivatives of LBIAN were both synthesized from 

the appropriate dimethyl-sulfide complexes of platinum (Scheme 2-3).99,128 Compound 3 was 

 

Scheme 2-3. Synthesis of methyl-chloro 3 and phenyl-chloro 4 from LBIAN using dimethyl-
sulfide platinum starting materials. 

 

synthesized by stirring LBIAN and trans-[(SCH3)2PtCl(CH3)] in THF at room temperature and 

isolated in 84% yield.91,103,110 Compound 3 displays six aryl “BIAN” protons resonances due to 

the loss of C2v symmetry (Figure 2-8). There are two (m) type BIAN protons at 8.50 and 8.36 

ppm (3JH-H: 8 Hz , thf-d8, doublets), two (l) type protons at 7.58 and 7.48 ppm (3JH-H: 8 Hz, 

doublet of doublets), and (k) type protons at 7.50 (3JH-H: 8 Hz, doublet) and at 7.3 ppm 

determined from 1H-1H COSY NMR spectroscopy (Figure 2-9).  The Pt-CH3 signal (protons n) 

appear as a singlet with 195Pt satelites at 1.52 ppm (3JPt-H = 82 Hz) that correlate by 1H-13C 
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HMQC NMR spectroscopy to the 13C signal at -13.51 ppm (thf-d8). The coupling constant (77-

100 Hz) and chemical shift are both in the range for other diimine platinum methyl 

compounds.61,83,85,87,90,91,103,109-111,129 From the loss of C2v symmetry there are now eight sets the 

iPr methyl signals, integrating to six protons each, compared to the four observed for the more 

symmetric dichloride 2. 

 Refluxing LBIAN with a mixture of cis/trans-[(SCH3)2PtCl(C6H5)] in THF for thirty two 

hours gives the Cs symmetric chloro-phenyl 4 as a brown-purple powder in 65% yield (Scheme 

2-3).130 Complex 4 displays eight doublets of iPr methyl’s (3JH-H = 7 Hz, 6 protons each) and four 

 

Figure 2-8. 1H NMR spectrum and assignments for 3. Inset: aromatic region. 
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Figure 2-9. 1H-1H COSY NMR spectrum of the aromatic region of 3. 

septets of iPr methines (3JH-H = 7 Hz, 2 protons each) (Figure 2-10). The aromatic region of the 

1H NMR spectrum was assigned by 1H-1H COSY NMR spectroscopy (Figure 2-11). There are 

six different “BIAN” resonances and three for the platinum phenyl moiety. The para hydrogen 

of the Pt-phenyl group is the most upfield of the platinum phenyl protons at 6.90 ppm. Coupling 

constants are difficult to ascertain due to overlap with one (k) type proton.  The ortho proton is 

the most downfield of the phenyl protons (7.59 ppm, doublet, 3JH-H = 7 Hz) and is slightly 

broadened (with respect to the BIAN acenaphthene resonances) due to coupling with 195Pt. This 

signal correlates by 1H-13C HMQC NMR spectroscopy to the most downfield shifted aromatic  
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Figure 2-10. 1H NMR spectrum of 4 with assignments (aliphatic region). 

 

Figure 2-11. 1H-1H COSY NMR spectrum of the aromatic region of 4. 
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aromatic CH proton (138.6 ppm, C6D6), indicative of a Pt-Cortho moiety. 77,78,99,107,129,131 Unlike 

literature examples, the 195Pt satellites for Ho are not observed in the 1H NMR spectrum of 

4.77,78,99,107,129,131 Singles crystals of 3 were grown via slow evaporation of solvent from a 1:1 

solution of toluene:DCM, and single crystals of 4 by slow evaporation from a toluene solution. 

Molecular structures are shown in Figure 2-12 and Figure 2-13 respectively, and selected 

metrical parameters are given in Table 2-3. The Pt-N1 bond trans to the platinum-CH3 group in 3 

(2.1261(8)Å) is elongated in comparison to the Pt-N2 bond trans to platinum-Cl (2.035(6)Å), 

presumably reflecting the higher trans influence of the methyl group with respect to the 

chloride.60,87 The Pt-N2 bond trans to the platinum phenyl group in 4 (2.139(4)Å) is slightly 

elongated in comparison to the Pt-N1 bond trans to the platinum chloride (2.014(3)Å), also 

indicative of the phenyl moiety exhibiting a larger trans influence with respect to chloride.60 The 

Pt-N bond trans to methyl (2.162(8) Å) in 3 is 0.013Å shorter than the Pt-N bond trans to the 

 

Figure 2-12. X-ray molecular structure of 3. Ellipsoids are at 30% probability and two 

molecules of toluene and hydrogen atoms have been omitted for clarity. 
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! 

Figure 2-13. X-ray molecular structure of 4. Ellipsoids are at 30% probability and 

hydrogen atoms have been omitted for clarity. 

Table 2-3. Selected metrical parameters for 3 and 4. 

Parameter 3 4 
 Bond Distances (Å)  

Pt-Cl1 

Pt-C73 

Pt-N1 

Pt-N2 

2.253(2) 

2.12(1) 

2.126(8) (trans C) 

2.035(6) 

2.2785(9) 

2.014(5) 

2.014(3) 

2.139(4) (trans C) 

 Bond Angles (o)  

C73-Pt-N2 

C73-Pt-Cl 

N1-Pt-N2 

N1-Pt-Cl 

N2-Pt-Cl 

C73-Pt-N1 

 

Pt-N1-C43-C48 

Pt-N2-C13-C18 

95.2(4) 

89.0(3) 

80.0(3) 

95.8(2) 

N/A 

N/A 

Torsion Angles (o) 

103(1) 

118.6(9) 

N/A 

90.5(1) 

79.6(1) 

N/A 

95.43(9) 

98.7(1) 

 

70.1(5) 

96.8(4) 
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phenyl (2.139(4) Å) in 4, which indicates the phenyl moiety displays a stronger trans influence 

than the methyl. This is in contrast to previous reports of mixed platinum methyl-phenyl α-

diimine supported systems, where the methyl moiety displays a slightly higher trans influence.87  

 

2.2.2 Substitution of the chloride ligand 

2.2.2.1 Attempts to form platinum hydroxides, hydrides, and an oxo through salt metathesis. 

 

Initial attempts to form hydroxides, hydrides, or oxo species with dichloride 1 (imine di-

Me) resulted in either no reaction, reduction of the imine ligand, or decomposition to ligand 

fragments and platinum black.  Table 2-4 summarizes a range of reagents and reaction conditions 

employed. Hydroxide delivery reagents such as KOH, CsOH, nBu4N-OH, and NH4OH 

immediately produced a red/pink solution upon addition to dichloride 1 (from brown/orange), 

indicating possible formation of a platinum hydroxide species. However, within minutes the 

red/pink solution became dark brown and a black precipitate formed with the resulting NMR 

spectrum indicating possible remnants of ligand. The decomposition to platinum black and ill-

defined organic products were likely a result of competing attack of the base at the imine carbon 

and/or removal of the acidic α-methyl protons.111,114 There is also the possibility of the excess 

base deprotonating the newly formed platinum hydroxide to unstable anionic oxo species, which 

subsequently decomposes. 

 Hydride delivery agents produced similar results as hydroxide salt metathesis reactions, 

although typically immediate decomposition to platinum black with no apparent coloured 

intermediate(s) was observed. Compound 1 does not react with Schwartz’ reagent at room 
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temperature, and upon heating in benzene produces undefined product mixtures with no evidence 

for formation of a platinum hydride.132 NaBH4 immediately reduced the platinum imine moiety 

Table 2-4. Reaction of 1 with hydroxide, hydride, and oxo salt metathesis reagents. 

Reagent Conditions Outcome 
KOH THF, 25oC Pt black and ligand fragments 

KOH/18-crown-6 

KOtBu 
nBu4N-OH 

NH4OH 

THF, 25oC  

MeOH, 25oC 

THF, 25oC  

THF, 25oC  

Pt black and ligand fragments 

undefined mixture 

Pt black and ligand fragments  

Pt black and ligand fragments 

CsOH.H2O 

CsOH.H2O 

Acetone, 25oC 

DCM, 25oC 

Pt black and ligand fragments 

Pt black and ligand fragments 

(CH3)3N-O 

NaBH4 

Li[HB(Et)3] 

KH 

KH/18-crown-6 

Cp2Zr(H)(Cl) 

Cp2Zr(H)(Cl) 

NaHB(OCH3)3 

LiH 

Li[B(C6F5)4] 

H-Si(C6H5)3 

H-Si(Et)3 

H-Si(tBu)2Cl 

THF, 25oC  

THF, 25oC  

THF, 25oC  

THF, 25oC  

THF, 25oC  

DCM, 25oC 

Benzene, 50oC 

Et2O, -60oC 

THF, 25oC  

THF, 25oC  

DCM, 25oC 

Benzene, 25oC 

Benzene, 25oC 

Pt black and ligand fragments 

Reduction of Imines 

Pt black and ligand fragments 

Pt black and ligand fragments 

Pt black and ligand fragments 

No reaction 

Undefined mixture 

No reaction 

Pt black and ligand fragments 

No reaction 

No reaction 

No reaction 

No reaction 

 

and use of the milder hydride reagent NaHB(OCH3)3, which is known to be unreactive towards 

imine ligands at low temperature, resulted in no reaction and full recovery of 1.133  A variety of 

silane reagents were attempted (Table 2-4) that resulted in no reaction, with H-SiCl(CH3)2 being 
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an exception. Silane Si-H bonds are known to oxidatively add to Pt(II) and Pt(o) to form 

platinum silyl hydrides.104,134-136 Dimethyl-chlorosilane produces multiple platinum hydride 

signals in the 1H NMR spectra in reactions with both 1 and 2. These species were difficult to 

isolate cleanly and decomposed at room temperature over time, thus full characterization of any 

of the products of these reactions was not carried out. 

Salt metathesis reactions with hydroxide reagents were also attempted on dichloride 2 

and methyl chloride 3, as the BIAN ligand obviates the issue of acidic α-protons and renders the 

imine carbon less susceptible towards nucleophilic attack. Reacting 2 or 3 with KOH/18-crown-

6, TlOH, or nBu4N-OH in THF results in the formation of new compounds tentatively assigned 

to the platinum hydroxides, however, large amounts of decomposition to organic ligand 

fragments and platinum black accompanied these reactions. From these results it was concluded 

that the above hydroxide salt metathesis reagents were either strong enough to deprotonate the 

newly formed platinum hydroxides or to attack the imine moiety, or both, the eventual result 

being decomposition to platinum black and ligand fragments. 

 

2.2.2.2 Ligand decomposition fragments 

 

A short discussion on the identity of the decomposition products when platinum black is 

produced is warranted. The term “ligand fragments” henceforth is defined as a mixture of 

aniline, mono-imine, and free diimine ligand. There is also often the presence of another set of 

signals, which is attributed to platinum compounds where one of the ligands on platinum has 

been replaced by a molecule of aniline (with the diimine remaining ligated). This was concluded 

based on a crystal structure obtained from a mixture of the decomposition products (Figure 
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2-14). No further characterization of the complex shown in Figure 2-14 was carried out, but 

presumably the source of the aniline ligated to platinum was from free aniline produced during 

ligand decomposition. 

 

 

Figure 2-14. Molecular structure of chloro aniline decomposition product. Ellipsoids are 

shown at 30% probability and hydrogen atoms have been omitted for clarity. 

 

2.2.2.3 Halide abstraction in the presence of a coordinating anion. 

 

With the above-mentioned difficulties encountered for salt metathesis routes to platinum 

hydroxides, a strategy involving abstraction of a halide followed by installation of the OH 

moiety was pursued.  Silver (I) compounds are well known to abstract halide atoms from 

platinum,76,77,93,137 and reacting dichloride 2 and methyl chloro 3 with AgNO3 in wet 
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DCM/acetone solutions provided the nitrato complexes 5, 6, and 7 respectively (Scheme 

2-4).76,80,138-143 Platinum nitrate complexes were initially prepared because forming hydroxo and 

aqua cations from a nitrato moiety was thought to be more facile than from the chlorides.76 The 

1H NMR spectrum of bis-nitrato 5 has three symmetrical aromatic BIAN resonances  

2 3
1 AgNO3 N NPt

CH3 O
NO2

N NPt
O Cl
NO2

N NPt
O O

NO2 NO2

5, 78%

6, 97%

7, 98%

1 AgNO3

2  AgNO3

 

Scheme 2-4. Synthesis of nitrato complexes 

 

indicative of C2v symmetry; at 7.41 ppm (3JH-H: 8 Hz , CD2Cl2, doublet), 7.60 ppm (3JH-H: 8 Hz , 

CD2Cl2, doublet of doublets), and 8.40 ppm 3JH-H: 8 Hz , CD2Cl2, doublet) for the BIAN proton 

ortho to the imime. The 1H NMR spectrum of chloro nitrato 6 shows a doubling of the BIAN 

resonances due to its Cs symmetry, however, the signals in the 1H NMR spectrum for both 

“sides” of the BIAN system are significantly overlapped. Both 5 and 6 are red/brown powders 

isolated in 78% and 97% yield respectively. Compound 5 was isolated and characterized to be 

analytically pure, but due to difficulties in preparing nitrato chloro 6 free of trace amounts of 5 

and 2, full characterization of 6 was not performed.  The X-ray molecular structures of 5 and 6 

are shown in Figure 2-15 and selected parameters are given in Table 2-5. The nitrato moiety acts 
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as a monodentate κ1 O-bound ligand for both 5 and 6, with Pt-O bonds of 2.10(2)Å and 2.06(2)Å 

for 5 and 2.046(6)Å for 6, all of which compare well to other monomeric platinum(II) O-bound 

nitrato bond lengths.138,144 The Pt-N1 bond length (2.021(6)Å) trans to the platinum-Cl moiety in 

6 is slightly elongated in comparison to the Pt-N2 bond length (1.987(6)Å) of 6 and the Pt-N 

bond lengths in 5 (1.99(1)Å and 1.97(1)Å), indicative of the chloride moiety exerting a stronger 

trans influence than the nitrato ligand.60  

 Methyl nitrato 7 was synthesized by reacting methyl chloride 3 with one equivalent of 

AgNO3 in THF and isolated in 97% yield as an air stable analytically pure pink powder. The 

BIAN resonances in the 1H NMR spectrum are very similar to 3 (six BIAN aromatic  

 

 

Figure 2-15. X-ray molecular structure of 5 (left) and 6 (right). Ellipsoids are shown at 

30% probability. One molecule of ethyl acetate and toluene for 5, and two molecules of 

toluene and one molecule of benzene for 6, along hydrogen atoms have been omitted for 

clarity. 
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Table 2-5. Selected parameters for 5 and 6. 

Parameter 5 6 
 

Pt-N1 

Bond Distances (Å) 

1.99(1) 

 

2.021(6) (trans Cl) 

Pt-N2 

Pt-Cl 

Pt-O1 

O1-N3 

 

N1-Pt-N2 

O1-Pt-N2 

O1-Pt-O4 

O1-Pt-Cl 

Cl-Pt-N1 

O4-Pt-N1 

O1-Pt-N1 

1.97(1) 

N/A 

2.10(2) 

1.01(5) 

Bond Angles (o) 

83.0(5) 

93.3(8) 

87.0(9) 

N/A 

N/A 

96.3(6) 

N/A 

1.987(6)  

2.289(3) 

2.046(6) 

1.23(1) 

 

80.6(2) 

N/A 

N/A 

87.5(2) 

95.0(2) 

N/A 

96.9(2) 

 

resonances), indicative of Cs symmetry, but the Pt-CH3 signal is at slightly more upfield at 1.41 

ppm (no apparent satellites, thf-d8). This signal correlates by 1H-13C HMQC NMR spectroscopy 

to the 13C signal at -12.9 ppm.  

 

2.2.2.4 Reactions of the nitrato complexes 

With isolated nitrato compounds 5, 6, and 7 in hand, attempts to convert them to their 

corresponding aquo cations and/or hydroxides were attempted. Wimmer and co-workers reported 

the conversion of platinum bis-nitrato complexes supported by bipyridine ligands to dimeric bis-

hydroxo cations by refluxing in aqueous solution.76 Heating bis-nitrato complex 5 in refluxing 
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water/THF solutions (100oC), or in a water suspension, resulted in decomposition to platinum 

black and ligand fragments along with starting bis-nitrato 5 after workup. Reacting methyl 

nitrato 7 with KOH/18-crown-6 in THF resulted in the formation of a green solution (from pink), 

tentatively assigned to the corresponding methyl hydroxo compound. However, this was 

accompanied by decomposition to platinum black, ligand fragments, and CH4. It was concluded 

that similar to the chloro complexes, reacting the nitrato complexes with harsh salt metathesis 

reagents was not a viable route to the hydroxides. 

 

2.2.2.5 Halide abstraction with a non-coordinating anion  

 

Initial attempts to abstract a chloride ligand from the dichloride 2 with NaB(C6H5)4 or 

LiB(C6F5)4) in THF were not successful. Chloride abstraction from 2 with TMS-N(SO2CF3)2 in 

THF resulted in polymerization of the solvent, and abstraction in aromatic solvents resulted in 

multiple products. Heating dichloride 2 in the presence of Ph3Sn-OH resulted in a mixture of 

products, one being phenyl-chloride 4. With the previous success in abstracting chlorides using 

AgNO3, and the precedent of using Ag(I) to abstract halides from platinum,76,77,93,137 dichloride 1 

was reacted with one equivalent of AgBF4. The BF4 anion is known to be a weakly-coordinating 

anion towards cationic platinum(II) centers in most cases,46,93 although Milstein and co-workers 

have reported a weak Pt-F contact between a cationic PCN pincer platinum complex and the BF4 

anion in the absence of a donating solvent.46  Reacting the dichloride 1 with AgBF4 in 

DCM/EtOH or DCM/H2O mixtures, using the same conditions Bercaw and co-workers 

employed to generate dimeric bis-aquo cations,93 ultimately led to mixtures of products rather 

than clean isolation of a monomeric aqua coordinated cation. Performing the abstraction in a 
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THF/H2O mixture yielded mostly one product, but the spectrum was never completely clean of 

other unknown by-products. Roddick and co-workers extensively use AgSbF6 to cleanly abstract 

chlorides from platinum pincer complexes,145-147 even in the presence of water.145 When one 

equivalent of AgSbF6 was reacted with the dichloride 1 in THF the solvent coordinated cation 8-

THF was formed cleanly (Scheme 2-5). Addition of seven equivalents of H2O produced the aqua 

coordinated compound 8-H2O exclusively by NMR spectroscopy. By integrating the imine  

N N
Pt

Cl Cl

2

N N ArAr Pt
Cl O

AgSbF6

THF

N N ArAr Pt
Cl OH2

SbF6
SbF6

8-THF 8-H2O

H2O

THF

Keq: 1.1(4) x103

298K
 

Scheme 2-5. Synthesis of water cation 8-H2O and equilibrium with 8-THF 

 

methyl signals, the equilibrium constant for the conversion of 8-THF to 8-H2O was estimated to 

be 1.1(4) x 103, similar in magnitude to the equilibrium constants determined by Bercaw and co-

workers between aquo and solvento platinum methyl cations.111 The signal for coordinated aqua 

appears at 7.92-7.96 ppm as a broad singlet whose chemical shift is dependent on the 

temperature and concentration of water in solution (Figure 2-16). The signal for “free H2O” was 

a large broad singlet at 2.8 ppm, slightly downfield in comparison to dissolved H2O in thf-d8 

solutions (2.5 ppm),148 presumably due to hydrogen bonding with the coordinated aqua moiety.  

 Reacting dichloride 2 with one equivalent of AgSbF6 in THF resulted in the formation of 

the mixed solvento species 9. The 1H NMR spectral resonances for the THF adduct and H2O 
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Figure 2-16. 1H NMR spectra of 8-THF converting to 8-H2O with addition of water. 

adduct overlapped considerably, and therefore the equilibrium constant could not be measured. 

Adding seven to ten equivalents of H2O to the mixture cleanly formed the aqua adduct 9-H2O in 

quantitative yield by NMR spectroscopy. The signal for coordinated aqua appears at 8.18-8.27 

ppm as a broad singlet whose chemical shift is dependent on the temperature and concentration 

of water in the solution. The signal for coordinated water for both 8-H2O and 9-H2O disappeared 

upon addition of D2O. Attempts to isolate the aqua cations 8-H2O and 9-H2O were unsuccessful 

because upon concentration of the solutions polymerization of the THF solvent was initiated. 

Dichlorides 1 and 2 are not appreciably soluble in acetonitrile, and the cations were found to C-H 

activate acetone in solution. Therefore, 8-H2O and 9-H2O were characterized by NMR 
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spectroscopy in THF solution and by subsequent reactivity (Scheme 2-6). 

 

2.2.3 Formation and Characterization of Pt(II) Monomeric Hydroxo’s 

 

All attempts to deprotonate aquo cation 8-H2O produced ill-defined product mixtures, 

likely resulting from the competing attack of base on the imine carbon or the removal of acidic 

α-methyl protons on the imine.111 The BIAN ligand of 9-H2O obviates the latter issue, and when 

solutions of 9-H2O are treated with KOH (two equivalents), 9-H2O is smoothly deprotonated (or 

H2O replaced by the OH- nucleophile) to give hydroxo chloride 10 as a pink, air sensitive powder 

in 89% yield (Scheme 2-6). Use of Hunig’s base (N,N-di-isopropylethylamine) also results in the 

N N

R R

Pt
Cl Cl

1: R = CH3
2: R = BIAN

AgSbF6

THF/H2O
N N ArAr

R R

Pt
Cl OH2

SbF6

8-H2O: R = CH3
9-H2O: R = BIAN

KOH(aq)

or

N

N NPt
Cl OH

10: R = BIAN
89%  

Scheme 2-6. Deprotonation of 9-H2O to form the hydroxo-chloride 10. 
 

facile deprotonation of 9-H2O to give 10. The 1H NMR spectrum of 10 shows the expected 

asymmetrical BIAN ligand aromatic proton resonances due to Cs symmetry (Figure 2-17), and a 

singlet at 1.63 ppm in thf-d8, integrating to one hydrogen. This latter resonance is only observable 

in rigorously dried solvents and broadens into the baseline when excess water is added. The 

signal appears in the 2H NMR spectrum at the same chemical shift when 10-d1 is prepared using 
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Figure 2-17. Assignment of the aromatic region of the 1H NMR spectrum of 10. 

KOD in deuterated water. The O-H stretch was detected in the IR spectrum at 3567 cm-1; this 

band shifted to 2605 cm-1 in 10-d1.149,150  The best crystals of 10 were grown from a THF/toluene 

solution containing 18-crown-6 used in initial experiments to aid in solubilizing KOH, 

presumably because of the favorable co-crystallization of the molecule with 18-crown-6.  The X-

ray molecular structure of 10 as an 18-crown-6 solvate is shown in Figure 2-18. 

  In this structure, the orientation of the N-terphenyl ligands is more canted out of the 

diimine-platinum chelate plane than in 2 because of packing interactions with 18-crown-6 guest. 

The structural parameters for 10 are listed in Table 2-6. The Pt-O bond length is 2.139(3) Å, 

which compares well with the few other terminal platinum(II)-OH bond lengths in the literature 

(2.025-2.194 Å).46,67,151 The geometry at the platinum center is similar to that of the starting 

dichloride 2, with the main difference being the lengthening of the Pt-N1 bond (2.104 Å) in 
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Figure 2-18. X-ray molecular structure of 10. Ellipsoids are shown at 30% probability and 

hydrogen atoms and one molecule of toluene have been omitted for clarity. One molecule of 

18-crown-6 has been omitted from the left structure. 

Table 2-6. Selected x-ray parameters for 10. 

Parameter 10 
 

Pt-N1 

Pt-N2 

Bond Distances (Å) 

2.104(3) 

2.026(4) (trans Cl) 

Pt-O1 

Pt-Cl 

 

N1-Pt-N2 

O1-Pt-N2 

Cl-Pt-N1 

Cl-Pt-O1 

 

Pt-N1-C13-C18 

Pt-N2-C43-C48 

2.139(3) 

2.249(2) 

Bond Angles (o) 

79.3(1) 

95.9(1) 

96.7(1) 

88.1(7) 

Torsion Angles (o) 

62.8(4) 

78.8(9) 
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comparison to that of Pt-N2 (2.026 Å). This latter value is closer to the Pt-N distances found in 

dichloride 2. The longer Pt-N1 length is a result of a larger trans influence of the hydroxo moiety 

in comparison to the chloride.49,60 

Abstraction of the second chloride of 10 in THF solution followed by the addition of a 

large (≈ 20 fold) excess of H2O formed a new compound with a symmetrical pattern for the 

aromatic BIAN protons and is assigned to compound 12 (Scheme 2-7), where the symmetrical 

NMR spectrum suggests an averaged structure in which the three hydrogens undergo rapid 

exchange resulting in overall C2v symmetry. The structure of hydroxy-aqua cation 12 was 

inferred by subsequent reactivity and its activity for polymerization of THF upon removal of 

solvent, as previously observed for cations 8-H2O and 9-H2O. Compound 12 can be 

deprotonated in situ to produce the bis-hydroxo 11 as an isolable purple/brown air sensitive 

powder in 80% isolated yield (Scheme 2-7). Bis-hydroxo 11 is also isolable directly from 10 by 

stirring with a THF/H2O suspension of Ag2O overnight.152,153 In the presence of water, Ag2O is 

known to be in equilibrium with AgOH, which is not an isolable species.153 The small amounts 

of AgOH formed in situ presumably react by salt metathesis with the platinum chloride moiety to 

produce AgCl and a platinum hydroxo. The cis-bis-hydroxo 11 also shows symmetrical BIAN 

ligand resonances in the 1H NMR spectrum due to C2v symmetry, but distinct from those 

observed for its protonated derivative 12. In rigorously dry solvents, a singlet integrating to two 

protons is observed at 1.02 ppm in thf-d8 for the Pt-OH protons. This assignment was confirmed 

through the synthesis of 11-d2 and the observation of a broad resonance ~ 1 ppm in the 2H NMR 

spectrum for the deuterated compound. In the IR spectrum of 11, two equal intensity bands are  
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Scheme 2-7. Reactivity of hydroxy-chloride 10 to form bis-hydroxo 12. 

 

observed at 3605 and 3562 cm-1 and are assigned to the symmetric and antisymmetric O-H 

stretches.154 These bands appear at 2652 and 2619 cm-1 in the spectrum of 11-d2 (Figure 2-19). 

Crystals suitable for X-ray analysis were grown by slow diffusion of hexanes into a THF/toluene 

solution of 11 at -30oC. Unfortunately, the molecule co-crystallized with both toluene and THF 

molecules in the lattice, which were severely disordered. The data could not be refined to a 

publishable standard (R factor of 11.59%) but the analysis established the connectivity within the 

platinum complex, firmly identifying it as the bis-hydroxo species 11 (Figure 2-20).  
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Figure 2-19. IR spectrum of 11 (bottom) and 11-d2 (top). 

 

Figure 2-20. X-ray molecular structure of 11. Hydrogen atoms have been omitted for 

clarity, non-hydrogen atoms are isotropic. 

The aliphatic region of the 1H NMR spectrum of 11 at 298K shows the iPr methyl signals 

as two large broad signals (W1/2 22 Hz) integrating to twenty-four protons each (Figure 2-21).  In 

comparison to the 1H NMR spectrum of dichloride 2, it is apparent that at 298K the rotation of 

!
!
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the di-isopropylphenyl groups is closer to the NMR time scale in this compound. Cooling the 

solution to 248K resulted in the emergence of four distinct doublets of iPr methyl signals, 

effectively stopping rotation around the C-Cdipp bond (Figure 2-21). 

k
l
m

N NPt
HO OH

11

 

 

Figure 2-21. Assignments and 1H NMR spectrum of 11. Left: Aromatic region at 298K. 

Right: iPr methyl region at 298K (bottom) and 248K (top). 

With isolated 11 in hand, it was possible to generate the hydroxo-water cation 12 in the 

absence of excess water, by treating 11 with one equivalent of freshly sublimed triflimidic acid, 

HNTf2, to give a new set of symmetrical BIAN ligand resonances consistent with the formation 

of 12. An excess amount of HNTf2 had no effect on the position of these resonances, indicating 
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protonation to form the bis-aquo dication doesn’t occur under these conditions. A solution of 12 

prepared in this manner was cooled from 298K to the freezing point of C6D5Br (243K), and a 

broad signal integrating to three hydrogens was observed to migrate from 7.14 to 7.51 ppm as the 

temperature was lowered (Figure 2-22). Although the resonance broadened, it did not undergo 

coalescence, indicting the protons were still in rapid exchange at 243K. These three protons do 

not correlate to any carbon in the 13C NMR spectrum, and they correlate by 1-D NOESY NMR 

correlation spectroscopy to the iPt methyl signals, indicating their proximity in space to the 

platinum center. The solution IR of this sample showed a broad band spanning the region from 

3400 to 3100 cm-1. Together these data suggest that the proton bridges the two platinum-OH 

 

Figure 2-22. Variable temperature NMR spectra of 12. 
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moieties in a symmetrical ground state structure in which the bridging and terminal protons 

rapidly exchange, but a hydroxoaquo ground state cannot be ruled out. Notably, Hunig’s base 

(N,N-di-isopropylethylamine), which is capable of deprotonating chloro-aqua cation 9-H20, does 

not deprotonate 12, indicating the decreased acidity of this compound in comparison. 

Initial attempts to synthesize methyl-hydroxo from methyl chloride 3 used the same 

approach as for the dichloride 2. Addition of one equivalent of AgSbF6 to 3 in THF resulted in 

the polymerization of the solvent by (presumably) the solvent coordinated platinum methyl 

cation. Addition of AgSbF6 to solutions of 3 in aromatic or chlorinated solvents resulted in the 

formation of multiple species. Therefore, it was concluded that going through a cationic species 

was not a viable route to the methyl hydroxo. When methyl chloride 3 was exposed to harsh salt 

metathesis reagents (KOH, CsOH, NaOH, and TlOH), there was apparent formation of methyl-

hydroxo 13, but considerable amount of decomposition products, including mixtures of ligand, 

aniline and platinum black. This decomposition was either due to deprotonation of the newly 

formed platinum hydroxide moiety to an unstable oxo anion or nucleophilic attack at the BIAN 

imine carbon. The former is most likely the case, as platinum BIAN complexes have been shown 

to be stable in the presence of excess KOH where the bridging hydroxide moiety can be 

deprotonated to form a bridging oxo.101 With the success of using Ag2O in water/THF to produce 

11, methyl-chloride 3 was subjected to these conditions to produce methyl-hydroxo 13 as a dark 

green powder in 44% isolated yield (Scheme 2-8). Depending on the length of the reaction, 

amount of Ag2O, and amount of H2O, there were different amounts of organic decomposition 

products (ligand fragments and aniline) from the apparent deprotonation of the methyl- 

hydroxide 13. These impurities were washed out with a mixture of Et2O and hexanes to leave 13  
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Scheme 2-8. Synthesis of methyl hydroxo 13. 

 

as a pure green powder, albeit with a loss in yield. Interestingly, forming the bis-hydroxide 11 in 

the presence of Ag2O in water/THF does not produce any decomposition, and solutions can be 

left for weeks in the dark without deprotonation of the platinum-OH protons or attack at the 

BIAN imine carbons of 11. 

The 1H NMR spectrum of methyl hydroxo 13 shows the expected asymmetrical BIAN 

ligand aromatic proton resonances indicating Cs symmetry and a singlet at 1.41 ppm (proton n, 

thf-d8) integrating to three protons (Figure 2-23). This signal correlates in 1H-13C HMQC NMR 

spectroscopy to a singlet at -13.0 ppm in the 13C NMR spectrum, indicative of a Pt-methyl 

moiety.61,83,85,87,90,91,109-111,129 There is a singlet integrating to one proton at 1.30 ppm (thf-d8) 

which appears in the 2H NMR spectrum at the same chemical shift when 13-d1 is prepared using 

Ag2O in D2O/THF. The OH stretch was detected in the IR spectrum at 3590 cm-1; this band 

shifted to 2652 cm-1 in 13-d1 (Figure 2-24).150 X-ray quality crystals were grown from slow 

evaporation a THF/toluene/pentane solution at room temperature. Unfortunately, the data is not 

up to publishing standards (R factor 11.8%) but nevertheless established connectivity at the 

platinum center and confirmed the identity of methyl-hydroxo 13 (Figure 2-25).  
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Figure 2-23. Numbering scheme and 1H NMR of methyl hydroxo 13. 

 

Figure 2-24. Stacked IR spectra of 13-d1 (top) and 13 (bottom). 
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Figure 2-25. X-ray molecular structure of 13. Ellipsoids are shown at 30% probability and 

hydrogen atoms are omitted for clarity. 

Cationic platinum phenyl complexes are known to be quite reactive in C-H 

activations,85,87,99,107 so to avoid this undesired reactivity, phenyl hydroxo 14 was synthesized 

with Ag2O in THF/H2O in a similar fashion to prepare methyl hydroxo 13. Stirring phenyl-

chloro 4 with Ag2O in THF/H2O overnight allowed for the formation of phenyl-hydroxo 14, 

isolated in 87 % yield as a dark green powder (Scheme 2-9). Similar to the reaction to make 

methyl-hydroxo 13, depending on reaction length, amount of H2O, and amount of Ag2O present 

there were different amounts of organic decomposition products and platinum black. Unlike 

methyl hydroxo 13, phenyl hydroxo 14 is soluble in hexanes, pentane, and Et2O, so separation 

from the organic ligand fragments was not possible. Therefore, careful selection of the amounts 

of reagents and time of the reaction was necessary to form exclusively 14. The conditions found 

to cleanly make 14 were 0.5 mL H2O for every 15 mg’s of 13, 6.4 equivalents of Ag2O, for 

sixteen hours of stirring in the absence of light. 
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Scheme 2-9. Synthesis of phenyl hydroxo 14. 
 

The 1H NMR spectrum of 14 shows eight different types of iPr methyl signals from 0.97 

to 1.3 ppm (C6D6, 3JH-H = 7 Hz) and a singlet at 1.89 ppm (C6D6) integrating to one hydrogen for 

the platinum-OH moiety (Figure 2-26). This resonance is only observable in rigorously dried 

solvents and broadens into the baseline when excess water is added. The signal appears in the 2H  

 

Figure 2-26. Numbering scheme and 1H NMR spectrum of phenyl hydroxo 14. 

NMR spectrum at the same chemical shift when 14-d1 is prepared with Ag2O in D2O/THF. The 

OH stretch was detected in the IR spectrum at 3579 cm-1; this band shifted to 2643 cm-1 in the 

deuterated compound. During the course of characterizing 14-d1, a significant amount of 

deuterium was incorporated into one type of iPr CH3 group (Figure 2-26) by 2H NMR 

spectroscopy. The mechanism of this aliphatic C-H activation is not known at this time. 
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The BIAN aromatic proton resonances show the expected asymmetrical pattern for Cs symmetry 

along with signals for the platinum phenyl moiety, a detailed analysis is shown in Figure 2-27. 

The platinum phenyl ortho protons and one type of BIAN proton (k) overlap at 7.55 ppm. Unlike 

previous examples of platinum phenyl complexes, platinum satellites are not 

observed.77,78,99,107,129,131 The assignment of the aromatic region of the 1H NMR spectrum  

 

 

Figure 2-27. 1H-1H COSY NMR spectrum of 14. 

was aided by 1H-13C HMQC NMR spectroscopy (Figure 2-28).  The ortho platinum phenyl 

protons correlate to the 13C signal at 138.2 ppm, which is the most downfield aromatic CH 

carbon and is characteristic of other compounds of this type (including 4).77,78,99,107,129,131 



 

54 

 

Figure 2-28. 1H-13C HMQC NMR spectrum of 14. 

 

2.2.4 Protonation of the Pt-Me moiety 

The reaction of methyl chloride 3 with various acids was briefly explored, as protonation 

of the –CH3 moiety in platinum methyl compounds to produce solvento cations is a well studied 

reaction in the literature.85,90,109,111,147 Reacting 3 with HBF4 (54 wt% in Et2O) in THF solution at 

room temperature produced a new species tentatively assigned as the THF coordinated cation 

with elimination of one equivalent of CH4. This reaction was sluggish, and required long reaction 

times (sixteen hours) and multiple equivalents of acid to reach completion by 1H NMR 

spectroscopy. When protonation was performed with Jutzi’s acid ([H(Et2O)2][B(C6F5)4]), the 

reaction to form the tentatively assigned THF coordinated cation and one equivalent of CH4 was 
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instantaneous at room temperature, however, upon addition of water resulted in rapid 

polymerization of the THF solvent. Due to the difficulty in isolating clean aqua cations, this 

work was subsequently abandoned to pursue reactions with Ag(1) salts. 

 

2.2.5 General crystallographic characteristics 

A brief discussion of the general characteristics of the aforementioned platinum complexes 

is warranted. The orthogonality of the flanking DIPP rings forms a “pocket” that effectively 

prevents dimerization while maintaining access to the platinum center. The breadth of opening at 

the platinum center can be determined from the distances between the “outer” iPr methyl groups 

(protons h) closest to the platinum center (Figure 2-29). Relevant distances (A/A’ and B/B’) and 

torsion angles are shown in Table 2-7. The range of distances between iPr CH3 groups of 

opposite N-terphenyl groups is 7.83 to 11.53 Å (A/A’), and between opposite DIPP groups on 

the same N-terphenyl rings is 6.56 to 9.35 Å (B/B’). Complexes with larger substituents such as 

phenyl (4) or nitro (5) display a slightly larger space in comparison to those complexes with  
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Figure 2-29. Left: Distances between iPr methyl groups. Right: Torsion angles. 



 

56 

Table 2-7. Relevant distances between iPr CH3 groups and torsion angles for the 

aforementioned platinum complexes. 

Complex A/A’ (Å) B/B’ (Å) a/a’ (o) b/b’ (o) 
1 (Cl2) 

2 (Cl2) 

3 (MeCl) 

4 (PhCl) 

5 (ONO2)2 

6 

(ONO2Cl) 

10 

(OHCl) 

9.04(1)/8.40(1) 

8.24(2)/8.92(7) 

9.68(2)/7.57(2) 

11.369(7)/8.319(7) 

7.83(3)/11.53(3) 

8.65(2)/8.11(2) 

 

7.89(1)/9.82(1) 

6.86(1)/(6.56(1) 

6.45(3)/7.56(7) 

6.55(2)/6.98(2) 

7.61(1)/6.672(9) 

6.78(3)/9.35(2) 

6.83(2)/6.69(2) 

 

6.899(6)/6.717(7) 

85.6(5)/77.4(5) 

99(1)/104(1) 

103(1)/118.6(9) 

70.1(5)/96.8(4) 

81(1)/98.5(9) 

121.7(6)/97.1(9) 

 

62.8(4)/78.8(9) 

91.7(7)/93.5(6) 

103(1)/83(1) 

84(1)/88(1) 

99.8(5)/79.7(5) 

79.4(8)/80(1) 

87(1)/99(1) 

 

79.2(5)/94.8(5) 

 

smaller substituents (Cl and OH), most likely due to steric hindrance. The torsion angles (from 

the N2PtX2 plane) for the N-terphenyl aromatic rings show large deviations from 90o (± 30o) for 

the entire range of complexes studies here, which may be due to steric congestion around the 

platinum center or from the acenaphthene rings. Notably, the largest deviation from 90o (for 

methyl chloro 3 and nitro chloro 6) occur when a molecule of toluene has co-crystallized in the 

lattice directly above the acenaphthene ring system, thus, increasing the steric congestion. The 

torsion angles (from the N-terphenyl plane) for the DIPP rings show much less deviation from 

90o (± 13o). 

 

2.3 Conclusions 

Two new super bulky α-diimines (LMe and LBIAN) were synthesized and ligated on 

platinum, and a series of platinum dichlorides and hydrocarbyl-chlorides (methyl and phenyl) 
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were prepared and fully characterized. Reaction with oxo, hydroxo, and hydride salt metathesis 

reagents with the dichloride of LMe resulted in immediate decomposition, either through attack at 

the imine carbon or deprotonation of the acidic α-methyl protons. Hydroxide salt metathesis 

reagents reacted with platinum complexes of LBIAN to produce platinum hydroxo complexes 

along with organic decomposition products and platinum black. Abstraction of chlorides with 

Ag(I) proved successful, and both dichloro and methyl chloro compounds cleanly form isolable 

nitrato complexes which have been crystallographically characterized. Reacting methyl chloride 

with Ag(I) salts in the absence of a strong coordinating anion in a donating solvent resulted in 

solvent activation, however, abstracting a single chloride from the dichlorides of both ligands 

was very clean in THF with AgSbF6. The monomeric aquo chloro cations could be formed 

cleanly by adding six to ten equivalents of H2O to the THF coordinated cations, and the 

equilibrium constant for the formation of aqua cation was determined to be 1.1(4) x103 for 8-

H2O/8-THF (LMe). Deprotonation of the monomeric aqua cation 9-H2O (LBIAN) with KOH or 

Hunig’s base resulted in the formation of the monomeric hydroxo chloride. Further reaction with 

Ag2O in THF/H2O formed the C2v symmetric bis-hydroxo, which can be protonated with one 

equivalent of acid under anhydrous conditions to form a water supported hydroxo cation. The 

hydrocarbyl chloride complexes can also be reacted with Ag2O in THF/H2O to form the fully 

characterized hydrocarbyl hydroxo species. 
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Chapter Three: Reactivity of monomeric hydroxides: thermolysis in the presence of C-H 

containing substrates  

 

3.1 Introduction 

The transition metal mediated activation and functionalization of C-H bonds is an 

important area of interest.112,155 The cleavage of C-H bonds occurs through three typical 

mechanistic paths, including formal oxidative addition (OA), σ bond metathesis (SBM), and 

electrophilic substitution (ES), along with several variations thereof (Scheme 3-1).65 Cationic 

platinum diimine complexes have been used extensively to study the ES mechanistic pathway in 

relation to alkane activation by the electrophilic Shilov system.81,82,90,93,94,96,156 In most cases with 

platinum diimine systems, the typical path involves the deprotonation of an alkane σ complex by 

a base (intermolecular ES, Scheme 3-1), but OA to Pt(II) has also been indicated in some 

instances.113 
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Scheme 3-1. Homogeneous C-H activation pathways of Late Metals 
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The direct 1,2-addition of a C-H bond across a M-X bond is a variant of the 

intramolecular ES mechanism, where X is a heteroatom possessing lone pair(s) of electrons that 

serve as an internal base. These reactions typically involve late metal amides or alkoxides in low 

oxidation states with the products being metal alkyls and HX. There have been a few examples 

of intramolecular ES activations across M-X (M = Ru70, Ir64,65,157-159, Rh66,68,160) bonds in which 

the metal enhances the acidity of the C-H bond being broken. Mechanistic and computational 

studies indicate a four membered transition state in which the C-H bond adds across the M-X 

bond in a 1,2 fashion.69,161,162 Examples of 1,2- addition across M-X bonds of group 10 metals 

remains scarce, and thus far only the addition of H2 across Pd-OR (R = H, alkyl, aryl)58,59 and a 

Pt-NH(Aryl)62 bond have been demonstrated (Scheme 3-2). We envisioned the platinum 

monomeric hydroxides, synthesized and fully characterized in Chapter 2, might serve as 

platforms for new oxygen ligand transformations.36  

With this in mind, the thermolysis of bis hydroxide 11 was studied in both THF and 
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Scheme 3-2. Examples of group 10 metal 1,2-addition reactions with H2.58,59,62 
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benzene, the latter leading to the activation of the C-H(D) bonds of the solvent to form the 

corresponding bis phenyl complex by an apparent 1,2-addition process. The results of studying 

this C-H activation reaction are described in this chapter. 

 

3.2 Results and Discussion 

3.2.1 Thermolysis in benzene 

 

When bis hydroxo 11 is heated to 70oC in THF solution, there is no observable reaction. 

In order to reach higher temperatures, heating bis hydroxide 11 in C6D6 was carried out. The first 

time this experiment was executed, the solution was fairly dilute (20 mmol/L [11]) and heating 

for sixteen hours at 75oC resulted in roughly 10% of 11 being consumed. Encouraged by this 

promising reactivity, the solution was concentrated (to roughly 30 mmol/L [11]) and the 

temperature increased to 85oC.  After sixteen hours the solution was dark green (from 

brown/purple) and the 1H NMR spectrum showed complete conversion to the C-D activated 

product d10-15 along with two equivalents of HOD (Scheme 3-3). The source of eliminated 

water was determined by following the conversion of d2-11 (1.77 ppm, OD) in C6H6 by 2H NMR 

spectroscopy to form a statistical mixture of H2O, HOD, D2O  (0.6 ppm). Following the reaction 

by 1H NMR spectroscopy over time revealed the formation of an intermediate species, observed 

to grow in with the disappearance of bis hydroxo 11 and disappear with the formation of the bis 

phenyl d10-15. This Cs symmetric intermediate was assigned as the mono C-H activation product 

d5-14, which matched the spectroscopic characteristics of phenyl hydroxo 14 (without the proteo 

phenyl groups). 



 

61 

N NPt
HO OH

C6D6

80-90oC

N N ArAr Pt

- 2 HOD

11 d10-15
d5d5

N N ArAr Pt
HO

d5-14
d5

C6D6

HOD C6D6

HOD Pt
C6H5Me2S
C6H5Me2S

N N ArAr Pt

15

N N ArAr

68%

LBIAN

 

Scheme 3-3. C-H activation of C6D6 by 11, and alternate synthesis of 15. 

 

The nature of compound d10-15 was confirmed by its independent synthesis (Scheme 

3-3). All proteo 15 was generated by stirring cis-[(S(CH3)2)2Pt(C6H5)2]128 with LBIAN for sixteen 

hours in DCM, isolating 15 in 68% yield as a dark green powder. The spectroscopic signature 

was identical to that of d10-15 plus the addition resonances for the proteo phenyl groups. The 1H 

NMR spectrum of 15 displays four resonances for the iPr methyl signals (0.97, 1.16, 1.21, 1.36, 

doublets, 3JH-H = 7 Hz, 12H each) and two for the iPr methines (2.83 and 2.95, septets, 3JH-H = 7 

Hz, 4H each) indicative of C2v symmetry. The ortho proton of the platinum phenyl moiety is a 

doublet at 7.55 ppm (C6D6) with no apparent 195Pt satellites.99,107,131 This proton correlates by 1H-

13C HMQC NMR spectroscopy to the carbon signal at 138.9 ppm. The identity of 15 was further 

confirmed via X-ray crystallographic determination. The molecular structure is shown in Figure 

3-1 and selected metrical parameters are shown in Table 3-1. The platinum center is of typical 

distorted square planar geometry, and the two phenyl groups are oriented almost perpendicular 
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Figure 3-1. X-ray molecular structure of 15, hydrogen atoms have been omitted for clarity 

and ellispoids are at 30% probability. 

 

Table 3-1. Selected metrical data for bis-phenyl 15. 

Parameter 15 
 

Pt-N1 
Pt-N2 

Bond Distances (Å) 
2.121(6) 
2.107(4) 

Pt-C73 
Pt-C79 

 
N1-Pt-N2 
C79-Pt-N2 
C73-Pt-N1 
C73-Pt-C79 

 
Pt-N1-C13-C18 
Pt-N2-C43-C44 
N1-Pt-C73-C74 
N2-Pt-C79-C84 

1.996(6) 
2.01(1) 

Bond Angles (o) 
78.0(2) 
96.9(3) 
97.7(3) 
87.4(3) 

Torsion Angles (o) 
95.0(7) 
79.6(7) 

-113.4(6) 
64.7(8) 
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to the molecular square plane. The ligand N-aryl groups are also oriented perpendicular to this 

plane (torsion angles of 95.0(7)° and 79.6(7)° for Pt-N1-C13-C18 and Pt-N2-C43-C44 

respectively), forming flanking shields of steric bulk around the platinum center. The distance 

between the two Pt-Cipso carbons of 2.77(1) Å is similar to other complexes of this type.99,107,163 

The C73-Pt-C79 angle of 87.5(3)° is also fairly typical. 

The reproducibility of the conversion of bis hydroxo 11 to bis phenyl 15 was found to 

depend on the concentration of 11 employed. A detailed study on the aforementioned reaction 

was undertaken and is described in the sections below. 

 

3.2.2 The kinetics of the C-H activation 

3.2.2.1  The overall reaction from bis-hydroxo 11 to d10-15. 

 

 The reaction of bis-hydroxo 11 to d10-15 was monitored by 1H NMR spectroscopy (with 

reference to hexamethylbenzene internal standard) over time at 80oC in dry (Figure 3-2) and 

water-saturated suspensions of 11 (Figure 3-3). Complete conversion of 11 as shown in Figure 

3-2 and Figure 3-3, is only obtained for samples where total [Pt] is made up to 28-30 mM; as 

mentioned above, for more dilute solutions ([Pt]tot , 20-22 mM) conversion of 11 to d10-15 is 

extremely slow and only proceeds to 10-15% conversion after twenty four hours. The 

homogeneous reaction is probably inhibited by eliminated water, a phenomenon previously 

observed by Goldberg and co-workers in the hydrogenolysis of their palladium PCP hydroxide 

complex (Scheme 3-2, top).58,59 Figure 3-2 shows the speciation profile in dry C6D6, which has 

the same overall shape as Figure 3-3, but has more scatter due to the lower solubility of 11 in dry 

C6D6. This results in poorer shimming and higher probability of error in measuring integral 
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Figure 3-2. Concentration versus time plot for the course of the reaction from 11 to d10-15 

in dry C6D6 (11: squares, d5-14: X, d10-15: circles, Total [Pt]: open triangles). 

 

Figure 3-3. Concentration versus time plot for the course of the reaction from 11 to d10-15 

in C6D6 (30 mmol/L H2O) (11: squares, d5-14: X, d10-15: circles, Total [Pt]: open triangles). 
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values.  

 There are several notable features associated with the plot shown in Figure 3-3. First, 

although there was enough 11 added to make a solution up to 29.5 mM, the [11] concentration at 

time zero is only ~ 24-25 mM when measured vs. the internal standard. As time progresses, bis 

hydroxo 11 begins to disappear while the intermediate phenyl hydroxo d5-14 grows in (Part A, 

Figure 3-3).  During this time period, the [Pt]total increases until it reaches the expected 29.5 mM. 

This observation indicates that 11 was not completely dissolved at the start of the reaction and 

the experiment begins with a saturated suspension of 11. After all of 11 dissolved in solution, the 

rate of disappearance of 11 accelerates sharply (Part B, Figure 3-3). This portion of the 

consumption curve of 11 shows zero order behaviour in [Pt]. This inflection point has been 

observed in repeat experiments, although the time at which it occurs (when all of 11 has become 

dissolved and [Pt]tot reaches 29.5 mmol/L) varies. The acceleration in the rate of consumption of 

11 also coincides with the production of the final bis-phenyl product d10-15. After all of 11 had 

been consumed, the intermediate phenyl hydroxo d5-14 begins to wane (Part C, Figure 3-3). The 

above experiment contains a large concentration of H2O, and was run at 80oC, so the reaction 

does not go to completion in the timeframe of the experiment. As previously indicated, 

suspensions of 11 do go to completion (>95%) to d10-15 at 90oC. The intramolecular kinetic 

isotope effect (KIE) was measured by heating bis hydroxo 11 in dry 1,3,5-d3-benzene and 

integrating the relative intensities of the meta and ortho protons of the corresponding bis phenyl 

product in the 1H NMR spectrum. The KIE was found to be 1.20(5), very small but normal. 

 As mentioned above, the increase in the rate of consumption of 11 (Part B, Figure 3-3) is 

zero order in [Pt] (Figure 3-4). The change in the kinetic profile for this reaction, including the 

change to zero order behaviour in [Pt], suggests that the reaction of 11 with benzene is catalyzed 
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by some entity generated in situ. Gunnoe and co-workers have observed similar reactivity (and 

inflection point) in their hydrogenation chemistry of a platinum amide bond (Scheme 3-2, 

bottom).62 The inflection point in their system was concluded to be a result of in situ formed 

platinum particles which catalyzed the reaction.62 Originally, bis phenyl 15 was thought to be a 

catalyst, as the reaction rate experiences a rapid increase with the formation of d10-15 in solution 

(Part B, Figure 3-3). Spiking a homogeneous solution of 11 (24 mM [11]) with separately 

synthesized proteo bis phenyl 15 (40%) did not increase the rate of the reaction beyond the slow 

homogeneous conversion of 11 (Figure 3-5). No particulate was ever observed on the sides of the 

J-young NMR tubes after reacting with C6D6 at elevated temperatures. Nonetheless, spiking a 

 

Figure 3-4. Consumption of 11 in C6D6 (30 mMol/L H2O) showing zero order behaviour in 

[Pt] (inset). 
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homogeneous solution of 11 with 2 mg of platinum black purchased from Aldrich yielded a 

curve best fitting to zero order in [Pt] for the consumption of 11, albeit, slower than the rate 

observed previously (Figure 3-5). 

 

Figure 3-5. Left: Consumption of 11 (squares) with spiked 15 (open circles). Right: 

Consumption of 11 with added platinum black. 

The following experiments were undertaken to test for the presence of heterogeneous 

Pt(0) generated from the reaction. The first test undertaken to test for in situ generated 

nanoparticles was the elemental mercury test. The ability of elemental mercury to form 

amalgams with metal particles, or for metal nanoparticles to absorb onto its surface, is a widely 

used test that has been known for years.164-171 In order to correctly perform the test, a large scale 

suspension of bis hydroxo 11 in wet C6D6 (made up to 29.5 mmol/L [11] to replicate the 

conditions of the initial experiments) was rapidly stirred with a single drop of elemental mercury 

in a sealed glass bomb at 80oC. Aliquots (0.12 mL) of the solution were taken at different time 

intervals to generate the curve shown in Figure 3-6. No increase in the rate of loss of [11] was 

observed and the reaction proceeded as slowly as observed in dilute solutions for the 

homogeneous reaction. The mercury test was performed with a saturated suspension of 11 made 

up to 29.5 mmol/L [11] to replicate the conditions of the initial run (squares, Figure 3-6). 
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Figure 3-6. Elemental mercury test (+, solution made up to 29.5 mmol/L) overlaid with 

catalytic consumption of 11 made up to 29.5 mmol/L (squares) and homogeneous 

consumption of 11 made up to 24 mmol/L (open triangles). 

 The second test to determine if catalytically active nanoparticles were generated in situ 

involved taking a reaction mixture already gone to completion to bis phenyl d10-15 (under the 

same conditions as the initial run) and charging the solution with more bis hydroxide 11 (made 

up to 24 mmol/L [11], Figure 3-7). The presence of in situ generated catalytic particles would 

remove the induction period for the decomposition of 11 and show only zero order catalyzed 

behaviour in [Pt]. The rate at which bis hydroxo 11 disappeared was essentially the same 

accelerated rate observed in the catalytic regime (Part B, Figure 3-3), indicating that catalytic 

particles were present from the initial reaction. 

 The results from the mercury test, and from recharging a catalytically active solution with 

fresh 11, both indicated the presence of catalytically active particles generated in situ. The 
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particles must only be generated in small amounts due to the high yield of product in the reaction 

(> 95%) and the absence of ligand fragments observed by 1H NMR spectroscopy. Homogeneous 

solutions of 11 did not reach complete conversion to d10-15, did not show zero order behaviour 

in platinum, and the reaction was greatly hampered by the addition of H2O. Over-saturated 

suspensions of 11 on the other hand, gave evidence towards the formation of catalytically active 

nanoparticles, which accelerated the reaction of 11 to d5-14, and finally to d10-15. With these 

observations in mind, it was concluded that the only difference between a homogeneous solution 

of 11 and an over-saturated suspension of 11 was the presence of solid 11 not dissolved in 

solution. It was hypothesized that heating bis hydroxo 11 in the solid state was the source of the 

catalytically active nanoparticles. In order to test this hypothesis, 1 mg of 11 was added to a  

 

Figure 3-7. Conversion of 11 without pre-treatment (squares), after addition of a fresh 

charge of 11 after complete conversion to d10-15 (X), and with preformed elemental Pt(0) 

particles formed by heating solid 11 (open circles). 
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young NMR tube with no solvent, sealed, and heated to 80oC for 14 hours. A homogeneous 

solution of 11 (24 mmol/L) was added to the J-young tube containing the hypothesized 

nanoparticles.  The conversion of 11 to d10-15 rapidly occurred with no induction period (Figure 

3-7), at a similar accelerated rate in the catalytic regime observed previously. (Part B, Figure 

3-3). 

 

3.2.2.2  Characterization and confirmation of Pt(0) nanoparticles  

 

The presence of particulate Pt(0) was confirmed by transmission electron microscopy 

(TEM) on samples of bis hydroxo 11 before and after heating in the solid state at 80oC. A dilute 

solution of bis hydroxo 11 in acetone was prepared under a protective nitrogen atmosphere and a 

drop of the solution was placed on one side of a TEM mesh grid that was covered with a thin 40 

nm formvar film and dried for several minutes. Imaging of random areas of the grid showed that 

no particulate matter was present in the sample prior to heating in the solid state (Figure 3-8 left). 

This also suggests that nanoparticles were not formed as a result of sample preparation or from 

TEM beam irradiation; the results were the same whether low or high dose imaging was 

employed.164,165 In contrast, when the sample of the catalytically active solution in acetone was 

prepared by the same method, large, spherical particles ranging from 50 to 325 nm in diameter 

were observed over most of the TEM grid (Figure 3-8 right). Energy dispersive X-ray 

spectroscopy was performed on two different TEM grid views, the first, on a view with no 

nanoparticles and the second with a large cluster of nanoparticles (Figure 3-9). 
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Figure 3-8. TEM micrographs: Left: Drop cast solution of precursor 11. Right: Drop cast 

solution of reaction mixture after conversion from 11 to d10-15 at low and high (inset) 

magnification. 

 

Figure 3-9. EDX spectrum on TEM grid with a large cluster of nanoparticles (Cu is present 

from the TEM beam). 



 

72 

The EDX analysis confirmed that the 50 to 325 nm particles contain platinum. It is clear 

that these nanoparticles catalyze the conversion of bis hydroxide 11 to d10-15 via the 

unsymmetrical intermediate d5-14, albeit by an unknown mechanism. From the experiments 

conducted above, it is speculated that heating bis hydroxo 11 in the solid state causes the 

formation of catalytically active particles. The wide distribution of nanoparticle size (50 to 325 

nm) may be an indication of this, since nanoparticle formation from homogeneous solutions tend 

to lead to more mono-disperse samples.172 

 

3.2.2.3  From phenyl hydroxo 14 to bis phenyl d5-15 

 

 With isolated phenyl hydroxo 14 in hand, the progress of the reaction of the 

homogeneous 2nd C-H activation step to bis phenyl d5-15 was followed by 1H NMR 

spectroscopy. Using 1,3-5-d3-benzene the intramolecular KIE was found to be 1.40(5), very 

small, normal, and similar to the value of 1.2 found for the overall reaction from 11 to 15. Under 

anhydrous conditions the kinetic profile was observed to change with the production of HOD, 

indicating that water also has a significant inhibitory effect on this homogeneous process (Figure 

3-10). When performed under hydrous conditions to obscure the effects of eliminated water on 

the reaction profile, the kinetic progress remained consistent but the order of the reaction 

remained unclear (Figure 3-11). The reaction time was also much longer than in the catalyzed 

reaction starting from a suspension of 11.  

 Initially, this led to the hypothesis that the 2nd C-H activation step was reversible and 14 

and 15 (and H2O) were in equilibrium. To determine if the reverse reaction was occurring, a 
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Figure 3-10. The reaction of phenyl hydroxo 14 to bis phenyl d5-15 in dry C6D6. Left: 

consumption of 14 for two different [14] (squares and open triangles). Right: production of 

15 (X’s and open circles) for the two [14]. 

 

Figure 3-11. Conversion of phenyl hydroxo 14 to bis phenyl 15 in wet C6D6. Top Left: 

Consumption of 14 (squares and open triangles) at different starting [14]. Top Right: 

Formation of 15 (X and open circles) at different starting [14]. Bottom: Conversion of 14 

(open triangles) to 15 (open circles) with "nanoparticle" contamination. 
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 solution of d10-15 (synthesized from heating a suspension of 11) was taken up in fresh C6D6 

with a known amount of proteo H2O and hexamethylbenzene as internal standard, and heated to 

80oC in a sealed J-Young tube. The consumption of proteo H2O in the 1H NMR spectrum against 

the internal standard was observed to be 44% over 4 days and 80% over 10 days. The formation  

of phenyl hydroxo 14 from bis phenyl 15 was not observed, giving no evidence that the 2nd C-H 

activation step was reversible. In order to determine if the Pt(0) particles were responsible for the 

H/D exchange between H2O and benzene, a test reaction was performed where a solution was 

added to a J-Young NMR tube as before (proteo H2O in C6D6 and internal standard) except 

instead of d10-bis phenyl 15, platinum black (2 mg’s, purchased from Aldrich) was used instead. 

Indeed, H/D exchange was observed between H2O and C6D6, indicating that the earlier 

observation of H/D exchange was most likely due to the Pt(0) particles produced from heating a 

suspension of 11, and not a result of homogeneous solutions of 14 and 15 (and H2O) 

interconverting. 

 There was no evidence pointing to the reversibility of the reaction between phenyl 

hydroxo 14 to give H2O and bis phenyl 15. While the reaction starting from (suspended) bis 

hydroxo 11 to bis phenyl 15 went to completion, starting from a homogeneous solution of phenyl 

hydroxo 14 was very slow, and did not reach completion in the timeframe studied (Figure 3-11 

top). It was then hypothesized that the Pt(0) nanoparticles, which catalyze the consumption of bis 

hydroxo 11, also catalyze the second C-H activation step. This was tested by taking a J-Young 

NMR tube that previously contained a catalytically active reaction mixture, rinsing it out with 

benzene only, and charging the tube with a homogeneous solution of phenyl hydroxo 14. The 

conversion to bis phenyl d5-15 reached completion in a relatively short amount of time (Figure 

3-11 bottom graph). The reaction did not show zero order kinetics in [14], however the evidence 
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presented indicates that somehow (by an unknown mechanism) the Pt(0) particles catalyze the 

2nd C-H activation step as well. 

 

3.2.2.4  Pt(0) particles catalyzing other C-H bond additions 

 

 When hydroxo chloride 10 was heated to 90oC in C6D6 for two days (either 

homogeneously or as a saturated suspension), the product of the C-H bond addition across the Pt-

OH bond, phenyl chloride 4, was produced in very small yield (~5%). Adding a homogeneous 

solution of hydroxo chloride 10 to a J-young tube contaminated by catalytically active Pt(0) 

particles (from a previous catalytic run, rinsed clean with benzene only), and heating to 90oC for 

sixteen hours produced phenyl chloride 4 in good yield (~90%) along with ~10% of the 

corresponding dichloride 2. The mechanism for the production of dichloride 2 is not known, but 

presumably the source of the chloride is from starting hydroxo chloride 10, as solutions of 10 

slowly decompose in solution over time to bis chloride 2 and unknown decomposition products. 

The results of this experiment indicate that the Pt(0) particles formed from heating bis-hydroxo 

11 in the solid state also catalyze the C-H bond addition across the Pt-OH bond of hydroxo 

chloride 10, albeit, by an unknown mechanism. 

 

3.3 Conclusions 

 

 The thermolysis of bis hydroxo 11 in C6D6 led to sequential C-D bond activation of the 

solvent to yield bis phenyl complex 15 and two equivalents of HOD. In dilute solutions (20-22 

mM), the slow conversion of bis hydroxo 11 most likely occurs via a homogeneous 1,2-addition 
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mechanism that is strongly inhibited by eliminated water produced throughout the course of the 

reaction. In contrast, when concentrated suspensions of bis hydroxo 11 (where some of 11 

remains un-dissolved), the reaction proceeds to completion resulting from the production of 

catalytically active Pt(0) particles produced from heating 11 in the solid state. This Pt(0) process 

is significantly faster than the homogeneous reaction. The mechanism by which the Pt(0) 

particles are produced is not known with certainty, but control experiments indicate they are 

formed by thermolysis of 11 as a solid, either by itself or in a suspension. Thermolysis of 

isolated phenyl hydroxide 14 in C6D6 results in the slow conversion to the C-D addition product 

bis phenyl 15. This homogeneous reaction was strongly inhibited by water, and following the 

reaction in water saturated solutions of C6D6 did not lead to a simplified kinetic profile, or 

proceed as quickly for when starting from 11. Control experiments determined that the 

catalytically active Pt(0) particles produced by the thermolysis of 11 also catalyzed the second C-

H addition across the Pt-OH bond of phenyl hydroxo 14, albeit by an unknown mechanism. 

These Pt(0) particles were also found to catalyzed the 1,2 addition of C6D6 across the Pt-OH 

bond of hydroxo chloride 10. 
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Chapter Four: Removing electron density from platinum: towards oxidation, silver 
complexes, and enhanced C-H activation. 

4.1 Introduction 

The thermal reactivity of monomeric platinum hydroxides was explored as described in 

Chapter 3. Heating these compounds in the presence of aromatic C-H bonds led to the 

corresponding platinum hydrocarbyl complexes along with elimination of water. In the hope of 

discovering reactivity related to a proposed water splitting cycle (Figure 4-1), the oxidation 

chemistry of the monomeric hydroxo’s was explored. Particular focus will be on forming a 

monomeric platinum oxo (Figure 4-1, III). The terminal oxo is a strong π-donor ligand that 

readily forms stable complexes with electron deficient early metals; with more electron rich late 

metals the d-orbital’s are filled with electrons and the terminal oxo becomes 

destabilized.73,75,173,174 These trends in stability of terminal metal oxo ligands has led to the “oxo-

wall” theory which suggests that the terminal metal oxo is only stabilized by d0-d4 metals (in 

tetragonal ligand environments, Figure 4-1), as these are the only configurations which can 

accept suitable electron density to stabilize an oxo complex.73 In comparison, when placed in a 

tetrahedral ligand field (with the oxo ligand in the apical position, Figure 4-1) an interesting 

electronic structure is obtained whereby the M-O σ and π anti-bonding interactions are moved 

higher in energy and the non-bonding e (dx2-y2, dxy) orbitals are lowest in energy (Figure 4-

1).73,174 Metals in a tetrahedral environment can have up to 4 d-electrons without destabilizing 

the metal oxo bond. Therefore, a tetrahedral ligand environment is predicted to be the only 

environment where a late metal terminal oxo complex can have more than 4 d-electrons.73,173  
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Figure 4-1. Water splitting scheme and qualitative frontier molecular orbital splitting 

diagrams for d4 metal oxo's in tetragonal and tetrahedral environments. 

From this reasoning, in order to form a monomeric oxo complex, the d-electron count must be 

minimized. Oxidizing from platinum II (d8) to IV (d6) increases the likelihood of forming a 

monomeric oxo complex by removing electrons that can populate the M-O antibonding 

orbitals.36,45,75,174 

There have been a few examples of terminal metal oxo complexes with (n ≥ 4 dn) 

electron metal configuration that have been stabilized by electron withdrawing ligands, both of 

which exist in tetrahedral ligand environments.45 One example of a d4 metal is the 

[ReIII(O)H(EtC≡CEt)2] complex, where the authors attribute its stability to two acetylene groups 

that accept electron density from the metal (Figure 4-2).149,175 Milstein and co-workers have also 

described the synthesis of a terminal d6 square planar PtIV-oxo complex supported by a PCN-

pincer framework (Figure 4-2).45 This complex undergoes oxygen transfer processes with H2, 

PPh3, and CO to give H2O, O=PPh3, and CO2 respectively. It will also undergo attack by a 
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hydride source to generate the corresponding [(PCN)PtII-OH] complex; reaction with water 

forms the mono-aqua di-hydroxo complex [(PCN)PtIV(OH)2(OH2)]. 

The above observation indicates that in order to form a monomeric d6 metal oxo, 

oxidizing the metal or removing electron density from the metal center will be required. Ag(I) 

salts are well utilized oxidizing agents that, in lieu of formal oxidation from Pt(II) to Pt(IV), 
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Figure 4-2. Top: examples of d4 and d6 terminal oxo's. Bottom: coinage metal interactions 

with platinum 

are known to form d8-d10 dative bonds through the axial site (dz
2 orbital) with platinum diimine 

complexes (Figure 4-2).88,89 This effectively removes electron density at the platinum centre, and 

is characterized by an ~200 ppm downfield chemical shift by 195Pt NMR spectroscopy.176,177 

Reactivity with silver(I) was studied not only as an oxidizing agent, but as a method for 
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removing electron density from platinum in the hopes of forming a monomeric oxo. The results 

of attempted oxidation and reactions with silver (I) salts are described in this chapter. 

 

4.2 Results and Discussion 

4.2.1 Towards Chemical Oxidation with Ferrocenium 

 

We treated bis hydroxo 11 with two equivalents of [Cp2Fe][PF6] in THF or C6D5Br in 

attempt to oxidize up to Pt(IV). This resulted in the formation of mixtures of compounds that 

exhibit very broad 1H NMR spectral features. When two equivalents of the oxidizing agent were 

added in the presence of the bulky base 1,8-bis-(dimethylamine)-naphthalene (proton sponge) in 

C6D5Br, one equivalent of Cp2Fe was produced (by 1H NMR spectroscopy) accompanied  with 

the formation of a C2v symmetric complex that exhibited broad 1H NMR spectral characteristics. 

This complex slowly decomposed to a mixture of unidentifiable species. Due to the difficulties 

gleaning anything useful from the reaction with ferrocenium, this chemistry was put aside in 

favour of silver (I) reagents. 

 

4.2.2 Reactions with Silver (I) Reagents 

4.2.2.1 Synthesis and characterization of silver supported hydroxo complexes 

 

The reaction of bis hydroxo 11 or methyl hydroxo 13 with one or two equivalents of 

AgSbF6 (in THF or C6D5Br) resulted in the formation of mixtures of complexes. If either of the 

solutions were left at room temperature for more than one day, a gray solid precipitated from the 

solution (presumably Ag0). In contrast, use of AgN(SO2CF3) (“AgNTF2”) resulted in the clean 
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formation of single complexes by NMR spectroscopy. Their identity and full characterization is 

described below. 

Reaction of bis hydroxo 11 with one equivalent of AgNTF2 resulted in the formation of a 

new C2v symmetric species (11-Ag) along with a colour change from maroon to red. The reaction 

was quantitative by 1H NMR spectroscopy and 11-Ag was isolated in 78% yield when the 

reaction was performed on a 35 mg scale. The 1H NMR spectrum of the silver complex 11-Ag 

was very similar to that of the starting bis hydroxo 11, with the major difference being a 0.2 ppm 

upfield shift for proton k in 11-Ag (Figure 4-3). The signal for the Pt-OH protons also shifts 

upfield approximately 0.2 ppm with respect to the bis hydroxo 11. This signal appears in the 2H 

NMR spectrum at same chemical shift in proteo THF for the deuterated analogue d2-11-Ag. 

 

Figure 4-3. 1H NMR of the 1:1 Ag:Pt(OH)2 complex 11-Ag and possible location where Ag 

is bound.  

Compound 11-Ag exhibited a band in the IR spectrum at 3609 cm-1 for the hydroxo moiety; this 

signal shifted to 2678 cm-1 in the deuterated analogue d2-11-Ag. Figure 4-3 shows the proposed 

location where a silver cation could interact with the bis hydroxide 11 based on literature 

precedents. There have been previous reports of metallophilic bonds between silver and platinum 

displaying interactions in the axial position of the platinum through the dz2 orbital (Figure 4-
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1).88,176,178-180 Further study by 195Pt NMR spectroscopy was undertaken to confirm the location 

of the silver cation. A PtAg dative interaction through the axial site on platinum is 

characterized by a ~ 200 ppm downfield chemical shift in 195Pt NMR signals with respect to 

parent platinum complexes.176,177 The 195Pt NMR chemical shift of the parent bis hydroxide 11 

was found to be -547 ppm (all 195Pt NMR spectra were referenced using K2PtCl4 in D2O, Figure 

4-4) in THF solution. Platinum complexes in the +2 oxidation state span the range of -500 to -

6000 ppm, and span from +7500 to -7000 ppm when in the +4 oxidation state.181,182 Due to two 

deshielding hydroxide moieties,181 the 195Pt NMR chemical shift of bis hydroxide 11 is shifted 

substantially downfield from more typical diimine complexes. The 195Pt NMR chemical shift of 

the silver supported complex 11-Ag was found to be at -1276 ppm in THF, ~730 ppm upfield 

from the parent bis hydroxo 11 (Figure 4-4). The 195Pt NMR analysis thus suggests that the silver 

cation is not bound in the axial site of the platinum center, and is more likely bound through a 

different type of interaction.  

  

Figure 4-4. 195Pt NMR of bis hydroxo 11 (left) and silver bis hydroxo 11-Ag (right).  
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The structure of 11-Ag (and therefore the location of the silver cation) was confirmed by X-ray 

analysis, and the molecular structure is shown in Figure 4-5 along with selected metrical 

parameters in Table 4-1. Crystals were grown by slow diffusion of hexanes into a benzene 

solution of 11-Ag at room temperature. The silver cation is supported unsymmetrically between 

the two hydroxide moieties (O1-Ag: 2.436(7) and O2-Ag: 2.276(6) Å respectively) and is tilted 

15.1(3)o out of the O1-Pt-O2 plane. The structure of 11-Ag contains one molecule of benzene 

displaying an interaction with the silver moiety (Ag-C75: 2.45(1) Å), which is similar in distance 

to the silver cation interaction with the triflimide anion nitrogen (Ag-N3: 2.443(7) Å). The 

molecular structure of 11-Ag corroborates the 195Pt NMR spectrum that did not show evidence of 

a platinum silver dative bond in the axial position of the platinum center.  

Reaction of the hydrocarbyl hydroxo complexes 13 or 14 with one equivalent of AgNTF2 

resulted in the formation of new Cs symmetric species 13-Ag and 14-Ag along with colour 

changes from green to purple (Scheme 4-1). This reaction was quantitative by 1H NMR 

spectroscopy and when performed on larger scale (42 mg and 58 mg respectively), 13-Ag and 

14-Ag were both isolated in 62% yield. The platinum hydroxo signal for silver methyl hydroxo 

13-Ag was a broad singlet at 0.01 ppm (C6D5Br, 1H) and was shifted to 0.39 ppm (C6D5Br, 1H) 

for silver phenyl hydroxo 14-Ag (Figure 4-6 and Figure 4-7). Both signals resonate by 2H NMR 

spectroscopy at the same chemical shift when d1-13-Ag and d1-14-Ag are prepared in proteo 

C6D5Br. The platinum methyl moiety in 13-Ag displays a signal at 1.47 ppm (C6D5Br) 

integrating to three protons and correlates by 1H-13C HMQC NMR spectroscopy to the 13C NMR 
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Figure 4-5. X-ray molecular structure of 11-Ag (R factor 6.98%). Ellipsoids are shown at 

30% probability. Hydrogen atoms and three molecules of benzene have been omitted for 

clarity. 
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Table 4-1. Selected metrical data for silver bis hydroxo 11-Ag. 

Parameter 11-Ag 
 

Pt-N1 
Pt-N2 

Bond Distances (Å) 
1.992(6) 
1.998(7) 

N1-C1 
N2-C2 
C2-C1 
Pt-O1 
Pt-O2 
O1-Ag 
O2-Ag 
N3-Ag 
C75-Ag 

 
N1-Pt-N2 
O2-Pt-O1 
O2-Ag-O1 

 
Pt-N1-C13-C18 
Pt-N2-C43-C44 
O1-Pt-O2-Ag 

1.29(1) 
1.28(1) 
1.47(1) 
1.990(6) 
1.982(7) 
2.436(7) 
2.276(6) 
2.443(7) 
2.45(1) 

Bond Angles (o) 
79.9(3) 
83.2(2) 
67.9(2) 

Torsion Angles (o) 
-120.2(8) 
109.8(7) 
-15.1(3) 

 

signal at -10.8 ppm (C6D5Br, Figure 4-6). The para phenyl proton for 14-Ag was observed as a 

triplet at 7.04 ppm (3JH-H = 7 Hz, Figure 4-7). Silver supported hydrocarbyl hydroxo’s 13-Ag and 

14-Ag each exhibited a band in the IR spectrum at 3571 cm-1 (13-Ag) and 3590 cm-1 (14-Ag) 

which were assigned to the Pt-OH moiety; this signal shifted to 2647 cm-1 for both d1-13-Ag and 

d1-14-Ag. The 195Pt NMR spectra exhibited a signal at -2167 ppm (C6D5Br) for 13-Ag and -

2242ppm (C6D5Br) for 14-Ag (Table 4-2). The parent methyl hydroxo 13 displayed a signal at -

1272 ppm (C6D5Br) while phenyl hydroxo 14 displayed a signal at -1485 ppm (C6D5Br). Similar 

to what was observed in the reaction of silver with bis hydroxo 11, addition of one equivalent of 
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AgNTF2 to 13 and 14 causes an upfield shift (~760 to 890 ppm) in the 195Pt NMR signal (Table 

4-2). This was an indication that the silver cation is probably bonded in a Lewis acid/base 

interaction with the hydroxo moiety (as drawn in Figure 4-7) rather than in a dative bond through 

the axial site at platinum. 

1 AgNTF2N NPt
R OH

13: R = CH3
14: R = Ph

THF or
C6D5Br

N NPt
R OH

13-Ag: R = CH3
14-Ag: R = Ph

Ag

TF2N

 

Scheme 4-1. Reaction of hydrocarbyl hydroxos 13 and 14 with AgNTF2. 

 

Figure 4-6. 1H NMR spectrum of 13-Ag. 
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Figure 4-7. 1H NMR spectrum of 14-Ag in C6D5Br with assignments. 

 

 

4.2.2.2 C-D bond activation of C6D5Br 

 

In the course of characterizing the silver adduct of methyl hydroxo 13-Ag in C6D5Br, 

production of methane (and the isotopomers CH3D and CH2D2) and HOD were observed if 

solutions were left to sit at room temperature for more than 24 hours. This is in stark contrast to 

methyl hydroxo 13, which shows no reactivity in C6D5Br at room temperature. As methane was 

produced, the 1H NMR spectrum gradually changed to what appeared to be a mixture of C2v 

symmetric species exhibiting relatively similar 1H NMR chemical shifts. These were assigned to 

be silver supported bis Pt-(C6D4Br)2 complexes, the product of the double C-H activation of 

C6D5Br solvent. This reaction takes 4 to 5 days to reach completion. The formation of CH2D2 

and CH3D, along with CH4 suggest formation of an alkane σ complex that can be reversibly 

activated before methane elimination.60,85,108,109 Interestingly, C-H activation occurs at both the 
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hydroxo and methyl positions, indicating that the relative basicity of the hydroxo moiety with 

respect to the methyl moiety is not a large factor in influencing the propensity for these C-H 

activations.  

When solutions of the silver adduct of phenyl hydroxo 14-Ag are left more than 16 hours 

at room temperature in C6D5Br, C6H5D (assigned by 1H NMR spectroscopy) and HOD are 

slowly eliminated (over the course of 2 days) to form a series of symmetrical complexes similar 

to those observed previously for the reaction of 13-Ag in C6D5Br. It was concluded that these 

complexes were the products of the double C-H activation of 14-Ag with C6D5Br. The silver 

supported bis hydroxo complex 11-Ag, however, is stable for weeks at room temperature in 

C6D5Br.  

The silver supported hydrocarbyl hydroxo’s 13-Ag and 14-Ag undergo room temperature 

C-H bond addition whereas the parent neutral complexes must be heated over 80oC to see any C-

H reactivity. This facile C-H activation activity was studied more thoroughly in d6-benzene in 

order to compare with the C-H activation chemistry of the parent neutral hydroxo complexes 

reported in Chapter 3, and to simplify the 1H NMR spectra of the reactions. 

 

4.2.2.3 Preparation of silver supported bis phenyl 15-Ag 

 

The product of all of the C-H activations in d6-benzene discussed in this chapter is the silver 

supported bis phenyl d10-15-Ag. The identity of this species was confirmed through the 

independent synthesis of the proteo analogue of 15-Ag from proteo bis phenyl 15 and one 

equivalent of AgNTF2 (Scheme 4-2). This reaction is quantitative by NMR spectroscopy and 

when scaled up the silver supported bis phenyl 15-Ag was isolated as a purple powder in 77% 
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yield. Unfortunately, no crystals suitable for X-ray analysis of this complex were obtained, but 

we propose the coordination mode of the silver cation to be between the platinum phenyl 

moieties as drawn in Scheme 4-2. Moret and Chen have crystallographically characterized 

several silver supported bis phenyl platinum compounds (Scheme 4-2, bottom) including a 1:2 

Ag:Pt adduct that exhibits a large Pt-Ag distance of 3.28, showing that the silver is bound mainly 

through coordination to the two phenyl rings (Scheme 4-2, bottom left).88 

Silver supported bis phenyl 15-Ag was characterized by 1H, 13C, and 195Pt NMR 

spectroscopy and by elemental analysis. The 195Pt NMR spectrum of 15-Ag exhibited a signal at 

-2942 ppm in C6D6; the neutral parent bis phenyl 15 exhibits a signal at -2656 ppm in C6D6. 

N NPtN NPt
1 AgNTF2

15 15-Ag

C6D6

Ag

NTF2

Moret and Chen:

Pt
N

N

Ag
O

S
O O

CF3

Ag

O3SCF3
n

Pt
N

N

xs AgOTf0.5 AgOTf

DCM
C6H6

Ag

Pt

Pt

N N

N N

N N = N N
Cl

Cl Cl

Cl

OTf

DCM
C6H6

 

Scheme 4-2. Top: Synthesis of silver supported bis phenyl 15-Ag. Bottom: Ag-Pt phenyl 
complexes reported by Moret and Chen.88 
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Table 4-2. 195Pt NMR chemical shifts of chlorides (left), hydroxo’s (middle), and silver 

supported hydroxo’s (right).  

N N ArAr Pt
OH

Ag

NTF2

14-Ag

N N ArAr Pt
OH
14

N N ArAr Pt
Cl
4

N N ArAr Pt
OHH3C

Ag

NTF2

13-Ag

N N ArAr Pt
OHH3C
13

N N ArAr Pt
ClH3C
3

N N ArAr Pt
OHHO

Ag

NTF2

11-Ag

N N ArAr Pt
OH
11

N N ArAr Pt
ClHO
2

N N ArAr Pt

N N ArAr Pt

15-Ag
Ag

NTF2
15

-1220 ppma -546 ppma -1276 ppma

HO

-2347 ppma -1272 ppmb -2167 ppmb

-2406 ppma -1485 ppmb -2242 ppmb

-2656 ppmc -2942 ppmc

Δ with Ag
(ppm) :

730

893

757

286

 

        a: THF-d8; b: C6D5Br; c: C6D6. 
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Other BIAN platinum bis phenyl complexes exhibit 195Pt NMR chemical shifts typically in the 

range of -2770 to -2851 ppm.99 The addition of one equivalent of AgNTF2 resulted in an upfield 

shift of ~ 286 ppm in the 195Pt NMR spectrum (along with a colour change from dark green to 

purple). The 195Pt NMR chemical shift of 15-Ag is not shifted upfield to the same extent as 

observed in the silver supported hydroxo complexes (Table 4-2), but neither does it compare to 

the ~200 ppm downfield shift exhibited by complexes with Pt-Ag dative bonds in the axial 

platinum position.176,177 195Pt NMR spectroscopy seems to indicate that the structure of 15-Ag is 

an intermediate between these two extremes, which matches the type of structure observed by  

Moret and Chen in their 2:1 Ag:Pt adducts and the structure we have proposed in Scheme 4-2.88 

Table 4-2 shows 195Pt NMR chemical shifts of relevant complexes in this thesis. 

 

4.2.3 Silver supported Pt(II) hydroxide reactivity: C-H activation with benzene 

4.2.3.1 General considerations 

 

The reaction of the Pt(II) hydroxides 11, 13, and 14 with AgNTF2 did not result in the 

oxidation of platinum, but formed isolable silver adducts in which the silver cation is bound to 

the hydroxide moiety through a Lewis acid/base interaction. The addition of silver appeared to 

significantly enhance the propensity of these hydroxide complexes to activate aromatic C-H 

bonds (with respect to the parent neutral hydroxides). Aromatic C-H bond additions required 

high temperatures (>80oC) for the neutral hydroxides (Chapter 3), whereas with silver these C-H 

bond additions occurred at room temperature (for the hydrocarbyl hydroxo complexes 13-Ag and 

14-Ag). 
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All C-H activation reactions were studied in wet d6-benzene (30 mmol/L H2O) unless 

otherwise mentioned, with hexamethylbenzene employed as an internal standard. 

Hexamethylbenzene was chosen as internal standard because it contains no aromatic protons to 

activate and it’s 1H NMR spectral handle is a singlet in a region where there is no overlap with 

signals from any of the complexes studied here. The activity of silver bis hydroxo 11-Ag and 

silver methyl hydroxo 13-Ag will only be discussed briefly as the reactions are multi-step 

processes that show the presence of multiple intermediates en route to the silver bis phenyl 

complex 15-Ag, making it difficult to glean any mechanistic information from either of these 

systems. The reactivity of silver phenyl hydroxo 14-Ag will be discussed in more detail, as there 

are no observable intermediates by 1H NMR spectroscopy that allows for easier interpretation of 

the kinetic data. 

 

4.2.3.2 Benzene C-H activation with silver bis hydroxo 11-Ag. 

 

Monitoring the reaction of silver supported bis hydroxo 11-Ag in d6-benzene was carried 

out at temperatures above 328K, as below this temperature there is no reaction (Scheme 4-3). 

The reactions went to ~ 90-95 % conversion to silver bis phenyl 15-Ag (as measured against the 

internal standard), along with small amounts of other unidentifiable products; however, all of 11-

Ag is consumed. Small amounts of gray powder were also present on the walls of the NMR tubes 

after the reaction had reached completion. Due to the aforementioned complexities of this 

reaction, no mechanistic information was gleaned from following the reaction in situ other  
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N NPt
HO OH

Ar Ar

Ag

NTF2

N N ArAr Pt

15-Ag

Ag

NTF211-Ag

Benzene

> 328 K
+  2 H2O

 

Scheme 4-3. Benzene C-H activation with silver bis hydroxo 11-Ag. 
 

than determining the time it takes for the reaction to reach completion. The reaction was 

monitored at different temperatures and with differing amounts of AgNTF2 added to the reaction 

mixture to see the effect on the overall rate of the reaction (Table 4-3). Examination of the results 

from Table 4-3 indicates that performing the reaction with one equivalent or an excess of 

Table 4-3. Reaction rates of silver bis hydroxo 11-Ag in d6-benzene to form silver bis phenyl 

15-Ag. [Pt]total = 5.05 mmol/L.  

Temp (K) 11-Ag:AgNTF2 t½ (hrs) 
328 
338 
345 
353 
338 
338 
338 

1:1 
1:1 
1:1 
1:1 
1:2 
1:6 

1:0.5 

23.5 
9.4 
5.3 
2.9 
8.9 
8.9 
14.1 

 

AgNTF2 did not affect the rate dramatically, indicating that “free” silver (I) cations are not 

catalyzing the reaction. Interestingly, the reaction went to completion with only 0.5 equivalent of 

AgNTF2, albeit at a significantly reduced rate. 
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4.2.3.3 Benzene C-H activation with silver methyl hydroxo 13-Ag. 

 

The reaction of silver supported methyl hydroxo 13-Ag in d6-benzene was monitored to 

silver bis phenyl 15-Ag at various temperatures (Scheme 4-4). Only the reactions at 308 and 328 

K were monitored to completion, taking 50 and 5 hours, respectively, to reach d10-15-Ag (at 

starting [13-Ag] 5.05 mmol/L). Due to the number of intermediate species in the 1H NMR 

spectra, no mechanistic information was gleaned from studying the reaction in situ. The only 

isotopomer of methane observed for the C-H activation of d6-benzene was CH3D. Due to the 

complexity of this reaction, no further studies were conducted. 

N N ArAr Pt
CH3 OH

13-Ag

Ag

TF2N

N N ArAr Pt

15-Ag

Ag

NTF2

d6-Benzene

> 298 K
+  HOD  +  CH3D

d5 d5

 

Scheme 4-4. Benzene C-H activation with silver methyl hydroxo 13-Ag. 

 

4.2.3.4 Benzene C-H activation with silver phenyl hydroxo 14-Ag. 

 

The reaction of silver phenyl hydroxo 14-Ag with d6-benzene to form silver bis phenyl 15-Ag 

was monitored in situ by 1H NMR spectroscopy (Scheme 4-5). There were no observable (by 1H 

NMR spectroscopy) intermediates in the reaction and therefore a more thorough kinetic study 

was carried out. 
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N N ArAr Pt
OH

Ag

NTF214-Ag

N N ArAr Pt

15-Ag

Ag

NTF2

d6-Benzene

> 298 K
+  HOD

d5

 

Scheme 4-5. Benzene C-H activation with silver phenyl hydroxo 22. 
 

The course of the reaction from silver phenyl hydroxo 14-Ag to silver bis phenyl 15-Ag was 

studied between 295 and 329 K at starting an initial concentration of [14-Ag] = 5.05 mmol/L. 

The plots of concentration versus time are shown in Figure 4-8. The reaction displays pseudo-

first order kinetics in 14-Ag in the presence of excess H2O and the observed rate constants for 

the reaction of 14-Ag to 15-Ag under these conditions at various temperatures are shown in 

Table 4-4. Analysis of the rates of reaction of 14-Ag to 15-Ag at the different temperatures 

(Figure 4-9, top) allowed for the determination of activation parameters using an Erying plot 

(Figure 4-9, bottom), which gives activation parameters of ΔH‡ = 17(2) kcal mol-1 and ΔS‡ = - 25 

e.u. At 295K, ΔG‡ is 10(2) kcalmol-1, this value is similar to the ΔG‡ value calculated by Gunnoe 

and co-workers (ΔG298
‡ = 9.1 kcalmol-1) for the benzene C-H bond addition across a Ru-OH 

bond.70 

The large negative ΔS‡ is indicative of an associative mechanism, whereby benzene must 

coordinate before the reaction proceeds.60 This is supported by the observation that H2O slows 

down the reaction (Figure 4-10); if OH dissociation was the first step then H2O would likely 

increase the reaction rate and ΔS‡ would be positive. Figure 4-10 shows the reaction of silver 
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Figure 4-8. Concentration verses time plots for the consumption of silver phenyl hydroxo 

14-Ag (squares) and formation of silver bis phenyl 15-Ag (open circles). 

 

Table 4-4. Rate constants and half lives for the reaction of silver phenyl hydroxo 14-Ag to 

silver bis phenyl 15-Ag at different temperatures. [Pt]total = 5.05 mmol/L. 

Temp (K) Rate (x 10-5 s-1) t1/2 (hrs) 
329 
318 
308 
295 

11.3(7) 
4.9(2) 
1.97(4) 
0.491(4) 

1.7 
3.9 
9.8 
39 
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Figure 4-9. Top: First order rates of consumption of silver phenyl hydroxo 14-Ag at 

different temperatures. Bottom: Eyring plot for the conversion of 14-Ag to 15-Ag. 
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phenyl hydroxo 14-Ag to silver bis phenyl 15-Ag in dry C6D6 in comparison to wet (30 mmol/L 

H2O) C6D6 at 295 K. It is easily apparent that H2O has an inhibitory effect on the C-H activation 

of benzene in this system. 

 

Figure 4-10. Concentration verses time plots for the reaction of silver phenyl hydroxo 14-

Ag (squares) to silver bis phenyl 15-Ag (open circles) at 295 K. Top left: in dry C6D6 Top 

right: in wet C6D6 (30 mmol/L H2O). Bottom: Phenyl hydroxo 14 (triangles) at 308 K in 

C6D6 (30 mmol/L H2O). 

The presence of the silver cation coordinated to the hydroxo moiety appears to increase 

the propensity of the platinum hydroxides to undergo 1,2-addition reactions with aromatic C-H 

bonds (Figure 4-10, bottom). The precise reasons for the enhanced rate of C-H activation of the 

silver adducts is not clear, but it is possible that benzene association could be favoured through 

an interaction with the silver cation (Figure 4-11, left). Evidence of this interaction is observed in 
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the crystal structure of silver bis hydroxo 11-Ag (Figure 4-5). Alternatively, the presence of the 

silver cation could impart greater electrophilicity on the platinum center, thereby favouring 

benzene coordination at platinum (Figure 4-11, right). Intramolecular proton transfer presumably 

follows coordination of benzene from the coordinated arene to the hydroxo moiety. Water is then 

released in the final step to form the silver bis phenyl 15-Ag. At both room and elevated 

temperatures deuterium incorporation into the platinum phenyl moiety was also observed, 

leading entirely to silver bis d10-15-Ag and suggesting that degenerate exchange of phenyl 

groups with the benzene solvent is also occurring rapidly.  This prevented the undertaking of a 

detailed KIE study.  

 

Pt O
N
N

H
Ag NTF2

Pt O
N
N

H
Ag NTF2

interaction with Ag cation interaction with platinum

verses
H

H

 

Figure 4-11. Different locations where benzene can coordinate to silver phenyl hydroxo 14-

Ag. 

In contrast to the C-H activation reactions discussed in Chapter 3, the reaction of silver phenyl 

hydroxo 14-Ag to silver bis phenyl 15-Ag exhibits reaction kinetics that suggest the process is 

homogeneous, in that the reaction appears pseudo first order with no inflection point(s) and no 

zero order (in [Pt]) behaviour observed for any of the reactions. More indication that the reaction 

from 14-Ag to 15-Ag is homogeneous and is first order in 14-Ag came from following the 

change in rate at different concentrations of 14-Ag (Figure 4-12). There is clearly a linear 

correlation between the concentration of starting 14-Ag and the rate of the reaction, seeming to 

indicate a homogeneous process. Nonetheless, due to the presence of in situ formed platinum 
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particles for the reaction of bis hydroxo 11 in benzene (Chapter 3), experiments were undertaken 

to confirm the lack of catalytic platinum particles in the reaction. 

 

  

Figure 4-12. Rate constants for the reaction of 14-Ag to 15-Ag at different starting 

concentrations of 14-Ag showing linear correlation (308 K). 

Elemental mercury is known to form amalgams with metal particles and to absorb 

nanoparticles onto its surface.164-171 If there are any metal nanoparticles present in solution 

undergoing catalysis, then performing the experiment in the presence of elemental mercury 

should inhibit the reaction. Rapidly stirring a solution of silver phenyl hydroxide 14-Ag in a 

benzene solution with one drop of elemental mercury resulted in the formation of multitude of 

different species by 1H NMR spectroscopy. Therefore, no conclusion as to the presence of metal 

particles catalyzing the reaction could be made from the elemental mercury test. 

Transmission electron microscopy (TEM) was used to observe the catalytically active 

platinum particles produced from heating bis hydroxo 11 in the solid state (Chapter 3). These 

large spherical particles were found to range in size from 50 to 350 nm. In order to test for the 
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presence of particles in the reaction from silver phenyl hydroxo 14-Ag in benzene to silver bis 

phenyl 15-Ag, TEM experiments were run on the following four samples: phenyl hydroxo 14, 

silver phenyl hydroxo 14-Ag, 14-Ag with an excess of AgNTF2, and finally AgNTF2 by itself. 

Four dilute acetone solutions of the aforementioned compounds were prepared under protective 

nitrogen atmosphere and a drop of the solution was placed on one side of a TEM mesh grid that 

was covered with a thin 40 nm formvar film and dried for several minutes before imaging 

random areas of each grid. 

The first sample that underwent TEM analysis was of the catalytically inactive phenyl 

hydroxo 14. The sample for TEM analysis was taken from the same bulk sample for the run 

shown in the bottom of Figure 4-10. The TEM images of phenyl hydroxo 14 reveal the presence 

of small nanoparticles between 1 to 10 nm in diameter contained mostly in amorphous material 

(Figure 4-13). Closer analysis of the nanoparticles indicate they are mostly spherical with 

roughly a 50:50 mixture of amorphous and crystalline particles (particles were determined to be 

crystalline by the presence of Moire patterns from the stacking of crystal lattice’s).183,184  The 

observation of nanoparticles was surprising given the lack of activity towards C-H activation of 

the bulk sample the TEM sample was prepared from. These 1 to 10 nm nanoparticles may 

already be present in the bulk sample of phenyl hydroxo 14, but could also be due to TEM 

sample preparation and electron beam degradation.164,167 Notably, irradiation of certain areas of 

the TEM grid for longer amounts of time resulted in the disappearance of certain nanoparticles 

and the formation of crystalline nanoparticles from amorphous nanoparticles (indicated by the 

presence of Moire patterns), and vice versa. The source of the nanoparticles observed in the 
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Figure 4-13. TEM images of phenyl hydroxo 14 at low (left) and high (right) magnification. 

sample of phenyl hydroxo 14 is not clear, but they are not related in morphology or composition 

to those produced by the thermolysis of bis hydroxo 11 in the solid state (Chapter 3). It is also 

definitive that before preparation for TEM analysis, this sample does not mediate C-H activation 

of benzene.  

The TEM images of silver phenyl hydroxo 14-Ag also reveal the presence of small 

spherical nanoparticles in the range of 1 to 20 nm clustered in amorphous material (Figure 4-14). 

The spherical nanoparticles are largely crystalline in nature, in comparison to phenyl hydroxo 14, 

where roughly equal mixtures of crystalline and amorphous particles were observed. 

The nanoparticles observed for silver phenyl hydroxo 14-Ag are also slightly larger than 

observed for 14. It is difficult to determine if the nanoparticles observed for 14-Ag are 

responsible for the observed C-H activation reactivity, if they are present in the bulk sample, or 

are merely a result of TEM sample preparation and beam degradation.164,167 
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Figure 4-14. TEM image of silver phenyl hydroxo 14-Ag under high magnification (with 

visible Moire lines). 

The final two samples analyzed by TEM were a sample of silver phenyl hydroxo 14-Ag 

with excess AgNTF2, and a sample of the reagent AgNTF2 only (Figure 4-15). Analysis of the 

images from these two samples both show large nano crystals. A variety of sizes of nano crystals 

(1 to 100 nm) were observed in the sample of AgNTF2 taken directly from an Aldrich reagent 

bottle, indicating that nano crystals are either formed in sample preparation/ beam 

degradation,164,167 or that the Aldrich AgNTF2 contains nano particles of a varying range of sizes. 

The results from the TEM analysis are not entirely definitive. Small spherical 

nanoparticles (ranging from 1 to 20 nm) were found in both phenyl hydroxo 14 and silver phenyl 

hydroxo 14-Ag. These could be a result of TEM sample preparation, beam degradation, or may 

be inherent in both of these complexes. If the nanoparticles imaged for phenyl hydroxo 14 are in 

the bulk sample of 14, then they do not show any activity for C-H activation. If this were the 
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Figure 4-15. TEM images of AgNTF2 under low (top left) and high (top right) 

magnification. Bottom: TEM image of silver phenyl hydroxo 14-Ag with excess AgNTF2. 

case (and the nanoparticles are part of the bulk material of 14), then they would be carried over 

into the bulk sample of 14-Ag. Alternatively, there is also the possibility of both phenyl hydroxo 

14 and silver phenyl hydroxo 14-Ag generating nanoparticles under TEM sample preparation 

and analysis conditions.164,167 It is also clearly apparent that AgNTF2 either contains, or forms 

under TEM conditions, nano crystals of varying sizes.  
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Looking at all of the evidence for the C-H activation reaction from 14-Ag to 15-Ag, it 

appears homogeneous catalysis is occurring. This is inferred by the kinetic data from the 

reaction; the reaction exhibits consistent first order kinetics in [14-Ag], is hampered by the 

addition of H2O, and no particulate matter is observed on the walls of the NMR tube. The 

mercury test was not successful due to undesired side reactivity with silver phenyl hydroxo 14-

Ag. The reaction did not exhibit zero order in [Pt] behaviour at any point in time. The analysis 

from TEM shows the presence of very small (1 to 20 nm) nanoparticles in both phenyl hydroxo 

14 and silver phenyl hydroxo 14-Ag; it is unclear what the source of these nanoparticles is, but 

they are present in the inactive compound 14. This leads us to believe that the particulate 

observed in the TEM sample of 14-Ag is not responsible for the observed catalytic activity. 

Interestingly, a large range (1 to 100 nm) of nanoparticles was also found in a sample of 

AgNTF2. The very large (50 to 350 nm) particles previously observed in the catalytic reaction of 

bis hydroxo 11 with benzene were never observed by TEM (or kinetically in solution) in any of 

the samples studied here.  

 

4.2.4 Silver supported hydroxide reactivity: attempted deprotonation 

4.2.4.1 Reaction with KOH 

With the identity of silver bis hydroxo 11-Ag confirmed by X-ray analysis, further 

attempts to deprotonate the hydroxide moieties (to form an oxo) were undertaken. Sharp and co-

workers have previously demonstrated the deprotonation of bridging platinum hydroxo’s with 

both KOH or proton sponge (1,8-dimethylamino-naphthalene) (Scheme 4-6).101 In silver bis 

hydroxo 11-Ag, the silver cation is weakly bonded to both hydroxides in a “bridging” type 
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fashion, so it was reasoned that deprotonation may be possible due to the extra stability afforded 

to an “oxo” moiety by the presence of the silver cation able to accept electron density.  

Sharp and co-workers:

Pt
O

O
Pt

H

H

L2 L2

(BF4)2

1 eq Base

xs KOH

Pt
O

O
Pt

H

L2 L2

(BF4)

+  MBF4

1, L2 - BIAN
2, L2 = Butbpy

Pt
O

O
PtL2 L2

xs KOH

L2 = BIAN

N N
BIAN =

NN

tButBu
tBubpy =

Base = NaH

Base = KOH, proton sponge

L2 - BIAN
L2 = Butbpy

 

Scheme 4-6. Deprotonation of bridging platinum hydroxides by Sharp and co-workers. 

 

Silver bis hydroxo 11-Ag was reacted with an excess of KOH in dry THF for 30 minutes 

and then evacuated to dryness. Longer reaction times resulted in the formation of other unknown 

impurities. The pink solid was taken up in fresh dry THF, filtered through a syringe filter and 

evacuated to dryness. The solid was then triturated with hexanes (2 x 5 mL) to leave a bright 

pink powder (11-K). Over the course of characterizing this new pink compound by 1H and 19F 

NMR spectroscopies (in C6D6), crystals grew in the NMR tube. The X-ray molecular structure of 

the product (11-K) of silver bis hydroxo 11-Ag with excess KOH is shown in Figure 4-16 with 

metrical parameters shown in Table 4-5. It is clearly observed that the potassium has replaced the 

silver cation (presumably accompanied with loss of AgOH, which disproportionates into H2O 

and Ag2O),153 rather than deprotonation of the hydroxo moietie(s). The potassium cation is 

almost equidistant from both hydroxo moieties (O1-K: 2.571(8) and O2-K: 2.586(7) Å 

respectively) and is tilted 30.8(3)o out of the O1-Pt-O2 plane. The platinum oxygen bond lengths 
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of 11-K match well with the silver bis hydroxo 11-Ag (1.955(6) and 1.971(7) Å in 11-K 

compared to 1.990(6) and 1.982(7) Å in 11-Ag), and are slightly shorter than other bridging 

platinum hydroxo [Pt2(µ-OH)2] bond lengths found in the literature (2.024 to 2.081 Å).50,86,140-

142,185 The structure of potassium bis hydroxo 11-K also exhibits a stabilizing interaction between 

potassium and one of the oxygen’s of the SO2CF3 group on the triflimide anion (K-O3: 2.727(8) 

Å) rather than through nitrogen (as observed for silver bis hydroxide 11-Ag, Ag-N3: 2.443(7) 

Å). This allows for a dimeric structure to be formed where the nitrogen atom of one triflimide 

anion is stabilized through an interaction with an oxygen atom from another triflimide group 

(Figure 4-17). Unlike silver bis hydroxo 11-Ag, there is no interaction with benzene at the 

potassium center. 

 The 1H NMR of potassium bis hydroxo 11-K contains three BIAN protons 

indicative of C2v symmetry (Figure 4-17). No signal for the hydroxo’s was observed by 1H NMR 

spectroscopy. The 19F NMR spectrum displayed a signal at -78 ppm, indicative of “non” nitrogen 

coordinating NTF2.186   

For both of the X-ray structures of the silver (11-Ag) and potassium (11-K) supported bis 

hydroxo complexes, the cation is out of the diimine platinum hydroxo plane (Figure 4-16). This 

is in line with bonding to one set of lone pairs of each sp3 hybridized oxygen atom.60,187 

Interestingly, the magnitude of the out of the plane angle for the potassium cation is double  

(30.8(3)o) than for the silver cation (15.1(3)o). This may be a result of the silver cation displaying 

a third interaction with a molecule of benzene where the potassium cation does not, or a result of 

a stronger interaction of the silver moiety with the hydroxo’s (Ag-O bond lengths of 2.436(7)
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Figure 4-16. X-ray molecular structure of potassium supported bis hydroxo 11-K. 

Ellipsoids are shown at 30% probability, One half of the dimer, two molecules of benzene, 

and hydrogen atoms have been omitted for clarity. 
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Table 4-5. Selected metrical parameters for potassium bis hydroxo 11-K 

Parameter 11-K 
 

Pt-N1 
Pt-N2 

Bond Distances (Å) 
1.986(7) 
1.977(7) 

N1-C1 
N2-C2 
C2-C1 
Pt-O1 
Pt-O2 
O1-K 
O2-K 
O3-K 

 
N1-Pt-N2 
O2-Pt-O1 
O2-K-O1 

 
Pt-N1-C13-C14 
Pt-N2-C43-C44 

O1-Pt-O2-K 

1.30(1) 
1.30(1) 
1.49(1) 
1.955(6) 
1.971(7) 
2.571(8) 
2.586(7) 
2.727(8) 

Bond Angles (o) 
80.4(3) 
84.0(3) 
61.3(2) 

Torsion Angles (o) 
-103.7(9) 
105.2(9) 
30.8(3) 

 

 

Figure 4-17. Structure of potassium bis hydroxo 11-K and 1H NMR spectrum in C6D6. 
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and 2.276(6) Å for 11-Ag and K-O bond lengths of 2.571(8) and 2.586(7) Å for 11-K). In any 

case, it is clearly observed that reaction of silver bis hydroxo 11-Ag with an excess amount of 

KOH does result not in the deprotonation of the hydroxo moietie(s), but rather displacement of 

the silver cation with potassium. 

 

Pt ON

ON
H

H

Ag 15.1(3)o

Pt ON

ON
H

H

K

30.8(3)o

Pt
O

H

20

24

M+

sp3 hybridization

2.436(7), 2.276(6)

2.571(8), 2.586(7)

 

Figure 4-18. Location of cation for 11-Ag and 11-K. 

 

4.3 Conclusions 

Attempts to oxidize bis hydroxo 11 by chemical routes with ferrocenium gave a mixture 

of species. Reacting the series of hydroxides with AgNTF2 resulted in the formation of new 

silver platinum adducts where the silver cation was determined to be bound through the hydroxo 

moiety. While no evidence of α-elimination (to form an oxo) was observed from these 

complexes, they were found to be very active towards 1,2-addition of aromatic C-H bonds (of 

benzene and bromobenzene). 
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The 1,2-addition of benzene was studied for silver phenyl hydroxo 14-Ag to silver bis 

phenyl 15-Ag at a variety of temperatures in order to determine activation parameters (ΔH‡ = 

17(2) kcalmol-1 and ΔS‡ = -25(6) e.u.). An associative mechanism was proposed from the high 

negative value of ΔS‡ found. 

The deprotonation of silver bis hydroxo 11-Ag was attempted with excess KOH. 

Potassium cation replacement was observed rather than deprotonation, and stable potassium bis 

hydroxo complex 11-K was characterized crystallographically and compared to the molecular 

structure of silver bis hydroxo 11-Ag. 
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Chapter Five: Reactivity of monomeric hydroxides towards small molecules 

 

5.1 Introduction 

The isolation and characterization of a series of monomeric platinum hydroxo complexes 

described in Chapter 2 (hydroxo chloride 10, bis hydroxo 11, hydroxo methyl 13, and hydroxo 

phenyl 14) allowed us to explore their chemistry towards different small molecules. Reactivity 

was briefly explored with NH3, CO, and CH4, but these either didn’t react (CH4), or formed a 

mixture of unidentified products (NH3, CO). Reactions with CO2 and H2 were found to be the 

most promising, and their reactivity with the aforementioned hydroxides is described in this 

chapter.  

The addition of H2 across metal hydroxide and alkoxide bonds is a reaction found in 

many chemical processes.63,188-191 Hydrogenolysis across late M-NHR or M-OR moieties (to 

form a metal hydride) has been previously documented by both Goldberg (Pd)58,59 and Gunnoe 

(Pt)61,62, and commonly used Stryker’s reagent is generated by H2 addition across a Cu-OtBu 

moiety.189,190 The mechanism of hydrogenolysis proposed by Goldberg and co-workers involves 

1,2-addition of H2 through a four centered transition state to generate the metal hydride moiety 

with release of ROH (Figure 5-1, left).58,59 With this chemistry in mind, room temperature H2 

addition across the monomeric Pt-OH bonds was envisaged for our series of hydroxides (Figure 

5-1, right), with the end goal to form stable platinum hydrides, including potentially a hydroxo 

hydride species. 
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Figure 5-1. Left: Proposed 4-centered transition state for H2 1,2-addition across a Pd-OR 

bond. Right: proposed reactivity for our series of platinum hydroxo complexes. 

Formal insertion of CO2 into middle to late Metal-OH bonds to form carbonates is a 

fundamental process relevant to transition metal and biological chemistry.57,192-207 There has 

recently been renewed interest in chemical transformations of CO2 resulting from its atmospheric 

abundance and availability as a C1 synthon.208-210 While such transformation will most likely 

have little to no impact on reducing atmospheric CO2 levels, fundamental data on the conversion 

of CO2 into oxalates and carbonates (ie, storable materials) are still of interest. 

Rapid reversible insertion/de-insertion of CO2 into terminal M-OH bonds has recently 

been documented for both Ni and Zn systems (Scheme 5-1).197-199,211,212 Holm and co-workers 

have reported the kinetics and probable mechanism of the rapid insertion of CO2 into a NNN-

pincer complex of nickel (Scheme 5-1, top). Their calculated enthalpic profile proposes a weak 

interaction between free CO2 and nickel, followed by insertion of a CO2 oxygen atom into the 

Ni-OH bond. Finally, the Ni-OH bond detaches from nickel to form the corresponding η1-

OCO2H complex.199 This process is fully reversible upon removal of CO2 from the system. 

Parkin and co-workers have studied the low temperature reversible insertion of CO2 into a 
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Scheme 5-1. Reversible insertion of CO2 into M-OH bonds (M = Ni, Zn). 
 

terminal Zn-OH bond to form a η1-OCO2H complex by NMR spectroscopy (Scheme 5-1, 

bottom). The inserted bicarbonate product was favoured at low temperatures due to a significant 

entropic term, and the reaction was determined to be almost thermo-neutral at room temperature 

(ΔG298 = 0.8 kcalmol-1). The results therein report our investigations of CO2 insertion into the 

series of platinum hydroxo bonds. 

 

5.2 Results and Discussion 

5.2.1 Reactions with hydrogen gas. 

 

When a THF solution of hydroxo chloride 10 was exposed to 1 atm of H2 (in a J-young 

NMR tube), after 16 hours at room temperature ~5% of a new product formed. This product 
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exhibited unsymmetrical BIAN protons indicative of Cs symmetry, and a signal at -22.3 ppm (no 

apparent satellites) tentatively assigned as a platinum hydride moiety.61,62,100  Besides H2, water 

was the only other species observed in the 1H NMR spectrum. Encouraged by this reactivity, this 

reaction was performed on a slightly larger scale (25 mg) in a sealed glass bomb and left stirring 

under 4 atm of H2 for 24 hours. Isolation of the resulting material after workup yielded recovery 

of hydroxo chloride 10 with a small amount (~10%) of dichloride 2. A J-young NMR tube of a 

solution of 10 in THF was charged with 4 atm of H2 and monitored by 1H NMR spectroscopy for 

2 days, only to yield no reaction. Hypothesizing that the addition of H2 across the Pt-OH bond 

was reversible (with competitive H2O addition across the Pt-H bond to reform Pt-OH and H2), 

molecular sieves were added to the solution. This did not result in the formation of any platinum 

hydride after 16 hours at room temperature by NMR spectroscopy. The addition of molecular 

sieves did promote the decomposition of 10 to dichloride 2 in roughly 15% conversion. Heating 

a solution of hydroxo chloride 10 under 1 atm of H2 to 70oC for 16 hours resulted in the 

formation of ligand fragments, aniline, and black precipitate assumed to be platinum black. It 

was hypothesized that trace amounts of platinum particles (unknowingly in the J-young tube) 

may have been responsible for the desired 1,2-addition reactivity observed with the initial 

sample. A final experiment involved using a J-young NMR tube previously used for the catalytic 

conversion of bis hydroxo 11 to bis phenyl 15, rinsing clean with benzene, and adding a solution 

of the hydroxy chloride 10 and exposing to 1 atm of H2. Sixteen hours at room temperature 

resulted in the formation of ligand fragments, aniline, and platinum black. It was concluded that 

platinum particles were likely not responsible for the observed reactivity to form a hydrido 

chloride moiety, and the hydrogenolysis chemistry of hydroxo chloride 10 was subsequently 

abandoned. 
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 Exposing a solution of bis hydroxo 11 to 1 atm of H2 in THF resulted in the formation of 

ligand fragments, aniline, and black precipitate after 12 hours. Careful monitoring of the solution 

in situ by 1H NMR spectroscopy over time revealed the presence of an intermediate species 

(Figure 5-2). The consumption of bis hydroxo 11 follows the consumption of H2 by 1H NMR 

spectroscopy. After 7-8 hours, bis hydroxo is consumed and is replaced by broad resonances in 

the 1H NMR spectrum similar to 11 (Figure 5-2, intermediate). There was no signal for a 

platinum hydride moiety (from 0 to -35 ppm) and water produced from the reaction (singlet at 

2.5 ppm) also broadens into the baseline at this time. The broadness of the NMR spectrum 

prevents any detailed analysis or identification of this complex. This species begins to convert to 

organic ligand fragments and black precipitate within thirty minutes at room temperature (Figure 

5-2). It is not unreasonable to suggest that the intermediate species characterized by broad  

 

Figure 5-2. Stacked 1H NMR spectra (aromatic region) of bis hydroxo 11 with 1 atm of H2. 
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resonances in the 1H NMR is the platinum hydroxo hydride. No hydride signal is observed, but 

this may be a result of fast exchange with the hydroxo moiety to form a three coordinate aqua 

coordinated complex (which subsequently undergoes fast exchange with free water in solution). 

Interestingly, the consumption of bis hydroxo 11 (and H2) exhibited two inflection points (Figure 

5-3). This is not surprising, as platinum black (black precipitate that required the usage of Aqua 

Regia to remove)213 is produced as one of the final products; Gunnoe and co-workers observed 

similar behaviour during the hydrogenation of a Pt-NHR moiety.62 The curve in Figure 5-3 

indicates that the 1,2-addition of H2 across one or both Pt-OH moieties in 11 is facilitated by  

 

Figure 5-3. Consumption of bis hydroxo 11 (squares) with 1 atm H2 (X) at 298K. 

platinum black produced in the reaction mixture. Presumably, the homogeneous 1,2-addition 

must occur in small amounts in order to initially produce platinum black, but this is much slower 

relative to the heterogeneously catalyzed process. 

 Exposing a solution of phenyl hydroxo 14 to 1 atm of H2 gas at room temperature yielded 

black precipitate, organic ligand fragments, water, and benzene after 16 hours at room 

temperature. Monitoring of the solution in situ by 1H NMR spectroscopy revealed presence of 
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two inflection points (for the consumption of 14 and H2) similar to the reaction between bis 

hydroxo 11 and H2. Water and benzene begin to form at exactly the same time by 1H NMR 

spectroscopy (in THF solution). As phenyl hydroxo 14 and H2 were both consumed, there is 

formation of an intermediate whose signals are broadened into the baseline, along with both H2O 

and benzene. The resonances eventually formed the same organic ligand fragments (along with 

increasing amounts of benzene and H2O) as observed in the reaction of 11 with H2 (Figure 5-4). 

The 1,2 addition of H2 across the Pt-OH moiety would give phenyl hydride and H2O 

respectively. Reductive elimination of benzene and production of platinum black and ligand  

N N ArAr Pt
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+  H2

N N ArAr Pt
H

N N ArAr Pt

Pt0

+

ligand
fragments

+

H2O

+

C6H6
OHH

or

 

Figure 5-4. Possible intermediates in the reaction of phenyl hydroxo 14 with H2. 

would follow. It is not unreasonable to suggest that the intermediate characterized by broad 

resonances in the 1H NMR spectrum is the phenyl hydride species (Figure 5-4). No signal for a 

platinum hydride moiety was observed (from 0 to -35 ppm) in the 1H NMR spectrum. 

Alternatively, 1,2-addition of H2 across the platinum phenyl bond may have occurred to produce 

the hydroxo hydride (Figure 5-4). As previously observed for the reaction of 11 with H2, the 

tentatively assigned hydroxo hydride also exhibited broadened NMR characteristics. As both 
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benzene and water are observed to form at the same time, it is difficult to estimate which bond 

H2 is adding across. In a control experiment, phenyl chloride 4 does not react when exposed to 4 

atm of H2. 

 Exposing a solution of methyl hydroxo 13 to 1 atm of H2 yielded black precipitate, 

organic ligand fragments, H2O, CH4, and CH3D after 10 hours at room temperature. Monitoring 

the reaction by 1H NMR spectroscopy revealed the presence of two inflection points (for the 

consumption of 13 and H2), similar to the reaction of 11 and 14 with H2. Water and CH4 begin to 

form at the same time (by 1H NMR spectroscopy), with CH3D only forming after all of 13 had 

been consumed. As both methyl hydroxo 13 and H2 are consumed, there is formation of an 

intermediate whose signals are broadened into the baseline and are not resolved. These 

resonances eventually form free mono-imine ligand and aniline, eventually converting entirely to 

aniline and the alcohol of the acenaphthene unit from ketone hydrogenation. The 1,2-addition 

across the Pt-OH moiety would produce H2O and platinum methyl hydride, which could 

reductively eliminate methane to yield ligand and platinum black. There is no observation of a 

platinum hydride moiety (from 0 to -35 ppm) in the 1H NMR spectrum. Alternatively, 1,2-

addition of H2 across the Pt-CH3 moiety would release methane and form a platinum hydroxo 

hydride, which would reductively eliminate H2O and form platinum black. Water and CH4 are 

both eliminated at the same time, so it is difficult to ascertain where H2 1,2-addition is occurring, 

or if it is occurring across both Pt-OH and Pt-CH3 bonds on the same relative time scale. Methyl 

chloride 3 does not react when exposed to 4 atm of H2. The observation of CH3D is puzzling, as 

the only source of deuterium is THF-d8, and no solvent polymerization (or apparent activation) is 

observed throughout the course of the reaction.  
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 Bis hydroxo 11, methyl hydroxo 13, and phenyl hydroxo 14 all undergo apparent 1,2-

addition reactions with H2. In all cases, monitoring the reactions by 1H NMR spectroscopy led to 

the observation of two inflection points for the consumption of hydroxo and H2 (Figure 5-3). 

After the inflection point, the reaction for all hydroxo complexes was zero order in [Pt], 

indicating that these 1,2-addition reactions are catalyzed by the black precipitate produced in 

situ. Presumably, the source of this black precipitate (platinum black) is from reductive 

elimination of the corresponding platinum hydrido species, which must form in small amounts 

by a homogeneous 1,2-addition process. In all cases, the corresponding hydroxo hydride, phenyl 

hydride, and methyl hydride species are characterized by broad signals in the 1H NMR spectrum, 

and no hydride signal was observed. In all cases, formation of diimine, mono-imine, aniline, and 

platinum black were the end products of the reaction of each hydroxide with H2. Due to the 

instability of the hydrido intermediates in the presence of H2, and their lack of NMR handles due 

to (presumably) rapid exchange, full characterization was not performed. 

 

5.2.2 Reactions with carbon dioxide 

 

 Bis hydroxo 11 reacts immediately when exposed to 1 atm of CO2 to form the C2v 

symmetric carbonate 16 and one equivalent of water by 1H NMR spectroscopy (Scheme 5-2). 

Carbonate 16 exhibits a symmetrical pattern for the BIAN proton resonances in the 1H NMR 

spectrum and a strong carbonyl infrared band at 1710 cm-1. Previously reported κ2 metal 

carbonate species exhibit carbonyl stretching frequencies between 1600 and 1694 cm-

1.196,198,200,203-206,214-217 When the reaction was performed using labelled 13CO2, a 13C NMR signal 
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assigned to the carbonate carbon was observed at 166 ppm. No platinum satellites were 

observed. This chemical shift is the range of other reported carbonates.195,200,203,214,218 

 The reaction between 11 and CO2 was performed at low temperature to determine the 

nature of any observable intermediates in the reaction by 1H NMR spectroscopy. One 

atmosphere of bone dry CO2 was expanded into a 19.1 mL constant volume bulb (1 atm was 

calculated by using the Ideal Gas Law, PV = nRT, with the volume of the J-young head space 

and pressure in mmHg) and condensed into a J-young NMR tube containing a solution of 11 in  
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Scheme 5-2. Reaction of bis hydroxo 11 with CO2. 
 

THF-d8 frozen in liquid nitrogen. The tube was placed (while frozen) into a pre-cooled NMR 

probe at 205K and allowed to thaw (and react) at that temperature for four hours. During this 

time, a new C2v symmetric complex formed which was assigned as the bis inserted product 17-2. 

This complex displays symmetrical BIAN resonances and a peak at 9.29 ppm indicative of the 

carbonic acid protons (Figure 5-5). The integration doesn’t quite add up to two protons. This is  
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Figure 5-5. 1H NMR spectrum of 17-2 at 205K in thf-d8 

either due to small quantities of free H2O undergoing exchange with these protons (although 

unlikely at 205K), and/or the carboxylic acid moieties are fluxional thereby broadening the 

COOH signal into the baseline, or exchange between free and inserted CO2 is still occurring at 

this temperature, causing broadening of the signal. The signal assigned to the carboxylic acid 

carbons is at 160 ppm in the 13C NMR spectrum. This signal’s intensity is enhanced relative to 

the diimine aromatic carbons from the usage of labelled 13CO2. The intermediate between 11 and 

the bis carboxylic species 17-2 is, presumably, the mono inserted product 17-1. This species was 

not assigned with confidence, however there was the observation of broad signals in the 1H NMR 

spectrum in the first few hours the sample sat at 205K. These signals supplanted those of bis 

hydroxo 11, and slowly disappeared as the signals for 17-2 grew in. Raising the temperature of 

the solution above 235K resulted in the formation of the carbonate 16 with no other observable 

intermediates. It is conceivable that direct elimination of carbonic acid (H2CO3) occurs from the 

bis inserted carboxylic acid species 17-2, followed by disproportionation to H2O and CO2.219,220 

However, it is also plausible that de-insertion to the unobserved intermediate 17-1 occurs, 

followed by rapid conversion to carbonate 16 with elimination of H2O.  
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 The carbonate species 16 readily crystallizes out of bromobenzene solution at room 

temperature and the molecular structure is shown in Figure 5-6 with metrical parameters shown 

in Table 5-1. The platinum center is distorted square planar, with the O1-Pt-O2 angle 66.5(1)o 

necessarily quite small due to the four membered ring of the chelating carbonate ligand.57,221,222 

The C73-O3 distance of 1.195(7) Å is on the shorter side of known phosphine supported 

carbonate structures (1.192 to 1.212 Å).204,221,222 This corroborates the observation of the higher 

energy stretching frequency for the C=O bond in the IR spectrum. 

 Exposing a solution of methyl hydroxo 13 to 4 atm of CO2 formed a new species 

comprised of about 65% of the mixture. Upon cooling the solution to 268K, 100% conversion 

(by 1H NMR spectroscopy) to the new complex was reached. This process is fully reversible 

 

Figure 5-6. X-ray molecular structure of carbonate 16. Ellipsiods are at 30% probability 

and hydrogen atoms have been omitted for clarity. 
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Table 5-1. Structural parameters for carbonate 16. 

Parameter 15 
 

Pt-O1 
Pt-O2 

Bond Distances (Å) 
1.995(2) 
1.988(3) 

O1-C73 
O3-C73 

 
O1-Pt-O2 

O1-C73-O2 
O1-C73-O3 
O2-C73-O3 

 
Pt-N1-C13-C18 
Pt-N2-C43-C44 
N1-Pt-C73-C74 
N2-Pt-C79-C84 

1.351(7) 
1.195(2) 

Bond Angles (o) 
66.5(1) 
108.4(4) 
126.1(5) 
125.5(5) 

Torsion Angles (o) 
-47.5(4) 
57.1(4) 

-113.4(6) 
64.7(8) 

 

upon warming back to room temperature. Removal of the CO2 atmosphere resulted in complete 

conversion back to methyl hydroxo 13. At 268K, this new complex displayed a signal in the 1H 

NMR spectrum at 1.55 ppm (THF-d8) integrating to three protons (no apparent satellites) that 

correlated to a carbon at -12.0 ppm by 1H-13C HMQC NMR spectroscopy, and was assigned as a 

platinum methyl moiety.85,87,90,91,103,109-111,129,147 Based on this assignment of the NMR spectra, 

the new species was assigned as the carbonato methyl complex 18, which is formed via selective 

insertion into the Pt-OH bond of 13 (Figure 5-7). At 263K, there was no proton or carbon 

assignable to the Pt-CO3H group, indicating at this temperature exchange with “free” 13CO2 was 

occurring. Further cooling of the solution to 228K resulted in the formation of a broad signal at 

7.80 ppm integrating to one proton and was assigned to the Pt-CO3H proton. A signal at 164 ppm 
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formed in the 13C NMR spectrum at this temperature, which was assigned as the carbonato 

carbon.  

 Exposing a solution of phenyl hydroxo 14 to 4 atm of labelled 13CO2 resulted in the 

formation of a new species comprising of roughly 50% of the mixture. Cooling of this 

 

Figure 5-7. Top: reversible insertion/de-insertion of CO2 into methyl hydroxo 13. Bottom: 

variable temperature 1H NMR spectra of the equilibrium. 

solution to 238K resulted in 100% formation of the new Cs symmetric species (by 1H NMR 

spectroscopy). As observed for the reaction between methyl hydroxo 13 and CO2, warming the 



 

126 

solution back to room temperature resulted in reformation of the 50% mixture of phenyl hydroxo 

14 and 50% new species. Removal of the CO2 atmosphere resulted in complete conversion back 

to phenyl hydroxo 14, demonstrating that this process is readily reversible. Upon exposure to 

CO2 the Pt-OH signal in the 1H NMR spectrum (singlet at 0.95 ppm) disappears and new signals 

appear for the platinum phenyl meta and ortho protons of assigned carbonato phenyl complex 19 

(Figure 5-8). Carbonato phenyl 19 displays a broad singlet at 8.20 ppm (238K) and a 13C signal  

 

Figure 5-8. Top: Equilibrium between hydoxo phenyl 14 and carbonato phenyl 19. Bottom: 

variable temperature 1H NMR spectra of the equilibrium. 
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at 160 (v1/2 = 11 Hz) assigned to the Pt-CO3H group. 

The equilibria shown in Figure 5-7 and Figure 5-8 were evaluated quantitatively at 

various temperatures and subjected to Van’t Hoff analysis. The equilibrium studied by the Van’t 

Hoff analysis is shown in Figure 5-9 (top right). The [CO2]total in the closed system is the sum of 

Keq  =
[Pt(R)(CO3H)]

[Pt(R)(OH)][CO2]equil(mol CO2)tot  =
p(V1)

RT
+  [CO2]equil(V2)

[CO2]equil  =
p([CO2]std)

1 atm [CO2]equil  =
(total mol CO2)([CO2]stdRT)

V1  +  V2([CO2]stdRT
 

Figure 5-9. Determining [CO2]equil and Keq for insertion of CO2 into hydroxo hydrocarbyl 

complexes (13 to 18) and (14 to 19). 

CO2 in the gas and solution phases. The equilibrium concentration of CO2, [CO2]equil, was 

derived from two simultaneous equations shown in Figure 5-9 left).223,224 Where p is the pressure 

of CO2 above the solution, V1 is the volume of gas space above the solution, R is the gas 

constant, T is the temperature, V2 is the volume of the solution, and [CO2]std is the concentration 

of CO2 in THF at temperature T when the pressure of CO2 is 4 atm. The expression for [CO2]equil 

is thus shown in Figure 5-9 (bottom right), where (total mol CO2) is the original amount of CO2 

placed into the system. Exposure to CO2 occurred at -196oC, thus the assumption was made that 

the amount of CO2 in the solution phase was zero, and the calculated (using the ideal gas law) 

total amount of CO2 was made from the volume of gas space above the solution. [CO2]std was 

calculated by a combination of Henry’s law to determine the mol fraction solubility of CO2 in 

THF under 4 atm of CO2 pressure at temperature T, with adjustments for the partial pressure 

changes of CO2 and THF at different temperatures. Data was found for the change in partial 
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pressure between 288.15 and 533.15 K, however, there is no data for the change in partial 

pressure of THF below room temperature.225 To circumvent this issue, the known data above 

room temperature was plotted and the change in partial pressure of THF below 288.15 K was 

found through extrapolation (Figure 5-10 right). Henry’s law constants (KH) were found for CO2 

in THF at different temperatures from IUPAC solubility data series for 273K, 248K, 223K, and 

198K, along with corresponding mol fraction CO2 in solution (Xl) values (Figure 5-10 left).226 

Plotting Henry’s law constants verses temperature produces a graph, which was used to 

extrapolate values of Henry’s law constants for the temperatures used in this experiment (Figure 

5-10 left). Using Henry’s law constants for the temperatures of the aforementioned experiments, 

 

Figure 5-10. Left: Plot of Henry's law constants (KH) versus temperature with conversion 

to mol fraction (Xl) CO2 in solution. Right: plot of partial pressure of THF at different 

temperatures above 288.15K.159,160 

the mol fraction of CO2 in solution was calculated using the equation in Figure 5-10. Knowing 

the total moles of CO2 in solution, the [CO2]std was determined for each temperature and using 

the equation in Figure 5-9 [CO2]eq was determined (Table 5-2). After determining [CO2]equil for 

each temperature, the equilibrium constant was calculated and the thermodynamic parameters 
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were evaluated using a Van’t Hoff plot (Figure 5-11). Overall, the insertion products are 

favoured enthalpically but not entropically. The thermodynamic parameters for the conversion of 

13 and 18 (“Me”) are ΔHo = -14 (2) kcal mol-1 and ΔSo = -48 (7) e.u., and for 14 and 19 (“Ph”) 

are ΔHo = -11.8 (4) kcal mol-1 and ΔSo = -41 (1) e.u. At 298K, ΔGo values are close to zero (0.3-

0.4 kcal mol-1), consistent with the observation of both reactants and products at this 

temperature. The thermodynamic parameters found are very similar to those calculated by Parkin 

and co-workers for the reversible insertion into a Zn-OH bond (ΔHo
298 = -12.18 kcal mol-1 and 

ΔSo
298 = -43.38 e.u.).211 

Table 5-2. Partial pressures, Henry's constants (KH), mol fraction CO2, and [CO2] for the 

temperatures used in measuring Keq of 13 to 18 and 14 to 19. 

Temp (K) THF PP 
(atm) 

CO2 PP 
(atm) 

KH Xl [CO2]std 
(M) 

[CO2]equil 

(M) 
298 

293 

288 

278 

0.2375 

0.2024 

0.1720 

0.1232 

3.7625 

3.7976 

3.8280 

3.8768 

48.2732 

41.9057 

36.2897 

27.0073 

0.0779 

0.0906 

0.1055 

0.1435 

0.2121 

0.2466 

0.2871 

0.3907 

2.700  

2.702 

2.704 

2.709 

268 

258 

248 

0.0871 

0.0608 

0.0419 

3.9129 

3.9391 

3.9581 

19.8828 

14.4683 

10.3966 

0.1968 

0.2723 

0.3807 

0.5356 

0.7410 

1.0361 

2.712 

2.714 

2.716 

 

The large negative values of ΔSo cause the inserted products 18 and 19 to be favoured at 

low temperature. Insertion into the Pt-OH bond of the methyl complex 13 has a slightly higher 

enthalpic driving force than observed for the phenyl hydroxo 14. These equilibria are fast 
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Table 5-3. Equilibrium Constants for 13 to 18 and 14 to 19 under 4 atm of CO2. 

Temp (K) CO2]equil  (M) Keq lnKeq 
 

298 
288 
278 
268 

 
298 
293 

13 to 18 “Me” 
2.700 
2.705 
2.709 
2.712 

14 to 19 “Ph” 
2.700 
2.702 

 
1.0557 
2.2553 
6.3455 
15.3687 

 
0.3704 
0.4774 

 
0.0542 
0.8133 
1.8477 
2.7323 

 
0.9931 
0.7394 

288 
278 
268 
258 
248 

2.705 
2.709 
2.712 
2.714 
2.716 

0.6654 
1.4766 
3.1084 
7.3324 
19.8822 

0.4073 
0.3897 
1.1341 
1.9923 
2.9898 

 

 

 

Figure 5-11.  Van't Hoff plots for equilibria 13 + CO2   18 (X) and 14 + CO2   19 

(squares). 
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qualitatively, suggesting low barriers for these insertion/de-insertion processes. Elimination of 

Me-H and Ph-H from compounds 18 and 19 to form carbonate 16 was never observed. Warming 

of the solutions favour de-insertion over Me-H or Ph-H elimination. There is also no evidence of 

CO2 insertion into the platinum hydrocarbyl bonds of 13 or 14, reiterating the low basicity of the 

hydrocarbyl ligands in comparison to the hydroxo ligand in this system. Control experiments in 

which the analogous chloro complexes (methyl chloride 3 and phenyl chloride 4) were treated 

with CO2 resulted in no reactivity. 

 Exposing a solution of hydroxo chloride 10 to 4 atm of CO2 resulted in the formation of 

two new products (by 1H NMR spectroscopy), each amounting to 7% of the mixture (Scheme 

5-3). Cooling of the solution to 195 K resulted in hydroxo chloride 10 comprising roughly 40% 

of the mixture. One of the new species now comprised roughly 60% of the mixture and 

contained a signal in the 13C NMR spectrum at 158.0 ppm (enriched from the usage of labelled 

13CO2). The 13C NMR spectrum also contained a weaker signal at 163.0 ppm, indicating another 

carbonate type complex was present in solution. Warming of the solution back to 298K resulted  

N NPt
HO Cl

+  CO2
N NPt
O Cl

O OH

+  ?

 

Scheme 5-3. Insertion of CO2 into the Pt-OH bond of hydroxy chloride 10. 
 

in the reformation of roughly 86% hydroxo chloride 10 and 7% each of the “inserted” 

complexes. With the difficulties in isolating either one of the inserted species 100% clean, no 
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further characterization was carried out. Assignment of the one of the two carboxylate 13C NMR 

spectrum signals to the inserted carbonato chloride complex (Scheme 5-3) was not made with 

certainty, as both (158 and 163 ppm) are very similar to the previously observed complexes. 

 

5.3 Conclusions 

Exposing the hydrocarbyl and bis hydroxo complexes 11, 13, and 14 to 1 atm of H2 

resulted in complete consumption of each hydroxo complex over 4-9 hours at room temperature. 

Following all three reactions by 1H NMR spectroscopy revealed two inflection points for the 

consumption of hydroxo (and H2), along with zero order behaviour characteristic of Pt(0) particle 

catalysis. In all cases, the presumed hydride intermediates (hydroxy, phenyl, and methyl) from 

the 1,2-addition of H2 across the Pt-OH or Pt-C bonds exhibited very broad NMR spectral 

characteristics preventing a detailed assignment or validation of structure. No hydride signal in 

the 1H NMR spectra was ever observed. These broad species eventually decomposed to ligand 

fragments (aniline, mono-imine) and black precipitate which is presumably platinum black. 

Hydroxo chloride 10 exhibited no reaction in the presence of H2. 

 Exposing a solution of bis hydroxo 11 to 1 atm of CO2 resulted in the immediate 

formation of the carbonate species 16. Monitoring this reaction at low temperature (205 K) 

allowed for the NMR characterization of the bis inserted species 17-2 from the formal insertion 

of two molecules of CO2 into each Pt-OH bond. Warming of the solution above 235 K resulted 

in the formation of the carbonate 16 and water with no identifiable intermediates. Both 

hydrocarbyl hydroxo’s 13 and 14 reversibly insert CO2 into the respective Pt-OH bonds. The 

equilibria between the hydroxo complexes 13 and 14 and their CO2 inserted counterparts were 

evaluated quantitatively at various temperatures and subjected to a Van’t Hoff analysis. The 
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insertion products were favoured enthalpically but not entropically, and were favoured at low 

temperature to offset the large negative value of ΔSo. No evidence of insertion into the platinum 

hydrocarbyl bond was ever observed. The insertion of CO2 into the Pt-OH bond of hydroxy 

chloride 10 was found to be much less favoured, and lowering the temperature to 195 K did not 

result to complete insertion into the Pt-OH bond. 
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Chapter Six: Thesis Conclusions and Future Work 

 

6.1 Thesis Conclusions 

 

The work presented in the first portion of Chapter 2 of this thesis describes the synthesis 

of suitably bulky α-diimine ligands and their coordination to platinum. The remainder of Chapter 

2 demonstrated that a variety of monomeric platinum (II) hydroxo complexes can be isolated 

with these terphenyl diimine ligand systems. We have thus established a series of fully 

characterized monomeric hydroxo’s, the first major goal of this thesis. All attempts to observe 

reactivity relating to a “water splitting cycle”35 was not successful, as observed in Chapters 3 and 

4. Instead, the most prevalent mode of reactivity observed with these hydroxo’s is the 1,2-

addition of Csp2-H bonds with concomitant loss of H2O. This is not entirely surprising, as 

cationic platinum diimine complexes are well known for their C-H activation 

reactivity.90,93,94,111,112 Chapter 3 involved the study of this 1,2-addition process at elevated 

temperatures, and also demonstrated the caution researchers must use in interpreting apparent 

“homogeneous” reactions kinetics. 

The chemistry in Chapter 4 involved the isolation of new silver supported hydroxo’s. The 

silver cation was determined by X-ray crystallographic analysis to be interacting in a Lewis 

acid/base interaction with the hydroxo moiety, rather than through a dative bond in the axial 

position at platinum as observed for previously reported complexes of this type.88,89,176-178,180 

Interestingly, these silver supported hydroxo’s were found to activate aromatic Csp2-H bonds at 
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room temperature. This 1,2-addition process was much more facile than previously observed in 

Chapter 3 (without the addition of silver (I)). 

A comparison of the 1,2-addition chemistry for the neutral hydroxo’s in Chapter 3 and 

the silver supported hydroxo’s in Chapter 4 is warranted. Both sets of complexes were analyzed 

by 195Pt NMR spectroscopy to assess the electronic character at the platinum center. Table 2 

(Chapter 4) summarizes the 195Pt NMR chemical shifts for some of the relevant complexes in 

this thesis. The effect of substituting a chloride ligand for a hydroxo ligand is substantial; the 

signals shift downfield ~ 700 to 1000 ppm when the chloride is replaced with a hydroxo moiety. 

This is a result of the chloride ligand shielding the platinum center more effectively than the 

hydroxo.181,182 The downfield chemical shift is also a measure of the electron density at the 

platinum center. Generally, the more downfield the chemical shift, the less electron rich the 

platinum center;181,182 this is why Pt(IV) complexes typically exhibit resonances downfield of 

Pt(II) complexes.181,182  Addition of AgNTF2 to the hydroxo’s 11, 13, and 14 causes an upfield 

chemical shift of ~730 to 893 ppm (Table 2, Chapter 4). This is in marked contrast from previous 

reports of platinum silver adducts, which tend to exhibit ~ 200 ppm downfield chemical shift in 

195Pt NMR spectra.176,177 From the reasoning above, the 195Pt NMR spectra seem to indicate that 

the silver supported hydroxo’s are more electron rich than their neutral counterparts in Chapter 3. 

This is slightly counterintuitive for “electrophilic” C-H activation, whereby an electron rich C-H 

bond is activated by an electrophilic metal center. 

As alluded to in the Introduction, increasing the electron density at platinum (by way of a 

more electron donating diimine ligand) often increases the rate of apparent “electrophilic” C-H 

activation by cationic platinum complexes.96 This could be due to multiple reasons; if the rate 

determining step is C-H bond breaking and involves a Pt(IV) like intermediate then increasing 
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the electron density at platinum would lower the energy of the intermediate (and possible 

transition states if they exhibited Pt(IV) behaviour) thus increasing the ease of the reaction. The 

presence of the silver cation also begs the question of whether it plays a role in facilitating C-H 

substrate binding to the metal center through a Lewis acid-π interaction (Figure 6-1). In any case, 

the silver supported hydroxo’s exhibit an increase in C-H activation reactivity over their neutral 

counterparts, along with an apparent increase in electron density on platinum. 

Pt O
N
N

H
Ag NTF2

Pt O
N
N

H
Ag NTF2

interaction with Ag cation interaction with platinum

versus
H

H

 

Figure 6-1. Possible interactions of silver supported phenyl hydroxo 14-Ag with benzene. 

The chemistry presented in Chapter 5 was performed to conclude the reactivity patterns 

of the monomeric platinum (II) hydroxo’s introduced in this thesis. The original goal of adding 

H2 to the hydroxo’s was to form species related to a water splitting scheme, such as a platinum 

hydroxo hydride. The 1,2-addition of H2 across Pt-OH bonds appeared to have occurred for bis 

hydroxo, methyl hydroxo, and phenyl hydroxo complexes, but unfortunately the resulting 

platinum hydrides were not stable and decomposed to ligand fragments along with an insoluble 

black precipitate (assumed to be platinum black).  

 

6.2 Extension of platinum diimine chemistry 

 

In order to tune the chemistry of the platinum hydroxo’s towards O-H activation (rather 

than C-H activation), the electronic properties at the metal center, and therefore of the ligands, 
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must be modified. The simplest method to change the electronic properties of a diimine ligand is 

to modify the skeleton around the imine carbons. This needs to be done in conjunction with 

preventing nucleophilic attack at the imine carbons, and while also allowing for installation of 

appropriate bulky groups at the imine nitrogens. With this in mind, a pyrene diimine was thought 

to be a suitable alternative to the BIAN diimine ligand. The use of pyrene provides the ability to 

harvest light photochemically, a potentially useful tool for inducing chemistry related to water 

splitting. 

Ar
N

N
Ar

BIAN

Ar
N

N
Ar

Pyrene

 

Figure 6-2. Modification of BIAN diimine framework to pyrene 

 

6.2.1 New pyrene diimine ligand: results 

 

A brief amount of work was done to synthesize a pyrene diimine ligand with bulky 

terphenyl substituents. Harris and co-workers have reported a mild synthetic route to oxidize 

pyrene to the diketone using ruthenium trichloride and sodium periodate (Scheme 6-1).227 This 

procedure allowed for the diketone to be isolated as a bright orange powder in 14% yield. 

Heating the diketone with 2.5 equivalents of 3,5-bis-(2,6-diisopropyl)aniline, 4 Å molecular 

sieves, and a catalytic amount of formic acid in toluene at 95oC for 3 days resulted in the 

formation of the mono substituted imine (~80%) with a small amount of diimine (~5%) and 
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some unreacted starting materials. Unfortunately, no solvent system could be found to drive the 

reaction to completion. With the success of the Hicks group using TiCl4 in their “Nindigo” 

diimine synthesis, this approach was utilized to synthesize the terphenyl pyrene diimine (Scheme 

6-1).228 Refluxing the aniline, pyrene diketone, and TiCl4 in toluene at 100oC for 16 hours 

resulted in a dark red powder which appeared by 1H NMR spectroscopy to be ~ 80% diimine and  

RuCl3, NaIO4

CH2Cl2, MeCN
25oC

O

O

14%

NH22.5

TiCl4, DABCO
Toluene, 100oC N

O

N

N

+

~20% ~80%  

Scheme 6-1. Synthesis of a pyrene diimine 

 

20% mono imine. All attempts to purify the diimine failed, and often resulted in the isolation of 

increasing amounts of mono imine. Unfortunately the solubility’s of both the mono imine and 

diimine were not only very poor, but also very similar to each other, which adds to the difficulty 

in isolating the diimine as pure material. 

 

6.2.2 Pyrene Diimine: Future Work 

 

The major problem associated with the synthesis and purification of the pyrene diimine 

ligand proved to be solubility. These complexes were difficult to purify by column 
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chromatography, and purification by recrystallization was unsuccessful. To overcome these 

difficulties the solubility properties of these ligands must be modified. Future work could involve 

the installation of different substituents on the pyrene to afford better solubility properties. Some 

known examples of modified pyrenes are shown in Figure 6-3.227,229 

 

Figure 6-3. Structural modification of pyrene for improved solubility 

6.3 Choice of metal 

 

It would be worthwhile to investigate the utility of these terphenyl diimine ligands to 

stabilize metals less prone to C-H activation. The most obvious progression is to move towards 

metals in the same group by employing palladium and nickel. There have been a variety of 

examples reported in the literature where α-diimine ligands have been used in conjunction with 

both nickel230-234 and palladium.233,235-241 These complexes are well known for their use in C-C 

bond forming reactions and as catalysts for the polymerization of olefins. Tuning these types of 

metal complexes towards O-H activation may be difficult with their preference for hydrocarbon 

bonds. 
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6.3.1 Ruthenium Examples 

 

Ruthenium has shown a large amount of promise in the area of water oxidation catalysis 

(O-H bond activation). There have been several examples of oxygen evolution from water using 

monomeric242 and dimeric ruthenium based catalysts, including Meyer’s oxo-bridged blue dimer 

[(bpy)2(H2O)-RuORu(H2O)(bpy)2]+4	  (bpy =	  2,2’-bipyridine),243 Llobet’s N-bridged dimer 

[Ru2
II(bpp)(trpy)2(H2O)2]+3,244 and Thummel’s polypyridyl chloro-bridged dimer.245,246 During 

the course of this thesis, Milstein and co-workers have also reported a monomeric PNN-pincer 

ruthenium complex that undergoes consecutive thermal H2 and light-induced O2 evolution from 

water.247 Initially, the un-aromatized [(PNN)RuII-H] species reacts with water at room 

temperature to form the aromatic [(PNN)RuIIH(OH)] complex, where one of the hydrogens from 

water has added to the PNN ligand to induce aromatization. This complex reacts with water at 

100oC to release a molecule of H2 to form a dihydroxo complex. When this is subjected to 

irradiation in the 320-420 nm range O2 is liberated intramolecularly. Recent theoretical studies 

suggest that irradiation results in the reductive elimination of H2O2, which catalytically 

disproportionates into O2 and H2O.247 

A further extension of this project could entail utilizing the diimine ligands synthesized in 

this thesis to support ruthenium complexes. Both bipyridine (bpy) and phenanthroline (phen) 

diimine’s have been used extensively to stabilize ruthenium, but there have been a few literature 

examples of BIAN diimine ligands supporting ruthenium complexes (Scheme 6-2).248-254  

 

 



 

141 

 

Ar
N

N
Ar

i: [{(η6-benzene)RuCl(µ-Cl)}2], NH4BF4, MeOH 25oC
ii: [{(η6-pcymene)RuCl(µ-Cl)}2], NH4BF4, MeOH 25oC
iii: [{(η5-C5H5)RuCl(µ-Cl)}2], NH4BF4, MeOH 25oC
iv: [{(η5-C10H15)RuCl(µ-Cl)}2], NH4BF4, MeOH 25oC
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Scheme 6-2. Synthesis of BIAN supported ruthenium complexes 

 

BIAN supported ruthenium complexes have been used tcatalyze intermolecular C-H 

activation (to form allylic amines, pyroles, and hetero-Diels-Alder adducts),248,250 and for the 

reduction of nitro-arenes to anilines249 and aldehydes to alcohols.251 One could envisage the 

synthesis of ruthenium complexes using the bulky diimine ligands presented in this thesis in 

order to study their propensity towards water activation commonly known for bpy and phen 

analogues. 

 

6.4 Final Thoughts 

 

A number of monomeric well-defined platinum (II) hydroxo’s were synthesized and 

characterized. They display a rich variety of chemistry; from 1,2 C-H and H-H bond addition to 
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CO2 insertion. Throughout the course of this thesis, reactivity relating to a water splitting cycle 

was never observed.35 It is of the author’s opinion that to observe chemistry relating to a water 

splitting cycle further work should focus on either a different diimine ligand, a different metal 

(Ni, Ru), or both.  
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Chapter Seven: Experimental. 

 

7.1 General Considerations 

 

7.1.1 Laboratory Equipment 

 

An argon-filled glove box was employed for manipulation and storage of all oxygen and 

moisture sensitive compounds. Any thermally sensitive compounds were stored in the glove box 

freezer at -35oC. A glove box designated for water use was employed for manipulation and 

storage of oxygen sensitive compounds that were used in reaction with water, along with for 

storing stock solutions containing water.  All reactions were performed on a double manifold 

high vacuum line using standard techniques.255 Residual oxygen and moisture were removed 

from the argon stream by passage through an OxisorBW scrubber from Matheson Gas Products. 

Glassware used for reactions under dry inert atmosphere were dried overnight in a hot oven 

(>100oC) before being transferred to the glove box antechamber or assembled on the vacuum 

line. Thick walled (5 mm) glass vessels were used for heating reactions above the boiling point 

of the solvent. J-Young NMR tubes with Teflon screw caps were used for reactions involving the 

introduction of gaseous reagents. Temperature controlled oil baths were used for heating 

reactions. Common cooling baths include liquid nitrogen (-196oC), dry ice/acetone (-78oC), and 

ice/water (0oC). 

 

7.1.2 Solvents and NMR Solvents 
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Hexanes, toluene, and THF were purified using the Grubbs/DOW purification system256 

and stored in 500 mL thick walled glass vessels over sodium/benzophenone ketyl under vacuum. 

Diethyl ether was distilled from CaH2 and stored over sodium/benzophenone ketyl. 

Dichloromethane was stored over CaH2 in a thick walled galss vessel under vacuum and pentane 

was stored over sodium/benzophenone ketyl in a thick walled vessel sealed with a Teflon tap. 

Bromobenzene was distilled from molecular sieves and stored in a thick walled vessel and sealed 

with a Teflon tap in the glovebox. All solvents were distilled under vacuum into reactions vessels 

as -78oC unless otherwise noted. H2O and D2O were degassed by three freeze pump thaw cycles 

and stored in thick walled glass vessels under vacuum, or in the water glove box freezer at -35oC. 

Preparations performed in air used solvents as received. Deuterated solvents underwent the same 

treatment as their corresponding proteo solvents and were all stored in a glovebox. 

 

7.1.3 NMR Spectroscopy Details 

 

Nuclear Magnetic resonance spectroscopy (NMR, 1H, 2H, 13C, 19F, 195Pt, 1H-1H COSY, 

1H-1H NOESY, 1H-13C HMQC, HMBC, and HSQC) experiments were performed on Bruker 400 

MHz (1H: 400 MHz, 19F: 376 MHz, 13C: 100 MHz) and Bruker 600 MHz (1H: 600 MHz, 13C: 

125 MHz, 195Pt: 107 MHz) spectrometers. 1H NMR spectra were referenced to residual residual 

proteo solvent peaks in the deuterated solvent (CDCl3: 7.24 ppm, CD2Cl2: 5.32 ppm, THF-d8: 

3.58 ppm for most downfield shift, d6-benzene: 7.16 ppm, C6D5Br: 6.93 ppm for most upfield 

shift). 2H NMR spectra were referenced to the residual deuterium signals of the solvent 

employed. 13C NMR spectra were referenced to the resonances of the employed solvent (CDCl3: 

77.0 ppm, CD2Cl2: 54.0 ppm, d6-benzene: 128.4 ppm, THF-d8: 67.6 ppm for the most downfield 
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shift, or C6D5Br: 122.3 ppm for the most upfield shift). 19F NMR spectra were referenced 

externally to hexafluorobenzene in d6-benzene and set to -163 ppm. 195Pt NMR spectra were 

referenced externally to K2PtCl4 in D2O and set to -1617 ppm. NMR spectra were processed and 

analyzed with MestReNova (v7.0.2-8636).  

NMR tubes were dried in a hot oven (80oC) overnight before being introduced to the 

glove box. Most NMR tubes were prepared in the glove box and capped with rubber septa and 

wrapped with parafilm prior to analysis, or prepared in a high quality (528-PP) J-Young NMR 

tubes and sealed with a Teflon screw cap. J-Young NMR tubes were used in all kinetic runs and 

in reactions with gases. All J-Young solutions were fully degassed by three freeze pump thaw 

cycles (using liquid N2 at -196oC) before exposure to either CO2 or H2. 

1H NMR data are reported in the format: chemical shift (multiplicity, coupling constant 

when applicable, integration, assignment). 13C NMR data are reported in the format: chemical 

shift (assignment) and 195Pt and 19F NMR data are reported in the format: chemical shift. 

 

7.1.4 Gas Addition 

 

J-Young NMR tubes were used for all gas additions. Degassed solutions in J-Young 

tubes were attached to a calibrated volume (19.1 mL) bulb that could be isolated using Kontes 

teflon valves. With the calibrated bulb connected to a vacuum line, the gas (CO2 or H2) was 

allowed to flow into the line and the calibrated volume until the desired pressure was reached (as 

measured by the drop in mm of elemental mercury in the manometer). The calibrated bulb was 

then sealed to the vacuum line and opened for one minute to the connected J-Young NMR tube 
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(at -196oC) to allow for quantitative gas transfer. Following transfer, the J-Young tube was 

sealed and allowed to thaw to the desired temperature. 

 

7.1.5 Other Instruments and Analysis 

 

Low and high-resolution mass spectra were obtained using a Bruker Esquire 3000 

spectrometer operating in electrospray ionization (ESI) mode by Mr. Wade White. High 

resolution mass spectra were also obtained on a Waters GCT Premier operating at 70 eV in 

electron impact (EI) mode. X-ray crystallographic analyses were performed on suitable crystals 

coated in Paratone 8277 oil (Exxon) and mounted on a glass fibre. Measurements were collected 

on a Nonius KappaCCD diffractometer by Dr. Masood Parvez of this department; full details can 

be found in Appendix B. Elemental analyses were performed using a Perkin-Elmer model 2400 

series II analyzer by Johnson Li of this department. Non-solution IR spectra were run as thin 

THF films (NaCl plates) sealed under argon with black electrical tape. Transmission Electron 

Microscopy (TEM) and Energy-Dispersive X-ray spectroscopy (EDX) were performed by Dr. 

Tobias Furstenhaupt of the University of Calgary Microscopy and Imaging Department. TEM 

samples were prepared by suspending in acetone, and under protective nitrogen atmosphere a 

drop of the nanoparticle solution was placed on one side of a TEM mesh grid that was covered 

with thin continuous 40 nm formvar film and dried for several minutes. All TEM work was 

carried out on a Technai TF20 G2 FEG-TEM with a FEI low background double tilt holder. 

Bright field images were digitized on a Gatan UltraScan 4000 CCD at 2048x2048 pixels. EDX 

analysis was done with an EDAX CM-20T detector. 
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7.1.6 Starting Materials and Reagents 

 

Magnesium turnings, 1,2-dibromoethane, 2,3-butadione, 1,2-acenaphthenequinone, p-

tolusulfonic acid, formic acid, silver hexafluoroantimonate, ethyl acetate, and methanol were 

purchased from Aldrich and used as received. Pd2(dba)3 and 2-Di-tert-butylphosphino-2′-(N,N-

dimethylamino)biphenyl were purchased from Strem Chemicals, stored under an atmosphere of 

argon, and used as received. Potassium hydroxide was purchased from Aldrich, ground into a 

fine powder and dried in vacuo for 3 days at 70oC and stored under argon. Lithium aluminum 

hydride (LAH) was purchased from Aldrich, extracted into dry diethyl ether, filtered, and the 

solvent was removed in vacuo to leave a white solid that was stored under argon. 

Trifluoromethanesulfonimide was purchased from Aldrich, sublimed at 30oC under static 

vacuum and stored under argon at –35oC. Absolute ethanol and silver(I) oxide, silver(I) nitrate, 

and silver(I) hexafluoroantimonate were purchased from Aldrich and used as received. 

Hexamethylbenzene was purchased from Eastman Organic Chemicals, sublimed at 70oC under 

static vacuum and stored under argon. Carbon dioxide, bone-dry grade 3.0, and 13CO2 (99% 13C) 

were obtained from Praxair and Cambridge Isotopes and used as received. Hydrogen, ultra high 

purity grade 5.0, was obtained from Praxair and passed through an OxisorBW scrubber from 

Matheson Gas Products before use. The synthesis of p-toluenesulfonyl azide was translated and 

performed according to reported procedures by Dr. Andreas Bekerfeld.123 3,5-bis-(2,6-

diisopropyl)-bromobenzene,120 K[PtCl3(C2H4)].H2O,257 cis-[Pt(SMe2)2(Ph)2],258 and cis/trans-

[Pt(SMe2)2(Ph)Cl],130 and trans-[Pt(SMe2)2(CH3)Cl]128 were prepared according to literature 

procedures.  
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7.2 Procedures Pertaining to Chapter 2 

7.2.1 Synthetic Procedures 

 

Synthesis of 3,5-bis-(2,6-diisopropyl)-aniline: 

Method 1. Pd2(dba)3 (0.059 g, 0.064 mmol) and 2-Di-tert-butylphosphino-2′-

(N,N-dimethylamino)biphenyl (0.036 g, 0.110 mmol) were added to a thick 

walled vessel equipped with Kontes valve along with 1,4-dioxane (5 mL). 

To this was added a solution of 3,5-bis-(2,6-diisopropyl)-bromobenzene 

(1.00 g, 2.14 mmol) in 200 mL 1,4-dioxane. Sodium tert-butoxide was added against the flow of 

argon, the vessel was sealed, and heated to 60oC for 14 hr. The solution was allowed to cool to 

room temperature and quenched with 200 mL ethyl acetate. The mixture was filtered through a 

plug of celite and concentrated to yield a yellow oily solid. The compound was purified by 

column chromatography (2% ethyl acetate in hexanes) to yield a white solid. Yield: 0.475 g, 

55%. Method 2. Magnesium turnings were added to a 2-necked round bottom flask with 

attachment to a reflux condenser. A solution of 3,5-bis-(2,6-diisopropyl)-bromobenzene (3.09 g, 

6.63 mmol) in 150 mL THF was added slowly via syringe at a rate to maintain reflux. 1,2-

dibromoethane (0.1 mL) was added to initiate the reaction. The solution was heated to 70oC for 

14 hours. After cooling to room temperature, the Grignard solution was cannula transferred into 

a flask containing p-toluenesulfonyl azide (1.31 g, 6.63 mmol) in THF (100 mL) at 0oC. This 

was allowed to warm to room temperature and stirred for 14 hours. The solution was then 

cannula transferred to a flask containing lithium aluminum hydride (0.352 g, 9.28 mmol) with 

attachment to a reflux condenser and bubbler. The solution was heated to 70oC for 2 hours, or 

until N2 had stopped evolving. The reaction mixture was cooled, and quenched with 25 mL H2O. 

NH2
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The mixture was filtered and extracted with Et2O (2 x 100 mL), dried with MgSO4, filtered, and 

concentrated to yield a chunky yellow solid. The compound was purified as before using column 

chromatography to yield a white solid. Yield: 1.740 g, 63%. 1H NMR (400 Mz, CDCl3, 298K): δ 

= 1.09 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.21 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 2.85 (septet, 3JH-

H = 7 Hz, 4H, CH(CH3)2), 6.47 (s, 1H, Ar-H), 6.57 (s, 2H, Ar-H), 7.21 (d, 3JH-H = 7 Hz, 4H, Ar-

H), 7.34 (t, 3JH-H = 7 Hz, 2H, Ar-H).  13C NMR (400 Mz, CDCl3, 298K): δ = 24.2 (CH(CH3)2), 

24.5 (CH(CH3)2), 30.3 (CH(CH3)2), 115.3 (Ar-CH), 122.6 (2 Ar-CH), 127.8 (Ar-CH), 139.5, 

141.7, 146.8, 146.9. HR-EIMS, Calcd for C30H39N ([M]+): 413.3083. Found: 413.3068. Anal. 

Calcd for C30H39N: C, 87.11; H, 9.50; N, 3.39. Found: C, 86.74, 9.45, 3.05. 

 

Synthesis of ArN=C(Me)-C(Me)=NAr, Ar = 3,5-bis-(2,6-diisopropyl)benzene, LMe: 

In air, 3,5-bis(2,6-diisopropylphenyl)aniline (0.190 g, 

0.471 mmol)  and 2,3-butadione (21 ul, 0.236 mmol) were 

dissolved in 35mL of MeOH. To this yellow solution was 

added 3 drops of formic acid and the mixture was stirred 

at room temperature and a bright yellow precipitate formed overnight. The mixture was stirred 

for 14 h, cooled, filtered, washed with cold MeOH (3 x 5 mL), and dried over an aspirator for 3 

h. This was isolated as a light yellow solid. X-ray quality crystals were obtained through slow 

cooling to -30oC in concentrated ethyl acetate. Yield: 0.183g, 45%. 1H NMR (400 MHz, CDCl3, 

298K): δ = 1.08 (d, 3JH-H = 7 Hz, 24H, CH(CH3)2), 1.15 (d, 3JH-H = 7 Hz, 24H, CH(CH3)2), 2.23 

(s, 6H, N=C-CH3), 2.84 (m, 3JH-H = 7 Hz, 8H, CH(CH3)2),  6.62 (d, 4JH-H = 1 Hz, 4H, Ar-H), 6.79 

(t, 4JH-H = 1 Hz,  2H, Ar-H), 7.21 (d, 3JH-H = 7 Hz, 8H, Ar-H), 7.34 (t, 3JH-H = 7 Hz,  4H, Ar-H). 

13C NMR (100 MHz, CDCl3, 298K): δ = 15.6 (N=C-CH3), 24.3 (CH(CH3)2), 24.4 (CH(CH3)2), 

N N
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30.7 (CH(CH3)2), 118.1 (Ar-CH), 122.7 (Ar-CH), 126.9 (Ar-CH), 128.1 (Ar-CH), 139.1, 141.7, 

146.8, 150.9, 169.1 (N=C-CH3). HR-ESIMS, Calcd. for C64H81N2 ([M + H]+): 877.6394 Found: 

877.6415. 

 

Synthesis of ArN=C(An)-C(An)=NAr, Ar = 3,5-bis-(2,6-diisopropyl)benzene, LBIAN: 

3,5-bis(2,6-diisopropylphenyl)aniline (1.06 g, 2.56 mmol) 

and 1,2-acenaphthenequinone (0.186 g, 1.02 mmol) were 

dissolved in 50 mL of toluene. To this orange solution 

was added 3 drops of formic acid and 4 Å mol. sieves, and 

the mixture was heated at 90oC for 14 hrs. The mixture 

was cooled, filtered, and concentrated to yield an orange solid. MeOH (50 mL), toluene (2 mL), 

and 3 drops of formic acid were added, and the solution was stirred for 12 hours to induce 

precipitation. This was filtered and washed with cold MeOH (3 x 10 mL), and dried over an 

aspirator for 3 hours to yield a pale yellow solid. X-ray quality crystals were obtained through 

slow evaporation from ethyl acetate:toluene (2:1). Yield: 0.790 g, 80%. 1H NMR (400 MHz, 

CD2Cl2, 298K): δ = 1.09 (d, 3JH-H = 7 Hz, 24H, CH(CH3)2), 1.15 (d, 3JH-H = 7 Hz, 24H, 

CH(CH3)2), 2.99 (m, 3JH-H = 7 Hz, 8H, CH(CH3)2), 6.85 (d, 4JH-H = 1 Hz, 4H, Ar-H), 6.87 (d, 2H, 

Ar-H), 7.17 (d, 3JH-H = 8 Hz, 2H, ArNapth-CH), 7.19 (d, 8H, Ar-H), 7.31 (t, 4H, Ar-H), 7.46 (d of 

d, 3JH-H = 8 Hz, 2H, ArNapth-CH), 7.99 (d, 3JH-H = 8 Hz, 2H, ArNapth-CH). 13C NMR (100 Mz, 

CD2Cl2, 298K): δ = 24.5 (CH(CH3)2), 24.6 (CH(CH3)2, 31.1 (CH(CH3)2, 117.3 (Ar-CH), 123.0 

(Ar-CH), 124.6 (Ar-CH), 127.0, 127.6 (Ar-CH), 127.9 (Ar-CHNaphth), 128.5 (Ar-CHNaphth), 129.5, 

129.7 (Ar-CHNaphth), 132.0, 139.6, 142.7, 147.3, 152.7, 161.7 (N=C-Ar). HR-ESIMS, Calcd. for 

C72H81N2 ([M + H]+): 973.6394. Found: 973.6398.  

N N
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Synthesis of (ArN=C(Me)-C(Me)=NAr)PtCl2, Ar = 3,5-bis-(2,6-diisopropyl)benzene, 1: 

A solution of LMe (0.246g, 0.287 mmol) in 15 mL of 

CH2Cl2 was added to a solution of K[PtCl3(C2H4)].H2O 

(0.111g, 0.287 mmol) in 10 mL of MeOH. The reaction 

mixture was stirred for 16 h, and 1 scoop of activated 

charcoal was added. The mixture was filtered through a celite plug and concentrated to yield a 

brown solid. This was washed with Et2O (3 x 25 mL), and CH3OH (3 x 25 mL) to leave a light 

brown solid. X-ray quality crystals were obtained through slow cooling from concentrated ethyl 

acetate. Yield: 0.320 g, 98%. 1H NMR (400 MHz, CD2Cl2, 298K): δ = 1.07 (d, 3JH-H = 7 Hz, 

12H, CH(CH3)2), 1.11 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.12 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 

1.18 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.83 (s, 6H, N=C-CH3),  2.70 (septet, 3JH-H = 7 Hz, 4H, 

CH(CH3)2), 3.03 (septet, 3JH-H = 7 Hz, 4H, CH(CH3)2), 6.93 (d, 4JH-H = 1 Hz, 4H, Ar-H), 7.03 (t, 

4JH-H = 1 Hz,  2H, Ar-H), 7.18 (d, 3JH-H = 7 Hz,  2H, Ar-H), 7.19 (d, 3JH-H = 7 Hz,  2H, Ar-H), 

7.22 (d, 3JH-H = 7 Hz,  2H, Ar-H), 7.23 (d, 3JH-H = 7 Hz, 2H, Ar-H), 7.34 (t, 3JH-H = 7 Hz, 4H, Ar-

H). 13C NMR (100 Mz, CD2Cl2, 298K): δ = 20.7 (N=C-CH3), 24.1 (CH(CH3)2), 24.4  

(CH(CH3)2), 24.5 (CH(CH3)2), 24.6 (CH(CH3)2), 30.8 (CH(CH3)2), 31.2 (CH(CH3)2), 122.4 (Ar-

CH), 122.7 (Ar-CH), 123.5 (Ar-CH), 128.8 (Ar-CH), 138.4, 142.2, 146.7, 148.2, 177.2 (N=C-

CH3). LR-ESIMS m/z ([M – Cl + H2O]+): 1124.5. Anal. Calcd. for C72H80N2PtCl2: C, 67.23; H, 

7.05; N, 2.45. Found: C, 66.90; H, 6.83; N, 2.11. 

 

Synthesis of (ArN=C(An)-C(An)=NAr)PtCl2, Ar = 3,5-bis-(2,6-diisopropyl)benzene, 2: 

N N
Pt

Cl Cl
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A solution of LBIAN (0.131g, 0.134 mmol) in 10 mL 

CH2Cl2 was added to a solution of K[PtCl3(C2H4)].H2O 

(0.052g, 0.134 mmol) in 5 mL of MeOH. The reaction 

mixture was stirred for 16 h and 1 scoop of activated 

charcoal was added. The mixture was filtered through 

celite and concentrated to yield a red solid. This was washed with cold MeOH (3 x 5 mL) and 

dried over an aspirator for 3 h. The product was isolated as a dark red powder. X-ray quality 

crystals were obtained through slow evaporation from ethyl acetate:toluene (2:1). Yield: 0.118g, 

70%. 1H NMR (400 MHz, CD2Cl2, 298K): δ = 1.01 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.10 (d, 

3JH-H = 7 Hz, 12H, CH(CH3)2), 1.23 (d, 3JH-H = 7 Hz, 24H, CH(CH3)2), 2.93 (septet, 3JH-H = 7 Hz, 

4H, CH(CH3)2), 3.05 (septet, 3JH-H = 7 Hz, 4H, CH(CH3)2),  7.18 (m, 14H, Ar-CH), 7.28 (d, 3JH-H 

= 8 Hz, 2H, ArNapth-CH), 7.35 (t, 4H, Ar-CH), 7.52 (d of d, 3JH-H = 8 Hz, 2H, ArNapth-CH), 8.38 

(d, 3JH-H = 8 Hz, 2H, ArNapth-CH). 13C NMR (100 Mz, CD2Cl2, 298K): δ = 24.3 (CH(CH3)2), 24.5 

(CH(CH3)2), 24.5 (CH(CH3)2), 24.6 (CH(CH3)2), 30.9 ((CH(CH3)2), 31.5 (CH(CH3)2), 122.6 (Ar-

CH), 122.7 (Ar-CH), 123.6 (Ar-CH), 124.5 (Ar-CHNaphth), 127.1, 128.9 (Ar-CH), 129.9 (Ar-

CHNaphth), 131.9 (Ar-CHNaphth), 132.1 (Ar-CH), 133.1, 138.4, 142.8, 145.8, 146.4, 148.3, 176.0 

(N=C-Ar). HR-ESIMS, Calcd. for C72H80N2PtCl2 ([M + Na]+): 1261.5242. Found: 1261.5248. 

Anal. Calcd. for C72H80N2PtCl2: C, 69.77; H, 6.51; N, 2.26. Found: C, 69.48; H, 6.49; N, 2.27. 

 

Synthesis of (ArN=C(An)-C(An)=NAr)PtCH3Cl, Ar = 3,5-bis-(2,6-diisopropyl)benzene, 3: 

 

 

N N
Pt

Cl Cl
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LBIAN (0.298 g, 0.306 mmol) and trans-[Pt(SMe2)2ClMe] 

(0.113 g, 0.306 mmol) were charged to a flask and THF 

(50 mL) was introduced by vacuum transfer. The solution 

was allowed to stir for 14 hours at room temperature 

before removing the solvent in vacuo. Dry hexanes (25 

mL) was introduced by vacuum transfer, and the solution sonicated for 10 minutes, then 

evacuated to dryness to leave a dark black powder. X-ray quality crystals were grown from slow 

evaporation from a 1:1 toluene: CH2Cl2 solution. Yield: 0.315g, 84%.  1H NMR (400 MHz, 

CD2Cl2, 298K): δ = 1.10-1.25 (m, 48H, CH(CH3)2), 1.52 (s, 2JPtH = 82 Hz, 3H, Pt-CH3, 3JPt-H = 

82 Hz), 3.04 (m, 6H, CH(CH3)2), 3.17 (m, 2H, CH(CH3)2), 7.08-7.3 (m, 19H, Ar-CH), 7.48 (d of 

d, 3JH-H = 7 Hz, 1H, ArNapth-CH), 7.51 (d, 3JH-H = 7 Hz, 1H, ArNapth-CH), 7.58 (d of d, 3JH-H = 7 

Hz, 1H, ArNapth-CH), 8.36 (d, 3JH-H = 7 Hz, 1H, ArNapth-CH), 8.50 (d, 3JH-H = 7 Hz, 1H, ArNapth-

CH). 13C NMR (100 Mz, THF-d8): δ = -13.51 (Pt-CH3), 24.55 (CH(CH3)2), 24.66 (CH(CH3)2), 

24.75 (CH(CH3)2), 24.88 (CH(CH3)2), 30.80 (CH(CH3)2), 31.25 (CH(CH3)2), 31.59 (CH(CH3)2), 

31.88 (CH(CH3)2), 122.18 (Ar-CH), 122.92 (Ar-CH), 123.31 (Ar-CH), 123.59, 123.64, 123.72 

(Ar-CH), 129.01, 129.30, 129.44, 130.10, 130.17, 130.46, 130.68, 131.00, 131.61, 131.89 

134.09, 139.24, 139.78, 142.61, 143.78, 145.83, 146.89, 147.83, 148.02, 148.82, (2x)148.61, 

171.04 (N=C-Ar), 173.42 (N=C-Ar). 195Pt NMR (107 MHz, THF-d8, 298K): δ = -2347 ppm. LR-

ESIMS m/z [(M – CH3)+]: 1203.5. Anal. Calcd. for C73H83N2PtCl: C, 71.93; H, 6.86; N, 2.30. 

Found: C, 71.93; H, 7.00; N, 2.10. 

 

Synthesis of (ArN=C(An)-C(An)=NAr)Pt(C6H5)Cl, Ar = 3,5-bis-(2,6-diisopropyl)benzene, 

4: 

N NPt
Cl CH3
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LBIAN (0.178g, 0.183 mmol, 0.95 eq) and 

(SMe2)2Pt(C6H5)Cl (0.080g, 0.185 mmol, 1eq) were added 

to a round bottomed flask, attached to a reflux condenser 

and evacuated. Dry THF (50 mL) was introduced by 

vacuum transfer and the solution was refluxed for 32 hrs. 

The THF was removed, the solid washed with absolute ethanol (3 x 2 mL) and hexanes (2 x 5 

mL) to yield an air stable dark purple powder. X-ray quality crystals were grown by slow 

evaporation from toluene. Yield: 0.152 g, 65%. 1H NMR (400 MHz, C6D6, 298K): δ = 0.94 (d, 

3JH-H = 7 Hz, 6H, CH(CH3)2), 1.10 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.18 (d, 3JH-H = 7 Hz, 12H, 

CH(CH3)2), 1.29 (d, 3JH-H = 7 Hz,  6H, CH(CH3)2), 1.30 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.30 

(d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.47 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 2.67 (septet, 3JH-H = 7 

Hz, 2H, CH(CH3)2), 2.88 (septet, 3JH-H = 7 Hz, 2H, CH(CH3)2), 3.17 (septet, 3JH-H = 7 Hz, 2H, 

CH(CH3)2), 3.49 (septet, 3JH-H = 7 Hz, 4H, CH(CH3)2), 6.78 (d, 4JH-H = 1 Hz, 2H, Ar-CH), 6.90 

(d of d, 3JH-H = 8 Hz,  1H, ArNaphth-CH), 6.90 (t, 3JH-H = 7 Hz, 1H, Pt-C6H5 para), 6.98 (d of d, 

3JH-H = 8 Hz,  1H, ArNaphth-CH), 7.05 (m, 3JH-H = 7 Hz, 2H, Pt-C6H5 meta), 7.10 (d, 2H, Ar-CH), 

7.21 (m, 3H, Ar-CH), 7.26 (d, 2H, Ar-CH), 7.28 (d, 2H, Ar-CH), 7.31 (d, 2H, Ar-CH), 7.36 (d, 

4JH-H = 1 Hz, 2H, Ar-CH), 7.45 (d, 3JH-H = 8 Hz,  1H, ArNaphth-CH), 7.59 (d, 3JH-H = 7 Hz, 2H, Pt-

C6H5 ortho), 7.70 (d, 3JH-H = 8 Hz,  1H, ArNaphth-CH). 13C NMR (100 Mz, C6D6, 298K): δ = 

24.71 ((CH(CH3)2), 24.88 ((CH(CH3)2), 25.02 ((CH(CH3)2), 25.04 ((CH(CH3)2), 25.21 (2 

x(CH(CH3)2), 25.81 ((CH(CH3)2), 30.74 (CH(CH3)2), 31.19 (CH(CH3)2), 31.25 (CH(CH3)2), 

31.59 (CH(CH3)2), 121.92 (Ar-CH), 122.63 (Ar-CH), 122.83 (Ar-CH), 123.00 (Pt-C6H5 para), 

123.06 (Ar-CHNaphth), 123.57 (Ar-CHNaphth), 123.99 (Ar-CH), 124.07 (Ar-CH), 126.60 (Pt-C6H5 

meta), 129.02, 129.12 (Ar-CH), 129.26 (Ar-CHNaphth), 129.42 (Ar-CH), 129.47 (Ar-CH), 129.96 

N N
Pt

Cl
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(Ar-CHNaphth), 130.52, 131.14 (Ar-CH), 132.11 (Ar-CHNaphth), 132.59 (Ar-C), 132.87, 138.35, 

138.62 (Pt-C6H5 ortho), 139.11, 142.50, 143.05, 145.34, 146.07, 146.27, 146.82, 148.02, 148.47, 

148.79, 170.91 (N=C-Ar), 173.39 (N=C-Ar). 195Pt NMR (107 MHz, THF-d8, 298K): δ = -2406 

ppm.  Anal. Calcd. for C78H86N2ClPt: C, 73.13; H, 6.69; N, 2.19. Found: C, 73.10; H, 6.70; N, 

2.05. 

 

Synthesis of (ArN=C(An)-C(An)=NAr)Pt(NO3)2, Ar = 3,5-bis-(2,6-diisopropyl)benzene, 5: 

In air, 2 (0.039g, 0.03 mmol) and AgNO3 (0.013g, 0.07 

mmol) were added to a round bottom flask with acetone 

(25 mL). The solution was allowed to stir in the absence of 

light for 16 hours. The solution was filtered and the 

acetone removed to yield a light orange solid. This solid 

was washed with hexanes (2 x 5 mL) and dried to yield an air stable red powder. Yield: 0.025g, 

62%. 1H NMR (600 MHz, CD2Cl2, 298K): δ = 1.05 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.06 (d, 

3JH-H = 7 Hz, 6H, CH(CH3)2), 1.17 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.22 (d, 3JH-H = 7 Hz, 12H, 

CH(CH3)2), 1.28 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 2.84 (m, 8H, CH(CH3)2), 7.20 (m, 4H, Ar-

CH), 7.27 (m, 6H, Ar-CH), 7.41 (d, 3JH-H = 8 Hz, 2H, ArNapth-CH), 7.44 (d, 3JH-H = 1 Hz, 4H, Ar-

CH), 7.60 (d of d, 3JH-H = 8 Hz, 2H, ArNapth-CH), 8.40 (d, 3JH-H = 8 Hz, 2H, ArNapth-CH). 13C 

NMR (125 Mz, CD2Cl2, 298K): δ = 24.3 (CH(CH3)2), 24.4 (CH(CH3)2), 24.7 (CH(CH3)2), 24.9 

(CH(CH3)2), 31.1 ((CH(CH3)2), 31.6 (CH(CH3)2), 122.3 (Ar-CH), 122.8 (Ar-CH), 123.8 (Ar-

CH), 125.2, 125.2 (Ar-CHNaphth), 129.1 (Ar-CH), 130.0 (Ar-CHNaphth), 133.0, 133.3 (Ar-

CHNaphth), 133.6 (Ar-CH), 137.8, 143.7, 144.2, 146.4, 148.5, 149.8, 177.5 (N=C-Ar). Anal. 

Calcd. for C72H80N4PtO6: C, 66.91; H, 6.09; N, 4.35. Found: C, 66.91; H, 6.24; N, 4.33. 

N NPt
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Synthesis of (ArN=C(An)-C(An)=NAr)Pt(NO3)Cl, Ar = 3,5-bis-(2,6-diisopropyl)benzene, 6: 

In air, 2 (0.023g, 0.018 mmol) and AgNO3 (0.003, 0.018 

mmol) were added to a round bottom flask with acetone 

(25 mL). The solution was allowed to stir in the absence 

of light for 16 hours, and then the solution was filtered 

and the acetone removed to yield an orange solid. This 

was washed with hexanes (2 x 5 mL) and dried to yield an air stable orange solid. Yield: 0.022g, 

99%. The 1H NMR spectrum was acquired in CD2Cl2 and revealed a mixture of dichloride, nitro 

chloride, and bis nitro platinum, all with very similar NMR chemical shifts that overlapped. X-

ray quality crystals grew in the NMR tube, but no further characterization of this reaction 

mixture was carried out. 

 

Synthesis of (ArN=C(An)-C(An)=NAr)PtCH3(NO3), Ar = 3,5-bis-(2,6-diisopropyl)benzene, 

7: 

In air, 3 (0.020g, 0.016 mmol) and AgNO3 (0.004g, 0.025 

mmol) were added to a round bottom flask with acetone 

(25 mL) and allowed to stir in the absence of light for 16 

hours. The solution was filtered and the solvent was 

removed and the corresponding pink solid was washed 

with hexanes (1 x 5 mL) and air-dried. Yield: 0.019g, 93%. 1H NMR (600 MHz, THF-d8, 298K): 

δ = 0.99 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.07 (m, 12H, CH(CH3)2), 1.16 (d, 3JH-H = 7 Hz, 6H, 

CH(CH3)2), 1.23 (m, 24H, CH(CH3)2), 3.01 (m, 8H, CH(CH3)2), 7.09 (m, 1H, Ar-CH), 7.18-7.23 

(m, 18H, Ar-CH), 7.51 (d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 7.56 (d of d, 3JH-H = 8 Hz, 1H, ArNapth-

N NPt
Cl ONO2

N NPt
CH3 ONO2
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CH), 7.61 (d of d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 8.37 (d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 8.46 (d, 

3JH-H = 8 Hz, 1H, ArNapth-CH). 13C NMR (125 MHz, THF-d8, 298K) δ = -12.9 (Pt-CH3), 24.5 

(CH(CH3)2), 24.6 (CH(CH3)2), 24.7 (CH(CH3)2), 24.8 (CH(CH3)2), 2 x 24.9 (CH(CH3)2), 31.3 

((CH(CH3)2), 31.6 ((CH(CH3)2), 31.9 ((CH(CH3)2), 32.0 ((CH(CH3)2), 122.0 (Ar-CH), 122.8 

(Ar-CH), 123.2 (Ar-CH), 123.8 (Ar-CHNaphth), 123.9 (Ar-CHNaphth), 124.0 (Ar-CHNaphth), 128.7, 

129.1 (Ar-CH), 129.4 (Ar-CH), 130.0, 130.1 (Ar-CHNaphth), 130.2 (Ar-CHNaphth), 131.2 (Ar-CH), 

131.8 (Ar-CH), 132.1 (Ar-CH), 133.8, 139.1, 139.5, 143.3, 144.0, 146.8, 147.3, 148.0, 148.5, 

170.3 (N=C-Ar), 176.3 (N=C-Ar). Anal. Calcd. for C73H83N3PtO3: C, 70.39; H, 6.72; N, 3.37. 

Found (duplicate): C, 70.12, 69.95; H, 7.01, 6.87; N, 2.97, 3.05. 

 

Synthesis of [(ArN=C(Me)-C(Me)=NAr)Pt(Solv)Cl][SbF6], Ar = 3,5-bis-(2,6-

diisopropyl)benzene, Solv  = THF or H2O, 8-THF and 

8-H2O: 

In a glovebox, 1 (0.012g, 0.011 mmol) and AgSbF6 

(0.004g, 0.012 mmol) were added to an NMR tube along 

with THF-d8 (0.5 mL). The stoichiometry does not have to 

be exactly 1:1 as addition of a slight excess of AgSbF6 

does not result in the formation of the dication. The tube was sealed, shaken, and the solution 

immediately turned orange along with the formation of a precipitate. A 1H NMR spectrum was 

taken to ensure no starting 1 was present. There is always a varying amount of water adduct 

present depending on the water content of the THF-d8. Addition of degassed H2O (1.3 uL, 7 eq) 

resulted in the shifting of the equilibrium entirely to 8-H2O. The cation is stable in solution for 

several weeks at room temperature. 
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8-H2O: 1H NMR (400 MHz, THF-d8, 298K): δ = 1.09-1.16 (m, 48H, CH(CH3)2), 2.22 (s, 3H, 

N=C-CH3), 2.25 (s, 3H, N=C-CH3), 2.73-2.80 (m, 6H, CH(CH3)2), 3.00-3.06 (m, 2H, 

CH(CH3)2), 7.03 (broad s, 3H, Ar-CH), 7.17-7.34 (m, 15H, Ar-CH), 7.92-7.96 (broad s, 2H, Pt-

OH2). 13C NMR (100 MHz, THF-d8, 298K): δ = 17.5 (N=C-CH3), 17.8 (N=C-CH3), 21.3 

(CH(CH3)2), 21.5 (CH(CH3)2), 21.6 (CH(CH3)2), 22.0 (CH(CH3)2), 27.8 (CH(CH3)2), 28.1 

(CH(CH3)2), 28.5 (CH(CH3)2), 29.0 (CH(CH3)2), 120.0 (Ar-CH), 120.2 (Ar-CH), 120.5 (Ar-CH), 

121.1 (Ar-CH), 126.2 (Ar-CH), 126.4  (Ar-CH), 129.2 (Ar-CH), 130.4 (Ar-CH), 135.7, 136.0, 

140.0, 140.3, 141.5, 144.0, 144.3, 145.0, 179.1 (N=C-CH3), 183.01 (N=C-CH3). 1H NMR of 8-

THF: (400 MHz, THF-d8, 298K): δ = 1.09-1.16 (m, 48H, CH(CH3)2), 2.14 (s, 3H, N=C-CH3), 

2.35 (s, 3H, N=C-CH3), 2.73-2.80 (m, 6H, CH(CH3)2), 2.62-3.04 (m, 8H, CH(CH3)2), 6.98 (s, 

2H, Ar-H), 7.04 (s, 4H, Ar-CH), 7.18-7.35 (m, 12H, Ar-CH). 

 

Synthesis of [(ArN=C(An)-C(An)=NAr)Pt(H2O)Cl][SbF6], Ar = 3,5-bis-(2,6-

diisopropyl)benzene, 9-H2O: 

In a glovebox, 2 (0.007 g, 0.006 mmol) and AgSbF6 

(0.002, 0.006 mmol) were added to an NMR tube along 

with THF-d8 (0.5 mL). The stoichiometry does not have 

to be exactly 1:1 as addition of a slight excess of AgSbF6 

does not result in the formation of the dication. The tube 

was sealed and shaken, at which point the solution immediately turned yellow. An NMR 

spectrum was taken to unsure no more starting 2 was present. Degassed H2O (1.2 ul, 0.07 mmol, 

10 eq) was added via syringe to afford complete conversion to water adduct with precipitation of 

AgCl. Small quantities of the THF adduct was present throughout the reaction until all 10 eq of 
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H2O was added. The solution was filtered before use in the next reaction. All attempts to isolate 

the cation resulted in the polymerization of THF by the resulting solid. The signals for 9-THF 

and 9-H2O overlapped in the 1H NMR spectrum, therefore no data is reported for 9-THF. 1H 

NMR of 9-H2O (400 MHz, THF-d8, 298K): δ = 1.02-1.21 (m, 48H, CH(CH3)2), 2.84-3.04 (m, 

8H, CH(CH3)2), 7.21-7.34 (m, 17H, Ar-CH), 7.40 (t, 4JH-H = 1 Hz,  1H, Ar-CH), 7.45 (d, 4JH-H = 

1 Hz, 2H, Ar-CH), 7.48 (d, 3JH-H = 8 Hz,  1H, ArNapth-CH), 7.76 (d of d, 3JH-H = 8 Hz, 1H, 

ArNapth-CH), 7.78 (d of d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 8.18-8.27 (broad s, 2H, Pt-OH2), 8.55 

(d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 8.57 (d, 3JH-H = 8 Hz, 1H, ArNapth-CH). 13C NMR (100 MHz, 

THF-d8, 298K): 24.4 (CH(CH3)2), 24.5 (CH(CH3)2), 24.6 (CH(CH3)2), 24.6 (CH(CH3)2),  24.9 

(CH(CH3)2), 30.8 (CH(CH3)2), 31.3 (CH(CH3)2), 32.1 (CH(CH3)2), 123.1, 123.3, 123.6, 123.8, 

125.3, 125.7, 126.3, 126.6, 128.0, 129.5, 129.7, 129.8, 130.2, 130.6, 133.2, 133.6, 134.1, 134.3, 

134.4, 138.2, 138.5, 138.8, 143.9, 144.2, 144.6, 145.1, 146.4, 147.0, 147.3, 147.5, 148.1, 150.2, 

178.6 (N=C-Ar), 182.2 (N=C-Ar).  

 

Synthesis of (ArN=C(An)-C(An)=NAr)PtCl(OH), Ar = 3,5-bis-(2,6-diisopropyl)benzene, 

10: 

2 (0.040g, 0.032 mmol) and AgSbF6 (0.011g, 0.032 

mmol) were charged to a flask with attachment to a swivel 

frit. Dry THF (25 mL) was introduced by vacuum transfer, 

and the solution was stirred for 30 minutes before 

degassed H2O (0.2 mL) was added via syringe. The 

solution was allowed to stir for 1 hour to allow conversion to the water adduct. The solution was 

filtered using the swivel frit and KOH (0.58 mL of a 0.112M solution in degassed H2O, 0.064 
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mmol, 2 eq) was added via syringe. The solvent was immediately removed under vacuum. The 

complex was triterated with THF and pumped dry (3 x 20 mL), re-dissolved in THF (-78oC), 

filtered while cold, and the solvent removed in vacuo. The solid was triterated with pentane (3 x 

20 mL), sonicated for 10 minutes, and evacuated to yield an air sensitive pink powder. X-ray 

quality crystals were grown by evaporation from a 1:1 THF:toluene mixture in the presence of 

18-crown-6 (1 equivalent). Yield of 10: 0.034g, 89%. 1H NMR (400 MHz, C6D6, 298K): δ = 

1.11 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.26 (m, 36H, CH(CH3)2), 1.52 (d, 3JH-H = 7 Hz, 6H, 

CH(CH3)2), 2.75 (s, 1H, Pt-OH), 3.08 (septet, 3JH-H = 7 Hz, 2H, CH(CH3)2), 3.16 (broad s, 2H, 

CH(CH3)2), 3.44 (broad s, 2H, CH(CH3)2), 3.45 (septet, 3JH-H = 7 Hz, 2H, CH(CH3)2), 6.95 (d of 

d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 6.99 (d of d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 7.10 (d, 4JH-H = 1 

Hz, 2H, Ar-CH), 7.20-7.27 (broad m, 6H, Ar-CH), 7.29 (d, 2H, Ar-CH), 7.31 (d, 2H, Ar-CH), 

7.33 (d, 2H, Ar-CH), 7.35 (d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 7.60 (d, 3JH-H = 8 Hz, 1H, ArNapth-

CH), 7.64 (d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 7.65 (d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 7.72 (d, 4JH-H 

= 1 Hz, 2H, Ar-CH). 1H NMR (400 MHz, THF-d8, 298K): δ = 1.02 (d, 3JH-H = 7 Hz, 12H, 

CH(CH3)2), 1.12 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.97-1.25 (2 x d, 3JH-H = 7 Hz, 24H, 

CH(CH3)2), 1.63 (s, 1H, Pt-OH), 3.01-3.21 (m, 8H, CH(CH3)2), 7.14 (t, 1H, 4JH-H = 1 Hz, Ar-

CH), 7.17-7.23 (m, 8H, Ar-CH), 7.25 (d, 4JH-H = 1 Hz, 2H, Ar-CH), 7.28 (t, 3JH-H = 7 Hz, 2H, 

Ar-CH), 7.29 (t, 3JH-H = 7 Hz, 2H, Ar-CH) 7.34 (d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 7.51 (d of d, 

3JH-H = 8 Hz, 1H, ArNapth-CH), 7.58 (d of d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 7.61 (d, 4JH-H = 1 Hz, 

2H, Ar-CH), 7.76 (d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 7.43 (d, 3JH-H = 8 Hz, 1H, ArNapth-CH), 7.44 

(d, 3JH-H = 8 Hz, 1H, ArNapth-CH). 13C NMR (100 Mz, THF-d8, 298K): δ = 24.5 (CH(CH3)2), 24.8 

(CH(CH3)2), 24.9 (CH(CH3)2), 25.0 (CH(CH3)2), 31.3 (2C of (CH(CH3)2), 31.9 (CH(CH3)2), 32.0 

(CH(CH3)2), 122.3 (ArNapth-CH), 123.0 (Ar-CH), 123.1 (ArNapth-CH), 123.4 (Ar-CH), 124.9 (Ar-
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CH), 129.1 (Ar-CH), 129.1 (Ar-CH), 129.5, 129.8 (ArNapth-CH), 130.5 (ArNapth-CH), 130.5 (Ar-

CH), 130.5 (ArNapth-CH), 130.6, 131.0 (ArNapth-CH),  131.8 (Ar-CH), 132.7 (Ar-CH), 134.1, 

139.3, 139.5, 139.5, 142.4, 143.0, 143.1, 145.4, 146.2, 146.7, 146.8, 147.0 (broad), 148.6, 148.7, 

172.4 (N=C-Ar), 174.1 (N=C-Ar). IR (NaCl plates): 3566.67 cm-1 (w, OH). 195Pt NMR (107 

MHz, THF-d8, 298K): δ = -1220 ppm. The corresponding (NN)Pt(OD)Cl was made using 

KOD/D2O instead of KOH/H2O in the above procedure. IR (NaCl plates): 2604.76 cm-1 (w, OD). 

Anal. Calcd. for C72H81N2OClPt: C, 70.83; H, 6.69; N, 2.29. Found: C, 70.15; H, 6.82; N, 2.16. 

 

Synthesis of (ArN=C(An)-C(An)=NAr)Pt(OH)2, Ar = 3,5-bis-(2,6-diisopropyl)benzene, 11: 

Method 1. 10 (0.025g, 0.002 mmol) and Ag2O (0.030g, 

0.131 mmol, 6.4 eq) were added to a 25 mL round bottom 

flask with degassed H2O (0.5 mL) and THF (3 mL). The 

flask was covered with aluminum foil and stirred for 15 

hrs. The solvent was removed under vacuum and the 

resultant solids were taken up in THF (5 mL), filtered through a plug of celite, and the solvent 

was removed in vacuo. The resulting oily solid was washed with pentane (3 x 15mL) and dried 

in vacuo to yield a burgundy powder. Yield: 0.021g, 84%. Method 2. 10 (0.025g, 0.002 mmol) 

and AgSbF6 (0.008g, 0.0025 mmol, 1.1 eq) were dissolved in THF (3 mL) and degassed H2O (40 

uL) was added via syringe to produce [(NN)Pt(OH)(OH2)][SbF6] 12. This was filtered to remove 

AgCl, and to this KOH (73 uL, 0.282 M in H2O, 1 eq) was added. The solvent was immediately 

removed under vacuum and the compound was worked up as stated above. The sample 

immediately decomposed in the chamber of the ESI-MS. X-ray quality crystals were grown 

through slow hexanes diffusion into a 1:1 THF:C6H6 solution at – 30oC. Yield: 0.020g, 80%. 
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298K: 1H NMR (400 MHz, THF-d8): δ = 1.02 (s, 2H, Pt-OH), 1.14-1.22 (m, 48H, CH(CH3)2), 

2.97-3.09 (m, 8H, CH(CH3)2), 7.20-7.22 (m, 10H, Ar-CH), 7.28 (d, 4H, ArCH), 7.47 (d of d, 3JH-

H = 8 Hz, 2H, ArNaphth-CH), 7.59 (s, 4H, Ar-CH), 7.67 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 8.45 (d, 

3JH-H = 8 Hz, 2H, ArNaphth-CH). (400 MHz, C6D5Br): 1.16 (d of d, 3JH-H = 7 Hz, 24H, CH(CH3)2), 

1.24 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.25 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.52 (s, 2H, Pt-

OH), 3.04-3.06 (m, 3JH-H = 7 Hz, 4H, CH(CH3)2), 3.18-3.20 (m, 3JH-H = 7 Hz, 4H, CH(CH3)2), 

7.14-7.12 (m, 14H, Ar-CH), 7.28 (s, 2H, Ar-CH), 7.33 (d of d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 

7.56 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 7.64 (s, 4H, Ar-CH), 7.99 (d, 3JH-H = 8 Hz, 2H, ArNaphth-

CH). 13C NMR (100 Mz, THF-d8): δ = 24.4 (CH(CH3)2), 24.6 (3C of CH(CH3)2), 31.0 (4C of 

(CH(CH3)2), 31.6 (4C of CH(CH3)2), 120.9 (Ar-CHNaphth), 124.0 (Ar-CH), 128.1 (Ar-CHNaphth), 

128.7 (Ar-CH), 130.5 (Ar-CHNaphth), 131.1, 132.0 (Ar-CH), 134.4, 139.1, 142.5, 147.2, 170.3 

(N=C-Ar). 248K: 1H NMR (400 MHz, THF-d8): δ = 1.05 (s, 2H, Pt-OH), 1.09 (d, 3JH-H = 7 Hz, 

12H, CH(CH3)2), 1.15 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.22 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 

1.25 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 3.00-3.18 (m, 8H, CH(CH3)2), 7.23 (m, 10H, Ar-CH), 

7.30 (d, 4H, Ar-CH), 7.53 (d of d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 7.67 (d, 4JH-H = 1 Hz, 4H, Ar-

CH), 7.73 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 8.49 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH). 13C NMR 

(100 Mz, THF-d8): δ = 24.4 (CH(CH3)2), 24.6 (2C of CH(CH3)2), 24.8 (CH(CH3)2), 31.3 (4C of 

(CH(CH3)2), 31.9 (4C of (CH(CH3)2), 120.9 (Ar-CHNaphth), 123.0 (Ar-CH), 123.5 (Ar-CH), 124.2 

(Ar-CH), 128.9 (Ar-CH), 129.0 (Ar-CHNaphth), 129.7 (Ar-CH), 130.7 (Ar-CHNaphth), 131.0, 132.1 

(Ar-CH), 134.0, 139.2, 142.4, 146.8, 146.9, 148.0, 170.4 (N=C-Ar). 195Pt NMR (107 MHz, thf-

d8, 298K): δ = -546 ppm. IR (NaCl plates): 3604.76, 3561.90 cm-1 (w, symmetric and 

asymmetrical OH). The corresponding (NN)Pt(OD)2 was made using D2O instead of H2O in the 
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above procedure. IR (NaCl plates): 2652.38, 2619.05 cm-1 (w, symmetric and asymmetrical OD). 

Anal. Calcd. for C72H82N2O2Pt: C, 71.91; H, 6.87; N, 2.33. Found (duplicate run): C, 70.74, 

73.07; H, 7.04, 7.60; N, 2.29, 2.05. 

 

Synthesis of [(ArN=C(An)-C(An)=NAr)Pt(OH)(OH2)][NTF2], Ar = 3,5-bis-(2,6-

diisopropyl)benzene, 12: 

From 10:  AgSbF6 (0.006g, 0.116 mmol) and 10 (0.015 g, 

0.013 mmol) were dissolved in proteo-THF (0.4 mL) in an 

NMR tube. Degassed H2O (60 uL) was added via syringe. 

The only product contained in the solution was 12, which 

was characterized by 1H NMR and ESI-MS. 1H NMR 

(400 MHz, proteo-THF, 298K): δ = 1.03 (d, 3JH-H = 7 Hz, 12Η, CH(CH3)2), 1.08 (d, 3JH-H = 7 

Hz, 12H, CH(CH3)2), 1.16 (2 x d, 3JH-H = 7 Hz, 24H, CH(CH3)2), 2.28 (broad multiplet, 8H, 

CH(CH3)2), 7.19 (broad m, 6H, Ar-CH), 7.29 (m, 8H, Ar-CH), 7.37 (d, 3JH-H = 8 Hz, 2H, 

ArNaphth-CH), 7.44 (d, 4JH-H = 1 Hz, 4H, Ar-CH), 7.68 (d of d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 

8.53 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH). HR-ESIMS, Calcd for C72H83N2PtO2 ([M]+): 1203.6119. 

Found: 1203.6094. From 11:  In a J-Young NMR tube in the glovebox, to 11 (0.009g, 7.45 

mmol) in C6D5Br (0.5 mL) was added freshly sublimed HN(SO2CF3)2 (0.0021g, 7.46 mmol). 

The orange solution was characterized by 1H, selective 1D-NOESY, 13C NMR and solution-IR 

spectroscopy. Any attempts to isolate the cation resulted in decomposition. 298K: 1H NMR (600 

MHz, C6D5Br): δ = 1.10 (2 x d, 3JH-H = 7 Hz, 24H, CH(CH3)2), 1.17 (d, 3JH-H = 7 Hz, 12H, 

CH(CH3)2), 1.35 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 2.80 (septet, 3JH-H = 7 Hz, 4H, CH(CH3)2), 

2.85 (septet, 3JH-H = 7 Hz, 4H, CH(CH3)2), 7.13 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH),  7.13 (d, 4JH-H 
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= 1 Hz, 4H, Ar-CH), 7.18 (broad s, 3H, Pt-OH/OH2), 7.20 (m, 6H, Ar-CH), 7.25 (d, 2H, Ar-CH), 

7.31 (d of d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 7.34 (t, 4JH-H = 1 Hz, 2H, Ar-CH), 7.54 (d, 4H, Ar-

CH), 7.83 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH). 13C NMR (125 Mz, C6D5Br): δ = 23.4 (CH(CH3)2), 

24.2 (2 of CH(CH3)2), 24.3 (CH(CH3)2), 30.6 (CH(CH3)2), 30.9 (CH(CH3)2), 121.7 (Ar-CH), 

122.5, 123.1 (Ar-CHNaphth), 125.3 (Ar-CH), 129.0 (Ar-CH), 129.6 (Ar-CH), 130.5, 131.3, 133.7 

(Ar-CHNaphth),  134.4 (Ar-CHNaphth), 136.4, 141.8, 143.9, 145.2, 146.9, 180.2  (N=C-Ar). IR 

(C6D5Br solution): 3400-3100 cm-1 (broad, Pt-OH/OH2).  243K: 1H NMR (600 MHz, C6D5Br): 

δ = 1.11 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.14 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.18 (d, 3JH-H 

= 7 Hz, 12H, CH(CH3)2), 1.40 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 2.81 (septet, 3JH-H = 7 Hz, 4H, 

CH(CH3)2),  2.88 (septet, 3JH-H = 7 Hz, 4H, CH(CH3)2), 7.15 (d, 2H, Ar-CH), 7.15 (d, 3JH-H = 8 

Hz, 2H, ArNaphth-CH), 7.21 (d, 6H, Ar-CH), 7.28 (m, 2H, Ar-CH), 7.33 (m, 4H, Ar-CH), 7.34 (d 

of d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 7.51 (broad s, 3H, Pt-OH/OH2), 7.57 (s, 4H, Ar-CH), 7.80 

(d, 3JH-H = 8 Hz, 2H, ArNaphth-CH). 

 

Synthesis of (ArN=C(An)-C(An)=NAr)PtCH3(OH), Ar = 3,5-bis-(2,6-diisopropyl)benzene, 

13: 

3 (0.053g, 0.043 mmol) and Ag2O (0.061g, 0.26 mmol, 6 

eq) were charged to a 25 mL round bottom flask and 

degassed H2O (0.5 mL) was added via syringe. THF (15 

mL) was introduced by vacuum transfer and the reaction 

was covered with aluminium foil and allowed to stir for 

16 hrs. The solvent was removed in vacuo and the residual solids were re-dissolved in THF (10 

mL), filtered through a plug of celite and evacuated to dryness. Dry pentane (15 mL) was 
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introduced by vacuum transfer, the solution was sonicated for 10 minutes and evacuated to 

dryness. The solid was repeatedly washed with diethyl ether to leave a green powder. This 

complex slowly decomposes in chlorinated solvents over the course of several days to the methyl 

chloride complex.  Yield of 13: 0.023 g, 44%.  1H NMR (400 MHz, CD2Cl2, 298K): δ = 0.97 (d, 

12H, CH(CH3)2), 1.14-1.27 (m, 36H, CH(CH3)2), 1.45 (s, 3H, Pt-CH3, 3JPt-H = 94 Hz), 2.92-3.03 

(m, 8H, CH(CH3)2), 7.14-7.36 (m, 14H, Ar-CH), 7.29 (d, 3JH-H = 7 Hz, 1H, ArNapth-CH), 7.32 (m, 

2H, Ar-CH), 7.34 (d of d, 3JH-H = 7 Hz, 1H, ArNapth-CH),  7.48 (d of d, 3JH-H = 7 Hz, 1H, ArNapth-

CH), 7.55 (d, 3JH-H = 1 Hz, 2H, Ar-CH), 7.72 (d, 3JH-H = 7 Hz, 1H, ArNapth-CH), 8.27 (d, 3JH-H = 7 

Hz, 1H, ArNapth-CH), 8.43 (d, 3JH-H = 7 Hz, 1H, ArNapth-CH). 1H NMR (400 MHz, THF-d8, 

298K): δ = 0.97 (d of d, 12H, CH(CH3)2), 1.14-1.24 (m, 36H, CH(CH3)2), 1.30 (s, 1H, Pt-OH), 

1.41 (s, 3H, Pt-CH3, 2JPtH = 98 Hz), 3.02-3.15 (m, 8H, CH(CH3)2), 7.14-7.23 (m, 19H, Ar-CH), 

7.27 (d of d, 1H, , ArNapth-CH), 7.52 (d of d, 1H, , ArNapth-CH), 7.69 (d, 2H, Ar-CH), 7.92 (d, 1H, 

, ArNapth-CH), 8.32 (d, 1H, , ArNapth-CH), 8.51 (d, 1H, , ArNapth-CH). 13C NMR (100 MHz, THF-

d8, 298K): δ = -13.0 (Pt-CH3), 24.5 (CH(CH3)2), 24.5 (CH(CH3)2), 24.6 (CH(CH3)2), 24.8 

(CH(CH3)2), 25.1 (CH(CH3)2), 31.5 (CH(CH3)2), 31.8 (CH(CH3)2), 120.3 (Ar-CH), 122.6 (Ar-

CHNapth), 123.1 (Ar-CH), 123.2 (Ar-CH), 123.4 (Ar-CH), 123.5 (Ar-CH), 127.6 (Ar-CHNapth), 

128.8 (Ar-CH), 129.1 (Ar-CH), 129.9 (Ar-CHNapth), 130.0 (Ar-CHNapth), 130.6, 131.0 (Ar-CH), 

131.1 (Ar-CH), 131.4 (Ar-CH), 134.3, 134.5, 139.4, 139.7, 142.2, 143.4, 143.5, 146.9, 147.4, 

147.9, 150.4, 168.7 (N=C-Ar), 171.0 (N=C-Ar). 195Pt NMR (107 MHz, C6D5Br, 298K): δ = -

1272 ppm.  IR (NaCl plates): 3590.48 cm-1 (m, OH). The corresponding (NN)PtMe(OD) was 

made using D2O instead of H2O in the above procedure. The reaction was stirred with Ag2O and 

D2O for 36 hours to allow for full conversion to product. IR (NaCl plates): 2652.38 cm-1 (m, 
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OD). LR-ESIMS m/z for [(M + H)+]: 1200.6. HR-ESIMS Calcd for C74H85N2OPt: [(M – OH + 

CO + H)+]: 1211.6216. Found: 1211.6185. Anal. Calcd. for C73H84N2OPt: C, 73.03; H, 7.05; N, 

2.33. Found: C, 73.39; H, 7.66; N, 2.32. 

 

Synthesis of (ArN=C(An)-C(An)=NAr)Pt(C6H5)(OH), Ar = 3,5-bis-(2,6-

diisopropyl)benzene, 14: 

4 (0.015g, 0.012 mmol, 1 eq) and Ag2O (0.017g, 0.075 

mmol, 6.4 eq) were added into a round bottomed flask 

along with degassed H2O (0.5 mL). Dry THF (5 mL) was 

introduced by vacuum transfer, and the solution was 

stirred at room temperature for 16 hrs in the absence of 

light. The solvent was removed in vacuo, and the dark green oily solid was triturated with dry 

pentane (2 x 10 mL) and dried under vacuum to yield a dark green powder.  Yield: 0.013g, 87%.  

1H NMR (400 MHz, C6D6, 298K): d = 0.97 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.13 (d, 3JH-H = 7 

Hz, 6H, CH(CH3)2), 1.19 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.27 (4 x d, 3JH-H = 7 Hz, 24H, 

CH(CH3)2), 1.3 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.89 (s, 1H, Pt-OH), 2.72 (septet, 3JH-H = 7 Hz, 

2H, CH(CH3)2), 2.93 (septet, 3JH-H = 7 Hz, 2H, CH(CH3)2), 3.34 (broad s, 4H, CH(CH3)2), 6.75 

(d, 4JH-H = 1 Hz, 2H, Ar-CH), 6.95 (m, 2H, Pt-C6H5 meta), 6.95 (m, 2H, Pt-C6H5 ortho), 6.96 (d, 

1H, ArNaphth-CH), 7.09 (d of d, 1H, ArNaphth-CH), 7.10 (d of d, 1H, ArNaphth-CH), 7.11 (m, 2H, Ar-

CH), 7.22 (m, 6H, Ar-CH), 7.28 (m, 3H, Ar-CH), 7.34 (m, 3H, Ar-CH), 7.57 (d, 3JH-H = 8 Hz, 

1H, ArNaphth-CH), 7.59 (d, 3JH-H = 8 Hz, 1H, ArNaphth-CH), 7.82 (t, 3JH-H = 7 Hz, 1H, Pt-C6H5 

para), 7.90 (3JH-H = 8 Hz, 1H, ArNaphth-CH), 7.95 (d, 4JH-H = 1 Hz, 2H, Ar-CH). 13C NMR (100 

Mz, C6D6, 298K): d = 24.75 ((CH(CH3)2), 24.81 ((CH(CH3)2), 25.03 ((CH(CH3)2), 25.14 
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((CH(CH3)2), 25.31 ((CH(CH3)2), 25.74 ((CH(CH3)2), 30.74 (CH(CH3)2), 31.21 (CH(CH3)2), 

31.41 (CH(CH3)2), 120.78 (Pt-C6H5 meta), 122.63 (Ar-CH), 122.86 (Ar-CH), 123.08 (Ar-CH), 

123.22 (Ar-CH), 123.81 (Ar-CH), 124.29 (Ar-CH), 127.21 (Ar-CH), 127.28 (Pt-C6H5 para), 

129.03 (Ar-CH), 129.40 (Ar-CH), 129.44 (Ar-CHNaphth), 129.63, 129.96 (Ar-CHNaphth), 131.49 

(Pt-C6H5 ortho), 131.51 (Ar-CH), 133.19, 133.39, 137.36, 138.19  (Ar-CHNaphth), 138.65, 139.23, 

142.14, 142.79, 143.45, 146.46, 147.90, 150.29, 169.84 (N=C-Ar), 171.28 (N=C-Ar). 195Pt NMR 

(107 MHz, C6D5Br, 298K): δ = -1485 ppm.  IR (NaCl plates, benzene film): 3579 cm-1 (m, OH). 

The corresponding (NN)Pt(OD)(C6H5) was made using D2O instead of H2O in the above 

procedure. IR (NaCl plates, benzene film): 2643 cm-1 (w, OD). Anal. Calcd. for C78H86N2OPt: C, 

74.20; H, 6.87; N, 2.22. Found: C, 74.10; H, 6.99; N, 2.20. 

 

7.2.2  Measurements 

 

Procedure for determining the equilibrium constant for solvent adducts 8-H2O and 8-THF: 

1 (0.013g, 0.011 mmol, 1eq) and AgSbF6 (0.004g, 0.011 mmol) were added to a vial along with 

THF-d8 (0.6 mL). The solution was covered with aluminum foil and allowed to sit at room 

temperature for 16 hours before filtration into a pre-weighed J-Young NMR tube that was 

subsequently evacuated to dryness. After weighing the J-Young NMR tube to determine the 

mass of cation (0.011g, 0.007 mmol), dry THF-d8 (0.7 mL) was added along with a sealed 

capillary tube containing a solution 0.04 M disiloxane in CD2Cl2 for use as a reference. 7.1 ul of 

a H2O/THF stock solution (1.05 M H2O) was added to the tube before sealing with a Teflon 

screw cap. The NMR tube was placed into a temperature controlled NMR probe set to 298K. The 

sample was allowed to equilibrate for 30 minutes before a spectrum was taken (10 scans total, 
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delay time of 10 seconds). Addition of more of the stock solution (7.1 ul) was repeated and new 

spectra taken. This process was repeated four times. The concentration of 8-THF and 8-H2O 

were calculated from integrating the imine methyl signals (r, Figure 7-1). The equilibrium 

constant was calculated based on the formula in Figure 7-1. The value of Keq was taken as the 

average value of the five runs, with the error measurement as half the value of the standard 

deviation. 

N N ArAr Pt
Cl O

N N ArAr Pt
Cl OH2

SbF6
SbF6

8-THF 8-H2O

H2O  + +  THF

r' r'r r

d8

Keq =
[8-H2O][THF]

[8-THF][H2O]

 

Figure 7-1. Equilibrium Equation for 8-THF and 8-H2O 

 

7.3 Procedures Pertaining to Chapter 3 

 

7.3.1 Synthetic Procedures 

 

Synthesis of (ArN=C(An)-C(An)=NAr)Pt(C6H5)2, Ar = 

3,5-bis-(2,6-diisopropyl)benzene, 15: 

LBIAN (0.075g, 77.1 mmol, 1 eq) and (SMe2)2Pt(C6H5)2 

(0.032g, 77.1 mmol, 1 eq) were added to a round 

bottomed flask. Dry CH2Cl2 (15 mL) was introduced by 

vacuum transfer, and the solution was allowed to stir at 

room temperature for 16 hrs. The solvent was removed in vacuo and the resulting solid was 

N N
Pt
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washed with pentane (1 x 10 mL), ethanol (2 x 5 mL) and dried to yield an air stable green 

powder. X-ray quality crystals were grown by slow evaporation from benzene: toluene 1:1. 

Yield: 0.070g, 68%. 1H NMR (400 MHz, C6D6, 298K): d = 0.97 (d, 3JH-H = 7 Hz, 12H, 

CH(CH3)2), 1.16 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.21 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.36 

(d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 2.83 (septet, 3JH-H = 7 Hz, 4H, CH(CH3)2), 6.88 (d, 4JH-H = 1 

Hz, 4H, Ar-CH), 6.88 (t, 3JH-H = 7 Hz, 2H, Pt-C6H5 para) 7.00 (t, , 4JH-H = 1 Hz, 2H, Ar-CH), 

7.05 (t, 2H, Ar-CH), 7.05 (m, 4H, Pt-C6H5 meta), 7.07 (d of d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 

7.11 (d, 2H, Ar-CH), 7.12 (d, 4H, Ar-CH), 7.22 (d, 4H, Ar-CH), 7.29 (d, 3JH-H = 8 Hz, 2H, 

ArNaphth-CH), 7.28 (t, 2H, Ar-CH), 7.55 (d, 3JH-H = 7 Hz, 2 x 2H, Pt-C6H5 ortho),  7.62 (d, 3JH-H = 

8 Hz, 2H, ArNaphth-CH). 1H NMR (400 MHz, CD2Cl2, 298K): d = 0.91 (d, 3JH-H = 7 Hz, 12H, 

CH(CH3)2), 1.05 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.19 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.23 

(d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 2.60 (septet, 3JH-H = 7 Hz, 4H, CH(CH3)2), 2.89 (septet, 3JH-H 

= 7 Hz, 4H, CH(CH3)2), 6.69 (t, 3JH-H = 7 Hz, 2H, Pt-C6H5 para), 6.79 (d of t, 3JH-H = 7 Hz, 4H, 

Pt-C6H5 meta), 6.95 (t, 4JH-H = 1 Hz, 2H, Ar-CH), 7.05 (d, 4JH-H = 1 Hz, 4H, Ar-CH), 7.06 (d, 

3JH-H = 8 Hz, 2H, ArNaphth-CH), 7.10 (d, 3JH-H = 7 Hz, 4H, Pt-C6H5 ortho), 7.15 (d, 4H, Ar-CH), 

7.22 (d, 4H, Ar-CH), 7.30 (t, 2 x 2H, Ar-CH), 7.44 (d of d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 8.28 

(d, 3JH-H = 8 Hz, 2H, ArNaphth-CH). 13C NMR (100 Mz, C6D6, 298K): d = 24.41 ((CH(CH3)2), 

24.71 (CH(CH3)2), 24.92 (CH(CH3)2), 25.52 (CH(CH3)2), 30.50 (CH(CH3)2), 30.95 (CH(CH3)2), 

121.18 (Ar-CH), 122.49 (Ar-CH), 122.87 (Pt-C6H5 para), 123.16 (Ar-CHNaphth), 124.60 (Ar-

CH), 126.41 (Pt-C6H5 meta), 128.70 (Ar-CH), 128.93 (Ar-CHNaphth),129.13 (Ar-CHNaphth), 

129.52, 130.85 (Ar-CH), 132.56, 138.43, 139.30, 147.70, 148.91, 171.58 (N=C-Ar). 195Pt NMR 

(107 MHz, C6D6, 298K): δ = -2656 ppm. HR-ESIMS of  (NN)Pt(C6D5)2 (product of 

(NN)Pt(OH)2 reflux in d6-benzene), Calcd for C79H84D5N2O2Pt ([M – C6D5 + CH3OH]+): 
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1282.6955. Found: 1282.6916. Anal. Calcd. for C84H90N2Pt: C, 76.28; H, 6.86; N, 2.12. Found: 

C, 75.11; H, 6.75; N, 2.01.  Multiple analyses reproducibly gave low carbon values, possibly due 

to PtC formation during combustion. The reported values are the best obtained from 5 trials. 

 

7.3.2 Kinetic Measurements 

 

Preparation of C6D6/H2O stock solutions: 

Two stock solutions were made in volumetric flasks (5 mL) containing hexamethylbenzene 

standard (0.007g, 8.63 mM/L). In a glovebox designated for water usage, degassed H2O (27 ul) 

was added via micropipette to one flask. Dry C6D6 was measured into both flasks and the 

solutions were transferred into vials and stored in their gloveboxes at -35oC. The “wet” solution 

was stored in a glovebox designated for water usage. 

 

Representative procedure for kinetic cycling experiments: 

For each run, 11 (0.0105g, 8.73 umol, 0.3 mL stock solution, 29 mMol/L ) or (0.009g, 7.48 

umol, 0.31 mL stock solution, 24.5 mMol/L) and the appropriate C6D6 stock solution was added 

to a J-Young NMR tube and sealed with a Teflon screw tap. The tube was then inserted into the 

preheated NMR probe (353K, 600 MHz) and allowed to equilibrate for 20 minutes before 

beginning the cycling program.  A total of 5 scans were taken each time increment with a delay 

time between each scan of 10 seconds to ensure proper integration. 

 

Study of a homogeneous solution of 11 with added 15: 
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11 (0.009g, 7.48 umol) and 15 (0.004g, 3.02 umol) were added to a J-Young NMR tube along 

with wet C6D6 (0.31 mL) stock solution and sealed with a Teflon screw cap. The tube was then 

inserted into the preheated NMR probe (353K, 600 MHz) and allowed to equilibrate for 20 

minutes before beginning the cycling program.  A total of 5 scans were taken each time 

increment with a delay time between each scan of 10 seconds to ensure proper integration. 

 

Study of a homogeneous solution of 11 with added platinum black (purchased from 

Aldrich): 

11 (0.009g, 7.48 umol) and platinum black (0.002g) were added to a J-Young NMR tube with 

wet C6D6 (0.31 mL) and sealed with a Teflon screw tap. The tube was placed into a 353K oil 

bath and 1H NMR spectra were taken (at 298K) after allotted times. A total of 5 scans were taken 

for each 1H NMR spectra with a delay time of 10 seconds to ensure proper integration. 

 

Performing the elemental mercury test: 

11 (0.037g, 30.8 umol) and one drop of elemental mercury were both added to a 25 mL thick 

walled glass vessel with a magnetic stir bar, wet C6D6 stock solution (1.13 mL) and sealed with a 

Kontes tap. The vessel was heated to 80oC in a temperature controlled oil bath and aliquots (0.12 

mL) were removed via syringe at appropriate times and added to NMR tubes containing C6D6 

(0.3 mL) for NMR analysis. A total of 20 scans were taken for each 1H NMR spectra with a 

delay time of 10 seconds to ensure proper integration. 

 

Study of adding fresh 11 to a finished catalytic run: 
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11 (0.0105g, 8.73 umol) and wet C6D6 stock (0.3 mL) were added to a J-Young NMR tube and 

heated at 80oC for 48 hours to form entirely d10-15. Fresh 11 (0.009g, 7.48 umol, 24.5 mMol/L) 

was charged to the J-young tube and was placed back into the 80oC oil bath and 1H NMR spectra 

(at 298K) were run at different time intervals. A total of 5 scans were taken for each 1H NMR 

spectra with a delay time of 10 seconds to ensure proper integration. 

 

Study of heating 11 in the solid state to test for nanoparticles: 

11 (0.001g, 0.83 umol) was added to a J-Young NMR tube and sealed with a Teflon screw tap. 

The NMR tube was placed into an 80oC oil bath for 16 hours. A solution of 11 (0.009g, 7.48 

umol) in wet C6D6 stock solution (0.3 mL, [11] = 24.5 mMol/L) was added the J-Young tube and 

sealed. The NMR tube was placed into an 80oC oil bath and 1H NMR spectra (at 298K) were 

taken at various times intervals. A total of 5 scans were taken for each 1H NMR spectra with a 

delay time of 10 seconds to ensure proper integration. 

 

Representative procedure for following the reaction of 14 to 15: 

14 (0.005g, 3.96 umol or 0.010g, 7.92 umol) in the appropriate C6D6 stock solution (0.3 mL) 

were made up in J-Young NMR tubes and sealed with Teflon screw caps. The NMR tubes were 

inserted into an 80oC oil bath and the 1H HMR spectra (at 298K) were taken at various times. A 

total of 10 scans were taken for each 1H NMR spectra with a delay time of 10 seconds to ensure 

proper integration. 

 

Conversion of 14 to 15 with nanoparticle contamination: 
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A J-Young NMR tube previously used for the catalytic conversion of 11 to 15 was rinsed 

thoroughly with C6D6 in a glovebox. 14 (0.005g, 3.96 umol) and wet C6D6 stock solution (0.3 

mL) were added to the tube and placed into an 80oC oil bath. 1H HMR spectra (at 298K) were 

taken at various time intervals, with a total of 10 scans were taken for each 1H NMR spectra with 

a delay time of 10 seconds to ensure proper integration. 

 

7.4 Procedures pertaining to Chapter 4 

 

7.4.1 Synthetic Procedures 

 

Synthesis of [(ArN=C(An)-C(An)=NAr)Pt(OH)2][AgNTF2], Ar = 3,5-bis-(2,6-

diisopropyl)benzene, 11-Ag: 

11 (0.035g, 0.029 mmol, 1 eq) and AgNTf2 (0.003g, 

0.031 mmol, 1.07 eq) were added to a round bottom flask. 

Dry THF (25 mL) was introduced by vacuum transfer and 

the solution was allowed to stir at room temperature for 

10 minutes before removing the solvent in vacuo. Dry 

hexanes (2 x 10mL) was introduced by vacuum transfer, the solution was sonicated for 20 

minutes, and the solvent removed in vacuo to leave an orange powder. X-ray quality crystals 

were grown by vapour diffusion of hexanes into a benzene solution at room temperature. Yield: 

0.035g 78%. 1H NMR (600 MHz, THF-d8, 298K): δ = 0.79 (broad s, 2H, Pt-OH-Ag), 1.09 (m, 

12H, CH(CH3)2), 1.13 (m, 12H, CH(CH3)2), 1.21 (m, 24H, CH(CH3)2), 2.87 (m, 4H, CH(CH3)2), 

2.94 (m, 4H, CH(CH3)2), 7.23 (m, 8H, Ar-CH), 7.32 (m, 6H, Ar-CH), 7.47 (d, 3JH-H = 8 Hz, 2H, 
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ArNaphth-CH), 7.51 (d, 4JH-H = 1 Hz, 4H, Ar-CH), 7.67 (d or d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 

8.53 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH). 13C NMR (125 Mz, THF-d8, 298K): δ = 24.65 (broad s, 

(CH(CH3)2), 31.84 (CH(CH3)2), 32.0 (CH(CH3)2), 117.9, 120.0, 122.2, 123.1 (Ar-CH), 123.5 

(Ar-CH), 123.7 (Ar-CHNaphth),  129.5 (Ar-CH), 130.5 (Ar-CHNaphth), 132.1 (Ar-CHNaphth), 133.7 

(Ar-CH), 133.9, 138.6, 144.2, 146.4 (N=C-Ar). 195Pt NMR (107 MHz, THF-d8, 298K): -1276 

ppm. IR (NaCl plates, THF film): 3609 cm-1 (m, OH). 19F NMR (376 MHz, THF-d8, 298K): - 

81.8 ppm. The corresponding Ag-Pt-OD was made from (NN)Pt(OD)2 made using D2O instead 

of H2O. IR (NaCl plates, THF film): 2678 cm-1 (m, OD). HR-ESIMS of 11-Ag, Calcd for 

C74H85AgN3O2Pt (M – N(SO2CF3)2 + CH3CN): 1350.5342. Found: 1350.5327. Anal. Calcd. for 

C74H82AgF6N2O6PtS2 (11-Ag): C. 55.85; H, 5.20; N, 2.64 and C78H90AgF6N3O7PtS2 (11-Ag + 

THF): C, 56.35; H, 5.46; N, 2.53. Found: C, 56.23; H, 5.56; N, 2.50. 

 

Synthesis of [(ArN=C(An)-C(An)=NAr)Pt(OH)(Me)][AgNTF2], Ar = 3,5-bis-(2,6-

diisopropyl)benzene, 13-Ag: 

13 (0.042g, 0.035 mmol, 1 eq) and AgNTf2 (0.004g, 0.036 

mmol, 1.03 eq) were added to a round bottom flask. Dry 

THF (25 mL) was introduced by vacuum transfer and the 

solution was allowed to stir at room temperature for 10 

minutes before removing the solvent in vacuo. Dry 

hexanes (2 x 10mL) was introduced by vacuum transfer, the solution was sonicated for 20 

minutes, and the solvent removed in vacuo to leave an purple powder. Yield: 0.047g, 62%. 1H 

NMR (400 MHz, C6D5Br, 298K): δ = 0.50 (broad s, 1H, Pt-OH-Ag), 1.01 (d, 3JH-H = 7 Hz, 6H, 

CH(CH3)2), 1.18 (m, 24H, CH(CH3)2), 1.25 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.30 (d, 3JH-H = 7 
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Hz, 6H, CH(CH3)2), 1.49 (s, 3H, Pt-CH3), 2.96 (m, 8H, CH(CH3)2), 7.03 (d, 3JH-H = 8 Hz, 1H, 

ArNaphth-CH), 7.07 (s, 2H, Ar-H), 7.14 (d, 2H, Ar-H), 7.16-7.23 (m, 8H, Ar-H), 7.33 (m, 4H, Ar-

H), 7.52 (s, 2H, Ar-H), 7.61 (d, 3JH-H = 8 Hz, 1H, ArNaphth-CH), 7.83 (d, 3JH-H = 8 Hz, 1H, 

ArNaphth-CH), 7.95 (d, 3JH-H = 8 Hz, 1H, ArNaphth-CH). 13C NMR (125 MHz, C6D5Br, 298K): δ = -

10.8 (Pt-CH3), 24.0 (CH(CH3)2), 2 x 24.1 (CH(CH3)2), 24.2 (CH(CH3)2), 24.5 (CH(CH3)2), 30.5 

(CH(CH3)2), 2 x 30.8 (CH(CH3)2), 118.6, 120.73, 121.0 (Ar-CH), 121.3 (Ar-CH), 122.7 (Ar-

CHNaphth), 122.9 (Ar-CH), 123.0 (Ar-CH), 126.6, 128.7 (Ar-CH), 128.9 (Ar-CH), 130.0 (Ar-

CHNaphth), 130.6 (Ar-CHNaphth), 131.3 (Ar-CH), 131.8 (Ar-CH), 132.0, 137.3, 142.8, 142.9, 144.2, 

145.0, 145.3, 146.6, 146.7, 170.0 (N=C-Ar), 173.7 (N=C-Ar). 195Pt NMR (107 MHz, C6D5Br, 

298K): δ = -2167 ppm. 19F NMR (376 MHz, THF-d8, 298K): - 81.4 ppm.  IR (NaCl plates, THF 

film): 3571 cm-1 (w, OH). The corresponding Pt-OD was made from (NN)Pt(CH3)(OD) made 

using D2O instead of H2O. IR (NaCl plates, THF film): 2647 cm-1 (w, OD). Anal. Calcd. for 

C73H78AgF6N3O5PtS2: C, 56.71; H, 5.33; N, 2.65. Found: C, 56.13; H, 5.49; N, 2.22. 

 

Synthesis of [(ArN=C(An)-C(An)=NAr)Pt(OH)(C6H5)][AgNTF2], Ar = 3,5-bis-(2,6-

diisopropyl)benzene, 14-Ag: 

14 (0.058g, 0.046 mmol, 1 eq) and AgNTf2 (0.005g, 0.046 

mmol, 1 eq) were added to a round bottom flask. Dry THF 

(25 mL) was introduced by vacuum transfer and the 

solution was allowed to stir at room temperature for 10 

minutes before removing the solvent in vacuo. Dry 

hexanes (2 x 10mL) was introduced by vacuum transfer, the solution was sonicated for 20 

minutes, and removed in vacuo to leave a purple powder. Yield: 0.047g 62%.1H NMR (400 
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MHz, C6D5Br, 298K): δ = 0.39 (s, 1H, Pt-OH), 0.88 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 0.98 (d, 

3JH-H = 7 Hz, 6H, CH(CH3)2), 1.12 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.18 (m, 24H, CH(CH3)2), 

1.30 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 2.39 (septet, 2H, CH(CH3)2),  2.75 (septet, 2H, 

CH(CH3)2), 2.91 (m, 4H, CH(CH3)2), 6.89 (d, 3JH-H = 8 Hz, 1H, ArNaphth-CH), 6.90 (d, 4JH-H = 1 

Hz, 2H, Ar-H), 6.97 (t, 4JH-H = 1 Hz, 1H, Ar-H), 7.04 (t, 3JH-H = 7 Hz, 1H, Pt-C6H5 para), 7.12-

7.18 (m, 8H, Ar-H), 7.21 (d of d, 3JH-H = 8 Hz, 1H, ArNaphth-CH), 7.26 (m, 2H, Ar-H), 7.28-7.34 

(m, 6H, Ar-H), 7.48 (d, 4JH-H = 1 Hz, 2H, Ar-H), 7.52 (d, 3JH-H = 8 Hz, 1H, ArNaphth-CH), 7.86 (d, 

3JH-H = 8 Hz, 1H, ArNaphth-CH), 7.99 (d, 3JH-H = 8 Hz, 1H, ArNaphth-CH). 13C NMR (125 MHz, 

C6D5Br, 298K): δ = 23.9 (CH(CH3)2), 24.2 (CH(CH3)2), 24.5 (CH(CH3)2), 24.6 (CH(CH3)2), 

24.9 (CH(CH3)2), 30.0 (CH(CH3)2), 30.6 (CH(CH3)2), 30.9 (CH(CH3)2), 118.8, 120.7 (Ar-CH), 

121.0, 121.3 (Ar-CH), 122.0, 122.8 (Ar-CHNaphth), 123.0 (Ar-CH), 123.3 (Ar-CHNaphth), 124.8 

(Pt-C6H5 para), 128.3 (Ar-CH), 128.7 (Ar-CH), 128.8 (Ar-CH), 128.9 (Ar-CH), 130.2 (Ar-

CHNaphth), 130.5, 131.2 (Ar-CHNaphth), 131.1, 131.9 (Ar-CH), 132.0 (Ar-CH), 132.3 (Ar-CH), 

136.9, 137.0, 142.7, 143.3, 144.1, 145.5, 146.4, 148.0, 171.7 (N=C-Ar), 173.7 (N=C-Ar). 195Pt 

NMR (107 MHz, C6D5Br, 298K): δ = -2242 ppm. 19F NMR (376 MHz, THF-d8, 298K): - 79.9 

ppm.  IR (NaCl plates, THF film): 3590 cm-1 (w, OH). The corresponding Pt-OD was made from 

(NN)Pt(C6H5)(OD) made using D2O instead of H2O. IR (NaCl plates, THF film): 2647 cm-1 (w, 

OD). Anal. Calcd. for C80H86AgF6N3O5PtS2: C, 58.21; H, 5.25; N, 2.55. Found: C, 58.79; H, 

5.41; N, 2.05. 

 

Synthesis of [(ArN=C(An)-C(An)=NAr)Pt(C6H5)2][AgNTF2], Ar = 3,5-bis-(2,6-

diisopropyl)benzene, 15-Ag:  
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15 (0.045g, 0.033 mmol, 1 eq) and AgNTf2 (0.003g, 0.038 

mmol, 1.2 eq) were added to a round bottomed flask. Dry 

benzene (10 mL) was introduced by vacuum transfer and 

the solution was allowed to stir at room temperature for 10 

minutes before removing the solvent in vacuo. Dry 

hexanes (2 x 10 mL) was introduced by vacuum transfer, 

the solution was sonicated for 2 minutes, and the volatiles removed in vacuo to leave an air 

stable purple powder. Yield: 0.045 g 77%. 1H NMR (600 MHz, C6D6, 298K): δ = 0.95 (d, 3JH-H = 

7 Hz, 12H, CH(CH3)2), 1.13 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.18 (d, 3JH-H = 7 Hz, 12H, 

CH(CH3)2), 1.39 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 2.63 (septet, 3JH-H = 7 Hz, 4H, CH(CH3)2), 

2.89 (septet, 3JH-H = 7 Hz, 4H, CH(CH3)2), 6.84 (t, 3JH-H = 7 Hz, 2H, Pt-C6H5 para), 6.93 (d, 4JH-

H = 1 Hz, 4H, Ar-CH), 6.93 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 7.11 (m, 6H x Ar-CH, 4H x Pt-

C6H5 meta), 7.22 (d, 4H, Ar-CH), 7.28 (t, 4H, Ar-CH), 7.58 (m, 2H x ArNaphth-CH, 4H x Pt-C6H5 

ortho). 13C NMR (125 Mz, C6D6, 298K): δ = 24.0 ((CH(CH3)2), 24.3 ((CH(CH3)2), 24.4 

((CH(CH3)2), 25.1 ((CH(CH3)2), 30.1 (CH(CH3)2), 30.6 (CH(CH3)2), 120.7 (Ar-CH), 122.3 (Ar-

CH), 123.1 (Ar-CH), 124.1 (Ar-CHNaphth), 124.5 (Pt-C6H5 para), 127.7, 128.3 (Ar-CHNaphth), 

128.5 (Ar-CH), 130.3 (Ar-CHNaphth), 131.1 (Ar-CH), 131.7, 135.7 (Pt-C6H5 ortho), 137.6, 142.5, 

145.5, 145.7, 146.7, 147.3, 173.5 (N=C-Ar). 195Pt NMR (107 MHz, C6D6, 298K): δ = -2942 ppm. 

19F NMR (376 MHz, C6D6, 298K): - 77.9 ppm.  Anal. Calcd. for C86H90AgF6N3O4PtS2: C, 60.38; 

H, 5.30; N, 2.46. Found: C, 60.13; H, 5.62; N, 2.23. 

 

The reaction of 11-Ag with KOH to form [(ArN=C(An)-C(An)=NAr)Pt(OH)2][KNTF2], Ar 

= 3,5-bis-(2,6-diisopropyl)benzene,  11-K: 

N NPt

Ag

N
CF3SO2 SO2CF3
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11-Ag (0.007g, 5.37 umol) and KOH (0.002g, 36 umol, 6 

eq) were both added to a round bottom flask and dry THF 

(2 mL) was introduced by vacuum transfer. The solution 

was allowed to stir at room temperature for 20 minutes 

and the solution turned from orange to dark pink. The 

volatiles were removed in vacuo, the solid re-dissolved in dry THF, filtered, and dried in vacuo 

to leave a pink residue. This was triturated with hexanes (2 x 5 mL) and dried in vacuo to leave a 

pink powder. X-ray quality crystals grew in the NMR solution at room temperature. Yield: 0.006 

g. 1H NMR (600 MHz, C6D6, 298K): δ = 1.15 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.24 (d, 3JH-H = 

7 Hz, 24H, CH(CH3)2), 1.41 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 3.02 (multiplet, 4H, CH(CH3)2), 

3.12 (multiplet, 4H, CH(CH3)2), 6.98 (d of d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 7.17-7.22 

(multiplet, 10H, Ar-CH), 7.31 (t, 4H, Ar-CH), 7.39 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH), 7.40 (s, 

4H, Ar-CH), 7.74 (d, 3JH-H = 8 Hz, 2H, ArNaphth-CH). 13C NMR (125 Mz, C6D6, 298K): δ = 24.0 

((CH(CH3)2), 24.2 ((CH(CH3)2), 30.9 (CH(CH3)2), 120.4 (Ar-CH), 122.2 (Ar-CH), 122.4 (Ar-

CH), 123.3 (Ar-CH), 128.1, 128.7 (Ar-CHNaphth), 129.3 (Ar-CHNaphth), 131.9 (Ar-CH), 132.7, 

137.6, 142.7, 145.3, 145.4, 147.3, the imine carbons were not located. 19F NMR (376 MHz, 

C6D5Br, 298K): - 78.0 ppm.    

 

7.4.2 Kinetic Measurements 

 

Preparation of C6D6/H2O stock solutions: 

Two stock solutions were made in volumetric flasks (5 mL) containing hexamethylbenzene 

standard (0.007g, 8.63 mM/L). In a glovebox designated for water usage, degassed H2O (27 uL) 

N NPt
HO OH

K

CF3SO2 SO2CF3
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was added via micropipette to one flask. Dry C6D6 was measured into both flasks, the solutions 

stored in vials in their gloveboxes under argon at -35oC. The “wet” solution was stored in a 

glovebox designated for water usage. 

 

Representative procedure for monitoring the reaction of silver supported hydroxides with 

C6D6 at 295K (room temperature): 

A 5.05 mMol/L solution of 14-Ag in wet or dry C6D6 stock solution (wet: 30 mMol/L H2O) was 

prepared in the glovebox. Aliquots of 0.4 mL were syringed into 3 separate J-Young NMR tubes 

(3 dry and 3 wet, 6 total), and each sealed with a Teflon screw cap. The start time of the kinetic 

run was determined to be the moment 14-Ag was dissolved in solution. The NMR tubes were 

brought into the NMR room (room temperature set at 295K) and experiments were taken over 

different time intervals. The tubes were left in the NMR room in-between experiments. A total of 

8 scans were taken each time increment with a delay time between each scan of 20 seconds to 

ensure proper integration. 

 

Representative procedure for monitoring the reaction of silver supported hydroxides with 

C6D6 at temperatures above 295K: 

A 5.05 mMol/L solution of 11-Ag, 13-Ag, or 14-Ag in wet C6D6 stock solution (30 mMol/L 

H2O) was prepared in a glovebox designated for water usage. Aliquots of 0.4 mL were syringed 

into 4 separate J-Young NMR tubes, and each sealed with a Teflon screw tap. The tubes were 

immediately frozen at -35oC in the glovebox freezer until used for a kinetic run. The tube was 

kept frozen and only thawed directly before insertion into the preheated NMR probe (600 MHz) 
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to begin the cycling program.  A total of 8 scans were taken each time increment with a delay 

time between each scan of 20 seconds to ensure proper integration. 

 

7.5 Procedures pertaining to Chapter 5 

 

7.5.1 Synthetic Procedures 

 

Synthesis of (ArN=C(An)-C(An)=NAr)Pt(CO3), Ar = 3,5-bis-(2,6-diisopropyl)benzene,  16: 

Compound 11 (0.015g, 0.012 mmol, 1 eq) was dissolved 

in C6D5Br (0.5 mL) in a J-Young NMR tube. The solution 

was degassed with 3 freeze/pump/thaw cycles and 

exposed to 1 atm of CO2. Carbonate 16 was formed 

immediately upon mixing. X-ray quality crystals grew in 

the J-Young tube over the course of 30 minutes. The solution was filtered, and the crystals 

washed with acetone (1mL) and hexanes (1mL) to leave red orange crystals. Yield: 0.012g, 80%.  

1H NMR (600 MHz, 50:50 THF-d8:CD2Cl2, 298K): δ = 1.10 (broad singlet, 24H, CH(CH3)2), 

1.19 (d, 3JH-H = 7 Hz, 24H, CH(CH3)2), 2.88 (septet, 8H, CH(CH3)2), 7.19 (m, 8H, Ar-CH), 7.29 

(t, 3JH-H = 7 Hz, 4H, Ar-H), 7.54 (d of d, 3JH-H = 7 Hz, 2H, Ar-CHNapth), 7.61 (d, 3JH-H = 1 Hz, 

4H, Ar-CH), 7.85 (d of d, 3JH-H = 7 Hz, 2H, Ar-CHNapth), 8.33 (d of d, 3JH-H = 7 Hz, 2H, Ar-

CHNapth). 13C NMR (125 Mz, 50:50 THF-d8:CD2Cl2, 298K): δ = 24.6 (CH(CH3)2), 25.0 

(CH(CH3)2), 31.6 (CH(CH3)2), 123.4 (Ar-CHNapth), 123.4 (Ar-CH), 123.8 (Ar-CH), 127.9, 129.2 

(Ar-CH), 130.2 (Ar-CHNapth), 131.5 (Ar-CHNapth), 133.4, 133.7 (Ar-CH), 138.4, 143.4, 146.3, 

N NPt
O O

O
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147.4, 167.0 (CO3H), 173.7 (N=C-Ar). IR (NaCl plates): 1703 cm-1 (s, C=O). Anal. Calcd. for 

C72H80N2O3Pt: C, 71.37; H, 6.56; N, 2.28. Found: C, 70.86; H, 6.92; N, 2.24. 

 

Low temperature synthesis of (ArN=C(An)-C(An)=NAr)Pt(CO3H)2, Ar = 3,5-bis-(2,6-

diisopropyl)benzene,  17-2: 

11 (0.015g, 0.012 mmol) was dissolved in THF-d8 (0.5 

mL) in a J-Young NMR tube. The solution was degassed 

by 3 freeze/pump/thaw cycles and then exposed to 1 atm 

of 13CO2 while frozen in liquid nitrogen. The tube was 

placed into a pre-cooled NMR probe at 205K and allowed to reach temperature over a period of 

4 hours before any spectra were recorded. 1H NMR (600 MHz, THF-d8, 205K): δ = 1.03 (d, 3JH-H 

= 7 Hz, 12H, CH(CH3)2), 1.09 (d, 3JH-H = 7 Hz, 2H, CH(CH3)2), 1.23 (m, 24H, CH(CH3)2), 2.97 

(septet, 4H, CH(CH3)2), 3.16 (septet, 4H, CH(CH3)2), 7.20-7.26 (m, 10H, Ar-H), 7.31 (m, 4H, 

Ar-H), 7.35 (s, 1H, Ar-H), 7.45 (d, 3JH-H = 7 Hz, 2H, Ar-CHNapth), 7.50 (s, 3H, Ar-H), 7.72 (d of 

d, 3JH-H = 7 Hz, 2H, Ar-CHNapth), 8.51 (d, 3JH-H = 7 Hz, 2H, Ar-CHNapth), 9.26 (broad singlet, 2H, 

CO3H). 13C NMR (125 MHz, THF-d8, 205K): δ = 24.6 (CH(CH3)2), 24.7 (CH(CH3)2), 24.8 

(CH(CH3)2), 31.1 (CH(CH3)2), 32.0 (CH(CH3)2), 123.0 (Ar-CH, broad), 123.5 (Ar-CH broad), 

123.7 (Ar-CHNapth), 123.8 (Ar-CH broad), 127.9, 129.1 (Ar-CH broad), 130.4 (Ar-CHNapth), 

132.0 (Ar-CHNapth), 132.0 (Ar-CH broad), 139.1, 143.1, 145.6, 146.7 (broad), 148.6, 148.8, 

159.0, 160.1 (CO3H), 161.7, 162.3, 163.6, 164.6, 167.8, 177.8 (N=C-Ar). 

 

Low temperature synthesis of (ArN=C(An)-C(An)=NAr)Pt(CO3H)(CH3), Ar = 3,5-bis-(2,6-

diisopropyl)benzene,  18: 

N NPt
O O

O
OH

O
HO
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13 (0.011g, 0.009 mmol) was dissolved in THF-d8 (0.6 

mL) in a J-Young NMR tube. The solution was degassed 

using 3 freeze/pump/thaw cycles and exposed to 4 atm of 

13CO2 (using a constant volume bulb) while frozen in 

liquid nitrogen. The sample was warmed to room 

temperature and placed into the NMR probe. Cooling the solution to 263 K exclusively formed 

the inserted product 18.  1H NMR (600 MHz, THF-d8, 263 K): δ = 0.98 (d, 3JH-H = 7 Hz, 6H, 

CH(CH3)2), 1.04 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.09 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.14 (d, 

3JH-H = 7 Hz, 6H, CH(CH3)2), 1.20 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.23 (m, 3JH-H = 7 Hz, 18H, 

CH(CH3)2), 1.55 (broad s, 3H, Pt-CH3), 3.00 (m, 4H, CH(CH3)2), 3.04 (m, 2H, CH(CH3)2), 3.13 

(m, 2H, CH(CH3)2), 7.09 (s, 1H, Ar-CH), 7.13 (d, 3JH-H = 7 Hz, 1H, Ar-CHNapth), 7.14-7.31 (m, 

12H, Ar-CH), 7.18 (s, 2H, Ar-CH), 7.38 (s, 2H, Ar-CH), 7.52 (d of d, 3JH-H = 7 Hz, 1H, Ar-

CHNapth), 7.52 (m, 2H, Ar-CHNapth), 8.38 (d, 3JH-H = 7 Hz, 1H, Ar-CHNapth), 8.50 (d, 3JH-H = 7 Hz, 

1H, Ar-CHNapth). 1H NMR (600 MHz, THF-d8, 228K): δ = 7.8 ppm (broad s, CO3H). 13C NMR 

(125 Mz, THF-d8, 263K): δ = - 12.0 (Pt-CH3), 24.5 (CH(CH3)2),  24.6 (CH(CH3)2), 24.7 

(CH(CH3)2), 24.8 (CH(CH3)2), 25.0 (CH(CH3)2), 31.3 (CH(CH3)2), 31.6 (CH(CH3)2), 31.8 

(CH(CH3)2), 31.9 (CH(CH3)2), 122.3 (Ar-CH), 122.7 (Ar-CH), 122.9 (Ar-CHNapth), 123.2 (Ar-

CH), 123.3 (Ar-CH), 123.4 (Ar-CH), 123.6 (Ar-CH), 123.8 (Ar-CH), 125.8, 126.2, 128.9 (Ar-

CH), 3 x 130.3 (Ar-CHNapth), 130.7 (Ar-CHNapth), 131.0, 2 x 131.6 (Ar-CH), 133.9, 139.3, 139.6, 

142.8, 143.6, 146.1, 146.8, 147.9, 149.0, 166.8 (N=C-Ar), 175.1 (N=C-Ar). 13C NMR (125 Mz, 

THF-d8, 228K): δ = 164 ppm (CO3H). 

 

N NPt
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Low temperature synthesis of (ArN=C(An)-C(An)=NAr)Pt(CO3H)(C6H5), Ar = 3,5-bis-(2,6-

diisopropyl)benzene,  19: 

14 (0.012g, 0.009 mmol) was dissolved in THF-d8 (0.6 

mL) in a J-Young NMR tube. The solution was degassed 

using 3 freeze/pump/thaw cycles and exposed to 4 atm of 

13CO2 (using a constant volume bulb) while frozen in 

liquid nitrogen. The sample was warmed to room 

temperature and placed into the NMR probe. Cooling the solution to 248K exclusively formed 

the inserted product 19.  1H NMR (600 MHz, THF-d8, 248K): δ = 0.88 (d, 3JH-H = 7 Hz, 6H, 

CH(CH3)2), 1.04 (d, 3JH-H = 7 Hz, 12H, CH(CH3)2), 1.09 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.18 

(d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.19 (d, 3JH-H = 7 Hz, 6H, CH(CH3)2), 1.23 (d, 3JH-H = 7 Hz, 

12H, CH(CH3)2), 2.53 (septet, 2H, CH(CH3)2), 2.89 (septet, 2H, CH(CH3)2), 3.04 (septet, 2H, 

CH(CH3)2), 3.17 (broad singlet, 2H, CH(CH3)2), 6.73 (m, 1H, Pt-C6H5 para), 6.79 (m, 1H, Pt-

C6H5 meta), 6.96 (d, 3JH-H = 7 Hz, 1H, Ar-CHNapth), 7.04 (s, 1H, Ar-CH), 7.16-7.21 (m, 11H, Ar-

CH, 1H x Ar-CHNapth, 1H x Pt-C6H5 ortho), 7.24 (m, 4H, Ar-CH), 7.42 (s, 2H, Ar-CH), 7.58  (d 

of d, 3JH-H = 7 Hz, 1H, Ar-CHNapth), 7.65 (d of d, 3JH-H = 7 Hz, 1H, Ar-CHNapth), 8.21 (broad s, 

1H, CO3H), 8.38 (d, 3JH-H = 7 Hz, 1H, Ar-CHNapth), 8.47 (d, 3JH-H = 7 Hz, 1H, Ar-CHNapth). 13C 

NMR (125 Mz, THF-d8, 248K): δ = 24.6 (CH(CH3)2), 24.8 (CH(CH3)2), 2 x 24.9 (CH(CH3)2), 

25.1 (CH(CH3)2), 31.0 (CH(CH3)2), 31.1 (CH(CH3)2), 31.7 (CH(CH3)2), 31.8 (CH(CH3)2), 122.6 

(Ar-CH), 122.9 (Ar-CH), 123.9 (Ar-CH), 123.9 (Pt-C6H5 para), 126.2 (Pt-C6H5 meta), 128.4, 

128.9 (Ar-CHNapth), 129.1 (Ar-CH), 2 x 130.1 (2 x Ar-CHNapth), 130.2, 131.0 (Ar-CHNapth), 131.2 

(Ar-CHNapth), 131.7 (Ar-CH), 132.2 (Ar-CH), 133.5, 138.1 (Ar-CH), 139.0, 139.6, 142.6, 143.3, 

146.7, 146.8, 147.0, 147.7, 149.3. 159.3 (CO3H), 159.4, 174.6 (N=C-Ar), 176.6 (N=C-Ar). 

N NPt
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7.5.2 Kinetic Measurements 

 

Representative procedure for adding 1 atm of H2 to hydroxo’s 11, 13, and 14: 

11 (0.007g, 5.82 umol) and THF-d8 (0.4 mL) were added to a J-Young NMR tube and sealed 

with a Teflon screw tap. The solution was degassed by three freeze-pump-thaw cycles and 

exposed to 1 atm of H2 on the vacuum line at room temperature for 10 seconds. The tube was 

sealed, shaken, and taken directly to the NMR for the start of a cycling program. A total of 5 

scans were taken each time increment with a delay time between each scan of 10 seconds to 

ensure proper integration. 

 

Procedure for adding 4 atm of CO2 to J-Young NMR tubes: 

The J-Young NMR tube was connected to a constant volume bulb. Using PV=nRT and the 

volumes of the J-Young and the bulb, the mmHg required to reach 4 atm in the J-Young tube 

was calculated and CO2 was condensed into the bulb. The bulb was sealed, and while frozen in 

liquid nitrogen, the J-Young tube was opened to the bulb for 1 minute before sealing with a 

Teflon screw cap. 

 

Procedure for measuring the equilibrium between 13/18: 

13 (0.011g, 9 umol) was dissolved in THF-d8 (0.6 mL) in a J-Young NMR tube. The solution 

was degassed using 3 freeze/pump/thaw cycles and exposed to 4 atm of 13CO2 while frozen in 

liquid nitrogen. The sample was warmed to room temperature and placed into the NMR probe at 

298 K. The temperature was lowered incrementally down to 263 K. The sample was allowed to 
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equilibrate at each temperature for 10 minutes before spectra were taken. A total of 5 scans were 

taken each time increment with a delay time between each scan of 10 seconds to ensure proper 

integration. 

 

Procedure for measuring the equilibrium between 14/19: 

14 (0.012g, 9 umol) was dissolved in THF-d8 (0.6 mL) in a J-Young NMR tube. The solution 

was degassed using 3 freeze/pump/thaw cycles and exposed to 4 atm of 13CO2 while frozen in 

liquid nitrogen. The sample was warmed to room temperature and placed into the NMR probe at 

298 K. The temperature was lowered incrementally down to 243 K. The sample was allowed to 

equilibrate at each temperature for 10 minutes before spectra were taken. A total of 5 scans were 

taken each time increment with a delay time between each scan of 10 seconds to ensure proper 

integration. 
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